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Summary

A new method for oxalate determination in urine is described. It neither requires
precipitation nor previous extraction of oxalate and is free from the interferences of-
ten found with analyes of urine samples. The method is not time consuming and 1s
suited to routine work.

Introduction

The determination of trace anion using ligand exchange extraction is an estab-
lished technique [1]. The extraction occurs when an organic solution of a metallic
complex is shaken with an aqueous solution containing the anion. Some anions such
as oxalate, citrate, cianide, sulphide and carbonate have been determined previously
by ligand exchange extraction followed by UV-VIS absorption spectrophotometry
[2-6].

In this paper a new method for the determination of oxalate is proposed. Briefly
copper, as oxinate in organic solution, is extracted by oxalate in aqueous solution
with which the copper forms a compound which is soluble in the aqueous layer.

The indirect determination of oxalate is possible since copper(I) extraction to the
aqueous phase provokes organic layer decolorisation. The signal decrease produced
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in the organic layer is measured by UV-VIS absorption spectrophotometry (UVAS)
and by atomic absorption spectrophotometry (AAS).

We now report the behaviour of Cu(II) oxinate in several organic solvents, the var-
iables which influence the extraction process in order to choose the best conditions
to determine oxalate and the application of the method to urine samples.

Materials and methods
Instrumentation

A Pye-Unicam SP-9 atomic absorption spectrometer with flame, a Perkin-Elmer
575 spectrophotometer and a Metrhom E-516 pH meter with a combined glass-calo-
mel electrode, The instrumental conditions for AAS and UVAS are described in
Table L.

Reagents

Copper(1l) oxinate (CuOx,) in the solid state was prepared according to the gravi-
metric method [7]. Solutions of this product were prepared in methyl isobutyl ketone,
n-butyl acetate or isoamyl alcohol (in the latter case the spectrophotometric absor-
bance necessarily has to be between 0.600 and 0.750).

All chemicals used were of analytical reagent grade.

Procedures

1. In order to study the behaviour of aqueous solutions of oxalate when they are
shaken with CuOx; in iscamyl alcohol, the following procedure was used. A portion

TABLE I
Instrumental conditions for AAS and UVAS

AAS
Lamp Cu hollow catnode lamp
Lamp current 4 mA
Analytical line 3248 nm
Spectral bandwidth 0.5 nm
Integration time 2s
Flame stoichiometric air/acetylene flame
Zero set LA.
UVAS
Wavelength 395 nm

Cells 1.0 cm glass cell
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of a 5.68 x 10~* mol/l oxalate solution (1-30 ml) was added to 2 ml of 1 mol/l acetic
acid-sodium acetate buffer solution (pH 4.55), diluted to 50 ml with distilled water
and shaken for 3 min in a separatory funnel with 10 ml of copper(II) oxinate (concen-
tration is about 9.1 x 10~° mol/l in isoamyl alcohol). After 20 min, to allow phase
separation, the aqueous layer was discarded, the organic phase dried with anhydrous
sodium sulfate and transferred into stoppered glass tubes. A blank was prepared in
the same way, but without oxalate. The absorbances of the organic layers were meas-
ured by UVAS and by AAS with the instrumental setting described in Table 1.

2. To determine oxalate amount in real urine, urine samples were collected over
24 h, diluted with distilled water ten times and their pH values adjusted to approxi-
mately 4.5 with HCIO4 10~2 mol/l. To five portions, each of 40 ml, of this solution
were added 1, 2, 3, 4 and 5 ml respectively of 5.68 x 10~* mol/l oxalate solution, 2
ml of buffer solution (1 M acetic acid-acetate, pH 4.55) and diluted to 50 ml with
distilled water. Continue as described in procedure (1) allowing longer times for com-
plete phase separation (about 30 min) due to the formation of froth. Plot the absor-
bance differences versus oxalate concentrations added and calculate the origin ordi-
nate (Or.Or.). The oxalate concentration in the urine sample is obtained by the
expressions:

c(molar) = O_rO_r—_O_OZ_Zx 1.14 x 104 for UVAS
0.124

c(molar) = 91%2—6 x 1.14 x 104 for AAS.

Results

Behaviour of Cu(Il) oxinate in organic solvents

Cu(Il) oxinate spectra showed a maximum at 415 nm in butyl acetate (BA) and
in methylisobutylketone (MIBK) and at 395 nm in isoamyl alcohol (IA) when they
were recorded immediately after being prepared. CuOx; is not stable in these sol-
vents. Its absorbance measured by UVAS or by A.A.S. is slowly increasing. The sol-
utions in BA and in IA were stabilized heating them in a hot water bath for a few
minutes, remaining stable at least for a week when they were kept in the darkness.

The behaviour of CuOx; in the three solvents when it is extracted into aqueous
solution at different pH is shown in Fig. 1. CuOx; in BA is extracted at pH <5, in
MIBK at pH <7 and in IA at pH<4.5.

Oxalate determination by UVAS and A.A.S.

The samples were prepared as follows: 10 ml of CuOx; in L.A. 9.1 x 10~ mol/l
are manually shaken for 3 minutes with the aqueous solution containing oxalate. Af-
ter phase separation, the organic layer is dried with Na,;SO,4 anhydrous and measured
by UVAS and A.AS.

The influence of the oxalate aqueous solution pH was determined adjusting it with
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Fig. 1. Influence of the aqueous phase pH on the extraction. (A) MIBK, (®) IA and (O) BA. A: difference
of absorbance between the CuOx, (blank) and the samples.

HCIO, or NaOH to avoid possible interferences from other ions. The results are
shown in Fig. 2.

Several shaking times, carried out manualily, and several periods for phase sepa-
ration, were tested. The results are found in Table II. Also, in this table is shown
the effect of the volume ratio V,q/V s and the influence of the CuOx; concentration
in LLA. used for extraction.
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Fig. 2. Influence of the pH in the extraction with oxalate aqueous solutions from Cu(Ox)2 in IA. A. differ-
ence of absorbance between the CuOx, (blank) and the samples.

Calibration graphs and reproducibility

The samples were prepared as described in the procedure with oxalate concentra-
tions from 0.64 ppm (7.3 x 10~¢ mol/l) to 30,7 ppm (3.5 x 10~* mol/l). The organic
phase was measured by UVAS at 395 nm and by A.A.S. with Cu lamp. The results
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TABLE II

Influence of several variables in oxalate determination* at pH 4.55

Shaking time? Period for phase separation®
Min A Time (min) A
1 0.078 1 0.065
2 0.080 3 0.069
3 0.080 5 0.071
4 0.081 15 0.098
5 0.082 20 0.098
Vi Vo A mol/] A0 A
20:1 Not enough volume 9.11x10-3 0.592 0.080
left 1.14x 104 0.740 0.079

10:1 0.068 1.32x 104 0.860 0.010

51 0.037 2.53x10-* 1.645 -0.059

(*). A = Difference between blank absorbance (4,) and sample absorbance. Other experimental condi-
tions were:

(@) [Ox,Culp=9.1x 10-3 mol/l; [C;04).q=4.4 x 10~3 mol/]; period for phase separation = 15 min; V,/
Vy=5:1.

(b) [Ox,Cu)y=16.7 x 10-3 mol/L; [C;04).q = 8.8 x 10~3 mol/l; V,o/V,=5:1; shaking time =3 min.

(c) [Ox,Cu)y=6.7 x 10~3 mol/l; [C;04],q=2.6 x 10-3 mol/]; shaking time=3 min.; period for phase sepa-
ration =15 min.

(d) [C204)sq=4.4 x 10-* mol/l shaking time =3 min; V,/¥,=5:1; period for phase separation= 15 min.

are shown in Fig. 3. The calibration graphs show that there are two different slopes,
one from 1.13 x 10~ mol/I to 1.13 x 10~% mol/l and another from 1.36 x 10~ mol/l
to 3.39 x 10~% mol/l. The least-squares equations which fit the calibration curves are:

A=1408c+0.026 for UVAS

A=1320c+0.024 for AAS
for the first concentration range, and

A=616c+0.132 for UVAS

A=528c+0.136 for AAS
for the second concentration range. The molar absorptivity was 1410 for the first
concentration range and 640 I-mol~'-cm~! for the other one. The sensitivity of the
A.A.S. measures was 3.4 x 10~ % mol/l and 7.9 x 10~® mol/l, respectively.

The reproducibility of the method was studied for 11 determinations with
4.4 x 10~% mol/l of oxalate; the samples were prepared as described in the procedure.
The statistical values setting the confidence level at 95% are: standard deviation
5.4x 10~4and 7.2 x 104, and relative error (%) 1.1 and 1.6 for AAS and for UVAS,
respectively.
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Fig. 3. Calibration curves for oxalate determination. (O) UVAS, (@) AAS.
Interferences

The samples were prepared as described in the procedure, with the interferent spe-
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cies five time diluted respect to the level that they usually have in urine (8), and 5.0

ppm of oxalate (5.7 x 10~3 mol/l) in the aqueous phase. The results are shown in Ta-

ble III.
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TABLE HI

Influence of the species usually found in urine for 5 ppm of oxalate (5.7 x 10-35 mol/l).

Organic compounds

error(%)
Interferent Conc.(ppm)* MS AAS
Albumin 10 +23 +0.9
DNA 2 —138 + 18
Urea 4000 +3.5 —-0.9
Uric acid 140 +0.9 +3.6
Creatinine 240 +7.9 +8.0
Creatine 16 +4.4 +6.3
Glucose 200 +3.5 +1.8
Bilirubin 0.5 +1.8 +5.8
S-Phenylpyruvic acid 0.5 0.0 —-2.6
a-Ketobutyric acid 3 +1.9 —1.6
Histidine 2 +2.8 —1.6
Acetone 0.5 0.0 —4.1
fS-Hydroxybutyric acid 3 0.0 +33
Nor-adrenalin 0.1 -37 —1.6
Dopamine 0.1 -19 -3.3
Acetylcholine 12 -3.7 +1.6
Serotonin 12 -19 —-1.6
Imidazole-4-acetic acid 12 +2.8 +33
Glycine 0.5 +3.6 +8.9
Adrenalin 0.1 +7.2 -89
Inorganic Compounds
Ammonium 140 +0.9 +54
Chiloride 1300 0.0 +1.6
Potassium 500 —-1.8 +34
Nitrate 60 +0.9 +1.7
Nitrite 20 —-79 +3.4
Carbonate 60 —0.9 +2.6
Sulphate 20 +0.9 +4.3
Calcium 40 —6.2 -0.9
Cobalt(II) 1 —6.2 ~11.2
Lead(II) 0.02 +1.8 -7.8
Iron(1II) [ —10.6 +28.4
Iodide L 0.0 —8.6
Phosphate 200 -79 —14.6
Zinc 0.2 —2.6 —8.6
Magnesium 30 —28.3 ~23.3

*The concentrations are five times smaller as usually found in urine because the urine samples are diluted
ten times.
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Oxalate determination in urine

With the aim of determining this species in real urine samples, as synthetic urine
which contained all the components shown in Table IH at the same concentrations
was prepared. In order to determine oxalate in synthetic urine and afterwards in real
samples, we obtained several calibration curves in synthetic urine. In one case this
urine was diluted five times and in the other one ten times. The oxalate concentra-
tions in both series are 2.26 x 10~3 mol/l, 4.52x 10> mol/l, 6.78 x 10~° mol/l,
9.04 x 105 mol/l and 1.13 x 10~ mol/l.

The above mentioned series were repeated several times at 1:10 dilution. The re-
sults were quite similar and we have obtained two mean calibration curves which are:
A=1091c+0.022 for UVAS (a)

A=1100c+0.026 for AAS. (b)

The oxalate determination in real urine was carried out applying the multiple-addi-

tion method as described in the procedure using the calibration curves (a) and (b).

Discussion

Before carring out the extraction with oxalate some properties of the Cu(II) oxi-
nate in organic solvents were studied, such as: absorption spectra of the metallic com-
plex, stability and pH zone of the aqueous phase in which the complex remains in
the organic phase after extraction. The organic solvents studied were: BA, MIBK and
TA, all of them suitable to be used in flame atomic absorption. After this preliminary
study IA was choosen, because reextraction by water occurs at lower pH, the metallic
complex is unstable in MIBK and it shows low solubility in BA.

To carry out the oxalate determination based on the extraction of CuOx2 in isoa-
myl alcohol, several variables such as influence of the pH of the aqueous solution,
phase volumen ratio, agitation time and phase separation time were established. As
we can observe in the Fig. 2, the maximum amount of Cu(Il) extracted takes place
between pH 4.4 and 4.6. Therefore the buffer solution choosen was 1M acetic acid/
sodium acetate at pH 4.55. Other optimal experimental conditions are shown in
Table 1.

The results show that the determination of oxalate presents little interferences.
Therefore, it is confirmed the possibility to determine oxalate in real urine samples
by this method. The least-squares equations which fit the two different slopes of the
calibration graphs show the convenience of working with the first straight line in or-
der to get more sensitivity.

The oxalate concentration in real urine samples applying the multiple-addition
method can be calculated from the equations obtained with synthetic urine samples
due to the similar slopes of the calibration graphs in both cases. The oxalate concen-
tration was calculated from the equations (a) and (b) as follows:
0.114=1091c+0.022; c=8.1 x 107> mol/l
0.098 =1100c+0.026; ¢ =6.5 x 10~ mol/l
since the samples were diluted ten times the oxalate concentration in this urine sam-
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pleis 8.1 x 10~ % mol/l measured by UVAS and 6.5 x 10~* mol/l measured by AAS.

Comparing the results obtained in the oxalate determination in natural urine by
UVAS with the ones obtained by AAS, led us to the conclusion to propose the AAS
as a more reliable technique since it is more selective than UVAS (it can be deduced
in this case from the calibration curves for natural urine) and the results are closer
to the normal values described in the literature.
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