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FEE . BANMEY RGBT HEGRORNES | BRSEREmg) AT b EESR | AIWERNEE, B IR
LS A R - S R E 4 SR TS e B R AR, e S &30 £ e DU Z B2 (EDTA ) AR BEER ( CTT) DA KA 9 36 e 6 k77 — R 2
BHIE (RL2) VB AR PEF , 2R L S50 AR S 08 2%  WIF9E T 3 bk vksnl LU A R s R S 2 AR E A5t £ Cu, Pb (1)
WSRO, S5 R W], ASRIMGEFIX 3 1 Cu, Pb BYWRIE A 43 K/NR I EDTA > CIT > RL2, 7E Wk UEFIE oy 0. 02
mol - L= |3 Rk PRSI L Cu B9 43R5 0 62.74% (EDTA) | 52.28% ( CIT) F1 15.35% (RI2) , #kik Pb 19 H 5334351 Jy
96.10% (EDTA) . 23.08% ( CIT) 1 14. 42% (RL2). 24 RI2 #JEAE 100 CMC i, HXF EDTA | CIT ikt Cu B W FIEE R
M4 RL2 ¥ 4E 200 CMC B, %} EDTA FI CIT Pk Cu I 50/, RL2 5 EDTA £ -G %F Pb Wk BERZ W25 LT X Cu 1
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HLZEA A Cu, Pby RI2 AT RAEBRIE A P agfeds | WHZSE5A /9 Cu, Ph.

KEIA EAN; AR W A 8 Mk

RESES. X131.3; X53 XEHFRIZES. A XEHS . 0250-3301(2013)04-1590-08

Remediation of Cu-Pb-Contaminated Loess Soil by Leaching with Chelating

Agent and Biosurfactant

LIU Xia', WANG Jian-tao' ,ZHANG Meng', WANG Li', YANG Ya-ti’

(1. College of Resources and Environment, Northwest A&F University, Yangling 712100, China; 2. College of Science, Northwest
A&F University, Yangling 712100, China)

Abstract: Because of its strong chelation, solubilization characteristics, the chelating agents and biosurfactant are widely used in
remediation of heavy metals and organic contaminated soils. Ethylenediamine tetraacetic acid ( EDTA) , citric acid ( CIT) and di-
rhamnolipid (RL2) were selected as the eluent. Batch experiments and column experiments were conducted to investigate the leaching
effect of the three kinds of eluent, as well as the mixture of biosurfactant and chelating agent for Cu, Pb contaminated loess soil. The
results showed that the leaching efficiencies of different eluent on Cu, Pb contaminated loess soil followed the sequence of EDTA > CIT
> RIL2. At an eluent concentration of 0. 02 mol-L ™", the Cu leaching efficiency was 62. 74% (EDTA), 52.28% (CIT) and 15.35%
(RIL2), respectively; the Ph leaching efficiency was 96. 10% (EDTA), 23.08% (CIT) and 14.42% (RIL2), respectively. When
the concentration of RL2 was 100 CMC, it had synergistic effects on the other two kinds of chelating agent in Cu leaching, and when
the concentration of RL2 was 200 CMC, it had antagonism effects. The effect of RL2 on EDTA in Pb leaching was similar to that in Cu
leaching. Pb leaching by CIT was inhibited in the presence of RL2. EDTA and CIT could effectively remove Cu and Pb in
exchangeable states, adsorption states, carbonate salts and organic bound forms; RL2 could effectively remove Cu and Pb in
exchangeable and adsorbed states.

Key words : chelating agent; rhamnolipid; copper; lead; loess soil; leaching
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AW R R B EAE X 5 Ph | Cd
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BRI R Ve 2 R - RS B E A5+
e, A Zn*t . G, YR K4 Bk B
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FEAER R WIS 5 EDDS 195 4 Ab HRAE FH X
3 E 4R Cu, Pb, Zn Al Cd BMKBEEAE —EM
PRIE AR, SR T AR 2 S R 0 DA K H S
BAERMNE AT AR h 4 ke R
W EEA ST

AR 5T IRBE A48 52 1 ff B, o8 FH o 1)
A7) EDTA | #7402 ( CIT) F1 A= 4 22 1 1% PE 7 — B
ZEWERR (RL2) MO R Ve, 438 T 3 Bk vk 590 LA &
RL2 5#GHNE A X5 4w 15 Y i A K 14
(34)h Cu, Pb WRBERCR, LI Ry R ) T
PEFIIRALEE & R A P 18 5 A R v b 4
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1 #BE7EE

1.1 E=2R Ak
L11 k5]

EDTA (4r#Hrali, P2 Ak 223850 ) ) 5 AR (47
Mraf, Kb TR A R A ) 5 2R (74
LB AR BRAR) 70 F 4 650 g-mol ', Il 7
A (CMC) 2H0. 000 1 mol-L~". SZH&AIF FH K N
Al UPW R,

1.1.2 1%

M AR AR TP AL RMPBHE K5k ).
FKFEREE N 0 ~20 em, FEZ HARAKAT | BRI 1
mm FHEFE4  ABEAE (105°C) Bt T S48 T HR

g . i 23 pH oh 8. 66, CaCO, F &N 75.5
gokg ™ VAU 1.2 g-kg ™" WIERARL S B ( <0.01
mm) 452.2 g-kg™',CEC 20. 60 cmol-kg ™" " ; JifES
Fe,0,59.10 g-kg ', WM UIPR A AT, &FH
A
1.1.3 54+

ZH (IR ERE) (GB 15618-1995) 1
3 RARMERAE, B AMINE 48 5 24 Cu 400. 00
mg-kg~' | Pb 500. 00 mg-kg~'. FK 30.0 g CuSO,
23.97 g Pb(NO,), I AF] 30.0 kg il 3.
RV Y 3o A B — A BRI BCE 1 A
AR AT LR 1 mm 4. R AR LS
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1.2 SRk
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(1) AN]R8 bk 700 X7 e 3 - A bk

FREUE - A5 e+ 45 1.00 ¢, & T — R 51
100 mL ZRLESCOA T, 43 A 20 mL AS[R] B2 1
EDTA | CIT Hl RI2 ¥, WJEHE R 0, 0.0005 .
0.001, 0.005, 0.01, 0.015 #10.02 mol-L™". %kt
P 3 R pH A 0. 1 mol - L™ HNO,5£ 0. 1
mol-L™" NaOH B IHE 7.0. # FiRIEW T 25°C
M PR 4 h )5, 5000 remin ' B0 10 min, 3
0.45 pm & WD Ca®* | Ph* BB H KA R T
WO RE . [k AER 07K R oA 75 % 4 358 A Ik PR 1
%t BE.

(2) RL2 5EG G053+ 1k

FREUE + Ais Qe 3 + 4 1.00 g, & T — R4
100 mL BRSO 43 AN 10 mL AR B2 1Y
pH >k 7.0 % EDTA, CIT ¥ ¥, ¥& & B &4 0,
0.001.0.002,0.01,0.02,0.03.0.04 mol-L"
3 IA 10 mL ¥ B2k 0. 04 mol-L ™" Y RL2 ( pH
7.0) AW WP 3 KK LR T 25C &
HTEE4h , 5000 remin "' B 0> 10 min ,140.45

F1 BEIRFRERSE Cu, PbHEE /mg-kg™!

Table 1  Content of Cu, Pb in different forms in loess soil/mg-kg ~

1

T &lm SIS WHA RS AES AVEES BAPERRS HERE pES
g Cu 4.75 11.41 5.56 7.79 12.94 14.44 56. 89
‘ Ph 3.15 2.95 1.64 4.13 8. 86 5.41 23.19
Vol g Cu 16. 56 42.35 91.55 134.65 116.94 47.51 450. 56

S
Ph 10. 04 8. 86 25.39 366. 76 93.90 22.15 527. 10
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R T HEI— Ik ETEIE LR, T — 2 BARAR LB 1+
e, WEAEAR EET 4 em RATEM 4 em /N
kA3 B2 8 om ATERD X AEEEIE AL T a2
UEZE. PEINA 20 ¢ 4 R L RERA 5 T2
BE—BUADERD | NSk AR A e, B 2B 1kt
LR DORHINA S8 AR EES, RE SR
AR DA i

(2) WIS iy =X

3B 0. 01 mol-L~" Y EDTA | CIT #l RI2
WM E GRS RL2 ZA 1 1 LIRS AT
FREL 20 g 75 Y - BRI 4 rpr | 3 5 6 3 A Wi B I
IR BN A A 1 mLemin ' ( BUSE R
J3HIA10.5 1 F12 mLe-min ™" Z55 % REACR F A]
FERZ PEEH] 1 mLemin ") , & 20 mL WAk
W, H WA 400 mL Mk, KRR G 0. 45 pm JE
R Cu® L P> AR B FH KA T ik
SE. RIS DUEB 2K B A5 Yl - 8 10 R A A Xt B

(3) Wk £ N E S B IE AN E

H 2 E AW TR 1 8, B T, B g 1
mm T8 F. FRIBUR TS Y38+ FU e )5 i85 e ke
2.00 g 4% 3 ¥, R Sposito JIil - FE 2 FEBUAR ]
BRI ESE , KR WE I E A FIE R Cu,
Pb it
1.2.3 &4 RL2 AR TR i

PHUR T W e A ARV IS &R RL2 1Y BT
W 20 mL 1A 150 mL = A, 7658 XU b /o
AWAERR 10 mL, B AR 2 mL. Jn_E/Ng - (LA T

70
60 | '
h
_
ﬁ 40 f
a —4—EDTA
207 —&—CIT
% 5 TXTRL2
L
0 ' L L
0 0.005 0.010 0.015 0.020

e ) 2 JiE fmol- L

OB ik HEZS BRSNS AR T B S,
BEFN T ~2mL IHZW, BUF RS 0UR AT 2 50456
AT IEE R E 25 mL. W Cu® | PH TN
JEE FH A - W O 2

1.2.4 ¥R Kk B R 1A

_ c;(lV (1)
A, ¢ HRBER P cd® . PO Uk B
(mg-kg™ ) ¢ HWMPEE W B ca®, PO’ I E

(gL )5 V W RBL(L) 5 m -+ B TR
(kg).

ke o (U
WEED% = (Tren o EE

)x 100% (2)

2 HR5ITR

2.1 R[EIMGERIIR G GRS L Ca, Pb IRCR
2.1.1  H—RuERI1EH

(1) #H5H

Kl 1 4 EDTA . CIT Fil RL2 X543 +h Cu,
Ph (IR E & 43R B bR e R B2 AR A i 2k (Fr T 4%
WRPEFX B A Cu, Ph KPR E 3% <5% , kAL
RIC2 5 w2 ket Z) . Il LA,
B EDTA ¥ B J0.000 1 mol-L~" 14 i %] 0. 005
mol - L', +HE P R EE 43 & A IR IR B 0S5t AH 1 44
i, EL3 Y b 5K, 24 EDTA ¥k M 0. 01
mol « L "4k ZERE N 2] 0. 02 mol - L™} , WP E o
TR 2 42 /N S B8 Fe KM E 0. 02 mol - L' ish, EDTA
XF Cu, Pb MYIRBEA 73350518 62. 74% | 96. 10% .
HH AT UL EDTA X Ph (1923 BRGCR B & 7% Cu 1Y
FBRZCR. Mulligan L1015 4k SR e 0 R TN
W B A R R Eh 45 & S I 4w B T HA S s 1 fn

120

100 |
80 |
60 |
40

m&——fﬁﬂi::::::::k

0 .4l 1 L
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Fig. 1 Effect of eluent at different concentrations on the leaching efficiency of Cu, Pb in contaminated loess soil
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A AR RUPERR Lo A e, PR XU i sk 3 ) -+ gk
VEREA M RIS W E SR A PR
RASTEBATEE G TR 4 ) AL B BE 1 A WA Rt
AR AR, FREE RS 3G, I HARME B, a3 1
THEATA I 08 Cu DASSHRZS | RS | BRAR
BEGEBMANLG AT S50 63.31% ,Pb
H77.97% 5 5K 1 HeE BRI EDTA B84 %0
LBRIE L e s | WA | IRERER S G A R HL
RO Cu; BRIEARZ Pb 4, EDTA 1l £ G 1K
A1 Pb.

SPAMNIE 1T AT LLE Y B CIT ¥R EE R3S,
CIT Xfi5 4L s + b Cu VR E /- R WA LR s
EDTA A [R], Hibk %8 5 73 4% T EDTA , 5250 5 K
FE0.02 mol-L ™" B, ik Cu H 58K 52.28% ; 1
B2 CIT ¥ B B34, CIT X3+ Ph (ke & 4
SRIIN MR AN, SEER R R BE 0. 02 mol - LB,
WRE T 43R H 23. 08% , 1% 45 B A I 4 2 B 95 1Y)
FEBERRIKES Pb 1 25 BR A (6. 42% ) &, Ui AT B 1R
XF 3k Ph YL BRBE A2, AR, CIT X 4 rp
Cu FIIRPERCR B3 , X H P F CIT % Cu B4 A fig
F1(1gKy, =14.2) 58T Ph(lgKy, =4.4) . @ 1
AR G Cu DASSHRAS MRS | BRI
HEAEDIE AW & SR 33.46% ,Pb
8. 4% , Ui CIT BEA & L BRi8E - rhac e s | MRt
BRI EEMLI S HEILG BN Cu
F1 Pb.

(2) A=Wk e RL2

BRI, ARG PER RL2 X5 e 4
Cu, Pb HJikPERE 1ML T EDTA. X4 RI2 ¥KEEM O
BEINE] 0. 01 mol - L7", 3 4 v A I 4 J8 B R VE A
Oy IR AL /N, 24 RL2 #eE M 0. 01 mol - L' 4k
SEIEANF 0. 02 mol - L™ Bk, UL 1 403 184 Jorn et 8 42

100

80

60

40

WPECuE 4+ 3%/%

—&— EDTA

—8&— EDTA+0.01RL2
—&— EDTA+0.02RL2

20

0 0.005 0.010 0.015 0.020
EDTA f/mol-L™!

KR 0.02 mol- L' ) RI2 WO+ Cu,
Pb MR E 43353 52 15.35% | 14. 42% ,iX —45
A Neilson %52 SRR R R B A T g L 1
HYHY 2B (14. 2% ) #3T. Ochoaloza L[240 52 B
TR IRE AN IR S &M &8 & T4 51
e B ATIRSE 76 pH = 6. 9 IS 20 IE 5
K04 JE B 4 A MRS E W B NIUY R AP >
Cu** >Pb*" >Cd°" >Zn+ >Fe’* >Hg+ >Ca’" >
Co>* >Ni** >Mn®" >Mg>* > K", fy It {36 B A BF
FERYEE A, B RL2 XF Cu MOIKVERE I RS K F Ph. il
it 1 IR SEES I Cu RIS | RS
ERAIER RS BER 13. 1% , 5 RL2 My 1
Cu WU R, W RI2 REA S LRI L PR
B WMASLE S 1 Cu; T Ph RIS HR A MRt
BRI 25 G B N AEFE M i 5 SR 1Y 8. 4% , Ui
] RL2 AT DA B+ rhagdie s | WS FRR iR h 45
G Ph.

Miller' ™ 45 1 A 49 2 11 15 1 370 ] i ok b
U HE - 4 Ik, — 2 5 A T
AR B TG IRl IR A 5k ) fif
WV A BT R T R L A, AT AR
TP, 55 4 a5 e R ARG RRHE (Rt 4
JE& TS 0 B K TR S A W A T R
A AT RL2 ¥R E KT H CMC (0. 000 1
mol - L"), It +3E 7 1Y Cu . Pb J&idd EIRW R T
A5 RAEIR4S & M s Ll L.
2.1.2 RI2 SEAGHIEARG5Y AL Cu, Pb HTE

(1) B AMBEFIRHG Y 4 Cu (YL

2 £, BEEE A EDTA . CIT ¥ B () 34
Jn, 5 RI2 ZAJEMEE Cu (E /R H S H
—EA R, P E A 20 1 (PR
B AR E H90.02 mol-L~", RL2 ¥ 0. 01

70

60 -
s0 |
S
40 L
x
lg 30 |
Z
2 L
20 —e—cqIT
" —&— CIT+0.0IRL2
—&— CIT+0.02RL2
0 . . .
0 0.005 0.010 0.015 0.020

CITHe B /mol-L™!

2 RL2 EEGFISEIFTERELTH Co BMEHR
Fig. 2 Effect of RL2 and chelating agent complex on the leaching efficiency of Cu



1594 N

B 34 %

mol L"), EDTA, CIT #t ¥ Cu & 43 % 7 5 A
81.90% . 59.97% , H i &l 2 #] LL & i, 0.01
mol - L ™' RL2 5 R [R] ¥k & ) EDTA & & J5 ¥ 5 e i
Fr Cu W PR R I B R BG4 Bk e B
SPRBIRT EDTA B—WRPE & /0% MG CIT IR
FEIIEHN, 5 0. 01 mol-L™" RL2 E A5 kBESUR
KT — CIT WP E 43, U8 0. 01 mol L~
RL2 X CIT kP54 48 b Cu th 2 A P [F] 38 %
FEHI.

FPANNEL 2 T LLFE Y B RL2 W 88,
EDTA ., CIT 700l 5 HE A 5% Ca FIHREE & 432418
THR—E G IR R B 4%, a1 EDTA W
0.01 mol-L™"ff, 5 0.01 mol-L™'RI2 E&J5X Cu
FIWRBE 233 M 73. 85% , 11 5 0. 02 mol-L™'RI2 &
HIEANR R 54.43% . CIT 5FAuE T RL2
BA TR WA RFE A, Joh X CIT ¥R E o 0.01
mol-L_lﬁTJ','ﬁ 0.01 mol-L™'RI2 B & 5%t Cu Bk
VEE %K 43.43% ,50.02 mol-L™'RI2 HEFEH
YN 31.83%.

P REE R X RL2 W EEFE 100 CMC B, X B
FRES G RIMRTE Cu B PR IRIBG AR, 002 RL2 ¥
JETE 200 CMC B 5% P Fh 2 5 500 bk 8 Cu TR B0 K
FEHUEN. X TESWMERMIEN T, BT8R s

120

=
#
R
HI
£
[
2
—&—EDTA
20 —&— EDTA+0.01RL2
- —&— EDTA+0.02RL2
0 1 L L
0 0.005 0.010 0.015 0.020

EDTA 3 Jif/mol-L™!

PRI P 5 2 Sy B A H far R AR [ FH A 5
SOV I R IR R o A i R 2 AR A
KK, S GRS F4E6 54 A TUE , BUTmsE
TH& RS FE S LRSS, I B A 7
A s AUTRE R B 7= A 3X 5 Ramamurthy L0 g Y
BH S F m i 57 SDS X 3 Cu B3R UE 52 i &%
R—FL

(2) BAMGEFIRHG Y 4 Ph Ak

A3 A%, 24 EDTA B3 0 254k F) 0. 005
mol - L™ i, MRV Pb 19 A 43R B2 7 H BT
BiIEEK, 24 EDTA MR EERLRIENE] 0. 02 mol - L~' A,
b vk & R 0 BT RGaE o g2 b 0.02
mol-L ™ '"EDTA 5 0.01 mol-L~" RL2 Z &My Pb [
SrRRIRF 99.45% B M — EDTA WPk Pb A 7 %
96. 10% A ¥ & , JLT-RE 3Rk vk th 5 Jei = rh iy
Pb. [FE} EDTA 5 R12 & & J5 76 HAth vk B~ X Pb
R TE B B S T — EDTA MIMRVE/ER. X
5§ Zhang %57 W97 BA— EDTA #K¥E(97.9% ) DL K
1t SDS fF7E T EDTA W (98. 5% ) 2B 4% h Pb
(4E RIEA BT, UL T EDTA AT LLE A [ i b
Pb 54 MM BRI S Bl R SR AT LS
&R BT 1Y B4 A W L B S B 28 4 i 4
EDTA AR PERCER.

25

20 L

§ 15 L
®
Tz
= 10
g
——CIT
5 —&— CIT+0.01RL2
—&— CIT+0.02RL2
0 1 1 1
0 0.005 0.010 0.015 0.020
CITH fiE/mol-L™!

B3 RL2 5EAFSRIEREL S Pb HMHERR
Fig. 3 Effect of RI2 and chelating agent complex on the leaching efficiency of Pb

K3 W] AR Y RL2 5 ARIHREE CIT &
G EIRGE Ph (1 E S IR T &R EE CIT Sl AE
WUE P B9 E 43, ULEH R12 XF CIT Uk Pb BA 5
PUAEH. X ATRE S 3 Bl X Ph A9 bk e 5 2R
BEAK.

SN 3 el DUE B RL2 WS R,
RL2 5 EDTA & WL/ Wk ik Pb B 45 AL T 5 —
EDTA M sE & 70 3. [FIAEUOEH Y RL2 WREETE 100

CMC i, %t EDTA k3t Pb EA P [F] 3G %4 1, 1 >4
RI2 ¥ ELE 200 CMC I, %} EDTA kv Pb U 35 8
FEBUE.
2.2 A[EIMR BRI AT TS Qe A b Cu P 1Y
2.2.1 BRI Cu, Pb &5 1Y Sh AL RHE

4 FW 24 EDTA FI CIT 3 AR RN 0 725
AEE] 100 mL BHKEEH Cu MUEAST , BfE T oA



4 34 XNEEAE . B AA PR S PERIX Cu, Ph 5 e+ B IEIE S 1595

FRUAY3E 0, 5 20 mL WREEIR T Cu Y 5 W7/
EDTA ik ¥k 1} Pb B9 5 N — JF & 5 15 51 5%

(59.41 mg-kg "), Bl S FLAF B4 15 I i 28 9 Uk
b X FERE T EDTA A &K W ECALEE /1, EDTA
—H 5 +4eb P i, iS5 15 Ph & AR X
IO7, B W BT L SR T Ph bk R A e, 2 T
TEWH P S & CIT WYk Pb &R LR K,
20 mL WKUE I VE B TE 0. 44 ~ 1,47 mg-kg ™',

—4— EDTA —O—CIT
—&— RL2 —X— UPW
—#— EDTA-RL2 —O— CIT-RL2

W Culil fib/mg ke ™!

U 1 1 1 1 1 1 1 1 1
0 40 80 120 160 200 240 280 320 360 400
PP/ mL

HE— UL R X 3 P 1 SBRAE DT 2.
AT WL, EDTA 1 CIT X4 &8 Cu 1422 BRAUR 5 B
AR TEWRBE IR  EDTA X Ph (1422 55 50U B
AR RV AR . R AEAET A N R
PISLE I, ARl EDTA X F, 23 Cu,
Zn. Pb Fll Cd 7E EDTA # AWIHAM 5 % EDTA ¥ fi#
M & AR, BEMGEARF RGN, 5 4 8 vk B 2 i
W 25 A /N

70

60

50

40 |

30

WL b P It /mg-kg ™!

R O O O L )
0 40 80 120 160 200 240 280 320 360 400
ZBUH Y B mL

B4 #HEFRESD Cu, Pb EEMZHET

Fig. 4 Changes curves of Cu,Pb contents in eluent

[ A 4 i BEF Y, UPW H1 RL2 Wi Cu
(ARG, LB I R R AR R B S A AS K, HE
9 0.66 ~1.73 mg-kg™'; UPW Hl RL2 Xf Pb Atk ¥E
YEHIBE RBUABLR K, 5 20 mL KPR Bk vk i
FEARAR HAH /N, R PE R AE 1,00 mg-kg ™' DAF.
SNSRI P S o NS S ol E I Y (3 R N
(100 CMC) , - 3ExF RI2 (WERFELL K2 R12 2 5 (1) 38
I A s BRI S A A By, sfl
FEAFEMRERCRAR. PRI AE B AR TR RL2 BV
ANEHKA.

FHPNE 4tk AT LUE Y, RL2 4351 5 EDTA |
CIT E APk Cu 2L #a% 5 EDTA Fl CIT
YERTEaSAH—3. AWk GEH Cu W& EDTA
L CIT B VEH 2, Pk B i3 2 26. 02 mg-kg ™'
F112.18 mg-kg™'. EDTA 5 RI2 & &AWk YE Pb
() et e B AR I £2 57. 8 mg-kg ™' T CIT F0I
RL2 & G5 3 -3 Ph ik E &S CIT 5
MIRBERTAH 22 AR K B EDTA 5 RL2 B4 %22 Cu
1 Pb BRI W I G ENT; CIT 5 RL2 &A%
FBR Cu RICHPRIIGEAE T, ikt 2B% Pb A94EH
AR, X S5IR MRS R —8 ARIZEEH S
RL2 BA BTG Y3 1 rh Cu, Pb BR324
KRB TES B AEESD RESR 5%

A, SRR AL A B AR Rl B O
TR R R Ve SE IR A AT T B A R S A T
R 5 Cd, Cr RFREYZm, K CIT 5
SDS. EDTA 5 SDS iR &, ¥t £BRi5 e Cr #8FR M
SRS PURN B0 S7AON , TEXF Cd )2 B U R B
AR AR
2.2.2 MYERTE EARIE SN

5 W, 75 Ye 38 4 20 O[] 3k R 791 4 A Ak vk
J A FIEZS Cu, Pb 1Y # A A [R] F2 19 BRI
M 1 AT R RT Cu IBRIR R4S A5 . mitk®
RIS MANG S E, MBS &=
432 20.36% | 29. 85% 1 26. 01% ; H ¥k ok
WS WS RIS RS, 40t UPW, CIT, RI2 Al
CIT-RL2 &4 4 Fhibk el o 5k ve 5, H2g 4 28 A
RS Cu & R 2 iR 3R 1 FIE 5 mT 5
X PRI B Cu KBRFAE 70% ~92% Z [H];
AL A Ca BERES51H 6.51% | 30.67% .
45% M 77.11% , i IR ¥ 45 5 8 73 5 h 3.86%
72.83% . 9.08% Hl 77. 12% , B Ak ¥y 5k vy 25 F1 5%
BAEAALE N, 45 EDTA il EDTA-RI2 & & %
WA I, R TR L, BERRES N
59. 78% F1 63. 85% , I i fifk iR 5 45 & A X 6L 25 bR
KTk K, 20 9 R 69. 52% F178. 80% , [ AL B



1596 AN 5%

B 34 %

fedy sk it 25 MR ARSAALEN. Ph IAPLEE G
R ) 5% i 25 O 3, K TR AT o3 A B g i
69.58% F1 17. 81% ,%:d UPW | CIT, RL2 I CIT-
RI2 & 45 4 Bl 0 ik vk e, Ph B9 A4 2 |
PSSR D RBRHTE 60% ~80% Z[0], A HLES

500 ] B ik @ AR A
T 400 F § 5 wﬁigﬁéﬁ o ggiﬁﬁ
2 TR SRS
iwld )

g |N 7 .

O 200 b bw & é N
F; 100 % re é :: % %
ra KR R 77

RL2 EDTA- CIT-
RL2 RL2

#ikRr UPW EDTA CIT

b SV R

BEERELE31% ~60% Z [6), B Ak 5% i 245
RSB K. 5Dk Cu ML Z, %4 EDTA
FEDTA-RL2 & & % W 4 ke Je , 45 FlOB 25 1)
Ph #8A I 3 (R 920, LR R BR R 4l 82.51%

F185.36% .
600
T500
PRy
Cw | & D
E 400 | 7
x ] 4
]
% 300 + ] ] !
= NN NN WSS
.ij ] ] !
a\& 20{) S SRR s LA
- f] ] NN
@ RSN s LA
}\' 100 + RSN s — LA
IS SRN % 535 AN
g :\.\ g A
#ERT UPW EDTA CIT EDTA- CIT-
RL2 RL2

e

5 MEBIEIFHMETH Cu, Pb MEELAFE

Fig. 5 Variations of Cu, Pb contents in different forms before and after leaching

Zg LAl R CIT, RL2 K& CIT-RL2 B GHH
AR Y RS A WA A LY &
BWEE RS W LR, kRS A A1 Cu A1 Pb
(A B R AR B AR, X SRS IR TR S 25 21
—5. ERBECYRBIIESE R LM EDTA 2 —Fh
RUF 22K B, %t Ph, Zn, Cu Fil Cd ¥R BT
BAFRZEBUSCR. AW 58 FIH] EDTA F1 EDTA-RL2
TRATEWONTE S X & FIEAS Cu AT Ph 1) 25 B 5R AR
K. XS RE s 45 9 b EDTA fgf sk 2k
B MIESESRE T8 WNES B IEH,
R12 5 EDTA E & )5, Al #& EDTA Xf Cu #l Pb 11y
EBR%; RI2 5 CIT EA 5485 T CIT X Ca 194
B, H AR CIT X} Ph Y25 bk 3R, B[R] AR 156 BH 24
RL2 ¥REETE 100 CMC B, %F EDTA 1 CIT #k ¥k Cu
LA Pp IR B V6 FH ;. %) EDTA Pk Pb BLAT Bl ) 3%
WAEH L, RL2 5 CIT M A3 T CIT XF Pb AL
FEHI.

3 g

(1) AR BEFI M BE Cu. Pb BIFE I X A
EDTA > CIT > R12. EDTA Xf Pb (28508 K T %
Cu M RBRECR. CIT X3+ rh Cu AR ERICR 558
X Ph AR PERCR 5 22

() AEYFRIEER 52 GREA X5 4+
i Cu, Pb IR A AR E R B, 24 RI2 ¥
BEAE 100 CMC B}, %F EDTA F1 CIT #k ¥k Cu BEA P
[RI4G 5 VE T 24 RL2 ¥k BEAE 200 CMC R, X

EDTA #1 CIT #f %t Cu MBI NIEHAEM. RI2 5

EDTA S5 % Ph B IR BE S Wi S8 LT X5 Cu (52 0.

RI2 5 CIT (G T CIT Xt Ph BY#SGEIEH.
(3)EDTA 5 CIT A 20 2B i5 Je st + rh g4

A RS, B IR Fh 45 G S A HLLE 52 Cu, Pb;

RI2 REA R EBRIE L b Ag e s | WSS 5 1) Cu

1 Pb J iR 6 45 5 A5 Y Pb.

SE N

[ 1] Andrade M D, Prasher S O, Hendershot W H. Optimizing the
molarity of a EDTA washing solution for saturated-soil remediation
of trace metal contaminated soils[ J]. Environmental Pollution,
2007, 147(3) : 781-790.

[ 2] Elkhatib E A, Mahdy A M, Saleh M E, et al. Kinetics of copper
desorption from soils as affected by different organic ligands[J].
Environmental Science & Technology, 2007, 4(3) : 331-338.

[3] kM, AER, skuide, 5. RAZRMAT BRI 5 e h &=
SR LLEBTEL )], RBIRE4:, 2008, 29(3) : 733-
737.

[4] #audk, T, MO, 5. BRI ET & AR E
HEGRIGY )], HER, 2010, 31(12): 3067-
3074.

[5] 9, BMZE, Bigm, 5. 3 FhA o0 x L3 4 8 iy &
% B FEXT i A JB A M s e [T ], Al SRR A 2
2006, 25(4) : 979-982.

[ 6] Ramamurthy A S, Vo D, Li X J, et al. Surfactant-enhanced
removal of Cu( Il ) and Zn( Il ) from a contaminated sandy soil
[J]. Water, Air, & Soil Pollution, 2008, 190(1-4) ; 197-207.

[ 7] Zhang W, Tsang D C, Lo 1 M. Removal of Pb by EDTA-washing
in the presence of hydrophobic organic contaminants or anionic
surfactant[ J]. Journal of Hazardous Materials, 2008, 155(3) :
433-439.



4 34

XNEEAE . B AA PR S PERIX Cu, Ph 5 e+ B IEIE S

1597

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

ZEmNEG, SRR, ZENI, A AR AT ER B e T e
HESOR KSR ] B GS  i i [ ], Al B R 2
i, 2011, 30(5) ; 881-885.

Pacwa-Plociniczak M, Plaza G A, Piotrowska-Seget Z, et al.
Environmental applications of biosurfactants; recent advances
[J]. International Journal of Molecular Sciences, 2011, 12(1) ;
633-654.

As¢t Y, Nurbag M, Actkel Y S. Investigation of sorption/
desorption equilibria of heavy metal ions on/from quartz using
thamnolipid biosurfactant [ J ]. Journal of Environmental
Management, 2010, 91(3) . 724-731.

Juwarkar A A, Nair A, Dubey K V, et al. Biosurfactant
technology for remediation of cadmium and lead contaminated
soils[ J]. Chemosphere, 2007, 68(10) ; 1996-2002.

By, BIRIA, JSCE. BATTHSRENR A SRR h 2
WHEAE 48 Ve RHLEL [T ], Rl AR 2 #4,
2010, 29(12) ) : 2325-2329.

28(9) . 1818-1823.

SRV, AREEBE, TKREK, A AW SR M A T k%
Bt SR RIS [T]. BRI, 2010, 30(12) .
2491-2498.

Gusiatin Z M, Klimiuk E. Metal( Cu, Cd and Zn) removal and
stabilization during multiple soil washing by saponin [ J ].
Chemosphere, 2012, 86(4) . 383-391.

Mulligan C N, Yong R N, Gibbs B F. Heavy metal removal from
sediments by biosurfactants[ J]. Journal of Hazardous Materials,
2001, 85(1-2) . 111-125.

Asct Y, Nurbas M, Actkel Y S. A comparative study for the
sorption of Cd( Il ) by soils with different clay contents and
mineralogy and the recovery of Cd( Il ) using rhamnolipid
biosurfactant[ J]. Journal of Hazardous Materials, 2008 , 154 ( 1-
3): 663-673.

wIAE, R, SB T, . CTMAB X 38+ 38 i () 45 i L )
[J]. L:Hem#z, 2008, 39(5) : 1002-1006.

B, fk—F. A R AT Cu®t | PH T R IR
B 5L PEBFPARRAEL )] 374, 2003, 40(1) : 102-109.
INPE T, s SOKIE, GF. TS TR HEIL A AR b 4 )R B

[21]

[22]

[23]

[24]

[27]

BABSE-Sposito B P2 [J]. R FFBEREE£ 24, 2007,
26(6): 2339-2344.

IV, WA, WEW, S RS HUERIIA X b 4
J& Pb Cd Cu il Zn B[ J]. RV FREERLA244, 2008, 27
(4): 1611-1616.

TR, FRH, W, G AR LR X K R IR 5
WLT]. MAUARL KA, 2002, 25(3) : 45-48.

Neilson J W, Artiola J F, Maier R M. Characterization of lead
removal from contaminated soils by nontoxic soil-washing agents
[J]. Journal of Environmental Quality, 2003, 32 (3). 899-
908.

Ochoaloza F J, Artiola J F, Maier R M. Stability constants for
the complexation of various metals with a rhamnolipid
biosurfactant[ J ] .
(2):479-485.

Miller R M. Biosurfactant-facilitated remediation of metal-

Journal of Environmental Quality, 2001, 30

contaminated soils [ J ]. Environmental Health Perspectives,
1995, 103(S1) : 59-62.

Tepeig, TS iy, 5. RISk EDTA 445
VRS HE L3 b i & I B AT [ T]. RO BREERL 22
i, 2006, 25(1) : 119-123.

Rlpte, Bk, TN, . AL A SRR E 2 1 3
BEAEEHEST . . ANIE ST EDTA kg 4 58 vh & 4 s 19 30
AEM)]. 3, 2001, (4): 193-196.

Wang S L, Mulligan C N. Rhamnolipid foam enhanced
remediation of cadmium and nickel contaminated soil [ J ].
Water, Air, & Soil Pollution, 2004, 157(1-4) : 315-330.
Mulligan C N, Yong R N, Gibbs B F, et al. Metal removal from
contaminated soil and sediments by the biosurfactant surfactin
[J]. Environmental Science & Technology, 1999, 33 (21):
3812-3820.

PRI, F580, BUb-F-. BG05 R Is PR A 5 Z Bkl
Gl Cd, Gr[J]. PEFERFE, 2003, 24(1) : 100-104.
b, XI=E, G0, & EDTA WREE E 4RI 1
BERCR K2R IE SBR[ T]. HEERE, 2006, 27
(5): 1008-1012.

AR, R, TR, A RN RIEWOK R E L TSR
RebBE[)]. A7 TREOR K224, 2006, 25(5) : 769-
772.



HUANJING KEXUE Vol.34  No.4

Environmental Science ( monthly) Apr. 15, 2013

CONTENTS

Water-soluble Inorganic Salts in Ambient Aerosol Particles in Tangshan —«+eseereeseereremenenenmnii e MIAO Hong-yan, WEN Tian-xue, WANG Li, et al. (1225)
Characterization of Water-soluble ions in PM, 5 at Dinghu Mount +-«esveseersesssesnersssennsenniinses + ZHAO Ya-nan, WANG Yue-si, WEN Tian-xue, et al. (1232)
HUANG Yi-min, LIU Zi-rui, CHEN Hong, et al. ( 1236)
)
)

Characteristics of Mass Size Distributions of Water-Soluble Inorganic Tons During Summer and Winter Haze Days of Beijing -

Characterising Seasonal Variation and Spatial Distribution of PM, s Species in Shenzhen +* YUN Hui, HE Ling-yan, HUANG Xiao-feng, et al. (1245
Y1 Zhi-gang, HUANG Xing-ran, BI Jun-qi, e al. (1252
Seasonal Variation and Spatial Distribution of Typical Organochlorine Pesticides in the Atmosphere of Hexi Corridor and Lanzhou, Northwest China «eseeseereeseseserenenmeneniininennn

......................................................................................................................................................... DING Zhong-yuan, MAO Xiao-xuan, MA Zi-long, ef al.
XUE Wen-ho, WANG Jin-nan, YANG Jin-lian, et al.
HUANG Wen-min, ZHU Kong-xian, ZHAO Wei, et al.
ZHAO Wei, LIN Jian, WANG Shu-fang, et al.

Characteristics of PAHs in the Atmosphere in Winter and Summer in the Urban and Suburban of Fuzhou -

1258
1264
1270
1277

Simulation of Air Pollution Characteristics and Estimates of Environmental Capacity in Zibo City

(1258)
(1264)
Diurnal Changes in Greenhouse Gases at Water-Air Interface of Xiangxi River in Autumn and Their Influencing Factors - ( )
Influence of Human Activities on Groundwater Environment Based on Coefficient Variation Method ( )
Nitrogen Non-Point Source Pollution Identification Based on ArcSWAT in Changle River «+:+-ssveeereeseeeeenne DENG Ou-ping, SUN Si-yang, LU Jun ( 1284)
GUO Wei, LI Xiang-zhong, LIU Wei-guo ( 1291 )

*+ GUO Huai-cheng, XIANG Nan, ZHOU Feng, et al. (1298 )
(1308)

(1315)

(1324)

(1333)

(1340)

(1345)

Study on the Content and Carbon Isotopic Composition of Water Dissolved Inorganic Carbon from Rivers Around Xi'an City
First Flush Effects of Storm Events of Baoxiang River in Lake Dianchi Watershed —«+«eseeseeeresessersimenennninineninenens -
Estimation of Releasing Fluxes of Sediment Phosphorous in the Three Gorges Reservoir During Late Autumn and Early Winter — +++++ NIU Feng-xia, XIAO Shang-hin, WANG Yu-chun, et al. ( 1308
Distributions and Pollution Status of Heavy Metals in the Suspended Particles of the Estuaries and Coastal Area of Eastern Hainan -++ XIN Cheng-lin, REN Jing-ling, ZHANG Gui-ling, et al. ( 1315
Environmental Characteristics of Heavy Metals in Surface Sediments from the Huanghe Estuary «+-eseserereesvevsenenes WU Bin, SONG Jin-ming, LI Xue-gang ( 1324
Distribution and Potential Ecological Risk Assessment of Heavy Metals in Sediments of Zhalong Wetland YE Hua-xiang, ZANG Shu-ying, ZHANG Li-juan, et al. (1333
Ecological Risk Evaluation of Heavy Metals of the Typical Dredged Mud in Shanghai = +«+xeeeeeeresesssssensimnmnenennneens TANG Qing-li, CHENG Jin-ping, GAO Hao-min, et al. ( 1340
-+ ZHANG Can, CHEN Hong, YU Yi-xuan, et al. ( 1345
ty of Organic Compounds in Source Water and Finished Water from the Yangtze River and Taihu Lake in Certain Areas of Jiangsu Province ««+se+seseereeeeee

""""" seeeesenes JIN Tao, LU Xue-min, ZENG Yi-fan, et al. (1351)
Occurrence and Fate of Phthalates in Wastewater Treatment Plants in Beijing, China B L L L LR LRSI ZHOU Yi-qi, LIU Yun=ia (1357 )
Research on Sludge Toxicity Caused by DMF Biodegradation and Toxicity Spatial Distribution in Sludge Flocs -+ HU Yuan-yuan, YANG Na, DING Y1, et al. (1363)

Pollution Characteristics of Heavy Metals in Sludge from Wastewater Treatment Plants and Sludge Disposal in Chinese Coastal Areas

Comparison of the Estrogenic Ac

Study on the Ecological Risk of Wild Veined Rapa Whelk ( Rapana venosa) Exposured to Organotin Compuunds in Bohai Bay Chlnd

LIU Xi-yao, YUAN Dong-xing, CHEN Yao-jin ( 1374 )
HUANG Ruo-nan, FAN Jun-jie, TU Hong-zhi, et al. (1380 )
*+ CHEN Gui-xia, HU Cheng-zhi, ZHU Ling-feng, et al. (1386)
LIU Bing, YU Guo-zhong, GU Li, et al. (1392)
WANG Jia-yu, DAI Qi-zhou, YU Jie, et al. (1402)
-+ PENG Yun-xia, HE Shi-jun, GONG Wen-qi, et al. ( 1411)
YUAN Yi, HUANG Yong, DENG Hui-ping, et al. (1416)
)
)
)
)
)
)
)

Effects of Imidazolium Chloride lonic Liquids on the Acute Toxicity and Weight of Earthworm

Influencing Factors and Mechanism of Arsenic Removal During the Aluminum Coagulation Process
Removal of DON in Micro-polluted Raw Water by Coagulation and Adsorption Using Activated Carbon
Mechanism of Catalytic Ozonation for the Degradation of Paracetamol by Activated Carbon

Reductive Degradation of Chlorophenols in Aqueous Solution by Gamma Irradiation

Effect of C/N Ratio on Nitrite Accumulation During Denitrification Process

Nitrous Oxide Emission During Denitrification for Activated Sludge Acclimated with Methanol as the Organic Carbon ZHAI Xiao-feng, JIANG Cheng-ai, WU Guang-xue, et al. ( 1421

Comparison and Optimization of Cellulose Carbon Source for Denitrification Filler ««+«+essteresssesserssiiniiniiiiininii LI Bin,HAO Rui-xia ( 1428
A Novel Municipal Wastewater Treating Process for Energy Production and Autotrophic Nitrogen Removal Based on ANAMMOX «++eeveeseeeesneseens LU Jian-cong, GAO Da-wen, SUN Xue-ying ( 1435

(

(

(
Modeling and Dynamic Simulation of the Multimode Anaerobic/ Anoxic/ Aerobic Wastewater Treatment Process ++ ZHOU Zhen, WU Zhi-chao, WANG Zhi-wei, et al. ( 1442

(

(

(

Comparing Microbial Community of High Ammonia Wastewater and Municipal Sewage in a Partial Nitrification System ZHAO Zhi-rui, MA Bin, ZHANG Shu-jun, et al. ( 1448
Analysis of the Fractal Structure of Activated Sludge Flogs «+eesetoreerersemerssnrssnensimininiii s RUAN Xiao-dong, LIU Jun-xin ( 1457
Rapid Cultivation of Aerobic Nitrifying Granular Sludge with Alternate Loading Method -+ SHEN Na, YANG Chang-zhu,PU Wen-hong, et al. ( 1464

Acceleration of the Formation of Aerobic Granules in SBR by Inoculating Different Proportions and Different Diameters of Mature Aerobic Granules ««+s+ssteseessessesssmsenenennsineneenns

......................................................................................................................................................... XIONG Guang-cheng, PU Wen-hong, YANG Chang-zhu ( 1472)
Mechanisms of the Improvement in Dewaterability of Alkaline Fermented Sludge by Simultaneous Ammonium and Phosphate Recovery — «+++++ ZHANG Chao, CHEN Yin-guang, GU Guo-wei ( 1479)
Use of Flow Cytometric Sorting to Assess the Diversity of Eukaryotic Picophytoplankton of Lakes ««+-«+:+++e+++ + XIE Wei-wei, GONG Yi, WANG Zhi-wei, et al. ( 1485)
Allelopathy Effects of Ferulic Acid and Coumarin on Microcystis aerugingsa «++«+«++=esseseseereeesesees »+ GUO Ya-li, FU Hai-yan, HUANG Guo-he, et al. ( 1492)

Spatiotemporal Characteristics of Zooplankton Community Structure and Diversity in the Strong Temperature Increment Seawaters near Guohua Power Plant in Xiangshan Bay -+

B 7HU Yi-feng, HUANG Jian-yi, LIN Xia, et al. ( 1498
Screening of Epoxy-degrading Halophiles and Their Application in High-salt Wastewater Treatment -+ WANG Jin, XU Zhen, PENG Shu-chuan, et al. ( 1510
Biodegradation of Decabromodiphenyl Ether by Intracellular Enzyme Obtained from Pseudomonas aeruginosa =«++++++s+sseseesesssssenesnensnnenees SHI Guang-yu, YIN Hua, YE Jin-shao, et al. (1517
-+ HUANG Xiang-feng, WANG Kai, LI Mingia, et al. ( 1524
QIAO Jiang-tao, GUO Rong-bo, YUAN Xian-zheng, et al. ( 1531
LIU Zi-xu, SUN Li-ping, LI Yu-you, et al. ( 1540
YANG Bin, LI Hui-ying, WU Bin, et al. (1545
YAO Lin-lin, ZHANG Cai-xiang, LI Jia-le, et al. (1553
GUO Wei, SUN Wen-hui, ZHAO Ren-xin, et al. (1561
++ LI Miao-miao, NIE San-an, CHEN Xiao-juan, et al. ( 1568

)

)

)

Influence of Yeast Extract on the Fermentation of Glucose by the Demulsifying Strain Alcaligenes sp. S-XJ-1 - )
)

)

)

)

)

)

SHENG Hao, ZHOU Ping, YUAN Hong, et al. ( 1576)
)

)

)

)

)

)

)

)

)

Phylogenetic Analysis of Methanogenic Corn Stalk Degrading Microbial Communities

Inhibition of Methanogenium by Erythromycin and Tts Domestation

Sand Box Study on Fingering Front Morphology for NAPLs Infilirated in Homogeneous Porous Media

Vertical Distribution and Possible Sources of Polycyclic Aromatic Hydrocarbon in Sewage Area Soil

Characteristic and Evaluation of Soil Pollution by Heavy Metal in Different Functional Zones of Hohhot

Distribution Characteristics of Rice Photosynthesized Carbon in Soil Aggregates of Different Size and Density

Profile of Soil Microbial Biomass Carbon in Different Types of Subtropical Paddy Soils

Effect of Composting Organic Fertilizer Supplies on Hexachlorobenzene Dechlorination in Paddy Soils LIU Cui-ying, JIANG Xin ( 1583
Remediation of Cu-Pb-Contaminated Loess Soil by Leaching with Chelating Agent and Biosurfactant LIU Xia, WANG Jian-tao, ZHANG Meng, et al. (1590
Effects of Different Temperatures Biochar on Adsorption of Ph( 1) on Variable Charge Soils +++++++sssessssesssseniisnsniiiinniniiniins JIANG Tian-yu, JIANG Jun, XU Ren-kou, et al. (1598
Preparation and Performance Investigation of Trichoderma viride-Modified Corn Stalk as Sorbent Materials for Oil Spills  +«eseseeseesrereereenes LAN Zhou-lin, PENG Dan, GUO Chu-ling, et al. ( 1605
Removal of PO} ~ from Solution, Wastewater and Seawater by Modification and Granulation Magnesium and Aluminium Layered Double Hydroxide ++++++++e+ee: XING Kun, WANG Hai-zeng ( 1611
Influence of Carboxylic Carbon Nanotube Supported Platinum Catalyst on Cathode Oxygen Reduction Performance of MFC ««+svesvesereeeeeees TU Li-xing, ZHU Neng-wu, WU Ping-xiao, et al. ( 1617
Flue Gas Desulfurization by a Novel Biomass Activated Carbon LIU Jie-ling, TANG Zheng-guang, CHEN Jie, et al. ( 1623
Method for Grading Industrial Sectors in Energy Consumption and lis Application MAO Jian-su, MA Lan ( 1628
Dynamics and Environmental Load of Food Carbon Consumption During Urbanization; A Case Study of Xiamen City, China «:wreeseeoeeeseereenees YAN Zhen, CUI Sheng-hui, LI Gui-lin,et al. (1636



(AERIZEYE 6 RREZRS

E & KHAZ

B4 BEAE EH | N

B OF. (FUEREEH)
THENL AR FEIAE EZigr HON B O# L%
AOKE KSR aEE BRET & Al MRE
BRFHAZ BFAE 2 Ak R S BkdE | &
WO o5k Wk N W W BER

“ ﬁg ﬂ g ENVIRONMENTAL SCIENCE

( HUANJING KEXUE) (Monthly Started in 1976)
(AT 1976 418 AAIT))
2 5 ol. 0. T.
20134E4 H15 H 34% 4l Vol.34 No.4 Apr. 15, 2013
£ ""E”'k EP?F:{-%[‘;’% Superintended by Chinese Academy of Sciences
* B PEPB AR SR O Sponsored by Research Center for Eco-Environmental Sciences, Chinese
1 7 (LiBIeiE N Academy of Sciences
AL 5T I 45 A5 30 Bl 22 B 5T Co-Sponsored by Beijing Municipal Research Institute of Environmental
MR = 7 S 4 Protection
* ORI I School of Environment, Tsinghua University
i B (HE P = ) 4 & B = Ejim;-in o b '(I?EYE[?dNG Zil-}]l:and f E I S (HUANJING
. . o . ite y e Editorial Board of Environmental Science 5
JemtHi 2871 {54 (1UE X 3UH
i} fE# O TE it KEXUE)

18 &, BB 415 . 100085 )
H13% .010-62941102 ,010-62849343
f£1.010-62849343

E-mail ; hjkx@ rcees. ac. cn

P. O. Box 2871, Beijing 100085 , China
Tel :010-62941102 ,010-62849343 ; Fax:010-62849343
E-mail ; hjkx@ rcees. ac. cn

http://www. hjkx. ac. en http : //www. hjkx. ac. e¢n

H BR 44 % " ™ i Published by Science Press
Jb s R 16 & 16 Donghuangchenggen North Street,
MR B 4t . 100717 Beijing 100717, China
ED Rl 2 3T dtatdbakEpi— Printed by Beijing Bei Lin Printing House
) 1T 4% i * K ib Distributed by Science Press
FE 35 .010-64017032 Tel:010-64017032
E-mail ; journal@ mail. sciencep. com E-mail ; journal @ mail. sciencep. com
iT 1 & 2ELHIERE)S Domestic All Local Post Offices in China
B EE1T PEERREAE S BN Foreign China International Book Trading Corporation ( Guoji
(b3 399 f54H) Shudian) ,P. 0. Box 399, Beijing 100044 , China
RIS o EIR LS 2-821
B A ZE fir:90.000€ EsS&ITRS: M 205

BERSMRFEIT




	01.pdf
	fm.pdf
	zml.pdf

	20130453.pdf
	03.pdf
	yml.pdf
	fd.pdf




