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Résumé

On a développé une méthode permettant d'extraire le nickel 63

de l'urine. L'estimation ultérieure de l'activité est faite au moyen

d'un compteur à scintillateur liquide. L'urine est cendrée par voie

humide selon un nouveau procédé beaucoup plus rapide que les méthodes

classiques de cendrage. Les phosphates d'interférence sont enlevés

avant la précipitation de Ni comme complexe diméthylglyoxime. Les

effets du poids de l'agent, le pH du stade d'enlèvement des phosphates

et le pH de la précipitation du complexe diméthylglyoxime ont été

étudiés et optimalisés afin d'avoir une récupération moyenne de

97 + 8% pour le nickel 63. La limite de détection est estimée à

1.5 pci (55 mBq) par échantillon.
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ABSTRACT

A method has been developed that separates nickel-63

from urine. The subsequent estimation of ac t iv i ty is by

liquid scintillation counting. The urine is wet ashed by a

new procedure which is much faster than conventions ashing

methods. Interfer ing phosphates are removed prior to a

precipitation of Ni as the dimethylglyoxime complex. The

effects of the carr ier weight, the pH of the phosphate

removal step and the pH of the dimethylglyoxime

precipitation have been investigated and optimized to give a

mean recovery of 97 ± 8% for nickel-63. The detection l i m i t

is estimated to be 1.5 pCi (55 mBq) per sample.

Chaik River Nuclear Laboratories
Chalk River, Ontario KOJ 1J0

1981 May AECL-7248



ATOMIC ENERGY OF CANADA LIMITED

THE OPTIMIZATION OF THE ANALYSIS OF NICKEL-63 IN URINE

by

G.H. Kramer

INTRODUCTION

Nickel-63 is produced in nuclear reactors by the activation of stable
n1ckel-62 present 1n structural steel and, perhaps of more concern, i t is
produced from nickel-62 for commercial purposes. Its possible release and
present occurrence in the environment coupled with i ts long hal f - l i fe, 92
years, makes i t necessary for a well-documented procedure to be available
for the monitoring of possible contamination in humans by niclcel-63.

Nickel-63 decays by the emission of low energy beta rays (67 keV
maximum energy). Self-absorption severely decreases the counting
efficiency of solid samples in proportional counting instruments so that
the Interpretation of counting data becomes d i f f icu l t . Nickel-63 was found
to have a counting efficiency of 1.8% as a solid sample; however, liquid or
gel scinti l lation methods give good efficiencies. Previous workers have
quoted a variety of efficiencies: 33X (1), 28* (2), 5H (3), 65% (4), the
last being In good agreement with our own. There are numerous methods in
the literature (5-7) for the separation of nickel from urine and for
nickel-63 from various other media (8-10). However, none of these
procedures are suitable for the purpose of monitoring personnel who are
either suspected of being contaminated or who are contaminated by nickel-63
because the end product of the method cannot he easily counted or the
method cannot deal with the complexity of the urine matrix to effect a
satisfactory separation.
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Urine is a complex mixture of organic compounds dissolved in water.

Prior to any separation sequence, it is necessary to first destroy all the

organics that could interfere with the procedure and cause severe

reductions in recoveries. Previously, this step has been achieved by a wet

or dry ashing method that has taken anywhere between 6 and 24 hours to

complete. W new method is given here which is complete in 1.5 to 2 hours.

The 1ar$e amounts of calcium and phosphorus present in urine are a

source of interference (calcium phosphates precipitate at pH > 4) and are

removed by the standard method of iron phosphate precipitation in the

presence of acetate. This step has been investigated over a wide pH range

to determine its effect on final recoveries.

The normal concentration of Ni in urine is very low (11 pg-d" ) (11)

and thus it is necessary to add carrier for a precipitation separation.

The dimethylglyoxime precipitation of Ni was selected for its ease and

specificity under the conditions used. The effects of carrier weight and

pH were investigated to determine the optimum conditions.

Nickel-63 is finally estimated by liquid scintillation counting after

the destruction of the dimethylglyoxime by a wet ash procedure. The

problems associated with this final wet ash procedure are also discussed.

The overall method is rapid, allowing an estimate of nickel-63 to be

obtained in less than 3 hours. This time includes a preliminary

radioactive counting period of approximately 30 minutes for sample and

background.

EXPERIMENTAL

1. Wet Ash Procedure

The urine Is placed in a large evaporating dish (22 cm diameter) and

the required amount of M1 carr ier Is added. The solution is evaporated to

almost dryness. Fuming n i t r i c acid is careful ly added* to the hot mixture

unt i l a clear orange solution Is formed. This solution 1s evaporated to

almost dryness whi lst constantly washing the sides of the dish with more

fuming n i t r i c add (1-2 mL at a time). The mixture in the dish w i l l begin

to char and f i na l l y se l f - Ign i te and almost a l l the organics w i l l be

* CAUTION - Fuming n i t r i c add additions should be made in a fume hood.

Protective clothing Is advised.
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consumed leaving a dark brown residue interspersed with white inorganic

salts. More fuming nitric acid is added and the mixture heated again. The

remaining organics are destroyed by adding fuming nitric acid approximately

0.5 mL at a time to the hot residue which is slowly evolving brown fumes.

This is continued until the residue is either white or very pale yellow in

colour.

The residue is dissolved in nitric acid and centrifuged to remove

silica and other insoluble products. These insolubles have never been

found to contain any activity. The final salt solution, which is usually

completely colourless, is now ready for use.

2. Phosphate Removal

The urine salt solution from step 1 is treated with 15 mL of 3 mol/L
ammonium acetate and 150 mL of disti l led water. The pH is adjusted to
2.5±0.2 by the use of aqueous ammonia. Concentrated ferric chloride
solution is added dropwise to a continuously stirred solution. The pH is
maintained at the original level and the addition of ferric chloride is
continued until the solution becomes yellow-brown in colour. The solution
is then boiled for approximately 3 minutes to coagulate the colloidal
suspension, and the solution is centrifuged, or f i l tered, whilst s t i l l hot.
The precipitate is washed with hot water and the supernatants combined. To
determine the optimum conditions given above, this step was previously
studied over a range of pH (1.0 to 8.0).

3. Dimethyl giyoxitne Precipitation and Estimation of Nickel-63

Tartaric acid (1 - 2 g) is added to the clear solution from step 2.
The tartaric acid may cause the solution to change colour to a pale or
bright yellow depending on the composition of the solution.

The pH of the solution is adjusted to 8.0 ± 0.2 by the use of aqueous
ammonia. The solution is brought to the boiling point (not boiled) and a
further 1 to 2 mL aqueous.ammonia is added. The nickel is precipitated by
slowly adding 8 mL of 1% w/v dimethylglyoxime in methanol to the stirred
solution.

The resulting red precipitate is digested on a steam bath or a hot
plate for 30 minutes. The solution is cooled and the precipitate
f i l tered. The precipitate is washed with cold disti l led water. The nickel
Is recovered by dissolving the precipitate in 8 mol/L nitr ic acid. The
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resulting solution has free dimethylgiyoxime in i t and must be wet ashed to
reduce the quenching that would otherwise occur in the subsequent liquid
scintil lation counting. The solution is wet ashed with aqua regia or with
fuming nitric acid. I t is crucial that the solution is never taken to
dryness at any step {see Discussion). The resulting solution is evaporated
to a very small volume (0.5 - 1 mL) and 2 mL of 0.5 mol/L sulphuric acid
is added. The solution is further reduced in volume to approximately 0.5
mL and 1 mL disti l led water is added. The cooled solution is transferred
to a scintil lation vial and the beaker washed with two 5 mL portions of
scintil lation cocktail, which are also added to the scinti l lation v ia l .
The vial is shaken vigorously and counted for an appropriate period of
time. In this laboratory, at least three 20 minute counts of background
and sample are performed to obtain reasonable statistics.

To determine the optimum conditions given above, the effect of pH on
the recovery of nickel-63 from disti l led water was previously studied over
the range 1.8 - 9.5. Excepting for the change in pH, the analysis of the
nickel-63 content was as described above.

The effect of carrier weight was investigated over the range 1 - 25 mg
Mi. The optimized method described above was applied to six urine samples
spiked after ashing and six samples spiked before ashing.

4. Chemicals and Apparatus

A Beckman LS-100 liquid scinti l lation counter was used for estimation
of nickel-63. The window setting was changed to accommodate the energy of
the Ni beta rays. The background was 23 ± 2 c.p.m.

The scinti l lation cocktail used was "scintiverse" from the Fisher
Scientific Company.

The constituents of the various fractions of the analysis, which are
presented in Table I , were identified and quantified by an inductively
coupled plasma atomic emission spectrophotometer operated by the General
Chemistry Branch, CRNL and manufactured by Jobin Yvon, France.

RESULTS AND DISCUSSION

Figure 1 shows the dependence of the recovery of nickel-63 from urine

on the pH of the phosphate removal step. At pH lower than 2.0 the
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precipitation was incomplete and at pH 1.0 it was completely absent. These
remaining phosphates would seriously inhibit the subsequent steps. The
optimum recovery of nickel-63 can be achieved by maintaining a pH of
2.5 ± 0.2 during the phosphate precipitation. As the pH rises above 4
the recovery of nickel-63 is severely reduced. Analyses of the trace metal
contents of the supernatants (Table I) show that the loss is due to nickel
coprecipitation and not a subsequent interference by another constituent.
The nickel concentration has decreased by 60% from pH 3.0 to pH 8.0 and
this is in good agreement with the decrease in recovery of nickel-63, The
pH for the phosphate removal was set at 2.5 + 0.2 for all subsequent work.

Figure 2 illustrates the effect of pH on the precipitation of Ni by
dimethylglyoxime from water. No precipitation occurs below pH 3.4, but as
the pH rises, a sharp increase in the amount of precipitate is observed.
At pH 5.0 the percentage recovery of nickel-63 becomes essentially
independent of the pH value. The major interferences with the
Ni-dimethylglyoxime precipitation could come from hydrolyzable trivalent or
tetravalent metals and from manganese, copper and cobalt. The possible
interference by the hydrolyzable metals is avoided by the addition of
tartaric acid. The concentrations of manganese, copper and cobalt in urine
are typically (11) 10-7 g.mL"1 depending on dietary composition.
The analyses of the phosphate supernatants showed the presence of
3.5 x 10-6 g.nt-1 manganese, 4.3 x 10"6 g.mL"1 copper
and no cobalt. At these levels no special precautions are necessary to
preclude interferences. Experiments have shown that the pH of the solution
in this procedure remains at 8.0 ± 0.2 providing the solution 1s not
boiled. This 1s sufficient to ensure a maximum recovery.

The trace elemental composition of the N1-dimethylglyoxime precipitate
is shown In Table II and the decontamination factors have been calculated
from normal urine composition (11).

The recovery and counting efficiency of nickel-63 appears to be
essentially Independent of the weight of carrier used (Table III) within
the limits of experimental error. A carrier weight of 5 mg was chosen for
the procedure because the precipitate was easily handled and formed
quickly. The counting vials are distinctly green coloured for 10 mg of
nickel upwards, but this does not appear to cause any significant
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quenching. The wet ashing of the dimethylglyoxime is most important in
reducing the quenching problems and obviously this will become increasingly
more time consuming and di f f icul t as the quantity of dimethylglyoxime that
is originally present gets larger. This factor should be carefully
considered i f an increase in carrier weight is attempted.

The mean recovery of 97 ± 8% of nickel-63 from the six urine solutions
presented in Table IV is an excellent recovery for the purpose of routine
monitoring. Table IV also shows the effect of ashing on the sample. The
apparent increase of 3.5% in the recovery of nickel-63 between the samples
that were spiked after ashing and those that were spiked before ashing is
not statistically significant. This is a reassuring result because the
lower set of figures show a drop of almost 20% in the recovery of nickel-63
when the ashing of Ni-dimethylglyoxime is allowed to go to dryness. This
loss is assumed to be due to the volat i l i ty of NifNC^^'St^O
(boiling point = 136.7°C). Presumably in the in i t ia l ashing step, nickel is
held in an alternative, non-volatile matrix.

Errors quoted in Table IV have been calculated as previously described
(12). The counting efficiency calibration curve was linear from external
standard ratio (R) values of 0.05 to 3.2. The effect, of including the
resulting errors in the efficiency (12) would be to increase all the quoted
errors in Table IV by 1.0% of their value. The l imit of detection for
nickel-63 in a urine sample is estimated to be 1.5 pCi (55 mBq) at the 95%
confidence level with a 20 minute counting time. The chemical recovery and
counting background were also included in this calculation.
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TABLE I

COMPOSITION OF PHOSPHATE PRECIPITATE SUPERNATANT

AS A FUNCTION OF pH

pH

2.0

3.0

4.0

5.0

6.0

7.0

8.0

Ca

87

90

97

31

21

14

12

Cu

<0.05

1.6

4.3

<0.05

<0.05

1.6

1.6

ug.

Fe

526

10

10

0.9

1.3

0.2

1.1

it-1 (a

Mg

355

291

495

58

82

84

82

Mn

3.5

3.3

4.6

<0.5

<0.5

<0.5

<0.5

Ni

70

80

74

60

27

25

24

P

8

9

5

10

28

26

76

Sr

0.3

0.2

0.1

0.2

0.0

0.0

0.0

(a) All measurements ± 10%; Cr, Si, Sn and Zn < 2.0 yg-mL"1
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TABLE II

TRACE ELEMENTAL COMPOSITION OF REDISSOLVED

Ni-DIMETHYLGLYOXIME PRECIPITATE

Element

Ca

Cr

Cu

Fe

Mg

Sr

vig#mL~2

42

<1

<O.O5

1.9

150

<O.O7

Decontamination
Factor

1.4 x 103

23

3.4 x 102

2.8 x 102

2.9 x 102

1.6 x 103

Element

Mn

Ni

P

Si

Sn

Zn

ug^niL"1

0.7

350

10

<2

<2

<1

Decontamination
Factor

14

-

3 x 10"

5 x 103

3

1.7 x 1O2
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TABLE III

RECOVERY OF 63Ni AS A FUNCTION OF WEIGHT OF Ni CARRIER

Wt of Carrier
(nig)

1

5

5

10

10

15

20

25

25

63Ni Recovery
Of

86 ± 9

98 ± 9

95 ± 8

99 ± 8

104 ± 6

101 ± 9

99 ± 9

91 ± 11

96 ± 9

Counting Efficiency
%

61

65

55

63

53

62

53

54

56
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TABLE IV

RECOVERY OF 63Ni FROM URINE

Spike Added Before Sample Ashed

Trial

1

2

3

4

5

6

mean

% Recovery

95 ± 7

97 + 8

96 ± 7

105 ± 11

95 ± 7

97 ± 9

97 ± 8

Spike Added After Sample Ashed

Trial

1

2

3

4

5

6

mean

% Recovery

105 ± 9

104 ± 10

96 ± 11

101 ± 12

100 ± 12

100 ± 8

101 ± 10

Spike Added

Allowed to go to

Trial

1

2

3

4

5

6

mean

After Sample Ashed

dryness on Final Ashing

% Recovery

C5 ± 9

87 ± 8

80 ± 6

72 ± 5

84 ± 5

78 ± 7

81 ± 7
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% rec 8 0 -

FIGURE 1 Percentage recovery of 63Ni as a function of the pH
of the phosphate removal step.

% rec
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FIGURE 2 Effect of pH on the recovery of
dimethylglyoxime precipi tat ion.
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