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Toxicity of Coptis chinensis Rhizome Extracts to Green Algae

CHEN Ya-nan, YUAN Ling"

(College of Resources and Environment, Southwest University, Chongqing 400716, China)

Abstract: Coptis chinensis contains antiseptic alkaloids and thus its rhizomes and preparations are widely used for the treatment of fish
diseases. In order to realize the risk of water ecosystems produced by this medical herb and preparations used in aquaculture, the
present experiment was carried out to study the toxicity of Copiis chinensis rhizome extract (CRE) to Scenedesmus oblique and Chlorella
pyrenoidosa grown in culture solution with 0. 00 (CK), 0.088 (T1), 0.44 (T2) and 1.76 mg-L™'(T3) of CRE, respectively. The
results show that low concentration of CRE (T1) inhibited the growth rate of the alga and high CRE (T2 and T3) ceased growth and
reproductions. CRE also decreased the chlorophyll and proteins in alga cells, indicating the inhibition of photosynthesis and protein
biosynthesis, which could be direct reasons for the low growth rate and death of green alga. The efflux of protons and substances from
alga cells led to pH reduction and conductivity increment in culture solution with CRE. Furthermore, the activity of superoxide
dismutase in alga increased at the beginning of CRE in T1 and T2 treatments but decreased as time prolonged which was in contrast to
high CRE treatment. And the long exposure to low CRE treatment behaved otherwise. This suggests that the low concentration of CRE
could induce the resistant reactions in alga at initial time but high CRE concentration or long exposure even at low CRE concentration
could inhibit the enzyme synthesis. Similarly, malondialdehyde in alga increased as CRE concentrations increased in culture solutions,
implying the damage and high permeability of cell membrane. In general, Chlorella pyrenoidosa was more sensitive to CRE. The abuse
of rhizomes and preparations in aquaculture and intensive cultivation of Coptis chinensis plants in a large scale might produce ecological
risks to primary productivity of water ecosystems.

Key words : Coptis chinensis; Scenedesmus oblique; Chlorella pyrenoidosa ; toxicity; alkaloid

% ( Rhizoma coptidis) & EERHEY) SRR & XTIKAERS RG] REre A S22 ).
A 30 AF B9 Y0, Hod /NBER ( berberine ) £ B HOERZEXHE Y A AT 2 WY F R

=, H R & E Bl ( coptisine ) . H JE T I B
(worenine ) . # I B € 8% ( palmatisine ) . 24 AR Bk
(jatrorrhizine ) . FE 3%, ( epiberberine ) 251" %
W T T K TR FRBE D, B AR ZE AR
7 TR 2t e . s 3k
60% B PRI T =0 X g AR B #E
MR JEI 3 ~5 a, ARZEFRIK | AR 41 A B 7% FIAR 3
(53 D0V A 803 A iy A BT T R U
WA MR T AR, PR, B 3% A i rT B
s E A KR AR TR A3 A s,

P BRA I N B 9 B A ) 2 b, B AR 25
RIS BN 2R 0 A 28 5 A 4 A
SR PR I T P AR 3% A AR 45 A
P A R 2R TR R O A R RO
T A W 22 B A R g 0 P A B ARG, b R 45 4 1

Wi B HA: 2014-09-26; fEITHHA: 2014-12-31
ELWmH. B X & &8 2ok &R (973) W H
(2013CB127405 )
VEER N PRIAR (1990 ~ ), &, BUHWF5E AL, EBHEE 7 [ ARl
BWIRS5 4% | E-mail ; chenynm@ 163. com
# JHIHIK R A, E-mail ; Lingyuanh@ aliyun. com



1656 AN 5%

B 2% 36 #&

AR AR 2 T AN 4K G 4 2 AR W e A A
SRR R T | (AR R A P T
Je— M EAAE 2 AR AR e R kG
A IR AN 5 43 ik, BRSO RS K. SRR
HALKIR IR B PR 2R R B R, B 2R 2R
A AR R A AR T RE , S PE K AR AR 7= A gt
BT A B AR bR = R X R TR K T R AR
P S X K TG R B R 4 AR A
A TG R KA IR A K BT 22 4. 2 MK ™ SR L &
K IR PR B | (R 8 3% AR B K AE AR
YIRS R 9. AL, AR 5% LA Ak A i s A 2K
FIZ/NER BRI A R} 40 BT T 855 AR 2508 S %t
EATITEEVE R, LU A PEAG 7K 7= 35 78 v o i AR 25
ol il 750 2 A FH AR 2 ARl T B 5 1S ) 7K AR AR
o 2 LR A AR

1 RS

1.1 K5k

HERR I I AR B KA 5 AR AR BB AR 2K
(80 1) CHET, #ririd 2 mm i, FREL 100. 00 g, il
EBEFIK 37C K, =i 24 h, T, EF 2
1000 mL (A i B PG pg K2 25 2% B HPLC & . A=
YIng e & &R 176. 1 mg-L~" Horp /NEER 101. 1
mg-L~" B 28. 7 mg-L™" 57T 26. 6 mg-L™",
FE/NEERH 18. 1 mg- L™, 254K 1. 6 mg-L™") , ALk
JoER R A 100 gL' 14 8 3 MR 252 45 T ( Copris
chinensis root extracts, CRE) , LA 4°C vKAE B CIRAFE
M.
R BE (S, oblique ) F 3 H % /N BK#E (C.
pyrenoidosa ) YW FI vh ERL B s BUK A 0F 52 e, 1
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1.40 x10” 4~ -mL ™" £ .
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1.2.1 ZRsEfis
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0.5)°C ., JEHEJEW) 12 hed ™', JE5R1 200 Ix FkfT
TiEEFE 4 d.
1.2.2 iREBT

BEHE 0.00, 0.05,0.25, 1.00 g-L"'CER Jii &
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AMMEPRE ST 3 K. BARERAER . TESEETE SR 4 d
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VW, IEHH SE BE RN E E 1 LOWAREE N 1.75
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AAFEAE Y T E A BE B W (total alkaloid,
TA): 0.0.088,0.44 fl 1.76 mg-L~", FRakLrit 7
144 h.
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X 3 ANBE, AR A E 100 mL ¥, 4 000 remin '
B0 15 min, WA S AN, 2 BB AR 2 L 2 /R
P R DUk AR P R TS S (MDA
A AL B B Ak i (SOD) Fil i 4R Ak AU ( CAT) 7%
1@[14]‘
1.3 Hdab

K Excel XT i 50 % 4 F 17 FE 4% 11 55, SPSS
17.0 8RO HEAT 7 220007, 2 57 B ER 56 H 1LSD
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Fig. 1 Effects of Coptis chinensis root extracts on growth and reproduction of S. oblzque and C. pyrenoidosa
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Fig. 2 Effects of Coptic chinensis root extracts on chlorophyll and protein in green algae
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Fig. 3  Effects of Coptic chinensis root extracts on pH in culture solutions of S. obliqgue and C. pyrenoidosa
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Fig. 4 Effects of Coptic chinensis root extracts on conductivity in culture solutions of S. oblique and C. pyrenoidosa

BEET CK. 7E 144 h i, A T1, T2 F1 T3 &b
A SR L CK ARBMRYIE N T 7. 72% | 7. 76% F
6.88% ; HE M /NERTE CRE 23 HL S5 1L CK K
UARE T 2.87% (T1) . 9.77% (T2) A 11. 15% (T3).
2.4 CRE %43 SOD, CAT 1 MDA F¥ 540

F1 AW E 3 ASRFERYE, 54 AR CK A

F1 HERBRBEXEE SOD FMH

It ,CRE ¥4 N2k i SOD 151k, CRE AbHEfY
BB SOD HEANMEEE R 19% ~310% , £ %/
BRIEA 42% ~732% . Forb R TL R T2 b3
(1) SOD 1HPELE 96 h B fe ey, 1117 T3 b 3 Ay 0 {1 2R
7 144 h; B/NEREE T1 TR SOD W AE Y BLAE

48 h, T T2 F1 T3 ZhFR AW 5 5 144 h.
98"

Table 1  Effects of Coptic chinensis fibrous root extracts on SOD activity
S e fb B SOD {fith/U-g ! i ) S T 25 40T
E-Vixi 48 h 96 h 144 h F1H P
R CK 16.72 +0. 06d 19.77 0. 38¢ 19.41 £0. 75¢ 23.622 0. 001
T1 19.85+1.39¢c  74.86 £7.28a  27.88 £0.90b 142. 563 0. 000
T2 31.85+1.28b  50.99 +8.15b  40.70 +0.17a 12. 134 0. 008
T3 35.28 £1.30a  24.81£1.46c  40.47 +2. 14a 68.174 0. 000
FAY 174. 041 64. 041 216. 104
P 0. 000 0. 000 0. 000
B/ NEREE CK 10. 10 £0. 73d 13. 81 +0. 26¢ 17.42 £1.22d 57.739 0. 000
T1 23.97+0.65a  14.95+2.29bc  23.79 +0.90c¢ 24.577 0. 001
T 22.08 £0.84b  18.20+1.75b  28.63 +0.73b 58.574 0. 000
T3 14.31 £0.30c ~ 21.70 +1.43a  31.82 £2.26a 96. 034 0. 000
FAY 291. 766 11.078 59. 365
P 0. 000 0. 000 0. 000

1) EFR—FH  AARRFHEFRREZEREE(LSD E,P < 0.05),

162 PR CK AR, 3 AN B 2 1Y
CAT R TG B ZE 454k (P >0. 05) ; {H7E CRE HYALFE
o EHEURT CRE 2 0 35 5 Wi 4% 8 (4 CAT 76 o (%
2). {E£ 48 h,3 4~ CRE AbFH () CAT 3G B KT
CK,CRE MR CAT IS PEFRAR I 4 S Ab 3
CAT 3 M = #MIRAK YA CK > T1 > T2 > T35 7E 96
h 1144 h,T1 F1 T2 AR CAT 350 Xz 4T+,
(BAE R B T3 b3 b | 4335 CAT 3 PE— B 4
TEARMR IO, 2 Fhak B4 ML BL 4.

3L, 78 2 FhEREER) CK AbBRA, 3 ANEFEE
W7/ MAD & &30 #2246 (P >0.05) ; {HTE

CRE [ 4b B efr | iF 8] A0 CRE ¥ 5 25 52 Wi 43 38 11
MAD & . CRE ffi 2 FhEt3iYg MDA & S4B 3% 2
(P <0.01), LHFEAFLS 48 h BT A IEAE
(nEHAEMEEE 3 4 CRE ZbFEAY MDA % &t CK 3
T 7 ~144%); 76 96 h Hl 144 h, 4% CRE 4 FHAY
MDA & & X % TR b, IRk ¥ 1Y CRE Xf
MDA FYRZIR K T =R B RS CRE. QN7E 48 h B, RHE
M T1 AL FE MDA & 52 4. 94 pmol-mg ™", T2 Fll
T3 kb B 4y %] J& 2.36 pmol-mg™' Fl 2.54
Mmol-mg_] ,fﬂﬁ]ﬁ%%—? CK. #HE A/ NERiE AT
FEARIIR AL
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Table 2 Effects of Coptic chinensis fibrous root extracts on CAT activity
s fhm biiﬂi* CAT it/ mg- (g-min) ! Eﬁf]]ﬂ*%jf%ﬁ*ﬂ
i 48 h 96 h 144 h F1iH P
A CK 3.73 £0.52a 3.78 0. 75a 3.98 £0.33a 0. 348 0.719
T1 1.68 0. 10b 3.57 £0.0la 3.43 +1.12a 295. 853 0. 000
T2 1.27 £0.11b 2.88 0. 10b 3.90 £0.45a 72.513 0. 000
T3 0.49 +0. 04c 0.46 +0.01c 0. 68 +0.09b 12.908 0. 007
F 18 79. 589 370. 544 74. 088
P 0. 000 0. 000 0. 000
/R CK 1.91 £0.03a 1.83 £0.0la 1.48 +1.05b 4.063 0.077
T1 1.20 £0. 12b 1.99 0. 17a 3.78 +0.76a 35. 601 0. 000
T2 1.21 £0.12b 1.60 £0.01b 1.82 +0. 13b 93. 025 0. 000
T3 0.23 +0.05¢ 0.11 £0.01c 0.25 +0.02c 10. 909 0. 000
F 18 195. 305 230. 577 34. 647
P 0. 000 0. 000 0. 000
*x3 HERBREWNEE MAD SEHHI
Table 3 Effects of Coptic chinensis fibrous root extracts on MAD content
59 hE bi%ﬂ? MDA/ wmol - mg = Ejlmﬂ*%jf%ﬁ*ﬂ
48 h 96 h 144 h F 1 P
A CK 0.33+0.07¢c  0.36+0.06c  0.36 £0.09¢ 1.959 0.204
T1 4.94£0.05a  1.67+0.10a  1.62+0.09a  1534.427 0. 000
T 2.36£0.44b  0.85+0.13b  0.92 +0.04b 31.615 0. 001
T3 2.54£0.36b  0.53£0.11c  0.76 0. 02¢ 93.953 0. 000
F{A 131. 182 75.279 235. 846
P 0. 000 0. 000 0. 000
BB %/ NEREE CK 0.09 0. 07¢ 0.11 £0.0lc 0.15 £0.03d 1.294 0.341
T1 1.76 £0.09a  0.50 £0.07a  0.49 +0. 06b 209.215 0. 000
T 0.83+£0.05b  0.31+0.00b  0.66 +0.03a 66. 946 0. 000
T3 0.81£0.00b  0.130.00c  0.350.01c 389. 50 0. 000
F A 367. 980 79. 981 44.370
P 0. 000 0. 000 0. 000
3 i QIR ST IS SR R

BRBWIE KR R G E ARy, VR
Bk R E WA VLRI A =, A A
LR CO, , Bk 0, , 47 7 i F Rl A B B
WA BRKAL A, I 7K A sk o 4R 4t A <R
BLEKESRG P EREEEEN MO T
BEFE I , SRt A AR N UG pHL, TR
JCHR | Fr | TSP R F AR S A K
b, SR H R W K AR TS YL O FE R M A, AR
ZE I R ELAT T R R TR AR T, AE SR A MK SRl
R B AR 25 ol R SR R A TR A, R
VLR S R AN R S R B
— PR T R AR P B AR 2 (BRI ) ) 2R 20
mg, LRI H#2G ek 7 47 MRS T KA SR
KRS B S AEYIBH (TA)0. 95 mg-L~". R5:
T YR SR % TA WM 0. 088 mg- L' i}

TA W 0. 44 mg-L "I (T2 ZbFR) | Ah A= 4 8 452
IEA R B B /N R BRI T,
MKAR A TA WREE IR B0 FH 255019 10% ,
L AT RS MR B AR 29 (koK 7 SR TP SR IE A K B
B 5 MK TA e Dt 25 i —2F i
S PEER A RAF IE X R A KRR % A
PImdeks AR K AR 2 A 7 T, % K R85 77 A e IR AR
. FERBEAOE T, K AR R 10 A K BEHIR 52
B LM o R BN BB AR AR R A% /N Bk X
o RREERY CRE PR M e o8 o BURR s kA
TR ) B A A ] e AR SR I RE TR 254, 52
] NG N <1 A BN o T P 1 ) e 1 R - B
R R IUBRIAR % | FLAR R AR AR IR s 28 R A
O ZRAR UL I A KA B AT B AF A T 428 F ) 2 1 2B 28
AU

RS 6 FhIR KBS B pH 5 FI7E 8 ~



1660 AN 5%

B 36 %

10", 7€ CRE Whraet T, W3 F {3 i 45 3% Y 19 pH
(B 5 FRARR, UR Tl I 3k 22 1 S0 P 5 ke, ik
G2 F T 4 e A2 SE A A5 R A 0 S
T FEIE AR pH &IF R SR B GRS
B pH B INE Cr B9GP MR AR R FR A pH
Alfigif—NE CRE WS, AL, CRE $& 53557
TR SR I AR i A0 i PR 25 R IR, s MR, 4
FELPS i

CRE BERMaE g Z e, EARTENR
CRE BININ AT & 38 Bk AT 0, e B 1EH
o SRR S 5 RR A WO, B R R e A T
K2 CRE [RaksEn 42 & sk e A1 H
WAEE TR R PR KA. R
R BB LAY, CRE FRAEEAER (1 R & i R
AR A, ST RS T S 40 i o 4 5 A K

FEW B ST, AR AR T i 2t 22 Fh oy X Sr A
VIR AR R s i Hodh iE SR R G
PERAEY D E N EE T 22—, W K
ALY AL (SOD) Flid A AL S ( CAT) S LY
LR YA RN SOD B CAT 43 B BETH 4 i
B AR AR A A e AT A A0 B R 2
EMEH. FE CRE R, 483 SOD i o i 3%
T, UL CRE #4075 T SOD i AY 16 P | s 7 40 i Y
WAL, fEEWRIE CRE RIREEh | BE% Nt
(B ZEH , SOD 3 P B AR 2 B SOD il 7 4t 1 21 i 38,
Rl CRE X &g s 20 il fes o aE. XFp Bl gt ml 76 3L
ERYEFE P A PifistEE SOD KX CRE
R R A 5. LR R ERTEAR . VR CRE 4k,
W] CAT 15 PE W REAR, Bl S8 AL T, 1H = vk
J¥ CRE ffi4t ¥ CAT 7 ¥ — B 24 Fr e AR AR AY K-
N CRE X} CAT Bl 2 430046 A B A3, )5
WINAFTIRE ; A& R CRE XF CAT B RS H
AL IRVE FH. H = CRE #% W& 54 fin 2 Fh &
HAKNH) MDA &8, 5 CK ML, 7 48 h &R
BINT 7 ~14 5. FEAWER N, MDA J2 40 i B i
ALYz — K S« B Ig SUZ" 1
MR RAR S W E A OC Y P AR SR P A
CRE ZJ&, 2k MDA 7 5 I 25 3 0 2 R 4 41 i A
BER AL, WA TR B AR SR &
T, P R T T AR, A A0 B e A o SRR B
ZIL AL MDA AR S P B CRE ¥ 3 91
KBS SOD 1 42 55, CAT (1 B iR &R T
ARG/ INEREE A 35 T 0l w3 4k P e 8 AR 3 4R
AR E X HEE CRE W8 (8% /N ER 38 14 13

REBHEMBE AN Z —.

B2, CRE XM S AR %/ Bk A ] i
AORE AP , W50 2 2 AR 2 i BOIRO So 38 19) 7 B
A B B R A K™ SR A v o AR 2R SR
(I, 83 B BB 224 e A M T AR A2

B
4 Hig

B AR ZE IR PR VRO A A A RN B A% N Bk
A SMEREE WA K BRI SRR
pH FEARINT L T8 T 5, BRI 2 25 AR (1 T 5 1 P
%, MR B A AL ™ 5. PR LR SOD 16 P i 3 T i
CAT % M.

SE Lk

(1] RIL, 4R, BUBR, 45, HPLC-ESI-MS [R5 8% 1k
R P e[ T]. 2, 2012, 43(2) : 279-
282.

(2] Wrmits, fREF], By, 5. rhRmgy i 7K 578
B FHAFTEREREL )], K= Fh2, 2004, 33(3) : 190-194.

[ 3] LiuX, HuS, Chen X, et al. Hollow fiber cell fishing with high-
performance liquid chromatography for rapid screening and
analysis of an antitumor-active protoberberine alkaloid group from
Coptis chinensis[ J]. Journal of Pharmaceutical and Biomedical
Analysis, 2014, 98 463-475.

(4] AL, Bhmise, Me0me, 5. frH 8% o Bk R S
FE[]. T EBZY, 2013, 15(8) ; 701-703.

[5] Zdedk. MR TN r S 1 88 3% o 2R ) 3= 22
ABIRRAESE D], DL BRI A YL S BOR 2
B, 2010.

[6] Z=ff, RM5E, ®¥%, % WESRERBT 2 SR Y
AR [ 1], PIE 22, 2013, 38(6) : 806-811.

[7] s, ¥HEE, 2. BT M5 S
PIRHIELJ]. 253, 2014, 51(4) : 868-879.

(8] Z%, {4, Dk, 45, 752 WA M mir T3k Y i
)], PEAbgl 2R, 2012, 21(10) ; 174-178.

[9] Sanderson H, Brain R A, Johnson D J, et al. Toxicity
classification and evaluation of four pharmaceuticals classes:
antibiotics, antineoplastics, cardiovascular, and sex hormones
[J]. Toxicology, 2004, 203(1-3) : 27-40.

[10] JiJ, Long Z F, Lin D H. Toxicity of oxide nanoparticles to the
green algae Chlorela sp. [J]. Chemical Engineering Journal,
2011, 170(2-3) . 525-530.

[11] A/, AeHk, MR, 45 =Fh 4 m S AW 90K 0k 1 7K
ABHHET). 4B, 2008, 28(8) ; 3507-3516.

[12]  SPCm, EEeRe, BEM, S BBER M A & 28X i g i 3
WILERIERL]. FREERE, 2013, 34(4) ; 1492-1497.

[13] Moheimani N R. Inorganic carbon and pH effect on growth and
lipid productivity of Tetraselmis suecica and Chlorella sp.

( Chlorophyta ) grown outdoors in bag photobioreactors [ J].



WRIEAR A5 -

PR ZE R PPN 2R 1 7 A ]

1661

[16]

[17]

[18]

[21]

[22]

Journal of Applied Phycology, 2013, 25(2) ; 387-398.
RTE, =, W, & FERXTGRAA RS ].
E 2 2%, 2013, 38(9) : 1349-1354.

Hemschemeier A, MeLis A, Happe T. Analytical. approaches to
photobioLogical. hydrogen production in unicellular green algae
[J]. Photosynthesis Research, 2009, 102(2-3) . 523-540.
Mata M T, Martins A A, Caetano N S. Microalgae for biodiesel
production and other applications; A review[J]. Renewable and
Sustainable Energy Reviews, 2010, 14(1) . 217-232.

AT, PRI R AT R[], B E
Jeii, 2008, 27(2) : 64-65.

Baron J S, Hall E K, Nolan B T, et al. The interactive effects of
excess reactive nitrogen and climate change on aquatic ecosystems
and water resources of the United States [ J]. Biogeochemistry,
2014, 114(1-3): 71-92.

VR, XA, R, 4F. pH XJLFROK B A KGR I
[J]. EER2ESHA, 2000, 32(1) ; 27-30.

ke, XUk, WD, . X ETEEE X/ NER ST ER
HMAE TR Em ], sl K24k, 2014, 29
(3) : 404-408.

AR, YR, RHR. ANIE] pH EA T G+ o /NBR SR
AR R AR [ )], AR R AR R (BR2ERR) , 2010, 29
(4): 382-386.

Chaves M M, Flexas J, Pinheiro C. Photosynthesis under drought

and salt stress: regulation mechanisms from whole plant to cell

[23]

[24]

[25]

[26]

[27]

(28]

[J]. Annals of Botany, 2010, 103(4) : 551-560.

Dasgupta N, Nandy P, Tiwari C, et al. Salinity-imposed changes
of some isozymes and total leaf protein expression in five
mangroves from two different habitats [ J ]. Journal of Plant
Interactions, 2010, 5(3): 211-221.

Soto P, Gaete H, Hidalgo M E. Assessment of catalase activity,
lipid peroxidation, chlorophyl-a, and growth rate in the
freshwater green algae Pseudokirchneriella subcapitata exposed to
copper and zinc [ J]. Latin American Journal of Aquatic
Research, 2011, 39(2) . 280-285.

Faize M, Burgos L, Faize L, et al. Involvement of cytosolic
ascorbate dismutase for

peroxidase and Cu/Zn-superoxide

improved tolerance against drought stress [ J]. Journal of
Experimental Botany, 2011, 62(8) ; 2599-2613.

m, B, B, & Pb, CAE AN T 4 Ml Ak
PSR ()], o E SR =], 2010, 18(4) .
836-842.

Piotrowska-Niczyporuk A, Bajguz A. The effect of natural and
metabolite content and

green alga  Chlorella
Plant Growth Regulation, 2014, 73

synthetic auxins on the growth,

antioxidant ~ response  of vulgaris
( Trebouxiophyceae) [ J].
(1):57-66.

Qian H , Li J Q, Pan X , et al. Effects of streptomycin on
growth of algae Chlorella vulgaris and Microcystis aeruginosa [ J].

Environmental Toxicology, 2012, 27(4) . 229-237.



HUANJING KEXUE Vol.36  No.5

Environmental Science ( monthly) May 15, 2015

CONTENTS

Pollution of Halogenated Polycyclic Aromatic Hydrocarbons in Atmospheric Particulate Matters of Shenzhen +:e+eseeereseerereseeeees SUN Jian-lin, CHANG Wen-jing, CHEN Zheng-xia, et al. (1513)
CUI Tong, CHENG Jing-chen, HE Wan-qing, et al. (1523)

LI Fei, TAN Hao-bo,DENG Xue-jiao, et al. (1530)
(1538)

(1544)

Emission Characteristics of VOCs from Typical Restaurants in Beijing
Characteristics Analysis of Sulfur Dioxide in Pearl River Delta from 2006 to 2010

Comparison Test Between PM,, 5 Continuous Monitoring System and Manual Sampling Analysis for PM, 5 in Ambient Afr «eoeeeeeereseeeseseeeees WANG Qiang, ZHONG Qi, CHI Ying, et al. (1538
Determination and Emission of Condensable Particulate Matter from Coal-fired Power Plants — ++:tsreveseseesressessesimsmnininisiintinn e -+ PEI Bing ( 1544
Potential Carhon Fixation Capability of Non-photosynthetic Microbial Community at Different Depth of the South China Sea and Its Response to Different Electron Donors —++eveseeseseesneneenees
..................................................................................................................................................................... FANG Feng, WANG Lei, XI Xue-fei, et al. (1550)
Remote Sensing Estimation of Chlorophyll-a Concentration in Inland Lakes Based on GOCI Image and Optical Classification of Water Body -+ FENG Chi,JIN Qi, WANG Yan-nan,et al. (1557)
Hydrochemical Characteristics and Sources of Qingshuijiang River Basin at Wet Season in Guizhou Provinge «+-+=sseesessesesssssneesenennnenen LU Jie-mei, AN Yan-ling, WU Qi-xin, et al. (1565)
Temporal-spatial Variation and Source Identification of Hydro-chemical Characteristics in Shima River Catchment, Dongguan City ++++++++= GAO Lei, CHEN Jian-yao, WANG Jiang, et al. (1573)
Response and Control Factors of Groundwater to Extreme Weather, Jiguan Cave, Henan Province, China LIU Xiao, YANG Yan, PENG Tao, et al. (1582)
Impact of Rocky Desertification Treatment on Underground Water Chemistry and Dissolved Inorganic Carbon Isotope in Karst Areas —«reeveeeseersessenessemenenmenenennninese
""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" +++= XIAO Shi-zhen, XIONG Kang-ning, LAN Jia-cheng, et al. (1590)

Difference of Karst Carbon Sink Under Different Land Use and Land Cover Areas in Dry Season ZHAO Rui-yi, LIANG Zuo-bing, WANG Zun-bo, et al. (1598)
Vertical Migration Characteristics of Organochlorine Pesticides in Overlying Soil in Karst Terranes and Its Impact on Groundwater —«+«++«+«sssseersesseeseneneninineneninnns e
SUN Yu-chuan, WANG Yong-qi, LIANG Zuo-hing, et al. (1605)
CAO Fei-fei, YANG Li-yuan, PANG Xu-gui, et al. (1615)
Response of Sediment Micro Environment and Micro Interface to Physical Disturbance Intensity Under the Disturbance of Chironomus plumosus »++«+s++ssseereeesesenesssimmenensnninennn
*+ SHI Xiao-dan, LI Yong, LI Da-peng, et al. (1622)
Characteristics of Atmospheric Nitrogen Wet Deposition and Associated Impact on N Transport in the Watershed of Red Soil Area in Southern China «++ssssereeresseserenesnmenenenninennne
HAO Zhuo, GAO Yang, ZHANG Jin-zhong, et al. (
HUANG Xue-jiao, LIU Xiao-chen, LI Zhen-lun, et al. (1639
(
(

Pollution Status and Migration of Mercury in the Sediments of Nansi Lake in Shandong Province

)
Effect of Different Purple Parent Rock on Removal Rates of Nitrogen, Phosphorus and Organics in Landscape Water )
Effects of Litchi chinensis Defoliation on Growth and Photosynthesis of Microcystis aeruginosa —«++++ss+sessessessesenseeseneneennes WANG Xiao-xiong, JTANG Chen-chun, LI Jin-wei, et al. )
Toxicity of Coptis chinensis Rhizome Extracts 1o Green Algae —«++«+swsressersersersmenenenssineneiss i CHEN Ya-nan, YUAN Ling ( 1655)
DING Chun-sheng, MENG Zhuang, XU Yang-yang, et al. (1662)
++ LING Xiao,HU Chen-yan, CHENG Ming, et al. (1668 )

-+ ZHANG Can, LIU Wen-jun, SHI Yun, et al. (1674)
)

)

)

)

)

)

Formation Mechanism of the Disinfection By-product 1,1-Dichloroacetone in Drinking Water

Degradation Kinetics and Formation of Disinfection By-products During Linuron Chlorination in Drinking Water

Interference for Various Quench Agents of Chemical Disinfectants on Detection of Endotoxin Activities in Water
Ammonium Adsorption Characteristics in Aqueous Solution by Dairy Manure Biochar «+s+«ssessessesssssmenninenensininnicneinenee MA Feng-feng, ZHAO Bao-wei, DIAO Jing-ru, et al. (1678
Absorption of Uranium with Tea Oil Tree Sawdust Modified by Succinic Acid
Effect of Membrane Wettability on Membrane Fouling and Chemical Durability of SPG Membranes

ZHANG Xiao-feng, CHEN Di-yun, PENG Yan, et al. (1686
ZHANG Jing, XIAO Tai-min, ZHANG Jing, et al. (1694

Ti0,-Induced Photodegradation of Levofloxacin by Visible Light and Its Mechanism =~ +veveeesesressersensmsnsisininies GUO Hong-sheng, LIU Ya-nan, QIAO Qi, et al. (1700
Performance of Novel Macromolecule Flocculant in the Treatment of Wastewater Containing Cr( VI) Tons WANG Gang, DU Feng-ling, CHANG Qing, et al. (1707
On-line Estimation for the Amount of Stored PHA in Activated Sludge Based on OUR-HPR Measurements «+++++ ZENG Shan-wen, WANG Ze-yu, GAO Jing, et al. (1713
Formation Mechanism of Self-forming Dynamic Membrane During Separation of High-concentration Sewage Sludge Fermented for Acid Production ««+sessessereeresesenensenimienenenninenenen

++++ HUANG Shuai, LIU Hong-bo, YIN Bo, et al. (1720)
Influence of Air Flux on Municipal Sludge Biodrying in a Pilot Scale Test ZHANG Yu, HAN Rong, LU Wen-jing, et al. (1727)
Extraction of Heavy Metals from Sludge Using Biodegradable Chelating Agent N, carhoxymethyl) Glutamic Acid Tetrasodium +++++++ WU Qing, CUI Yan-rui, TANG Xiao-xiao, et al. (1733)
Biodiversity and Function Analyses of BIOLAK Activated Sludge Metagenome «+:+«+sseeesesrersenseneenene ++= TIAN Mei, LIU Han-hu, SHEN Xin, et al. (1739)
Characteristics of Nitrogen Removal by a Heterotrophic Nitrification-Aerobic Denitrification Bacterium YL «e-eeeereseeereresesencnensecnns LIANG Xian, REN Yong-xiang, YANG Lei, et al. (1749)
Biodegradation Characteristics and Kinetics of p-nitrophenol by Strain Arthrobacter sp. CN2 REN Lei, SHI Yan-hua, JIA Yang, et al. (1757)
Biodegradation of Pyrene by Intact Cells and Spores of Brevibacillus brevis LIU Zhi-chen, YE Jin-shao, PENG Hui, et al. (1763)
Investigation of Antibiotic Resistance Genes (ARGs) in Landfill = «eoeeeeererersensssssmmmminsntiinns e LI Lei, XU Jing, ZHAO You-cai, et al. (1769)
Investigation of Antibiotic Resistance of Indigenous Bacteria and Abundance of Class I Integron in Matrix of Constructed Wetlands of Different Configurations «+«««+sesessessesseseeseneneenens

..................................................................................................................................................................... I\]Al Xiao_beiY TAO Ran, YANC Yang, el al' ( 1776)
Effects of Nitrate and CH,, on Anaerobic Oxidation of BETX in Landfill Cover Soils LIU Rong, LONG Yan, WANG Li-li, et al. (1785)
Spatial Heterogeneity of Soil Respiration in a Planted Larch Forest in Shanxi Plateau YAN Jun-xia, LI Hong-jian, LI Jun-jian, et al. (1793)
Effects of Nitrogen Fertilization on Soil Respiration and Temperature Sensitivity in Spring Maize Field in Semi-Arid Regions on Loess Plateau —weoeeerererersismienieniinins
JIANG Ji-shao, GUO Sheng-li, WANG Rui, et al. (1802)
-+ ZHANG Wen-chao, LU Sen-lin, LIU Ding-yu, et al. (1810)

Distribution Characteristics of Heavy Metals in the Street Dusts in Xuanwei and Their Health Risk Assessment

Spatial Distribution of Magnetic Properties of Street Dust in Baoji City and Its Implications of Environment —+-+ssesreveesesesesisnssennennne ZHANG Jun-hui, WANG Jin,ZHANG Jian,et al. (1818)
Effect of Long-term Fertilizer Application on the Stability of Organic Carbon in Particle Size Fractions of a Paddy Soil in Zhejiang Province, China ««+sessereeressesserensenemenennenininennenens
..................................................................................................................................................................... MAO Xia-li, LU Kou-ping, SUN Tao, et al. (1827)
Effects of Different Reclaimed Scenarios on Soil Microbe and Enzyme Activities in Mining Areas «+-«+esersereersessemenenesienenensineneenene LI Jun-jian, LIU Feng, ZHOU Xiao-mei ( 1836 )
Soil Microorganism Characteristics and Soil Nutrients of Different Wetlands in Sanjinag Plain, Northeast China «+-sereereesereesresneeeennens XIAO Ye, HUANG Zhi-gang, WU Hai-tao, et al. (1842)
Strengthening Effects of Sodium Salts on Washing Kerosene Contaminated Soil with Surfactants «+«+«+«+sessssserseesesenenenencniens HUANG Zhao-lu, CHEN Quan-yuan, ZHOU Juan, et al. (1849)
Effects and Biological Response on Bioremediation of Petroleum Contaminated Soil = ««++«+s+ssesessessersensemsmmenenininenenininnenne YANG Qian, WU Man-li, NIE Mai-qian, et al. (1856)
Enhanced Phytoextraction of Heavy Metals from Contaminated Soils Using Sedum alfredii Hance with Biodegradable Chelate GLDA ~ ++++++++ WEI Ze-hin,CHEN Xiao-hong, WU Qi-tang, et al. (1864 )
Speciation Characteristics and Bioavailability of Heavy Metals in Oasis Soil Under Ph, Zn Combined Stress +«++++sesereeeeeeresrensneneens JIN Cheng, ZHAO Zhuan-jun, NAN Zhong-ren, et al. (1870)
Influence of Sulfur on the Formation of Fe-Mn Plaque on Root and Uptake of Cd by Rice ( Oryza sativa L. ) WANG Dan, LI Xin, WANG Dai-chang, et al. (1877)
Effects of Ozone on Photosynthesis of Several Plants LI Miao-miao ( 1888 )
A Method Research on Environmental Damage Assessment of a Truck Rollover Pollution Incident —«e+seseesesseserenesmenenensincnenn CAI Feng, ZHAO Shi-bo, CHEN Gang-cai, et al. (1902)



£ .

(RERZE)E 6

R FH F i

BIES: B E BN

EHREZERS

%OE. (REREEHT)
3 N iy -
JTENT EARER FILE T4y HONl W #R o RiEEE
A= e V7l S =2
AOKE KB X s w0 RS ARE
— N - N =
PREHEIE  BsAE 2 AR R I JokdE W B
BB o9 W N W O BERK
-
w o a3 ENVIRONMENTAL SCIENCE
( I;'JEJJ{?J‘N;J;;:C;: ;(E)ﬁ(ULTJIE) (Monthly Started in 1976)
01545 B15H #36% Hs5 Vol.36 No.5 May 15, 2015
+ & TEPER Superintended by Chinese Academy of Sciences
e B PEPB AR SR O Sponsored by Research Center for Eco-Environmental Sciences, Chinese
e B (UBhEENFE) Academy of Sciences
A6 50 T B 0 A5 B R SR R 5T B Co-Sponsored by Beijing Municipal Research Institute of Environmental
{4: 445 j( ,_%L. % jﬁ % Iﬁ Protection
* % Rk A School of Environment, Tsinghua University
i Editor-in -Chief ~ OUYANG Zi-yu:
& |OORERE) Gi % 5 & Ed;t:(: } ) by The Editori ll}]l:omd f Envi tal Sci (HUANJING
L0 2871 {2548 ( v DDLU B y e Editorial Board of Environmental Science >
18 5, BB & i : 100085 ) KEXUE) _
M1 .010-62941102 .010-62849343 P. 0. Box 2871, Beijing 100085 , China
1 :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 45 M AR AL i 16 = 16 Donghuangchenggen North Street,
WS . 100717 Beijing 100717, China
ED R 2 3T JbsdUARERRI) Printed by Beijing Bei Lin Printing House
% 1T 4% 4 & K i Distributed by Science Press
FE 35 .010-64017032 Tel :010-64017032
E-mail ; journal @ mail. sciencep. com E-mail ; journal@ mail. sciencep. com
iT M l 4= [E 45 Hu ik H Ry Domestic All Local Post Offices in China
B2 EK r ] [ B 52 5 VA ) Foreign China International Book Trading Corporation ( Guoji
(b3 399 f54H) Shudian) ,P. O. Box 399, Beijing 100044 , China
—ei=  ISSN  0250-3301 s b O
nEHS —————— X
RERETS: 1805/ x ERBRL RS 2-821
B A E fir: 120.00 50 ESh&ITRS: M 205

EASMRFET



	Binder上半部.pdf
	封面05.pdf
	中ML5.pdf

	20150519.pdf
	Binder下半部.pdf
	英ML5-2.pdf
	封底5.pdf




