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Oxidative Transformation of Tetracycline in Aqueous Solution by Birnessite
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Abstract : An investigation on the removals of tetracycline (TTC), which is a family of antibiotics widely founded in the envi-
ronment, from the aqueous solution by birnessite(6-MnO,)-mediated oxidative transformation was described. This study also examined
the potential effect of the naturally occurring substances, humic acid (HA) on the oxidative transformation. The experiment was
carried out in various conditions (reaction time, Mn oxide loadings, pH) and in the presence of HA as a batch test. The removals
of TTC followed pseudo-first order reactions, and rate constants (, hr'') for the removals of TTC were constantly increased with
decreasing pH from 0.98 (pH 9) to 2.97 (pH 3). The rate constants also increased about 1.3 times when the birnessite loading
increased from 1 to 2 g/L. Presence of HA (5 mg-C/L, at pH>6) caused some enhancement in the removals of TTC as compared
to the control, and also showed the removal efficiencies of TTC in the birnessite mediated systems (TTC=0.25 mM, §-MnO,=2.0
g/L, pH 6) increased with increasing HA concentrations (1~10 mg-C/L). The results obtained from the oxidative transformation of
TTC and the effect of HA were discussed in terms of reaction characteristics and mechanism.
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Fig. 1. HPLC chromatograms of TTC and its reaction products
by birnessite with reaction times of (@) O hr (o) 0.5 hr
() 1 hr (d) 2 hr () 5 hr (experimental condition; 0.25
mM TTC, 1 g/L d-MnO, in 50 mL at pH 5 and 20C,
in the dark).
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Fig. 2. Disappearance of TTC in aqueous suspension at diffe-
rent pH (experimental conditions: 0.25 mM TTC, 1 g/L
8-MnO; at 20T in the dark).
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Fig. 3. Pseudo-first order disappearance of TTC by birnessite

in aqueous suspension at different pH (same experiment
as Fig. 2).

Table 2. Summary of kinetic constants and half-lives for the oxi-
dative transformation of TTC by bimnessite

TTC (0.25 mM)?
Kinetic parameters
pH=2 pH=4 pH=6 pH=9
k(hr') 297 158 1.04 1.00
r 0.99 096 097 0.96
f2 (1) 023 0.44 067 0.69
o Bimessite loadings”
Kinetic parameters
05g/L 10gL 15gL 20gL
K (hr') 052 1.04 1.16 135
r 0.90 097 0.93 0.94
tie (1) 133 067 0.60 051

Keu® (L/MP+hr) 23.4x10° (" =107 7.0x10° (* = 0,98

JAmounts of biressite added is 1.0 a/L
®)Concetration of TTC is 0.25 mM, at pH 6
“Normalized to bimessite surface area of 44,37 m?/g
9From the range of 0.5~1.0 g/L 8-MnO loadings
From the range of 1,0~2.0 g/L §-MnO: loadings
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Fig. 4. Disappearance of TTC in agueous suspension at diffe-
rent biressite loadings (g/L) (experimental conditions:
025 mM TTC, 20C and pH 6.0 in the dark).
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Fig. 5. Effect of birnessite surface area concentration on the
pseudo-1st order rate constants for the oxidative trans-
formation of TTC (same experiment as Fig. 4).
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Fig. 62 pH 3, 6, 9 (at TTC=0.25 mM, 3-MnO,=2 g/L)]|
A1¢] HA (5 mg-C/L) £A7-5Fof wZ 9k-gA|7F H TTC &
_g_ TS Aot} ™A & 4= 9%o] A %
291 p owb HAS) E471 TTCS| 41kdist A1749] o)
Z/d(pH 6)3} °FZE|(pH 9)
HAS] A} wiHEEe] oS o TTCS)
% Z7I70S & 4= Qi) Bl ek o) AL
AATE GA-AA ukSAlo] Hgato] s|4lelT
71 A¥= Table 37} Fig. 70] AJAI5FATE pH 39| Hf-ofl=
HA Z4) 5o w2 uhgmAxk, h')7} 27\}‘%114 ol
A AR, pH 6914 1.35 (F=0.94)0] 4] 1.92 (=
0.97)2 <F 1.48) Z7}5l9om, pH 99 4% 1.18 (1*=0.97)
oAl 1.79 (*=0.97)& °F 1.5u] Z7}3tsich.

--a--pH9

—=—pH 3 with HA
—e—pH 6 with HA T
—a—pH 9 with HA

TTC concentration (mM/L)

Reaction time (hr)

g. 6. Disappearance of TTC by birnessite in the presence and
absence of HA at different pH (experimental conditions:
025 mM TTG, 2 g/L 8-MnO,, HA = 5 mg-C/L at 20C
and pH 6.0 in the dark),

i
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Table 3. Comparison of kinetic constants and half-lifes for the
oxidative transformation of TTC by bimnessite in pre-
sence and absence of HA (5.0 mg-C/L)

. . TTC (0.25 mM)
I?;rrge;jg% In the absence of HA In the presence of HA
' S T

pH 3 3.81 0.95 0.18 3.73 0.92 0.19
pH 6 1.35 0.94 0.51 192 097 0.36
pH 9 118 0.97 0.59 1.79 097 0.39

T T T T T
4 T - [1in the absence of HA
. ~ mmm in the presence of HA
—~ 3_
F‘l—
<
x 9] T
14
3 6

pH
Fig. 7. Comparison of pseudo-first order kinetic constants for

the transformation of TTC by bimessite in the presence
and absence of HA (same experiment as Fig, 6).
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22217)(C00) 24717F se =, o Ashee] 24
ol 2(z=2"3} 7t et AL Hastglon,
Gu 5”& o] pH 27 A& TTCe} F1ts

o] (-) P& wo] HA S2fo] ZadhE ¥ilh 34, AH
ZZ1(pH 3)oll A &] HA Ao wh& gFo] mujet A2 5
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T T T T T T T T T T T
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B X D> O

In (C/C,)

24

-3 T T T T T T T T T T T
0.0 0.3 0.6 0.9 1.2 1.5

Reaction time (hr)

Fi

g. 8. Pseudo-first order plot for the transformation of TTC at
different HA concentrations (experimental conditions.: 0.25
mM TTC, 2.0 g/L &MnO,, 20TC and pH 6.0, in the dark).

Table 4. Kinetic constants and half-lifes for the oxidative trans-
formation of TTC by birnessite in the presence of di-
fferent HA concentrations

HA added (mg-C/L)?

TTC (0.25 mM)
0 1 2 5 10

k(hr') 135 155 1.65 192 217

r 094 09 098 097 098

tiy2 (hn) 051 045 042 036 032

damount of biressite added is 2.0 g/L at pH 6
FAo] dojuA AR e A

HA o] T2 Y7HISHE-TTC W3k A7 ¥e S48
Hrlsl7] 8 HAC] £¢%% 1, 2, 5, 10 ppm (at TTC=
0.25 mM, 8-MnO,=2 g/L, pH 6)o| A& HIaES FA}S}
it} Fig. 8 o]4e] Age]A Q2 W-gAZte] mE TTC
FEO| Uas §A-YA AF B4 (n(C/C) vs ol 24
ﬂ@EHQﬁNQLEMMPﬂ*“EﬂmﬂNQ%W
E(5-MnO; only)o]] B3] HAZ} ZA5}= Z$ TTCS H

shibg =7 wEA AYEgon, 1a¢.%%%rma
FYeE7t 2SR A STkt AL B
o WhS 1AZF A3 F TTCS] M%) Hoke m, HA
=7} 2715k whek 85.1% — 93.2% (control 83.0%)2 =2
%715l %ic). Table 4= TTC Wighil-ga&ol th3t m} 4
FHA HAL S5 B S Gk, ek v
(tin)E trebd Zo]ch TTCO| WSS Ak, hr') gt
o WrAbElE e 24 Ao A Q] 1.35 ("=0.94) 2 E] HA
L7} Z7)8tof| ekl — 10 mg-C/L) 1.55 (1°=0.96)] A]
217 (P=0.98)71] dAsHA Z71stgitk ol2|d A= HA
FE7F Z7HEEE YIHAV)AREE SHIF (M) ate] 2
3 53 A 2 HAS i/l 3 grhArstE HoA ol
TTCO| 57} H23} AXAY v %3

Absh-wigh BhgE go] A5algly] R R WekEh fa}

2
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SZtMSIE(birnessite)ol| 2|8t =29 = Tetracycline| Atsh-HsiHt20]| LSt o472

3} ¢ 24, Kulshrestham 5*Y¢]] @29 TTCE 4=417](-OH)
£ 7 HEZE(clay) ¥ S5 ERHT A5 AES
i &2 - AlA =, Fol&(Ca”, Mg® )3} HAS| &7}
Jfek2 Z71eke st uh glon Xu 529 HA
A Al AR 9% 17B-estradiol ] AFS}HZE ¥h-g-
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H3l Uk g8o] AleEE gabr) 922 o4 4 Qth

1
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of

ofN

T o i

4. 8 E

2 Aol A= ol 7158 AR de] 220]= Te-
tracycline (TTC)S QAo 2 7 AtSlE(birnessite) o] 25t
NS B4 8 4 A4 FUAHHAER ] uE
AL 2SI B ATE B QL Fo ANE o)

s oheat 2o,

1) HPLC BEAZA3) 2 A¥ZA(TTC=0.25 mM, 5-MnO,=
1.0 gL, at pH 6)9A TTCE ¥HS- 2412 AT} 3 90% ol

AA S, 71E Be] ANE B TIC WSS 3
A AR 28w ANEL iso-TTCE Z3 1A
TICO) FEA Sl AT ¢ 4 At

2) pH (2~9)°f] w2 TTCS
Hho /U(pseudo first order)oﬂ %

E}. 1 pH 6°l 5ko] 4 *e!
c}. o]#gt pH 32 W JH8HH(PZC=2.4~2.7)2] Y7t
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(pKw)) Atolo] W2 Bhg-2 Fal a4 7hHs3koirt
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6) 7kl mE P AR AR, HEARK hrhE A
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o, 9 FUAFCL0 gb) ol delA s &= 442 F7H5
o] 31 Wk ArsHE ®HNRSAE| 7L o o4 w32 Agh
Q1 ZKlimiting factor) 2 2H8-8}2] 42 & 4 QU W1b
AVSHE 2 71ER0.5~1.0 g/L)S BHA A 7HmYgoz 3
Akslo] =& TTCO| H|EHZ BE3} &% A (Kup, L/m’
hr)¥= 23.4x10%0]9loH, o] 7] R3lof] B aE ARl
9] WA 3}gHE(1-naphthol, E-2}%=144 g/mol)H.th= °oF
20 o] o} BAgFo] S48 ASh-Hg W& T} A
Sk Aol &S o 4 Stk

4) pH 3, 6, 994 2] HA (5 mg-C/L) EA|7of o TTC
o] Atsl-igt A A S ZASE A3, pH 30|A4l= HAR
I ol vust ey, pH 6 oo A= TTCE] AFshH
s *P-,{k hr')7F HA &7 A] oF 148 2715140
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