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Determination of Phosphate in Seawater by

an Isobutyl-Acetate- Extraction Procedure

Paul Pakalns and Blanka R. McAllister

Australian Atomic Energy Commission Research Establishment
Lucas Heights, NSW, Australia 2232

ABSTRACT

This paper describes methods for determining the quantity of inorganic phosphate and
total phosphorus in seawater by extracting the molybdophosphoric acid with isobutyl acetate
and by then reducing the solution to heteropoly blue. Arsenic and silicate in amounts ordi-
narily encountered in seawater do not interfere.

Introduction. 'The amount of inorganic phosphate in seawater can be deter-
mined by direct methods, but Martin (1968) has reported that, for phosphate
concentrations below 5 ug PO4-P/L, direct determination is not satisfactory.
Inorganic phosphate in seawater can also be determined by using isobutanol-
extraction procedure (Proctor and Wood 1954). Jones and Spencer (1963),
who compared this extraction procedure with four direct methods, found that
the reproducibility of the extraction method was comparatively poor. Strickland
and Parsons (1968) modified Proctor and Wood’s (1954) isobutanol-extraction
procedure for determining the amount of phosphorus in oligotrophic areas and
in many freshwater lakes, but their method was unsatisfactory when used on
water stored in iodine-treated containers.

Traces of phosphorus in metals and salts have been determined by extracting
the yellow molybdophosphoric acid with isobutyl acetate derived from sulphate
solutions and by then reducing the solution to heteropoly blue (Pakalns 1968).
This procedure allows phosphorus to be determined without preliminary separa-
tion from silicon and arsenic and does not require washing of the organic phase,
thus eliminating a source of considerable variation in the sensitivity. Pakalns
and McAllister (1971) extended the method to a determination of phosphorus
at trace levels in nitric, perchloric, and hydrochloric acid and in mixed acids.
From these results a nitric-perchloric-acid system was selected for determining
the amount of phosphate in seawater; although the procedure was designed
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specifically for such a determination, a standard addition procedure allows
phosphate to be determined for all types of potable and industrial waters.

Materials. For storage of the seawater samples, use polyethylene bottles
that have been treated with a solution of iodine-potassium iodide. Heron (1962)
has recommended that the sample bottles be filled with such a solution (5 g of
iodine and 8 g of potassium iodide per 100 ml of distilled water), be permitted
to stand for a week, and then be drained and washed well with distilled water.

Apparatus and Reagents. Use a Unicam SP-600 Spectrophotometer with
2-cm and 4-cm cuvettes.

Throughout the determinations, use a demineralized water, further purified
by means of a single distillation from permanganate.

Standard phosphorus solution: for a stock solution of 0.1 mg P/ml, dissolve
0.4395 g of KH,PO, in 1000 ml of distilled water; for a working solution of
1 pg or 2 ug P/ml, dilute 5 or 10 ml of the stock solution to 500 ml.

Ammonium molybdate solutions (5% and 10%): prepare from (NH;)sMo,
O24- 4H.O and store in a polyethylene bottle.

Perchloric acid, 72% (Merck): check the purity of perchloric acid by pre-
paring a blank solution and taking it through Method A (p. 307). The absorb-
ance must be less than 0.030.

Tin (II) chloride solution: dissolve 4 g of SnCl,-2H,0 in 1o ml of hydro-
chloric acid. Prepare a fresh solution each week.

Reducing solution: dissolve 1.3 g of ascorbic acid in 20 ml of water; add
1.3 ml of tin (II) chloride solution and 15 ml of gN sulphuric acid; dilute to
100 ml.

Isobutyl acetate (May and Baker Ltd.): boiling range 115°-120°C.

Methods. Filter seawater samples through a 0.45-u membrane filter and
store in iodine-treated polyethylene bottles in a temperature of —20°C.
According to B. Newell (1970; private communication), samples may be
stored indefinitely in this manner prior to determining the inorganic phosphate
content.

The stability of the seawater samples was ascertained as follows. Samples
were put in iodine-treated polyethylene bottles and stored in a deep freeze for
three weeks. The samples were then thawed to room temperature and analyzed
for inorganic phosphate. The solutions were then returned to the original
polyethylene containers, stored at room temperature, and again analyzed for
inorganic phosphate at 10-day and 20-day intervals. Increases or decreases in
the inorganic phosphate content do show up over a period of time (see Table I).

Two methods for determining inorganic phosphate are proposed below.
Method A describes the determination of inorganic phosphate in seawater that
contains less than 40 ug PO4-P/L, using a 100-ml sample. A modified proced-


















