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Résume

Une méthode permettant d'analyser le chlore 36 dans
l'urine a été développée et optimisée. Les problèmes
comme ceux rencontrés dans la taille des échantillons, dans
la photodécomposition du chlorure d'argent et dans les
interférences anioniques ont été résolus. Ces problèmes
sont décrits en détail.

Pour effectuer l'analyse, on commence par extraire
d'un échantillon d'urine non traitée les phosphates et les
sulfates en interférence puis on isole le chlore 36 sous
forme de chlorure d'argent. Le précipité est compté dans
un compteur à flan. On estime que les récupérations
atteignent 90+5% avec une limite de détection de 3 pCi
(0.1 Bq) pour un échantillon ordinaire (temps de comptage:
10 minutes; efficacité du comptage: 10%; taille de
l'échantillon: 100 mL).
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ABSTRACT

A method has been developed and optimized for the
analysis of chlorine-36 in urine. Problems such as sample
size, photodecomposition of silver chloride and anion
interferences have been solved and are discussed in detail.

The analysis is performed by first removing interfering
phosphates and sulphates from an untreated urine sample
and isolating the chlorine-36 as silver chloride. The
precipitate is counted in a planchet counter. Recoveries
are estimated to be 90 ± 5% with a detection limit of
3 pCi (0.1 Bq) for a routine sample (counting time 10
minutes, counting efficiency 10%, sample size 100 mL).
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1. INTRODUCTION

Chlorine-36 is a long-lived radionuclide (half life = 3 x 1O5 a)
that decays principally by beta particle emission (maximum energy,
0.714 MeV) to argon-36* The minor decay pathways (1.9%), electron
capture and positron emission, yield sulphur-36. Chlorine-36 is
produced commercially, principally for tracer studies.

Chlorine does not appear to be retained by the body for long
periods of time. It is believed that there are no areas in the body
that contain non-exchangeable chloride (1). The biological half life
of chloride in the body is estimated to be between 6 and 30 days,
depending on diet, and the mean biological half life is taken to be
10 days (2). The distribution of chloride in the body is assumed
to be uniform throughout all the organs and tissues of the body (2).
The major pathway for chloride excretion is urine (3) - 83% of the
total dietary intake.

Methods for the analysis of chloride in urine appear mainly in
medical journals, i.e., refs. 4, 5, 6. These methods are not suitable for
the radiochemical analysis of chlorine-36 and there appears to be no
documented procedure for chlorine-36 in the literature.

This report discusses and details the problems encountered in the
analysis of chlorine-36 in urine. This analysis method will supersede
the existing bioassay method currently being used at Chalk River Nuclear
Laboratories; furthermore, if a sufficiently large urine sample is
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collected, 500 mL, then this method can be added to another analysis
scheme (7) and an analysis for chlorine-36, phosphorus-32 and sulphur-35
can be performed on a single sample. It is necessary to collect at
least 500 mL of urine for a simultaneous determination of the three
radionuclides because the sample must be divided. Each portion of
the sample is then analysed for a specific radionuclide so that the
cross-contaminations from the other radionuclides can effectively be
removed.

2. EXPERIMENTAL

2.1 Analysis Scheme - Figure 1

The urine sample (100 mL) is poured into a suitable beaker for
the separations. Ferric chloride (50 mg) and calcium nitrate (1.5 g)
are added to the urine sample and dissolved. Aqueous ammonia is
added, with stirring, until the pH is approximately 10.

The solution is gravity filtered through a Whatman #1 paper and
the precipitates are washed with a dilute ammonia solution (20 mL).
The pH of the combined filtrates is adjusted to about 1.0-1.5 with
nitric acid and the solution is heated to about 70°C.

Barium nitrate (1 g) is dissolved in some distilled water and
the resulting solution is added to the hot urine sample. The solution
is allowed to cool before filtering through a funnel with a sintered
glass frit (medium). The precipitate is washed with a dilute nitric
acid (5 mL) solution. The filtrates are combined and 25 mL of the
silver nitrate solution (0.15 g/mL) are added, with stirring, to
the resulting solution. The precipitate is allowed to settle overnight
(see Note 1).

The bulk of the supernatant is decanted and the remaining solution
is transferred to a centrifuge tube. The precipitate is separated by
centrifugation and is washed twice with dilute nitric acid; the
supernatants being discarded at each step.

The tube and precipitate are dried in an oven at 110°C for 1.5 to
2.5 hours (see Note 2). The dried precipitate is transferred to a
weighed 5 cm stainless steel counting dish and then carefully ground in
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in the dish so that the plate is evenly layered. The dish and
precipitate are dried in an oven at 90°C for 15 minutes and then
110°C until completely dry. The dish is removed from the oven
and cooled. The precipitate should still be evenly layered but
if it appears cracked and lumpy it must be re-ground to evenly
layer it over the plate. The dish and precipitate are weighed and
then placed in a planchet holder. Prior to counting, the planchet
holder is completely sealed using "Saran Wrap".

Note 1 Due to the photosensitivity of silver chloride, all the
manipulations of the precipitate prior to the final drying should
be done under low light conditions.

Note 2 Different urine samples will have different drying times. If
the precipitate is not dry enough it will stick to the glass rod
during transfer and if the precipitate is left too long in the oven
it will become too hard to grind. The optimum degree of dryness is
reached when the precipitate has just started to contract away from
the walls of the centrifuge tube.

2.2. Reagents and Apparatus

All reagents were of "Analar" purity. The radionuclides were
obtained in the following chemical forms: chlorine-36, NaCl;
sulphur-35, Na^SO.; phosphorus-32, ATP. Prior to use, the phosphorus-32
was converted to an inorganic phosphate by a vigorous wet ash
procedure.

Radioactive counting was performed using a Beckman Widebeta
alpha-beta counter. A typical background count rate was 1.3 cpm.
All pH measurements were taken using a pH meter.

3. RESULTS AND DISCUSSION

The first problem encountered in optimizing the analysis of
chlorine-36 in urine was the sample size. Urinary excretion for
adults is about 4.4 g Cl-d"1 with a range of 2.2-13 g Cl-d"1 (3).
This translates to a mean of 3.1 mg Cl-mL"1 of urine with a range of
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1.6-9.3 mg Cl-ml.-1 of urine. Thus, the equivalent yields of silver
chloride will be a mean of 12.5 mg AgCl-mL"1 urine with a range of
6.5-37.6 mg AgCl-mL"1 urine. Obviously, urine samples in excess of
500 mL will give unmanageably large quantities of precipitate that
will have negligible counting efficiencies.

The optimization of the sample size is best illustrated by the
figure-of-merit (FOM) graph (Fig. 2). The FOM was obtained from the
product of the sample volume and the counting efficiency. The
efficiencies were obtained assuming that the precipitate weights would
correspond to those calculated from the data given for reference man (3).
It can be clearly seen that the experiment is most efficient for a
200-300 mL sample size; however, experimentally this was found not to
be correct. The experimentally determined FOM graph (Fig. 2) shows
that the optimum sample size is actually only 100 mL. The discrepancy
between theoretical and experimental results was caused by the
coprecipitation of Ag-organic compounds of unknown identities.

The major problem encountered in the analysis method was silver
chloride stability. It is well known that silver chloride is
photosensitive and preliminary experiments showed that liquid
scintillation counting could not be carried out except by taking the
most elaborate precautions that would be unreasonable for a routine
analysis method. Planchet counting was the only alternative and
sample weight and planchet composition necessitated the use of 5 cm
stainless steel dishes.

Preliminary experiments showed that the normal aluminum dishes
reacted with the silver chloride when tha plates were dried in the oven.
The reaction is thought to be:

3C1Al ( s ) + 3AgCl(s) > Al 3 + + 3Ag(s) +

Loss of chlorine was also indicated by the erratic results obtained.
Photodecomposition caused serious problems. Silver chloride

decomposes in the presence of light and water as follows:
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hv

2C1

The evolution of radioactive chlorine gas was responsible for the
surface contamination of the detector window in the beta-counter. This
problem was eliminated by two approaches. The planchets, as mentioned
earlier, were sealed in the planchet holder using "Saran Wrap" - no
noticeable effect was observed on the counting efficiency of chlorine-36
when the calibration curve was redefined. Secondly, great care was
taken in drying the precipitates because the photodecomposition of silver
chloride is greatly inhibited by the absence of water (8).

Anion interferences are primarily due to phosphate and sulphate.
Silver phosphate is readily identified by its yellow colour, but silver
suTohsts is the same colour as silver chloride. Preliminary studies of
the silver chloride precipitation at various pH's showed that silver
phosphate will not precipitate at a pli < 1.9 and that silver sulphate
will also not precipitate at low pH; however, cross-contamination
studies using phosphorus-32 and sulphur-35 showed that a significant
amount of activity is coprecipitated by silver chloride. It was,
therefore, found necessary to remove the sulphur as barium sulphate and
the phosphorus as calcium phosphate. Iron is added to remove other
possible cationic contaminants of silver chloride.

The results for the final cross-contaminations due to phosphorus-32
and sulphur-35 are shown in Table 1. The results are acceptable for
the routine sampling program.

Unfortunately, the removal of phosphate and sulphate by calcium
and barium, respectively, does not reduce the amount of organic material
that will coprecipitate with silver chloride. In an attempt to quantify
the organic contamination, a study of percent-recovery of chlorine-36
versus amount of silver nitrate added was performed. The results are shown
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in Fig. 3. it can be seen that the recovery of chlorine-36 is linearly
dependent on the amount of silver nitrate added, with an apparent
intercept of zero. This implies that the solubility products of all
the compounds are similar. The plateau at high recoveries is expected.

A light wet ashing was performed on some samples to try to reduce
the organic contaminants, but this experiment was rr successful (see Fig. 4).
Obviously, chlorine-36 has been lost during the mild ashing procedure
and indeed, if a vigorous wet ash is performed no chloride remains in the
sample. This was substantiated by a complete absence of precipitate in
a vigorously wet ashed sample when silver nitrate was added. Comparing
Figs. 3 and 4 one sees that the linear portion of the curve for the
ashed samples is steeper than for the untreated samples. Presumably,
this is due to the destruction of some of the organics that will
precipitate with silver ions.

The method, as described above, was applied to ten spiked urine
samples. It was found that 8.1 + 2.7% and 3.2 + 1.0% of the chlorine-36
was lost in the removal of the phosphates and sulphates, respectively.
The recovery of chlorine-36 as silver chloride was found to be
90.3 ± 5.0%. A mass balance for chlorine-36, 101.6 + 5.8% recovery,
shows that all the activity has been accounted for.

An earlier method used by the bioassay laboratory which specified
a sample size of 10 ml and did not remove interfering anions, only gave
a recovery of 68%. The detection limit was also poor. Detection limits
of various sample sizes are given in Table 2 and they need no further
comment.

The large variability of the chloride content in urine samples
means that a fixed detection limit cannot be determined. Experimentally,
the sample size has been fixed at 100 mL but it was found that the
weights of AgCl varied from 2.1 to 3.2 g. This corresponds to a 4%
variability in counting efficiency (12-8%). Therefore, the range of
detection limits, which will vary with counting time, will be
35.0-4.6 pCi (1.3-0.17 Bq) over the range of counting time, 10-250 min.
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The bioassay laboratory now has the capability to determine
chiorine-36 in urine that may also contain the radiochemical interferents
sulphur-35 and phosphorus-32. The recovery of chiorine-36 under
these conditions is 90 + 5% with a detection limit of 3.0 pCi (0.1 Bq)
for the routine sample - counting time 10 min, counting efficiency
10% and sample size 100 mL.
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TABLE 1

CONTAMINATION OF THE AgCl PRECIPITATE BY

PHOSPHORUS-32 AND SULPHUR-35

PHOSPHORUS-32 SULPHUR-35*

i Activity
; Before Analysis

CPM
After Analysis

Activity
After Analysis

; Coprecipitation

703 Bq

3.0 ± 0.6

0.18 Bq

0.027 ± 0.006%

j 192 Bq

1.4 ± 0.4

(2.45 Bq)

I (1.3 ± 0.5%)

* Counting efficiency for sulphur-35 is O.i
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TABLE 2

LIMIT OF DETECTION

PROCEDURE

Standard*

300 mL Volume
(5% Efficiency)

25 mL Volume
(29% Efficiency) .

10 mL Volume
(29% Efficiency)

50 min counting time
(100 mL volume)

LIMIT OF DETECTION

3.0 pCi (110 mBq)

1.6 pCi (59 mBq)

5.9 pCi (220 mBq)

14.4 pCi (530 mBq)

1.4 pCi (52 mBq)

* Standard procedure is a 100 mL urine sample
counted for 10 minutes at 10% efficiency
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URINE
SAMPLE

I) FeCI3
2)Ca(N03)2

3) pH = 10

Fe(0H) 3 i Ca 3 (P0 4 ) 2 —H> DISCARD

2) Ba(N03)2

BaS04 > DISCARD
I I) AgNO,

AgCI

COUNT

FIGURE 1 Analysis scheme for chlorine-36 in a
urine sample.
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FIGURE 2 Figure-of-merit as a function of sample
volume: theoretical and experimental
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FIGURE 3 Percentage recovery of chlorine-36
as a function of added AgN03.
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FIGURE 4 Percentage recovery of chlorine-36 from an
ashed urine sample as a function of added
AgN03.
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