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A new spectrophotometric method for determination of
residual polydiallyldimethylammonium chloride flocculant in
treated water based on a diazotization-coupled ion pair
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Abstract
Polydiallyldimethylammonium chloride (polyDADMAC) is a water-soluble cationic polyelectrolyte used for water treatment. Its residues in treated water are contaminants as they react with chlorine to produce a carcinogenic compound.
Commonly-used techniques for quantification of the polycation, such as colloidal and potentiometric titration as well as 1H
NMR, have poor sensitivity and detection limits. This paper describes a more sensitive UV spectrophotometric method for
quantitative determination of residual polyDADMAC in treated water, through formation of an ion pair with (4-hydroxy1-napthylazo) benzene-sulphonic acid (dye). The ion pair, which is a colloidal solid material, was characterised by FTIR,
13
C NMR and 1H NMR techniques. The colloid materials formed with different concentrations of polyDADMAC were
dissolved in either N,N-dimethylformamide or 1,4-dioxane, followed by determination with UV spectrophotometry. The
wavelength of maximum absorption (λmax) was found to be dependent on the solvent used, with 1,4-dioxane showing a better
linear range of 0.1–1.8 mg∙ℓ-1 polyDADMAC. Varying the pH of the solutions had no significant effect on λmax.
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Introduction
Domestic water is normally abstracted from rivers, dams and
groundwater, in its raw state, and contains a substantial amount
of suspended matter. It therefore must undergo treatment that
will render it suitable for human consumption. The initial stage
(clarification) involves the use of coagulants and flocculants
which accelerate the settling of suspended particles. Organic
cationic polyelectrolytes for the water treatment process are
currently preferred over inorganic flocculants due to advantages in clarification of suspended particles. Examples of the
most frequently applied flocculants are polydiallylydimethyl
ammonium chloride (polyDADMAC) and epichlorohydrindimethylamine (epi-DMA), which are used in 75% of waterworks in South Africa (Majam et. al., 2004). The advantages
of organic cationic polyelectrolytes over inorganic coagulants
include an increase in the solid-liquid separation rate, a smaller
sludge volume, non pH-dependence and low levels of dissolved
salts in the final treated water. These quaternary ammonium
polyelectrolytes have been found to solve the problem of slowsettling flocs in low-temperature coagulation and in the treatment of soft coloured waters, by improving settling of particles
(Faust, 1983). The mechanism of water treatment is by inducing
aggregation of molecules with opposite charges to form a new
combination product containing colloidal particles (Mocchiutti
and Zanuttini, 2007).
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Quaternary ammonium cations are permanently charged
(Xia et. al., 2007)������������������������������������������
, and when they interact with the environment while in active form (charged) they continue to form
free primary radicals which are difficult to terminate (Assem
et. al., 2007). Such free radicals initiate reactions that can
form undesirable compounds. For instance, it has been
realised from recent studies that organic cations react with
chlorine to form N-nitrosodimethylamine (NDMA) during
the chlorine water-disinfection process (Park et. al., 2009).
NDMA is a human carcinogen which has been identified as a
by-product of disinfection of water containing trace levels of
polyDADMAC (Park et. al., 2009). There is therefore a need
to determine the concentration of the polyelectrolyte cations
that pass through the flocculation stage, before the chlorination process, with a view to ascertaining the safety of water
to consumers. In addition, it is necessary to routinely monitor
residual levels of polyDADMAC in the final treated water so
as to advise on its removal.
It should be noted that polyDADMAC, like any other
polyelectrolyte, when dissolved in water dissociates to form
simple units of varying monomeric sizes (Gennes, 1979). The
dissociated repeating units bear an electrolyte group, making the polymers charged, and, hence, vulnerable to further
reaction. These properties of polyelectrolytes are thus similar
to those of ionic salts, which gives rise to their being termed
polysalts (Gennes, 1979).
Available methods for determining the concentrations of
polyelectrolytes are unsatisfactory because polyelectrolytes
have high detection limits and are therefore not suitable for
trace-level analysis. For instance a detection limit of 10–40
mg∙ℓ-1 was reported by Becker et. al. (2004), who estimated
the level of polyDADMAC in water by fluorescent tagging.
Other methods are based on indirect titration methods or back

707

