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Aqueous photodegradation of oxytetracycline under
simulated sunlight irradiation
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Chinese Academy of Sciences Yantai 264003 China; 2. University of Chinese Academy of Sciences Beijing 100049 China)

Abstract: Photodegradation of oxytetracycline ( OTC) under simulated sunlight irradiation was
investigated with attention given to ( 1) the effects of major solutes in water on OTC photolysis; (2)
the contribution of direct photolysis and reactive oxygen species ( HO + 'O, 0,7) to OTC
degradation; and 3) the products of OTC photolysis under different photolysis pathways in water. The
results showed that OTC photolysis was highly pH-dependent and followed pseudo first-order model
kinetics with about 78% of OTC phototransformation being independent of dissolved oxygen. In
addition enhanced OTC was observed in the presence of Fe'* HCO; and HA whereas the
presence of NO; showed no effect on OTC photo-degradation. Additionally four possible photolysis
pathways and seven corresponding products were proposed based on the analysis of radical
quenching results and photoproducts detected by high-performance liquid chromatography
electrospray ionization mass spectrometry ( HPLCHESI-MS) .
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“ 7 . 30%—90% N

( Oxytetracycline OTC)

5

* . Zhang 2013 OTC 1360
OTC OTC 0.35 pgeL™"°
20—800 mgeL™"’ OTC 2.5—50 mgekg™" * .
OTC ’
oTC
OTC 0
11 .
2 pH .
. . " 4- ( 4Epi-OTC) .a-
(a-Apo-OTC)  B- ( BApo-OTC) 3 / s
Jiao
oTC B
OTC
. OTC N
oTC oTC
oTC
1 ( Experimental section)
1.1
: ( Oxytetracycline hydrochloride OTC « HCI >97% )
( SOD) HPLC ( HA) . N N N N
AR .
: ACQUITY ( Waters ) C18 (2.1 mmx50 mm
1.7 pum) ; Agilent 1200 Fisher LCQ-¥lee ( Thermo Fisher Scientific Inc.
) sunfire C18 (250 mmx4.6 mm 5 pm) ( Agilent )
( Genesys 10S Thermo ).
1.2
(18.2 MQ+cm) 100 mg-L™"
0.2 mol*L™' NaOH 0.1 mol+L™' HCI pH
1.3

20 mL
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24 h  OTC 350 W
OTC
HPLC-MS/MS OTC 3
1.4
; / /0.01 mol L™ (10/10/80 V/V)
0.3 mLemin~' 40 °C PDA 355 nm.
HPLC-MS : 10 pL m/z 50—1000. A(0.1%
) B(0.1% 1.
1 HPLCMS
Table 1 HPLC-MS chromatographic conditions
t/min Al% B/% Flow rate/( mLe*min™")
0.00 80 20 0.8
4.00 80 20 0.8
5.00 55 45 0.8
15.00 40 60 0.8
20.00 40 60 0.8
25.00 20 80 0.8
30.00 20 80 0.8
33.00 80 20 0.8
43.00 80 20 0.8
5kV N, 30 arb
300 °C 35 eV.
2 ( Results and discussion)
2.1
OTC OTC 5—60 mg* L.
OTC In(C,/C,) (¢, C, 0h l OTC )
R 0.98 OTC
. 2 k (k=
-0.0014 C,.+ 0.1089) .
OTC
OTC .
2 oTC (pH=38.0)
Table 2 Kinetics of OTC photolysis at different initial concentrations under simulated solar irradiation
OTC
OTC concentration/ L . Rate constant Halfife Adj. R-Square
( mg'L") Kinetic equation k/h! t0/h R
5 In (C/Cy) =-0.1032¢ 0.1032+0.0011 6.71 0.9993
10 In (€/C,) =-0.0939 0.0939+0.0014 7.39 0.9988
20 In (C/Cy) =-0.0818¢ 0.0818+0.0028 8.47 0.9930
30 In (C/Cy) =-0.0692¢ 0.0692+0.0036 10.01 0.9840
40 In (C/Cy) =-0.0580¢ 0.0580+0.0032 11.95 0.9822
50 In (C/Cy) =-0.0358¢ 0.0358+0.0010 19.38 0.9956
60 In (C/Cy) =-0.0308¢ 0.0308+0.0010 22.53 0.9934
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2.2 OTC
2.2.1 pH
1 pH OTC k pH=2.0 pH=6.0
pH>6.0 & 0.0186 h™' 0.2892 h™".0TC 3 (pK, 3.22.
7.46 8.94) 4 / (H,0TC* H,0TC.HOTC~ OTC*) " . pH<7.46 OTC
pH>7.46  OTC pH i
oTC OTC B 2
pH OTC
oTC ) pH pK,+ 1 ' OTC HOTC™
OTC™. OTC OTC : pH
19
1 pH 4 oTC () () (Cororg =50 mgeL")

Fig.1 Different ionization equilibriums and its kinetics under different pH

2 pH  OTC (Cororey =50 mgeL™")
Fig.2 UV-Vis Absorbance spectra of OTC at different pH

2.2.2
OoTC 50 mgeL™" NaCl OTC
3. 3 oTC
OTC

20

NaCl oTC
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3 oTC (pH=8.0 Cy(gpe) = 50 mgeL™")
Table 3 Pseudofirst order rate constant ( k) and half-life ( ¢,,,) at different NaCl concentrations

Tonic strength/ o i Rate constant Halfife Adj. R-Square
( mol-L") Kinetic equation k/h! 112/ R
0 In (C/Cy) =-0.0358; 0.0358+0.0010 19.38 0.9956
0.001 In (C/Cy) =-0.0391; 0.0391+0.0015 17.71 0.9908
0.01 In (C/Cy) =-0.0441¢ 0.0441+0.0018 15.73 0.9907
0.1 In (C/Cy) =-0.0497; 0.0497+0.0022 13.95 0.9879
0.6 In (C/Cy) =-0.0515¢ 0.0515+0.0010 13.45 0.9977
2.2.3
Fe’ \NO; ( HA)
( (HO -) (0,) ('0,))
. 3(a) Fe™* OTC
NO;  OTC ) NO; (0.1 mmol=L™")
(<10 (mol*L™") "*ecm™) HO - (®=0.009) * . 3(b) HA  OTC
) HA 2 mg*L”"HA  OTC ( =~24%) ;
HA OTC . HA OTC
HA
; HA HA
HCO; HO - .
HCO; (£=0.2416+0.0072) (£=0.0358+0.0010) 7 ( 3(a)).
pH OTC HCO;
3 (a) 0.1 mmol*L™" NO; 5 pmol+L™" Fe'* 8 mmol+L™" HCO; OTC ;
(b) HA ( Coiory = 50 mg=L™" pH=8.0)
Fig.3 OTC photolysis ( a) in the absence and presence of 0.1 mmol*L™" NO;
5 wmol*L™" Fe® and 8 mmol*L™" HCO; and (b) at different HA concentrations
2.3 OTC
OTC 0,
N, 0, N, . 4 N, OTC .
N, (£=0.0280+0.0007 h™") (£=0.0358+0.0010 h™") 2!
78% OTC pH=8.0 OTC

oTC 0O, 180% OTC
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OTC . 4

(HO - ) (SOD 0O, ) OTC 8%  4%;
NaN,( 'O, ) OTC 3%.
0TC (78%) (HO- .0, '0,)
4 oTC (Co(ory =50 mgL™" pH=8.0)
Table 4 OTC photodegradation efficiency with different gas and ROS scavenger
k
Reagents Concentration Function Rate constant/h™"
0 0.0358+0.0010
N, 0.0280+0.0007
0, 0.0988+0.0009
0.1 mol*L™! HO - 0.0328+0.0006
SOD 600 U 0.5 h 300 U 0, 0.0344+0.0013
NaN, 8 mmol L’ '0,( ) +HO- 0.0348+0.0035
2.4 OTC
( TOC) 6 h oTC 14.7%( 4).

OTC OTC . OTC
LC-ESI( +) -MS/MS

4 OTC  TOC ( Coory =50 mg=L™" pH=8.0)

Fig.4 TOC evolution during OTC photolysis under simulated light irradiation condition and in dark condition

7 m/z 433.447.461a.475a.475b.477a.477b 7
5.
) 4 - . .
( 6). 2(m/z 447) OTC N—C 23
5 2 1( m/z 433)
1 2 ) 3(m/z 461a)
OTC - : (1)  OTC m/z; (2) N, 0,
:3) MS/MS M+H-NH, *  M+H-NH,-H,0 * OTC
M+H-H,0 * M+H-H,0-NH, °. - ¢ AT(C3) ¢ B’(CI12).
MS/MS - ‘B’ Y M+H-NH, *
6( m/z 477a) 7( m/z 477b) OTC 16 OTC —OH
—OH 0TC * 6

—OH 0TC (C9) / (C7) : 6



436 35

4(m/z 475a) .0TC  C1—C3
7(m/z 477b) .

m/z 475h( 5) MS/MS 5 3 (-17.-35 —46 m/z)
M+H-NH, *. M+H-NH,-H,0 * M+H-NH,-CHO * .Chen
25 1 5 .
NaN, 5 ( 7. (RB) A >420 nm
'0, 5 ) RB 5
10 (7 5 0,
5 OTC (Coory= 50 mg+L™" pH=8.0)

Fig.5 Product evolution from OTC samples collected at different time points

6 0oTC ( Coiory = 50 mg+L™" pH=8.0)
Fig.6 Degradation products and the proposed pathways of OTC photolysis under simulated sunlight
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7 m/z 475b (Co(orey =50 mg+L™" pH=8.0)
Fig.7 Product m/z 475b from OTC samples collected at different condition
3 ( Conclusion)
(1 OTC
(2) pH. Fe’* \HCO; HA OTC
NO;
(3) OTC (HO - .0,” '0,)
(4)  LCESI(+) MS/MS 7 : oTC
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