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Mg/Al Layered Double Hydroxides Prepared by Microwave-Assisted Co-

Precipitation Method for the Removal of Bromate

ZHONG Qiong"*, LI Huan'
(1. Changsha Environmental Protection College, Changsha 410004, China; 2. School of Metallurgical Science and Engineering,
Central South University, Changsha 410083, China)

Abstract: In this paper, Mg/ Al layered double hydroxides (Mg/Al LDHs) were prepared by the microwave-assisted co-precipitation
method and the conventional co-precipitation method. The samples were labeled as Mg/Al LDHs-MW and Mg/Al LDHs-H,
respectively. Mg/Al LDHs were characterized by X-ray diffractometer (XRD), Brunauer-Emmett-Teller ( BET), scanning electron
microscopy (SEM) and Fourier transform infrared (FT-IR). The results showed that the application of microwave in the preparation
process promoted the formation of smaller pore diameter and higher crystallinity particles. The pore size and particle size of Mg/ Al
LDHs-MW were 41. 13 nm and 427. 08 nm, respectively. Batch experiments were investigated to evaluate the effect of dosage, initial
pH and regeneration frequencies for bromate removal. The conclusion showed that the process of bromate removal on Mg/Al LDHs
could be described by the pseudo-second kinetic model. The Langmuir isotherm well described the experimental data, and the Mg/Al
LDHs-MW has a stronger adsorption capacity while the maximum adsorption capacity (g,) of Mg/Al LDHs-MW for bromate was
321.26 pg-g™' which was larger than the ¢, (288.74 pg:g™') of Mg/Al LDHs-H. For the continuous fixed-bed column, model
simulations using the Thomas model showed that the experimental data obtained at three different columns packed with Mg/Al LDHs-
MW were able to predict breakthrough curves. Simulating the maximum adsorption capacity of adsorption column for bromate removal
was 288. 81 pg-g™'. When the bed depth was 10 c¢m, inlet concentration was 800 pg-L ™' and flow rate was 4.0 mL-min~", the
correlation coefficient of model was 0. 92, indicating that the experimental data was described well by the Thomas model.

Key words : Mg/ Al layered double hydroxides; bromate; adsorption kinetics; isotherm equation; Thomas model
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Fig. 1 Experimental set-up for continuous column studies

2 HBRESM

2.1 Mg/Al KW A R RAE
2.1.1 XRD 4r#r

FHZK I A ) XRD AT LA A S e e
B E 2(a) | AR E L TTRE R [ K 2 (b) ] & LAY K
T AR S AT BTG B JE DR AN B g B A [R], B R
WP RAE AT S 0 | % R Bk PR | AT e A
Hm B Ry, UL S BB Mg/ Al ZK I A1 I R ik i
£145(003) . (006) . (009) . (015) . (018) . (110)
FIC113) S, B 2 ARSI XRD % K5 Goh
SV A TR TR A K WA G5 R B AT S I )



4 1 PRI . Mg/ Al KU A RO SETTIE R G 8 S X BrO, B PEBE 9T ST 1569

A UL A AT Mg/ AL KA.

& 2(b) I (009) . (015) FRAF g 1ri £ 1L 14 2
(a) FPARRM B YRR TR AR /N HIE 2 (b) i ]
LIRS, R WO L DIE L A A KIS A

KL/ 5 B e

180

(003

160
140

120

40 -

[
I

T

5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80
2010%)
(a) @ ILTTE B HI 419 Mg/Al LDHs-H;
(b) S ILTTTE B 45 19 Mg/ Al LDHs-MW
2 AEHEFEN Mg/Al KiBA XRD L E
Fig. 2 XRD patterns of Mg/ Al LDHs prepared by different methods
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Mg/ Al LDHs-MW 256. 83 3.49 253.34 0.43 41.13 427.08

A1, BARYTTE AL 240 min, A RES 2K 1A B0k, T
T AL TTTE 1 fb AL T AR 15 min, BVAT 7521 735,
FetR A 20/ INI0RE . LA IETTTE I [R], 7] 3 48 A H Bk
P HLUTTE T . Tl BV E T R V401, BB
[ sF B8 L B R 8 32 4 6 AR TR, 3R A5 3550 40 /)N
(R 235 SR AURE /N T SO 3% AR BE , DTN 8 17 52 1 1)
PERE B T RN S B AN R e T
VEEANTT A8 T i [R], 5 5 A 2 R 3 IR T
AEFE.
2.1.3 FT-IR 4347

Mg/Al LDHs-H 5 Mg/Al LDHs-MW 7K ¥ 13 1
IR T3 B LD Gk an 18 4 Btz , G 141 A
WA 5 SRR [ 23 TAIAT , EL B & B A 5 i A i 7K
T AR i R T e 1 S 3R A T I 4 AR Ak, 7E 3 400
em ”NMEAES R B A I, EE S R P A
ARG IR B AT G5 7E1 631 em ™' AL H BRAE K
—OH A5 415 sl 06, 35K 156 FFARE: o J0R 2 T WA A B84y
& 2 )4 A A Y50 AYH, 043 1. 7E1 385 cm ~'Ab M
B CO;™ f C—O AXFRAN AR Bl 1 53 5405 ; 7 400

~800 cm ' H MU TE WA E R 608 em ', P4y
& COy™ MHAMETE C—O i 45 4 2) 0 F1 IHT N 25 i
PRSIFRIE I ; 7E 451 cm ™" FREIT H B0 A4 IR US04 051 i Ay
&8 5E PR S (M—0—M) |, KK £ 454
JEIERE B A B ™. g5 ERTR, Bl Sh Tt
TR 33 LU R K A SR TR R A A
e2i0p- AT
2.2 Mg/Al KA W BrO, AY#EAS SIS
2.2.1 Mg/Al KA BMEXT W BrO, AR
Mg/ Al K A=A BEA 2L LB BrO;, 5 Mg/Al
K A R o 5 B B A G I 5 SR Bl Mg/
ALK A B G K S BrOy FIAR K A
W B X BrOy BYZSBRARE W It KA 4R
B 0.25 g- L', Mg/Al LDHs-H % BrO; )25
B3k 43.83% ,Mg/Al LDHs-MW Xf BrO; (2R
oM 63.12% , A AT AL, ILE Mg/ Al LDHs-MW 1)
W B e K, A 501, 16 pg-g ', HLBE 4% I & i 3%
AR, BRI R 00 R B R D R K
A1 AN K F) 2. 00 g- L', Mg/Al LDHs-H
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Fig. 3 SEM images of Mg/ Al LDHs
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Fig. 4 FT-IR spectra of Mg/ Al LDHs

1 Mg/Al LDHs-MW X} BrO; HJZ=BRFEMEARK, 4>
5ok 89. 47% F191. 38% .
2.2.2 A pH EXTHE BrO, AYRZIR

WIS pH ER R A A R rh— D EH R
SRR BrO; KBRACRBEE V)46 pH (EAZ kN
& 6 fisn. 78 pH =2 i, Mg/Al /K3 A1 X% BrO; 2
BRIk, TR AR RS R 2R G,
I 2 A B B 1 5 A BB B - AT R A R S I
TSYLYIR I 5 R E pH (IR T, IR

Boimiit/g L™

5 Mg/AlKBAEBMEI BrO; ERHRNFM
Fig. 5 Effects of dosage on bromate removal by Mg/ Al LDHs

HAETE R/ CL, M 7K A 2| S0; 5
BrO; M5cHe; [A]i A B S0P Y K 3 A i rh i
SR E T A TR e T X BrO; 1Y
KBk, 7E pH fEH 2 ~4 B JKHEATU BrO; ZBR%
Wi Fb =5, Mg/Al LDHs-H F1 Mg/Al LDHs-MW X
BrO; IR ILF]70. 1% F185. 4% ; 1 pH [l N 4
~10 K [E, BE X BrO; 1 RBRRIEA R
MW pH (E I F] 12 B WP R4 BrO; MR
f5 ,Mg/Al LDHs-H Fl Mg/Al LDHs-MW X} BrO; fi
LBRRIA TR 45 R, YW pH {BE FITE 4
~10 Z[H], pH {H Xt Mg/Al K 47 £ BrO; AY4E

TN, S TR AN PR B A 2 ] Mg/ Al KT
A1XF BrO; 1ML

200
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Fig. 6 Effects of initial pH on bromate removal by Mg/Al LDHs

2.2.3  Mg/Al KW A7 B FRAERCR

Pl 7 HOAE T 0 e R R R P A T 1 S 7K A X
BrO; 1) 2B, B 25 P A B R 38 i, X BrOy
FA W B £ T 32 B I, — R A J5 , Mg/ Al LDHs-H
Il Mg/ AILDHs-MW %} BrO; (225 %2 70% LA
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Fig. 7 Bromate removal efficiency of MgAl LDHs-H and
MgAl LDHs-MW as prepared and after regeneration

2.2.4 RN SRS
Pht BFZ) BrO; AOMREE ¢, INAERR I 2] ¢ Rk
ARARVENBRE B0 F1 24 4R, an Pl 8. W R 12 b J&, RO
FEATKEEA . BLA, £ Mg/ Al LDHs-H W i
BrO; FIAUIEH 61.82 pg-L ™", 4%/ Mg/Al LDHs-
MW I Y BrO; FARWREE N 32,44 pg-L7".
HE—GRNHE G N BN 12 BRIz BT

6

; @ sMg/Al LDHs-H

; eMg/Al LDHs-M
~ 3+ 3 =-0.289 3x + 5.0427
S 5L R2=0.965
1k
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-

-1 y=-0429 7x +5.138 3

-2 R =0.974 .
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Fig. 8 Effects of contact time on bromate removal by Mg/Al LDHs

TR B B R A8 T — R i
TR B SRR Mg/ AL KA BrOS (93 H
AT TERG AR 9 K3k 2 R, & 2
H,g. . g, (pgeg™") SBIR P 20 ¢ B %) Mg/ Al
KA X BrO; W BE &k, (hTh) R K,
(g (pgeh) =" JAR50A WE— GORNE — 9% N 8l 112
Wi B 5. 6F P 9 B 1A T I US43 A, AR RIER
] A 81 3 R YA A

&8

0.2

(b)
0.16

y=0.006 5x+ 0.013 7
0.12 2 =0.993
0.08

y=0.0054x+0.0116
0.04 R* =0.996
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Mg/ Al 7k iB A R BrO; HIZhhFilE ek

Fig. 9 Kinetic curve fitting of bromate removal by Mg/Al LDHs

2 h ABEAMU G WAMHLEREY KT
0. 960 , {H 1k — 23l J) 2 J7 Ttk 9K 0035 45 1% W% Bt ik
i, HAH R R EUK T 0.990, Hoit 545 2] 19 F £y W
RF 8 1 S 65 0 45 1 (B AH 22 388/, U BH Mg/ Al K
AEZh N FER 3 Mg/ Al KiBARHK BrO; MG ER

*2

AW B BrO, 1] FHAE 28l J7 2 A R A A i 2o v
— 9 W sl O B ALE 15 B RS Mg/Al
LDHs-MW V- W [} £ %8 22 K F Mg/ Al LDHs-H ()
ST A R B

Table 2 Different kinetic models fitted results of bromate adsorption on Mg/ Al LDHs

WG JIF B In(q, —q,) =Ing, —hyt

W RN 1/q, = V/kyq2 +1/q,

it

ky/h ! q./pg g’ R? ky/g (pgeh) ! q./ngg”! R?
Mg/Al LDHs-H 0.289 155. 887 0.965 0. 003 08 153. 846 0.993
Mg/Al LDHs-MW 0. 430 170. 426 0.974 0. 002 51 185. 186 0.996

2.2.5 WGFHARREMIE

JKALPRE F Langmuir F1 Freundlich W J45 15 7

Tt 0 BB HE AT 305, Langmuir W B 2506 7
FREAMEIE AN
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T (2)
q.  bgye.  qq

Freundlich W% B} 5536 5 R MEE =008 .

Ing, = InK; + Llnce
n

KA, g0 PR (g g™ ), g, P IR B

(pgrg™") e IMEMEAR BrO;, BRI (ng L"),
b NEBR L K, A Freundlich W[t 2%, 1/n Ak
RhFEE AR MR I 25°C IF, A ) S A e 5 1) Y- A P o
(FE10), 53 LA 1/¢, ¥ 1/, YEE B Ing, X Inc, 1
L0 T A B s 2R A7 1013 73 A, ARER RN R Al 5K A5
5% BRI SHL, InEk 3 FR.

#3 BrO; 7 Mg/Al KiBA EHMRMEREINE S
Table 3 Adsorption isotherm parameters for the adsorption of bromate onto Mg/ Al LDHs

Langmuir 571

GG

Freumdlich 71

q0/pg g b/L-pg™ R I/n Ki/Lepg™! R
Mg/ Al LDHs-H 288. 74 0.113 0.981 0. 354 1.871 0.956
Mg/Al LDHs-MW 321.26 0.205 0.978 0.277 2.401 0.967

M F 3 UL, Mg/Al LDHs-H Fl Mg/Al LDHs-
MW X} BrO; (%) 1 F1 W fff & g, 43 %1 4 288.74
pg-g ' A1321.26 pg-g™', H Langmuir W FfF 4596
PRI 280 R® {H 3 KT 0.97, 1fi Freundlich Y R?
{E¥/NF 0. 97, Ui Langmuir *o— A9 | 5] B9
RET AP ML I8 Mg/ Al 7K 3 A1 %) BrOy (14 W b 2o 72
T Langmuir W A5 7638 5 (4 0 B 500 6 5 bR
HEATER ST )2 WX BT B, Fir LA AT HEN Mg/ Al 7K 1
A1 F A I PR 8 A B A 5, BB R A B
L0 =1

350

300 -

250 -
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ge/ngg’”
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50 -

—a— Mg/Al LDHs-H
—e— Mg/Al LDHs-MW

0 L | L L L
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co/ugL”!

10 Mg/Al KBAMRMERLE

Fig. 10 Isotherms of bromate removal by Mg/ Al LDHs

2.3 Mg/Al LDHs-MW R BrO; () shZSH4
Thomas #5512 % Se s 25 52 86 vp o FH LT 32
(RS ARY B AT L 3 W5 SR A 2 o 442 LA R R s %

B BRORIIR B 2 200 R m] AR Ay
¢ ko,
C_(Z =1+ exp( S (‘Iow - C()chf)j (4)

A SEERBLY,, = 00 MU I ikt
B,

k
ln(i_o - 1) = % — ket (5)

o ke, BRI A [ L (pg-h) 7' 15 g HR
BRATARLFITI B 25 1 (pgeg ™' ) 5 o Ml ¢, 4300 A ik
FIE K IR R AR VR B (gL' )5 w o W57 o
(g),0 NH/KFE (mL-min~") ¢ ABFE (min).

K HERAEAL T B LR HE 7 Ab 3 LARS [R] ¢ Ry
BEARFR  In[ (¢o/c,) = 11 AHARAEE], BRIA] SR H AR
TR SR S5 ORI B P A R B 2 R S 800
W 4. IHRTHD, I H Thomas LA 3 41 5h 75
W AP ESCHI (R A DG PE RBCK T 0.8, Hoh 25 — 20 i A
KM RECH 0. 92, LB 48 5 BB B W)
A BEAE RS R 3G B Y AH M R BRI
TR 23 BB TR AT, LA 108 R 0 o 5 i 00 3
T, 3 A B AEL G A5 B B o 0 0 B 25 5 40 0 R
211. 64, 241.36 F1288.81 pg-g~'.

I PR RALL 575 21 0 080 5 52 90 28080 19 H A
BI11. S5 5RIT b AE E0RHZ S B3 N, 2538 ith 48
FNZEB A (KR E ¢, /c, =0.97 I R 535 ) %
W S K SEURE R BE D10 .20 F130 em B W B AT 1Y

% 4 Thomas =B Z MBS H]

Table 4  Model equations and parameters by linear regression analysis with the Thomas model

=13 KA E Bk

LE SR gy

Z/cm co/ g L7 (/mL+min ™! Ep/Le (pgeh) ! G/ ng g f
10 800 4.0 7. 37x1073 211. 64 0.92
20 800 4.0 7.12 x10 73 241. 36 0.87
30 800 4.0 6.42 x1073 288. 81 0. 81
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Fig. 11  Comparison of the experimental and predicted breakthrough
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curves of bromate removal according to the Thomas model
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TV AR | Aok 0 58 B Pk & 7= AR AR Ak, A Eb 5 3 3
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SN VR BB o] LA Mg/ AL 7K 3 A 0 ks A% 7

B 3 Sk R R AR T N R B B R A Y
Mg/ Al KA AL Y HE T T . 76 Sk L i vE
AR AUMAILTTTE 15 min, RIS 2K 8 4164
Y. i 2R A 5 3 00 A WL R AR T LG /Y Mg/ Al
LDHs-H, 5L U0 5E 240 min, £ 2 T K WHE], A fEf5
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P ILTTVETE LB 302 PR Ry 08 it A B ] B B
% HL BB W B 40 0 A B[], AR AR 340 5T 4 /N 1) b b
/N T RO TG AR B, DA TN B TR f R R
W An AT B T T BB 43, W8 AT P o3
V&S 2 IIMER (A5 X 2 oy T8 sl B 7 540+
Z AN AR Iz Bl 20 e 0k B8 53— IR B2 9 3 b
FhiEn , T EARRIURL P 8 #z 3 Fr az slm
JE] DA T el AT 3R P9 S0AE 2 48 08, T2 LA 45 it R /)
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A W B S 6 6 B, FE M [R) S5 4R T, Mg/AlL
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B RE 7. 5 2t 52 56 A [ 42 i B[R] S 40 3R Y, >4 7
HNT BrO; W ik 1) S A I 1 T R R Ay — RE Wk
FEf% BrO; ,{H Mg/Al LDHs-MW % BrO; )2 %

(q=85%) KT Mg/Al LDHs-H (q =71% ). 7E Al
fFfRI P, Mg/ Al LDHs-MW Eb Mg/ Al LDHs-H f& W fff
B2 BrO, . 2k 115 3 P Rl oK 8 A 1 A W o o
RO, AR B 3K, BrO; FBRAHE WG K,
B Mg/ Al 7K 1 A7 % BrO, 4 B 57 W B 40 32 0 [
1%, 3% 5 PME RS P ST Mg/ Al X4 AL
0 TG Y BRI S v TR AE R — B /)
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VAT 6 5% i 2 36 v 8T VA R pHL T IV TR R
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BrO; JE e 4 W B, i 52 i) T Mg/ Al 7K 3 A X
BrO; MM ; [FIRS, 7E4AK pH EAE T KA )2
DR G5 48 B B IR, 5 ) KO A XS G A W R 2
BRU AR pH A (>9) - T OH Kk
BAAE, RS S BrO, JE e 4 W B, 520 BrO,
(L BRACE. YU pH (B AE 4 ~ 10 Z[H] A, Mg/Al
KA X BrO; B9 K BRBCEAZ L /. Chitrakar
LEISIRHR B A 1 Mg/ Al K 41 256k BrO; #EAT T
WF7E, 25 R E W pH {E7E 4.0 ~9. 0 JL R NI, Kibe
B Mg/AlL K A% BrO; Y 25 B % 5L A {1

Mg/ Al 7K 5 AW BrO; AT FHHE 94 5)) J) 24
R O i T 98l )y BRI & T Y
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FE0 BT S AT B 2 B T A B W, e
B R A7 Al B | S T s e W B PR A S
SCHB R BrO; 7E Mg/ Al 7K ¥ A7 b AW B HL . 78
25C AT, i Langmuir W B 486 7 B T H8 H
Mg/Al LDHs-MW X§ BrO; 1 A1 W% Bff & ok 321.26
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(1) AR 3t 38 S0V ¥, >R TR 2L T i kA
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nm ) /T Mg/ Al LDHs-H( P, =512. 46 nm).

(2) Mg/Al LDHs-MW Xt BrO, 45 5 i fiY W fff
BT, 3R (pH <4) FISREE (pH > 10) 54T, #B 2>
MK A XS BrO; BYWEERT; 7E pH {4 4 ~ 10
IX [ P9, Mg/Al LDHs-MW F1 Mg/Al LDHs-H X
BrO; M EBRFRASFER, 20500 84% F171% .

(3) Mg/Al KA W BrO, 2 8 mT FHfE—42%
FUE 08 ) AR (A UME sl 27
TG W B R R IR BE R 25°C, Mg/ AL K HE A X
BrO; WFMAT AT & Langmuir W B 55 07 F2 , TH 5
Mg/ Al LDHs-H Fl Mg/Al LDHs-MW () 441 110 Ff} 2
qo 73K 288. 74 pg-g ' F1321.26 pgeg'.

(4) Mg/Al LDHs-MW W BrO; AY3h 24 5L 56
A MIECEL S BN 10 em B, Thomas AR B & 55 15
25 52 56 B W) 5 B e BB SEORE)Z v 21
TN, 5 375 I TB) A, ) AT 0545 31 1) e R A B 25
4 288.81 pg-g™'.

E2 & YR N S T R RS A Rl U SV AP o £
BB LIRS
%§§§3Z§ﬁ:

[1] Weinberg H S,

Delcomyn C A, Unnam V. Bromate in
chlorinated drinking waters: occurrence and implications for
future regulation [ J]. Environmental Science & Technology,
2003, 37(14) : 3104-3110.

[2]

Von Gunten U. Ozonation of drinking water: part 1II.

disinfection and by-product formation in presence of bromide,

[6]

[11]

[12]

[13]

[16]

iodide or chlorine[ J].
1487.
Zhang X, De S D, Sun B, et al.

Water Research, 2003, 37 (7). 1469-

Cellular and molecular
mechanisms of bromate-induced cytotoxicity in human and rat
kidney cells[ J]. Toxicology, 2010, 269(1) . 13-23.

Campbell K C M. Bromate-induced ototoxicity[ J ].
2006, 221(2-3) ; 205-211.

Siddiqui M, Zhai W Y, Amg G, et al. Bromate ion removal by
Water Research, 1996, 30 (7). 1651-

Toxicology,

activated carbon [ J ].
1660.

Xu C, Shi J, Zhou W, et al. Bromate removal from aqueous
solutions by nano crystalline akaganeite ( B-FeOOH ) -coated
quartz sand ( CACQS) [ J]. Chemical Engineering Journal,
2012, 187 63-68.

Butler R AY, Godley A, Lytton L, et al. Bromate environmental
contamination: review of impact and possible treatment [ J ].
Critical Reviews in Environmental Science and Technology,
2005, 35(3) . 193-217.

Chitrakar R, Makita Y, Sonoda A, et al. Adsorption of trace
levels of bromate from aqueous solution by organo-montmorillonite
[J]. Applied Clay Science, 2011, 51(3) . 375-379.

Wang Q L, Snyder S, Kim J, et al. Aqueous ethanol modified
nanoscale zerovalent iron in bromate reduction: synthesis,
characterization, and reactivity [ J ]. Environmental Science &
Technology, 2009, 43(9) . 3292-3299.

Chitrakar R, Tezuka S, Sonoda A, et al. Bromate ion-exchange
properties of crystalline akaganéite[ J]. Industrial & Engineering
Chemistry Research, 2008, 48(4) . 2107-2114.

Downing L. S, Nerenberg R. Kinetics of microbial bromate
reduction in a hydrogen-oxidizing, denitrifying biofilm reactor
[J]. Biotechnology and Bioengineering, 2007, 98 (3). 543-
550.

Assunc¢do O A, Martins M, Silva G, et al. Bromate removal by
anaerobic bacterial community; Mechanism and phylogenetic
characterization[ J |. Journal of Hazardous Materials, 2011, 197 .
237-243.

Chitrakar R, Makita Y, Sonoda A, et al. Fe-Al layered double
hydroxides in bromate reduction; synthesis and reactivity [ J ].
Journal of Colloid and Interface Science, 2011, 354 (2) . 798-
803.

Goh K H, Lim T T. Influences of co-existing species on the
sorption of toxic oxyanions from solution by
nanocrystalline Mg/ Al layered double hydroxide[ J]. Journal of
Hazardous Materials, 2010, 180(1-3) : 401-408.

Chitrakar R, Sonoda A, Makita Y, et al. Calcined mg-al layered

aqueous

double hydroxides for uptake of trace levels of bromate from
aqueous solution [ J ]. Industrial & Engineering Chemistry
Research, 2011, 50(15) : 9280-9285.

Parida K M, Mohapatra L. Carbonate intercalated Zn/Fe layered
double hydroxide: a novel photocatalyst for the enhanced photo

degradation of azo dyes [ J]. Chemical Engineering Journal,

2012, 179(1) : 131-139.



BIBRAE . Mg/ Al 7K A 0 L TTE 2 A B N BrO; W B BE 9

1575

[18]

[19]

[20]

Zhang J, Li Y, Zhou J Z, et al. Chromium ( VI) and zinc ( II)
waste water co-treatment by forming layered double hydroxides:
mechanism discussion via two different processes and application
in real plating water[ J]. Journal of Hazardous Materials, 2012,
205-206: 111-117.

Benito P, Labajos F M, Rives V. Microwaves and layered double
hydroxides; a smooth understanding [ J ]. Pure and Applied
Chemistry, 2009, 81(8) . 1459-1471.

Trujillano R, Rico E, Vicente M A, et al. Rapid microwave-
assisted synthesis of saponites and their use as oxidation catalysts
[J]. Applied Clay Science, 2011, 53(2) : 326-330.

Suksabye P, Thiravetyan P, Nakbanpote W. Column study of
chromium ( VI) adsorption from electroplating industry by coconut
coir pith[ J]. Journal of Hazardous Materials, 2008, 160 (1) .
56-62.

Goh K H, Lim T T, Dong Z L. Application of layered double
hydroxides for removal of oxyanions; a review [ J]. Water
Research, 2008, 42(6-7) . 1343-1368.

Climent M. Increasing the basicity and catalytic activity of
hydrotalcites by different synthesis procedures [ J ]. Journal of
Catalysis, 2004, 225(2) : 316-326.

KER, FFR, BUE. BEERAIBERRURIE R & &R S 4
HRIEREZE ()], TEHLIL A4l 2002, 8(18) : 833-838.
Jiao F P, Chen X Q, Liu L,
characterization of Mg-Al/Zn-Al layered double hydroxides

et al. Preparation and
intercalated with ( + )-2, 3-di ( p-toluyl ) -tartaric acid [ J].
Journal of Molecular Structure, 2010, 964 (1-3) ; 152-157.
IMEEE, WA, AR E. Mg/Al 4R AT As(V)
FHAERERIDF ST (1], BREEREF 24, 2011, 31(7): 1377-
1385.

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

Kumar P A, Chakraborty S. Fixed-bed column study for
hexavalent chromium removal and recovery by short-chain
polyaniline synthesized on jute fiber[ J]. Journal of Hazardous
Materials, 2009, 162(2-3) . 1086-1098.

Ahmad A A, Idris A, Hameed B H. Color and COD reduction
from cotton textile processing wastewater by activated carbon
derived from solid waste in column mode[ J]. Desalination and
Water Treatment, 2012, 41(1-3) . 224-231.

Yan G, Viraraghavan T. Heavy metal removal in a biosorption
column by immobilized M. rouxill biomass [ J]. Bioresource
Technology, 2001, 78(3) : 243-249.

WRdrEz, fhlte, R, . TR BRI LR S
TR B T B B A S R[], A6 a4, 2005, 68(2)
123-127.

Wu X M, Wang Y L, Xu L L, et al. Removal of perchlorate
contaminants by calcined Zn/Al layered double hydroxides:
Equilibrium, kinetics, and column studies [ J]. Desalination,
2010, 256(1-3) : 136-140.

Zhong Y, Yang Q, Luo K, et al. Fe( 11 )-Al( I') layered
double  hydroxides  prepared by ultrasound-assisted  co-
precipitation method for the reduction of bromate[ J]. Journal of
Hazardous Materials, 2013, 250-251; 345-353.

Yang Y, Gao N, Chu W, et al. Adsorption of perchlorate from
aqueous solution by the calcination product of Mg/ ( Al-Fe)
hydrotalcite-like compounds[ J]. Journal of Hazardous Materials,
2012, 209-201; 318-325.

Tjaghemi C O, Bake M H, Kim D S. Montmorillonite surface
properties and sorption characteristics for heavy metal removal
Journal of Hazardous Materials,

from aqueous solutions [ J].

2009, 166(1) : 538-546.



HUANJING KEXUE Vol.35  No.4

Environmental Science ( monthly) Apr. 15, 2014

CONTENTS

Analysis of Characteristics of Black Carbon Concentration in Shanghai from 2008 to 2012 «+eseereresresesessrsssnnsinisiinine WANG Hong-giang, HE Qian-shan,CHEN Yong-hang, et al. (1215)
Chemical Characteristics and Insoluble Particulates’ Surface Morphology of a Snowfall Process in the Southeastern Suburb of Urumgi ~ ++++++++-- LU Hui, WEI Wen-shou, CUI Cai-xia, et al. (1223)
Comparative Study of the Level and Distribution of Polybrominated Diphenyl Ethers and New Brominated Flame Retardants in the Atmosphere of Typical Urhan = «+seseeeeesesersenesiennennenen
........................................................................................................................................................................... WU Hui, JIN Jun, WANG Ying, et al. (1230)
Source and Health Risk Assessment of Heavy Metals in Ambient Air PM from One Coking Plant ««+s+esreerersrssresrsssrseicnnsninenenne DONG Ting, LI Tian-xin,ZHAO Xiu-ge, et al. (1238)
Estimation of Average Traffic Emission Factor Based on Synchronized Incremental Traffic Flow and Air Pollutant Concentration ~ +++++++sxsseseeseeses LI Run-kui,ZHAO Tong, LI Zhi-peng,et al. (1245)
Study on Critical Loads of Sulfur and Nitrogen in the Pearl River Delta «++sseseesrereeresremenensnmiininiiiiiii SUN Cheng-ling, XIE Shao-dong ( 1250 )
Hydrogen Sulfide Removal by the Combination of Non-Thermal Plasma and Biological Process ««+«+sssseseeseserersnsimncnsnnsinicnenes LI Hua-qin, HE Jue-cong, CHEN Zhou-yang, et al. (1256)
Spatial Distribution and Risk Assessment of Atrazine in Taizi River Basin, China «eeeoereereeressemenenmimeneneniinnens ZHENG Lei, ZHANG Yi-zhang, ZHANG Yuan, et al. (1263)
Development of a Method for Measuring Dissolved Reactive Phosphorus (DRP) and Dissolved Ferrous Iron in Large Batch in Pore Water Samples of Sediments with Micro-volumes +++++++++++
..................................................................................................................................................................... WANG Yan, ZHU Chun-gang, XU Di, et al. (1271)
Temporal and Spatial Variation of Water Nutrient Level After Exogenous Nutrient Input —-+eeeeeseesererssssssnennininiininsissienen FU Ling, ZHAO Kai, WANG Guo-xiang, et al. (1278)
Physical Process Based Risk Assessment of Groundwater Pollution in the Mining Area «««sessesesesesresesnnsinninniin SUN Fa-sheng, CHENG Pin, ZHANG Bo ( 1285)
Hydrogeochemical Characteristics of a Typical Karst Groundwater System in Chongqing YANG Ping-heng, LU Bing-qing, HE Qiu-fang, et al. (1290)
Investigation of Nitrogen, Phosphorus and Microbial Contamination in Laolongdong Underground River System of Chongging -++++++++++++- LAN Jia-cheng, YANG Ping-heng, REN Kun, et al. (1297
Effects on Phosphorus Fraction Distribution in Sediment by Roots of Vallisneria natans +++++++++++eeeessesnessssssseseninennininennne LI Zhen-guo, WANG Guo-xiang, ZHANG Jia, et al. (1304
Modeling Nitrogen Transformation in a Novel Circular-Flow Corridor Wetland — ++e-xeseeseeressssesmesnsnsnsmninsssneeen PENG Jian-feng, SONG Yong-hui, YUAN Peng, et al. (1311
Natural Attenuation of Tetracycline in the Water of Taihu Lake Under Different Environmental Conditions +++ DUAN Lun-chao, WANG Feng-he, JI Ying-xue, et al. (1318
Inactivation and Reactivation of Antibiotic-Resistant Bacteria During and After UV Disinfection in Reclaimed Water =~ «««+eeeseeeeeereeneess HUANG Jing-jing, TANG Fang, XI Jin-ying, et al. (1326
Photoreactivation of Escherichia coli and Enterococcus faecalis in the Secondary Effluent Disinfected by UV-Ti0,  +reereeeeresresivneeenenne WANG Xi-feng, GONG Xin, HU Xiao-lian, et al. (1332
Stability of Cg(, Nanoparticles in Aquatic Systems ««+«+tsssesessesrertosestnmi ittt FANG Hua, SHEN Bing-bing, JING Jie, et al. (1337
Fouling Behavior of Sodium Alginate During Microfiltration at Various lonic Compositions; XDLVO Approach — +«+-sssesseesesseseeeenes ZHAO Ying-xu, ZONG Rui-qiang, GAO Xin-yu, et al. (1343
Enhanced Remediation of 4-Chloronitrobenzene Contaminated Groundwater with Nanoscale Zero-valence Iron (nZVI) Catalyzed Hydrogen Peroxide (Hy0,)  +eoreeeeseesseseenees FU Rong-bing ( 1351
Effect of the Coexistence of Chlorobenzene Homologue on Anaerobic Degradation of Hexachlorobenzene «++:t-seseseeesessesvsesininsinisneneinienen WANG Qi, LIU Hui, JIANG Lin, et al. (1358

Research on Removal Efficiency of Cd( Il ) -bearing Wastewater by Sulfate-reducing Biological Filter «++- WU Xuan, TAN Ke-yan, HU Xi-jia, et al. (1366

Control Strategies of Nitrogen Removal Process in a Pilot Test of the Southern WWTP Based on the Nitrogen Balance ~ ++++++++++ * JIANG Ying-he, LIU Pei-ju, WANG Lei, et al. (1372
Effect of Simulated Inorganic Anion Leaching Solution of Electroplating Sludge on the Bioactivity of Acidithiobacillus ferrooxidans «++++++++++seesees CHEN Yan, HUANG Fang, XIE Xin-yuan ( 1377
Microbial Reduction of Cu®* Mediated by Electroactive Biofilms +++++++sveeesusessesisssiiniiiiiiii LIU Yi, ZHOU Shun-gui, YUAN Yong, et al. (1384
Copper Recovery from Artificial Bioleaching Lixivium of Waste Printed Circuit Boards «+:essessereereseremensssnenenninininninens CHENG Dan, ZHU Neng-wu, WU Ping-xiao, et al. (1391
Difference of Contaminant Composition Between Landfill Leachates and Groundwater and Iis Reasons «++reseseesessesnersenssenenenissneinennen HE Xiao-song, YU Hong, XI Bei-dou, et al. (1399
Photochemical Degradation of Landfill Leachate Facilitated by Combined Schwertmannite and Hy0, ««+xeresresrereeseresnsssiensiennneneenn WANG He-ru, SONG Yong-wei, XU Zhi-hui, et al. (1407
Effects of Operating Parameters on Organic Toxicity of Sludge Treating Synthetic Bisphenol A Wastewater -++:esseeesersesesesessnsnnnenee YANG Na, CHEN Xiu-rong, LIN Feng-kai, et al. (1414
Comparative Study on Biological Methane Potential and Methanogen Biodiversity in the Anaerobic Digestion of Excess Sludge «+«++xtsveeseesresnervsissenensininninennns DONG Hui-yu, JI Min ( 1421

)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)

Isolation and Identification of Mn Oxidizing Bacterium Aminobacter sp. Hl and lis Oxidation Mechanism =+ ** YAN Ping, JIANG Li-ying, CHEN Jian-meng, et al. (1428
Nitrate Removal by a Strain of Nitrate-Dependent Fe( Il ) -Oxidizing Bacteria «+++++++sssesesssesesssssimisimiiiiiiiis WANG Hong-yu, YANG Kai, ZHANG Qian, et al. (1437
Study on the Iopromide-Degrading Characteristics of Strain Pseudomonas sp. 1-24 via Co-Metabolism «+v+reeseesesrerereremienenenninineninnen XU Bing-jie, GAO Pin, XUE Gang, et al. (1443
Using Flow Cytometry to Explore the Changes of Sphingomonas sp. GY2B Bacterial Surface Characteristics in the Process of Degrading Phenanthrene —««+s+-sesesseseerseneenenenensnniinsnnn
ZHANG Meng-lu, DANG Zhi,WU Feng-ji, et al. (1449)
Research on Characteristic of Interrelationship Between Toxic Organic Compound BPA and Chlorella vulgaris ««+++++++seseereesessesereenees CHEN Shan-jia, CHEN Xiu-rong, YAN Long, et al. (1457)
Effect of Magnesium Deficiency on Photosynthetic Physiology and Triacylglyceride( TAG) Accumulation of Chlorella wlgaris «++++++++ WANG Shan, ZHAO Shu-xin, WEI Chang-long, et al. (1462)
Effects of Microcystins on Growth and Antioxidant System of Rice Roots «++++stssesresrssersssssmssneneinimncnsnininnesisn s WANG Wei-min, DENG Yu, ZOU Hua, et al. (1468)
Responses of Soybean Cultivar Dongsheng-1 to Different 04 Concentrations in Northeast China «+«exteeeseereseersssseneneenes ZHANG Wei-wei, WANG Guang-hua, WANG Mei-yu, et al. (1473)
Development and Succession of Biological Soil Crusts and the Changes of Microbial Biomasses -+ WU Li, ZHANG Gao-ke, CHEN Xiao-guo, et al. (1479)
Effects of Lead on the Growth and Reproduction of Eisenia fetida with Aged Soils — «+eseereereerseesemenenminensnninieeens CHEN Li-hong, LIU Zheng-tao, FANG Zheng, et al. (1486)
Soil Heavy Metal Cadmium Standard Limit and Range of Background Value Research «+«+eseeeeeerevsesemsnninsnenninnen ZHAO Xiao-jun, LU Si-jin, XU Ren-ji, et al. (1491)
Study on Soil Element Background Values of the Hoh Xil Area in North Tibet BAI Jian-kun, WANG Jian-li, LI Chao-liu, et al. (1498)
Transfer Characteristic and Source Identification of Soil Heavy Metals from Water-Level-Fluctuating Zone Along Xiangxi River, Three-Gorges Reservoir Area ««+seseeseesesersenseesiencneneens
........................................................................................................................................................................... XU Tao, WANG Fei, GUO Qiang, et al. (1502)
Heavy Metal Pollution Characteristics and Ecological Risk Analysis for Soil Around Haining Electroplating Industrial Park -+eesseereeeeeeees LI Jiong-hui, WENG Shan, FANG Jing, et al. (1509)
Sources and Spatial Distribution of Typical Heavy Metal Pollutants in Soils in Xihu Scenic Area ««+«eseseeseereess + ZHANG Hai-zhen, TANG Yu-li, LU Jun, et al. (1516)
Distribution and Assessment of Mercury in the Ambient Soil of a Municipal Solid Waste Incinerator - * XIE Hui-ting, ZHANG Cheng-zhong, XU Feng, et al. (1523)
Phosphorus Adsorption Characteristics of Soils and Sediments Surrounding Dishui Lake in Shanghai -+ ZHUGE Xiang-zhen ,BI Chun-juan,CHEN Zhen-lou, et al. (1531)
Tmpact of SDBS/Na * on Red Soil Colloidal Stability «++rssssrersssrsrsrssmmmmmmnmissiiiss e TANG Ying, LI Hang, ZHU Hua-ling, et al. (1540)
Effects of Stabilization Treatment on Migration and Transformation of Heavy Metals in Mineral Waste Residues — «++veeeeeseesveeeees ZHAO Shu-hua, CHEN Zhi-liang, ZHANG Tai-ping, et al. (1548)
Study on a New Method of Fast Monitoring Toxicity of Cd? * by Algal in Water —«+++eseeesesusesnsnnnsis DUAN Jing-ho, LIU Wen-qing, ZHANG Yu-jun, et al. (1555)
Immunosensor for Rapid Detection of 1,3-Dinitrobenzene ««+:«+sessesrerseesenenmssminensnsiniis e LONG Feng, SHI Han-chang, WANG Hong-chen, et al. (1561 )
Mg/ Al Layered Double Hydroxides Prepared by Microwave-Assisted Co-Precipitation Method for the Removal of Bromate — «+++sessesrerserseesenenenisinencnnsennes ZHONG Qiong, LI Huan ( 1566 )
Discussion on Several Key Points of Decision Support System for Remediation of Contaminated Sites ++:«++eseeesersserresiessnssnennenennen LIAO Xiao-yong, TAO Huan, YAN Xiu-lan, et al. (1576)
A Review of Multi-Scale Studies on Spatial Variation of the Lead (Ph) Concentration in Uthan Soils -+ *+ YANG Meng, LI Feng-ying, DIAO Yi-wei, et al. (1586)
Review on Characteristics and Detecting Assay of Bacterial Endotoxin Contamination in Water Environment ««+«+seseereerseesesenees ZHANG Can, LIU Wen-jun, ZHANG Ming-lu, et al. (1597)
Advances in Molecular Mechanism of Bacterial Reduction of Hexavalent Chromium «++«++ssssesseerssrinmnmsnimmmnmi LI Dou, ZHAO You-cai, SONG Li-yan, et al. (1602 )
Anaerobic Membrane Bioreactors for Treating Agricultural and Food Processing Wastewater at High Strength «+-«+««sxereereeererenenesienicnenniinicnens WEI Yuan-song, YU Da-wei, CAO Lei (1613)



E % K

(CAEMEFEYE 6 BREZERS

FH H i

BIES: B RE BN
wOE. (FHEREEHT)

JIEIL TR THLE
doAE  AEHE BT
BRFHAZ &5 %2 M

N OO G

w#H A7

(HUANJING KEXUE)

T2
s

TR

H W
i A
T
o AR

M siEZE
Jlssan R
K W OE

ENVIRONMENTAL SCIENCE

(Monthly Started in 1976)

(HT 1976 48 HAIT)
01444 B15H 35% 541 Vol.35 No.4 Apr. 15, 2014
F & TEPER Superintended by Chinese Academy of Sciences
* i PEPB AR SR O Sponsored by Research Center for Eco-Environmental Sciences, Chinese
e B (UBHEENFE) Academy of Sciences
A6 50 T B 08 A5 P R 2R R 5Y B Co-Sponsored by Beijing Municipal Research Institute of Environmental
WOk o 2% IR OB 2% R Protection
e % Bk A School of Environment, Tsinghua University
. —;rﬁ (TR BT %) 40 B2 Editor-in -Chief OUYANG Zi-yuan
JLEeT 2871 (4 ( (’fim&lZXX{*‘E% Edited by The Editorial Board of Environmental Science ( HUANJING
TN 5} H
. KEXUE
18 5, R4 : 100085 ) ) _
M1 .010-62941102 .010-62849343 P. 0. Box 2871, Beijing 100085 , China
B .010-62849343 ’ Tel :010-62941102,010-62849343 ; Fax:010-62849343
E-mail ; hjkx@ rcees. ac. cn Fi-mail : hjlx@ ‘rcees. ac.cn
http : //www. hjkx. ac. cn hitp . //swww. hjkx. ac. cn
H KR 44 3 " & m Published by Science Press
LBt 5 Mo AR AL i 16 i 16 Donghuangchenggen North Street,
ZIN N B
tﬂgﬁéﬁﬁ% 100717 Beijirlg 100717,China
BN R 23T dvsdbAkenil)— Printed by Beijing Bei Lin Printing House
% 1T 4% 4 & K i Distributed by Science Press
FE 35 .010-64017032 Tel :010-64017032
E-mail ; journal @ mail. sciencep. com E-mail ; journal@ mail. sciencep. com
iT 1 & 2ELHARER)S Domestic All Local Post Offices in China
EsrB&EIT hEERERR S SA R Foreign China International Book Trading Corporation ( Guoji

(L5t 399 f546)

Shudian) ,P. O. Box 399, Beijing 100044 , China

ERRATIS
B E N

ISSN  0250-3301
CN  11-1895/X

90. 00 7T
B FEIT

ER ALK S 2-821
ESEITR S M 205



	封面.pdf
	20140453.pdf
	封底.pdf



