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Abstract: Pseudomonas putida can oxidize Mn®* to produce biological manganese oxide. The formation process and
the adsorption oxidation activity of biogenic manganese oxide are crucial to the control of organic/heavy metal
combined pollution in water. In this paper, the interaction between acetaminophen ( APAP) oxidation and Fe (III)
adsorption by biological manganese oxides was studied. Results show that BioMnO_ were amorphous nanoparticles.
During its aging process, its structure evolved, and the surface appearance changed from flat to dense and
protruding granule. The boundary of the particles became clearer. The average particle size ranged from about
49.9 nm to 70 nm. The adsorption of Fe (III) by BioMnO, during the formation process occurred before the
oxidation of APAP, and the adsorption of Fe (III) did not affect the oxidation rate of APAP. The oxidation
degradation of APAP and the oxidation rate of Mn®*
oxidative activity of BioMnO, had certain effect on the degradation of APAP. The increased concentration of Mn* "
reduced the degradation time of APAP. GC-MC results show that the degradation pathway of APAP was that it was

firstly oxidized to acetamide and phenolic substances such as hydroquinone and p-aminophenol, then converted into

all fitted well with the first-order kinetic equation. The

simpler substances such as oxalic acid and benzoquinone, and finally mineralized.

Keywords : acetaminophen; biological manganese oxide; Fe(Ill) adsorption; kinetics; degradation pathway

PR B (acetaminophen , APAP) ELA fift PH
JRAVE T, J2 4t 00 & = i AR SR BT R 24

iR EEEE " EAEMED
APAP JKAR 23 NG M 75 5 2 7= A= 1 PR o R RO AR

Py A IS Rt 39 8l A 52 IR SR A
5, SEOLAETS K AL B | 1 SRK SR 3 rho
SR Hy , APAP 7 75 7K A BT (g H K v S 2 vk e T
IKF] 8 025 ng/L"™ . APAP J&: 1 [E 3T 45 N5 /K kb B

W B 2019 -10 -09

B WAt & A0 kiR (20373604D)
YEZ®I I AN (1978—) 2, 3% Bl LA i
BIS1EE . B, qinsongyan@ vip. 126. com

KR 5 APAP 15 K FRBE 25 1) U PEAR XU A
KT, T e B T A A KU vk B 7, G
B B2 EUR K AR A 7S B e A A s e f AT
X H 2 B 1y BRI 5 A — A Al 1)L H
i, [ P AMIFES F T Bt APAP 11 )5 3 £ 5545 5 %
FALE TIO GG A e O A o A
WA 1 T AN AR AE TS Y L R A AR 45 % 2
K.



5

ZERAE, 45 BioMnO 0l 5 25 AL Bb I Fe (L) W2 MRHA TS <17 -

A SR A 2 v A AR A TR R R PR sk
B ( Pseudomonas Putida) | £ % 7 J& ( Leptothrix ) |
+ 5 ( Pedomicrobium manganicum) 451k O, AL 7
SEAR il 5 22 4 S AL T (MCOs ) K Min (1T) %4k
Mn (V) T 8 B e A 285 40 A= P 8 A6 ) ( BioMnO, ) .
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37 5 S I R R B W A L 2 BT e L
AT Pseudomonas sp. QJX-1 #ZE A= PR &
Hr Ll b Pseudomonas sp. QIX-1 A2 g1 BioMnO, F
LR 2-3 B4- AL R T ER-S-Af 2 (BP4).
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Fig. 1 TEM structures of BioMnO, at different time points
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ik AR L —E B 0 ~ 12 h Fim iR AL
K RHFAE 123 mg/L 2247, 101 12 ~ 16 h 2RI F R
% 1.3 mg/L 247,76 20 h J5 /8 M3 SR FE 2 5
FERFFTE 1.2 mg/L 247,12 ~ 16 h 24 A ew)
K YIe I, A5 1E 28T i B 7S B AL 2 AR
FAA I Tebo 257 WF 58 & PG % 19 Mn (V)
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el W B L, IR B Fe (TIT) B A WG RE
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Fig.3 Variation of concentrations of Fe’* and Mn** with time
under different initial concentrations of APAP
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Fig.4 Degradation rate curve
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Tab. 1

Parameters of first-order kinetic equation for APAP

degradation and manganese oxidation

S po/ (mg-L71) K/h~! lip/h R
10 0.241 08 20.30 0.930
APAP [ fi#
100 0.084 57 25.70 0.982
2 10 0.760 55 18.10 0.952
+ h{t
100 0. 134 36 19.14 0.971

APAP [ fE1EXT Mn®* (25 (b BB IR 7= 2F 1 3
W, 1S AL FE LA Fe’t FETE T JC APAP i,
Mn’* 7 14 ~ 16 h H 38. 2 mg/L 2 K > &
3.62 mg/L,SRTI7E APAP f£7ER, Mn® " Il 38 S i
2 (K 3). H4rHr APAP Ji i vk B X3 Min® ™ 8 Ak o 56
AR B 3 (a) 18 ~23 h 81 3(b) H1 18 ~30 h
Mn®* (¥ S TR ST — G B0 1 2 A, o 3
HH UG I WE 6 FiR, il LAE H, Mn®* (4R
AT G — 8 S 2# T fE, H 3R S A R
ik e BE A APAP S Ak 8 AR B i, B 10,
100 mg/L APAP JFid ik B T i Mn®* 48 4k 30 % 8 %
Ky, 733124 0.760 55 F10. 134 36 h ™' Ky, 10y LR T
(\4n,100) , [R) i K(APAP,lo) (ST N K(/\PAP 100) (F£1),
W] 100 mg/L Ji B T ) Mn® " EALH AL, 5
FOZPTRWE T APAP AR R B8 . 4 A 1
RGREAR N Z 42 1 APAP X} Pseudomonas putida =
AT T2, A PR BTS2 0 3R B v o ik
JEF (100 mg/L) ) APAP %} Pseudomonas putida -
KA IMHIVER L, 100 mg/L (Y APAP $5 57 5 b 41 5 %
B 10 mg/L g/l 749 75% , R, 5 Mn®* B 484k
PR A LN, T 5 200 R Vi B APAP [ figf
.
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2 30F
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Fig.6 Mn** oxidation rate curve
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& AEXF Fe (TIT) 1M B oK X5 APAP i) 480k i 5 7

M 3 APAP (1% 58 Ak i At P U2 @ 24 Fe (TIT) A 1
% A, {HBT 3 B9 BioMnO, Al Xf Fe (1IT) 7 W% [}
APAP J ¢ B 38 0w 410 ) Min® ™ (14 404k 32 R0 ik
Qj‘fé APAP 1Y R 3 K. [ I, Pseudomonas putida %

n* AL TR B, BioMnO, fy A4 25 %t APAP [ fif
lc_xﬁi;ﬁ/”ﬂ-

2.3 Pseudomonas putida W E AL 5 ST Fe (IIT) AR
Bt X APAP SRS

2'—‘7& 16 F) B AL G i Pseudomonas putida
SORGT fé.;" . & 7 W] %1, Pseudomonas putida W75 P
PSS APAP [ REARRCRAS 22, SN 2 h i, X i
41 APAP [y EBRF Ny 72% Ml dl g 1 h 2%
BRI 33% L 24 h i, XFHEZE 1 APAP (Y
ZBRF B 100% , 52 BL5E 4 [, A 2 1 b
APAP Y2553 5 R0 2 h BHAH H L3 284k, 136
B Pseudomonas putida Mn®* S8 AT P 54300 1) 7™ 2 5%
T APAP ([ fif. Sabirova 45 R I T B AL
AT LA ] Pseudomonas putida ¥ 75 4 {fi H [ fif



5

ZERAE, 45 BioMnO 0l 5 25 AL Bb I Fe (L) W2 MRHA TS 21 -

17 o-JREBE () BE T A8 25, PR 8 /AL B )
HIER , Pseudomonas putida 51452 B30 J5 5 JC
TERSE AL SR AL P M AR R AR e A Rk
F=HE BioMnO, [ fE 7, #E 1 F: BOA HLT5 Y ) A BE B
St BT LA L 1 d APAP By 2 BRR AT Rl
S5O B[] £ S0 4 17 A T A8 Ak M4 1 R 2 h
R B 33% 1) 2B R T BRI A & Z AL Al b5
FrEEh 2 &4 Y BioMnO M FH Y45 1. DL EIED]
APAP JRE e B 4 38 0 m] LU ) 55 5% 4k v Mo 1)
SEALH R PRI ZE APAP 2580 %,

100 | COsE — | EZ2mEia

80 |
< 1
¥ 60k
B
¥
2wk
Ay
<
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2 24 24
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Fig.7 Degradation efficiency of APAP

XPRRZH 1 A ZH 1R S A A s
PRER ST TR A, 25 R ORI h kR ek
FEYAE AR, 2 &, X R B Pseudomonas putida )
SEALTE VA X BioMnO, W B 354 77 AR 52 1. 411 il
A1 M R R 9.3 mg/L, X HRLL T
Mn®* LA 0.5 mg/L. iX 4 B BioMnO, X}
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Tab.2 Rate constant curve parameters
LRA py,/(mg- L) K/h™! tp/h R
8.13 0.232 09 0.155 0.923
16.25 0.453 24 1.562 0.991
24.38 0.380 47 1.189 0.984
32.5 0.471 53 0.378 0.972
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Tab.3  Conjecture about structures of intermediate products in APAP degradation

4% tg/min m/z (W ) eI I 2 TR
I 6.637  113.2(30),112(11) ,91(1),85(17),71(100) ,70.1(46) ,57(64) ,56.1(12) 137.4 (1)
il 8.925  249.9(13),172(9),171(89),169(100) ,142.2(16) ,90. 1(4) ,89.1(28) ,63(17) 249.9 (2)

M 10.684  168.9(3),142.2(48) 91(33) ,89.2(46),78.9(35) ,71.1(100) ,57(84) ,51(56) 207 (3)
IV 11.209  159.1(7),145(66),127(9) ,115(2),103(18) ,76. 1(1) ,75(100) ,73.1(62) ,59(7) 159. 1 (4)
Vo 11.779  185.2(7),143.1(10),142.2(100),100.2(36) ,98.1(5) ,84.3(4),58.1(6) 207 (5)
VI 12.930  181.1(14),166(11),155(18),149.1(15),147(100),75(10),73.1(23) 182 (6)
VI 15.038  281(8),207(24),143.2(1),142.1(100),78(7),57.1(14) 281 (7

AT SRR TR LR R R AR (6) IR IR R Ak
PE(T) T R (5) , (5) gk 2 AR A (3) , i
(7) EAE FIRFEM IR , e b i — S AR AUK.

o) o o OH
/“\ JI\/OH S <
)] NH  (2) Ho (3) wo 0
HN ° COOH
@) =<:>: © HoosT T~
(6) )

%
/
@ L

R “/‘Qmﬁ/ -

CO,+H,0

B9 APAP S{LFEMR A RERIPERRIRTR

Fig. 9  Possible degradation pathways of APAP oxidative
degradation
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