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Influences of pH and Complexing Agents on Degradation of Reactive Brilliant

Blue KN-R by Ferrous Activated Persulfate

ZHANG Cheng'”, WAN Jin-quan'”, MA Yong-wen'”, WANG Yan'®, HUANG Ming-zhi'”’, LAN Ming’

(1. College of Environmental Science and Engineering, South China University of Technology, Guangzhou 510006, China; 2. State Key
Laboratory of Pulp and Paper Engineering, South China University of Technology, Guangzhou 510640, China; 3. The Key Laboratory of
Pollution Control and Ecosystem Restoration in Industry Clusters, Ministry of Education, South China University of Technology,
Guangzhou 510006, China)

Abstract: The influences of pH and complexing agents on degradation of reactive brilliant blue KN-R by ferrous activated persulfate
were investigated, and finally the complexed and the uncomplexed system were compared. Because the lower the pH the more quickly
will be the dissociation of S,0;” to the SO, " and the ORP of the dominant radical SO, * in the acidic condition is higher than the
dominant radical +OH in the alkaline condition, KN-R degradation rates in acidic condition are far outweigh in the neutral and alkaline
conditions. When pH value was 3, the residual rate of KN-R was 17.0% within 3 hours by EDTA system with the lowest PS
consumption rate 32. 3% , so EDTA was the best complexing agent choice in acidic condition. When pH value was 7, the residual rates
of KN-R were 11.3% , 12. 4% within 3 days by EDTA, citric acid system with the PS residual rates 28. 9% , 28. 0% respectively, so
EDTA, citric acid were the better choices in the neutral condition. When pH value was 10, glucose acid, citric acid, EDTA and
tartaric acid systems all had the similar KN-R degradation rates and PS residual rates, so all could acted as the complexing agents. when
the system contained trace amounts of ferrous, the addition of complexing agent would greatly improve the degradation rate of pollutant,
from original 52.5% to 79.3% of 3 d, so PS is suitable for in situ chemical oxidation (ISCO).

Key words : sulfate free radical; complexation; pH value; KN-R degradation rate; PS degradation rate

REZBGHK A BEVE W TEBUSPEFAT] W) HAijHE TR A 5L n) AOP 153 T — L4
Mt B Toh R 2@ —se s T 20 SORTE. AL BRRR B (PS) & /K W b e otk i) 8L 2
U2 W R RN Oy O . AR, ekt — EREE R (B0 =2.01 V)R T HL0,
TEX S T 2 PR REREMR AN L. DRI, ekl Bk igie (E° =1.76 V). S e AR, E RARE
il R A 5T 2 B 56 1. AR Z2 05 R e R A
(AOPs) , Bl TiO, TMERFAL  Fenton AL gzgg %gi‘rli_ﬁhg‘s*a;o??t;“ E%‘gvﬁ%ﬁ’:’gjl:lg‘)zﬁi(();oomososoooo3)
Je-enton S4E1 " ARBERLR. ST AR WA JIRI0ST - ) e B R M

E@*ﬂ%ﬂ%iﬁ% E EE %E’Jfﬁﬁi # JHIHIEE R A, E-mail ; ppjqwan@ scut. edu. cn



872 % B

B 2 33 %

IR ZIR T R EAIRE, & TR A% =
SEME, K AR AR AR BB RAE (7
5 YL ) ) R f R AR FH PP RS R

FR T PS AW RE, FELL A HELE
(Fe’* 45) 01k A 7= A= 1 SO, A bR i 15
Yl AR (1) L (2) s, SO, A ALE
JRE A 2.6 VI A AL S A DL,

S,0; + heat — S0O;" (1)
S,0.7 + Fe’" — Fe’* +5S0, +S0;”  (2)

H A P9 AP e Tt B R R AL B A BB 5 AR 4R
FLE SR i 3K ol R AR T Gt B 5 7 Y W G i K
S G s ol A B e 107 P A 7 Ak 45 3
WEFEAS . TG L B Bk F R fERE T , 6 TG fkad
BRRRER B AR ST 2. XTI e 2, i W 4
JE TG AL X B4 BRI, REFE/IN, T2 7 52 2, i 2k
EARF R NS ESRZ — HEERS 50
1 B R B AR A SR A AE T B ) . DX R R pH
BURAR S Fe® " A FE T BRI A5 0F, b il 5%
1F 5728 OTTENT ;. QE I K 1 i A7 7 0 Ak
BT5 PS U AR, SO, BRI R & Ak
Wk 1] S8 B, I 7 3 R B AR AR 5, (75 e i AR A
AL QRAR R bt AR T2 515 Y
P3adr SO, T @ Fet ) Fe' T PR Ak, X Y
HALE R T R R R SRR R AR RE . &
JE4A 7] (metal chelating agent ) 1] L3 i 2% & 57 43
THEREE TR SEN, 4R B Fah s
AR S, A8 R A B X 43 R R R Ak A
Yy, N TBH 1E 438 B TR DLEE , APl b @
WAKES T, Liang 261" /6 FHFF BERR 45 & k06 1k i
TR AR S AL TCE MS28eh &3, Y n (8,057 ):
n(ZEEFN)  n(Fe’* ):n(TCE) =20:2:10: 1/, 20
min TCE 58 & [ M. IR ZHE Mo > ki 45
AR R T A DL R OR.

ST pH TE i BRERER A B A X 5 Y 1y o it
BORR W, AT ERNTFRKZ, B~ —.
Huang 25" YEBHF 58 $43% A i 5 B2 £h F% /it MTBE Aif
el B pH FFE  MTBE [ ACRREZ T .
Liang 22 FEBF 5 BGH AR T pH X i B iR 56 1%
fift TCE BSR4 i e A 0F T B 2200 75 1k BE
/b TCE FEf#RC%E L. Lau 20V R UV & Akt
TRRRENF A BHA (AT 22 I & ik ) MW o b &
B, Bl 4% PR FE R T 2 1 B b bk 45 B R T35 e
R e, HAEIS AR BE S F T, 8,05 Hhad Sk 3y
477 SO, 5 OH ™ @4 - OH, SO, "5 - OHY

DMFIZEON 3G 0 T AR R AR RIOR T R T Ak A
T,S,0;” 5 H,0 =/ -OHAH B 454 774 H,0,,
[ S,05" 45 S0, il it — FR H1 J g = A T A Ak
AR 55 19 HS,04 H,S,0, .50, \HSO, 1L
TEALER R K SO, 5 -OH AR KA PRI T
7 35 PR 5 Ak R R I B 2 R RE R UV
S,05” RARFEM AO7 B E1 & B, WK pH AH| Tk
WRRRER I E AL BIBEZE pH (A TH 5, AO7 FY R fife
K2 T MEH P2 pH £ 2 ~7 Z[EIE, UV/
S,05” RREZLL S0, N, K pH HFIF S0,
AR - OH, TR ARAS T - OHI LA I (1.8 V)
INTFRRPEZ AR -OH (2.7 V) F1 SO, By LAz, R,
XFF AOT HREAR AR RRVES PR T AR s R KT
TEBRME S 1F T IR A% 3% Cao Y E ] Fe? ¥ 15 1L
IR R ER E AL B AR AR S 3G T R B, XS pH 7E 3.5
~9. 0 U PN AR IS AR B3 A 1) — 2R B0 5 Bk
JULP AL, 24 pH < 1.5 F1 pH > 11 B9 15BN &
GEIRIG T, HEWT T BE M R PR AR B S5 T Fe
FEVE TR VRS A A0 A, 7 AR 2R TP i i 1 4 T
THZ AEHET Fe’ T ) Fe’* (EEAL, TN T Ak
FHGRE Rt ] W, pH XA [R]E AL 7 38 K AR TR
() H BR s S A 1 2 e AN [

BEXT DA B A, AR 58 0L DA U S Rk 1 e
KN-R S HFR TG 390, 8 B SR B b oA 5 )iz 97
Sy FRRFH TR AT RERR AR BRI R M
WG ) EDTA 7305 5 Wk 145 5
RS A FITEALI BRIR AN , 528 BARIR K 19 pH
Sy5IR 3.7, 10 B AS ] RS 4 A R T G Y
Ji € B s AR IR | P R AR N Ak
TG4k PS BT Gy AL B AN R pH (B 451 F
I R 7).

1 BRI

1.1 S

I RIREN (53 Hr 2k, K HE TR R A 2 R A
FRAF]) , B GUBHE PEHL W KN-R (40 #r2l, K
KB ANAL TIF & o), LK G B R B (73 By
afi, KR B 2E R A FRA R EDTA (40 #Hr
afi, KT R Ak 2= 25 F A BR A | | e A IR A
(orHral, [ 25 R B A= 25 5B BRA H) ) | 10 A iR A
(o el R R AR2= 25 7)) |, D4 28 4 i
o, KR A2 25500 ) LSRR R (=
99.0% , LA B AE YR AR AR, FRE (=
99.9% , REETFHERALF 25 R A RA ).



3 4 SRS pH B A ARG AL S, 05~ Sk 25 BRI M 0 1 52 e i 7Y 873

1.2 SEEJTE

B 100 mL 2285 77K T 500 mL 3, v
AGRE KN-R AR 25505700 (R 4 s2 56 v ) 31
TR W T IR GRS R Y pH, B IMA
PS R B 75 W, ROV LA PS IR I AT iR
AF, F 58 A A 1] B S o7 ) T, FH oK L e v
HILAPE R B B4 T, ZEMR R 0. 45 wm AI3E
TR, R S E A 2 I PR N T(23°C).

fIT A SC 5 KN-R B9 ¥ BE 34 45 6l 76 0.2
mmol-L™" ,n(KN-R):n(Fe** ):n(4E57)): n(PS) =
1:10:10: 10, 43 525 T ANE] pH (3, 7., 10) , AR
EAFNPNIS (AR AR SE SRR R T
I \EDTA) Xf KN-R AR AR 28 S PS JHFEZE 10 52 ) )
HALH, G B85 T AR ARG B IRR X5,
1.3 srirorik

TP 6 W5 vk B2 B9 DU 2 SR Unie UV-2000 %65k
AL DL G H T A =588 nm AL & WGB3 i
T o T 248053 A vk P

PS ¥R E Y BGE EA R 50 mL A L
B ORREE SRIG I 0.2 ¢ NaHCO,, 4 g KI, 2508
JKFRER 50 mL ZIEEAL 530, 415 min, T 352 nm
AL W R S A b h e TR B A

2 SRS

2.1 A pH &A% F B A0 r ke
2.1.1 PRYESMET (pH =3) IAEL A HI e+

Bl 1 KB 2 AER FIRR pH =3 B, 4655711
RO AR FEER EDTA AR SR m 2
iR ) XA O 2K TG AL PS Ak 25 BR AR Y B KN-R
5.

120

—H*— A ST —S—EDTA
100 —A— fli iR —e— AR iR

80 Mg

60 1\

KN-RF| & %/%

40 +

20 ¢

0 5;} 1(;‘10 150 200
#min
¢(KN-R) =0.2 mmol-L~"; n(KN-R): n(Fe?*):
n(4450): n(PS) =1:10:10: 10, F [
El1 pH=3R&AF#EI KN-R ZHREHZMN
Fig. 1 Effect of complex types on the degradation rates of
KN-R when pH was value was 3

120
—8—EDTA ——FriERE  —o— TiER
100§ —— WA AR —=—EREE  ——EnE
80
. \s\gﬂ\%
ﬁ.
& 60 L
®

+ ¥

+
+

0 50 100 150 200
t/min

B2 pH=3REEFIFEI PS HFEEHN
Fig. 2 Effect of complex types on the degradation

rates of PS when pH value was 3

FERLZ R, HEAT T — R0 1025 O BRSE 56 DL
FE B 45 B AR B BRI PS X R BRI L. S
AR (SO ARG ) RUIER T B 25 5 R
YRl IATC LB s A PS XF YR 5BRTE 3 h
BHUA 4. 0% ,ixX UtEH PS J2& 2B KN-R BA RUA L
FHTE IR T TG AL B RCR A AR,

WE s, SR S i ARG R
T KN-R B3, 70 B 20 A TR A7 R \EDTA |
IR SRR R G 1R 1L PS 7P AE R
B EETE 10 min N#F KN-R £ BR 25 4% 63.0%
68.0% . 77.5% . 51.7% . 41.6% . 45.1% . Wi % X
NERHERT  KN-R A9 2 BR AR /N T A TR R R 7E 30
min J& , W I, KN-R BFI4 %535 55. 1% , 14
ENEA TR R RN B AR A — TR 21T,
3 hJE 4R EDTA | Z MR 9 R R | B IR K R
KN-R %] 45 K 43 9 N 36.3% . 17.0% . 10.7% .
7.3% . 3.4% . ULV LIE H pH =3 B, 284 FI0 T
BRiE AL PS A4k 22 KN-R 5203500 2 2% > S
TRWR > %ML > EDTA > FrEme > WA me , i Hh
EDTA HELfR SRR R X KN-R 2 BR (952
FHZEEL/N.

B2 BRI PS MM BE AR b . I 1 Al
10 min, PS [ B At A A bR, X 2 F1T 10 min KN-
R LR AR B8 (0 J IR Bl 25 S0 1 R4 T, PS 9k
PRSI, W gt R ARG, T 7 FR K 22 #E 30 min B} PS
FEA W AESEEE T LA KN-R B9 R 452 1, T S B KN -
R B2 R AL Hy 44. 9% , Zhou 5 2 TR & 4% &
R MR /UV/Fe®* I R 2 B A Je kbt B i i
FEH R IR R L BRTEE RA [Rl X 2% A R
FREFRVER, BT LA A TR AR R AR M 458 F XTKN-R



874 ®

B 2 33 %

14 2B AR T BEJ2: T 905 A IR 1) 5 4 A FH o B 1 5
HALR AR R PS BT AR 3 243l & EDTA <
FIEIR < HIR < SRR < F & MR, EDTA K & PS
AT AER AR, 3 h BFUN 32. 3% , ik T iR 5F
WL A PERRIK R0 85. 1% . 91.4% . 92. 1% ,1fii
HAAR KN-R 19 L Br R W ARX 8, Ui EDTA 4%
B MR A BE = 85035 Ak PS 774 F i 3k, HLARXS
Hekm AR W FE R 5/, BT L=’ T, pH
=3 B, EDTA 2 AL 4 G TR 1k PS LR KN-R
(R4 A 7). T B R AR 22 X KN-R 19 25 B R de i, %o
PS A THFE L ARXT /N, BF LA B R R R 1 45 R ALK
T EDTA L& 7%
2.1.2 hHESIETT (pH =7) B4 A 1k £

3 FE 4 S BIRER T, pH =7 B AR TRA 4%
ERAA AR TG L PS B 15 MEHE S KN-R 72
ft KN-R Fl43 3 K PS Fl xR BERT B] A A2 f il 2. A
T LA A R IR R SRR SR R AL, PS
THFE T RE 2 H I A0 BRI K (AR LN 4 h 5, PS

120
-8 — EDTA
100 ——FrigEE TR
£ 80
B
&
= 60
A
<
40
20
0 i i L
0 20 40 60 80
th
B3 pH=7 BEGFIMAEI KN-R EBREZM
Fig. 3 Effect of complex types on the degradation rates
of KN-R when pH value was 7
120

—— PG —#— EDTA
—— TR = EEm

PS T3 B

0 20 40 60 80
h
4 pH=7 HEEFIFMAEI PS HFEEHM
Fig. 4 Effect of complex types on the degradation

rates of PS when pH value was 7

(TR A AL N 12.5% , 1 KN-R A 58 4% R & ik
91. 4% . SRR KRR R AET Y pH s B AR
INEs A RN R AR A2 R R DOE , BB TE TP i 2%
T SRR R R R AN RER A 5 WK B 45 AR
REFE YRS R 45 A WakIG Ak PS Y5577, %
BHIR A7 R S EDTA & R A i 2 4~ % KN-R
(1) 2 B 3 S K PR R BE A A], 7E 0 3 d J5 , KN-
R R RSN H 3.7% . 12.4% . 11.3% , B
EDTA KPR 1A 2 %5 PS T4 #E AL K 28.9% |
28. 0% , %M PR 1R R 2015135 90. 8% , Ui W AE rh P
S WA BERR YT KN-R 1935 /R AR R, AiE A
PSR T 48 A WARTE AL PS KR KN-R, BT D
PEFAE N WAL B R A Fr R A EDTA.
2.1.3  BEMESET (pH =10) SR A R i #E

Bl 5 FIE 6 4l = T, pH =10 B, AN[F Y
LR FNBAA IS AL PS 22000 PEHE W KN-R i
FEH KN-R 4R 1 PS T4 R bR [7] (1) 25 1k il 2%
WA TR RS T SRt S i 44 F AT,

120
—a— i ¥ B R
1001 —=— N
. —e— AR
% g0 | —%—EDTA
&
g ool
z
]
40 +
200
0 L L L I L L L
0 10 20 30 40 50 60 70 80
th
5 pH=10 REEFIFEIT KN-R EBRZE G
Fig. 5 Effect of complex types on the degradation rates of
KN-R when pH value was 10
120
—e— TR —a— W
1008 ——feR; —=—EDTA
§° 80
E el
B
-9
40 +
20 +
0
0 20 40 60 80

th

E 6 pH=10 F&EFIFERT PS HFEELM
Fig. 6 Effect of complex types on the degradation rates
of PS when pH value was 10



3 4 SRS pH B A ARG AL S, 05~ Sk 25 BRI M 0 1 52 e i 7Y 875

Bk S5 F T PS AR A 280k /b | 10 W B 25 12 P REAS
FIF PS X A7 2 1 B A . SRR B B R AE Bl 25
NI GEAR LT M 2% G W AK B - AR pH R
RUSINES A VAR R —FE Az ORI DTE. 130 4 4
i AR (EDTA B A TR R A 25448 T X KN-
R (1 LBRF 1 PS IHAE R EE AR, 76 3 d 5 KN-
R B 25 Bk %45 ) ik 3] 86.3% . 88.0% . 90.5% .
86.7% ; PS W IH AE % 73 il ik 5 43.6% . 37.1%
39.5% . 37. 1% . X UL WABRIE S5 00 ™ A 4 0 R L A7 s
fi% \EDTA T £ R 24 68 78 24 W26 B 1 1 2% & 7). AL
PS B FETE B0 AT LA Y, PS R BEE 5 A A TE I 4R
A3, 36 A AR TS B 1SCO .
2.2 pH {EXT 45 A BRI Al A B TR o A fie 1o 2 4
# K-NR 5200

Bl 7 ~ B 10 430 52 6 B 2 A7 462 \EDTA |
AR A HIAR ZR pH X KN-R 22 [ 5 ) 5% i)
CPIRTR Je F R A 2 7 vh M OB S5 28 R i 0T
VE, ARFIH) . NPT DA A TR IR R KN-R 7E 6%
PR LBRBUR AT, TV i 22 IR VESR T
FE SN T 46 B R i 3 AR R, 30 min S5 2 b 452 1k,
FE2. 1 TR UL AT AR R TR A, PS 1Y
THFER 2 F T A R I A, T ZE B 258 PS X
TP TR RO i 7 55 1 1. BRI A R IR R4, Hoe 3 A4
KRR P RRIE A T KN-R A9 £ B R & LB R i
KGR T ik S5 Bt 450, i vtk 2 2 ik
ZAF N KN-R (19 L BRH I R BRI R

Kolthoff 25V BAF5E T PS 7£ 0 < pH < 13 B
R figsh J12 Sy B sh i i

—d[P)/dt = (k, +k,[H*]) - [P]  (3)

HAFFEUE B 245 B A 323 K, pH =13 A,k =

6.1x10 > min™"; pH=7 B}, k=8.7 x10 > min~";

120
—e—pH=7
100 —s—pH=10
e |:)H=3I

KN-RF| 5 %/%
2z

0 - . . ; Y
0 20 40 60 80
th

El7 EDTA AZE&FIE pH 3 KN-R 5B EH#0
Fig. 7 Effect of pH values on the degradation rate of KN-R

when complexing agent was EDTA

—+—pH=7

KN-RF| & 3%

0 20 40 60 80
th
B8 EABRAEZSFIN pH X KN-R KEREHZME
Fig. 8 Effect of pH values on the degradation rate of KN-R

when complexing agent was tartaric acid

—e—pH=7

KN-RJ| 4 3/%

0 20 40 60 80
t/h
B9 FWEEERANEEHM pH X KN-R XBREH I
Fig. 9 Effect of pH values on the degradation rates of KN-R

when complexing agent was glucose acid

120
—a— pH=3
—e—pH=7
1003 —a—pH=10
§_ 80
48 3
m 60
=
5 40 |
20
0 - - & - A
0 20 40 60 80

t/h

E10 FREAEAFE pH 3 KN-R ZBE M
Fig. 10 Effect of pH values on the degradation rates of

KN-R when complexing agent was citric acid

MipH=1Hf,k, =3.3 x10 > (mol/L) ' +min~", A
A LAE R S 25 AR, PS R 1Y) 3 52 4 4



876 % B

FHZEE N TR S A T PS R Af 10 R R 8 B0 rp ik
Sk BB SR AR Z . ARSI 2 4 6 il
BIRME 25 0F T PS A THAE S K T b Bkt 2518,
T BB 25 F T PS AT FESRAT 2558/, Bir AR
PESAF T KN-R 1 2 bRl R fe e, i b 2% 18 2k
P P AHZE .

Beylerian 25" YE AR E B HTE 04T PS 19
gL h 98 I 7E 7<pH<10 I, 0, (B A T PS 1)
RfAife ) 1) 7= 1 TR SRR ) — el % 7 A

R,, = dO,/di = k,[P] (4)

M2 pH Th, b, RAT IS ARG, 3[R AE 1 B
TAE M R AR, PS Y R A SR A 22 E N

AW RAY RS, S0, L ESH
A7, AE I Bk 451 R, SO, 4k 2k - OH [ 4nJy
FE(S5) B ], BT LAAE e et 4544 F, & LA - OH

SO, + OH- ——S02” +- OH (5)

-OH +e” —— OH" (1.8 V) (6)

-OH +e*H'—>H,0 (2.7 V) (7)

SO," +e” —SO;” (2.6 ~3.1V) (8)

M (6) ~ (8) H1-OHAI SO, " AYE ML if J B A
E AT, B HERAS T -OHBY LAY (1.8 V) B/ T
FR AT -OH (2.7 V) F1 SO, A HEL . 31X A [H]
pH 2504 N1 - OHAT SO, By HL AV 25 il B 1 R Itk 2k 1
T KN-R A9 L BRr3Im R T i St 25 44 i it A
2.3 HBHEERRSGAREHERMN K

K11 & n(KN-R): n(Fe** ):n(PS) =1:1:10
IR0 T 4547 EDTA (2 mmol-L™") K & 5 R iR
g AR RN KN-R A9 BRIGOCRY LLie. 7T LLE
RSB IR RTE RN WA B B KN-R A9 25 R o
AR, 7E 30 min N H LFRFIKF] 39.5% , 1 h J5
N FEAAE IR PEAT KN-R 450 55. 4% . a1
EDTA #8457 IR 38 520y 3 32 548 {H By — ELHF 4L
AT, 07 3 d Ji KN-R F42 20. 7% , i & TR %5
RZA 47.5%.

Rk ™"  KEMAMTESRE &5
Y TE g PS 1A= A 1 SO, ITTREAR T3 42 9 Y
FBRF R (9) B, w4s-A R AT LA 3L
Mgz AR 2 B Pl AR T IR B AR
gepr S Sonh £ FEUY I BB KN-R A9 2555
rE A2 IN(ENER 2 S P e ST =

SO, + Fe’* — Fe’* + S0, (9)

W5 PS e G MG 1 = Ak, R4

B = 3 &
120
—— RESIER
100 - HakR
£ 80§
&
= 60
= h\. . . .
E o \\
20
U i L
0 20 40 60 80

th
¢(KN-R) =0.2 mmol-L~"; n(KN-R): n(Fe?*):
n(4470): n(PS) =1:1:10: 10
Bl HMETSEFEEN  RAERZEREEGHR
KN-R B RH3fLE
Fig. 11 Comparison on the degradation rates of KN-R
between the complexed and uncomplexed systems

when trace amounts ferrous existed

B =M Bk 1 r BITTTE TR AN RETEEAA A, T2

=M B AT LAGE A (10) L (1) M B L

OB R B - i AR SRR 4t i 1 ki

IEES

SO;” + RH—— R+ SO;~ (10)

R+ Fe’" —— Fe’* + products (11)

T ATERC R WA B T AR TERI SO0 T 4 ARy

I REAR L B 75 e i) 25 B R IR 2058 ) 1

7N PS BFE APERYEALH BRI AAFTE T A AR R 5

rh T E AR B R EAETE /N T IR RE IR

B AFE BRIP4 H 28 5 JS 16 AL PS R fig

TS X BT PS 355 TG e 0 B 7 Ak 2= S AR
fitt (ISCO) .

3 it

(1) pH =3 i, EDTA & & PS M FER MK,
3 hiHAY A 32.3% , i 8 FHEMEK R, KN-R LR
ik 83.0% , SHEARRAHZEAN K, EDTA SRR 41
TR G R ERE; pH =7 B, EDTA 7RIk
%3 d 5 KN-R BRI 5018 11.3% | 12.4% ,PS
THFERIU A 28.9% | 28.0% , & ik 51 A e 4%
AR ; pH =10 B, A B2 A7 . EDTA |1l
ATRAR RN KN-R B L BR % & PS BTHFER S A M
], BIREFE 4 W2k T I 45 A 77,

(2) PS FEMRME T Fo At ol B fe DR B R 45 1
F 5 A M SO, AL I LA K Tl A A T
-OH, i LLFR P 451 F KN-R A2 [ 3R K F ik



3 4 SRS pH B A ARG AL S, 05~ Sk 25 BRI M 0 1 52 e i 7Y 877

Lotk 2 A
(3) TERUEAY B TR O T, 4545 7

AN BEAR & b4 w5 15 B WU A 5 BR %8,3 d /A

52.5% $&F 5 79. 3% , W] PS IE & T 5 A 1 it

Rk B AL R# i (1SCO) .

B2k

[1] XuXR, Li XZ. Degradation of azo dye Orange G in aqueous
solutions by persulfate with ferrous ion [ J]. Separation and
Purification Technology, 2010, 72(1) . 105-111.

[2] Szygula A, Guibal E, Ruiz M, et al. The removal of sulphonated
azo-dyes by coagulation with chitosan[ J]. Colloids and Surfaces
A-Physicochemical and Engineering Aspects, 2008, 330(2-3) .
219-226.

[3] Abramian L, El-Rassy H. Adsorption kinetics and
thermodynamics of azo-dye Orange Il onto highly porous titania
aerogel[ J]. Chemical Engineering Journal, 2009, 150 (2-3) .
403-410.

[4] Liang X L, Zhong Y H, Zhu S Y, et al. The decolorization of
Acid Orange I in non-homogeneous Fenton reaction catalyzed by
natural vanadium-titanium magnetite [ J ]. Journal of Hazardous
Materials, 2010, 181(1-3) . 112-120.

[ 5] Monteagudo ] M, Duran A, Lépez-Almodovar C. Homogeneus
ferrioxalate-assisted solar photo-Fenton degradation of Orange II
aqueous solutions [ J ]. Applied Catalysis B-Environmental,
2008, 83(1-2) . 46-55.

[ 6] Duran A, Monteagudo J M, Amores E. Solar photo-Fenton
degradation of Reactive Blue 4 in a CPC reactor[ J]. Applied
Catalysis B-Environmental, 2008, 80(1-2) ; 42-50.

[7] Monteagudo J M, Duran A, Martin I S, et al. Catalytic
degradation of Orange I in a ferrioxalate-assisted photo-Fenton
process using a combined UV-A/C-solar pilot-plant system[ ] ].
Applied Catalysis B-Environmental, 2010, 95(1-2) . 120-129.

[ 8] Lucas M S, Peres J A. Degradation of Reactive Black 5 by
Fenton/UV-C and ferrioxalate/H, 0,/solar light processes [ J].
Dyes and Pigments, 2007, 74(3) : 622-629.

[9] LeeYC, LoS L, Chiueh P T, et al. Microwave-hydrothermal
decomposition of perfluorooctanoic acid in water by iron-activated
persulfate oxidation[ J]. Water Research, 2010, 44 (3) . 886-
892.

[10] Lau T K, Chu W, Graham N J D. The aqueous degradation of
butylated hydroxyanisole by UV/S,03” : Study of reaction
mechanisms  via  dimerization and mineralization [ J ].
Environmental Science & Technology, 2007, 41(2) : 613-619.

[11] Huang K C, Zhao Z Q, Hoag G E, et al. Degradation of volatile
organic compounds with thermally activated persulfate oxidation
[J]. Chemosphere, 2005, 61(4): 551-560.

[12] Liang C J, Bruell C J, Marley M C, et al. Persulfate oxidation
for in situ remediation of TCE. 1. Activated by ferrous ion with
and without a persulfate-thiosulfate redox couple [ J ].
Chemosphere, 2004, 55(9) . 1213-1223.

[13] Liang C J, Huang C F, Mohanty N, et al. Hydroxypropyl-B-

[14]

[15]

[16]

[17]

[18]

[19]

[21]

[22]

[23]

[24]

[28]

cyclodextrin-mediated iron-activated persulfate oxidation of
trichloroethylene and tetrachloroethylene [ J ]. Industrial &
Engineering Chemistry Research, 2007, 46(20) : 6466-6479.
Liang C J, Liang C P, Chen C C. pH dependence of persulfate
activation by EDTA/Fe (Il ) for degradation of trichloroethylene
[J]. Journal of Contaminant Hydrology, 2009, 106 (3-4) ; 173-
182.

Cao J S, Zhang W X, Brown D G, et al. Oxidation of lindane
with Fe ( Il )-activated sodium persulfate [ J ]. Environmental
Engineering Science, 2008, 25(2) ; 221-228.

Oh S'Y, Kim HW, Park ] M, et al. Oxidation of polyvinyl
alcohol by persulfate activated with heat, Fe?* , and zero-valent
iron[ J]. Journal of Hazardous Materials, 2009, 168 (1) ; 346-
351.

Stefansson A. Iron( Il ) hydrolysis and solubility at 25 degrees C
[J]. Environmental Science & Technology, 2007, 41 (17):
6117-6123.

Liang C J, Bruell C J, Marley M C, et al. Persulfate oxidation
for in situ remediation of TCE. II. Activated by chelated ferrous
ion[ J]. Chemosphere, 2004, 55(9) . 1225-1233.

KR, B, B, % KRR D EDTA-Fe( 11 )/K,S,04
PR R BE RO BT IS ()], BRBERE2E, 2008, 29 (5): 1239-
1243.

Killian P F, Bruell C J, Liang C J, et al. Tron ( Il ) activated
persulfate oxidation of MGP contaminated soil [ J]. Soil &
Sediment Contamination, 2007, 16(6) : 523-537.

Huang K C, Couttenye R A, Hoag G E. Kinetics of heat-assisted
persulfate oxidation of methyl tert-butyl ether ( MTBE) [ J].
Chemosphere, 2002, 49(4) . 413-420.

Liang C J, Wang Z S, Bruell C J. Influence of pH on persulfate
oxidation of TCE at ambient temperatures [ J]. Chemosphere,
2007, 66(1) : 106-113.

BRI, TV, KRR, . UV/K,S,04 FEM A YR
AOT WIRITSE : shi2e R ML igAR [J]. BREREE, 2010, 31
(7). 1533-1537.

Liang C J, Huang C F, Mohanty N, et al. A rapid
spectrophotometric determination of persulfate anion in ISCO[ J].
Chemosphere, 2008, 73(9) . 1540-1543.

Zhou T, Lim T T, Wu X H. Sonophotolytic degradation of azo
dye reactive black 5 in an ultrasound/UV/ferric system and the
roles of different organic ligands[ J]. Water Research, 2011, 45
(9):2915-2924.

Kolthoff I M, Miller I K. The chemistry of persulfate. I . The
kinetics and mechanism of the decomposition of the persulfate ion
in aqueous medium [ J]. Journal of the American Chemical
Society, 1951, 73(7) : 3055-3059.

Beylerian N M, Vardanyan L R, Harutyunyan R S, et al.
Kinetics and mechanism of potassium persulfate decomposition in
aqueous solutions studied by a gasometric method [ J J.
Macromolecular Chemistry and Physics, 2002, 203 (1) . 212-
218.

Huang Y F, Huang Y H. Identification of produced powerful



878 woo®m ® % 3%

radicals involved in the mineralization of bisphenol A using a [29] Rastogi A, Al-Abed S R, Dionysiou D D. Effect of inorganic,
novel UV-Na,S,04/H,0,-Fe ( I, 1) two-stage oxidation synthetic and naturally occurring chelating agents on Fe ( Il )
process[ J]. Journal of Hazardous Materials, 2009, 162(2-3) . mediated advanced oxidation of chlorophenols [ J ]. Water
1211-1216. Research, 2009, 43(3) : 684-694.

CAMERZF) AERR R

1. SRARRGE B A QI 10 s B, SCFRE R, SR T 5. & SO TS 0005 (% B 38 P s SCI 2 [ 225 3k ) . |1
KHARRI R IH | EEZRH SO H | E BRI H sl &0 5l 7ER R it W (78 0t DU 208 ) . VR SR i 3 5
B il P 19 3k (www. hjk. ac. en) SEATHE, M58 B0 IS DAVERS B 0965 5% 4 BRI 240 11 f0 B s 1 R 4 i BT ]

2. FalFi§H% GB 7713-87( BFAH AR A AL SURIZ AR S i B A% ) T2 RIS SCRURLE RS . 18 SC&-F 43 1 HES IRt
Fe ok o8 F A 4 A TS ki R it ; v SO 2L OCBEER] 5 p K228 5 S0 5 1 k48 S B O 38 4% 5
SCHH L 5 JRAR] 5 1F 5 BUdt; 7% S0k

3. I SCHE P TR SR HERS S S SCN A, — RO 20 5, 0 TR

4. PSRBT 300 F, LIS S AR . BN SRR TAE M H 09 51k S5 R (RUFE F2HUR ) FIghit, i 2g
FMGER. e SR G b SO, TERAPR ISR 5 I, LUEAER 2Rk N 2.

5. Hi S A4S E A AMET AR IC AR (51 SCRIAT) A TAER H 0 RR SR RS BHE IR A B0,

6. SCHEIZR N SR KA, [F)— NS TR R A 3R 0A A ha SO0 IRBUE . BN /b —B, I 4 T BT, I b iy
Fhl FF T RANEG . R ZLEER. BRDPARE F75 BAALEN 5 IE 2

7. iR B I AR N RS RN E g T AL (ST) . 38 S i B i A R4S R I mg (Z£50) ,m(K) L h
(/NI ) 25 B4 2 1 AR A B VR R0 & AR, SR8 — U I s 1 B J S

8. UM APAREERM 1,1 1,1 1.1 BB BB TUE BE | 3 RELTFARE I (1), (2) - Fom 542 MBS,

9. SCHANSCFERE AT N ARAHONG | TERMA. A R T 5 2 S RMA. 4 TR UL N 25 b SRR, B S N 4
HEE S v o] 5 PE

10. RATFRFGFORATIAZS SR, AT 78 B 0T LUIAE R . SClikae S B0 e 5 OO k. 6 UL SCIR B 5 i U0h

BT AEE (AP OB RS ZHT) S [T]. WA AR B () R - 1k v

B EE. B IM]. W Bt 4R R O- 1R

SUWEAEHE WA [A] W (In) G, SCEZA[C. W . I3 R (B ) 48, R TT- 1R T

PR AEE . R LA D] PR R AP AL AF

W AEE . B SCA TR AU . AR, S RRAE.

TR LRI LR [P LR L F S A H .

L1 SRR SCTE A 1, V12— R 240 S R A TR SO ERgHoR B BSOS 76 3 A PERIBIA TR AlE S
AR L) 7).

12, Beheia MR B TR L, WE S , o 3551, - R AE 55 S B AR S BOHb - JE 50T 2871 546 5 Il 4 - 100085 5 HL 1% «
010-62941102,010-62849343 ; {& H..010-62849343 ; E-mail ; hjkx@ rcees. ac. cn; P HE . www. hjkx. ac. cn



HUANJING KEXUE Vol.33  No.3

Environmental Science ( monthly) Mar. 15, 2012

CONTENTS

Stable Carbon Isotope of Black Carbon from Typical Emission Sources in China ««w«wwweerrerrrrerereereeeeees CHEN Ying-jun, CAI Wei-wei, HUANG Guo-pei, et al. ( 673 )
Characteristics of Carbonaceous Aerosol Concentration in Snow and Ice of Glaciers in Tianshan Mountaing = «r««eeeesssereerermrsremmeerrerrieeeeee
.................................................................................................................. WANG Sheng-jie, ZHANG Ming-jun, WANG Fei-teng, et al. ( 679 )
Size Distribution Properties of Atmospheric Aerosol Particles During Summer and Autumn in Lanzhou «ww«eweeeeeeees ZHAO Su-ping, YU Ye, CHEN Jin-bei, et al. ( 687 )
Particle Number Size Distribution near a Major Road with Different Traffic Conditions — ===sssseeerrrrmrmemrseeeeemeeneeees YANG Liu, WU Ye, SONG Shao-jie, et al. ( 694 )
Atmospheric Particle Formation Events in Nanjing During Summer 2010 ++++eeeererreeeeseeeeeememeeenns WANG Hong-lei, ZHU Bin, SHEN Li-juan, et al. ( 701 )
Characteristics of 30 in Precipitation and Moisture Transports over the Arid Region in Northwest China «+++++++- LI Xiao-fei, ZHANG Ming-jun, LI Ya-ju, et al. ( 711 )

Distributions and Seasonal Variations of Total Dissolved Inorganic Arsenic in the Estuaries and Coastal Area of Eastern Hainan «+eeeereeereressserereneeeeemsinneeeee
- CAO Xiu-hong, REN Jing-ling, ZHANG Gui-ling, et al. ( 720 )
Mixing Behavior of Arsenic in the Daliaohe Estuary JIAN Hui-min, YAO Qing-zheng, YU Li-xia, et al. ( 727 )
Variation Characteristics and Potential Ecological Risk Assessment of Heavy Metals in the Surface Sediments of Bohai Bay «++xeevveeeereeerermmmernniiieeriiniin.

.............................................................................................................................. XU Ya-yan, SONG Jin-ming, LI Xue-gang, et al. ( 732 )
Distribution of PAHs in Surface Seawater of Qingdao Coast Area and Their Preliminary Apportionment «+++++++++++++- LI Xian-guo, DENG Wei, ZHOU Xiao, et al. ( 741 )
Atmospheric Deposition of PAHs in Dashiwei Karst Tiankeng Group in Leye,Guangxi ~ ==+=+eseeeeeeeeees KONG Xiang-sheng, QI Shi-hua, HUANG Bao-jian, et al. ( 746 )
Lead Isotope Signatures and Source Identification in Urban Soil of Baoshan District, Shanghai «++++++++++ DONG Chen-yin, ZHANG Wei-guo, WANG Guan, et al. ( 754 )
Solute Transport Modeling Application in Groundwater Organic Contaminant Source Identification - WANG Shu-fang, WANG Li-ya, WANG Xiao-hong, et al. ( 760 )
Quantitative Method of Representative Contaminants in Groundwater Pollution Risk Assessment --sseseereeeeeeeneeees WANG Jun-jie, HE Jiang-tao, LU Yan, et al. ( 771 )
Study on the Advanced Pre-treatments of Reclaimed Water Used for Groundwater Recharge +++++eexeeeeesrereeeeee GAO Yu-tuan, ZHANG Xue, ZHAO Xuan, et al. ( 777 )
Influence of Ruditapes philippinarum Aquaculture on Benthic Fluxes of Biogenic Elements in Jiaozhou Bay <+ DENG Ke, LIU Su-mei, ZHANG Gui-ling, et al. ( 782 )
Influence of Spatial Difference on Water Quality in Jiuxiang River Watershed ,Nanjing — ++eeeeeereeeeseeeeeeeeeeeeen HU He-bing,LIU Hong-yu,HAO Jing-feng, et al. ( 794 )
Temporal and Spatial Variation of Non-Point Source Nitrogen in Surface Water in Urban Agricultural Region of Shanghai — «++++eeeeereeressessmrasssssiiiiniinienieenees

.............................................................................................................................. W,’ANG Nan, MAO Liang HUANG Hai—bo, et al. ( 802 )

.............................................................................................................................. HE Xiao-yan, ZHAO Hong-tao, LI Xu-yong, et al. ( 810 )
Treatment Studies of Industrial Rainoff With a New Type of Constructed Wetland ««««xxeeeeeeerermmmmemeneeeeeenn HE Li-jun, MA Yong-wen, WAN Jin-quan, et al. ( 817 )
Emergent Retention of Organic Liquid by Modified Bentonites: Property and Mechanism —«eeereerreereeeeeeeeeseeens LI Yu, LIU Xian-jun, ZHANG Xing-wang, et al. ( 825 )
Production of Peroxide Hydrogen in Chattonella ovata Hong Kong Strain =----====sveereresresrrrmrrrmrerrrrrerens JIANG Tao, WU Ni, ZHONG Yan, et al. ( 832 )
Characteristics Study of Extracellular Active Substance of Bacillus sp. Bl on Phaeocystis globosa «++===++++s+sssesemsssseeeeeeeeeees LI Qldng,ZHAO Ling, YIN Ping-he ( 838 )
Effects of Sediment on the Growth of Microcystis and Anabaena in Yanghe Reservoir —«+eeeeeeeeesneeeeees CHU Zhao-sheng, ZHANG Yu-bao, JIN Xiang-can, et al. ( 844 )
New-Type Electrodeless Excilamp for Advanced Treatment on Nitrogen-Heterocyclic Compounds (NHCs) in Aqueous Solution --»:wweesersrrsrssmesnrmnmnemnerneneeenees

................................................................................................................................. YE Zhao-lian, WANG Bin, LU Juan-juan, et al. ( 849 )
Preparation and Electro-catalytic Characterization on La/Ce Doped Ti-base Lead Dioxide Electrodes + ZHENG Hui, DAI Qi-zhou, WANG Jia-de, et al. ( 857 )
Study on Decolorization of Triphenylmethane Dyes by DTT — «eveeeeereeereermreesnneerrmmmmimni, PAN Tao, LIU Da-wei, REN Sui-zhou, et al. ( 866 )
Influences of pH and Complexing Agents on Degradation of Reactive Brilliant Blue KN-R by Ferrous Activated Persulfate —«::eeereeeeereemmmmssnneermmmm.

........................................................................................................................ ZHANG Cheng, WAN Jin-quan, MA Yong-wen, et al. ( 871 )
Degradation Kinetics of Ozone Oxidation on High Concentration of Humic Substances «++++trexeeeeerseeeermemmesnaeeee ZHENG Ke, ZHOU Shao-qi, YANG Mei-mei ( 879 )
Index of Stability and Its Mechanisms of Aerobic Granular System Using Volume-based Information Entropy ««««--=+++++++ LI Zhi-hua, JI Xiao-qin, LI Sheng, et al. ( 885 )
Relationship Between Physicochemical Characteristics of Activated Sludge and Polymer Conditioning Dosage ~ +++++++++-+ LI Ting, WANG Yi-li, FENG Jing, et al. ( 889 )
Research of Aerobic Granule Characteristics with Different Granule Age - ZHOU Man, YANG Chang-zhu, PU Wen-hong, et al. ( 896 )
Effect of Size and Number of Aerobic Granules on Nitrification and Denitrification «+«««««ssssseseeerresmsmsnmneereeeeeeeees LI Zhi-hua, ZENG Jin-feng,LI Sheng,et al. ( 903 )
Optimization and Comparison of Nitrogen and Phosphorus Removal by Different Aeration Modes in Oxidation Ditch «++ssssssssssssserssessmmrmmmemrernnnerenereeneeeeee

.................................................................................................................. GUO Chang-zi, PENG Dang-cong, CHENG Xue-mei, et al. ( 910 )
Effect of Acidification on the Dewaterability of Sewage Sludge in Bioleaching --------sreesrerrerrrermermmereeeeenees ZHU Hai-feng, ZHOU Li-xiang, WANG Dian-zhan ( 916 )
Microbial Ecology Analysis of the Biofilm from Two Biological Contact Oxidation Processes with Different Performance »++-==»++sseresessrmemmmsmmermmnmnnenieneenieenee

........................................................................................................................ QIAN Yin, QUAN Xiang-chun, PEI Yuan-sheng, et al. ( 922 )
Altered Microbial Communities Change Soil Respiration Rates and Their Temperature Sensitivity -+ FAN Fen-liang, HUANG Ping-rong, TANG Yong-jun, et al. ( 932 )

Storages and Distributed Patterns of Soil Organic Carbon and Total Nitrogen During the Succession of Artificial Sand-Binding Vegetation in Arid Desert Ecosystem
JIA Xiao-hong, LI Xin-rong, ZHOU Yu-yan, et al. ( 938 )

Factors Controlling Soil Organic Carbon and Total Nitrogen Densities in the Upstream Watershed of Miyun Reservoir, North China — --eeeeeeerereermrmmreemmereereeenee
........................................................................................................................... WANG Shu-fang, WANG Xiao-ke, OUYANG Zhi-yun ( 946 )
Impact of Microbial Aggregating Agents on Soil Aggregate Stability Under Addition of Exogenous Nutrients - MO Yan-hua, TANG Jia, ZHANG Ren-duo, et al. ( 952 )
Adsorption of Aflatoxin on Montmorillonite Modified by Low-Molecular-Weight Humic Acids =++eeeeeeereeeseeeeeeeeee YAO Jia-jia, KANG Fu-xing, GAO Yan-zheng ( 958 )
Influence of Operating Parameters on Surfactant-enhanced Washing to Remedy PAHs Contaminated Soil = «::+eseeeeeeee WU Wei, JIANG Lin, CHEN Jia-jun, et al. ( 965 )

Study on the Land Use Optimization Based on PPT «++++++s+sesesetssesemtusmtsarisetititis ittt WU Xiao-feng, LI Ting ( 971 )
Research on Algal Diversity in Zoige Alpine Wetland «««veeseeeeerrerrmresmsrererrmmminiieen CHEN Xi, LIU Ru-yin, WANG Yan-fen, et al. ( 979 )
Effects of Three Fungicides on Arbuscular Mycorrhizal Fungal Infection and Growth of Scutellaria baicalensis Georgi ++++++ HE Xue-li, WANG Ping, MA Li, et al. ( 987 )
Community Structure and Spatial Distribution of Anaerobic Ammonium Oxidation Bacteria in the Sediments of Chongming Eastern Tidal Flat in Summer «+«+++++++
................................................................................................................................. ZHENG Yan-ling, HOU Li-jun, LU Min, et al. ( 992 )
Microbial Degradation of 2,2",4,4"-Tetrabrominated Diphenyl Ether Under Anaerobic Condition «----=+=+++ssee== LU Xiao-xia, CHEN Chao-qi, ZHANG Shu, et al. ( 1000 )
Effect of Heavy Metals on Degradation of BDE-209 by White-rot Fungus —=+++seeseerrereeseseseremmmmieinnernnee. XIONG Shi-chang, YIN Hua, PENG Hui,et al. ( 1008 )
Biodegradation Mechanism of DDT and Chlorpyrifos Using Molecular Simulation — ++eseeeeeeeeseseeeeeeeeeeeen LIN Yu-zhen, ZENG Guang-ming, ZHANG Yu, et al. (1015)
Construction of a Microbial Consortium RXS with High Degradation Ability for Cassava Residues and Studies on Its Fermentative Characteristics = ++xexxeeeeerereeeeee
........................................................................................................................... HE Jiang, MAO Zhong-gui, ZHANG Qing-hua, et al. (1020)
Anaerobic Digestion of Animal Manure Contaminated by Tetracyclings «««w«=sssseerrrrrrrsmmereeerrermmieee. TONG Zi-lin, LIU Yuan-lu, HU Zhen-hu,et al. ( 1028 )

Continuous Dry Fermentation of Pig Manure Using Up Plug-Flow Type Anaerobic Reactor «+++eeeeeeeeeesereeeeee CHEN Chuang, DENG Liang-wei, XIN Xin, et al. (1033 )



E -
g2 E%.
w %=,

CGRERIZEYE 6

K BH F 3z

AR REE H R
(Fewk [ mHET )

JIENT.  FAER TULE
ATk XIERE: s
BRFH I Bt 2 bk

| HosR 3 4

w# B 37
(HUANJING KEXUE)

(AT 1976 4E8 HAIT))
20124E3 H15H 33% %3

TaEg M
BT
R R
W MR

BRREZERS
MW b

JEl Sl R
SKFE W&

ENVIRONMENTAL SCIENCE

(Monthly  Started in 1976)
Vol.33 No.3 Mar. 15, 2012

F & P ERERE Superintended by Chinese Academy of Sciences
* B P ERERE A SRR AL Sponsored by Research Center for Eco-Environmental Sciences, Chinese
03 B (LSIneE MR Academy of Sciences
LB T R 8 171‘% PRl 22 5T B Co-Sponsored by Beijing Municipal Research Institute of Environmental
AR 7 N Protection
* % ORI E School of Environment, Tsinghua University
P 3 (HHREYRBE RS Editor-in -Chief OUYANG Zi-yuan
e NN Edited by The Editorial Board of Environmental Science ( HUANJING
AE 5T 2871 {7 A (UFE OB
KEXUE
18 5, HBEC T :100085) ) - ‘
35 .010-62941102 .010-62849343 P. O. Box 2871, Beijing 100085 , China
1 .010-62849343 ' Tel :010-62941102,010-62849343 ; Fax:010-62849343
E—r;;t;l-hjkx@ rcees. ac. cn E-mail : hjkx@ rcees. ac. en
http : //www. hjkx. ac. cn hitp://www. hjkx. ac. en
H BR 44 % " " m Published by Science Press
b AR B I AR AL 16 2 16 Donghuangchenggen North Street ,
MBS AS . 100717 Beijing 100717, China
BRI 2= 3T dbEdbARERRI) Printed by Beijing Bei Lin Printing House
% 1T 4+ ] * K i Distributed by Science Press
.14 :010-64017032 Tel :010-64017032
E-mail ; journal@ mail. sciencep. com E-mail ; journal @ mail. sciencep. com
T M & 2EAHERHR Domestic All Local Post Offices in China
E5hR&EIT PEEREFER S BT Foreign China International Book Trading Corporation ( Guoji
(dt=t 399 fH4H) Shudian) , P. 0. Box 399, Beijing 100044 , China
ISSN 0250-3301 N
15 1 eos v H 5 2-821
HERETS ' N 1L.1895/X EHRH RS
W E f:70.00 5T ESEITRS: M 205

BEWShRFET




	2012-03fm+ml-zw.pdf
	20120328.pdf
	ml-yw+fd.pdf



