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Abstract
A very simple, easy and sensitive spectrophotometric manual determination method of phosphorus for the P-PO43- ion in
natural waters, based on formation of the blue bismuth-phosphomolybdate complex (BiPMo), was developed. Ascorbic acid
is used for the reduction of bismuth-phosphomolybdic acid to bismuth-phosphomolybdate complex. Beer’s law is obeyed for
the concentration range to 0.6 mg·ℓ-1 (aqueous solution) and to 1.2 mg·ℓ-1 P (IBMK). The effect of foreign ions on absorbance
was examined. Ions do not affect the spectrophotometric determination of phosphorus using the BiPMo complex at concentrations usually found in natural waters.
The limit of detection (blank + 3 S.D.) was 0.0059 mg·ℓ-1 (aqueous solution) and 0.0050 mg·ℓ-1 (IBMK) using the bismuthphosphomolybdate complex (BiPMo). The P-PO43- in river water, mineral water and spring water was determined by this
method. The results obtained by the proposed method are compared with those of the phosphoantimonylmolybdenum blue
method. The method of standard addition was also applied to the determination of phosphorus in natural waters.
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Introduction
Phosphorus (P) is an essential element for all life including plant
growth and photosynthesis in algae (Daniel, 1998; Haugarth and
Jarvis, 1999; McDowell, 2001).
A multiplicity of phosphorus forms, including ortho-, pyro-,
poly-, meta-, organic, colloidal, and suspended phosphorus, can
be present in natural waters. Each of these forms can be measured either partially or fully (depending on the reaction conditions) as orthophosphate via hydrolysis. Phosphate stimulates
the growth of plankton and aquatic plants which provide food
for fish. This may cause an increase in the fish population and
improve the overall water quality. However, if an excess of phosphate enters a water-way, algae and aquatic plants grow excessively, choking up the waterway and using up large amounts of
oxygen. This condition is known as eutrophication or over-fertilisation of the receiving waters. This process, in turn, causes the
death of aquatic life because of the lowering of dissolved oxygen
levels. Extensive monitoring is needed to provide data on this
nutrient for effective water quality management. An indispensable key to the accomplishment of this objective are methods for
analysing phosphates that are accurate, specific, and reliable.
In recent years, many rapid and simple methods are used
for the determination of phosphorus as phosphate in water samples. Spectrophotometric methods are based on the formation of
yellow molybdophosphoric acid and its reduction to a blue het-
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eropoly compound, phosphomolybdenum blue (Standard Methods, 1998; Lyddy-Meaney et al., 2002; Zhang and Chi, 2002).
There have been many reports on various modifications of these
methods in order to make the sensitivity and stability high, such
as the malachite green method (Susanto et al., 1995), rhodamine
B method (Zenhai et al., 2005), thiamin method (Perez-Ruiz et
al., 2001) and luminol method (Yaqoob et al., 2004).
However, it is known that the silicate ion has a significant
effect on determination of phosphorus in all methods based on
phosphomolybdenum blue. Silicate interference can be reduced
or eliminated using lower temperatures (silicomolybdenum blue
complex is favoured at higher temperatures) or by reducing
the pH (Zhang and Chi, 1999). Masking agents such as tartaric
acid can also be effective provided that they are added before
the molybdophosphate or molybdosilicate species are formed
(Yaqoob et al., 2004).
In order to decrease silicate interference and increase the
sensitivity of the phosphomolybdenum blue method Murphy
and Riley (1962) carried out the reduction of molybdophosphoric acid with tin(II)-chloride or ascorbic acid in the presence
of potassium-antimonyl tartarate and obtained a blue solution,
the absorption maximum of which was at 882 nm. These authors
stated that antimony ions (III) have the role of catalyst. Somewhat later, Going and Eisenreich (1974) surmised the stoichiometry of the reduced heteropoly acid to be PSb2Mo10O40. The
reduction is not instantaneous, nor is the blue product stable; full
colour develops in 6 to 10 min and fades gradually thereafter
(Minear and Keith, 1984). Subsequently, the Murphy and Riley
technique has become one of most frequently used procedures,
achieving a tentative status in the Standard Methods (1998).
Ueda et al. (2001) used a phosphoantimonylmolybdenum
blue complex in a ratio of H2O:CH3CN (1:1) for the spectropho-
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