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Toxicity of 4-Chlorophenol Solution Under Electrochemical Reduction-oxidation

Process

WANG Yan', SHI Qin', WANG Hui'", BIAN Zhao-yong’

(1. College of Environmental Science and Engineering, Beijing Forestry University, Beijing 100083, China; 2. College of Water
Sciences, Beijing Normal University, Beijing 100875, China)

Abstract: The Pd-Fe/graphene multi-functional catalytic cathode was prepared by UV-assisted photocatalytic reduction. The catalytic
cathode and a Ti/Ir0,/Ru0, anode consisting of both three-electrode system (two cathodes) and two-electrode system (one cathode)
were designed for the degradation of 4-chlorophenol in aid of electrochemical reducing and oxidizing processes. The concentrations of
the intermediates and products were monitored by high performance liquid chromatography (HPLC) , total organic carbon (TOC) , and
ion chromatography (IC). The theoretical toxicity was calculated according to the formula. The actual toxicity of the solution during the
degradation process was detected using the luminescent bacteria. The comparison of the actual toxicity and theoretical toxicity was
performed to analyze the trend of the two systems. The results showed that the toxicity of the solution in anode compartment first
increased and then decreased, but the toxicity in cathode compartment decreased during the whole degradation for both systems. This
trend could be attributed to the intermediate formed, benzoquinone. Through the analysis of correlation, the correlation coefficient was
1 of the theoretical toxicity and actual toxicity at the level of P =0.01, which indicated the result of toxicity was reliable. The toxicity
of three-electrode system was lower than that of two-electrode system after 120 min. The three-electrode system was considered to be
better than the two-electrode system. Therefore, the detection of actual toxicity in electrochemical reducing and oxidizing process for the
degradation of chlorophenols in the actual industry has wide application prospect.

Key words: electrochemical reducing and oxidizing; 4-chlorophenol; Pd-Fe/graphene catalytic cathode; Ti/IrO,/Ru0, anode;
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Fig. 1 Variation of intermediates concentration of 4-chlorophenol in the three-electrode system with reaction time
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Table 1  Linear equation and toxicity of 4-chlorphenol and the intermediates
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KT y= -22.16x +90. 75 0.960 0 1800 NI
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Table 2 Actual toxicity of anode compartment in the degradation

process of the three-electrode system
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Fig. 2 Variation of intermediates concentration of 4-chlorophenol

in the two-electrode system with reaction time

st 6]/ min EqcanlEyiyE R? ECso/ %
20 y=-0.26x+51.48  0.8847 5.7
40 y=-0.26x+50.90  0.9513 3.5
60 y=-0.25v+51.02  0.9452 4.0
80 y=-0.26x+51.13 0.8812 4.4
100 y=-0.27x+51.72  0.9121 6.3
120 y = —0.58x +89.35 0.9836 67.8
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Table 3 Actual toxicity of cathode compartment in the degradation process of the three-electrode system

N &R 4% = 2
[ [E]/min - - -
2B [ )y R ECso/ % 2RIy R ECso/%

20 y=—-0.35x +63.78 0.8193 39.4 y=-0.43x +71. 40 0.9101 49. 8
40 y=-0.55x +96.24 0.9852 84.1 y=-0.58x +90. 31 0.986 6 69.0
60 — >100. 0 — — >100. 0
80 — — >100.0 — — >100. 0
100 — — >100.0 — — >100.0
120 — >100.0 — — >100. 0
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Table 4  Actual toxicity of anode and cathode compartment in the degradation process of the two-electrode system
N PRS2 e
[} 6]/ min - N
by I3 ECy/% Ry I3 R/ %
20 y=-0.25x+51.38 0.9279 5.5 y = —0.34x +62. 66 0.8410 32.7
40 y=-0.26x+50. 84 0.8978 3.3 y=-0.42x +71.36 0.905 4 71.0
60 y= -0.26x +50.97 0.9138 3.7 — — >100.0
80 y=-0.25x+51.09 0.9235 4.4 — — >100.0
100 y=-0.24x +51.30 0.968 6 5.1 — — >100.0
120 y=-0.58x+89.11 0.987 1 67.4 — — >100.0
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