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Abstract ; The amount of radioactive wastewater discharge was increasing year by year, with the quick development of nuclear industry.
Therefore, the proper treatment and disposal of radioactive wastewater are essentially important for environmental safety and human
health. Microalgal biosorption of nuclide has drawn much attention in the area of radioactive wastewater treatment recently, and the
selection of a proper microalgal species for uranium biosorption is the basis for the research and application of this technology. The
selection principle was set up from the view of practical application, and 11 species of microalgae were prepared for the selection work.
Scenedesmus sp. LX1 has the highest biosorption capacity of 40. 7 mg+g ™" for uranium; and its biomass production in mBG11 medium
(‘simulating the nitrogen and phosphorus limits in the first-class A discharge standard of pollutants for municipal wastewater treatment
plant) was 0.32 g-L. ™", which was relatively high among the 11 microalgal species; when grown into stable phase it also showed a good
precipitation capability with the precipitation ratio of 45.3%. Above all, in our selection range of the 11 microalgal species,
Scenedesmus sp. LX1 could be considered as the suitable species for uranium biosorption in radioactive wastewater treatment.

Key words :radioactive wastewater; uranium; biosorption; microalgae; selection of microalgal species
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3 BRI K 3.

TE 8 Bk 29 % g B % R b, M B XD
( Scenedesmus sp. LX1) WG 09 B R AK P B
A, NBREE ZTY1 ( Chlorella sp. ZTY1) . /NER &

ZTY2 ( Chlorella sp. ZTY2) . #b 4 Mt ¥ ZTY
( Scenedesmus obliquus ZTY ) #1 #i [ #f # ZTY
( Scenedesmus ovalternus ZTY ) HH 3§48 A= 16 75 7K — 2%
HK A oy B 3R A5 M 38 ZSF1 ( Scenedesmus  sp.
ZSF1) | Mt ZSF2 ( Scenedesmus sp. ZSF2) - H
7T 7SF ( Selenastrum sp. ZSF) i LLFAE K A 3R
ARG SO (o S W) oy B RS, H b
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1 BRIEXS Sl RS A W PR BE L SR PR AR U K 4
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L 1.2 BAfasE IR

KR A KCEAY mBG11 35953 Bk 1T
TKAEBRT 5 G Wy HE R — 9 A Hr e i ZUo k32 BRAEL
(TN K15 mg-L™', TP K 1.5 mg-L™"). B4k
A: NaNO, 91.1 mg-L~', K,HPO, - 3H,0 11
mg-L™" HARE 3 [RGB 50% #) BG11 35 57 4E, (2
& MgSO, - 7H,0 37.5 mg-L™', CaCl, - 2H,0 18
mg-L™' AR 3 mg-L7' | A7 B R W B B 3
mg-L™' EDTA (& W 4 fR) 0.5 mg-L™",
Na,CO; 10 mg-L™" | A, + Co M 1.0 mL-L~". A, +
Co RN . H,BO, 2. 86 g-L~' | MnCl, -4H,0
1.81 g-L~", ZnSO, - 7H,0 222 mg-L~"', CuSO, -
5H,0 79 mg-L~", Na,MoO, -2H,0 390 mg-L"", Co
(NO,),+6H,0 49 mg-L"".

1 11 #H%EEEM

Table 1  The 11 microalgal species for selection

BERD LT 4 E 3/ Fiadt
INERTE ZTY1 Chlorella sp. ZTY1 —gihk mBG11
JNEREE ZTY2 Chlorella sp. ZTY2 — g H K mBGI11
Al ME ZTY Scenedesmus obliquus ZTY —Z K mBGI11
WM ZTY Scenedesmus ovalternus ZTY — K mBGl11
M ZSF1 Scenedesmus sp. ZSF1 TR W9 mBGl11
Mt ZSF2 Scenedesmus sp. ZSF2 =L 5] mBG11
A0 A ¥ ZSF Selenastrum sp. ZSF U 5 mBGI11
HFEE LX1 Scenedesmus sp. LX1 EP TS mBGl11
W3 NEk Chlorella vuglaris K BRI mBG11
EViPEI7 Selenastrum sp. R IR A mBG11
WA 2T R Haematococcus pluvialis TR IR BEF R mBGl11

1.1.3 FEAUL &
N TGRSR F2 46 (HPG-280H ) | iy ik 2K T4 5y
(SANYO MIS-3750) . &.L>#L ( HITACHI CF 16RX

). #% TA/ES (AIRTECH VS-1300L-U) | fER /K
W55 (ANPEL DC-12H) | A5 % B 0B KF (58
AUY220) ., ¥ ¥ T 4 L ( FDU- 1100 ) , pH it



1860 b7
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(Sartorius PB-10) |, X fig 7K ¥ 15 i % 7% #% ( SHA-
B) | ZAMAT LA TH(UV-2401PC).

1.2 i
1.2.1 @E4iERs3E

1] 500 mL HEJEIH H A 200 mL mBG11 K557
B En IR R K (121°C ,30 min, BRARBIFE Y, R A
IKFETE I PR TR A A 20 e i s R K R AR B ) L B S
mL BEFPREERD 2 IR IE IR OO IR SR
KR

RS G IR BE 56 pumol- (m®+s) ~', G
H 14 h: 10 h, G 25°C.

1.2.2 HMOE

DN R O TS 1|5 L

1] 50 mL mBG11 WK F= EL LRl | 15 597
3~4d 5 KEEMER S BIFRE 1, 2,5, 10 F120 %,
SRIG R W 7E mBGL1 [ K 5% 9% 2% (B & &
2.5% )AL, BB OB A PR R, R &
PRIR 1. 2.1 7.

o WA AR A Hh SRS ST S, PRI i v
PR AT R Ze 4y B MG AR, I 3 WA 19 3 4l
1.2.3 4R HENE

FFLAE R 0. 45 m 1198 IR 1 7E & 2liK Hh Jf
b, EE 3 AR R A A 5. KB R
JEEAE 105°C HEA FPAHL T 24 b, 78 T4 i 2 5 i
JEH T2 — R PRBCL . OGS & 3R H Bk
DR U8 1 R O AN AR 0% U8 B R 105 °C BEAR ot
T 24 h, ETESP IR EZRIEHT 92 — KR
IR . A0S PRI A5 ) 0 6 o 25 D Sy 9 200
.

1.2.4  PEAMTOTREMED E

R PR AN AR R TE AR A5, 0 pe 4
FEZ R NEL 200 mL $E5) B, BT Imhoff YTFEEE
i E DR 60 min, 4 F I W (180 mL) 1, F 1108
IR 0 2 JP 3 20 mL R 988 YA 17%) 98 AN T T, AR i
A (1) AT S,

0.1m

S =

Ao, S RAE BV P AT PTRE R 4 o5 B AR Y B H
B, % ; X, JREEREETE, ¢ L™ m: Imhoff JTF%
BT 20 mL VRAF ST g L7

TURER S (BRI S 40 R 1 T A P 2
1.2.5 FWP UV &g

FEW UV & a9 E R 5-Br-PADAP 43

x 100% (1)

JECEEVEL BRI A BT

(1) Fe 7]

O RAHER N PRI 12 ¢ RO U 2R
(CyDTA) T 150 g- LA E SRS, A 3 ¢
AN | 32 g BRI ER AT 400 mL 7K. Ry 230 i
Ja , AT pH & 8, SRS sk B E 500 mlL.
@ MBkFE /R :0.1 gL ZBEHEW. @ = MRk
PR B 100 mL = Z BRI 300 mLL /K, 1
T pH £ 8, FIUKHABEE 500 mL, RS, @ N
B . BN AR B B A Br-PADAP L BRI . FR
B 0. 25 ¢ Br-PADAP % F 500 mL Jo/K £ B .

(2) 2l bR Hh 2k

B6 1~ 50 mL 25 &, 4 M A &4 0, 10,
20, 30, 40, 50 pug il 9 B 1 I [ OAE R US4,
U0, (NO,),+6H,0]; JIA 5 mL JE AR 7 i Al
1 EEKAE 25570 5 e 400 g- L' S AL BNIA R
BRI A 1 mol - L' AR E T4, A3
mL = 22 vh AW . 10 mL IERAT 3 mL & 45
Br-PADAP Z AW ; FIKFRRBEZ 208 4250, E
30 ~60 min Ji7, LAZS FIARCA S L, T AR TR
£ 580 nm N IOCIEE Dy , 7T Dygo 50 BT
(pg) RAMPREML, WA 1 PR,

0.35

y=0.0064x + 0.0027
R*=0.9999

0 10 20 30 40 30 60
U(VD JE st/ pg
| SRR 580 nm TEIBSEE Dy,
FU(VI) RRERX F 2k
Fig. 1 Relationship between Dsg, of uranium

standard solution at 580 nm and U( VI) content

1.2.6 35 290 XeF el 0 R e 22 i >

FREEAMITE mBG11 15 77 3 v AR Ktk AR e 40
Je XA AT B O MOER | A TR TR L RIS
BT R

FHRS O BRI S0 mlL B0 B R A AR TR 2
100 mlL 45 ZEHETE IR H, 0. 1 mol - L~ 1Y £k iR AN
NaOH A7 pH HZE 4, A —E =M, &
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F 30°C K IR E AR % 45 TP R 60 min. W Fd AR 4
W, B— 2 m IR AW 0 (10000 remin ™", 10
min,4°C ) , B35 W H 5-Br-PADAP 43566 & 2
TE WS ERE Dygy , HARYEWOEEE Dy, FIU (VI JBT 5 1)
KA L IE R e o S Xt
BT WA g, (mg-g ™) Tl (2) 35

g = o=l )

m
SR g, - AN TR B 260, mgeg s co
DT R T mee L' e, 2 LW O A

B, mg-L™' VRS RAREL Ly me: A SRS ) 5
0.
1.2.7 iR s ab B

BRI 3 AT, I X B AT
WY
2 HRESH

2.1 AN[RIEEFN T b iy W B 25 i Ll

T L Xl 1 R o 2 et 2 O B L A D T
B BN E. AP bR EIEMY 25 mg B
THRIIMA 50 mL FI4GHlHR B h 50 mg- L' ORI R
th7E 30°C KA TE IR TR 60 min J5, AS [A] A%t
Gl R B 2 X EE AR 2 s, R RT L FE 11 Bk
0 Ao MR LX X G O B A R K,
40.7 mg-g ", HUE /N .

50

40t

_ .
's0 2 v
.l i
% ui 7
?ézﬂ- 7 7 g??é
=] v Pl Y ¢
v ¥ v
VAN 9.9 9.5 9.7 9%
4. 4. 4.4.4d.4.1.8. 4. 4.1
cEE S FBi8Z2%5F %
2 EEEEEEEEE
éégé m E- e

2 RIS R E X
Fig. 2 Comparison of U-biosorption capability

of different microalgal species

2.2 ARREFEME mBG11 K53 i KA Y& s

11 BRAGTEEEANE mBG11 53R &b A K 16 d,
EAFRE B B KA T e an &l 3 frs, AlAR
FE RN AR 1 15 K G A B K i B R AR K
. B A e ZSF Wi R A Ik (X 0. 16
g L) Ah, LA T A B R A B KA 2 33 7E 0. 27

g L7 DA b, UM ZSFL, NBRME ZTY2 | B
LX1 %5 8 PR 1 i KAEY RIS E] T 0.30 ~0. 40
gL~ 2Z ).

TE— M ) O 35 T A 2 v MU (90 35 440 L 26 )
KPP0 0.30 ~0.40 gL' AU B
ZSF A, 26 JER 53 e b 10 7 Il BH AR 16 15 7K b 3
WK AR . HIEE R, 5K A2
B S BROK AR o B A B Y S A AR RE A T 4T b
T S PR AR EREE A ORI B4

0.5

0.4

5]
N

ek HE fibg L
2

M‘QI
AR
RN
AR
AR
AR
AR
RN

b

IRRNRNNRY

(A0 g SRR

INERBEZTY 1
INERBEZTY 2
FAEMREZTY
Rz TY
HHEZSF1
HHEZSF2

H A #ZSF
HRELX

¢ 1 /N ER A
¥MAFH

El3 AEEME mBGI HFHREHREK 16 d FH
BRREMEITLL
Fig. 3 Comparison of the highest biomass production of different

microalgal species cultivated in mBG11 medium for 16 days

2.3 IR EERR TR B L

LR S FAE T HMFE 60 min J5, 5 T HE
DURE RS A0 i A= 5 5 S AR ) B He ). 3 S TR
SRR | feR RS AR U — iR S
g, AN R T Tl o B ) DRI, 11 Bk
AL EA AR A HE KR E IS A 0 R R0 L N ] 4
B,

AT DL RN A 213K 3 T A S5 1 T o A i ¢
i, YITE 40. 0% LA L5 o M ZSF1 | Wi AR 20 ek
FIAMEE LX1 BDIRE R, 40 48. 7% | 47. 9%
F145.3% . /NERSEERTTRE RARXTRAR , 37E 30. 0%
KA. EMA BT R AL, N 24. 6%

3 g

3.1 SR AT A A I B

Kalin 45" B45 7S [R] 3RO U (VD) B W B RE
J1, k2 o, HoA, Pseudomonas Xt 4l 1 W it 25
K, 96 000 mg-g™'; WA B FE 100 ~ 600
mg- g~ Z AP BEFIA 13 8%, 5 B 56. 5% 5 WL
FHAE 100 mgeg  LUF M BEFA 9 B, & S0
39. 1% . M LX1 XM s EfEg 2 hE TR



1862 E7 5 7 2% 37 %
3.2 R B IREER E
50 2e El = T
5 P 18 7 B T XT ) A o 8 e B AR Rl K A (Sl
B %% e o ST . ER
“ 2l g AT AR BT AR K ) R R R
=
YAl I W 5 1 DT 4. LA 0 22 mBG 1
% 7 /’ A 7 EL > - e
% Z Z % % g ﬁ . AR B S TP R A A R R AT | a1 R 7
7 N — N fof —
o0 AR L L ASERR R, InFel 5 R,
A A Y A Y 4 Y
= = o = oo om o= oo o= BNEREEZTYD = EMHF N
E E g g E E ﬁ % ' Kk @ O/hERBEZTY2  + WLk
§ § = = é E R B oz & X 40 T @ BEMRZTY o
2z 3 E = = % E ~ o i HEZTY
» . A {HEZSF1 e
E4 REEM KNSR R TR 0 b £ [L AR - 7
Fig. 4 Comparison of the precipitation ratio of different 1;% ] ﬂhﬁ;_?“ % A
microalgal species grown into stable phase % 20 o Wil ERE A
<
F2THRIU(VI) OB R bL 20 ol x N
Table 2 Comparison of U( VI) -biosorption capability
of reported microalgal species ” P ; : ;
G R UdiEaay W B B o 0 0.1 0.2 0.3 0.4
/mg-g”! P IR ey ik /gL
1 Pseudomor 96 000
R o BIS  ORM SR HOHL 34 R A R e
accharomyces
3 S g 560 4 Fig. 5 Selection of the suitable microalgal
4 ;)de;monas 541 T species for uranium biosorption
Z Sa’g"“l‘l‘”‘ >4 ACREIT b7 B A, 3R T Xl R o
Aspergillus 423 N SN N ot SN
O s " 5 5 A 710 5, 26 T 2 6 LB K
8§ Saccharomyces 360 AR B, KR T 28 B ), N e A T Y
9 Sargassum 330 3.2 ’f@ﬂf]’ﬁ[ﬁ%@ﬁ
10 Talaromyces 323 > LA 5 Al DU R LXT A TR A
11 Rhizopus 180 4 NI, e L L2 SN
ho >t Ty HEX A R S 5 ELAE IR
. i e e K e R B LX1 7 2 A
14 Saccharomyces 138 ﬁﬁf%@fﬁﬁ"ﬁﬁﬁ%ﬁ ﬁ'éﬂlifﬁ? .[H: s EZIKEE%?E lil
15 Scenedesmus 75 P, TR EMIEE X AT 1 I 7 Ak B e R o 4 1
16 Rhizopus arrhizus 42.3 3.5 S gy S
17 Peltigera 42 4.0~5.0 (35 BeR.
18  Aspergillus 40 4.0~5.0 4 g:él:.i:%
19  Cladonia 29
20 Chlorella 28.5 3.5 (1) DLHAE R 07 28 X6 ol 0 R R 4 K | 9%
S o 2 AR (RTPEA: 157K — G B K bR K ) | 7EAIR
o N UKo P P e . VUM R 4

40% , 53 v Ml F W B 2 A (75 mgeg ) TR —
AR

SR LXT X5 Al W B i S A HRE Y
BERNAR LL I B 03, (EL A0 7 SC A% F 28 I 0 BT R
TR 1] S B R, AS B G W B 25 d | 38 BT 2545 25 1R
b OB S S NN BB i G A 1 R
RESFZ R K.

(2) B8 LXT X il i W B 25 1 0 K, Ry 40,7
mg-g .
(3) M4 LX1 76 mBG11 15735 (DI ALI5 K
AEFRT 5 Y HERT— S A B v A U BR (. TN
15 mg-L™", TP 1.5 mg-L~") o {9 A4 9 Jo 7 fa 5
$90.32 gL',

(4) e LX1 AR AR e )5 i DT R g
I DU N 45.3% .



ZEEECE ¢ UM R AK Ak B e g R ) DI FA B o O 1

1863

(5) L2575 A IO e s U], 7E A ST L Y

WEBE LXT S TS SR A A A P v 8 ok ) DI 35 o
S E 3k

(1]

(3]

[4]

[5]

(8]

[10]

[12]

Vogel M, Giinther A, Rossbherg A, et al. Biosorption of U( VI)
by the green algae Chlorella vulgaris in dependence of pH value
and cell activity[ J]. Science of the Total Environment, 2010,
409(2) . 384-395.

JBUEEE. BRPALBEECR[M]. dbat. R REH RAL, 2009.
80-231.

Bhat S V, Melo J S, Chaugule B B, et al. Biosorption
characteristics of uranium ( VI ) from aqueous medium onto
Catenella repens, a red alga[ J]. Journal of Hazardous Materials,
2008, 158(2-3) . 628-635.

A, BRAROG, AR, S5, /NBREEAL B K BT 5T
[J]. 3BEERES R, 2003, 26(4) ; 48-49, 64.

Febrianto J, Kosasih A N, Sunarso J, et al. Equilibrium and
kinetic studies in adsorption of heavy metals using biosorbent; a
summary of recent studies[ J]. Journal of Hazardous Materials,
2009, 162(2-3) . 616-645.

Das N.

pollutants  through

CLEAN-Soil, Air, Water, 2012,

Remediation of radionuclide
biosorption-an overview [ J ].
40(1): 16-23.

Jha V N, Tripathi R M, Sethy N K, et al. Uptake of uranium by
aquatic plants growing in fresh water ecosystem around uranium
mill tailings pond at Jaduguda, India[ J]. Science of the Total
Environment, 2016, 539 175-184.

Khani M H. Dynamics and thermodynamics studies on the lead
and cadmium removal from aqueous solutions by Padina sp.
algae: studies in single and binary metal systems[ J]. Separation
Science and Technology, 2013, 48(17) : 2688-2699.

B, K, sleld, AF. AR W R Ak TR v B 5 Bl R
IRIKBEL )], " HHEHM, 2007, 7(2) : 57-60.
Keshtkar A R, Mohammadi M, Moosavian M A. Equilibrium
biosorption studies of wastewater U( VI), Cu ( Il ) and Ni ( II)
by the brown alga Cystoseira indica in single, binary and ternary
metal systems [ J ]. Journal of Radioanalytical and Nuclear
Chemistry, 2015, 303(1) : 363-376.

Riazi M, Keshtkar A R, Moosavian M A. Batch and continuous
fixed-bed column biosorption of thorium ( IV) from aqueous
solutions; equilibrium and dynamic modeling [ J]. Journal of
Radioanalytical and Nuclear Chemistry, 2014, 301 (2). 493-
503.

Aytas S, Gunduz E, Gok C. Biosorption of uranium ions by
CLEAN-Soil, Air,

marine Macroalga Padina pavonia [ ] ].

[13]

[14]

[15]

[16]

[17]

[18]

[20]

[22]

[23]

[24]

[25]

Water, 2014, 42(4) : 498-506.
Erkaya T A, Arica M Y, Akbulut A, et al. Biosorption of

uranium ( VI ) by free and entrapped Chlamydomonas
reinhardtii ; kinetic, equilibrium and thermodynamic studies[ J].
Journal of Radioanalytical and Nuclear Chemistry, 2014, 299
(3): 1993-2003.

Khani M H. Statistical analysis and isotherm study of uranium
biosorption by Padina sp. algae biomass [ J]. Environmental
Science and Pollution Research, 2011, 18(5) : 790-799.
HIULE 2, Wil BT ROEANEE TR K PR AL S
R ELEY L A HOR [ J]. AR, 2009, 18
(3): 1122-1127.

2, WULE, KRR, BRI AR LXT AR K KRR
SAFEREIR 1], PR, 2011, 32(8) : 2260-2266.
Keshtkar A R, Hassani M A. Biosorption of thorium from
aqueous solution by Ca-pretreated brown algae Cystoseira indica
[J]. Korean Journal of Chemical Engineering, 2014, 31(2):
289-295.

Singhal R K, Basu H, Pimple M V, et al. Spectroscopic
determination of U ( VI ) species sorbed by the Chlorella
( Chlorella pyrenoidosa ) fresh water algae [ J]. Journal of
Radioanalytical and Nuclear Chemistry, 2013, 298 (1) . 587-
592.

Moghaddam M R, Fatemi S, Keshtkar A. Adsorption of lead
(Pb2* ) and uranium ( UO3* ) cations by brown algae;
experimental and thermodynamic modeling [ J ]. Chemical
Engineering Journal, 2013, 231 294-303.

BaiJ, Yao H J, Fan F L, et al. Biosorption of uranium by
chemically modified Rhodotorula glutinis [ J ]. Journal of
Environmental Radioactivity, 2010, 101(11) ; 969-973.

ZRdE. TSR EE IR SRR S SO A W RE TR A PR S BB 5T
[D]. dbmt: df4eR=, 2011. 19.

IR —. FET RN S MR K A YA BB R [ D], B
A BEARELT R, 2014, 18.
Wang B, Li Y Q, Wu N, et al.
microalgae[ J]. Applied Microbiological Biotechnology, 2008,
79(5): 707-718.

Jiménez-Pérez MV, Sanchez-Castillo P, Romera O, et al.

CO, bio-mitigation using

Growth and nutrient removal in free and immobilized planktonic
green algae isolated from pig manure[ J]. Enzyme and Microbial
Technology, 2004, 34(5) : 392-398.

Kalin M, Wheeler W N, Meinrath G. The removal of uranium

from mining waste water using algal/microbial biomass [ J ].

Journal of Environmental Radioactivity, 2005, 78(2) : 151-177.



HUANJING KEXUE Vol.37  No.5

Environmental Science ( monthly) May 15, 2016

CONTENTS

Exploring the Severe Haze in Beijing During December, 2015 Pollution Process and Emissions Variation =«+-xe-veeeesesrerssesesenensinnens XUE Yi-feng, ZHOU Zhen, NIE Teng, et al. (1593)
Pollution Characteristics and Source of HULIS in the Fine Particle During the Beijing APEC ««+reeeeserserserseneseneneniniinicnenininens ZHOU Xue-ming, QI Xue-jiao, XIANG Ping, et al. (1602)
Seasonal Variation Characteristics and Potential Source Contribution of Sulfate, Nitrate and Ammonium in Beijing by Using Single Particle Aerosol Mass Spectromelry «=«+:essessesveresesnenseees
............................................................................................................................................................... LIU Lang, ZHANG Wen-jie, DU Shi-yong, et al. (1609
Pollution Characteristics and Source Apportionment of PM, 5 in Lanzhou City «+reereeeeresesesssssnmsinine WANG Xin, NIE Yan, CHEN Hong, et al. (1619
Pollution Level and Source Apportionment of Atmospheric Particles PM, 5 in Southwest Suburb of Chengdu in Spring  +++revesrseeesreeresreeenen LIN Yu, YE Zhi-xiang, YANG Huai-jin,et al. (1629
Variation Characteristics of Total Gaseous Mercury at Simian Mountain Background Station in Mid-subtropical Region =~ «+++s+seessesereees
Establishment of Method for Health Risk Assessment of Pollutants from Fixed Sources ++eereeeseereressersmiemenenninini

Testing of Concentration and Characteristics of Particulate Matters Emitted from Stationary Combustion Sources in Beijing

Pollution Evaluation and Risk Assessment of Heavy Metals from Atmospheric Deposition in the Parks of Nanjing

CoCuMnO, Photocatalyzed Oxidation of Multi-component VOCs and Kinetic Analysis «+reereesrresemeessmmsnensss s MENG Hai-long, BO Long-li, LIU Jia-dong, et al. (1670
Distribution of Nitrogen and Phosphorus in the Tidal Reach and Estuary of the Daliao River and Analysis of Potential Eutrophication «+«+++++++ ZHANG Lei, CAO Wei, MA Ying-qun, et al. (1677
Spatial Distribution of Stable Isotope from the Lakes in Typical Temperate Glacier Region «++«++eseseeseereessersmenenennieneninniinineiinen SHI Xiao-yi, PU Tao, HE Yuan-qing, et al. (1685
S13N-NO;™ and §'80-NO;™ Tracing of Nitrate Sources in Beijing Urhan Rivers +eseereesseesserssssmneiinns ZHAO Qing-liang, MA Hui-ya, REN Yu-fen, et al. (1692

Distribution Characteristics and Influencing Factors of Nitrate Pollution in Shallow Groundwater of Liujiang Basin WANG He, GU Hong-biao, CHI Bao-ming, et al. (1699
Nitrogen Losses Under the Action of Different Land Use Types of Small Catchment in Three Gorges Region -+ ++ CHEN Cheng-long, GAO Ming, NI Jiu-pai, et al. (1707
Interception Effect of Ecological Ditch on Nitrogen Transport in Agricultural Runoff in Subtropical China «+«+sssessesseseesemenmsnssinsnnnnen WANG Di, LI Hong-fang, LIU Feng, et al. (1717
FENG Shuai, LI Xu-yong, DENG Jian-cai (1724)
Influence of Submerged Plants on Microbial Community Structure in Sediment of Hongze Lake -+ ++ ZHANG Ding-yu, ZHANG Ting-xi, DONG Dan-ping, et al. (1734)
Community Structure Characteristics of Diatom in Reservoirs Located in the South of Jiangsu Province, China and Tts Control Factors «+++++++++++ REN Jie, ZHOU Tao, ZHU Guang-wei, et al. (1742)
Contamination and Ecological Risk Assessment of Mercury in Hengshuihu Wetland, Hebei Provinge «+:«ssereeeeseseerenseneeencnenes WANG Nai-shan, ZHANG Man-yin, CUI Li-juan, et al. (1754)
Spatial Distribution and Potential Ecological Risk Assessment of Heavy Metals in Soils and Sediments in Shunde Waterway, Southern China -

Biodegradation Coefficients of Typical Pollutants in the Plain Rivers Network

- CHEN Xiang-ping, PENG Bao-qi, LU Su-ping, et al. (1771)
HUANG Qi-bo, QIN Xiao-qun, LIU Peng-yu, et al. (1779)
Export of Total Organic Carbon (TOC) from Karst Watershed and Iis Influencing Factors: An Example from Xueyudong Underground River System, Chongqing

Major lonic Features and Their Controlling Factors in the Upper-Middle Reaches of Wujiang River

Seasonal Variations and Controlling Factors of the Element Contents in Drip Waters Collected from the Baojinggong Cave in Guangdong Provinge ««+sessessereeresesenenseienenensiininennnen
.................................................................................................................................................................. HUANG Jia-yi, CHEN Lin, CHEN Qiong, et al. (1798)
Tracing the Fecal Contamination Sources Based on Bacteroides 16S rRNA PCR-DGGE in Karst Groundwater; Taking Laolongdong Underground River System, Nanshan, Chongqing as an Example
................................................................................................................................................... ZHANG Hong, JIANG Yong-un, ZHANG Yuan-zhu, et al. (1805)
Sources and Variation Characteristics of Dissolved Lipid Biomarkers in a Typical Karst Underground River —«eesseerereeresesnenenneennes LIANG Zuo-bing, SUN Yu-chuan, LI Jian-hong, et al. (1814)
Formation of Halogenated By-products in Co®* Activated Peroxymonosulfate Oxidation Process «+++++++sessessessessensussmmsnmsiisiiniiniiiisiissiiis LIU Kuo, JIN Hao, DONG Wei, et al. (1823)
Aspartic Acid Generated in the Process of Chlorination Disinfection By-product Dichloroacetonitrile DING Chun-sheng, LI Nai-jun,ZHANG Tao, et al. ( 1831)
Influencing Factors of Assimilable Organic Carbon (AOC) Formation in Drinking Water During Ozonation Process — +«++s+sesesessenessssnennenens DONG Bing-zhi, ZHANG Jia-li, HE Chang ( 1837)
)
)
)
)

CHENG Xun, ZHANG Ming-kai, LIU Yan-chen, et al. (1845
GUO Jun-yuan, WANG Bin (1852
Selection of Suitable Microalgal Species for Sorption of Uranium in Radioactive Wastewater Treatment ««+:++sesetoresssssssnenssinstnsnsisnsnineees LI Xin, HU Hong-ying, YU Jun-yi, et al. (1858
Magnetic Fe50, Microparticles Conditioning-Pressure Electro-osmotic Dewatering (MPEOD) of Sewage Sludge  +++++eesseesesrsessssssssssssieisccnnens QIAN Xu, WANG Yi-li, ZHAO Li ( 1864
Stability of Short-cut Nitrification Nitrogen Removal in Digested Piggery Wastewater with an Intermittently Aerated Sequencing Batch Reactor — «+eeresserserseesenenensninenensinincnenen
..................................................................................................................................................................... SONG Xiao-yan, LIU Rui, SHUI Yong, et l. (1873)
Effect of Irrigation Patterns on Soil CO, and N,0 Emissions from Winter Wheat Field in North China Plain GUO Shu-fang, QI Yu-chun, YIN Fei-hu, et al. (1880)
Characteristics of Dissolved CH, and N,0 Concentrations of Weihe River in Xinxiang Section in Spring +++ HOU Cui-cui, ZHANG Fang, LI Ying-chen, et al. (1891)
Effect of Stimulated N Deposition on N,0 Emission from a Stipa krylovii Steppe in Inner Mongolia, China «+++++seseereeeererresseees YANG Han-yue, ZHANG Ting, HUANG Yong-mei, et al. (1900)
)
)
)

Wastewater Quantity and Quality Fluctuation Characteristics of Typical Area of Hybrid Sewage System

Preparation of HDTMA-modified Zeolite and Its Performance in Nitro-phenol Adsorption from Wastewaters

CAO Zhan-bo, WANG Let, LI Fan,et al. (1908
Spatial Variability and Distribution Pattern of Soil Organic Matter in a Mollisol Watershed of China GAO Feng-jie, MA Quan-lai, HAN Wen-wen, et al. (1915
Effects of Tillage on Distribution of Heavy Metals and Organic Matter Within Purple Paddy Soil Aggregates «+:+weseeeseesnesneseeeenes SHI Qiong-bin, ZHAO Xiu-lan, CHANG Tong-ju, et al. (1923
Distribution Characteristics and Potential Ecological Hazards Assessment of Soil Heavy Metals in Typical Soil Profiles in Southeast Suburb of Beijing +++ssereeerererereesemienensnniincnnnn
........................................................................................................................................................................... ZHAO Qian, MA Lin, LIU Yidei, et al. (1931
Contamination Assessment and Sources Analysis of Soil Heavy Metals in Opencast Mine of East Junggar Basin in Xinjiang «:«seeeeveeeeereeeees LIU Wei, YANG Jian-jun, WANG Jun, et al. (1938
ZHANG Jin-yang, WANG Ding-yong, LIANG Li, et al. (1946
MA Shao-yun, ZHU Fang, SHANG Zhi-feng ( 1953
Inhibition of Low Molecular Organic Acids on the Activity of Acidithiobacillus Species and Ts Effect on the Removal of Heavy Metals from Contaminated Soil ~«+«+sseseeeeresernesseesenennnen
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" SONG Yong-wei, WANG He-ru, CAO Yan-xiao, et al. (1960)
Contribution of Particle Size and Surface Coating of Silver Nanoparticles to Its Toxicity in Marine Diatom Skeletonema costatum ~—++++++++++++++-++ HUANG Jun, YI Jun, QIANG Li-yuan, et al. (1968)

Response of Soil Respiration and Organic Carbon to Returning of Different Agricultural Straws and lts Mechanism

)
)
Effect of Nano-Ti0,on Release and Speciation Changes of Heavy Metals in Soil )
)

Reduction Kinetics of Cr( VI) in Chromium Contaminated Soil by Nanoscale Zerovalent Iron-copper Bimetallic

Rhizospheric Mechanisms of Hemerocallis middendorfii Trautv. et Mey. Remediating Petroleum-contaminated Soil and Metabonomic Analyses of the Root Systems — ««+sessessesseseesennennenens

WANG Ya-nan, CHENG Li-juan, ZHOU Qi-xing (1978 )
ZHENG Ning-guo, HUANG Nan, WANG Wei-wei, et al. (1986)
LIN Hui, WANG Jian-mei, SUN Wan-chun, et al. (1993)

Effects of Thermophilic Composting on Antibiotic Resistance Genes ( ARGs) of Swine Manure Source *

Interaction Between Sulfonamide Antibiotics Fates and Chicken Manure Composting



£ &

CGRERIZEYE 6

WIBH A 3

BlES. B RBEM BN
& OZ. (FUEREEHT)

EBHREZERS

TENT  FARIE FUL%E T4 W N | # hiEE
AKE XIEEE X B s o M B RE
e =R . 3 ==
BREHEGE BT ORI R Bk W&
yais 3 3 f
WO B W N W R
-
w o A3 ENVIRONMENTAL SCIENCE
( HUANJING KEXUE) (Monthly Started in 1976)
(AT 1976 4£ 8 HAIT)
01645 H15 H %37% s Vol.37 No.5 May 15, 2016
+ & hEPERE Superintended by Chinese Academy of Sciences
+ B P EBERE A S IHIEI Sponsored by Research Center for Eco-Environmental Sciences, Chinese
i I ( U\ﬁ%j]uflaj:jgj?) Academy of Sciences
Jbst T M s 171'1( PRL SR R 5T B Co-Sponsored by Beijing Municipal Research Institute of Environmental
R =7 N S 1 Protection
* %R H i School of Environment, Tsinghua University
= Editor-in -Chief OUYANG Zi-y
. BAAAPS) 5B Z DS Edft(e); " ) by The Edit llyfl;and { Envi tal Science ( HUANJING
el 2871 254 (I VE LS B i y e Editorial Board of Environmental Science
18 5, MBI 4w A : 100085 ) KEXUE) -
T .010-62941102 01062849343 P. 0. Box 2871, Beijing 100085 , China
2 :010—62849343 ’ ’ Tel:010-62941102,010-62849343 ; Fax:010-62849343
E—r/n\ai'l;hjkx@ reees. ac. on E-mail ; hjkx@ rcees. ac. cn
http : //www. hjkx. ac. cn hitp:/7www. hjkx. ac. en
H ER 4 4 " " " Published by Science Press
e R AR i6 " 16 Donghuangchenggen North Street,
MBS . 100717 Beijing 100717, China
ED ORI 2= 3T dbEdbARERRI) Printed by Beijing Bei Lin Printing House
* ﬂ- 4 # & K i Distributed by Science Press
F % :010-64017032 Tel :010-64017032
E-mail ; journal@ mail. sciencep. com E-mail ; journal @ mail. sciencep. com
iT W A& 2EKHAREE Domestic All Local Post Offices in China
Egl\léxﬁh_' EPHEHZTF{I:FJ J'J:IJ r_l'/\j Foreign China International Book Trading Corporation ( Guoji
(b5t 399 15%4) Shudian) , P. 0. Box 399, Beijing 100044 , China
— ISSN  0250-3301 N
rEHS ——————————— =. 2-
REREFS: (7 7805,/x EREEZNRS: 2-821
E ® E fir: 120.00 50 ESEITRS: M 205

BEHSRFET





