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Résume

On a développe une méthode permettant d'extraire

le soufre 35 et le phosphore 32 de l'urine. Les cations

d'interférence sont enlèves au moyen d'un échange de

cations et une précipitation différentielle est employée

pour retirer les anions non désirés. L'anion présentant

un intérêt est estimé au moyen d'un détecteur à scintil-

lateur liquide et les pourcentages de récupération sont

95% pour le soufre 35 et 70% pour le phosphore 32. Les

limites de détection pour le soufre 35 et le phosphore 32

sont estimées respectivement S 1.5 pCi et à 1. 3 pCi

(1 pCi = 37 mBq).
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ABSTRACT

A method has been developed that will specifically
separate sulphur-35 and phosphorus-32 from urine. Interfering
cations are removed by cation exchange and differential
precipitation is used to remove the unwanted anion(s). The
anion of interest is estimated by liquid scintillation
counting and recoveries are 95% for sulphur-35 and 70% for
phosphorus-32. The detection limits for sulphur-35 and
phosphorus-32 are estimated to be 1.5 pCi and 1.3 pCi,
respectively (1 pCi = 37 mBq).
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PH0SPH0RUS-32 FROM URINE AND THEIR SUBSEQUENT ESTIMATION

by
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INTRODUCTION

Phosphorus-32 and sulphur-35 are both beta-emitting radionuclides.
The half-life of 32P is 14.3 days and its maximum beta energy is 1.71 MeV,
whereas the half-life of 35S is 88 days and its maximum beta energy is
0.167 MeV. The estimation of these radionuclides, as described in this
report, uses liquid scintillation counting because of its ease and its
high counting efficiency (S 3 60%, P s 90%).

The metabolic pathway that the radionuclide would follow in the human
body is highly dependent on the chemical compound that it is in (e.g. 35S0^,
35S-cysteine, 35S-thiols, etc.) and whether it is taken into the body by
inhalation, ingestion or through the skin. For example, data from
transfusing plasma containing 35S-cysteine (1) show that the apparent
half-life values in a normal subject for fibrinogen and 3 lipoprotein
averaged 3.5 days as compared with a median of 21.5 days for albumin and
25 days for gamma globulins. Elemental 35S was found to have a biological
half-life of 19 hours (2).

If sulphur is ingested as an inorganic sulphate, then greater than
90% of the 35S recovered after seven days remains in the inorganic form (3).
The method of separating and estimating 35S as given in this report
assumes the original form of 35S to be inorganic and that little conversion
to organic sulphur takes place. The sulphur metabolites, if they existed
in any quantity, would decrease the recovery of 35S and hence underestimate
the 35S content of the sample being analysed.
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Phosphorus, in the inorganic form, is absorbed into the circulatory
system from the small intestine; the fraction absorbed depending on diet (4, 5).
Of the phosphorus that reaches the blood stream, up to half of the activity
is excreted in the first few days (4, 5) and about a third of the activity
is incorporated into the skeleton (6).

Metabolism of organically bound phosphorus has been studied using
di-isopropylfluorophosphonate (DFP-32). At least a third of the DFP-32 is
rapidly excreted (7) and up to a quarter is combined with plasma proteins.
This protein has a biological half-life of 12-14 days (8). The balance is
taken up by red blood cells and the biological half-life is about 85 days (9).
It would appear that the conversion of inorganic phosphate to organic forms
is somewhat higher than for sulphur. Phosphorus-32-ATP was used to estimate
the effect of an organically bound radionuclide on the recovery of 32P-
phosphate. The use of organically bcjnd 32P has estimated the efficiency
of the ashing procedure contained in this report.

A search of the literature for a satisfactory method for determining
35S and/or 32P in urine has not proved successful.

The most commonly used methods for determining 32P are extraction of

molybdophosphoric acid into an organic solvent (10-12), precipitation of
phosphorus as ammonium phosphomolybdate (13) and precipitation of phosphorus
as lead phosphate (13). Interferences in the estimation caused by 1 3 1 I ,
95Zr-95Nb, llflCe, 51Cr, 137Cs and llt0Ba-llt0La can be removed by solvent
extraction and ion exchange methods (14). No method was found for
separating 32P from 35S or vice versa.

Methods for determining 3SS in a variety of media appear to be confined
to isolation of sulphur as a barium sulphate precipitate (15, 16).
Unfortunately, a large number of cations and anions will coprecipitate with
BaSO^ (i.e. Group I, Group II, Cu, Cd, Zn, Ni, Mn, Fe(ii), Al). Anions
include NOl, NO^, CIO;, MnO^, Cl", Br", CN", CNS' and I" (17, 18). In
particular, it was found during preliminary work that potassium will
substantially coprecipitatc with barium sulphate. This is a serious problem
because of the natural abundance (.118%) of the long-lived (T, = 1.26 x 109 a)
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beta-emitting (g" = 1.314 MeV) isotope potassium-40. A more thorough
IITO A

examination of this phenomenon is given in this report.
This paper describes a simple analysis of 3SS and/or 32P based on an

ion exchange removal of interfering cations from an ashed urine sample. A
differential precipitation is used to separate 35S from 32P (Fig. I, II, III).

EXPERIMENTAL

Reagents and Apparatus

All reagents were of "Analar" grade. Barium chloride and bismuth nitrate
were prepared as slO£ w/v solutions. Adjustments of pH were made using a
pH-meter and adding nitric acid or aqueous ammonia as appropriate.

The ion exchange column was charged with enough Dowex 50W XI2 cation
exchange resin to accommodate 650 mi Hiequivalents (si 5 g Na+, s25 g K+,
sl3 g Ca 2 +). This amount of resin is capable of absorbing the cationic
components of two standard urine samples (19). The column was prepared
and regenerated for use by washing with 600 mL of 4 mol/L nitric acid and
sufficient distilled water to reduce the pH of the eluate to approximately 4.5.

Scintillation cocktail was "Scintiverse" supplied by the Fisher
Chemical Company.

Determination of "°K Contamination

Barium sulphate was precipitated from a solution containing sodium
sulphate and potassium bromide. Sulphate concentration was in excess and
enough barium chloride was added to yield an approximately constant weight
of barium sulphate (1.05-1.15 grams). The determination of ltaK content at
various temperatures was done using pre-equilibrated solutions and the
precipitate was allowed to digest for one hour at the temperature of interest.
Temperature control was maintained by a Haake water bath to ±0.1°C.

Barium sulphate precipitates were washed with distilled water, agitated
vigorously with a glass rod and centrifuged.
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Radioactive Counting

All samples were counted in a Beckman LS-1OO liquid scintillation
counter. The counting efficiencies of 35S and 3ZP were approximately
and 90%, respectively. See Appendix A for information on error analysis
and efficiency calculations.

SEPARATION AND ESTIMATION

1) A urine sample is wet ashed by method "a" or "b" as previously
described (20). The resulting pale yellow or white crystals are dissolved
in a minimum volume of 8 mol/L nitric acid and the clear solution diluted
to 2-300 mL with distilled water. The pH is adjusted to approximately
2-3 using aqueous ammonia.

2) The solution is passed through a cation exchange column at a flow
rate of 1-2 mL/min. After the sample has passed through, the column is
washed with distilled water until the pH of the eluate has reached that of
the distilled water (approximately 4.5). Typically the volume of distilled
water is 300-400 mL but this will vary depending on the salt content of
the urine sample.
3) If sulphur is to be removed then the pH of the solution is adjusted to
2-3 and the solution heated. Excess barium chloride (9 mL 10% w/v BaCl2

solution per 0.1 g sulphur present) is added and the solution allowed to
cool. Barium sulphate is discarded and the supernatant reserved for
phosphorus estimation.

If phosphorus is to be removed then the pH of the solution is adjusted
to 1.0 and the solution heated. Excess bismuth nitrate is added and the
solution allowed to cool. Bismuth phosphate is discarded and the supernatant
reserved for sulphur estimation.
4) If sulphur is to be estimated then the solution is adjusted to pH 2-3
and heated. Excess barium chloride is added and the solution allowed to cool.
The supernatant is discarded and the precipitate transferred to a liquid
scintillation vial.
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If phosphorus is to be estimated then the solution is adjusted to
pH 1.0 and heated. Excess barium nitrate (15.6 mL 10% BiN03 solution per
0.1 g phosphorus present) is added and the solution allowed to cool. The
supernatant is discarded and the precipitate is transferred to a liquid
scintillation vial.

5) The volume of the precipitate and water in the liquid scintillation vial
is adjusted to 5 mL by the addition of distilled water. Ten millilitres of
scintillation cocktail is added, the vial shaken vigorously and the resulting
gel counted for as long as is appropriate for reasonable counting statistics.

Notes:

(a) The method as laid out may be adapted to a variety of analyses. If the
solution has no radiochemically interfering cations (unlikely in urine due
to" *°K) then step 2 may be omitted.

(b) If the removal of phosphorus or sulphur is not required then step 3
may be omitted.
(c) To estimate sulphur and phosphorus in the sample, it is necessary to
split the sample into two fractions and continue the simultaneous
determination from step 3 onwards.

DISCUSSION OF RESULTS

In the analysis of a real sample, it was first noted that the lt0K
content of urine caused problems in sulphur-35 estimation. The method
given above has removed this problem. The blank runs to determine the
extent of potassium coprecipitation are summarized in Figure IV and,
unlike the coprecipitation of Th(IV) and Am(III) with barium oxalate,
which is an adsorption phenomenon (21), the potassium is occluded in the
BaSOi, lattice. Table I demonstrates the difficulty in removing potassium
from the crystal lattice by repeated washing. Barium sulphate left in
contact with 1.68 mol/L [KBr] solution for five days showed no increase in
activity, indicating that no adsorption takes place.
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After concluding that the coprecipi tation was an occlusion effect an
attempt was made to minimize the amount of 1*ok coprecipitated. Figure V
shows the effect of elevating the temperature on the coprecipitation of
potassium with barium sulphate. The reduction of I#0K content by elevated
temperature is not significant enough to improve the method.

The problem of coprecipitating cations with barium sulphate was removed
by passing ashed urine solutions (pH 2-3) through a cation exchange column
in the H+ form. Subsequent precipitations of barium sulphate showed no
activity indicating that no potassium remained. A flame test for sodium
was negative also indicating the complete removal of cations (except H+).

The effect of added 3ZP-phosphate on the precipitation of BaSC is
summarized in Table II. On first inspection 0.3% cross-contamination is not
high, but for low-level samples 32P contamination of a 35S sample could give
highly erroneous results. An attempt to reduce the cross-contamination was
made by studying the coprecipitation of 32P-phosphate by BaSO^, at various
acidities. The results are shown in Fig. VI. It can be seen that as the
concentration of nitric acid increases, the percentage of phosphorus-32
coprecipitated with barium sulphate steadily decreases until at about 6 mol/L
[HN03] the amount of phosphorus-32 is 0.02 + 0.03%. Unfortunately, the
recovery of sulphur-35 also decreases, so that at the point where essentially
no phosphate contaminates the precipitate the yield is reduced to approximately
20%.

In order to remove the phosphorus-32 contamination a differential
precipitation was chosen. The removal of phosphate by bismuth was chosen
because of the large pH difference between the precipitation conditions
of bismuth phosphate and bismuth sulphate. Similarly, the removal of
sulphate by barium was chosen because of the large pH difference between
the precipitation conditions of barium sulphate and barium phosphate.

The results of cross-contaminations and recoveries are shown in
Table III. It can be seen that the removal of the unwanted anion
also carries a small amount (s3%) of the anion of interest. For example,
a sample that contained 1000 dpm of 32P would give a cross-contamination
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(see Table III) of approximately 30 dpm of 32P in the sulphur removal
step. Thus, if this fraction was used to try to estimate the amount
of sulphur-35 present, an incorrect result would occur. Hence, for a
simultaneous determination the sample must be split into two fractions
and treated as shown in Fig. III.

The recovery of sulphur-35 in the sulphate fraction is satisfactory
and an overall recovery of 106 ± 10% indicates that there are no losses
of inorganic sulphate.

The overall yield for phosphorus of 77 ± 8% indicates some
loss of organic phosphorus in the overall analysis. Almost certainly
this is due to the ashing procedure but the mechanism of the loss is
unknown.

The detection limits are estimated as 1.5 pCi for sulphur-35 and
1.3 pCi for phosphorus-32 (1 pCi = 37 mBq) at the 95% confidence level,
taking counter efficiency, ambient background (20 cpm), chemical
recoveries and a 20 minute counting time into account.
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TABLE I

REMOVAL OF '•"K FROM THE BaSO* LATTICE BY WASHING

Washing No.

1

2

3

4

5

6

% ""K Remaining

89.

74.

45.

45.

45.

34.

TABLE II

EFFECT OF 32P-PH0SPHATE ON BaSOu FORMATION

Sample

1

2

3

4

5

6

[32P] Bq/L

7.36

6.14

4.91

3.68

2.45

1.23

%32P Found

0.26

0.28

0.26

0.27

0.35

0.26
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TABLE III

YIELDS, CROSS-CONTAMINATIONS, LOSSES1

SULPHUR-352

Phosphate Removal

Sulphur Recovery

Supernatant Remaining

Total Recovery

3

95

8

106

+

+

±

±

5

8

10

PH0SPH0RUS-323

Sulphate Removal

Phosphorus Recovery

Supernatant Remaining

Total Recovery

3

70

4

77

±

±

±

+

1

8

3

8

Ten independent spiked urine sample analyses

Sulphur-35 added as ammonium sulphate

Phosphorus-32 added as adenosine 51 triphosphate (ATP)
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URINE SAMPLE

WET ASH

REDISSOLVE RESIDUE

BaCI

BaSO.

I
COUNT

FIG I Analysis scheme for a solution with
no radionuclide interferences.

URINE SAMPLE

WET ASH

WHITE RESIDUE]

I) REDISSOLVE
2)pH = 2 - 3

CATION
EXCHANGE

COLUMN
IN
H+

FORM

l + BaCI2

BaS04

COUNT

FIG I I Analysis scheme for a solution containing
cationic radionuclide interferences.



- 13 -

| URINE SAMPLE"

WET ASH

|WHITE RESIDUE!

1) REDISSOLVE
2) pH = 2-3

CATION
EXCHANGE

COLUMN
IN
H+

FORM

32 . 35,

DISCARD-^

1) HEAT
2) pH = 2 -3
3) BaCI2

BaS04

I) HEAT
2)pH=I.O
3)BI(NO3)3

BIPO4

I

1) HEAT
2) pH=I.O
3)Bi (N0 3 ) 3

Bi P04

1) HEAT
2) pH = 2 - 3
3) BaCI2

BaS04

DISCARD

COUNT
\

COUNT

FIG III Analysis scheme for sulphur-35 and
phosphorus-32 in a urine sample.
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300 ~

200-

co

o
o

0.5 1.0 1.5 [KBr]/M

FIG IV Coprecipitation of potassium by barium sulphate.
(Error bars represent 1 a)

FIG V Coprecipitation of ""K by BaSO^ as a function
of temperature. (Error bars represent 1 a)
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[HN03] /M —*-
FIG VI Coprecipitation of 3 5S and 32P with BaSCk as a

function of acidity. (Error bars represent 1 a)
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APPENDIX A

A. EFFICIENCY OF LIQUID SCINTILLATION COUNTING

Several known standards are prepared in an identical form to the
routine analyses to obtain a full range quenching curve. The variable
quench is obtained by the addition of a quenching agent; instant coffee
has been found satisfactory for this purpose.

The resulting graph of counting efficiency versus external standard
ratio is plotted and the linear portion of the curve filled by a least
mean square treatment to the equation

E = mR + a

where E = counting efficiency
R = external standard ratio
m = gradient
a = intercept

For most radionuclides the quenching curve is linear above external standard

ratios of 0.5.

B. PROPAGATION OF ERRORS

It is assumed that the time of counting is identical for both sample
and background and that C, B (defined below) and E (defined above) are all
independent quantities. The subtraction of background counts from sample
counts is done prior to converting to disintegrations. Previous work (22)
has shown that significant errors can occur if the background is converted
to disintegrations and this quantity subtracted from the sample
disintegrations. When the liquid scintillation counter's energy window was
set to maximum width (approximately 0.05 - 2.0 MeV) it was found that the
background was independent of quenching over the range of external standard
radios: 0 - 2.13;

The treatment for the propagation of errors yields the following
expressions for the % recovery, Y, of a radionuclide. The following
defined terms are used in the derivations:
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average sample activity in counts = C = E C/N
average background in counts = B = s B/N
average external standard ratio = R = T. R/N

.A,

counting efficiency = E = mR + a
added spike activity in disintegrations = S
and N = number of times samples counted, usually 5 - 1 0

m = gradient of efficiency curve
a = intercept of efficiency curve

The time of counting is taken to be unity for simplicity. The sample standard
deviations oD, o_ and a, are experimental quantities. The standard deviations

rv HI a
Op and On can be either experimental or theoretical quantities, i.e.

• ac = yfc
 aB = V B

The standard deviation Oo is a theoretical quantity given by as = \ S .

D ± aD = ^ - i ±
E (C - B ) 2 E

where E and <v are given by

E + ac = mR

The recovery is given by
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If, as is usually the case, the errors on the efficiency are neglected
the whole process is significantly simplified and becomes

D ± a =

The expression for Y remains unchanged.

Two test cases have been evaluated (see Tables A-l and A-2). To
determine the effect of the errors in the counting efficiency, each case
has included and neglected aE in the calculations. Treatment 1, "Tc,
exemplifies a good calibration curve whereas the calibration curve in
treatment 2, 3 SS, is poor.

It is clearly seen (see Fig. A-l) that there is little effect in
either neglecting or including Or in the calculations when the recoveries
are less than 20%; however, these recovery levels are unacceptable for
radionuclide analyses. At recovery levels greater than 90% there appears
to be a wide divergence in the magnitude of av. Although the increase
in <jy can be as much as 28%, this translates into an increase of only 1.7%
in the relative error, Oy/Y.

The increase in ay by including the Or terms is insignificant as
is illustrated by the final example. At the 95% confidence level the
range of recoveries will be 89.4 - 101.0%, no cv terms included in
calculation; 87.8 - 102.6, a? terms included in calculation.



- 19 -

TABLE A-l

TREATMENT 1 : 99.Tc

Background = 20.0 ± 4.5 cpm R = 1.95 ± 0.09 m = 63.51 ± 0.93

a = 63.51 ± 0.71 Counting ef f ic iency = 81.2 ± 1.87%

spike = 2500.0 ± 50.0 dpm

SAMPLE

1
2

3

4
5

COUNTS

25.0

100.0

400.0

1000.0

2000.0

+ 5.

± 10

± 20

± 31

± 44

0

.0

.0

.6

.7

CORRECTED
COUNTS

5.0
80.0

380.0

980.0

1980.0

±

±

±

±

±

6.7

10.9

19.5

31.3

44.5

DISINTEGRATIONS

D

6.2

98.5

468.0

1206.9

2438.4

8.3

13.4

24.0

38.5

54.8

V
8.3

13.6

26.3

47.5

78.5

RECOVERY

Y

0.25

3.9

18.7

48.2

97.5

a

0

0

1

1
2

Y+

.33

.54

.0

.8

.9

V
0.33

0.55

1.1
2.1
3.7

% ERRORS (oy /Y)

Sample

1

2

3

4

5

NO Or

132

13.7

5.3

3.7

3.0

°E

132

14.0

5.9

4.4

3.8

% Increase

0.0

0.3

0.6
0.7

0.8

t Calculated ignoring contribution from the Or terms.

* ov terms included
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TABLE A-2

TREATMENT 2: 35C

Background = 20.0 ± 4.5 cpm R = 1.95 + 0.09 m = 6.65 ± 1.14

a = 46.46 ± 2.04 Counting efficiency = 59.4 ± 2.1%

spike = 3500.0 ± 59.2 dpm

SAMPLE

1

' 2

3

4

5

6

7

8

9

COUNTS

25.0 ±

100.0 ±

400.0 +

435.8 ±

747.6 ±

1000.0 ±

1371.4 +

1787.2 ±

2000.0 ±

5.0

10.0

20.0

20.9

27.3

31.6

37.0

42.3

44.7

CORRECTED
COUNTS

5.0

80.0

380.0

415.8

727.6

980.0

1351.4

1267.2

1980.0

± 6.7

± 10.9

± 20.5

± 21.3

± 27.6

± 31.9

+ 37.4

± 42.5

± 44.9

DISINTEGRATIONS

D

8.4

134.7

639.7

700.0

1225.0

1649.8

2275.0

2975.0

3333.3

aDt

11.3

18.4

34.5

35.9

46.6

53.7

63.0

71.5

75.6

a

11

18

41

43

63

79
102

127

140

*
D

.3

.9

.2

.6

.6

.2

.1

.2

.0

0

3

18

20

35

47
65

85

95

RECOVERY

Y

.24

.9

.2

.0

.0

.1

.0

.0

.2

Oyt

0.32

0.5

1.0

1.1

1.5

1.7
2.1

2.5

2.7

V
0.32

0.6

1.2

1.3

1.9

2.4
3.1

3.9

4.3

% ERRORS (ay/Y)

Sample

1
2

3

4
5
6

7

8

No aE

133

12.8

5.5

5.5

4.3

3.6

2.9

2.8

CE

133

15.4

6.6

6.5

5.4

5.1

4.6

4.5

% Increase

0.0

1.3

1.1

1.0

1.1
1.5

1.7

1.7

t Calculated ignoring contribution from the a^

* O£ terms included.

terms.
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