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RAPID METHODS
FOR MEASURING RADIONUCLIDES

There are continuing programs at the U. S. Department of Energy's
Pacific Northwest Laboratory aimed at improving techniques for the
measurement of radionuclides. Three of them that seem to be of
particular interest are:

1. ICP/MS methods for long-lived radionuclides

2. The barrel counter for measurement of radionuclides in bulk
samples

3. Rapid methods for transuranic radionuclide measurements

Work is continuing in all of these areas and technologies for their use
have proceeded to the point where they can be applied to many
problems. A discussion of each of these methods follows.
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APPLICATION OF ICP/MS TECHNIQUES
TO

RADIONUCLIDE ANALYSES

M. R. Smith
D. W. Koppenaal

Pacific Northwest Laboratory
Richland, Washington USA

As mass spectrometry has continued to gain sensitivity and reliability,
inductively coupled plasma/mass spectrometry (ICP/MS) has become increaingly
useful in the measurement of radionuclides. The optimization of ICP/MS is
improving our ability to use atomic detection of radionuclides in that it
allows the near complete isotopic analysis of any form of sample. While
aqueous samples are generally introduced into the plasma source, solids or
individual particles and organic solutions may be atomized and continuously
introduced into the plasma source.

We are presently developing laser ablation and electrothermal vaporiza-
tion (ETV), as well as other nebulization techniques for the direct analysis
of geologic materials, glasses, biological substances, and foods. Detection
sensitivity of 1011 atoms are routinely achieved by solution nebulization, and
2 to 3 orders of magnitude in sensitivity can be gained using ETV sample in-
troduction and other improvements ( i . e . , background reduction).

Our studies indicate that concentrations of less than a disintegration
per minute per sample (assuming a sample can be 1 ml or less) of Tc-99, 1-129,
Np-237, U-234, U-235, U-236, U-238, and Th-232 can be observed in a single
one-minute scan. Subnanogram quantities of 1-129, Tc-99, U-234, U-236, and
U-238 represent a small fraction of a disintegration per minute.

Work at our Laboratory is aimed at development of enhanced sensitivity
by a combination of improved technology. The application should greatly im-
prove our capabilities in radionuclide and isotopic measurement in a wide
range of sample materials. The following viewgraphs indicate the status and
the direction of the research program at our laboratory.
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DETECTION OF RADIONUCLIDES USING
INDUCTIVELY COUPLED PLASMA/

MASS SPECTROMETRY
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RADIONUCLIDE DETECTION vs HALF-LIFE
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ULTRA-TRACE RADIONUCLIDE DETERMINATION USING ICP/MS

INDUCTIVELY COUPLED PLASMA/MASS SPECTROMETRY SCHEMATIC
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ICP/MS Sensitivity (currently 8 to 109 atoms) can be Improved by:

• usa of more efficient sample Introduction techniques
• understanding baslo principles of Ion and gss dynamics In lh« ICP/M Interface Interface
• use of high-resolution mass spectrometers (with higher Ion transmission)

Ultimate sensitivity should approach 10* atoms, resulting In • superior design capability
for all radlonuclldes with half lives > I yr
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DRUM ASSAYER

A waste drum assayer has been developed at our Laboratory which

should be useful for the measurement of radionuclides in bulk food

samples. The analyzer permits both the direct measurement of

transuranic radionuclides and gamma emitters. The sensitivity for

transuranic radionuclides is approximately 1 nci/g, while that for

gamma emitters is on the order of 0.1 to 1 pCi/g. Also, based on

bremsstrahlung radiation measurement, Sr-90 can be measured at

concentrations of 100 pCi/g. We therefore feel that this type of

instrument could be employed for the direct measurement of gamma

decay radionuclides in food.
i
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TYPICAL SENSITIVITIES FOR THE ICP/MS

Fission/activation products = 0.1 to 1 pCi/g

Transuranics = 1 nCi/g

Sr-90 = 100 pCi/g
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DRUM ASSAYER
FOR MEASURING RADIONUCLIDES IN FOODS

R. L. Brodzinski
R. W. Perkins

Pacific Northwest Laboratory
Richiand, Washington USA

This summary describes a completely portable, one-man-operable instru-
ment capable of quantifying the radioactive content of 208-liter (55-gallon)
drums. It could be calibrated for other sample configurations as well. All
radioisotopes are measured simultaneously in just a few minutes. The assayer
uses two measuring techniques: segmented gamma-ray spectrometry and neutron
counting. A drum (or other container) to be assayed is placed on a rotating
turntable by a self-contained electric hoist.

A collimated high-resolution germanium diode gamma-ray spectrometer
vertically scans the rotating drum to measure the intensity of gamma rays as a
function of energy emanating from the drum. Most fission and activation
products and some transuranic radionuclides emit measurable quantities of
monochromatic photons that serve as "fingerprints" of those radioisotopes.
Comparison to the emission rate from known standards provides a quantitative
measure of radioactivity from each gamma-ray emitter in the drum. This same
germanium spectrometer is used to measure the bremsstrahlung radiation from
Sr-90. By manipulating the software with the on-board computer, the intensity
of the Sr-90 bremsstrahlung in the assayed drum is also compared to that of
standards, and the Sr-90 concentration is quantified.

In the absence of large quantities of gamma-emitting fission or activa-
t e tion products, the isotopes U-235, U-238, Np-237, Pu-2349, Pu-241, Am-241,

Cm-243, and Cm-244 are generally measurable at adequate sensitivity to sepa-
rate TRU and non-TRU wastes based on their gamma-ray emissions. The computer
utilizes these measured transuranics and the code ORIGEN(1) to predict the
concentration of Pu-238, Pu-240, and Pu-242 expected to be present. The neu-
tron yield for the assemblage of transuranic isotopes, assumed to be present
as the oxide, is calculated and compared to the measured neutron emission rate
obtained with the neutron sensitive proportional counters. The neutron count-
ers have also been calibrated with standard drums containing known concentra-
tions of appropriate transuranics in a variety of matrix materials. If the
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presence of fission or activation products masks the detection of gamma rays
from transuranic isotopes, a positive neutron count identifies the presence of
transuranics. The net neutron count rate is used to quantity the total TRU
concentration of the drum based on the expected neutron yield from a mixture
of transuranic isotopes of the same composition as that in the drum.

All data acquired and all calculations performed by the software are
stored on hard disc and backed up on floppy disc for archival or subsequent
manipulation. An onboard printer provides immediate hard copy of as much or
as little data as desired and can even be used to print a shipping manifest.

Typical sensitivities for the system are:

fission/activation products • 0.1 to 1 pCi/g,

transuranics - 1 nCi/g, and

Sr-90 = 100 pCi/g.

(1) Radiation Shielding Information Center, RSIC Computer Code Collection,
"0rigen2," CCC-371, Oak Ridge National Laboratory, Oak Ridge,
Tennessee, USA.
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A RAPID PROCEDURE FOR THE
MEASUREMENT OF TRANSURANIC ELEMENTS

AND THORIUM

• Dissolve sample

• Add tracers Pu-242, Am-243 and Th-234

• Coprecipitate with iron hydroxide

• Coprecipitate as the oxalate

• Electrodeposit on a stainless steel disc

• Measure transuranic elements and thorium by
alpha energy analysis

_ • Determine yield from tracers
00
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A RAPID PROCEDURE FOR THE MEASUREMENT
OF THE TRANSURANIC ELEMENTS AND THORIUM

C. W. Thomas
Pacific Northwest Laboratory
Richiand, Washington USA

The concept involved here is to quickly remove the transuranic elements
from interfering materials (and radionuclides if this is a problem) suffi-
ciently well so that they can be electrodeposited as a group and measured by
alpha energy analysis. The procedure involves the following basic steps.

Step 1. The sample is first brought into solution.

Step 2. Radioisotope tracers, including Pu-242, Am-243, and Th-234 (if
appropriate), are added.

Step 3. A small amount of Fe carrier ('vlO mg) plus sodium sulfite is
added to this solution and it is subsequently made basic by addition of ammon-
ium hydroxide to allow formation of an iron hydroxide precipitate. This
precipitate serves to carry the thorium and the transuranic elements.

Step 4. The mixture is centrifuged and the solution discarded while the
precipitate is dissolve in dilute hydrochloric acid then diluted with water.
The pH is made basic with ammonium hydroxide which results in a second iron
hydroxide precipitate forming.

Step 5. Following centrifuging and discarding the solution, the pre-
cipitate is dissolved in dilute hydrochloric acid and diluted with water, and
a small amount of sodium sulfite is added to maintain the transuranic elements

>-v in lower valence states.
U;

Step 6. A small amount of Ca carrier (1 to 2 mg) is then added and the
pH adjusted to approximately 3 to allow formation of an oxalate precipitate.
The iron forms a very soluble oxalate, thus remaining in solution. This and
two subsequent oxalate precipitates serve to remove any remaining iron.

Step 7. The final oxalate precipitate is then dissolved in a small
amount of sulfuric acid (0.5 ml concentration H2S04) and the pH is adjusted to
the "gold end point" for thymol blue using dilute ammonium hydroxide (first
5 M and then 0.5 M).
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Step 8. The solution is then placed in an electrodeposition cell where
the transuranic elements are electrodeposited on a 1 cm2 area of 2.5 en diame-
ter stainless steel disc.

Step 9. Electrodeposition is conducted for a one-hour period at a cur-
rent of 1 amp.

Step 10. Immediately before turning off the current 1 ml of concentra-
ted NH40H is added to the cell and electrodeposition continued for an addi-
tional minute. The current is then turned off, the solution is discarded, the
electrode washed with water, then ethanol, and air dried. Following alpha
energy analysis, the radiochemical yield as determined from the radiouotope
tracer content and the concentrations of the radionuclides of interest are
calculated.

Samples with a large amount of iron such as soil extracts or vegetation
ash may require partial removal of iron prior to initiation of this procedure.
In these cases, the tracers are added to the soil or vegetation ash prior to
dissolution or leaching. The samples are then leached with HC1 and HNG3.*
The solution is then diluted to about 3N acid. To this solution is added
oxalic acid (about 200 gramsa), and following its dissolution NH4OH is added
while stirring until pH 2 to 3 is reached and oxalate precipitation is com-
plete. The oxalate precipitate containing the transuranics and Th is fil-
tered, washed with Ph 3 HC1 and muffled to destroy the oxalate precipitate and
produce CaO. The residue is then dissolved in HC1.

At this point it is possible to proceed with Step 3 of the stepwise pro-
cedure.

* Leach with hot 6 N Hcl for about 20 minutes with stirring. Leach resi
due residue similarly with 8 N HN03, then 6 N Hcl and then water and
discard the residue.

a) Too much oxalic acid (saturated solution) tends to dissolve the Pu
causing a low yield.
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