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Background:

Los Alamos National Lab’s Health Physics Measurements Group has been
investigating several possible approaches to the problem of detecting stable
metal tritiated compounds (STCS) in particulate forms that might lead to the
design of a functional workplace tritide Continuous Air Monitor (T-CAM). The
objective is to carry out proof of concept tests of selected detection schemes that
would (if successful) demonstrate that airborne concentrations of STCS can be
detected in a reasonable sampling period at concentrations that are on the order
of 8 – 10 ACVS (Air Concentration Value). 8 ACV, if inhaled for 1 hour, would
correspond to about 20 mrem CEDE by current estimates (Draft DOE Handbook
on control of STCS, 9/00). Since 1 ACV has been estimated to be 4.8x 104 Bq
observed/m3, 8 ACVS would correspond to 3.8 x 105 Bq/m3 (or about 10 ~Ci/m3).
At a sampling rate of 2 CFM (0.057 m3/min), a 30-minute sample period (time of
accumulation between automatic sample analysis by the CAM detector) would
correspond to about 1.7 m3, or an accumulation of approximately 17 pCi of STC
particulate from a concentration of 8 ACVS. As will be discussed below, filter
activity on the order of 10 ~Ci is likely to be detectable by some methods under
investigation. But also, since the function of a CAM is to serve as a monitor of
exposure conditions and generate an alarm when conditions change, such that
unacceptable exposure could result if the worker stayed in that concentration for
very long, an acceptable threshold for alarm (i.e. practical sensitivity for reliable
detection) could be much higher since the worker stay time is shortened by the
alarm. For example, if the threshold for detection by a method is on the order of
100 pCi on the filter, and one assumes that in an accidental release the
concentration rises rapidly to about 100 ACV in a slow moving cloud, a 2 CFM
CAM would reach the alarm threshold in about 15 minutes. The exposure would
be about 25 ACV-hr, which would correspond to a dose of about 60 mRem.
Increasing the sampling rate to 4 CFM, which is feasible, would reduce the time
to alarm and the exposure. As with any CAM monitoring application, CAM
placement and number of CAMsdeployed must be factored into any monitoring
plan to achieve the highest performance.

Experimental Findings to Date:

a.) Inference of metal tritide particle concentration based on XRF
detection of high-Z atoms in the air sample. XRF detection was the



first concept to be systematically investigated. The concept is based
on utilizing gamma-ray induced XRF in the sample to identify the atom
concentration of a target metal atom (Hf, Er, etc) of the tritide
compound, and from that and tritide stoichiometry, derive the air
concentration of tritide particulate. The experimental approach was
to use a ‘53Gd annular source around a small cadmium-zinc-telluride
(CZT) x-ray detector, and capture and analyze the resultant x-ray
spectrum using a commercial XRF analysis program. The detection
setup was constrained to fit into a commercial CAM body so that it
would be clear that the concept would result in a functional CAM. A
cross-section view of the geometry is shown in Figure 1.

\
Gd-153 Excitation source (100 mCi)

.Figure 1. Cross-section of XRF detector

The detector shown is a 3x3x2 mm3 CZT detector, thermoelectrically
cooled, built by AmpTek. Hafnium hydride was chosen as the target
material for proof of concept testing. Powdered HfH2 was spread on a
filter and the mass determined gravimetrically.

The resultant spectra collected from a number of masses were analyzed
by the XRF code VVinAXIL. Atypical run is shown in Figure 2. The large
high-energy peak is due to Pb x-rays generated in the Pb shielding around
the detector. As a result of the interference with the high energy Hf x-rays,
this region is not useable for XRF.



Figure 2. XRF x-ray spectrum with WMXIL
peak fitting of the Hf characteristic x-rays

Based on an extrapolation of the L x-ray peak integrals for a number of
masses of Hf-hydride, from higher masses to lower ranges, it appears that
the minimum
detectable quantities
would be in the
microgram range
rather than the nano-
gram range needed for
a successful workplace
monitoring capability,
These data are shown
in Figure 3. based on a
count time of 30-
minutes. The Pb x-ray
interference in the 8
keV region of interest
is too high.

HfH2 mass calibrationwith life time= 30 min
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Figure 3. XRF calibration for Hf-hydride

Detection of bremsstrahlung x-rays from tritium beta self-absorption
interactions in tritide particuiates. A second concept under
investigation in the project is the detection of bremsstrahlung x-rays
from beta decay interactions in the sample. The same CZT detector
type and configuration as was used in the XRF studies was used here.
The detector holder was modified to eliminate the annular source
element. The detector was maintained in a lead shield, collimated to
minimize background interference. The thin beryllium window of the
detector can be seen in the Figure 4. picture showing the base of the
detector holder.



Figure 4. Bottom view of CZT detector holder

The first test of the
bremsstrahlung detection
concept was with a thin film
erbium tritide source mounted
on a molybdenum substrate.
These films are commonly used
as targets in experiments
involving neutron production
(J.E. Pearson, ‘lNonde.structive
Determination of Areal Density
and Tritium Content of Tritiated
Erbium Films with Beta-excited
X-rays”, Applied Spectroscopy
27:6, pp 450-53, 1973). The
erbium tritide was applied in a
uniform coating and so only
approximates the condition of a
particulate source, but was
mounted in a CAM cartridge
to simulate a filter counting

geometry. The x-ray spectrum collected during counting of this source shows the
expected bremsstrahlung continuum, but with large beta-excited erbium
characteristic L x-rays superimposed (Figure 5.).

.

Figure 5. Er-tritide x-ray spectrum

The prominent Er L-(x peak at 6.9 keV is seen, as well as the two L-p peaks
around 8 – 9 keV in the region of channels 250-350. As described by Pearson,
the intensity of a particular x-ray peak is a function of the beta to x-ray conversion



efficiency, solid angle effects, and absorption along transport paths through the
erbium itself, air path, detector housing, etc. No attempt to estimate efficiency
from the source was made since the tritium content was unknown.

The second round of x-ray detection tests were conducted at Lovelace
Respiratory Research Institute (LRRI) laboratories using specially prepared
titanium tritide particulate sources mounted on CAM filters. The titanium tritide
was ground into ultra-fine particles (0.4 pm) and pipetted onto the filters in
varying strength as a particle-alcohol slurry. All tests were conducted under
controlled conditions in a hood to avoid contamination. Source strengths of 10
yCi, 100 pCi, 1 mCi, and 10 mCi were prepared for use in these tests. Count
times varied from 60 minutes at the lowest activity to 10 minutes at the highest.
Spectra shown in Figure 6. are typical of the outcomes. For this low-Z element,
the bremsstrahlung count rate is clearly much lower as evidenced by the low-
Ievel continuum (Z dependency). So the L x-ray peak dominates the response.

Figure 6a. 1 mCi of Ti 3Hz particulate

Figure 6b, 100 pCi of Ti 3H2 particulate
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At low activity levels (6b.), the shape of the bremsstrahlung continuum is lost,
with only the L x-ray peak remaining. Thus it would appear that for the self-
excited x-ray detection concept to work well (or at all in the case of low-Z
materials) the focus would have to be on the L x-ray peak. Then there would
definitely be a role for some sort of peak search and peak fitting in the data
analysis step. An analysis of the L x-ray peak by use of the Canberra VVinAXIL
code is shown in Figure 7., which illustrates the fitting function area under the
data points.
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Figure 7. WinAXIL x-ray peak fit of Ti-tritide spectrum

This will be a matter for future exploration. There still remains a need to look at a
broader range of tritide materials, especially in the ‘rust and dust’ category. The
preliminary calibration of this detection concept is shown in Figure 8.
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Figure 8. Calibration curve for L x-ray detection concept



c.) Detection of tritide particles usincj a special beta-scintillator bead filter .

concept: The third approach being investigated is the concept of constructing a
layered filter consisting of a standard CAM filter substrate on which a layer of
beta scintillation beads is permanently attached. The idea is to create a very thin
contact adhesive coating that does not clog the filter, and then apply the beads
so they adhere to the surface. The beads used in the preliminary investigation
were 200-500 pm Bicron BC400 beads. The prepared filters were mounted in
the Canberra Quick Change Cartridge CAM filter holders as shown in Figure 9.

Figure 9. Special LANL scintillator bead filters

The tests were conducted at LRRI in their laboratory hoods. A thin layer of
titanium tritide particulate slurry in alcohol was deposited over the scintillation
bead layer and dried. The detector for this concept is a photomultiplier tube
sensitive to the UV light emissions from the scintillator beads. A Hamamatsu
PMT photosensor module HCI 24 (1”) was used in this application. The module
consists of the PMT, a high voltage supply, and a broad-band amplifier. This
compact package was fitted in the Canberra Alpha Sentry CAM head so the tube
was above and alig”ned with the filter. The whole CAM was then housed in a
light-tight containment box for the tests, as shown in Figure 10. The output of the
PMT is read as a voltage generated by the internal amplifier proportional to the
light signal
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Figure 10. Light tight PMT box with voltmeter readout attached (right)

The special scintillation bead filters were loaded with 10, 100, and 1000 pCi of
Ti3H2 powder (0.4 pm) for these tests. The results showed a clear response
except at the lowest loading, where the signal was very close to background (7
mV). A calibration curve is shown for these tests in Figure 11.



The simplicity, low cost, and lack of dependence of the response of the detector
on the Z of the particle makes this a particularly attractive concept to vigorously
pursue as a possible route to a practical tritide CAM.

A final test of the last two concepts was conducted using a small filter fragment
containing carbon tritide particles from the Princeton Tokomak experiment. The
activity was approximately 1 mCi. It was mounted on another filter for support
and placed in the CZT CAM configuration. The x-ray spectrum was. especially
weak, requiring over 60 hours of counting to produce a reasonable spectrum for
analysis.

Figure 12. Carbon tritide count experiment results

The small peak around channel 100 is thought to be about 2.3 keV, which is not
definitely associated with a particular element, but could be the K x-ray from
sulphur, a contaminant in the carbon. The low count rate result illustrates the
limitation of a Z dependent detection concept.

Conclusions

Based on the progre& to date, it can be said that the radio-isotope generated
XRF detection concept has been shown to be too insensitive for practical
application. The self-irradiated tritide L x-ray detection approach looks feasible
as long as there are metal atoms present above Z= 15, which eliminates most of
the clay constituents (Al, Si, Mg, etc), and all carbonaceous materials (dusts, oil,
etc.), which is a big drawback in some situations. The most promising approach
seems to be the special scintillation bead filter concept. This will be further
investigated with a larger PMT, and different scintillation bead design concepts.


