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Degradation of naproxen in water by sodium hypochlorite
Ji Xialing Lyu Wenying Li Fuhua Fan Sina
Yao Kun

(School of Environmental Science and Engineering, Guangdong University of Technology , Guangzhou 510006 , China)

Chen Ping Li Ruobai

Zhang Xiangdan Liu Guoguang

Abstract

rite (NaClO) . The impacts of sodium hypochlorite dosages on NPX degradation rates and concentration of total or-

In this study, the oxidative degradation of naproxen( NPX) was investigated by sodium hypochlo-

ganic carbon(TOC) were analyzed. The utilization of sodium hypochlorite , different initial pH values and supple-
mentary material in medical capsules on oxidative degradation reaction of NPX were also investigated during the
experiments. The results demonstrated that the sodium hypochlorite dosages had a positive effect on the degrada-
tion rates of NPX,and presented a trend toward NPX degradation rates raised gradually with the increase of sodi-
um hypochlorite dosages until the degradation rate was 100% . The removal rate of TOC increased with the in-
creasing mole ratio of NaClO to NPX before it stabilized at about 22. 5% . The utilization of NaClO increased first-
ly and then decreased with the increasing mole ratio of NaClO to NPX ,and reached the maximum when the mole
ratio was 7.5: 1. The controlled experiments illustrated that the solution with low pH value accelerated the oxida-
tion degradation of NPX,but the supplementary material in medical naproxen capsules had opposite effects.

Key words naproxen;sodium hypochlorite ;total organic carbon jutilization ; pH values ; capsule
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ZC AR V5 KA B0 R B, AL S8 75 K b BT 250
RO B, I B BETS Kb B K A 3
JKEREE R R RGE , NPX 7R AR 3 15 K A B Ok
FHL K PR EE 43 51 0.1 ~2.6 pg/L A1 0.01 ~
0.1 pg/ L0 KA AR i NPX 1] A & O
I 9 01 T KL, L Tl X At o A A

YRR B B AT R AL RE S R FERE ), B
HAABRRBFRE S ARE , IBAT A G4 5,
S FH B2 B K AL B AL R AR T K I R . 3
3H YR Bl e AT Ak Ak K PR 2 B R TS
Pyt AT SR TR SR B A A BF T
X NPX (i 40 B0 205 R i DR 25, LA NPX i b
PR — R AT AT B AR T

1 MBS HE

B 5k
A < 5 SO 535 A ( H A4S B i LC-20AT)
TOC & X ( H A 5 H# TOC-VCPH) ; /K 5 8 L 4k 3%
FECHEM A KL AL A ) SHZ-88) ; HL 743 #r K F
(MR -4 R Z A0 A PR A | AL104) 5 B0 HL (1
M3 R ALEE )T Anke-TGL-16C) ;pH i1 ( I ks
B R 2= AR A R A R pHS-3C) .

R 28 A 4 >99.0% , U P AL T; 2
i, (i, S5 E ACS BBME 2 IRE R ANIE W (A
RA ~4% 950 FHH S MBI VA A L8 B
MR 351k o3 #r 4, AR FHA .
1.2 NPX /A& BB $

M HEBCH 1 g/L By NPX fiff & T A5 (A 45 i
e, T 4C KA IR A . MERRFE I S mL %6k
W T 500 mL A m i, s aimZA w1 2 i, IF H
4K (Smart2 Pure #8 40 7K/ 4l 7K — K4k 2 45, 1% [
TKA) %E4E % 500 mL, it B A 10 mg/L 1 NPX /K
W ,pH 4.8 £t .
1.3 RK[ER T NPX B S 1L B L 08

HERA % HL 40 mL NPX i 2 100 mL HIEH P
L, 23 A NPXOIE I oin A — 5 A 4l K Sk
SR EN A B T S SN AR Dy 40. 6 mL, H ¥
R BR BN B MR B 4y 9 R 0.2.5.7.0,14.0,23.5
35.0.47.0.59.0.70.0.82.0.94.0 F1 141.0 mg/L,
IR TERE G A b TR G, 15 R s TR R
(25 = 1)°C, ikt ) W — & B 6] J5 , ] HPLC il &
NPX ¥k JZ . [A i H TOC 0K I A B Ak 1) 42 1k .
BAHERZEDE 3 ADES G RBCEME,
1.4 pH 3R EERWE W ERF NPX B9 ML ie
HER AL HL S mL ZAf 45K T 500 mL 25 & i,

1.1

s AR T 20, &4 % 500 mL, Il & % pH K
5.7 F19 19 10 mg/L [ NPX /K%, NPX (1) & fL %
fifSEme A 1.3,
1.5 ZFEERES NPX WENUPEMBIT LR

W ) 28 AR IR N R R T B0,
2l K T A7 5 SO L ES O 10 ming, B b T W, I H B
B NPX Ve B2 10 mg/L A3, pH o 4.8 o4y, A
TR RSB m 1.3,
1.6 HHMEFHZE

NPX SR FH e 850 A €035 vk oE A7 00 2, €833 2% 1
K8 i% . ZORBAX Eclipse XDB-C18 (2. 1 mm X
150 mm,5 pm) ;FEIAHIE ZME-0.3% 1K WK %
(5050 (RFRLL , pH 292 3.0) I8 ol —
AR 9] A i, AGE T i K Ry 254 nm, i il 0.2
mL/min, e 4 L, #:38 k 30°C

U R B0 v W A RO R vk R AT
Wi .
1.7 NPX KB ERMEBTHLENITE

NPX B AR n(% ) H0(1) HHE

n = (¢, - )/c, x 100% (1)

KHr:e, 7 NPX BRI AE W BE , ¢ 2 NPX 7E [ )i 24 h
Jo MR EE

NPX 1 B it % (9 25 4k 2% v, (10° mol ') IR (2)
T

Up = [(m - nk—l)/(mNaCIOk - ,)] x10°°

(2)
:—ﬁt':'j:’f]k ﬂ‘j k "\5\ NPX H@ﬁ%ﬁ@%ymmcmkﬁﬁ k /@:Hﬂ‘,
U TR AR BE R i, o k=2,

2 HR5WR

TEDR KB HIR N E X NPX S 4L M8 8 21
7E NPX ¥ B Ry 10 mg/L I, 43 5 AR
[ o 1 UK G BR A, B R R R A M M AE 0 ~ 2
mmol/L Z &), 7£ (25 +1)°CF, &6 W 24 h,NPX
FIRE RSO & 1 i . B 1 al 1, NPX (1) % ff
RTINS R B JEE R (%) 3G TN i 3
B, 24 NaClO 5 NPX FE/R HLoh 19 1 (BP kSR i 1
sk 31.7 pmol) it , NPX {19 5 fif 2 0] 3k 97. 4%
7E NaClO 5 NPX FE/R LM 0.75 ~12: 1 ( APk &R
BB 1.27 ~19.02 wmol ) A5 Hl A, NPX i)
Wt it R DL R P S, T S T 2%

X F NPX 1 48 Ak [ i o 72 o, 5 VB A DLBR
(TOC) 7R AL 0 vl WL 2 Hh i £k . p J&1 2 m
NPX 1) S8 Ak B e R v VS W0h TOC 5Bk 28 2 il 45
NaClO 5 NPX /R B 38 Jin, 2 B st 38 Jin s #s %

Myacio,_
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%1 90 F 5 R A A A I b 25 2 O
190 et " JEE 7R He i A b T AR £k, 24 NaClO 5 NPX EE /R b R
ok 7.5 1 I, YOG R B4 1 R FH 50808 B KA
9 0.06
- | Z o0ost
E 40 %0.04— //\
z 5
20k 3 003Hd
b
A R T A T & 0.0
%7020 30 40 30 60 70 8C ol
M. lumol) % 0.01
B 1 ASTa) R SR 4 38 Jn 12 % NPX & Ak 2 v, 9 52 1 0 : ; - . ;
0 10 20 30 40 50

Fig.1 Effect of different dosages of sodium

hypochlorite on NPX oxidation

%%, X5 NPX R 2 a4 (181 1) J2 A1 B B ik
7. 3 NaClO 5 NPX JEE/R HEKF 23 1 (/IR R
BRECIN R KT 38 wmol) F I TOC L BRFIEA
FRETE 22.5% et T AR — A KL
BRI TOC (1 BAR 7T il S R act B rp 7= A 1 4
Stk A HIL T Y Bl K SR A 4500 A
T, NPX S Al 7 A 4 45 % 1 i AR L) 3 i
I, B % NPX R BREGE 100% o 4 0 G R A 4% i &k
IR EL I, P 0 U SRR B A B B, TOC %
PR EA B ANFEAR AL, R 28 2 A WAL AL e
HRTRE ™ A T ME L U SRR B Ak 2 SR AL Y 7, Al
B TOC JE @ AT o KT NPX B EAL™ Y, if
AR — P W SR

24

22
20F
18

sl
010 20 30 40 30 60 70 80
M el umol)
AN[El NaClO 4% it % NPX & Ak B th TOC (5% 1]
Fig.2 Effect of different dosages of sodium

hypochlorite on TOC in NPX oxidation

TOCEERH(%)
2

& 2

Hi 1 AT, 72 NPX (Y S A0 R i i R v, B
NaClO &5 NPX JEE /R LU i 3§, v S R B ) A1) 2k 5
SO SO JE I B, A TS 2 ) NaClO 15 NPX g
IRECTT A LR G f5e i RO o il 3 2% 46 A [ I
SR AN & LT, NPX 2 [ 56 19 A8 6 %\ LA
i R AR B A kR SR AN EL 3 R . il
3 AL SR B B M R 22 B NaClO 5 NPX

m i

3 NPX S A2 P v SRR S Ao R 2
Fig.3 Utilization of sodium hypochlorite in NPX oxidation
2.2 pH xR EBER AWM NPX K200

TERCE pH 23500 5.7 #1092 A5 F , A [l
SR PAEE N I, NPX Y [ fif R A AL A 4 R,
Hi 4 R R pHRYSE N, 23 %) NPX B 48 1L
iR — RE Y DL 5L R o [R) — IS IR A B R B
HHWAIRILG pH I, U R X NPX ) [ fi
HRIEB WAL o

100 -

80

60

NPXZFFEH (%)

0 020 30 40 30
m\.\t-u;(lll'ﬂﬂl]
K4 RJE pH Xt NPX & fk [ I ) 52 i)
Fig.4  Effect of pH on NPX oxidation

YRR BN K v i il B VR A o E AL
HOCI 1 OC1™, H. OC1 ™~ X} 25 ¥ 1) S Ak R A 68 71 1 55
A 2%, Forft HOCL & — F 55 R , 76 7K A7 76 it 25
KR (3) ,1E 25C B ko =2.9 x 1052 £ pH
<7.4 T, WWP A FEZE L HOCI o £ 78 pH >
7.4 F WP A FERL OCl h F 2,

HOCl=H"+ 0Cl" (3)

K 5 28 A R A A S O ) S A AR
SRy EE S HOCL, OCL™ X 25 W 1 484k B4 i i
TS T 22 0P FESIR AR T, dE R U SR
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TEV I pH AL T KA B, U SR 4 7 7 WK
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WA AR A B 3 B HOCL, 5 NPX A K
SRR, X K KA #E T NPX [ B A 5 24 pH JH i
I, R 9 HOCL 8246 OCL™ i JE A7 7, R 4
FHRL R IR T HOCL i 4, o gt J& A7 o S L e
A2 o s A T o A, NPX 2 — il 55 1R
(pK, =4.4) " B pH Jhi5, NPX 2 i 8 71k,
FAE 712 & 1) NPX 55 OCL™ [ iy S i 2 #H % 22 18
Mo BTEL, AL TR A pH B4 AT NPX 84
TR . X TFARZ R4 7 A £k — A

JAETERIG pH 2351 5.7 A1 9 Z&AF T, HOCL A0
OCL™ i & b ZZ AR, (Bl T RO e b, B
HOCI 5 2% 3 A= % A SR 9 31 #E, A7 72 % OCL i)
HOCI iy tRig e fe

OCl™ + H,0 = HOCI + OH" (4)

FEC3 A pH RO, RN OB A 22,
HZERA K,
2.3 FLARES NPX EMUEMTLLE

T I T T B A 3 2R A SR A
3 A X NPX AR AL S B8R W, 4 e T 2538 AR e
AN S I0 5 T B0 e 2 NPX 5 K R B 1 R AL
SRR o WS B, A2 AR [ B pH ORI SR B
Bons ORI &) 2 F T 2838 28 B2 5 R IR
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