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A Photometric Adaptation of the Zinc Uranyl Acetate Method for Sodium.

Jacos S. KRAKUSIN.*

(Introduced by C. J. Farmer.)

From the Department of Chemistry, Northweslern University Medical School, Chicago, Il

Several colorimetric methods suitable for
use with biological material have been pro-
posed for the determination of sodium.l-23
The disadvantage of these in routine bio-
chemical analysis varies from a lack of the
necessary sensitivity®3 to interference from
chromogenic materials usually encountered.®

The proposed method is a modification of
that of Butler and Tuthill.* All reagents
used are described in that method. The pre-
cautions and stoichiometric relations are
carefully preserved while the tedious weigh-
ing and washing procedures have been elim-
inated. In addition, a greater sensitivity is
obtained which makes possible the use of a
smaller volume of sample and the analysis of
fluids with very low sodium content.

The procedure will be described for urine.
Serum and other fluids may be prepared for
analysis according to Peters and Van Slyke®
with appropriate dilution to bring the solu-
tions into the range of the standard curve.

Method. Add to 5 ml of urine in a 50 ml
volumetric flask. 5 ml of 20% trichloroacetic
acid. Mix, and dilute with water to the
mark. After again thoroughly mixing, filter
out any precipitated protein, if present, us-
ing a dry Whatman No. 40 or 42 filter paper
and discarding the first 5 ml of filtrate.

To 10 ml of uranyl zinc acetate reagent
in a 15 ml graduated pyrex centrifuge tube,
add dropwise 1 ml of the urine filtrate (or
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prepared sample of serum, etc.) with constant
stirring. Mechanical stirring is desirable
though not imperative. Allow the mixture
to stand for 30 to 45 minutes with occasional
stirring. Remove the stirring rod, washing
down with 3 ml of reagent as it is being re-
moved. Cap the tubes (IEC No. 580 rubber
caps) and centrifuge at 2000 r.p.m. for 5 to
10 minutes. Aspirate off the supernatant
fluid as completely as possible. Wash the
precipitate with 95% ethyl alcohol saturated
with sodium zinc uranyl acetate, cap and
centrifuge as above. Aspirate the super-
natant and repeat the washing and aspira-
tion. After drying the tubes in an oven or
water bath at 60° to 70°C for 5 to 10 min-
utes, add 8 ml of hot water (60°C) to dis-
solve the precipitate. Cool to room temper-
ature, make up to the 10 ml mark with water
and mix. Bring the temperature to 25°C in
a water bath and read at 430 mp in a spec-
trophotometer or with a suitable blue filter
in any photoelectric colorimeter. The zero
density setting is made using a reagent blank
of 1 ml water treated and washed in the same
manner as the sample. The concentration
of the unknown is read from a standard curve
prepared with sodium chloride solutions con-
taining 0.002 to 0.05 meq sodium/ml.

Precautions. 1. Stirring of the solution
should be continued for at least 1 minute
after the precipitate appears. Incomplete
stirring will give erroneously low results.

2. Aspiration of the supernatant fluid in
the centrifuge tube is preferable to decanta-
tion because the granular quality of the pre-
cipitate is such that it could easily be lost
through rough handling. It is obvious that
as much as possible of the supernatant fluid
should be removed with each aspiration.
This is best done if a drawn out capillary
tube is used as an aspirator.

3. In the washing procedure it is best to
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stir up the precipitate by forcing the alcohol
wash solution over it in a sharp stream. The
last 1 to 2 ml of the wash solution should be
used to wash down the sides of the centrifuge
tube.

Discussion. It will be noted that in the
preparation of the urine sample, as given
above, a 1:10 dilution of urine is prepared
and that the phosphate has not been re-
moved. We have found only negligible dif-
ferences in comparative values obtained
whether or not phosphate is removed at this
dilution. An advantage offered by the ex-
treme sensitivity of this method is that sam-
ples of very low sodium content are immedi-
ately recognized at the first step in the pre-
cipitation; i.e., a minute amount of precip-
itate forms. In such cases, it usually suf-
fices to repeat the precipitation using the
preparation as recommended by Butler and
Tuthill in which the urine is not diluted dur-
ing the removal of protein and phosphate.

In the determination of serum sodium, a
1 ml aliquot of the solution of ashed sample
containing the equivalent of 0.1 ml of serum
is used. Here, again, the great dilution elim-
inates the necessity for the removal of phos-
phate.

Recoveries of sodium added to urines of
known value are shown in Table I. Com-
parison of results obtained with the proposed
method and that of Butler and Tuthill are
presented in Table II.

The color characteristics of the water solu-
tion of the sodium uranyl zinc acetate com-
plex were determined using both a Beckman
Model DU Spectrophotometer and a Cole-
man Model 11A Spectrophotometer. Ab-
sorption maxima were obtained at 430 mgu
on both instruments. Plots of concentra-
tion vs density do not give a straight line at
this wave length. However, the hyperbolic
curve obtained is smooth and highly repro-
ducible.

The yellow color of the dissolved complex
is stable for at least 4 hours. The intensity
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TABLE 1.
Recovery of Sodium Added to Urine Samples.

Meq. sodium Meq. sodium
added recovered % recovered
.0118 .0113 95.8
.0118 .0116 98.3
.0059 L0055 93.3
.0059 0057 96.6
.0020 .0020 100.0
.0020 .0021 105.0
TABLE II.
Comparison of Results with Colorimetric and

Gravimetrie4 Procedures.

Gravimetriec—Meq./liter ~ Colorimetric—Meq./liter

36.0 36.0
69.0 68.8
28.6 30.0
63.6 65.0
82.3 81.4
89.0 87.5

varies with temperature, and unknown solu-
tions must be read at the same temperature
at which the standard curve was prepared.

In explanation of the sensitivity obtained
by this method, it may be suggested that the
intrinsic errors in weighing and possible im-
perceptible small leakage through the pores
of the sintered glass filter are additive factors
in the gravimetric procedure, which are elim-
inated in the procedure described.

Summary. A photometric method is de-
scribed based on the gravimetric procedure
of Butler and Tuthill in which the precipi-
tated sodium zinc uranyl acetate is dissolved
in water, giving a yellow color which is read
with a suitable filter against a standard curve
at 430 mp. Phosphates in the normal urine
were found to exert negligible interference.
Recoveries and comparison values show the
method to be more rapid and at least of
equivalent accuracy with the gravimetric
procedure.
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