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Photodegradation of mefenamic acid in aquatic environment. Effect of different
forms of nitrogen
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Abstract: The impacts of different nitrogen forms (NO3, NO3 and NH}) on the photodegradation of mefenamic acid (MEF) were investigated in this
study. The results showed that nitrate and nitrite promoted photodegradation of MEF. The ammonium ions had no influence on MEF photolysis. The
photodegradation rate of MEF was significantly inhibited when an appropriate amount of isopropanol was added in the presence of nitrate or nitrite, which
demonstrated that hydroxyl radical was produced during the experiment and enhanced the degradation rate of MEF. Photodegradation of MEF was also
investigated under different pE values. The photodegradation rate of MEF increased first and then decreased. Nitrite played an important role on the
photodegradation of MEF when it coexisted with ammonium. Nitrite had an obvious antagonistic effect on the photodegradation of MEF when it coexisted
with nitrate.

Keywords: mefenamic acid; photodegradation; inorganic nitrogen; pE values; reactive oxygen species
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= B9 M B K S (Debska et al., 2004; Halling-
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et al., 2002, 2004; Richardson et al., 2005). T4 et al., 2014; JEARSE, 2007).
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MEF 2 — 5 UL iy 3 8 R 50 R 25, 1k 2= 4
N-2,3- ZHIORILAR A SR IR , 48 44 FM IR, L Re sl
TIPSR, I R b HA i VB A BT R AE T (]
KGMT L% 2010)  FERRA S H 9P e 15 Ye )
R T =25b & ( Drzyzga, 2003). 1R Z &1L
S, MEF 78 A% 58 75 K 2 31T R e A AR £ B
(Soulet et al., 2002; Hilton and Thomas, 2003). 7F
HFoK T MEF B A I ok S A BBk BE L
O (14 T R T BE R A& W) 2 —, 43 0.44
pg- L™ F 0.428 wg- L' (Jones et al., 2002; Tauxe
et al., 2005). HET, A X MEF 7E75 /K AL B (5% B
i AEIRCR DR HAE R AR KR b B A S KU
SCERARE , TG T MEF 7E/KAA rh 3R 5472 5 T A A
FEMEL D

G A K R BE T PPCPs [ 1Y B Bl 4%, 1
KA K g Y S A W 23 52 AR 50K 25 ) 0O
(Daughton and Ternes., 1999; Smital et al., 2004 ;
Kim et al., 2007). Rl BNE R REMEH, SFEBOR
SRR AE R A8 e MR B R TE ML, 3 2 TEHL AU 7K
K pE BB T LA [FE 247 1E, b NOS (NO;
BACA A0 , 52 006 B AT L™ AR 06 1 iy B
REA A RS R )R T AR R S G ) A R A
(Zhang et al., 2011; Wang et al., 2012; Chen et al.
2008) . BFFEAK AR H TEHL AT R 5 1R 25 WD G g 15
FIFEIR X F B4 T i MEF 7E KRB g a i B
HEAY L.

2 MEIS57AE (Materials and methods)

2.1 KA

F 2SR IR , 4l >98.0% , TC1 X5 A 7l ; 2,
ka2 E ACS BBHE % Bi R 5 . & AL Eh B
R A TR B | I A R B, R TN R X O 3 B 4l R
B
22 LRk

# 0.1 ¢ MEF % T 200 mL ZJE, B il e 5
0.5 g-L 7'l MEF 3%, #ERiFZEL 1| mL MEF £} T
250 mL A& rh, HmE2i /W T O , #EF 4 MEF
B R P A S AN [) ¥ 8 1 s TR M o, FH R
4fi 7K 72 (Smart2 Pure H4i7K/ 4K — 1R 1L R G5,
TKA) , 25 MEF BV 2 mg- L™, NO;
BV E 43 9124 0.0.01 ,0.1 0.2 F1 1 mmol-L™". Ji 1%
NaOH H1 H,SO, MW pH 2=t #2505, B 25
mL W E 50 mL A58 BT XPA-7 ek otk

SN e N (B, R s VAL ) | 3o S g 4 T
JER(25 +1)°C 1 kW 5RIT IS (7 505 TEALH
J7) B 5 min BURE 19, JH HPLC 5E MEF ¥
BRI RS AR DR 3 AN EE BOEE. &
A NO, Ml NH; 19 MEF %5 W 19 e i F 6 i 7 vk
I L.

BRH
| #kiin
kN —de— :

AR et

E—

l-\‘
@
g

1 FEEEUFEREESR

Fig.1 Scheme of rotational photochemical reactor

2.3 AT E %

OB AE,35 1 ( LC-20AT, SHIMADZU ) |, {4l
M i S S O -21K (5050, AR ) 5 ik i
(VP-ODS,SHIMADZU ) ; ¥l 5% > S Fi, — 4% 45 ¥4 471
K I2F (SPD-M20A) K% K 4 219 nm, A 1
mL-min~" | EAE R 10 pl, R 30 C. 846
FH(UV-2100, Jb 5T H A1) .

24 pEEER ., IHE

pE 8 i o v W B W B B F T Y RE
(pE=-lge,e HHLFIHJE). NO, Fl NH; LLJ& NO;
FNO; i Nt (1) FaX(3) iR, R4k (2) 0
K (4) A AR pE {H (Manahan, 1984) , SC5
BEE KA A E R E N 0.1 mmol - L7 i@ 1 7R 0
ANTRL R FE LU A9 0 TE ML AR A UK T pE B A2 1k,
FRISAEIE I R AN R B 25 2050 0 A7 7E 15 19 16 i i
HERFHINAS .

14 | R 0
KNOZ +?H +e<:)€NH4 +?H20 pE'=15.14

(1)

o=

[NO; ]
pE=5.82+lg ——

(2)

o=

[NH;]

1 11 .
S NOG+H  ees NO;+H,0 pE’=14.15 (3)
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1

[NO;]>

pE=7.15+lg — (4)
[NO; >
k . k_kiso ropano.

R o= kOHz kpp l (5)

K (5)H, R, s -OHXT MEF JEFEA# 1Y 5TRRR | k
FIRTE NO; \NO, f#7E N MEF BGARER k0
FIRTE NO; NO, fF7E RSN N EERT MEF (1) f#
R,

3 R (Results)

3.1 NO;j x MEF X [ f# 19 % v
HEE 1 A0, BINR R NO; IF, MEF )6

R AT & — U N B 17, NO; 2 i MEF (1)
%%,NO; WM 0.01 mmol - L% % 1 mmol - L' s
MEF G35 M 0.0104 min™' 3 2 0.1689 min™' ( &
2). T NO; g4 0,7, 0, G FIK
N AERCEAR B ILPERR -OH, -OHZ —FhiR 1Y
Ak (E AL fE 14 B e H,0,.0, . CL B 1,58,
1.35.2.05 %) , Z 5 &Lk MEF (X (6) ~ (8))
( Zafiriou O C and True, 1979; Blough and Zepp.,
1995; Mark et al., 1996; Plumb et al., 1992).

NO; 5 [NO3 T (6)
[NO;]*—NO;+0('P) (7)

[NO;]*—NO,- +0,"—NO,- + -OH+OH™ (8)

F£1 FTEEE NI MEF REEZMANNFFERBEXEE

Table 1~ Photodegradation rate constants of MEF with different forms of nitrogen
IlﬁleB?‘é ( m:ff;_] ) — B TR K/min~! L2/ min et R
NO3 0 In (¢/cy) =-0.0104x 0.0104 66.65 0 0.9948
0.01 In (¢/¢y) =-0.0127x 0.0127 54.58 22.12% 0.9919
0.10 In (¢/cy) =-0.0273x 0.0273 25.39 162.50% 0.9972
0.20 In (¢/¢y) =-0.0433x 0.0433 16.01 316.35% 0.9964
1.00 In (¢/cy) =-0.1689x 0.1689 4.10 1524.0% 0.9978
NO; 0.01 In (¢/¢y) =-0.0133x 0.0133 52.12 27.88% 0.9948
0.10 In (¢/cy) =-0.0417x 0.0417 16.62 300.96% 0.9971
1.00 In (¢/¢y) =-0.0504x 0.0504 13.75 384.62% 0.9899
NH; 0.01 In (¢/cy) =-0.0106x 0.0106 65.39 1.92% 0.9951
0.10 In (¢/¢y) =-0.0106x 0.0106 65.39 1.92% 0.9888
1.00 In (¢/cy) =-0.0101x 0.0101 68.63 -2.88% 0.9911

e« AYEERRA] (min) .

T
Jt HR A E)/min 20

=

o

=)

= -15 = 0 mmol-L™! NO;

%—‘ B e 0.01 mmol-L™' NO5

T 20 4 0.1 mmol-L™! NO3

- L v 0.2 mmol-L™! NO3

17! N

o5k \ < 1.0 mmol-L™" NOj
-30%

El2 7F[E NO; #EX MEF StH#H240m
Fig. 2 Effect of NO3 concentration on the MEF photodegradation

under ultraviolet light

T HRSE NOS Xt MEF 5% 52 i HLH , 45

— R - OH I A= Jl. — Mk Sk, 76 AR A o A
Fit - OHA B0 5, B bR T3 4L 9 i G 52 24 41, )
WEBAFEE Mg P2 A2 FE - OH. 5 A A Sy BL 7R 1y
-OHTERRFA, Fo 5 - OH R W % 40 1.9x 10"
Lemol s (Buxton et al., 1988). TEAS SL LG v ,7T€FH
SENEERRSY - OHIAE .

Wk 3 FiR, A 50 mmol - L™ S A BE 1Y MEF
VSRS Bt MEF %59 1) D'l B 3R A R — 30, 40
)24 0.0115min~" F1 0.0104min~" | f L H#EN] , MEF #
MR A CRRET A 77 E - OH.

£ 0.2 mmol-LleO; AT IMARNEE, 3%
i MEF 596 A%, 32225 2 5 N EEXS - OH 1Y 2%
K51 MEF A% fif s R A8 /N SEBIE SEAE NOS £
T AT -OHIFZ 5L MEF iR f# 8
I R oy 0 54.3%. (HASEE, L5 4 5 H
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0 10 Y6 BR s} [)/min 20 20
0 T T T T T T .
)4
—04 «
-0.6 - <
-08 - «

= MEF mmol-L™! NO3

-1.0 | * MEF+50 mmol-L"! isopropanol

4 MEF+100 mmol-L™! isopropanol+NO3 <
-1.2 | ¥ MEF+50 mmol-L™! isopropanol+NO3

<« MEF+NO3

In([MEF]/[MEF,])

<

-14 L
3 REBHRENEN( N0z = 0.2 mmol - L™, eyp =2mg-L7")
Fig.3 Determination of the hydroxyl radical (cNO; =0.2 mmol-L7!,

CMEF =2mg-L7!)

50 mmol - L' A1 100 mmol - L™" 55 P B 4748 K KL
gL TEIA i 24 5, WA 50 mmol - L™ SN JE A
PR SEB = A: - O (H B & B, 76 NO; 77
TE T IMA SR PIEE, MEF BGARHRAR IR LE Sk MEF
VSR )G A . LI, — 7 T NOS X MEF
B BEVE AN Rl -OH 51 ; 75 — 7 Tl MEF
5 -OHM b A3 5 K 3L NS -OH
4 S5 107 T 50, DA T 3B 3 5 4 S R MEF 14 )16 i
RURIR o2 I G AR e, 20 v ™ A 1 HoAh
H LK Ky A e — 2D e .
3.2 NO, x MEF ¥ % #265 %

IR NOS , MEF BG83 I B9 454 v
— W BN F1%% (1) ,NO; {2 HE T MEF ()% fi#
(I 4) ¥ K 0.01.0.1.1.0 mmol - L' i}, HG R A
R BN 0.0133,0.0417 ,0.0504 min™". NO;
S B A AR B Bl 3] DU E MEF 119
B (X (9)). B2 8 & B, MR (¢<0.1
mmol - L") B X MEF YEAR A2 2E 3 L8 NOS K, B
W RE RS AR S, X T ES NO, 78358 e e B s A5 38 40
NO;, 5 +OH & 4= 7 K = W A 5% (3 (10) ) ( Oliver
et al., 1979). AL —LHIE NO; X MEF Y& f#
BRI AL, 76 0.1 mmol - L™ NO; f£7E F #1050
mmol - L™ S PN %, 1 2 30 MEF (9 [ fige | L't ik 8
ZM 0.0417 min”' JHE 0.0182 min™' , 1 H R N
47.9% , K F A TE NO, fF7E T, MEF [ )% fif 35915
- OHRFfF ML .

h
NO;+H,0 ——>NO- + -OH+OH" (9)
NO; +OH—NO, - +OH" (10)

J A& B [E)/min
0 20

0 30
0 T T T T T 1
-03 [~
. N
Z 06 .
s L v
= .
=)
E 09 = = 0 mmol-L™! NO;
S r 4001 mmol-L'NO; N
=12 v 0.1 mmol-L™! NO; .
- * 1.0 mmol-L™! NO; .
15 L

B 4 A[E NO; KEXT MEF YRI5
Fig.4 Effect of NO, concentration on the MEF photodegradation

under ultraviolet light

A CHERRGE T NO; I NO, & 5259524
W, DT 25 0 7 K M b i i (25 A
2009; SAtH, 2013). WAL H, NO; Fl NO,
fR3ET MEF f56M, WIE 5 il LUE Y B4R NO;
FNO, 7E 50 AT UGS E A1 MEF B35 R A H &
EPG 2 30 3 3 4 WO 5 RS BRI A T R 76 MEF 15
R v A R R 2R . I AH S, i NOS il NO;
FEAE R ROS 51 )42 )2 AE MEF SR g b 3
SEM X WS 2% E R YA (Aydin, 2014;
AR 2011).

40—

35

3.0

25

00 250 300 350 400 450
K mm

5 MEF.NOj;.NO; #1 NH} £5Ma] DL st i &
Fig.5 UV-Vis spectra of MEF, NO3, NO; and NH}

3.3 NH] xf MEF 3[4 1 % )

ME 6 Haf LLFE | NH, X} MEF 6 i 5% i A
K,NH; WM 0.01 mmol - L' ¥4 %] 1 mmol - L',
MEF Fefil s 9 0 A4k, X & T NH; 78
SHAT LTS R P A IR, BEAS 233 5 sw 4ok
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FoRAME MEF (G (K S) , A 2724 ROS 3k

P HO it
Y B& i [R]/min

0 10 20 30
0 T T T T T T 1

= 0 mmol-L™! NHj

® 0.01 mmol-L™' NHj
2 4 0.1 mmol-L™' NH}

v 1.0 mmol-L™' NH}

In([MEF}/[MEF,])

-3.0

|
o
=
T T T T T T T T T T 71T

-0.35

6 [ NHj iR EX MEF 28 #0m
Fig.6 Effect of NH} concentration on the MEF photodegradation

under ultraviolet light

3.4 KK pEEAX AT, THEX MEF & &
R %

SIS R, pE fEH M 4.82 H4 % 6.50 I, MEF (1)

A 1 2 T K pE fE M 6.50 3 % 8.15 B, MEF

(R GAR AR ez i T R, HoXE MEF IR AR R J2&
ARSI R (£ 2).

M pE fH/NTF 5 B, KR E IR & R
NH; 771, B AFSEIESE , NH, % MEF [ 6 fifé 52 0
K TEBE pE T 2 25 TC B B ARk 24 pE fHM
4.82 45 6.50 B}, KA NH; e BE D8/, NO; W B
WK BEE NO, W A K MEF A6 ot R b
Bt 36K SERRE R M 1.92% 3 & 300.96% , X4~
WrBLHY pE EX] MEF B EZR M NO, 15
Wi 5 24 pE {E M 6.50 FFZ 8.15 i, K& NO; e &
Y/, NOS e B 38 A, il T A AFF 98 UE S, IR (e <
0.1 mmol-L™") i} NO; Xt MEF YGA#AE #E4E I Lt NO;
B, BT LAaX B B2 MEF 1) 5% fff 41 i 238 52 B i 34
XT L SEFR A S A FES AL 3 % B, 4 NO, Fil NO;
LLERT, X MEF (9 A7 (2 2E 238/ T ol 255 5
MAFTERT R HE R 22 N, X2 A TE NO; Al NO; 3t
FEmt SEfE AT - OHIFAE#E MEF (YR ff , [ B
A5y NO, 5 HEH LK NO; Frr=A: i - OH & A7
KR (K (10)), HH UL P X MEF ()6 A7
FEREBUIE .

2 7F[E pE ERLHEXT MEF SRR 00
Table 2 Photolytic effect of MEF under different pE values

HFMIEA N A E AL/ (mmol - L)

pE {H NO: N0 N K/min™! ty,/min R FPMEHER  ES(EER
4.82 0 0 0.1 0.0106 65.39 0.9888 1.92% 1.92%
5.82 0 0.05 0.05 0.0313 22.14 0.9808 200.96% 181.05%
5.92 0 0.08 0.02 0.0389 17.82 0.9881 274.13% 265.68%
6.50 0 0.10 0 0.0417 16.62 0.9922 300.96% 300.96%
6.85 0.05 0.05 0 0.0379 18.29 0.9963 264.42% 284.27%
7.15 0.08 0.02 0 0.0323 19.58 0.9944 210.38% 245.15%
8.15 0.10 0 0 0.0273 25.39 0.9916 162.50% 162.50%
OHAREME I MEF ) R fift.

4 £5i2 (Conclusions)

1) EAMEIR T, MEF WG AF & —sh J12%
FAE.

2)NO; 5 NO; ¥t MEF B R# g, i LI &
NO; I NO; Ve B iy 35 i , AR 3V T M 4 . 3
FE T NO; 1 NO; 7E585ME T BB~ ROS 2k
R MEF B96A%. IF HARWE (¢<0.1 mmol - L") i}
NO; % MEF BGAFFEAE F L NOS R, A5 vy vk B B
A

3) 7€ NO; 1 NO; f77E T s inid & 57 9 B, &
FEMH MEF 09O f#, £ NO;  NO, G g = A i)

4) NH; X} MEF A9t JE A Jo 52 i, J& il F
NH; 78540 n] W% Bl N 1A e M i, BEAS 25 3 ik
eGSR I MEF Y6, AN 277 42 ROS KA
#EHOGAE.

5) BKIAE pE {8 & A= AR L], TCHLZE X MEF
G R F 24 NOS FI NH] ILAERE, % MEF 1%
St EERBLN NO, BIFIA; 24 NO, F1 NO; 77
B, I X MEF GARAE RS BUAE .

EEEEEN: A E (1963—), EEW + #i H+ 4
B, EEFRTEH, FEMFE, KFTLRYEELHE
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