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Résumé

La méthode de tamisage des actinides bruts et celle des particules
bêta brutes couramment employées au laboratoire des bioessais, a Chalk
River, ont été documentées et mises a l'essai. La méthode de tamisage
des particules gamma brutes a également été documentée. La méthode
des actinides bruts a été mise a l'essai avec Th-nat., Pu-239, Np-237,
Am-241 et Cm-244 et les pourcentages moyens de récupération ont été
90, 99, 45, 72 et 78, respectivement. La méthode des particules bêta
brutes a été mise à 1 essai avec Sr-90/Y-90, Ce-144/Pr-144, Pm-147
et Ba-133 et les pourcentages moyens de récupération ont été 78, 100,
46 et 46 respectivement. Les limites de détection sont environ 0*4 mBq
pour la méthode des actinides (alpha) bruts et environ 39 mBq pour la
méthode des particules bêta brutes.
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ABSTRACT

The gross actinide and beta screening methods currently

used by the Bioassay Laboratory at Chalk River Nuclear

Laboratories have been documented and tested. The gross

gamma method has also been documented. The gross actinide

method was tested with Th-nat, Pu-239, Np-237, Am-241 and

Cm-244 and the average percent recoveries were 90, 99, 45,

72 and 78, respectively. The gross beta method was tested

with Sr-90/Y-90, Ce-144/Pr-144, Pm-147 and Ba-133 and the

average percent recoveries were 78, 100, 46 and 46, respectively,

Detection limits for the gross actinide (alpha) method are

found to be about 0.4 mBq and about 39 mBq for the gross beta

method.
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1. INTRODUCTION

The Bioassay Laboratory at Chalk River Nuclear Laboratories

(CRNL) routinely monitors some of the personnel for the possible

internal contamination by radionuclides. Some of these monitoring

procedures are specific for particular radionuclides while others are

designed to screen employees for possible contamination by a number of

radionuclides. Screening procedures for alpha emitting actinides

(excluding uranium), some beta emitting fission products and gamma

emitting radionuclides in urine are done routinely at CRNL. The

purpose of this report is to properly document these procedures and

to present the results of the method tests where applicable.

This document does not discuss the calibration procedures of

the counting equipment or the procedures used in the quality assurance

program. This information is documented elsewhere (1).

The screening procedure for the alpha emitting actinides

(called the gross alpha method) is designed to detect the presence of

the alpha emitting isotopes of Th, Np, Pu, Am and Cm in urine. These

elements are expected to be found in fuel facilities and spent-fuel

examination facilities. The procedure h.is been tested using naturally

occurring thorium (Th-nat), Pu-239, Np-237, Am-241 and Cm-244. The
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method has been designed to exclude uranium because alpha emitting

uranium isotopes from natural sources that are found in foods are

present in urine at a level that would mask significant concentrations

of those other actinides (2). The estimation of uranium in urine is

performed separately either by tluorometric (3) or radiochemical

analysis (4) when required.

The screening procedure for the beta emitting fission products

is designed to detect the presence in urine of those fission products

that do not emit sufficient gamma radiation to be detected at the

required level using the gross gamma screening method. The procedure

has been test?d using Sr-90 (and its daughter Y-90), Ba-133, Ce-144 (and

its daughter Pr-144) and Pm-147; therefore, it will also detect other

isotopes of these elements. This screening method is not recommended

for Pm-147 due to the low counting efficiency of the z^Z'c beta rays

emitted by Pm-147. If Pm-147 is to be estimated an alternative method

is recommended (5).

The gross gamma screening method is designed to detect the

presence of gamma emitting radionuclides in urine. The gamma energy

range examined is from 20 keV tc 1500 keV; hence, this method screens

for radionuclides such as 1-125, 1-131, 1-133, Zr-95, Nb-95, Cs-137

and Co-60.

When radioactivity is detected by any of the above procedures,

the amount of activity excreted per days urine is estimated by comparing

the concentration of creatinine in the urine sample to that expected

(see Appendix A). This estimated excretion rate is compared to Derived

Investigation Levels (DIL), and if these levels are exceeded, further

actions are required. The description of the calculation of these

DIL's, and of the subsequent actions required are beyond the scope of

this report.
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2. EXPERIMENTAL

2.1 Procedures

2.1.1 Gross Alpha Analysis

2.1.1.1 Part 1

1. The urine sample (preferably over 500 mL) is placed in a

tall-form beaker after 5 M. of urine has been reserved for a

possible creatinine analysis (see Appendix A). The pH is

adjusted to approximately 6, if necessary.

2. The sample bottle is rinsed with 10 mL concentrated HNO

and subsequently rinsed with 20-30 mL distilled H O . The rinses

are added to the tall-form beaker.

3. The beaker is covered with a watch glass and heated at

75°C for 4 hours.

4. The solution is diluted to 750 mL with distilled water and

heated to 90°C. A blank sample is also prepared at this point

by heating 740 mL of distilled water and 10 mL concentrated

HNO to 90°C in a similar beaker.

5. The samples and blank are removed from the hot plate.

Concentrated H PO. is added (5 mL) to each beaker and the

mechanical stirring is started at a speed that will give a

good vortex.

6. Approximately 1 g of NH2NH -2HC1 is added to the blank

sample. This simulates the reducing properties of the organic

constituents of the urine sample.

7. Five mL of BiCNO,), reagent (232 g Bi(N0J -5H O, 630 mL

concentrated HNO3 and diluted to 1.0 L with distilled HO) is

added dropwise. The solutions are stirred for a further 10

minutes and the temperature should remain above 60°C until the

end of this operation.

8. The precipitate is allowed to settle for 4 to 10 hours.
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2.1.1.2 Part 2

9. The majority of the supernatant is removed by careful

aspiration and the remaining precipitate is removed by

centrifugation for 10 minutes. The clear supernatant is

discarded.

10. The precipitate is thoroughly washed with 40 mL of the

wash solution (15 mL concentrated HNO , 5 mL concentrated

H PO diluted to 1.0 L with distilled water). The mixture is

centrifuged for 10 minutes. The supernatant is discarded

and the precipitate must be well drained.

11. The precipitate is dissolved in 3 mL concentrated HC1,

stirring with a glas rod if necessary.

12. The sides of the centrifuge tube are washed down with

1 mol/L HC1 until the volume is about 10 mL. The precipitate

and solution are mixed well with the glass rod and the rod is

removed.

13. The centrifuge tube is covered with a watch glass and

placed in a boiling water bath for 5 minutes. After removing

the tube from the water bath the tube is allowed to stand for

30 minutes. This will precipitate and coagulate most of

the organic matter.

2.1.1.3 Part 3

14. A filter is prepared using a 5.5 cm diameter Munkell 00

paper on a small glass funnel with a 10 cm stem. The paper

cone is sealed to the funnel at the edge by moistening and

pressing with the finger tip. The filter is washed once with

1 mol/L HC1 to avoid precipitation of bismuth through dilution

in a water moist paper. The filter is allowed to drain well

before the contents of the tube from step 13 are added.
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15. The organic matter is filtered off and the sample solution

drained from the funnel. Using the wash bottle containing 1 mol/L

HC1, the centrifuge tube is washed twice and the filter paper

once. The washes should be 0.5 to 1.0 mL each. The final

volume of the filtrate should be approximately 14 mL.

16. 0.2 mL of the cerium solution is added to the filtrate

(see Appendix B) and swirled to mix, then 2 drops of 20%

NEI NH2-2HC1 solution and 1.3 mL concentrated HF (Assay

approximately 48%) are added. The solution is mixed well

and allowed to stand for 5 minutes before filtering.

17. The Teflon filter apparatus is assembled (see Figs. 1 and 2)

with a 2.54 cm diameter Millipore AA (pore size 0.8 y) membrane

filter over a 2.4 cm diameter filter paper for support. A few

mL of the H,0 is poured into the funnel and aspirated.

18. The filter is moistened with 1 mol/L HC1 before starting to

filter the sample. Rate of filtration should be 5 to 7 mL/min.

NOTE: THE APPARATUS MUST NOT BE TOUCHED DURING FILTRATION TO

AVOID LOSS OF THE CeF PRECIPITATE IF THE TOP OF THE

FUNNEL IS LIFTED OFF THE EDGE.

19. The centrifuge tube is washed out twice with 1 to 2 ml

HF-HC1 wash solution (15 mL concentrated HF, 35 mL concentrated

HC1 diluted to 400 mL with distilled H O ) .

20. The precipitate is washed on the membrane filter 3 times

with 1 to 2 mL distilled H O saturated with CeF3 and aspirated

until dry.

21. The top of the funnel is lifted off and the membrane filter

removed with forceps. The membrane filter is laid face up on a

paper towel.

22. The sample number is recorded on the back of a 2.54 cm

stainless steel disc. On the front side of the disc a drop

of a glue similar to "Liguisilk" (Vidar Ltd., Canada) is evenly
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spread and the damp membrane filte.- is carefully placed on the

glued surface. The outer edge is sealed by pressing using a

pyrex 29/42 S.T. male joint.

23. The disc is dried under a heat lamp (1 to 3 minutes).

NOTE: EACH OF THE PARTS OF THE ABOVE PROCEDURE MUST 2?,

COMPLETED ONCE BEGUN.

24. The disc is counted for alpha activity.

25. If the activity in the sample exceeds the DIL (1.7 mBq/days

urine or 0.7 mBg/sample assuming 600 mL sample size and days

output of urine being 1.4 L) then further action must be taken.

This action is beyond the scope of this document and will not

be discussed further.

2.1.2 Gross Beta Analysis

1. About 5 mL of urine is reserved for a possible creatinine

(see Appendix A) determination.

2. Ten drops of 2-octanol are added to the urine sample

(preferably over 200 mL) in the collection vessel to suppress

frothing after the air stirring of the solution is started.

3. Approximately 1/10 of the sample volume of sulkowitch reagent

is slowly added (see Appendix B) to the air stirred solution.

4. The air stirring is continued for a further 15 minutes and

then the sample is left to stand overnight for the precipitate

to settle.

5. The supernatant is aspirated off.

6. The precipitate is washed into a centrifuge tube using

1% (v/v) ammonia solution.

7. The tube is centrifuged for 15 minutes and then the

supernatant is discarded. The precipitate is washed with

40 mL 1% (w/v) ammonium oxalate solution. The sample is

recentrifuged and the supernatant discarded.
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8. The precipitate is slurriea using 1% (v/v) ammonia

solution and spread evenly on a weighed aluminum counting

planchet using a medicine dropper.

9. The slurried precipitate is dried under a heat lamp

prior to counting for beta activity.

10. If the activity in the sample exceeds the DIL

(2.5 Bq/days urine or 1.1 Bq/sample assuming a sample size

of 600 mL and a days output of urine being 1.4 L) then further

action must be taken. This action is beyond the scope of this

document and will not be discussed further.

2.1.3 Gross Gamma Analysis

1. The urine sample (up to 750 mL) is transferred to a

Marinelli bottle and the volume recorded.

2. The Marinelli bottle is placed or n 5 cm Nal detector

and counted for 800 seconds (nominally).

3. If there is any significant activity in the sample the

data is plotted and retained. In this case, a creatinine

analysis would be performed on the sample (see Appendix A).

2.1.4 Calculation of Activity in Sample

If the sample appears to show activity that is statistically

significant from background then its activity must be calculated as shown

below.

1. Observed counts, C, are corrected for background

measurements, B, to give a net count, S.

S = C - B



B 's calculated from the ambient background count rate

(counts per second), R , multiplied by the counting
B

time (seconds), T, of the sample i.e. B = R T

B

The net counts are converted to an activity, D, by

dividing S by the counting time (seconds) and the counting

efficiency, E.

D = Bq
T x E

D is the activity in Bq/sample.

3. The activity/sample is converted to activity/days-urine. A,

after the days-urine output has been estimated by the

creatinine analysis (see Appendix A).

D x Vol
A = "vol

sam

where Vol = days-output determined from creatinine

analysis

Vol = volume of sample processed Jby screening

method

2.2 Method Testing

The gross alpha method, as described above, was used to estimate

the recovery of activity from spiked urine samples. The spikes were

added 24 hours prior to the analysis to allow the introduced radionuclide

to equilibrate throughout the solution. The radionuclides that were

independently tested are: Am-241, Cm-244, Pu-239, Th-nat and Np-237. To

simulate real situations, the levels of activity introduced to the urine

solutions wera Kept low (0.04 to 0.19 Bq).
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One change was made to the gross alpha procedure - step 13

was not performed for one set of analyses. The purpose of this change

in the procedure was to investigate the effect, if any, of the organic

constituents in the urinalysis method.

The gross beta analysis method, as described above, was used

to estimate the recovery of activity from spiked urine samples. The

spikes were added 24 hours prior to the analysis to allow for equilibration.

The radionuclides that were independently tested were: Sr-90/Y-90,

Ce-144/Pr-144, Ba-133 and Pm-147. To simulate real situations the

levels of activity used in the testing procedure were kept low

(3.3 to 84.0 Bq).

Carriers were not routinely added.

The gross gamma screening procedure was not tested because

it has no chemical separation steps in the method and the whole urine

sample is monitored for gamma radiation.

3. RESULTS AND DISCUSSION

3.1 Gross Alpha analysis

The results for the recoveries of the radionuclides tested

are shown in Table 1. It can be seen that the omission of step 13 had

no general effect on the final recoveries; however, in the case of

Am-241, the yield appears to significantly increase indicating that

the coagulation and removal of some of the organics does remove some

americium* This result is not enough to justify changing the procedure

because it only affects one of the five radionuclides; furthermore,

the omission of step 13 increases the filtering time in steps 15 and 18

by as much as an order of magnitude. The apparent decrease in recovery

of the other radionuclides is probably due to complex formation

keeping the actinides in solution.

The thorium estimations were difficult due to the unknown

amount of daughter products that could be coprecipitated. The results

i?:. Table 1 have assumed that no daughter products were present on the
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membrane filter. Further analysis of the precipitates by alpha

spectrometry showed that 90% ± 4% of the activity recovered was due

to thorium. The remaining activity was due to thorium daughters.

The method described above is recommended as a screening

procedure for determining the gross alpha activity in a urine sample.

However, the method is not completely effective as is illustrated by

some of the low recoveries that were found, i.e. Cm-244, 62%, Am-241,

55.7% and all the Np-237 results.

The variable recoveries of the different radionuclides has

necessitated the introdvction of a correction factor to conservatively

convert the observed counts into Becquerels. This correction factor

has been applied to the DIL instead of directly to the sample; thus,

in practise it is assumed that the recoveries of all the radionuclides

is 100% but the DIL has been lowered to account for the reality of

incomplete recoveries. (Note: In the special case of a QC failure

the DIL may be temporarily lowered further - see reference 1.)

3. 2 Gross Beta Analysis

The results for the recoveries of the tested radionuclides are

shown in Table 2. Promethium-147, although never normally analysed

using this method because of the low counting efficiency in the

planchet counter, was included for comparison purposes to investigate

the generality of the method.

The Ce-144/Pr-144 and Sr-90/Y-90 data are in agreement with

earlier work (6); however, the Sr-90/Y-90 data was not in agreement

with an earlier quality control test of the gross beta analysis method

(7) or the original method (8). A search of old laboratory records

showed that originally strontium and yttrium carriers were added to

the urine before the oxalate precipitation was performed. Similar

results to the earlier report were obtained when 5 yg of Sr and Y

carriers were added to the spiked urine sample; however, carriers are

not normally used in this method.



The results for Ba-133, Ce-144/Pr-144 and Pm-147 show that

other beta-emitting radionuclides can be precipitated by this general

screening procedure but that the recoveries are far from quantitative.

For screening purposes, the lu;.icmg assumption is made that

the activity is due to Sr-90/Y-90 although in reality, this is not the

case. The most conservative case for separated fission products is

Pm-147 but due to its soft beta rays and subsequent poor counting

efficiency it cannot be estimated by this procedure and must be

estimated by an alternative method (6). If the fission products have

not been separated, then Sr-90 will also be present and the above

assumption is valid. Table 3 shows the time dependence of the activity

on some Sr-90/Y-90 plates. It can be clearly seen that there is no

apparent ingrowth of activity implying that strontium and yttrium are

precipitated in equimolar amounts; however, in real situations only

Sr-90 is present because Y-90 is not readily excreted in urine.

An examination of the precipitate weights that are sn the

counting dishes yielded the information in Figure 3. The most probable

weight is between 0.2 to 0,3 g whereas the mean weight is 0.28 g.

Assuming the activity to be due to Sr-90 only then the counting

efficiency will be approximately 20% at either the most probable

weight or the mean weight. The corresponding counting efficiency for

Sr-90/Y-90 activity is about 33%. In ordar to estimate the screening

activities a counting efficiency of 20% is assigned to ALL samples;

thus, samples that are weightless will be overestimated by as much as

a factor of approximately 1.5 and samples that are heavy (1.5 g) will

be underestimated by a factor of approximately 2. To compensate for

this range the most conservative factor, 2, has been incorporated

into the DIL.

The recovery of Sr-90/Y-90 is not quantitative in the

present method unless carriers are added (7). If Sr and Y carriers

are not added, then the DIL must be corrected by a factor of 1.5 to

account for the incomplete recovery of Sr-90/Y-90 by the gross beta

screening procedure. This factor has also been incorporated into the

DIL. (Note: In the special case of a QC failure this may be

modified - see Reference 1.)
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4. DETECTION LIMITS

4.1 Gross Alpha Analysis

Typically, the background in the alpha counters is about 0.01

cpm and the blank sample is about 0.05 cpm. Assuming the ambient

background to be 0.05 cpm, the counting efficiency to be about 36% and

the radionuclide to be Pu-239 then to detect the DIL (0.7 mBq/sample)

it is necessary to count for at least 15 hours. In practice the

sample is counted from 24 to 48 hours. The detection limits at the

95% confidence level for these counting times are 0.55 mBq/sample

and 0.38 mBq/sample, respectively.

4.2 Gross Beta Analysis

Typically, the background in the beta counter is about

1.5 cpm, the counting efficiency is about 20%, the normal counting

time is 20 minutes and the chemical recovery is 75%. Therefore,

the limit of detection at the 95% confidence level for Sr-90/Y-90

is calculated to be 61 mBq.

4.3 Gross Gamma Analysis

The detection limit of a radionuclide is dependent on the

counting efficiency, which in turn depends on the gamma ray energy,

relative intensity of each gamma transition, background, sample volume

and counting time. The most conservative estimate of a detection

limit under these constraints is found to be 8.3 Bq/1500 mL

of urine for the radionuclides of interest.



- 13 -

5. REFERENCES

1. G.H. Kramer, "The Calibration and Quality Control Procedures of

The Bioassay Laboratory at Chalk River Nuclear Laboratories",

CRNL-2559 (in preparation).

2. International Commission on Radiological Protection, "Report of

the Task Group on Reference Man", ICRP Publication No. 23,

Pergamon Press, Toronto, 1975.

3. G.H. Kramer, J.R. Johnson and W. Green, "The Fluorometric

Determination of Uranium in Urine", Atomic Energy of Canada

Limited, Report AECL-8177 (in preparation).

4. N. Desai and G.H. Kramer, "An Improved Radiochemical Method for

the Isolation of Uranium from other Actinides in Urine", Atomic

Energy of Canada Limited, Report AECL-7986, 1983.

5. J.M. Davies and G.H. Kramer, "Isolation of Strontium-90, Yttrium-90,

Promethium-147 and Cerium-144 from Wet Ashed Urine by Calcium

Oxalate Coprecipitation and Sequential Solvent Extraction",

Analytical Chemistry j>4, 1428, 1982.

6. G.H. Kramer and J.M. Davies, "The Sequential Separation of

Strontium-90, Yttrium-90, Promethium-147 and Cerium-144 from

Urine and their Subsequent Estimation", Atomic Energy of

Canada Limited, Report AECL-7227, 1981.

7. "Testing the Recovery of Strontium and Yttrium from Urine"

unpublished data, Medical Research Branch, Chalk River

Nuclear Laboratories, 1954.

8. "Estimation of Fission Products in Urine", unpublished data,

Medical Research Branch, Chalk River Nuclear Laboratories, 1975.



- 14 -

TABLE 1

GROSS ALPHA ANALYSIS

% RECOVERIES OF SELECTED RADIONUCLIDES

Cni-244

Am-241

Np-237

Pu-239

Tl-i-nat

Sded Activity

Bq

0.19

0.11

0.16

0.13

0.44*

Full

78

72

45

99

109

(90

% RECOVERY ± 1

Method

± 3

± 3

± 7

± 4

± 4

+ 4)t

/

Ignoring Step 13

70

98

5<

88

56

± 3

+ 2

+ 4

± 5

+ 10

* Thorium activity only - daughters not included

t See text

A Ten trials/radionuclide

^ a = standard deviation of the mean
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TABLE 2

GROSS BETA ANALYSIS

RECOVERIES OF SELECTED RADIONUCLIDES

' Radionuclide

Ba-133

Ce-144/Pr-144

Sr-90/Y-90

Added Activity

Bq

7.9

4.7

3.6

84

% Recovery + 1 a

46 ± 3

108 ± 3

78 + 2

(98 ±1)* 1

70 ± 2 (

Pm-147 3.3 46 ± 2f

* Sr, Y carriers added

t Liquid scintillation results

A Ten trials/radionuclide

^ O = standard deviation of the mean
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TABLE 3

EFFECT OF TIME ON THE GROSS COUNTS FOR THE

Sr-90/Y-90 PLATES

Time

d

6

12

21

Gross Counts/Minute

(Background corrected)

52.3 ± 2.6 f

53.4 ± 3.6

53.3 ± 1.9

52.2 ± 2.2

t standard deviation of the sample
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3.45 cm
2.59 c*

DROOVES APPROX.
O.B mn WICE s
O.B mm DEEP
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0 .254 ca

( - . 0 0 0 + . 0 1 3 )
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0.71 en
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FIGURE 1 Teflon filtration apparatus
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TEFLON FILTRATION APPARATUS

.. 14/35 STANDARD TAPER
PYREX OUTER JOINT

RUBBER STOPPER

RUBBER TUBE
CONNECTED TO ASPIRATOR

SUCTION FLASK

FIGURE 2 Assembly of filtration apparatus
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APPENDIX A

CREATININE DETERMINATION

1. A 300 liL aliquot of the sample is placed in a 100 mL volumetric

flask. A blank is prepared using 300 yL of distilled water and

a standard is prepared using 300 \iL of creatine hydrochloride

(1 mg»mL ) . If the sample is unusually pale in colour, two

300 JJL aliquots are added to the flask.

2. Picric acid (5 mL saturated solution) is added to each flask.

3. At known intervals of between 15 to 30 seconds, 1.0 mL of

approximately 1 mol'L sodium hydroxide solution is added to

each flask.

4. After 10 minutes have elapsed, the solutions are made up to

100 mL using distilled water. They are shaken thoroughly to

ensure an even mixing.

5. Five minutes after mixing, the absorbance at 515 nm is measured

in a UV/vis spectrophotometer.

6. The concentration of the sample is obtained by comparing the

absorbances of the standard minus blank versus the sample

minus blank which were measured at the same times after the

addition of the sodium hydroxide solution.

7. Sample calculation:

A = (Absorbance of sample - Absorbance of blank) at time T

A = (Absorbance of standard - Absorbance of blank) at time T

mg/mL creatinine = (0.3 x A..)/A = C

23 x w
days output = C mL/day [reference - Al]

where w = wt of person in kg
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THE CREATININE REACTION

The determination of creatinine must be done precisely because

the absorbance of the sample changes with time. This change has been

investigated as discussed below.

EXPERIMENTAL

Fourteen solutions of different creatine concentrations (see

Table Al) were used in the procedure described above. The absorbance

of the solutions were measured as a function of time for periods up to

125 minutes using a Beckman DU-8 UV-vis spectrophotometer thermostated

at 25.0 + 0.1°C.

RESULTS AND DISCUSSION

The absorbances obtained were corrected for the absorbance of

picric acid at 515.0 nm (also the absorbance at T = °°) and plotted as

log(abs) versus time, see Figure A-l. The graphs were found to be

linear indicating that pseudo-first order conditions were satisfied.

The resulting rate constants, k , were plotted as log k versus

log[creatinine]. A straight line was obtained, Figure A-2, and tne

order of reaction was determined to be 0.092 ± 0.010 i.e. significantly

non-zero.

Two possible mechanistic pathways are immediately obvious: a

zero order reaction with contributions from a first order pathway or

a rapid pre-equilibrium with subsequent reaction of the adduct. Both

hypotheses v;ere tested and only the latter proved to fit the data. A

plot of 1/k . versus 1/[creatinine], Figure A-3, was found to be

linear leading to an expression for k , of k = Kk,[X]/(l + K[X]).
obs obs 1
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The mechanization of reaction is postulated to be:

K
A + B • X

Kl
products

where X is the creatinine-picric acid complex

A is creatinine

B is picric acid

The first order rate constant k. was found to be

7.59 ± 0.18 x 10 5 s"1

and the equilibrium constant was found to be

1.68 + 0.18 x 106 L'inol"1

REFERENCES

Al s. Jackson, Health Physics 12, 843, 1966.
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TABLE A-l

THE PSEUDO FIRST ORDER RATE CONSTANT AS A FUNCTION

OF CREATININE CONCENTRATION

10.5'kobs' S~l

4.56

6.03

6.40

6.65

6.47

7.22

7.22

7.68

7.54

7.22

7.68

8.09

8.19

8.98

6 -1
10 •[creatinine], mol«L

0.88

1.77

3.54

7.07

14.14

17.68

26.52

44.20

53.04

61.88

88.40

106.08

132.60

136.80
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FIGURE A-l Plot of log(Abs) versus time. T = 2S.0°C [oreatinine] = 1.77 x 10 , mol'L
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APPENDIX B

REAGENT PURIFICATIONS AND PREPARATIONS

Purification of Ce Carrier (5 rog/mL)

The cerium carrier is purified from natural alpha-emitting

radionuclides and its daughters by a procedure similar to the one

described elsewhere (Bl, B2). A solution of 8 mol/L HNO3 and 1 mol/L

NaBrO.- is prepared. Fifty mL of this solution is equilibrated for

1 minute with 50 mL of 15% (v/v) HDEHP (bis-2-ethylhexylphosphoric

acid obtained from Mobil chemicals) in n-heptane. Dissolve 3.9 g of

Ce(NO3)3«6H2O in 50 mL of a solution containing 8 mol/L HNO and

1 mol/L NaBrO . Ce(iv) is extracted with the pre-equilibrated 15%

HDEHP for 1 minute. The organic layer is scrubbed with 50 mL of a

solution containing NaBrO.- (1 mol/L) and HNO- (8 mol/L) for 1 minute.

The organic layer is then scrubbed with 8 mol/L HNO- for 30 seconds.

Cerium is stripped from the organic layer by two 10 mL portions of

4 mol/L HNO3 containing 1 mL of 30% H O-. The aqueous layers are

combined and washed with 20 mL of n-heptane for 1 minute. The

aqueous layer is placed in a 100 mL beaker and boiled for £ minutes

and then diluted to 250 mL with 0.2 mol/L HNO . Recovery is about 99%.

Preparation of Sulkowitch Reagent

Equal weights of oxalic acid and ammonium oxalate, 325 g each,

are dissolved in approximately 8 L of distilled water. Warming to 40"C

may be necessary. After the solids have dissolved, 650 mL of glacial

acetic acid is added and sufficient distilled water is also added to

give a final volume of 9.25 L. The mixture is thoroughly stirred

before use.
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