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DISCLAIMER

This report was prepared as an account of work sponsored by an
agency of the United States Government. Neither the United States
Government nor any agency thereof, nor any of their employees,
makes any warranty, express or implied, or assumes any legal liability
or responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents
that its use would not infringe privately owned rights. Reference
herein to any specific commercial product, process, or service by
trade name, trademark, manufacturer, or otherwise does not
necessarily constitute or imply its endorsement, recommendation, or
favoring by the United States Government or any agency thereof. The
views and opinions of authors expressed herein do not necessarily
state or reflect those of the United States Government or any agency
thereof.

DISCLAIMER

Portions of this document may be illegible in electronic image
products. Images are produced from the best available
original document.
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ABSTRACT

A methed for the determination of uranium in human urine by means of
the alphz activity of the ursnium is described. Using this method it is
pessible to detéct the alpha radiztion from 0.01 mg. of normel uranium
per 100 ml. of urine or a concentration of 1lUC parts per billion. It is
alsc pogsible to detect the aipha radiation from 0.0l micrograms of
uranium 255 per 100 ml of urine or a concentration of 0.1 part per
billion. Amountis of uranium whose alpha activity lies between normal
and nure uranium £53 can be determined in quantities which are inversaly
proportionad to their alpha activities.

Trne following method is used: A 100 ml, sample of urine is boiled
with hydrochleric acid, aluminum nitrate is added and the pH of the so-
Jution ralsed to 6.5 with ammonium hydroxide. After centrifuging, the
precipgitaie is dissolved and reprecipitated., This precipitate is re-
dissolved in hydrochloric acid. The hydrochloric acid solution is evap~
orated slowly on silver disls and the disls are alpha counted in a low
backgrovnd alpha counter, Results are reported as alpha counts per minute

per 100 ml. of urine.
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THE DETERMINATION OF URANIUM ALPHA ACTIVITY IN HUMAN URINE

A fluorometric method has been used to date for the routine determination
of uranium in urine. By this method, ten parts per billion of uranium in
urine can be determined; however, no estimate of the alpha activity of the
uranium is possible by this rnathod. Since the primary danger from uranium
poisoning lies in its alpha activity, a method was necessary to determine the
radioactivity of the uranium as well as the quantitative amount present in
urine, This paper déscribes a methed for the determination of the uranium alpha
activity in urine.

Although a counting method has been reported for the determination of
nicro quantities of plutonium in urine (1) (2), no method of this type has
been reported for the determination of uranium in urine; The methods for
the determination of plutonium involve a chemical sep#ration of plutonium
from 1500 ml. of urine using a2 carrier. The plutonium is then separated from
the carrier, mounted on a disk and alpha counted.

A summary of the contents of normal urine is given in Table I. Since
urine contains 55 to 70 grams of dissolved solids per liter, a simple evap-
oration of the urine onto & silver plate, followed by alpha counting, is
impractical, due to the absorption of the alphe particles in the urine solids.
After attempts to electroplate the uranium from the urine directly to a
nickel disk failed, it was obvious that the uranium would have to be sepa-
rated froﬁ the urine chemically before it could be alpha counted.

Early work showed that aluminum hydroxide was an excellent carrier for
ammonium diuranata if the urine was first boiled with hydrochloric acid for

fiftesn minutes to remove the urea. The removal of the uranium from the



carrier was then undertaken. Attempts to extract the uyranium from a nitric
acid solution of the carrier with penta ether, hexone, or diethyl ether gave
erratic results. The cause for this was the amount of sulfate and phosphate
present in urine. These salts were occluded on the precipitate anc prevented
the uranium passing into the organic solvent. Since other methods were giving

more promising results, work with solvent extractions was discontinued,

Attempts ¢o extract the uranium from the aluminum hydroxide carrier using
ammonium carbonate were more successful. The results of these experiments are
summarized in Table II. It will be noted that from one third to one half of
the uranium which was added was recovered in these experiments, when the uranium
solution was evaporated onto silver disks. Attempts to plate the uranium on
nickel disks were unsatisfactoryo.

'Experiments then showed that it was possible to count the uranium present
without removal from the carrier, if the amount of carrier was properly con-

trolled, snd the film correctly disiributed on the silver disks.

EXPERIMENTAL

Apparatus and Reagents

Alghé Counter: An alpha counter especially designed for this work having
2 low background of approximately 0.5 counts per minute wzs used. This back-
ground was about 5 times lower than the background of routine alpha counters
which are used in the YWorks Latoratory at K-27. This counter made it possible
to count residues of uranium which had only 3 elpha counts per minute.

For C 1 parts per billion or more of uranium 233, the alpha counters used

for the routine determination of uranium 23, were used.
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Silver Disks: The residues were evéporated on silver disks 0.002

inches thick. For determinations on the low background counter, disks 2 1/4
inches in diameter were used, but for use with routine counters, tﬁe disk
diaﬁeter was 3 1/4 inches.

Urine: The urine which was used in this work was obtained from the
‘K=-25 Dispensary and came from patiaﬁts who were not in contact with uranium,

Uranium: Solutions of uranium materials having various alpha activities
were made by weighing out the uranium as urano-uranic oxide, dissolving in
nitric acid and diluting to the desired concentration. A known volume of
each solution was evaporated on a silver disk and alpha counted. By adding
a definite volume of a standard urgnium solution to 100 ml. of urine, the
qﬁantity of uranium and the number of counts added to the urine sample were
known. Solutions of the following alpha activities were used in this work.

Solution A. 750 alpha disintegrations per minute per milligtam of

uranium metal pef half solid angle (normal uranium).

Solution B. 75,000 alpha disintegrations per minute per milligram

of uranium metal per half solid angle.,
Solution C. 8 x 106 alpha disintegrations per minute per milligram
of uranium metal per half solid angle (uranium 233)

Other Reagents: Other reagents which were used were A.C.S, analytical
reagent grade checked for uranium contamination on the low background alpha
counter.

Procedurz

To 100 ad. of urine, 10 ml. of concentrated hydrochloric acid were added

and the acidified wolution was boiled gently for 15 minutes. Two ml. of a

solution of aluminvm nitrste (14 g. of AL(NO3)3 9HZ0 per liter) were added

25
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and the solution was cooled in a stoppered flask. After cooling, the pH of

7 4

the soluticn was raised to 6.5 by the addition of 1:1 ammonium hydroxide. The
mixture was centrifuged at 1700 R.P.¥., for two minutes and the supernatant
liquid decanted and discarded. The precipitats was then dissolved in 5 ml. of
concentrated hydrochloric acid, diluted to 100 ml. with distilled water, and
reprecipitated with 1:1 ammonium hydroxide, again at a pH of 6.5. The material
was centrifuged and the supernatant liquid discarded. Ten ml. of concen-~
trated hydrochloric acid were added to the residue and this mixture was ad@ed
dropwise to the silver disks and evaporated to dryness. If the residue on the
disk was loose, it was moistened and redried to imsure adherence. The disk

was then counted in the low background alpha counter until the desired coun%-
ing accuracy was obtained. The resultd were reported as counts per minute

per 100 ml. of urine.

DATA AND DISCUSSION

To determine the effect of the absorption of alpha particleé by the
.aluminum carrier, a series of experimente was carried out in which the same
amounts of uranium and aluminum sclution were evaporated on from one to
four disks, thus testing various film thicknesses. The fesults of this
experiment are summarized in Table III. It will be noted that the number
of counts recovered from the solution decreased with a decrease in the
number of disks which were used for the evaporation. With four disks of
2 1/4 inches in diameter, approximately 85% of the counts were recovered
from the solution. With é;o disks, approximately 707 was recovered, and
with one disk, only 30% was recovered. From these data it was decided

either tc use larger disks or to evaporate the residue on several small disks.

Since only small disks couild be used in the low background counter, the
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material should be put on several disks for all routine determinations.

Table IV summarizes the results of an experiment to determine the small-
est amount of normal uranium which could be detected using the low back-
ground alpha counter. This table shows that if 100 parts per billion of
normal uranium were added to a sample of urine the counts from this urine
sample were significantly different from the counts from a urine sample
to which no uranium had been added. In these experiments, ths solution was
evapﬁrated on two small disks, and the material was counted in the low
background counter. These experiments showed an average recovery of
around 70%.

Table V summarizes a series of determination which were run using both
uranium solution B and uranium solution C. Solution C was counted on the
routine alpha counter and solution B counted on the low background counter.
The results of these experiments show that by alpha counting between 60
and 90fof the material which is added t o the urine can be detected above the
1 part per billion level. Since it is not expected that any uranium of as
high alpha count as solution C will be encountered, it would be necessary to
count any samples which were analyzed by this method on the low background
ccunter rather than on the routine counter. Routine counters were used to
determine the feasibility of using larger diskc which the low background
countsr could not accomodate. No corrections for self-absorption were

applied in calculating any of the reported results.

CONULUSIONS
A simple method for the determination of the alpha activity of ursnium
in urine has been demonstrated. Using this method it is possible to detect
the alpha radiation from 0.01 mg. of normal uranium per 100 ml. of urine
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or a concentration of 100 parts per billion. It is also possible to detect
the alpha radiation from 0.0l micrograms of uranium 233 per 100 ml. of urine
or a concentration of 0.1 part psr billion. Amounts of uranium whose alpha
activity 1i+s between normal and pure uranium 233 can be determined in quan-
tities which are inversely proportioned to their nlpha activities.

Using a low backMd amplifier, it has been possible to determine the
uranium alpha activity in about one tenth the volume used by previous workers.

The manipulation of the method is simple and can be carried out by a
careful operator with no former chemical training. At leas’. twelve deteraina-
tions per day per operator are possible using this procedure.
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ucc?, TABLE I

COMPOSITION OF NORMAL URINE (3)

Grams in Average
24, hours Grams
“ater 1000-1500 . 1200
Total Solids in Solution 55-70 60
Inorganic substances 20-30 25
Chloride chiefly NaCl 10-15 12.5
Phosphates eatimated as HBPOL 2.5 = 3.5 3
(a) Alkaline earth (1/3 of total)
(b) Alkali (2/3 of total)
Sulphate estimated as HgSQ, 1.5 - 3.0 2.5
Ammonia 0.5 -1 0.7
Organic substances 30-40 35
Urea 25-35 30
Uric Acid 0.4 - 1.0 0.7
Traces of:
Inorganic Organic
Iron Creatinine
Carbonates Hippuric Acid
. Nitrates P.rine
Silicates Oxalic Acid and Volatile Fatty Acid
Fluorides Pigments
Acetone

2
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TABLE 1I

/1

REMOVAL OF URANIUM FROM CARRIER USING AMMONIUM CARRONATH

Wcrograma Parts Counts per] Counts per , Counts per Counts per | Count.s pery Total : Percent
' U233 added per billionﬂ minute minute minute minute minute parts § Recovered
Sample to 100 ml.} added added Recovered Recovered Recovered Recovered per
Number urine Extraction I{ Extraction II] Extraction III] Total billion}
1l 0.1 1.0 84,0 92 180 81 353 0.42 42
2 0.2 2.0 1680 360 252 82 694 0.82 | 1
3 0.5 5.0 4200 1567 469 200 2256 2.7 53
b 1.0 10 8400 i843 922 456 3221 3.8 3e
(b) Uranium Electroplated on Electropolished Nickel Disks
- el ’.m i ek WA 48 V>4t U\Wﬂmu«:uwmﬁumdy Sl -l sy a s o ': L i ’:—’:-..-.
Sample Microgramsj Parts Counts per Total Counts per Parts per billion g Percent
Number 0233 Zaded per minute added minute Recovered Recovered
to 100 ml.l billion Recovered
lring added )
5 0.1 1 840 75 0.01 9
6 0.2 2 1680 159 0.02 9
7 0.5 5 4200 2117 2.5 50
8 1.0 10 84,00 2003 2.4 24

B 8 Bttt o A
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TABLE IV
DETERMINATION OF COUNTS FROM NORMAL URANIUNM
Farts per
:1111::: Background of clean Urine precipitate Urine Ppt.| Recovered | Recovered by
u°m: ~ silver disks and silver disks corrected | by count- | fluorometric
ple 18; ul counts per minute counts per minute Total(B-A){ ing method method
umber urine Disk (1)) Disk (2)] Total A| Disk (1)| Disk (2) | Total B | counts/min| p.p.b.] $|p.p.0. | %
0 0.5 0.1 0.6 0.4 0.2 0.6 0 - - - -
2 0 0.3 0.8 1.1 0.4 0.4 0.8 -0.3 - - - -
3 0 0.4 0.4 0.8 0.9 0.3 1.2 0.4 - - - -
y 0 0.6 0.4 1.0 0.4 0.6 1.0 0.0 - - - -
5 85 0.5 0.4 0.9 1.7 3.5 5.2 4.3 64 751 68 80
6 85 0.4 0.6 1.0 2.0 3.3 5.3 4.3 64 75 - -
7 85 0.6 0.4 1.0 2.5 1.5 4.0 3.0 45 53 51 60
8 85 0.1 0.5 0.6 1.6 3.1 4.7 4.1 61 724 51 60
~

ot



L Y LN
L8

T

>
b o

Table V

RECOVERY OF URANIUM FROM URINE SAMPLES

Using the Proposed Method #*

#* Two small disks were used in these cases because large disks could not fit in the chamber of the low

background alpha amplifier.

“hare the large disks 3 1/4" in diameter were employed the regular amplifiers in the Counting Section were nsed
since a higher background ~n two or three counts would not seriously affect results.

"q 3 - e Wm*?
Parts per | Type of Counts per| No. of ; Diameter Parts per | Counts per Percent §
billion Katerial minute disks of disks billion minute Recoversd |

{Sample{ added added used inches Recovered | Recovered
Number}{ {100 ml. '
urine) {
1 1.0 c 800 1 3 1/4 0.86 691 86
2 1.0 c 800 1 3 1/} 0.86 685 86
3 1.0 c | 800 1 314 | 0.76 608 76 |
1
IA 0.1 c I 80 1 31/4 0,06 L7 53 :
5 0.1 c 80 1 3 1/4 0.05 43 S 7} :
6 0,02 c T 2 % 21/4 0.01 7 . 50
7 0.85 B | 6. 2% 2 1/4 0.7 5.k Do
8 0,85 B 6.4 2 % 2 1/4 0.76 5.7 © 89
9 8.5 B 6l 2% 21/, 6.2 L7 5.
10 8,5 B 6l 2 ® 2 1/4 5.4 40 63
1 8.5 B 6l 2 % 2 1/4 7.2 54 oo
§
i
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