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Effect of Fe’* on the Degradation Mechanism of Chlortetracycline
Under Different Environmental Conditions

WANG Hui' YAO Hong' TIAN Sheng® MA You-gian® YU Xiao-hua'
(1. Department of Municipal and Environmental Engineering Beijing Jiaotong University Beijing 100044 China;
2. HIT Environmental Technology CO. LTD Harbin 150078 China)

Abstract: Chlortetracycline is a kind of broad-spectrum antibiotics which is used for treating human
diseases and animal diseases and as a kind of persistent organic pollutants( POPs) remained in the
aquatic environment. The degradation of CTC with the influence of Fe’* was discussed via complexation
reaction mechanism and under different conditions( ratio of n( Fe’*) to n( CTC) temperature and pH) .
Results show that the CTCFe’* complex is likely formed with the A=ing and that a single unit of CTC
can complex with a maximum of two units of Fe’*. The degradation rates are different with different
concentrations of Fe’*. When the ratio of n( Fe’ ") to n( CTC) reaches 1: 1 the degradation rate attains
the maximum value. In the presence of Fe( lll) with the same concentration to CTC the degradation rate
of CTC is significantly enhanced 271% and 322% at 10 °C and 20 °C  respectively ( however the effect
of Fe’* was not significant at 30 °C) and by 400% 141% and 179% at pH3 5 and 7 respectively.
Because of the abundant appearance of Fe'® the results can provide a scientific basis for the
determination of actual engineering environment condition and the modeling of CTC’s degradation in
pharmaceutical wastewater treatment.
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Table 1 Linear equation and parameters of the degradation of CTC with different concentrations of Fe'*

n( Fe’*) : n( CTC) K t,,/h R
1:4 Y= -0.0023X +0.008 9 0.002 3 301.3 0.983 6
3:4 Y= -0.002 8X -0.002 1 0.002 8 247.6 0.9853
4:4 Y = -0.002 9X +0. 006 6 0.0029 239.0 0.994 5
5:4 Y=-0.0028X +0.0114 0.002 8 247.6 0.981 4
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Table 2 Linear equation and parameters of the degradation of CTC at different temperatures with or without Fe’*

6/C Fe’* K t,,/h R’
Y= -0.0007X +0.000 1 0. 000 7 990. 21 0.9937
10
Y= -0.0019X +0.002 2 0.0019 364. 81 0. 995
Y= -0.0009X +0.001 5 0.0009 770. 16 0.9953
20
Y=-0.0029X -0.005 1 0.0029 239.01 0.9936
Y= -0.007 0X +0. 000 4 0. 007 99.02 0.9997
30
Y= -0.0069X -0.016 4 0.006 9 100. 46 0.9959
0.009 . Fe3 * CTC Fe3 *
0.008F OkFe g0g7 g6 S 271%  322%: 30 °C
0.007 OfiFe Fel*
0.006} e
o 0.005¢ 30 C 20 C
0.004+ 0.002 9
8 CTC
0.003} 0.001 9
0-0021 0.0009 eTe
10.000 7 .
().()()(I] | Fe3 + Fes +
10 20 30
6/C )
2.3.2 pH Fe'* CTC
5 Fe’*  CTC
Fig.5 Degradation rate constant of CTC at different -
) . i, n( Fe'™) n( CTC) 0. 04 mmol/L
temperatures with or without Fe’ 2
n(Fe’") :n(CTC) =1:1 20 C
5 2 : CTC pH CTC pH 3.5.7.
Loftin % 3 pH Fe’ CTC
: CTC Fe’* .6 pH Fe’*  CTC
Fe'* 110°C 20 C
3 pH Fe’* CTC
Table 3 Linear equation and parameters of the degradation of CTC at different pH values with or without Fe'*
pH Fe’* K tip/h R
Y= -0.0007X -0.000 1 0.000 7 990. 21 0.9873
3
Y= -0.0028X -0.001 8 0.002 8 247.56 0.9716
Y= -0.0155X-0.0030 0.0155 44.72 0.989 1
5
Y=-0.0219X +0.001 8 0.0219 31.65 0.994 4
Y=-0.0317X-0.0043 0.0317 21.87 0.996 8
7

Y= -0.0566X-0.0001 0. 056 6 12.25 0.9873
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