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Résumé

On s'est douté récemment qu'un individu ayjjit avalé une
importante quantité de l'émetteur bêta presque pur '^7Pm. Des
analyses d'urine ont confirmé qu'une contamination s'était produite
mais ces résultats n'ont pas pu être utilisés pour évaluer la
quantité de substance déposée dans les poumons, car il ne s'est pas
développé un modèle acceptable de clairance de prométhium depuis
les poumons jusqu'au sang et de là jusqu'à l'urine. On a donc
utilisé une autre méthode pour évaluer les photons mous émis par
le 147Pm déposé, â savoir la méthode comportant des mesures faites
avec des détecteurs Phoswich. Ce rapport décrit les mesures et
les calibrages effectués dans le but d'établir des limites pour
les doses pouvant atteindre les divers organes.
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ABSTRACT

Recently an individual was suspected of having inhaled significant
amounts of the almost pure beta emitter, lll7Pra. Urine analysis confirmed
that contaminations had occurred but these results could not be used to
evaluate the amount of material deposited in the lungs because an acceptable
model of promethium clearance from the lung to blood and hence to urine has
not been developed. Therefore another method of evaluation, that of the
measurement, using phoswich detectors, of the soft photons emitted by the
deposited Pm was used. This paper describes the calibrations and
measurements that were done in order that an upper limit on the deposited
activity, and hence limits for committed dose to the various organs, could
be assigned.

Medical Research Branch
Chalk River Nuclear Laboratories

Chalk River, Ontario

October 1977

AECL-5854



MEASUREMENT OF llt7Pm IN-VIVO USING PHOSWICH DETECTORS*

by

J.R. JOHNSON

Approximately a year and a half ago, an individual was exposed to

airborne promethium-147 oxide. This paper describes1 the results of

urinary excretion rate and in-vivo measurements, and calculations based

on these measurements, for this subject.

The first urine sample, excreted over the night following the

suspected exposure, contained promethium-147 corresponding to an excretion

rate of 1600 disintegrations per minute per day's urine Cdpm/day). This

rate was not considered large enough to indicate that a significant

exposure had occurred, but as is usual in such cases, a resample was

requested. The second sample was obtained a week later and it was a

surprise to find that the excretion rate was 700 dpm/day. It was expected

to have been undetectable. Since the excretion rate had not decreased

as expected an effort had to be made to determine how large the intake

could have been. This estimate was made by calculating the lung burden

that would give a urinary excretion rate of 700 dpm/day seven days after

an exposure using the International Commission on Radiological Protection's

Task Group on Lung Dynamics (TGLD) Lung Model ' for lung deposition

and clearance, and excretion equations derived from the work of Palmer

et al ^ and Shipler et al ^ .

Figure 1 outlines the TGLD's model. The lung is divided into three

regions, the nasopharynx (N-P), the tracho-bronchial (T-B), and the pul-

monary (P). Deposition in these regions depends on the aerosol size and

breathing rate of the individual. Clearance depends on the transportability

of the inhaled material. The task group assigned a transportability

corresponding to a class Y compound to promethium oxide *• ̂  ; that is,
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the long-term retention in the lung is assumed to have a 500 day effective

half-life(2^.

The activity cleared to the gastro-intestinal (G.I.) tract is assumed

here to be completely excreted in the feces. The activity cleared to the

blood, either directly or via the thoracic lymph nodes, is assumed to have

a fractional biological retention described by the function

R(t) = f exp (- 0.693t) + (1-f) exp (- ^ 9 3 t)

and a urinary excretion rate given by

which is one-half the total excretion, f is the fraction excreted with an

assumed half-time of one day, and 1-f the fraction excreted with an assumed

half-time of 8000 days.

A computer program^ * has been developed at Chalk River Nuclear

Laboratories (CRNL) to calculate organ burdens and excretion rates follow-

ing inhalation exposure to plutonium oxide. This program was modified to

calculate values following exposure to promethium. The results obtained

using this program as a function of aerosol size and of the short-term

excretion fraction (f) are shown in figure 2. Shown are calculated lung

burdens that will give a urinary excretion rate of 700 dpm/day on day 7

using the model outlined above. The dashed line represents the initial lung

burden (LB^) that will deliver 15 rem* to the lung during the first year

following an acute exposure. This value is calculated frcm

LB15 = rite *5 IiCi*
Sj£ exp(-At)dt

A = ln(2) (1/957 + 1/500) (days)

* Equivalent* :\iCU = 3.7x10^
tern = 0.01 S\t



where 957 days and 500 days are the radiological and biological half-life

respectively.

S = 3.17x10-3 rem/(yCi-d)

is the conversion factor^ * for converting uCi day to rein for 1L7Pm in
lungs. With these values

LB 1 5 = 18.6 pCi

By examining figure 2, it can be seen that for reasonable aerosol

sizes of between 0.5 urn and 3.0 m and early excretion fractions of 10

to 20 percent, this subject would be overexposed if the model used

' describes the deposition, clearance, and excretion of promethium in this

case.

Because the results of the calculations described above indicated

that a large intake may have occurred, and rough calculations of the minimum

detectable activity in lungs using phoswich detectors based on data for

"'Pm from Boehm and W u ^ was about 0.1 pCi (3700 Bq), we decided to calibrate

our detectors for llt7Rm to measure activity in this subject.

Briefly, the phoswich detectors used consist of two 12.7 cm diameter

dual phosphor crystals shown schematically in figure 3. The thick Csl

layer acts as a Compton suppressor for photons scattered out of the Nal

layer (events marked as (2)) by discriminating against pulses, after

amplification and shaping, that do not have a shape characteristic of

those originating completely in the Nal layer of the detector. A schematic

of the electronics used for this "pulse shape discrimination" is shown in

figure 4. The constant fraction timing single channel analysers

(CFTSCA) are set to start and stop a time-to-amplitude converter (TAC) at

times corresponding to the arrival of 40? and 50% of the shaped pulse

respectively. The time difference between the start and stop is therefore

a measure of the pulse shape. A SCA is then set on the output of the TAC

to select only the pulses originating in the Nal layer. This system will

reduce the low energy background by at least an order of magnitude compared

to simple thin Nal crystals.
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The decay scheme^ J of '"Pm is shown in figure 5. As can be seen,

it is almost a pure beta emitter. Source of photons from its decay are

listed below, in order of their intensities.

SOURCES OF PHOTONS

- Internal bremsstrahlung

- Si K x-rays

- from & ionization

- from internal conversion

- Impurities (1<t6Pm, 233Ba)

- 121.2 keV gammas

The impurities were identified using a large Ge(Li) detector. They con-

tribute considerably to the K x-ray intensity.

At the time that this investigation started, a realistic chest phantom

was not available at CRNL, so a crude phantom was constructed. The lungs

were made from foam rubber and impregnated with llt7Pm. The rib cage was

fabricated from copper sheeting, cut into strips and arranged to approximate

the area covered by the ribs and sternum of an average male subject. The

soft tissue-equivalent material used was ordinary rice. Spectra taken with

this phantom for different thicknesses of rice overlying the rib cage are

shown in figure 6. Note the increased prominence of the K X-ray peak with

increasing thickness of tissue-equivalent material.

Figure 7 compares a spectrum from the contaminated subject to one from

the phantom with the same estimated tissue thickness overlying the lungs.

The dashed line, marked matched subject background, is the spectra obtained

from an uncontaminated subject with essentially the same body build. Based

on calibrations with the phantom, the measured counts above background for the

subject corresponds to 0,2.7 uCi (9990 Bq) of a<l7Ru in his lungs. Admittedly, the

uncertainty in this value resulting from uncertainties in the calibration is
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large, but it is virtually impossible to conceive of an error larger than a

factor of 75 that would be required if the true lung burden were greater

than 18.6 yCi (6.88 x 105 Bq), the initial lung burden that would result in

a IS rem dose to the lungs in the first year.

Figure 8 shows results of in-vivo measurements taken since the exposure.

The error bars represent the 2 a uncertainty in the measured counts above

background. The upper limit on the effective half-life is set by the

radioactive half-life, and the lower limit is calculated from the diagonal
roi

element of the error matrixl J of the non-linear least squares fit.

The urinary excretion rate, as mentioned earlier, did not decrease

as quickly as expected, and lung burdens calculated from thsse rates predict

much higher burdens than were measured. The measured and calculated lung

burdens would be consistent with the measured urinary excretion rates if

(a) more activity was cleared to the blood before the first lung

measurement than is predicted by the model used, or

(b) the lung model clearance included a term with a half-time of
15-50 days as was suggested by Watts^ ' for plutonium, or

(c) both of the above.

Worst case doses were calculated using S factors from Snyder et al

where it was assumed that the 0.27 pCi (9990 Bq) lung burden on day 20 was

accurate and that 0.81 uCi (3.00 x 10"* Bq) (three times the measured lung

burden) was cleared immediately from the lung to the liver or to the skelton,

where it remains indefinitely. This factor of three was chosen as the largest

value consistent with the measured urinary excretion and lung burden measure-

ments, and with the work of Palmer et a!P . The 0.27 vCi (9990 Bq) in the

lung is also assumed to remain indefinitely. The results were; lung, 1.2 rem;

red marrow, 2.1 rem; liver, 2.1 rem; and total endosteal cells, 0.9 rem.

As can be seen, the calculated committed dose equivalents are well below the

allowed yearly limits on dose^ •'.
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In conclusion, this study has demonstrated two things. First, that

if is possible to measure in-vivo, using phoswich detectors, medium energy

beta emitters, at an activity well below that which would result in doses

above the recommended yearly maxima. Secondly, that the model used for lung

clearance, or the systemic retention function, or both, when used in

conjunction with measured urinary excretion rates, grossly overestimated the

lung burden in this exposure case.
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ICRP-TGLD LUNG MODEL
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Figure 1. Simplified schematic of the ICRP-TGLD lung model. AMAD is the
activity median aerodynamic diameter.
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Figure 2. Calculated lung burdens for three different aerosol sizes (AMAD =0.1,
1.0 and 10.0 ym) as functions of the early clearance fraction that
would give a urinary excretion rate of 700 dpm/day on day 7. LBir is
the initial lung burden that would give 15 rem dose to the lung during
the first year after an exposure. 1 Ci = 37 GBq.
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Figure 3. Schemati of a phoswich detector and the shape of pulses from three
different types of interactions of photons in the detector.
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Figure 4. Block diamgram of the electronics used for pulse shape discrimination
with the phoswich detectors.
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Figure 5. Decay scheme for 11>7nn.

Figure 6. Spectra of the phantom with various thicknesses of rice covering
the lungs.
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Figure 7. Spectra of the contaminated subject compared to a body-build matched
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rice covering the lungs (lower).
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