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Removal of algal extracellular organic matter by vacuum
ultraviolet activated persulfate
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2. School of Civil and Transportation Engineering, Guangdong University of Technology, Guangzhou 511400, China)

Abstract; During the outbreak of water blooms, extracellular organic matters (EOM) of algae accumulates in water
bodies, causing great risks to water treatment processes and effluent quality. EOM is different to remove using
conventional water treatment technologies, and secondary disinfection by-products may significantly affect the
quality of the water supply. Therefore, it is urgent to develop efficient water treatment technologies to degrade
EOM. Vacuum ultraviolet ( VUV) can generate reactive oxidative species ( ROS) in situ to remove organic
pollutants, so it has the potential to remove EOM. In this study, vacuum ultraviolet ( VUV ) -activated persulfate
(PS) was used to remove EOM, and its treatment efficiency, influencing factors, reaction mechanism, and impact
on the formation of disinfection by-products ( DBPs) were investigated , aiming to apply it to the treatment of natural
algae-containing water. The results revealed that the VUV/PS system can rapidly degrade and mineralize EOM,
with a removal rate of 93. 7% for UV,, and 74. 1% for DOC respectively. The degradation rate of EOM
significantly increases as the dosage of PS increases, and acidic conditions promote the degradation and
mineralization efficiency of EOM. The coexisting HCO; and Cl~ in water significantly inhibit the mineralization
efficiency of the VUV/PS system for EOM, while the influence of NO; is relatively small. As VUV irradiation
promotes the generation of ROS, the concentrations of hydroxyl radicals (HO") and sulfate radicals (SO, ) in the
VUV/PS system are higher than those in the UV/PS system. The efficient mineralization of EOM in the VUV/PS
system is mainly attributed to HO" and sulfate radical SO, . Dissolved oxygen effectively promote the degradation of
EOM by facilitating the generation of ROS, primarily HO" and SO, . After treatment with VUV/PS the generation
amount of DBPs in the subsequent chlorination disinfection process decrease significantly. The VUV/PS system
demonstrates the ability to significantly reduce the mass concentrations of UV,;, DOC in water and the generation
amount of DBPs when treating natural algae-containing water.
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Tab.1 Water quality characteristics of natural algae-containing water

. UVysa/ g/ p(DOC)/ c(Cl™)/ ¢(NOy )/ c(S0:7 )/
KR pH - 1
em ! NTU (mg-L7") (mmol L") (mmol-L~") (mmol-L~1)
RWI 7.6 0.108 4.11 6.440 0.14 0.032 0.27
RW2 7.4 0.103 9.34 6.626 0.21 0.024 0.22
RW3 7.4 0.092 8.09 5.571 0.47 0.048 0.46
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Fig.1 Experimental setup
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Fig.2 Removal efficiency of EOM and changes in relative molecular weight distribution in VUV/PS and control systems
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Fig.3 EEM spectra of EOM in VUV/PS and control systems
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Fig.4 Effect of PS dosage on the removal of EOM in VUV/PS system

2.2.2 pH I

5% T VUV/PS K & pH 57 5.0 ~9.0 A
EOM Hy 253 45 R K 5 B, BEEI LR pH
5.0 % 9.0, UV, B EBEFEH 78. 6% k2
61.2% ,DOC [ ZFRZF MM 93.3% T %5 82.3%
TR TRYE SR A T EOM 1Y £BR

TE VUV/PS (R R Rt 45140 F SO, R FE
() ROSM®  Hisik A (LR T EOM YRR f, Bl

pH FH i, VW B 3G 58, SO, ~ 5 OH ™ J i A A
HO™ (:0(8)), {H HO TEB M F& A4 A ALk i L o
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fie B MARA AL BE I 07 (X (9)) M 0O,°
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9)

HO" + HO'—H,0,,k =4.0 x10° L/ (mol -s)
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0 5 10 15 20 25 30
t/min

(@) UV, %5

H,0, + OH" =H,0 + HO, ,pK, =11.62 (11)
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t/min
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Fig.5 Effect of initial pH on removal of EOM in VUV/PS system
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e HO (2 (19) . (20)), Kk, NO; *f
DOC Z:BR AT A

185 nm
HCO; /€O 00, +el  (13)

HO" + HCO; —CO;™ +H,0,k =8.5 x 10° L/(mol -s)
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