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) 1 , ,
. pK
1
Table 1 Apparent pK values of humic acids
pK1 pK, Pk pK, pK
Reference (HA) (H,A) (H5A) (H4A) (HA )
Bolton 123 531 40
Wahberg [ 54 40
Leerheer 123 56 43 33 17
(0 1 mol L™ ' NaClOy) 582 384 1 64 27
(0 1 mol L™ 'KCl) 579 377 171 27
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KINETICS OF METAL ION REACTIONS WITH HUMIC ACIDS
AND INDEX FOR STEADY-STATE

Wei Shi-giang' Li Guang lin' . sterberg R>  Wang Ding yong'
(1 College  Resources and Erwironment, Southwest Agricaliural Unversity, Chongging 400716, China)
(2 Dpatment o Chanusiry, Swedish University o Agriaiural Sdence, psda, 75007SE, Sweden )

Summary

Kine ics of humic acids interactions with proton and calcium ions were studied using modified poter
tiomelric titration] Solutions of 1 and 2 g .~ " humic acids in 011 mol L™ ' NaClO, or KCI were titrated with
011 mol L™ " HCIO4 or HCI fram pH 715 to about 216 at 24 e under carefully controlled anaerobic cond+
tionsl The reaction kinetics were well described by a traditional relaxation equation Y= Y EXP(- ¢/ S)1
In each titrat ion point occurred an mitial fast relaxation of redox potential ( Er) and glass electrode poter
tial ( E), follwed by further slow relaxation and/ or oscillations of Ej1 And eventually, the readion
reached a steady state, indica ing the nor equilibrium nature of humic acid solution systeml The analyses
of time- resolved data of E; for the stepwise addition of calcium ions to humic acid solutions revealed that
the overall read ion rates were diffusior controlled rather than reactior controlledl After relaxation down to
a steady state Ey showed a linear pH dependence with an almost constant slope of 45137 1 mV/H uni
despite the differences of humic acid concentrations and supporting eledrolytes, which then could be ap-
plied as an index of the arrival at a steady state of the humic acid interactions with metal ionsl The charae-
teristics of proton readtions with humic acids were studied using the suggested index, and well reproducible
results were obtainedl Four types of binding sites HA, H,A, H3A and HA> with accordingly apparent pl-
values of 5179~ 5182, 3177~ 3184, 1164~ 1171 and 2175~ 2179 were found existing in the studied
humic acids1

Key words Humic acids, Meal ions, Readions, Kinetics, Steady state



