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: DETECTION OF INTERNALLY DEPOSITED ACTINIDES
. PART IV: PRELIMINARY CONSIDERATIONS .
IN THE USE OF LARGE, PLANAR INTRINSIC GE DETECIORS
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Oak Ridge National Laboratory
Oak Ridge, Tennessee 37830

Abstract

Many inherent advantages are apparent in the use of large planar Ge detectors for the detection,
identification and quantitative asseasment of internally deposited actinide nuclides. The superior
energy resolution in contrast to "Phoswich type" scintillation detectors, permita isotopic idantificatioss
to be made and reduces ambiguities introduced by natural and human background effects. Our preliminery
studies indicate that a 10 cm? x 1.2 cw Ge detector is comparable in datection sensitivity to that of
one 125 co? “Phoswich” detector. Soms preliminary considerations and evaluations, photon transport
studiea based on Monte Carlo modeling and measurements of absolute L-meries X-ray yields in the decay

of several actinide nuclides, are presented.

Introduction

The impact .of silicon and germanium semiconductor detectors for the measuzement of low energy photome
has been tremendous since their introduction over a decade ago. Basic reaearch efforts in nuclear,
atomic and solid state physics, in .geological and extraterrestrial studies and other disciplines have
all benefited by the use of these detectors. They are used zoutinely in environmental monitoring, oil
well logging, in activation analysisr and in safegusrds applications to name 2 few and to some extent,

v in applied health physics applications. In the photon energy domain of 150 keV to 2 MeV and higher,

ret "1t 1s quite clear that conventional semiconductor photon apectrometers will never attain the detection

~~ssut o gfficiency Tealized by the use of Csl or NaIl scintillation epectrometers. However, the energy resolu~
tion enhancemen: offered by Ge semiconductor detectors more than offsets the inferior detection effi-
ciency and in counting.situations where the precision tends to be poor, the use of Ge detectors is
clearly indicated.(1):(2) The inherent gain stability and high resolutfon of semiconductor spectro-
meters greatly add to the practitioner’a confidence in making such measurements.

In the lower photon energy domain of about 10-150 keV, both the Ge semiconductor and the Nal
scintiliation spectrometers ars "black” to photons and the absolute detection efficiencfes ars Jor the
most part, governed by solid angle considerations. In thia energy range, the superior resolving power
of Ge detectors is wost evident and their use in low intensity applied health physics applications fs
extremaly desirable. One particular health physics spplication that could greatly benefit ie the “fn-
vivo" detectior of respired actinide nuclidea using external detectora. This study reprssents some of
our preliminary efforts to define and parameterize aome of the variables involved in this particular
applicetion end hopefully will be of general applicsbility.

~X=-Ray Ener ies and _Absolg_ge_ L-Sgries !—!a; Y}nlds

Most actinide auclides of importance in applied healzh physics are difficult to detect "in-vivoe"
using external detectors because of the sbsence of "hard" photonic radiations in =ufficient abundance
to be detectable. Characteristic L-series X raye, and in a few cases low energy gama rays, do accompany
the alpha decay of these nuclides and it is usually these radiations that are detected externally. Thess
L-series X rays, with energles in the range 10-25 keV, are seriously attenuated by the intarvening tisswe
but the energy dependent attenuation can lead to an independent determination of the averege soft tissue
overburden in the same messurement if more than one L-X rsy line is observed. Clesrly, only the Ge
detector is capable of providing the required energy zesolution (“300-400 eV FWIM) as typical scintiila-
tion detectors in this iow energy range have resolutions (AE/E} of 4SO0X or 8-10 keV. An unatcenuated
curium L-X-ray spectrun arising in the decay of 13-year 250Cf 1s ehown in Figure 1 and is typical in
structure with thogse of other actinide nuclides. Energiee of the wost prominent and essily identifisdle
L-series X rays,the Ly, Lyy, Ly; and I:xl 1ines for the elemente Z = 90 thru Z = 100 (Th~Fm) are itsced
in Tablnkl. Nearly all uuconéuc:or
than %1 keV FWHY may ba partitioned into four brosd groups, the L Ly and Towps, even thowph
21l L-series lines are nﬁt readily identifisbie. ' to Tes 13 Lrs ’
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Figure 1. L-X ray spectrum of curium srising in the elpha decsy of 13 yesr
250Cf. The dashed lina pasks, ths dot-desh line and the solid
1ina pesks designate lines srising from the 1, L2 and Ly wsbelle
tespectively. The energy resolution is spproximately 250 eV at

., sie & : Tabie 1. Energies in keV of Proainent L-Series X-Ray Limes for the
P, « . imwEleseats ThoCe. :
_Line Desigastion

Element 2 Lg L, Ly l.‘[1
Th 90 11.119 12.%69 16.202 18.983
Pa 91 11.366 13.291 16.702 19.568
v 92 11.618 -13.615 17.220 20.167
Kp 93 11.8%0 13.944 17.750 20.785
Pu 94 12.124 14.279 18.29% 21.417
An 95 22,384 14.617 18.852 22.065
Cn 96 12.650 14.959 19.426 22.730
Bk 97 12.917 15.307 20.006 23.417
[+14 98 13.17% 15.660 20.611 24.116
Es 99 13,429 16.014 21.234 24.838
n 100 13.685 18.374 21.97% 25.574

Tc provide accurate L-series X-ray intensities, we have measured the characteristic L-X ray spectrs
srising in the decay of several actinide nuclides of importence in applied health physicu.‘” Isotopic-
ally pure point sources vere prepared directily on thia cerbon (40 ug/cn?) or thin nickel foils (0.9 ag/
cm?) using an isotope separator. Absolute disintegration rates were established by alpha counting using

. standard 2r proportional counters operated with argon-methane. The low energy photon spsctra were
measured using & 10 cm? x 1.2 cm inirinsic planar Ge detector in fixed reproducible geometries. The Ge
- detector efficiency calibratfon was established using calibrated sources uf 2%iAm, 580, 109¢d gnd 1135,
and using the evaluated photon Intensities of Campbell and McNelles.(%) 1In order to svoid difFiculties
that gccur close to the X-ahsorption edge in Ce (v11.1 keV), measurements were also made using & Si{Li)
detector. These absolute intensity measurements for some of the ruclides atudied are given in Tadie 2
for the Lg, Ly, Lg and Ly groups. The uncertainties in the intensitiea are the standard deviation ané
include uncertainties in source disintegration rate as wsll as the uncertsinties in datector efficiency.
Using these absolute L-X ray yields for tha isotopically purs sasples, ylelds for mixed iwotopic ssmples,
_ s is most often the case with the Pu isotopes, may easily be constructed. Absolwte yields aed energies
for sone of the low snergy gamms ray transitions are to be included in a future report(3) and these
tzansitions, oSten much less intenss than the L-X rays, can be used as sn additions] idemtification atd.
og ;o:;ui the energies of the L-X rays uniquely identify the elament as ie evident by an inspaction
‘of Table 1. .
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Table 2. Absolute 1-X Ray Intensities in the Decay of Sev._ral Actinide Nuclides.
3 per disintegration

‘ Pareac Xuclide i, L, ig t.Y IL
238y 0.26+0.01  4.1540.07 3.6140.07  1.36+0.02  11.38+0.10
239, 0.113+0.005 1.8240.06 2.1640.04  0.5340.01  4.63+0.06
240py 0.24#0.01  3.7840.06 4.8440.07  1.20+0.03  10.06+0.10
242py 0.2140.02  3.1040.08 4.15+0.10  1.0840.0¢  -B.54:0.14

" ang,(®) 0.86+0.03 13.2¢0.3 19.25:0.60  4.8540.2  38.2 40:7
2ebey 0.25¢0.01  3.86+0.07 4.30+0.07  1.03+0.02 9.44+0.10
2460y 0.2140.01 3.3340.07 3.7140.07  0.85+0.02  3.1140.10
2850ce . 0.2130.01  3.2740.08 3.8540.08  0.85+0.03  8.18+0.12

{a) From Canpbell and NcNelles (ref. &). Also I_(26.35) = 2.4%0.1%/die and
I.(59.563) = 35.940.6%/dts. Y

Iissue Attenuation snd Photon Transport Calculations

Since the most intense photon radiations in the decsy of most actinide nuclides are ths iL-series
X rays, it is these radiations that must be observed in external counters. The half-valuve layer for
attenuation by soft tissue for these photons is spproximetely 0.6 cm and hence sevare calibration pro-
blems arise. Transaission through bone is negligible and the photons originating in the lung or upper
respiratory system must escape the body thru rib interstices. Calibration factors sra thus extremely
photon snargy depeadent and sce s unique function of the distribution of inhaled particles within the

respiratory system.

: In an efforc to investigace some of the variables which affect external detector cslibration fac-
.--tors; We have usad Monte Carlo phatnn transport techniques to calculate the spatisl Jiscribution of

unattenuated photons that exit the body from various origins within the lung. The Monte Carlo wmodeling
technique is used 1in conjunction with a mathematical heterogeneous fh-nto-( 35(6) which closely spprox~
imates details of the "Reference Man" given in a recent ICRP report(?) although seversl simplifying
aathematical descriptions are used. As an example, the lung is considered to bs one half of sn ellipsoid
with sn anterior section removed. Both lungs are equal in size, 24 cm long and 1689 ca’ in volume. The
photon ticnspert is considered through thres different media: 1lung tissue, soft tissue and bone. The
calculations have been carried out for the La, L, and Ly lines of the U L-X ray spectrum snd for differ~
ent assumed hotcpic point source locations within the volume of the lung and also for the uniform dis-
tribution. Those photons that exit the body unattenusted, i.e., have not undergone any collisions, sre
counted in 0.7 cm x 0.7 cm gride. The distance, 0.7 cm, matches the half distsnce betwaen ribs asd the
grid structure 1s alignad ¢o coincide with the ribs for ease ia orfentstion.

. Examples of some of these celculations are given iuv Tables 3 and & where cur Monte Carlo calcula-
tions have bean scaled to mstch tha initial isotropic L-X ray distribution sxpscted from 1 uCi of 23%y
ubing the ebsolute group intensitiee givan in Tsble 2. The calculstions given in the Tsbles are besad

7abie 3. Calculated 23%y ffint Souzce Caiforation Factors for a 125 cm?

. Detectozr (Upper 1/3) .
cpm/uCiib)

Souzca Location iy ig :.Y L
Front Surface 3.4 165 10% 212.4
Middle - 12.0 17.% 29.9

. Back Surfaca - 1.9 4.7 6.6
8. Chest-wall thickness = '3 em. o )

. ‘be A useful altarustive vait is cp hour/MFLD \_qonro MBLB = max parmissible lung
s 0.

burden = 16 nCi. The convarsion Eactor 1

96 x cpu/uCi = cp howr/MFLS.
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Table 4. Calculated ?3%Py Point Source Cslibration Fsctozs for s 125 en

Detector (Mid Plane)(s),
cpm/uci,
Source Locatior Lo Ls L’L IL
Front Surface 8.7 230 193 431.7
Middle 0.2 16.8 18.8 5.8
Sack Surface - 1.3 2.9 6.2

a. Chest-wall thickness = 2.5 ca.

on point sources located in a verticsl plane bisecting the right lung sand in a horizontal plane inter-
secting the upper 1/3 of the lung (Table 3) or in s horizontal plane which bisects the lung (Table 4).
Three such point locations sre given in each Table for the front surface, middle and back surface of

the zight lung. The calculated calibration factors are the net counting rates expected in one 125 ca?
detector, typical for s "Phoswich" scintillation detector, located over the upper portion of the lung.

1t 1s clear from Tables 3 and 4 that soft tissue seriously attenuates the UL-X rays and it is per-
haps fortuitous but nonetheless gratifying to noste that our calculated calibration factors for the point
sources locsted in the middle of the lung are vwithin the ranga of values currently used in practice for
such detectors. We have also estimated the calibration factors under the sama conditions for s 10
detector, wlhiich represents the state of tha art in area for s single spectroscopic grade intrinsic plassr
Ge dezector. For a point source located in the middle of the lung the sppropriate calibration factor ie
5.4 cpa/uCi, zn entirely unexpected result whan the relstive detector areas are tsken into consideratios -
(12.5:1). For the uniform discribution, which is unlikely to be encountered in practice, the relstivs
calibration factors approsch the theoreticsl value of 12.5:1. We are looking forward to improving our
modeling techniques to fnclude “reslistic™ distributions of Pu in the lung that are likely to ba en-

counterad in practice.
Conclusions

The application of Ce deteltuts in thé field of in-vivo detection of respirved actinides is very
procising. Elementsl identifications sre possible using Ga detectore and using s Cs» datector srrasy,
deterninations of the spatial distribution of the internsl emittere ere also possible. Clearly, obssi-
vations of the L-X ray apectra at high rasolution with s suitable Ge detector erray will lead to more
sccurate and dore sensitiva detarminstions of ectinide lung burdens to the benefit of the occwpational

worker.
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