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Impact Factors and Degradation Mechanism for the Ozonation of

Acetaminophen in Aqueous Solution

CAO Fei', YUAN Shou-jun'*, ZHANG Meng-tao' , WANG Wei' , HU Zhen-hu'

(1. School of Civil Engineering, Hefei University of Technology, Hefei 230009, China; 2. State Key Laboratory of Pollution Control
and Resource Reuse, Nanjing University, Nanjing 210046, China)

Abstract: The effect and mechanism of O, on the degradation of acetaminophen in aqueous solution were studied by the batch
experiment. The results showed that acetaminophen could be degraded effectively by ozone and degradation of acetaminophen fitted well
with the pseudo-first-order kinetics model (R* >0.992). The degradation of acetaminophen was promoted with the increase of pH, the
concentration of bicarbonate and ozone. The results of gas chromatography-mass spectrometry ( GC-MS) and ion chromatography
analysis showed that degradation products such as hydroquinone and a series of carboxylic acids were firstly formed during ozonation of
acetaminophen. Then, the products were further oxidized. The degradation pathways of acetaminophen were also discussed by the
identified products. The result of TOC showed that the mineralization of acetaminophen was ultimately lower. When the initial
concentration of acetaminophen was 20 mg+L ™" and the concentration of ozone was 9. 10 mg-L ™", the mineralization was only 16. 42%
after 130 min.
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Fig. 1 Schematic diagram of experiment system
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mL-min ' ,ﬁ‘/ﬁf 20 mL-min "' , HEEE 1 L.

(2) TCHLFE M =il e KBRS g L U8 )
R g AU Bk S i A BHES F. BH B F 4y
Mrée . BB 7 4% (TonPac AS9-HC, 4 mm x 250
mm) , KVER A 9 mmol - L~ AUBRER4M/K I, 135 1
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Fig. 2 Dissolution curves of ozone with time in water
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Fig. 3 Effects of different O; concentrations on the
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Fig. 5 Effects of pH on the degradation of acetaminophen
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] SEEG A 2 b A NaHCO, J ( LABERR £h 2%
WIS RN AR FR I pH AR 7.0) , AAP 1Y R A5CR
s 6, BT Fron. 5XFR4L (HCO; =0
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AAP R R 0 2 4 . X2 T HCO, 7
fERAEPR - OHE Z W [ (1) ] AR T A
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Fig. 6 Effects of HCO; concentration on the

degradation of acetaminophen
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SR R AR FR B AR R R AR R
A 2), B, RAAEAL AAP 1Y SO ) 2k H] 2
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Fig. 7 Effects of HCO; concentration on the

degradation of acetaminophen

BERST [A] 22 Ak 9 v B2, mol - L1 5 ¢ >y N B[], min
koo H AAP BYZ) 12540 min ™'

FE 1 AT, Ph— 3l ) 2 A5 R0 ] 5 4 M ASE 40
FUAESAAL AAP SCE0 T FE (R? >0.992) . $25 AAP
WIRIUR R BE e PEL IR AR PR A AR, UL T WL, R
S i HLVR B AT DA B R o BT, B4R AAP (Y
il AR FEAN 2 AAP W) UR VR BE Y52 . R AR WY
(1) pH AL, b ypp S REZ A WSIN HCO; J K ypp 23 Bl
ZFHE X 2.1 R AR A A

F1 EEREAAP W — R NFERSY

Table 1  Parameters of the pseudo-first-order kinetic models
on the degradation of acetaminophen under ozonation
SR k yapTH/min ~! 11,5/ min R?
TR AAP WA (co, =9. 10 mg-L71)
¢o =80 mg-L~" 0.1017 6.82 0.995
¢ =100 mg-L" 0.0922 7.52 0. 996
¢ =120 mg-L~" 0.0900 7.70 0. 996

A HCO; WRIE () =100 mg-L~" o, =9. 10 mg-L~")

¢ucoy =0 mg L™ 0.092 2 7.52 0. 996
ecoy =100 mg-L7! 0.302 4 2.29 0. 999
NIE pH B (¢ =100 mg-L~" ¢o, =9.10 mg-L~")

pH=4.0 0.089 2 7.77 0. 992
pH=7.0 0.094 2 7.36 0. 996
pH =10.0 0.108 6 6.38 0.992

2.3 RAEHAL AAP R TOC 17284k

& 8 Ff sl RAAEAL AAP R R TOC 224k,
MHTTFIFE O ~ 130 min JZ W B[], AAP %59 H 1)
TOC M 14. 19 mg-L_IB%z:E 11. 86 mg-L_] ,f}Lﬂﬁﬁﬂ{]
16.42% . iXJ& i T R E AL AAP (Wb Bk
AR AR RIS IO, T 3k 6 2 2 2 ) o AR X R 4
JERPA S
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=l
n

2.4 SLESELL AAP BRI
2.4.1 RAEAL AAP 1Y SRR W10 b

SRR 12,2 TTIHERAE i 6 RS AAP 1Y
FEIEAT 4T (¢ =100 mg-L~" 1o, =9. 10 mg-L7",
t =30 min) , 45850 TR 2 th. Al e yh g

e N SRR RIEAT B, X5 TOC 94 H7 4 B
12,5 ~, a. Tf?ﬂmk&iifﬂﬁﬁfﬁ,ﬁ%ﬁm%ﬁfﬁﬁﬁ}iﬂy%‘?&
- ~_ PR BT > T 3 — 2 5
= FUSIT A EAE T 5 AAP iR 815
e (I) zlu 4'0 6I0 slo mlu 1'10 140 L8]
t/min AAP S FEh & Ao R, R B T ik
=20 mEL T ey, 29,10 g1~ P BI SRR NH, NO; 0 6 LB 1 2 0
E8 TOC M B 9. mIUL, 7 RAEEAL AAP REARIAFR D 6% It
Fig. 8 Dependence of TOC with time on the LIRFEAE M & A AR NH, FiT NO, I Hk BETE
degradation of acetaminophen AS W B AT R 25 min )5 NH, FINO; Ay #
£2 RESH AAPHTESYER
Table 2 Proposed products of acetaminophen on the degradation of acetaminophen under ozonation
P /min m/s(HEE) REBEALI HOMIN 0 7R e %5
I 5. 860 108(8),151(17),116(66) ,75(100) ,45(12) ,28(50) 131 @
1 8.950 205(8),177(14) ,147(65) ,141(15) ,117(21) ,73(100) ,66(17) 220 @
1l 11.92 207(18) ,147(100) ,117(10) ,77(23) ,75(51) ,73(68) 250 ®
v 13.26 247(11) ,172(5) ,147(100) ,75(28) ,73(57) ,55(10) 262 @
\% 13. 80 245(100) ,207(11) ,147(70) ,77(24),75(57) ,73(78) 260 ®
VI 13. 84 182(50) ,167(100) ,83(8),77(20) ,73(21) ,61(4) 182 ©
Vi 16. 06 221(11),207(10) ,147(44) ,73(100) ,59(4) 234 @
VI 19. 88 223(65),208(20),181(100) ,166(86) ,106(8) ,73(34) 223
o f ® 0 ®0 o ® O 5 A ¢°  © ®q O ®
H:N )k HOJ\/ OH HOMOH OIOHK (A:;K{ HO_@_OH HOHO 1[0@—1\#1{
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