%55% 42 17 S-S D | A = SO SO Vol. 55 No.2
202342 H JOURNAL OF HARBIN INSTITUTE OF TECHNOLOGY Feb. 2023

DOI.10. 11918/202205015
UV UV/E S YBEBEBERTREMMEFZDES H=E

A
xxua' FRmE L T, mam  FE 42
(1. Rl k2 KRS R TRRSEE M /RIE 150030 ;2. BRI Tk K2 FRESS2RT M JRTE 150090)

WOE AR AR R A R AR R BN LA X — R, DU R R A A R P AR e (TMP) Ak i B
WH G EE D E (EFX) K B AR, M 247 7 8B RSN (UV) KA/ A2 A B & (UV/PMS) KA/ TR ik #
(UV/PDS) An &b/ B A (UV/H,0,) EF R ARGRE ZRL G THRELREERFEDI ¥, H—-FHELR pH X HT
TMP Fn EFX 86 & F 7= 5, 4 K& W TMP o EFX R 4h ot o 8 18— i 52 % 30k, B pH 3 An 77 38 fm | B EFX S 2 ##
tk, 2F AT TMP, Z& pH3.0.7.0 1 11.0 £ T, 442 % TMP #n EFX 8§ & F 7 % ¢ (A =254 nm) 4% # 0. 001 0,
0.001 3.0.003 6 #10.005 3,0.051 1,0.064 5, L&A 4 8w N3 w7 TMP Fn EFX 89 [ s 2 H Xt 8 & b4 #7218 8 TMP &
WMENEE, BAKTELHGT,E pH3.0 F17.0 B, UV/PDS xf TMP #1 EFX W ##69 k, % A , T 42 pH 11.0 #, UV/PMS 1k %
kK, HERAKTELAMT,UV/PMS 2 UV/PDS 3t TMP 8 [ F 40T, K F UV/H,0,; %t F EFX 9 B4, UV/PDS 2 %
B, MERATREEHGT,3 HANKE TMP KM FAMHZF KX, UV/H,0, % R & &, T 4t EFX B B # , UV/PDS By [ f#
KR, S/ A ERmE L, RN/ HA Rk R/ HANE FRT R BN E

hESES: X523 ERERERD: A XEHS: 0367 —6234(2023)02 - 0027 - 09

Kinetics of trimethoprim and enrofloxacin degradation by UV and UV/peroxides
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Abstract: Due to the frequent detection of sulfonamides and quinolones in surface water, trimethoprim (TMP) and
enrofloxacin (EFX) were selected as target compounds to compare the degradation efficiency and kinetics of TMP
and RFX in UV, UV/peroxymonosulfate ( UV/PMS), UV/persulfate (UV/PDS), and UV/hydrogen peroxide
(UV/H,0,) under different water matrix backgrounds. The quantum yields of TMP and EFX photodegradation
were calculated at different pH values. Results show that the pseudo first-order rate constant k, of TMP and EFX
increased with the increase in pH, and the £, of EFX photodegradation was significantly greater than that of TMP.
At pH 3.0, 7.0, and 11. 0, the quantum yields ¢ of TMP and EFX photodegradation (A =254 nm) were
calculated as 0. 001 0, 0.001 3, 0.003 6, and 0. 005 3, 0.051 1, 0.064 5, respectively. The coupling of
peroxides with UV increased the degradation rate of TMP and EFX, and an obvious enhancement was observed for
TMP degradation, which had a small £, of photodegradation. Under the background of ultrapure water, the k, of
TMP and EFX degradation by UV/PDS was the largest at pH 3.0 and 7.0, while the &, of UV/PMS system was the
largest at pH 11.0. In tap water, the degradation rates of TMP by UV/PMS and UV/PDS were close, which were
greater than that of UV/H, 0, system, while for EFX degradation, the degradation efficiency of UV/PDS was the
largest. In surface water, the efficiencies of TMP degradation by the three systems were close, among which UV/H,0,
was the best, while the degradation rate of UV/PDS for EFX was the highest.
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Fig. 1 Degradation efficiencies of TMP and EFX by UV
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Fig.2 Species distribution of TMP and EFX under different pH
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Fig.3 Degradation efficiencies of TMP and EFX by UV/PMS,
UV/PDS, and UV/ H,O0, under different pH
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() pH 2514, 3 Bl 48 sb/adt S AL W ik & X% TMP F1I
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UV/H, 0, 0.005 6 0.990 6 0.010 0 0.958 0 0.011 2 0.957 2
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Fig.4 Degradation of BA, TMP, and EFX by UV/PMS, UV/
PDS, and UV/H,0, in tap water

x3 BRKKESH

Tab.3 Water quality index of tap water

TOC/ N . (Cl7)/ p(NOy )/ p(S02~)/
KEEFZE  pH ] B (L CaCO4H) /(mg - L71) UV,s, p(C17) ’ N
(mg-L") (mg- L") (mg-L7")  (mg-L7")
AkK 7.3 3.52 19.82 0.025 9.70 4.03 10.91
F4 BFRKKGEEBESTAREN TEHLYE RS TMP F1 EFX M K,
Tab.4 k, of TMP and EFX degradation in UV/peroxide processes in tap water
- UV/PMS UV/PDS UV/H,0,
Hird
ko/s ™! R ko/s ™! R ky/s ™! R
TMP 0.001 4 0.946 6 0.001 3 0.907 0 0.000 8 0.949 5
EFX 0.021 3 0.9452 0.047 4 0.966 0 0.004 8 0.982 0
BA 0.000 3 0.952 0 0.000 3 0.967 3 0.000 4 0.976 2

FILEIR R, A RAKIRE 5T 3 M fbik
FXF EFX (W REff R # 8 UV/H,0, .UV/PMS \UV/
PDS FI AR K35, 5 4l S A4 T 45—,
X T TMP B[R, UV/PMS Fl UV/PDS 1 B fift i %
FHIE, KF UV/H,0,, ATLLE H, ARKKIER =
JAIXE UV/PMS [R5 G303 1) 40 ] 72 B8 1] S /N T
UV/H,0,f1 UV/PDS, XA fEEH T PMS HA RS
PRIG—O0—O0—HEZ5 1, T Gy Bl H R AR 78 55
BT (AR SA HL IS B F55) 7242 HO - |
SO, - .0, B¢ HCIO, fini# TMP #F& " i
UV/H,0,%f TMP EFX Fl BA [%f# () k, ¥ 2 /N T
HABPIFMAZR | 5AUKTT ST, BRIKOKIR
T SIRT UV/H, O, 14 F 9 BR 15 B 28CR 30 i 4 1]
WE, UV/H,0, K RMTE MDA 22 HO -, 1
B F RAK T S o T REXT HO - FARARVE B

2.3.2  HFAKELE SRR

15 SRR S 5600, 5600/ E A
TR FZXHEA TG YR P TMP EFX A1 BA [ L
B, M FRKOK TR WLER 5. MBS WA,
30 minfif, UV/PMS, UV/PDS F1 UV/H, 0, %} BA f
R RN 29. 4% 24. 4% 11 46. 7% , %} TMP i
BRI M 90. 0% . >99% H199% , FZ % 2 min
i, UV/PMS .UV/PDS F1 UV/H, 0, %} EFX AYFEfiR
I3 84.3% 91.4% F148.9% , MK KA £
2/F, TMP  EFX F1 BA () [ f# k, W3 6, UV/
PMS .UV/PDS Hl UV/H, 0, % BA F&fi# 1Y k, 73 5 K
0.000 2.0.000 2 10.000 4 s, TMP F&f#AY k,MKIK
J90.001 4.0.002 0 F10.002 4 s~ EFX F#A#AY k,
M A 0.019 4.0.023 1 F10.003 2 s,
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Fig.5 Degradation of BA, TMP, and EFX by UV/PMS, UV/
PDS, and UV/H,0, in surface water
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SE AR R A P A R R AR 13%
NO, 7E4MES FREGS = AH0 - ) (f2dki5 gy
(IRERR . SRTT, 7E A =254 nm Ak NO; (4 & Fl ¢ 43
MM 3.6 L/(mol + em) F10.052 6% AL
R K ST NO, SEff =48 HO - (Y 3R AH X
UV/ i8R 2 b HO - F1/81 SO, - 7= R
AL, Cl- B EB &1 HO - F1 S0, - &
OyiEAR Ry B SRR L - P2 T RE S ES Y
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Tab.5 Water quality index of surface water

KRS pH  TOC/ (mg - L") BHEE(LA CaCOyit)/(mg - L") UV, p(Cl7)/(mg- L") p(NO;y)/(mg-L7") p(S0;7)/(mg- L")
WK 7.2 6.80 142.04 0.123 21.10 7.82 29.38
F6 MRKEESTAEEIN LEUYERP TMP 1 EFX FEREH k,
Tab.6 k, of TMP and EFX degradation in UV/peroxide processes in surface water
. UV/PMS UV/PDS UV/H, 0,
HAr¥
ko/s ™! R? ko/s ™! R? ko/s ™! R?
TMP 0.001 4 0.878 9 0.002 0 0.923 9 0.002 4 0.948 7
EFX 0.019 4 0.842 5 0.023 1 0.953 8 0.003 2 0.972 0
BA 0.000 2 0.992 0 0.000 2 0.960 7 0.000 4 0.978 4

2.3.3  SEBRAKAARE SR ik A Y o0 i

H SRk A R AK TS 5251 T Bk 8 A o iR
AE 6 frox, 7E N 30 min B, FH 2K Y
PMS . PDS Fl H, O, 14 #& %53 5l 4 36% .33% Fil
11% , 322 7K 9 2% 2o S A0 W 09 3 6 22 43 51 o
31% 26% M 15% ,

MR OK P A sk EAR Y 3 L B SR K A g
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G XT LM B AR T 3 S AR 0 56 o i
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W2 H,0, 5%, JEdRiE ,PDS 7E A =254 nm LAY £
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0.7, H,0,H) & AL RE & 23518 19.6 L/
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S AR RN, Ak s



.34 MoK BT Ol k% %

_Ipms PDS H,0,

1.0 {{
0.8} 7 %igs N

0.6 7}

0.4 |

cle,

0.2 H

0 1
0 5 15 30
t/min

(a) HRKKM

%55 %
12
[_pMs [Z74pDS [JH,0,
1.0
0.8 H E3 % N
o 7_ 7_

< 06

0.4}

02 H

0 L
t/min
(b) HFRIKAK

¢(TMP) =2 pmol/L,c(EFX) =2 pmol/L,c(BA) =3.5 pmol/L,c(PMS) =200 pmol/L,c(PDS) =200 wmol/L,c(H,0,) =200 pmol/L,
El6 SEERAEEREMET UV/PMS,UV/PDS 1 UV/H,0, A &ZF & T RUMIREDTL
Fig.6  Variation of peroxide concentrations with time in UV/PMS, UV/PDS, and UV/H,O0, in real water
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