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Efficient degradation of common dyes by the combination of

UV-LED and periodate
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(College of the Environment & Ecology, Xiamen University, Xiamen 361102, China)
Abstract; To address the issue that dyes are recalcitrant to hydrolysis and conventional water treatment
strategies, an ultraviolet light—emitting diode (UV—-LED)/periodate (PI) advanced oxidation process
was developed for dye removal. The results showed that this system was applicable to a wide pH range.
The dyes were completely removed in 40 minutes optimally with 270 nm UV-LED and 1 mmol/L PI.
NO; and HCO; showed inhibitory effects on dye decomposition, while C1~, SO; and humic acid had a
negligible effect on the system. Quenching experiments and electron paramagnetic resonance
experiments were conducted to explore the reactive species involved in the oxidation process. It was
confirmed that hydroxyl radicals and singlet oxygen dominated the degradation of pollutants. In
addition, the transformation products of methylene blue (MB) in the system were explored and the po-
tential reaction pathway was proposed. Furthermore, the toxicity of MB and the transformation products
were predicted via a series of in silico QSAR-based prediction approaches. It was found that the biode-
gradability of the transformed products was significantly improved. However, some products still exhibi-
ted acute/chronic toxicity.
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Fig. 1 Degradation performance of UV-LED/PI system for dye removal
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the removal efficiency of MB in UV-LED/PI system
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Table 2 Mass spectrum information of MB transformation products

HHLWY R,/min 43 Fak FR SRR S E (m/z) ey RS E (m/z) R/ (107°)
TP-333 5.58 C16H19N3035 [M+Hj 334.122 1 334.122 0 0.1
TP-317 5.26 C16H19N3025 [M+H] 318.127 4 318.127 1 0.3
TP-303 5.71 C15H17N3OZS [M+Hj 304.111 4 304.111 4 0
TP-230 5.10 CIZHIONZOS [M+H] 231.057 9 231.058 7 -0.8
TP-166 5.88 CSHIONZS [M+H] 167.070 1 167.063 7 6.4
b = T = T P4 =
L e S T S S (e
Cl OH OH
MB TP-317 TP-333
Nj@[OH NiCEOH [N\
SN i ;s/ N i :s/ NH, s/: : “NH,
H | | H H
OH
TP-303 TP-230 TP-166

(2) MBZUV-LED/PItK R iR % 45

TP-333 |-

TP-317

TP-303

TP-230 |-

TP-166 |-

-0.25 0 025 050 075
AT B iR S

(b) T BioWinS5 FililiMB A ™ W i) A= 4 mT WAk

3
MB
K
TP-333 2
TP-317 HE
1
TP-303
TP-230 0
JE#5
TP-166
-1
NEIE - B B - B
& o o og o
X R

(¢) 2T ECOSARTIMIMB F It 1) 2t Mgk

5 MB SLEMERERESHERN
Fig. 5 Degradation pathways, biodegradability as well as acute and chronic toxicity prediction of MB and its transformation products
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Table 3 Multi—endpoint toxicity prediction of MB and its transformation products
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