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Abstract

A flow-injection method for the determination of phosphate in surface waters was developed. The molybdenum blue colorimetric method
with tin(IT) chloride as reducing agent was used. The calibration curve was linear up to 500 ug.¢™ ' while a good precision and accuracy were
achieved. Using an Auto Analyzer colorimeter with a debubble type flow cell, a sample frequency of 90 samples.h™ ! was obtained. To com-
pensate for the interfering effect of mercury(IT) on the sensitivity of the molybdenum blue reaction, both samples and standard solutions

were preserved with the same amount of mercury(II) chloride.

Introduction

A variety of flow-injection methods are available for the deter-

mination of phosphate in water. Of these, flow-injection co-

lorimetry is the best known and is cutrently most often used

(Ruzicka and Stewart, 1975). Fogg and Bsebsu (1981; 1982;

1984) have also recently done work on flow-injection voltam-

metry. Colorimettic methods which have been adapted for flow-

injection analysis (FIA) include the following:

@ The malachite green method (Motomizu e# /., 1983) suitable
for low level phosphate determination.

@ The molybdovanadophosphoric acid method (Basson ez /.,
1981) suitable for relatively high phosphate levels.

® The molybdenum blue method (Ruzicka and Stewart, 1975)
which covers a wide range of phosphate concentrations.

The molybdenum blue method, based on the reaction between

ortho-phosphate and molybdate in an acidic medium to form a

molybdophosphoric acid, is the most commonly used. Selective

reduction of the acid produces a substance with a blue colour.

A number of reducing agents have been recommended. Of
these tin(Il) chloride (Lutwak, 1953) and ascorbic acid (Murphy
and Riley, 1962) ate the most frequently used. In general ascorbic
acid is preferable to tin(II) chloride, due to its higher stability and
better precision (Strickland and Austin, 1959).

For low level phosphate determination, however, ascorbic
acid reduction is too slow to provide adequate sensitivity (Janse ez
#., 1983). The addition of antimony(III) as a catalyst accelerates
the reduction rate, thus enhancing the sensitivity (Murphy and
Riley, 1962). However, the sensitivity obtained with the latter
method is still not sufficient to determine phosphate at concen-
trations below 1 mg.£~!. High antimony concentrations also lead
to the formation of turbidity in the flow system with a concomi-
tant decrease in the precision. Tin(II) chloride is more suitable for
these determinations due to the faster reduction rate, which
enhances sensitivity. The instability of tin(II) chloride has been
overcome to a large extent by the addition of hydrazinium
sulphate (Kolthoff, 1961).

This article describes a FIA method for the determination of
phosphate in surface waters, using the molybdenum blue
method. In view of the relatively low phosphate concentrations
found in surface waters tin(Il) chloride, stabilised with
hydrazinium sulphate, was selected as the reducing agent.
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Experimental
Apparatus
Sampler, peristaltic pump, colorimeter and recorder

A Technicon Auto Analyzer Sampler IV, with a modified sampl-
ing switching mechanism, was used to present samples to a
Technicon Auto Analyzer model II peristaltic pump, fitted with
standard Technicon pump tubes. A Technicon double channel
colorimeter, with a 50,0 mm debubble type flow cell (internal
diameter = 1,5 mm) was used. This was connected to a
Technicon recotder.

Flow-injection valve system and timing device

A Carle valve (model 2014) with two variable sample loops was
used to inject samples into the unsegmented carrier stream. The
valve was driven by a Carle valve motor unit (model 4201) con-
trolled by a locally constructed timing device, which switched
both the valve and sampler units at the appropriate intervals.

Analytical flow system

A flow. diagram of the analytical flow system is shown in Fig. 1.
Polyethylene tubing (ID = 0,38 mm) was used for mixing coils
and connecting tubes.

Optimisation of method
Sensitivity

To achieve optimum sensitivity, the effects of injection volume,
coil length and reagent concentration were examined.

Fig. 2 shows the influence of the injection volume on the
sensitivity. As could be expected the sensitivity increased with an
increase in injection volume. The increase in the injection
volume, however, caused greater carry-over between consecutive
samples. An acceptable compromise between sensitivity and
carry-over was found at 1 200 ¢, and this volume was used in fur-
ther work.

Table 1 shows the influence of the length of the mixing coil
(M) on the sensitivity. The difference in sensitivity between the
300 mm and 500 mm coil lengths was not significant. However,
an improved flow pattern and less pulsation wete obtained with
the latter coil length which was consequently used.
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cm 3 min—!
3,40 W
EtOH 2,00 3
Sn (11) 0,80
\/W 6860 W
Mo (IV) 1,60
Figure 1

Schematic diagram of the analytical flow system. S = sempling value;
D = debubbler; W = waste; M = mixing coil.
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Figure 2
Influence of the injection volume on the sensitivity (in terms of peak
besght).

Sensitivity was also examined as a function of the reagent
concentrations. The modified simplex method described by
Deming and Morgan (1973) was used. Table 2 shows the range
over which the reagent concentrations were investigated, as well
as the optimum concentrations obtained. However, the stability
of tin(Il) chloride significantly influenced the precision of the
method. Thus, while optimum sensitivity was found as a tin(II)
chloride concentration of 0,32 g.f~!, precision was poor. It was
necessaty to decrease the tin(I) chloride concentration to less
than 0,1 g.f~! to obtain acceptable precision.

Linearity
The linearity of the calibration curve was examined in a range

from 0,05 to 0,50 mg.f~! phosphate. The deviation from lineari-
ty with increasing phosphate concentration is shown in Fig. 3.
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This is probably due to the lower tin(II) chloride concentrations
being insufficient to fully reduce all of the molybdate in the
molybdophosphoric acid. This led to the examination of the
calibration cutve as a function of tin(Il) chloride concentration
and injection volume. The results are shown in Fig. 4. A linear
calibration curve was found at a tin(II) chloride concentration of
0,09 g.f-! and an injection volume of 700 uf.
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Linearity of the calibration carve.
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Linearity of the calibration curve as a function of tin(Il) chloride concen-
tration and infection volume.
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TABILE 1
INFLUENCE OF THE COIL LENGTH ON THE SENSITIVITY (IN
TERMS OF PEAK HEIGHT) OF THE METHOD.

Coil length (mm) Relative peak height
0 65,0
300 734
500 73,5
TABLE 2

THE CONCENTRATION RANGES AND OPTIMUM
CONCENTRATIONS OF THE REAGENTS USED IN THE
MOLYBDENUM BLUE REACTION.

Concentration range Optimum concentra-

Reagent (.01 tion (g.0~1)

Tin(II) chloride 0,20- 0,70 0,32

Hydrazinium

sulphate 2,0 - 40 2,6

Ammonium

heptamolybdate 2,0 22,0 14,6
Recommended method

Preparation of the reagents

AR-grade reagents and deionised water were used throughout the
experiment,

® Reducing agent:
Dissolve 0,09 g tin(Il) chloride and 2,60 g hydrazinium
sulphate in 1£ of 2 0,5 mol.t~! sulphuric acid solution.
Transfer the solution to an amber bottle and cover the bottle
with plastic film.

® Molybdenum solution:
Dissolve 14,6 g of ammonium heptamolybdate-tetrahydrate
in 1£ of 2 0,63 mol.f~! sulphuric acid solution and add 2 m¢
sodium lauryl sulphate (SLS) solution. SLS solution is
prepared by dissolving 15 g SLS in 85 m¢f of water.

® Ethanol solution:
Add 50 m{ ethanol to a flask and dilute to 1 £ with water.

® Phosphate standards:
Weigh accurately 0,4390 g of sodium dihydrogen phosphate
dried at 105 °C for 2 h and dissolve in 1f water. This stock solu-
tion contains 100 mg.f~! POj~-P. From the stock prepare
0,50; 0,40; 0,30; 0,10 and 0,05 mg.f~! P working phosphate
standards. Both the stock solution and phosphate standards
must be preserved with 20 mg.£~* mercury(Il).

Evaluation of the method

All the water samples were preserved with 20 mg.¢~! mer-
cury(Il) chloride throughout the investigation.

Accuracy

The accuracy of the method was determined by spiking four sur-
face water samples. The results are shown in Table 3.
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Precision

The precision of 16 repetitions of phosphate standard solutions in
the range 0,05 to 0,50 mg.£~! PO%~- P was determined. Table 4
summarises the data obtained in the evaluation of the precision
of the recommended method. Fig. 5 is a recording chart il-
lustrating three repetitions of the phosphate standard solutions in
this range.

Interferences

Silica is the most important ion which interferes with the deter-
mination of phosphate in surface waters (APHA, 1985). The in-
fluence of silica on the method was examined. It was found that
silica concentrations of less than 30 mg.£~* Si have no significant
interference on the determination of phosphate using the recom-
mended method.

Mercury(II) is frequently recommended as a presetvative for
phosphate in aqueous solutions (APHA, 1985). In a preliminary
evaluation of the interfering effect of mercury(Il) it was found
that the presence of 7 mg.¢~! Hg(I) (20 mg.£~! Hg(I)CL) in
both samples and standard solutions decreased the sensitivity of
the reaction by approximately 5%. However, the addition of
mercury(Il) (7 mg.£~! Hg(Il)) to both standard solutions and
samples effectively compensated for the intetfering effect of mer-
cury. The validity of this approach is also supported by the
satisfactory accuracy obtained with the recommended method.

Carry-over
Carry-over was determined by analysing a 0,50 mg.f~! standard

followed by a 0,05 mg.f~! standard. At a sample frequency of 90
samples.h~! a carry-over of less than 1% was obtained.

TABIE 3
RECOVERY OF PHOSPHATE ADDED TO SURFACE WATER
SAMPLES
Surface water Phosphate (mg.f~!) Recovery
sample %
Found  Expected
1 0,34 0,35 97,1
2 0,28 0,28 100,0
3 0,48 0,47 102,1
4 0,49 0,50 98,0
-
TABLE 4
THE PRECISION OF CONCENTRATION READOUT GIVEN AS
% RSD AT VARIOUS PHOSPHATE STANDARD SOLUTION
VALUES.

Phosphate Number of repetitions % RSD
0,50 16 0,50
0,25 16 0,67
0,10 16 0,88
0,05 16 1,29




Figure 5
Recorder chart tllustrating three repetitions of phosphate standard solu-
tions in 4 range between 0,05 and 0,50 mg. L~ ! PO’ -P.

Discussion

The recommended method has a suitable sensitivity to determine
phosphate in a range between 0,01 and 0,50 mg.£~! PO5-P. A
good precision (0,50% at 0,50 mg.f~! PO}~ - P) and acceptable
accuracy was obtained. A carry-over of less than 1% was achieved
at a sample frequency of 90 samples.h~!. The calibration cutve is
linear for the chosen concentration range.

The main disadvantage of using tin(II) as reducing agent is
its low stability. Potentially this can lead to poor precision and a
shift in the baseline. By reducing the concentration and adding
hydrazinium sulphate, the tin(II) can, however, be stabilised. In
addition, when the container holding the reducing agent is
covered with plastic film, thus reducing exposure to atmospheric
oxygen, the precision is improved and the baseline shift is almost
eliminated.

The advantage of using a Technicon debubble type flow cell
is that the occasional bubble is removed before reaching the
detector. This is an advantage where the FIA method is used to
analyse a latge number of samples in a routine laboratory. The
latger dead volume of this type of flow cell due to the debubble
section and bigger tube diameter causes an inctease in the disper-
sion of the samples. The greater dispersion increases the catty-
over between consecutive samples, thus loweting the sample fre-
quency. It is expected that the 90 samples.h~! achieved with this
flow cell can be considerably increased by replacing it with a nat-
row internal diameter FIA type flow cell.
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