H6k WM W X g B Vol . 6, No. I
201241 H Chinese Journal of Environmental Engineering Jan . 2012

TiO, JCHEAL BEMR K b 155 K 1 2h ) A58
raEd

Wiz 2 % N 1 =1
7 R R HE ' R =
(1. ZRAER2FIEE Rl 22 5 TR 2= B¢, B 2016205 2. Lifg v 4% R 2= B, b 200235)

A OE R PUAER I RS R G E IE 2 BBk M2 YOG . ARERAT O IR, BB Tz AR R
LE R (OTC) A BT G o 542 T W0 0 0 v | S g 5 7 vl Ol PR A R0 450 38 R 4 pHL P WP DOML T NO, ™%l
TEALRE A Ay 52, B 5 T HOE R 3 1 %% . G5 R R I, Ti0, S fb Ak Bk RE 45 A 2 £ BR K 2B i 19 OTC, OTC #y S it
W FRAT & — G N B F1 AL UV/TIO, B 2% TOC WA AR 4 (Y 25 BR AR, KB 90 min, TOC % R 3 W] 1k 74% ; OTC
{940 iy e JEE I 30 mg/ L 388 ] 90 mg/L, K2 FE M 0.0619 min ™" FRAKE] 0.0130 min ™ 5 5 25 S 4670 B fit (9 38, e b
iR T 3 S M DR RS s MV WA pHE A BOZ OB/ P B9 DOM A NOS o Tl LR i S B A 280%

E@E O FEE TI0, Jefifh BRI RE K

hE4SERS X703.1 XHERFRIRAD A XEHS 1673-9108(2012)01-0057-06

Kinetics study on photocatalytic degradation of oxytetracycline( OTC)
in water by nano titanium suspended system

Chen Donghui’ Chen Liang'
(1. College of Environmental Science and Engineering, Donghua University, Shanghai 201620, China;
2. Shanghai Institute of Technology, Shanghai 200235, China)

Huang Liping' Huang Manhong'

Abstract
public. The photocatalytic degradation of OTC in water by UV/TiO, was studied in a high pressure mercury

The occurrences of antibiotics in aquatic environments have attracted much concern from the

lamp. Effects of the initial concentration, different reaction condition, TiO, dosage, solution pH, DOM and NO,
on the degradation rates were investigated. The results showed that the removal of OTC by photocatalytic was ef-
fective. The photodegradation rate in aqueous solution followed first-order kinetics. And after 90 minutes,74% of

in the OTC
concentration from 30 mg/L to 90 mg/L. Increasing TiO, dosage led to the photodegradation rate constant in-

TOC was removed. The photodegradation rate constant ranged from 0. 0619 min ' to 0.0130 min "'

creasing initially, followed by decreasing. Reduction of the rate constant was observed when pH increasing. It
can also be affected by DOM and NO; in aqueous solution.
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Fig. 1  Variations of OTC degradation

under different conditions
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Table 1 Photodegradation kinetic parameters
of OTC at different initial concentrations

OrC Gk — LB S5 T AR . R?
(mg/L) (min™)
30 Inc = -0.0619¢ +3. 6375 0.0619 0.9810
50 Inc = -0.0524¢ +4.0145 0.0524 0.9641
70 Inc = -0.0155¢+3.8524 0.0155 0.9877
90 Inc = -0.0130¢ +3.9564 0.0130 0.9869




60 o T

B ¥ w6 %

BRI TR He B () OTC S i Ak B I 2445 & — 4
Bl 2R B b vk O TR, RN R R AN
[F] . W& )46 5 i vk B A 4 e, S 07 3 6 Ak 0. 0619
min " /N E] 0.0130 min ™" J5 A 3 B 24 ik R 5
S [ B B 0 3 T AR R — 1 R b B A Ak
T 2 B by W R o A 7 2R T T G 1 2 D U
(R PR R AR AR I A b A AR AL, i Ak R e i B O 2R
HL 2SI & 4 T RLAE /N T 1077 s P 58 1, (H 3%
T F AT AR A o R A X 08 HE 107 ~ 107
s, T LA A W B A Ak 700 2% 187 s G ) A A R] e AR
RS PE R B A 2 R A R L S ER R TiO,
W B 8 22 R 50 mg/ L, R Ak 7] 19 2% 1 AR — 2, )3
PEHOHREA R, 24 OTC ¥k B K IS A
AR A T R ) i S O R A A X e 2D, BT
T IR R A
2.4 EAFIBAENZMN

SEEG [ E OTC W] 4f 1 it ¥k B2 o 50 mg/L, 5 R
] 90 min, pH Hy 4. 05 ~4. 10, 45 4 1k 71 45
i, O] TiO, i xF OTC e 1h [ i o R
R, S5 R RW R Tio, i &k B 5 5k
30.50.70 1 100 mg/L B}, Y fb B f# OTC 754 —
PN J2E T R LA i A 4 R .

4y

30 mg/L
50 mg/L
70 mg/L
100 mg/L

F o> m e

20 30 40 50 60 70 80 90
Hsf 18] (min)

(=}
(=]

Bl 4 R[E TiO, £k T OTC SERE A8l h £k
Fig.4 Photodegradation fitting curves of OTC

at different TiO, dosages

i P 4 m] R A AR 450 B2 A 30 mg/L 1S i #
50 mg/L I}, [ fi# 3 2 M 0. 0375 min "' 34 fin F|
0.0524 min ", [ fif 00 R W 58 4 0 3% 1098 o 4% i
AT B N A Ak SR SR 2 T Y 422 o, 38 0 T
PR A 2 B9 A A - OH, 42 S fiE 1k
RO BNy 70 mg/L Hl 100 mg/L i, 342
WO 50 mg/L BT R, 435124 0. 0460 min ™
A0.0274 min ™', PEW TIiO, B ZE R T IHE R

VLR RN, 51RO 4 1 S SE S LA, I 5
T RN Z2 1 78 4 W, € AR O 5 A AR R ) 32
X P 1 P B S, S BB CR IR
2.5 RAikEH pH EHFM

pH EJE WA B hhi AR BT B 5 i & 2
Rz —" Ti0, kA MR 2 o [ W0 5 T 9 1 5
B 7 pH A Y A8 f T AR Ak, % TiO, SR B i
37 012 ThT R S SR AR MR 52 m ) LR R 9 5 1
el AT AN ) B fee A pH (7. 9236 A OTC 4)
GBS 50 mg/L, TiO, #2450 mg/L, ) A
[ 90 min, JH} HCl F1 NaOH 475 pH (& , BF 5% A 7]
pH Z5 - XF OTC S A Fif ik 55 SR 19 52 i) o

5
4 N\“\o\v
. \
L x
5 2
= |_}
1 A pH=3
¢ pH=5
0 m pH=7
x pH=9
1 o pH=11
2

0 10 20 30 40 50 60 70 80 90
[ ) (min)
KIS REE®IU pH T OTC G K ff 017 ith £k
Fig.5 Photodegradation fitting curves of

OTC at different initial pH

W

(.%00 320 340 360 380 400 420 446“‘2160 480 500
[ 1E)(min)
B 6 NI pH Z&AF T OTC i i
Fig.6  Absorbance spectrum of OTC

at different solution pH

HIFELS A A WO IR pH X OTC (1 25 B 52 i
R BEE pH B9 K, OTC HY I fiff 38 2R 4 B0OZ Wi
AR, pH DA 3 B4 E] 11, S 1 % it ol % 20N
0.0399 min "y /M %] 0. 0138 min ', OTC £ A [
pH F, & 2 W A M & FIEA OTCT, OTC,
OTC "', OTC fEMVE &M T, &85 — 4 H' #F



514

HET S TIO, S ML B K b 55 B0 12 5T 61

TE AT PR SRR A LA B SRR R R —
AHT AT, BREY] L TE OTCTIEST,
SR FEREME 1 OTC AT, e 28 Md . —
R, pH {52 ) B4 G R A R R R R T
A UL RS L R Ot K6 R T
AF pH £&4F T, OTC 7£ 300 ~ 500 nm [¥) £5 4 a] I,
WG o pH DN 3 AB AL B 11 B, W AT 06 325 37 1 5
XF I OTC 1 R A 3 8 5 B0 %3 0, 3 5 i 1
BT pH 45448 T TiO, Yeffb 1 55 2 1Y B 4
o BRPEBEE pH (A XS0, {545 4 10 57 & m -
FR A, T VA W S B OTC ™ T 245 114 R 7~ th 34 37 14
Jn, P AR B AR, HHE AR ] 23 38 i 1 0, X Y
M) ¥ ORI AE OTC KT 14 W BT, {5 45 B 1y ) 5 e
AT A A AL 25 T 10 e 2 D £
O e A I i 30 2 W B AT L IR pHL I, B SR i AL )
TH] 7 1E L7 AN S B OTC ™ (R W Bt #E TiO, K ifi iy
OH 4%, MM M h™ %4k OH ™ AE /Y - OH 3%
%, HALB R LIRIE R
2.6 A DOM #1 NO, HIE Ny
WA LY (DOM) A1 NO, 78 3 4K FLK R 5%
T AR TE 0 . AR TR A L 0 L R
EHEEMAEM £ H AR R KIFE b, 8 5H R
(HA) 2 DOM () — B EZ 5y . L [E % OTC ¥)
I Ty 50 mg/L, TiO, AN+ 24 50 mg/L, &
4 pH =4.05 ~4.10, 9% 18} (8] 90 min, 8@ i $% i HA
AU A AR K AR T B RIRF DL, 5 5K h A [
HA He BEXT OTC ' A £k [ ik 3 232 1) 52 1) o

Inc

¢ 0mg/L
| 4 mg/L
A 8mg/L
o 16 mg/L *

0 10 20 30 40 50 60 70 80 90
[ 8) (min)

Bl 7 A[E HA WET OTC SGRE AR LA Hh 28

Fig.7 Photodegradation fitting curves of OTC

at different humid acid concentrations

HIE 7 AT, K WOR A HA A7 AE 56 HA 77
TEWIF LU R AT, A HA A7 7 19 O A Al 3 A AR
WFFER W, UV/TiO, X HA A7 L BRVE A, W g i i

B HA 5 OTC 54 3248 [ il 4, 53 Ahad i i #40
RO OTC HY [ i, = 2 OTC 1Y % fi% 2 51 1
o AE HA PR ARAEAE 1 Y R 5 A
Fefnl R BCH LY R B R, BT REVE & - OH
FEAE LM HA W 4 mg/L BB F] 16 mg/L
f, Al LR B LA

w

4
3
2
g :
= 0
¢ 0 mmol/L
-If m 0.2 mmol/L
o A 0.4 mmol/L
o 2 mmol/L
-3
-4

0 10 20 30 40 50 60 70 80 90
1518 (min)
K8 RIA NO; #EET OTC R4l 4 ih 2
Fig. 8 Photodegradation fitting curves of OTC

at different NO, concentrations

Bl 8 R 7K AN NOS e BE X OTC YL fk
W fifp T A B S W . 25 0 i PR A 0.,0..2.,0. 4 1 2
mmol/L ) NO; i, St i fb [ fift 18 5 % % o0 ol o
0.0524,0.0682.0.0772 10.0816 min "', M ¥
HNO, WP RS DL s e AL R . & NOy
OV AT RE™ 24N - OH AE TR PR W) 5T, Bl OTC
R o NOS ITFAEXT T4 B i W h OTC iy
AR AT A S R

3 & i

(1) UV/TiO, et A 5 bRk b f i & 1y
OTC, X} TR E Ry 50 mg/L By OTC i , fiE 1k
FIAHE 50 mg/L,pH =4.05 ~4.10, 2 i 90 min,
OTC & fft Rk 3] 99% , TOC 1) % I R 7] LL ik
] 74% .,

(2) OTC Byt A b W ik 2 i AF & — G 3
N Ir R, OTC ) I vk JB i Ak 700 450 i 2 78 WS
Iy pH {EFIA W T DOM Hl NO, ViR J32 45 X 22 3 52 1
HEAMEL R ROR . OTC BRI IR MR I 30 mg/L 3K
# 90 mg/L, ] I # % 0. 0619 min " [ i 5
0.0130 min ™" ; fifi % 4 Ak 750 45 0 2 B9 386 K, Ol B A
R A H B HE K JG W0 5 3 W pH AR, 3R
HOZ W) s W ) DOMFD NOy 2% 52 1 O



62

i %6 5

2 % x o

(1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

—
=]
[

[10]

[12]

Richardson B. J., Lam P. K. S.

chemicals of concer:

, Martin M. Emerging
Pharmaceuticals and personal care
products ( PPCPs) in Asia,
Southern China. Marine Pollutution Bulletin,2005,50(9) :
913-920

Hirsch R. ,Ternes T. ,Haberer K. , et al. Occurrence of an-

with particular reference to

tibiotics in the aquatic environment. Science of the Total
Environment, 1999 ,225(1-2) :109-118
Ternes T. A., Meisen Heimer M. , Mcdowell D.

Removal of pharmaceuticals during drinking water treat-

et al.

) )

ment. Environmental Science and Technology, 2002, 36
(17) :3855-3863

Watkinson A. J. ,Murby E. J. ,Costanzo S. D. Removal of
antibiotics in conventional and advanced wastewater treat-
discharge and

for environmental

Water Research, 2007, 41 (18) .

ment: Implications
wastewater recycling.
4164-4176

Jiao S. J. ,Zheng S. R.,Yin D. Q.

racycline degradation and the toxicity change of degradation

,et al. Aqueous oxytet-
compounds in photoirradiation process. Journal of Environ-
mental Sciences,2008,20(7) :806-813
Fujishima A. , Zhang X. T. Titanium dioxide photocataly-
sis; Present situation and future approaches. Comptes Ren-
dus Chimie,2006,9(5-6) :750-760
Rao N. N. Sangeeta D. Photocatalytic degradation of mixed
surfactants and some commercial soap and detergent prod-
ucts using suspended TiO, catalysts. Journal of Molecular
Catalysis A ;Chemical 1996, 104(3) .L197-1.199
Lee J. M. ,Kim M. S. ,Kim B. W. Photodegradation of bi-
sphenol A with TiO, immobilized on the glass tubes inclu-
ding the UV light lamps. Water Research, 2004 ,38 (16) :
3605-3613
Reyes C.,J. Fern’ Andez, Freer J.
inactivation of tetracycline by TiO, photocatalysis.
of Photochemistry and Photobiology A: Chemistry, 2006,
184(1-2) :141-146
BE,HE, LA . Tio, JufE e 5 v AL K& gl Jg %
WF 5% dE . Ak 22 3t ,2002,14(3) :192-199
Tang Y. C., Hu C., Wang Y. Z. Recent advances in
mechanisms and kinetics of TiO, photocatalysis.
in Chemistry, 2002, 14(3) . 192-199 (in Chinese)
Jiao S. J., Zheng S. R.,Yin D. Q.
tolysis of tetracycline and toxicity of photolytic products to
Chemosphere, 2008, 73 (3 ).

, et al. Degradation and

Journal

Progress

, et al. Aqueous pho-
lu minescent bacteria.
377- 382

Konstantinou I. K. ,Sakellarides T. M. ,Sakkas V. A. et
al. Photocatalytic degradation of selected s-Triazine herbi-
cides and organophosphorus insecticides over aqueous
TiO, suspensions. Environmental Science and Technology,
2001,35(2) :398-405

[13]

[14

[

[17]

[18]

[20] Squillace P. J.,

[21]

[22]

[23]

THEW RIS, BBEE, 5. TiO, JeHE L B Kt 43
WY 17B-ME — . 3 BE AL 42, 2007,28 (1)
120-125

LiQ. S., Gao N. Y., Ma X. Y.

endocrine disruptor 17B-estradiol (E2) in drinking water

,et al. Photocatalytic
by nano titanium suspended system. Environmental Sci-
ence, 2007, 28(1); 120-125(in Chinese)
BRI X B, B RO P R TS gl 8 e e 1 Ol A
SR ARAT H . 75 25 TR 522 312 ,2009 , 18 (4) :1227-1230
Liang F. Y., Yin P. H., Zhao L.

degradation of trace sulfadiazine in water.

et al. Photocatalytic

s

Ecology and

Environmental Sciences, 2009, 18 (4) . 1227-1230 ( in
Chinese)
Rubert K. , Pedersen J. A. Kinetics of oxytetracycline re-

action with a hydrous manganese oxide. Environmental
Science and Technology,2006,40(23) :7216-7221
Kormann C. ,Bahnemann D. W. , Hoffmann M. R. Pho-
tolysis of chloro-form and other organic molecules in aque-
ous TiO, suspensions. Environmental Science and Tech-
nology,1991,25(3) :494-500

PURS T (| R Y A & Y R e B T R e B £
Tl Hh A ,2006. 59-63

Boreen A. L., Arnold W. A., McNeill K. Photochemi-
cal fate of sulfa drugs in the aquatic environment; Sulfa
En-
vironmental Science and Technology, 2004, 38 (14 ).
3933-3940

Rl XS RN T SRR AN B T2 R Rk L8
. R ARHSE R TR ,2009,31(2) :152-156

Zhao C. , Deng H. P.,

cline in water by improved UV disinfection process.

drugs containing five-membered heterocyclic groups.

Shang R. Removal of oxytetracy-
Jour-
nal of Civil, Architectural & Environmental Engineering,
2009, 31(2): 152-156(in Chinese)

Scott J. C., Moran M. ]J.,

nitrate, and their mixtures in groundw-

et al.
VOCs,
ater used for drinking water in the United States. Environ-
36(9) :1923-1930
Jans U. , Stemmler K. | et al.

pesticides,

mental Science and Technology,2002,
Canonica S. , Transforma-
tion kinetics of phenol in water: Photosensitization by dis-
solved natural organic material and aromatic ketone. Envi-
ronmental Science and Technology, 1995, 29 (7).
1822-1831

Scully N. , McQueen D. ,

oxide formation:

Lean D. , et al. Hydrogen per-
The interaction of ultraviolet radiation
and dissolved organic carbon in lake waters along a 43-75
gradient. Limnology and Oceanography, 1996, 41 (3) .
540-548

Lam M. W., Tantuco K., Mabury S. A. Photofate;: A
new approach in accounting for the contribution of indirect
photolysis of pesticides and pharmaceuticals in surface wa-
37

ter. Environmental Science and Technology, 2003,

(5) :899-907





