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Abstract
Water treatment residues (WTR), the by-products of the production of potable water, are chemically benign, inorganic
materials which are suitable for disposal by land application, though they are frequently reported to have high phosphorus (P)
sorption capacities. An understanding of the distribution of inherent P in WTR is, however, required, if sorption-desorption
processes are to be correctly interpreted. The aim of this investigation was to characterise the chemical properties relevant to
P-sorption/desorption processes of 15 South African WTR and to determine the inherent distribution of P within the WTR
using a chemical fractionation procedure. The pH, exchangeable Ca and organic carbon content ranged from 4.77 to 8.37,
238 to 8 980 mg·kg-1 and 0.50 to 11.6 g·100 g-1, respectively. Dithionate, oxalate and pyrophosphate extractable Al fractions
ranged from 741 to 96 375, 1 980 to 82 947 and 130 to 37 200 mg·kg-1, respectively, and dithionate, oxalate and pyrophosphate extractable Fe ranged from 441 to 15 288, 3 865 to 140 569 and 230 to 90 000 mg·kg-1, respectively. Mechanisms of
P-retention are residue specific, being dependent on the chemical properties of the WTR. Elevated Ca and amorphous Al and
Fe concentrations did, nevertheless, suggest that all residues had the capacity to adsorb high amounts of P and to retain this P
in forms unavailable for plant uptake.
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Introduction
The production of potable water from turbid primary sources
requires the removal of suspended and dissolved solids, organic
matter and other contaminants from the raw water source
(Hughes et al., 2005). This is achieved through the addition
of treatment chemicals which isolate unwanted constituents
through flocculation and coagulation processes. The physical
and chemical characteristics of the resulting water treatment
residues (WTR) depend largely on the characteristics of the raw
water source, the coagulant type used and dosage applied and
other relevant facility-specific operating conditions (Babatunde
and Zhao, 2007; Ippolito et al., 2011).
Water treatment residues have been classified as coagulant, lime or softening, natural or manganese residues, where
coagulant and softening residues representing the majority of
residues (approximately 70% and 25%, respectively) (Babatunde
and Zhao, 2007). Coagulant residues are formed when alum
salts (Al2(SO4)3.nH2O), ferric salts (FeCl3, Fe2(SO4)3) and
organic polymers are added to raw water (Ippolito et al., 2011).
These materials act as effective coagulants by destabilising
dispersed particles, providing new particles that accelerate the
rate of particle collision and thus aggregation and by acting
as strong adsorbents of dissolved organic materials and many
trace contaminants (Elliott et al., 1990). Softening residues are
comprised primarily of calcium and magnesium carbonates
which are formed when lime, sodium hydroxide and/or soda ash
are used to treat hard or alkaline water. Some water treatment
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plants may also add organic polymers or metal salts to remove
fine precipitates, colour or turbidity present in the raw water. In
general, most WTR may be described as particulate or gelatinous substances composed of aluminium and iron hydroxides,
carbonates of calcium and magnesium, inorganic particles such
as clay or sand, coloured colloids, microorganisms and other
organic and inorganic matter removed from the water being
treated (Albrecht, 1972).
The chemical properties of WTR have been well documented, with many studies confirming their generally benign
nature (e.g. Dayton and Basta, 2001; Ippolito et al., 2003;
Titshall and Hughes, 2005; Babatunde and Zhao, 2007; Ippolito
et al., 2011). Babatunde and Zhao (2007) and Ippolito et al.
(2011) have reviewed research investigating the high phosphorus
(P) sorption capacity reported for many WTR. The P adsorption
and desorption behaviour of WTR has been linked to the presence of metallic hydrous-oxides, Ca and organic compounds,
pH, particle size and number of micro-pores (Dayton, 1995;
Boisvert et al., 1997; Ippolito et al., 2003; Makris et al., 2005;
Ippolito et al., 2011). Babatunde and Zhao (2010) investigated
the kinetics of P-sorption of alum WTR. They report that initial
sorption occurs on surface functional sites until these are saturated, and then by diffusion into pores for further sorption. They
also found that the rate of sorption increased as the P concentration of the solutions increased. Yang et al. (2006) suggested
that the sorption mechanism was through the displacement of
surface functional groups by phosphate ions, indicating that
ligand exchange processes were dominating.
It is due to the generally high P-sorption capacity of WTR
that several studies have investigated the use of WTR to reduce
P concentrations in P-contaminated environments (e.g. Dayton
et al., 2003; Makris et al., 2005; Razali et al., 2007; Babatunde
et al., 2008; Babatunde and Zhao, 2009). While a number of
these studies have characterised the properties of WTR and
related these to P-sorption capacity (see review by Ippolito et
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