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We have developed a thermal vacuum resorption process to rapidly
extract water from environmental samples for tritium analysis. Thermal
vacuum resorption allows for extraction of the moisture from the sample
within a few hours in a form and quantity suitable for liquid scintillation
counting and allows detection of tritium at the levels of <2 Bq/L of@
<0.5 13q/gm of vegetatio~ and < 0.5 Bq/gm of soil. We developed a

prototype unit that can process batches of twenty or more samples within
24 hours. Early data shows that a high percentage of water is extracted
reproducibly without enrichment or depletion of the tritium content. The
quench coefficient of the extracted water is low allowing for accurate,
direct liquid scintillation counting. Excellent comparison has been observed
with results using freeze-dry lypholization as the water extraction method.

INTRODUCTION

Lawrence Livermore National
Laboratory, as other facilities, performs
surveillance monitoring of tritiurn in the
environment. In samples of silica gel,
milk, vegetation, and soil tritiated water
is extracted using a lypholization
method. 1.Extraction of tritiated water by
this metho& though highly effective, is
time consuming. To improve this
process we collaborated to develop a
processing technique that would allow
for extraction of the moisture from the
sample within a few hours in a form and
quantity suitable for liquid scintillation

counting and allows detection of tritium
at environmental levels2.

Three methods were examined,
washing the tritium out with tritiurn-free
wate#, freeze-dry lypholization, and hot
air washout. Thermal vacuum resorption
is essentially a synthesis of both
Iypholization and the hot air washout
method. It has been used successfully at
the All-Russian Scientific Research
Institute of Experimental Physics for
extraction of tritiated water from a wide
variety of samples including a variety of
food stuffs, molecular sieves, and silica
gel.



Research was needed to document
that thermal vacuum resorption could be
used to prepare samples with
reproducibly high percentages of water
extraction, with a low quench coefficient
for accurate tritium analysis by liquid
scintillation counting, and with no
enrichment or depletion of tritiurn at the
environmental levels, of ~ Bq/L of milk,
<0.5 Bq/gmof vegetation, and< 0.5
Bq/gm of soil. A procedure was also
needed to document that large batches of
samples could be processed quickly.

EXPERIMENTAL

All experimental work for this effort
was performed at Russian Federal
Nuclear Center, All-Russian Scientific
Research Institute of Experimental
Physics, Arzamas-16 (VNHEF). Initial
testing of the thermal vacuum resorption
process was performed on an existing
unit at VNIIEF. However, advanced
testing was carried out on a specially
constructed prototype unit. Figure 1
(Report ljg.3. 1) schematically shows
the parts of a multi-sample thermal
vacuum resorption unit. Figure 2 (Report

2aj7g. 2.1) provides front and side views
of the prototype unit that was
developed. The reactors are constructed
of a Cr-Ni-Ti stainless steel to accelerate
sample heating and improve surface
deactivation. To facilitate sample change-
out the reactors were installed with a
quick disconnect vacuum fitting. The
reactor and quick-disconnect fitting are
shown in Figure 3 (Report 2ajlg. 2.2).

Quenching or cherniluminescence
was of concern if the thermal vacuum

resorption process resulted in organic
materials being extracted with the water.
Standard methods were used to
determine the quench coefficient of water
extracted from fifteen samples horn
seven different types of samples (soil,
potatoes, grass, carrot, beets, silica gel,
and milk).

Due to the higher partial vapor
pressure of HZOcompared with HT05
we knew that the protiated water would
be extracted more easily than the tritiated
water possibly resulting in effective
depletion of the tritium in the extracted
water relative to the actual sample. This
would make the process unusable for
environmental surveillance purposes.
Earlierb, the separation factor for tritiated
and protiated water was shown to be
1.03. To test the effects of thermal
vacuum resorption on the tritium
content of extracted water we performed
tests with tritiurn labeled water and
measured separation factors of 1.06 to
1.08 +/- 5Y0. Thus we assess that no
enrichment nor depletion of the tritiurn is
taking place during the thermal vacuum
resorption.

Though the purpose of the project
did not focus on the liquid scintillation
counting part of the determination of
tritiated water content in environmental
samples liquid scintillation counting was
necessary to complete this effort. The
liquid scintillation counting system used
for much of the work is located at the
VNHEF BETA-2 facility. It is a dual-
photometer unit with coincidence
processing, with lead shielding and
refrigeration. It was recommended that
Ultima Gold scintillation cocktail be used



but this was difficult to obtain in Russia
so many of the measurements were made
with ZhS-81. This limited the ultimate
detection limit that could be achieved at
VNIIEF. This did not affect the ability
to test the system to determine its
acceptability.

Seven samples, three silica gel, three soil,
and one pine needles, were collected
horn around the Lawrence Livermore
National Laboratory (LLNL) site and
taken to VNIIEF for processing.
Portions of the extracted water were
analyzed by liquid scintillation counting
at LLNL. Ultima Gold scintillation
cocktail was used and the samples were
analyzed on a ~ liquid
scintillation counter ( 1 need to check

which counter they used).

RESULTS AND DISCUSSION

Incomplete or variable levels of
water extraction from samples can result
in either systematic errors or depletion in
the tritium content in the extracted water
compared with the actual sample.’
Therefore, it was important to achieve a
reproducible, high percentage of water
extracted in a short time. Table 1 ( Table
2.1 from page 7 of report 2c) shows that
three hours is usually sufllcient to
extract over 900/0of the moisture. This
reasonable time is critical in reaching the
desired goal of processing batches of 20
or more samples in 24 hours.

Organic matter in the extracted
water could result in quench or
chemiluminescence that would make this
technique either unusable or require
additional processing of the extracted

water for accurate measurements. Table
2 (Table 2.2jompage 8 of Report 2c)
shows that this is not a concern and the
extracted water can be used directly for
liquid scintillation counting with no
fh.rtherprocessing.

Labeled test samples were
processed to determine the
reproducibility and accuracy of the
thermal vacuum resorption process.
Table 3 (Table 2.4fiom page 11 of

Report 3) shows data from labeled
samples. The results show good
reproducibility and accuracy. The
efficiency for the silica gel is lower than
expected and will be investigated fhrther.

As was stated above samples from
LLNL were submitted as “blinds” to test
the VNIIEF thermal vacuum resorption
system against the Iypholization process
used at LLNL. Table 4 (insert table from
poster session) shows the results horn
the two methods compare well, with the
exception of one soil sample. We are
investigating this result to determine if
there are any explanations for this
discrepancy.

Analysis of the processing time has
been performed, including 1) time for
system assembly, leak testing, and initial
warm-up, 2) sample resorption at the
recommended temperatures, 3) cool-
down, system disassembly, removal of
reactor and cold trap, and 4) melting of
water ilom cold trap, weighing the trap
and removing the sample. This
assessment shows that in a single unit
reactor five milk samples could be run in
24 hours or seven samples of vegetation,
silica gel, or soil. This difference is due to



the longer time required for complete
water extraction born milk. It is therefore
clear that in a five reactor unit batches of
twenty samples can be easily completed
in 24 hours.

Further testing is needed to
determine if the thermal vacuum
resorption unit is susceptible to cross
contamination if samples of substantially
different tritium concentrations are
processed in subsequent runs. Samples
varying by a factor of 50 in tritium
activity were processed with no
indication of cross contamination,
However, insufficient data exists at this
time to filly assess this important
feature.

We have determined that the thermal
vacuum resorption process meets the
basic requirements initially stated. We
identified a number of improvements
that could be made to the prototype
thermal vacuum resorption unit, such as
improved reactor heaters with faster
ramp up time and a different elastomer
for the quick disconnect fittings for
better vacuum properties.

The next step in this project
provides an opportunity for an industrial
partner who is interested in
commercialization of this process. The
Department of Energy (DOE) has a
program under which industrial partners
cost-share projects with the Government
to bring technology developed in Russia
to the marketplace under a unique
agreement with the DOE. This program
has mechanisms to expedite intellectual
property arrangements. If companies are
interested in firther information about

creating an industrial partnership they
should contact the authors.

SUMMARY

We have shown thermal vacuum
resorption to be an effective method for
rapid, high sensitivity tritiated water
extraction. Using this process a high
percentage of water is extracted
reproducibly and the extracted moisture
has a low quench coefficient. The tritium
content of the extracted water is neither
enriched nor depleted with respect to the
original sample. With the samples run to
date we have seen no cross
contamination and the thermal vacuum
resorption results compare well with
those from lypholization for split
samples. The prototype unit can process
20 to 30 samples in a 24 hour period.
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Reactor

1- bus- 2- case; 3- copper gaskeg 4- asbestos gaskeg 5- cranqq 6- eccenti, 7- b-

Figure 3
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