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Effect of the zero-valent copper and lead in aqueous solution on the formation of
disinfection byproducts during chlorination
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Abstract: Zero-valent metal in drinking water distribution system would affect the free chlorine concentration and
the formation of disinfection byproducts (DBP). The effect of single zero-valent metal materials on the DBPs
formation was well-documented, while the interaction mechanism between composite metals is still unclear. In this
paper, the attenuation of the free chlorine concentration and the formation of typical trihalomethanes (THM) with
zero-valent copper, lead and copper-lead mixed systems were studied. Results show that the chlorine concentration
attenuated with the largest rate in the zero-valent copper system, and the rate accelerated with the decreasing pH
value and the increasing metal content. The microbattery effect in the mixed system could accelerate the formation
of passivation layer, consequently inhibiting the decay of free chlorine. The formation of THMs was independent on
pH (6-8), while decreased with the increasing metal content. When 1g/L zero-valent coppe was added to the system,

the total amount of target trihalomethane production was reduced by 33%. The THM production was positively
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correlated with the concentration of humic acid and negatively correlated with the concentration of bromine ion.

This study provides a scientific basis for the mechanism of DBP formation in pipes, and also lays a foundation for

improving the safety of drinking water.

Keywords: zero-valent copper; zero-valent lead; chlorine decay; disinfection by-products
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Fig.1 Effect of Different pH on Chlorine Decay : (a) pure water; (b) Cu;(c) Pb;(d) Cu+Pb
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Fig.3 Scanning electron microscopy images for target metal samples: (a, b) images of zero—valent Cu before and after the

reaction; (c, d) images of zero—valent Pb before and after the reaction; (e) image of Cu—Pb mixtures after the reaction

(a) A Cu 2p3 (b) Cu 2p3 (o) ~Cu 2p3
%{L i —iE % P — M/ni 1
> Il — 5l — G [
H 5t || N | — e I
o Cu2pl -

R /au

o

=]

3
W /au
é?—

2z
:_3_-:
W /fau
£
<

155 150 145 140 135 155 150 145 140 135 155 150 145 140 135
S5 htleV 4iGHeeV 4itrhi/eV
(d) Fb 4f (e) ) Pb4f7 (f)  Pb4f7
Pb 4f5 | Pb 45 | Pb 4f5 ||
—is oy —as )| ——%ﬁ =
5| — | —i = N
E [ 3w || i
i ' i [ i A
H‘n.av-:\» || ﬁ ||I | ﬁ |I | ||'
\ | f If A | i
= 7 \ g
\_-_ B S S S _Sj \&
155 150 145 140 135 155 150 145 140 135 155 150 145 140 135
Hitrfig/eV 4iatigleV 4ZihfkleV

4 XHZEBFEEE: (a).(b)ARM 24 hETEEMAERAEITE; (c) AR 24 hFRHE-HEROETE;
(d).(e) 8L 24 hETEEMHERBIHITE; (£) 4RI 24 h[FRISA-$HE RHIA TR
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Fig.5 Effect of different pH values on the formation of
chlorinated and brominated trihalomethanes ( Reaction
conditions: the initial concentration of effective chlorine was
15 mg/L, Br-ion concentration 5 pmol/L, humic acid
concentration Smg TOC/L and metal content 1 g/L)
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Fig.6 Effects of different metal contents on the formation
of chlorinated and brominated trihalomethanes (Reaction
conditions: the initial concentration of effective chlorine was
15 mg/L, Br-ion concentration 5 pmol/L, humic acid

concentration Smg TOC/L and pH was 7)
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Fig.8 Effect of bromine ion concentration on the formation
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