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ABSTRACT

Tissue effects were evaluated after activated uranium microspheres were
applied to the skin of mice and swine. Radiation doses absorbed in tis-
sue were estimated utilizing a beta extrapolation chamder and the beta
"Transmission, Degradation and Dissipation" (TDD) model developed at the
Naval Radiological Dafense Laboratory. At a peint on the circumference
of a & mr radlus cirele, 100y below the tissue surface, the doses ranged
from & x 107 to 3.5 x 1)0* rads as a function of particle size and expo-
sure time, Ulcers in pig skin began at the site of contact and eventu-
ally became 0.5 - 8 mm in diameter., The post-irradiation syndrome also
included pigmentation changes, inhidition of hair growth, desquamation,
and contraction,

§imilar changes were seen in particle-exposed mouse skin, but at signifi-
cantly lower estimated doses, The inhibition of halr growth was used to
calculate a dose-response curve for mouse skin, The results indicate that
this system can provide useful biological dosimetry.
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Introduction

Aseessing the envircnmental impact of nuclear rcactor use involves a varlety
of problems., One subset of preble™s relates to uncertainties about effects of
radicactive microspheres ('hot particles™). There are few experimental data
available on the carcinogenic risk for specific tissues exposed to non-uniform
fields of radiation. Charles (1) has recently reviewed the thecretical models
which attempt to describe dose distribution and to assign carcinogenic risk

in small areas which are heavily irradiated.

Even for acute effects, there are few experimental data available on the changes
that might be expected in skin following exposure to a radiocactive microsphere.
The skin is by no means the sole tissue av risk, nor possibly even the moet
important. Skin does, however, provide a readily accessible source of both
clinical and experimental infcrmation.

This study was designed to provide information on the biclogic response to hot
particle exposure, We investigated darmage and repair in the skin of mice and
miniature swine, using reactor-activated uranium microspheres. Biologic effects
were related to computed radiation distridution in g%c tissue, A subsequent
report (2) will deal with effects from exposure to *“Sr-silicate microspheres.

Materials and Experimental Mrocedure

Particulate Sources

Materials

fach of the particles used in this study was a pyrolytic graphite-coated
ricrosphere of 23% enriched 23%.uranium carbide (UC.). The particles fell
into two distinct size categories. The smaller pnriicles ranged in diameter
from 138 to 154 microns (u). The larger particles had a range in diameter

of 277 to 328u. These dilameters include the graphite coating. Particles of
the same cize classes were used to determine the thickness of the graphite
coatlng., By applying pressure on a particle placed between two glass slides,
the coating was split and removed, Using the sizing technique descrided
below and afier removal of the coating, <tle coating thickness was determined
to be between 23y and 27u. Thus, for the whole set of UC, microspheres used,
the approximate oore diameter ranged from 113y to 30N, Tge diameter shown

in Tables 11 and 111 includes the graphite coating.

Particle Size Determination

Two photenicrographs (X40U) were taken for each particle. Several
measurencnts were made on each, and the average was determined. The particles
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appeared to be almost perfectly spherical. In some instances removal of
the graphite layer for determination of the coating thickness revealed a
little roughness on the UC; surface,

Reactor Irradiation

Activation was accomplished in the pneumatic tube facility of ~ocl-tyve
research reactors. The work was underiaken initially at the Fhode Island
Nuclear Science Center, Narragansett, Fhode Island, subsequent experiments
were run at the Industrial Reactor Labcratory, PliSnnboro. Vew J,r!ovi The
norinal flux of the & werawatt BL reactor was 10%Y neutrons o~"‘sec”?,

Animal Experiments
Experinental Design

riment A provided the opportunity to test reactor configurations, par-
ticle handling techniques, blologic endpoints and measuring devices to be
used during subsequent investigations. This experiment involved 20 UCy fuel
beads, & pigs, 38 haired mice, 14 rhino mice, several days' use of reactoer
facilities, an® a variety of equipment and supplies. Dosimetry estimates
from the activated particles indicated that the reactor neutron flux was
adequate for activation and that the beta flux from the particles was suffi-
cient for biologic work., Subsequent experiments were designed to yield the
more precise physical and diological measurements required for dose-response
evaluations, Tor Experiment B, 19 particles were activated and placed on
two pigs (Fig. ). The 20 particles used in Erperiment C were used to irra-
diate skin on 38 haired mice (Fip, &, €, 7) and 10 rhino mice (Fig. 9).

Animal Exposures

Following reactor activation the individual particles were sandwiched
between thin films of polyethylene (density: 1.2 mg em™?), ana these pack-
ets were taped to the shaved ckin of the experimental arimals for various
periods of time ranging from 5 minutes to 3 hours. In eac“ case, the par-
ticle was separated from the skin by the 10-micror thick film. The parti-
cles were spaced at distances adeguate to insure separate treatment areas.

Miniature swine of the Fanford-Labco Cross variety (Battelle-Northwest
Laboratory) are characteristically sparsely haired (3) and they have a
variable amount of dark-colored skin, The pigs were gpproximately 20 kg

in weight at the time of exposure. The area selected for s\udy extended
from the hip to the shoulder and from the mid-dorsum to a peoint 30 cm., down
each side. Haired mice (Cg9BL/10)) were treated by applying the hot parti-
cle to plucked skin during the resting (telogen) phase of the skin cyecle.

2
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Ehino mice have no surface hair (&), The treated citesz on beth mice and
| swine were permanently identified with tattoo marks; nevertheless, the
unique syndrome of changes that accompanied even the smallest ulcers pro-
vided positive identification of radiation-induced lesions.

Daily observations were made on the animals during the first sonth after

exposure, and then the detailed examinations were continued twice weekly;

photographs were taken during the examinations. Tissue biopsies from some j
of the exposed areas wers examined histologically using a variety of stain- ~
ing techniques (5).

Determination of the Number of Equivalent Fissions |

Calculation of the number of fissions occuring in each particle during
activation through knowledge of the neutron flux, the fission cross-section,
the amount of fissionadble material in the particle, and the exact \ength of
activation period was tried but found unsatisfactory. An undue amount of
care was required in experimental determination of the integrated thermal,
epithermal, and fast neutron flux and in calculating the correction factors
due to the shadowing effect particles had on each other. This technigue
was, therefore, abandoned in favor of direct estimation of the number of
fissions in each individual particle by measurement of its total decav ganna
radiation in a high pressure ionization chamber. The charber used is iden-
tical to an instrument designed and built at Oak Ridge National Ladbeoratory
and described by Jones and Overman (6), A par:iial description of the ion
chamber was given by Miller (7) along with computed energy calidration
curves based on the response of the instrument to a number of radionuclides
of known disintegration rate and energy level decay scheme, Using the com-
puted calibration curves and the decay schemes of {ndividual fission products,
Miller predicted the response of the instrurent to decay gamma from flssion
product mixtures,

Using Miller's computations, Mackin et al, (8) constructed a response curve
of current per fission versus time after fission, which they verified experi-
mentally. Their experience with the chamber showed that measurements on rep-
resentative samples generally agreed within ¢ 10% of radiochemically deter-
rnined values of nurder of fissions.

Instrurental precision was further tested in the following manner. The nurber
of fissions in each of sii particles was determined with this chamber and
checked by quantitztive chemical analysis and gamma counting at Los Alamos
Scientific Laboratory. Table I preserts the Zzte odtained, As car

be seen from Column 7 of the table, the percentage difference between the
corresponding values of the nunber of fissions did not exceed 7%,
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Table !

Particle Farticle

moL s
1 208 s.m10’? s7mact?
2 32 n.em0d?  7.uswiot?
3 298 6.89m10%?  6.3ex10%’
“ 152 e.oma0’? 60t
5 e 6.aswio??  s.oea0??

1 1

167 $,60x10 5,310

, tion,

COMFARISON OF FISSION DATA

Number Diameter Number of Equivalent Fissions

Avgrm.
5. 8ux10’?

7. 87%10°7

6. ubx10d?

6. 9exs0l?

8. 9uxgol?

5, wuxgot?

between two tissue equivalemt electrodes,

surface,

L)

6.23x10¢

0.2umi0’?

0.:1x30%?

o, 3uri0t?
11

i

0.81x10

0.2M10

Jets Dose-Pate Measurerments gg@_g_ Calculations
m tnuggx’qgg meor_

Dose-rate measurements for each particle were made using an extrapolation

chamber of the type described by Loevinger (10).

made were of the ionization within a volume of air of unifore thlemcs
)y

The measurements

Difference

bifference \ of Aversgs

2,98
31"
3,24
1.98
6.91
4,23

Farticles used for animal exposure were trarsported immediately to NRIL for
determination of the numder of fissions and beta dose rate. |
was placed in a clean thin-walled plastic tudbe and measured ir & Y-pl chamdi~ |
at least twice within a period of 2 t¢ & days following its arrival.
beta dose rate was deterrined by the method deserided in the following sec-

Each particle

its

The electrode area (5.07 om

and the distance between the electrodes defined the lonizatvion volume(s1), rigp, 2,

The electrodes were made of a mylar film stretched taatly over a brass
enbrofdery loop. A circular area, 11.3 en?, of each absorber vas sprayed
with a thin coat of graphite to give an electrically conducting lover

On the top surface of the absorder a strip of graphite was painted leading
from the metsl hoop te two pinholes at the edge of the lover graphited area.
This established electrical conductivity between the brass hoop and the
graphited area on the lower side of the adsorder,
with the metal hoop was connected to the i{mput of the vibrating reed

A fine wire in contact
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electrometer,

The coeordinates of the ~eater of the collecting elestrode were establishel
using a pointer mounted on a modifirA microscope stage. Thiu device enadlud
the experimenter to cenier ‘he particle with respect to the collecting ele -
trode and ensured reproducible peometry.

The extrapolation chamber measurements were validated by comparison between
the dose-rates obtained at NRDL and thou¢ cbtained at Oak Ridge Natfonal
Laboratory using an independently constructed extrapolatien chember. i ~d
agreement Letvaen the dava was assumed to indicate that the apparatus was
free of important wvetortic errors. Before each serles of measuramuits
the apparatus wa. checked for consistency using a standard beta source.

The Beta-Dose Criteria ggg ggdolg

The extrapolation crarber measurements yimld average dose rates to a tissue-
equivalent disk of an area equa. to the ares of the sollecting electrode
placed undcr the particle at a depth equal to the sur of the thicknesses of
the t5; electrade and the absovher used (several absorbers ranging from 30
to 1N0mg/em” were used dvring the course of this experiment)., However, com-
parison with the existing dnse ceriteria requires determination of the cor-
vesponding "point-depth dose" below the particle at a critical depth, This
dose is defined as tue energy imparted to an infinitesimally small sclume
srrounding the point directly underneath the particle at the ecrutical depth.
Using the density of the absorbing medium the point-depth dose is expressed
in ergs per gram or in rads (1 vad is 100 ergs per gram),

The ints rity of normal skin physiolejy is based in part on the mitotically
active pasal cell layer of epidermic. Acute lesions can result from dic-
turbances of the kinetics of this population of cells. This basal, or
"germinative,” layer lies at the ‘rregular interface of epidermis and der-
mie (see Fiys. 5, 10); thus, the depth of the luyer in human skin varies
from point to point, renging from about 20 to 250 microns. For convenience,
a dapth of 100y was chosen to represent the critical level (12). The roint.
depth dose at 100y has been used, therefore, as a yarasiick for evaluating
potential radiation damage to skin,

b survey by Krebs (12) 1as clted evidence that fo» an acute lesion of the
skin o develop, ‘he viable germinal cells must be reduced to a survival
love] of less “han 0.0071 over an area sufficiently large to prevent replace-
ment of dead cells via cell proliferation in the margin of the exposure
field, The provisirnal standard recommended by the Niobs study is that ¢
dose to the skin of 1500 rads or wore along the periphery of a circular
fleld of & mm radius, 100y deep in tissue, constitutes a potentionally haz-
ardous exposure thveat, Figure ? ir & disgram of this concept. As can be
seen in the figure, the distance from the point of interception of the skin,
by @ line drawm froe the center of the particle, to a peint on the .

%




circumference of a 4 mm radius circle, 100y below the skin surface, is

termed "Krebs' depth." This "depth" is obviously a derivative of the defi-
nition of a designated "point of interest." It has computational value in
that it provides a correction for the presumed influence of particle geometry
on dose. Clearly this "depth" has no intrinsic anatomic or physiologic signi-
ficance and whether it provides a necessary correction remains to be seen.

Anatomically and physiologically, swine skin resembles human skin (3) and
dose units apparently have equivalent significance in these two species.

In contrast, the epidermis of the mouse is very thin and the integument has
2 dense covering of fine hair., Thus, while mouse skin is a sensitive indi-
cator of radiation damage, it has no fu ctional relationship to the Krebs
concept., For convenience, our analyses of both pig and mouse data are based
on point depth and Krebs' dose computations; other bases of analysis are
being evaluated.

As mentioned previously, one of the main objectives of this study is to test
both the substance and the qua’ .itative aspects of these criteria. With the
availability of experimental di se measurements and corresponding bioclogical
effects from this study, such an exanmination can be conducted if it is pos-
cible to transform the measured doses to their corresponding point-depth
dose and Krebs dose. The Transmission-Degradation-Lissipation (TDD) beta
dose model developed at NRDL (13) fulfilled the required transform function.
The model is a combination of six ceparate and semi-independent computer
codes. The first (Code 1) is a nuclide abundance program which so. 2s 3
group of differential equations describing the buildup and decay of fission
products developed from the uranium nuclei Jduring reactor irradiation,

Using input decay data, it also calculates the activity of each nuclide at
the end of the irradiation period or at any time thereafter.

Code 2 computes the beta spectrum for each beta emitting nuclide when given
the end-point energies, beta branching fracticns, and degree of forbiddenners
of the beta transitions. Output from the program is a sequence of value
representing the probability that a beta particle will be emitted with an
energy between E and £ - AE, where AE = 0,01 Mev, and where values for E

run from 0 to E Max., In practice these spectra have been generated and
stored on tape for the composite .pectrum program, Code 3 below). The pro-
gram is updated whenever new data appear in the literature.

Code 3 is a Composite Spectrum Prozram which sums the individual spectra of
the 173 235)-fission product nuclides with appropriate weighiing for the
activity of each ccntributing nuclide as determined by the nuclide abundance
program (Code 1). It produces a point-source spectrum at a given time and
for given reactor conditions. Output from this program is a sequence =f
values representing the number of betas emitted by the source at each energy
level.

The electron spectrum from a small spherical particle differs f om that
given by a point-source because the emergent beta particles are degraded in
energy due to scattering and absorption processes within the particle.

6
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Figure 2: Diagram of Krebs' Concept (not to scale).
From Reference 12

See also Figure 10,



This problem is handled by Code 4, a Monte Carlo code, which computes the
loss in electron energy and number due to the absorption and scattering
processes within the particle. These Monte-Carlo-determined locses are
then applied to the composite beta spectrum from the point source of fis-
sion products by Code 5. The output is a beta spectrum emerging from a
homogeneous, spherical particle of a specified size.

Code 6 uses the composite degraded spectrum emerging from the particle to
compute the depth-dose-rate in tissue using the energy-dissipation fa~tors
for fast electrons as calculated by L. V. Spencer (1K),

The equation for the dose-rate, Dy (in rads per hour), from a particle of
volume V cm?, emitting Ne(Eg) betas/sec-cm® in the energy interval with
mean energy E5 is:

Bo = EMax - AE/2
J(x) (dE/dr)Eo Ne(Eo) (1)
Eo = AE/2

Where:

k - is constant relating energy transport rate to dose-rate.

f - is a correction factor for a semi-infinite absorber, deter-
rined from an auxiliary Monte-Carlo program,

g - is the ratio of dose-rate at a distance Y from the center
of a spherical source to the dose-rate from a point-source
at the same distance from the detector.

J(x) - is Spencer's energy-dissipation-distribution function.

(dE/dr) is the stopping power of the absorber (tissue, for

o ecxample) for electrons emitted from the particle
with energy Eo.

The final step of the model is to integrate the various dose-rates (from
each energy range) with time to get doses. This is done by using time-
integrated beta activities computed by the inventory code in making up

the composite beta spectrum which is then degraded and deposited in tissue
as explained above.

Doses computed by the model have been verified in several ways. A special
report on this subject has beer publisheld (2).

As mentioned 2bove, the beta dose-rate from each particle used in an animal
exposure was measured on the extrapolation chanter soon



after its arrival at NRDL. 1In every measurement a series of readings of
the ion current was taken as the size of the air gar was decreased., The
ionization per em® of air was determined from the limiting slope of the

curve relating ionization current to the nominal air gap dimension (11).
Almost all these curves were straight lines, a fact which increased our

confidence in the validity of the measurements.

With the knowledge of the number of fissions per particle (as determined
by the u4-pi ionization chamber), the particle diameter, its reactor acti-
vation time and duration, and its residence time on the animal, the TLD
program was run to compute the dose-rate to a disk omeinch in diameter,

at a depth of 100u in tissue (for direct comparison to the extrapolation
chamber measurements), the point-depth dose 100y in tissue underneath the
particle, and the dose at Krebs' "point of interest'" (Fig. 2). Compared
with the beta dose rate, the gamma flux was considered low (11) and it was
excluded from the computation., However, if the correction for "Krebs'
depth" ‘s assumed to be valid, then it would be expected that the gamma/
beta ratio at the "point of interest' would rise steeply with decreasing
particle size., Whether the gamma component has any biological significance
has not been determined.

The point-depth douses and the corresponding Krebs doses for two experiments
are listed in Tables II and III. For simplicity, only the Krebs dose will
be mentioned in the text.

RESULTS AND DISCUSSION

Observations on Swine

Erythema
—— e e

The site of each exposure was erythematous by the time the particles were
removed from the skin. No effort was made to quantify the intensity of

the change, but the extent of visible reddening was most intense and exten-
sive by 24 hours, and it diminished during the next few days. Thereafter,
erythema reappeared irregularly.

Epilaticn

Hairs continued to grow in the previously shaved skin surrounding treated
areas, but all hair growth ceased in the skin displaying early erythema,

By 30 days after exposure, some growth was evident again in the affected

areas, and only the radiation scars were permanently epilated.

Pigﬂent Changes

Larkering of normally pigmented skin ferred a hale around the center of
+*e extosed spot, beginning on the third day, The most Intense darkening
occurred before the end of the third week (Fiz, 3),

10
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Discussion

In evaluating specific radiation hazards, it has sometimes been difficult
to extrapolate from available data. For example, the degree of damage
which could be expected from cosmic ray heavy nuclei posed a problem
apparently not answerable from data on large-field radiation exposures.
Consequently, Chase and Straile (17} and later Curtis et al. (18) developed
methods for exposing skin and other tissues to collimated microbeams of
x-rays., 1In terms of equivalent cbsorbed doses, the response of tissue in
such limited areas proved to be qualitatively different from that of tissue
under conventional techniques.

The evaluation of radicactive microspheres ("hot particles') as a potential
source of external radiation poses an analogous problem. Existing data on
large field studies, sieve and grid exposures, and micrcbeams are probably
insufficient for estimating acute responses and are almost certainly inade-
quate for the predicting of such late effects as carcinogenesis from hot
particles, Relative to the size of the system being exposed, the hot par-
ticle may be represented reasonably well as a point source. Even if the
emission from such a source were monochromatic, the absorbed doses at
various distances would present a rather complex array c¢f isodose curves
influenced by 2istance and various absorber densities. The dosimetry

problem is further complicated if the particle contains a mixture of iso-
topes.

Absorbed radiation is presented here as the '"point-depth dose" 100u below
the particle and as the "Krebs dose." The distances involved are illus-
trated in Fig. 10 in proportion to one particle 300y in diameter and another
particle 86u in diameter. The "sensitive" layer of skin is represented
schematically by the bar of tissue 100y thick since germinative cells and
blood vessels supplying the epidermis of human and pig skin are, on the
average, at that depth. Tissue absorption and distance account for the
very significant 3ifference between the point-depth and Krebs' doses from
the same particle. The ratioc of one dose to the other is a function of the
particle size as well as the composite spectrum which is, in turn, depen-
dent on the exposure time and duration. Although the Krebs dose provides

a better visual image of dose fall-off with distance, the two methods cor-
related about equally well with the biologic responses recorded during this
project (Table IV). However, under the conditions of these experiments,
the two methods could not be exhaustively compared. Krebs' criterion,
which carries with it the idea of area damage vs. a dose tc a small volume
around a point, has the apparent advantage of correcting for the effect of
particle size (and thus the comparative path lengths in air and tissue) on
absorbed dose (Fig. 10). For this reason, a fairer test of the Krebs

model would involve an experiment in which the full ranze of doses would be
delivered by both large and srmall particles. £t present, we have available
for analysis only high doses delivered by large particles, and lover doses bv
small particles.

19
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Figure 6.

Figure 7.

Figure 8.

Figure 9.

(g7BL mouse plucked (dvring telogen phase of hair cylce) and exposed
9 days before picture was taken. Krebs' dose 1.4 x 103 rads. Cen-
tral eschar is surrounded by area of retarded hair growth.

Twelve Gays post-exposure, Krebs' dose 1.17 x 103 rads. Darker sur-
rounding area indicates further hair growth in unaffected skin.

Photomicrograph of pig skin at site of exposure #3. Eschar appears
on right, edge of ulcer at center, and peripheral skin is at left of
photograph. See more detailed description in text. (HEE stain; scale
shows one millimeter).

Rhino mouse, 7 days following a Krebs' dose of 1.78 x 10? rads.
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V11 APPENDIX
BACKGROUND OF THIS PROJECT

Contract SNFPN-49 (Formerly NOO 228 €3 C 1303)

In his paper (USNRDL-TR-67-118, 1967) on possible hazards of hot particles,
Krebs indicated the need for experimental studies on animals. A detailed
work plan for this type of research program was required, and, under con-
tract #N0Q 278 68 C 0571, tie Radiology Department of Roger Williams General
Hospital agreed to develop the research plan. It was anticipated that the
proposed experimental design should be modified as the result of preliminary
tréJls under laboratory conditions. For this purpose, the U, S. Naval Radio-
logical Defense Laboratory supplied three batches of pyrocoated enriched
uranium carbide beads, an¢ the contractor agreed to make preliminary deter-
minations of acute skin changes.

Several techniques for handling hot particles and for keeping them in con-
tact with the skin of swine were tested. During 5 reactor experiments ub
particles were activated and some of the particles were used in the exposure
of several types of photographic film, as well as the irradiation of skin on
20 mice and S swine. One batch of particles (designated "third shipment")
was used in the last of the experiments conducted at the Fhode Island Nuclear
Science Center. This final experiment involved the use of 12 particles and
the evaluation of the 12 lesions produc:d by them, The particles were
returned to NRDL for dosimetry determinations, and the biological and physi-
cal data were exchanged betwee., the laboratories. Using least squares anal~
ysis, and assuming linearity over the entire range of particles used, a
curve was adequ 'ely described by the equation Y = 11.18 Log X - 9.06, where
X was the Krebs lose in rads ani Y was the ulcer diameter in millimeters

("ulcer" and "rreb's dose" are described in detail in the body of this report).

The studies were briefly summarized in the final project report, and also in
a published abstract (Radiation Research 3%9:Abstr., De-8, 1969, reproduced

on the following page). On the basis of these studies, & detailed work plan
was drawn up and submitted in fulfillment of the contract terms. The project
support pericd was 90 days, although the contract was extended to nine months
(with no added cost to the government) %o allew for a longer evaluation of
the biologic changes. The research program was transferred when Dr. Forbes
moved to Temple University,

The detailed work plan (entitied Acute Leions in Skin Produced By Radicactive
Microspheres, Fhase I1) became the basis for the contract resulting in this
report. Navy Contract #NOO 228 69 C 1303 w-3 designed to fund an abbreviated
(six-month) study of particle effects. Three experiments were run before

the abrupt cessation of research activities at NRDL terminated the supply of
UC; particles. A higher degree of confidence in dosimetric techniques had
been gained by the time these experiments were completed, and the results are
presented in this report.
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Tissie efferts were evalaated after activated uraninm mierspheres (863014 diameter ) were

applied 10 1 he shin of swine. Nadiation doses were calenlated fur several tissue depths, utilizing

a mathematical odel (5.2 Mikhail and K. A Colling; USNRRDL-TR G823 1905 At 8 point

4 mm lateral to the particle and 100 deep in skin, doses ranged from 7 2 100 1o 16 % 107 rads,

as a funetion of particle size wnd exposare time, Uleers, Leghming at the siie of contact, even.

tually became 2-12 nun i diame ter, Pigmentation changes, hair follicle dysplasis, desquamn.

Vi searifieation, and reulceration were some of the other duse-dependent responses.

The physical features of slsorled dose i skin are complicated by & heterogeneous and eom-
plex tissue suatomy, uncertain locations of presumptive targets, sud physiologie respuonses
stiech as eell alteration, death, aud repopulation. Nevertheless, dosimetrie nuwlels based on
cotnputer routines have Jed to increased confidence in the elaboration of “point souree' iso.
duse patterne We are invesugating the reconciliation of dosimetry models with ulserved
bivlogie responses. and the practieal feasibility of predicting acute aud chronie skin changes
resulting from exporure 1o very simall radioactive sources (8upported in part by USNRDIL
Cromitract NOK) 208 680057 )







