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Effect of Zirconium Modified Kaolin-Based Cap on Migration and

Transformation of Phosphorus Between Sediment and Overlying Water

ZHANG Zhe, LIN Jian-wei* , ZHAN Yan-hui, WANG Hong
(College of Marine Science, Shanghai Ocean University, Shanghai 201306, China)

Abstract: In this study, microcosm incubation experiments were conducted to investigate the effect of zirconium modified kaolin
(ZrMK) -based cap on the migration and transformation of phosphorus (P) between sediments collected from a heavily polluted river
and overlying waters under anaerobic conditions. The results showed that a large amount of P was released from the sediments into the
overlying water column under anaerobic conditions, and the overwhelming majority of P in the overlying water existed in the form of
phosphate. The flux of P from the anaerobic sediments was slightly reduced by the kaolin-based cap, while significantly reduced by the
ZrMK-based cap. Sequential extraction of P from the kaolin-based cap at the end of incubation experiments suggested that 29% of P
adsorbed by kaolin existed as the bicarbonate-dithionite extracted P ( BD-P) , and 63% of adsorbed P existed as the residual P ( Res-
P). Sequential extraction of P from the ZrMK-based cap at the end of incubation experiments suggested that 90% of P adsorbed by
ZrMK existed as the NaOH exiractable P ( NaOH-P) and Res-P, which were unlikely to be released under anaerobic conditions.
Compared with no capping, sediments capping with ZrMK did not promote BD-P release from the sediments under anaerobic conditions,
but promoted the formation of NaOH-P in the sediments. X-ray photoelectron spectroscopy ( XPS) and solid state *'P nuclear magnetic
resonance ( NMR) analyses of ZrMK-based caps before and after sediment incubation experiments indicated that the adsorption of P by
the ZrMK-based caps followed the ligand exchange and inner-sphere complexing mechanism. Results of this work indicate that ZrMK is
a promising active capping material for controlling P release from sediments in heavily polluted rivers.

Key words :sediments ; overlying water; zirconium-modified kaolin; capping; phosphorus; migration and transformation; effect
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Fig. 2 Change of SRP and DTP concentrations of overlying waters with incubation time in control ,

kaolin capping, and zirconium-modified kaolin capping columns
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Fig. 3 Phosphorus fraction distribution characteristics of kaolin samples and zirconium-modified kaolin

samples before and after microcosm incubation experiments
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Fig. 4 Phosphorus fraction distribution characteristics of sediments

in control and zirconium-modified kaolin capping columns
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microcosm incubation experiments
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Table 1 ~ Parameters of isotherm models for phosphate adsorption onto zirconium-modified kaolin samples

before and after microcosm incubation experiments
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Fig. 6 Solid state *'P NMR spectra of zirconium-modified kaolin samples before and after microcosm incubation experiments
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Fig. 7 XPS spectra of Zr 3d for zirconium-modified kaolin samples before and after microcosm incubation experiments
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Fig. 8 XPS spectra of O 1s for zirconium-modified kaolin samples before and after microcosm incubation experiments
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Table 2 Fitting parameters of O 1s peak of zirconium-modified kaolin samples before and after microcosm incubation experiments
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