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Performance and mechanism of UV-US-Fenton advanced
oxidation for high-salinity organic wastewater

WANG Xingqi', RAHAMAN Md. Hasibur’*, ZHAI Jun™?

(1. College of Environment and Ecology, Chongqing University, Chongqing 400045, P. R. China; 2.Institute for
Smart City of Chongqing University in Liyang, Liyang 213300, Jiangsu, P. R. China)

Abstract: To address the problems of high reagent consumption, poor reaction selectivity and high-salinity
inhibition in conventional treatment of high-salinity organic wastewater, this study constructed a pilot-scale
ultraviolet-ultrasound/Fenton (UV-US-Fenton) advanced oxidation system. Using conventional Fenton,
ultrasound-Fenton (US-Fenton), and ultraviolet-Fenton (UV-Fenton) as control processes, the treatment
performance, spectral variations, and molecular transformation mechanisms of dissolved organic matter (DOM)

in high-salinity wastewater were explored via spectroscopy and Fourier transform ion cyclotron resonance mass
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spectrometry (FT-ICR MS). Results showed that the UV-US-Fenton process exhibited the optimal degradation
performance, with COD and TOC removal rates reaching 73.84% and 70.62% under optimal operating
conditions, respectively. It significantly reduced the ultraviolet absorbance and completely removed various
fluorescent components. The DOM component analysis revealed that 13,595 DOM molecules were detected in
the raw water, with CHON and CHONS as the dominant subtypes. After UV-US-Fenton treatment, up to 7,
189 DOM molecules were removed in total. The modified aromatic index (Al..d) and double bond equivalent
(DBE) of the effluent DOM decreased to 0.217 and 5.911, respectively, while the oxygen-to-carbon ratio (O/
C), nominal oxidation state of carbon (NOSC), and hydrogen-to-carbon ratio (H/C) increased to 0.50, 0.156,
and 1.358, respectively. The aromaticity and unsaturation degree of the system were significantly reduced.
Oxygen addition reaction was the dominant reaction in the UV-US-Fenton process, which could significantly
enhance the transformation of nitrogen-containing functional groups.

Keywords: high-salinity organic wastewater; fenton process; dissolved organic matter (DOM); Fourier

transform ion cyclotron resonance mass spectrometry (FT-ICR MS); molecular transformation
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Fig.1 Schematic and physical diagram of the pilot-scale

experimental apparatus
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Fig. 2 Comparison of COD and TOC removal efficiencies

of different Fenton processes
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Fig. 6 Van Krevelen (VK) diagrams of removed, resistant, and generated DOM molecules in different Fenton processes
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Fig. 8 Reaction pathway diagrams of DOM molecules in different Fenton processes
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Table A.1 Summary table of energy consumption and operating costs of four fenton processes

RAIOFMHFWTZRERESITRALCER

BE#E/(kWh/  BEFERLAR/ . , A/ HIRAERA, BB/
TA3m , o 257 i/ (kg/m?) . o .
m?) (J6/m?) (J6/m?*) (J6/m?) (Jt/m?)
38 Fenton 1.1 0.88 H:0,:3,Fe’":0.49 26.5 2.53 29.91
US-Fenton 5.9 4.72 H,0,:2.7,Fe*":0. 34 23.7 1.75 30.17
UV-Fenton 5.6 4.48 H,0,:2.5,Fe*":0.25 23.1 1.3 28. 88
UV-US-Fenton 10. 4 8.32 H,0,:2.1,Fe*":0.09 18.1 0.46 26. 88

T iR B AL R 2 m¥/h, (U E K MR R A 1A (B 2.2 kW), JOHE 28 75 S 3R 9.6 kW (192 4~k F X
50 W), 285h B 52 9.0 kW (60 MR AT 4 X 150 W) 2. Mg S8 i) 0.8 5C/kWh, H.O. 8 T /kg, FeSO4+ 7TH.O 2.5 /kg, i5 g4k
B2 900 7T/, 77 e R BCE IR 3T IS . 3. MRS AT A = BERE A + 25 A + 15 e b B A B B T T 2R

Lo ST, TEHA B A

MR B: AR LTZHES-FT R (UV-Vis) £ 13 5iE B
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Fig B.1 UV-Vis full-scan spectra of different processes
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iR C:Ht HAKRAWNTEMBIUV-VisSHEBR IR
RCIBHKPENTLEYHMUV-VisSHEBRYR

Table C.1 Removal effect of UV-Vis parameters of organic pollutants in incoming and outgoing water

UV-Vis Eos, Eogo E.0/Eiso Es0/Es0 Es00/Es0 CN (a.u.) SUVA,;,/(L/(mg-m))
JE7K 0.224 0.153 38.521 2.653 7.667 0.005 1.513
Fenton 0.05 0.041 53. 054 3.684 8.5 0.002 1.301
US/Fenton 0.048 0.041 42.177 5.6 8.5 0.001 1.107
UV/Fenton 0.036 0.028 93. 333 10.478 9.355 0 0.913
UV/US/Fenton 0.024 0.014 114.5 33.2 16. 667 0 0.643

iR D:3e -5 E B EE R XEX 5
DB EEREEOREYS

Table D.1 Region division of the Van Krevelen diagram

o/C H/C X 3, 25y

0~0.3 1.5~2.0 1 IEES
0.3~0.67 1.5~2.2 1 EASY VIS
0.67~1.2 1.5~2.4 1] [ iRt y/ES

0~0.1 0.7~1.5 I\ ENCEIPSES
0.1~0.67 0.7~1.5 V VNG ES
0.67~1.0 0.6~1.5 Vi LSS

0~0. 67 0.2~0.7 I @i E RN

Bt % E: & F ESI FT-ICR-MS & #7 i
PRIXEFBEENE(DOM)HE
R E.1ET ESIFT-ICR-MS 4 RE LB REE IR
(DOM)# =
Table E.1 Quantities of different types of dissolved organic
matter (DOM) based on ESI FT-ICR-MS analysis

FE i CHO CHON CHOS CHONS  jif
JEK 3026 4523 2653 3393 13595
Fenton 2143 3863 1266 1338 8610
US-Fenton 2050 3567 1231 1204 8052
UV-Fenton 1894 2859 1204 1322 7279
UV-US-Fenton 1480 2425 1065 1436 6406

MR F: ANEZFifk 2 & F ESI FT-
ICR-MS ER . EBRSERERDF

6
RF1 AEFMERZEFESIFT-ICR-MS AR ERKR S

mESFHE
Table F.1 Numbers of formed, removed and resistant

molecules in different fenton systems by ESI FT-ICR-MS

GG EERA HRPTAL AR BT
Fenton 6367 6129 2670 15166
US-Fenton 6792 5704 2452 14948
UV-Fenton 7733 4764 2946 15443
UV-US-Fenton 8424 4072 2880 15376

MXG:RESHITESER
#G1RESHITHER

Table G.1 Calculation results of mass spectrometry

parameters
FE b MV, 0O/C,, H/C,, DBE,, NOSC,, Al 4.
K 397.442 0.450 1.287 8.189 -0.392 0.239
Fenton 386.194 0.455 1.303 7.660 0.182 0.224
US-Fenton  379.869 0.481 1.310 7.185 -0.105 0.220
UV-Fenton  361.701 0.492 1.315 6.412 -0.272 0.219
UV-US-Fenton 345.975 0.511 1.358 5.911 0.156 0.217

fff X H: ESI FT ICR-MS H 4[5 & 7
RBEHSE
FH.IESIFTICR-MS #REREEBH S
Table H.1 Number of different reaction types in ESI FT

ICR-MS
BEM Atk ;’Ei ’;%‘j Mlﬁ BE i it
Fenton 2460 1820 1480 1320 1640 950 9670
US-Fenton 3339 2170 1720 1380 1660 1040 11309
UV-Fenton 3405 2395 1555 1565 1430 940 11290
UV-US-Fenton 3760 2262 1660 1862 1502 914 11960

Bff 3% 1: ESI FT ICR-MS # K [F & M
KB HE

R L1ESIFT ICR-MS R R[E R 28 HEb
Table 1.1 Percentage of Different Reaction Types in ESI FT

ICR-MS
%

ke  mER M
FE i £ 14 Bien oAb
o i A1 St % i i B f

Fenton 25.4 18.8 15.3 13.6 16.9 9.8
US-Fenton 29.5 19.1 15.2 12.2 14.7 9.2
UV-Fenton 30.1 21.2 13.7 13.8 12.7 8.3

UV-US-Fenton 31.4 18.9 13.8 15.6 12.6 7.6

(B4 XXX)



