5 4T 53 Ak X ¥ F R (8 A HF KR Vol.47,No.3
2026 3 A Journal of Northeastern University ( Natural Science ) Mar. 2026

doi: 10. 12068/j. issn. 1005 — 3026. 2026. 20240195

BRI RAE R EBIREE

AN TR H2Y, AEZ, x| R
(. RAbR2E WIHRS A TESEE, 107 L 110819; 2. RILKFZE R K GRS M RBE,
WL R 066004; 3. FEBH KRG SAESBE EGTRE, Wl Z2E  066004)

i B R T I F IR 05 Y B AR () U, A SC R G T M R SUE (PMPS)
i A2 2155 2 (DAU) W5 )[R 28 B g 811 72, 2R P v 0T AH €6 33 — B R 106 PR R Ak 2=k e T
WA HLET . 25 50 . 7 40 °C, pH=9 Il PMPS £ il 20 mg/L 2514 T, 4F 5 mg/L DAU H A 22 1 35 85% ; Bl
PSR B AR 2SR TR S5 1 T Y 445 s T 45 T8 10 °C, S I 3R 28 B2 728 g IR B9 1. 6 435, AT & — 2%
Bl 12 . B AR N DAU Pl 5 % A W 28, — Wi ke 2 e S Ak, S5 — I 280K i 25 T S AR R L 428 R
C\,H,, O B IR Y — 32 BRI K A% , A I e A B W oL, e 240 462 CO, FTH,O. FF5E 45 S XTI
Wb AR F i 2 B T B B ORI FH A

X # R RAFER ISR EE BT R B AR AL

FESES: X 703.1 XHEARERD: A XEHS: 1005-3026(2026)03-0088-08

Degradation Effect and Mechanism of Potassium Hydrogen
Peroxymonosulfate on Daunorubicin

WU Ming-song"**, CHEN Yu'?*?, ZHOU Mei-xuan'*">, LIU Yang'*?

(1. School of Resources & Civil Engineering, Northeastern University, Shenyang 110819, China; 2. School of
Resources and Materials, Northeastern University at Qinhuangdao, Qinhuangdao 066004, China; 3. Key
Laboratory of Water-Saving, Pollution Control and Ecological Restoration of Qinhuangdao City, Qinhuangdao
066004, China. Corresponding author: WU Ming-song, E-mail: 2629309385@qq.com)

Abstract: To mitigate the environmental pollution and health risks posed by antibiotics, the
influential factors and reaction kinetics of daunorubicin (DAU) degradation by potassium
hydrogen peroxymonosulfate (PMPS) were systematically investigated. The degradation
mechanism was analyzed by using ultra-performance liquid chromatography-mass spectrometry
technology and chemical calculation method. The results show that at 40 °C, pH=9, and a PMPS
dosage of 20 mg/L, the degradation rate of 5 mg/L DAU reaches 85%. The degradation rate
under alkaline conditions is four times higher than that under acidic conditions. For every 10 °C
increase in temperature, the reaction rate increases approximately to 1. 6 times the original value,
and the reaction conforms to first-order kinetics. The degradation pathway of DAU involves
cleavage of the ether bond, with one side undergoing dealkylation via addition and the other side
undergoing hydrolytic demethylation and decarboxylation, both leading to the formation of
CisH,,0s. Subsequently, the dihydroxy on the anthracene ring further substitutes the benzene ring
to undergo hydrolysis, resulting in the formation of bicyclic aromatic hydrocarbons, which are
ultimately mineralized into CO, and H,O. These findings have significant theoretical implications
and practical value for mitigating antibiotic resistance.
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Fig. 1

Effect of PMPS on DAU degradation at different pH values
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Table 1 Kinetic parameters of DAU degradation by
PMPS at different pH values
pH K, /s T,,/d R
5+40. 2 0. 004 35 159. 34 0. 960
7+0. 2 0.011 38 60.91 0.995
9+0. 2 0.031 26 22.17 0. 988
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Fig.2 DAU degradation effect at different initial mass concentrations of PMPS
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Table 2 Kinetic parameters of DAU degradation at
different PMPS mass concentrations

c/(mg L") K, /s T,,/d R’
5 0. 005 86 118. 26 0. 966
10 0.011 38 60.91 0. 995
15 0.014 38 48.19 0.998
20 0. 023 09 30.01 0. 994

&3 AEIRETEMDAUNNZESH
Table 3 Kinetic parameters of DAU degradation at
different temperatures

0/°C K, /s T,,/d R
20 0.011 38 60. 89 0.994
30 0.019 10 36.28 0. 995
40 0.03123 22.19 0.988
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Fig. 4 Fitting curve between apparent second—order
reaction rate constant of DAU degradation
and temperature

5 DAUS T TaREEE
Fig. 5 DAU molecular structural formula and electrostatic potential diagram
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Table 4 NPA charge distribution of DAU molecular
structural formula

JEF L faf/a. u. T FLfi/a. u.
1(0) -0.215 10(0) —-0. 436
2(0) ~0.377 11(N) 0. 426
3(0) -0. 486 12(C) -0. 131
4(0) -0.414 13(C) 1.015
5(0) —-0. 682 14(C) -1.214
6(0) -0. 672 15(C) -0. 891
7(0) -0.511 18(C) 0.038
8(0) -0. 652 35(0) —-0. 198
9(0) —-0. 641 38(C) -0.213

2.3 MR RNTEST
1E DAU #] I o & ¢ & 8 5 mg/L, PMPS ¥ iR

Jo BN 10 mg/L 2R KR b P
25 FURE i Al DAU [ fif 20 W38 :F HPLC-MS
TP AT ASF pHAE T 6 4RE i T & 224
Jo g S5 A L B35 6.

ST RS TN s B AT, Tl
I DAU k27 B2 07 306 AV 15 T REFE R 2R A0 % 42
(R E SR O1 IR SN HE L O7 {3 15 Fl IR 38 L Y
TRIEMUR IR IR 5 R A KR R e R
HPLC-MS FA4 45 S AH 2 G i i Analyst TF 1.6
Software Peakview i1 5. 44 & PubChem %X 4% /4 73
Mg 20 7= 9 UL 6. B AR AR YR = T Ib 2= o,

RN BN NN o Y PR VR Y AW (BN g7

FEVBAT FH G Ty LU ™), 3T RS2 BT AH S 5
g TR A A A B, BHLAS T 4 BRI AR
LR ILm T () T
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Table 5 Non-Higuchi Fukui function value table of DAU

Rt S v f° i F /- v f*
1(0) 0.001 8 0.0011 0.0015 20(C) 0.008 2 0.0011 0.004 7
2(0) 0.0022 0. 0003 0.0010 21(C) 0.0032 0.001 8 0.0025
3(0) 0.0203 0.007 8 0.014 1 22(C) 0.002 5 0.0015 0.002 0
4(0) 0.0100 0. 0062 0.008 1 23(C) 0.0359 0.0304 0.0332
5(0) 0.054 1 0.0394 0.046 7 24(C) 0.0162 0.002 7 0.009 5
6(0) 0.0612 0.042 6 0.0519 25(C) 0.0377 0.0339 0.0358
7(0) 0.0531 0.0114 0.0322 26(C) 0.042 3 0.009 0 0.0256
8(0) 0.0338 0.0709 0.0524 27(C) 0.0368 0.009 2 0.0230
9(0) 0.0358 0.074 8 0.0553 28(C) 0.004 1 0.002 4 0.003 2
10(0) 0. 009 6 0.0121 0.0108 29(C) 0.014 3 0.005 4 0.009 8
11(N) 0.072 5 0. 006 6 0.0395 30(C) 0.0142 0.0550 0.034 6
12(C) 0.003 4 0.0051 0.004 3 31(C) 0.0147 0.058 1 0.036 4
13(C) 0.007 4 0.001 4 0.004 4 32(C) -0.001 2 0.0216 0.0102
14(C) 0.004 4 0.003 5 0.004 0 33(C) -0.001 0 0.0227 0.010 8
15(C) 0.007 5 0. 006 7 0.007 1 34(C) 0.0151 0.023 4 0.0193
16(C) 0.0142 0.0412 0.0277 35(C) 0.0191 0.0277 0.023 4
17(C) 0.0180 0.0430 0.0305 36(C) 0.0229 0.044 2 0.0335
18(C) 0.002 6 0. 000 4 0.0015 37(C) 0.0236 0.046 1 0.0348
19(C) 0.007 1 —-0.000 5 0.003 3 38(C) 0.0059 0.009 2 0.007 5

%6 A[EpHTDAUMREEHRFEYRARAE

Table 6 Mass-to-charge ratios of major substances in mass spectrum of DAU at different pH values
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Fig. 6 Primary mass spectrum of DAU degradation intermediates
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