%32 A% 48 T K#ZE R 5333 I A4 Vol 32 No.4
2010 4 08 A Journal of Civil, Architectural & Environmental Engineering Aug. 2010

o ¥.5 b5 K
(RFKRF FHEEHEFTRAALEAREEFRE, LiE 200092)

R Rk B RR AR ISR PR 4k ALRLAT RIS SRR AT SRR B AR AT AL A%
Kb B WIRE (TC), MF RIFT &G BR AT KL TC KR, ARXT S5 4rik me pH {4 A 1L
BHIA] S Atk Feg vk R RV, B SRR AT A AR M AR R P AY TC, £ —2 B A, &
SRR AP AR S TC AR EAZG, R AAK pH AR E #rak K, &K pH EEEA A 9~ 10
TR R BRALAT 60 s, £2Z 509 10~ 20 min A4 B 5 TCH L AR, TCEF2 3t —5 8
MRt % HARBRATS TC BRILA 1 141 58, RE60s B4 TC KRFELHH 1000 2R E
®TOC T Mg B K, SR 389 T C X435 LA F i) =4, A 158 #)ka 1L

B BB AT, 3R W E; pH 1A AL

:X703. 1; TU991.2 (A : 1674 4764( 2010) 04-0108 05

Removal of Tetracycline Hydrochloride from Drinking Water
Source by Potassium Ferrate

MA Yan, GAO Naryun, LI Cong
(State Key Laboratory of Pollution Control and Resource Reuse, Tongji University, Shanghai 200092, P. R. China)

Abstract: Potassium ferrate (Fe( V1)) was prepared by using purified sodium hypochlorite solution, iron
(II) nitrate, potassium hydroxide. The removal performance of the tetracycline hydrochloride (T C) in
water by using potassium ferrate was investigated. The effects of dosage of ferrate, pH value, oxidizing
time on the removal rate of TC were studied. It is found that the optimal pH value range for TC
degradation is 9~ 10, and T C could be removed by ferrate efficiently and quickly. T he removal efficiency of
TC and reaction rate were increased with lager dose of ferrate. The major degradation of TC occurred
during the first 60s, followed by further degradation over next 10~ 20 min. At Fe(VI): TC molar ratios of
17 1and 1 5, approximately 100 % of the TC was removed after 60 s. Only a small reduction of TC
occurred in spite of quick conversion of TC, implicating that a majority of T C transformed into intermediate
products without complete mineralization.

Key words: potassium ferrate; tetracycline hydrochloride; pH; mineralization

(tetracycline hydrochloride, T C)

2 2 2

:2009 11 13
: (2008ZX07421F 002 2008ZX07421- 004) ; “863”
(2008A A06A412); (2009 K7 4)

(1986), . . (B mail) my041203@ 126. com

( ), s , ( - mail) gaonaiyun@ sina. com




Ei
A~
=
Jp

¥, 5 B ARBRAT RIR AR KR P2 BR W IR E X IR AT 109

, , [8] [9] [10]
; (T,
, pH , TC ,
, , TC
’ [Z5]
’ 1
1.1
, 1.1.1 XI5 5]
, , Fe( VI) ) ;
+2.20V  +0.72 V', ( 97. 5%)
: ; L
: pH
Fe( OH);'"
, HPLC (Sigma), ,
1 TC
pKa I(g* L™
H-CI
S
NS i 3.3
Tetracycline % O\f\“ L CoHasN,0g+ HC 480.90 7.7 50
Hydrochloride L J; L /\L JL ,«NHz 9.7
T AT
OH 0 OH 0 0
1.1.2 RKIBE K TC ,
1 mmol/ L , TC 1.2.2 TCHo# %% TC
, TC 0.1 mmol/L ( LC- 2010AHT) ; shim -
1.2 pack VP- ODS (250 mm X 4.6 mm) ;
1.2.1 & 2KBR 4769 %) & : - 10 mg/LL =6:18: 76
3 ( ) ( ( ); 0. 8 mL/ min; 11
)'1II min; 35 C; 355 nm
, 8l 1.2.3 TOC % #7 & TC
( NaClO) TOC , TOC- VCPH
[ Fe(NO3)s * 9H20], Fe ( )
(11) Fe(VI), 2
KOH , KOH
, 2.1 TC
, TC Fe(VI) :
TC = 1. 1~,1: 25 TC 0.1 mmol/ L.



T ARREAE F R IA

%32 %

110
,TC 2 60s 20 min TC
1 2 , Fe(VI) : TC 60s TC /% 20 min TC 1%
TC, 11 N @ N @
FB(VI): TC=1:1 1:°5 ,60 S 1:5 N @ N @
HPLC TC ’ 1010 98.57 99.20
TC Fe(VD): TC=1: 10 1: 15 83,96 g8, 17
151-20 1: 25 60 s TC 1: 20 70. 69 74.65
98.57% 83.96% 70.69% 65.40% , )
1: 25 65. 40 70. 87
,TC
:Na HPLC T™C 100%
2.3 pH TC
1.0F T . -
7.7};9%%}2:”2 0. 01 mmol/L,Fe(VI): TC =
—A— Fe(VI}:TC=1:20 .
s § 7v7FeE\'I;:TC=1:25 1: 10, pH TC
- pH ., pH
5 8~ 11, 10 min TC ,
3 0.4-t\va‘v‘v‘ 3 , pH
02 .‘\..::AA b b Y b4 TC pH
\ * )
0.0 "uun
0 5 0 15 20 ’
t/min vl ( 1) (2)
2- + - = 3+ 0_
1 TC: Fe( VD) TC FeOi + 8H" + 3e” Fe ™ + 4H20 E'=2.20V
(1)
gl FeOi + 4H20+ 3¢  Fe( OH)3+ 50H”
70 E’= 0.72V (2)
60 100
=l [ -
2; 40 ” é'/. *
Eg &
30 96| —a—pH=8.1
= —e—pH=9.0
i —A—pH=10.2
* g 94t —v—pHo110
10} gt
% 5 % 15 20 | e
t/min /
90| M
2 TC 1 1 1 1 1
0 2 4 6 8 10
t/min
2.2 TC
3 H
TC 0.1 mmol/L Fe(VI): TC P
. (F(VD : TC =1: 10)
=1: 20 , TC
2 s TC , 60s pH
, 20 min , Fe(VI) pH
2 , 20 min  TC , (3)- (5) Delaude Laszlo'"
60 s , Fe(VI) pH ,
s TC 4
ter] H3FeO: <H" + H2FeOs pKa= 1.6%0.2 (3)
\ H2FeOs <H™ + HFeOs pKa= 3.5  (4)

HFeOs ~H' + FeOi | pKa= 7.310.1 .(5)



o 3, % s BRAT KR RA

KR P BR VIR AR AT R 111

FeO,>

HFeO,”

14
4 Fe(VI) pH
Fe(VI) )
Fe(VI) FeOs” |
HFeO4 , H2FeO4
HiFeO4s" FeOs> )
, pH 9~ 11 ,
pH ,
pH ,60 s TC s
pH=10.2 ,TC 60s ,
pH , TC (TC pKa
1) ) ,
[13]
pH pKa
o pH= 10. 2 ,TC
pH 8 ,TC
pH ;
TC ,
. TC )
) TC
pH 9~ 10
2.4 TC TOC
pH (pH=9),
Fe(VI) | TC 15110 1:20 ,10
min TOC , TC 0.1
mmol/ L, 5
,TOC , TC
0~20s ,
TOC , 1 , TC
20 s
, TC
10 min TOC ,

“4; ’
, 90%, TOC
13.5%""
1.00._<:\
0.96-_ .
5 0.92'_ \
§ 0.88'_ As \
084  —=—Fe(VT \ ey
L —a—Fe(VI:T! 10 N
| —e—Fe(VD:T 1 5 T
0.80 ) 1 ! 1 |\
0 0.33 0.67 1 2 4 10
t/min
5 pH=9 TC TOC
2.5 TC
TC , Fe( V)
Fe(III),
Fe(V) Fe(IV) Fe(I)'™ TC
, 6, pKa 3.37.79.7 TC
) ’ pH )
TC Fe( VI) )
TC ) pH TC pKa ,TC
, N- C
TCe*HCI - OH (3131
, (- CONH2) , ,
TCe+ HCI - CHs -
NH: - CONH: ( 6),
TOC

? B

()ll

OB O <O o0 0 0H5H0 0

OH O




112 T K#ZHR 533 L4

%32 %

) TC,

60 s, 10~
20 min TC Fe( VI
TG 101 15
100%
2) pH TC
.pH ;

TC ,

,60s TC

pH TC
,TC : TC

9~ 10
3) TOC : :
TOC , TC

[ 1] KUMMERER K. Antibiotics in the aquatic
environment A review: Part 1 [ J].
2009, 75(4): 417 434.

[ 2] LI KX, YEDILER A, YANG M, e al Ozonation of

Chemosphere,

oxytetracycline and toxicological assessment of its
oxidation by products| J]. Chemosphere, 2008, 72
(3): 473478.

[ 3] DALMAZIO I, ALMEIDA M O, AUGYSTIR, et al
Monitoring the degradation of tetracycline by ozone in
aqueous medium via atmospheric pressure ionization
mass spectrometry [ J]. Journal of the American
Society for Mass Spectrometry, 2007, 18 ( 4):
679 687.

[ 4] JIAO S J, ZHENG S R, YIN D Q, et al. Aqueous
photolysis of tetracycline and toxicity of photolytic
products to luminescent bacteria| J]. Chemosphere,
2008, 73(3): 37F 382

[ 51JIAO S J, ZHENG S R, YIN D Q, et al. Aqueous

oxytetracycline degradation and the toxicity change of

degradation compounds in photoirradiation process

[J]. Journal of Environmental Sciences, 2008, 20(7) :
806 813.

[ 6] IANG J Q.Research progress in the use of ferrate( VI)
for the environmental remediation [ J]. Journal of
H azardous M aterials, 2007, 146(3): 617 623.

[ 7] SHARMA V K. Potassium ferrate ( VI): An
environmentally friendly oxidant [ J]. Advances in
Environmental Research, 2002, 6(2): 143 156.

[ 8] LIC, LIXZ, GRAHAM N.A study of the preparation
and reactivity of potassium ferrate[ J| . Chemosphere,
2005, 61(4): 537543.

[ 91 YUANBL, LI'Y B, HUANG X D, et al. Fe(VI)
assisted photocatalytic degradating of microcystim LR
using titanium dioxide [ J] . Journal of Photochemistry
and Photobiology A: Chemistry, 2006, 178 (1):
106 111.

[ 10] GRAHAM N, JIANG C C. The influence of pH on the
degradation of phenol an chlorophenols by potassium
ferrate[ J]. Chemosphere, 2004, 56(10): 949-956.

[11] JIANG J Q, STANFORD C, ALSHEYAB M. The
online generation and application of ferrate( VI) for
sewage treatment—A pilot scale trial[ J]. Separation
and Purification T echnology, 2009, 68 (2): 227 231.

[ 12] DELAUDE L, LASZLO P. A novel oxidizing reagent
based on potassium ferrate ( VI). The Journal of
Organic Chemistry, 1996, 61( 18): 6360- 6370.

[ 13] HOIGNE J, BADER H. Rate constants of reactions of
ozone with organic and inorganic compounds in w ater
II:  dissociating organic compounds [ J]. Water
Research, 1983, 17(2): 185 194.

[ 14] WESTERHOFF P, YOON Y, SNYDER S, e al. Fate
of endocrine disruptor, pharmaceutical, and personal
care product chemicals during simulated drinking
water treatment processes| J]. Environmental Science
and T echnology , 2005, 39(17): 6649 6663.

[ 15] RAPHAEL D, MAUME D, LE BIZE B, et al.
Preliminary assays to elucidate the structure of
oxytetracycliné s degradation products in sediments,
determination of natural tetracyclines by high
performance liquid chromatography — fast atom
bombardment mass spectrometry [ J]. Journal of

Chromatography B, 2000, 748(2): 369 381.

(%% I HD



