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Adsorption of sulfamethoxazole on modified activated carbon

and its release behavior
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Abstract; The adsorption capacity and release behavior of sulfamethoxazole (SMZ) were determined on three types of activated

carbon; AC-0 (commercial activated carbon), AC-Fe (activated carbon/iron oxide composites) and AC-Mn (activated carbon/

manganese oxide composites). The adsorption fitted to the Freundlich, Langmuir and Langmuir-Freundlich models. The Lang-

muir-Freundlich model had been found most suitable for equilibrium data. The presence of iron oxide and manganese oxide did

not significantly affect the surface area or pore structure of activated carbon, in addition, which had little effect on the adsorp-

tion capacity of activated carbon. Compared to AC-Fe and AC-Mn, AC-0 had a higher efficiency of SMZ desorption. Adsorption

probably occurred through a surface complexation mechanism and was accompanied by degradation of some SMZ, which would

play significant role in improving the ability of AC-Fe and AC-Mn adsorbing SMZ.

Key words: sulfamethoxazole (SMZ) ; modified activated carbon; adsorption; desorption

B BT B A 7K 8 KRR K ehoid il ) T B AR
B PR GTAM AR 259 A PR R B A 42 25 I IR R A R LB
— BELHS 700 45 PR 5T 25 W RO A AE L LB VR — A ng « LUK
o TR IO R e AR S AL B A
B L K AL B 20 CRLAE R B L 0 3E D 9B 45O X 5 BR 2K
BB MR A LR IR 2 W — ) R A
(L5 7= A T R 7 R AR L R A A B 1 5 R
AEA R A L BR RS 250 o ol T M e SR R
FIER T 245 0 ) K P A S B 5 25 40 BB 5 1 A7 RO M 5 B
FLART= A g 7= 4t e T sk (SMLZ) R Oy — Fh 3 22 1Y
W B 25 W B R T b R R T — 2 h A RUY
TERIREE iy (R AR 7L O ELAT T 9 4R A R O
W (SMZ) AT LA S 3k 175 7K Aub B0 45 7K b B K 5 J5 6 9 4
ARMEIR TS Y R X H R T2 A7 AR I K BRI b i
A= R AR FR IR 2 ) B0 Ak B TR A AR O AR Sy AR 23

K Fs B H7:2012-10-12

B E ALY MnO, F1 FeO, 16 % . 53] T X ik ik
FH L s (SMLZ) 118 8% I % e W

1 KIWHES

1.1 ##

T e B R sk (SMZ) ) F- sigma A &l . NG - BR O £ 3
4l 5 2 A R A L A TR A R IR L AU L BN RN R SN
A M GE 5 ST BB IE M R (8 ~20 BD W B g M), 52
35 F 7K g Milli-Q 8 40 /K A 4

W 4 BT URE IS L % B T 0. 01 mol/L iy HNO; ¥ iz
Uk 12~15 h filik e 28 TRk, R L8 F K& 2~
3Sh/FEUEE pHH #7110 CTH T H" iRk
AC—0, # 5 gAC-0 T A% 15 mL # 1g/L B Fe(NO;),
IH, O Bl b P 5 JF =R T A 24 hoRJG# 60 CK
WA 12 h B EBFRRERE" Y. SR TES T4

EETB [ Z KM g4 il 1536 BB 5k L WU B35 H (2008ZX07425-007) s 20 & #0157 W H (708034)
VEB R A TR 1 (1978~ oA b U 1 L F 5 A o 32 8 DA 2K AL B BE 6 5 5 R B9 BFE - (E-maiD) jlwan_001@163. com,



104 http://gks.cqu.edu.cn

T REARA L F R A

% 34 %

24 h&s HY g AC-Fe, ¥ 5 5 AC-0 il A %] 40 mL [y
0.02 mol/Lf¥) KMnO, % . 4 #3441 5 B 1 1 7 30 min,
Y H) 3 VAR A3 B K L 25 B KV E E MO, 1965,
Mk SREfE 105 CHEEEE &4 MY, idh AC-Mn,

1.2 XWHZE

SMZ () HPLC {#5 3& £ 14 : Agilent 1200 B 5 20
MRS il B DAD(GL315D) % 4K Il #% A1 LC 3D fb2¢ T
PENG . @R AE SR A s CNWSIL C18 4354 (250 mm X
4.6 mm,5 pm); S A ZIE A B K (& 0. 1% H
B2 SE I 4 A:B=230: 70; i Sh AR M K 1. 0 mL/min,
FEf 30 C L AMG MK K 265 nm; % % A& F SMZ 4
48] 10. 5 min,

H 4575 g4 SMZ 7E 3 Ffr i o se b 9 W Bt 3h 7 2% | iz bt
EUR LR L B R AT O P X ST R . R B B 2
% AC-0,AC-Fe I AC-Mn 4% 1 g /3 %I '& F % 250 mL ¥ K
30 mg/L ) SMZ i M HE P B i pH fH N 7. 0%
0.1,7 25 CIEIE T F 150 r « min G IR . 43 b — 5 B[]
BRAEM i SMZ &, W B 55 TRLER 52 56 - SMZ 1) 9 IR Wk B
Bl 0~50 mg/L. #1#G pH fH4 7.040. 1,78 25 CHHE F+
150 r/min #6HR Y 24 b M@ B R h SMZ B8R Bk . g
WS T« ot R R 5 9L R 90 B S G TR R A R R A TR
24 hJE A 10 mL I SMZ ¥ B (i HPLC J sl (A
: B=30: 70), /%I 10 min JF 0. 22 pm A BB 3 3E P
SETETRH SMZ MR

2 #ZRE5iITE

2.1 BERMRIE

YU e 1 B 2 TETRURIFL 2 £l L e I 30 i L 5 SR T
F 1. BFELATAL MR AC-Fe, AC-Mn 14 [t 3 1 B F
AL BETE PR R 0 A4 R A & B T e > . B
ALY W7 7E I oK 15 2 08 M e i AL B, X o 2L AR R e R
K HAFAE 7 T Bt e A R b 3 T BURN O 38 LA T B
B BEIREA K,

1 HMREBET L FXERMEHALE

A SRA LY BET L& mR/ TR/
J Sy % (m? - g~ 1) (em® g 1)
AC-0 0 815 0. 66
AC-Fe 5.6% 686 0.51
AC-Mn 1.5% 709 0.55

K I Nicolet 5700 % B Al BL M 21 41 ' 3% A3 X 4% 4 Jie Al it
PEBHEAT 400~4 000 cm ™' 5 [l LT AP 44 B 1 oy AC-
0.AC-Fe #il AC-Mn (W£LAME & . 3% & 4 B m] 1, 3 Fid o
REWMAFEMWEHERA.L 515 em b C=0 1K
Wl 962 cm™ Ak Ay C—O B 45 4 2 R Wi L 3 400 em ™' I
1600 cm ™' BT 5 30— OH 0 e e, 32 B 2 A4 34 IR B /K O
KAETET MBI % 3L, M AC-Fe 76 1 380 cm ' 4b i 31

OH 2 e v, 02 DAk 2% W BE 7K 08 sUAE7E T 61 8 b iy 3 4
1114 em™'.1 050 em™ "1 974 cm ™' 4b () W Wig 08 ok 1 Oy Fe—
O 8 BEBIE M BB g e ok & A8, AC-Mn
L0 B R, 775 em ! (518 em ! AL 467 em ! Ak A W i U
Xof R Ry AR AR R B Min—O §H R AE IR UG 0, T B BT R FE 45
F Y Fe—O § . Mn—O 5 45 Flr I g 06 50 8 B0 AR (R 19 4
T 8 Jm SR B T A3 LE IR

110
—AC-0
——AC-Fe 105
——AC-Mn
{100 §
8
&
3
95 =
g
an
2
3
90 &
J\ 185
1 1 L 1 1 1 1 1 80
4000 3600 3200 2800 2400 2000 1600 1200 800 400

Wavenumbers/cm™

B 1 AC-0,AC-Fe #1 AC-Mn {J IR & &

2.2 WRHiERE

T T B RS R TR P SMZ B Mk B 2 253 45 5] SMZ
TEG P 2 b W B () I SR AR () 3l 0 2 Jr 8 R4 O 2 FA
T BTG AR 2.8 3 R,
2.2.1 BWZHHF

B E AC-0, AC-Fe I AC-Mn W [t % Kkt SMZ 1
WA LHAT T E) s, A5 R 2 TR R E B B, SMZ
£ AC-0,AC-Fe #1 AC-Mn I ) W ¥ Ho 03V . 8 h 119 T i
A3 5] 2 S 745 1 B 98. 596,93, 5 %0 il 95. 8% 58 h JE WK it AR
%, X R D E M e A L, B O SMIZ ¥ I B 28
IR 2R, ST 3 I = g5 5 78 HoAfth )y X 5056
24 h iR A AT LA R B BT AT 43 B35 T A

8
7 8 8
6
Tm 5
£
g 3 —— AC-Mn
= , —8— AC-Fe
—A— AC-0
1
O_ L L Il
16 20 24 28

2 EMR MR R M ARk SMZ K3 12

SR FHAU — R 8L — 9 3h g “E AL 3 R IR M R
SMZ 1y % It 33 2% fly 28 . AC-0, AC-Fe #1 AC-Mn 7£ A [& 4% 14
I T B Bh T 2 AR B A SRR 2, B A B ) 2R AR R 4y i
LA

W —HF IR In(Q — Q) =1nQ, — kit (D
MR IR 1/Q =1/ (R Q)+1/Q, (2



% 31 EHitt://gks.cqu.edu.cn

Tr AR AT A B T A R T o v 0 R T R R R

105

x2 BHBHNFEIHUSSH

=95l Jy 2

Q. A — 2 Bl ) LR
% B 551 N
S5 7 YD Q ky R? Q ks R?
AC-0 7.40 3.23 0.2628 0.8724 7.74 0.148 6  0.999 1
AC-Fe 7.35 3.87 0.1604  0.846 1 7.68 0.104 3  0.999 1
AC-Mn 7.41 1.69 0.2570  0.9500 7.92 0.0913  0.998 4
KDOM2) P, Q (mg + g ') FRR t B ZI W[ &, & 160
Cmin )k (g« "+ min ) 45 45l — BRI = 5 T3 =T
REWL.Q (mg g DA Q (mg« g ) Ny V-1 Wk ff 4 LT
b 2 TT L 4 3 0 5 £ W Y Bl ) 2 52 0 B 2 5 4L gnr
Y 5 31 2 R4 J R CRY 0. 99) L IF LI = B 8 g 2 BT
60
V15 BT A5 57 A W B e S SR I (R B, — B — R § ” e Lang Frond 87
Bl 3 2 AR Hfe o T W B ek R PR A G B B T B ) A ’ 20 - --- Langmuir $)
AR 5 RS A R T A . PR T I AC-0, 08 : : = Froundich B
N 5 10 15 20 25 30
AC-Fe 1 AC-Mn X SMZ [¥) 1k 27 W B 2 52 mi 5 I B 33 3 7Y M /(mg - L)
EEREZ—, 140
2.2.2 HWERL 120 [ GAC-Fe -
AN T 3 e X SMUZ 1) W B 56 308 42 30 8 mT T 310 Al 4k "; 100 |
S5 i A 2R 3 E |
1/n ]
Langmuir-Freundlich & I Q(=% (3) § 60 r
L. i 40 | —=— Lang-Frend #%
. e o ka[Cy 7 ‘ -=--- Langmuir %]
Langmuir )f%’jg e — 1+k,Cr 4 20 — - Freundich #%
Freundlich i Q =k,C)/" 5) 0¢ s 10 15 20 25 0
. N R SRR EE /(g - L)
A, Y 1/n 5T 18, 8 Langmuir #1741
M C,H Ay BT T O B 95 Bl Freundlich B, 7 (3) ~ 1o )
120 + -
(5)H1 . Qu W% AP BN 335 1 3¢ B W B At (mg + @)L CL Ry ~ GACHn g
w 100 |
YBOAE T 5 5 B W (mg » L1) . Q, & SMZ L e 43 F J2 1R ;E-':
E 80 |
B die R IR (mg » g ') 51/ m Sk W B s 550 32 21 W 8 55 L 28 & o
0 A 2 PR O FE L OB BB 22 5 e O B W F LA
. . " X ry, —— Lang-Frend %!
B 22 85, AR 2 W RB S RN B " . L_mimuirﬁﬁ
FH W B 45 5 2k 1 8 SMZ fE AC-0, AC-Fe fil AC-Mn Freundich #%
o . . . . X .
A4 W B 2, 43 1) ] Langmuir-Freundlich, Freundlich 1 Lang- 5 10 15 20 25 30 35
R - e . — | S E /(mg - L)
muir 58 SE G FcdE AT LA L R E 3 iR, @A
1 & 1T 53 ] A5 A OGS R I R S B3R 3D, B3 SMZIZEFERMBER FHRHEEL
3 BMHMEBRLZEINNNESH
Langmuir-Freundlich # % Langmuir & %I Freundlich 4% %Y
5 B 7] Qn/ Qn/
kg 1/n R? ki z ky 1/n R?
(mgeg b (mge+g b
AC-0 0.63 114. 68 0. 750 0. 989 2.23 73.53 0.893 35.19 0.45 0. 889
AC-Fe  0.31 98. 62 0. 905 0.998 0.48 77.52 0.982 19.72 0.56 0.927
AC-Mn  0.39 108. 23 0. 900 0.991 0.58 89. 29 0.970 23. 65 0.51 0.915

LA 3 Fofrodl A8 i 01 A 45 SR mT A, PR 4l fif ] Freundlich 48
TS S 06 MR AT LA SO 2% . X 2 R Freundlich 5

T4 RO P S TR ) 6 22 o R 6 59 A 250 5 A 3L L Y R A R
TE o LR A T W R o R A0 A ) o A PR 5022 . Langmuir



106 http://gks.cqu.edu.cn

T REARA L F R A

% 34 %

A5 ROR AL T Freundlich #5271, B 78 05 B BT %5 i & T
5 SLIBAE A — 8 22 X2 R R W B T 43 ik R G R
W2 o6 390 3 T 8 W B 1% 43 TR AE A R B B S R R
AT IE . Langmuir-Freundlich 8 ¥ Langmuir 5 % (9 %t
it 1= 5 =5 HEE B 5T 23 22 1) B9 AR T 0 ) W B s Bt AT B E
LIRS SRR Y S RT R B R R
T 0. 985 H T Ho Al P R AR B O 25 2R . IR L A SMZ
TG M e B e b Y W B AT M £F & Langmuir-Freundlich
(C R

WA SEh 3 TGS b A ke (EA 2, UL 3 FIE
PEB X SMZ {190 B g A7 76 — & 22 5 . SMZ 7E 3 F i 1 7k
ok FI ke B ) R /MR IR N s AC-0> AC-Mn> AC-Fe, 1 F
VAR T BT A 2 TT W B A AR RN R i B AL A R
Langmuir 5 i W& B S50 o (1 &y H 2 [ {45 2% TR R BRI 2 B 5
LiABEAFEMSEL B k>0 0l DLE 35 o s 0B v i kit
SMZ Fy W I 2 g G RE . BbAh . SMZ 78 3 Pt 1Y 1/n
B/ 1 W B A Al 2 10 B AE W B B T SMZ 5 7 M R 2
V) 30 A A A5 At f) A B VR . A0 s 3 Tk AR i AR PE Sk
Ty 52 R 6 560 A = 2 FL B BE 08 15 1 e 25 25 1) SMIZ 3@ b

SR AN fE A A ## A . Langmuir-Freundlich £ % 7]
DA 38 A8 9 e I A 3 T A 3R I B B A AR AR RS Qu BB
B4 Mo 0 SMZ By e A A it & . i Langmuir-Freundl-
ich BERSIHEEAG B T SMZ 7E 3 Pl i M2 b Y fi KW B 2 Q.
KAMER N : AC-0>AC-Mn> AC-Fe, L K/NRIF 5 kil &y
{E R RNGF — 2., 3 F G MR 0 Qn (6 R HEF R BT T
2B A G T AR A W LS R R e AR 33X 5 R e L 2 T AR
RSB LA RALE 2. B2, AC-Mn Al AC-Fe i BliE Q.
B3 & AC-0 1y 94. 4% F1 86. 0%, 1if AC-Mn FI AC-Fe
AC-0 [ 5T 17 43 143 1 2k 98 26 1 94 %6 . 3k 3% B Bk e 1y 3= 1
W2 6505 o —— 3% P e 1 O B P BT R R R AN K B 4 A Ak
W ) A7 A R I e e W R AT Sy e L AR
2.3 UERBREATAEERNRER

SMZ T P A by W B = 2 5 - 4 38R Ak 2 W B4 T
[ A 2R SR ] — 5 & T 8 SMZ ¥k B2 1) HPLC i 3
ARG P ¢ B SMZ Bk 5L O U Rl % 38 2 i i H Y .
A4 WoR TALFVEBE R T SMZ W A% 00 . B 4 S PE I
W 1) HPLC-DAD 43 &

x4 EMHERM MR E SMZ G RE R
SMZ Y] 4 e JiE
W 10. 0 mg/L 1.0 mg/L
W Wt it/ itk W vk B2/ & &Y W 64 i/ itk WS e/ T &Y

(mge+g b (mge+L™ 1) Y% (mg+g b (mge+L1) (%)

AC-0 10. 70 23.29 8.69 0.798 0.62 3.12

AC-Fe 10. 15 11.98 4.73 0. 789 0.52 2.61

AC-Mn 10. 50 8. 35 3. 14 0.798 0.41 2.08
A SMZ 1) 46 e B T HAR W R 7 T AC-Fe #l AC-Mn, —7J5
: (OACO I i TPk i MO, Ml FeO, R fig5 SMZ & 2k %
) _ T4 AR X g g T H X SMZ B Ak 2% W Bt g 77 48 538, e
p 8 A W3 40 B 5 53— 7 T 0 2 4 o B T

(b)AC-Fe

o_
- & 5
| 1818 ] ;
239
2954
<
3.682
p6217 ]

(c)AC-Mn

o
&
1915
3.150

3.679

|

o
6.212

T T T
10 12 14

N
IS

8
ARBAIE] /min

B4 EERFBERESMZ RE=YH DAD ik E

H TR0 SMZ 18 ffk 0 2850 3R i 65 435 1 A R i 1 e R
V4 8 AT 384 R H D R T 0 0 0 B Y SMIZ AN ST 3 ¢
TR ¢ % 1T 245 43 A 7 TR T EL 1) o9 S G 8 L TR AS B G
b T BRI 9 A e AN A 5 2 T B SMIZ 58 4 o B, T
RO T ol ke Al o » & AN A T TR UG R R B SMLZ 25 5
VEBE . (RISl ARXE AC-0 b SMZ (¥ fiff W 5% SR 807 72 A [

B2 WA AR R 2, 3 H FeC D L MnCIV ) (49 4846 4 g 22
18 A AL AR K h B E R Y. B 4 TR, DAD (@
FEE (D) FI (OB T K 8] SMZ(10. 5 min) 4k, 38 7E 2. 4.3. 7,
6.2.9.1 1 11. 2 min ZF4b 06, A 4 30 0% B 21 B ¢ MinO,
M FeO, MM SMZ 52 MBI E LY AR HERINES
VG HY P A T R AL R SR AT RO IR N L A
SMZ %Ak B fift

3 & it

D8k i W 1 A7 7E XTI 1 ¢ 1 1 3R T BURIDT B LA
S B0 o i) B 1 B A AT B AT AR OB L 2R T AL A
AR 0 A7 AE XIS M Rk W B K o SMZ Y M BE S e
SMZ 7 AC-0,AC-Fe #1 AC-Mn | i)W it 36 11 45 & L — 2%
3l J1 % J5 &, Freundlich, Langmuir #1 Langmuir-Freundlich
W B 45 A8 R 4 T LA 3 A I P R X SMZ iy W B, o
Langmuir-Freundlich 45 i W [} 45 780 481 &5 5 G .

2)5 AC-Fe fil AC-Mn L, AC-0 WK Ff i) SMZ B %5
o W . P R S B R AL T R S SMZ R AR 2R T 4%
AR 3A B) T3 Rt F SMZ A2 e [, itk Ah L ek
PEA H I MO, 1 FeO, wI LU ROIR 3 W b 3 2L 3% 18 (¥ 5% B2



% 34 %\H?ﬁd://qks_cqu_edu_cn TR 5 O R 3T A e T e vk OB TR B R R AT 107

Pid K25 SMZ Ky e A 11 BR o 72 38 Ik T3 1k % {0 RE Xt
SMZ 2 5 — 5 B4 F A i i

SE K

[1] Jones O A, Lester J] N, Voulvoulis N. Pharmaceuticals: a
threat to drinking water? [J] Trends in Bioteachnology, 2005,
23(4) . 163-167.

[ 2] Mompelat S, Bot B L, Thomas O. Occurrence and fate of
pharmaceutical products and by-products, from resource to
drinking water [J]. Environment International, 2009, 35(5);
803-814.

[ 3] Maria H F, Maria T G, Francesc V. Occurrence and removal of
pharmaceuticals and hormones through drinking water
treatment [ J|. Water Research, 2011, 45(3); 1432-1442.

[4] Wang C, Shi H L, Adams C D, et al. Investigation of
pharmaceuticals in Missouri natural and drinking water using
high  performance liquid chromatography-tandem  mass
spectrometry [ J]. Water Research. 2011, 45(4); 1818-1828.

[5]Yi R H, Wang Q J, Mo C H, et al. Determination of four
fluoroquinolone antibiotics in tap water in Guangzhou and
Macao [ J .
2350-2358.

Environmental Pollution, 2010, 158 (7).

[ 6 ] Heberer T. Tracking persistent pharmaceutical residues from
municipal sewage to drinking water [J]. Journal of Hydrology,
2002, 266(3/4): 175-189.

[ 7] Stackelberg P E, Furlong E T, Meyer M T, et al. Persistence

[

of pharmaceutical compounds and other organic wastewater
contaminants in a conventional drinking-water-treatment plant
[J]. Science of the Total Environment, 2004, 3291(1/2/3):
99-113.

[ 8] Stackelberg P E, Gibs J, Furlong E T, et al. Efficiency of
conventional drinking-water-treatment processes in removal of
pharmaceuticals and other organic compounds [J]. Science of
the Total Environment, 2007, 377(2/3) . 255-272.

[ 9] Adams C, Wang Y, Loftin K, et al. Removal of antibiotics
from surface and distilled water in conventional water treatment
processes [ J]. Journal of Environmental Engineering, 2002,
128 (3): 253-260.

[10] Shen R Q. Andrews S A. Demonstration of 20 pharmaceuticals
and personal care products (PPCPs) as nitrosamine precursors
during chloramine disinfection [ J]. Water Research. 2011, 45
(2): 944-952.

[11] Homem V, Santos L. Degradation and removal methods of
antibiotics from aqueous matrices; a review [ J]. Journal of
Environmental Management, 2011, 92(10): 2304-2347.

[127] Snyder S A, Adham S, Redding A M, et al. Role of
membranes and activated carbon in the removal of endocrine
disruptors and pharmaceuticals [ J]. Desalination, 2007, 202

(1/2/3): 156-181.

[13] Kim S H, Shon H K, Ngo H H, et al. Adsorption

characteristics of antibiotics trimethoprim on powered and
granular activated carbon [ J]. Journal of Industrial and
Engineering Chemistry, 2010, 16(3);: 344-349.

[147] Yangali-Quintanilla V, Sadmani A, McConville M, et al.
Rejection of pharmaceutically active compounds and endocrine
disrupting compounds by clean and fouled nanofiltration
membranes [ J]. Water Research, 2009, 43(9): 2349-2362.

[15] Dickenson E R V, Snyder S A, Sedlak D L, et al, Indicator
compounds for assessment of wastewater effluent contributions
to flow and water quality [J]. Water Research, 45 (3):
1199-1212.

[16] W], fhRMe. FAkIE MR K bR B W v Re o [T ],
FE B R4, 2011, 31(2): 239-244.

XIE Ming, XU Yanhua. Glyphosate adsorption by ferric
supported active carbon [[J]. China Environmental Science,
2011, 21(2) . 239-244.

[17] Jang M, Chen W, Cannon F S. Preloading hydrous ferric oxide
into granular activated carbon for arsenic removal [ J J.
Environmental Science &. Technology, 2008, 42 (9).
3369-3374.

(18] AT - S )Il . skorH, 4. i fh B0 it X i Pk R W B Cre
CID 1], HrE KK . 2010, 26(13): 71-73, 77.
ZHAO Meiqing, MA Yuchuan, ZHANG Liyan, et al. Effect of
modification of activated carbon with KM,0O; on Cr ([ )
adsorption [J]. China Water & Wastewater, 2010 26(13): 71-
73, 77.

[19] Ma M, Cheng Y, Xu Z. et al. Evaluation of polyamidoamine
(PAMAM) dendrimers as drug carriers of anti-bacterial drugs
using sulfamethoxazole (SMZ) as a model drug [J]. European
Journal of Medicinal Chemistry, 2007, 42(1): 93-98.

[20] Kumar Y P, King P, Prasad V S. Equilibrium and kinetic
studies for the biosorption system of copper (II) ion from
aqueous solution using Tectona grandis L. f. leaves powder[]].
Journal of Hazardous Materials, 2006, 137(2). 1211-1217.

[21] Risser J A, Bailey G W. Spectroscopic study of surface redox
reactions with manganese oxides [ J]. Soil Science Society of
America Journal, 1992, 56. 82-88.

[227] Zhang H, Huang C H. Oxidative transformation of triclosan
and chlorophene by manganese oxides [ J]. Environmental
Science &. Technology, 2003, 37(11): 2421-2430.

[23] Feitosa-Felizzola J, Hanna K, Chiron S. Adsorption and
transformation of selected human-used macrolide antibacterial
agents with iron (III) and manganese (1V) oxides [ ] ].
Environmental Pollution, 2009, 157(4). 1317-1322.

[247] Zhang H, Huang C H. Reactivity and transformation of
antibacterial N-oxides in the presence of manganese oxide []].

Environmental Science & Technology, 2005, 39(2): 593-601.

(H# & F)



