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FOREWORD

Vigorous efforts to eluclidate the mechanisms and dosimetry of radium-
induced malignancies continued during the past year. Paper 1 marshalls evi-
dence that, contrary to previous assumptions, 228Ra may have dosimetric

significance comparable to that of 226Ra for the induction of carcinomas of the

sinus and mastoid epithelia. This paper also raises the possibility that 224Ra
and actinides that emit high-energy alpha particles may be ~apable of inducing
sinus or mastoild carcinomas. Paper 4 points out that the cells at risk for
induction of bone tumors may be at some distance from bone surfaces and sug-
gests that the entire range of alpha particles from bone-deposited radionuclides
should be included in the calculation of dose, instead of the commonly used 0 to
10 microns from bone surfaces. The growth of osteasarcoma cells in culture
was found to be less inhibited by alpha-particle irradiation than was the growth
of normal cell's (paper 5).

Paper 12 is an abstract of a report that higher than expected rates of
breast cancer have been found among women radium dial painters. The dif-
ferences were correlated with radium intake, but it is not yct established whether
the pertinent dosimetry involves internally-deposited radium, absorbed radon,
or external radiation in the work rooms. Health findings and radicactivity mea-
surements in our study of another occupational group, former thorium workers,
are summarizec in paper 14.

Radioactivity studies of individuals or small groups of persons exposed to
various radionuclides are reported in papers 17, 18, und 20-25. Among these it
may be noted that excess fallout radioactivity was not detected in former military
personnel who participated in the "Smoky" nuclear test of 1957 (paper 22).
Higher than normal amounts of szb in urine were found for residents of houses
with high levels of radon (paper 17) and for people who work at he site of a
former uranium mill (paper 18). A model to estimate exposure to radon and radon
daughters from 210Pb excretion rates is being developed (paper 17).

Among the papers in this Annual Report are a description of our system for
coding medical information from case records (paper 13) ard a massive compila-

tion of osteometric data (paper 33).
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ABSTRACT

Ingquiry into the mechanisms and dosimetry for
induction of malignancies by radium has continued.
Evidence is presented that “28Ra may have signifi-
cance comparable to that of ?““Ra for the induction
of carcinomas. Study of the radium dose to cells
from bone-seeking radioisotocpes suggests that the
0-10 um range of alpha particles commonly considered
in calculating the dose from bone-deposited radio-
nuclides may be inadequate. Alpha-particle radiation
inhibited the growth of osteosarcoma cells in culture
less than that of normal cells. Additional studies
of individuals exposed to radium and thorium, as well
as to other radionuclides, are also reported; and ad-
ditional exposure data have been collecied for the
2223 radium cases now being investigatad by the
Center for Human Radiobiology.
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DOSIMETRY OF PARANASAL SINUS AND MASTOID EPITHELIA IN RADIUM-
EXPOSED HUMANS*

kobert A. Schlenker

Dose calculations for 228Ra and 226Ra are presented for the sinus and
mastoid epithelia and lead to the conclusion that the isotopes are of comparable
dosimetric significance for the production of carcinomas in patients exposed to
comparable levels.

Introduction

Carcinomas arise in the sinus and mastoid epithelia of persons exposed to
226Ra and 228Ra' They have appeared sporadically over the last 40 years and
have been discussed by various authors. Their importance lies in the fact that

they have occurred in humans following internal exposure and, therefore, might

be induced by other radioisotopes. It is hoped that by careful study of epithelial
cell dosimetry, dose-response relationships developed for radium can be more
widely applied.

To begin with, some background information should be considered. Table
! gives the frequency of occurrence of the two types of cancer known to be
induced by r‘adium.1 The data refer to 2164 persons whose body burdens have
been measured by the Center for Human Radiobjology or its predecessors. As
can be seen, the carcinomas far exceed the expected number and are about half
as abundant as the bone sarcomas. There seems to pe no doubt among scientists
that the latter would be induced by other bone seekers at comparable exposure
levels. The evidence from 22‘IRa--e:-cposed humans and from animal experiments
seems overwhelming.

There is, however, no consensus about the risk of sinus and mastoid car-
cinomas. This is because of what might be called "the radon hypothesis." Both

the 226Ra and 228Ra decay series include isotopes of the noble gas, radon. In

L

Edited version of an invited paper with the sane title presented June 3, 1980
at the 28th Annual Scientific Meeting of the Radiation Research Society, New
Orleans.



Table 1. Radium-induced cancer among 2164 measured cases.

Type Observed Expected

Sinus, mastoid
carcinomas 28 0.8

Bone sarcomas 60 2

the case of 226Ra, most of the radon produced is not retained in the body but

is excreted through the lungs. In the late 1930's, shortly after the first sinus
carcinoma appeared, Martland2 proposed that such cancers might be caused by
radon gas entering the sinuses from the exhaled breath. Evans3 later proposed
that radon could accumulate in poorly ventilated sinuses and in ihe mastoid air
cells and act in concert with alpha particles from bone to produce these tumors.,

He observed that the tumor yield at high 228R«';l levels was low. Recently, Rowland,
Stehney, and Lucas;"1 made the same observation and assumed in their dose-effect
analysis of the radium data, that 228R::\ plays no role at all.

From this history arises the familiar conclusion that 226Ra in con:bination
with radon gas is the sole cause of these tumors. According to this point of view,
the risk of sinus and mastoid carcinomas from any other bone seeker would be
quite small if the body burdens were comparable to those in the radium cases.

Is thic really true?

~Incidenck Data

It should be possible to gain clues from tumor incidence data. Tabie 2
presents some facts about a well-defined subpopulation of radium cases, radium

dial painters first exposed before 1930. Some were exposed only to 226Ra and

some were exposed to 226Ra and 22aRa in combination. Of principal interest are
the numbers of carcinomas and the numbers of subjects in the high risk group;
this latter comprises persons whose 226Ra exposure exceeded the least intake

observed to produce a tumor. These data establish one fact with certainty: that



Table 2. Carcinomas in various exposure categories for radium dial workers first
exposed before 1930.

Exposure At risk High Risk Observed Expected
226p. 552 61 6 ~0.2
226,228, 247 53 1 ~0.09
High 22®Ra® 62 10 0 A0.02

226,228

3 This group is a subset of the Ra group.

226Ra alone can proiuce tumors well in excess of expected numbers. In addition,

they suggest that when 226Ra and 22sRa are in combination, people in the high
risk group are more likely to get a tumor than when 226Ra alone is present. Be-
fore accepting this, one would have to carry out a thorough dose-response
analysis of the data. While this has not been done, we have found that the dose-
effect data for the combined exposure group can be fit well with equations that
assume the tumors to be produced by the action of 226Fla alone or by the action
of 228R':*. alone. In light of this, what seems confounding is that no carcinomas
are observed among subjects whose intake of 228Reu was high compared with their
226Ra intake (25:1). Thus, the radium data establish the importance of 226Ra
in tumor production but present a picture for 223Ra which is difficult to interpret,
yet to conclude from these data that 228Ra is unimportant would be unjustified.
The absence of sinus and mastoid carcinomas among persons injected with
224Ra for therapeutic purposes5 ts sometimes offered as evidence in support of the
radon hypothesis. However, this evidence is unconvincing because, as can be
seen in Figure 1, the absence of tumors may simply be a reflection of the rather

short peried of followup compared with tumor appearance time among 22E'Ra and

2zal-'ul cases.
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There are no other human populations which offer relevant incidence data.
Among studies of animals exposed to radionuclides, the beagle dog project at the
University of Utah is the most relevant. Carcinomas have been observed in the

frontal sinus and tympanic bulla, an area comparable to the mastold region in
humans. Compared with bone cancer, the carcinoma yield has been small, but it
is significantly higher than expected. Data are presented in Table 3. The con-
trol population at Utah and the combined control populations for the Utah and
Davis projects are insufficlently large to establish the statistical significance of
the observed carcinomas. The expected values are, therefore, based on epi-

zootiological studies of tumor incidence among wet dogs. 8-12

The data demonstrate that, in the beagle at least, isotopes other than 22'sRa
are effective carcinogens. Since the incidence for 226Ra is not greater than the

incidence for other isotopes, it appears that radon gas in the alr spaces was not



Table 3. Carcinomas of the frontal sinus and the tympanic bulla among
Utah beagles.

Isotope At risk . Observed Expected

226pa 107 1 0.01

224,228p, %4 1 0.01

Actinides 558 3 0.04
All 789 5 0.06

Utah

controls 145 0 0.02

Utah & Davis
controls 343 0 --

a major additional carcinogenic factor.
It is clear that the incidence data support conflicting hypotheses about the

226R

importance of a. It should be possible to resolve this situation by study of

the target cell dose. The rest of the paper will be devoted to this with the primary
objective of showing that at least one isotope besides 226Ra, i.e., 228Ra, is

capable of producing doses in the carcinogenic range.

Dosimetry

A microradiograph of a section from the frontal sinus is shown in Figure 2;
it contains a large central air cavity with cancellous bone surrounding it. The
epithelial cells lie in the mucous membrane which, in life, would line the walls of
this cavity and separate the airspace and bone. With 226Ra present in the body,
radon gas would flow into the airspace and bombard the mucous membrane from
one side, while 226Ra and its daughters deposited in bone would bombard it from
the other side. Although the possibility is generally discounted, the same pic-
ture holds when 228Ra is in the body, as will be shown. Only, in that case, the
gaseous daughter product is 220Rn rather than 222Ftn. This point 1s emphasized
because it has been thought that significant amounts of 220Rn could not accumu-

late in the sinuses and mastoid air cells because of the short radiocactive half-life.

5



F1G. 2.--Cross=~sectional view of
frontal sinus showing large air-
space (A) surrounded by a . egion
of cancellous bone.
ANL Neg. 149-78-402

The airspace radon flows in from the surrounding beone, but it also may
flow out before it can decay. The outflow is by two routes; the mucosal blood
flow and by the ostium, the ventilatory duct which connects every sinus with
the nasal cavity. Thus, the radon level in the airspace is a balance between the
rate of inflow and the rate of outflow.

The actual target cell dose is determined by anatomical variables and by the
levels of radioactivity in the bone and airspace.

Anatomical Variables

There are three such variables, two relating to the structure of the mucous
membrane and one relating to the size of the airspace.

Lamina Propria. Figure 3 shows the mucous membrane, the bone and air-

space. The target cells e in the epithelial layer. In order for alpha particles
to reach this layer, th:y must pass through the connective tissue portion of the
mucosa, the so-called lamina propria. Since alpha particles have a range which
is comparable to the thickness of the lamina propria, the latter scives as a shield
which protects the epithelium from t*~ alphas from bone.

Table 4 gives data on the thickness of the lamina propria. The values shown
have not been corrected for tissue shrinkage nor for obliquity of the sectioning
plane. It is thought that these two corrections approximately cancel one another.

The data were collected from normal subjects. Keeping in mind that the maximum



FIG. 3.--A typical region of
sinvs wucosa showing the epi-
thelial layer (E) and the lamina
propria (L) positioned between
the bone (B) and airspace (A).
(ANL Neg. 149-78 -404)

Table 4. Lamina propria thickness.

Number
of cases Site Range, um Fraction <75 pym
2 Maxillary 29 - 541 -
3 Frontal 14 - 207 <0.25
5 Ethmoid 45 - 350 <0.25
5 Sphenoid 55 - 410 <0.25
9 Mastoid 5 - 350 >0.75

alpha particle range is about 66 um for the 226Ra decay series and about 80 um
for the 228Ra series , one can see that the lamina propria cin be either thinner
or thicker than the maximum aipha range. A better picture of the dimensions is
provided by the right-most column of Table 4 which states the fraction of the
lamina propria which is less than 75 um thick. From this statistic, it is obvious
that the sinuses, as a group, have a much thicker lamina propria than the mastoid.
This means that, for equal specific activities, the dose from bone in the mastoids
will exceed that in the sinuses.

Figure 4 presents the dose-rate from radium in bone as a function of lamina

propria thickness, in the sinuses and mastoids. Two conclusions can be drawn



FIG. 4.--Dose rate to the sinus
and mastoid epithelia per unit
of 226Ra and 228Ra activity in
bone. The solid portion of each
curve shows the range within
which the lamina propria thick-
ness 1is most likely to fall.

Bone Dose Rate (rad/y)/(pCi/g)

nty, Ty,

73 L,

0 M % p )
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immediately: (1) The dose rate in the mastold exceeds that in the sinuses, quite
likely by a large amount, and (2) the dose rate from 228Ra exceeds that from

2
2 6Ra per unit of specific activity. This is our first piece of evidence that, in

the case of combined exposure, 228Ra can be as important a source of dose as

226Ra.

Epithelial Cytoplasm. The second variable related to the mucous membrane

structure is illustrated by the contrast between Figures 5 and 6. In Figure 5,

a section is shown of mucous membrane typical of the mastoid air cells: Substantial
lamina propria covered by a thin epithelial layer, usually only one cell thick.
Contrasted with this is the sinus mucosa seen in Figure 6, which again has a
substantial lamina propria, but a much thicker epithelial layer. Notice the structure
of this layer: Cell nuclei concentrated toward the bottom with the cytoplasm

from elongated cells extending to the surface of the epithelum. The cytoplasm
shields the cell nuclei, which we believe to be the true targets for malignant
transformation, from alpha particles entering from the ajrspace.

Thickness data, presented in Table 5, show that (1) the sinus epithelium



FIG. 5.--Section of mucous —em-
brane typical of the mastoid show-

ing an epithelial membrane one cell
thick.

FIG. 6.--Section of mucous membrane
typical of sinuses showing zpithelial
layer in which cell nuclei cluster
toward the bottom with a substantial
layer of cytoplasm extending above them.
A, airspace; E, epithelial layer; L,
lamina propria; B, bone.

(ANL Neg. 149-78-406)

Table 5. Epithelial thickness in micrometers.

Sinus Mastoid
Total
Range 11 - 136 3-40
Typical 40 - 90 5S-10
Over nuclel
Range 12 - 84 0 -5
Typical 35 <2




is generally thicker than the mastoid epithelium, (2) the sinus nuclei lie below

a thickness of cytoplasm which can exceed the range of the most energetic alpha
particles in either the 226Ra or the 228Ra decay series, and (3) the layver of cyto-
plasm in the sinus far exceeds the trickness of the layer in the mastoid. Since
the layer in the mastoid is so thin, it will be neglected.

The impact on the dosimetry is shown in Figure 7, which applies to the
sinuses only. The upper solid and dashed lines refer to 220Rn and the lower
ones refer to 2zan. The solid lines indicate a constant target layer thickness,
and the dashed lines indicate it was varied with the thickness of the cytoplasm
Juyer. We see that the layer of cytoplasm has a major impact on the dosimetry.
At the typical thickness of 55 um, the dose rate is reduced by a factor of about
5 for 220Rn and about 10 for 222Rn. Thus, a unit concentration of radon in a
sinus airspace may be an order of magnitude less effective than in the mastoid
air cells. Furthermore, per unit concentration, 2ZORn delivers more dose than
222Rn. This is the second clue we have that the 228Ra decay series may be an
important source of epithelial dose.

Airspace Size. The third of the anatomical variables is airspace size. The

most dramatic differences in size occur between the sinuses and mastoid air cells,
and within the air cell system itself. To iliustrate, the distance across the air-
space in the frontal sinus of Figure 2is 1 to 1.5 cm, but the distance across the
typical air cell in this mastoid section of Figure 8is 0.2 cm, although the sizes
range from less than 0.1 cm to more than 1 cm. The effect of size on dose rate
per unit of 222Rn concentration is seen in Figure 9. First notice that two types
of behavior occur, an increase in dose rate with size for the mastoid and ethmoid
and a relative constancy for the other sinuses. Note that the mastoid receives
a muci higher dose rate than any of the sinuses. Among the sinuscs, the typical
ethmoid receives the highest dose rate, but this is strongly size-dependent.
The typical frontal and sphenoid sinuses receive the same dose rate, which is a
little higher than that received by the typical maxillary.

In summary, the mastoid receives a greater dose from bone and a greater
dose from the airspace than do the sinuses; the bone dose from the 228Ra decay

series exceeds that from the 2%Ra series in both the sinuses and mastoids; the

10



Airspace Dose Rate (rad/y)/(pCi/cm?

10” - - - - -
0 10 20 2 0 50 80 70
Thickness, um
FIG. 7.--Dose rate to the epithelium per FIG. 8.--Cross section of mastoid
unit of radon concentration as a runction showing an extensive set of Inter-
of the thickness of cytoplasm layer. The connecting air cells typified by
upper solid and dashed lines represent the areas labeled "a" and bordered
220Rn, and the lower ones refer to 242Rn. by a narrow region of cancellous

bone. (ANL Neg. 149-7.-403)

dose from 220Rn exceeds that trom 222Rn in the sinuses but is the same in the

mastoids.

Radioactivity

The next factor that must be considered is the levels of radloactivity which
produce tha dose.

Airspace Radon. As I mentioned earller, the radon level in the alrspace is

a balance between the influx from bone and the eff'ux through the ventilatory
duct and the circulatory system. Studies of sinus and mastcid function by
introduction of 133)(e into the airspaces have revealed that clearance follows a
single exponential curve, the half-time of which is determined by the status of
ventilation or circulation. In general, clearance through the ventilatory duct is
much more rapid than clearance by the circulation. Thus, the half-time is rela-

tively short if the duct i8 open and quite a bit longer if it {3 obstructed as is

11



10° - FIG. 9.-~Dose rate per unit of

1 222Rn concentration for the masioid,
the ethmoid and the other sinuses.
The typical diameters of the var-
ious airspaces are indicated as
solid points; f/s designates the

107 - frontal and sphenoid which have

the same typical sizes.
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common in sinus inflammation. Table 6 contains data on the clearance half-times.
The circulation half-times are all based on 133){e clearance experiments.ls-16

and have been corrected for differences betveen the tissue solubilities of Xe

and Rn. The ventilation half-times are based on Xe clearance.13' 02 ex-
change, 17,18 and on the frequency of eustachian tube opening. 19 The numbers

in parentheses show the number of patients in which the values shown were based.
For the frontal and maxillary sinuses, the half-times vary considerably among
subjects, but as a rule, clearance is about 10 times more rapid when the ventil-
atory duct is open than when it is closed. In contrast, ventilation of the healthy
mastoid is very slow because the eustachian tube is closed except when swallow-
ing. Thus, a ventilation half-time is only about 1% of the circuiatory half-time.

For comparison, the radioactive half-times of 220Rn and zzan are shown. It is

immediately clear that 220Rn which flows into an airspace will, for the most part,
decay there before it can be cleared either by the ventilation or circulation. On
the other hand, zzan will, for the most part, be cleared either by the circulation

or the ventilation before it can decay.

12



Table 6, Half-times for radom removal in min' tes.

Site Circulationa Ventilation 2
rrontal sinus >54 (5) 0.9-6.8 {10)
Maxillary sinus 24-117 (5) vh (o2 model)
Mastoid air cells 24-105 (9) w8000 (est.)
22oRn: Ti = 0,9 min
222Rn: Ti = 5500 min
a

{ )} Number of patients.

This fact is »xpressed quantitatively in Figure 10 where the ratio of Rn

a.itvity in the airspace to the radium activity supporting it is plotted as a function
of total clearance half-time. This shows that 22ORn buildup is rather independent
of the clearance half-time, whereas 222Rn buildup is quite sensitive to it. In

the region of the curve marked "ventilation," clearance is by both ventilation

and circulation, but ventilation is dominant; in the region marked "circulation"

the ventilatory route is blocked, and clearance is by circulation only. The upper-
most curve for 220Rn is based on the assumption the 100% of the unretained

radon produced escapes into the airspace. Because of the isotope's short half-
life, this is unlikely, so a second curve, based on breath 22oRn measurements

in humans, is shown in which it {s assumed that 0. 3% escap<s. Now compare the

220Rn and zzan curves in the solid regions of the curves. Firsi, consider the

ventilation region. We see that the 2zo'ﬂn activity exceeds the zzan activity,

no matter which of the 220Rn curves is considered. In the circulatory region,

the upper 22ORn curve exceeds the 22an curve, and the lower 220Rn curve is

less. Apparenily the 2ZORn level is comparable to, or will exceed, the zzan

level. These curves show that, despite the short radioactive half-life of 220R“.

its level in the sinuses or mastoids can exceed the zzan level in cases of com-

bined 228Ra and 226Ra exposure. This {s another indication of the importance of

ZZBRQ.
13
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FIG. 10.--The efrect of radon clearance from airspaces on radon activity. The
solid portions of the curves correspond to the ranges of observed clearance
half-times (see Table 6).

While Figure 10 describes the dependence of radon accumulation on clearance
half-time, it does not tell how much radon actuaily accumulates in the airspace.
An accumulation model is quite difficult to formulate with certainty because the
controlling variables are not all known. The broad features of such a model are,
however, clear. First, the radon which accumulates must come from a thin layer
of surrounding bone. The section of mastoid in Figure 8 will help to make this
clear. The thin bony septa sepa:ating the air cells contain no internal blood
supply and depend totally on the blood flowing through the surface mucosa for
nourishment. Likewise, clearance of the unretained radon produced in these
septa can only be via the ventilation or via the mucosal circulation. Thus, the
radon from these bony septa will partition between the alrspace, bone, and
mucosal lining, probably in proportion to the solubility in each of these regions.
In order to reach the airspace, radon from the cancellous bone must cross the
marrow spaces, which are well vascularized. During its passage, there is a
good chance that a radon atom would b~ entrapped by the circulation and carried
off. Thus, bone which is separated from the airspace by a vascularized region
will be a less important souirce of radon than bone which is adjacent to the airspace.

The positions of the vascular spaces lead to the conclusion that bone within a
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few hundred micrometers of the airspace surface i the most important source of
airspace radon. Exactly how much bone, however, is unknown.

The second major variable is radon solubility. There are no data for bone,
so one can only speculate. Solubility within the bone crystals is unimportant
since the diffusion times for radon through the mineral are orders of magnitude
greater than the radon haif-life. However, the bone crystals are very small and
provide an enormous surface area which might absorb rudon the same way that
activated charcoal does. Thus, the solubility of radon in bone could be much
higher than in tissue. On the other hand, if this were not an important mech-
anism for radon retention, then dissolution of radon in the fluids of bone could
be the principal determinant of radon solubility and the total solubility in bone
could be less than in soft tissue. A third important variable, ior 220Rn, is dif-
fusion time from the site of production to the airspace. This is, however, not
an important factor {or 222Rn. In this case, the simplest model is one which
essumes rapid mixing between the bone and airspace. The predictions of such
a model are shown in Figure 11 as a function of the ratio of bone solubility to
tissue solubility. For comparison, we have just one in vivo measurement of the
sinus radon concentration which was made in the frontal sinus. It compared well

with the model predictions for a ventilated sinus.

”

222

FIG. 11.--Concentration of Rn
per unit of 226gRs specific act-
{ mestoid ivity in bone surrounding the
1 mastoid, the unventilated sinus
B (uv) and the ventilated sinus
(v). Bone layers of 0.05 cm
thickness (solid lines) and 0.02
cm thickness (dashed lines) are
envisioned as the source of
222Rp gas. The solid point in
R the lower right shows the one

] measured value of radon concentra-
tion made in vivo. The solubilicy
8 corresponding to this data point
is unknown, and its nlacement
on the right-hand side of the
Lo T T T graph is for convenience only.

e v
Solubmiy Iem:o (bone /tissue)

-3
Add

Concentration (pCi Ra/1)/(pCi Ra/g)
8
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20Rn results are not shown on this plot, principally because a different
mode) is used to predict the 220Rn concentration. This is necessary because,
as mentioned earlier, the diffusion time is such an important factor in 220Rn
accumulation. It is likely that diffusion times are slow enough compared with
the 220Rn half-life, that the assumption of rapid mixing, on which the model
shown is based, would be quite unjustified. To avoid the difficulties presented
by this, the assumption is made, in the 220Rn model, that 0. 3% of the unretained
fraction escapes from the bone wliich supplies 220Rn to the airspace. This gives
mastoid concentrations similar t~ those for 222Rn and sinus concentrations in
both the ventilated and unventilated cases, which are comparable to the un-
ventilated levels for 222Rn.

In summary, 220Rn decays before it can escape from the airspace, whereas

2Rn escapes before it can decay. This simple difference accounts for the

fact that 220Rn. despite its short half-Hfe, can contribute substantially to the

dose from the airspace in mixed :xposures of 22°Ra and 228Ra. The radon con-
centration in *he mastoid exceeds, by a large amount, tnat in the sinuses, and this
may help explain the tendency of these cancers to appear in the masteid.

Radium in Bone. Our early autoradiographic studies, all of which were

qualitative, revealed a common pattern of uptake in the mastoid air cells. A
typical example is shown in Figure 12. Notice that the intensity is low within the
ailr cell reglon compared with areas of bone cortex distant from the air cells.
This is probably the resuit of the fact that *the mastoid air cells are fully formed
by age 15 and only a very few of our patients were exposed younger than this.
This observation led to the supposition that the specific activity adjacent to the
air cell surfaces was lower than the average skeletal specific activity and,
therefore, quite possibly lower than the specific activity adiacent to the sinus
surfaces. This would affect the comparative dosimetry of the mastoids and
sinuses.,

We have begun to collect quantitative autoradiographic information. We
sample, as randomly as possible, areas adjacer.t to and distant from the airspace
surfaces. Results on five patients are shov n in Table 7. The specific activity

of the bone adjacent to the air cell generally lies between the diffuse and hotspot
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FIG. 1?.--Autoradiographs of bone
sections showing less radioactivity
immediately adjacent to the air cells
than in bone somewhat removed from
the air cell boundaries.

{ANL Neg. 149-78-345)

Table 7. 226Ra specific activity in mastoid bone, picocuries/gram.

Average Air cells
Case Diffuse Air cells hotspot Uniform
00-006 390 610 900 0.92
01-014 46 140 550 0.30
01-046 120 180 350 1.0
01-145 200 180 5200 0.14
03-240 190 250 2100 0.21

levels observed in the more distant bone. In additinn, the air cell specific
activity is generally less than the average ske -] specific activity or uniform
specific activity. In any case, it does not exceed it. What is interesting is
that it can be several times less than the uniform specific activity and this may
signal a major difference between the dosimetry of sinuses and mastoids.

From the radon accumulatiorn model and the specific activities, the mastoid
dose rates can be computed for these 5 patients. In computing the dose .ate
from alrspace radon, I have used the conservatise assumption that bone solu-

bility is ten times higher than tissue sclubility. This procduces lower dose rates
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than a smaller solubility ratio would. Table 8 shows that the alrspace radon is
the more important source of dose, a conclusion which is relatively independent
of the model assumptions. The time-integrated dose from 226Ra under these
assumptions would be several thousand rads for these cases.

Dose Rates

At the beginning, I said that 22BRa has been assumed to be unimportant to
the dosimetry of sinus and mastoid carcinomas, and I have pointed out reasons
why this may not be so. From all of the data presented so far, it is now pos-

sible to predict, with some certainty, the dose rate which would be produced by

1 uCij of 226Ra or 228Ra in the skeleton so that the two can be compared. The

comparisons are presented in Table 9 for the sinuses and for the mastoids.

Notice first that the bone dose rate from 228Ra exceeds the bone dose rate from

226Ra in all cases. Secondly, the dose rate from 228Ra in the ventilated sinuses

exceeds that from 226Ra. Finally, observe hat the airspace dose rate from

228Ra is comparable to the airspace dose rate from 226Ra in the unventilated
sinuses and in the mastold air cells. Now these are dose rates for a 1 uCi body
burden. In many cases of mixed 22GRa and 228Ra exposure, the intakes were

comparable or the 228Ra intake was greater. Therefore, the values in this table

Table 8. Dose rate to mastoid epithelium at time of death, rad/year.

Body burden,

Case uCi 22%Ra Bone Airspace Total
00-006 2.61 1.5 6.2 7.7
01-014 2.24 0.34 1.4 1.7
01-046 0.55 0.44 1.8 2.2
C1-145 6.33 0.44 1.8 2,2
03-240 4,32 0.61 2.6 3.2

Dose rate ratio {(bone/airspace) = 0.24
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Table 9. Dose rates to sinus and mastoid epithelia assuming a one microcurie
body burden of 22°Ra or %2%Ra, rad/year.

Airspace, Airspace.

Cavity Isotope Bone ventilated unventilated
Maxillary 226 0.0046 0.0092 0.21

228 0.075 0,12 0.15
Ethmoid 226 0.0046 0.011 0.26

228 0.075 0.12 0.28
Frontal, 226 0.0046 0.0095 0.22
sphenoid 228 0.075 0.16 0.24
Mastoid 226 0.58 -- 3.0

228 4.4 -- 2.0

228

lead to the conclusion that Ra is as important a source of dose as 2‘)‘6Ra in

such cases of mixed exposure. Furthermore, the absence of tumors, when the
228

228

Ra input was much greater than the 226Ra input, was not due to the fact that
Ra 1Is dosimetrically insignificant. Indeed, in those cases, 228Ra would have
delivered a dose in the carcinogenic range, and we are left to nuzzle over the

absence of tumors among this group.

Conclusions

Would rad.oisotopes other than 226Ra produce such tumors at comparable
exposuie levels? The dose calculations indicate that pure 228Ra would, since
errors in the assumptions would affect the 226Ra and 228Ra dose values to about
the same extent, and the conclusions about the relative dosimetric importance of
the ‘wo isotopes would remain unchanged. It is also likely that 224Ra would be
carcino :nic at the levels used with humans; the actinides with higher alpha
particle energies may well produce a non-negligible risk in the mastoid region
where the lamina propria is thin enough for particles to reach the epithelium.
Because of the present results, one cannot ignore carcinomas of the sinuses and

mastoids as a potential risk from alpha emitting bone seekers.
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MEASUREMENTS OF THE MUCOUS MEMBRANES IN HUMAN PARANASAL SINUSES
AND MASTOIDS*

M. J. Harris

Measurements taken on eight new autopsy cases from the CHR collection
expand the data base for normal epithelial and lamina propria thicknesses of
paranasal sinuses and mastold air cells. The ratios of nuclear area to epithelial
cellular area calculated in this series are in close agreement with those of earlier
reports.

Introduction

Determination of the radiation dose from an internally deposited alpha
emitter requires a knowledge of the anatomy of the structures at risk for patho-
logical change. Data collected on specimens of paranasal sinuses and mastoids of
the temporal bone from eight new autopsy cases are reported here. These

anatomical areas are the sites of carcinoma in chronically exposed radium workers.

Materials and Methods
Materials for this study were obtalned from the Department of Pathology,

Kansas University Medical Center and are listed in Table 1. Embedding of tissues
was by a glycol methacrylate procedure modified from literature methods. 1.2
Measurements were madz2 of epithelial and of lamina propria thicknesses and of the
percentage of epithellum occupied by ce!! nuclei. The specimens used in this
study had no known history of radionuclide exposure and are defined as "normal."
Thickness measurements were made using a Zeiss MOP-3 image analyzing system
and the percentage of epithelium occupied by cell nuclei was determined on mea-
surements of nuclear and epithelial cross-sectional area taken with this same

instrument.

* Content of a talk with the same title given before the 93rd Annual Session of
the American Association of Anatomists, Omaha, Nebraska, April 29, 1980.
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Table 1.

Description of materials taken from autopsy cases of Kansas University
Medical Center Department of Pathology

Case number

Description

A217 78

A218 78

A21978

A223 78

A224 78

A225 78

A226 78

A227 78

71-year old Negro male, death attributed to vascular athero-
sclerosis; frontal, ethmoid and sphenoid paranasal sinuses and
right and left mastolds

12-year old white male, apparent cause of death was overwhelm-
ing sepsis post auto accident and amputation; ethmoid and
sphenoid paranasal sinuses and right mastoid

25-year old white male, laceration of right ventricle caused by
a knife; ethmoid paranasal sinus and right and left mastoids

27-year old Negro male, gunshot wound to the skull with multiple
skull fractures and brain damage; ethmoid and sphenoid para-
nasal sinuses and right and left mastoids

18-year old white female, cause of death complications from a
disseminated malignant small cell neoplasm; frontal, ethmoid
and sphenocid paranasal sinuses and right and left mastoids

63-year old white female, death attributed to cardiovascular
failure precipitated by emphysema; frontai and ethmoid para-
nasal sinuses and right and left mastoids

8l1-year old white female, cause of death liver failure and compli-
cations; frontal and ethmoid paranasal sinuses and right and
left mastoids

16-year old white female, cause of death attributed to intra-
cranial hemorrhage following failure of a cerebellar artery;
frontal, ethmoid and sphenoid paranasal sinuses and right and
left mastoids

Results

Representative areas of paranasai sinus and mastoid air cell epithelium are

shown in Figures 1 and 2, respectively.

Table 2 shows the measurements of the epithelial and lamina propria thick-

nesses for the cases used in this study. Means are based on a varfable number

of measurements from one or two sections from a particular case. The number of

measurements was never less than 7 and was usually 11 according to our protocol.
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FIG. 1,--Frontal sinus, Case A225 78; FIG. 2.--Left mastoid air cell, Case
b = bone; lp = lamina propria, se = A227 78; b = bone; e = epithelium;
sinus epithelium. Ip = lamina propria.

Table 2. Thickness Data

Mean and standard deviation Mean and standard deviation

Location* of epithelial thickness, um of lamina propria thickness, um
Frontal sinus (5) 78.32 + 28. 84 165.20 + 47.08
Ethmoid sinus (8) 103.48 * 37.79 328.96 * 257.01
Sphenoid sinus (5) 72.10 * 24.63 155.06 + 77.12
L. mastold air cell (7) 20,10 £ 11.53 83.10 + 34,71
R. mastold air cell (7) 12.44 + 4.72 80.51 + 51.69

*
( ) the number of cases studied.

Table 3 summarizes features of epithelial cells which we believe are important
elements for tumor risk analysis of the cranial sinuses. The percentage of epi-

thellum occupied by nuclei in a particular area gives an estimate of the amount of
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radiation sensitive material present. The more nuclear material present, the
greater the risk that some of it may be induced to form neoplastic tissue.
Usually three measurements of total cell area were made from one or two
sections from a particular case. Mean nuclear area was estimated by multiplying
the average nuclear area of 10 nuclei by the total number of nuclei in a region
studied. A variable number of measurements of nuclear area was made since

each studied reglon had a different number of nucleli,

Table 3. Percentage of Epithelium Occupied by Nuclet

Location* Total cell area Total nuclear area Ratio b/a x 100
um?2 (a) um?Z (b)

Frontal sinus (5) 18928 4300 22.72

Ethmoid sinus (8) 20390 4762 23.35

Sphenold sinus (5) 15268 3468 22.69

L. mastoid air cell (7) 4476 1417 31.66

R. mastoid air cell (7) 3787 1513 39.94

*
( ) the number of cases studied.

These values are similar to those reported in earlier work.3'4 It is note-
worthy that the ratio in the mastoid air cell epithelium in this series is always

larger than that in the paranasal sinuses.

Discussion

Tissue thickness affects radiation dose and risk of neoplastic change to the
extent that the assumed targets (nuclei) are shielded from the radiation source.
In radium exposed persons, alpha particles are the principal inducers of damage.
They have a range in soft tissues of up to about 70 um.

If one considers the source of radiation tc be the bone subjacent to the
mucous membrane in a sinus or mastoid cavity, he might conclude that epithelial

nuclei near the lumen of a paranasal sinus, for example, might not be affected.
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It would be more likely that damage could be induced in the epithelium of a
mastoid air cell which is thin compared to that of paranasal sinuses and which
generally lies closer to the bone, placing it potentially within the range of alpha
sources from bone. There is also a likelihood that damage might be induced by
the gaseous decay product of radium, radon, which may accumulate in the air
spaces and bombard the epithelium of both the paranasal sinuses and the mastoid
air cells.

Another aspect of the shielding question which ought to be considered but
which has not yet been adequately quantified is the variable layer of cytoplasm
and cell products lying ahove the nuclear layer, particularly in the paranasal
sinuses. A cursory examination of the material used for this study indicates a
wide range of thickness (from 2 to 100 um), with a midrange of 40 um.

The target potential of the epithelial glands was qualitatively examined for
these cases. 8Since they are abundant only in the ethmoid paranasal sinuses or
near the ostia of the other sinuses and were not prominent features in the samples
taken for study in this series, it seems that there is only a small likelihood that
they would receive an appreciable dose of alpha radiation. Their location is
usually beyond the range of alpha sources in the subjacent bone, and they are

shielded by the overlying epithelium, its superior cytoplasm, and cell products.
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MORPHOMETRY OF THE PARANASAL SINUSES AND MASTOID AIR CELLS*

M. J. Harris

The mucous membranes of human paranasal sinuses and mastoid air cells
of nonpathologic specimens from thirteen autopsy cases were measured in un-
decalcified, plastic embedded preparations. Quantitative properties of surface
and of glandular epithelium and lamina propria, position of nuclei relative to
adjacent bone or air space and a sampling of the proportion of nuclear area to
epithelial cell area were examined.

These data extend the sparse and incompletely documented gquantitative
measurements of sinus and air cell epithelia reported in early literature and pro-

vide a basis for dosimetric calculations

*
Abstract of a paper presented at the XI International Congress of Anatomy,
Mexico City, Mexdco, August 17-23, 1980.
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RADIATION DOSE TO THE CELLS AT RISK FOR THE INDUCTION OF BONE
TUMORS BY BOME-SEEKING RADIOISOTOPES

E. L. Lloyd

For bone-seeking radioactive isotopes, such as 225Ra, 224Ra, and 2391=’u.
it has become common practice to consider a layer of cells 0 to 10 microns from
bone mineral as appropriate for calculations of effective carcinogenic radjation
doses. From considerations of our measurements of ditmensions and positions of
cells relative to bone mineral at the endosteal surface of human bone together
with our in vitro studies, it would appear that limitation to less than the complete
range of the emitted particles is unwarranted for calculation of the dose.

Introduction

We have previously reporteci1 on the electron microscope appearance of cells
at the endosteal surface of cortical bone from a radium dial painter (05-953) who
died of a "well differentiated fibrosarcoma."2 We have also studied the appearance
of the endosteum and related cells of an age-matched unirradiated control person, 3
In both cases the size and position of the cells relative to bone mineral, where

1.3.4 In the bone from the radium

radium is deposited, have been documented.
patient, unlike the control, a fibrotic layer of tissue was found covering most of
the endosteal surface. The effective carcinogenic dose and its relation to the

cel's which have the potential of giving rise to boie tumors are discussed here,

with particular referance to this fibrotic layer.

Results and Discussion

For the radium patient whose femur was examined, the total average skeletal
dose, based on extrapolation from measurements of the amputated leg, was esti-
mated to be 6590 rads. 2 In attempts to relate these calculated doses to the cells
at risk on the endosteal surface, it has been common to calculate doses to a sur-
face layer 0 to 10 um from the bone mlneral.s'7 This value is estimated to be
6590 x 0.45 = 2965 rads, using the factor 0.45 derived by Marshall et a1.7 to
convert average skeletal dose to the surface dose within the 0 to 10 um layer.
From our in vitro studiee of the survival of cells irradiated with alpha particles

similar in energy to those emitted by radium and its daughter products, we
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obtained a value for the mean lethal dose (DO) of 60 rads. 8 Since cell survival
following alpha particle irradiation has been found by ourselves and othersg to
decrease exponentially with dose, the fraction of cells capable of surviving 2965
rads would be expected to be 3.4 x 10-22. This leads us to believe that no cells
would be expected to survive over the lifetime of the patient within the 0 to 10
um surface layer of the bone even after accounting for non-uniform distribution

10,11

of radium,. It is likely that the cells which ultimately give rise to the bone

tumors are those which are separated from the mineral by fibrotic tissue4' 12,13
and have invaded the area long after the radium was acquired. The radium
retention in hone would then be reduced and the doses to these cells would be
significantly less than the dose calculated for a stationary population in the 0 to
10 um surface layer. The reduction in dose would, therefore, result from (a) the
reduced radium retention, (b) the effect of the inverse square law, and (c) the
limited cell residence time. This would bring the doses more in line with those
shown to be effective in producing malignant transformations in vitro (typically
100 to 300 rads).

The particular geometry of this system may go some way toward explaining
the shape of the dose-response relationship for the incidence of bone tumors
found in the human radium cases. In our in vitro transformation experiments,
we found a very steep dose response (proportional to about the cube of the dose)
for transformation frequencies when a parallel beam of 5.6 MeV alpha particles
was used to irradiate flattened cells (~ 2 um thick). Under these circumstances,
fourteen alpha particles on average traversed each cell nucleus to give rise to
the mean lethal dose (60 rads). (This corresponded to a cross-sectional area
for cell kiling of 23 umz.) The corresponding number of tracks for cells with
an average cross-sectional area of 168 um2 found at the endosteal surface of
the femur in the radium patient,‘l would be 7.3 alpha particles per nucleus. The
greater the distance between the cells and the mineral surface, the more the
geometry resembles that of a parallel beam of radiation. Transformations of the
cells in our in vitro study were only observed at doses somewhat greater (82 rads)
than the mean lethal dose. If our in vitro studies are relevant and we assume

that such multi-hit events are necessary for the induction of a tumor, this may
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explain the steeper dose-response observed for the ircldence of bone tumors in
the radium patients compared with the more nearly linear dose-response relation-
ship observed for carcinomas of the mastoid and the paranasal sinuses in the
same population. 15 Carcinomas arise from epithelial cells which are character-
istically more spherical in appearance. Hence, a single track would be expected
to traverse a much greater length of nuclear DNA and effect more damage per
track in a spherical cell when compared with a flattened cell perpendicular to

the direction of the radiation. Harris and Sc:hlen]rcer16 have recently documented
the cells most likely to give rise to these other radium-related tumors.

From our previous studies,l'a"l

it would appear that the cells most likely

to be at risk for the inductivn of bone tumors are the flat fibroblastic-appearing
cells which are separated from bone mineral by fibrotic tissue. Although the
distances between the hone mineral and these flattened cells were found to vary
greatly, approximately half of those documented lay outside the 0 to 10 ym thick-
ness commonly used for the calculation of relevant carcinogenic doses. Until
more definitive studies have been completed on a larger number of radium patients
in trabecular areas where bone tumors predominantly arise, it would seem more
appropriate to consider the cells within the complete range of the alpha particle
as potentially at risk. Meaningful predictions for the carcinogenic effects of
other radioisotopes, such as 239Pu, in man can only be made when both the cells
at risk and the relevant doses to those cells are identified. Work now in progress
to quantitate autoradiographs from the same portions of bone a: those examined
in our previous studies with the electron microscope should provide more defini-

tive answers to the alpha particle fluence to which the cells were subjected.

References

1. E. L. Lloyd and C. B. Henning, Cells at risk for the production of bone
tumors in man — An electron microscope study of the endosteal surface
of control bone and bone from a human radium case, Radiological and
Environmental Research Division Annual Report, July 1978—June 1979,
ANL-79-65, Part II, pp. 39-53.

2. A. M. Brues, Recent cases of radium-induced malignancy, Radiological and
Environmental Research Division Annual Report, July 1977—June 1978,
ANL-78-65, Part II, pp. 1-4.

3l



10.

11,

12.

13.

14.

15.

16.

. L. Lloyd, C. B. Henning, and M. A. Gemmell, The geometry of flattened

cells on endosteal surfaces of human bone — Implications for the in-
duction of usteosarcoma and the shape of the dose-response relationship,
Radiolegical and Environmental Research Division Annual Report, July
1977—TJune 1978, ANL-78-65, Part II, pp. 9-19.

. L. Lloyd and C. B. Henning, Cells at risk for the production of bone

tumors in radium exposed individuals: An electron microscope study,
submitted for publication.

. W. Spiers, II. A review of some factors affecting the radiation damage to

bone from ingested radium, Br. J. Radiol. 37, 85-88 (1964).

. Spiess and C. W. Mays, Bone cancers induced by 224R, {ThX) in

children and adults, Health Phys. 19, 713-729 (1970).

. H. Marshall, P. G, Groer, and R. A. Schlenker, Dose to endostesl cells

and relative distribution factors for radium-224 and plutonium-239
compared to radium-226, Health Phys. 35, 91-101 (1978).

. L, Lloyd, M. A. Gemmell, C. B. Henning, D. §. Gemmell, and B. T,

Zabransky, Cell survival followirg multiple-track alpha particle irradia-
tion, Int. J. Radiat. Biol. 35, 23-31 (1979).

. W. Barendsen, Impairment of the proliferative capacity of human cells

in culture by a particles with differing linear-energy transfer, Int. J.
Radiat. Biol. 8, 453-466 (1964).

. E. Rowland and J. H. Marshall, Radium in human bone: The dose in

microscopic volumes of bone, Radiat. Res. 11, 299-313 (1959).

. L. Lloyd, The distribution of radium in human bone, Br. J. Radiol. 34,

521-528 (1961}.

. S. Martland, Occurrence of malignancy in radioactive persons, Am. J.

Cancer 15, 2435-2516 (1931}.

. W, Casarett, Pathogenesis of radionuclide-induced tumors, Radionuclide

Carcinogenesis, C. L. Sanders, R. H. Busch, J. E. Ballou, and
D. D. Mahlum, Eds., USAEC Technical Information Center, Oak Ridge,
pp. 1-14 (1973).

. L. Lloyd, M. A. Gemmell, C. B. Henning, D. §. Gemmell, and B. J.

Zabransky, Transformation »f mammalian cells by alpha particles,
Int. J. Radiat. Biol. 36, 467-478 (1979}.

. E. Rowland, A. F. Stehney, and H. F. Lucas, Jr., Dose-response

relationships for female radium dial workers, Radiat. Res. 76, 368-383
(1978).

. J. Harris and R. A. Schlenker, Quantitative histology of the accessory

nasal sinuses and mastnid cavities, Annals of Otology, Rhinology, and
Laryngology, in press.

32



SURVIVAL OF HUMAN OSTEOSARCOMA CELLS AND NORMAL HUMAN
FIBROBLASTS FOLLOWING ALPHA PARTICLE IRRADIATION

E. L. Lloyd and M. A. Gemmell

Cell survival of human osteosarcoma cells in culture following alpha particle
irradiation is reported here for the first time. The osteosarcoma cell line (TE-85)
is found to be less sensitive to inactivation by 5.6 MeV alpha particles (LET 86
keV /um) than normal diploid human fibroblasts (NFS). Values for the mean lethal
doses were estimated to be 103 rads for the TE-85 cells compared with 68 rads
for the NFS cultures irradiated urnider identical conditions. It is postulated that
the aneuploidy of the tumor cells with increased DNA chromosamal material may
confer a selective advantage for the survival of tumor cells relative to normal
cells with diploid chromosomes. If this is true, most of the earlier reportis on
the effects of alpha particle irradiation of supposedly normal cells need to be re-
evaluated, hecause the cells that were irradiated are now known to be of tumor
origin (HeLa-carcinoma of the cervix).

Introduction

In an earlier report, Weichselbaum et al. (1977) 1 showed no significant dif-
ference between the in vitro x-ray survival curve ¢f an exponentially dividing
population of human osteosarcoma cells and normal human diploid fibroblasts.
However, the osteosarcoma cells were found to be "surprisingly" sensitive to UV
when compared with the normal coniiol cells. As far as is known, the present
report is the first to describe the survival of human osteosarcoma cells following
alpha particle radiation. Here, in contrast to the results observed with x rays
and UV, we have found an increased survival of osteosarcoma cells relative to

normal human diploid fibroblasts.

Materials and Methods
Cell Cultures

The osteosarcoma cells (TE-85) were provided by Contract E-73-2001-NC1
within the Special-Virus Program, NIH, PHS, through the courtesy of Dr. W. A.
Nelson-Rees. The cell line was established by Dr. R. M. McAllister's labnara'cory2
from an osteosarcoma of the distal right femur in a 13-year-old female Caucasian.
These TE-85 cells have previously been characterized both in our laboratory3

and el.(sez'.w.-here.‘I They have been shown to be aneuploid with an epitheloid
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morphology and to stain positively for alkaline phosphatase — a property which

is characteristic of osteosarcoma cells. The normal diploid fibroblast cells (NFS)
were established from normal human foreskin and were obtained from Dr. B. Casto
at Bio-Labs, Inc. {2910 MacArthur Blvd., Northbrook, Illincis 60062). The cells,
TE-85 passage 68, and NFS passage 25, were plated in 60 mm Falcon plastic Petri
dishes in 5 ml of Eagle's basal medium, supplemented with 10% heat-inactivated

¢
fetal bovine serum apd 1% gentamicin and incubated in 5% CO, in a humidified
f

incubator, The nuniber of cells plated was varied, depending on dose. The
original number was.! gauged from preliminary cell survival measurements to result
in about 40 surviving colonies per 60 mm dish after irradiation. The plates were
stained 14 days later, as described in a previous report,5 and the number of
colonies counted. The plating efficiency for each radiation dose was determined
by dividing the number of surviving colonies by the number of cells plated.
Cell survival was also determined by dividing the number of surviving colonies
in the irradiated plates by the number in the unirradiated control.

Irradiation

The cells were irradiated with a parallel beam of o particles which had an
energy of 5.6 MeV, corresponding to an LET of 86 keV/um at the cell surface. S
The irradiation times varied from 15 sec to 2 min. Control plates were placed in
the same position as the irradiated samples with the beam switched off. Details

of the experimental arrangement and its calibration have been described.s'6

Results

Figure 1 shows the survival of the osteosarcoma cells and the normal human
fibroblasts as a function of dose and alpha particle fluence. Each point on the
graph is shown with the standard error and represents the mean of 5 to 16
replicate plates. Both curves can be described by a single exponential function

within the limits of the experimental error with a D_ value (37% survival}, cor-

0
responding to 103 rads for the osteosarcoma cells and 68 rads for the normal

human fibroblasts. The corresponding alpha particle fluences for D, are

0
5.0 x 10G alphas /cm2 for the normal human fibroblasts and 7.6 x 106 alphas Icm2

for the osteosarcoma cells. Expressed in another way, the effective cross section
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measurements of nuclel were made from phase contrast pictures of the cells as
they were irradiated in culture. Figure 2 shows the distribution of the nuclear
areas of 20 cells measured from each cell type. The TE-85 had a cross-sectional

area about twice as large as the NFS cells. The mean nuclear area of the TE-85

12

10k TE-85 i
B N-S

FIG. 2.--~The distribution of nuclear
areas of osteosarcoma cells (TE-85) and
normal fibroblasts (NFS) measured by
phase contrast light microscopy.

0 P X
0 100 200 300
Nuclear Area (sgquare microns)

35



cells was 491 umz, compared with a mean nuclear area of 240 um;2 for the NFS
cells. Figures 3 and 4 show stained preparations of the two cell types. Here,
the TE-85 cells are seen to have large irregular nuclei and are often multi-
nucleated. For the purpose of the measurements, only cells with single nuclei

were included, and thelr area was determined as previously described5 by regard-
T
4
minor axes. From these measurements, the mean lethal dose for cell killing

ing them as elipses and using the formula ab, where a and b are the major and
corresponds to the traversal on average of about 37 alpha particles through each
TE-85 nucleus, compared with an average value of 12 alphas for the NFS nuclei.
The average thicknesses of nuclei from the two cell types were determined from

electron micrographs using flat embedding of the cells in situ as already described. °

FIG. 3.--Stained preparations of osteo- FIG. 4.--Stailned preparations of normal

sarcoma cells (TE-85) showing the human fibroblasts (NFS). Note the reg-
pleomorphic nature of the darkly ular appearance of these nuclel compared
stained nuclei (x 200). with those seen in Fig. 3 (x 200).

(ANL Neg. 149-80-134) (ANL Neg. 149-80-135)
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The TE-85 cells showed a larger distribution in nuclear thickness compared with
the NFT cells. Average values for the two cell types, when 20 cells of each type
were measured, were 1.6 ym and 1.4 ym, respectively, for the TE-85 and NF3
cells. This meant that the nuclear volumes of the TE-85 cells were on average

785 ums, compared with 336 um3 for the NFS cells.

Discussion

Most of the previous measurements on the survival of human cells showing
irradiation by alpha particles or heavy ion beams have been carried out with T-1
cells.7-9 These cells were supposed to have originated from a male human
kidneyl0 and, until recently, have been regarded as normal human kidney cells.
A recent report,11 however, has shown unequivocally that these cells, which
have been widely used in this country and in Europe, have the genetic markers
of Hel.a cells which were originally derived from the carcinoma of the cervix. 12
Hence, the vast majority of the literature on the effect of alpha particles on
human cells relates not to normal human cells as had been supposed, but toc tumor
cells.

Since Hela cells are aneuploid with chromosome numbers in the ranges 54
to 70 (modal number ~ 65), compared with the stable number of 46 for normal
human diploid cells and since we believe that cell killing and cell transformation
are related to genetic damage, it would appear to be fortuitous if the cell survival
should turn out to be the same for Hela c¢ells and normal cells. Similarly, in
the experiment reported here, the aneuploid nature of the TE-85 cells, with
chromosome numbers in the range 50 to 594 {modal number ~ 54), might be
expected to give rise to a different survival when compared with the normal NFS
cells. In addition, the nuclear cross-sectionai area and volume of the tumor cells
in the present study were found to be more than twice that of the normal cells.

In the only other published report (of which we are aware) of inactivation
of normal human fibroblasts by alpha particle irradiation, 13 aD 0 value of 32 rads
was reported for alpha particles of similar LET to that used here (90 keV/um
compared with 86 keV/um in our experiment). The fibroblasts used by Cox and
Masson13 were irradiated through speclally prepared Melinex plastic films, and
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a feeder layer of cells was used. By contrast, our cells were irradiated directly
on standard plastic tissue culture dishes without feeder layers. In our hands,
cells tend to spread more and grow better on the normal culture dishes than on
Melinex films; hence, the cross-sectional area of the nuclei would be expected
to be larger in our experiments when the cells are exposed to a parallel beam of
radiation. These differences in the conditions under which the cells were ir-
radiated may, indeed, be important and lead to the lower value reported by Cox
and Masson. 16 However, although the particular geometry used would give rise
to a smaller number of traversals of alpha particles through the nuclei of the
more rounded cells, the total path length of the traversals would not be expected
to be altered except in the case of a difference of nuclear volumes. Other dif-
ferences between the experiment reported by Cox and Masson16 and that reported
here involve differences in the origins of the fibroblasts. Cox and Masscm16
used human diploid lung fibroblasts, designated H-19, while our cells (NFS) were
established from newborn human foreskin. This difference in the origin of the
cells may be significant, as well as all of the other factors known to affect cell
survival, such as the passage number, the serum, medium, pH, temperature, etc.

The two cell cultures used in the experiment described here were irradiated
under identical conditions using the same medium, etc.; hence, the increased
survival of the osteosarcoma cells, compared with the normal fibroblasts, would
appear to be a real effect reflecting basic differences in their sensitivities for
cell inactivation. The cells of each culture grew well and formed good colonies;
moreover, the cell doubling times of both cell types were the same within experi-
mental error (estimated to be 24.4 hr in the logarithmic growth phase). However,
before drawing any definitive conclusions about the relative sensitivities for
osteosarcoma cells versus normal diploid cells, it would be necessary to determine
if the culture conditions were optimal for each cell culture. In additlon, different
strains of normal cells and osteosarcoma cells obviously need to be tested before
drawing any general conclusions.

Regardless of all these considerations, the fact that in the present experi-
ment the osteosarcoma cells survived better than the normal fibroblasts is a result

which might be expected if tumor cells are better able to propogate following
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irradiation because of their generally greater reservoir of chromosomal DNA

through aneuploidy. This has, indeed, been found in early experiments by

14,15

others when cells of different ploidy were irradiated by x rays in vivo.

More recent work by Cox and Masson16 also suggests an increase in radio-
resistance with increased time in culture when abnormal karyotypes develop.

In conclusion, the finding of different sensitivities for inactivation of human
tumor cells, when compared with normal human fibroblasts following alpha
irradiation, suggests that almost all of the earlier studies with alpha particle
radiation need to be re-evaluated in the light of the recent finding that T-1

cells have been mistaken for normal cells,
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INHIBITION OF GROWTH OF HUMAN OSTEOCSARCOMA CELLS IN CULTURE BY
NORMAL HUMAN FIBROBLASTS*

E. L., Lloyd, M. A, Gemmell, and C. B. Henning

Suppression of transformed cells by untransformed cells has previously
been demonstrated. In the experiment described here, attempts were made to
see if two well-characterized human osteosarcoma cell lines (TE-85 and SaOS8-2)
could be similarly inhibited by normal human fibroblasts in culture. Two
hundred cells of each of the ostecsarcoma cell lines were plated onto 60 mm
plastic Petri dishes. Different numbers (200, 103, 104, 105) of normal fibro-
blasts were added to the tumor cells and mixed prior to incubation of the cells
for a 4-week period, when they were stained for alkaline phosphatase. Since
this staln is selective for the osteosarcoma cells, the tumor cells were clearly
visible against the background of normal fibroblasts. As the number of normal
cells was increased to 105, the size and number of the tumor colonies were
greatly reduced compared with the controls, in some cases to less than 5% of
the control value. Although the mechanisms whereby the normal cells effect
this reduction is not understood, the use of normal cells, or substances derived

therefrom, may have potential use in the restriction of malignant tumo:s in man.

*
Abstract of a paper presented at the 71st Annual Meeting of the American
Assoclation for Cancer Research, San Diege, California, 26-31 May 1980.
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FURTHER STUDIES ON THE SUPPRESSION OF GROWTH OF TWO OSTEOSARCOMA
CELL LINES BY NORMAL CELLS USING ALKALINE PHOSPHATASE

M. A. Gemmell, C. B, Henning, and E, L. Lloyd

Two osteosarcoma cell lines (TE-85 and Sa0S-2) were co-cultivated with
four different normal human cell strains of both fibroblastic and epithelial origin.
In all cases, the expression of the tumor cells was progressively suppressed as
the number of the normal cells was increased. In addition, the tumor cells
in contact with normal fibroblasts took on the spindle-shaped appearance of the
fibroblasts although they stained positively for alkaline phosphatase which was
used throughout as a specific enzyme marker for the osteosarcoma cells.

Introduction

In previous experiments, we have shown the inhibition of growth of mal-
ignantly transformed mouse embryo cells (C3H 10T1/2) when these cells were co-
cultivated with the untransformed parental cell ].'lm:.-.1 Similarly, we have ob-
served a suppression in the growth of two human osteosarcoma cell lines when
grown together with a cell strain of norma! human fibroblasts (NFS).2 The
present report extends our observations with the human osteosarcoma cell lines
to determine if the effects could be reproduced with other normal human fibro-
blasts and also with normal human cells of epithelial origin. The effect of co-
cultivation for different times was also investigated. In addition, we describe
here the use of alkaline phosphatase as a marker for the osteosarcoma cells.
Because of the specificity of this staln for the osteosarcoma cells, we have been
able to obtain a sharper delineation between the tumor cells and the normal cells

than was obtained by relying on the morphological appearance of the two cell

types. 2

Materials and Methods
Cell Lines

The characteristics of the osteosarcoma cell Unes {TE-85 and Sa0S-2) used

in the earller experiments have been described. 3 In the present experiment,
two more normal fibroblast cell Hnes, WI-38 and KD, were used, WI-38 was
established by Dr. L. Hayflick and obtained from the American Type Culture
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Collection Cell Repository, Rockville, Maryland 20850. This line was derived
from a normal human embryonic lung and is fibroblastic. KD was initiated by
Dr. R. S. Day from a skin biopsy sample taken from the lip of a normal adult
female and kindly sent to us by Dr. Takeo Kakunaga, National Cancer Institute,
Bethesda, Maryland 2)014., An epithelial cell line, AP318, which had been
established from human fetal intestine and provided by Dr. W. A. Nelson-Rees,
Naval Biomedical Research Laboratory, Oakland, California, was also tested to
see if epithelial cells, too, would inhibit the growth of ostensarcoma cells.

Staining Procedure

To determine the percentage of normal and osteosarcoma cells which are
positive for alkaline phosphatase activity, 200 cells per dish were plated in 60
mm Petri dishes, 10 dishes per cell line, in 5 ml BME with Earle's Salts, 10%
fetal bovine serum and 1% gentamicin and incubated for approximately 14 days
in 5% CO2 in a humidified incubator. Five plates from each cell line were then
stained with Giemsa, which stains all cells and is the usual stain used for deter-
mining plating efﬁclency;l five plates of each line were stained for alkaline
phosphatase activity, using the following method. The medium was poured off
the plates which were washed twice with phosphate-buffered saline, and the
cells were fixed for 30 min in 10% formalin in mwethanol at 4°C. The fixative was
then poured off and the plates rinsed several times with distilled water. The
cells were stained with a freshly prepared mixture consisting of 4 ml naphthol
AS-MX phosphate substrate (Sigma) solubilized and 24 mg Fast Violet B salt in
98 ml] distilled water, and left to stain for 30 min at room temperature. The
dishes were then rinsed in tap water and air dried.

Co-Culturing of Normal and Tumor Cells

The method of co-cultivation has been described previously.2 Briefly, 200
osteosarcoma cells (TE-85, passage 16 and Sa0S-2, passage 36) were mixed with
each of the following numbers of normal cells: 102, 103, 104, and 105, and in
some cases, the tumor cells were added to confluent monolayers of normal cells.
Three plates were seeded at each dilution. The cells were then incubated in a
humidified incubator in an atmosphere of 5% COZ' The plates were fed twice

weekly until confluent and then weekly until either the 4th or 12th week when
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they were fixed and stained for alkaline phosphatase activity.

Results

Figure 1 shows the reduction in the extent to which tumor cells (TE-85)
cover the plates as the number of normal cells (WI-38 or AP318) is increased.
The cells were co-cultivated for 4 weeks. Similarly, although not shown here,
each of the normal cell cultures restrained the growth of both of the osteosarcoma
cell lines tested, and this inhibition increased with increasing numbers of normal
cells as documented in Tables 1 and 2.

Sa0S-2 had a different pattern of growth from that of TE-85 when grown
alone. After 4 weeks, it did not form a confluent monolayer; instead, discreet
colonies began to pile up in their centers and secondary colonies developed
(Fig. 2). With increasing numbers of normal cells, this piling up and secondary

colony formation did not occur (Fig. 3). These results agree with those carried

200 HUMAN NUMBER OF NORMAL 200 HUMAN i g
OSTEOSARCOMA CELLS HUMAN FIBROBLASTS | OSTEOSARCOMA CELLS ey
(TE-85, p.18) (Wi-38, p. 23) (TE-85, p.19) (AP-318, p. 18)
0 0
100 100
1,000 1,000
10,000 10,000
100,000 100,000

FIG. 1.--TE-85 (passage 18 or passage 19) grown with normal human fibroblasts
and normal human epithelial cells for 4 weeks and then stained for alkaline
phosphatase. Only the tumor cells stain.

{ANL Neg. 149-80-111)
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Table 1. Fraction of area of dish covered by tumor cells when 200 Sa0S-2
cells were co-cultivated with different numbers of normal fibroblasts
(NFS, KD, WI-38) or normal epithelial cells (AP318) for 4 weeks,

No. of cells NFS KD WI-38" AP318
0 0.65 0.65 0.8 0.31
102 0.06 0.2 0.8 0.34
10° 0.02 0.07 0.6 0.14
102 0.01 0.07 0.15 0.024
10° 0.006 0.05 0.05 0.022

Confluent 0.0007 N.T.P N.T.” N.T. P

a With WI-38 cells, 400 Sa0S-2 cells (instead of 200) were seeded.
b
Not tested.

Table 2. Fraction of area of dish covered by tumor cells when 200 TE-85 cells
were co-cultivated with different numbers of normal fibroblasts (NFS,
KD, WI-38) or norma! epithelial cells {AP318) for 4 weeks.

No. of cells NES KD WI-38 AP318
0 2.0 1.0 1.0 1.0
102 0.9 0.9 0.98 1.0
103 0.5 0.5 0.8 0.6
104 0.04 0.3 0.4 0.08
10° 0.004 0.2 0.04 0.05

Confluent 0.004 N.T2 N.T. N.T.

aNot tested.
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FIG, 2.--5a0S8-2 colony growing with-
out normal cells, showing cells piled
up in center (x 40).

(ANL Neg. 149-80-123)

FIG. 3.--5a08-2 colony growing with
NFS cells (x 40). Note the effect
of NFS on shape of Sa05-2 colony
and cells and the lack of piling up
in che center. The NFS cells can-
not be seen as they do not stain.
(ANL Neg. 149-80-120)
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cut preevic:ously2 with NFS, TE-85 and Sa0S-2 when Giemsa staining was used
and the cells left for the same time before staining (4 weeks).

In addition to the decrease in the area occupied by the transformed cells,
another effect of the untransformed cells on the transformed colonies was oh-
served. Microscopic examination showed that normal fibroblasts affect the shape
of the osteosarcoma cells. Both TE-85 and Sa0S-2, which are normally epithelial-
like, became fibroblastic in appearance when adjacent to, or in close contact
with, the normal fibroblasts. Figure 4 shows the normal epithelial-like appear-
ance of the Sa0S cells growing alone and stained for alkaline phosphatas=z. In
Fig. 5, the Sa0S cells, growing with the NFS cells, have become fibroblastic.
The NFS cells to not produce alkaline phosphatase and, therefore, are not stained.
With increasing distance from the normal fibroblasts, the tumor cells retain their
epithelial shape. This can be seen in Fig. 6, where the SaCS-2 cells at the
bottom of the picture are in close contact with normal fibroblasts (unstained)
and appear fibroblastic, whereas the cells in the center of the colony are
epithelial-like.

With increased contact between the tumor and normal cells {e.g., when
increasing numbers of normal cells are seeded with the tumor cells), the colony
shape also changes {rom round to elongate (compare Figs. 2 and 3), The results
shown in Fig. 1 refer to experiments where the normal and tumor cells were
cultured together for 4 weeks. To determine the effect of co-cultivation for a
longer time, one plate at each dilution of the KD cells mixed with either the
TE-85 or Sa0S8-2 cells was fed weekly until the 12th week and then stained for
alkaline phosphatase. As can be seen in Table 3, the growth of the tumor col-
onies continues to be suppressed by the normal cells and few, if any secondary

tumor colonies develop.
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FIG. 4.--Sa08-2 cells growingalone
and stained for alkaline phosphatase
(x 320). Note epithelial shape.

FIG. 5.--5a05-2 cells stained for
alkaline phosphatase, growing with
NFS, unstalned because they do not
produce alkaline phosphatase (x 320).
Note fibroblastic shape.
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FIG. 6.--Note fibroblastic shape of
Sa0S8-2 cells in contact with NFS
cells (bottom of figure) and the
progressive change to epithelial
form as their distance from the
normal cells increase (top of figure)
(x 200).

(ANL Neg. 149-80-141)

Table 3. Fraction of area of dish covered by tumor cells (Sa0S-2 or TE-85)
when cultivated with different numbers of KD cells for 12 weeks.

Number of
KD cells Sa0S5-2 (200 cells) TE-85 (200 cells)
0 1.0 1.0
102 0.6 0.95
103 0.4 0.6
10 0.3 0.6
10° 0.24 0.5
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Discussion

Figure 1 and Tables 1-3 all show increased containment of both of the tumor
cell lines with all of the normal cell strains studied. There was no notable dif-
ference between the extent of the suppression by epithelial cells (AP-318) when
compared with the three fibroblast cultures. At the highest cell densities, the
normal human foreskin cells (NFS) appeared to be superior to all the other normal
cells in effecting suppression of the tumor cells. The reason for this is not
clear. One can only speculate that perhaps the young age of the cell and the
more spindle-like morphology may contribute to its selective advantage. Al-
though we have been unable, so far, to identify the mechanism by which the
tumor cell suppression is effected, it is our impression that cell contact plays
an important role. This has also been suggested by other workers.

Eagle et al. 4.3 studied a variety of human diploid cell stains which were
self-contact inhibited. These cells were also found to inhibit each other in mixed
culture. However, in agreement with our findings, the growth of some hetero-
ploid cells which were not contact inhibited in pure culture, were found to be
significantly inhibited when inoculated onto a formed layer of normal diploid
cells. Similar suppression of the malignant state has been demonstrated by
Silagi et al. ,6 whe showed that malignant mouse melanoma cells, mixed with non-
malignant mouse melanoma cells and injected into immunocompetent hosts, pro-
duce only 1/47 tumors, compared with 1002 tumor formation when the malignant
melanoma cells are injected alone. Some cell-to-cell contact appeared to be
essentlal for the suppressive effect since neither separate injection of the
malignant and ncn-malignant cells at different sites or sequential inoculation
within the same bleb at the same site produced tumor suppression.

In contrast to the work of Eagle et a1.4'5 and Silagi et a1.6 where cell
contact was considered necessary for suppression of the transformed state,
Lipkin et al. 7 were able to effect suppression using a substance extracted from
the medium. These workers isolated a diffusible factor (melanocyte contact
inhibitory factor, MCIF) from culture medium of a contact-inhibited line of
hamster melanocytes. This factor restored contact inhibition of growth to mal-

ignant human, mouse, and hamster melanocytes and was also found to inhibit
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growth of a broad spectrum of malignant cell types. In a preliminary experi-
ment carried out using Lipkin's technique with transformed 10T1/2 cells in our
laboratory, we were unable to effect a similar suppression using the supernatant
from confluent, contact-inhibited untransformed 10T1/2 cells. The reason for
the difference between our results and those of Lipkin et al. is not clear. The
different culture conditions in the two laboratories using different cells, serum,
medium, etc., might give rise to different products which were unstable or sim-
ilar products at different concentrations which proved to be ineffective. However,
because of the great potential for therapeutic use of a substance which could
suppress the growth of tumor cells, further work with many different cell lines
under many different culture conditions would appear to be of paramount

importance.
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MITOGENIC STIMULATION OF PERIPHERAL LYMPHOCYTES FROM RADIUM
WORKERS*

C. S. Serio, C. B. Henning, and E. L. Lloyd

The immunocompetence of peripheral blood lymphocytes obtained from former
radium dial painters was investigated by in vitro mitogenic stimulation assays.
A reduction in lymphocyte stimulation was observed in these radium workers
when compared with cells from normal age-matched controls. This reduced
activity varied according to the mitogen employed (i.e., 28% with PHA, 47% with
Con A, and 46% with PWM). This decreased activity could not be related to

either age or 226

Ra body burden of the lymphocyte donor. Sera obtained from
high body burden (>0.1 pCi) radium cases was found inhibitory to normal
control lymphocyte stimulation in 3/6 cases tested with PHA, 6/6 cases tested
with Con A, and 1/6 cases tested with PWM. Sera from low body burden donors
(< 0.1 yCi was found inhibitory in 2/6 cases stimulated with either Con A or
PHA and 0/6 cases stimulated with PWMJ). Normal control lymphocytes separated
on discontinuous Ficoll gradients according to their buoyant densities were

also examined. The resulting subpopulations were found to be stimulated to
different extents upon treatment with the mitogen PHA. These subgroups are
being tested with other mitogens to determine if any one subgroup is selectively

responsible for the differences observed in the radium population.

*

Abstract of a paper presented at the Federation oi American Societies for
Experimental Biology (FASEB) Meeting, Los Angeles, California, 13-17 April
1980.
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MITOGENIC RESPONSES OF NORMAL HUMAN LYMPHOCYTES INCUBATED WITH
SERA FROM RADIUM WORKERS

C. S. Serio, C. B. Henning, R. E. Toohey, and E. L. Lloyd

Sera from radium workers were incubated with normal human lymphocytes
and compared with sera from normal age-matched controls for its effect on
lymphocyte stimulation with different mitogens. The results obtained with sera
from the radium workers with high residual body burdens (> 0.1 uCi 226Ra) were
shown to inhibit stimulation following treatment with conconavalin A {(Con A) but
not with phytohemagglutinin {PHA} nor pokeweed mitogen (PWM}.

Introduction

The increased incidence of malignancies and the pathological complications
resulting from the ingestion of radium isotopes (226Ra and 228Ra) are well docu-
mented. 1-3 We have recently reported a reduction in lymphocyte stimuletion by
different mitogens in former radium workers when compared with age-matched
controls (unexposed to radium) .4 We were unable to relate this reduction activity
in lymphocyte stimulation to the measured body burden of 226Ra, but the small
number of high level radium cases available for study made it impossible to pre-
clude such an effect. In addition, we could not rule out the "healthy worker
effect,"5 which might have been responsible for the increased stimulation of
lymphocytes from the control population. We, therefore, decided to examine
another index of the Immune response, namely. the possible inthibitory properties
of sera from high- and low-body burden radium cases. The present report is,
thus, concerned with the stimulation of normal human lymphocytes by various

plant mitogens in the presence of sera from radium patients and control donors.

Materials and Methods

Sera

The sera used for this study were divided into four groups: (A) Sera from
four patients with residual body burdens >0.1 uCi 226Ra as measured with a whole
body counter. Sera from this group are referred to as "high body burden sera."
(B) Sera from patients with residual body burdens < 0.1 uCi 22(.;Ra designated

"low body burden sera.” (C) Sera from age-matched healthy laboratory worke:rs
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termed "control homologous sera." {D) Sera from the same subjects who donated
the lymphocytes, when used with the same individual's lymphocytes called "control
autologous sera." The sera from groups A, B, and C were stored at -10°C prior
to use while the sera in group D were obtained fresh.

Treatment of Normal Lymphocytes with Sera from Controls and Radium Patients

The method used for measuring the stimulation of lymphocytes has already
been described in detail.4 The basic principle of this method involved measuring
the amount of tritiated thymidine (3H) taken up by the lymphocytes as an index
of their blastogenic activity. In the present study, the lymphocytes from each
of six healthy laboratory workers (one in each decade of life from 20 to 80) were
incubated with each test serum for one hour. The cells were then washed with
phosphate buffered saline three times and resuspended at a concentration of
4 x 106 cells /ml in medium containing a 10% concentration of serum from the
controls or radium patients. Alquots (2 x 105 cells per well) were then stimulated
with three different mitogens: phytohemaggiutinin (PHA)}, conconavalin A (Con
A) and pokeweed mitogen {PWM). The stimulation is expressed as the counts per
minute measured for 0.5 uCi of tritiated thymidine (3H) initially added to each
well.‘l The effects of serum from individuals were tested separately (i.e., not

pooled), and duplicate measurements were made for each sample of serum.

Results

The results of the stimulation measured for lymphocytes incubated with the
test sera in the four serum groups with six control subjects are given in Tables
1, 2, and 3. Each table refers to the stimulation with a different mitogen. In
the high body burden group, the means of results for three of the patients are
shown separately from the results for the other patient (03-404), because sig-
nificantly lower stimulation was consistently obtained in the presence of serum
from that patient. The mean values shown for the three serum donors were used
for statistical tests of the difference between high body burden sera and sera
from the other groups. A modified Student's t-test with two-tailed probabilities
was used. Differences between the low body burden sera and the control

homologous sera were similarly tested.
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Table 1. Effects of serum from radium patients on normal control lymphocyte stimulation by PHA.? The values are
given in counts per minute for 0.5 uCi tritiated thymidine (3H) per 2 x 10 lymphocytes per well.

SS

No. of Age and sex of control donors of lymphocytes
Serum donors serum i
donors 25¢ 32 429 52¢ 65 72
A
High body burden sera 3 78,000 98, 000 59,000 78,000 81,000 64,000
(0.458 *+ 0.229 uCi) 5,700) 4,800) 4,400) 5,200y | ¢+ 2,800) | (+ 4,500)
Patient 03-404(0.58 . Ci) P 12,000 22,000 9,100 33,000 48,000 10, 000
3,900 | 26,000 10,000 37,000 42,000 13,000
A
. |
Low body burden sera 4 79,000 l 86,000 65,000 83,000 73,000 62,000
(0.044 + 0.017 pC1) 9.600) 18,000) | (+ 14,000) 8,700) | (+ 5,000 | (+ 10,000)
C '
Control homologous 4 91,000 97,000 71,000 84,000 76,000 76,000
sera 4,800) 3, 900) 7,500) 7.000) | (+ 4,400) | (x 5,200
D
Control autologous 1 92,000 100, 000 75,000 86,000 80, 000 55,000
sera 87,000 89,000 81,000 84,000 77,000 54,000

—

9Mean values for each group of sera are given % standard deviation from the mean where more than one serum
was tested.

l:'Within the high body burden group, one patient, 03-404, is listed separately since the values obtained for this
case were consistently lower by more than 2 standard deviations than the values obtained for the other sera tested
within this group. For a single serum donor, the entries represent values for duplicate samples.

Note: The lymphocyte stimulation by PHA was significantly lower with sera from the high body burden group (A)
than with the control group (C) for control lymphocyte donors 25 and 72 (P < 0.05).



9s

Table 2. Effects of serum from radium patients on normal control lymphocyte stimulation by Con A.? The values
are given in counts per minute for 0.5 uCi tritiated thymidine (3H) per 2 x 10% lymphocytes per well,

e, Age and sex of control donors of lymphocytes
Serum donors serum | —
donors 25¢ 324 429 52¢9 65¢ 72¢
A
(+ 520) |(+ 6,000) (+ 440) (+ 3,800) (+ 3,300) (+ 4,000)
Patient 03-404 (0.58 uCi) 1P 250 360 400 240 400 400
210 360 570 280 400 400
B
Low body burden sera 4 12,000 27,000 4,55 8, 300 26,000 21,000
(0.044 + 0.017 uCi) (+ 6,300) (* 8,700) (+ 4,100) (+ 4,200) (+ 16,000) (+ 12,000)
c
Control homologous 4 22,000 42,000 6,200 12,000 27,000 28,000 !
sera (+ 6,500} (* 9,800) (+ 2,900) (+ 4,600) (* 8,900) (+ 9,700) i
D t
Control autologous 1 20,000 53,000 5,300 7,400 16,000 17,000 -
sera 15,000 42,000 4,500 7,300 15,000 11,000

a —
Mean values for each group of sera are given * standard deviation from the mean where more than one serum

was tested.
b

Within the high body burden group, one patient, 03-404, is listed separately since the values obtained for this

case were consistently lower by more than 2 standard deviations than the values obtained for the other sera tested
For a single serum donor, the entries represent vaiues for duplicate samples.

within this group.

Note:

The lymphocyte stimulation by Con A was significantly lower with sera from the high body burden group (A)
than with the control group (C) for control lymphocyte donor 25. (P < 0.10).

Taken together all values
for the high body burden group are lower than for the control group (P < 0.02).
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Table 3. Effects of serum from radium patients on normal control lymphoc'gte stimulation by PWM. The values are
given in counts per minute for 0.5 uCi tritiated thymidine (3H) per 2 x 10° lymphocytes per well,

No. of
Serum donors gerum Age and sex of control doners of lymphocytes
donors 252 2o 42¢ 52¢ 65 72
A
High body burden sera 3 10,000 19,000 - 3.700 4,600 18,000 8,800
{0.458 * 0.229 uCi) (+ 1,000} (* 1,500) (+ 1 600) {x 590) (+ 2,100) (* 880)
Patient 03-404 (0.58 uCi) lb 530 1,000 680 1,000 1,000 850
730 960 560 500 1,200 490
B
Low body burden sera 4 15,000 17,000 3,500 3,600 22,000 10,000
{0.044 * 0.017 uCi) {(+ 5,400) {+ 6,300) (+ 2,200) (+ 1,300) (* 11,000) (+ 4,000
C
Control homologous 4 16,000 20,000 3,000 3,900 13,000 9,600
sera {* 5,700) {+ 7,400) (+ 990) (1 2,800 (+ 8,500) (+ 5,400)
D
Caontrol autologous 1 B, 400 23,000 2,000 2,000 5,000 3,400
sera 7,100 14,000 1,600 1,900 3,900 2,500

a
Mean values for each group of sera are given * standard deviation from the mean where more than one serum
was tested.

b Within the high body burden group, one patient, 03-404, is listed reparately since the values obtained for this
case were consistently lower by more than 2 standard deviations (han the values obtained for the other sera tested
within this group. For a single serum donor, the entries rep:esent values for duplicate samples.

Note: No significant difference was observed between the high body burden group (A) and either the low body
group (B) or the control group (C).




PHA

From Table 1 it can be seen that for PHA, a significant difference was

found between the high body burden sera and the control homologous sera for
two lymphocyte donors 25 and 72 (P < 0.05) with the high body burden sera
giving lower values. None of the other differences were found to be statistically
significant for each individual's lymphocytes or when all the lymphocyte donors
were considered as a group except for the individual patient, 03-404. Use of
this patient's serum gave lower values with all six lymphocyte donors. These
values were more than two standard deviations, both below the others in the
high body burden sera group, as well as all the other serum groups. The serum
from this patient gave similarly low values, both with Con A (Table 2) and with
PWM (Table 3).

Con A

A significant difference (P < 0.02} was found between the high body burden
sera and the control homologous sera for only one lymphocyte donor (25), stim-
ulated with Con A (Table 2). Although the individual differences for these two
serum groups were not statistically significant, values for the high body burden
sera, analyzed as a group, were found to be significantly lower (P < 0.02} than
the values for the control homologous group. In addition, the high body burden
values were also lower than the low body burden values for all but one lymphocyte
donor (32). The difference between the two groups was found not to be statis-
tically significant (P ~ 0.4).

PWM

For pokeweed mitogen {PWM), no statistically significant differences were
observed between the different groups of sera tested, apart from the single

patient, 03-404, already mentioned.

Discussion

It has been shown that in certain cancer victims, suppressive factors are
present in the serum that can inhibit lymphocyte stimulation.ﬁ As far as is
known, this is the first report to examine whether any similar suppressive factors

could be detected in the sera of radium workers who are predisposed to certain
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tumors as a result of alpha irradiation. One of the patients in the high body
burden group had serum which inhibited stimulation by all the mitogens tested.
A study of this patient's medical! history revealed no obvious clues as to the
reason for this difference. None of the patients studied, including this patient,
had any clinical signs of malignancy. When sera from persons with high body
burdens of radium (>0.1 pCi 22G'Ra) were compared with sera from normal healthy
controls for their ability to stimulate lymphocytes, from normal controls, a de-
creased response in stimulation was observed with the single mitogen, Con A.
The difference in the effects seen with the different mitogens may reflect the
selective action of the three mitogens on different cell populations. Con A and
PHA primarily stimulate T-cells, while PWM stimulates B-cells. According to
Janossy and Greaves,7 however, Con A may stimulate T-cells which have not yet
reached the level of differentiation at which they can respond to PHA. Although
the differences seen with Con A between the high body burden sera and the
control homologous sera were found to be statistically significant, differences
between the high body burden sera and the low body burden sera were not,
despite a trend toward higher values for the latter. The difference found between
the sera of the radium cases, when compared with the control population, is
similar to that found when lymphocytes from radium workers were stimulated.4
The choice of appropriaie controls is still a matter for concern with regard to a
possible healthy worker effect, which may apply to the laboratory staff used
presently as controls. This problem could only be resclved by using ancther
control population. Future experiments, involved with the examination of larger
groups of both high- and low-body burden sera, would also be necessary in

order to substantiate the significance of these preliminary findings.
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ON THE CONCEPT OF DOSE, DOSE-RATE, AND SPECIFIC ENERGY

John H. Marshall

In analyzing the results of experiments, it is essential to separate theory
and experiment. This separation is most secure when one uses parameters that
have been defined operationally. An operational parameter is based solely on
numerical readings taken in the course of that measurement. Parameters which
invoke, for their calculation, the resulis of other experiments or assumptions
based on other experiments, are not operational

In an injection experiment, the operationally-defined parameters1 {para-
meters defined from what was done, not from what was assumed) are uCi/kg
body weight, and dose rate as a function of time. In an irradijation of short
duration, internal or external, dose is also an operational parameter. Integrated
dose, when the dose rate is continuing, begins to inject an element of theory
into a "measurement" of dose. Questions arise as to the identities of the cells
for which the dose is calculated, which periods of dose rate are effective, etc.

Dose at the microscopic level (10 um to 1 mm) introduces more theory,
because one must assume, or derive from data, which cells are at risk, A
complete microscopic distribution of dose which covers all vossibly relevant
locations, is again operational, but only at the expense of an overwhelming
number of doses. At the microdosimetric level (0.1 to 1 uym}, dose is called
specific energy. 2 (At all levels, dose is absorbed energy per gram of tissue.)
But where dose refers to a specific biological entity such as skeleton, or marrow,
or bone, or liver, it can be quite operational. When the size of the volume for
which dose is defined is reduced far below the macroscopic level, the concept of
dose takes on cifferent meanings, meanings which are less operational the
smaller the site. It is nonsense to define dose as the limit of AE/AM as the mass
is reduced, as is often done.

Even specific energy, which has inspired good theory3 and many measure-
ments, is not an operational parameter, because one must assume a site size or
derive a site size by comparison with different data. Site sizes derived so far
have usually little correspondence to structures within the cell. Specific energy

is thus a measurement on a model of radiation toxicity, albeit an interesting model,
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If one had measurements for all possibly relevant site sizes, specific energy
would again become operational. But there is growing doubt that specific
energy is relevant to a single mutation or to a single cancer initiation which
probably are events at the nanometer level, Even the recent reformulation of
Dual Theory4 has de-emphasized specific energy by de-emphasizing the original
site model for which it has meaning. Thus, while an important quantity, specific
energy should be applied to specific mechanisms with full knowledge that a model,
the site, is implied.
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AN EMPIRICAL BAYES MODEL FOR ESTIMATING RADIUM INTAKE FROM EXPOSURE
DURATION

L. Sanathanan and H. F. Lucas, Jr.

The effects on a population exposed to various levels of internal alpha radia-
tion have been the subject of several studies. In particular, dose-response rela-
tionships involving an incidence of bone sarcomas and head carcinomas among a
group of women who entered the U.S. radium dial-painting industry before 1930
have been analyzed. However, these analyses have excluded cases for whom mea-
surements of radium burden could not be determined, thereby causing a possible
bias in the results. A method for estimating the radium intake distribution among
the unmeasured cases from data on duration is provided in this paper as a means
of involving growth curves and stochastic growth parameters, and is illustrated

with real data.

4
Abstract from The American Statistical Association, Houston, Texas, 11-12
August 1980.

BREAST CANCER IN FEMALE RADIUM DIAL WORKERS FIRST EMPLOYED BEFORE
1930*

E. E. Adams and A. M. Brues

Female radium dial workers first employed before 1930 were analyzed for breast
cancer mortality and incidence using methods and rate tables described by Monson
and the Mantel-Haenszel summary chi-square test for significance. Of 1180 located
women, 736 were measured to estimate radium intake. This measured group was
analyzed for breast cancer mortality and incidence according to four possible risk
factors: radium intake dose, duration of employment, age at first exposure, and
parity. The located women had a mortality ratio of 1.51 (p < 0.05). The measured
women showed a significant excess of breast cancer incidence and mortality only
among those women with a radium intake of 50 uCi or greater. Although not sig-

nificant, incidence and mortality ratios were slightly higher for nulliparous women.

X
Abstract of paper accepted for publication in Journal of Occupational Medicine.
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CODING, STORAGE, AND RETRIEVAL OF MEDICAL INFORMATION:
EXPERIENCE WITH THE STANDARD NOMENCLATURE OF PATHOLOGY (SNOP)

A. M. Brues

Patholegic conditions indicated in the records of all radium cases in CHR
are coded according to the SNOP classification and filed in computer memory for
future reference and intercorrelations with other individual data. An additional
field has been added to characterize the source of each item and its chronology.
This provides an excellent index to the records. Records of about 3700 located
cases have vielded a total of about 150,000 entries. The use of this data base
in epidemiologic studies is discussed, including problems related to the hetero-
geneous sources of data.

The Center for Human Radiobiology has registered the names of over 5000
individuals exposed to internal contamination with 226Ra and for 228Ra and about
3700 of these persons have been located. Measurements of radium content are
available in about two-thirds (2200) of the located individuals, and estimates of
past intake have been made. Particular attention has been given to a subgroup
of dial painters who were exposed occupationally before the hazards of ingestion
were fully appreciated: the dedree of personal contamination dropped off
sharply between 1925 and 1930. Since the earlier group of workers varied
greatly in respect to their radium "burdens," some stratification of the group
is possible on the basis of internal radiation dose. A second wave of dial
workers, employed in the 1940's, has a much lower radium content and comprise
an internal control which, however, is less satisfactory for secular reasons,
being a generation younger.

Aside from acute oral and hematologic effects and the "radiogenic" malig-
nancies, which were recognized early {and which continue to appear in the sur-
viving group of early dial workers) no other highly characteristic effect of
radium contamination on mortality has been identified,1 although a dose-related
increase in breast cancer mortality has been noted. 2

A number of coding systems is available for identifying and cataloging
morbid states. The most widely used is the International Classification of

Diseases (ICD) and its adaptation for use in this country (ICDA). These are
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subject to periodic revision, and are used in classifying causes of death on death
certificates. From these, comparison data on U.S. white females are available
for determining expected and standardized mortality rates. This has been done
for cause-specific mortality rates in a recent paper from the Center. 3 In a
study of survival times, 1 the radiogenic lesions alone were sufficient to account
for the decrease in survival time and increase in tumor mortality rates in the
early dial painters.

In 1973, a decision was made to code all pertinent pathologic conditions in
the recorded population of the Center according to the Standard Nomenclature
of Pathology (SNOP). This had been done by Sharpe4 in a monograph detailing
clinical and autopsy findings in a series of cases in the New Jersey area. SNOP
is much more detailed than other codes and has been worked out with a great
deal of attention to precision and consistency. > We have used a modified version
dictated by our special requirements. 6 In addition to four fields identifving
conditions according to topography, morphology, etiology and function, each
using four digits, a fifth field has been used to characterize the source of in-
formation in each case and its chronology. (The several categories of sources
are defined in the footnote to Table 1.) The computer memory has been supplied
with translations of numerical codes into medical language, and the natural
history of a pathologic condition can be reconstructed by reading out a chron-
ologically sorted series of SNOP entries. As of the present time, virtually all
of the original radium files have been "SNOPED," and newly received document-
ary information is transcribed for storage before filing the original document.
The individual patient records have yielded over 150,000 items, and one diligent
and seasoned assistant can search and compile this material with minimal errors
of transcription and interpretation (less than one per cent error).

As is well known to those who must rely on existing clinical records for
research data, significant numbers of errors and misinterpretations exist, and
iinal evaluation of a case depends on objective study of the original sources in
the light of other information. For this reason the SNOP f{ile can best be looked
upon primarily as an index to the clinical record file. 7 In this role the SNOP
data base relieves the investigator of examining a large quantity of trivial or

irrelevant data.
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Table 1. Located radium cases; SNOP entries by source of information and by number of entries per case.

gfu?:;ers Percent of SNOP entries derived from various sources®

Entries within Number of

per case range entries CDh AN SH XY 0 J L P F R
1-5 1018 2 652 56.3 — 0.4 0.2 1.5 1.5 0.5 35.4 2.6 2.9
6-10 297 2299 21.0 0.3 0.7 1.7 6.4 1.0 2.2 55.5 7.7 4.1
1-20 433 6 651 6.5 0.9 1.6 4.9 17.0 0.4 1.2 53.9 7.3 6.1
21-30 322 8 213 3.7 1.2 2.8 7.7 20.7 0.9 1.8 49.6 5.8 6.4
31-40 282 9 923 2.5 2.6 2.4 9.8 22.8 0.7 1.2 47.5 5.0 6.0
41-50 238 10 814 2.3 3.8 2.4 11.8 25.3 — 0.9 41.8 3.8 6.8
51-75 439 27 428 1.3 5.0 2.5 14.2 26.0 — 1.1 39.3 3.6 6.6
76-100 253 21 839 1.1 4.6 2.0 14. 4 28.5 — 1.4 38.9 3.1 6.0

101-150 241 29 415 0.9 5.2 1.8 17.9 27.5 — 1.3 34.4 2.4 8.8

151-200 83 14 315 0.5 3.7 1.6 25.7 27.3 — 1.1 30.5 1.7 7.7

> 200 85 26 636 0.4 4.5 1.6 32.1 26.3 — 1.4 23.0 1.2 8.2

Total

number of {(3691) 157 185 4237 6335 3120 26822 39584 233 1986 58438 5012 11 418

entries

3gources of information: CD = death certificate ; AN = autopsy data; SH = microscopic pathology; O = direct
observation; XY = x-ray plates; J = journal reference; L = letter from M.D., etc.; P = past history (by patient);
F = family history (by patient); R = abstract of clinical record.



It must not be thought that the above procedures create a homogeneous
file of data which permit instant intercomparison. After all, the basic records
prior to 1970 were compiled by different groups of investigators and were made
up from a variety of sources of different breadth and content. A hastily written
preoperative note will vield a much different spectrum of data from what is found
in a meticulously composed student history. Where the sources of information
are numerous, a good deal of redundancy occurs.

Given the heterogeneity of the sources of the data, a serious problem
exists in the bias introduced by added detail. A carefully autopsied case is
comparable only with an equally carefully autopsied case with respect to a deter-
mination of occult thyroid tumor, for example. It is therefore of considerable
importance, in the use of matched internal controls, to take account of the source
of information.

To provide some light on this point we have sorted the located individuals
in the study on the basis of their respective numbers of SNOP citations. The
number of entries from each source was separately counted for each case (Table
1). The accompanying table shows the results of counting the SNOP citations
according to source in those individuals with specified total numbers of entries.

The totals indicated in Table 1 illustrate the mass of information derived
from each of the several sources in all of the located cases in the radium study.
A first visit by a patient for examination and radium measurement yields from
25 to 100 entries. The largest number of citations is yielded by the personal
history (P) and the examining physician's observations (0), and the roentgeno-
graphic studies (XY) account for most of the residue. Personal and family
history and observations comprise a rather constant share of the information, and
radiologic data (probably related to speclal interest in skeletal effects) show an
increasing proportion in patients whlo are examined more frequently. Death
certificate data predominate in those cases with minimal information.

In summary, SNOP provides a quite satisfactory vehicle for searching files
for listings of particular conditions and also gives promise of providing good
chronological summaries of complicated cases. Its value for control purposes is

thus far untested and needs further study. A major advantage les in the fact
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that a large body of clinical information can readily be brought into juxtaposition
with the other recorded materials in this studied population. This includes a
number of additional medically related files; clinical laboratory data, skeletal
x-ray scores, coded death certificate data, some studies of fertility, and perhaps

other material not yet investigated but reposing in the records file.
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HEALTH STATUS AND BODY RADIOACTIVITY OF FORMER THORIUM WORKERS "

A. F. Stehney, A. P. Polednak,+I. Rundo, A. M. Brues, H. F. Lucas, Jr.,
B. C. Patten, and R. E. Rowland

This is a progress report of a study of the health effects of industrial
exposure to thorium. Included is the three-year period from inception (1976) to
September, 1979. The study population comprises the former employees of a
thorium mill located in West Chicago, Illinois. Thorium and rare earth chemicals
were extracted and purified from monazite ores at this plant from 1932 to 1973,
and thorium mantles, for gas lamps, were manufactured from 1936 to 1947.

The objectives of the study are: {1) to assess possible health effects of
employment in the thorium milling industry by comparison of mortality and
morbidity characteristics of former thorium workers with those of suitable gen-
eral populations; (2) to examine disease outcomes by estimated exposure levels
of thorium and thoron daughter products for possible radiation-related effects;
and (3) to determine the body distribution of inhaled thorium (and daughters)
and rare earths in humans by radioactivity measurements in vivo and by analysis
of autopsy samples. The principal end points for investigation are respiratory
disease and cancers of lung, liver, bone, and bone marrow.

The West Chicago plant was operated by the Lindsay Light Company and its
corporate successors, which finally included the Kerr-McGee Chemical Corpora-
tion (1967). Company records dating back to 1925 identified about 4600 individ-
uals (80% men) employed at plant sites in Chicage (up to 1936) and West Chicago
{1932-1973) and at a mantle factory in Morris, Illinois (1947-1953}. Since records
before 1940 and for the Morris plant were incomplete, the study was limited to
3222 men and 714 women who worked at the West Chicago plant after 1939, Social

Security numbers, job classifications, and work dates have been found for almost

*
Executive Summary from the interim report of the same title, NUREG/CR-1420,
ANL-80-37 (January 1980).

1-Present address: GCancer Control Bureau, State Department of Health, Albany,
New York 12237.
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all of these former employees.

An industrial hygiene survey of the plant in 1952 showed that gamma-ray
levels of 0.5 to 5 mR per hour were common in locations where thorium was
processed or stored and that the levels of airborne thorium and thoron daughter
products were of the order of present day maximum permissible concentrations.
Estimates of radiation exposures during 1956-1973 are being compiled from
inspection reports of the U.S. Atomic Energy Commission, records of personal
dosimeter readings, and company records of radiation and radioactivity measure-
ments. Filter samples that were collected while the plant was in operation are
being analyzed for particle sizes and chemical composition of airborne materials.

Overall and cause-specific mortality was studied in a cohort of 3039 male
thorium workers on the basis of deaths reported by the Social Security Admin-
istration and causes on death certificates. Comparisons were made with sex-,
age-, time-, and cause-specific mortality rates for U.S. white males. In the
total cohort, there were 511 observed deaths and 486. 8 expected, and differences
between observed and expected numbers were significant at the 95% confidence
level only for deaths from diseases of the circulatory system (205 observed vs.
249.5 expected) and from motor vehicle accidents {38 observed vs. 23.2 expected).
However, notably higher than expected numbers of deaths were observed for
respiratory diseases (33 vs. 25.2) and cancers of the lung (31 vs. 21.6),
pancreas (9 vs. 4.5}, and rectum (6 vs. 3.2).

In general, the mortality differences were not strongly associated with job
type or length of employment, but excess deaths from cancer of the pancreas
were significantly greater among men employed at least one year than among
shorter-term workers. Data on a small sample of the study population indicated a
higher proportion of cigarette smokers than among U.S. males, and this could
explain at least part »f the excess mortality from lung cancer and respiratory
diseases.

Medical examinations and in vivo measurements of hody radioactivity are
being done on a subpopulation of 592 male employess who have worked a year or
more in job classifications involving probable exposure to thorium. By measure-

ment of radioactive thoron-220 in exhaled breath, higher than background
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amounts of radium-224 were found in 131 of 194 men who have been examined
(range 2 to 667 pCi). By gamma-ray spectrometry, measurable amounts of
bismuth-212 in the thorax were found in 55 of the men (range 0.2 to 3 nCi).
Comparisons with measured amounts of thorium-232 and thorium-228 in autopsy
samples are needed for interpretation of these in vivo measurements of thorium

daughter products.
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RADIOACTIVITY IN FORMER WORKERS AT A THORIUM REFINERY

J. Rundo, D. R. Brewster, M. A. Essling, and J. Y. Sha

As part of an epidemiological study of the possible late biological effects
of thorium, measurements have been made of radioactivity attributable to thorium
daughters in almost 200 men who had worked in a thorium refinery which closed
in 1973. For external gamma-ray measurements statistically significant results
{ >2g) were obtained in 55 of these, with three showing more than 2 nCi
21zBi in the thorax. For measurements of daughters of exhaled thoron, statis-
tically significant results were obtained in almost every case, but for 63 subjects
the values of < 2 pCi of freely emanating 224Ra at the mouth could not be
attributed unequivocally to thorium acquired c¢ccupationally; 131 men exceeded
this lower limit and four had more than 200 pCi of 224Ra. The mean ratio of
emanating 224Ral to retained 212Bi was 101 pCi/nCi, with individual values
ranging from 11 to 58l. The problem of interpreting the data in terms of the

actual amounts of thorium in the thorax is discussed briefly.

*
Abstract of a paper presented at the Workshop on Measurements and Interpre-
tation of Actinide Accumulation by Man, Snowbird, UT, October 15-17, 1979.
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SOME DETERMINATIONS AT ARGONNE NATIONAL LABRORATORY OF RADON
IN HOUSES*

J. Rundo, F. Markun, and N. J. Plondke

The char.ce observation of a radon concentration of 26 pCi per litre in the
bedroom air of a frame house has led to the discovery that such levels can arise
as a result of emanation of radon from bare soil ih a "crawl space" under part
or all of the hoise. They are not a consequence of "technologically enhanced"
radioactivity in building materials. In a total of 23 houses investigated, the
air of ten showed concentrations of radon of 5 pCi per litre or more; of these
six had radon concentrations of 10 pCi per litre or more. It should also be
mentioned that ¢ concentration as low as 0.2 pCi per litre was observed in one
of these houses. The presence or absence of plastic vapor barriers seems to
be one important factor in determining the level, but certainly not the only one.

During July and August 1978, an Environmental Working Level Monitor
that was returned to A.N.L. for repair and testing was used to determine the
concentrations of radon daughters during a total of three periods, each of about
100 hours' duration in two of the houses. Mean values of 0.007 WL and 0.023 WL
were observed in the first, and of 0.008 WL for the second.

On the basis of such limited data it is obviously not possible to generalize
on the average concentrition of radon daughters in these houses. However, it
is conceivable that the average concentration might be in the region of 0.C1 WL;
exposure at this level for a year (say of a small child) would result in a radiation
dose equivalent of 2.6 rem to the bronchial epithelium {derived from 5 mrem per

WLM, for a 170-hour working month).

*

Abstract published in Radon in Bulldings, Proc. Roundtable Discussion,
National Bureau of Standards, June 15, 1979, NBS Special Pubiication 581,
June 1980
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ESTIMATION OF EXPOSURE TO %%?Rn FROM THE EXCRETION RATES OF %'%p

R. B. Holtzman and J. Rundo

A model is proposed with which estimates of exposure to 222Rn and its
daughter products may be made from urinary excretion rates of 210py, 1t s
assumed that 20% of all the 210Pp inhaled (as short-lived precursors or as 210pp
itself) reaches the blood and that 50% of the endogenous excretion is through
the urine. For an exposure of one Worki g Level (WL}, the model predicts a
urinary excretion rate (in excess of normal) in the range 1.8 to 5.4 pCi day'l,
if intake and excretion are in equilibrium. The estimates from the model are
compared with the results of measurements on a subject residing in a house with
high levels of radon. Whole body radioactivity and excretion data were con-
sistent with the model, but the estimates of exposure (WL} were higher than those
measured with an Environmental Working Level Monitor.

A major problem in studying exposure of man to 222Rn and to its short-
lived decay products is estimation of the integrated exposure to an individual
over a long period of time. Such studies are important because exposure to
very high levels of 222Rn and its short-lived decay products is known to cause
lung cancer in uranium miners,1 and consequently it is desirable to estimate
the exposure to large population groups exposed to much lower but greater than
average levels of radon.

The long-lived decay product of the zzan series, 21OPb {22 yr), has been
proposed and studied as a retrospective indicator of such exposures,z_4 but the
results are uncertain because of the complexities of 210Pb metabolism and the
uncertainties in the exposures. The concentrations of this nuclide in the bones
of deceased uranium miners have been correlated with dose experienced by the

*
miners, expressed in units of Working Level Months (WLM). Since it is

difficult to determine the szb content of bone from external measurements,

*The unit of Working Level (WL) is defined as any combination of the concentra-
tions of short-lived 222Rn daughter products that on decay would release

1.3 x 10° MeV of alpha energy in 1 liter. This is equivalent to that released by
ths daughter products initially in radioactive equilibrium with 100 pCi/L of
22°Rn, The Working Level Month is then the exposure to one WL for a working
month of 170 hr.
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especially for low exposures, the concentrations in hone have been correlated
with those in blood3 and with the urinary excretion rates of ZlOsz in order to
estimate exposures in vivo.

Presented here is a somewhat different approach in which a metabolic model
is proposed from which estimates of exposure to radon and its daughter products
may be made from urinary excretion rates of 210Pb. The predictions of this
model are then compared with data from a subject exposed to higher levels of

radon than are usually thought to be normal.

The Model

The relevant parameters are set out in Table 1. The only entry that calls
for comment is the concentration of daughter atoms in air for 1 WL. In Table 2
are set out the results of calculations of this quantity for 1 WL in air of different
effective ages. In making these calculations, we used the equations in Appendix
A and Ref. 4 that give the radon daughter concentrations relative to those of
radon. It was assumed that the system is in a steady state, that the variocus
nuclides are removed from the air by some mechanism, such as attachment to
surfaces, and that the rates of removal are the same for all nuclides.

It is seen that except for very young air, the concentration of daughter
atoms per WL does not vary much with age; in adopting a rounded value of
15,500 atoms L_1 WL_1 we have chosen a concentration that corresponds closely
to a value for F of 0.5, which is commonly thought to be a typical value.s Note
that even for the absurd situation of RaA in equilibrium with radon and no RaB

or RaC, the concentration of atoms for 1 WL would still be 9500 L_l.

We now use the data in Table 1 to calculate the daily intake of szb, of
which three sources are considered: (a) production in vivo from inhaled short-
lived radon daughters, (b) production in vivo from short-lived daughters sup-
ported by radon dissolved in body fats and fluids, and (c) inhalation of 210Pb
produced in the air. The first of these is essentially constant (per unit WL),
the second increases with decreasing age of the air, while the third decreases
with decreasing age.

(a) The intake of 210Pb from short-lived Rn daughters inhaled at a constant
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Table 1. Parameters used in calculations for the model using 210Pb to estimate

exposure to 222Rn and its daughters.

Metabolic parameters

Body mass
Breathing rate

Effective retention of aerosols in lung
{0.50 deposited in respiratory tract;
1/3 of this is absorbed into the blood
and 2/3 are removed by ciliary action
to the gut where 0.08 enters the
blood) .

Urinary-to-fecal excretion ratio

Concentration of Rn in body relative
to that in air

Physical parameters

70 kg°
10 m3/day, 7 leina

0.20°

1.0°

2.0 [L(air) /kg(body) 19

Approximate number of atoms of _le
short-lived radon daughters in air 15500 (L-WL)
Half lives:
szo (RaA) 3.05 min
21451 (RaB) 26.8 min
21451 (RaC) 19.7 min
210 7
Pb (RaD) 22 yr (1.16 x 10" min)
3 Ref. 6.
b

Refs. 7 and 8.
€ Unpublished data of R. B. Holtzman,
d Derived from data in Ref. 9.
€ See Table 2 and text.
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Table 2. Concentrations of short-lived radon daughters and of radon for air
of different ages at one WL, and the corresponding equilibrium factors.

Effective Activity rati Concentration of Concentration Equilibrium
age of air, clivity ratios daughter atoms, of radon, Factor, @
min Rn:RaA:RaB : RaC i pCi L1 F
e 1 1 1 1 16150 100 1.0
60 1 0.950.66 0.50 15760 160 0.61
30 1 0.91 0.48 0.29 15370 225 0.44
15 1 0.830.30 0.13 14710 350 0.28
5 1 0.62 0.098 0.020 13010 830 0.12
2 100 WL
F = _—'"'“'jt" .
pCi Rn L ~

concentration of 1 WL is then
10 x 103 L/day x 15,500 atoms/L x 0,20 = 3.1 x 107 atoms /day = 0. 84 pCi/day.
{b) For the .210Pb formed in the body from 222Rn dissolved in body fluids,
and with its daughters in secular equilibrium, a 70-kg man (Reference Man)6
contains 14,000 pCi 222Rn, and 1.21 pCi 210Pb are produced daily from radon
inhaled at a constant concentration of 100 pCi/L.
{c} Estimation of the magnitude of the contribution from 210Pb in the
atmosphere is a more complex problem than were those for the other sources.
As derived in Appendix A, the 210Pb concentration in air, AD' as a function of
Working Level, W, is
0.450 A A XA A W

A*s*c?p
A = pCi/L | (1)
D EPFELQ
where
P=(p *+ Agp) (Ag + Aqg) (Ap * App)
Q —
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}‘A‘ >‘B' )\c, and )\D are the physical decay constants of the respective
nuclides 218Po, 214Pb, 214Bi, and 210Pb ,
)\BR’ }\CR' and )\DR are the inverses of the mean residence times of these
nuclides,
210 218
EA = 13.68 MeV, the alpha decay energy to Pb per atom of Po {(RaA),
and
_ 210 214
EBC = 7.68 MeV, the alpha decay energy to Pb per atom of Pb (RaB)
or of 214Bi {RaC}.
If it is assumed that the residence times of the various nuclides are the same,
(AiR = )\R), then for a residence half-time of 1 hr and W = 1 WL,
A =415x10 Y pciL’t . (2)

D

This concentration is about 20 to 30 times the normal levels of 21‘DPb in air. With
a breathing rate of 10 m3/day, and with 20% entering the blood (from Table 1),
the uptake by blood ranges from 0.014 to 0. 84 pCi/day for atmospheric residence
(half) times of 5 to 60 min (Table 3). Thus, unless the atmospheric residence
time of the 210Pb is long, the contribution of this nuclide to the intake is small,
amounting to less than 25% of the total for a residence time of 60 min.

The predictions of the model for the daily intake and excretion of 210Pb
are summarized in Table 3 for three values of the equilibrium factor, F*. The
value used for the retention of the daughters in the lung is not critical at the
lower values of F, since the intake depends mainly on the concentration of 222Rn.
Thus, for values for F of 0.61, 0.44, and 0.12, if the fraction of inhaled radio-
active aerosol that reaches the blood is 0.4 (instead of 0.2), the total 210Pb
intake would be increased by 46, 30, and 8%, respectively.

The last column shows that a total of 11 pCi/day per WL could be available
for excretion. While some fraction of the daily intake of 210PI:: is stored in bone

and other compartments, a portion of the 210F‘b stored previously is also excreted.

* .
F = WL - 100 .

222p ) cone. (pCi/L)
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Table 3. Summary of data on intake and elimination of 21OF‘b for exposure to

1 WL.
Conditions
Effective age of air, min 60 30 5
Equilibrium factor, F® 0.61 0.44 0.12
Corresponding concentration of
radon in air, pCi L1 160 225 830
210

Intake of FPb

From short-lived Rn daughters

(retention=0.2), pCi d~} 0.84 0.84 0.84
From zzan in body fluids,
pCi g~! 1.94 2.70 10.04
From 210Pb in air, pCi @~} 0.84 0.34 0.014
Totals 3.62 3.88 10.89

Excretion of 210Pb

Total excretion, pCi d-1 3.62 3.88 10.89
Urinary excretion, pCi a1
(U/F=1.0) 1.81 1.94 5.44
_1b
Normal urinary excretion, pCi d 1 0.2 0.2 0.2
Total urinary excretion, pCi d-1 2.0 2.1 5.6

a See Table 2.

b May range from 0.1 to 0.4 pCi d_l.

The net fraction stored will be disregarded (see Appendix B). The amount ex-
creted in the urine is then 5.4 pCi/day in excess of normal environmental levels
of about 0.2 pCi/day, since endogenous excretion of 210Pb is assumed to be

divided equally between urine and feces (Table 1).

79



Discussion

The excretion rates of 2me estimated for the model in Table 3 could vary
appreciably, depending on the validity of the assumptions in Table 1. A reduc-
tion in the ratio of radon concentrations, body:air, to 1.0 L/kg would decrease
the available 210Pb from 10.9 to 5.9 pCi/day. On the other hand, older air, e.q.,
with a 2-hr residence time, would increase the 210Pb by 1 pCi/day over the value
for a 1-hr residence time.

As shown in Table 2, changes in the Rah:RaB:RaC ratios have little effect
on the concentrations of atoms of short-lived daughter products per WL, except
for very voung air. In some experiments in a large isolated room with a high
filtration rate, we have observed a value for F of about 0.1, a condition similar
to that in the last lines in Table 2.

The predicted excretion rates may be compared to those of an extensively
studied case, 50-026, wholives in a house with elevated levels of radon (3 to 30
pCi /L).g'10 The mean urinary excretion rate from two 24-hr samples from this
subject was 0.75 pCi 21OPblday (0.5 and 1.0), and the mean excess above normal
environmental levels was thus about 9. 55 pCi d-l, but with a possible range of
0.35 1o 0.65 pCi dnl. From the range of estimates of the model of 1.8 to 5.4
pCi d—1 excess excreted in the urine, the exposure appears to have been in the
range 0.06 to 0.36 WL. Because we have some data on conditions in the house,
we can be more specific.

Measurements at various times of the concentrations of both radon and its
short-lived daughters in the house suggested the low value of about 0.1 for F. 10
This indicates that the exposure was at the lower end of the range, i.e., 0.06
WL. This is higher than the values determined with an Environmental Working
Level Monitor (EWLM), 1 which ranged from 0.0078 to 0.024 WL (mean values
of three sets of measurements), 10 by a factor of two to eight.

At 94.5 kg, subject 50-026 weighed substantially more than the average
for her height (1.58 m), and the excess was adipose tissue. Radon is at least
an order of magnitude more soluble in fat thanr in water (i.e., aqueous tissues)
so the value of 2 L kg"1 for the concentration of radon in the body relative to

that in air may be too low. A valueof S L l\:g-1 might be entirely reascnable
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for this subject, and this would vield a calculated urinary excretion rate for
szb of 13 pCi d-1 WL_l in excess of normal. If this were the case, the
observed excess of 0.55 pCi du1 would correspond. to an exposure (with F =0.1)
of 0.042 WL, very close to the upper limit of the results obtained with the EWLM.
Howevel, the calculated exposure must be adjusted by the occupancy factor,
which the subject estimated to be 0.50. This has the effect of increasing the
calculated exposure by a factor of 2.0. Perhaps even the value of 5 L kg_1
suggested above is too low.

On the other hand, there was reasonable agreement between the production
rate of 210Pb in vivo and the observed excretion rate. It was estimated that the
subject maintained a total of about 18 nCi RaC waile in the house, of which
12.7 nCi were in the lung {unsupported) and 5.1 nCi were supported by radon
dissolved in body fats and fluids. 3 The production rate of 210Pb from 18 nCi
RaC is 1.56 pCi d_l, so up to 0.78 pCi could be excreted daily in the urine, but
reduced by the occupancy factor of 0.50. We then have a predicted urinary
excretion rate of 0.39 pCi d-l, essentially the value of 0.35 pCi d_1 noted above
for the lower end of the range of the excess 210Pb in the urine. It should be
noted that there is some uncertainty in the value for the equilibrium body content
of 18 nCi RaC. This is because some of the unsupported daughters may have
been distributed throughout the body as a legacy of radon associated with pools
that cleared rapidly via the exhaled breath after the subject left her house.

This RaC would have been detected with a lower efficiency (bv a factor of 1.6)
than RaC in the lung. If none of the unsupported RaC were in the lung, the
equilibrium content would have been (12.7 x 1.6} + 5.1 = 25.4 nCi, and the

predicted urinary excretion rate of 210Pb would be increased from 0.39 pCi d_1

to 0.55 pCi d ~, but this was clearly not the case. In any event, the uncertainty

in the body content is small and it does not have a major effect on the calculated
excretion rate of 210Pb.
It should be noted ihat the calculation above of the urinary excretion rate

of 210Pb was made with the implicit assumption that all the RaC in the body or

the 210Pb produced from it was available to the blood. In tiie model (Table 1)

only about 0.4 of the lung deposit was assumed to reach the blood. The
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reasonable agreement between calculated and observed urinary excretion rates
suggests that the factor of 0.4 is too low.

It must be remembered that the test of the predictions of the model is based
on very limited data (one subject, two 24-hr urine samples analyzed). Never-
theless, we believe that the model takes into account most (if not all) of the
factors involved in the use of szb as an indicator of exposure to radon and
its short-lived daughters. The agreement between model and data was not good,
even with the use of what appeared to be the correct value for F and an appro-
priate value for the concentration ratio, body:air, although the excretion rate
calculated from the results of body radioactivity measurement agreed with that
observed, this was not dependent on any assumption in, or predictions of, the
model. What the model does show is that 210Pb produced from the radon dis-
solved in body fats and fluids is the major contributor to the excretion rate,
regardless of the age of the air. It is also clear that one should use parameters
that apply in an individual case, when they are known, rather than average
values. More data are needed on the 210Pb excretion rate for both this and
other subjects, on the accuracy of the EWLM, and on the deposition and metabol-
ism of 1adon and its short-lived daughters inhaled inhouses or in other locations

where persons are exposed to elevated levels.

APPENDIX A: Calculation of Radon Daughter Concentrations in the Atmosphere
as a Function of Residence Time of the Particles

The radon daughter concentrations present in the atmosphere can be
derived from data on the radon concentrations and the residence times of the
nuclides in the atmosphere (which determine the value of F). Given these param-
eters, the radon concentrations as well as those of 210Pb may be calculated from
Working Level values.

In this derivation the system is assumed to be in a steady state, i.e., the

concentration of each nuclide, A,, is constant with time, and A, is greater than

1 1
or equal to that for its immediate successor, i.e.,

Ai+1 s J‘\1 . (Al)

Then,
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A

i+l
A, = A,
i+l )\i+1+)\(i+l)R i

(A2)

where Ai is the concentration (pCi L-l) of the precursor with the subscripts

222Rn, 218Po, 214

Rn, A, B, C, and D referring to the respective nuclides, Pb,

214Bi, and 210Pb, Ai is the respective decay constant, and A(1+1)R is the
removal constant or inverse mean residence time of the respective nuclide in
the air.

The latter value may be determined from the ratio of the measured con-

centrations Ai and Ai

+1°
The activities of the daughter products are then,
A
A -1
A, = —— A pCi L . (A3)
A }\A + AAR Rn
X AL A
B A'B -1
A .= ——A = A pCi L , {A3a)
B AB + )\BR A (}\A + ?\AR) (AB + XBR) Rn
)\ oA A
C A'B'C -1
A = ———— A = A pCIL .
C A *rr B Op ¥ Aagt0p # Agp) (A * Agg) Rn
{A3b)
and
A o *a*s*c*p Arn " A
D (AA + AAR)(AB + ABR)(AC + )‘CR)(AD + ADR)
The Working Level, W, is calculated from the concentrations of the various
nuclides

W=npE, +ngEp + nEps

EA AA EBC

+
*Ar p FAARI g * AgR!

= 2.22 ARn [ )\A

AyAn E
A"B "BC ) ' (A5)
CR

+
(AA + )\AR)(AB + ABR)()\C + )

where n, is the concentration of atoms of nuclide i, E A and E are the alpha

i BC

decay energies of the respective nuclides, namely EA = 13.68 MeV for 218Po(RaA)
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and E, = 7.68 MeV for 2151 (RaB) and 21%Bi(RaC).

Finally, by combining Egs. (4} and (5), one may calculate the amount of

210Pb present in the atmosphere from the known value of the Working Level,

0.450 }‘.A/\B AC)\D w

A = pCi/L , (A6)
D EAP+EBC Q
where
P= Qg +2gp) O + Acr) p *+ Apgl)

Q= Ao+ Agpl (A + App) ¥ ApAp A + App)

210

The value of the removal constant for Pb, A is not known, but with

DR’
little error it can probably be set equal to ACR' To simplify the calculations
further, we set ;\iR = AR, since all of the nuclides are formed from decay of

1
a solid radionuclide, probably attached to a particle, except for the 2 8Po formed
by decay of the radon gas. The latter decay product is formed unattached to

an aerosol and consequently it has a higher probability of reaching surfaces

214 214

than do Pb and Bi. However, because A does not appear in Eq. (6},

AR,
this is not significant in estimating the amcunt of Pb formed.

APPENDIX B: Retention and Excretion of szb during and after Chronic Exposure

Let the retention at any time t after a single intake of g units of 21OPb be

R, where
R{t} = qf(t) . (Bd)
Then the retention at the end of an exposure to q units day_1 for T days is
T
RT =q ff(r)d“r (B2)
0

and the retention at t days after the end of the exposure is

T T
Rq(t.T) =q f R(t' - T)dT=qf R(t+T-1dr, (B3)
0 0

where t' is the time from the beginning of the exposure and t =t' - T.
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The excretion rate at time t is then

dRq (+,T) g T
U S = - (B4)
T a3 /' R(t+T - ndr]| .
0
For the modified power function of Norris et al., 12
-b
+ e

Rm=q(‘f) , (B5)

integration gives the retention after continuous intake of g units day_l,
T b
3 b ~-b 3 1-b 1-b
Rq—qu(t+€) dt = g I-b [(T+€) - € ] . (B6)
0

and the excretion rate is

dR (t,T) _ -

—idt——=qs:b [(t+a)b—(t+T+€)b] (B7)

Similar arguments apply to a retention function expressed as a sum of n
exponential terms in which J\i is the decay constant of the i-th compartment.

Integration of the retention equation for a single intake of g units,

At

n )
R(t) = q EAie ! , (B8)
i=1

where E Ai= 1, gives the retention at the end of an exposure to q units day_
for T days:

n Ai -AiT
Rq(T) =q[2 Xi_ (1-e )] ,
i=1

and the elimination rate at t days after the end of the exposure is
dR (t,T)
|

AT oAt
___a.t__.=q[ZiAi(l-e ) e ]

(B9)

The problem reduces to one of identification of a retention function for
210

Pb in man which is reliable for long times. Models which are based on experi-

mental observations have been proposed for animals, 13-16 but the necessary data
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Table B1l. Predicted retentions of 210Pb after continuous exposures for 1000
and 3600 days, for various models.

Retention in units of the daily
intake after exposure for

Species Retention function 1000 days 3600 days
Man17 Sum of 5 exponentials 305 670
Dog]’4 Sum of 4 exponentials 228 500
Power function@ 219 540
13 a
Baboon Power functdon 135 340

aIt is assumed that ¢ = 2 {based on the data from Ref. 14), and that b = 0.3
for dogs14 and b = 0.4 for baboons. !3

Table B2. Predicted excretion rates of 210Pb after a continuous exposure for

3600 days.
Daily excretion rate f:ttéz of
Species Retention function relative to daily intake E_JE !
At end of 3 days after 3770
exposure end of exposure
[Eo(t=0)] [E3(1:=3)]
17
Man Sum of 5 exponentlals 0.84 0.72 0.86
Dog14 Sum of 4 exponentials 0. 85 0.80 0.84
Power function?® 0.89 0.65 0.73
Baboon13 Power function® 0.95 0.62 0.65

Means 0.91 +0.05 0.70 £ 0.08 0.77 £ 0.10

aIt is assumed that € = 2 (based on the data from Ref. 14), and that
b = 0.3 for dog514 and b = 0.4 for baboons. 13
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are not available for man. Bernard17 has proposed a multi-exponential model,
the predictions of which are compared to those obtained for animals in Tables

Bl and B2. In the first of these, the retentions at the end of chronic exposures
for 10J0 days and 3600 days are shown, in units of the daily intake. The choice
of these times was dictated (a)} by the time that subject 50-026 had lived in her
present house (v 10300 days at the time the urine samples were collected), and
{(b) by the exposure periods (average 9 years, range 5 to 14 vears) of a group
of subjects to whom the model is applied, as described in the next report. In
their case, urine collections were made 3 days after the end of the exposure,
and in Table B2, the excretion rates at the end of a 3600-day exposure and 3

days later are presented for the various models.
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EXCRETION OF 21%p aND %1% BY WORKERS IN AN AREA WITH HIGH LEVELS

OF ATMOSPHERIC RADON, AND ESTIMATES OF EXPOSURE TO SHORT-LIVED
RADON DAUGHTERS

R. B. Holtzman, P. W. Urnezis, and J. kundo

97 The urinary excretion rates of 210Pb were used to estimate the exposure to
“““Rn and its short-lived daughter-products for 12 persons who worked at an
industrial site formerly used for the processing of uranium ores. The geometric
mean excretion rates of 210Pb and 210po of 0.86 and 1.93 pCi/day were signif-
icantly above normal environmental levels; the geometric standard deviations
(og) were 2.0 and 5.7, respectively. The mean value of the "available" 210pp,
(that in the soft tissue) was estimated from the excretion rates of 210Po to be
about 2.6 nCi. The geometric mean lung exposure derived from the 210pp,
excretion rates was estimated at 0.41 WL based on a conversion factor of 1.49
pCi clay'1 WL-1. This mean did not agree with the mean value of 0.14 WL that
had been estimated from radon decay products in the atmosphere of the building.

Introduction

A survey of an industrial park in Canonsburg, PA, at whichk uranium ores
had been processed and residues dumped, showed high levels of radon in the
air in some buildings (up to 200 pCi/L), and the presence of high levels of
uranium and 226Ra in the dust and buildings.l Consequently, a group of people
who worked at the site were measured at Argonne for possible internal contam-
ination. Measurements of their body radiocactivity in a low-background counting
facility did not show levels in excess of those found in the general population. 2
Urine specimens were collected for bioassay for possible contaminants from the

uranium decay series, uranium, 226Ra, 21OPI:), and 210P

analyses for 210Pb and 210Po are discussed here.

o. The results of the

Experimental Methods

Urine specimens were obtained from the subjects when they came to Argonne
for the studies starting on a Monday morning. Each subject was asked to col-
iect all urine over a known period of time (approximately 1 day) in clean plastic
bottles supplied by us. The urine samples were then wet ashed in hydrogen
peroxide and perchloric acid, and the samples were aliquoted for the various

analyses.
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The 226Ra was determined by the de-emanation method of Lucas. 3 The

210!”b and 210Po were determined by removal of the 2101:’0 from the solution by

the spoataneous deposition of 210Po. the decay product of szb, onto a silver

disk which was then alpha counted. 3.4 This plating process was repeated after

about 3 months, and the activities of both the 210Pb and 21C'Po were determined
from the counting data and application of the Bateman equations for radioactive

growth and decay.

Results
Data on the subjects are presented in Table 1, including their age at the
time of measurement, the numbers of the buildings in which they worked, and
the approximate length of time they had worked in the building. The radon con-
centrations and Working Levels (WL)* measured in 1977 in buildings in which the
subjects worked are presented in Table 2.1 It should be noted that the values
reported for the WL were not independent measurements made simultaneously
with those of the radon concentrations, but were derived from the latter by
application of an average value of about 0.4 for the equilibrium factor. This
is a source of uncertainty in determining the exposure to individuals in our study.
The results of the analyses of the urine from 12 subjects (10 males, 2 females)
are presented {in columns 2 and 3 of Table 3, and they are plotted by case number

226

in Figure 1, which includes the results for Ra for comparison. It is seen that

there is little correlation between the values for the three nuclides. The excep-

tionally high value for szb for case 30-170 was confirmed on re-analysis. The

geometric mean excretion rates of szb and 2101’0 were about four and seven
times normal, respectively, and the geometric standard deviation for the latter
was much higher than that for the former, as expected from the very large
range of values.

Five subjects (30-159, -163, -167, -170, and -17]1) gave values for the

urinary excretion rate of 226Ra that were more than five times normal

‘ *"Working Level® is defined as any combination of concentrations of radon
dayughters (218po, 2"31. and 214ppb) in one liter of air that results in 1.3 x
10° MeV of potential alpha energy.



Table 1. Data on the subjects.

Subject,a Age at Building Time Comment
CHR case number time of number worked
measurement, in building,
yr yr
30-159 43 18 5
160 37 10 and 18 land 6
161 46 10, 9 12
162 F 45 16, 9 12
163 32 10A 7 Exposed to dust.
164 65 10A 7
165 39 7 7
166 10 15 9 10 days since last
exposure, spends
much time in a
concrete pit.
167 F 46 3 9
170 32 10A 7 Works in various
places .
171 68 10 12 One month since
last exposure.
172 54 16 14

aMales. except as noted by F.

(0.2 pCt d” ).

dust, which might also have contained significant amounts of zlon and 21 P

This suggested the possibility of contamination from inhaled

0
o,

in addition to that produced from ra“iocactive decay from the zzGRa content.
Many of the subjects commented that their working environments were quite

dusty.
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Table 2. pverage daytime concentrations of radon and its short-lived
daughter produets in buildings at the Canonsburg site,

IO'i

--------

-J, \..--._. e nedpnrraeanncsees -

~—tw—f————*¢—~——————¥

ke

AP

Iﬂ lﬁ IN l“ l‘

March 14-April 1, 1977.2
Building Concentration of Working
number 22pn, pci L] Levels
3 106 0.43
7 34 0.14
9 51 .21
10 38 0.15
15 15 0.06
16 38 0.16
b b
18 31 (2.6) 0.12 (0.017)
19 19 0.08
a From Ref. 1.
b In office.
103
FIG. l.--Urinary
excretion rates of
10} Canonsburg cases
{ plotted against
case number. x

*
210py. 0, zmpo;
A, 226g4. The hori-
zontal lines repre-
sent the normal
urinary excretion
rates for the re-
spective nuclides.



Table 3. Excretion rates and estimated axposure,

Subject, ° Estimated Daytime
CHR case 210 fb, 210 Po, exposure, P levels, ©
number pCi d -1 pCt d -1 WL WL
30-159d 0.89 £ 0.17 0.38 + 0.09 0.4%6 0.1
160 0.73 £ 0.08 3.17 £ 0.17 0.36 0.12
161 0.47 £ 0.11 0.79 £ 0.14 0.18 0.15
162 (F) 0.49 £ 0.17 0.85+0.19 0.19 0.16
163d 1.95 + 0.30 2.73 £+ 0.36 1.17 0.15
164 0.49 + 0.13 2.09 + 0.30 0.19 0.15
165 0.61 * (.22 6.67 + 0.29 0.28 0.14
166 1.09 + 0.22 11.59 + 0.62 0.60 0.06
167 (F)d 0.68 + 0.10 0.094 + 0.098 0.32 0.43
170d 5.0 £ 0.5 1.20 + 0.46 3.22 0.15
171d 1.00 £ 0.15 0.54 £ 0.15 0.54 0.15
172 0.52 +£0.19 2.08 +0.24 0.21 0.16
Geometric Mean 0.86 1.37 0.41 0.14
Gg 2.0 3.7 2.4 1.6

Normal excretion
rates (range): 0.2(0.1-0.4) 0.2(0.1-0.95)

a Males, except as denoted by F.

b Calculated with the assumptions that an exposure of 1 WL (equilibrium factor
0.4) will prodiuce sufficient 210py, ¢o cause an excretion rate of 1.49 pCi day-l
3 days after the end of chronic exposure for 10 years, and that the normal
excretion rate of 210pb 1 0.2 pC1 d-1,

© Average daytime levels in buflding taken from Table 2.

d Subjects showing high urinary excretion rates of 226!!&.



Discussion

It has been shown that the mean excretion rates of 210Pb and 210Po from
natural sources are similar at about 0.2 pCi d-l and exhibit similar ranges. >
Under such conditions, the principal site of deposition of the 210Pb is bone and
the rate-controlling factor for excretion of both nuclides is the loss from bone.
By contrast, exposure of the subjects in the present study was relatively short-
term and the deposition in bone may supply a much smaller fraction of the total
excreted. While the 210l"b may be moderately tightly bound in its soft tissue
pools (with a biclogical half-life of the order of 1 year)e the plutonium may be
much less so, and thus more readily available for excretion. If we assume that
the higher excretion rates of the pclonium are not due to much greater intakes

of this nuclide, we may estimate the amount of 210Pb in the soft tissue pools.

Thus, 200 pCi 210Pb produce 1 pCi of 2mPoIciay by radloactive decay. With

a ratio of endogenous fecal-to-urinary excretion rates of 210Po of 10,7'8 a net
urinary rate of 1.2 pCi d_l (1.4 pCi da ! observed, less 0.2 pCi d-1 environ-

mental, Table 3) represents about 2.6 nCi 210Pb that is "available" to produce

the readily eliminated 210?0. It does not necessarily represent the total 210Pb.
We may use the excretion rates of 21OPb (in excess of the normal level of
0.2 pCi d-l) to calculate the exposure to short-lived radon daughters using the
model developed in the previous report. ? We use the conversion factor of 1.94
pCi d-1 WL"1 appropriate to the average equilibrium factor of 0.4 reportedl for
the buildings in the Canon Industrial Park, and modify it by a factor of 0.77 to
allow for the decrease in the excretion rate in the 2 or 3 days between the end of
the exposure and the collection of urine (as discussed in Appendix B of Ref. 8).
This results in a value of 1.49 pCi d-1 WL-I; the normal level vf 0.2 pCi d-1
was subtracted from each value in column 2 of Table 3 and the result was divided
by 1.49 to give the estimated WL in co.umn 4 of Table 3. In column $ the
appropriate WL reported in Ref. 1 and shown in Table 2 is given for each subject.
The geometric mean of the values estimated from the model is three times that
for the values in column 5, but it should be noted that the ratio of the estimate
from the model to the value for the appropriate bullding is less than the geometric

standard deviation for each of six (i.e., half) of the subjects and that only one



of these (30-167) showed a high excretion rate of 226Ra. Furthermore, the

geometric mean for the seven subjects who did not show high levels of 226Ra in
the urine, was 0.27 WL (with a geometric standard deviation of 1.5), little dif-
ferent from the arithmetic mean of 0.30 (standard deviation *0.16). If we
accept that the larger differences in the subjects who showed high excretion
rates of 226Ra were indeed due to their having inhaled contaminated dust, we
are left with only two subjects (30-1690 and 3(C-166) where the discrepancy
between estimated and "observed" WL is unreasonably high. The difference
(a factor of 10) for subject 30-166 ( a mechanic) migh* well be explained by his
having spent much time in a concrete pit where the concentration of radon would
be expected to be higher than in the building proper. No such explanation is
apparent for subject 30-160.

The extent of the agreement between the values in columns 4 and 5 of
Table 3 leaves little room for complacency, because we have not taken into ac-
count the fact that the subjects were cnly exposed to high levels of radon and
daughters during the working day of about 8 hr, fcr 5 days a week. Thus,
the "occupancy factor" was only about 0.25, and the estimates in column 4 should
probably be multiplied by four, eliminating any agreement between the pairs of
values in columns 4 and 5.

Two possible reasons for this suggest themselves. First, the model may
be in error, and possible ranges of the conversion factor deduced from the model
are discussed in Ref. 9, Second, the value of 0.2 pCi d_1 for the normal
excretion rate of 210F‘b may not apply to the individuals of this study. Exam-
ination of the values in column 2 of Table 3 shows that five of them do not differ
significantly from the upper limit (0.4 pCi d_l) of the normal range. If that value
is used for the seven subjects who did not show high 226Ra excretion rates, the
geometric mean of the estimated exposures is 0.12 WL (0g 2.3) but application of
the "occupancy factor" again results in no agreement with the mean "observed"
value for the WL.

It is clear that the model has not yet been sufficiently refined to give
accurate results for the exposure, but it is also clear that subjects who have

been exposed to high levels of radon and its short-lived daughter products do
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excrete significant amounts of 210F‘b. The problem of interpretation of those

amounts must await further developments of the model.
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AN IMPROVED ANALYTICAL PROCEDURE FOR THE DETERMINATION OF 210l”b

AND ¢10ps USING ALPHA-SPECTROMETRIC ISOTOPE DILUTION

P. W, Urnezis and R, B. Holtzman

An isotope dilution method has been incorporated into the 210Pb-zmpo

analysis. A known amount of 209p¢ is added to the sample before analysis.
Then toth 2090 and 210p; are deposited on a silver planchet which is assayed
in an alpha spectrometer to determine the activities of each isoctope. The re-
coveries generally range from 70% to 90%.

Introduction

Several methods are available for the determination of 210Pb.1 The 47 keV
gamma ray can be measured directly. This & ; for measurements in vivo,
but this method is practical only when sufficient amounts of 210Pb are present,
since the gamma ray occurs in only about 5% of the disintegrations. For low-

level activity, other methods are necessary.

The activity of 210Pb can be determined by measurements of its daughters,

210Bl or 210?0. Because of the short half-life of 210l?.i (5 days) radioactive

equilibrium {s rapidly established between it and 210Pb. so that only a single

analysis of 21081 {s necessary to determine the amount «f 2lon. If 210]’0 is

used to determine the activity of Zme. two analyses are required, but the

resulting data may then be used to determine the amount initially present of

both 210Pb and szo. Since 210l:’o {s an alpha emitter, it can be measured with
alpha-particle counters which have significantly lower backgrounds than do the
beta-particle counters used to measure 21081. If the activities of zmi‘b are low
and time is not critical, the indirect methou of measuring 2mPo is the method of
choice. We have improved our routine methodz'3 by modifying it to use alpha-

spectrometric isotope dilution.

Experimental Methods

The sample is ashed at a low temperature to destroy any organic matter
present while at the same time preventing volatilization of polonium and lead.

The methods used depend on the type of sample, as previously described. 2.3
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All samples, whether bone, metabolic (e.g., food and eXxcreta), or soft tissue
samples, may be ashed by repeated additions of nitric acid while being heated.
Alternatively, metabolic and soft tissue samples may be ashed with hydrogen
peroxide acidified with nitric acid while being heated. Soft tissue may also be
oxidized in a low temperature asher that uses an oxygen plasma. After ashing
is complete, or nearly so, the sample is fumed with perchloric acid to complete
the oxidation and to remove residual nitric acld or hydrogen peroxide, since
both of these attack siiver and would disrupt the analysis.

The sample holder (see Fig. 1) is assembled with a silver planchet in the Teflon
insert and the sample is poured in, after the pH has been adjusted to 0.3. The
ZogPo spike is added, the sample holder is placed in the heating mantle, and the
stirrer is lowered into place. A watch glass with a slot for the stirrer covers
the sample to reduce the evaporation rate. The sample is heated to 95°C and
stirred for 6 hr. The stirrers are then raised and the sample holder is removed
from the heating block. The sample is saved for a repeat analysis several
months later. The silver planchet is rinsed with distilled water and 1.0 MHCI,
anddried, and the activity on it is assayed in @ alpha spectrometer to determine
the contributions of 209?0 and 210?0. The procedure is described in detail in
Appendix A and the calculation in Appendix B.

The heating mantle is a cylindrical aluminum block into which 4 stainless
steel tubes are inserted. These tubes are 6.4 cm i.d. by 15 cm deep and contain
water. The stirrer assembly is supported above the mantle by a vertical rod
anchored to the center of the heating block. The solutions are stirred by four
Nalge polyethylene propeller-type stirring rods inked to a variable speed motor
by a slip-proof belt.

The activity of the 2c'gPo standard solution was determined by stippling a
small known amount onto a silver planchet which was gently heated from below
with a hot plate and from above with a heat lamp. The planchet was then counted
in an internal gas proportional counter of known counting efficiency and then
in an alpha spectrometer. The proportional cnunter was used to determine the
activity and the alpha spectrometer to check the purity. Another aliquot of the

209l’o solution was diluted to 200 mL with distilled water, and the pH was adjusted
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FIG. 1.--Sample container for plating polonium onto one side of a 3/4-in
(19.0 mm) disk).



to 0.3. This was then deposited on a 38. 1-mm diameter (1l}-in) silver planchet
during a 210Pb-szo analysis. Use of this size planchet assured a minimum
recovery of 98%. The planchet was also then counted in the proporticnal counter
to check the stippling procedure. The detectors are Princeton Gamma-Tech

solid state silicon barrier detectors with 400-mm2 active surface area connected

to standard charge-coupled pre-amplifiers, amplifiers and bias su~plies (Kicksort,
Vern Roberts Associates, Albuquerque, New Mexico). The amplifiers provide

the input signals to an Elscint Promeda multichannel analyzer that handles 16
detectors with 256 channels for each. The detector holders are based on the

design of Larsen and Selman,4 but modified to accept planchets of up to 38.1 mm

diameter.

Discussion
The choice of the polonium isntope for use in this procedure was between

208Po and 209P

0. The other isotopes of polonium had half-lives too short to make

their use feasible. 209Po was chosen for several reasons. Its half-life it 102 yr

while that of 208Po is 2.93 yr so that a solution of 209Po can be used for an ex-

tended period of time without appreciable decay corrections which would have

to be made with 208?0. The energies of the alpha particles are 4. 88 MeV for

209Po, 5.11 MeV for 208Po, and 5. 31 MeV for 210P

the energies of the alpha particles between 209Po and 210Po than between 208P0

and 210F‘o makes it easier to resolve the two resulting peaks in an alpha spectrum.

Finally, the 209Po is readily available with good purity. (The 210Po content

was < 0.1% that of the 209Po.)

o. The greater difference in

As a result of the decision to include isotopic dilution in the analysis,
alterations to the previously established procedure were necessary. 2 The first
changes were the addition of a known amount of 209Po and the use of the alpha
spectrometer to assay the sample. This altered procedure worked, but the
counting efficiency was low (16%) because the diameter of the planchet (38 mm)
was considerably greater than that of the active surface of the detector (22.6
mm). Consequently, the planchet size was reduced to 19 mm diameter, thereby

increasing the counting efficiency to 30%.
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However, reducing the surface area of the planchet resulted in a marked
slowing of the rate of deposition. This effect could not be compensated for by
an increased deposition time which was already 6 hr., Investigations showed that
more efficient mixing of the sample was needed. The old stirrers were glass rods
with their ends flattened. These were easily produced and inexpensive, but
they did not mix the sample well. Several different stirrers were evaluated to
determine a replacement for the glass rod. A polyethylene propeller-type
stirrer was chosen for its good mixing abilities and its mechanical durability.

The effects of the two different stirrers and the two planchet sizes on the
rates of deposition are shown in Figure 2. A comparison of the two stirring
systems shows a large increase in the rate of deposition for the polyethylene
stirrers with the larger planchet. The time required to obtain 95% recovery for
the glass stirrer was twice that required for the polyethylene stirrer. The
reduction in surface area of the planchet drastically reduced the rate of deposition,
but this was partially offset by the improved mixing efficiency of the propeller
stirrer which resulted in good recovery in the 6 hr available. Nevertheless, for
about a 90% recovery, the small planchet needed about four times the time re-
quired for the large planchet (the ratic of the surface areas of the planchet).

Finally, an overall comparison between the old and the new systems may be
summarized as follows. The recovery for the new system is from 70% to 90%
while the recovery for the old system was 90% to 98%. The old system used a pro-

portional counter with a counting efficienty of 50%, whereas the solid state

1.0 T
.... -
. 0-8F 1 FIG. 2.~-Yield of 2101’0 versus
E ] plating time. The squares rep-
= 0.8 1 resent the glass stirrer and the
% 38 mm planchet. The triangles rep-
2ot 1 resent the polyethylene stirrers
5 1 and the 38 rm planchet. The circles
* o0.2b . represent the polyethylene stirrer
and the 19 mm planchet (the new
Mmoo wo s System).

Plating time, min
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detector of the new system has about a 30% counting efficiency. The decreased
efficiency is more than compensated for by the reduction in background counting
rate, which is one-fourth to one-fifth that of the proportional counters. While
the background counting rate for the new system (0,001—0.004 cpm) is substan-
tially lower than that of the old one (0.020 cpm), the sensitivity of the new
system, based on the criterion of SZIB ((signal)zlbackground), is essentially
identical to that of the old one because of the reduced counting geometry (30%)
and reduced yields (to about BO%).* However, the new system has the substantial

advantage that the overall yield may be determined reliably.
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APPENDIX A: Analytical Procedures

1, Adjust the volume of the sample to about 150 mL and the pH to 0.3
(0.5 N) by adding concentrated HCI dropwise.

2. Pilace a small quantity of Aplezon H grease1L on the inside lip of the
Teflon insert. Place the silver disk (19-mm dia x 0.13-mm thick, i.e., 3/4-in
dia x 0.005-in)} in the Teflon insert. Put the rubber plug behind the silver
disk. Make sure that the silver disk is resting against the inside lip of the
insert and the grease forms a complete seal around the disk.

3. Place the Teflon insert inside the cap of the sample holder and screw
the cap tightly onto the sample holder {250 mL linear polyethylene bottle with
the bottcm cut out). Check the seal by adding 50 mL of water to the bottle and

allow to stand about 15 min. If the seal is poor, water will be seen in the cap.

*If S - (ratic of counting geometries) + (ratio of ylelds}+ S = (0,3/0.5) -
new old

(0.80/0.96) - S ,, =0.50 S0 ., and 0.2 Bold

B
2 old 2 1d 2new

- . . ’ 25 i nt-
(S IBnew”(Sold lBold) (0.50) 5 =1.25, only a 25% improveme

new

. then

+This grease maintains its viscosity at high temperatures and is easily removed
from the disk by petroleum ether.
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If this happens, check for the presence of foreign matter between the Teflon
insert and sample holder and to see that the silver disk {s seated next to the lip
on the insert.

4, After obtaining a good seal, wrap the edge of the cap and the neck of
the bottle with 0,75-in wide vinyl electrical tape to prevent the heating water
from entering the cap.

5. Pour the sample into the holder and add 200 to 300 mg of ascorbic acid.
This is to reduce Pe+3 to Fe+2 ions in solution and prevent interference with the
plating of Po onto the silver.

6. Add a known amount of 209Po to sample.

7. Place the sample holder in a wate; bath at about 95°C, cover with a
watch glass with a slot or hole for the shaft of the stirrer.

8. Stir as rapidly as possible for about 6 hr at a rate just below that at
which the solution splashes out of the container or the vortex rises above the
walls of the container.

9. Add water as necessary every few hours to maintain a constant volume
in the bottle.

10. After completion of the plating, remove the watch glass and stirrer,
wash the convex surface of the watch glass with water, and collect the wash
water in the sample. Rinse the stirrer and collect the washings in the sample.

11. Pour the sample into a storage bottle and save it. Rinse sample holder
several times with a few mL of 1 M HC] and add the rinse to the sample.

12, Remove the tape from the sample holder and remove silver disk. Record
time of removal. Rinse the disk with a few drops of 1 M HCl (from a dropping
bottle) and dry it on a watch glass heated by the water bath. Remove the grease
on the planchet by swirling it in a beaker filled with petroleum ether and rinse
the planchet with water,

13. Count the silver disk in an alpha spectrometer. This laboratory uses
an Elscint Promeda multichannel analyzer with Kicksort preamplifiers and ampli-
fiers and Princeton Gamma-Tech detectors. The alpha counting efficiency is about
30%, and the background counting rate is about 0.0005 to 0.003 cpm in the

reglons of interest. The disk is usually counted for abcut 24 hr. Print out the
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spectra and time channel. Type in the start time, silver disk number, and the
counter number.

14. Store the sample for about four months {one half-life of the 210Po) to
allow 210?0 to grow in from the 210Pb. The exact storage time is not important,
as long as it is known to * 1 day.

15. Repeat steps 1 to 13 for the second plating. The sample may be dark
and contain a black or gray precipitate of organic material from the original

ascorbic acid. This does not appear to affect the efficiency of t'.e second plating.

APPENDIX B: Calculation of Resulis

The results of the two depositions are used to calculate the activities of
1
both the 21OPb and 2 0Po from the Bateman equations for radioactive decay and
growth.2

*
The eqguation for the 210]’-’b activity at the time of collection is:
- ,_(t,)‘tl)

- y - Yie =~ ° PO .
Al _ j’&2(2) Az(lr(l Je . _7\2 1 . 1tl
- - Y -
0 "1“2 tl) 2(t2 tl) ‘Y
e -¢
and similarly for the 210Po:
A -1t =i t ALt
0 _ _ 2 0 11 271 2'1
AZ_ Az(l) PO Al (e e ) e .
2 1
where

21
Az(l) is the activity of the OPo from the first separation,

A2(2) is the activity of the 210?0 from the second separation,

A, is the decay constant ¢* the 210Pb.

! 210
)\2 is the decay constant of the Po

*
The equations shown du not account for the presence of 21081’, the 210Pb

dau%hter product, which introduces an error of about 1% in the calculations
for ¢10pp, For completeness the computer program does account for the
presence of 210pj, However, because of its short half-life (5.0 days) and be-
cause the minimum time between collection and analysis is several weeks, the
initial amounts of 210Bi are not determined. An initial activity of 210Bj equal
to that of the 210Pg increases the 210Po activity by 3.68.
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t1 is the time between collection and first separation,

t2 - 1:l is the time between first and second separation, and

Y is the recovery as determined either from the 209?0 values or from other

experiments.

Az(l) and A2(2) are corrected for the recovery (Y} and the detector
efficiencies.
This calculation is usually done by a computer program (POLOSP) from raw
counting data, dates, times, and counts. The activities AO and AO are calculated

1 2
along with estimates of errors based on counting statistics.
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URANIUM CONCENTRATIONS IN HUMAN BONE*

Robert A. Schlenker and Billie G. QOltman

The natural uranium content in the bone of one person has been determined
by a new method. It is hoped these data will shed light on the larue discrepancy
between the recent and the earlier data reported by Welford and his collabora-

tors, a discrepancy they attribute (see Ref. 1) to methodological errors in
the earlier work.

The results, obtained by quantitative analysis of fission track autoradio-
graphs of bone from a person injected with 239Pu {case HP4 in Ref. 3, also known

as case 40-010 in our records) are given in Table 1.

Table 1. Uranium Concentrations in the Bone Volume of Case 40-010

Location 235U. Dg/ga

Long-bone midshaftsb 21 { 8 - 31)
Proximal femur metaphysisb 102 (35 - 180)
Pelvis® 246 (68 - 576)
Vertebrae 104 (83 - 147)

aThese units are picogram 235U fgram fresh wet bone. The range of observed
concentrations is given in parentheses following the average value.

bRighfc side of skeleton.

Welford and Balrd2 reported an avcrage natural uranium concentration of

20,000 pg/g bone ash, and Hamilton‘l found 24,000 pg/g bone ash. These are

235

equivalent to 81 and 97 pg U/q fresh wet bone (assuming 0.56 g ash/g fresh

wet bone). Our data, collected using much less bone and excluding possible

*

Extended abstract of a paper presented at the Workshop on Measurement and
Interpretation of Actinide Accumulation by Man, Snowbird, Utah, October 14-
18, 1979.
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bone surface deposition of uranium, range on both sides of these values and are
consistent with them, considering the smallness of our sample size. However,
they are not consistent with the values, about an order of magnitude lower,

reported more recently.1
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*
PLUTONIUM MICRODISTRIBUTION IN HUMAN BONE

Robert A. Schlenker and Billie G. Oltman

The amount and location of plutonium in bone from three humans injected
during the mid-1940's have been studied by autoradiography and alpha-particle
spectrometry. Concentrations are similar on endosteal surfaces, Haversian
canal surfaces, and on the periosteal surfaces at the midshafts of long bones
17 months after injection. Endosteal surface concentrations are higher in the
axial skeleton than in the appendicular skeleton 15 and 17 months post injection.
For dosimetric purposes, volume deposits may be considered to be "in{initely
thick," whereas surface deposits may be considered to have zero thickness.
Secondary surface deposits are dosimetrically important, even when the plu-

tonium is almost completely deposited in bone volume.

*Abstract of a paper presented at the Workshop on Measurements and Interpreta-
tion of Actinide Accumulation by Man, Snowbhird, Utah, October 15-17, 1979,
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MEASUREMENTS OF RADIOACTIVITY IN FORMER MILITARY PERSONNEL
EXPOSED TO WEAPON DEBRIS

R. E. Toohey, J. Rundo, M. A, Essling, J. Y. Sha, R. D. Oldham,
7. Sedlet,* and J. J. Robinson?

Sixteen former military personnel who were present at the "Smoky" atmo-
spheric nuclear weapons test have been investigated for internal deposits of
radioactivity. Whole-body and thorax y-ray measurements, thorax and
skeletal actinide measurements, and urinalyses for 23%y and %0sr were per-
formed. No evidence of radioactivity in excess of that found in the general
population was observed.

Introduction

During the 1950's, an estimated 250,000 military personne! were present
during nuclear weapons tests at the Nevada Test Site, either as permanent
party support troops, or as participants in maneuvers designed to determine
their ability to accomplish assigned missions on a nuclear battlefield. On 31
August 1957, a 44-kiloton device code-named "Smoky" was exploded. Eight
cases of leukemia have been reported in 1900 of the 3200 troops present at that
test. Film badge readings were available for seven of the eight cases, and
ranged from 0 tr. 2,997 mrem with a mean of 1,178 mrem. The mean 1957 cumu-
lative dose for the entire 3200-man cohort was 493. 4 mrem.1

Because the filmbadges recorded only the external gamma dose, the
Center for Human Radiobiology was asked to determine the levels of internal
radioactivity in a group of men present at the "Smoky" test. Nineteen men were
selected by the Center for Disease Control on the basis of high filn-badge read-
ings and/or their opportunity for inhalation or ingestion of weapon debris.
None of them exhibited any clinical signs of malignancy or other radiation-induced
pathology. The nincteen were assigned CHR case numbers 30-140 to 30-158.
Sixteen of them visited ANL in 1979 for body radioactivity measurements; three

chose not to participate.

*
Occupational Health and Safety Division.
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The men were briefly interviewed during their visits, and several reported
being present at up to three tests. Their locations at the uiune of detonation
ranged from a trench at 2.5 km from ground zero to a hillside 16 km away.
After the tests, some were trucked or marched to within an estimated 200 m of
ground zero where they were timed on their performance of routine tasks such
as weapon cleaning., One man reported that protective masks were worn, while
another reported that they were not. One man was a wireman whose job was to
re-install telephone lines that were destroyed by each test, and he reported
that packed lunches were eaten frequently while in the vicinity of ground zero.
All the men reported that the test site was an extremely dusty environment.
Thus it appears that the potential for internal deposition of radioactivity did

exist.

Measurement Techniques

The whole-body contents of y-ray emitters were measured with large
Nal (T1) detectors in both the reclining chair and flat bed geometries. This
latter geometry maximized the efficiency of detection of y-ray emitters in the
thorax. The detectors were calibrated for 40]( and 13705 by counting water-
filled phantoms made of plastic bottles arranged to simulate the shape of a human
body and containing known amounts of these radionuclides. Different arrange-
ments of bottles were used to calibrate for different body sizes. The y-ray
spectra from the subjects were analyzed by a computer method of least squares.

Measurements of actinide (239Pu and 2‘"Am) content were made with a
180-mm diameter xenon-filled proportional counter. A mean subject background
was subtracted from the counting rate observed over the chest in the energy
range 16 to 24 keV; the remainder was assumed to Le due to pure 239?u. since
no evidence of the 60-keV line from 241Am was observed. It must be noted,
however, that this method overestimates the plutonium alpha activity, since
2“"ml'-‘u. 240Pu, and 2‘lzPu all emit more x rays per alpha than does 23E'Pu. The
counting rate was converted to a lung content by applying a calibration factor
obtained from a realistic thorax phantom containing lungs loaded with a known

amount of 239Pu and having a variable chest wall thickness. 2 The appropriate
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phantom calibration factor was determined for each subject by measuring the
subject's average chest wall thickness with an ultrasonic probe. The skeletal
contents of 239Pu were determined from the measurements over the skulls. (The
skull has been shown to be a representative bone for ine determination of skeletal
burders of bone-surface seeking radionuclides in humans.)3'4 A mean background
was determined by counting over the skulls of several controls. The net count-
ing rate from each subject was converted to skeletal 2391"u by applving a cali-
bration factor of 23 + 1 nCi 239l”u per cpm.5 This factor was derived from mea-
surements made over the skull of a case from a different group of sul:ojects6
whose skeletal burdens of plutontum were determined radiochemically. 3 Note
that because the thickness of soft tissue over the skull does not vary appreciably,
the calibration factor is constant despite the range of body sizes.4

While they were at ANL, the subjects in this study supplied 24-hr urine
specimens. Aliquots were analyzed for 239Pu by isotopic dilution alpha spectro-
metry, and for 9OSr by chemical separation and beta-counting. Estimates of
an upper limit for the body content of 239!’1.1 were made (a) with the aid of
Langham's power function equation.7 which yields a value for the intlal systemic
content, and (b} with the application of the retention function proposed by a
Task Group of the ICRP. 8 The second me:hod required an assumption about the
amount excreted in feces. We multiplied the urinary excretion rate by 1.47 to
derive a value for the total excretion rate.9 It should be mentioned that it is
known that use of the Langham equation results in an over-estimate of the initial
systemic content of plutonium when it is applied at late times afer intake. 9

The possible body contents of 908:‘ were calculated in the following manner.
The urinary excretion rates of 908:" were multiplied by 1.3 to allow for fecal
excretion, and the total excretion rates were converted to current body contents
with the aid of the retention equation suggested by a Task Group of the ICRP. 10

The 90Sr levels of control subjects were determined in like manner.
Rosults

The results are presented in tabular form. Table 1 gives biometric data on

the subjects, and Table 2 presents the results of the anlyses of the gamma-ray
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Table 1. Biometric data on the 16 subjects.

CHR Chest wall
case No. Date of birth Height , Weight, thickness, mm
m kg

30-140 Feb. 22, 1931 1.78 108 29
~-141 Mar., 20, 1935 1.78 68.6 33
-143 Jan. 31, 1936 1.66 64.8 13
~145 Jul. 14, 1937 1.64 62.2 17
-146 Sep. 24, 1938 1.75 79.2 20
-147 Dec. 1, 1930 1.71 58.8 15
-148 Apr, 22, 1926 1.70 B3.5 28
-149 Aug. 24, 1936 1.75 75.4 36
-150 Feb. 14, 1938 1.83 93.5 3o
-151 Nov. 21, 1930 1.85 76.2 20
-153 May 30, 1939 1.85 79.9 28
-154 Mar. 2, 1923 1.75 83.9 33
-155 Feb. 11, 1933 1.73 66.0 13
-156 Apr. 11, 1927 1.85 81.3 29
-157 Jul. 29, 1919 1.83 76.7 35
-158 Aug. 23, 1936 1.80 101 30

spectra, which were made with the assumptjon that the whole of the response
was attributable to naturally occurring 40!( and fallout 137'Cs. Below the indi-
vidual entries are shown the mean potassium content (as % of body mass) and the
13703 /g K}, with their standard deviations

and variance ratios {i.e., ratio of observed to predicted variances). The standard

mean cesium to potassium ratio {pCi

deviations are given rather than the standard errors of the means because the
former are more indicative of the spread of the individual values. The fact that
the variance ratios are greater than unity is indicative of biological variation in

the potassium and 13703 contents, and is to be expected. This biological
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Table 2. Potassium and }*’Cs contents.
137
Case No. Potassium Cs
g % body wt nCi pCi/g K
30-140 185 + 4 0.171 + 0,004 2.1 +0.3 11.1+1.5
-141 158 + 4 0.231 £ 0,006 1.8+0.2 11.6 + 1.6
-143 133 + 4 0.206 *+ 0.006 0.8*0.2 6.2+ 1.6
-145 123 ¢+ 4 0.197 * 0.006 0.8 +0.2 6.4+1.8
-146 151 + 3 0.191 * 0,005 0.7 0,2 4.5+1.3
-147 112 + 4 0.191 + 0.006 not significant
-148 124 + 3 0,149 + 0,004 1.4 + 0.2 10,9+ 1.9
-149 185 + 4 0.245 + 0.006 1.9 £ 0.3 10.2 1.4
-150 175+ 3 0.188 * 0.004 1.7 £ 0.2 9.6+ 1.3
-151 144 + 3 0.189 + 0,005 0.9+0.,2 6.1 +1.4
-153 194 £ 4 0,242 *+ 0.005 1.9+ 0.3 9.9+ 1.3
-154 144 + 4 0.172 + 0.005 0,9+0.2 6.6 1.7
-155 170 ¢ 4 0.258 * 0.007 not significant
-156 140 * 4 0.172 *+ 0.005 1.1+0,2 8.1 + 1.6
-157 174 + 4 0.227 *+ 0.005 0.9%0.2 53+1,2
-158 176 + 4 0.174 *+ 0,004 not significant
Mean * S.D. 0.20 + 0.03 1.3 + 0.5 8.2 + 2.5
Variance ratio 36 5.5 2.6
12 Control subjects
Mean ¢+ S.D. 0.19 + 0.03 1.4 + 0.4 8.9 + 2.4
Variance ratio 38 2.7 2.0
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variation was confirmed by the corresponding values given in Table 2 for 12
other men who were investigated during the same period and whose spectra
were analyzed in the same way. The results for the mean potassium concentra-
tions and the 13?Cs /potassium ratio of the 12 controls are similar to those for
the 16 subjects, and the variance ratios were again high. It should be noted
that the mean potassium content is exactly that given for Reference Man, 1
indicating that the calibration is correct. The 137Cs contents and the 137Cs /K
ratios agree quite well with the results of others for the general population. The
mean 137CS/K ratio for a group of 16 controls at the Atomic Energy Research
Establishment, Harwell, UK, was 8.5 pCi/g in 1!3‘76,12 and for a group of 40
workers at Los Alamos Scientific Laboratory, also in 1976, the ratio was 10.3
pCi/g, with a mean 13?Cs content of 1.3 nCi. 13 Thus it is evident that these
subjects do not contain an excess of this fission product. All other gamma-ray
emitters in the 16 subjects were below the limit of detection of - 0.2 to 0.5 nCi
{depending on the gamma-ray energy), with the excepticn of short-lived radon
daughters. There was some evidence for the presence of 214Pb and 214Bi in
most members of the group, as well as in the control group. However, statis-
tically significant amounts were present in only three subjects. Tha results
of the measurements of 239Pu made with the proportional counter are set out in
Table 3. Not one result is greater than zero at even the 90% (1.64 ¢) confidence
level, and the mean value for each set of measurements is close to zero. The
fact tha* the variance ratio is close to unity indicates that biological variation
is not plaring a large role in these measurements, and that the results vary
randomly about zero.

The plutonium (239Pu) content of each urine sample was below the limit of
detection (4.5 fCi) of our standard method. From Langham's equation relating
daily urinary excretion to systemic intake, we deduce that the latter was less
than 1.7 nCi in August 1957 (7900 days before the urine collections). Since
use of the equation at times much longer than S5 years is known to over-estimate
the systemic lntake,9 the value of 1.7 nCi must be regarded as an extreme upper
limit. A lmiting value for the current Lhody content of < 200 pC{ results from

use of the retention equation suggested in ICRP Report 19. 8 These low values
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Table 3. External counting of low energy photon emitters.

Measurements over chest Measurements over skull
Calibration 23%°py 23%u in
a factor, in chest, Net skeleton,
Case No. Net cpm nCi/cpm nC1° cpm® nCibP
30-140 0.45 + 0.54 119 54 + 64 0.62 + 0.46 14 + 10
-141 0.25 £ 0.53 154 38 + 82 0.0z £ 0.41 0.5+10
-143 -0.15 + 0.51 22 -3+11 -0.52 + 0,37 -12+9
-145 -1.08 £ 0.44 34 -37 15 0.15 * 0.42 3.5+ 10
~-146 0.12 *+ 0.52 50 6t 26 -0.78 * 0.34 -18+8
-147 -0.48 £ 0.48 29 -14 + 14 0.42 + 0.45 10 £ 11
-148 -0.81 + 0.46 110 -89 + 51 0.55 * 0.46 13+11
-149 0.12 £ 0.52 192 23 + 26 0.62 * 0,46 14 + 10
-150 -0.01 £ 0.51 192 -2198 -1.05 *+ 0,37 -24+9
-151 0.12 £ 0.52 50 6+ 26 0.15 % 0.42 3.5+10
-153 0.25 %+ 0.55 110 27 + 58 -0.12 *+ 0.40 -3+9
-154 -0.41 £ 0.49 154 -63 + 75 0.28 + 0.43 6+10
-155 1.05 + 0.58 22 23 £ 13 0.55 * 0,46 13 +11
-156 -0.01 +£ 0.51 132 -1+ 67 0.14 + 0,42 3+10
-157 -0,28 + 0.50 182 -51 £+ 91 -0.25+ 0,39 -6+9
-158 0.72 + 0.56 127 91 + 71 -0.52 £ 0,41 -12+9
Mean * S.D.
-0.01 *+ 0.54 0.5 + 45 0.02 + 0,52 0.3 ¢+ 12
Variance ratlo
1.1 0.6 1.5 1.5

AAfter subtraction of control background of 3.68 + 0,13 cpm (1 S.E.)

bCalculated with the assumption that the whole of the net response was due to
pure 23%py.

CAfter subtraction of control background of 2,05 * 0.18 cpm,
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for plutonium content based on excretion rates confirm the negative results of
the external measurements of plutonium content made with the proportional
counter.

The results for the daily urinary excretion of 9081' are given in Table 4.
Also inch;ded are the values for seven control samples. Three of the control
values were obtained from 24-hr urire collections by individuals, and the
remaining four were obtained from pooled urine samples obtained from a number
of individuals during working hours. The values from the pooled samples
(pC1i/L) were converted to daily excretion values by multiplying them by the
average daily urinary output of 1.4 L given in ICRP Report 23. 11 None of
the control subjects was ever exposed to 90Sr other than that from global fall-
out.

The mean excretion rate and its standard deviation from the 16 test subjects
are essentially identical to those from the controls. We thus infer that both
groups are drawn from the same population, i.e., the 90Sr exc -ted by the
test subjects arises from global fallout rather than from their presence at

weapon tests.

Summary and Conclusions

We tested 16 subjects exposed to weapon debris for internal deposition
of radioactivity by a gombination of external counting and urinalysis. In none
of the 16 subjects were we able to detect radloactivity in excess of normal
levels carried by all members of the population, and we conclude that long-
lived isotopes have not contributed any internal component to the radiation

doses received by these men due to their participation in the "Smoky" test.
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Table 4.

Urinary excretion rates and calculated current body contents of *%Sr.

Urinary Systemic
Case No. excretion, pCi/d burden, nCi®
30-140 0.47 + 0.06 1.8+0.2
=141 0.92 + 0,08 3.4 +0.3
-143 0.40 * 0,05 1.5+ 0.2
-145 0.30 £ 0.05 1.1 +0.2
-146 1.39 £ 0.13 5.2+ 0.5
-147 0.19 % 0.05 0.7 £ 0.2
-148 0.29 £ 0.07 1.1 + 0.3
-149 0.69 + 0,06 2.6 0,2
-150 0,74 £ 0.11 2.8+0.4
~-151 0.66 * 0.08 2,5+0.3
-153 0.44 £ 0.05 1.6 £ 0.2
-154 0.72 + 0.06 2.7+ 0.2
-155 0.42 + 0.07 1.6 £ 0.3
-156 0.50 £ 0.10 1.9+ 0.4
=157 1.23 + 0,09 4.6 + 0.3
-158 0.70 + 0.09 2.6 £+ 0.3
Mean * S.D. 0.63 + 0.33 2.4+1.2
Variance ratio 17.6 17.8
Controls
1 1.13 + 0.09 4,2 +0,3
2 0.95+ 0.10 3.6 £ 0.4
3 0.58 £ 0.09 2,2 +0.3
4b 0.50 * 0.07 1.9+ 0.3
5b 0.21 % 0.07 0.8 +0.3
6P 0.57 + 0.06 2.1%0.2
7P 0.67 * 0,09 2.5+ 0.3
Mean ¢ S.D. 0.66 + 0.30 2.5+ 1.1
Variance ratio 13.4 13.6

2 calculated from the retention equation suggested in ICRP Report 20.

D pooled sample, pCi/L x 1.4 = pCi/d.
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THE DISTRIBUTION OF 241Am IN THE HUMAN BODY AS DETERMINED BY

EXTERNAL COUNTING*

R. E. Toohey

Methods for determining the distribution of 241Am within the body of a

contaminated subject and their application to several cases under study at the
Center for Human Radiobiology are described. In general, 241Am is found in
the lungs long after inhalation, and systemic 2‘uﬁtm is observed to be deposited
in the liver and in the skeleton; similar findings have been reported in animal
studiv.as.1 Analysis of the skeletal distribution of 241Am indicates deposition

on bone surfaces. In contrast, the distribution of injected 239l"u in an abnormal

skeleton was found to be rather non-uniform whet compared to that of 241Am.2
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THE LATE EXCRETION OF PLUTONIUM FOLLOWING ACQUISITION OF KNOWN
AMOUNTS*

J. Rundo

The urinary and fecal excretion rates of plutonium 10 000 days after intra-
venous injection of known amounts are compared with the predictions of various
models. Both Langham's and Durbin's equations underestimated the urinary
excretion by about an order of magnitude; the observed fecal excretion rates were
also higher than the predictions. The total excretion rate predicted by the
ICRP model was in quite good agreement with the observed rate, but it over-
estimated the observed rate at 1500 days and grossly underestimated it at early
times (< 20 days). These differences are discussed.

The increase in the excretion rate between 1500 days and 10 000 days is
real, as shown by the increase in apparent body content of 239Pu of former
Manhattan Project plutonium workers, as cclculated from the urinary excretion
and application of Langham's equation. In one of these subjects the urinary
excretion rate started to increase at about 6000 days, reached a maximum at

about 9500 days, and declined for the next 2700 days.

*
Abstract of a paper presented at the Workshop on Measurements and Interpreta-
tion of Actinide Accumulation by Man, Snowbird, Utah, October 15-17, 1979,
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MACRODISTRIBUTION OF PLUTONIUM IN THE HUMAN SKELETON"

R. P. Larsen, R. D. Oldham, and R. E. Toohey

The skeletal remains of two individuals who received plutonium by intra-
venous injection have been analyzed to establish the skeletal burden and its
macrodistribution both among and within individual bones. The concentrations
in most axial bones were factors of 2 to 4 higher than the average in the entire
skeleton, the roncentrations in the skull bones were about the same as the
average, and the concentrations in the appendicular bones were factors of 2.5
to 8 lower than the average. The results obtained when the trabecular and
cortical portions of bones were analyzed separately show that (1) within a par-
ticular bone the concentration in the trabecular portion is always higher than
that in the cortical portion, and (2) among individual bones plutonium con-
centration is correlated with metabolic activity, not degree of trabecularity.
The bone that could be readily taken at autopsy and whose plutonium con-

centration closely approximates the skeletal average is the clavicle.

]
Abstract of a paper presented at the Workshop on Measurements and Interpre-
tation of Actinide Accumulation by Man, Snowbird, Utah, 15-17 October 197¢,

121



ON THE GASTROINTESTINAL ABSORPTION OF PLUTONIUM*

R. P. Larsen, R. D. Oldham, M. H. Bha‘tta.cl'xaryya,+ E. S. Moretti.+
and D. J. Austin$

An investigation has been made of the effect of the oxidation state of
plutonium on its absorption from the gastrointestinal tract. For mice and rats
that have been starved prior to gastrointestinal administration, there is no
sionificant difference between the absorption factors for Pu(IV) and Pu(VI).
The value obtained for Pu(VI) is an order of magnitude lower than that reported
by Weeks et al.1 The value obtained for Pu(lV) is two orders of magnitude

nigher than those reported previously for nitrate solutions and the same as

those reported for citrate solut.ions.l 3
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PLUTONIUM RETENTION IN MICE AFTER GASTROINTESTINAL ABSORPTION™

R. P. Larsen, R. D, Oldham, M. H. Blw.lttacharyy::\,Jr E. S. Morett.i,+
and D. J. Austin$

The gastrointestinal absorption of plutonium was studied using mice. The
concentration of plutonium in the solutions administered (1 x 10 10 g/mL =5
pCi/mL) was that for 239Pu at its maxdmum permissible concentration in drinking
water. The administered solutions contained hexavalent and tetravalent plu-
tonium in 0.01 M bicarbonate, to simulate the compositions of treated (chlorinated)
and untreated drinking water, and tetravalent plutonium in 0.01 M nitric acid
and 0.17 M citrate, to provide absorption data that could be compared with those
obtained in earlier investigations. The absorption of plutonium was found to be
essentially independent of its oxidation state and the medium in which it was
administered. The mean of the values obtained was 0.2%. This value is two
orders of magnitude higher than those obtalned in earlier investigations when
rats were administered 0.01 M nitric acld solutions of tetravalent plutonium.

The particular significance of this difference in results is that the data obtained
from the earlier experiments were basic to the establishment of a gastrointestinal
absorption factor of plutonium in man, and this factor was in turn used to set

the MPC for plutonium in drinking water.

*
Abstract of a paper accepted for publication in Radiation Research.

+B!oloqical and Medical Research Division.

sPartlc:lpam: in the Undergraduate Research Program, Center for Educational

Affairs.

123



CONTINUED STUDIES OF THE GASTROINTESTINAL ABSORPTION OF
PLUTONIUM BY RODENTS

] *
R. P, Larsen, R. D, Oldham, M. H. Bhattacharyya, and E. S. Moretti

An investigation is being made of the absorption of plutonium from the
gastrointestinal tract of rodents. In the mouse it has been fuund to be essentially
independent of the oxidation state of plutonium and the administration medium.

In the rat the absorption was higher than it was in the mouse, but not appre-
ciably so. The values obtained for both mice and rats are about two orders of
magnitude higher than the value adopted for the gastrointestinal absorption
factor for plutonium in man.

Introduction

The maximum permissible concentration (MPC)} of plutonium in drinking
water is to a major degree based on the results of experiments by Katz et al.1
and Weeks et al.2 in which 0.01 M nitric acid solutions of Pu(IV) ranging in con-
centration from 10"12 to 10-6 g/mL were administered to rats for a protracted
period. The values obtained for G.I. absorption were 0.002 to 0.003% of the
amounts administered. Weeks et al. also reported a value of 2.3% when Pu(VI)
rather than Pu(IV) was administered. Since Larsen and Olciham3 had found
that the form of plutonium in chlorinated drinking water is Pu(VI), we re-
investigated the effect of plutonium oxidation state on gastrointestinal absorp-
tion. The results that we obtained, which were reported in last vear's annual
report,4 were significantly different from those of the earlier investigators.
The value obtained for Pu(VI) was significantly lower than the value of Weeks
et al. (0.17 vs. 2.3%) and the value for Pu(IV) was much higher than the values
of Katz et al. and Weeks et al. (0.20 vs. 0.002 to 0.003%). The value obtained
for Pu(IV) in citrate was not significantly different from those of earlier workers
(0.25 vs. 0.15 to O. 3%).2'5'6

There were differences between the experimental conditions of our studies

and those of the earlier investigations. These were in the administration

medium (0.01 M HCO

-

3 to simulate Lake Michigan water vs. 0.01 M HNOa). the

*Biological and Medical Research Division.
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experimental animal (mouse vs. rat), and the feeding regimen (fcod-deprived
vs. fed). We therefore carried out additional experiments in an attempt to

resolve the discrepancies.

Experimental

In these experiments a solution of Pu(IV) in 0.01 M nitric acid was admin-
istered to fasted mice, a solution of Pu(Vl) in 0.01 M bicarbonate was administered
to fasted rats, and a solution of Pu(IV) in 0.17 M citrate was administered to
fasted rats. There were 12 animals in each experiment. The 0.01 M nitric acid
solution was prepared by evaporating a portion of the stock solution (in 8 M
nitric acid) to incipient dryness, adding 0.01 mL of 1 M nitric acid, and adding
10 mL of water just prior to the administration. All the other experimental
conditions, including the plutonium concentration, 100 10g /mL, were the same as

those previously reported. 4

Results and Discussion

The results of these experiments, as well as the relevant results from our
earlier experiments and from those of Weeks et al.?' are presented in Table 1.
From the data we have obtained it appears that (1) in the mouse, the gastro-
intestinal absorption of plutonium is essentially independent of its oxidation state
and the medium in which it is administered, and (2} in the rat the absorption is
higher than it is in the mouse, but not appreciably so.

Although the discrepancy has not been resolved, the explanation which we
proposed in our previous report for the difference between our value for Pu{IV)
in 0.01 M bicarbonate and their value for Pu(IV) in 0.01 M nitric acid still seems
to be the mos: likely one: The plutonium in their solutions was polymeric. In
the mouse, our values for Pu(IV) in 0.01 M nitric acid and 0.01 M bicarbonate
were 0.20 and 0.17%, respectively; in the rat their value for Pu(IV) in 0.01 M
nitric acid was 0.0028%. The difference in animals cannot be the reason for the
difference in values. In the rat, our values for Pu(VI) in bicarbonate and Pu(lV)
in citrate agree, each of these values is quite comparable with the corresponding
value in the mouse, and in the mouse our values for Pu(VI) in bicarbonate,
Pu(IV) in bicurbonate and Pu(lV) in citrate agree.
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Table 1. Gastrointestinal Absorption of Plutonium in Fasted Mice and Rats.?

Oxidation Percent Feeding
Animal state Medium pH absorptionb regimen Reference
Rat v HNO, 2.0 0.002820.0008 Fed Weeks et al.
Mouse v ‘HCO% 8.3 0.20 +0.02 Fasted Larsen et al. 4
Mouse v HNO3 2.0 0.17 *0.03 Fasted This report
Mouse Vi HCO;3 8.3 0.15 +0.03 Fasted Larsen et al. 1
Rat VI Hcozi 8.3 0.32 *0.05 Fasted This report
Rat v Citrate 2.0 0.3 Fasted Weeks et al, 2
Mouse v Citrate 6.2 0.24 +0.05  Fasted Larsen et al.’
Rat Iv Citrate 6.2 0.39 +0.06 Fasted This report
Mouse v HCO, 8.3 0.20 +0.02  Fasted Larsen et al. 4

a There were 12 animals in each experiment.

Errors are the standard deviations of the means.

The suggestion made in the previous report that the gastrointestinal absorp-
tion factor for man should be incieased by two orders of magnitude appears to
be warranted. This is substantiated by recent data from another laboratory.
Sullivan et al.’ obtained values of 0.518 and 0.026% when a 0.01 M nitric acid
solution of Pu(VI), 5 x 10-4 g/mL, was administered to starved and fed rats,
respectively. (An explanation for the difference in these values may be that Pu(VI)
was reduced to Pu(lV) in the G.1. tracts of the fed rats and Pu(OH)4 - X H20
precipitated in the small intestine pecause of the high concentration.) Sullivan
obtained a value of 0.048% when a 0.01 M nitric acid solution of Pu(IV), 7 x 107!
g/mL, was administered to fed rats. In this experiment there were five animals.

Our experience has shown that this number is not sufficient.
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The tissues of two mice given Pu(IV) in 0.0l M nitric acid were analyzed
by another method to validate the results obtained in this and the ~arlier investiga-
tion. The primary method has been comparison of the amounts of 237Pu fourd
in the tissues with the amounts administered. This is done by placing a portion
of the solution administered or the tissues (eviscerated bodies and livers) on a
sodium jodide crystal and measuring the neptunium K x rays emitted in the decay
of 237Pu. Since the 2?'713'u contained 236Pu as a contaminant, and its concentra-
tion in the solution administered was known, determinations of the 236Pu con-
centrations in the tissues could be made by the alpha-spectrometric isotopic
dilution technique. After addition of a known amount of 242Pu, the tissues
were ashed, and the ash was dissolved in ritric acid. The plutonium was
separated from the other sample constituents by anion exchange and it was
then electrodeposited; the deposition was assavyed in an alpha spectrometer.

For the two mouse livers that were analyzed by both methods, the fractional
absorptions based on the 237Pu analyses were factors of 1.02 and 1.03 times the
absorptions based on the 236Pu analyses. For the eviscerated bodies, the
fractional absorptions based on the 237Pu analyses were factors of 0.84 and 0.86
times those based on the 236Pu analyses. These differences were undoubtedly
the result of our fajlure to establish and use corrections for geometry and mass
absorption when assaying the eviscerated bodies of the mice. Considering the
size of the mouse, it was apparent that each of these corrections would be
comparatively small. In assays of the eviscerated bodies of rats, the geometry-

mass absorption correction was established and used.
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THE GASTROINTESTINAL ABSORPTION OF PLUTONIUM IN THE DOG

*
R. E. Tochey, M.*H. Bhattacharyya, R. D. Oldham, R. P. Larsen,
and E. S. Moretti

The gastrointestinal absorption of plutonium in the beagle has been deter-
mined to be 0.066 +0.014% of the amount administered., This result is quite com-
parable with the results reported for the dog by other workers, and a factor of
3 smaller than that observed by us for mice. On the average, the retained plu-
tonium was found to be almost equally divided between the liver and the skeleton.

Introduction
Several experiments have been carried out in this laboratory to determine
the appropriateness of the maximum permissible concentration of plutonium in

r

drinking water. In general, the gastrointestinal absorption of plutonium by
rodents has been found to be independent of the oxidation state of the plutonium,
and of the medium in which it was administered. The mean value for mice under
all experimental conditions was found to be 0.2 +0.1% of the amount administered,
while that for rats was 0.3 +0.1%. Because of obvibus species differences in the
length of the gastrointestinal tract, it was decided to determine the G.I. absorp-

tion value in a larger mammal, the dog.

Materials and Methods

The plutonium used was a mixture of 237Pu and 239Pu. The 237Pu can be

easily assayed by counting with an NalI(T1) crystal the Np K x rays which are
emitted following electron capture. A 0.01 M bicarbonate sclution of plutonium
in the +6 oxidation state was prepared as described for tue previous experiments,1
with the exception that the solution contained 1 ppm Cl2 to simulate chlorinated
drinking water.

A gelatin capsule containing 1.0 mL of the plutonium solution was admin-
istered to each of six adult male beagles following a 21-hr fast. Food was

returned to the dogs three hours later. Feces were collected from each dog

*
Biological and Medical Research Division,
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until no detectable 237Pu could be observed by photon counting of a bulk sample.
The feces from each dog were then combined, ashed at 450° C in a muffle furnace,
and dissolved in concentrated HNO_. The solution was brought to 200 mL and

3
adjusted to 8 NHNO _, and placed in a 500-mL polyethylene bottle. The activity

in the sample was destermined by placing the bottle directly on the window of an
inverted 190-mm diameter "phoswich" detector which consisted of a 3-mm-thick
Nal (T1} crystal optically coupled to a 50-mm-thick CsI(T1) crystal and viewed
by a 180-mm diameter phototube. (The CsI(T1) crystal is employed as an anti-
coincidence shield, resulting in high sensitivity and relatively low background
for low-energy (< 150 keV)} photon counting.) After correction for radioactive
decay since the time of administration, the net counting rate in the energy band
80 to 130 keV was taken as a direct measure of the amount of plutonium admin-
istered. The average counting rate from the feces was 93,000 * 300 cpm. The
background counting rate from the feces of a control dog was 10.4 + 0. 3 cpm, not
significantly different from a blank solution.

The dogs were sacrificed four weeks after plutonium administration, skinned
and eviscerated. The livers and gall bladders were retained, and the skeletal
muscles were then removed. The skeletons were divided into six portions as
follows: skull; cervical and thoracic vertebrae; lumbar and sacral vertebrae
and pelvis; ribs and scapulae; femora and humeri; and remaining skeleton,
consisting of the tibiae, fibulae, radii, ulnae, feet, tail, sternum, trachea,
larynx, and os penis. The liver and gall bladder and each portion of the skeleton

were dry ashed, dissolved in HNO,_ and solutions prepared as for the feces. The

skull and skeletal remains were di\?ided into two portions, since not all the ash
could be dissolved in 200 mL. Each sample was counted on the phoswich detector
for at least 100 min.

The background was determined by counting samples prepared in identical
fashion from a control dog. The counting rates from these ranged from 10.2 %
0.1to 11.8+0.2 cpm, with a mean of 11.3 +0.3. Because of this small range,
the mean value was used as tle background and subtracted from the counting
rate from each sample. The n:t counting rates were again corrected for decay,

and each v;as divided by the counting rate obtained from the feces of that dog
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in order to determine the absorbed fraction of the administered dose.
In order to check the accuracy of this technique, the uptake in the lumbar
and sacral vertebrae and the pelvis of dog 3657 was determined by measuring

the 236Pu content of the ashed and dissolved sample via isotope dilution alpha

spectrometry. (The 236Pu was an impurity in the 237Pu.) The result was
0.061 + 0.003% of the administered dose, which compared quite well with the value

of 0.067 *0.002% determined by photon counting of the 2'37Pu in the scmple.

Results and Discussion

The results are presented in Table 1. The extraordinarily high uptake by
dog 3657 is unexplained, and the values for this animal have been excluded from
the means. The mean value of 1.1 * 0.6 for the ratio of liver to skeleton is
consistent with that of 1.0 suggested in ICRP Report 19.3 but the large standard
error is indicative of the biclogical variability encountered in this experiment.

There are two other reported values for the gastrointestinal absorption of
plutonium by beagles. In the experiments of Buldakov et al. 4 adult dogs were
administered Pu(lV) citrate, and the retained amount wais determined 10 days
post-administration. The amount retained was 0.064 + 0,014% and the ratio of
the amount of plutonium in the liver to that in the skeleton was 1.07 * 0.03.

The other experiment was that of Ballou et al. ,6 in which a single female
beagle was administered 580 uCi of 239Pu(iv) citrate in gelatin capsules, and
the absorption was measured three days later. The total absorbed was 0.083%
of which 0.04% was in the skeleton and 0.02% in the liver. These results are
essentially identical to those observed for dog 3652 in our experiment.

The distribution of plutonium within the skeleton is presented in Table 2.
The observed distribution is quite similar to that reported by Stover et al. S
following intravenous injection of Pu(IV) citrate. The distribution is also
comparable to that observed in the human skeleton, in which plutonium is found
primarily in the axial skeleton, with very little in the appendicular slr.teleton.7'8
One exception, however, is the concentration found in the skull of the dog. In
this experiment, negligible amounts of plutonium were found in the skull, while

in the human, the concentration of plutonium in the skull was found to be the
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Table 1. Gastrointestinal absorption of plutolnium in the dog, expressed as
fraction of the administered dose. All entries have been multiplied
by 10°. Values for dog 3657 have been omitted from the means.

Dog L &GB° Skeleton Total L & GB/Skel.
3640 19.3 + 1.0 24.7 + 2.3 44.1 + 2.5 0.78 * 0,08
3652 27.2 %+ 1.1 40.4 + 2.8 67.5 * 3.0 0.67 + 0.05
3657 103.0 + 1.3 271.2 + 3.6 374.2 *+ 3.8 0.38 + 0.01
3658 39.5 + 1.5 26.7 + 3.2 66.2 + 3.5 1.48 + 0.19
3661 44.1 + 1.5 92.0 + 3.1 66.2 * 3.4 2.00 + 0.29
3663 35.7 + 0.9 47.9 + 3.3 83.6 *+ 3.5 0.75 + 0.06
Mean 33.3 £ 9.9 32.3 + 11.2 65.5 + 14.1 1.14 + 0.58

a L & GB = Liver plus gall bladder.

7
same as the mean concentration for the entire skeleton.

Summary and Conclusions

Although the value for the gastrointestinal absorption of plutonium by the
dog is only one-third of that observed for .he mouse, our value of 0.066 +0.014%
is more than twenty times the value of 0,.003% adopted for man by the ICRP. 3
On the average, the absorbed plutonium has been found to be almost equally
partitioned between the liver and the skeleton, and the distribution within the
skeleton is that to be expected if the plutonium is deposited on bone surfaces. '
This distribution of plutonium in the dog has also been observed following both
injection and 1nhalation,5‘ 6 and thus the metabolism of Pu{(VI) following oral
administration to the fasting dog does not differ from that of Pu(IV) following

other routes of administration.
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X

Fraction of total skeletal burden found in each sample.a

Table 2.
b
Sample Dog number
3640 3652 3658 3661 3663 Mean

Skull A -0.06 + 0.03 0.002 + 0.022 -0.07 £ 0.04 -0.05 %+ 0.05 -0.05 *+ 0.03 -0.05 £ 0.03
Skull B -0.01 + 0.02 0.001 + 0.023 -0.06 + 0.03 -0.005 * 0.05 0.01 £ 0.03 ~-0.01 + 0.03
CTV 0.35 £ 0.05 0.32 £ 0.03 0.27 + 0.06 0.38 + 0.08 0.37 £ 0.04 0.34 £ 0.04
LSV +P .31 £ 0.05 0.26 £ 0.03 0.18 * 0.05 0.31 £ 0,06 0.30 £ 0,03 0.27 £ 0.06
R+S 0.42 + 0.05 0.32 £ 0.03 0.43 * 0.07 0.46 * 0,07 0.32+0.04 0.39 + 0.07
F+H 0.10 + 0.03 0.09 + 0.03 0.004 * 0.04 -0.001 * 0.05 0.10 £ 0.02 0.06 * 0.05
Sk Rm A -0.08 + 0.03 -0.02 + 0.02 0.15 % 0.05 -0.11 + 0.04 -0.02 £ 0.03 -0.02 £ 0.10
Sk Rm B -0.03 % 0.03 0.02 + 0.03 0.10 * 0.05 0.005 % 0.04 -0.03 £ 0.02 0.01 £ 0.05

al\legative values in the table result from subtraction of an average background.

b
CTV = cervical and thoracic vertebrae; LSV + P = lumbar and sacral vertebrae plus pelvis; R + S = ribs

and scapulae; F + H = femora and humeri;

Sk Rm = remainder of skeleton.
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ENERGY DEPENDENCE OF THE EFFECTIVE SOFT TISSUE THICKNESS *

R. E. Toohey

The concept of "etfective soft tissue thickness" (ESTT) was proposed by
Rundo et a\l.1 as a method for the calibration of lung counting systems for the
detection of plutonium in vivo. ESTT is defined as that thickness of tissue-
equivalent absorber which reduces the counting rate from a bare point source
at 100 mm from a detector to that observed from the same amount of activity in
the lungs, as measured with the same detector in vivo. It is important to note,
however, that when the source in question is a low-energy photon emitter, such
as plutonium, the additional absorption in vivo by the rib cage must be taken
into account. The values of ESTT were determined in Ref. 1 for seven subjects
who had inhaled an aerosol labelled with 103Pd and 510r ("mock plutonium"). It
was found that ESTT could be related to the "mean tissue thickness" (MTT) of
Ramsden et al. 2 by the equation

ESTT = 30 mm + 0.9 MTT . (1)
MTT was determined by ultrasonic measurements of the soft tissue overlying the
rib cage and was related to the weight (W), helight (H), and chest circumference
(CC) as follows

MTT (mm)} = 1.53 W(kg) /H(m) -~ 10 CC{m) - 35.5 . (2)
Thus, a lung counting system can be calibrated with a point source and absorber,
once the weight, height, and chest circumference of the subject are known. This
method was successfully used to calibrate our 180-mm diameter xenon-filled
proportional counter for 103Pd during the 1972 IAEA "mock plutonium" inter-
calibration experiment. 3.4

Since the definition of ESTT was based on experiments following the in-
halation of 103Pd. which emits 20.2- and 22-keV x rays, there Is a question about
the applicability of ESTT to plutonium, whose principal x-ray emission is at 17

keV. Thus, the energy dependence of ESTT, if any, needs to be investigated.

*

Summary of a paper presented at the LASL/DOE Instrumentation Workshop for
Low-Level Transuranic Measurements Applied to in Vivo .and. Environnmental
Monitoring, Los Alamos, NM, 4-6 March 1980.
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The only way to establish the behavior of ESTT with photon energy is to
determine the actual values of ESTT in vivo in the same subject who, at different
times, has inhaled radioactive aerosols with different photon energies. This
opportunity arose for one of the participants in the 1972 intercalibration experi-
ment, subject DN, who inhaled an aerosol labelled with gszb in November 1979.
The inhalation took place at another laboratory, and the subject subsequently
visited ANL, where the photon emission from his chest was measured with the
proportional counter. gszb emits zirconium K x rays at 15.8 keV. The cal-
culated ESTT value for this subject was 40 mm in 1972.

The experimental ESTT can be derived as follows

-1
ESTT = ln le in vivo’ pt source} ! (3)

where u is the linear attenuation coefficient (energy-dependent) of the tissue-
equivalent material in mm-1 and e is the observed counting efficiency, in counts

per photon. For subject DN with 103F‘d in 1972,

ESTT = - 00661n{107x10 Il72>¢10 }-42mmat202keV

The agreement between this value and the calculated value of 40 mm is not sur-
prising, since DN was also one of the volunteers in the experiment which originally
determined the ESTT formula (Eq. 1).

For subject DN with gszb in 1979, the calculated value of ESTT was 41 mm,

while the experimental value was

ESTT = — 5 111 In {2.27 x 10'4/2. 22 x 10'2} = 42 mm at 15.8 keV.

Thus the value of ESTT does not change with photon energy.

It must be mentioned, however, that SmmNb also emits 934-keV vy rays.
These photons enable the subject's true content of 9szb to be determined with
standard whole-body counting techniques. They also result in a sizeable scat-

tering background under the x-ray peak. The value of depends on

£
in vivo
how this scattering contribution is corrected for, and therefore, the value of

ESTT is also affected. A value of ESTT of as much as 46 mm can be obtained,
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depending on the method of determining the scatter contribution. Since the
estimated error on the calculated value of ESTT (Eq. 1) is * 14%,1 however, 46
mm is not significantly different from 42 mm,
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STATUS AND TRENDS IN THE EXTERNAL COUNTING OF INHALED HEAVY
ELEMENTS DEPOSITED IN vIvVO*

.f.

K. L. Swinth,*w. J. Bair, P. N. Dean,:l:]. Rundeg, and

F. K. Tomlinson$

External counting has been routinely used for estimation of plutonium
in vivo for approximately 10 years. However, this method i{s fraught with in-
herent uncertainties resulting from the few radiations and the severe attenuation
of the radiations. Present counting capability allows detection of from 1/2 to
1 Maximum Permissible Lung Burden (16 nCi). Current efforts in the develop-
ment of counters and in intercalibration may lead to small improvements in
detection limits and accuracy, but substantial improvements are not expected.
Two troublesome areas in the in vivo counting area are the non-uniform distri-
bution of material within the lungs and the influence of material translocated
from the primary deposition site. New concepts such as induced nuclear fission
of the deposited material can possibly lead to improvements in accuracy and in
the detection Hmit.

[ ]

Abstract of a paper published in Health Phys. 37, 641-657 (1979).
1 Battelle Pacific Northwest Laboratories, Richland, WA 99352.
=I:Lamvrence Livermore Laboratory, Livermore, CA 94550.

§ Monsanto Research Corporation, Mound Laboratory, Miamisburg, OH 45342.
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IDENTIFICATION THROUGH OSTEOMETRIC DATA OF THREE RADIUM-
BURDENED SKELETONS

J. E. Farnham and J. W, Forkal

The skeletal remains of four persons of uncertain identity were disinterred
from a family grave. The welght and descriptive morphological traits of each
bone were recorded, as were the lengths of the long bones. Analyses of these
data, combined with information obtained from medical records and disinterment
reports, led to the specific identification of each skeleton.

Introduction

One of the Center for Human Radiobiology's responsibilities is the long-range
study of persons who have been exposed to bone-seeking radionuclides. For
some vears the Center has had a program to exhume the remains of persons
exposed to radium and mesothorium, and many exhumations have been carried
out. Occasionally there is difficulty identifying a set of remains. In the present
case, four skeletons were removed from a common family grave known to be the
burial site of two radium dial painters of interest to our studies. The individual
identities of the skeletons were unknown. This report describes the use of
osteometric and descriptive morphological data to solve the identity problem.
Gamma-ray analyses for 226Ra present in a set of bones were all below 1 nCi,
which is generally considered to be below the lower limit of detectability. Thus,
the radioactivity measurements were of no help in determining the identity of

each case.

Materials and Methods

Two radium-exposed females were discovered to have been buried with
three other family members in a single, three-grave cemetery plot. The avail-
able records indicate the burials occurred in the years 1886, 1912, 1924, 1930, and
1943. The records do not specify the location of each person's remains within
the grave plot, but they do indicate the persons buried in the years 1886 and
1924 to be males. The two radium-exposed females painted luminous watch dlals

around the year 1918.
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After obtaining disinterment permissions from all living next-of-kin and a
permit from the State Board of Health, a team from the Center exhumed the skel-
etonized remains of four persons buried in the plot. A fifth person was identified
by remaining clothing as being male and was left undisturbed. The exhumed
skeletal remains were taken to the Center's research laboratory for identification,
osteometry, roentgenographic studies, and gamma-ray measurements to determine
the 226Ra and 228Ra content of the bones.

Determination of age, sex, race, etc., from skeletal remains has been the
subject of numercus investigations by physical anthropologists for many years. '
Sex determinations are based on descriptive morphology and/or morphometry of
various bones. Our study used a combination of morphological traits and oste-
metric data patterned after the methods of several authors. The morphological
traits of the bones studied or observed for this report are given in Table 1,
together with references to descriptive sources. Our experience with over 100
other disinterred skeletal remains also played an important role in the identifica-
tion process. 11-13

Osteometric data were obtained on all bones recovered from the grave site.
The weights were determined on either a Mettler PS15 or PR-1200 top-loading
balance, reading to an accuracy of + 1.0 or *0.01 g, respectively. Maximum
lengths and other measurements were obtained using a standard osteometric
board which read to an accuracy of 0.1 cm. The uncertainty of our measurements
is 1% or less. Radiographs of the bones were obtained on Kodak NS medical x-
ray film. The radiographic exposures were made with a Portable Industrial X-
Ray Unit, Picker #6191. The kVp and mAs were varied to yield the appropriate
exposure for each bone. Measurements of bone structures as visualized on the
radiographs were made using a Carl Zeiss Mop-3 Digital Image Analyzer System.

The bones from each skeleton were air-dried and cleaned by rubbing with
a soft bristle brush before osteometric data and roentgenograms were taken.

Five control skeletons (two female and three male) were examined at the same
time as the study group. One control skeleton was from a sister of the three
females under study. Table 2 indicates the percentage of each skeleton re-

covered at disinterment and the total dry, fat-free weight of all bones present.
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Table 1.

Morphological traits of the bones studied

Bone observed or measured Trait Reference
Long bones
Humerus Maximum length Trotter3
Diameter of head Dwight4
Ulna Maximum length Tz‘otter5
Radius Maximum length Trotter5
Femur Maxdmum length Trotter5
Diameter of head Peearson6
Tibia Maximum length Trotter5
Sacrum Curvature Ba552
Promontory width 7
versus ala width Anderson
Pelvic Subpubic angle Bass2
Ventral arc Bass'2 : Phenice8
Subpubic concavity Bass2 : Phenicea
Ischiopubic ramus, medial Schultzg ; Mont«:lgul0
Sclatic notch Bassz ; Kr‘ogman1
Sacroiliac joint Bass2
Preauricular sulcus Bass2
Obturator foramen Ba552
Skull Supraorbital ridges Bass2 : Kroqmanl
Occipital ridges
Zygomatic processes
Mastoid processes
Frontal sinuses
Mandible Chin shape Bass
Vertebra Osteocarthritic ipping Bass2 (pp. 213-214)
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Table 2, Skeleton {dentification data

Estimated
Estimated Total weight, Estimated weight
percent of of bones weight of normalized to
entire skeleton recovered ., total skeleton, dry, fat-free,?
Skeleton Sex recovered (g) (q) (g)
A - 99 3640 3673 3673
B - 20 568 2869 2869
C - B9 2606 2928 2928
M - 71 1807 2559 2559
D(05-349), F 99 2982 3012 3012
E(03-779) F 100 4277 4277 4277
F(01-208) M 100 7700 ° 7700° 4697
G(10-831) M 100 7791 P 7791° 4753
b
H(03-238) M 99 6377 64412 3929

2 See Reference 13.
b

Weight is with moisture and fat.

Results

Osteometric and descriptive morphological data are given in Table 3 for all
bones that were available for measurement. Most investigators agree that no
single bone or morphological trait is always accurate for sex determination, and
usually no complete skeleton will have only those traits assoclated with one sex.
Any given skeleton has a mixture of sexual traits, but the traits of one sex
predominate.

f Pelvic Criteria

The innominate bone in the female features a wide subpubic angle; this
angle in the male is narrow. Skeletons A and the control males have a narrow
(about 34°) subpubic angle, and all four lack a ventral arc or subpubic con-
cavity. The latter traits are present in cases C, M, D, and E. Other traits,

such as the sciatic notch, the medial aspect of the ischiopubic ramus, and the
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Table 3. Ostecmetric and descriptive data of bones measured.

Bone measured or Skeletons of Sister of Controls
observed unknown sex unknowns Female Male
Long bones: A B o] M D E F
Length of humerus, cm 33.6 -- 32,7 32.2 L5 30.6 33.0
Diameter of head, mm 47.0 -- 43.6 40.0 42.5 42.6 46.6
Length of ulnae, em 26.3 - -~ 23.8 24.9 23.8 26.9
Length of radii, cm 24.8 - - 21.5 23.1 22,1 25.1
Length of femora, cm 5.1 - 45,0 46.1 43.8 43,1 44.9
Diameter of head, mm 48.1 - 46.1 43.1 44.9 44.0 50,4
CCTa, mm 17.8 - 16.5 9.3 12.5 18.5 18.0
cIb 0.64 -- 0.67  0.37 0.43 0.66 0.56
Sacrum: AP curvature Sharp - - - Blunt Blunt Sharp
Pelvis:
Subpubic angle 34° - 52° 57° 65° 635¢ 33°
Ventral arc No - Yes Yes Yes Yes No
Subpubic concavity No -- Yes Yes Yes Yes No
Medial aspect IP ramus Broad - Narrow - Narrow Narrow Broad
Sciatic notch Narrow Broad Broad Broad Broad Broad Narrow
Sacroiliac joint - Raised TFlat Raised Flat Raised Flat
Preauricular sulcus Slight Prom, Prom. Prom. Piom. Prom. Slight
Skull:
Eye orbits Blunt Sharp Sharp -- Blunt Blunt Blunt
Supraorbital ridges Bump Flat Flat Flat Flat Flat Bump
Occipital muscle ridge Large Large Small Small Large Medium Medium
Post-zygomatic processes |Post. Ant. Ant. Ant. Ant. Post. ==
Mastoid processes Large Small Small Small Large Small Large
Frontal sinuses® 0,93 1.13 1.25 1.01 1.08 - 0.62
Mandible Flat -- Flat  Pointed| Flat Pointed | Flat

2 Combined cortical thickness.
Cortical index, CI = cct/total diameter at midshaft.
¢ width of largest sinus divided by maximum height.

preauricular sulcus, appear quite different between the known male and female
skeletons. A prominent preauricular sulcus is seen in skeletons C, M, and the
control female. In contrast, only a slight depression is seen in the known male
and case A innominates. A narrow sclatic notch is present in skeletons A and F,
but is broad in the other cases. The medial aspect of the ischiopubic ramus is
broad in cases F and A, and narrow in C and the two known female innominates

D and E. Two other traits observed, a ventral arc and a subpubic concavity,
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are present in the skeletons of cases C, M, D, and E, but lacking in cases A
and F,

Sacrum

Two morphological features of the sacrum are distinctively different between
the sexes, antericr-posterior curvature and body width versus ala width. As
noted in Table 3, the sacrum from cases F and A has a sharp curvature, whereas
a blunt curvature is indicated for the two known females. The sacrum bone
from unknown cases B, C, and M is too eroded for an accurate assessment.

Skull

Baa-‘.s2 indicates the supraorbital ridges are more prominent in males and
the upper edges of the eye orbits of males are blunt. The skulls from case A
and control case F both have a bump at the supraorbital ridge, while the other
skulls appear flat in this regicn. The eye orbits are blunt in both male and
female controls used in this study. Large mastoid processes are present in skulls
A, D, and F, while the other skulls have small processes. The two other
features observed for this study (occipital muscle ridges and position of the )
posterior end of the zygomatic processes) do not correlate with the known sexes
of the controls.

The frontal sinuses of all skulls in this series were measured using a
specialized technique. A Caldwell's projection radiogram was produced for each
skull. Several parameters of the projected frontal sinus images were measured
with a Carl Zeiss MOP-3 Modular System for Quantitative Digital Image Analysis.
These parameters and the values are presented in Table 4. The maximum height
and width parameters are the same as those described by Schuller. 14 Other
measurements include the area and maximum diam~ter of each sinus.

The total frontal sinus area (left plus right) of each control male skull
is smaller than the area of either the control female or the unknown females.
The data suggest females have a larger {though more scalloped) irontal sinus
area than males, a conclusion opposite the usual textbook statement. Various
indices were calculated using the data shown in Table 4. An attempt was made
to correlate the index values with known sex. We report only the index value

of the width of the larger of the two frontal sinuses divided by the maximum
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Table 4. Osteometry of frontal sinuses

Case Projected area, mm2 +'S.D. a Maximum diameter Larvtgfgtthsinus
No. Left Right Both mm * S.D. l'mt

A 1123 + 84 720 + 79 1843 38,6 £ 5.9 0. 928

B 1051 * 65 958 + 244 2009 43.8 + 4.0 1.126

C 532 + 48 938 + 122 1470 30.8 + 3.3 1.249

M 469 + 88 641 + 41 1110 34,0 + 4.8 1.006

D 664 + 82 1211 + 79 1875 47.2 + 7,5 1.083

F 563 £ 79 381 + 58 944 31.3 + 8.4 0.621

G 426 * 46 410 + 28 836 31.9+ 6.6 0. 845

H 593 + 47 621 + 9.0 1214 35.4 £ 2.0 0.719

a
At least three measurements were taken on each radiograph.

height. The three known male skulls, plus skull A, have a frontal sinus index
of less than ), whereas the other skulls in the series, including the known female,
have an index greater than 1. This small sampling of frontal sinus area in males
and females does not justify a conclusion of the frontal sinuses of females having
a larger area than males.

Mandible

The shape of the mental protuberance (chin) was observed and recorded for
each skull in the series. Bass2 indicates "the chin is more square in males and
rounded with a point in the midline in females." The mandible of one of the two
known females, plus one other (M)}, have pointed chins.

Long Bones

Definite skeletal sexing is not possible through the measurement of long
bones alone, but a high degree of accuracy is obtained when combined with
measurements of other bones and morphological descriptions. Krogman gives the
percentage of accuracy for adult material (Ref. 1, p. 149}. Most authors agree

that the male bones are generally larger and more massive than female bones.
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Some measurement data on long bones, especially the femur and humerus, is
avallable in the literature (see Table 1). In this study, the lengths of the long
bones are useful for stature estimations, which in turn can be compared with
the medical records of these cases when available. The estimated stature and
the estimated total skeletal weight of each subject used in this study is given in
Table 5. Estimates of the stature were calculated using the formula given by
Trotter and Gleser.5 The values reported are arithmetic means based on cal-
culations derived using the lengths of several long bones. The total skeletal
weights reported are calculated according to the fractional weight of various
bones as reported by Farnham and Forkal. 13 The three known males and unknown
subject A all have a tall estimated stature, which suggests that of the four un-

known subjects, skeleton A is most probably a male.

Table S. Estimated stature and skeletal weight of subjects.

Medical record

Body Estimated stature,” Estimated skeletal

Case CHR No. Height, cm weight, lbs cm +S.D. weight,? kg
A - - - 172.4 + 2.7 3.673

B - - - - 2.869

C 01-636 - - 166.6 + 1.3 2,928

M 00-034 - - 164.3 + 6.0 2,559

D 05-349 - - 164.4 + 2.2 3.012

E 03-779 163 140 160.9 + 1.8 4,277

F 01-208 170 182 171.9 + 4.1 4,697

G 10-831 183 180 180.0 * 2.1 4,753

H 03-238 183 200 181.0 + 1,5 3.929

Std. male® 4.40

Std. femaleb 3.20

a See Ref. 13,
b See Ref. 15.
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During disinterment, photographs and records were taken to show the grave
site, vegetation, horizontal profile of earth, soil compaction, position of skeletal
remains on floor of the grave, etc. Analyses of the disinterment, osteometric
and observation (descriptive morphological traits) data lead to the following con-
clusions: (1) Case A of the four unknowns is a male, most probably the brother
of the three sisters. who was buried in 1924, The 2ZGRa body burden was 0.2 *
0.6 nCi; {(2) Since cases B and M were buried one over the other, and the sex
of both skeletons was female, the uppermost remains were a more recent burial.
Furthermore, a nameplate was found near these two skeletons which identified
the uppermost as CHR patient 00-034. This patient was buried in 1943 and had
a terminal body burden of 0.6 + 0.9 nCi 22G'Ra; {3) Because of the condition
of the skeleton and its burial depth, case B is most probably the sister who was
buried in the year 1912, The body burden measurement, extrapclated to a
complete skeleton, was 0.0 * 1.0 nCi 226R
identified as the female (CHR patient 01-636) buried in 1930. The measured body

burden was 0.7 * 0.7 nCi 226R

a; (4) The remaining case C was

a.
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OSTEOMETRY OF THE SKELETONS OF 101 HUMAN RADIUM CASES

J. E. Farnham and J. W. Forkal

Osteometry has been performed on the skeletal remains of 101 persons in the
radium studies population. The measured values for lengths and weights of
various bones are reported, and values for the estimated total skeletal weight
and height are calculated. Further, the data have been normalized to a dry, fat-
free skeleton and the estimated total skeletal weight recalculated. The mean
values reported did not differ significantly between this study group and normal
values reported in the literature. These findings indicate no detectable effect
of large skeletal doses of radiation on the stature or total skeletal weight of
these individuals.

Introduction

The Bone Microdosimetry Group of the Argonne Center for Human Radio-
biclogy (CHR) continues, as an ongoing project, to compare anthropometrically
the adult body size of our radium study population with the size reported in
normal populations. 1- Our growing skeletal collection is being derived from the
CHR exhumation and willed-body programs. The collection also includes bones
from autopsies and surgeries. The exhumed and willed remains provide the
bulk of our most complete osteometric data. The CHR collection thus consists of
bones (in various states of dryness} from persons who had internally acquired
significant amounts of radium during their lifetimes. Most of these skeletons are
from white females who ingested radium while working in radium dial painting
factories during the 1920's or earlier and whose first exposure to radium generally
occurred while young.‘5 The median and standard deviation of age at first ex-
posure were 19.7 *+ 8.2 for the 67 dial-painter cases in the present study. Other
skeletons are from persons who drank commercially available radium "health water,"
or who obtained their radium for medical purposes, and a few skeletons are from
chemists or physicists who worked in the radium industry. The estimated body
burdens of the subjects considered in this study ranged from less than 1 nCi to
24,800 nCi 22®Ra.

Keane et al.7 provided a "summarized and preliminary presentation" of osteo-

metric data from 18 dry, female, exhumed skeletons at MIT. A more extensive
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study was done by Farnham et al. 8 at Argonne on 40 skeletons from exhumed
radium patients. The authors estimated the total skeletal weights according to
sex and age groups and compared their data to the normal populations reported
in the literature. They also calculated an estimation of stature for each of the
40 cases and compared individual mean lengths, male and female, in a similar
manner to the normal populations. They reported no evidence of an appreciable
effect on stature or skeletal weight for persons carrying a radium body burden,
a finding that has been substantiated by two subsequent analyses by A. P.
Polednak9 and Polednak and Farnham. 10

The purpose of this study is twofold: 1) to continue to compare anthropo-
metrically this 226Ra burdened skeletal collection with statistics previcusly
established for a normal population, and 2) to create a data source for a "best
estimate" of living stature and total skeletal weights of radium patients for whom
data were not obtained while living. The size of the skeletal collection has more
than tripled since the 1970 preliminary report, and the data become more reliable
as the number of samples increases. These data are provided to aid in future
calculations and extrapolations in determining radium dose distributions and

total body burdens.

Materials and Methods

The CHR skeletal material procurement program has yielded 145 cases, most
of which are in a condition to elicit accurate osteometric data. If we eliminate the
15 cremains cases, 6 non-radium cases, 5 incomplete autopsy cases, and 18 cases
which are unmeasurable for a variety of other reasons, we find that 101 cases
can be treated anthropometrically.

These specimens included in the present study are distributed according to
age at death and sex as shown in Figure 1. The age groups are comparable to
those chosen by Merz, et al. 1

The weights of the bones were taken on either a Mettler P1200N top-loading
balance or a Mettler PR1200 top-loading balance (both balances reading to an
accuracy of +0.01 g), or, in a very few cases, from previously recorded data.

The maximum lengths were measured using a standard osteometric board or
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Age and sex distribution
Age, yr Females Males
20-29 13 1
30-39 12 2
40-49 1l 4
50-59 6 8
60-69 9 6
70-79 12 9
80 and above 4 4
Total 67 34

directly off roentgenograms using a metric ruler, all to a precision of +0.1 cm.
No correction for roentgenographic magnification was made. This will be dis-
cussed later.

Some measurements of the long bones had to be done by roentgenograms.
Owing to the nature of the research at CHR, portions of these bones have been
consumed in destructive tests by the various research groups within the Center
and can never again be measured directly for anthropometric purposes. This
is one reason that the Bone Microdosimetry Group will continue to place a high

priority on the complete roentgenological survey of all skeletal materials.
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Results
The raw data, consisting of the weights and lengths of the available long
bones from each case, are shown in Table 1 (females) and in Table 2 {males).
Included in the tables are the case number and age at death of each subject.
Table 3 lists the mean values of measured weights and lengths (-)Et) and the
standard deviations (S.D. )t calculated for the groups of specific long bones. In
addition, females are treated as a separate group, vielding values reported as
X. and (S.D. )F and males as a group reported as X

F M
and standard deviations for weights and lengths for sample groups classified

and (S.D.)M. The mean

according to both sex and age are given in Table 4.

No attempt has been made to standardize the condition of these bones for
this study; the purpose of obtaining the skeletons was other than anthropometric
studies. Most of the bones were exhumed, devoid of flesh and dry. However,
some bones, especially those obtained from amputation, autopsy, or willed re-
mains, are wet and include marrow and fatty oils and are represented by the
largest total skeletal weights. Only bones that were complete and without obvious
gross pathology (i.e.. fractures, etc.) were used for length and weight measure-

ments.

Discussion

Weights

In order to compare these radium burdened skeletons with those of the
normal population, estimations were made of the total skeletal weight (in grams)
for each case based on the weights of various long bones. These estimations are
shown in Table 5, as is the average of all the individual estimates. In the same
manner, the estimated total skeletal weights for various age groups of each sex
calculated from the measured weight of a specific bone are shown in Table 6,
along with the average age for the groups.

These weights were calculated according to the fractional weights of long
bones (shown in Table 7) reported by Ingalls12 for a United States male population,

4
by Latimer and Lowrance“ for an Asian population, and by Bakerl for a normal

U.S. male and female population. The skeletons used in both the Ingalls and
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TABLE 1. Weight and Maximum Length Measurements on Long Bones - Females
- —@——— — — - -  ——— ——
Humerus Radius Ulna Femur Tibia Fibula

Specimen Age, Weight, Length, Weight, Length, Weight, Length, Weight, Length, Wweight, Length, Weight, Length,

yr g cm g cm g cm g cm g cm_ q - .
00-006 27 - 28,7 (B) - 19.1 (B) - 20.8 (B) - 40,7 (LY 183,3 (R} 32,7 (B) - 31.8 (R)
00-009 29 149,3 (R} 34,0 (B) 40.9 (R) 23.2 (B) 50.4 (R) 25,0 (B) 421.0 {R) 48.0 (B) 267.8 (R) 38,5 (B) 58.8 (R) 36,2 (B)
00-017 25 71.4 (R} 28,1 (R) 23.2 (R} 20,3 (L) - 21.3 (L) 217,77 (R) 41.8 (B) 141.7 (R} 32,6 {R) - -
00-019 51 - - - - - - -- - 154,3 (L) 29.4 (L) -~ -
00-023 29 - - 29.3 (R 21.7{B) 34.6 (B) 22.8 (B) 304.8 (L) 41.3 (L) 140.2 (B} 33.2 (B) - -
00-027 40 143,3 (B} 30.3(B) 41.6 (R} 24,0 (B) 48.6 (R) 24,8 (R) 417.5 (B) 41,8 (B) 20B,9 (L) 35.8(B) 35.4(L) 34.5(B)
01-001 71 133.1 (B) 32,7 () 38.5 (B) 23.9 {B) 47,1 {B) 25.8 (B} 455,5 (B) 46,0 (B) 287.9 (B) 38.2 (B) 56.4 (B) 7.2 (B)
01-006 39 143,1 (B} 31,0{(BYy 38,9 () 21.5(B) 44.9(B) 23.7 (B - 42,8 (R) - 34.4(B) 56.4(R) 34,5 (B)
01-007 63 - 28.9 (R) - 20,3 (R) 29.8 (R) 22,2 (R) - 41,1 (B) - 34,4 (B) 30.1 (L) 33.7,(B)
01-011 65 165.,3 (R} 31.2(B) 30.0(RY 23.5(B) 35,7 (R} 24.7 (B) - 45,2 (L) - 35.0 (L) - -
01-012 89 58,6 (L) 29,7 (B) - 21,7 (R) 19,4 (L) 22.5 (B) 247.1 (B) 41.2 {B) 147.5 (L) 34.8 (B) 23,1 (L) 33.4 (B)
01=014 48 - 30,1 (R) -- 22,2 (B) - 23.8 (B) - 44,0 (R) - 36.2 (B) - 33.8 (R)
01-016 75 146.1 (L} 1.4 {L) -- - - -- -- - -- - - -
01-017 93 151.5 (B) 130.6 (B) 38.8 (B} 23.3(B) 44.23(B) 24,.5(B) 676.3 (B) 41,7 (B) 259.3(B) 34,7(B) 41.6(B) 33.9(B)
01=-019 3 91,7 (B} 29.1 (B) - -— - - 343,5 (B) 41,9 (B} - - - ==
01-022 51 102.7 (L) 27.,9(B) 27.6 (L) 20,8{(B) 32.2() 22.5(B) 25B.,4(L} 37,7 (L) 155.0 {Ly 32,3 (BY 29,5} 30,7 (B}
01-031 28 104.0 (B) 27.5 (B) 31.1 (R) 21,3 (B) 35,3 (L) 23.2 (B) 300.6 (R) 42,7 (R) 164.7 (L) 34,3 (B) 35,9 (L) 3z.a (B
01-032 k¥ - 29,8 (B) - 21.4 (B) - 22,6 (B} - 42,8 (B) - 34.6 (B) - 32.0 (B)
01-033 23 - 30,8 (B} - 21,9 (8) - 23.1(B) 2Bt.6 (R} 40.1 (R) -- -- - --
01-040 22 - 29,0 (B) - 20.5 {B) - 22,0 (B) ~265.,2 (R) 41.2 (B) 156.1 (L) 33.7 (B) - 32,2 (B)
01-046 40 88,4 (B) 27.8 {(B) 27.3 (R} 21,5 (B) 35.4 (L) 23.2 (8) 236,11 (B) 39.8 (8) - 33.2 (R) - 31,4 (R)
01-049 34 - 29,8 (B) - 21,9 {(B) - 23.5 (B) 437,.0 (R) 42,0 (R) 294.1 (R) 36,7 (B) - 3.8 (B
01-052 20 - 30,0 (B) -- 21.5 {B) - - 232.6 (B) 41,6 (B} - 35.5 (B) - -
01=-054 28 75,3 (L) 28,5 (B) 24,8 (L) 20,5 (B) 30,2 (L) 22.0 (B) 221,7 (B) 38.4 (B) ~116,1 (R) 31.2 (B) ~28,.5 (R) 29.7 (R)
01-057 23 -— 31,6 (B) - 21.6 (B) 35.1 (R) 22.2 (B) 332.7 (R) 42,2 (R) 198,.2 (L) 36.5 {L) - -

‘(m = Right; (L) = Left; {B) = Average of R and L.
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TABLE 1, (Cont.)
Humerus Radius Ulna Femur Tibja Fibula

Specimen Age, ‘Weight, Length, Weight, Length, Welght, iength, Weight, length, Welght, Length, Welght, Length,

YT g cm g cm q cm q cm q cm g cm
01-082 kK 75.8 (R} 28.4 (B) - 21,9 (LY 26.6 (R) 24.0 (B) 249.1 (R} 42.6 {R) - 35.7 (8) - -
01-099 40 - 30.6 (B) - 22,0 (B) 35.9 (R) 23,6 (B) - 42.3 {8) -- 33.8 (B) - 33.1 (B)
01-103 43 -- - 41.4 (B) 23.3 (B} 49.3 (B} 24.7 (B) 509,33 () 44,1 (R} 258.7 (B) 36,5 (B) 50.5 (B) 35.4 (B)
01-105 47 79,3 (R} 2B.7 (B} 22.1 (R) 20,6 (BY 27.0 (R} 22,3 (B) -- 39,6 (R) 132.3 (L) 33.6 (B) 23.7 (L) 31.5 (B)
01-115 36 102.3 (R} 28,9 (B) 33.7 (B) 20,2 (B) 37.6 (B) 21,6 (B) 307,9 (R} 43.2 (B) 177,3 (L}  33.6 {B) 40,6 (L) 33,2 (B)
0l-132 36 141.9 (1) 33.0(B) 45.9 (R) 23.9 (BY 55,1 (L) 25,5 (B) 474.7 (B) 43,3 (B) - 38.3 (B) - 36,5 (B)
01-144 76 136.1 (B) 29.8 (B) 34,4 (B) 23,2 (B) 39.7 (®) 24,5 (B) 481.7 (R} 46,0 {R) 249.5 (B) 36.5 (B) 33.6 (B) 32.7 (B}
01-145 57 131.7 (B) 31.8 (B} 33.6 (R) 22,6 (B) 40,1 (1) 24,4 (B 415,3 (LY 43.7 () -- 37,2 (LY - 35.4 (L)
01-146 85 167,7 (B} 34,8 (B}  41.0 (R) 23.3 (B) 53,2(® 25.0 {R) S01.5 (BY  47.5 (B} 289,0 (B} 38.0{B) 53.0(Q 35.6 (B)
01-149 71 -- 31,1 (B} -- 23.1 (® -- 24,7 (B) -- 45,6 (L) -- 36,8 {B) -- 35,1 (B)
01-175 66 -- - 44.6 {L) 25.4 (B} 53,92 ) 27.0 (B) -- PFb -— - 44,9 (L) 36,8 (L)
01-183 68 - 30.8 (B) -- 20.8 (B) -- 23.1 (R) -- 46.4 (B) -- 37.2 (B) - 35,0 (B}
01-302 67 - 30.1 (B) -- 22,6 (B) - 23.8 (L) -- PF - 36.3 (L) - 34,3 (L)
01-388 71 107,11 (L) 32.4 (LY 27.2 (L) 23.8 {B} 33.9 (L) 25,2 (B) ~320,7 (L} 45.3 (L) i186.1 (L} 38.9 (B) - 37.9 (B)
01-389 20 95,7 (R) 32.2 (B) 34.3 (R) 23.0 (B) 32,9 (R) 24.5 (B) 363.2 (LY 47.1 (B) 177,6 (B} 35.4 {R) 35.4 (B) 34.8 (R}
01-~390 44 117.7 (B) 32.3 (B) 36.7 (L) 24,5 (B} 41.1 (B) 25,6 (B) 353.4 (B) 44.5(B) 189.3 (B) 37.5 (B) 41.1 (L} 3%.8 (L)
01-405 72 - 31,0 (B) - 21.9 (B) - 23,6 {(B) 293,3(BY 42.4 (B} 155,9 (L) 6.2 (B) - 32,3 (L)
01-439 73 - 32.5 (L} - 23,4 (L} - 25.4 (L) - .- - 41.0 (L) - 38.9 (L)
01-466 44 79,1 (R} 29.2 (B) - 21,4 (B) 28.3 (L) 23.1 (B) 260,6 (L) 42.6 (B) - 35.2 (B) - 33.2 (B)
01-520 87 95.4 (B) 30,8 (B) 24,3 (L) 21.9 (B) 30.4 (1) 23.1 (B) 304.1 (B} 42.0 (B) 154.6 (L} 34.8 (B) 28,4 (L)Y 34,7 {B)
01-562 30 97.3 (L) 29.6 (B} - 22.4 (B) -- 23.8 (B} 333,8 (L) 43.2 (B) -- 35,7 (B) 44.5 (L) 33.8 (B)
01-565 65 - 30.5 (R) - 21,4 (L) - 23.6 (1} 367.9 (R} 40,5 (B} 198,3 (R} 32,7 (B) - -
01-573 53 140,6 (L) 31.2 (B} - 23.8 (R) 49,1 (L) 25,4 (B) 484.6 (L) 44,4 (B) 281.9 (1) 37.4 (B) - 36.3 (B)
01-574 52 - 32.3 {B) -- 22.0 (B} -- 22,8 (B) 398.4 (R} 43.4 (D) - 34,9 (B) - 33.2 (L)
01-578 26 - 32,0 (R} -- - - - -- - - - - -

.(R) = Right; (L) = Left; (B) = Average of R and L,

b Pathological fracture.
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TABLE 1, (Cont.)
Humerus Radius Ulna Femur Tibja Fibula
Specimen Age, Weight, Length, Welight, Length, Weight, Length, Weight, Length, Welght, Length, Welight, Length,
yr g cm g cm q cm q cm g cm g gm

01-612 77 129.6 (B) 29,6 (B) 33.8 (B) 22.0 (B} 40.1 {B) 23,5 (B) 448.3 (B) 42.9 (B) 250.7 (B} 34.3 (B) 44,8 (B) 32.7 (B}
01-613 3c 101.8 (BY 29.6 (B) 30.2 (B) 21.2{B) 37.6(B) 22,8 (B} 347.4(B) 40.6 (B} 224.0(B) 233.4(® 38.0(B) 32,7 (B}
01-633 48 103,2 (R) 31.4 (B) -- 21,7 () 37,1 (Ry 23.1 (B} 320.1 (R} 46.7 (B) 162,7 (Ry  37.7 (B) 35.3 (R} 35,2 (B)
01-660 76 163.0 {L) 34.2 (L) 41.9 (L) 24.5(® 44.1 (L) 26.,0{B) 543,00 (R 48,9 (R - - - -
01-739 72 76.B(B) 32,5(B) 24.7{B) 22,1 (B) 25,7 (R) 23.9 (R} 225.8 (B} 43.7 (B) 112.7 (B) 35.5 (B) -- --
03-240 39 108,3 (B) 30.5 (B} 35.3(B) 23,1 (B} 36.9 (B) 24.7 (B} 294,99 (B} 43.7 (B} 187.0 (B) 36.6 (B) 34.3(B) 35.5 (B)
03-666 23 110,2 () 32,0(B) 28.4(8) 21.8(B) 35.6 (B) 23.5 (B} 363,9(B) 44.0 (B} 230.8 (B) 35.5(B) 33.0(B) 34.4 (B)
03-779 36 125.7 (B} 30.7 (B} 239.7 () 21.9(B) 46.7 (B) 23,9 (B} 379.9(B) 43.0(B) 204,0(B) 35,3 (B) 50.5(B) 34.7 (B)
05-116 61 - - 2.5 (R 22,7 (R) - -- 250,2 (B} 44.4 (B) 152.9 (B) 37.8 (B) - --
05-165 65 105,5 (B} 30,2 (B) 27,8 (B) 20,6 (B} 34.8 (B) 22.3(B) 312.B(B) 41,3 (B} 174.7 (B} 34,2 (B} 41,6 (B} 3..0 (B)
05-210 72 99,1 () 29.4(®) 30,3 (B) 21.3(B) 234.7(B) 22.4(B) PATH. (B)C PATH.(B) 162.9 (B 36.0 (BY 27.9(B) 34.54¢B)
05-349 72 73.2(B 31.5(8) 24.5(B) 23,2(R) 31,9 (8) 24,8 (R) 2B4.0 (B} 43,8 (B} 162,0 (B} 36.8 (B} -- -
05-420 47 - 29.4 (L) -- 21,2 (B) - 23.1 (B) 363.9 (R} 42,9 (B} - 34.0 (R) - -
05-555 67 68,3 (B) 28,6 (B) 19.7 (B) 20.4(B) 26.2 (B) 22,3 ({B) 302.9 (B} 490.4 (B) 122.6 (B} 34.8 (B) 25.6 (B) 33.4 (B}
05-751 32 100,9 (R} 30.1{B) 30,7 (R) 21.8{B) 32,3 (R} 23,1 (B -- 44.8 (B} 155,3 (L) 35.6 (B) - -~
09-044 49 - 29,5 (8) - 21,1 (B) - 22,4 (B) -- 43,7 (B) -- 35.7 (B) - 33.7 (B}
10-883 52 60,2 (By 28,4(B) 26,6 (B) 21.3(m)y 31.0(B) 22.2 (B) 176.6 (B) 40,0 (8} 111,9 () 33,1 (B 30.4(L) 32.5 (L)

a (R) = Right; (L)} = Left; (B) = Average of R and L,

b

¢ Pathological .

Pathological fracture.
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TABLE 2. Weight and Maximum Length Measurements on Long Bones - Males
Humerus Radius Ulna Femur Tibia Fibula

Specimen Age, Weight, Length, \Veight, length, Welght, length, \Weight, lengtk, Weight, Length, Weight, Length,

¥y g cm g cm q cm g cm q cm q ~em
00-008 48 155.8 {R)a 35.1 (R) 49.6 (B} 26.5(B) 60,3 (B} 24.3 (B} 466.0 (A} 5C.1{R) 266,5 (R 41.8 (R} 69.1(B) 40,9 (B}
00-020 37 142.3 (L} 32.2 (B) 55.0 (f) 23,9 (B} 45,9 (1% 25,1 (Lb  467.0 (L) 47,0 (B} 295.1 (1) 37.5 (B 42.,3(1) 35.7 (B)
00-033 54 - 32.1 (B) -- 22.4 (1) -— 23,4 (L -- 45,9 {8} -- 36.1 (B) 34,7 (R) 34.6 (B)
01-003 68 216,9 (L) 34,3 (L) 62.1 (L} 24,0 (L) 7Z.8(L) 26.0 (L} S75.1 (R} 49.4 (R} 305.7 (1} 40.0 (1) 60.5{L) 38.7{L)
gl1-010 74 1,0 (L) 29,7 (B 34,0 (L) 23.7 (B 41.2 (1) 22,1 (BY 313.0 (L} 41.1 (B} -- 315.0 (B} -- 31.0 {B)
01-1239 93 169.3 (B) 34.8 (R} 46.8 (B} 25,0 (®) 60,3 (B 26,6 (B) 502,5 (B} 47.1(By 276.7 (B} 38,8 (B) 49,9 (B} 37,1 [£:)]
01-141 92 190.9 (B) 31,9 (B} 55.0 (8) 23.9 (8 64.3 (B) 25,6 (B) 504.5 (B} 43.6 (B) 338.9 (B) 36.4 (B 68.9 (B} 35.2 (B)
01-208 71 257.2 (B) 33.1 (B} 70.5 (B) 25,1 {B) B7.6 (B) 27.1 (®) 798.0 (B) 45.0 (BY 491.4 (B) 40,2 (B} BB.6 (B) 39.1 (B)
01-251 75 135.6 (R) 32,0 (B) 39.3 (D) 23.5(B) 51,9 (L) 25,0(B) 3BS.1 (R} 44.4(R) - 38,0 (B} 27.% ° +".8 (B)
01-305 43 - - - - - -- - - 414,02 (1) 38.2 (L) 73.7 (L) 37.a (L)
01-404 70 - 33.6 (B) 65.3 (B) 24.5(B) 75.5{B) 29,4 (R} 598.6(B) 45.3 (B) 348,9 (8) 37.3 (B - 36,4 (L)
01-434 52 166.7 (R) 32.4 (B) - 24.0 (B) 66.9 (R} 25.9 (B) 448.5 (R} 46.1 (B) 287.8 (R) 36.2 (B) - 35.3 (B)
01~-438 73 88.6 (L) 32.9 (B) 45.7 (R} 25.2(B) 55,1 (R} 26,9 (B) 365.0 (R} 45,4 (R) 186.9 (LY 37.4 (B) - 37,1 (R)
01-450 59 130,6 (L) 31.B {B) 46.6 (L} 24.1 (B) 47.! (L} 25,7 (B} 39C.% (R} 44.0 (B) -- 37.4 (B} 44.B (R} 36.4 (B)
01-456 70 -- 36.1 (B} - 26,5 (B) - 27.9 (B) 678,99 (L) 48,1 (B} - 46,2 (@ - 39,1 (B}
01-485 81 166.5 (L) 32,8 (B) 40,1 (1} 23,7 (B) 52.3{L) 25.7 (B) 543,2(1) 46.5(B) 227.0 (L} 37.4 (B 41.6 (L) 35.2 (B
01-501 70 133,4 (R} 34.4(B) 44.3 (R} 25,1 (B) - 27.0 (B  322.2 (R 47.4 (R -= 41.3 (B -- -
01-567 64 162.0 (R} 33.9 (R) - 24.7 (B) -— 26.6 {B) S10.4 (R} 48.4 (B) 335,6 (R} 39,7 (B} -- 37.3 (B)
0l1-568 z1 ~120,1 (1) 33.2 (B) ~38.3 (1) 22,7(l) 44.8{L) 24.4(L) 403.3 (R} 42.1 (B) - -- - -
01-635 57 - - 41,9 (L) 25.2{L) 42.2{L) 26.7{L) -- - - -- - -
01-661 60 185.3 (B) 34.5 (B} 48.6 {B) 4.4 (B} 62,3 (B} 26.3(B) 477.6(B) 44.9(B) 247.9 (L) 37.1 (L) 48.0 (B} 35.7 (B}
01-690 62 164,8 (B) 33.2 (B) - 24.3 (R} 45.4 {R} 26.6 (R} 448,5 (L) 49.8 (B} 224,2 (L) 40.8{B) 43.6({L) 238.4(R)
03-209 66 185.3 (B) 34,2 (B) €3.5{B} 26.,44B) 71,1 (B} 2B.1 (B} 567,3(B) 47.5 (B} 324.6 (B} 38.9 (B) 63.8 (B) 38.1 (B}
03-238 71 192.8(B) 35.7{(B) 63.2(B) 27.3(B) 76.3(B) 29.1(B) 597.1(B} 50,3 (B} 383.5 (B} 43.8 (B} 66,5 (B} 41.9 (B)
05~044 BO 259,7 (8) 32.9 (B 74.7 (B) 24,8 (8) 86,0 (B} 26,5 (B} 744.2 (B} 46.9 (B} 420,5 {(B) 37.7 (B) B81.5 (B} 36.8 (B)
05-072 57 155.9 (B) 30.7 (B) 30.5 (L) - 37.5% (L) - 452.2 (B} 43,4 (B} 246.6 {B) 35,1 (B) 35.5 (L) -
05-912 74 - 33,9 (B) -- 25.4 (B) -- 26.8 (B) - 47.9 (B) - 38,6 (B) ~72.5 (R} 36,9 (B
09-041 63 - 34.1 (B) 42,0 (R) 24,4 (B) 53.2 (R} 26,2 (B) 371.2 (R} 456.8 (R) - 37.1 (B - 36.1 (B)
09~-084 39 162.6 (L) 34,2 (B) 54.! (L) 24.0(B) - 25,4 (B} 495.9 (L) 47.8 (B) 343,7 (LY 38,8 (B) - 7.0 (R
09-105 42 160.9 (B) 33,8 (B) 50.1(B) 24.7 (B) -- 27.3 (B - 49,5 (B) - 41.4 (B) 59.6 (B) 38.6 (B}
09-120 56 114.8(B) 32,5( 31,6(@ 25.,4(8) 39,5(B) 26,8 (B) 328,6 (B} 49.6 (B} 195,2(B) 39,8 (B) 32,2 (B) 3B,8 (B)
10-644 s? == -- - -- -- -- 391.9 (L) 46,9 (L) 212,2 (R) 39.3 (R  -- -
10-831 47 239,5(By 34,7 (B) 64.3(B) 27.3(B) 77.1(B) 28,9 (B) 642,5 (B} 50.7(B) 374.7 (B) 41.2(B) 70.0 (B} 40.6 (B
10-840 57 141,0(B) 35,0(B) 43.4(B) 24,2(B) S5!,5(B) 25,6 (B) 307.8 (B} 47.9(B) 165,3(B) 36,2 (L} 31,3 (B} 34,5 (L)

a(R} = Right; (L) = Left; (B} = Average of R and L.
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TABLE 3. Mean Value of Measured Weights and Lengths, and Standard Deviation about the Mean of Long Bones
Humerus Radius Ulna Temur Tibta Fibula
Weight lLength Weight Length Weight Length Weight Length Weight Length Weight Length
N2 g N cm N g N cm N g N cm N g N cm N g N cm N g N cm
;t b 68 130,1 93 31,5 64 39.5 94 23,0 69 45.2 92 24.6 77 401.0 92 44.3 64 22B.9 83 36,5 52 45.4 78 35,2
(S'D')t 44.6 2.08 12.8 1.74 15.1 1.90 131.2 2,97 84,11 2.54 15,98 z.47
il-‘ 42 108.6 62 30,4 s 37,3 63 22.1 494 37.5 61 23.6 48 347.6 60 43,0 41 188.8 61 35.4 30 38.4 49 "34.1
(s.[),)P 28.8 1.62 6,93 1.25 8,39 1.26 101.0 2,30 52.2 2,01 10,10 1,84
iM 26 165,0 31 33.4 26 50.0 31 24,7 25 58,7 31 26,4 2% 489,6 32 46.8 231 300,6 32 3B8.6 22 54,8 29 37.1
(S'D')M 43.9 1,42 12,0 1,17 14.8 1.56 128,7 2,44 B3,3 2.09 17.79 2,20

a N = Number of measurements.
t = total; F = female; M = male.
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TABLE 4, Means of Weights and Lengths of Bone According to Age Groups

Humerus Radius Ulna Feaur Tibia Fibula

Age, Weight Length Weight Length Weiohnt _Length Weight length Weight _Length Weight Length

Sex yr N3 y N cm N g N cm N g N cm N g N cm N g N ocm N g N cm
F 20-29 X 6 101,0 12 30.4 7 30,0 12 21.4 7 36.3 11 22.9 11 300.5 12 42.4 10 177.7 11 34.5 5 38.3 7 33,1
5.D. 28,3 2,03 5.80 1,15 6,50 1.27 65.4 2,76 45.4 2,07 11.8 2.17

30-39 X 10 108,9 12 30.0 7 36.3 11 21.9 a 39.7 11 23,6 g 3sz.0 12 42.8 6 207.0 10 37.7 6 44.1 9 34,1
5.D. 21.7 1.20 5.58 0.97 B.91 1,058 70.1 1,03 48.7 5,71 8.22 1.40

40-49 X 6 1101,8 10 29,9 5 33.8 11 22.1 8 37.8 11 23.6 7 351.6 11 42.9 5 190.4 11 35.4 5§ 37.2 10 33.8
s.D. 25.2 1.31 8.75 1,26 9.25 1,01 93,1 2.06 47.8 1,56 9,76 1,52

50~-59 X 4 10%8.8 3 20,3 3 28.3 5 22.1 4 38.1 5 23.5 5 346,7 S5 41.8 4 175.8 & 34.1 2 29.5 5 33.6
5.0, 36,2 2.03 3.79 1.17 8,37 1,38 125.6 2.97 73.6 3.08 &30.4 2,25

60-69 X 3 93,0 7 30,0 5 29.3 9 22,0 5 36.1 8 23,6 4 308,535 7 42.8 4 162.1 8 35.3 4 35.6 6 34.4
5.D. 21.4 0,96 ,38 1.73 10.7 1.62 48,2 2,50 32.2 1.69 9,18 1,38

70-79 X 9 1i8.2 12 21,5 8 31,9 11 22.9 8 37.2 11 24.5 B 381.5 9 45,0 8 196,0 10 37,0 4 40,7 B 35.2
s.D. 31.0 1.44 .38 0.99 6,95 1,09 114,2 2.0 60.0 1,90 12,6 2,57

> 80 X 4 119.1 4 31.5 3 4.7 4 22.6 4 36.8 4 23.8 4 432.3 4 43,1 4 212,64 35,6 4 3.5 4 34.4
s.D. 50.0 2.27 9.07 0,87 14,9 1,17 195.8 2,95 72.2 1,62 13.5 0.96

M 20-29 X 1 120.1 1 33.2 1 29.3 1 22,7 1 44.8 1 24.4 1 403.3 1 42,1 - - - -— —-— - - ==
s.D, - - - - -- - - -— - -— - -~

30-39 X 2 142,33 2z 32,2 2 55,0 2 23.%8 1 45.9 z 25,1 2 467,.0 2 47,0 2 295.1 2 37.5 1 42.3 2 35.7
s.D. &162.6 &34,2 &54,1 &24,0 -- &25.4 5495.9 &47.8 &343,7 &38,8 - &37.0

40-49 X 3 185.4 3 34,5 3 54.7 3 26.2 2 3 28.2 2 642,5 3 50,1 3 351.7 4 40,7 4 68,1 4 39.4
S.D. 46.9 0.€7 8.35 1.33 &£60.3 0,81 &466,0 0,60 76.4 1.65 6,02 1,67

50-59 X 5 141.8 6 32.4 5 38.8 6 24,1 6 47.5 6 25,7 6 386.7 7 46.5 5 221.4 7 37.2 5 35,7 5 35,9
S.D. 20.5 1.42 7.29 0,92 10.8 1.23 59.6 2,37 47,2 1,77 5,37 1.78

60-69 X 5 182,99 6 34,0 4 54,1 6 24.8 5 61.0 6 26.5 6 491,7 £ 47.8 5 287.6 6 38,9 4 54,0 & 37.4
s.D. 22,0 0,45 10,5 0.80 11.7 0.76 76.8 1,81 49,0 1,54 9.70 1.25

70-79 x 6 149.8 9 33.5 7 51.8 g 25.1 6 64.7 9 26.8 8 507.2 9 48,1 4 352.7 9 39.1 4 63.8 8 37.3
§.D. 64.9 1.93 14.3 1.21 17.8 2,20 184,2 2.66 126.1 2.59 25.9 .13

2 80 x 4 196,6 4 33,1 4 54.2 4 24.4 4 65,7 4 26.1 4 598.6 4 46.0 4 315.8 4 37.6 4 60,5 4 26,1
S.D. 43,5 1,22 15,0 .65 14,4 0,52 105.7 1.64 B3.5 0.99 18,1 1.02

AN= Number of measurements.

When N = 2, both measured values are shewn.
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Tabls 5. Estimation of Total Skeletal Weight Based on Weight of Long Bones in Grams
FEMALES Estimated
Average weight
of all Normalization normalized to
Case number _Age Humerus Radius Ulna Femur Tibia Fibula estimates * §.D. factor dry, fat-free
00-006 27 --a - - - 3385 -
- -— - - 3449 -- M17 1.00 3417
00-009 29 4165 752 kFF 1] 4539 4946 5069
46080 ars2 ares 4765 5639 4761 4374 * 507 0.95 4155
4212 369 4415 4686
20-017 25 1992 2128 -— 2347 2617 --
2238 2128 - 2464 2666 - 2288 * 236 L.00 2288
014 -- 2283 -
00-019 51 -- -- -~ - 2849 -
- - - -- 2903 - 2876 0.70 2013
00-023 29 - 2638 2554 3286 2583 --
-- 2688 2602 3450 2538 - 428 &+ 341 1.00 2828
- 2587 ns? -
5d-027 «® 3954 w1y ase7 4501 ese 3052
4489 3817 3654 4726 3930 2066 3867 * 504 0.61 2359
4029 552 4379 3505
01-001 71 37-13 3532 3476 4911 5317 4862
4172 3532 3541 5156 507 4567 4321 + 709 0.61 2636
3755 3466 4777 4940
01-006 » 3992 2569 3314 -- - 4862
4486 2569 3376 - - 4567 3917 *+ 561 0.61 2389
4037 3393 - -
01-007 63 -- -- 2199 -- -- 2595
- - 2241 .- - 2437 2368 + 183 0.98 2321
01-011 65 2937 2752 2635 - -- -
3201 2752 2684 -- - -- 2836 * 225 0.61 1730
2970 2660 - --
01-0}2 20 1635 - 1432 2664 2724 1991
1837 -— 1459 2797 2775 1870 2144 * 532 1.00 2144
1653 -- 2592 2448

® patimations are calculated according to data reported by Im;n.uxs.12 first number per bone, Lattmer, 13 second number, and Baker,l4 third number.
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Tabls 5. (Cont.)
Estimated
Average welght
of all Normalization normalized to
Case number Age Humerus Radius Ulna Femur Tibta Fibula estimates ¢ §.D factor dry, fat-free
01-014 0 - -- -- -- -- -
-- - - .- -- - -- 1.00 -
01-016 75 4075 - - -- -- -
4580 - - - - - 4250 ¢ 279 0.61 2590
1121 - - --
01-017 93 4226 1560 3269 7292 4789 3586
4749 3560 3331 7655 4879 3368 4582 + 1,480 0.50 2291
271 3364 7093 4317
01-019 k) 2558 - -- 3704 - --
2875 - .- 3888 - - 3203 ¢ 597 1.00 3203
2587 - 1603 -
01-022 51 2865 2532 2376 2786 2962 2543
3219 2532 240 2925 2916 2389 2690 + 246 0.61 1641
2097 2421 2710 2647
01-031 28 2901 2853 2505 zan 3042 3095
3260 2853 2654 3402 3099 2907 2793 + 771 1.00 2793
2934 2688 3153 2878
01-032 32 - -- - - - --
-- - -- - .- -- - 1.00 -
01-033 2 - -- - 036 - -
-- - -- 1187 - -- 052+ 119 1.00 3059
- - 2953 --
01-040 22 -- - - 2859 2893 --
-- - - 3002 2937 - 2892 + 83 0.95 2776
- .- 2781 -
01-046 10 2466 2505 2613 2546 -- -
2771 2505 2662 2672 - -- 2568 + 99 1.00 2568
2494 2538 2876 -
01-049 M -- - -- 4712 5431 -
. - - - 4946 5533 -- 5041 + 425 1.00 5041
- - 4583 -

B timates are calculated according to data reported by Inqa.l]s.lz first number per bone, Lat:lmer.l

8 second number, and Baker,“ third number.
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Table 5. (Cont.)

Estimated
Average weight
of all Normalization normalized to
Case nymber Age Humerus Radius Ulna Ferur Tibia Fibula estimates *+ 5.D. factor- dry, fat-free
01-057 20 -0 - - 2508 - --
- - - 2633 -- -- 2527 + 98 1.00 2527
- -- 2439 -
01-054 28 2100 2278 2229 2390 2144 2457
2361 2275 2271 2509 2184 2308 2266 * 125 1.00 2266
2124 2227 2325 2075
01-057 23 - - 2590 3587 3660 --
-— - 2639 3766 3729 -- 3351 + 512 1.00 3351
-- -- 3489 --
01-082 33 2114 .- 1963 2686 -- -
2361 -- 2000 2819 -- -- 2335 *+ 334 1.00 2335
2124 - 2612 --
01-099 40 - .- 2649 - -- --
- - 2699 -- -- e 2674 0.96 2567
01-103 43 -- 3798 3638 5491 4777 4353
- 3798 3707 5765 4867 4089 4441 * 747 0.61 2709
-- 3672 5341 4436
01-105 47 2212 2028 1993 -— 2443 2043
2486 2028 2030 - 2489 1919 2164 + 202 0.61 1320
2237 1988 -- 2238
01-115 36 2854 3092 2775 3320 3274 3500
3207 3092 2827 34835 3336 3287 3136 + 233 1.00 3136
2886 2887 3229 3126
01-13z 36 3958 4211 4086 5118 - --
4448 4211 4143 5373 -- R 4418 + 499 0.66 2916
4003 4089 4979 --
01~-144 76 3796 3156 2930 5194 4608 2897
4266 3156 2985 5452 4694 2721 3863 + 923 9.50 1932
3839 3000 5052 4062
01-145 57 3674 3083 2959 4478 - ==
4129 3083 3015 4701 -- - 3652 * 670 .61 2228
ns 2984 4356 --

3n timates are calculated according to data reported by [ngalls, -2 first number per bone, Latimer, |3 second number, and Baker.!4 third number.
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Table 5. (Cont:)

Estimated
Average weight
of all Normalization narmalized to
Case number Age Humerus Radtus Ulna Femur Tibia Fibula estimates + §5.D. factor dry, fat-free
a
01-146 BS 4678 761 3926 5407 5337 4569
5257 3761 4000 5676 5437 4291 4676 = §77 2.51 2852
4731 3814 5260 4907
01-149 71 -- -— - -- - --
01-175 66 - 4092 3978 - - 871
- 4092 4053 -- - 3636 3959 = 162 0.61 2415
-- 3988 -- --
01-183 1] -- - -- -- - -
-- -- -- . - - -- 0.55 --
01-302 67 - -— - -~ -- --
- - -— -- -= - - 0.61 -
01-388 71 2987 2495 2502 3458 3437 -
3357 2495 2549 3630 3501 .- 3021 * 460 Q.66 1994
3021 2474 3363 -
01-389 20 2668 2963 2428 3916 3280 3052
3000 2963 2474 4111 3341 2866 3079 * 502 1.00 3079
2700 2640 3809 3056
01-390 44 3283 3367 3033 3810 3456 3343
3690 3367 3090 4009 3562 3328 3441 * 266 0.80 2753
3320 3150 3706 3306
01-405 72 - -- -— 3162 2879 -
- - -- 3320 2933 - 3074 + 178 0.70 2152
- - 3076 --
01-439 73 - -- - -- -- -
- - -- -- - -- - 0.61 -
01-466 14 2206 -- 2089 2810 -- -
2480 -- 2128 2950 -- -- 2453 + 338 1.00 2453
2231 - 2733 --

i'Llilttn:at.el are calculated according to data reported by Ing.alls,12

first number per bone, Latimer.13

second number, and Baker, 14 third number.
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Table 5. (Cont.)

Estimated
Average wajght
of all Normalization oormalizedte
Case number Age Humerus Radius Ulna Femur Tibia Fibula estimates * 5.D. factar dry, fai-free
01-520 a7 27452 2229 2244 zr 2855 2448
3085 2229 2286 42 2908 2300 2679 * 419 0.61 1634
2776 2215 3189 2626
01-562 30 2714 - - 3599 - 3836
3050 - - 3778 -- 3603 3353 + 452 1.00 3353
2745 - 3501 -
01-565 &5 - - - 3967 3662 -
- -- - 4164 3731 - 3876 + 199 0.70 273
- - 3858 -
01-573 53 g2z - 3624 5225 5206 --
4408 - %92 5485 5304 - 4591 + 741 0,61 2801
3966 - 5062 -
01-574 52 - - ' -- 4295 - -
- - - 4509 -- - 4327 + 16B 0.95 4111
- - 4178 --
01-578 L - - - - .- --
- -- - - -- - - 1.00 -
01-612 77 %15 3101 2959 4833 4630 3862
4063 ol 3015 5074 4717 3628 887 + 740 0.61 227N
3556 2992 4702 4240
01-613 30 2840 2771 2775 3746 4137 3276
3191 2171 2827 3932 4214 3077 3286 + 5 0.64 2103
2872 2745 3643 1759
01-633 48 2879 - 2738 3451 3005 3043
3235 - 2739 3623 3061 2858 3061 ¢+ 276 0.80 2449
2911 - 3357 2841
03-660 76 4547 3844 3255 5854 -— -
5110 3844 316 6146 - - 4517 + 1058 0.73 3297
4598 3482 5695 --
01-739 72 2142 2266 1897 2435 2081 --
2408 2266 1932 2556 2120 - 2206 + 199 1.00 2206
2166 2040 2368 --
12 13 4

A timates are calculated according to data reported by Ingalls, ' first number per bone. Latimer, - second number, and Baker, 1 third number.
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Table §. (Cont.)
Estimated
Average wﬂght
of all Normalization normalized to
Cage numbsr Age Humerus Radius Ulna Femur Tibia Fibula &gt +5.D factor dry, fat-fres
03-240 a9 3021‘l 3239 2123 3180 3453 2957
3395 3239 Frall 3338 3518 2777 3116 * 245 0.98 3054
3055 1923 3093 nrs
03-666 23 3074 2606 2627 3923 4262 2845
M55 2606 2677 4119 4342 2672 3282 + 663 0,98 216
109 2591 3816 3785
03-779 k) 3506 3642 3446 4096 3767 4353
as40 3642 351l 4300 3838 4089 801 * 295 1.00 w1
3546 3498 3984 3651
05-116 61 - 2248 - 2698 2824 --
- 2248 - 832 2877 -- 2622 + 269 1.00 2622
- - 2624 -
05-165 65 2543 2550 2568 3373 3226 3586
3307 2550 2617 3540 3287 3368 051 * 378 0.64 1953
2976 2534 3281 3103
05-210 72 2764 2780 2561 - 3008 2405
ale7 2780 2609 - 3065 2259 2731 + 45 0.64 1748
2795 2632 - 2737
05-M49 72 2042 2248 2354 3062 2992 --
2295 2248 2398 214 3048 -- 2556 + 429 1.00 2556
2065 2283 2979 -
05-420 47 - - - 3923 - --
- -- - 4119 - -- 3953 + 154 1.00 3953
- - 3816 -
05-555 67 1905 1807 1934 3266 2264 2207
2141 1807 1970 3428 2307 2072 2262 * 535 1.00 2262
1927 1858 n77 2126
05-751 3z 2815 2817 2384 - 2868 -
3163 2817 2429 -- 2922 . - 2761 * 238 1.00 2761
2846 2551 - -
09-044 49 - -- - -- - --
- - - - - - - 0.40 -

3¢ stimates are calculated according to data reported by Il'u;al.l.s.1

first number per

bone, I..al:imer.1 second number, and Baker.“ third number.
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Table 5. (Conts)
Estimated
Average welight
of all Normalization narmalized to
Case number _Age Humerus Radius Ulna Femur Tibla Fibula e st ¢ 8.D factor dry, fat-free
10-883 52 16792 2440 2288 1904 2066 2621
1887 2440 231 1999 2105 2462 2134 + 289 1.00 1M
1698 2332 1852 2042
MALES
00-008 1] 4346 4550 4450 5024 4922 5957
45884 4550 4534 5274 5014 5595 4853 & 454 1.00 Fri]
4395 4449 4887 4815
00-020 a7 2969 5046 3397 5035 5450 3647
4461 5046 3451 5286 5552 us 75 ¢ 761 1.00 “rs
4014 4085 489 4841
00-033 54 - - -- - -- 2991
-- - - - -- 2810 2901 1.00 2901
01-003 &8 6050 5697 5373 6251 5645 5216
6799 5697 5474 6509 5752 4899 §761 = 500 0.64 3687
6118 5462 $031 5254
o1-010 74 2538 3119 041 3375 - --
2853 alle 3098 3543 - - 2053 + 308 1.00 2053
2567 3045 1263 -
01-139 CF] 22 FELY 4450 5418 5110 4302
5307 29 asH 5689 5206 5040 4777 £ 44 0.64 2057
a7 2336 5270 4686
01-141 ) 5325 5046 4745 6518 6259 5540
5984 5046 4835 6842 6376 5579 5681 ¢ 675 .50 2041
5385 4830 630 5851
01-208 71 M 6468 6455 8504 9075 7638
8063 6460 6586 9032 9246 7174 7646 + 1034 0.61 4664
7255 6401 B369 8321
01-251 75 372 3606 3630 52 -- 2371
4251 3606 3902 4359 - 2227 3665 + 650 0.61 2236
3625 3682 4039 --

fpstimates are calculated according to data reported by Ingalh,lz first number per hone, Latimer, 13 second number, and Bal:er.“ third number.
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Table 5. (Cont.)
Estimated
Average waight
of all Normalization voremlized to
Capg Pumber age Humerus Radiug Ulna Femur Tibia Fibula astimates * 5.D. tactor dry. fst-free
01-305 43 --a - -- - 7645 6353
- - -- - 7789 5968 6950 ¢ 792 0.61 4240
- -- - 6997
01-404 70 - 5991 5504 6454 5443
- 5991 5699 6775 6564 - 6150 + 410 0.61 Irst
- 5713 6278 -
01-4M 52 4650 - 4937 4836 5315 -
5226 - 5030 5076 5415 - 4989 + 270 0.98 1809
4702 -- 4704 -
01-430 n un 1193 4066 3935 M52 -
2777 19 4143 an 3516 -- 3637 + 650 1,00 3637
2499 1081 w28 -
01-450 59 3643 4275 76 4215 -- 862
4094 4275 354l 1424 - 1628 3924 & 321 1.00 3924
%84 7N 4100 -
01-456 7 - - -- 7320 - --
-- - - 7684 - -- 7375 ¢+ 286 0.61 4499
- - 7120 -
01-405 [} 4644 %79 3860 5857 a9z 3586
5219 3679 2932 6148 @2n 1368 4402 + B85 0.70 2081
1597 3741 5697 3854
01-501 ] a1 4064 - uM - -
4162 4054 - 3647 .- - 3787 » 292 1.00 are?
3763 - 3379 --
01-567 64 4519 -- - 5503 6198 --
5076 -- - 5777 6314 - 5414 = 676 0.9 5197
4570 -- 5353 --
01-5608 21 3350 3514 3306 4348 -- --
3765 514 3368 4565 - -- 3701 + 461 1.00 3701
3360 3364 4230 -
01-635 57 - 3844 U -- -- --
- 17T 3173 -- -- - 76 + 353 1.00 M%
- 3405 - .-

®Estimates calculated according to data reported by Inqatll-ﬁ.12 first number per bone, La-timelr.13

second number, and

14

Baker,”  third number.
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Table 5. {Cont.}
Estimated
Average welight
of all Normalization normalized to
Case number Age Humerus Radius Ulna Femur Tibia Fibula asti + 8.D factor dry, fat-free
01-661 60 5169. 4459 459 5149 4578 4138
5809 1459 4684 5406 4664 3887 4748 = 507 0.98 4653
5227 4490 5009 1245
01-6%0 62 4597 - 3351 4836 4140 1759
5166 -- M 5076 4218 530 4252 + 632 0.95 4039
4649 - 4704 84z
03-209 66 5169 5826 5247 6116 5994 5500
5809 5026 5346 6421 &lo7 5166 5673 ¢ 390 D.61 59
5227 5449 5950 5572
03-238 n 5378 579 5631 6438 7082 5733
6044 5798 5737 6758 7215 5385 6050 * 590 0.61 3691
5439 5648 6262 6456
05-044 80 T4 6853 6347 8024 7765 7026
141 68513 6466 8421 7912 6599 7281 + 661 0.5 k)
7326 6506 7805 7202
05-072 57 4M9 2798 2768 4875 4554 3060
4587 279 2820 5118 4640 2074 3843 ¢ M7 .95 %5
4319 2753 474) 4047
05-912 L] - -- -- -- -- 6250
- -- -- -- -- 5870 6060 o.98 5939
09-041 63 .- 853 3926 4002 -- L
- ass3 4000 4201 -- -- 3948 * 120 l.00 M
-- 854 k(L x] --
09-084 39 4536 4963 -- 5347 6347 .-
5097 4963 - 5613 6467 -- 5312 & 661 0.64 00
4587 -- 5201 --
09-105 42 “e 4596 - .- .. 5138
5044 4596 - -- -- 4826 4747 + 259 0.66 3133
4539 - -- --
0%-120 56 202 11 2915 3541 360S 2776
59 2099 2970 719 3673 2607 3202 + 361 1.00 3202
kFx ] 2879 Mis 3263

'huuu- calculated scoording to data reported by Ingalls, 12 first number per bone. Latimer, 1

second number, and Baker," third number,
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Table 5. {Cont.)

Estimated
Average weight
of all Normalization rermalized to
Case number Age Humerus Radius Ulna Femur Tibla Fibula estimates ¢ S.D. factor dry, fst-free
10-644 57 --2a -— - 4225 3919 -
- -- - 4436 3592 -— 4136 = 204 1.00 4136
- -- 4110 --
10-831 47 6681 5099 5690 6927 $920 6034
7508 5099 5797 n2n 7050 5668 6434 * 619 0.61 1925
6756 572% 6738 6302
10-840 57 3933 3982 3801 3319 3052 2698
4420 3962 872 MM 3110 2534 3504 * 552 1.00 504
kL 1y 3842 3228 2821
12 13 14

Spstimates calculsted according to data reportsd by Ingalls,

first number per bone, Latimer.

second number, and Baker,

Table 6. Total Estimated Skeletal Welghts According to Age Group.

Mean value
of estimated Estimated weight
Avearage age skalstal weights normalized to dry,

Age, yr. N of group, ¥yr of group, ¢ fat-free, g
Famales

20-29 12 24.8 3022 2960

30-39 11 M4 3459 3099

40-49 9 4.7 3230 2570

S50-59 52.7 3069 2488

60-59 7 64.6 2901 2288

70-79 10 73.4 3404 2349

80 4 an. 5 355) 2230
Males

20-29 1 Fal 3701 3701

0-39 2 38.0 4632 3938

40-49 4 45.0 5629 1038

50-59 ] 56.1 3708 krah]

&0-69 [ 63.8 5022 4164

70-79 9 72.0 5205 kb g

z 80 4 84.0 5536 3155

3N = number of cases in group.

third number.



Latimer studies were macerated, cleaned, and dried. Latimer's collections were
degreased, whereas the bones used by Ingalls were not. The skeletons used
for the Baker studies were macerated by natural processes and were fat-free.
Table 7 includes fractional weights of various bone groupings as determined at
CHR. Our use of these data is discussed later.

The bones in the CHR skeletal collection are in various states of dryness.
The research requirements for which the skeletal material is obtained prohibits
treatment of the bones in any mannar in order to standardize the dryness.
Therefore, our data on skeletal weights are normalized to dry, fat-free skeletal
weights.

Each skeleton, after being weighed in its existing condition, is coded in
terms of four criteria: (1) wet or dry, (2) with or without marrow, (3} wiih or
without cartilage, and (4) fatty or fat-free. Using the data reported for refer-
ence man15 a normalization factor is determined for each individual skeleton.
Table 5 lists the measured weights and the normalized weights, as well as the
calculated total skeletal weights in terms of a normalized, dry, fat-free skeleton.

The estimated total normalized skeletal weights for each group vs. the
average age for that group are plotted in Figure 2 (females) and Figure 3 (males).
The solid lines indicated on these two figures represent the total skeletal weight
of a normal population as described by Merz, Trotter, and Peterson. H The line
represents our computer least squares fit tt.rough the scattering points of their
data. The dashed line represents a linear regression line which best fits our
grouped and normalized data points. Thus, these two figures compare the total
skeletal weights of the normal population and the normalized weights for our col-
lection. Weight loss with age occurs at the same rate in our population and in
the population studied by Merz et al. Thus, our population appears to be normal
in that regard, despite the presence of radium.

Lengths

The lengths of the long bones in our group were compared with those of
the normal population. Various studies were found in the literature which list
the average lengths of long bones in specific skeletal collections. Brief descrip-

tions of these collections and the average bone lengths reported are given in
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Table 8, as are the mean lengths of the samples used for this study.

Estimates of stature in centimeters for each subject in the CHR collection,
based upon the length of the long bones, are reported in Table 9. These esti-
mates were calculated from formulas given by Trotter and Gleser16 for American
white females and males. The general form of the equation is:

Bone length (cm) x K + A = estimated stature * S.E.,
where K, A, and S.E. (Standard Error) are reported, specific constants for each
long bone. These values are given in Table 10. When estimating the stature of
individuals over 30 vears of age, 0.06 x (age - 30) cm has been subtracted.

According to Trotter and G-leser,16 these equations are applicable to
maximum lengths of long bones which are dry and without articular surface
cartilage cover. It is appropriate to use either a single left or right bone or
to use the average of a pair of bones in the calculations. In addition, it has
been noted that estimations of stature utilizing bones of the lower limb result in

a smaller standard error than estimations from lengths of the bones of the upper
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Table 7. Percentage of Total Skeletal Weight

Percent skeletal weight
CHR percent Appendicular CHR percent Ingalls 12 Latimer13 Baker“
Axial skeleton skeletal weight skeleton skeletal weight {U.8.) (Asian) {U.5.)
Skull 13.13 Clavicles 0.99
Mandjble 1.52 Scapulae 2.87
Vertebrae, cervical 1.44 Humeri 6.89 7.17 6.38 7.09
Vertebrae, thoracic 4.24 Radii 2.16 2.18 2.18
Vertebra, lumbar 3.64 Ulnae 2.60 2.71 2.66 f 4.94
Sacrum & coccyx 2.12 Innominates 9.83
Sternum & xdphold 0.65 Patellae 0.80
Hyold 0.02 Femora 19.11 18.55 17.67 19,07
Ribs 6.41 Tibiae 11.48 10.83 10.63
Fibulae 2.43 2.32 2.47 ‘ 13.94
Wrist & hands 2.66
Ankles & feet 6.52

Table 8. Average Bone Lengths Reported in Various Studies in Centimeters.

1 2 5 Trotter & Trotter & Mean of
Todd Telkkd This study Trotter Gleser 16 This study  This study Gleser16 reported
Long {(U.S.) (Finland} (U.S.) (U.8.) (U.S.) (U.S5.) {U.S.) (U.S.) values
bone F&M F&M F&M M M M F F
Humerus 32.9 32.9 31.5 33.6 33.0 33.4 30.4 30.4 32.3
Radius 24.4 -- 23.0 25.2 24.4 24.7 22.1 22.2 23.7
Ulna - - 24.6 27.0 26.2 26.4 23.6 24.0 25.3
Femur 45.3 45.5 44,3 47.3 45.7 46.8 43.0 43.0 45,1
Tibia 36.8 36.2 36.5 37.8 36.4 38.6 35.4 34.0 36.5

Fibula --= 36.1 35.2 38.1 36.8 37.1 3.1 34.3 36.0
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Table 9. Estimation of Stature from Lenigth of Long Bones in Centimeters.

Lower Weightedmean * 5.E.,

Age, Femur and extremity,® humerus through

Case no. yr Humerus Radius Ulna Femur Tibia Fibula tibia mean * S.D. fibula
FEMALES

04-006 27 154. 40 145.46 146.58 154.63 156. 36 152.78 155.23 154.59 + 1.79 152.11 # 1.61
00~-009 29 172.21 164.90 164.51 172.66 173.18 165.68 173.44 170.51 * 4.19 169.02 + 1.61
00-017 25 152.39 151.15 148.71 157.35 156.07 - 156.62 156.71 - 153.58 + 1.8
00-019 51 - - - - 145.53 - - 145.53 - 145.53 % 3.66
00-023 29 - 157.79 155.12 156. 11 157.81 - 156.76 156.96 - 156.76 + 1.97
00-027 40 159.18 168.09 163.06 156.75 164.75 160.10 156,16 160.53 * 4.02 161.82 *+ 1.61
01-001 71 165.38 165.76 165.47 165. 26 169.85 166.15 158.60 167.09 + 2.43 166.45 + 1.61
01-006 39 161.59 156. 30 158.42 159.28 160.75 160. 16 159.97 160.06 + 0.74 159.50 + 1.6l
01-007 63 153.09 149.17 150.57 153.64 159. 31 156. 37 156.58 156.44 *+ 2.84 154.15 * 1.61
01-011 65 160.70 164.22 161.13 163. 64 160.93 - 162.58 162.29 - 162.16 * 1.80
01-012 B9 154.22 154.25 150. 30 152.32 158.91 153.93 155. 30 155.05 + 3.44 154.17 + 1.61
01-014 48 158.03 159.08 158.31 161.70 165.43 157.56 163.60 161.56 * 3.94 160.25 * 1.61
01-016 75 160.77 - - - - - - - - 160.77  4.45
01-017 93 157.01 161.59 158.60 153.32 158.38 155.16 155.62 155.62 * 2.56 157.09 £ 1.61
01-019 33 155.57 - - 157.41 - - - 157.41 - 156.65 + 2.85
01-022 51 150. 45 152.26 143.30 145.96 153.94 148.30 149,24 149.40 + 4,10 149.10 = 1.61
01-031 28 150,37 155.89 150.06 159,57 161. 00 155.71 160.23 158.76 * 2.74 155.99 + 1.61
01-032 32 157.98 156.25 147. 38 159.79 161.75 153.25 160.67 158.23 *+ 4. 44 156.33 + 1.61
01-033 23 161.46 158.74 149.64 153.15 - - - 153.15 - 155.48 * 2.07
01-040 22 155.41 152.10 144.94 155.86 159.26 153.96 157.19 156.36 + 2.69 154.00 * 1.61
01-046 40 150.78 156.24 149.46 151.81 157,21 151.01 154.07 153.34 *+ 3.37 152.87 + 1.61
01-049 34 157.86 158.50 151.11 157.60 167.72 158,40 162,35 161.24 + 5.63 158.98 * 1,61
0i-052 20 158.77 156.84 - 156. 85 164.48 - 160. 37 160.67 - 159.48 * 1.99
01-054 28 153.73 152.10 144.94 148. 95 152.01 146,63 149,94 149.20 + 2.70 149.59 + 1.61
01-057 23 164.15 157.31 150.06 158.33 167.38 - 162.59 162.86 - 157.82 + 1.80
01-082 33 153.21 158.56 153. 30 159, 14 164 88 - 161.86 162.01 - 158.43 + 1.80
01-099 40 160.1% 158,61 151.17 157.98 158.95 155.99 158.38 157.64 + 1.51 157.19 + 1.6}
01-103 43 - 164.59 155.69 162.25 166.60 162.55 164.45 163.80 = 2.43 162.62 £ 1.73
01-105 47 153,38 151.55 146.06 150.89 157.95 150. 89 153.93 153.24 + 4.08 152.00 + 1.61
01-115 36 154.71 150. 32 142.87 160.44 158.61 156.53 159.59 158.53 + 1.96 154.62 + 1.61

3uean of estimates for femur, tibia, and fibula.
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Table 9 (cont.)

Lower Weighted mean * S5.E.

Age, Femur and extremity,? humerus through

Case no. yr Humerus Radius Ulna Femur Tibia Fibula tibia mean * 5.D. fibula
FEMALES (cont.)

01-132 36 168.49 167.86 159.53 160.69 172.24 166.20 166. 26 166.38 £ 5.78 165.94 * 1.6}
01-144 76 155. 34 162.14 152.86 164.96 164.62 152.66 165.12 160.75 = 7.01 159.03 ¢ 1.61
01-145 57 163.20 160.43 153.57 169.42 167.79 161.71 164.03 163.31 * 3.94 161.51 * 1,61
01-146 a5 171.60 162.07 154.45 168.13 168.43 160.62 168.75 165.73 + 4.43 164.32 *
01-149 71 160.01 161.96 154,01 164.27 165.79 159.99 165.28 163.35 £ 3.01 161.36 *
01-175 66 - 173.17 164.13 PF b - 165,27 - 165.27 - 167.28 + 2.31
01-183 68 159.18 151.24 147.36 166.43 167.13 159,88 167.12 164.48 * 4.00 159.42 + 1.61
01-302 67 156.89 159.83 150.41 PF 164.58 157.89 - 161.24 - 158.38 + 1.79
01-388 71 164.37 165.28 156. 14 163.53 171.88 168. 20 167.78 167.87 * 4.18 165.42 1.61
01-389 20 166. 16 163.95 155.62 170.44 164,19 161.57 167.88 165.40 * 4.56 163.85 % 1.61
01-390 44 165.66 170.22 159.47 163.18 169.44 163.66 166. 34 165.43 + 3.48 165.31 # 1.61
01-405 72 159,61 156.22 149.25 156. 31 163.99 151.73 159.93 157.34 ¢ 6.19 156.29 * 1.61
01-439 73 164.59 163.27 156.88 - 177.85 171.01 - 174.43 - 167.79 £ 1.79
01-466 44 155.24 155.53 143.80 158.48 162.77 156.05 160.50 159.10 * 3.40 156.61 * 1.61
01-520 87 158.04 155.32 146.22 154.42 159,03 157.86 156.53 157.10 + 2.40 155.47 + 1.61
01-562 30 157.43 161.11 152.863 160.80 165.06 158.64 162.87 161.50 * 3.27 159.64 * 1.61
01-565 65 158. 35 154.27 149.67 152.04 154.26 - 152.85 153.15 - 153.60 * 1.80
01-573 53 161.42 166. 36 158.08 162.293 168.61 164.59 165.52 165.20 £ 3.15 163.88 * 1.61
Q1-574 52 165.18 157.89 147.04 159,98 161.42 155.57 160.72 158.99 * 3.05 157.93 £ 1,61
01-578 26 165. 49 - - - - - - - - 165.49 *+ 4.45
01-612 77 154.61 156. 39 148.53 157.24 158.18 152.60 157.69 156,01 * 2.99 154.79 * 1.61
01-613 30 157.43 155.42 148. 36 154,38 158. 39 155,42 156.06 156.06 £ 2.08 155.07 * 1.61
01-633 48 162. 39 156.71 148.56 168.37 169.78 161.67 169.44 166.61 + 4.33 162.04 * 1.61
01-660 76 170.12 168. 3¢ 159.26 172.12 - - - 172.12 - 167,78 + 2.07
01-739 72 164.65 157.16 150.53 159.52 ° 161.96 - 160.77 160.74 - 158.95 + 1.80
03-240 39 159.91 163.88 155.93 161.50 167.13 163.09 164.28 163.91 + 2,90 162.27 * 1.61
03-666 23 165. 49 158.26 151.35 162.78 164. 48 160. 40 163.71 162.55 + 2.05 160.72 * 1,61
03-779 36 160.76 158. 38 152.69 159.95 163.54 160.92 161.68 161.47 + 1.86 159.70 + 1.61
05-116 6l - 160.67 - 161.91 169.29 - 165.60 165.60 - 164.29 + 2.22
05-165 65 157. 34 150.47 144.12 154.01 158.61 154.20 156.05 155.61 * 2.60 153.48 * 1.61

3)tean estimates for femur, tibia, and fibula.

Bpathological fracture.
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Table 9 (cont.)

Lower a Weighted mean * S.E.,

Age, Femur and extremity, humerus through

Cagse no. yr Humerus Radius Ulna Femur Tibia Fibula tibia mean * S.D, fibula
FEMALES (cont.)
05-210 72 154.23 153.37 144.13 PATT{b 163.41 158.18 - 160.80 - 155,51 * 1.79
05-349 72 161,29 162.38 154.38 159.77 165.73 - 162.71 162.75 - 160.99 * 1.80
05-420 47 155.73 154. 40 148.62 1598.04 159.11 - 159.07 155.08 - 155.84 + 1.80
05-555 67 151.85 149.41 144.00 151.67 160.23 155.25 155.51 155.72 + 4.30 152.68 + 1.61
05-751 32 158.949 158.14 149.52 164.64 164.65 - 164.84 164.65 - 159.87 * 1.80
09-044 49 155.95 153.80 145.51 160.90 163.92 157.21 162,43 160.68 + 3.36 156.90 *+ 1.61
10-883 52 152.07 154,57 144.47 151.58 156.20 153.52 153,49 153.77 + 2.32 152.37 + 1.61
MALES

00-008 48 177.48 178.10 177,68 179.57 182.88 180.31 181.68 180,92 + 1.74 179.69 * 1.50
00-020 37 169.21 168.93 166.50 172.85 172.70 167.04 172.72 170.86 * 3.31 169.86 * 1,50
00-033 54 167.88 162.24 159.19 169.21 168.15 162.07 168.45 166.81 + 3.28 165.47 * 1.50
01-003 68 173.81 169.72 167.97 176.70 177.14 173.22 177.23 175.69 = 2.15 173.76 £ 1.50
01-010 74 159.29 165. 96 153.18. 156.59 164,18 152.22 159.58 157.66 * 6.05 158.28 * 1.50
01-139 a3 174.45 170.33 169.29 170.33 173.22 168.03 171.78 170.53 = 2.60 170.87 * 1.50
01-141 92 164.98 165.63 165.05 161.46 166.63 162.40 163.57 163.50 & 2.75 164.11 > 1.50
01-208 71 169.94 171.43 171.86 166.05 177.46 174.11 171.59 172.54 + 5.86 171.90 + .50
01-251 75 166.31 165.14 163.85 164.38 171.68 167.70 167.71 167.92 + 3,65 166.82 + 1.50
01-305 43 - - - - 174_10 171.23 - 172.67 - 172.63 + 2.35
01-404 70 171.54 169. 22 180.43 166.82 170.22 166.93 168.27 167.99 + 1.93 170.11 * 1.50
01-434 52 168. 92 168. 41 168.56 169. 81 168.52 165.06 168. 96 167.80 + 2.46 168.12 * 1.50
01-438 73 169. 20 171.69 171.00 166.88 170.29 168.63 168.35 168.60 + 1.71 169.33 + 1.50
01-450 59 166.65 168.37 167.40 164.39 171.13 167.59 167.37 167.70 * 3.37 167.56 + 1,50
01-456 70 179.24 176.78 174.88 173.49 177.52 174.17 175.68 175.06 * 2.16 175.80 * 1.50
01-485 81 168.41 165.54 166.08 169.02 169.81 163.06 169.30 167.30 + 3.69 167.07 * 1.50
01-501 70 174.00 171.49 171.55 171.82 180.30 - 176.20 176.06 = 174.24 + 1.69
01-567 64 172.82 170.34 170.43 174.56 176.62 169.70 175.78 173.63 & 3.55 172.70 + 1.50
01-568 21 172.71 164.82 164.33 161.61 - - - 161.61 - 165.41 + 1.96
D}—63S 57 - 172.65 171.22 - - - - - - 171.94 + 3.05

%Means of estimates for femur, tibla, and fibula.
bPathology present.
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Table 9 (cont.)

Lower Weighted mean & S.E.,

Age, Femur and extremity, humerus through

Case no, yr Humerus Radius Ulna Femur Tibia Fibula tibia mean * 5.D. fibula
MALES ({cont.}

01-661 60 174.91 169. 44 169.56 166.47 170.31 165.66 168.09 167.48 + 2.48 168,96 + 1.50
01-690 62 170.79 168,94 170.55 178.01 179.52 172.77 179.15 176.77 *+ 3.54 174.22 + 1.50
03-209 66 173.63 176.64 175.86 172.30 174.49 171.73 173.45 172.84 £ 1.46 173.76 + 1.50
03-238 71 177.95 179.74 179.26 178.66 186.54 181.61 183.16 182.27 + 3.98 180.95 * 1,50
05-044 80 168.78 169.75 169. 10 170.03 170.62 167.40 170.27 169.35 £ 1.71 169.28 + 1.50
05-072 57 163. 39 - - 163.08 165. 45 - 163.72 164.27 - 164.02 %+ 2.03
05-912 74 172.22 172.38 170.57 172,77 173.25 168.03 173.10 171.35 + 2.89 171.49 + 1.50
09-041 63 173.50 169. 26 169.01 170.81 170.13 166.55 170.38 169.16 + 2.29 169.75 + 1.50
09-084 39 175.25 169.19 167.49 174.63 175.86 170.40 175.33 173.63 + 2.86 172.55 £ 1.50
09-105 42 173.83 171.66 174.34 178.50 182.23 174.51 180.74 178.41 + 3.86 176.43 + 1.50
09-120 56 168.99 173. 46 171.65 177.90 177.36 174.20 177.95 176.49 + 2.00 174.49 + 1.50
10-644 57 - - - 176.17 176.04 - 176.33 176.11 - 176.10 + 2.35
10-831 47 176.31 181.18 179.%6 181.06 181.42 179.57 181.74 15,08 * 0.98 180.05 £ 1.50
10-840 57 176.63 168.87 167.15 173.79 168,22 162.62 171.00 168.21 + 5.59 169.25 + 1.50

alieans of estimates for femur, tibia, and fibula.



Table 10, Constants for Estimation of Stature by the Formula of Trotter and Gleserle

Bone K A S.E.
Female
Humerus 3.36 57.97 4.45
Radius 4.74 54.93 4.24
Ulna 4.27 57.76 4,30
Femur 2.47 54,10 .72
Tibia 2.90 61.53 3.66
Fibula 2.93 59.61 3.57
Femur + tibia 1.39 53.20 3.55
Male
Humerus 3.08 70,45 4,05
Radius 3.78 79.01 1.32
Ulna 3,70 74.05 4,32
Femur 2.38 61.41 3.27
Tibia 2.52 78.62 3,37
Fibula 2.68 71.78 3.29
Femur + tibla 1.30 63.29 2.99

limb, because the latter would not necessarlily have a direct relationship on the
height of the person,
Table 9 also includes the weighted mean stature {M) and the standard error

of the weighted mean (SEM) for N long bones according to the following formulas:

) 1 2M
(SEn) n 1
M = * SE =

7 (L2 M‘,”Lz
SE Y 8E
n n

where Mn and SEn are the calculated stature and standard error values for

each long bone.

The Use of X-rays for Measurement

Trotter and Petersonu determined a correction factor which is needed
because of the distortion due to the projection of the bone onto the film. In
order to evaluate our average error due to projection for various long bones,
more than 25 of the long bones were measured on the osteometric board and on
the roentgenogram.

The percent error introduced into the calculations owing to the projection

of a long bone onto the film was calculated. The results were as expected, l.e.,
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the bones which lie flattest against the film have the smallest error due to pro-~
jection. In decreasing order of size, we found the increases in length on the
films of the six long bones to be: femur (2.87%), tibia (2.32%), humerus

(1.94%), ulna (1.49%), radius (1.41%), and fibula (1.24%). These values are
smaller than those reported by Trotter and Peterson: femur (3.2%), tibia (3. 3%),
humerus (2.2%), and radius (1.3%). The difference probably lies in the physical
factors of the roentgenographic equipment. As these values are insignificant in
a study of this scope, they have not been entered into our calculations. In

this particular study, the error introduced by distortion is further diminished
since only about 25 percent of the measurements were taken from the films.

However, under certain conditions, one must be aware that these errors do exist.

Summary and Conclusions

A summary of our "best estimates" of living stature and raw data and nor-
malized total skeletal weights for all 101 cases is shown in Table 11. In order to
correlate these estimates more easily with other data pertaining to radium ex-
posure, the following categories have also been included in the table: age at
death, type of exposure, how many weeks exposed, how many years from the
time exposed to death, and the 226Ra body burden.

Also presented in Table 11 is the actual weight measured at Argonne, the
estimated percent skeleton present (by weight) and the estimated total skeletal
weight. Table 7 included the data that have been used at CHR for many years
to calculate the total skeletal weight for incomplete skeletons. Missing parts
represent a certain percentage of the total skeletal weight. Therefore, the
total weight of the available skeleton is corrected to represent the complete
skeletal weight. Included in Table 11 is a total skeletal weight estimate derived
using CHR normalized bone weights. Compare this estimate with the mean esti-
mate given in Table 5 and shown again in Table 11. The second from the last
column in Table 11 gives a normalizec estimate value for these latter data.

It is noted that the CHR estimate of total skeletal weight is higher in most cases
than the estimates based on the long bones. Nevertheless, we belleve that the

CHR estimate 1s the preferred one since it takes under consideration the whole

of what is available to us rather than the available long bones alone.
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Table 11.

Data summary - females and males

Total estimated skeletal weights, g

Body Actual
Time, first burden welght Normalized to Normakzed 10 Estimation

Case Weeks of exposure 1o at death, present, Normalization Unnormalized dry, fat-free Unnormalized dry, fat-free, of gtature,®
number Age exposure death, yr nCi g factor (CHR) {CHR} {Table 5} {Table 5) cm *5.E.
00-006 27 1 128 12 2610 2265 1.00 3671 3571 3417 3417 152. 81 ¢ 1.61
00-009 29 1 234 7 2650 2330 0.85 4396 %176 4374 =+ 507 4155 169.02 = 1.61
00-017 25 i 156 7 17000 965 1.00 2637 2637 2288 + 236 2288 153.58 * 1.B0
00-019 51 1 260 29 2400 327 6.70 1878 1316 2876 2013 145.53 * 166
6e-023 29 1 2] 12 7214 2160 1.00 4H 3434 2828 ¢« M1 2828 156.76 ¢ 1.97
00-027 40 1 130 24 2500 2264 0.61 3937 2402 3B67 + 504 235% 161.82 = 1.61
01-001 71 5 +0 27 15400 4941 G.61 4941 3014 4321 ¢+ 739 2636 £66.45 * 1.61
01-006 k! ] 1 280 19 3590 1677 g.61 645 2834 3917 = 361 2389 159.50 * 1.61
01-007 63 5 +0 23 3620 871 0.98 3443 373 2368 + 183 232% 154.15 * 1,61
01-011 65 4 156 18 4650 1519 0.51 3549 21635 2836 + 225 1730 162.16 = 1.80
01-012 9 5 +0 34 SB00 933 1,00 2475 2475 2144 + 532 2142 154.17 = 1.61
01-0I4 48 1 156 33 2240 1686 i.00 3876 3976 - - 160,25 * 1.61
01-016 75 1 208 45 1940 3664 0.6! 4905 2993 4259 ¢ 279 2598 160.77 = 4.45
01-017 93 2 156 50 1120 6038 ¢.30 6038 3019 3582 » 1480 2291 157,09 ¢ 1.61
01-019 3 1 253 14 240 2603 L.g0 4003 4005 N3+ 597 3203 156.65 + 2.85
o1-022 51 1 110 34 600 1144 J.61 3269 1994 2690 + 246 1641 149.10 = 1.61
01-031 28 1 4 9 910 2150 i.00 3424 3424 2793 + 771 2793 155.99 = 1.81
01-032 32 1 201 16 1450 1717 1.00 391t kL 1N - - 156,33 + 1.61
01-033 23 1 42 ] 2472 1278 L.00 3087 os7 3059 + 119 3059 155.48 + 2.07
01-040 22 1 60 & 4300 1638 G.9 3212 3083 2892 + 83 2776 154.00 ¢ 1,51
01-046 40 1 657 23 5351 1799 .00 2768 2788 2568 = 98 2568 152.87 + 1.61
0l1-049 4 1 1 17 1000 1809 1.00 217 4217 5041 + 425 5041 158.5%8 ¢ 1.61
01-052 20 1 144 6 2000 1248 1.00 oraz 2792 2527 ¢ 98 2527 159.48 * 1.99
01-054 1] 1 202 13 2100 1684 1.Og 2086 2086 2266 + 125 2266 149.59 * 1.61
01-057 23 1 81 7 4500 - 1.00 - 3351 3351 = 512 315 157.82 + 1.80
0l-082 3 1 230 16 1030 1430 1.00 3pa2 3082 2335 ¢+ 334 2335 150.43 ¢ 1.80
01-099 40 l 18 3l 164 956 0.96 2626 2521 2674 2567 157.19 + 1.61
01-103 43 1 172 24 374 4491 0.8l 4514 2753 4441 = 747 2709 162.62 = 1.73
01-105 47 1 21 24 460 1580 0.61 3535 2156 2164 * 202 1320 152.00 * 1.61
01-13% 36 i 330 20 472 1992 1.00 1502 6062 3136 = 233 3138 154.62 = 1.6]

aExposuru type: see Appendix A this report.
bCaIcuktad for complete skeleton.
“From Table 9.
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Table 11 (cont.}

Time, first Body Actual Total estimated skeletal welghts, g

exposure 10 burden weight  Percent Normalized to Normalized o Lotimation
Case Exposure  Weeks of death, yr  at death, preseat, skeleton Normalization Unnormalized  dry. fat-free Unnormalized  dry, fat-free of stature,©
number  Age typed exposure nCi b g present factor {CH { CHR) {Table 5 (Table 5) cm & S.E.

FEMALES {contd.)

0l-132 36 1 76 21 1327 2704 56.3 .66 4803 3170 4418 = 498 1916 165.94 = 1.61
01-144 76 L] 26 51 694 6143 100.0 0.50 6143 0?2 3gel + 923 1932 159.03 + 1.6]
01-145 57 1 60 39 6331 3848 93.B 0.61 4lo02 2502 1652 ¢+ B70 2228 161.51 *+ 1.61
0l-146 B3 2 156 40 190 4179 9, 4 0.61 4335 2644 4676 * B77 2852 164.32 ¢+ 1.61
01-149 71 1 26 40 1630 - - - - - - - 161.36 + 1.61
01-175 66 2 13 39 1710 3z 0.4 0.61 4705 2870 3959 = 162 2415 167.28 £ 2.31
01-183 68 1 78 54 203 - - 0.55 - - - - 159.42 *+ 1.61
01-302 67 5 10 39 2850 1555 42.5 0.61 3659 2232 - - 158.38 = 1.79
01-388 71 2 +0 16 2580 1948 57.2 0.66 3406 2248 302t = 460 1994 165.42 * 1.61
01-389 20 1 26 7 1029 978 30.0 1.00 3260 3260 3079 + 502 3079 163.85 2 1.61
01-39%0 i 2 260 & 7400 3646 95.0 {.80 3798 3038 1441 + 268 2753 165.31 ¢ 1.861
01-405 72 6 -7 1716 135 52 1904 54.0 0.70 3526 2468 074 + 178 2152 156.29 2 1.61
0l1-429 73 4 8 31 406 1485 22.6 0.61 6571 4008 - - 167.79 £ 1.79
01-466 4“4 1 52 26 0 1529 51.6 .00 2963 2963 2453 + 338 2451 156.61 * 1.61
01-520 87 2 +0 39 670 3500 98.0 .61 3571 2179 2679 + 419 1634 155.47 ¢ 1.61
01-562 i} 1 52 11 10300 1784 45.0 1.00 3964 3964 3353 ¢+ 452 3353 159.64 = 1.61
01-565 65 5 . 2% 32 16000 1347 3.0 .79 3849 2694 1876 + 199 2713 152.60 ¢+ 1.9%0
01-573 53 1 312 29 870 2021 8.0 0.61 5182 3lel 4591 + 741 2801 162,88 + 1,61
01-574 52 5 77 13 2730 1786 49.8 0.95 3ses 3407 4327 + 168 4111 157.93 *+ 1.61
031-578 26 5 17 4 2000 1558 42.6 1.00 3657 3657 - - 165.49 + 4.45
01-612 77 l1-7 255 13 18 4285 98.5 0.61 4360 2660 1687 » 740 2371 154.79 2 1,61
0I-613 30 1-7 265 13 658 i6le 95.9 0.64 3621 2318 3286 = 534 2103 155.07 = 1.6}
01-633 48 5 4 44 2600 1557 38.6 0.80 4034 3227 3061 = 276 2449 162.04 * 1.6
01-660 76 4 +( 25 15 1004 20.3 0.73 4946 3610 4517 » 1058 3297 167.78 + 2.07
01-739 72 5 7 2 11500 2283 83.0 1.00 2751 2751 2206 + 199 2206 158.95 + 1.80
03-240 ki 5 +0 25 4320 3iz9 96.3 0.98 3249 31B4 lle = 245 3054 162.27 * 1.61
03-666 23 1 347 6 24812 3501 99.6 0.98 3515 3445 3282 + 663 3216 160.72 + 1.61
03779 36 1 +0 20 1835 4277 100.0 1.00 4277 4277 3B01 + 295 a0l 159.70 ¢ 1.61
05-116 61 1 52 42 19 2601 95.4 1.00 2726 2726 2622 = 269 2622 164.29 = 2,22
05-165 65 1 13 45 1 3535 100.0 G.64 3535 262 3051 =+ 378 1953 153.40 = 1.61
a

bE:puure type: see Appendix A this report.

‘ Calculated from complete skeleton.
From Table 9.
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Table 11 (cont.}
Time, first Body Actual Total estimated skeletal weights, g
exposure to  burden weight  Percent Normalized o Normalized to Estimation
Case Exposure Weeks of death, yr at death, present, skeleton Normalization Unnormalized dry. f{at-free Unnormalized  dry. fat-free of stature.t
number Age typeT =xposure nCi b g present factor {CHR) { CHR! | Tabie 5) {Table 5) cm + 5.E.
FEMALES (contd.)
05-210 72 1 158 55 1060 3521 100.0 0.64 3521 2253 2731 + 245 1748 155,51 + 1.79
05-349 72 1 156 37 7.3 2962 99.0 1.00 3012 3012 2556 * 429 2556 160.99 + 1,80
05-420 47 1 104 18 50 1656 50.8 1.00 3260 3260 3953 + 154 3953 155.84 + 1.80
05~-555 67 7 27 48 1 2651 99.90 1.60 2678 2678 2262 = 535 2262 152,68 * 1,61
05-751 32 1 +0 13 0 1692 49.2 1.00 3439 3439 2761 = 238 2761 159.87 *+ 1.80
09-044 19 1 13 38 17 8500 100.0 0.40 9500 3400 - - 156,90 ¢ 1.
10-883 52 2 +0 5 27 279 91.0 1.00 3070 3070 214 £ 289 2134 152.37 = 1.
MALES

00-008 48 [ 548 23 3045 4736 100.90 1.¢0 4736 4736 4853 = 454 4853 179.69 ¢ 1.50
00-020 37 [ 676 13 920 2664 57.0 1.00 4674 1674 4475 ¢ 761 4475 169.86 * 1.50
00-033 54 6 156 3 [ 1747 42.1 1.00 4150 4150 2901 2901 165.47 = 1.50
01-003 68 5 304 31 12800 3292 34.5 0.64 6040 1866 5761 + 500 . 3687 173.76 *+ 1.50
¢1-010 74 4 +{} 30 5200 1488 42.4 1.00 3509 3509 3053 =+ 308 3053 158.28 + 1.50
01-139 a3 2 130 36 1270 4365 94.9 0.64 4600 2944 4777 = 494 ans7 170.87 * 1,50
01-141 92 2 _130 50 17 6453 100.0 0.50 6453 3227 577 & 675 2841 164.11 = 1.50
0)-208 71 6 1144 33 818 7700 100.0 0.61 7700 4697 Tbao * 1034 4664 171.90 * 1.50
01-251 75 6 156 53 Il 1587 45,2 0.61 3511 2142 3665 * BSO 2236 166.82 + 1.50
01-305 43 [ 1040 22 160 488 7.3 0.61 GBBS 4078 6950 = 792 4240 172,63 ¢+ 2.35
D1-404 70 6~-7 1716 33 2300 4397 68.6 0.51 6410 1810 6150 = 410 3751 170.11 + 1.50
01-434 52 2 156 5 6126 2327 48.1 0.96 838 4741 4989 + 270 488% 164.12 = 1.50
01-438 73 2 208 15 1850 2606 6B.6 1.00 3799 3799 3637 = 650 3637 169.33 * 1.50
01-450 59 6 364 24 a 1583 37.0 .00 427 4278 3924 » 321 2924 167,56 ¢ 1,50
01-456 70 2 26 20 74 1656 1.9 0.6! 5191 3167 7375 «+ 286 4499 175.80 + 1.50
01-485 al 5 1300 40 340 2433 43.5 9.70 5593 3913 4902 = 8B 3081 167.07 = 1.50
01-501 70 2 156 11 2500 1048 2.0 1.00 3275 327% 3787 &+ 292 3787 174.24 ¢+ 1.69
01~-567 64 2 + 24 1100 1338 24.4 0.96 3384 5264 5414 = 676 5197 172.70 + 1.50
01-568 21 3 +0 1 4900 2774 70.0 1.00 3963 3963 3701 = 461 3701 165.41 * 1.9
01-635 57 6 312 1% 1900 2454 55.0 1.00 4462 4462 3476 ¢+ 353 3476 171.94 » 3.05

2 Exposure type: see Appendix A this report.
Calculated from complete skeleton.

b

“From Table 9.
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Table 11 (cont.}

Time, first Body Actual Taotal estimated skeletal weights, g

exposure burden weight Percent Normalized to Normalized to Estimation
Case Exposure Weeks of to death, at death, present, skeleton Normalization Unnermalized Unnormalized dry, fat-free of stature,©
number Age typed exposure ¥r nCi® [} nresent factor {CHR) { CHR} (Table ) (Table S) cm * S.E.

MALES (contd.}

01-661 50 6 572 20 2 5225 96.2 0,98 5431 5323 4748 + 507 4653 168.96 * 1.50
01-690 62 4q +0 22 21 1699 6.5 0.95 4655 4422 4252 + 612 4039 174.22 + 1.50
03-209 66 5 572 35 1105 5401 100.0 0.61 5401 3295 5670 = 390 3459 173.76 *+ 1.50
03-238 71 5 +0 28 13900 6377 59,0 0.61 6441 3929 6050 =+ 590 3691 180,95 ¢ 1.50
05-044 B0 & 468 80 F 8151 99.7 £.50 B176 4088 7281 + 661 3641 169,28 + 1.50
05-072 57 7 13 31 [ 37zl 83.0 0.95 4483 4259 JB43 =+ 947 3651 164.02 + 2.0
05-912 74 7 26 33 1] 1253 24.9 0.98 5032 4931 6060 5939 171.4% *+ 1.50
09-041 63 6 260 38 114 2025 56.0 1.00 36le 1616 3948 + 120 1948 169.75 ¢+ 1.50
09-084 39 [ 676 15 382 2286 33.0 0.64 6927 5433 5312 + 661 3400 172.55 + 1.50
09-105 42 6 728 16 1390 2032 36.0 0.66 5644 3725 4747 + 259 3133 176.43 ¢ 1,50
09-120 56 6 104 27 1 2948 83.0 1.00 3552 3552 320z =+ 361 3202 174.49 ¢ 1.50
10-644 57 5 0 1] 5300 2796 77.0 1.00 3631 3631 4136 + 204 4136 176.10 * 2,35
16-831 47 5 +0 1 786 7791 100.0 0.61 7791 4753 6434 *+ 619 3925 180.05 * 1.50
10-b40 57 5 0 1 390 3131 9l.1 1.00 3437 3437 3504 ¢+ 552 3504 169.25 ¢+ 1.50

a Exposure type: see Appendix A this report.

b Caiculated for complete skeleton.

€ From Table 9.



All of the results of this study have been presented in the form of tables
and figures. These all illustrate data having no significant difference from the
normal. From the data on these 101 skeletons, there does not seem to be an
effect upon skeletal weight or living stature in radium burdened persons.
Furthermore, an up-to-date data scurce has been established to aid in future
determinations of radium dose distributions and radium body burdens in humans

with varying amounts of radium or other internal emitters.
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APPENDIX A. Exposure Data for Radium Patients

Table 1 summarizes exposure data collected as of 31 December 1979 for 2223
radium cases under study at the Center for Human Radiobiology. It includes
all persons measured for radium since the start of the Center in 1969 and all
persons for whom we have analytic data from earlier work at the Radioactivity
Center of the Massachusetts Institute of Technology, the New Jersey Radium
Research Project of the New Jersey Department of Health, and the Argonne
Radium Studies at the Argonne National Laboratory and the Argonne Cancer
Research Hospital.

The corresponding table in the 1979 annual report1 listed 2164 cases. The
radium burdens of 59 persons, including 5 deceased, were measured for the
first time in 1979. The 59 additional cases are identified by a star following the
year of measurement. There were follow-up examinations and burden measure-
ments in 1979 on 92 previously listed persons. Changes in basic data for several
of the previously listed cases are due to review of information on exposure
histories and to reassessment of old measurement data.

The cases are listed in order of identification number. In column 5, the
type of exposure to radium (dial painting, medical, etc.)} is indicated by code
digits, which are defined in Table Al; if more than one type of exposure occur-
red, two non-zero digits are given. Column 7 gives the total period (in weeks)
from first to last exposure. A value of 0 means that the exposure was a single
event or had a duration of less than one week. However, "+0" means that the
duration of exposure is unknown {a single exposure or longer); in these cases,
zero duration was used in the calculation of the dose. For a dial painter whose
first exposure was before the year 1926 but whose period of exposure extended
into 1926 or beyond, the duration used in calculating the dose corresponds to
the exposure terminating in 1926.

The 226Ra body burdens given in the table are expressed as nanocuries
(nCi) of 226Ra present in the year of measurement shown in the preceding
column. If several measurements over a period of years had been made for a
given case, the result (and date) of the last measurement of highest available

quality is given. Under "METHOD + ERR," the first symbol indicates the type
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of measurement according to the letter code of Table AZ2. Type A indicates that
a complete skeletal measurement of bones was made; the letters B, C,..., G
tend to imply increasingly uncertain types of measurement but with wide varia-
tion in size of error within each category. The digit that follows the method
letter is the code symbol for an error estimated on the basis of type of measure-
ment, amount of radium found, and examination of the data reported by the
contributing laboratories. Code definitions for size of error are given in

Table A3, and the errors shown include systematic errors as well as replication
errors.

The letter L in place of a digit in the error column indicates that the
result was taken from the New Jersey Radium Research Froject records in which
the measured value of 226Ra was less than 4 nCi, their reported lower limit of
detection. For these cases, the value 4 is shown in the 226Ra column, but the
letter L means that the 90% confidence limits extend from 0.0 nCi to an upper
limit somewhere between 4 and 8 nCi. There are 54 of these cases which have
the prefix 05 in the case number and one with case number 01-222. A "less
than" indication was not used for cases measured at the other sites, even
though the best measurements of small whole-body burdens have a standard
deviation of 1 to 2 nCi. Ianstead, the measured values are given in the table
when the result was zeio or positive, and negative results are shown as zeros.
These limitations should be kept in mind when evaluating error limits for very
small body burdens.

Lo
The entries in column 11 are activity ratios of 22”Ra to 226Ra at the time

of measurement of 226Ra body content. A value of 5.7 yr for the half-life of

228Ra was used in making corrections for radioactive decay. The method and
error designations in column 12 are defined in Tables A2 and A3. The letter

Z for method means that the ratio for the indicated person was estimated from
values obtained on a group of persons with similar exposure histories or frou:
analysis of samples of the radium material to which the person was exposed. 2

If no direct measurement of 228Ra. was attempted, only the letter Z and the error
designation are shown. If measurement of 228Ra was attempted, the methcd

tried is indicated by the letter after the error symbol in column 12. Ratios
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TABLE Al.

Type of Exposure to 226&‘ or ZZGRG or Both for TABLE 1

Code Number Exposure to radium

o ~N D o L M

Industrial; painted dials

Medical; drank Radithor nostrum

Medical; ingestion

Medical; injection

Laboratory; industry or research

Industrial; miscellaneous work or accidents

Of{spring of a previously exposed female

TABLE AZ. Principal Types of Measurement of Body Burdens of 226Ra and ZZBRA for TABLE 1.
Cod. .etter Method Subject or tissue
A Gamma-ray Major pordons of skeletons or
cremation ash
B Wwhole-body gamma-ray and breath radon In vivo
(thoron) with spirometer
C Whole-body gamma-ray In vivo
D Breath radon (thoron) with spirometer In vive
E Whole-body gamma -ray {secondary In vivo
method), alone or with a flask sample of
breath radon
F Radiochemical or direct gamma-ray Bone samples
Breath radon with {lask in vivo
228 226
z Ratio of Ra to Ra estimated from
results on cclleagues and/or measurements
of radium materials
TABLE A3, Error Ranges for 2zam Pody Burdens and 2zem/zzsna Ratios in TABLE 1,
Code number Standard error 3
1 s 10%
2 11-20%
3 21=-50%
4 1.5 (x,+)
s 2 (x.z)
6 > 50%
7 3(x.1)
8 Probably an upper limit b
9 Intial ratto of 22%Ra to 226Ra probably < 0.20 ®
L 90% confidence limits extend from 0.0 nCi o an upper Limit between

4 and 8 nCt

& Either the relative standard error {given in %) or the factor (X, +) corresponding to one
standard error In a log normal distribution. For the latter case, the upper and lower
limits associated with one standard error are respectively obtained by multiplying and
dividing the value in TABLE 1 by the lactor: and the square of this [actor is used to
obtain the corresponding Llimits for two standard ervors.

hRof. 2
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obtained by measurements of ZZBRa and 226Ra are indicated by a letter other
than Z. In all cases, the error designations in column 12 refer to the ratios in
column 11. Error for ratios with method codes of Z or F do not include errors
in the measured values of 22(:-'Ra body content,

The last four columns of Table 1 give quantities calculated from the measured
body burdens and exposure data shown in the other columns. For many cases,
the number of significant digits shown obviously exceeds the number justified
by the accuracy of the basic data, and the errors indicated for the latter should
be applied to the derived gquantities. The columns under "INPUT" give the
amounts of initially acquired 226Ra and 228Ra expressed as microcuries (uCi),
calculated by applying the Norris retention function3 to values of body burdens
usually measured long after the initial intake. The cumulative rads, given in
the last two columns for 226Ra and 228Ra separately, refer to the average ion-
ization dose to the skelt:-.-ton4 — either up to the Zate of death or, for the lWving
subjects, through 1979. Except for the fetal skeleton {case 01-579), the results
in the last two columns were calculated with standard skeletal masses of 5 kg

for females and 7 kg for males.
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TARL? 1 PX25SUFF DATN FOF IADICY® PATIENTS TO ©=¥D

) ( 3 (8) (5 (6) (Mm (9) (19) (n (12) (13
YEAF °YP Y™R RA2z0 RA229 kA 229 NP |
PXF TIRST JGF OF Rp226 “BTHOD TC RA226 95T30D RAZ:6
.Slil._.ill.!.l...ﬂ]lﬂ.ll!!.!!.__.__5--llli---.£I...--¢!!-_ﬁ1119 ¢ _BRQ_ '[9 ¢
0)-0%1 9 613 1967 2.2C7935 » 116
w=912 1955 1922 01 1011 3 1956 160 J ru 0.0211¢C F3 99¢
G3-993 F 1394 €27 )1 1917 1ou 196A 70 P4 2.012C° P 872
0C-0%8 P 9GO0 1§31 29 1917 B8R 1943 3079 Py J.006490 F1 1367
0%=0)5 ® 1977 1930 01 1917 300 19k3 1400 F4 0.09700 77 258
00-006 P 1993 163~ 01 1918 12R 1969 2619 A1 £.00536 Al 357
03-0307 F 19R3 192 91 1919 104 1963 1090 F4 J.01000 77 163
00-978 M 136) 33° 3¢ 1615 533 1§72 3)us A n.0C288 L] 525
00-099 P 1500 1929 91 1918 266 1969 26572 Al 0.00u30 A2 29%
00-217 P 1999 1924 319 1917 156 1979 17000 Al J.60069 77A 1626
00=C19 P® 1395 386 J1 1917 26N 1976 2499 F2 N, 06149 L{ 525
006-020 n 19RA 1925 Q¢ 1912 676 1969 920 [ Q) €C.CJ228 A6 67
00-022 Fr 1889 1925 91 1217 377 1960 10900 Fy4 0.C1000 F1 752
03-923 F 19090 1929 7N 1917 65 1978 7214 Al 0.0C007 F2A 1016
eN=927 r 13G2 194> {1 1€18  13¢ 1972 2501 Al 0.00023 F3 505
00-028 ¥ 1992 1937 (1 1917 279 196§ 10099 FU4 v.D20136 r 1522
00-029 * 1990 21 1217 409 1969 17 Gé n.0 z29 5
C0-033 9 1368 1922 e 1€19 156 1970 o A6 2.00309 7 0
C0-038 F 18722 1683 06 1997 232 1579= 1 Ab 0.v0069 z2? 0
01-001 P 1R78 1943 ¢S 1922 +) 1872 15400 Al 2.0 Z9A 3493
C1-9)2 r 13%€¢ 192¢ 91 1922 €76 1935 160¢C2 02 ¢.02159 r 2599
01=-093 1 133e@ 195¢ 35 1925 3084 1967 12801 Al 0.20237 A3 2882
01-098 F 18695 1°52 )8 1918 +0 1941 10500 -1 0.0 729 2134
01-005 m 1377 193¢ 32 1927 12 1¢3¢9 5000 BU 0.50000 B4 721
0'-0%6 P 1899 1939 21 1219 260 1970 35¢) A1 0.07144 L] 612
01-007 P 1886 1949 05 1926 +0 1957 3620 A1 0.0 9\ 736
01-078 F 19C0 198 01 1917 78 1960 60902 r2 C.060¢67 "3 1632
01=-099 v 1898 1245 01 1918 52 1969 6509 P4 9.00550 | P 1422
01-A0 A 1382 1956 (Q& 1926 +9 1567 5200 a1 V.0 Z9A 1214
01=-011 v 1872 1937 s 1913 150 1975 6000 M c.0 797 1025
01-912 P 18967 1G65¢ 9¢& 1922 +9 1979 €809 Al 2.0 79) 1445
01-018 P 1921 193¢ 31 1916 156 1968 224" A1 06.205136 P3 536
01-015 8 1988 1967 91 1947 780 1938 200 By n.n z9 30
01=-016 F 1891 196F 01 1521 208 1973 1942 Al 0.00245 F2 546
01-017 P 1883 197¢ (2 1226 155 1977 1129 1§ C.0015¢ R2 336

(15) (16)

cod cox
FADS EADS
EAZZﬁ__-_Llllﬂ

20933

2313 13&9
49274 40367
8050 3481
1913 4731
1859 9901
1038 4124
2601 6775
1224 5064
5650 4765
4790 10252
174 286
2223 5201
5475 1453
4187 808
5316 2816
17 0
0 0
1 2
31456 0
16586 3220
195¢7 1273
23320 0
2850 13918
4144 4361
6142 0
19519 2790
12391 1638
8574 0
6942 0
15491 0
5471 1328
281 0
6817 8678
4534 3221
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TIELY 1 (CONT,) EXPTSTFE DATA FOE RADIUY PATIENTS TO END OF 1979
M 2 M {(+4) (3 (€) (N (9 <) (1¢) an (12) ('3) (14)
YEAE FIP YFAR PAZ26 EKh2:8 FA223 TEPAT TINPOT
FXp PIFST D03 OF ©h22€ NETHOD TC FA226 NBTHOD FKA226 RA228
MM“M..IIR;.HB-_-!E §--!"l§---!&h_--!£i --EIIIQ ¢ _ZBR_ "QI_...._D.EI
01-018 1 1849 1911 234 738 185
01-018 r 1393 10‘6 01 1922 252 955 200 l1 02958 A2 35 147
C1-020 * 1935 13%6 0S5 1623 5 19592 1509 B4 G.O 73 ERD 2
01-021 rF 1837 173 Q1 1916 4 1965 1250 2y .0 %29 173 0
01-G22 P 1930 1¢=1 1917 110 1948 600 A2 0.0 29\ 147 0
01-028 P 1971 195 &1 1916 308 19543 1140 B2 0,.C2190 F3 237 9u
01-025 r 1886 1552 05 1924 +J 19¢1 1200 B2 9.Cl182 L 265 7
01-026 r 19)5 1¢57 01 1925 156 1°5¢C 700 Bz 0.03200 D5 147 a7
01-C27 w8 1839 1957 Je 1912 124) 1960 5399 A2 0.0 z9¥¢ 125 )
01-028 3 1879 °*°6S € €1z 268 1953 259 .4 3.9 z9 66 0
01-029 &8 1”76 1958 (¢ 1902 +0 1950 3% 54 0.0 79 a9 0
01-030 9% 1882 1952 07 1936 0 1950 20 Py n.o z29 3 0
G1=-031 F 1996 11035 91 1625 8 1975 919 Al 2.01130 LY 113 557
01-032 PF 1908 193" )1 1524 201 1968 1452 LR n.02809 A 236 1228
01-033 » 1903 1531 01 1523 42 1963 2472 Al G.05153 Al 282 1793
01-038 ¥ 1913 01 1929 18 1965 8 GE 0.01000 28 2 2
01-03S rF 1901 1972 01 1920 19 1971 9 Bé 0.01860 228 ] 0
01-037 PFr 1998 01 1928 26 1974 0 B6 0.00327 z88 0 0
01-938 rF 19190 91 1927 111 1953 8 B2 c.020C0 78B 2 2
01-039 P 1915 07 1934 1092 1972 1 B6 c.0 Z9B 0 0
01-380 P 1997 1929 0Q° 1923 6) 19€3 4327 A1 0.C5299 Al 412 2585
01-Ns1 P 1909 21 1927 22 19M 2 BA 0.0ra70 Z8B 0 0
01-283 r 1912 9N 1227 a 1953 9 BO 2.02220 z8B 2 2
01-0s8 P 1904 01 1524 22 1558 4 B3 0.080090 Z2B 1 6
01-085 P 1889 01 1922 227 195¢ 0 BEé 0.08000 228 0 b
01-746 P 1903 1983 291 1220 657 1963 551 A 0.05607 Al 104 731
01-Ce7 r 1896 c1 192¢ 67 1962 80 Go 2.95700 22 21 136
c1-088 P 1980 197° 01 1920 206 1957 140 B2 0.09290 r2 35 230
01-389 F* 1933 1937 O 1920 1 1960 1000 A 0.07300 A2 174 1641
01-050 r 19M ¢ 1925 13 1976 1 Bé J.00258 3% 0 0
01-051 P 1904 1977 01 1923 162 1957 150 B2 0.13330 DS 36 251
01-052 F 1910 193¢ 01 1524 134 1965 2000 Al 9.03500 Al 183 e24
01-358 rF 1909 1937 I 1924 2C2 19€5 2109 Al C.03714 Al 304 1457
01-055 * 1937 N 1925 85 1976 L] B3 0.01028 228 1
01-056 r 1998 1978 01 1920 3€4 1965 134 B1 0.03832 B2 a7 296

(15) (16)
co4 con
EADS EADS
BAZ26____BA221
1110
193 1819
3479 e
5531 0
1544 0
2€82 1493
2599 105
1531 1295
973 1]
658 )
948 n
15 0
528 6296
1536 16742
1192 185909
28 24
0 0
Q 0
26 24
2 0
1422 21160
0 )
3 30
15 83
0 0
793 10502
318 2048
532 3456
1198 22993
] 6
519 3781
602 6301
1692 18610
18 87
546 3093



061

ZXPISU%L DATA FOF &ANINY PATIENTS TG 2ND JOF 1979

TAELF (ccam™,)
[§1) (2) (3) (%) (5 (€) (M (8
YEA® FXP YFAR
FX® F15ST DUF OF
CASE_ _.§.l ggn!__;x;ﬂ 112: =xp
w1-C57 1948 1319 1024 a1 1383
91-959 r 1035 19¢7 ‘1 1€3¢ 289 1944
91-06C 7 13)9 c7 1C,R 20 1974
01-7"33 P 1211 1475 )1 1927 213 1975
01-066 P 197 a1 1925 R o
01-N69 P 13175 17 1622 1C7 1975
C1-072 ¢ 191) n1 1027 €3 1373
01-077 P 1928 1967 Oo° 1027 £ 1958
01-072 * 1339 01 1€21 132 1354
G1-C73 F 192 1%6° Q1 1921 122 19%¢F
01'=174 F 15C9 N 1927 47 1373
01-275 F 19G2 01 1922 52 1379
01-G78 r 1999 21 e2s £8 1379
01-A79 ® 1931 1943 91 1€20 175 1967
01-G8d F 1932 ot 1221 244 19¢3
01-081 F 1937 ¢ 10213 11 1§53
01-082 F 1502 1935 91 1919 230 1963
01-088 * 1934 a1 1623 712 1574
01-995 P 1912 fa 1927 47 1058
C1-98€ 7 1997 196 91 162¢ 4 1950
01-087 ¥ 1995 1¢7¢ 91 1921 334 1964
01-C30 P 1919 o1 1627 99 1977
01-991 F 1997 01 1927 2€6 197¢
C1=-N192 P 1306 1S7¢ 91 1022 z4 19M
c1-093 * 1504 21 1926 A 1371
01-098 F 1888 19¢€ 01 1921 123 1%t
01-09% P 1907 1977 01 1€22 34 1975
01-996 F 1909 21 1027 112 1960
01-097 » 13a5 [ 1921 11C 19¢3
01-099 P 1995 1245 01 1924 12 1963
01-190 F 1995 1967 01 1924 36 1957
01-191 P 1995 21 1024 4 1959
C1-103 P 1993 198¢ 17 1922 172 1978
01-195 F 1898 198 Q1 1921 21 19€3
01-106 P 1902 1977 O° 1628 155 1959

FA22¢
rl226 HETHOD IO RAZ26

H°Ju
1!!')
0

ju

E|
BFf
R1
BS

B
3F
B6
F4
g1

B3
EL
95€
Fu
B1

36
11
e2
RE
Ef

F4
43
13
BE
B6

Gud
B2
02
81
Al

ez
BE
A1
Al
B2

Sk
rA228R

.0‘163
C.Cu277
O.GCJBC

05154
3..“293

2.0102u
2,00270
J.523090
0.12r00
0.02563

0.90172
0.06713
2.00193
C.05079
G.02375

$.082929
n,N3786
c.01297
£.022469
c.C08000

0.03690
C.o0218
2.0017¢
0.C1260
0.00463

G.QUEd0
C.01163
0.31809
c.03852
0.05265

0.13200
€C.080C0
n.00600
0.¢5217
2.08200

(12) 13 (19)
RA223 INEUT INPOT
METHOD RA226 RA223
_:-§LE -__EEI____HQI
J4 2794
BZ 49 3137
73R J J
288 17 5
238 9 0
Z2F 2 9
738 e 2
Z38 (¥ +]
25 24 114
-4 25 181
z38 1 1
Z9B 1 9
ZR8 1 1
vl 146 1387
53 LR | 159
223 2 1
Al 152 CET
2B 14 Ty
z3e 1 1
728 2 0
F1 213 10€1
Z398 2 1
78R ¢ 0
728 1 )
758 2 0
22 3 21
72B 2 13
78 6 '}
B2 i3 1847
A2 32 191
D5 8 c8
Z2B 0 0
224 75 440
Al 95 801
28 2 12

(15) (16)
cua cud
FADS RADS
BA2<O____EAZSS
1887 24482
628 4698
0 0
138 89
b} 2
b] Q
4 4
0 J
360 1709
327 2722
17 17
19 134
14 16
1164 20106
454 2255
27 170
968 12727
<d3 1110
20 19
0 0
3140 15955
21 19
0 0
9 63
0 0
39 322
27 198
36 64
502 2899
248 2760
103 872
0 0
€13 6412
312 11743
35 187



TAEL® 1 (CPONT.) 2YPCSURE DATY FOR «ADTN® PATIENIS TO BND OF 1379

161

o)) ) (™ (¢) (5) (€) (7 (8) (<) (19) (*nN ('2) (1) (14) (15) (16)
YP"AF FYP YZRP EM226 FAZ28 24223 TNPIT ImPUT cun con
EXF PFIEST DUR OF FA226 AETHOD TO FR226 9ETHOD £A226 Ra22°9 RADS BADS
—-SK3__8Ep:__ 2CI___* EEE__RATIC +_BRE____VCcI___ 9CI _.___. bA228 ___EA228
01-110 * 1909 01 1925 53 1979 1 B6 J.vd172 Z3B o c 5 5
61-111 F 1912 01 1627 1¢ 1374 2 Bt €.C0313 78R 1 1 8 8
¢1=-112 p 190w 198 21 1€24 935 196C an FL 3,0752C P 15 92 185 1368
c1-113 * 1912 a1 1028 £ 1959 3 BE n.f2000 288 1 1 10 9
21=115 P 1908 '9us 0 1€24 330 15¢3 472 A1 0.903C93 A 37 272 642 3883
A1-116 * 1R99 195 Q1 182¢ 859 1955 290 Gu C.10200 35 70 353 860 5000
C1-118 F  13C9 1971 0O 1923 13 1959 ] B6 0.089C2 728 J 9 0 ¢
C1-119 rF 1899 196F 01 1520 14 1388 5 B6 0.090C0 z28 1 12 17 178
01-120 F 1910 ¢ 1625 125 1958 10 82 0.020060 788 2 3 36 4“4
01-%22 * 1512 91 1627 u9 1978 8 B3 0.0c202 798 ¥l 2 34 35
01-123 * 14883 01 1023 11 1978 0 B6 0.01024 28 0 C 0 0
01-128 F 1909 o1 1627 €3 1979 41 B1 C.00180 79p 13 "r12 178 177
C1-25 r 19M 01 1927 6 1979 J B6 2.0C179 88 9 v 0 0
61-12F F 1995 19¢2 Q" 1922 416 19€9 15¢C A1 C.02€67 '3 43 2M 556 4074
c1-127 F 1999 01 1527 S 1974 1 BE& 0.00330 788 0 0 4 4
C1-528 * 131) 9 1927 4 1959 2 B6 €.0230¢C Z88 ) 0 7 7
01-129 P *90¢ 1'°30 1 1923 4 1977 2 F6 €.00907 227 0 2 2 25
€1-130 * 1979 01 1926 196 1964 " B2 0.01140 78B 3 3 49 39
G1=-132 P 1908 9Lu O 1€23 76 196F 1327 A1 7.02496 Al 253 1505 1946 <1690
01-133 = 109¢ n 192€ 55 1958 i3 B2 2.83000 738 3 4 4u 64
01-136 7* 1997 21 16271 185 1978 30 a1 J.0N674 B3 S 42 138 638
91=137 r 1901 01 1923 718 1977 5 B3 €.009902 228 2 8 23 125
01-13" = 1883 1962 9L 1919 4 1959 10 36 T.C 29 3 " 34 0
01-139 ® 1281 1868 Q¢ 1228 133 1962 127¢ 21 2.01417 a2 3% 235 2409 2509
01-189 » 1890 e 915§ 78 1975 0 36 2.¢ 79p 0 2 0 0
01-18%" N 1886 197% 02 19268 130 1974 17 B2 0.C0033C 58 S 4 47 40
91-182 F 1896 21 1917 52 1969 0 G6 7.9 z9 J 0 0 9
01-133 P 1904 c1 1621 65 1976 7 B6 0.0 98 2 J 34 0
01=-1a8 P 1397 €77 )4 1922 26 197 594 B1 0.2 79B 209 2 2902 0
01-1S *» 1800 1957 41 1618 eC 1966 6331 LB %.02077 A3 1681 413 19506 6195
01-18€ P 1382 1967 (2 1927 156 7"964 163 LR .208170 254 27 28 309 420
¢1-137 ¢ 1902 01 1917 26 19€°% 52 G4 0.9 79 15 0 245 0
c1-188 F 1907 06 1936 €4 1558 4 e Q.9 z9 7 0 85 0
C1-189 » 1288 155¢ O 1613 Z€ 1969 1639 A1 2.00533 A3 4yn 995 5226 14933
©01=-159 r 1381 1979 Qu 1639 1%¢ 1979 3 86 V.0 798 1 9 11 0



~ARLT 1 (CONT,) EFPLSIHEF DATA POF RADIU™ PATIE4TS TO £ND OF 1979

(&) (” (M (6 (5) (5) (M (8) (9) (10) (11 (12) (13) (14)
YEAF EXT® YEHAE FA226 FA228 RA 228 INPUT INPJI
EXP FIFST DUR OF FA226 MFTECD TC RA226 METACD ERAZ26 RA228

s P__0IPD TYIPE SL°___¥KS__M®AS__ _BCI _ ¢ ERE__EATIO_____+ BRP____UCI __ UCIl_ _____

01=-151 P 19)5 J€ 1827 £2 137¢ 1 R6 0.0 79 0] b}
9'=152 F 1924 01 1922 17 1977 2 cé n.CY159 258 1 1
01-153 ® 1830 1GfL )€ 1920 104 1963 260 B1 €.00036 36 78 5
N1-958 ¥ 1896 1962 9Jp 1€23 +0 1359 ) S€ 7.01520 27 A J
01-156 T 1998 1080 Q1 1649 155 1050 4 GE 2.9 Z9 11 b}
N1-157 * 1A%8 22 1925 13 1975 yo B2 5.00139 z258 15 9
01-158 F 1901 10977 Q¢ 1920 52 1953 1 G6 1.0 29 0 0
01-159 P 1915 n1 1635 220 1972 2 86 9.0 7293 1 0
N1-160 P 1973 1965 22 1225 +9 14959 130 E1 0.GC2000 R} 32 4J
01=-161 P 183 1972 01 1918 17 19589 1 B6 2.0 Z9B 2 b
01-162 % 1398 136F 16 1920 364 1959 95 B 0.C1000 778 24 17
01-63 r 1903 21 1921 26 1972 2 B6 €.0C360 Z27R 1 1
01-168 ¥ 1909 1972 91 1918 39 1359 Q B2 0.0 79B 2 9
0'-1¢5 P 19Cs g1 1622 22 1978 14 Cc3 c.0 79C u ]
01-166 * 1897 1969 )1 161¢ 26 1359 0 B6 C.0 298 b 0
C1-168 r 1895 b3 1319 U668 1968 1 36 f.0 298 95 p)
N1-169 P 1918 a1 19236 69 1975 0 BE 0.9 Z9B 2 J
91=970 9 1863 1965 QS5 194) ¢ 1959 4 Gé 3.0 79 1 b
01-171 % 1895 1375 45 191¢ € 1958 1502 B1 0.0 298 u27 n
01=-172 P 1R98 1969 (1 1916 136 1961 19€) R1 0,00112 B3 586 126
01-173 4 18”81 1950 0¢ 1917 130C 1559 70 Gu 0.0 79 16 0
01-175 * 10C0) 196€ 2?2 1527 13 19¢5 171) B* J.30760 B2 451 343
01-176 F* 1893 19€° 01 1617 124 19€9 n 5 6.0 79 ¢ 0
01-177 =® 1915 € 1936 312 19569 61 R1 J,0 298 14 d
01-178 1 19139 27 1958 J 1373 2 BF 0.9 79C 2 )
G1-179 *® 1399 166¢ 45 1924 58 1953 290 a1 0.0 Z98B 562 )
01-13) r 1990 01 1918 26 1371 3 rR3 2.0 Z9B 1 0
01-181 % 1913 1361 Q¢ 1645 130 1959 229 B1 J.0 zZ98 39 b
01-182 N 1992 188¢ 92 123¢ +d 165% 7 D3 J.026CH 25D 1 1
01-183 P 1831 1Sfc 91 191¢ 73 19¢9 203 A1 0.C 29\ 64 0
01-138 W 1837 1969 OF 1022 19 1368 Y& 52 2.0 Zop 14 b}
01=-185 N 1881 19¢2 06 1912 +° 1956 UG e 3 0.0 YA 12 V]
01-136 m® 1925 06 1943 U1 137¢ 19 32 0.0 798 4 ]
01-137 = 1617 %€ 1¢42 78 1¢%59 4z R2 c.C 798 7 b]
01-148 P 1886 '97° 04 1533 3 1959 4 8 £.0 29 1 0

(%) (16)
Lon con
EADS RADS
BA246____ 53228
3 0
10 16
694 50
0 G
127 Cc
210 134
M 0
6 0
386 637
4 0
214 187
9 18
25 9
65 0
0 Q
(" ]
0 0
5 0
4738 )
7736 1892
110 0
5269 5159
0 0
121 0
2 1]
6115 0
15 c
225 0
8 6
917 0
132 ]
116 0
32 0
54 0
1 0



€61

TARTE 1 (COM,) EYPNSNEE DATA FSF IADIUM PATIFNTS TO END OF 1979

(R3] (2) (3) (6 (5 (¢) 7y (P (<) (13) () (12) (13) (14)
YEAF F{F YrAR FM22¢ FH.2B RA 222 INPUT IKPUT
EXE FIRSI DUN OF FA226 METHCD TC FA22€6 PMETHOD FRA226 RA228

.£l§!...§!!.!;Bl_..li__lxz._ili_._!!i--!lai---!E;.----!E! _EIILQ_____:-i!E____!§$--_- >} g !

G1-139 = 1058 2 1973 2 J
01-130 F 1=21 01 1054 9 1373 ] ns ¢.n 7=c 9 o
g1-191 = 1RQT 1966 IFf 1€13 78 103¢ 4« RE 0,9 7.98 1 2
€1-192 P 19C2 1952 A1 1975 52 1659 W 32 9.0 Z9B ] 0
01-193 P 13RF 196" 0F 1917 1S5 1974 3 42 8.0 73 9 o
01-138 = 1898 91 1916 K76 1972 7 B6 9.0 298 2 0
01-195 P 1893 195”" (C6  1€+2 520 19%9 i A6 C.0 79 0 0
01-196 ® 1937 22 193¢ 20 1972 69 B1 92,45540 258 19 17
91-137 # 1833 1065 01 1916 +0 1954 16 G& 0.0 79 4 b)
n1-10@8 P 1868 1072 45 1613 &) 1989 J 86 G.0 FA 2 0
01-20 F 1910 91 1825 22% 1977 3 B3 J.00914 z2B 1 4
01-291 * 1911 0* 1925 55 1959 26 B2  9.021G0 788 6 8
01-293 r 1308 21 1923 1 1973 0 BE& 0.01870 Z28 0 0
01-298 * 1901 21 117 22 1935¢ S 83 0.4 298 1 2
01-295 ® 1921 1978 06 1951 52 1972 T 88 S 792 1 0
01-206 9 13%6 96 1913 17 1975 9 B2 0.0 298 3 0
21-297 ® 1909 1967 21 1927 9 135¢ 4 ®3 0.,02000 788 1 i
01-278 = 1801 1972 2 1939 1144 1974 818 A1 0,0 z9 157 0
01-209 P 1968 197 01 1026 16 1¢59 6 B6 0.02700 z88 1 2
01-210 & 1378 1971 95 1918 2028 1959 12 82 0.0 298 2 2
01-218 % 1891 19€4 CFf  1C15 1248 195¢ 82 81 J.00700 z78 19 4
01-216 P* 1903 1962 01 1924 4 1959 ) €& G.GROON z28 0 ]
01-217 & 1894 1971 01 1914 208 1959 S 83 9.0 298 1 0
01-2'8 4 1924 96 1959 TE) 1974 9 86 6.0 798 b 0
01-219 * 191) 01 1€27 1D 1976 G BE J, 30246 798 r b
01-220 r 1977 21 '92s 26 1959 2 86 0.07100 z28 1 2
01-221 W 1892 1977 06 1976 523 1967 10 B2 0.00320 278 3 2
01-222 r 191? 01 1925 17 1964 4 1 0.04400 227 1 5
01-223 rF 1912 01 1627 7 1963 9 3€ 2.01200 z8 ) 0
01-225 P 190¢€ 01 1931 35 1959 0 D6 0,0 79D 0 0
01-226 * 1911 91 1927 22 1976 0 BE 0.00258 288 0 )]
01-227 r 1908 07 1233 2184 1975 9 B6 .0 298 0 b
01-228 F 1906 01 1%2¢ 61 1972 6 B6 (0.00420 788 2 2
N1-229 F 1903 01 1925 2 1959 8 B2 0.08000 Z28 2 13
01-230 r 1913 31 1827 19 1978 9 B6 0.00203 Z88 0 0

500
29
15

156

b
- Oh -~
ONOFO OO0OO0OOD~N QOOWVWLOOC 00000

W -

196



TAELF ' (CCKNTJ) RYPCSUFFE DAFA FOR RADIU4 PATIFNTS TC éND OJF 1973

m (2) (3) Mm =) (©) (M (» () (19) (" (12) (13) (14) (15) (16)

ITAF 2XP YEAR FA226 RAZ228 PA228 INPUOT INPUT cuM (01

°(E FIRST DNF (OF EA22€ METECD TC FA226 METHOD RA22€ RA228 RADS FADS
~CASE___S®X _20F¥__[IEC JY°F =IF___9%S__SEAS___BC1 __+ BRR__FRMIJIO_____+ BRR____0CI____UCI ______ EA226 __ _EA228
01-231 ¢ 1010 1962 01 1930 64 195§ 2 RE  J.9 z98 ] 9 ) 0
01-232 P 1999 1961 24 1626 43 1559 2 B6 C.0 798 J 9 9 0
21-233 P 1972 1873 £+ 1627 165 1959 2  Be Q.C2000 788 i) J 6 6
01-238 P 1913 136 31 1627 1 1959 7" 36 0.€2200 768 0 3 0 0
01-235 ¢ 1938 21 1925 5 1989 1 36 0,08CC0 728 2 1 4 19
01-236 P 1313 1€7f 1 1827 2 1665 1 36 0.01009 79 0 ) 4 4
91-237 P 1323 01 1927 8 1979 7  B6  2.23179 238 J 2 0 0
C1-238 ® 1396 157 01 1520 2 135¢ 1 86  0.08000 728 0 2 4 37
01-239 P 1991 1658 31 117 73 1857 835 Fu  9.€0157 r3 223 41 2665 620
C1-2%0 * 191C crT 1927 13 19M 7 D6 {.00WS? 728D 2 2 28 28
01-283 8 1873 195¢ Q¢ 1505 S20 1958 15 3f 0.C z9 4 0 43 9
01-238 F 1901 1979 J1 1927 18 1975 1 BE 0,00307 73 0 0 u 5
01-285 P 13929 1 1¥57 3D 1969 0 36  J.9) 29 0 ] 0 0
01-286 P 1885 1977 9€ 131 39 19¢7 3 B6 0.C z3B 1 J 14 0
01-287 % 19 26 1923 689 1976 5 B3 2.00195 Z78 1 1 14 8
01-288 7 1903 1 1217 209 197¢ 21 B2 ~.0 Z9B 7 0 106 0
0'-209 N8 1978 08 1928 39 1567 2 66 0.G2700 22 1 2 5 17
01-250 = 1834 J€ 1946 529 1975 0 BF 0.0 798 0 b 0 0
£1-2%1 8 1899 1265 36 1912 156 1974 11 428 0.0 79 3 0 34 0
01-252 * 1898 71 1817 108 1976 22 BY M0 Z9E 7 J 14 0
01-253 P 1898 1968 21 1916 104 1959 40 g6  0.) 79 1 n 147 ]
01-258 7 191 01 1927 2 1971 1 BE D.004%0 788 0 9 4 4
01-255 r 1929 ¢1 1982 52 1975 ) Aae ).0 z98 ] " 0 0
01-256 Y 1319 06 15u9 278 1959 W a6 o.0 z9 2 0 1 0
01-257 % 1885 1962 € 1981 624 1959 3 S6 9.7 79 b 9 0 0
01-258 1 1903 0€ 1923 1092 19¢€9 17 &6 0.0 z9 4 ) 4o 0
01-259 P 1910 06 1927 w16 1977 0 BE 2.0 z9 ) 9 0 0
01-260 F* 1891 1960 O« 19218 50 1959 15 G6 0.9 70 4 0 50 0
01-267 P 1909 1969 01 1927 2 1959 0 BE 0,02700 788 ) ] 0 0
01-262 P 189% 06 1218 0 1969 22 88 0.9 z9 7 b} 106 0
01-263 P 1897 197€ Q1 1917 17 1976 9 86 0.9 298 3 ) 46 0
01-268 B 1906 1967 91 1588 770 1964 90 48 0.0 29 13 ) 59 0
01-265 P 1902 &1 1e19 2 1959 3 B6 0.08%09) 229 1 8 13 126
01-266 F 1908 1961 21 1923 3 1959 1 B6 J.0R000 728 b 2 3 24
01-267 rF 1904 01 1926 124 1966 45 G4 0.0 29 12 ] 170 (]



TAELF 1 (CCYT,) EXFOSTRE DAL FOF 2ANTNHM OATIENTS TO FEND OF '373

S61

n (2) (v (uy (5) (6) (7 (]] (9) (1 (1) (12 (13) (14) {(15) (16)

YEAE YR [Z2h FA226 BA224d FA223 INFUT INPOI con coy

FXF FIFST DUE OF FP226 EFTHCOD ™0 wA226 “eTHOD RBAZZE RA22Z3 EADS FADS
2 I.!E.HE-_E_E-_ME---.&.L_-_iﬁi_-.lllg.__--:_all--._ﬂcl_-__ﬂﬁ ...... HRL___!RZQ
9M-268 r 153v 1°%67 71 cn 1987 9 84 1204
N1-269 8 111 <€ 333‘ F2b 1970 2 Bﬁ u.G ZQB 1 V) 5 0
01-270 r 19M N 1¢u3 32 1976 4 B3 c.C A 1 0 1 0
01=-271 r 1393 31 1617 Rg 1§79 < Bé 0.0 298 1 ] 1 0
01-272 < 18R3 ce 19%6 132 16539 79 GE 2.0 z9 4 b} 22 0
01-273 F 197 R 1524 1 1859 2 B6 J.08409 z28 1 3 7 45
C1-274 rF 1996 21 1922 5 19773 0 E6 0.00799 Z2B 0 ) 0 0
01-275 m 1839 (6 169 +J) 1959 23 3€ n.0 z9 0 0 0 0
C1-276 & 193" 1962 Jb 1645 208 1959 69 G6 J.90 79 9 ) 39 0
€1-277 F 1979 91 192°¢ 6 197¢ 5 ceé 20.00828 72 1 7 21 112
01-278 ¥ 1904 1575 O0¢ 1925 ) 1569 19 Ge 0.¢ 78 3 0 40 0
01-279 3 1921 1869 D€ 1028 14 1966 2 GE f.Nn 29 9 n ) 0
01-2%0 Fr 19G5 o1 1926 7 187 ¢ BF J.00860 288 N n 0 0
J1-2892 9 1293 1¢€73 )6 1916 156 1972 k2 B2 c.” Z3B 13 0 141 0
01-293 r 1895 1977 937 1916 52 1959 3 B6 0.9 298 1 0 12 v}
01-288 9 1392 1979 (¢ 1943 780 1959 5 B3 J.n z98 1 J 3 J
01-285 F 1999 21 1622 1 1©60 u Bé 0.0710¢0 2R 1 7 15 100
01-287 * 1923 01 1027 &A74 1977 2 86 5.00252 7&C 1 J 7 3
01-288 P 893 197 Q1 1926 2 1960 2 Ccé 0.C2400 z23c 1 1 6 11
01-289 r 1999 107 @1 1¢19 gy 19M 4 B3 C.01E8€60 228 1 1< 18 175
01-291 * 1910 1966 21 1228 17 1962 5 BE 0.n180"° 778 1 1 15 16
01-253 * 19 97 1924 11 1978 J a6 7.9%2894 Z28B 2 ) 0 b}
01-298 F 1912 91 1927 52 1971 3 b3 n.00459 ZEHn 1 1 12 1
91-295 r 1912 21 1027 14 197+ 0 BE 7,03258 z8B 0 0 0 0
01-296 P® 1938 21 1927 5 19¢¢C ) B6 3.6¢1829 Z8e J 0 0 0
01=-297 r 19M o1 1621 122 1960 1% B2 N.09375 B3 4 39 63 589
01-299 P 1396 21 1517 104 1968 3 GE 0.0 70 1 J 14 0
01-321 P 1304 0= 16526 5 19¢6 17 G4 Je9 29 5 0 68 0
01-392 * 1829 156€ 0S5 1e27 |P 1968 2A50 A1 2.0 29 761 0 8510 0
¢1-303 = 1919 01 1949 v 197 9 B6 0.C 298 2 2 0 0
01-395 A 1925 1%€% O0F 1946 1740 1965 160 gu 0.C 79¢C 15 0 56 0
01-306 % 1923 Ak 1855 364 1379 22 E1 J.¢ z98 L} 0 23 0
01-307 & 193) ceé 1957 Y04 1975 4 BE 2.C z98 ' 0 4 0
01-3278 a1 1918 1957 Q€ 1643 728 195« 120 P4 2.0 Z9F 30 0 247 0
01-3%9 rF 1928 197 (1 19213 2 1941 2 B6 n.C6239 7228 1 3 7 50



TABRLT 1 (COMT,) “XPCTUKE DATa FOF RADIUM PATIFNIS TC ®ND OF 1979

961

(8} ™ (8) (5 () (7)) (3 ()  (10) (11) (12) (13) (14) (15) (16)

YAk FEYP YPAF RA226 FA2¢8 RA 223 IWPUT INPUT con cna

FY® FI1RST DOF OF F2225 PETROD TC hA22F HETHOD EA226 RaA228 FEADS EADS
QSE__D13ED TYPF EXP__ _N¥S _AEAS___ECI___* ERR__ERATIO S | GRS, | BA226____EA228
01-370 r 1926 06  1€28  1¢ 1<75 8 B6 C.01148 22 ) 0 0 0
€1=-311 P 1911 a1 1927 2 19¢1 1 B6 2,.01500 7.RB 0 2 4 4
01=-312 P 18237 c1 1925 13 1976 0 36 0.0 ZyB 0 G 0 0
€1-313 =® 1892 06 1911 628 1961 3 B3 C.C 798 1 c 10 0
01-318 * 1909 71 1924 n 1961 1 Bé 90.06200 728 0 1 u 22
01-328 P 1937 01 1923 15 19€2 1 66 0.05700 22 ‘] 2 M 26
01-326 r 1896 1972 02 1925 156 1966 100 G4 0.01100 z5 27 36 349 539
M-327 P 1928 N1 1927 1 1955 9 66 0.01000 78 J ‘] 0 0
G1-3310 A 1915 t6 1942 364 1976 66 B2 0.0 298 16 0 118 0
01-331 % 1901 02 1927 42 196€ 85 G4  0.01100 25 21 27 216 290
01-332 P 1912 197 Q1 1927 52 1965 0 66 C.01000 z8 d 0 0 0
01-333 F 1995 01 1924 10 1976 0 B6 0.01075 22 0 0 0 0
01-335 ¢ 1899 16 1917 73 1975 3 B3 0.0 29B 1 2 15 0
01-336 n 1399 J€ 1945 1092 1979 41 Bl 0.0 %98 6 0 49 9
71-381 8 1983 06 1983 176 1961 5 B3 0,0 798 1 0 7 0
01-382 1 1897 06 19484 56 1961 1 B6 0.0 %98 0 0 1 0
01-383 * 1873 1354 Cu 1927 +3 1963 2 PF6 0.0 79 )] 0 0 G
01-348 P 1923 197 €1 1922 19 1962 7 66 0.05700 22 2 14 217 206
01-385 P 1919 1077 GV 1924 1 1962 ¢ 56 0.065700 72 1 6 15 92
01=-336 F 1311 o1 1927 17 1962 Wy 3 2.01700 29 1 13 157 196
01-387 W 1896 1969 06 1926 1672 1962 18 B2 MG 798 2 0 w - 0
01-3488 P 19902 973 01 1924 19 1966 112 B1  0.03492 B2 3 175 422 2628
91-389 P 1907 1967 01 1923 10 196k 93 81 9.03225 R2 26 136 322 2043
01-3150 ®* 1393 1°73 01 1923 108 19€2 9 66 0.057C0 22 ¢ 0 0 0
01-351 ¥ 1906 01 1923 3 1962 0 66 0.05700 22 0 9 0 0
01-352 W 1922 06 1549 338 1962 191 B1 0.0 7983 35 9 275 0
01-3%6 8 1912 1973 06 1937 572 1969 23 B2 0.0 798 5 0 36 0
01-357 ®» 1927 1977 Q37 1927 408 1962 A" G6  5.01400 z8 0 0 0 0
01-358 P 1996 1978 07 1923 168 1962 0 66 0.05700 72 0 ) 0 0
01-359 r 1978 01 1928 55 1962 25 B2 0.05600 228 6 31 93 469
91-369 * 1911 01 1928 34 1967 9 G6 0.01400 z8 0 0 9 0
01-361 * 1937 1976 01 1928 20 1974 1 B6 Nn.01323 72B 0 2 4 26
01-362 P 1006 21 1923 5 1962 0 66 0.05700 22 0 0 0 0
01-363 * 1983 1978 91 1918 269 19A2 7 66 0.05700 22 2 17 29 253
01-368 F 191 €7 1927 443 1964 8 GE 0.,01140 78 1 1 20 13



461

~LFLE 1 (CONT.) EX®0SUFE DATA FOR %ADIUM PATTENTS IG SND OF 1379
m 2y (3) B =y (o) (7)  (3) (5) (19) (1 (12) (13) (14) (15) (16)
Y2AF EXP YEAR RA226 TA228 FA228  INPIT INPOT con cuy
EXP FPFIRST DUR OF kKA226 METBOD TC EA226 HMETHOD kAZ26 RA228 RADS RADS
_SA§I___.£'__Q£!_.EI£D TYFE _EXP___MKS__MEAS___NCI___+ ZRE__RATIO +_E5R ucl ucl __EAZEQ__._§522§
01-365 21 1924 40 1962 10 G6 0.357C0 22 3 15 218
G1-367 r 1n91 01 1920 221 1976 4 Be 0.01024 728 1 9 |9 135
01-368 ¥ 1925 ce 1947 65 1979 35 B1 0.0 298 8 0 61 0
71-369 * 1906 97 A%2y 33 1975 n  B6 N.N1M43 72 ) c 0 0
€1-370 F 19354 9% N2@ 21962 9 &6 0.01500 23 0 0 0 0
01-371 P 1912 07 1928 39 1979 3 B3 0.0C180 %8 1 1 13 12
01-372 rF 1911 1975 01 1927 1 1962 7 G6 0.C1470 78 2 2 24 28
01-373 F 1910 01 1927 84 19€2 2 66 0.014C0O 28 1 ) 7 7
01-378 ¥ 1919 01 1927  +0 1962 12 G€E 0.01470 28 3 3 43 47
01-376 +* 1907 1973 01 1927 33 19¢€3 2 G6 0.C1300 A} 1 1 7 8
01-377 r» 1315 17 1926 208 1979 1 86 .0 z9B 0 ) 4 0
01-378 P 1507 01 1925 94 1976 0 36 9.00258 238 2 o 9 0
01-379 » 1905 01 1926 7 1975 18 B2 0.002381 Z8B 5 6 78 88
01-380 r 1919 01 1927 3 1972 0 B6 0.00420 288 0 0 G 0
0%-381 % 1887 1978 92 1927 1 1964 5 56 0.01400 25 1 2 13 18
G1-382 r* 193) 07 1920 320 1963 43 G4  92.C1070 z2 12 15 173 221
01-393 r 1907 01 1923 2 1976 0 B6 N.010906 228 0 0 0 0
C1-388 F 1905 01 1923 1 1975 C 86 2.01177 22 5 ) 0 0
01-385 * 1936 1971 01 1924 11 1963 5 Gé 0.05000 22 Y 8 18 114
01-386 F 1904 97  1WET 15 1963 9 G4 €.01300 28 2 2 33 35
01-388 * 1873 1948 2z 1928  +) 1965 2580 a1 9.01027 11 434 491 2886 5555
01-389 F 1910 1830 Q1 1923 26 1963 1029 A1 d.06812 A1 1 946 435 9072
01-390 P 1887 1931 02 1925 260 19€5 7409 &K1 0.02527 A 519 1180 1358 6351
01-391 F 1914 1969 07 1959 529 19€u 1 B6 2.0 79B 0 0 1 0
01-33%2 = 1913 1972 07  195C 520 1964 1 B6 C.0 z98 0 0 1 0
01-393 s 1937 07 1080 520 1972 2 B6 0.0 Z9B 0 0 2 0
01-398 P 1944 37 1850 S20 1972 § B3 0.0 29B 1 0 6 0
91-395 * 1945 07 1950 520 1972 5 83 00 Z98B 1 0 7 0
01-396 ® 1247 07 1950 520 1972 1 B6 0,0 29B 0 ] 1 0
01-397 r 1950 97  195) 498 1973 4 B3 G.C z98 1 0 6 0
01-398 &8 1351 g7 1651 429 1972 G B6 3.0 798 J 3 0 0
01-399 r 1953 87. 1953359 1972 1 B6 0.0 798 9 0 N 0
01-800 & 1903 €7 19€1 156 1964 2 BE 0.0 298 0 0 0 0
01-431 r 191) 07 19€1 156 196L 3 B6 0.0 Z98B 0 0 1 0
01-402 F 1898 01 1920 18 1963 o G6 0.C50300 22 0 ) 9 0



861

TARLE 1 (CO¥T.) PXPCST®F DATA FOF REFLTUM PATIPNTS TO END OF 1373

(8} (2) (3 () (5) (¢) (7)) (™ (9) (10) (" (12) (13) (14) (15) (16)

YPREF EXP ‘;;5;. FR226 hkA2?2% HA228R INPIT INPOT coM co4d

FIP FIUST D7E FA2?€ MFTHCD TC FA226 YPTHOL ©EA226 HEa22b FADS FADS
_9151.._511.1911..21zn_:121.312._.115--s;ss-__!sz___--snn B2TiQ +_£RE Ger____UcI__ ____ EA2Z6____BA228
91-433 r 1912 n,01338 c3 a 34 112 516
21-898 * 1375 1945 67 1912 |715 1°65 2eﬂﬂ n1 0.0 Z9A sp o 1523 0
01-895 r 1985 1957 47 1612 1716 1965 52 A1 .0 Z9A 1" n 106 )
01-496 9 1292 1969 67 1616 260 16€2 18 B2 c.¢ 798 s 9 51 0
01-6497 % 1912 1977 €7 1927 416 19€3 38 B2 2.0 798 9 2 78 d
21=-398 F 1918 26 934 416 1978 14 R1 2.9 298 u 0 46 0
01-809 * 1914 o6 193¢0 13 1975 34 B3 n,Q zZ98B 19 ) 133 0
01-810 r* 1920 0€ 1947 156 1978 33 B1 °.0 Z98 9 2 97 0
01-811 ® 1915 1978 Q6 1935 2995 1373 8 B2 0.0 79C 2 3 18 0
01-812 W 1315 197n Q2 132¢ +2 19€3 1 Dé 0.01600 25D b} ] 2 3
01-4813 P 1921 1965 01 1924 229 1964 1 G4 0, 04400 72 3 15 35 222
0%-818 P 1897 06 1931 78 1979 2 cé 0.0 Z98B 1 0 9 0
01-815 N 1898 06 1621 520 1968 0 B6 0.0 798 p) 0 0 0
01-416 P 1908 01 1924 2 19€3 9 G6 0.048900 22 2 14 35 293
01-817 * 1907 01 1923 1 1963 0 36 €.05000 z2 2 0 0 0
01-418 M 1900 1972 @6 1919 104 1963 6 3 0.0 79 2 0 17 0
01-819 ¥ 1893 1965 OF€ 1916 269 1963 9 G6 n.0 z39 T 0 24 0
01=420 P 1903 1967 0OF 1929 65 1963 2 G6 c.0 70 1 0 7 0
C1-821 P 1887 197 Q6 1915 312 1563 8 G6 c.0 z9 2 ) 35 0
01-423 n 1897 0¢€ 1919 269 1973 22 B2 J.90 2GR 7 0 73 0
01-428 P 1882 1979 05 1924 +0 1960 23) Gu 8.0 Z9 76 0 1114 0
01-325 ® 333 N7 1961 104 19F4 0 86 n,0 298 0 0 0 0
01-426 P 1330 07 19€1 104 1964 5 33 3.0 Z9B J i) 2 0
01-427 T 1969 27 1961 104 1964 5 24 2.6 79 0 0 2 0
01-428 r 1957 07 1961 104 1964 2 E6 9.0 z9 b} 9 1 0
01-429 F 18937 neE 1922 208 1979 1 B6 0.0 Z9B 0 n 5 0
01-83% H® 188) 1969 )2 1930 +0 1966 41 B2 0.G2195 23 1 18 38 197
01-831 P 19901 1975 5 1922 52 1971 765 B1 0.0 zZ98 229 0 3262 0
01-432 % 1R3I5 1973 06 1915 529 1964 17 92 0.0 z298 5 0 49 0
271-3318 94 1380 1932 02 1927 156 1965 €126 A1l 2,02189 a1 456 823 865 3250
21-435 F 1907 01 1925 5 1977 c B6 2.00228 798 2 0 0 0
01-436 F 1895 1976 01 1227 189 1964 8 GE 0.01140 z9 2 2 27 25
01-437 P 1910 1971 06 1931 194 1965 1 B6 0.0 Z98 0 0 3 0
01-838 ¥ 13€7 198" 0?2 1925 208 1365 1850 11 0.01372 A1 279 382 1163 3571
01-839 * 1889 1953 04 1922 8 1968 406 A2 9,0 79F 96 n 971 0



661

———— . ———————————— - —

TABLF 1 (covT,)
(1) 2) (3) ($) (5) (6) (N
ITAR EXP
FX? FTEST DUF
CASE S2X_poRd__DIED TYDF_EXC JKS__
01-430 F 1308 01 12234 203
O1-443 F 13119 1 1927 74
01-4847 F 1509 L 1225 *1¢
01-448 F 1937 01 1225 5
01-449 F 1339 1 1922 2
21-459 % 1877 193F¢ 9o 1212 364
01-451 P 1902 1378 (01 1924 9
0'=453 P 1899 1962 1 1620 20
Q91-454 r 1889 1977 01 192C Qas8u
01-456 9 1878 1943 Q2 1£23 26
C1-845"  "i7! St A 5
01-450 = IpRg 107+ Af w2 bl
01-460 % 1882 196Ff 26 1212 1C4
n1=-461 1 914 1979 26 1€39 26
O1-464 P 1999 01 1927 [
01-866 P 1902 1946 231 192" 52
01-468 ®* 1910 01 1927 n
01-4569 41 1894 96 1918 52
01-470 P* 1912 21 1627 70
01-872 ® 1896 1963 06 1919 155
01-874 F 1908 n 1927 120
97=475 P 1921 01 1926 4
01-476 " 1999 27 1927 71
01-477 P» 1897 1°78 02 1225 4+
01-478 F 1914 01 1235 24
01-479 rF 1914 31 1227 1
01-430 F* 1915 91 1927 1
C1-881 * 109 01 1927 14
01-482 * 1912 01 1827 6
01-393 4 1937 17 1922 1Cu4
01-484 PF 19083 1374 01 1926 2
01-885 H 1873 195" 05 1911 1309
c1-486 P 1907 c1 1923 5
01-487 PF 1911 07 1€27 565
01-489 Fr 1919 01 1626 U8

SYFOSTOFF DATHY FOF RADTUM PATTIENTS TO EAND JF 1973

(% (% (17 (1) (12) (13) (14) (i3)
YEAR FA226 FRA228 RA22R INPIT INPUT cud
GF FA2/0 METHOD TO 24226 METHOD ®A226 RA228 EADS
dEAS___NC1 __% ERE_ ELI‘Q__-__i_EEE____HCI____QQI__,__‘QLAAQ__
1965 0 G6 9 c39n9 2

1678 8 56 522990 ZB é z 3u
1565 3 56 0.01000 Z3 1 1 11
1964 48 34 0.€1140 78 7 9 37
1955 T GE 0.03939 z2 2 14 30
19€6 2 A6 2.0 7.3 0 J J
1977 14 G4 ¢.00907 z2 u 25 64
1979 4 PUY 0.00789 22 1 11 14
1974 1999 i1 U.0 586 o} 7760
1965 74 a1l 0.03648 13 14 44 75
TREY : g A p 2 J 34
TOED oy I€ B 79 3 0 27
1964 ] G6 0.0 79 0 J 9
1964 9 el 0.0 79 2 J 19
1970 4 56 0.0C546 z8 1 1 16
19€5 ) A6 0.038300 Z2A 0 o} 9
1978 0 cé 0.00209 28 n J 0
1965 4 GE 2.9 z29 1 s 13
19¢5 0 GE 0.01000 7R 0 0 J
1965 7 36 0.0 b4 ] 2 0 27
1979 0 Bé6 0.00537 228 0 0 0
1974 9 Bé 0.00330 288 0 n 0
1972 4 83 0.50429 Z3B 1 1 16
19465 1240 81 2.00475 R2 336 207 4814
1065 n =6 0.0 A 0 0 0
1078 2 (o] 3 0.00219 ZR 1 1 10
1965 38 Gé 0.01CG0 8 19 15 142
19265 o] 3€ 0.901000 Z8 0 0 4}
1979 1 B6 c.03181 ZHB 0 o u
1975 0 B6 6.C1184 223 J o 0
1965 2 G6 0.01000 Z8 2 0 0
1965 340 ] 0.0 Z9A T4 0 438
1274 3 Bé 0.01318 Z28 2 0 o
197¢ 0 B6 0.00257 Z3B 9 J 0
1965 225 G6 J.01940 z8 57 42 787

b

-
OanOo0 [=R& RN =N ~NOoOVOoo

w
-t —h
Ui -

~NOoOOOO ONO W

o
w
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TAERLE 1 (COoN™T,) PXPDTIRF DATA FOR RAuTUd PATTENDS TO
(" ” () 14) (<) (3] M (&) () (1) A1)
vR®A; 2P YEAS PA22F FA228
X{F PIRST DUR GF FA226 E®THEOD TC RA22¢
SCASE __SEX _RJ83 _DIEP TYPF ZXAP__ _4K3 __MEAS__ _BCI___¢ ERE__ERAIIQ

C1=-490 " 1968 o 1924 17 1974 2 3¢ N.01318
01=421 P 1922 19%fF 1 1963 728 19¢3 7 € 2.9
C1=492 Fr 193¢ Jé 191 260 1¢73 1 B6 N0
01=-423 § 1893 1975 0Ne 1627 1R2(¢ 1073 4 B3 J.C
01-498 A 1906 196F JF 1926 999 19¢€6 2 GA n.0
01-495 » 1208 01 1924 8 19635 0 G6 G.G39C)
01-4%6 7* 1918 07 1034 10Ff 1966 3 G6 0.0
01-897 P 1932 1978 91 1921 A 1966 13 Go G.0340C2
01-898 * 1837 26 1920 104 197+ 1 86 0.0
01=501 9 1367 1937 92 1926 156 19¢6 257) A1 J0.50760
01-503 a1 1936 08 1€36 39 1966 Q0 B6 0.0
01-50a8 F 1913 01 1927 2 1975 0 BE€ n.0
01-505 r 1922 01 1927 1 1966 3 GY n.00880
nN1-536 r 1897 d4 1923 4 1966 7 B3 2.0
01-507 F 1999 01 1927 22 1974 10 B2 0.00313
01=-%98 P 199¢ 1967 01 104y 52 1966 30 GE 0.0
01=-579 P 1943 o6 1643 39 1967 0 B6 0.0
C1=-510 r 1897 c1 1927 12 19€6 38 Gob 0.00880
01-511 F 1908 07 1027 9 1979 0 B6 c.C0181
C1=-512 r 1895 1*97¢ 03 1912 13 1973 0 b6 0.0
01=518 P 19% c? 1924 2184 1975 2 B& 2.0%209
01=-515 P 1866 0s 1940 0 196F 4 Ge 0.0
01-516 P 19307 197¢ O 1927 2 1967 7 G6 0.CC780
21-518 n 1912 o5 1949 +0 1977 ¢ B 0.0
C1=-519 n 1919 Gk 1937 260 1957 13 G6 0.0
01-529 r 1RA82 1969 (2 163r +) 19g7 6790 R1 0.00492
01-521 1 1910 06 1982 523 1979 21 B2 0.0
01-522 = 1995 )6 1922 7288 1979 169 c2 .0
01-523 w1 1917 1] 1942 312 1%€8 30 (] 2.2
01-525 81 1923 0€ 1543 104 1968 17 G6 0.0
01-526 91 1921 9F 1945 38 1979 29 B1 c.0
01-529 a1 1920 06 1°43 260 1975 14 82 0.0
01-530 1 1920 1971 0¢ 1943 108 1966 52 B1 0.0
01-531 n 1918 06 1941 354 1974 13 B2 n,o
01=-532 81 1918 1977 (€ 1945 138 1968 1 G6 9.0

28D JF 1979

(1<) (13) (14) (15) (16)

RA 277 IN2JT INPUI CUa coy

MEZTHOD RA22€ RA22R FADS EADS
~*_ER&____0CI____UCl______BA226____EAZ28
228 1 2 9 52
"3 1 9 7 7
Z9R 2 0 b 0
29C 1 0 6 9
7% 0 0 0 0
22 0 0 0 c
29 1 o) 9 0
22 - 30 56 451
z9< g) 0 5 0
1 320 60 1102 2149
z98 0 0 0 0
298 0 ¢ 0 0
78 2 2 34 37
Z9C 2 0 29 0
788 3 3 41 43
29 6 0 50 0
298 b) ¢ 0 0
8 10 10 143 152
28R 0 0 b) 0
298 0 0 e 0
758 2 0 0 0
z9 1 0 10 0
28 2 2 26 29
Z98 " 0 i) 0
29 3 0 24 0
R2 174 77 2044 1158
798 5 0 37 0
Z9B 35 ) 237 0
s 6 ‘) 47 9
79 [ 0 28 f
298 7 0 55 0
298 3 p) 25 0
798 " 0 7 0
298 3 0 23 0
29 ¢ 0 1 0



{14

EYFOSNSF DATA FOF uwADIUY PATIENTS TC END OF 1373

()

1
17
39

¢

(19)
§022¢
KA226 METHOD 70 FA220

ne
56
31
G6

B2
A
Go
B3
B3

Gu
Gé
G4
.13
GE

BE
B1
al
A2
A2

Al
GE
e 17}
S5€
A1

Al
L14
81
A2
Al

R6
Gu
B6
G6
B2

TARL® 1 {CCNT.)

MM (2) (3) (8)y (3) (c) (n (8)

YFAF PXP  YFAR

PXP FIFST DUR OF
CASE___S®X BORA__DIED TYPP SXE___9KS _3EAS___ECI __+ ZRE__5AJiIQ

fM=-533 ® 1373 1378 Ok 191 +5 1969 4 GF DN
C1-538 a1 192) ¢ 1°64 154 1376
C1-536 * 1916 JE 1943 235 1958
€1-537 W 1917 1871 2Jf 1944  20R 196§
01-540 9 1392 07 '942 260 15¢R
01-533 9 1920 197¢ )6 1943 1€7 1075
01-588 ® 1573 19%3 22 1930  +l 1369
01-536 P 1397 91 1914 52 19€7
fM-S37 P 1397 06 1520 104 1879
01-588 4 1917 €2 163) 2 1912
01-552 1 1937 26 183¢ 14 1So7
01-553 rF 1912 01 198R 988 1967
G1-554 F 1928 f1 1952 789 197
N1-555 7 1394 21 1921 2 1975
01-556 * 191) N 1927 0 177
01-557 » 1998 01 1925 35 1975
01-558 % 1913 22 127 132 1979
01-562 *® 1991 19¢3* Q21 1929 52 197¢C
01-565 F 1992 1957 @S5 1925 25 167D
01=567 w 1385 19uc 92 1925 +0) 1970
01-568 % 1907 1S2¢ 05 1927 ¢35 19¢°
21-569 P 1995 07 1922 282 1978
01-570 F 1399 31 1926 260 19¢8
01-571 r 1911 0" 1928 34 1279
01=-573 F 1392 1945 N 1€1€ 312 16770
C1-574 ® 1885 193" €S 1524 77 1968
01-575 ® 191C 1977 01 195C 1196 1973
31-576 r 1930 J1 1946 780 1963
01-578 F 1904 1930 0S5 1926 17 1566
01-579 P 1928 192° & 1926 26 1973
01-589 * 133s 91 1218 52 1972
01=-587 = 1918 0€ 1%u4¢€ 52 19¢8
01-532 P 1893 06 117 24 1579
01-543 % 189" 1969 26 118 104 1968
C1-S/4 P 19)8 1375 01 1926 263 1968

vy~
RA2:-R

D220 DS Oo000o D000 LDOoOLOO il
., - 3 -
-
N
v

OO0 0000 2O0O000 QDO OO
- - . - -
©O o
- o
o m (=]
(¥ E

QL) Y2
~N
@
0

TPO000
(=]
~
N
o

(12) (13)

FA223 INPUT INPUT

METHA0D RA226 RA228

L+ BER____UCI____UCI

Zs 1 J
79R o 2
z9 3 C
738 12 J
79 J Iv]
798 4 0
A3 19 8
A e J
Z98 1 0
758 1 v
29 5 2
79 b} 2
z9 33 0
228 J S
(A b} b
238 1 1
R2 96 4
z9) 1392 2
25 385 c
A2 229 8
z°%\ 237 9
z2 1 6
29 3 2
288 b} 0
r3 145 5
Z9A ues 0
735 0 0
293 25 b
291 296 0
Za\ 2 0
798 2 0
z9 2 0
79B p) J
27 0 J
798 3 o

(15) (16)
cun cod
FADS RADS
Bag26 ___E6A228
22 c
2 V]
Zo 0
74 0
0 0
32 0
1538 121
0 0
29 ¢
14 5
41 0
0 0
286 0
0 c
2 0
9 1
955 262
7143 0
394€ 0
1400 2282
270 J
18 97
37 0
0 0
1307 2000
2255 0
1 0
219 0
636 ]
1 0
5 0
15 0
5 b ]
0 0
35 0
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TABRLE 1 (COFT,) PYXPOSUFF DAY FOR RADIUA PATIENTS TO END OF 1979

€1-5485
01-5926
91-538
01-539
21-530

01-5391
0¢1-592
01-598
01-595
31=537

01-598
91-539
C1-691
¢1-6M3
01-694

01-€17
01-62%
c1-609
01-610
21-6%2

21-611
01-61%
01-617
01-619
01-621

01-625
01-626
c1-627
01-628
01-629

N1-633
=635
N1-636
I1-619
01-653

(2)

a9

LIFELL)

LT R YU y" A

L L B R |  waans

TN YA~

3)

n

1996
1379
1978
1947
1920

13291
1933
192¢
1997
1923

18793
13939
1302
1894
1896

1337
1926
1306
1904
1358

1906
1882
1922
1929
1998

1911
1972
1897
19¢8
1892

1878
198)
1879
19908
1910

@) (5 (€) (M (8) (<) (10) (1) (12} (13) (14) (15 (16)
YPAF RXP VYEA? RA226 1TA223 RA223 INPUT INPJT con cun
¥YP FIFST DOF AOF FA225 %PTHDOD TO RA226 METHOD RA226 RA228% BADS EADS
RIEZD _TIPT _EXE___NKS__HEAS___BCl __+ ERR__BAIIO ____* PRR____UCI __ _UCs______ BAZ226____EA228
1969 31 925 2€ 1668 2 B6 G.00u45) 758 ¢ v 0 0
1972 0% 16213 +) 1968 132 G5 2.0 723 a7 b 504 J
a1 1329 1(4 1908 5 GEé c.0 z9 1 2 18 1]
09F 1927 79 1678 1 B6 0.0 709 0 0 3 )
IR 1929 39 197¢ 0 B6 2.01062 22C 2 ] 0 0
1¢78 01 1018 52 1973 0 G6 2.0001¢€ 27 2 9 0 )
1971 21 1917 6 193 0 Gé 0.0 z9 0 n 0 0
21 1962 34 1975 2 BE 2.0 298 0 2 1 ]
a1 1217 130 1369 5 G6 0.0 79 2 0 24 J
01 1°4) 368 1573 1 Bé 0.0 zZ9c 7 b 3 n
1¢53 9é 1941 572 1952 439 36 J.0 z3 27 ] 71 0
01 1927 7 1978 9 B6 Cc.C0203 788 0 J 0 0
¢1 1918 6 1969 0 36 0.0002" 27 0 0 0 0
n1 1915 €76 1968 7 Gé 0.00459 z5 2 3 32 41
01 1914 52 1971 1 B6 c.C 7298 2 2 5 0
27 1927 +0 1978 0 CHh 0.CN203 z8 c 0 0 0
197¢ 51 1927 11 1974 ) G6 0,0033)0 Z38B c 0 9 0
21 1926 366 1978 1 B6 0.0 Z98 0 v} u 0
1969 06 1919 29%3 1968 10 GE 0.0C450 27 3 1 28 43
193¢ 17 1923 255 1972 18 A £,0068) 74l 2 5 13 57
193 17 1523 265 1572 653 A1 n,02€80 | ] A8 165 450 1987
1022 176 1020 +) 1974 24 A2 0.C 79 1 0 2 0
08 1922 39 1973 4 r3 ¢.00922 Z38 1 ) 13 1
197”8 51 1927 52 19569 S fe] G.n z29 b Jd 0 0
01 1024 2 1978 8 82 9.00731 29C 3 14 37 214
01 1927 468 198 6 G6 2.0 z9 2 0 21 0
nA 1932 39 1971 9 B6 2.9 798 J 9 0 0
71 1€17 52 1970 ) 3 2.9 z9 2 0 0 0
01 1225 312 1975 4] B6 v.00200 Z58B J b] b ] 0
1977 N 1026 269 19¢9 12 G6 0.0 29 3 0 4y 0
1926 25 1225 4 1970 264¢C A2 2.0 294 121 0 130 0
1937 06 1918 13112 1973 1909 At 0.0 Z9A 318 0 15909 0
1330 01 1919 1 1979= 1 A6 0.C0075 27 0 0 1 1
01 1924 21 1569 34 GE 7.99420 25 1 1) 143 143
21 1€25 73 1969 7 GE c.00420 75 2 2 29 25
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TAPLE 1 (CONT,) SYXPIIURE DATA FOR PADIUM FATTENTS TO BND 2P 1975

tm 2y (3 (s (5 (5 (mn (o (°) (1M (N (12) (13) (14) (15) (16)

Y®AF EXP YEAR PA22€ RA228 rA222 INDUT IKPUZ -on con

EXF FIEST DU OF EA225 METHUD TO SAZ26 MBTHGD RAZ26 RA228 EADS FADS
_Es.l___il!.EQil..QI!E_IIL..IIE---!'S--.Ii *_-ISI.-_:_QEE--EAIIE_____t-iﬂi-___ﬂsl--__nﬁl ______ BA246____ED228
31-659 F 1912 2¢ 19613 3 J 42 0
J1=-66) P® 13371 1¢8” 04 ‘vJ’ o* 167 1% aé ?.a z;\ 3 d 29 0
01-6n1 4 1374 €3 D& 1896 572 1°74 2 AF J.C 79 J 9 1 4]
01-643 « 1027 28 1227 3¢ 16693 1 G4 0.0 79 3 ) 31 0
N1=-645 v 1923 SE 1023 19 13€6% b G6 .0 25 b] b} 0 0
71=647 p 1013 R 1947 234 1€72 2 86 2.0 298 J 9 e 9
01-6R8 = 1333 97 19¢4 +0 1974 1 R6 0.0 7Q J 0 1 ]
01-659 F 1917 21 19354 124 19665 ¢ 3 0.0 79 0 0 ] 9
0'=670 A 1297 24 1028 +C 1965 d 3 7.0 z9 Q 0 0 b
01=-671 » 1923 21 eyt 260 1972 2 B6 o.0 798 b ) 5 0
01-678 81 1928 I 19231 1716 1973 0 BE 2.0 298 0 0 0 b
01=-6241 P 1994 1978 07 1920 4 1972 4] G6 c.0032n 27 0 J b 0
01-538 P 1898 1574 91 1617 1 1973 2 G6 N.9 z9 0 J 2 0
01-£38 = 1366 1%4r 9° 1940 +) 16872 ¢ A6 £.00321 7A 0 0 0 0
01-690 = 1875 947 D4 1019 +0 1970 21 Al 0.C Z6A 3 b ] 24 b}
91-691 7 1313 1976 Qu 1€35 2 197 0 BF 0.9 79R 0 0 0 0
01-692 & 1835 1574 02 192« +0 1979 37 G6 J.00669 75 9 14 8u 150
J1-698 Y 1RR6 1652 &3 1528 +2 1971 10000 P4 0.0 79 2123 b) 13346 0
01=-701 9 1892 1974 Qf 1816 312 1970 n G6 c.0 z9 0 o G b
N1-7C6 * 1908 07 1822 1¢" 1975 0 B6 2.01149 72 0 ) J 0
01-707 P 1328 1578 1 1927 1 1sMNM b G6 0.0C47¢C 28 0 b 4] 0
01-710 7 1971 21 19:5 289 1978 (& Bf G.00141 75 2 0 0 0
21=71% F 1905 01 1925 312 1979 b v} £.00370 25 a 0 (] 0
01=-715 * 1997 91 1927 5 1976 b} Bé 0.00258 788 0 J 0 0
21=-7%7 % 1919 27 1927 13 1979 3 B3 n.00230 25 1 1 9 13
01-728 F 1912 31 127 6 1978 2 RE J3.00203 78B 0 0 J 0
01-731 P 1995 A 162¢ 4 1979= 3 G6 ¢.002930 78 1 1 13 18
901-733 r7 1911 01 1927 &7 1378 45 cé 0.0C200 78 14 13 193 190
01=-736 F 1937 1931 o1 1623 52 1977 1 1 {3 0.0017C z7r 0 ) 0 1
01-739 P® 1356 1929 235 1926 7 1972 1150¢ Al n.o 79A 645 0 1226 0
03-9)5 & 1917 1978 07 148 +#J 1973 9 BE 0.9 23C 0 0 0 0
03-998 ¥ 193s J8 1934 39 19M 0 B6 ¢.0 29C (¥ b 0 0
03-979 r 1918 o1 1941 194 1572 1 BE 0.0 £9C o] 0 2 0
03-101 r 1508 1971 ¢S5 1931 15 15963 1589 cz n.C 729 318) 0 4523 0
73-192 ® 1998 197¢ 05 1231 15 1973 628 51 0.0 79C 174 o) 1598 0



TAFLFE (CO¥1.) 2YD05UFE DATA FOF 3AADIUN PATIENTS TG EBND OF 1979

boz

-— —— -

MM (2) 3 ) (Y (o) (M (I (°) (19) (1 (12) (13) (14) (15) (16)

YPRF EXP? YEAE RA226 EM228 RA2238 INPOT INPOT cun cun

PXL PTIFST DUR OF EA226 METHOD TO RA226 METHOD FKAzZ26 RA223 PADS FADS
CASE___SBX 20BN _DYED TYPE BAE___9FS__3EAS _ RCI ¢ ERF__EATIO ¢ 28R ___OCI ___UCI _____EAZ226____EA248
03-173 F 1864 19572 NS 1931 15 1951 420 B¢ 9.0 29 79 5} 621 0
93-1)8 rF 1987 385 NS 1931 15 19131 13923 E4 .0 29 43 J 2727 ]
N3-195 « 1333 1957 9= 1931 15 1951 2697 B4 2,0 73 437 g 3143 9
03-136 P 187¢ 1€50 2§ 1931 1€ 192 L6130 a? 0.9 29 147 b 1388 0
03-137 P 1R%¢ 1957 DS 1931 16 133 360" R2 0,9 Z9 115 J 1036 0]
¢3-198 rF 1875 1953 9= 1931 16 1932 1900 B4 0.0 29 82 8] 660 0
03-179 ®* 1908 1957 QS 1631 18 1953 630 Bz 0.9 z9 125 J 1120 0
93-112 ® 1893 1*0¢7 95 1931 2C 1564 58y B1 2.0 79 143 ) 1583 b
03-111 P 1999 o= 1931 29 1973 379 B2 0.C 4 Jod 244 1] 3264 0
03=-192 F 1399 1968 95 1€31 26 1960 5319 B1 0.0 z9 1212 ) 13669 0
03-113 P 1918% 198¢ QS5 1931 38 1932 78090 1) 0.0 z9 336 0 2115 0
923-118 P 1971 1S6R IS 19231 36 1968 982 B1 c.0 ze 231 0 2606 0
03-115 rF 19M 25 1921 26 1973 745 B c.0 79¢ 205 b] 2762 o
03-116 P 1997 75 1931 25 1973 1411 B1 0.0 z9C 391 i 5232 0
03-117 ® 1898 1957 35S 1971 45 1953 1549 B2 2.9 z29 323 c 19314 c
03-118 F 1898 195 1§ 1931 41 1953 3990 B2 0.9 z9 698 2 5159 0
03-119 » 1889 196" 05 1631 7 1959 1038 c2 0.0 29 233 0 2256 0
03-123 r 1879 1937 QS 1921 11 19N 5300 BY 2.0 ze 171 0 622 0
03-121 P 1911 1972 0% 1621 9 19%u 371 B1 0.0 29 91 9 1399 0
03-122 4 1998 0s 1931 1 1931 6500 4] n.C 79 92 0 830 0
93-123 1 1918 1937 9= 1931 9 1931 9720 B2 0.0 z9 139 2 5361 0
03-128 1 191) 25 10131 9 1979 207 c? 2.0 25C 62 0 590 0
03-12% rF 1913 197€ 05 1921 11 1973 §56 B1 0.0 29C 154 b 1983 0
03-126 P 1910 19€5 25 1931 2C 1365 1360 ¢2 0.9 79 323 b 3449 0
£3-127 P» 19¢e@ o 1921 26 1962 565 <2 2.0 79 134 b] 1787 0
03-135 31 1975 6s 1931 +0 1973 1431 B1 n.0 z9cC 398 2 3814 0
C3I-139 1 1928 05 1933 11 1973 173 c2 2.0 7.9C 191 0 940 ]
03-130 m 1935 1937 05 1923 11 1561 500 Fu& 2.0 79 40 b} 82 0
03-181 81 1926 1963 IS 133 11 1962 961 c2 2.0 29 229 0 1550 0
03=291 F 1999 19¢€31 Qb 1922  +95 162 2968 C2 .0 z9 875 ) 9741 0
23-222 9 18¢%S cs 1925 +0 1960 183) sk 0.0 79 855 0 4«74 (o]
03-233 P 1923 1973 05 1933  +0 195¢ B4 C2 3.0 73 18 b) 217 0
¢3-278 P 189 1979 04 1922 +0 1960 21 c2 0.9 z9 6 0 T4 0
03-235 * 1903 1970 0©OS 1929 15 19¢8 291 c2 0.¢ 9 78 0 1969 9
03-2%6 m 1918 1975 9% 1€36 4 1973 3297 81 0.0 29C 858 b} 7176 0
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m

_Sl&l...i!l.!ﬂil._ﬂll!_ll2E.BIR___!E‘

S1=-277
d3=-299
23-21)
231=-211
J3-212

922-213
N3-21a
03-215
03-216
N3-217

03-218
03-219
03-220
03-221
931-222

v3-2213
03-228
03-225%
03-226
93-227

03-229
03-230
03-211
03-232
v3¥-2313

03-23%
03-235
€3-236
¢3-237
23-238

03-239
03-2a0
03-821
03-802
f3-a)

?)

EwyeenN ITNMY =R  Naaaw A a8 32v3 TvaAawmw A aavw

TYN. ™

(2)

187¢
1869
13%
1899
1932

189¢2
1895
1896
1397
1912

1904
1308
1929
12C8
1872

18R¢
1860
1022
1873
1378

1900
1899
1379
1e9e
1879

1890
1930
1887
1899
1843

183
1916
1900
1905
1915

(%)

“AELE ' (CONT.) SKecSUFE DAA FOT B
Gy @ ® (0
I"AT EYE  YSaP °A226

106‘
16858

1981

195k
10¢¢
1€M
10¢1
1974

9961

1€€3
1958

1968
19¢7

1953
1952

19585
1972
1957
1947
19¢%
19¢8@
19¢1
1958
1953
1955
1963

1964

PYF FIFST DUF OF

972
35 |c;: 57? 13'3 1105 l1
25 192¢F +0 1°¢7 1352 cz2
25 1923 20 19&0 1w c3
e 1227 43 1€31 1300 B2
Qc 1625 +J 1¢€52 €579 A2
25 1028 +0 19%€a 13d2 c2
CcE 1€25 +J 1641 3632 c2
28 1e22 +) 1961 53C c2
S 1621 +0 1963 469 c2
05 1924 +0 1972 3 B3
Ju 1579 +0 1951 &) B2
24 1928 208 1576 130 B1
0s 1€24 +J 1987 €20 c2
05 1922 +9 1951 1630 B?
05 1929 156 1951 428¢C B2
5. 1622 364 1551 54099 B2
Ca 1929 +0 1977 n B1
0s 1€34 39 1951 1070C B2
0= 1839 +Q 1952 100¢ 82
0= 127 +0 1951 5000 B2
0s 1027 +0 1576 438 B1
0s 1039 +N 1052 60 Bl
cs 1917 +0 195¢ 4700 D2
95 1922 +0 1947 4002 (of
0= 1915 +0 19€5 920 c2
a5 1928 +0 1965 1290 c2
95 1927 +0 1951 5090 B2
ou 1923 156 1961 3 (of -}

95 1926 +0 1951 13903 B2
05 1925 +0 197G 13500 a1

0s 1930 +0 1573 432C A1
01 1923 95 1960 2287 c2
01 1623 269 1974 1221 B1
a1 1935 572 1957 L} c3

J;L---.!QI....-IEE-.!AIIQ

Shz26 NETHCD TO EN226

pPITM PATIENTS TO =KD 0P 1979
(17) (12) EED (14 (15) (16)
©3228 FA229  INPUT INPOT con cua
SETHOD KA226 FRa228 RADS FADS
*_ZBE_ 3¢l ucl__ . _BA226____bA228
79 188 d 2344 d
c ; 2T 254 ) 1776 d
n.9C 785 F2 321 12 23060 132
c.C 29 3 ) 27 0
3.92139 F1 270 7 2317 95
c.0 29 1452 0 14358 0
0.0 29°P 370 ) 4477 0
2.0 79 932 2 86835 0
2.0 zor 142 0 1662 0
0.0 79 124 2 1328 0
0.0 792 1 0 10 0
0.0 29 14 0 178 0
2.0 29¢ 18 ) 367 o
¢.0 29 152 0 1273 0
2.0 79 167 o 2702 0
0.0 29 804 c 9181 0
G.0 29 1155 0 8929 0
0.9 29c 9 b} 92 (i}
c.0 29 1837 J 9548 0
0.0 9 199 0 1612 0
0,0 79 1164 0 7566 0
r.C 79¢C 132 2 1865 0
2.0 29 9 0 97 0
0.0 29 1257 o) 14981 0
0.C 70 849 b 7473 0
0.0 29 289 0 3861 0
0.0 29 136 J 4001 0
0.0 29 104 0 1114 0
2.0 z0 1 b 1" 0
0.9 z9 2951 0 19944 0
2.0 Z9A 2252 2 21396 R
0.0 29 Q17 6] 8GT1 0
2.0 29 588 b) 6896 0
0.00210 F2 170 15 5402 220
0.0 1 ) 1" 0

29
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TABLT 1 (Cox™,) FIPOSUFE DATA FOF < ADIUM PATIENTS TD END OF 197y

M 2) 3 ™ ™ & (v (@ 5y (10)  (31) (12) (13)
YEA® PEYP YEAF FA22€ RP229 FEA228 INPUT IﬂPUI
EXP PFIPST DPDOEF OF EA226 METIHCD TOD FA226 HMETHOD RA2:26 229
._Qu_mn_nu_m'.._zu_ nns___r_u...-.nu _uug-_______u____m___-nsx
03=-8)a P 1997 1923 s I z9C 2
03=-4)5 * 19)% I( 1924 271 136? bzq F? 3.3 79 '5° J
C3-3%¢ ~ 1913 &1 1235 431 13972 7 R3 5.0 73C 2 Q
03=437 p 1365 1660 o1 19927 1125 195¢ 1545 31 0.009%22 Fa. 362 5
03=-40R P 1908 1e5c 351 1925 676 138957 163 ce 2.0 29 33 J
C3-809 F* 1323 21 1942 T8 1972 A 82 0.0 z29C 2 v
03-810 P 1835 1278 91 1923 1G4 1957 60 c2 2.0 79 15 2
03-411 P 195 91 1627 572 1976 1 B3 8.0 Z9¢C b) 0
N=412 * 194Gy bR 1922 138 1977 227 B2 0.C 79C 72 9
C3-8413 F 14917 19782 (01 1939 165 197: 1 Bé 0.0 YA et 0 2
J3-318 P 192% AN 1946 557 1972 3 B6 0.0 Z9C 1 0
03=415 P 197%%Y 1572 01 1932 780 1957 15 Cc3 0.0 z9 3 0
03-816 P 1997 a1 1223 65 197¢ 1275 c2 c.0 Z9C 345 |
03=817 P 1939 196Ff Q1 1924 60 1964 617 c2 2.0 zZ9 166 h)
Ci-418 r* 1896 61 1€26 €902 1972 ) B3 c.0 Z9C 1 n
03-419 P 1906 01 1624 2798 1962 679 c2 0.0 z9 177 J
G3-820 P 1926 197 21 1922 212 1957 18 cz J. U z9 4 0
N3¥-a217 F* 1908 77 1924 117 1979 3 c3 8.8 24cC i 0
03-822 P 1907 Q¢ 1€25 104 1978 10 c1 n,0 7aC 3 0
73=-823 PF 1907 1972 @21 1623 €41 1962 591 c2 n.0 zZ9 155 0
03-828 P 1935 1 1623 186 1978 245 o2 0.0 Z9C 77 it
03-825 P? 131§ 01 1935 263 1973 2 BA 3.9 z29C 1 J
03-826 r 1906 01 1524 2184 1979 131 cd 0.0 79C 41 b]
03-827 P 15CH 01 1925 823 1973 12 B2 G.C z9C 4 d
03-828 P 1993 N1 1925 164 1974 433 R1 2.0 73C 148 -
03-429 7 1998 167¢ 01 1923 298 197u 1169 B1 0.9 29C 354 D]
02=-830 ? 1922 81 1cq 468 1371 ¢ n2 0.0 z3C 1 b ]
03-237 * 1M n1 1922 156 19¢€3 1297 c2 n,n 79 349 0
03=-832 rF 1902 ¢1 123 112 1977 24 c2 0.0 78C 7 v
03-433 F 1904 21 1024 117 1964 1NE2 c2 n,o0 79 281 )
03=-838 rF 192) 0 1941 128 197¢E 5 "2 Q.17 Z3C 1 0
N3=a35 rF7 1912 21 194 104 1971 3 3¢ 7.0 Z9C 1 )
03-836 " 1919 21 1926 Ff19 1375 8 a3 .9 29C 2 J
J2-817 * 1996 N1 1926 52 1357 55 c? Jel A 13 0
03-43R P 13508 0" 1€25 8 1857 ) Cé 5.0 zZ3 H]) ]

(15

con
RADS

Eddeb____ENg28
2575

2257
20
4286
uly

21
203
5
1962
2

5

30
5085
2023
14

2562
49
14
45

2064

1126
691
53
2127
4975
5155
108
4Ca0
13

KR
184

OUO0OO0O0 OoOCa (SRR N> N =] = X-X-N-N-} 00000 ©COoOGOO owWwWCouo
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TABLE 1 (CONT.,) AYPYCSHEF OATN FCE 3IIADIiN4 PATIPNTS TO END OF 197¢

m @ @) (5 (&) (n (8 () (19) (' (12 (13) (14) (135) (16)

YEAF EYF YEAF §A226 RA2:8 “A228 INPUT IMPUT cun cud

E¥Ys PTYEST DOUR OF FA226 METHOD TN HA22¢ METAOD ~RA226 RAZ228 KADS FADS
-CASE __SEY DORN _DI¥r 7TyPF BKP__ WK3__HMEAS___BCI___* FRR__ZAIIO 00 S |~ S | > S—— EA2S6____RAZ2S
03-438 F 1906 01 102¢% 56 1957 d CE€ .0 7.3 J 0 0 0
03-830 P 1908 211 1925 3 1979 1 cé J.¢ 29cC ) 0 3 )
Ci=-837 r 13)5 I 1925 522 1857 St c? 0.0 A 13 J 193 2
03-442 P 193 N 192¢ 13 1976 4 B2 G.0 73 1 "] 18 0
03-L43 F 1914 01 1935 316 197M 9 BE 0.0 Z9z 0 J 0 0
G3-448 F 1907 91 1925 56 1977 " C3 c.0 29c 3 2 50 0
C3¥-au5 F 19C5 1€7u6 D0 1922 2€0 19¢6 1367 Cc2 2.0 79 389 0 5237 9
C3-486 P 1903 1 1921 260 1577 65 B1 0.0 Z9C 29 0 300 0
Cl-487 P 1906 o 1928 4 1958 2 o Sl 29 1 2 7 0
C3-438 * 1902 193 Q01 1324 12 1958 25 c2 Ce? 729 6 2 73 0
03-349 P 19CE 197a (@ 1922 1456 19064 1135 B1 2.0 73 108 0 4233 0
03-850 rF 1910 01 1924 697 1979 8 c3 2.9 Z9C 2 0 34 0
03-451 F* 1922 o 1942 524 1972 1 86 0.9 Z9c 0 0 2 v}
03-852 P 1909 1€ 1925 728 1977 13 B2 2.0 z9c 4 0 51 0
03-853 r 1907 M 1924 B 1976 3 Bz 0.0 z9c 1 0 14 0
23-458 P 1913 t] 1934 572 1958 43 cz2 c.0 z9 9 J 102 0
03-855 F 199¢€ 21 1922 56 1975 491 B1 7.0005u P1 153 49 2287 738
03-856 P 1721 196 I 1942 470 1958 33 c2 J.0 29 5 0 33 0
73=-457 P® 1915 21 1939 520 1972 b B6 2.9 z9c b} 2 2 0
N3-u58 ¥ 1925 2 13u6 1560 1976 33 Rr2 dev 29cC 4 b] 26 g
C3-459 F 19926 o 1924% 43 197¢ TTY b1 J.7 29C 239 2 3495 0
03-86C P 1905 019 1223 19 1977 4 cb 2.9 zol 1 J 18 0
f3-u61 = 18Cp g1 1022 6 135R 6 c3 2.0 P 2 0 2 0
"l-862 F 1926 el 1€22 2812 197¢ 217 €2 2.0 79¢C 69 0 1019 0
C3-863 P 1918 1G¢F Q1 1942 832 1858 35 e u.0 23 3 b/ e 0
C3-4he P 1997 I 1223 104 1574 9 Cch n.0 73C 2 ] 2 2
NI-455 * 1952 " 1925 8 197¢ S 82 2.9 Z9 2 2 22 9
03-4656 T 19% g1 1524 160 1976 2 B3 9.0 23C 1 v 8 0
23-887 F 191 a1 1626 416 137F% 3 B2 J.C 73C < 0 30 0
N1-8%8 F 1908 M 1926 127 1958 29 c2 0.0 a9 7 v 97 J
Aj=469 F 133 116~ 1 1925 310 1958 AR ] 3 7.6 z? 2 < 27 2
n3=379 * 192¢ 01 1eu3 237 19M ) B3 t.C 29T 1 0 & 2
03-371 P 1978 n 1920 91 1°58 13 c3 2.0 3 3 J i )
nN3=-272 * 19?22 I 1Y 247 13272 5 B3 Oa 0 23C 1 ] 13 0
g3-873 F 1373 196° Q21 1922 156 1962 1170 c2 N0 %3 an ) 3743 ]
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TABLE 1 (CONT.) LEXPDSUPE DATA kOK QADIU™ PATTENTS TG END OF 1973

(1) (2) (3) () ) (8) (M (" (D) (10) (1) (12) (13) (14) (13) (16)

YEA} L £ YEAF Fa22¢ RA2728 Fi2:8 mporT INPOUT cuy coy

FLP FIRST DD OF £1220 Y12THOUD TO EAZ2Z26 METHOD FL 225 RR223 KADS FADS
_CASE__ _SEX BORN__DIT) TYOP EXP___SKS__N®AS__ _PCI ¢ 2RE__BATIO_ ____+ Ba®____UCI___ 0TI _____ BEA226____BA223
03-874 P 1979 a1 1325 21 14950 19 Cz .0 79 s 0 67 0
~3-a75 P 1903 1€€2? 9 1621 o5 1958 ) (F 0.8 73 2 2 0 0
N3=-47¢ » 1895 17 01 1927 & 1©58 v cé .0 % 2 ) 2 J
03=-477 » 1911 21 1925 11 1672 3l B3 J.0 LA o 1 0 13 9
03-478 » 13¢7 01 1024 £ 1958 5 o6 0.9 A 1 0 1w G
U3-u713 ¥ 1608 %27 1€ 24 52 1G67R 2R c? 0,03012 F2 Q 1 127 1
Q03-4’0 v»r 1299 01 1024 10 1975 2 B3 .0 Z9 1 0 S 0
J3-0a31 L4 1222 o 1S4, 481 1c72 9 32 JeW 73C 2 0 19 0
03-48z F 1927 01 1645 83 1972 E] R6 0.0 79C 1 J 6 0
GC3=-ua3 » 1e01 91 1922 177 1975 1 3t C.0 zac Al v} 4 0
oi=-4Bu 1538 164 I 119 156 1262 1622 cZ 0.0 Z9 4usr o 5837 ]
01-825 ¢ 19939 1977 (C1 1€23 364 1958 9 ce B | zZ9 0 n 0 J
C3-aBFf F 1299 " 1925 15¢ 1977 208 B1 2.0 VA A4 0 928 0
03=-097 r 1907 1CFl H61 1924 676 1958 367 c2 >0 79 a9 ] 1055 0
Cc3-838 F 1907 1¢75 1 1922 76 12¢8% 170 c2 N.9 Z9 413 2 621 0
Hi-89 ¥ 1911 19¢y I 1€26 73 14958 12) c2 39 z3 29 0 326 b
N3-390 n 190a a7 128 177 1373 5 B3 - 79C 1 b} 14 0
Gi=-491 * 158 01 1924 2 1979 19 c2 .0 76C 6 2 58 0
C3=-492 * 1928 01 194¢ 325 1973 S B3 2.0 29C 1 2 S 0
03-493 F 1891 21 1827 199 1975 A a3 N.0 Z73C 2 2 26 o]
03-494 F* 1902 n1 1524 177 1959 4 £3 }+0 23 1 J 14 0
C3=-895 F 1910 £1 1923 7 197¢ 9 SF .0 Z§8C 2 J 2 0
03-8496 * 1907 (O 123 g8 1976 1 ug el Z3C 0 9 3 b}
03-897 r 1913 197~ 90 123 zAD 1358 16 Ce Y0 Z9 4 0 52 y)
03-498 F 1995 67 1823 1340 197¢ 2 B2 0.0 73C 1 ] 7 )
Cl-4ys9 » 1905 31 16214 56 107/ 185 c2 0.221758 [} 58 68 848 1919
¢3=-500 » 1991 165¢ Q01 19,2 2 19%59 N Ce 3.0 79 0 v 0 H
03=-531 »r 1212 " 1023 # 1§8¢ 7 c3 2.0 R 2 2 23 )
J3=502 = 1237 1664 2 1€1R 15€ 1959 17¢ c2 2.0 AL 16 C 585 ]
23=-5)3 »r 1”0y 1662 01 1e22 112 19%9 128 c2 .0 79 32 Qd 362 0
V3=504 ¢} 1935 31 1¢22 32 1272 11 c3 (| A 1o 3 0 52 Q
¢3=-525 F 19)7 1907F oA | 1923 134 1278 1¢9 02 | Z9C 52 ) 725 1
03=-5%" F 1917 N1 ie3s 1272 1975 9 32 0.9 Z23cC 2 v 14 0
23=-537 = 1077 1662 21 1022 f 19%5¢ 7 c3 Cs 7 3 J 36 0
=573 » 1975 1962 )9 10213 & 113582 1) c? n,2 e 1 2 31 2
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TARBLE ' (CONT.)
(R)) 2y (V) (4) (5) (%) (7)
YEAT® BYOD
FPXF FIKST DUk
_CASE___SPtX BORE__DIFD TYPE RXE___M¥ES__
03-509 F 1307 I TQ24 2548
J3-510 F 1997 1577 01 1023 2028
33-511 =& 1913 1279 )9 1945 673
03-512 F 1990F 01 1925 26k
03-513 F 1233 91 1025 S
$3=514 * 1999 01 1525 24
031=515 ¢ 199K an 1925 156
¢3=-S516 r* 1911 11 1925 624
91=-517 r 1922 01 1943 260
03-518 * 1921 21 194™  4eéu
N3=-5%519 r 19903 c1 1924 R
03-520 F 1927 01 1925 789
03=5219 F 1937 1961 01 1925 19
03-522 P 1898 1 1921 52
G3-523 r 1932 01 1923 30
J13=-524 P 1901 21 1625 260
03-525 F 19*1 1976 01 19031 2132
03-526 F 1R9¢ 01 1€25 52
vI=527 * 1936 0 1925 1390
03-528 PF 1993 91 1922 524
03-52° * 1902 21 192 b I
03=-5327 rF 1927 1965 91 1623 91
031=-531 r* 1978 (vR) 1625 4463
93=-532 F 1910 c1 19246 190
N1=532> ¢ 1998 01 1925 260
23-534 r 191) n 1625 104
03-535 ¢ 13357 c1 1922 21
N1=-536 F 1910 21 1925 7
23=-537 P 1991 n7 1916 52
93-53A P 1963 1678 21 1027 1?
N3-539 F 19¢n "1 1022 20
J3=-5¢9 F 1394 M1 1923  Z6u4
01-5‘1 r 101; BE 143‘, 17a
f3-Su2 P* 190u 31 1c2 13
2¥-543 * 1918 21 1947 130

EXPOSUEF DATA FOR RADIYJM PATTENTS TU BND OF 1973

(%) (<) (17) (n (12) (13)

YTAR RA226 RAZ28B REA223 INPUT
ne RA226 METHOD TO RA226 MZTHOL RA226
MEAS__ _FCI___+ EERE__SATIOD ¥ ZRR____UCT

1973 24 E1 2.0 b4 Jos 8
1562 T29 c2 0.0 zZ9 191
195¢ 13 c1 J.% %9 1
1056 1M c3 U.0 29 3
1974 73 31 L ¢ N 12
1559 26 c2 3,0 9 8
1559 1 c3 2.6 za 3
1974 7 B2 2.0 "ac 2
1972 1 jad 0.9 z9c 0
1972 £ B3 7.0 Z5¢C 2
195° E L] c? 2.9 Z9 25
1974 112 c2 2.0 FA 33
1959 "W c3 0.0 Z3 2
1978 a3 c2 0.0 zZ9cC 23
1977 9 B2 2.0 79C 3
1972 43 B2 n.o 73C 14
1959 19 c2 2.0 29 3
1959 Q Cé 9.0 Z3 J
195¢ 5 c3 0.0 Z 1
1859 1634d c2 n,9 Z3 412
1€77 74 cl Jev Z23C 24
1963 474 c2 ).0 23 127
19549 41 c2 J.0 79 1)
1977 43 c2 2.9 Z9c 13
197¢ 12 o3 2,0 Z3c 4
1976 3 E3 9.0 29 1
19F4 227 ¢e 0.cC 29 53
19509 35 c2 0.9 79 9
1977 1 CFk Qa2 29C J
19549 61 &2 3.9 23 15
157¢ - c3 3 P %9c 2
1973 1605 LR 2.0 703 481
1972 ) 4 2.0 ZuC J
1374 213 Cé Y ?79C 7
1972 1 86 1.0 73C b]

(14)
IsPUT
RA22b

LDOoOWVOo O QOGO

[SR S N S OD00O0 0O

LIS IRy <

RADS
EA226
120

2719
7

39
317

93
35
33

1
18

ELE
481
27
433
42

201
25

0

18
6246

357
1541
146
130
54
15
94u
126
]
200

23
7014
o
129
3

——— ——

FADS
-—--BA228

Coooow OO0 QO0O [= = B N <= ] SN -N =Tl =] cCoOmoo

COCOoOO 202090
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TAFLE (CONT.) Z(POSUFE DATA FOk &A)1UM PATIENTS T 7ND NF 1979

() (2) () (4) (5) (6) (n (N () (1 (1 (12) (13) (14) (15 (16)

YEAF EXZ YEAR RA22b6 HA22K 24223 INPIT  INPUT cun cun

PXP FIRST ONUR OF FA226 ®ETEO) TN FA226 METHOD RA22F RA223 KADS3 RADS
Elil___ﬁil.ﬂ.l!__ﬂll IRE.]IE___!Ei_-liia__.19l_____EBE__EAIsQ-_,__-_EAE_-_-QSI_-__lQI_____-hL&ZQ----hARZQ
C3-S4¢ F 1376 Q1 122 2€ 1950 5 c3 0.0 1 0 19 1]
03-545 r 1R39 71 ey 293 1353 2} Ck N.0 71 b] 3 Q 9
f3-546 = 1013 n1 1625 582 1959 a5 c2 0.9 Z9 23 0 338 a2
G3-547 P 1927 16R2 1 1€24 133 1959 19 c2 1.63378 | ] 5 1 55 19
03-54A F 1906 ¢1 1922 17 1971 80 "1 Jd.2 29c 24 J 361 n
05-549 F 1910 01 1925 936 1977 43 c2 0.0 729¢ 13 9 193 0
03-550 * 1999 <1 1917 124 1377 9 B3 2.0 79T 3 J 45 0
03=551 7 1373 i 1922 2338 1973 16717 c2 Ce 293¢ 324 J 4760 ]
03=-552 r 1904 21 1924 108 1978 114 c2 0.0 723cC 16 0 520 (o]
33=-553 * 119Gy 01 1924 13 19709 (3 (od 3 0.0 z9C 2 J 30 0
J3-554 F 1899 1977 91 1924 433 1961 2000 G4 2.0 zZ9 513 J 7258 0
“03-555 F 1913 1978 71 1930 260 1972 2 Bé V.9 239C 1 0 a fe)
03-556 ¢ 1511 01 1928 100 197+ 2 B3 0.0 29C 1 ] 9 0
J3=-557 F 191) 1974 91 1625 3 1959 (1} Ce 2.0 zZ9 B] 0 0 0
03-558 r 1904 157y N 1923 13 195¢ 115 c2 J.02173 Ch 29 S50 jas 755
03-5%9 ¥ 1997 197 O 1€22 21 1959 17 c2 0.9 79 u bl 63 0
N3-561 P 1909 61 1624 U416 1959 e? c2 0.C 29 17 B 24z 0
93-562 P 1938 01 1927 520 1972 4 B3 e.n 29C 1 v] 13 2
03=-563 P 1309 21 1624 10 1975 2 B3 0.0 792 1 2 1 V]
C¥-564 F 190¢F 01 1923 3 1976 3 32 0.0 z23C 1 0 16 v)
03-565 P 1613 1979 1 1922 676 1978 7 Cc3 .0 ?9C 2 2 25 0
93-566 F 13110 9 1939 624 1978 ‘ Ck 0.0 zac 1 v} 7 0
03-567 * 1900 A1 1922 104 1972 25 R2 9.8 29C a c 115 0
03-568 * 1905 177 ¢C1 1922 269 1950 120 c2 va0 79 30 2 434 0
03-569 F* 1991 1072 122 M2 1950 14 c? 0.0 29 36 (e} 435 C
Q3-570 F 1908 Q1 1525 43 1376 9 B2 J.v Z9c 3 0 37 0
23-571 F 19989 21 1€25 52 1979 719 c2 0.9 29C 224 2 3224 0
03-572 P 1G6%e 25 1924 56 1977 €2 c2 2.0 7.9C 16 g 84 0
93-573 F 1933 1972 Q1 1925 £2 1977 10 ceé 0.0 Z9C 5 o} 69 0
€C3=-574 ®* 1904 1 15z0 624 1976 1 R6 n.0 Z9C G 2 3 4]
£3-575 P 1311 a1 1321 £2 1973 0 BF Q.0 73C ) 2 2 ¢
93-576 F 19709 21 1825 156 1975 4 B2 e 2eC 1 d 17 0
¢3-577 F 1921 1961 Q1 1921 104 1959 81 c2 2.0 79 21 2 247 0
¢3l-578 F 108730 ¢ 1C24 W 1876 -] B2 2.0 79 2 0 36 2
¢3-579 ¢ 1905 )1 1922 13 1456 J c2 2.0 73 8 J 17 0
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TAELE 1 (CONnT,)

1) (2) (3) (4) (5 (6) (M (3
YEAF EBXP YEAE

EYP PIPST DOR OF
.Gl;l_.__E!_E.EE__Es'B.IIBL RFXP_ UE&--!£A§

C2-589 ¥ 1923 4 195
03-581 F 196& 01 1522 12 1959
J3-533 ® 18¢3 19z C7 1939 +J 1959
03-%5R4 ¢ 19¢5 1652 Q9 1023 +0 1959
03-585 P 18°%y a1 1818  2FfD 1966
03-586 P 19C8 198 (1 1926 82 1967
03-587 F 19¢6 01 1825 34 1958
03-588 * 1901 1967 Q1 1022 229 1962
03-589 F 1608 196¢ 921 1224 21 1959
03=-590 P 1902 a1 1922 26 1965
03-591 F 1927 17 1926 ?234u 1976
03-592 * 1905 N1 1022 78 1979
N3-593 P 1995 o1 1622 1¢ 1377
N3-594¢ F 1905 19€8 21 1622 52 1959
03-59% ¥ 19902 21 19213 52 1975
03-596 F 1904 21 1922 8 1879
03-597 P 1913 16 1925 1300.4972
03-598 #® 1899 07 1933 4 1971
03-599 P 1906 1575 Q1 1622 26 165¢
03-60C P 1902 07 1920 98F 1972
03-601 F 1893 1569 01 1925 260 19¢?
J93-602 F 1899 1979 921 1925 104 12€N
535-603 ® 1886 1©76 21 1624 520 1960
G3-594 ¢ 1899 )1 1916 624 1676
¢3-605 2 19C2 01 1921 36A4 13972
03-€06 F 1903 Ll | 1924 6 1971
03-627 F 1906 cH 1922 26 1879
23=-678 P 1395 197¢ Q1 1917 104 1960
-679 ® 1896 1€74 21 1c¢23 4 1950
03-610 ®¢ 1917 a1 1635 194 1973
03-611 P 1893 196c Q1 1916 208 1960
03-612 F 1832 1568 01 1918 234 1960
Us=ots # 13.> vl (342 v 1912
=1 - 9 . n1 1991 SA 1075
¢3-615 P? 1325 01 1823 197 19715

EXPOSTFE DATA FGR RADTUr PATIENTS

TO END OF 1979

(9) (10) amn

RA22F PA228
RA226 METHOD ™C FA?226

---MCI___* ERE__EATIO

2 Ccé C.0

13 c3 0.0

50 c2 2.0

6000 Ad .0

T4 C:s 0.0

902 c2 0.0

13 c3 0.0

316 c2 0.0

77 c2 2.0

104 c?2 2.0

5 B2 .0

70 c3 0.0

10 c3 2.0

41 c2 0.0

1 B6 0.0

10 Cc3 0.0

T4 B1 2.0

1 BE6 ).

S c3 2.C

0 B6 c.0

6 c3 2.0

3 (of c.0

¢ Cé G

2 R3 v.0

1 RE 6.0

2 R6 0.0

g1 c2 0.0

19 c2 0,0

0 Ccé n.o

1 B6 2.0

3 cé Ced

E30 c2 J.0

2 b e d

qn 2 A

14 81 N, 0

(12)
RA228

(13)
INPUT

METHOD RA226
* ERE____QEI____QQI_-__,_EAZZQ--__AAQZH

79
z9
79
20

29

Z9
z9
%9
zZ9
z9

7.9C
29
7Z9cC

Z9C

3

11
1549
21

245
3
83
19
29

~J - N~
LN Q=N oo oW O 2w -

=1
[} w
£ o0 N -

(14)
INPUT
EA228

=RelsNsN=] LOLLOCOo

OCOLOoO

(S R=l=RelNs] [=R=Nu N S

oOI2C OO0

(TSR s ]

(15)
cus
EADS

51

8u
17131
328

2972
47
1041
249
437

10
337
47
137
5

50
223
2
33
0

19
11
0
16
3

8
395
89
0

u

12
1836

410
6

s
cus
FADS

SOCOOo oooool

OO0 00 Coo0o

0000 SOCOoO

(- NF R QN =]



ez

TAPLF 1 (CO¥T,) ©SXPCSUFEF DATA FOEK RADIU® PATIENTS TO END OF 1679

M NG U R R (12) R (75 (%)

YRLF FYXP YEAF FA226 RA228 EA228 INPOT INPOT con con

EXP FIFS1 DNk CF ® FA226 METHOD TO EKA226 METHOD RA226 RAZZ28 EADS EADS
_EIJ“.M_EQL__DH._;XRE _IE- d¥5__MFAS NCI + ERER__EKATIO + FER._ . DCY: Q2% . kA226 _ __EAZ28
03-617 992 1951 53777312 1963 7000 P4 0.0 22 1553 3 14586 0
Biiiie © 107 i0Ee o1 ¥a0h  i4. 1uEn 10 ©3 2.9 z 3 3 16 0
93-619 F 1903 1062 ©1 1927 33 1952 1576 <3 0.00744 F1 425 76 5041 1143
03-627 P 1923 A1 1942 208 1471 5 g3 0.8 29¢C 1 0 12 0
03-621 F 1916 01 1945 208 1571 B B3  C.0 29¢ i 2 9 0
03-622 * 1910 01 1226 '10% 1967 6 G6 0.0 29 9 ) 0 0
03-623 F 1902 1873 01 19245  +0 1969 4 56 0.0 79 1 0 15 2
03-624 P 1905 1358 A1 1923 156 1959 1000 A4 0.0 29 251 0 2716 0
03-625 P 1901 01 1923 13 1976 1 B6 0.0 z9¢ 0 0 2 0
03-626 F 1996 91 1924 208 1960 200 G4 0.0 29 51 o 733 0
03-627 P 1905 196F 01 1926 208 1960 S0 G4 0.0 79 13 2 153 0
03-628 F 1905 1674 01 1921 34 1962 6 c6 0.0 29 7 0 0 0
03-629 F 1993 1969 01 1922  +) 196N " 66 0.0 79 d 2 0 0
03-630 F 1938 91 1926 17 1974 19 B1 0.0 2792 5 5 82 0
03-632 P 1905 1975 01 1922 +0 1960 2 &6 0.0 29 0 2 0 0
03-633 P 1932 31 1922 783 1960 20 Gé 0.0 79 5 5 75 n
03-634 F 1903 19€1 01 1924  +0 1560 3 @66 0.0 29 1 2 9 0
03-635 F 1907 91 1925  +) 1966 47 G6 0.0 29 12 2 172 0
03-636 P 1974 01 192t 192 1976 5 82 0.0 zac 2 9 24 0
93-637 ® 1996 31  1e28 & 1979 33 c2 9.0 797 13 5 184 0
03-638 F 1992 1972 31 1924 +0 196D 7 86 0.0 79 2 9 24 0
01-639 F 1912 61 1925 156 1963 67 24 3.0 70 17 9 242 ¢
23-630 F 1902 01 1224 60 1960 & €3 - 0.0 29 1 D 19 0
03-641 F 1974 21 1¢z2 26 1379 g c3 6.0 79¢C 3 2 43 0
03-642 F 1995 1978 21 1922 =2 1375 31 82 2.9 29¢ 13 9 146 0
23-683 F 1999 197 31 1026 156 1975 17 B2 0.9 79¢ 3 2 40 0
03-645 ® 1906 01 19z4 312 1959 56 c2 1.0 23 14 0 202 0
03-646 P 1988 01 1926  +3 19€) 9 3 .9 29 n 9 0 0
n3-647 P 1991 N1 1925 5 19¢) 35 66 2.3 73 9 0 128 o
C3-648 P 1033 19%6 91 1522 155 1356 5000 82  0.00430 ®2 1216 271 12670 4943
03-629 F 1906 1S54 01 1624 1352 1951 1360 82 0.0 799 282 5 2725 0
93-666 F 1955 1020 Q1 1023 147 1978 243812 A1 0.03024 ?2 2127 332 6560 2306
C3-671 P 1995 1953 91 1922 8 1652 3820 BZ  G.00500 v 83) 169 3930 2525
03-672 P 139¢ A1 1924+ 19€C 3 66 9.0 70 ) 3 11 0
C3=,13 F 19)9 T1 192¢ 4 19y 35 3 9.0 729 S 9 125 9



TABLE 1 (CONT.) EXPOISUFFP DATA FOR RADIUM PATTENTS TO BND OF 1979

1 4

M 2 3 (& &)’ (1 (8 ) (1) (1) (12) (13) (19) (15) (16)

YZAE EYP YEAFR KA226 RA2:z8 RA228 INPOT INPUT con cuM

FXF FTIRST D¢ CF FA22€ M®=THCD TD RA226 MFTHOD RA?226 EHA228 RADS KADS
s ®X_ROKN__DIZD TYDE EXF___WKS__MEAS___NCI __+ EER__RATIO +_ERR s S {7 A EA226____EA228
03-676 F 1308 1577 01 1925 43 1976 2 83 0.0 79C 1 2 9 )
03=676 F 1R97 1377 Q1 124 +J 1903 1720 c2 0.C 79 455 0 6514 0
031=-r77 1832 1C8gc )R 1924 +0 19¢1 232 Gu 3 | 79 60 0 222 Q
03-A78 "™ 1919 71 1981 cag 1972 6 B3 n.0 73C 1 0 3 0
03-679 P 1910 01 1655v 10 1977 1 B3 8.0 Z9c J ) 6 0
n3-681 P 190¢ 91 1622 € 19€2 1 G6 0.0 z9 0 J 2 0
¢3-€632 F 1577 01 1928 &0 1378 2 (of 3 0.9 Z9C 1 L4 8 0
¢3-6R2 F 1906 1579 01 1023 2 1961 Q cé 0.0 79 o 2 0 0
C3-684 F 1907 01 1927 17 1377 1 BE 0.0 Z9C 0 0 6 0
03-685 F 1302 71 1021 65 197¢ 86 c2 0.0 z79C 28 0 423 0
03-686 F 1904 91 19231 1040 1975 20 B2 3.0 z9C 6 0 87 0
03-687 F* 1900 1974 01 1025 43 1961 51 c2 0.0 z9 13 2 176 0
03-688 F 1913 v1 1935 367 1972 3 Bé G.0 z9cC 1 0 7 0
03-689 =* 19933 21 1922 298 1978 75 c2 2.0 zZ9 24 0 246 2
03-699 ¥ 1909 1967 01 1€24 299 1958 329 c2 0.0 29 78 0 965 0
03-692 M 1887 1976 Q37 1520 +0, 1961 6 c3 .0 79 2 ] 17 0
03-693 F 1920 21 1€42 520 1352 13 36 0.0 79 1 & 9 0
03-695 * 1220 d J 1942 34 1972 7 B3 r.0 Z9C 2 J 19 0
03-696 P 1932 01 1650 52 1963 9 CE 9.0 79 0 0 0 9
93=-697 F* 1902 o, 1924 34 197 1”1 c2 1.0 A 51 0 742 0
C3-791 P 1997 01 1024 a 1977 v Cé Vel 29 0 n 0 0
€3-7903 F 1921 N1 196¢ 416 1974 0 B6 0.0 Z3ac 2 ] 1 0
G3-710 P 1527 01 1924 728 1977 3 TE €l zZ9cC 1 J 15 0
03-712 F 1922 01 19472 62 1°77 7 Cc3 0.9 zZ9C 2 0 20 0
C3-713 rFr 16521 01 1241 145€ 1971 Z BE 0.0 z9C J 0 2 0
03-714 F 1923 21 1842 364 1271 3 B3 0.0 Z3C 1 2 8 0
$3-716 P 1920 1676 21  1°G1 104 1971 g B 09 29C n 0 0 9
03-717 F 1904 1977 (1 1622 150 1977 150 of 3} G.0 79 47 o 6232 0
G3-720 P 1910 N1 1626 52 1976 6 B2 ¢.0 Z9C 2 ) 24 0
03=-722 ® 16395 o4 1024 4 1¢77 3 2 r.C 29C 1 ] 12 0
03-726 ¥ 19C5 1272 {01 1622 186 '368 574 c2 2.0 79 164 3 2200 0
03-727 *® 1906 1977 91 1923 988 1972 165 B1 ¢.C z98 49 ) 696 v
03-729 P 1526 o1 1543 288 1973 1 E6 0.0 Z9cC 2 0 3 0
03=-730 =® 1894 1961 (€ 123 +2 1961 7 Cc3 0.0 79 2 (o} 16 0
03-732 ° 1524 01 1942 78 1973 2 B6 0.0 29¢ 0 9 4 0



TABLE 1 (C2FT.) ELPCSUFE DATA FOF RADIUM PATIENTS TD END JOF 1979

vie

() (2) (3) 4y (5) (6) (7)  (8) (%) (') (1 (12) (13) (14 (15) (16)
YSAT EYE YFAR FA22¢ FA2Z8 FA228 INPOT INPOT cun coy
EXP FIRSI DUP CF FA226 METHOD TN FA226 METHOD FA226 RA223 RADS EADS
SFX_BORS__DIFD _TYPF_EXT __WkS__MEAS___SCI __+ FRR__EATIC_ +_ERBR uct ucI______EA226_ ___FEAZ228
03-736 ¥ 133% 1€ 1€10 22 1475 1 B6 0.0 23¢ c J 2 0
03-741 F 1928 51 1925 260 1975 4 B3 2.0 Z9C 1 0 16 0
03-748 P 1919 1 1627 45 1377 5§ 82 0.0 2S¢ 1 4 21 ¢
93-752 ¥ 194 01 1522 15 1977 1 B2 0.0 Z9C 3 2 49 0
03-753 ® 1206 21 1922  +0 1977 12 B 0.0 Z9¢C 4 2 58 0
33-757 F 1032 "1 1523 g1 1973 1 cé6 9.0 z9c 3 Ly 48 0
J3-761 F 191 01 1627 1144 1977 26 B2 0.0 29C 7 0 83 2
03-753 F 197 21 1931 52 1976 0 c6 0.0 Z9¢C 0 b 0 0
03-764 F 1398 1 1226 3€4 1976 2 B3 0,0 23C 1 9 8 9
03-771 ® 1320 a1 1923 13 13709 112 ¢2 9.0 z9c 36 0 534 0
03-774 P 1909 01 1€24 3 1977 1 PBR6 0,0 79C 0 0 3 0
03-775 F 1922 01 142 52 1274 4 B3 0.0 75C 1 0 10 0
93-778 P 13904 a1 1623 104 1973 54 B1 0.0 Z9¢C 16 e 249 2
03-779 F® 1995 1942 01 1022 +) 1975# 1735 A1 2.0 z3 347 0 2651 e
03-732 F 1928 21 19212 5 1975 2 83 0.0 29C 1 d 1 0
J3-734 F® 1925 61 1623 17R 1854 750 Cc4  0.C z3 173 0 2530 0
03-738 F 1995 01 1226 194 1976 1 B6 5.0 %.9C b] b} 3 0
03-795 F 1897 1944 01 192€ 73 19uy 8 66 C.0 z23 1 b} 19 0
G3-736 * 1937 21 1925 2 1872 2 B6 G.0 z3cC ] 0 1 ]
03-7986 P 13915 21 1935 289 197¢# 2 Cc6 0.0 z3c J 0 5 0
03-8%71 F 1926 91 1524 13 1975 2 83 3.0 zac 1 2 1n G
23-8)7 * 1923 01 1954 780 1973 ¢ BE .0 z9¢C 0 0 0 0
23-81) F 1919 a1 1934 2312 1972 2 RE J.0 79C J 0 6 ]
03-817 F 1397 01 1926 13 1973 € <C6 L 73C 2 J 0 o
03-318 F 1992 21 1627 62 1975 4 83 0.0 79C 1 2 17 0
03-825 F 193¢ 31 1922 4 1976 1 B3 0.0 Z3C 7 J 5 0
J3-828 ® 1915 17 1557 935 1272 J BE 2.0 2.9C n ] 0 9
03-R38 F 1927 01 1625  +) 197¢ 1 B3 0.0 29¢ 0 3 6 0
03-33€ * 1208 21 1828 23 13¢7 0 €6 G0 23 0 J 0 0
03-338 F 1928 a1 1047 130 1975 2 B3 5.0 29C 1 0 5 o
03=-R42 F 131) M 1926 416 157A I 82 3.0 7.9C 1 2 13 0
03-835 P 1908 01 1€27 123 1979 5 C6 1,0 7ac ] b 2 0
031-859 F* 1323 21 1°42 73 1979 7 €3 1 [ Z3C b e 21 0
05-071 * 1909 21 119 32 1378 u3 B n,292%39 278 14 7 219 102
05-092 F 1893 1973 1 1617  1)4 1971 1 B6  0.C Z38 J J 5 V



Sie

TAELF 1 ICoNT,) ®XPSSUORE DATA POF RADIUM PATYENTS TO %=ND OF 1979

M 2y 3 (v (Y (&) (m (M (9) (1) () (12) (13) (14) (15) (16)

YEAT PFPYX2 YEAF REA226 FA228 FA2289 INPOT INPOT cun con

X FIrST DUFR uF RA226 METHOD 70 FA226 METHCD RA226 RAZ223 kKADS RADS
_CASE___SEX BOARY_ _DTEN T{PF PiP__ 7"K3 _YENJ __NCI _ ¢+ ZFR 110 & _ERE ucl gcl -—_BA2<6 ___EAg22B
¢5-C23 P 19¢5 1%8E° D1 1917 R 1958 0 GE 0.0 wq 0 b 0 ]
n5-0%% F  19Cu 31 1822 1904 1959 12 36 0.016120 7 3 5 48 77
NE=N)5 ¥* 1971 31 1€1¢7 13 1903 0 a6 0.0 7% J 2 0 0
05=-2)7 F 13496 1 Y829 A5 1667 23 B2 2.0724C0 778 7 1 104 164
05-0J8 1 834 1968 137 1216 124 1963 4 cl 7.0 79C 1 o] 11 0
05-0190 *» 1991 1574 01 1921 3u 1951 4 c1L 0.01200 27C 1 2 15 24
05-011 F 1992 )1 1917 52 1959 12 eb 0.0 29 3 0 52 0
€5-212 P® 13)% 198c )1 1317 52 1971 16 Al r,9 291 '] ] 54 0
05=014 F 1900 21 1916 278 1497# 11€ B1 C.00074 B6 39 42 610 628
05-216 F 1891 01 1816 67 178 " cé ¢c.0 298 1 J 19 0
25=016 9 1881 1965 b6 1916 109 195R 15 G4 J.0 Z3 4 /] 40 0
0S-217 ¢ 1894 01 1919 +) 1968 5 G6 2.00520 z7 2 3 23 46
05-C18 9 183€ 1873 Q6 1918 156 1971 4 B3 0.C01R0 z78 1 1 14 12
05-9'9 F 1385 1963 @01 1321 2 1961 c GE 2, 01490 z? n 1 0 0
05-220 * 1899 0 1917 52 1959 3 G6 0.0 z9 1 0 13 0
05-022 r 1990 1969 77 1916 32 1964 4 cL 2.9 79C 1 0 17 0
05-023 * 1899 196" 01 1918 104 1960 E]:] c2 G.00320 77C 10 5 126 73
05-224 ™ 18990 1965 3J6 1€16 2NA 191" 4 cL 0.G12(09 zZ7cC 1 2 11 21
n5-025 P 18493 21 1017 79 1971 Bo B1 0.%0020 ?727B 27 W 426 53
05-037 ¥ 1898 1377 01 1916 260 1571 2 86 1.0 29B 1 J 10 n
05-¢38 r 1907 i 1€16 156 1972 39 GUY 0.0 79 32 0 498 0
¢5-C30 F 1399 &7 1917 15 19177 20 Al 0.02062 zZ718 7 5 103 75
C5-%240 P 18S9 21 1617 5S4 1271 13 B2 (.0 Z9B 3 2 50 0
05-042 * 1918 01 194" 130 1472 1 ;13 6.0 Z98 J b 3 9
05-N43 ®# 12838 1967 QF 1916 208 19€5 0 Fé 0.00430 ZIF 2 J 0 0
05-084 ™ 1295 1078 9J¢ 1915 463 1°71 2 R6 c.0 79B 1 2 T 0
f5=-085 ® 1399 19¢n )1 1917 €7 1965 5 Fu ¢.0 Z9F 1 J 17 0
05-049 r 1905 01 1923 13 1965 6 c3 2.4 Z9C 2 h ] 25 2
0%-072 4 1393 185~ )7 1019 13 1976 0 AE 0.00100 27 ] J 0 0
05-0R8 * 16&86 21 1917 & 135¢ 4 G6 0.V 79 1 9 18 0
¢5=-N89 F 119G J1 121§ 72 1971 13 62 n.0 Z9B u 2 66 9
05=-992 * 1M 01 1916 103 1955 € GE 0.0 z9 2 2 26 J
65=-093 F 1827 1974 71 1415 73 1%¢1 6 CFk 0.0 73ac 2 ) 26 0
CE=-094 F 1627 n1 1S4n 10 1473 o 83 n.0 Z9B 1 2 14 ]
G5-096 F 1921 1971 01 1¢1R e~ 1962 234 c2 0.00250 z7C 13 7 949 102



TAELF 1 (CONT.,) SxXtOSURE DAT2 FOER SADIUM EATIENTS TO END OF 1979

912

M (2) (3 wy (3 (&) (M (R (9) (1) (1) (12) (13) (14 (15) (16)

YEAFP EXP YEAF RA226 RA2238 RA225 INPUOT INPUT CUN CUN

FXF FIEST DNPF OF FA226 METHCD TO PA22¢ METHOGD FA226 RA228 RADS EADS
_CASE___ScX EORK LTED 7YP® EYP __WrsS_ _MEAS__ _FCI __+ PFRE__EATIC ____+ BRk___ OUCI___ 0OCI______ BA226____EAZg8
05-097 =® 189z 127/ (F 1c18 26 19€1 4 c1 J,00050 z7C 1 0 12 1
¢s5=-14C F 1977 (o) 1€16 15~ 1GFRH 4 a6 f.3052C z7 1 2 18 30
05-131 F 1902 01 1974 6t 1GF4 4 ClL S.olB5N 2.7¢C 1 1 16 18
0S=-132 F 1922 g 1913 Z¢f4 19€°7 (3 Cé 3.CC359 77¢ 2 1 26 13
€5-1%3 F 13)¢ 1 1523 4 195G 1 Ge 0,271600 77 J n u 5
C5-1%«¢ ¥ 19(C1 21 1¢14 13 '¢Fy 4 CL 3.052un 77C 1 J 18 2
05-10% = 1933 1959 07 1918 3C 185° C G6 2.0007¢C 77 e 0 0 0
¢5=-111 % 1295 1677 97 1527 112 1972 5 36 2.0066% z7 1 3 15 31
05-116 7 1898 1450 )1 1917 €2 1¢72 19 a1 0.0 ZSA 5 0 o4 0
05-117 8 1RB87 19€3 (QF 1915 208 1964 4 CL 0.0 z9c 1 J 12 0
05-118 ¢ 19C1 21 1917 65 1977 2 B3 c.C 798 1 0 10 0
¢5=-119 ¥ 1325 91 12z4 212 1977 1 B2 J.23175 z7 3 3 45 46
05-120 F 1899 97 1919 £ 1959 S GE J.00770 77 1 1 21 20
nR5-121 F 1906 N 1621 26 197¢C 9 B2 0.00390 778 3 3 41 60
65-122 Y %79 1962 J7 1922 278 1656 1" 56 9.01600 77 3 3 23 33
05-123 P 1RG7 1¢772 (1 1¢18 1 19¢1 4 3k C.C0069 27 1 0 16 2
05-12% P 1372 1e7f Q7 1616 1045 1959 26 1 .0 79 7 2 111 0
NS5=-126 = 1535 19790 31 1921 52 197¢ 0 BE b P+ Z98 2 0 0 (1]
05-127 8 18913 06 1¢12 0Qog 19¢7 20 E2 2.0 %58 5 £ 53 0
€05-129¢ F 1990 19fFe Q7 1€17 124 19¢€0 4 CcL N.C 79C 1 0 16 0
05-139 F 1520 21 1540 78 1672 G bé 2.0 z%8 v n 0 0
J5-132 ¥ 1808 27 1619 52 16¢° i . 2.00222 7 J b 0 0
65-133 % 1923 19¢7 97 1913 13 19%0 C 3k D OWITQ 77 o 9 0 0
05-138 F 1930 21 1217 : 19%c e -€ 0.9 z9 3 ] 40 0
05-135 ¥ 151§ e 1c41 135 1674 L F .0 298 d Q 0 2
05-136¢ = 133¢ 19¢F 26 tQ+7 LA sy 4 .0 7¢ 26 0 245 0
05-138 ¥F 1217 N 1641 124 19F8 5 g3 c.0 73R 1 2 12 ]
05-133 ¥ 18491 1866 o1 1319 70 19F2 u CL 0.00540 zZ7C 1 1 15 16
05=130 F 1397 195€° 31 1919¢ +7 107F 67C Fu 0.0C7e2 F2 184 137 22217 2957
CS=-142 * 18)u n 1°1% 33 194872 11 GE C.00e80 g7 3 3 47 43
05-143 fF 1RGO 1€< 07 191¢ +7 1Qg1 4 cL n,0C050 zZ7C 1 J 14 2
05-'15 o *9x3 g1 17 1€ 57, 191 o CL 4. 00150 z7C 1 ¥} 9 2
05-136 M 1R97 13 162) 29 1%¢¢ 2 GE C.vda0) 717 1 1 (3 7
05-150 F 133§ 1eke )7 1¢17 5 1960 45 Gh c.o 79 13 0 179 0
05-'S1 F 1537 AR 1024 35 10¢3 7 c3 G.GJ08" 270 b P 27 27



L1z

TRALE 1 (CcowT,) EXPCSTFT D54 Fu® PRADIT™A PATIENIS TO

M

(2)

)

SASE___JEY EOEX

05-154
05-155
05=-15%
£5-151
05=-1K2

05-163
05-165
05-172
05-17%
05-173

05-131
05-194
05-185
05-136
05-14R

05-139
05-194
05-137
05-139
05-271

G5-213
05-27%
05-295
05-276
£5-23

05=-212
05-212
£5-215§
05-2317
05-2136

€5-251
£5-252
05-255
05-257
05-258

4MmEy A& FRLE & L B B L IR

TN YvEw

MY ENN NavwYm™m

1902
1R G2
1217
1571
1914

1912
13399
1337
19¢2
1921

135
1901
1312
1922
1889

1330
1922
1968
1921
1619

1R3¢
131488
1997
1894
1393

13¢cq
1813
188§
129¢
IEL

1896
142
19R6
1€95
1921

() (s)
FXF
DIFO_TIP
1278 1
19 67
r

ng

27

101!’. :'l
168 1
12600 01
01

1

21

1074 41
21

01

1960 Q27
1972 @7
1068 N1
07

1€

21

31

1CEY )7
01

01

06

197 21
07

1962 Q1
19¢? 926
126¢ Q€
01

197+« 01
12 27
1278 M
o1

£8%D OF 1979

(€) (n (8) (%) (19) (1) (12) (19 (149
YPA® ®Y2 YFAR FA22€ EA22° RA228 INPUT INPIT
FIFST DUR OF FA226 NMFTHOD TC ®p220 NETaODl ©A226 ®A228
E_EXP___WES__EEAS___SCI __+ EEE__ERAZIO__ *_Ehd_ L A 5
1€1¢ "1 1879 ) 36 2.0 z9 ] (¥
191¢F = 19813 4 CL N.C oo 1 0
1842 155 1Qic ¢ 36 C.C 79 b 0
1618 c 1M 1/ B& C.0C711R 778 ¢ J
cu2 +0 1980 25 Ge c.0 29 5 H
1%41 163 1°¢C 35 GE 0.0 23 6 0
161¢ 13 1072 1 A6 U.0 29A 2 0
1654 9¢Yy 190 24 G4 0.0 23 ) J
1919 130 1977 0 CF 0.00126 27 2 ]
1945 182 1€7% o} BE G.0 ZSB o] 2
1918 4 15876 0 B6 N.CIN1E 278 ] 0
1922 15€ 1564 5 cé n.0 79C 1 J
1641 256 1972 2 Bé& 0.9 79B b} J
1241 156 1§72 ] Bé C.0 Z9B 2 0
12917 104 19¢1 4 CcL c.c 29C 1 9
1921 104 1%64 4 clL 0.0C850 z7C 1 2
1026 5 1275 ER| Fe 0.0 29 8 J
1919 7 1673 n 86 n,30%43 7k 2 c
1017 2 197 0 R6 0.C zZ98 0 d
1941 221 1674 [3 B3 2.G Z9B 1 2
115 52 19¢C ¢ S€ G.006890 z7 0 n
1¢18 73 1960 J 3€ 0.00329 27 0 J
1€24 208 1S¢1 4 cY 8,9 297 1 o
1922 £2 197 p: e C.C03RD 278 1 1
1917 +0 1uez () € .0 29 2 p)
1616 138 1877 15£€) L C.C Z9A 334 J
191¢ 9 19¢S 4 ClL 0.c0039 z7C 1 -
1929 TR 1966 1410 a 0,00198 A3 417 e
192¢ 3eu 1961 4 CL 6.C 29cC 1 ")
1971 728 1¢F2 4 cr t.0 ZeC 1 )
1€17 34 195 13 Gu 0.0 z9 4 0
1017 52 1% u CcL ¢.0 z9¢ 1 n
1622 104 1%64 5 Cé 0.C086850 g 1 2
1232 1248 1972 1 GE e.¢ 79 1 )
1617 LERE'Tis 0 a6 0.0 23 0 J

(15
cun

(16)
cun
RADS

<
éooaog
L
B

&
wnN

26

-t

-
(=N =V _e N = LonNnO ONOOOC OO0~ 00000 OD000O0 DOO00Oo

437

~



81z

TAELF 1 (CO

M

e
05-259
05-25¢
C5-261
05-262
05-263

05-2¢8
N5=-265
05-266
95-2€9
05-269

€5-270
05-272
05-21713
05-27a
€c5-276

05-277
95-278
05-279
J5-281
€5-282

05-234
0%-286
€5-287
05-288
05-290

05-291
G5-232
€5-323
05-374
H5-30€

0s-207
05-308
35-310
05-211
65-312

(2) (3) («) (5)
FIE
- BOPE__LIZD TXYPE
r 1000 97
P 1908 27
4 TRy 1c77 Q1
F 1517 c1
W 1RR3 1967 237
1 19C3 297
4 133y 1°62 (7
m 1881 1377 07
¥ 1893 01
% 1337 171 )7
190 3"
§ (esE 06
P 18ac€ 1662 01
r 1302 07
¥ 182¢ 01
A 1998 1973 06
P 1353 1965 01
¥ 1P96 1972 03
F 1998 1964 91
r 1899 c1
¥ 1899 1973 21
] 1991 1967 )¢
% 13RY 197C @7
P 1997 21
F 1398 1¢K7 Q1
® 19¢2 1871 N
« 1904 €74 €7
¥ 1894 21
r  1A¢7 1
F 603 01
P 1€ 31
49 18%3 1Ggn 07
F 13ca 19¢= O
5 15R7 1967 Q¢
K 18KE  12€Y €1

KT.) EYPOSUEF DATA FOF RANRIUM BATIENTS TG 2ND JF 137¢
©® (1 (@) Gy (1) (1) (12) (13)
YFAE ©XP YEAP EA226 §A228 EA228 INPOT INPOT
FIFPST DOF OF FA226 METHOD TO RA226 METHOD EA226 KA228
_ZKP___VES__®FAS___NCI __+ PER__FATIO + BRB___IUCI____UCI .. .
1917 82 19¢2 € Gé €.0 5 2 2
117 22 1Se0 o 56 C.0 79 0 0
1642 173 1960 “+ CL n,o 7.9C 1 7]
1642 26 187¢ 3 B3 r.0 79C 1 9
1§19 104 1662 u CL 0.CC320 7% 1 1
1217 5 19k1 <+ CL c.C Z9C 1 ]
151¢ 1Cu 1962 4 CcL 5.0 29¢C 1 J
1918 130 19F4 E) Cl 0.00200 z7C 1 1
1918 35 1963 4 o 0.N0GH0 z7C 1 ]
1¢1E €2 1954 @ CL J.00040C z27C 1 ]
1616 52 1561 8 c3 c.2 29¢C 2 0
1€1° 65 1972 0 B6 c.Cc0%21u 77B ] J
1218 154 19sC [ CL 0.01409 z27C 1 2
1920 4 1979 J (e]3 c.0 29 by ] 0
1921 75 1961 4 CcL c.cizcen zZ7C 1 2
1918 1C4 1569 ) Cl €.0C329 A fo 1 1
1917 £2 19¢4 37 c2 0.0 z9r 1 C
117 1820 1966 ] G6 0.0 29 c 2
1916 148 1S83 660 B2 0.09216 F1 191 135
1917 W 19¢€u a Cé G.9 28C 2
1619 158 19€%5 218 E1 0.C228¢ 77B 65 1%
1616 154 1965 1 Fy 2.0 Z9F 0 3
1€47 300 16965 “ C1 C.GCU2 z27c 1 1
1018 10 19¢( <+ o | G.uC360 %7C 1 d
1818 §2 19¢n R Cc3 7.9CCED 77z 2 b}
1.9 B 1953 4 G6 C.C0540 77 1 2
118 +2 10g5 u ClL n,co07%713 27C 1 2
1€17 2183 1977 1 CE c.nr 29 o c
1¢21 2F 16¢€2 4 Cl 0.011C% 27¢C 1 2
1921 15 1¢7¢ 3 23 C.oC195 Z27s 1 1
1Suy Tu 1972 e B6 r,n Z9F 0 3
1916 2Z0Fr 19¢2 o CL ¢.CC13C z7c 1 C
1€1¢ T2 1966 S Ct 2.0 z29C 1 4]
162C 'S¢ 1<6( u Cl 0.CuQcC Zic 1 2
121¢ 34 1c€ z FE c.00e10 77F 1 1

(e

1
145

G
2515

939

NN O O hDLOO

~N w
wWOEOO

—
W
@

~N
@
DD WO DO -w W 20 s o0ocooo>

—

w

-- N

-



TAELE ' (COWT.) FXFOSURF DATA FOF RADIUM PATYENIS TC END 2F 1979

612

m 2y (M my (%) (&) (M (A (s) (10) (" (12) (13) (14) (15) (16)

YEAF BYP YEAF FA226 FA228 RA22R TEPUT INPUT (o] con

FIP FIPST DUF OF FA226 METHOD TO RA226 MWPETHOD FKA224 RA228 RADS FADS
o_IXPE_EID WKsS__HEAS .99 ¢ ¢ _EER__PATIQ ¢ _cgE____0cl ___0CI _____BAZ2S ___EAC2S
05-31" n® 19CY 18¢* 07 1€19 +2 1SRS 4 F4 0.0003C Z7r 1 0 10 1
€5-321 P 1a¢9 o1 191¢ 27R 1%¢ 1¢ G6 r.C033C 27 5 5 75 80
05-322 W 1907 1e7c (7 1717 212 1973 " B3 n.c 778 1 9 13 0
£5=323 F 1899 1961 (1 101€ 26 1%p1 2 AS C.0 z9 1 0 7 0
N5-389 r 1884 19%& Q1 19140 +0 1975 7 12 2.05%075 27 2 2 22 N
£5-351 * 1841 01 1917 30 1966 23 G6 0.0 z9 7 2 112 0
N5=-2352 « 190) 1963 07 1217 0 1364 1 LT n.0 29F b 0 3 0
05=-353 9 1913 c7 1e15 12 1478 2 (o] ) 0.C Z98B 0 0 0 0
05-357 ¥ 159 1878 Q7 1917 104 1972 3 GE f,0 %5 1 i} 15 2
05-36C M 1892 168 01 1913 +0 1963 4 cL 0.0 79C 1 ¢ 12 0
05-363 ® 1499 07 1917 9 1964 u CcL 0.0 79C 1 0 19 0
£S=-368 PF 190 97 1617 104 1977 0 B6 0.0 29cC 0 b} 0 0
05-369 P 191 07 191° zf 1978 1 RE 2.00077 Z7R 2 0 5 5
05-370 P 125 01 1920 2¢é 1965 4 CcL V. 00760 %7C 1 2 18 30
N5=-372 P 1R83 *97° 91 1916 1J4 1968 14 G4 2.0 FA 4 b 62 0
05=-378 ¥ 1305 M1 1923 3 19A0 " cL 2.00852 z27¢C 1 1 16 29
95-377 P 1395 1574 01 1916 15 1969 0 56 n.o 79 /] b] 0 0
)I5-312) P 1904 127 37 1925 124 1962 4 Cl ¢.01100 z7C 1 1 13 13
05-393 7 1991 ne 1917 15 1973 73 rR1 r.2CIRN 278 23 10 362 156
f5-347 4 1312 € 1918 2 1975 0 LT 0n.00%10 Z7R 0 b 0 0
35-395 » 1911 n1 1628 728 1917 ¢ cE 0.0 4 b J 2 0
25-397 P 1963 197%¢ )7 1913 13 19F2 4 04 ¢ 2.0 zZ°ocC 1 0 17 0
€5-3399 n 1832 97 1816 124 19¢1 4 cr 2,0 79C 1 n 13 0
95-8%1 ® 1893 76 1617 1€9 1871 5 33 c.02170 77R 2 2 17 16
05-837 ¥ 1433 N 1014 3 1974 9 A% J.0 298 & b] c o
C5=-479 P 199) 37 1€1n 61 1974 ] R6 0,971 Z78 J ] 0 0
05-410 P 1899 21 191F 2F 1971 2 Ré 7.0 bATY 1 i 10 0
95-813 P 130) 1971 1 1916 16 1640 18 R2 2.0 798 & 0 32 0
05-820 ® 1RB9 1935 J° 1017 104 197" 50 81 2,0 ZGA Q 0 60 b}
05-837 ®* 1383 07 1923 26 1971 3 B3 0.00352 778 1 1 13 16
NS-e38 P 19)7 21 1926 13 1961 4 cL 2.0 7oz 1 39 14 0
05-839 ® 1323 197) N1 1915  *93 1967 ri:B) 36 0.0 7,9 61 0 872 0
05-340 ® 1396 1975 01 192z 1 19M o E® 0.903¢¢C 278 2 b 9 0
75-842 F 1828 27 1917 6 1962 3 36 0.0 27 2 b 37 0
0S-843 * 1922 7 1041 52 1972 3 1) 0,0 )] 1 ) ] b



0zz

TARLE 1 (CONT.) EYPOSUPPE DATA FOR IADIURM PATIENTIS TO =MD OP 1379

(8}

05-s4s
CS-346
G5-847
J5-sa8
05-4139

v5=-450
05-459
05-860C
05-468
J5-4713

c5-528
05-581
95-585
05-551
05-555

35-569
25-574
05-589
05-692
35-611

05-61
05-639
95-678
05-688
05-736

05-737
05-742
05-751
05-765
)5-872

G5-81'4a
f5-873
05-8R8)
05-832
25-835

(2

YR AN a b B B B AN e~ L B N

 vaaw

LE L E L B ERE R ]

Y ) (8 &) ) (W %) () (" (12) (V3)  (19) (1) (16)

YEAF P®YpP YEAR RA226 RA2239 RA223 INPUT IMNPOT con cns

®XP FIN%ST DOR OF PA226 METEOD TC FA226 HNETHOD FKA226 RA228 FADS FADS
K BCkY_DIFD TUPP AP ¥ES NEAS__ECI ¢ ERA__BALIO_____¢ SRE___ OCI.___UCI BA226____EA228
1890 1942 0F o 1 0 1" ]
198 1971 ac 1°2q *J 19‘! 4 CL ..O ?°C 1 2 10 v
1092 g1 1916 3 1972 2 Bo C.0 £989 1 9 19 3
1993 01 1916 1 19¢1 u CL 2.0 z9z 1 9 18 ]
1822 1%€1 01 1¢19 52 1961 4 o4 | 0.00610C 27C 1 1 13 16
139213 07 1618 117 197 1 B6 0.20090 7278 Q) J 5 2
1917 01 1933 2C8 19¢1 e Cé c.2 Z8cC 2 0 22 0
1898 1979 @07 1916 182 1961 4 CL 0.0 Z9C 1 0 18 0
1895 1969 71 1917 +0 1968 5 3 0.0 29 2 0 22 D)
1R39 1972 0¢ 1921 26 1952 4 CL 0.0110) A 1 2 n 18
1892 21 1917 52 1967 c Gé 0.¢ 79 o} 0 0 0
1913 21 1937 9A4 1972 0 B6 0.0 Z9B ] J 0 0
1992 27 1918 52 1973 1 B6 0.00012 Z7R 0 J 5 b
1895 21 118 9 1970 15 be] 0.00918 z7 5 9 73 7
1898 1965 07 1917 27 1975 1 A6 2.0 9 0 o} 4 0
1798 1965 07 1921 260 1962 [ CL 0.0119%0 zZc 1 1 9 13
1923 01 1918 1 1977 0 cé v.J0008 z7 0 0 0 0
1998 1975 07 1919 6 1%68 4 ke ¢.00260 77 1 1 13 13
1399 06 1925 1309 1975 2 B6 0.0 798 2 2 0 0
1999 193 91 1914 156 1974 ) AG 2.0 Z9a 0 2 0 0
1R97 1976 I 19197 17 19717 0 ] 0.0 z9 n 0 (V] 0
1996 1962 06 1922 39 19€4 1 P6 0.060850 r 0 0 2 4
1922 06 1946 156 19¢5 4 CL 0.0 z9C 1 J 5 n
1921 1976 01 1939 130 1965 ] cé ¢C.C 79C 1 h] 12 92
1299 1954 Q¢ 1918 156 1972 150 PuU 0.CC410 | 4] 38 31 ©wJ7 1359
1895 1957 0¢ 1918 156 197 10 ry 0.00462 z4r 3 o 21 68
1898 1975 o1 1916 33 1969 0 G6 n.0 79 (o] J 0 0
1821 1933 21 1920 +9 19RA9 0 AG 2.0759%0 Z7A J n p) 9
1900 07 196 117 1964 4 cL 0.0 Z9¢C 1 ) 19 0
1293 21 1918 +) 1872 1 86 J.uds U zZ78 b | 0 2 ]
1991 1969 M 1919 52 19+87 25 B2 f.009226 273 7 1 14 1
139% 07 1917 285 19AK2 39 c2 0.00359 T 11 ] 168 35
1921 o B 1939 529 1574 2 86 .9 Z9P d 0 5 0
1917 195 91 1935 468 194 13 GE J).0 79 3 0 24 0
1317 1 1839 572 1969 0 G6 0.0 79 0 J 0 0



“AELE 1 (CUNT.) 2{EOSNRF DATA FOF RADIUM PATIEKTS TD END JDF 197§

122

m (2) (3) @ (5) (%) (M (& (%) (1) (1 (12) (13) (14) (15) (16)

YEAR Z4LP YEAE FA22€ RA228 RA223 INPOT INPUT coa cu4

EXP PIRST DNR OF EA226 MPTHOD TC EKA226 JAETHOD RA2Zo RA228 RADS FADS
.sm._iu.n_u__m_nﬁ HE-..!!S.. iil‘.‘.---!.G.L_L_HE__HIIQ +_I3R HEI____D&I___-__HRL__EIZZE
05-832 ? 19%4 4 19¢A z9 0 342 0
05-697 F 1899 19¢0 )' ‘°|7 €9 12¢H 13‘0 :ﬂ C.O z9 330 ) 5541 J
05-398 F 1219 n 193€ 4F3 1972 D) 86 C.0 2IB 0 ) 0 Q
NS-239 * 1919 1973 9 193¢ 312 197 3 A3 0.0 z3C 1 b] 8 9
C5-901 * 1v18 21 1534 463 1972 2 96 0.3 238 0 n 6 9
€5-9%2 ® 191° 21 1635 988 1562 5 CE c.0 z9cC 1 b] 19 0
05-935 * 1916 76 1937 156 1972 2 9€ c.C z9e Y 0 0 0
05-9%6 r 1913 N 1925 €24 1972 2 Bé .0 z98 0 d 5 0
05-907 r 1915 01 1935 2€n 1972 3 56 0.0 79C 1 0 9 0
05-911 € 1485 07 1923 6 1972 0 GE 9.€0310 ra 0 J 0 9
05-912 9 1877 195Y (7 151# 26 19¢€9 0 A6 ¢.00020 Z7A p) 0 e 0
$5-917 F 192 01 1€18 39 1966 83 B1 ©.00030 27C 25 2 3es 3e
05-920 ®” 1835 1963 2J¢ 1917 83 1962 4 CL 0.0 Z9C 1 b 11 ]
05-921 F 1396 e1 1916 30 1969 67 el ] 2.0 z9 21 g 335 0
05-%982 4 1501 06 1918 9 1975 0 B6 J.0CG10 t78 v 2 ] 0
05-949 & 1899 1974 06 1921 422 1568 2 G6 2.9 i3 0 J 0 0
€5-953 r 1992 157¢ N 1518 65 1977 1200 vy 0.00208 Z7F 396 3€ 6110 547
05-962 P 189 1977 O 1918 84 1958 47 c2 J3.0620) 27C AL 7 2217 99
05-978 F 190 27 1918 104 197¢C 0 G6 2.00100 27 0 J 0 0
¢5-979 r 15397 21 1€17 4 1969 194 Ga 0.C 75 60 0 956 0
05-993 « 1992 1372 97 1917 6 19M 7 83 J.C 258 2 J 23 0
$5-998 F 14996 21 1922 26 19¢7 ¢ 34 v. 30572 7 3 3 39 51
05-998 r 1902 01 191R 3 1°74 9 B6 c.000M z78 0 0 0 0
09-921 F 1201 21 1€17 39 12N 4 23 2.0 298 1 J 29 0
09-092 r 1992 127 01 1217 17 1@5¢ Ll b3 Bl Z9ER 3 2 %9 0
09-993 ® 1892 1562 06 1914 S72 1559 u1c B1 J.) Z9e 119 Q 989 0
09-008 r 1393 1961 1 1€12 416 19360 550 < 0.0 z3C 156 b) 2013 J
09-006 P *A98 197! 619 1€17 65 1963 1 86 Col Z9R 0 ) 4 0
09-097 r 1307 19€= 1 1€17 104 1°€3 323 C 0.0 79cC 9 e 121 0
09-008 r 1909 01 1217 8 1962 29 cé 2.C 29%C 6 J 89 0
09-579 7 1393 1669 MN 191% 73 19589 2 B6 1.0 7¢8 1 ) 8 0
99-219 * 1897 1564 9 1314 +{ 15€6° w ceé el 723C 3 b} 4c ]
05-013 ¥ 1205 157¢ 2J1 €17 15 171 + B3 7.0 798 1 0 19 9
H9=-015 % 1832 1272 Gu 19174 52 154C v 5¢ v.? za J ¢ J J
¢Go-n19 » 19352 31 1217 18 1575 < - - Ted z9s8 b S S o



EADS

COCO0 OCOCO 0OOO0LY 0OCOOD Voo O0owe ouco

TARLPE 1 (CONT.) EYPOSUTE DATA FOF RADIUS PATIENTS IC END OF
1) 2y (3) (3) (5) (o) (" (8) (%) (1) (1 (12) (13) (14 (15)
YEAE EY?  YPAP RA2Z26 RA22R RA228  INPUT IMPUT com
EXP PIESET NUEF  OF FPA226 MPTHOD TC BA226 METHOD RA226 KA228 RADS
CASE___S®X EORS _[IPD TYPT BfF __¥KS__HEAS__ MCI __ ¢ ERR__EATIO ____* ERE____UCI____ UCI______BA226 ___EA228
09-920 P 1957 1668 01 1917 155 1963 1 B6 0.9 z9¢e 0 0 4 9
€9-924 % 1873 19€¢ 0€ 1915  #J 1%60 0 re 0.0 z9 0 9 e
€9-126 F 1972 0% 1917 43 1972 16 81 l.) Z3B 5 0 85
€9-128 * 1357 157€ 01 191€¢ 73 1978 6) B2 .0 298 2) J 305
€9-929 F 1991 19262 )1 19217 13 1969 16 c¢2 2.0 z9c 5 9 58
09-931 ¢ 1397 27 1913 3F4 1969 286 Cc2 0.G 23 a1 ) 1491
09-032 rF 19C2 1965 o1 1917 52 1369 7 81 5.0 798 30 ¢ 421
09-038 r 1993 01 1919 1 1960 0 PE 0.0 z98 0 ) 0
09-281 & 1283 19%2 96 1918 260 1965 118 a1 0.0 Z9A 29 0 229
09-%¢3 P 1898 1976€ 01 1917 26 197 11 Bé 0.0 298 3 0 53
09-988 P 19CGC 1955 (1 1917 13 1975 17 A2 2.0 79 4 9 52
09-0%6 P 1992 19€¢5 N 1917 104 1960 1 c3 0.0 29C 3 0 37
09-289 r 1902 01 1915  +9 1969 14 G6 0.0 29 4 0 72
09-951 r 1970 1971 01 1917 1G4 1960 50 ce 0.) 29C L J 199
€9-0%2 r 1900 1971 01 1916 52 1960 20 c6 9.0 79¢ € 2 33
09-053 1 1874 1966 Q4 1919  +0 1960 81 B1 0.0 Z98 22 D) 210
n9-957 P 1890 1973 Cv 1917 52 1969 0 B6 0.C Z9p ) 0 n
09-058 * 1899 91 1917 39 196) ¢« B6 0.0 798 1 n 18
09-959 * 1903 1972 91 1917 1.1¢7 2 B6 0.0 298 1 0 9
€9-260 ¥ 1299 1975 01 1817 €5 1669 43 B2 2.0 298 13 J 230
09-061 P 1992 M 1998 208 1979 Y Gé 2.9 29 a 0 0
09-062 * 1901 01 1918 52 1972 + B3 C.C Z98B 1 D) 20
c9-058 r 1991 G1 1516 9 1972 * 8’ 0,0 Z98 0 0 5
09-065 F 1887 1975 0€ 1918 78 19560 ' BE 0.0 z9B 9 0 S
09-066 ¥ 1899 01 1€17 8 1972 2 BE c.o 798 1 2 10
€9-n70 A 1875 1567 Q€ 1913 203 196C 3 BE 0.0 298 1 0 9
09-071 r 1397 19277 91 1817 1C48 1975 2 86 0.0 298 1 0 10
09-072 ¥ 1893 1978 91 1617 29 1872 2 B6 0.0 23¢C 1 0 10
€9-073 =~ 19286 1963 0€ 1S1c¢ 468 19€2 " BE 0.0 ZoF 3 0 2
09-078 P® 392 107¢ Q01 1620 1Cu 19¢2 17 66 0.9 73 4 o 52
09-975 W 1893 1967 06 1973 RA4 1963 LI T I 798 2 0 3
€9-076 9 1882 19€F 9€ 1913 1672 1%€6 14 D3 0.0 290 3 0 25
09-077 =« 1894 2€ 1914 820 1972 2 P& 0.0 798 1 ) ?
09-078 ® 188 19€6 D€ 1911 B32 1¢43 3 PR6 9.0 738 1 0 8
£9-079 & 1831 0F 1916 579 1962 6 66 0.1 79 9 o) 9



€22

TAELF 1 (CONT.) RKFOSUKF DATR FOR XADIUM PATIERTS IC END OF 1379

m (2) (3) (w) (5) (¢) () (2 (2 (10) (1) (12 (13) (14) (15) (16)

YEAE PYP TYEAR FA226 FA228 RA228 INPUT INPUT cua cus

EXP FIRST CUP CF EA226 METHOD TC EN22¢ METHEOD RA226 RA228 EADS EADS
_CAS® __SEX ECEN__DIED TYEE EXP___BKS__dFAS___NCI __¢ EBF__RATIO ____* EgB____9CI____0CI _____BA<26____EA22E
09-080 n1 13PF 06 1610 312 1962 5 5t 0.0 29 1 d 15 0
n9-082 w 1592 Qe i%1e %2 1979 5 B3 0.0 Z9B 2 0 22 9
05-083 9 1959 1Cfy )€ 1218 17 1962 ) GF 0.0 T2 1 ) 1} c
C9-994 = 148& 1927 G¢ 1812 876 19R5 382 A1 f.0 5 42 0 131 ]
09-786 MW *§6°F 1§79 Q¢ 1621 78 1974 1 Eé 2.0 zeg 2 n 3 0
09-988 1 1300 ¢ 1622 335 13M 1€ B2 0.0 7238 5 0 54 ]
09-089 9 1899 1973 Q¢ 1015 78 1959 64 c2 n.0 z9¢ 18 9 194 0
09-030 ® 1888 1971 06 19113 78 16613 n G6 0.0 79 0 b 0 0
09-N9% N 1894 1975 Q¢ 191/ U416 1975 0 BE r.n Z9R o] ] G 9
€9-096 ™ 1362 1¢78 06 1310 17 1963 9 36 .0 %29 3 0 28 0
09-097 W 1996 07 1€16 988 1974 1 BR6 0.0 Z98 0 ] 3 0
09-098 % 19922 1971 0k 1921 104 1963 14 G6 0.0 z9 4 0 37 0
C9-099 ® 1RS8 1971 (OF 1213 208 19613 1 Gh c.0 29 ¢ 0 3 0
Co-10C % 1994 06 1918 364 1963 ° G6 .0 79 2 h} 27 v
09-701 ®H 18Ff4 1964 06 1923 39 1963 (3 GE 0.0 29 2 0 15 0
N9-122 AW 1882 1951 4¢f 1915 1 1564 152 Al 2.0 Z9A 38 0 306 0
09-193 ®m 1895 1671 CF 1918 416 1965 1 GE c.cC Z9 0 0 3 0
99-19%8 N 13RC 1657 0€ 1906 364 1365 42 BZ 0.0 7298 13 7 146 0
£09-125 N 13R6 192R (6 1912 A32 19¢5 13¢2 A 2.06003 Ak 112 17 333 114
09-106 ® 1901 € 1912 156 1979 0 BRE f.C 79R 0 ] 0 0
¢3-197 ® 1RS7? 1973 96 1413 104 19€5 1 GE 0.0 Z9 ] 0 3 Ly
09-108 m 1891 D€ 1015 104 19€5 4 S€ C.0 29 1 ] 14 n
09-109 8 1895 ne 1914 104 19¢5 “ 3€ .0 Z9 1 ) 14 0
09-110 = 1900 0€ 1c14 52 1955 7 Gé 9.¢ 29 2 0 25 0
09-111 N 1374 1°88 Q6 1913 529 197 J At G.0 292 2 0 0 0
C9-112 u 1898 o 3 1940 U41€ 1%F¢ oy su n,o 29 17 0 130 0
Ct9-11% 8 18992 0¢€ 1629 52 19¢c¢ 3 GE LY 29 1 0 10 0
09-117 P 1899 01 1617 24 197 4 B3 0.C zZop 1 2 20 0
29-118 rF 1901 37 1921 +0 1979 590 34 2.0 79 15 0 225 0
09-129 % 188% %45 Qe 1215 104 1°74 1 A6 0.0 79 0 n P n
09-123 = 189¢C 06 1917 156 1979 c aé 0.0 298 0 b} 0 0
10-037 F 191¢ 01 1934 *1uy 1971 i 86 C.0 79B ] 0 0 0
10-0%8 r 1904 R 1€16 13 197¢ b E6 ¢.00099 Z7E 0 J 0 n
10-010 F 1395 1¢7= Q°F 1921 +0 1971 £600 81 0.0 zerc 2361 ) 30382 0
10-C12 ® 18P€¢ 'S41 (S 1625 +) 1972 v A6 2,0 ze J n 0 0



TAEL® ' (CONT,) VYXPHSUFE DAT®: FGF R4DTUN PAIILNTS IC END OF 1979

1 L4

(1) () (3) () (5) (%) (N (8) (%) {12) ('Y (1) (13) (14) (15) (10)

YEAF PYF YLAF FA22€6 FEA228 RA228R INPUT INPUT cun cuy

ELP FIEST DUR OF FAZ26 BMETHOD TO RA226 METHOD FRA226 RA228 KADS KADS
-CASE ___SEX_PCPN__DI®0 TYFE EByP___RES__MEAS__ _ECI __¢ EEE__EATIO ¢+ _FRE 1 R | | ! B EA226____RAZ228
19=-%1a ®» 16290 N1 1052 UY1¢ 1975 1 B6 9.0 798 ] Q 2 J
1M-024 1 191y 06 1936 112 1971 59 G4 €0 75 8 2 55 0
10-925 ¢ 1937 27 1963 416 1971 7 B3 n.0 z3° 0 0 2 0
M=02€ ¥ 1948 G 19¢2 20) 1971 2 B6 5.0 Z9C J 0 0 0
10-027 F 1928 21 1946 156 1972 0 BE 0.9 28C 4 0 0 ]
10-028 % 1856 1976 OFf 1€13 156 1576 n B6 n,o 798 0 d 0 0
10=331 P 1928 01 1946 52 1979 3 (o] 0.0 Z29¢C 1 0 8 0
19-032 w1 1937 N7 1961 156 1972 0 Bé 3.0 29C 2 ) 0 0
10-033 P* 1927 01 1246 264 1974 3 B3 0.0 Z9C 1 b} 7 0
19=-034 PFr 19135 g 1943 292 1973 S B2 0.0 29C 2 ] 21 0
19=-035 F 1922 21 1942 689 1974 10 B2 0.0 Z3C 2 0 22 0
19-036 P 1920 7€ 1945 208 1972 0 B6 c.0 Z9C 0 J 0 0
1=037 r 1927 01 1951 52 1976 3 BR6 c.0 Z9C 1 0 6 0
10-9238 F 1929 )1 1907 73 1974 1 B6 0.9 zZ9C 2 b 1 0
1C-"39 F 1922 207 1942 260 1972 4 B3 0.0 z9¢C 1 0 9 0
10-040 F 1517 01 146 +0 1972 n Bs n.0 Z9C 0 bv) 0 U]
10-941 F 1924 01 1943 13 1972 1 B6 0.0 zZ9¢C 0 0 2 0
19-942 r 1927 91 1947 130 1972 0 B6 0.0 29C ] b} 0 0
10-043 * 1319 b 1941 8 1975 0 B6 0.0 Z3B 2 c 0 0
10=-%%4 P 1925 21 194¢g 13 1972 19 B2 0.0 z9cC '] 0 40 0
1M=-945 P 1923 21 1946 13 1972 1 BE 0.7 79C ] 0 2 0
19-046 F 1927 17 1947 2% 1375 0 836 0.0 729C 0 J 0 0
10-047 *® 1523 01 1942 52 1974 10 B2 0.0 79c 2 3] 26 0
19-048 * 1894 0% 1917 156 1977 0 B& 0.0 Z98 d 0 0 0
19-049 P 1926 vl 1946 104 1972 0 BR6 2.0 Z9cC s 0 0 0
19-050¢ PF 1920 01 1643 1Ny 1974 1" B2 2.0 79C 2 0 27 (]
19-951 81 1914 06 1931 468 1979 1 cé 0.0 z9¢C 0 0 3 0
10-n53 F 1926 17 1946 260 1972 2 Bk 0.C 25C 0 d 3 0
10-254 P 1926 71 1946 1394 1372 1 B6 .0 79¢C b b 3 2
10-055 ®H 1922 L} 1922 39 1972 0 B6 n.00049 Z78B 9 2 0 0
10-0%6 ® 1324 18 1924 39 1972 2 RE 0.0M0040 Z78 1 J € 1
19-057 » 1329 ¢1 1G4E 52 1972 1 B6 0.0 z9C 0 0 3 0
10-058 F 1923 NI 1¢y1 208 1972 6 K n.¢ z29C 1 2 16 ]
1f=959 F 1915 21 1084 143 1972 Y] B6 n.0 Z9cC 2 ) 0 0
190=-060 PF 19°9 0 1642 o4 197 2 BF .0 z79c ) 0 0 0



TAPLF 1 (CONTL) EXPNSURF DATA FOR SADIUM PATIENTS Tu END OF 1979

sZe

M (2) (2) (4) (5 (®) (M (8) (9) (19) () (12) (13) (14) (15) (16)

YEAR EXP YEAR EA226 RAZ28B RA228  IFPUT INPUT cua oy

FXF PIEST D"E OF EA226 METHOD TC £A226 METROD FKA226 RA228 BADS EADS
_-DIEO TYPE EXF_ __NkS__BEAS___BCI __+ FER__RATIO_ ____* ERR UCl_ . UCI______EA226 ___EA22S
10-061 * 1923 17 1042 164 1672 & B 0.0 7ac 1 0 15 0
10-362 7 1920 ¢1 193¢ 182 1372 1 B6 0.0 79C 9 0 3 0
19-063 F 1971 91  1€28 624 197€ & 83 9l z9c 1 0 7 0
1)-Co4 P 1921 07 1943 155 1972 0 BS 0.C 25¢C 2 0 C 0
10-065 * 19290 01 1941 26€C 1972 9 Bf 0.0 29¢C ¢ 0 1 0
10-066 P 1924 1978 21 1942 1C4 1972 12 B2 90 z9C 3 9 29 0
10-067 ¥ 1923 ¢1 1962 48 1°72 8 B2 C.C 29C 2 0 18 9
10-068 7 1918 71 1962 78 1972 9 B6 0.0 z3¢C b 0 0 0
10-059 F 1923 01 1947 1300 1972 8 B3 0.9 25¢C 1 J 6 ]
19-070 P 1921 9% 1545 1352 1574 14 B2 0.0 z9¢C 2 0 16 0
10-071 P 1924 01 1943 1508 1972 13 B2 0.0 29c 1 0 n 0
10-072 ¢ 1924 01 1947 1300 1972 1z B2 0.0 Z3C 1 0 9 0
10-073 ® 19219 7 1S53 208 1972 9 B6 0.0 Z9C 9 9 0 0
10-074 w1921 06 195C 1508 1979 21 ¢3 0.0 25C 2 0 10 0
16-075 F 1929 Q1 1949 260 1972 5 B3 8.0 29C 1 0 9 0
0-076 ¥ 1923 91 1951 52 1912 0 B6 0.0 z9C 2 0 0 0
10-077 P 192¢ 91 1951 17 ¥Im2 1 B6 2.0 z9C 3 0 1 0
10-078 F 1923 01 1941 676 1977 11 B2 9.0 29C 3 9 26 0
W-079 F 192¢C 01 1945 624 1578 8 @3 5.0 29¢C 2 0 20 0
10-080 * 1913 7€ 1943 1508 1972 5 B3 7.0 z9cC 1 d g 0
17-981 F 1916 C' 1946 104 1572 5 B 0.8 z9C 1 9 " 2
10-032 ¢ 1915 01 1951 758 1972 S BE 0.0 (4] 1 0 6 G
10-983 F 1924 91 1943 104 1972 g 79C 1 a 13 0
19-084 F 1928 71 1946 82 1972 0 B6 0.0 29C ° 2 2 J
1C-085 ®M 1946 71 1064 17 1972 o B6 0.0 797 J 0 0 0
19-086 P 1915 91 1943 156 1979 3 "e6 0.0 Z9C 1 9 7 2
16-087 ¥ 1920 976 07 1942 1560 1572 19 B2 0.0 z9C 2 0 17 0
10-088 P 1923 17 1546 260 1972 3 B& G0 29¢C 1 0 6 0
10-089 P 1921 C1 1942 13 1972 ¢ Be 3.0 29¢C < d 1 0
10-090 F 1922 g1 1981 78 1992 1 86 9.9 7%9C 2 v 2 o
19-091 = 1883 1952 05 193G  +9 197% 42 a1 G.C Z9a A4 2 u87 0
10-994 « 1905 1974 07 1919 164 1972 ¢ BE  0.u0240 Al ¢ 0 ¢ 0
19-295 F 1527 31 1986 26 1972 S, B 90 z3C 1 0 1" 0
10-096 F 1930 01 1981 832 1972 9 B6 (.0 z9c 2 0 2 0
10-097 F 1919 91 1543 364 1972 4 383 C.0 Z9C 1 0 8 0



9z2

TARLE 1 (CONT.) EXP2SCTRE DATA FOF RADTIY PATIENTS TG END OF 1979

M @ G) ©® G) (B (@ ©) (10 (1) (12) (13)(19) (15) (16

YEAF ¥®XF YEAT RA22€ RA228 FA228 INPUT IMPOUT coM cus

EXF FIFST DOR OF FA22C AETHOD IC EA2Z5 HETHCD FER2Z6 RA2Z8 RADS EADS
.nu._sz..:_u.._u_.ngz_uz__m_.-_m BCI__+ BEE__EMIO +_ERE.__ UCI____UCI______BA226____EA228
10-09& p 72 g C. Z9cC 1 4] 12 Q
19-999 ¥ 192“ 01 1‘“4 1““ 1“77 17 C3 G.ﬂ Z9C 4 2 48 0
10-1€0 F 1924 7€ 1942 TJo 172 7 R3 C.C Z9C 2 0 19 0
19-1231 F 1925 c1 1€43 2C8 1572 G EE G0 29cC 0 ] 0 0
10-192 * 1926 g1 1944 €0 1972 1 B6 Yl ZsC 9 ) 2 0
10-193 F 1912 01 1046 CH 1978 0 CE n.0 Z9C V] 0 0 0
10-194 P 1929 91 1948 208 1972 2 B6 c.0¢ z0eC 9 ) 5 0
10-105 F 1927 c1 15646 26C 1272 C Cé6 C.C zec 0 9 0 ]
10-106 F 1926 01 1946 124 1972 1 B6 c.0 Z9C ) 4] 2 0
19-1¢7 F 1929 21 192¢€ 9 1972 0 BE ¢.C 2.9C 0 J 0 0
10-128 F 1916 04 1950 +) 1972z 3 B6 ¢.0 Z9C 1 0 6 0
10-199 F 1951 07 1969 78 1672 0 B6 0.0 z79C ] 0 0 0
16-110 F 1917 21 1946 520 1972 (o] B6 0.0 Z9C 0 ] Q ¢
10-111 P 1996 21 1823 2 197¢ 7 B2 c.0 z9cC 2 0 32 0
190-112 w8 1902 01 1923 +C 197¢ 3 B3 .0 Z9cC 1 0 10 0
10-913 7 1924 21 1542 52 1972 0 B6 0.0 z3C 0 0 0 0
10-114 ¥» 1937 01 127¢ 104 1972 1 B6 0.0 zZ9C ] 0 0 0
19-11%5 F 1921 07 1970 130 1972 1 B6 2.0 29C ] J 0 0
19-116 P 1924 21 19€9 312 15876 5 B2 0.0 zZ9c 0 0 1 0
10-117 * 1924 21 1967 208 1972 2 B6 0.0 79C ) 0 1 0
10-118 ¥ 1924 01 1945 1352 1572 23 B2 2.9 7Z9C 3 0 23 0
1M=-119 7 1952 71 1971 82 1972 4 Bé .2 z3C ] 0 0 0
10-129 F 1950 01 1271 93 1974 4 c3 .0 Z9C J 0 1 0
10-121 F 1926 01 194¢ 7 1972 1 B6 0.0 Z9cC 0 J 1 0
0W-122 r 1921 07 1921 +9 1972 ] 86 0.0 29T 2 J 0 1]
19-125 *? 1903 21 1917 8 1975 1 BE 2.9 Z9B a 0 5 )
12-126 P* 1927 01 1946 13 1972 0 BE 2.0 Z29C 0 ) 0 0
19-128 #® 1923 c1 1642 3€4 1972 6 B3 c.0 79C 1 0 15 0
10-129 * 1923 01 1942 269 1975 ] B2 9.0 Z9C 2 0 23 0
1C=-130 7 1922 01 1942 147 1978 11 Cc3 0.0 Z3C 3 2 32 0
12-131 P 1917 27 1541 2€6C 1972 1 Bé 0.0 Z3c 0 ) 3 0
13-132 P 1929 27 197G 136 1672 g 86 .0 Z9C c 0 0 Q
10-133 P 191¢C 01 1541 1248 197¢ 5 R2 c.C zZ9cC 1 /] 9 0
1M-134 F 1913 91 1932 1768 1978 1 Cé 0.0 73C ) 0 1 0
13-135 ¢ 1322 21 1238 135 1972 6 A3 Gl 7.9C 1 J 17 ]



LZe

TARLE 1 (CONT.,) EYPOSUFE DATA FOF RADIUM PATIENTS TO END OF 13979

M 2) () ® 61 6 (H (8 (%) () () (12) (13 (14)
YEAF EXP YEAR RA226 PRA2:8 PA223 INPUT INPOUT
FIP PIFST DUF OF RA226 METHOD TO ERA22: METHOD RA226 RA228

_CASE___SEX _BORN__DIPD TYPF EXP__ WKS__MEAS__ SCI ¢ ERE__BATIC_____# ERE___ UCI __ 0CI
10-136 * 1920 01 1°41 26 1972 0 BRé 0.¢C Z3C [ 9
10-137 # 1918 21 1625 117 1972 1 3€ 8.0 797 0 b ]
19-139 F 1622 01 19u2 130 1972 3 26 2.0 Z9cC 1 )
10-180 P* 193% 07 1956 17 1972 2 BE 0.C Z3cC 0 v]
12-147 ¥ 1918 N1 1965 104 1972 c B6 c.0 z29C 0 2
19=-142 F 1922 01 1942 156 1972 2 B6 C.0 zZ3C 1 0
10-144 F 192¢ 21 1945 156 1972 n 1) 0.9 Z9C 2 0
10-145 P 1928 97 1946 130 197¢ 6 c3 C.0 Z9C 1 0
19-146 P 1921 01 1940 364 1972 4 B3 0.0 Z9C 1 0
13=-147 F 1927 a1 1946 136 1972 2 B6 0.C ZSC e 0
10-148 F 1913 0 16135 13 1978 2 Cé 0.0 z9C 1 0
10-149 F 1924 01 1243 114 1972 4 B3 ¢.0 Z9C 1 0
19-150 F 1889 1976 01 1919 13 1972 9 Gé 0.0 z9 c 0
12-151 & 1887 197¢ Q¢ 1915 520 1874 0 Ge 0.6 29 b} ]
10-152 r 1923 01 19481 52 1972 2 B6 0.0 79R (4] 0
10-153 F 1921 01 1641 234 '972 1 B6 0.0 Z98 (o} 0
10-160 F 1921 0" 1941 208 1976 20 B1 0.0 Z9cC 5 0
10-162 F 1331 01 1951 13 1974 3 B2 0.C 79C 1 J
10-164 F 1915 21 1937 156 1974 V) B6 0.0 79cC 2 2
19-165 P 1919 1 1942 41€ 1972 2 86 0.0 Z3C J 4]
10-171 ¥ 1924 c* 1942 156 1974 3 B3 v.C Z9C 1 2
10-172 P 1930 1877 07 1948 6C 174 3 B2 0.C Z9C 1 0
10-173 F 1915 1977 01 19485 123 1673 Lo} B6 G.2 Z9C ] 0
10-180 ¥ 1919 21 1941 728 1574 9 B2 0.0 zZ9cC 2 0
19=-181 P? 1912 21 1231 287 1978 P CE 2.0 793C 0 J
10-190 #» 1921 91 1951 119 1372 2 B6 0.0 Z9¢C 1 0
19-=1919 P 134C 71 1271 17 1872 2 B6 2.0 Z3C 0 0
10-192 F 1924 01 1942 78 1574 3 B3 0.C zZ9¢C 1 0
19=-123 F 1921 01 1941 104 1972 3 B6 0.0 Z9C 1 0
197-195 F 1320 17 1937 1562 1978 11 c3 0.9 Z3C 2 v}
17=-198 F 192§ I 1966 376 1577 8 B3 J.0 Z3C 2 J
19-201 F 1318 71 1%uée 1352 1972 9 R2 n.o0 79¢C 1 0
1)-222 F 1925 01 1942 53 1374 2 B6 6.0 zZ9cC 0 0
10-293 F 1926 1 1546 S 1674 2 BA Jev ZaC 0 9
10-2)4 F 1951 07 1971 43 1972 6 B3 9.0 Z3C 2 0

(15)
cuA
RADS

- -
EWWWwo™ QWO

wn

(¥ -t
- =~ Ooum WO~ nuooumw NOO 2@

-
= £ U Jdm

(16)
cou
FADS

DOoOWOoO (=R -R&N<N -] OO0 O [~ N+ NSNS N -] [+ NN =R=N-]

QOoOCOoOL O0CO0LOoOOo



TABLE 1 (CCNT.) EXIOSUGEF DATA FOR RADIOM PATIENIS IC FND OF 1979

8¢z

M 2y 3) W) (5) (6) (I (@ (9 (12 (11 (12) (13) (1) (15) (16)

YEAR EXIF YTAFR FAZ22€E ©£A228 EA228 JNPJT INPOT cuy co4

EXP FIRST DUORFR OF RA226 METHCD TO RA226 METHCD RA226 RA228 RADS RADS
_CASE___SPX BORN DJED TYPE BXP__ WKS__MEAS __NCI 4 ERF__RATIO ¢ BEE____CCI____OCI______BA226_ _ _EA228
10-235 F 1c23 N1 1942 39 1972 1 B6 n.C z7ac 2 0 3 0
1)-226 F 1924 Bl 1843 230 1972 b 23 2.2 ZacC 1 J 15 1]
19-207 F 1823 81 1942 208 1972 12 B2 n.0 z23C 3 0 29 9
1n=-298 7 1922 a1 1942 7 1972 1 B6 g I 29C o 2 2 0
10-299 F 1922 I1 1942 69 1972 6 B3 0.0 Z3C 1 0 15 0
10-210 r 19909 01 1926 1040 1972 17 B2 2.0 Z29C 4 0 33 0
10-212 8 1959 07 1971 55 1973 1 B6 0.0 Z9C 0 0 0 0
19-213 8 19519 07 1971 45 1973 1 B6 0.0 Z9C a J 0 0
10-214 P 1942 07 1972 2) 1974 0 B6 J.0 29C 0 ) 0 0
10-215 P 1921 21 1643 228 1972 1 BE 0.0 29C 2 J 2 2
10-216 P 1916 21 1546 1456 1973 2 B6 0.0 Z9C 0 0 2 0
19-218 * 1915 21 134 492 1973 ) BE 0.0 Z9C 0 0 e 0
10-219 P 1916 16 1937 364 1979 10 c3 0.0 79R 3 ) 31 0
19=-221 F 1917 21 1941 676 1973 1 86 c.0 79B 0 0 2 0
10-222 r* 1919 g1 1941 234 1972 b 36 0.0 zZ9 ] 0 0 0
1-225 ¢ 1911 o1 1€331 1872 1976 u B2 7.0 Z9cC 1 0 6 0
10-226 P 1923 01 1541 1612 1972 3 B6 c.0 Z9cC c 0 2 0
10-227 1 1212 71 1928 2548 1977 (] B2 0.0 z9C 1 Q 6 0
19-228 ¢ 1912 21 1943 1508 1375 0 B6 0.0 Z9C 0 0 c o]
10-229 P 1920 21 1941 260 1972 1 B6 0.0 Z9C J b 3 0
10-230 F 1929 o1 1248 13 1973 0 (o] 3 ¢.? Z9C J J 1] 0
19-231 A4 1368 oe 1968 35 1972 1 cé Q.9 zZ9C 0 0 9 0
10-232 41 1969 neg 1969 39 1972 0 (of 0.0 YAl 0 1] 0 0
19=-233 P 1919 21 1942 92 1976 2 B3 0.0 zZ9C 9 0 5 0
17-234 * 1928 1972 97 1959 674 1972 92 BR6 0.9 Z9cC ¢ 0 0 C
10-236 * 1919 01 1549 156 1974 J 6 2.0 29C 9 0 G be]
10-237 F 1919 a1 1940 156 1377 2 cé 0.0 Z9¢C 1 0 7 0
10-239 ® 1998 1979 Q€ 1234 139G 1576 L] E6 0.9 Z38 e J 0 0
19-280 ® 1946 o€ 1331 884 197¢ 3 BR6 8.0 298 1 0 5 2
10-281 * 1924 1978 Q1 1922 17 1372 ) cé c.n Z3¢C ] 0 0 0
1M-242 F 1947 27 1G€€ 156 1974 1 36 0.0 Z32 0 0 ) 0
1)-2u4 P 1916 1 1543 1 1572 o} B6 6.0 zZ9C [y 0 1 0
10-235 9 1914 19278 €7 1941 104 1€72 0 R6 0.C zZ9c 2 ] e} 0
M=-247 1 1915 137¢ Q7 1948 354 1972 1 B6 G.0 Z9cC ¢ 0 1 0
10-249 %1 1343 07 1962 126 1973 1 -] 2.0 zZ9C o] 0 0 0



TABLP 1 (CONT.) EXPOSUEE DATA FOE 2ADIUM PATIENTS TO BSD OF 1973

622

) 2 (3 (¥)  (5) (8) (7 (8) (s) (19) (11) (12) (13) (14) (15) (16)

YEAE PXF YFAF KA226 BEAZ28 ®A228  INPUT INPUT coa cud

PXt FIRST DJF OF FA276 METHOD TC RA226 METHOD RA226 RA228 RADS RADS
-BORE__DI=C JIPE ZXP__ SKS__HEAS___BCI___+ ERE__RAIIO *_ERE . (= SR | | o SR BA226 __ _EN2280
10-250 r* 1938 07 1956 30 1972 0 B6 0.C Z3C 2 0 0 2
10-251 r 1923 91 1941 €5 1974 2 B3 C.C 29¢C 9 0 5 0
19-252 r 1919 01 1935 416 1972 9% B3 0.0 %9C 1 0 1 0
10-258 * 1905 07 1953 832 1976 0 BE 0.0 z9cC 0 v 0 0
0-256 F 1917 01 1940 78 1972 1 B 0.0 Z9F ¢ 0 3 0
12-257 r 1932 07 1951 104 1972 0 B6 0.0 z9C ¢ 0 1 0
10-25¢ P 1923 21 1943 26 1972 3 B6 0.0 z9¢C 1 0 7 0
10-260 r 1913 01 1928 52 1978 2 c6 .0 z9C 1 0 7 0
10-261 P 1922 01 1941 28 1972 3 B6 0.0 £9cC 1 b) 8 0
10-262 r 1919 01 1981 104 1973 2 BE 0.0 z9cC 0 9 4 0
10-263 r 1921 01 1941 130 1972 2 B6 0.0 %98 J 0 5 0
10-266 r 1905 01 1926 2236 1978 1 c6 0.0 z3c 0 0 3 0
10-269 »* 1925 01 1985 17 1972 9 B6 0.0 29C 0 0 0 0
10-270 F 1926 71 1946 104 1972 1 B6 0.0 z9cC 2 0 1 0
10-272 ¥ 1915 01 1235 60 1979 5 £3 & z9C 2 0 19 0
10-273 r 1929 01 1948 22 1973 2 BE 0.C 29¢C 0 0 4 0
10-278 7 1924 01 1947 62 1973 3 B3 0.0 29¢C 1 9 7 0
10-276 ® 1332 01 1951 6 1973 1 B6 (.0 z9C ¢ ) 1 0
10-277 P 1915 71 1946 154 1973 1 B6 0.0 z9¢C 0 0 1 0
10-2786 P 1908 71 1929 1872 197¢ 2 BE 0.0 z9C G 0 3 0
10-279 r 1937 €1 1955 728 1973 2 BE  0.C 29¢C 2 0 2 0
10-28C r 1904 07 1921 2132 1976 1 B6 C.C z9¢C 0 0 2 0
10-281 r 1931 01 19590 41€ 1973 1 B C.0 73C o 0 1 ¢
10-282 P 1921 1978 01 1941 22 1974 2 ce 0.0 29C G 0 5 0
10-283 r 1918 01 1937 208 1974 ¢ B6 0.0 79C 0 0 1 o
10-288 F 1918 71 1936 1456 1974 3 B O.C z9C 1 0 € 0
10-285 8 1917 07 135 31 1973 ¢ 66 0.C z 0 G C ¢
10-286 r 1937 97 1956 124 1973 0 B6 2.0 29¢C 0 0 0 N
10-287 r 1923 CY 1%us 2 1973 1 B6 0.0 79C i ) 3 0
10-291 F 191¢ €1 1938 156 1973 4 B3 0.0 z9¢C 1 0 14 0
10-292 * 1913 1975 01 1934 102 1973 6 B3 G.C Z9C 2 0 20 0
10-233 P 1938 07 1970 24 1973 0 B6 0.0 29C 0 b) 0 0
10-2968 F 191€ 01 1934 616 1974 2z BE 0.0 29¢C 0 n 5 0
10-295 & 1923 07 1946 282 1973 2 B6 0.0 29C 0 0 2 0
10-296 P 1950 01 1948 S0 1973 0 B6 0.0 z9¢C 0 ) 0 0



0€2

1979

M

10-297
10-299
10-390
10-3C1Y
10-302

10-3Cs
10-306
10-307
10-309
1J-310

109-311
10-312
10-313
10-318
10-316

10-318
19-319
19-320
10-321
19-322

10-323
10-32%
10-325
19-326€
10-327

10-329
13-330
10-331
10-332
Ww-333

13-33s
19-335
19-3136
10-337
10-339

2)

L - B B B J o)

EAvwYY NuYNTw

Tmy N EwYE~NY Ny ia™ .

a2 uwmyne

(3)

1929
1923
1911
1930
1917

192€
19¢7
1893
1925
1916

1919
1923
1924
1913
19486

1908
1912
1914
1919
19C4

1951
1912
1952
1954
1953

1914
M2
19211

1991
1015

1921
1939
1923
1992
1992

TABLE 1 {CONT.) PXPOSUTE DATA FORK RADIUM PATIENTS TO END NF
@G 6 ) (0 (1) (12) (13)

YEAF EXP  YPAR KEA22€ RA22R RA228 INPUT

EXE FIBST DUF OF KA226 METHOD TO RA22¢ NETHGD £3226
—PLED TLPE EXP_ NS _HEAS___NCI_ s EBE__RATIO +_BRE____UCI

1973 07 9 z9cC 0

01 1°02 43 1973 6 B3 0.0 Z9C 2

01 194d 1612 1277 2 B6 0.0 zZ9cC C

07 1948 74 19772 9 B6 0.C Z9C 0

07 1833 312 1973 b Bé 0.0 73C b}

5 B 150 364 1973 2 B6 c.0 Z9C ]

01 1623 4 1976 5 B2 0.9 z9C 1

1948 05 192n +0 1974 85 A2 0.0 Z9A 15

o1 1943 28 1973 2 BR6 0.0 Z9C 0

01 1€135 £3 1973 2 B6 0.0 29C 9

01 942 16 1973 9 BE C.C Z9C 2

01 1942 16 1973 2 B6 0.0 Z9C 0

0 1942 202 1973 9 B3 G.0 79C 2

01 1943 119 1973 3 R3 0.0 z29C 1

07 1965 167 1973 2 B6 0.0 Z9C 0

07 1970 3€4 1977 0 (of 3 0.0 29¢C 2

c7 1934 222 1873 6 B3 0.0 29C 1

c7 1939 1352 1973 1 B6 0.0 79C 4]

01 1942 1456 1976 1 B6 0.0 z9cC 4]

07 1936 1092 1976 5 B2 c.0 zZ9C 1

27 19713 57 1979=» 2 B3 0.0 Z9C c

21 192¢ 13 1978 J Ccé 0.0 79C J

o7 1570 22 1974 1 Bb c.C z9 ¢

Cc7 1973 39 1974 Q B6 2.0 29C 0

71 1972 52 1877 1 cé c.0 Z8¢C J

07 1528 884 1979 0 cé 0.C 29C 0

07 1645 52¢ 1973 7] BE 0.0 Z9C ]

07 1¢24  1€2 176 1 86 c.0 7Z9B 2

21 1627 o 1978 0 G6 0.0C2Cu 78 0

c1 1561 228 1672 1 B6 e.C Z98 2

o1 1943 2¢€ 1973 0 B6 2.9 798 2

27 16€9 24 1973 0 BE ¢.C 79T 2

07 1643 1062 1973 ] B6 9.0 29C 0

16717 GE 1€13 26C 1974 1 A6 5.0 79A ¢]

21 125 1 197¢ 0 BEF 0.00260 z8 4]

(14) (s) (16)
INPUT cun cos
RA228 RADS READS

--ucz6-----1122&..--&1&2%

b 17 0

] 1 2

9 C 0

0 0 0

0 "] 0

0 22 0

0 109 0

0 4 0

0 6 0

0 1 ]

0 4 0

0 23 0

0 10 0

b ] 1 0

0 0 )

0 15 0

9 1 0

0 1 0

0 1 0

0 1 )

0 0 0

b 0 0

0 0 0

0 0 0

0 0 0

0 0 0

n 3 0

2 0 0

0 3 v

0 0 0

J 0 0

J 0 0

0 2 0

J 0 0



€2

TAELF (COME,) EXPO30c:F DAT% FOE INDIU® PATIENTS TO END 2F 1379

M 2y (3 ) (5 (¢) (7 (2 (¢) (19) (1" (12 (13 (14) (15) (16)

YPLP 2Xf YEAF EA226 PA22E RA228 IN20T INPUT con cos

Ex® PIPST DOF OF FA22zé MPTHCD TG FA226 METHCD KAR226 RA228 FADS FADS
_CASE __SEY BCRN _DIED TIPE EXP WK NEAS _ NCI __+ ERE__EATIO *_EER OCI____OCI______EAggS _ _hAZSS
10-38d r 193¢ 67 1942 104 1€74 6 e3 2.0 Al 1 9 16 0
1M=-341 * 1915 21 1939 312 1973 1 BE 2.0 Z9R 3 C 3 0
1C-347 1 1347 (h ] 1°47 39 1573 1 36 ¢c.C 9B ° 0 2 0
1G-348 P 1321 0 1541 1Cu 974 0 B6 2.0 zZ9C J 0 0 0
10-350 * 1924 01 1ee 27 1973 1 BE 8.0 z3cC 3 0 2 0
10-351 % 1931 07 15€u 14 1973 1 BE C.G z9cC J 0 1 0
10-352 rF 1926 4 1947 104 1974 1 B6 c.C z9C 0 0 2 0
10-353 F 1922 Q1 1942 21 1973 1 86 0.0 z9C c J 1 0
16-356 * 1915 07 19u8 46 1973 1 Re 0.0 79cC 0 0 2 0
13-357 F 1923 01 1942 68 1973 3 B3 c.0 z9cC 1 J 8 0
10-358 F 1927 a1 1946 16 1573 3 B3 c.0 29¢C 1 ) 6 0
19-359 %1 195) n7 1571 32 1973 3 B3 0.0 zZ9C 0 0 0 0
10-360 F 1319 01 1941 us 1975 0 B6 0.0 298 0 0 0 ]
19-362 F 1322 A1 141 364 1973 4 B3 0.0 29cC 1 0 10 Y
10-365 r* 1920 01 1939 260 1973 0 B6é 0.9 29C 0 2 1 0
10-367 F 1919 o1 19640 267 1973 1 B6 0.9 z9cC 0 J 2 0
10-369 r 1921 01 1241 104 1978 1 Ccé c.0 Z5C 0 0 2 0
1)=-375 *» 1923 31 193 2C 19N 1 B6 0.0 z9cC 0 0 3 0
10-377 » 1898 n7 1923 1976 197¢ 3 B2 0.9 Z9cC 1 0 8 )
19-378 F 19C6 27 104F 52 1976 J B6 0.0 Z29C ) 0 J 0
10-379 ¢ 1917 01 1941 89 1977 32 R2 c.0 29< 8 0 91 )
19-381 ¥ 1927 01 19u€ 27 1972 6 B3 c.0 Z9cC 1 0 13 0
10-3R2 P 1923 01 1942 119 1973 5 B2 c.0 73C 1 ) 14 0
19-388 r 1919 71 1943 884 1973 1 3¢ 0.0 29C 0 0 3 0
13-385 * 1321 07 19€4 16 1973 0 B6 0.0 29cC 0 0 0 0
19-386 F 1333 21 1954 €6 19732 1 BF 0.0 z9cC b 0 2 0
10-387 r 1923 o1 1647 15 1273 0 BE 0.9 Z9C 0 J 0 0
10-339 r 1919 21 1243 24 1373 0 B6 0.0 z9C 2 0 b} )
10-390 r 1923 21 1242 33 1973 3 B3 G.0 Z3c 1 0 8 J
190-392 r 1992 71 1922 52C 1973 0 B6 2.0 zZ9C 2 J 2 0
10-333 rF 1307 R 1925 208 197= 5 32 0.0 z3cC Z 0 24 0
10-3%98 » 1917 €7+ A*° 1623 729 1974 1 B6 2.0 z29cC 2 2 2 0
10-395 rF 1908 21 1€25 260 1976 2 B3 0,.n Z9c 1 0 10 0
12-397 ¥ 1927 1 1%46 1€ 1972 1 B6 0.0 z°c i 0 2 0
19-398 F 1918 71 1¢51 24 1°73 1 86 2.9 zZ3C 0 0 1 0



TARLE 1 (CCNT.) EXP3SUFE DATA FOP RADIUM PATIENTS IC END OF 1979

'A%

(&) 2) (3) () (&3] (6) 7N (2 (9) (10) (" (12) (13 (14) (15) (1€)
YEME =XP YEZAE ER226 PA228 PA223 INPUT INPUT con (on
EXP FIRST DUE OF FA226 METHOD 10 RA226 HMETHCD PA226 RA228 EADS EADS
~CASE __SEX DORN __DIwD TYPE EXP WKS__HMEAS BCI___+ EER__FEATID +_EBR_ ucl UCl e BA226____FEA228
10-8979 F 1921 01 1943 118 1973 J B6 n.0 zZac 0 0 0 J
10-410 P 1926 01 194¢F & 1973 ¢ PG n,0 Z3C 9 J 0 0
193=-4%1 P 132¢ R 1942 13 1273 3 83 2.0 Z9cC 1 0 8 9
19-4812 r 1308 21 jez* 13 1976 1 B6 0.0 79C C 0 3 0
10-418 F 1926 21 1¢44 511 1673 1 BE 0.0 Z3C ¢ b] 2 0
10-815 P 1943 27 1973 8 1974 0 B6 c.C 79C 7] 0 0 L]
10-416 F 1953 c7 1972 292 1975=* 0 B6 0.0 zZ9cC v Q [ Q
10-419 8§ 1913 0F 193€ 2184 14978 2 Cé 0.0 ~ac 0 J 2 0
V=-832 rF 19290 a1 1643 104 1975 c BE 0.2 Z9C 0 9 1 0
19-438 P .1907 01 1025 17 1977 14 (of 0.0 79 4 0 61 d
10-839 7 1925 01 143 20 1973 2 BE 0.0 Z9C J 0 5 0
10-440 7 1929 01 1948 1 1973 0 B6 0.0 Z9C 3 9 0 0
19-842 F 19132 N1 1651 g8 1973 ] BE 0.0 79C N 2 0 0
10-883 » 1399 01 192€ 233 1979=% 34 G4 0.0 29 10 0 145 0
1)-444 P 1927 01 1549 4 1973 1 B6 0.C Z3C 2 0 1 0
19=-445 F 1923 01 1643 2 1973 2 B6 0.0 Z9C 0 ] 5 2
10-4u6 P 1929 01 148 3 1973 1 B6 J.0 zZ3C a 0 2 0
10-437 ® 1929 01 1047 5 1973 f B3 0.0 Z5C 1 0 13 0
19-4949 F 1923 21 1943 € 1976 4 B2 G.0 zZ9C 1 ) 10 0
19-451 F 1921 01 1943 3 19273 0 BF ¢.0 Z9C 9 2 ] 0
10=-453 ¥* 1927 01 1943 1 1973 J BE J.9 ZSC J 0 1 0
19-454 * 1926 21 104, 5 1973 2 13 n.2 Z9cC J b 1 * 0
1)-855 ¥ 190¢ bR | 128 144 1977 ) BE 0.0 Z3C o] 0 1 o
12-457 r 1921 271 1641 65 1973 1 &6 2.0 Z9C 2 0 4 0
17-458 ® 1927 21 1654 1049 1973 2% B2 0.0 zZ9C 2 0 10 0
1=-459 » 1923 /M 1956 832 1373 0 Bé 2.0 73C 2 2 0 0
10-46C F 1936 91 1959 §76 1973 0 E6 0.0 Z9C ¢ 0 0 )
10-461 ® 1925 O€ 1948 300 1¢<73 1c B2 0.0 Z9cC 1 J 5 0
12-462 91 1927 d6 1251 1144 1572 8 B3 3.0 Z9C 1 2 4 ]
1N-464 9 1949 07 1961 12 197 2 3¢ n.n Z5C ] ) Q0 0
10-865 = 1924 o1 19472 2 1673 v B6 0.2 73C J J G 9
16=47C¢ P 1924 0" 1942 179 1973 V) B6 N,0 7L J 0 0 0
10-471 * 1324 31 1943 34 1973 2 B3 c.0 zZ9C 1 b} 7 0
109-372 P 1928 21 1cL7? 12 1973 c R6 0.0 26C B) 0 0 0
12-473 P 1926 01 145 18 1973 0 BE 9.0 Z5¢C 0 0 1 0



£e?

TARLF 1 (COKT,) PXFOSUFF LATA FOF RADIOF PATIENTS Tu FND OF 1979

) (2) N (©“) (5 (€) ) (2) (S) (1N (1 (12) (13) (14) (15) (16)

YEAR ®IP TYEA® FA226 FKA228 RrA2:S INPUOT INPIUT coy coa

FXP FIFST OUF OF FAZ26 SFTHOD TC RA226 MNETHOD RA226 ®A2238 RADS RADS
M&QEL.M_MLHE UES__HMEAS _ SC1 ___+ ZEF__PATIO £ _BRG____0CI____UCl______EAZ226 _  Ei228
19-478 P 1921 124¢€ 77 1974 2 B6 0.0 Z9cC 2 5 0
1)J=-475 ¢ 1927 GT 19u6 99 1973 < R6 0.C Z9C v (o} o) 0
1°=-476 P 1928 91 1846 12 1972 1 36 2.0 Z3¢C ] b 1 0
10-877 F 1924 1 1€uy 42 1975 2 83 2.0 75C 1 0 6 0
10-478 * 192? 01 1942 11 1973 0 B6 C.C 29C 2 J 0 J
10-479 F 1926 o1 1946 11 1973 Jd B6 2.0 Z9cC J 0 0 0
10-380 P 1924 01 1945 4 1973 0 B6 0.0 z29¢C b} 0 1 0
10-881 F 1925 1 1942 5 1973 1 Rr6 0.0 zZSC 0 0 3 G
19-482 P 1925 01 1943 29 1973 4 B3 0.0 zZ9C 1 J 1 9
1)-483 A 1934 07 1951 5 1973 2 B6 0.0 79¢C n b} 2 0
19-435 r 1918 a1 19u8 4 1973 0 B6 0.0 Z3C 0 J 1 0
1)=-886 F 19219 21 1942 32 1973 0 B6 0.0 Z9C 0 0 1 0
10-487 rF 1924 01 1943 229 1973 ¢ B6 0.0 zZ9cC 0 0 0 0
10-4BR F 1921 vl 1942 20 1973 a B6 0.0 zZ9C 2 0 0 0
10-430 F 1922 01 19413 29 1674 8 B2 0.0 z4cC 2 0 20 0
10-492 F 1925 c1 1651 126 1973 2 B6 0.0 zZ9C ] 0 3 0
19-494 7 1913 01 1939 312 1973 1 B6 0.0 z29C 0 0 2 0
1)-895 » 1924 Q9 1942 312 1973 0 B6 2.0 798 ] 0 Q 0
10-496 r 1922 01 1940 108 1975 ) Bé 0.0 z9C J 0 G 0
10-5%1 P 1928 71 1946 18 1673 2 B6 0.0 7°C 2 b] 4 0
19-592 F 1328 21 194F 13 1973 2 36 2.0 79C J 0 4 -
17=-59% Pr 1333 01 1951 3 1973 2 B6 2.0 z9C b] 9 4 0
10-596 Fr 1921 07 104¢€ 4 1973 " R6 0.0 Z9C ¢ 0 1 0
10=-519 P 1924 Q7 1942 2¢ 1973 1 36 D.90 zZ3C J ] 3 0
17°=-511 » 1923 c1 1943 12 1973 5 B3 0.0 Z29C 1 (+] 13 0
1M-512 rF 1936 01 1965 1 1973 0 BE 0.0 79C 0 0 J o}
10-518 F 1905 0€ 1928 1196 1978 1 86 0.0 Z98 2 0 3 Q0
19-520 F* 1924 01 1942 5 1973 1 B6 0.0 29C 0 2 3 U]
10-521 F 1923 01 1955 414 1973 1 Bé c.0 .4 o 0 2 2 0
17=-523 P 1922 n 1eu2 17 1973 n B6 0.0 79C 2 V] J 0
10-525 P 192% n 1347 1 1973 1 B6 0.¢ z92 3 J 2 0
19=-53¢ F 1952 27 1971 5?2 1¢71 3 26 n.cC zZ9cC J 2 1 v}
10=-531 P 1924 01 19u6 1 19273 2 F& ¢.0 29¢C 0 2 4 0
19-532 P 131 01 19u2 2 1973 1 85 2.0 29C J J 3 0
11=-533 F 1925 c1 1943 5 12713 2 BE C.0 73C J J 5 0



TARIF 1 (CONT,) SYDOSURE DATL FOF KADIUM PATIENTS TO ©ND OF 1979

vee

(1) (2) (3) (4) 13) (6) 7 (3) (<) (1) (" (2 (13) (14) (15) (1o0)

YEAF F®XF YEAR BAL26 FA2Z8 HA228 INPUT INPUT CUNM (@ F. |

EXF FTFST OUF oF FA27?6 METHND T2 EA226 METHOD kA226 RA22R RADS FADS
-CASE __SPX PQRF__DI}D TYPE EXP___HK3__BEAS__ _bCI __* EFF__EAIIQ +_ERE_ 0BG UCE e BA226 __ _EAZZB
10-538 P 1925 21 16 LE 54 1373 2 Cé 1.0 79C ¢ 0 5 0
10-535 ¢ 1927 01 19u6 1€ 1973 1 Cch 0.0 Zac b ] ] 2 0
10-536 P 1927 01 154? 1 1373 1 B& 2.0 Z3C a 2 3 o}
10-538 % 1896 1578 Q07 1938 2220 1§77 1 BZ J.C 7.9C J J 1 0
10-540 ® 1917 197" Q° 1939 17¢3 1973 z BE 0.0 Z9cC 9 3 1 0
10-582 1 1891 € 161F 26 1373 3 83 0.0 Z9gp 1 J 1 0
WW-586 F 1976 07 1628 29R 1979 6 Cc3 3.0 29cC 2 J 23 0
10-549 F 191v 21 1941 62 1973 4 B3 0.0 zZ9cC 1 2 12 0
155 P . ’ i TP M i Lo Vew I f; % 1 0
1N-E87 ¥ 1"m21 o1 1o0u2 43 1974 4 =3 0.0 78C 1 0 11 n
10-558 #® 1927 07 1951 +0 1973 5 B2 0.0 73C 1 0 7 0
10-559 P 1910 21 1541 69 1972 2 B6 2.0 73C 4] 0 5 0
1N-560 * 1923 01 1942 6 1973 u B3 0.C Z9C 1 0 9 0
10-561 % 1906 N6 1927 5z 1978 2 B6 0.0 798 1 2 6 d
19-566 =% 1914 1977 02 1939 13 1976 5 B2 C¢.00334 758 1 1 14 14
10-56% P 1925 21 1946 1 1975 )] B6 2.0 Z3C 4] d 0 0
1-570 n 1907 Cr 1630 789% 1977 2 B3 0.0 Z3C 0 0 4 0
10-573 r 1922 21 1c4L 18 1973 3 B3 2.0 zoc 1 2 7 J
M=578 9 1996 71 1930 2236 1973 7 B2 0.C 287 1 0 6 0
19-575 F 1930 01 1948 104N 1973 4 B3 3.0 Z3C 1 0] 5 0
10-579 =n 192¢ 1979 QJ7 1948 1248 1973 J B€ s P Z9C 4] 0 0 0
1)=-580 Fr 1939 01 194¢ 52 1973 i B2 0.0 73C 1 0 6 0
10-532 Fr 103§ 21 19¢5 41 1372 1 Ré 3.0 729C 0 0 0 0
10-523 H®H 1918 (113 1939 113152 1973 2 6 5.9 Z9C ) 2 0 0
19-53 F 1925 01 1942 3 1873 1 R6 ¢.0 zZ3c 44 9 2 0
19-585 W 1908 D€ 1530 52 197R 1 ceé c.0 29T 0 0 4 0
10-597 9 1946 37 19€F£ 416 1573 1 RG 5.0 79C v J 0 0
1M9-SA8 F 1919 01 1927 2 1974 Q GE 0.00332 Z5 2 J Q 0
19-589 1 193R 07 1€71 78 1972 2 B3 ¢.0 Z3C 0 0 0 0
17590 & 1912 2 1948 728 197¢ 2 96 ¢.0 Z9p 0 ) 0 0
19=592 M 1R99 ok 1023 1322 19713 1 B6 2.0 Z9B ] J 2 0
10-594 F* 13917 21 1e42 5 1973 5 B3 o.n 73C 1 a 13 0
120=595 F 19938 ¢1 1¢28 144 1977 3 ol 0.0 73 P 0 24 0
19-596 ¥ 19909 ¢ 1¢27 6 19712 € B3 3.0 Z9C 2 0 23 0
10-597 * 1911 o 102R 17 1°7¢ 2 B3 V.0 Z58C 1 b 8 0



TABLE 1 (CO¥T.) EXPNSUFE DATA FOF RADIUM PATIENTS TO 2FD OF 1973

SEz

m (2) (3 “ 6y (5 (N (A (9 (19) (11) (12) (13) (14) (15) (16)

YEAF EXP YEAF FA226 RA22% RA228  INPJT INPOT con cun

FXP FIBST D'F OF £A226 ®RTHOD TO RA226 METHOD KA226 RA228 RADS EADS
!...SI!.&QBI...I!E_III. IJE___HVE HEAS __S3CI ¢ 'EF -EA110 + BRR____DCI___ UCI______EA226 ___EA228
15-598 » 1914 33 156 1973 1 2.0 z9C 3 3 0
1n=-601 % 1920 07 19=1 Qd 1975 3 56 7.6 Z98 3 0 0 9
19-606 F* 1210 07 1925 463 1975 6 ®6 0,0 798 2 0 0 0
19-608 * 1917 A1 1938 14 15875 1 86 0.0 29C 3 2 2 0
19-609 * 1925 Qv 1943 42 1¢73 T 36 0.8 7.9C 0 ) B 0
10-610 *¢ 1520 21 19461 22 1975 2 33 J.0 29C ¢ J 5 0
10-611 * 1924 01 1982 13 1973 2 B 0.0 29C 0 0 5 0
17-613 rF 1919 €1 1845 12 197 C B 0.0 z9cC 0 J 0 0
10-6'a * 1915 01  19u2 30 197° 1 B6 0.0 z9c 0 0 2 0
19-616 * 1929 91 1942 15 1973 2 386 0.9 z9C 2 b 4 0
10-617 ¥ 1922 01 1942 182 1974 10 B2 c.C Z9C 2 0 26 0
10-618 F 1923 €1 19usa 54 1975 " B6 0.0 z9cC 0 0 1 0
17-621 1 1905 D€ 1925 1716 1979 1 Cc6 0.0 29C 0 0 2 0
19-623 1 1917 0€ 1938 1144 1973 1 B6 (.0 79B 0 0 1 0
10-627 8 1911 07 1928 208 1974 4 66  1.00420 75 1 1 1" 1"
10-628 ® 1906 05 1927 156 1976 ] B6 0.0 298 0 0 0 0
10-630 r 1915 01 1937 13 1973 0 B6 9.0 29cC 0 0 ' 0
19-631 F 19229 01 1986 2€ 1974 0 RéE 0.0 79C 0 0 0 0
10-635 * 1922 91 1943 156 1973 3 B6 0.0 z9cC 1 0 6 0
10-683 9 1853 1528 N5 1628 9 1978 31¢ A1 C.C (4] 4 0 1 0
19-644 ® 1870 1927 0% 1927 9 1975 53c0 a1 2.0 29 30 0 3 0
19-645 P 1930 76 1948 ¢9 1972 3 BE 0.6 29¢ ) c 0 0
10-648 r 1923 01 142 30 197u 2 PR6 0.0 29C 0 9 5 0
10-689 F 1321 01 1942 15 1973 2 B6 C.O zac 0 J i 0
1C-650 P 1926 01 1946 59 1973 8 82 3.0 z9¢ 2 G 17 0
17-651 P 1923 01 1942 260 15974 5 B6 0.0 29C ) 0 0 0
10-653 r 1926 197¢ 01 18946 16 1973 0 B6 O0.C z9c b 0 0 0
10-655 r 1922 01 1947 2 1978 2 Cc6 0.C 79C 1 0 5 0
10-65€6 *» 1923 9 1942 20 1973 1 B€ 0.0 z9cC 2 2 2 0
10-657 P 1922 197¢ 01 1943 13 1973 1 86 0.9 z3¢C 2 0 3 0
10-658 r 1906 01 1927 2CR 1974 6 B2 n.0 79¢C 2 0 23 0
10-659 r 198 01 1927 32 1974 9 B6 0.0 29C 3 0 2 0
10-660 P 1924 21 1962 172 1973 18 B2 0.0 79C 4 0 u6 0
19-661 P 1926 1973 01 1945 23 1977 10 P5 C.0C 79 2 0 a1 0
1n-662 7 1909 01 193¢ 13 1977 2 83 0.9 z3¢C ' J 9 0



TABLE 1 (CO*T,) EXPCSURE OATA FOP RADIUY PATIENTS TU &ND DF 1376

9Ez

(&) (2) (3) (4 (5) (€) (N (8) ) (10) (n (12) (13 (14) (15) (16)

Y®MF PXP YEAR RA226 RA22°% RA228 INPOT ZINPUT cus cua

¥YP FIRST DUOE OF FA226 METHCD TO FA2?¢ METHCD hA226 RAZ2B FADS FADS
BE__DIPD TYPF 3XP___WKS__MFAS__ _NC1 __+ BEF__BATIC ___ _+ BRE____UCI____UCI______FEA226 ___FAZ228
10-fnl4 ¢ 1225 c1 1941 1 1973 3 B3 «0 2°cC 1 0 8 e
10-€A5 F 1027 et 1°46 104 1973 1 RE 0.9 Zac J 0 3 0
15-6%6 ¥ 1924 c1 1043 13 1674 1 8¢ J.0 Z3C 0 0 2 9
1%=Ff67 P 1308 1574 01 10258 52 1€73 7 E2 .0 75C 2 G 26 b ]
1%=668 P 1925 01 1943 19 1973 1 E6 0.0 Z9c 0 2 2 0
10-670 v 1232 J¢ 1955 T7R?” 1974 2 83 2.0 729C 2 0 1 0
10-672 4 1©15 € 1636 940 1374 0 B6 0.0 798 4] 1] 0 0
10-673 W 1311 197¢ (6 1932 364 1973 0 BE n.0 Z9B 0 J 0 0
10-683 F 1924 21 1242 14 1973 2 B6 c.0 29C 0 0 0 0
10-684 =2 1927 N7 1082 104 1974 1 B6 0.0 29C ) 2 2 9
10-688 ¥* 1923 197¢ J° 1642 12 1974 4 B2 5.0 zZ9cC 1 1] 11 0
10-689 * 1919 61 1943 26 1974 3 B3 0.0 zZ9C 1 0 7 0
10-696 F 1911 21 1925 15 1677 8 3 0.0 Z9 2 0 33 0
10-714 PrP 1308 01 1625 57 1979 1 B6 0.30126 ZuB 0 s} 5 4
10-718 P 1312 197" 91 1925 0 1979= 7 GU 0.0 79 2 0 32 0
10-723 P 1911 01 129 15 1977 1 Cé 0.0 79C 0 B) 4 0
10-725 8 1927 07 1982 1 1973 5 B2 2.0 29cC 1 c 6 0
10-728 F 1223 01 1945 < 1974 0 BE 0.0 79¢C b ¢ 0 2
13-729 Fr 1902 CE 1920 232 1973 1 BE t.0 798 J g u 0
10-730 F 1527 21 19zR 260 1979 1 Ce 0. e z9C 0 J 4 0
12-737 ¢ 19 07 1051 1196 1574 2 B3 0.2 79C 0 2 1 0
19-732 1 1924 27 1659 12CC 1974 n 56 .0 29¢C 0 2 0 0
10-736 F 1929 c1 1948 9 1974 9 BF 2.0 Z9C 0 0 0 0
10-738 ® 1923 17 19¢€5 5 1874 3 R3 2,0 Z9C 0 0 2 0
10-739 F* 1931 21 1081 7 1974 1 B6 n.o Z9C J 0 1 0
10-741 F 1927 21 1645 €0 1977 1 B6 2.0 25¢C 0 b} 3 0
10-782 F* 1929 c7 1Su6 1 1974 2 B3 N.0 z9cC J 0 4 0
10-784 P 189C 1978 Q5 1925 n 1375 120 GY 2.0 Z9 37 0 523 0
17-756 F 1881 1977 05 1€25 0 1975 12 34 0.0 79 4 0 52 0
10-786 F 1866 192¢ 95 1927 £ 1976 1360 AU ¢.0 Z9 4c 2 8 )
19-8217 % 1R%4 1974 (5 1625 1 1876 1”8 B1 0.0 Z9B 119 o} 1190 0
10-825 4 1904 Q5 167 " o1g]R 9u B1 C.0 79B 289 0 2924 0
10-831 9 1879 182 (5 1525 +3 1977 786 Al 2.0 79 36 ] 39 Q
10-840 % 1869 182Ff )F 1628 ) 167¢ 392 A1 s 79 c 0 s 0
10-85¢ ¥ 1325 21 142 ~O1974 1 BE 2.0 23C J 0 3 0



LET

~ABLE 1 (CONT,) RECOSTPE DATA FCF RADIUS PATIENTS TC END OF 19739
M 2) 3 @) 5y ®) (9 TG (12
YEAR  PXP YFAF PA226 RA226 RA228  INPNT
PYP PIFST DUR OF FA226 METHOD TO kA226 METHOD FRA226
rm_iﬂ.ﬂ.l._ﬂlll_dﬂ. m....!ES--JIIS---IQI___t-EEE_ l""IQ +_ERE_
17-851 1657 ) 0.0 Z3B )
1-452 ¢ 1u'5 2 ok, Ia 1°1u 0 Bf 5.01300 728 )
19-853 F 1919 17 1047 1302 1674 1 BE .0 798 2
1)-35a & 1929 2% 1ezR 104 1674 1 8 0.0 735 0
17-855 F 1928 31 1945 26 107¢ 7 B2 2.0 29C 2
19-856 P 1952 o1 15723 6 1974 1 B¢ C.0 z3c 9
10-859 ¢ 1951 07 1973 ) 1974 ¢ BE 0.0 25¢C 0
1)-R60 * 1325 07 1962 7 1974 7 88 3.0 29C 1
10-851 P 1954 1 19731 22 197 1 B6 0.0 79C 0
19-662 * 1928 91  1°46 10 1974 0 BE 0.0 73¢ 0
17-964 M 1976 21 1949 1560 1979 0 c6 0.0 292 0
10-866 F 1900 €1 19205 12 1970 8 G4 2.00775 72 3
10-867 r 1915 07 1929 293 1974 0 86 0.C 238 2
10-859 » 1972 01 1927 132 1979 2 CE€ 0.00181 788 1
10-870 P 1911 1978 07 1944 €50 1974 0 86 0.0 ZIP 7
12-874 P 1928 3% 1042 728 1974 8 83 0.0 298 1
10-880 % 1912 26 1935 156 1974 0 B6 0.0 798 0
17-883 F 18983 1935 02 19397 43 1975 7 a1 0.0 79 2
19-890 F 1912 01 1927 2 1979 0 B6 C.0C181 %38 2
10-893 P 1926 01 1943 78 1977 5 B2 0.0 29¢C 1
10-834 F 1924 01 1942 33 1974 1 86 0.0 79C 0
10-895 P 1025 21 1943 9 1974 2 B3 9.0 z9C 7
10-896 » 1923 01 1041 8 1974 " BE 5.0 29¢ 0
10-897 ¥ 1930 07 1981 208 1975 3 66 0.0 29¢ 1
13-901 F 1519 01 1924 1 1475 ) 86  0.01160 228 "
10-973 ¢ 1909 0+ 1943 2 1676 O BE €.0 29¢C 0
19-935 ¢ 1928 01 1946 10 1974 ) B6 0.0 79¢C 0
10-9% F 1921 27 199 D 1276 1 86 ©.0 29¢C 0
10-907 * 1910 ¢1 1046 5 1979 1 Cc6 0.9 29¢C 0
19-908 P 1928 01 1946 & 1974 1 B6 0.0 73¢C 2
19-929 ¥ 1919 01 1941 4 1974 2 83 0.0 797 3
10-911 F 1928 01 1947 2 1974 2 36 0.0 29C )
19-915 ¥ 1331 01 19%3 a 1974 1 B6 0.0 79¢C 0
19-916 7 191§ 21 1946 2 1574 0 B6 0.0 292 0
19-918 ¥ 1997 31 1923 7 1976 2 36 £.01000 72R 0

(14) (15) (16)
INPOT con
RA228 RADS FADS
B [ GRS 3 V71 W—— P
n 0 ]
) 0 ¢
0 1 0
9 3 0
9 16 0
0 C 0
0 0 0
) 7 0
0 0 0
0 0 a
) b n
26 41 398
0 0 0
1 9 8
0 0 0
0 8 0
9 0 0
0 8 0
0 0 0
0 14 0
0 2 0
0 u ?
0 1 9
0 5 0
0 n 0
0 1 9
0 0 0
0 0 0
0 2 0
0 2 0
) € 0
0 4 0
0 i 0
) 0 0
J 0 0



TABRLE 1 (CONT,) TYPNSHFE DATA FOR HADIUM PATIENTS TO END OF 1979

8EC

——— e S ————————————— . o s T

M 2y (W (8 ) © (@ I EED ) (") (14) (15) (16)

YEAF EXP YEAE RA226 RAZ228 RAZ228B INPOT INPUT cun cuHy

EXP FIPET DN'Fk OF PR226 METHOD TC RA226 METdOL kA226 kA228 EADS RADS
..G.L.L__HJQEL_.DII__J.ELHE_-_!EE--!,E.\S_.._!E.L_._.._EL B R TV - - S EA22E____EA228
1"-319 r 1943 3 1574 2 0.0 49C 0 0 4 0
We9s0 r 1929 Gt T & 199 0 ce 9.9 7oC 0 9 0 0
17-921 v 19CS o1 1823 1 1377 9 36 £.00907 22 J 2 ] 2
1n-928 ® 1918 27 148 0 1658 1 G€ 2.9 zZ9 0 C 1 2
19-931 1 1911 01 1906 1040 1979 4 c3 0.C 29C 1 0 5 0
17-932 4 19313 7€ 1916 208 1979 15 B2 0.0 738 5 J 54 0
10-933 » 1924 01 1943 3 1974 2 B6 0.0 z79C 0 0 5 0
19-938 P 1924 01 1248 1196 1974 0 Bb 0.0 Z9C 0 0 2 1]
1)-935 ® 1625 37 1959 780 1974 N B6 C.?2 29C 0 0 0 0
10-938 F 1952 31 1971 B 1974 9 B6 0.0 23¢c 0 0 ¢ 0
13-940 F 19239 07 1958 4 1974 1 BE 0.0 Z9C ] 1] 1 0
10-341 F 1928 01 1942 13 1974 1 B6 0.0 Z9C 0 ) 1 0
)-944 r* 1922 01 1951 6 1974 0 B6 0.0 29C 0 2 (7] 0
10-985 »* 1915 01 1943 12 1979 4 c3 e.0 23c 1 0 1 0
19-948 F 1923 01 1943 3 1974 0 B6 0.0 Z9¢C 2 J 1 0
12=-949 » 1325 M 1942 n 1974 2 B3 0.0 Z29C 0 0 5 1)
19-957 P 1922 a1 19413 1 1974 5 B2 2.0 23C 1 J 12 G
19-951 F 1916 01 19u3 8 1974 1 B6 0.0 Z9cC o) 0 2 0
10=-952 ¢ 1911 bR | 1527 10 1974 1 BE 5.0n329 )] J 2 4 4
19-953 * 1908 N1 1223 49 1973 15 Gh J3.G0779 72 5 32 71 w78
10-955 F 1922 01 1942 104 1974 1 B6 2.0 Z9B 2 0 3 0
10-957 P 1922 01 1941 130 1974 1 Bé .0 Z98 0 J 3 0
12-958 ¥ 19131 bR 1951 13 1975 3 53 sl 79C 1 2 3 0
10-9%9 P 1629 01 19%u¢ 2 1974 4 B3 2.0 Z9C 1 0 9 0
19-962 F 1916 07 1934 27 1978 0 B6 0.9 ZI3B 0 o] 0 0
10-953 F 197 21 1619 10 1975 647 B1 0.00170 B3B 2909 318 3240 4784
19=-966 F 19919 o 1929 4 1574 G B6 0.7 Z9B 9 ¢ 0 0
10-967 F 1223 21 1€43 2 1974 0 B6 2.0 29C 0 0 0 0
19-969 ® 132) 27 1949 52 1976 ﬁ B6 0.0 73 0 0 0 9
10-97) ®» 1955 2 1 4 1673 2?2 1974 2 E3 vl Z3cC J ] 0 0
1M=971 F 1952 17 1673 22 1875 1 RE .G Z9C 0 0 0 4]
10-972 P 1926 21 1947 5 1974 0 B6 J.0 zaec 0 2 1 0
19-974 F 1924 c1 141 ug 1974 J B6 J.0 7298 0 0 0 0
10-975 F 1929 c1 1047 13 1054 ¢ B6 2.0 7.9C n 0 0 0
10-977 F 1923 21 15412 g8 1974 A B2 n.0 28C 1 2 16 0



6€E27

(14) (15) (16)
INPOT com com
RAZ28 RADS RADS
__EQI_-____EAZ’%_..-_EAZZQ
2
2
0
3

OO0 O0O0O OO0 Wwo COO0OC 20000 Covoow LCOOoLO

TAKLE ' (CON™,) PRYPOSUFE DATA FOEK RADIUM PATIENIS TO END OF 1979

(M 2y 3) (M (5) (6) (7)) (&) (9) (10) (1) (12) (13)
YERF TFXF YEAR RA226 KA228 RA228 INPUT
FXP FIFST DUFR OF FA226 METHOD TC RA226 HMETHOD RA22€

~CASE SEXY_BORN DIED_TYPF_EXP_ __WKS__MELS NCI + _BEER__PRATIO +_ERR gcl
10-978 M 1927 27 1943 1612 1974 4 E3 2.0 z29C 0
10-979 F 1925 01 1943 13 1974 1 BE 0.0 zeC 0
10-930 F 1926 07 1945 1 1974 1 B6é G.0 Z9C ¢
10-981 F 1923 07 1946 2 1974 0 B6 2.0 Z9cC n
10-987 F 1926 21 1946 26 1974 1 B6 .2 z6C c
10-988 M 1952 1974 07 1973 22 1974 0 B6 0.¢C 29c 0
10-989 F 1927 27 1958 3 1975 1 B6 0.0 79C 0
10-992 F 192) 07 1943 29 1974 o) B6 9.2 29C 0
10-991 ® 1901 97 1941 1716 1979 A cé 0.0 Z9C Q
10-992 F 1979 01 1942 39 1974 0 Bé 0.0 29C 0
10-993 Fr 1994 07 1942 4 1979 3 C3 0.0 Z9C 1
10-996 P 1930 c7 143 260 1979 1 BE 0.0 Z9B 2
10-997 P 1926 27 1945 £72 1979 0 B6 0.0 7S J
10-998 F 1829 07 1942 <988 1978 ] B6 c.0 Z9B 2
11-902 F 1919 01 1541 728 1979 0 B6 G.0 29 2
11-003 * 1919 07 1942 +0 1974 3 G6 0.0 79 1
11-004 ® 1924 01 1246 702 1979 1 B€E 0.0 z9 0
11=095 M 1926 17 1948 1612 1979 3 B6 0.0 z9 J
11-009 F 1913 07 1042 884 1979 0 B6 0.0 798 [
11-010 F 1522 07 1942 598 1979 0 B6 0.0 z9 0
11=-015 F 1927 01 1925 2 1976 J 56 0.61009 z22 9
11-016 F 1936 01 1924 17 1978 24 c3 ¢.008923 22 8
11-017 F 1996 1 1623 1 1977 N ] n.0G907 Z2 2
11-718 F 1908 1 1925 5 1974 v B6 0.00330 Z38 0
11-021 F 19C7 27 1931 282 1S78 n Cc6 0.G0223 z8 0
11-023 ¢ 11911 17 127 2 1978 0 B6 2.00290 78B ]
11-026 P 1316 01 1941 52 1976 2 B6 d.C zec o]
11-027 F 1317 197¢ 71 1548 312 1978 2 BE 0.0 29 ]
11-028 P 1925 21 10044 78 1¢74 ¢ BF 2.0 29E 2
11-030 7 1928 07 121 112 1375 4 B3 v.0 298 1
11-032 & 1931 0¢F 165€ 336 1974 3 B3 0.0 79C 0
11-033 v 1951 0€ 1€73 134 1675 S B6 .0 z9cC c
11-034 A4 191% Q€ 1234 2184 1977 51 B2 2.0 rAls 8
11-225 =& 1949 07 1973 6) 1977 0 c 0.0 Z3C 0
11-036 1 1914 a7 194f 1716 1679 6 c3 0.0 79C ]

COoOOUO

~CO000 oo NnNO CON=® oo ww QONO an

OCo0OO0 CO00O0 00O NO (=X NN -N-] 20000 DoCOoOOo [= N =N Ny



Uid

TARLF 1 (COKT.) EYPOSUFE DATA FOK RADIUM PATIENTS TC END OF 1979

(N 2y (3) 8y (5) (6) (7) (8) (%) (1) (1) (12) (13) (14) (15) (16)

YERE FXP YEAR RA226 RA228 RA228 IFPUT INPUT CUM cuM

FLP FI1FST DUF OF FA226 METHOD TO KA226 METHOD PA226 =RA228 RADS RADS
_CkS® _ SEX BORN _DIED IYFEF ELP WES__MEAS___NCI +_ERE__RATIO +_PBRR_ ucr____UOcI______EA226 _ _PA228
11-038 % 1914 06 1949 1456 197% 11 c3 7.0 Z9C 2 J 14 0
11-040 &8 1915 67 1939 1560 197% & B3 .0 Z9C 1 0 6 0
11-242 4 1323 27 1646 1456 1574 5 B3 0.C Z9C 1 0 3 0
11-045 ® 1915 1976 (6 1043 1569 1974 ~ 27 B2 0.0 29cC u 0 18 0
11-049 F 19928 01 1923 13 1875 0 B6 0.01167 Z2R 0 J 0 0
11-953 F 19905 01 1623 2 1577 G G6 0.0C907 72 ) 0 0 . )
11-056 P 1908 01 1¢27 40 197u 2 B6 0.00339 Z8B 1 1 8 8
11-059 F 1925 01 1943 13 1974 0 BE 0.0 Z9B 0 0 ., 0 0
11-065 F 1928 07 1¢43 13 1974 ¢ B6 0.0 Z9R 0 0 0 0
11-070 F* 1924 01 1¢45 26 1974 i B6 0.0 75 d G 1 0
11-071 F 1935 07 1967 2 1974 2 B3 0.9 Z9C 0 0 1 0
11-081 M 1921 07 Jou1 1390 1978 1 cé 0.0 Z3C 0 0 2 0
11-986 F 1919 01 1941 208 1977 2 c6 0.0 ZSC 0 0 5 0
11-087 * 1923 27 1c41 52 1977 3 (of 3 0.0 79C 1 0 6 2
11-089 F 1922 01 1542 182 1978 - 2 (of 0.9 Z3C 1 2 6 0
11-092 ¥ 1911 N1 qeu3 52 1977 9 "Cé6 G.0 Z9C o 0 0 0
11-194 F 1935 g7 1942 43 1978 1 86 0.0 Z9B 2 0 3 0
11=197 F 1916 01 16u2 52 1977 G B6 0.C Z3¢C 0 ] 1 0
11-1278 ¥ 1923 07 1941 208 1977 1 BE 0.0 - 792 0 ] 2 0
11-112 F 1316 01 19413 52 1977 1 B6 9.9 79C n 0 2 0
11-115 F* 1309 N1 19472 124 1976% 1 ~ BRE .0 79C G n 3 0
11=-118 P 1929 01 1642 260 1979% 0 BF C.0 29C 0 ] 0 0
1i-119 ¥ 1918 21 1¢41 117 1976 g Bf Q.0 798 9 0 0 0
1i-120 ¥ 1919 01 1948 33 18979« 1 cé 9.0 29C 2 J 2 0
11-121 *® 19909 21 1950 520 1977 ) ol 3 2.0 zZ9C 0 ] 0 0
11=-129 F 1923 17 1042 182 1578 0 c6 0.0 75¢C ] 0 0 0
11-131 * 1933 c1 1952 104 1978 1) ceé 5.0 7.9C 4] 0 0 0
11-143 F 1923 01 1540 104 1977 C (o 0.0 7Z9C 2 90 1 0
11-167 F 1921 n1 1940 130 197¢ o 36 0.0 2GR 0 0 0 0
11-166 F 1917 21 1942 137 1878 2 ~6 .0 79C 0 0 u 0
11-168 F 1918 0" 10472 S5 1979* G BE 3.0 29B J 0 0 0
11-176 F 1315 01 1€42 208 1977 p cé 9.0 79C 1 J 6 0
11-188 F 1919 o1 1961 2€2 1573 2 (o 0.0 Z9C d ] 5 0
11-199 F 1921 21 1042 156 1978 1 cé 2.0 zac 0 2 3 0
11-192 * 1524 97 1943 104 1977 1 B1 2.6 z9c b] 0 2 0



ve

PAELE 1 (CONT.) TXPCSUPE DATA FOR RADIUM PATIENTS TO END OF 1979

M 2) () ® B @) () (8 (5)  (10) (1) (12) (14) (15) (16)

YEAR EXP YFAP EA225 [EA228 RA?28 INPOT INPUT cus coA

FXP Fi1EFST™ DUEF OF RA226 METHCD TO RA226 METHOD RV226 KA228 FADS FADS
_CASE___SEX BOEN__DJED TYPE EXP___WKS__MEAS _ NCI___+ EER__EATIO $.FHR.. . UCT-. UCE .. .. BA226___ FA228
11-196 P 1516 D6 1981 268 1977 1 B6 0.9 79C 2 0 2 0
11-297 =« 1917 c1 1039 208 1974 2 Bé ¢.0 Z49B @ 0 0 0
11-223 F 1917 07 1943 104 1978 2 C6 0.0 79C o 2 5 0
11-230 F 1904 97 1942 134 1976 4 B6 c.0 798 1 0 11 0
11-232 F 1919 o7 1942 156 1978 1 cé 2.0 7.9C 2 0 2 0
11-246 F 191¢ 07 19u4? 78 1977 1 B6 v.0 zoc 0 (+] 2 0
11-247 F 1923 07 1946 104 1978 1 cé 0.6 Z9C 0 0 2 Q
11-262 F 1913 01 1933 248 1975 2 B3 c.9 z9cC 1 ) 7 0
11-264 F 1915 91 1234 139 1976 ¢ B6 2.0 z29C 0 0 0 0
11-285 F 1915 07 1e46 208 197u 0 B6 9.9 ZS9C ] 0 0 0
11-290 P 1917 01 1946 412 1578 2 (of 0.0 Z9C 0 0 u 0
11=291 F 1919 17 1951 164 1574 3 B3 ¢.0 Z9C 1 ) 5 2
11-294 W 1943 07 19€8 6 1974 0 B6 0.0 zZ9C 2 0 0 0
11-296 9 1923 71 1961 156 1978 2 B6 0.0 zZ9 0 0 2 0
11-297 4 1914 67 1934 1872 1976 9 B2 2.0 z9C 2 0 10 0
11-302 P 1901 01 1924 ¢ 1976 0 BE 0.01339 Z2B ] 2 0 0
11-394 ® 1912 07 1628 150 1978 2 B6 2.0 798 ] 0 J 0
11-329 7 1915 17 1933 156 1978 ) Cé 0.0 z9 J 0 0 0
11-331 F 1912 01 1€25 23 1977 1 B6 €¢.C0230 Z8B J 9 4 6
11-368 F 1910 21 1927 1 1977 0 G6 0.00230 Z8 2 0 0 0
11-389 F* 1918 01 1024 7 1976 3 B3 0.01150 Z2B 1 6 14 89
11-417 F 1905 17 1922 345 1979 23 B2 T.90713 z2B 2 49 150 T49
11=-453 P 1923 01 1€42 13 1976 (v} BR6 2.0 298 1) 0 0 0
11-521 ®* 191) 01 1927 4 1974 2 B6 ¢.00332 Z8C ¢ 0 0 0
11-531 F 1394 1978 Q1 1918 54 1977 7 Gu 7.00134 Z5 2 4 36 57
11-534 F 1918 c1 1941 52 1978 3 B3 0.0 z9C 1 0 8 0
11-5€1 F 1910 01 1925 2 1976 a 5 0.C02€60 Z8 0 0 0 0
11-565 F 1911 01 1627 76 1974 2 B6 ©.00330 Z88 1 1 8 8
11-58%4 F 1904 91 1922 15 1977 4 BE .0 798 1 0 19 0
11-637 = 1302 R 1934 g2 1975 J B6 0.0 798 Q 0 0 0
11-652 F 1927 06 1953 208 1978 0 cé6 0.0 Z9C ) 2 0 b)
11-655 91 1922 Neé 1653 156 1976 1 B3 2.0 Z3c 0 0 2 0
11-6560 F 1528 01 1647 416 1976 5 B2 2.9 79C 1 1] 9 )
11-661 91 19Z6 07 1948 1456 1975 ) B2 0.0 Z9cC 1 J 3 0
11=-833 ¥ 1945 06 1942 13 1976 0 G6 0.0 7.3 ) 0 0 0



Zve

TA®RLE 1 (CONT,) EXPOSUFE DATA rOR RADIUM PATIFNTS TG TZ=ND OF 1979

M 21 3 (W () ) () (3 ¢y (0 (1M (12) (13)  (14) (15) (16)

YEA® EYF YEAR RA226 Ba228 RA228 INPJUT INPUT CUNM CIHN

F{P FIEST DTEF OF FA226 METHOD TGO FA226 METHOD RA226 RA228 EADS EADS
_CASE___SEX BOERN__DIED TYPE EXP___WKS__MEAS___NCI __+ FER__BATIO ____# PRR___ UCI___ UCI______FA226 ___BA228
11-859 F 1923 01 141 208 1978 1 BE 2.0 798 J n 3 0
11-851 ¥ 1922 01 1541 364 1977 0 B6 0.0 Z9B 0 0 0 0
11-8f3 F 19146 21 1942 52 1377 a Bb6 n.9 9 0 0 J )
11-85% F 1G20 16 1952 260 1978 z B6 0.0 Z9B Q 0 [ 0
11-866 * 1977 17 1842 155 1277 ] B6 C.n Z9B 0 0 7] 0
11-871 F 1925 I1 1640 276 1977 5 B3 0.2 Z9B 1 0 14 0
11-875 F 1923 n1 141 364 1977 1 86 2.0 29B 1] 0 3 0
11-916 F 1918 01 1941 108 1975 1 BF 2.0 Z9B 0 0 3 0
11-923 F 1924 a1 1942 208 1976 1 B1 2.0 Z9C o) 0 2 Q
11-924 7 1929 01 1941 104 1978 1 c1 2.0 Z9cC 0 9 2 J
11-925 F 1920 01 1541 79 1975 ] B6 9.0 Z9B 0 0 0 0
11-938 F 1931 01 1851 56 1975 (¥ B6 0.0 Z9B 0 0 J 0
11-947 F 1925 01 1947 260 1975 4 B3 0.9 Z9B 1 0 8 0
11-957 ¥ 1925 01 1042 78 1979=* 1 B6 0.9 798 0 0 3 0
11-959 F 1912 01 1641 208 1977 1] B6 n.0 298 4] 0 0 0
11-96C F 1924 01 1942 31 1975 ) B6 0.0 Z9B 0 0 0 0
11-962 F 1922 01 1942 130 1979 0 B6 6.0 Z9B 0 0 0 0
11-971 P 1923 a1 1644 52 1979% 0 B6 2.0 798 2 0 D] 0
11-973 F 1919 o1 1¢52 108 1975 1 B6 0.0 798 2 0 2 0
11-974 F 1917 01 1944 40 1977 0 B& 0.9 Z9B 0 0 0 n
11-982 FP 1923 01 1942 298 197¢ 0 BE 3.0 798 ] (] 0 0
11-989 F 1921 01 1943 35 1977 J Ch 6,0 Z9c 0 0 0 0
11-991 F 1924 21 1942 6 1978 2 B6 C.0 298 1 0 6 0
12-07z F 1318 01 1941 52 1975 e B6 0.0 798 J 0 0 0
12-01Ff F 1919 21 1041 111 1977 9] B6 ¢.9 298 ) 0 0 0
12-022 F 1924 a1 1942 156 1978 0 B6 0.0 Z3B 0 0 0 D)
12-025 F 1924 01 1¢51 182 1975 1 B6 2.0 79C 0 0 2 0
12-026 F 1314 21 1942 166 1976 5 B6 0.0 Z9B ) 0 0 0
12-933 P 1925 Q7 1959 52 1975 3 B3 C.0 Z9B 1 2 6 )
12-040 F 1921 21 1942 156 197k 3 Gé6 2.9 zZ9 1 0 8 0
12-043 F 1221 n 1942 182 1972 2 B6 Z.0 Z9R 1 J 5 0
12-045 F 1925 01 1942 1690 1977 0 BF 0.0 79B 4] ] 0 0
12-0617 F 1924 o1 19e2 182 1975 1 B6 0.2 Z9R 0 ] 3 J
12-064 ¥ 1924 21 1242 156 1579=* 0 BE 0.C Z98 J ol 0 0
12-974 F 1923 21 1943 104 1977 1 Bo n.0 79R n 2 3 0



£ve

TAELE 1 (CO¥T.) EXPJSUTE DATMN FOR RADIUM PATIENTS TO END OF 1973

E) @ ) ®m G B () (@ ) (9 (0 (12) (13 (1) (13) (16)

YEAR EXP YEAR FA226 RA22R8 ¥A228 INPUT INPOT con coN

EXP PFIEKST DUR COF FA226 HETHOD TO RA226 METHOD RA22€ RAZ28 EADS FADS
_CASE___SEX _BOBN__DIED TYPE EXP__ WKS__MEAS__ NCI__ ¢ ERP__RATIO ¢ ERR____0CI___UCI______ BA226____EA228
12-975 F 1923 01 1941 208 1977 1 B6 0.0 798 ¢ 0 3 0
12-986 F* 1925 27 1942 156 1977 2 B6 G.2 798 0 2 5 0
12-089 ¢ 1928 a1 1cu3 52 1974 0 86 0.9 79B J ) Q 0
12-094 F 1929 N 1QU4¢€ 4 1975 3 BE c.0 zZ8C 1 0 6 0
12-095 F 1327 01 1947 1 1974 0 RE 2.0 ZS8C 0 0 1 J
12-996 F 1921 01 194¢ 22 1978 2 (of 3} 0.0 25C 1 0 6 0
12-098 F 1930 91 1951 52 1974 1 B6 2.0 79C ] 0 1 0
12-099 * 19529 37 1951 18 1976 0 B6 2.0 z9c 0 0 0 0
12-102 F 1951 07 1972 9 1978 1 Ccé 0.0 79C 0 0 0 0
12-198 F 1915 01 142 23 13974 0 B6 2.0 Z9cC 0 0 0 0
12=-119 *» 1827 21 1946 1 1976 c B6 0.0 Z9C B 9 0 0
12-111 7P 1929 e1 1947 12 1974 4 B3 0.0 79C 1 0 9 0
12=-113 P 1915 01 1942 19 1975 0 B6 0.0 73¢C 2 0 1 0
12=-115 P 1953 c7 1972 52 1975 0 B6 0.0 Z9C J 0 4] 0
12=-117 P 1914 91 1943 3 1979 0 (o 0.0 zZ3C 0 0 0 0
12-118 F 1932 16 1954 2 1977 1 B3 0.0 Z9C 0 0 2 0
12=-119 P 1938 17 16F7 41 1975 1 B6 0.0 29¢C 0 0 0 0
12=-123 F 1924 01 1945 17 1976 1 B3 0.0 Z9C ] 0 3 n
12=-127 P 1917 01 1941 17 1978 0 B6 0.0 79C c 0 0 0
12-128 P* 1929 01 1943 20 1978 < (od c.0 zZ9cC 1 0 6 0
12-129 F 1927 01 1946 4 1976 0 BR6 0.0 Z9C c 0 1 0
12-130 F 1924 01 1°47 2 1976 5 B2 n.0 zZ9C 1 0 1 1}
12-133 P 1926 01 15u¢e 7 1976 1 B3 n.¢ ZSC d 0 3 0
12-134 F 1927 291 19u¢ 1 1975 /] B6 0.0 z9cC 0 0 0 0
12-136 P 1928 c7 1966 4 1975 1 B6 0.9 z3C 0 0 0 0
12-141 * 1925 c1 19413 3 1978 3 Cc3 n.0 zZ9C 1 J 10 D)
12=-142 F 1922 Q1 1942 8 1676 0 B6 2.0 79C 0 0 ] i)
12-133 F 1924 o1 1942 56 197% 1 BE 0.7 zecC Q ] 2 0
12-145 F 1921 01 1941 35 1975 0 36 5.0 Z9C 1] ] 0 0
12-146 F 1929 &1 1945 32 1977 0 B6 5.0 Z3C 0 0 1 0
12-148 ¥ 1925 1 194¢ 4 1975 LH B6 2.0 23C ) 0 0 0
12-15¢ P7 1918 21 1243 1G4 1S76 ] B3 2.9 Z9C 1 v] 16 0
12-15%5 F 1029 01 1954 39 1976 0 B6 0.0 z9cC 5. ) 1 0
12-163 F 19225 c1 194L? 78 1974 4 B3 C.0 Z23C 1 0 10 0
12-164 7 1929 01 19u1 13 1975 J A6 J.9 z9C 0 0 1 0



1444

TAPLE 1 (CONT,) EXPOSURF DATA FOR SADIUM PATIEZRTS TO EWD 27 1979

{1 2 ) 3 5 ® (7 (v) (9) (10) (1) (12) (13) (14) (15) (16)

YEAE R=XP YEAR RAZz2Z6 BA228 RA228 INPUT INPUT con cun

EXF FIFST DUF CF FA226 METHOD TC RA226 METHOD RA226 RA228 EADS FADS
CASE___SFX PORN DIEC TYPF EXp __FKS _MEAS __KCI _ ¢+ ERR__RATIO +_ERR ucl T T £A226 ___EA2e8
12-165 F 1917 : 01 1947 78 1974 3 B3 0.0 zZ9C 1 0 8 0
12-158 F 1920 01 1946 13 1975 1 BRE 0.0 79T 0 ) 2 0
12-171 F 1921 M 1040 4 1976 z (o 2.0 z9cC J 2 5 0
12-173 *» 19139 n 1€51 2 1974 2 B3 0.0 79C d Q 3 G
12-178 F 1924 I 194R 13 1376 ) B6 .0 79C 2 v 0 0
12-175 ?7 1927 01 1°46 39 1975 1 B6 n,0 Z9cC J 0 1 0
12-178 F 1925 M 1943 8 1976 0 B€ 0.0 Z9C 0 ) 1 0
12-179 P* 1924 01 1943 9 1976 1 B6 c.C 29cC 2 9 2 0
12-182 F 1922 01 19u2 26 1977 0 B6 0.0 29C J 0 1 0
12-185 F 192) c1 1943 52 1975 0 B6 2.7 Z9cC 0 0 0 0
12-1836 F 1927 21 1945 4 1974 8 B2 0.0 z9cC 2 0 18 0
12-188 P 1936 27 1965 1 1976 1 B6 0.9 Z9c 7 0 0 0
12-190 r* 1927 01 1947 3 1975 0 B6 n.0 79C b 0 0 0
12-192 F 1921 01 1946 52 1976 1 B6 0.0 Z9cC 0 J 2 0
12-193 F 1925 01 1942 1 1974 1 B6 0.0 z9c 2 0 4 0
12-194 P 1924 1978 01 1946 5 1977 1 cé 0.0 Al 0 0 3 9
12-195 * 1925 01 1945 2 1976 1 B3 0.0 79cC ) 0 3 0
12-197 F 1936 01 1921 13 1979 2 Cé6 0.0 zZ9cC 1 0 9 0
12-198 % 1909 17 1329 520 1976 0 B6 0.0 Z5B 0 J 0 0
12-204 41 1918 06 1°u1 108 1977 0 cé 2.0 29cC 0 n 0 9
12-296 P 1914 01 1042 130 1977 3 B6 0.0 Z9C ) 0 2 )
12-212 1 1930 17 1958 488 1977 2 C# 0.0 Z9cC 0 ) 1 0
12-2148 F 1337 21 19€7 26 1977 0 cE 0.0 zZ9C 9 0 0 0
12-215 P 1936 21 1956 936 1977 2 Bé G.0 29c 9 0 0 0
12-216 P 1931 1979 01 1957 124 1977 0 B6 n.0 z29cC o 0 0 0
12-218 n 1937 16 1955 17 1977 0 B6 0.0 z83 2 0 0 0
12-221 F 1914 97 1954 572 1977 1 B6 0.0 z9cC 0 9 1 0
12-223 * 1923 67 15€3 728 1977 0 B6 0.0 Z9C 0 0 0 0
12-224 F 1927 01 1563 738 1977 0 B6 0.0 Z3C 0 0 0 0
12-226 F 1926 17 1961 520 1977 J B6 G.0 Z3C 2 ) 0 0
12-228 F 1935 01 159 22 1977 0 B6 0.0 29C 0 9 2 )
12=22° F 1921 01 1955 676 1577 1 BE 0.0 z9c 0 J 1 0
12-236 F 1928 n1 1960 130 1977 1 B6 2.0 z29cC 0 0 1 0
12-237 ¢ 1936 21 1954 52 1977 0 B6 2.0 z9C v ) 1 0
12-239 F 1922 16 1956 104 1¢77 2 Ccé 0.0 Z9¢C 0 9 3 0



Sve

TAPLE 1 (COFN™,) EXPOSUKF DATA FOE RADIUM PATIENTS TO END OF 1979

) (2) 3) H = *® (7 (® (9 (19) (1) (12) (13) (14) (15) (16)

YEAF ERIP YEAR FA226 RA228 RA228B INPUT 1MPUT cun cun

ExXP FIRST DUR OF RA226 METHOD TD RA226 HMETHOD RA226 RA228 kADS RADS
—SEX_BOBN_DJED TYPZ BIR__ 9KS__MEAS___NCI _ ¢ EFF__RATIO $_ERR____UCI UcI______BA226____EA228
12-252 P 1920 01 1943 194 1979% 1 B6 0.0 Z9C 0 0 2 0
12-258 F 1923 01 1°43 78 1978 2 (o 2.0 Z9cC 0 0 5 0
12-259 P 1920 01 1943 104 1979% 1 Pr6 0.0 z9c J 0 4 0
12-260 F 1915 1 1943 52 1579% 3 B3 0.0 Zsc 1 0 9 0
12-262 F 1921 01 1942 52 1975 9 BE& 1.0 zZ9cC 0 0 1 0
12-270 F 1919 01 1943 18 1975 0 B6 G.2 z9cC G ) 1 0
12-289 rF 1921 17 1843 52 1978 0 cé 0.0 Z9C 2 J 0 0
12-297 P 1923 01 1943 26 1978 0 Cé 2.0 z29C 0 0 1 0
12-299 F 1921 01 1942 104 1979* 0 CeE 0.0 79C 2 0 0 0
12-3%8 F 1923 01 1943 52 1975 0 B6 0.0 Z9C o 0 0 0
12-3%8 F 1909 01 1942 52 1975 2 B3 J2.C 29cC 1 0 € 0
12-330 = 1928 07 1944 63 1974 1 B6 0.0 Z9B 0 0 2 0
12-331 8 1939 07 1944 65 1974 0 BE c.0 798 0 0 0 0
12-333 8 1932 06 1955 728 1974 3 B3 0.0 z29cC b 0 2 0
12-334 * 1908 01 1924 17 1975 4 B3 2.0 z9cC 1 0 19 0
12-382 P 1915 01 1942 TED 1979=% 7 Gu4 c.0 29 2 0 16 0
12-343 r 1900 1976 07 1519 208 1974 n G6 €.00630 z4 c 0 0 0
12-3484 7 1908 97 1230 104 1974 0 B6 0.0 298 0 ) 0 0
12-386 F 1908 01 1926 3 1975 3 B3 0.0 z9¢C 1 0 14 v
12-389 PF 1940 07 1961 156 1974 1 B6 0.0 Z9C 9 0 1 0
12-350 F 1906 01 1923 39 1979 1 Cé 0.0 z9C 0 J 4 0
12-352 r 1906 J¢ 1928 416 1975 1 BE c.0 z9c ¢ 0 5 0
12-358 rF 1913 01 1940 529 197k 7 R2 2.0 z9cC 2 0 18 0
12-359 F 1914 16 1940 52 1979= 1 BE 0.0 z29C 0 0 4 0
12-3648 F* 1927 01 19€8 364 1975 1 BE c.c 79C 0 0 J 0
12-365 P 1531 01 1952 520 1975 1 B6 0.0 79 0 0 1 v
12-368 PF 1923 01 1958 884 1975 2 Ccé ¢.0 73C J 0 1 0
12-379 F 1908 07 1624 104 1974 0 B6 0.01300 Z2B 0 ¢ 0 0
12-375 r 1917 01 1258 312 1975 0 B6 0.0 79C 9 2 0 0
12-376 ® 1945 07 1%64 520 1977 0 BE 0.0 zZ9cC 0 0 ¢ 0
12-377 r 1620 01 1S€61 €76 1975 ] BE G.C z9cC n e 0 0
12-383 ¥ 1909 01 1923 9&4 1977 0 Geé 0.62159 Z5 n 0 0 0
12-335 F 1999 01 1942 132 1979=* 8 cé6 0.0 729¢C 2 0 23 0
12-390 F 1995 01 1529 7 1579« 17 G4 .0 z9 5 0 [A) 0
12-3%2 F 1923 1€ 1942 52 19738 0 CF c.0 2982 0 0 0 0



9b2

m™AFLF 1 (COMT.) EXPOSURE DATA FOF SADIUM PATTENTS IO END OF 1379

1) (2) (3) () (5) (6) o)) (8) (9) (10) (1 (12) (13) (14 (15) (16)

YEAR EXP TYEAR FA226 PA228 RA228 INPUT INPUT cox cos

EXP FIPST DPOF OF PA226 NETHOD TO RA226 M™METHOD RA226 A228 RADS FADS
—-DIED TYP® =XP___WXS__HEAS___ECI___* ERR__EAIIQ +_ERk____UCI OCI . _BAZ2S___ _EA2E
12-397 ® 1916 06 1947 520 1979 15 c3 0.0 798 3 0 22 0
12-621 81 1947 07 1268 262 1978 ? Ccé6 c.0 z9cC 0 0 1 0
12-422 F 1907 c1 1937 38 1975 0 B6 G Z3B 0 0 0 0
12-425 9 1938 27 1960 6 1875 e B6 G.0 798 0 4] 0 0
12-426 9 1923 0?7 19456 18 1975 1 B6 0.0 Z9B 0 0 2 9
12-428 F 1997 01 1922 13 1978 190 c2 0.0 z9cC 61 0 920 0
12-429 F 1922 01 1545 13 1975 0 B6 0.0 Z9C 0 9 9 0
12-430 * 1927 21 1941 26 1975 1 B6 0.0 79C 0 0 2 0
12-432 8 1937 06 1959 572 1977 1 BE c.?0 z9cC 97 0 0 0
12-436 F 1895 01 1018 26 1975 1 B6 0.0 z9C 0 0 4 0
12-437 F 1926 01 1643 104 1975 1 B6 0.0 79C 0 0 L} 0
12-838 = 1942 06 16564 122 1977 1 Cé 0.0 Z9c 0 0 1 0
12-882 8§ 13685 07 1271 56 1978 1 cé6 2.0 Z9C 0 0 0 0
12-833 ® 1919 1978 06 1645 13 1976 1 B6 0.0 z9C 0 0 2 0
12-487 1 1918 06 194C 269 1976 6 B2 0.0 zZ9cC 2 J 12 0
12-448 1 1923 o€ 1967 624 1579% 1 B6 0.0 z29C 0 0 0 0
12-85) ® 1911 07 1986 29 1977 o] B6 0.0 298 ) ) 0 0
12-851 ® 19319 26 1969 13 1977 0 cé 0.0 Z9¢C ¥ 0 0 0
12-6452 ® 1948 26 1979 52 1977 1 B3 c.0 29C 0 Y 0 0
12-453 8 1914 0€ 1925 156 1979+* 9 B2 C.C z9¢C 2 b 19 0
12-455 #® 1943 0€ 1979 87 1979=% 3 B3 n.0 29¢ 0 ) 1 0
12-456 ® 1218 0€ 1938 364 1976 249 B1 0.0 z9C 62 0 509 0
12-460 1 1923 17 1945 1692 1975 0 B6 .0 Z9B 0 0 0 0
12-499 P 1908 01 1925 8 1975 2 (of 3 0.0 29C 1 0 8 )
12-59%2 F 1924 21 1545 13 1975 2 BE 0.0 Z9c¢C 92 0 0 0
12-598 F 1937 17 1957 B84 1575 0 Bé 2.0 zecC ) 0 0 0
12-529 r 1318 21 1941 160 1977 c B6 c.0 z9cC 0 0 o ()
12-510 F 1923 01 1941 384 1377 1 Ccé 0.0 z9c 0 0 3 0
12-515 F 1917 01 1941 52 1978 0 cé 0.0 zZ9¢C 0 b 0 0
12-516 Fr 1918 Q1 1941 4 1979=* 3 B3 0.0 z29C 1 0 9 0
12-518 9 1899 27 1941 1G4 1979+# ] cé 9.0 2SC 0 '} 9 0
12-522 F 1921 01 1941 30 1977 0 B6 0.C 29C 1 0 1 0
12-523 7 1923 01 1941 104% 1¢77 0 cé 0.0 Z3c 0 0 1 0
12-528 F 1917 21 1940 155 1979+ 1 B6 2.0 29c 0 0 3 0
12-529 ¢ 192N i 1941 134 1977 0 CE 0.0 Z9C 0 J 1 0



TAPLE 1 (CO¥T.) BXPGSOFE DATA FOR RADIUN PATIENTS TO BND OF 1979

Ly

™ @ (1 (8 (5 &) 17 (9 5y () (1 (12) SEDEED (15) (16)

YFAF EXP I®AR RA226 EA228 RA 223 INPUT INPOT con cuy

EXP FIFET DUR Or RA226 METHOD TO E1226 METHOD RA226 1RA228 RADS FEADS
__S*X _POFN__DIPD TYPE PXP__ WXS__NFAS _ NCI __+ EFR__BATIO +HBRR ___UCI . Sgb . BA226____EA228
12=-530 1 192C c7 1958 364 197¢ 3 32 c.C Z9cC 1 0 3 0
12-532 = 1995 17 1925 2132 1975 1 B6 2.0 Zac 0 ) 1 0
12-533 ®» 1352 Q7 1079 261 1975 2 B6 C. zZ9cC 0 0 0 0
12-534 F 19219 1 1941 &34 1Q75 4 B3 0.9 79B 1 J 10 2
12-545 P 1920 21 1937 <92 1975 1 B2 2.0 £9B 3 9 26 0
12-547 P 1918 c1 1942 15w0 1975 3 B3 0.C Z98 V] J 4 0
12-548 r 1919 17 1939 932 1975 1 BR6 0.0 298 0 0 2 0
12-549 P 1917 21 1°43 €04 1875 2 B6 2.0 Z9B 0 0 4 0
12-552 P 1922 01 1940 338 1975 7 B3 0.0 29B 2 0 19 ()
12-553 ¥ 1922 21 1¢80 260 197¢ 0 B6 0.0 73C 0 0 0 0
12-556 F 1922 01 1942 213 1975 3 B3 c.C Z98 1 0 8 0
12-557 F 1319 a1 1936 676 1976 2 B3 0.0 Z9C 1 0 7 0
12-559 Fr 1919 N1 1839 124 1976 1 B6 0.0 zZ9C ] ] 2 0
12-561 F 1917 1€ 1942 243 1675 0 B6 c.0 79B 0 0 0 0
12-563 P 1913 01 1949 2prQ 1970 1 B6 0.0 Z9B 0 3 0
12=-569 F 1922 21 19417 2¢C8 .78 (v} Cé6 9.0 Z92 J v 0 0
12-572 F 1914 01 1941 73 1978 2 cé6 0.0 zZ9C 0 0 0 [}
12-576¢ r 1921 17 1941 208 1978 1 o -3 0.0 Z9C (4] 0 3 0
12-579 F 1921 ¢ 1241 208 1977 1) Ccé6 3.0 Z9C 2 9 0 0
12-582 F 1914 01 1941 25 1§77 0 cé c.C Z9c ] 0 0 0
12-583 n 1923 or 1923 39 1976 0 BE C.0 zZ38 0 0 0 0
12-584 rF 1947 17 1620 1820 1979= 3 GE g.n zZ9 2 0 0 0
12-623 F 1934 0° 1C€T7 122 1977 0 (of 3 c.0 zZ9C 0 0 0 0
12-628 P 1939 01 19€5 312 1876 0 E6 0.0 Z3C 0 2 0 0
12-635 P 19233 07 19€7 15€ 1978 2 Ccs n.0 Z9C e} ) 2 0
12-640 P 1946 c7 10¢u S 1677 0 B6 5.0 Z9C 0 0 0 0
12-633 F 1933 c1 18687 12Ff 1977 J Cé DL Z9C 9 ) 0 0
1?2-6484 F 1934 n1 1972 52 19717 1 B6 0.0 79C J 4 0 0
12=-645 = 1944 1 10/3 156 1977 1 E6 g.0 Z9C 2 0 1 0
12-64€ ® 1546 01 1905 267 1977 0 B6 0.0 zZ32 J J 0 0
12-55¢ F 1331 21 1642 145 1977 2 B3 c.0 Z3cC 0 0 1 0
12-652 F 19131 01 1953 56 1977 2 B3 c.0 Z3C 9 2 3 0
12-654 9 1942 07 19¢2 42 1977 3 E3 0.0 79C 0 2 2 0
12-656 " 1944 01 19¢ 2 104 1€7h 2 B2 2.0 Z9C 0 0 1 0
12-657 1 1924 2F yoca 520 1997 6 B2 0.0 ZaC 1 0 7 0



TAELF 1 (COMNT,) EXPOSGRE DATA POR RADIODHM FATIENTS TO EBND OF 1979

8pe

()] 2y () () (5) (%) (7) (8) (9) (1) (1) (12) (13) (14 (15) (16)

YPAF EXP YEAR FA226 RA228 RA223 1NPOT INPUT cunm con

EXP ®IRST DN} OF FA226 METROD TO FA226 HETHOD RA226 FRA228 EADS RADS
_CASE__ SEX BORM_ _[IFO TYFT EXP__ _WXS__MEAS___NCI __+ EBE__BATIO ____#+ 32BR____UCI ___UCI______EA226_ __ _[A228
12-650 9 192f 1€ 1955 e 1977 2 B3 3.0 79C ) 0 2 0
12-6561 F 1346 21 1965 13 1917 0 B6 0.0 yoc 0 2 0 o]
*2-6€5 P 1325 37 1971 2¢2 1677 1 B6 J.r z9c b} 0 0 2
124-659 1 1357 07 1974 2¢ 1977 0 E6 0,0 29C n 0 d 0
12-677 4 1929 c1 1651 52 1977 1 B2 0.0 29¢C 0 0 2 0
12-672 F 1920 21 1942 82 1979= 2 B6 0.9 79C 1 e 6 0
12-6715 r 1921 01 1652 3¢ 1978 Q CE 0.0 29cC 0 b} 1 0
12-688 P 1917 01 1964 17 1977 1 B6 0.0 Z9C 0 ] 2 0
12-693 » 1922 01 1942 ¢ 1979= d B6 2.0 z29cC 2 0 1 0
12-694 F 1931 21 1943 13 1376 0 B6 0.0 Z9B 2 0 0 0
12-695 F 192¢€ 01 1951 133 1979= 1 cé 0.0 Z9C 0 Y 2 0
12-700 F 1929 01 1852 52 1978 2 C6 0.0 z9C 0 0 4 0
12=732 F 1918 6" 1942 1690 1977 1 BE 0.0 zZ9cC 0 0 3 0
12-799 * 1925 N1 1982 121 1876 0 B6 0.0 z9C 0 0 0 0
12-712 7 191 01 1652 104 1976 0 B6 0.0 293¢ 0 0 1 0
12=729 P 1904 01 1544 6 1978 9 Cé6 0.0 29C ] 0 0 0
12-738 P 1922 291 1949 32 1979 J Cé6 n.0 Z9C 0 9 0 0
12-739 rF 1914 91 1954 17 1978 3 Cc6 0.0 29C 1 0 5 0
12-746 P 1913 01 1942 124 1976 0 B6 2.0 298 0 b 0 0
12-748 F 1911 01 1544 13 1978 0 (of 6.9 29C 0 0 0 0
12-757 F 1922 01 1041 134 13976 1 B3 0.0 79cC 0 0 3 0
12-768 F 1924 c1 1952 104 1977 1 B3 0.0 Z9¢C 0 0 3 0
12=-765 P 191 71 1045 1352 1976 0 B¢ c.0 zZ9cC c d 0 0
12-771 F 1930 01 1949 936 1976 0 B6 c.0 Z3C 0 0 0 0
12-779 r 1929 21 1952 52 1976 c B6 c.0 79¢C 9 J 0 0
12-788 F 19?) c1 1953 17 1977 5 C6 c.c z9C 1 0 10 0
12-738 r 191A8 1 1051 162 1979= 0 cé 0.0 z9c 0 2 0 0
12=-7917 F 1920 01 1043 17 1979+ 2 B3 0.0 29C 0 0 4 0
12-795 F 1914 I 1948 17 1977 1 B6 0.0 Z9C 0 0 1 0
12-797 r 1922 ct 195" 184 1979# 2 Cé€ 0.0 z29C 0 0 3 0
12-802 F 190€ 01 1943 14 197¢ 2 c6 9.0 729C 1 ] 6 0
12-810 r 1919 01 1943 104 1977 0 B6 0.0 79C 0 0 0 o
12-826 F 1976 01 1543 8 1377 p ceé V.0 Z9cC 1 0 6 0
12-629 F 1922 01 1349 18 1977 0 Cé 0.0 z9c 0 0 - 2
12-831 F 1918 1979 01 1e46G 207 1°78 1 B6 0.0 Z98 0 0 J 0
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“APLE 1 (CONT.) EXPOSURP DATA FPOR RADIUM PATIENTS TO END OF 1979

()] (2) (3 (v) (5 (6) A ) (9) (19) (1) (12) (13) (14) (15) (16)

YEAF ®XP YEAR EA22€ PRA22E RA228 INPUT INPUT con coa

FXe PIRST POE OF RA226 MPTHCD TO RA22€ METHOD BRA226 RA226 EADS RADS
-CASE___SEX ROFN__DIFD TIRE PXP__ d¥s__MgAS __NCI _ ¢ EER__FATIO _ ¢ Ep8___ _OCI __ UCI______ BEheb _ __EA228
12-881 F 1622 1 1982 1T 18¢7 b c6 0.0 723C J 0 0 0
12-843 *® 191¢ 01 1952 ¢ 107¢» Q B6 Cal zZsC J 0 0 ']
12-849 F 1916 01 1941 299 1977 ¥ Cé c.? 29T 1 J a 0
12-850 F 1917 G 1651 26 1977 0 B6 J.0 29cC 0 0 0 0
12-857 F 1675 17 1951 208 1¢77 0 B6 2.0 Z9C 0 9 c 0
12-858 P 1917 01 1951 22 1978 J c6 0.0 79C 0 0 2 0
12-863 F 1929 01 1953 11 1578 2 Cé 0.0 29C 0 0 3 0
12-864 F 1319 21 1952 34 1978 b (of 3 2.0 29C J 0 9 0
12-875 P 1921 n1 1953 13 1379= 0 B6 0.0 29C () 0 ) 0
12-878 F 1920 01 1349 237 1976 1 BE 0.0 29cC 0 0 2 0
12-8997 r 1917 01 1950 52 1977 1 R3 0.0 29¢C 0 0 3 0
12-835 r 1918 01 1945 4 1978 2 Cé 0.6 Z9cC 1 0 6 0
12-887 F 1925 01 1942 78 1977 0 cé 0.0 29¢C 0 0 0 0
12-R39 F 1924 21 1947 2606 1976 1 B3 2.0 29cC 0 ) 2 0
12-891 F 1920 n1 1°46 43 1979= 3 83 .9 79C 1 0 7 0
12-991 * 1915 01 1951 13 1977 0 cé 0.0 z9C ¢ ) 0 0
12-995 r 1913 01 1949 312 1976 2 B3 0.0 792 0 0 3 0
12-929 F 1923 01 1952 R7 1976 ) BE 0.0 Z9B ) J 0 0
12-916 7 1921 17 1042 €76 1977 2 CF 0.0 Z9¢C p) 0 5 0
12-918 F 1918 21 1940 208 1977 1 B6 0.0 29C e J 3 0
12-924 F 1905 01 1950 17 1977 0 B6 0.0 79C e ) ) 0
12-927 * 1919 01 1942 13 1977 2 BE 3.0 Z9¢C ) 0 5 0
12-929 rF 191 21 1e42 4 1977 0 cé .0 z9C ] 9 0 0
12-933 F 1923 N 1cuy 52 1976= 2 B3 c.C Z9cC 0 ) 4 0
12-932 r 1898 01 1944 +0 1977 ? cé6 0.0 Z9cC J 0 5 9
12-943 P 1917 01 1952 52 197e 1 BE c.n Z9¢C 0 d 2 0
12-963 F 1920 01 1942 124 1979+ 1 R3 0.0 79C 9 0 4 0
12-965 F 1924 01 19u5 52 13717 2 B2 3.9 z23cC 0 J 5 0
12-967 F 1913 01 1953 12 1379= 0 B6 0.0 Z9F 9 0 D] 0
12-977 F 192¢C c1 1043 7 1978 1 cé c.9 29C 0 0 2 0
12-9/8 F 1919 08 1919 35 1975 0 B6 0.0 Z98 9 7 0 0
12-981 F 1907 01 1323 15 1977 0 Bé 0.00907 z98 0 0 0 0
12-99%3 * 1921 01 1euf 1740 1876 6 B2 0.0 zZ3C 1 J 13 0
12-9485 m® 1934 o8 1934 3¢ 1976 1 BE 0.0 29b e ) 3 0
12-9635 F 1222 1376 D8 16232 39 197¢ € B3 0.0 9P 2 0 15 b ]
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TAELF 1 (CGNT,) EXFOSURF DATA FOR RADIUM PATIENTS I0 END OF 1979

8} (2) (3) (%) (5) (6) (M (9 (9) (10) (11) (12) (13) (14)
YEAF FEXP YEAMR RA226 BA22B RA228 INPUT INPUT
EXP FIPST DNF OF FA2?6 METHOD TO FA226 MRETACD FA226 RA228
—CASE___SES _BCSK__DIED TYIPE °XE___WKS__gEAS__ KCI __+ EER__BATIO ____+ ERR____UCI___ OCI_
13-002 F 1901 61 1023 u6R 1977 ) B6 0.C z9c 0 )
13=2¢7 8 191 67 19581 w75 197¢ 1 BE 0.0 798 2 )
13-010 F 1523 21 1542 2€ 1977 P B3 J.9 79C 3 )
153-011 F 1524 ¢ 1Cy3 3% 1979 ] BE c.0 z9 J 0
13-015 r 1910 197°¢ 01 1554 BRB4 1376 1 Bé 0.0 Z9cC 0 0
13-019 F* 1915 01 1242 104 1977 C B6 0.0 298 e ()
13-721 F 1974 a1 1642 104 1979+ 0 BE 0.9 Z98B 0 0
13-022 r 1920 21 1942 69 1979+ 0 od 0.0 z23C J 0
13-925 P 1°% 01 1949 32 1977 0 Ceé c.0 729C 0 J
13-926 r 1921 N 1941 26 1977 Y cé n.n z9C 0 0
13-027 F 13922 G1 1942 156 1977 1 Cé 0.0 zZ9C 0 0
13-088 P 1954 n7 1677 +0 1977 0 Bé6 c.0 z9C 0 2
13-050 m 1932 07 1677 +0 1977 1 86 C.0 29¢C ¢ ]
13-05% F 1378 1962 04 1925 +0 1349 709 GY c.C z9 145 0
153-055 Fr 1908 07 1923 11 1978 0 Bé 0.00800 zZ2 Y 0
13-056 ® 1958 06 1976 52 1977 3 cé 0.0 79C 0 0
13-057 r 1922 97 1976 104 1978 0 ol 0.0 29C 0 0
13-058 ® 1956 16 197¢€ 62 1977 0 (o] ] 0.0 292 0 0
13-059 8 1910 07 1933 2184 1978 1 BE 0.0 z98 2 0
13=-963 P* 1908 27 1933 1976 1978 0 EE G.0 298 0 0
13-064 r 1912 07 1959 102 1978 0 B6 n.0 29B ) 0
13-067 r 1917 0° 1942 39 1978 0 BE 0.0 298 0 G
13=-071 P 1923 21 1942 78 1978 1 BE 0.0 Z98 0 0
13-078 F 1908 07 1942 1360 1978 ) E€ 0.C Z9E 0 0
13-080 r* 1921 27 1939 312 1978 ¥ BE 0.0 Z9B 2 0
13-082 r 1920 M1 1942 52 1978 ? BE n.c z9e 1 0
13-035 F 1918 07 1902 9336 1978 0 B6 0.0 Z29B 0 0
13-087 F 1925 01 1942 8 1979 0 B6 2.0 7298 9 0
13-088 r* 1922 01 1042 8 1978 0 B6 0.0 9B 9 0
13-089 F 1923 c? 108z 104 197R 0 B6 0.0 79B 0 0
13-092 r 1917 07 1652 1196 1S79#* 0 B6 9.0 Z98 p) J
13-192 P 1912 o1 1928 ©3€ 1979=* 4 5 C.o 29 1 0
13-107 * 1994 17 1236 1920 1978 5 B3 0.0 798 1 N
13-198 F 19C7 17 1942 1€12 1978 2 Bé 0.9 298 c 2
13-109 rF 1919 01 16u3 1 1979= 7 GF 0.0 Z9 2 0

(15) (16)
coa coa
EADS FADS
_____ zxazg____nnzag
1
5
)
1
0
)
1
0
0

164
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TAPLF 1 (CCN™.) EXPOSUFE DATA FOB RADIUM PATIENTS TO END OF 1979

m (2) (3 (4) (5) () (M (8) (9) (*0) (1) (12) (13) (19)
YeAF EXP YPAR FA226 PRA228 RA228  INPUT INPUT
PXP FIFST DUR OF FA226 METHOD 70 FA226 METHOD RA226 BRA228

~BOEM__DIED TYPP BXP __NHES__EEAS___BCI __* PRE__RATIO ___ ¢ ERE ___UCI ___UCI___

13-113 F 1906 91 192€ 2080 1978 2 g6 0.0 298 0 e
13-127 »* 19 97 1942 260 1978 1 B6 C.0 738 0 0
13-132 F 1905 07 1932 1976 1978 3 B3 0.0 z9B 1 0
13-136 r 16C8 97 1942 130 1978 0 B6 0.0 298 0 [
13-138 F 1907 07 1942 =20 1975 0 B6 0.0 298 0 0
13-139 r 1922 01 1944 130 1578 4 B3 0.0 z98 1 0
13-185 P 1929 17 1€37 468 1976 2 86 0.C 798 1 0
13-146 * 1921 01 1942 52 197¢ 1 BE 0.9 298 0 0
13-147 r 19CC 17 1939 204 1979+ 1 B6 0.C z98 0 J
13-151 P 1904 07 1927 ©°36 1978 1 B6 0.0 298 0 P
13-152 % 1901 07 1941 229 1978 3 c6 9.0 z9¢C 1 0
13-153 #1998 07 1939 1352 1978 1 B6 0.0 798 0 0
13-154 *» 1995 07 1941 1248 1978 0 BE 0.0 298 0 0
13-158 P 1920 01 19L4 52 1979¢ 1 B6 0.0 298 b 0
13-161 * 1948 01 1269 3 1978 2 6 0.0 79C 0 0
13-165 7 1917 01 1943 104 1979= 1 B 0.0 79C 3 0
13-167 P 1928 67 1953 2€90 197%= 0 B6 0.0 298 0 0
13-170 * 1923 01 1943 104 1979% 0 BE 0.0 79C 0 9

S

(16)
con con
RADS EADS
nazzg-___ngazg

3 0
6 n
0 0
0 0
10 0
6 0
3 0
3 0
3 0
6 0
1 0
0 0
3 0
1 0
4 0
0 0
0 0



APPENDIX B. Radium-Induced Malignancies

Measured Persons

Tables 1 and 2 summarize measured radium cases considered to have radium-
induced bone sarcomas and paranasal sinus or mastoid carcinomas, respectively.
The cases are listed in order of skeletal dose, from both 226Ra and 228Ra, accu-
mulated to the date of diagnosis of the tumor or to the date of death if there was
no diagnosis before death. Detailed exposure and dosimetric data for these
cases can be found in Table 1 of Appendix A of this report.

There are 60 bonesarcoma cases and 29 sinus or mastoid carcinoma cases
among the 2223 persons whose body burdens of radium have been measured.

Five persons had both types of tumor (cases 01-179, 03-110, 03-402, 03-429,

and 03-648) so that there are 84 measured persons considered to have radium-
induced malignancies. Positive evidence is lacking that two of the cases (03-110
and 03-417) listed in Table 2 were bona fide cases of malignant tumor of the
mastoid or paranasal sinuses. Case 03-110 had a possible carcinoma of the mastoid
and a possible sarcoma of the left first mctacarpal diagnosed radiographically in
1963; biopsy was refused. She died in 1967 of a myocardial infarction; autopsy
was refused. Case 03-417 had an epidermoid carcinoma, which apparently arose
in the right gingiva and invaded the right maxilla, diagnosed in 1962. She died
with widespread metastases in 1966.

Unmeasured Persons

Tables 3 and 4 list exposed persons with unknown or uncertain radium
content who had probable or confirmed bone sarcomas and probable or confirmed
paranasal sinus or mastoid carcinomas, respectively. There are 24 probable or
confirmed bone sarcoma cases and S probable or confirmed sinus or mastoid
carcinoma cases among the approximately 1400 radium cases with unmeasured body
burdens for whom medical data are available. We have evidence that eight of
these unmeasured persons had early radioactivity measurements which were
interpreted to show a positive indication of radium in the body; work is in
progress to estimate lower limits of radium content for these cases.

During the past year one person was added to the list of unmeasured bone-

sarcoma cases and one was deleted, so that Table 3 contalns the same number of
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cases as the corresponding table in the 1979 annual report.1 A copy of the
death certificate for newly added case 05-534, obtained in 1979, indicated that
the cause of her death in 1939 was a carcinoma (sic) of the right humerus of two
years' duration. This person was a dial worker who mixed luminous paint at a
plant in New York from 1917 to 1919,

Case 03-779 was deleted from the list of unmeasured bone-sarcoma cases
after the exhumed remains were examined. Sections of a fascial sarcoma of the
left thigh were examined microscopically six weeks prior to death in 1942, the
pathologist concluding that "in all probability the tumor had arisen from the soft
tissues, although there was a possibility of its having been osteogenic in origin."
Radiographic examination of the skeletal remains in 1979 revealed mild radium
changes in several bones and a large area of cortical erosion in the proximal
left femur apparently attributable to pressure from the overlying soft-tissue
neoplasm of the thigh. Because the remains did not support a diagnosis of bone
malignancy, case 03-779 has not been included in the list of measured bone sarcoma
cases. Exposure and dosimetric data for this case are listed in Table 1 of
Appendix A of this report. The cumulative skeletal dose at the time of death
was 2650 rad.

Reference

1. Radium-induced malignancies, Radiological and Environmental Research
Division Annual Report, July 1978-June 1979, ANL-70-65, Part II, pp.
213-219
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Table 1. Bone Sarcomas in Persons with Known Radium
Body Content as of 31 December 1979

_CASE__ s_x_ ECEN___DIED_ BBQLQ_Q!H_EAQS_L_JJED
0G-003 1894 1927 44441 1927

01-€78 F 1901 1943 19?0 21115 1942
¢1-032 F 15C8 1940 1924 18248 1940
01-023 F 1908 1931 1923 18023 1930
03-584 F 1965 1959 1923 16821 1958
03-648 F 19¢C2 1956 1922 16713 1956
00-019 F 1865 1946 1917 15042 1946
01-009 F 1898 1945 1918 14306 1944
03-213 F 1892 1955 1925 14045 1954
01-105 F 1898 1945 1921 12555 1545
20-006 F 1903 193¢ 1918 11760 1930
03-671 F 1906 1953 1922 11314 1952
01-046 F 1903 1943 1920 11150 1942
00-004 E 19¢0 1931 1917 11063 1930
00-028 F 19C2 1933 1917 10265 1930
01-172 F 1898 1968 1916 9626 1568
03-201 F 190¢ 1963 1922 9586 1962
01-388 F 191¢ 1930 1923 $507 1930
05-215 F 1886 1968 1920 927: 1964
01-562 F 1501 1931 1929 747 1931
G1-103 F 1803 1946 1922 7025 1946
00-023 3 1900 1929 1917 6928 1929
03-215 H 1896 1971 1625 6860 1957
¢1-031 F 1906 1934 1925 6824 1934
03-4C1 F 1900 1963 1923 6781 1962
01-0M F 1872 1937 1919 6678 1936
00-0¢5 P 1901 1939 1917 6643 1939
05-953 F 1902 1578 1918 6589 1977
G3-619 F 1903 1962 1922 6184 1962
01-0G7 F 1886 1949 1926 5972 1948
01-959 F 1905 1967 1920 5182 1962
03-11¢ ¥ 1898 1955 1931 5159 1955
C0-007 4 1903 1935 1919 5046 1934
00-027 F 1902 1942 1918 4995 1942
03-429 F 1908 1976 1923. 4387 1967
01-051 F 1904 1977 1923 4265 1972
01-024 F 1901 1956 1916 4085 1956
03-234 F 1890 1965 1915 3810 1964
05~-281 F 1898 1964 1916 3804 1956
03-402 F 1905 Live 1923 3761 1953
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Table 1 {cont.)

_CASE___SE

C1-178
C1-239
01-520
01-073
01-099

01-026
03-649
01-025
03-212
03-210

01-615
(G3-20¢
03-21¢
G1-2¢8
01-112

03-227
03-110
03-455
03-106
G1-439

F

Lo R ] = oty o b

b B B -

£__EOKN_
1890
1901
1882

12C0
1205

1905
1906
1886
1902
190¢€

1906
189%4
1907
1501
1908

1878
1899
1906
1676
1880

~DIED_EXPCSED CUM,EADS DIAGNOSED
1966 1924 3E42 1943
1958 1917 3153 1955
1969 1930 3132 1967
1969 1921 3Cu8 1969
1945 1924 2923 1942
1958 192% 2729 1955
1954 1924 2064 1953
1952 1924 21497 1950
1951 1627 2412 1951
1958 1926 2396 1956
193¢€ 1623 2319 1935
1560 1925 1698 1958
1961 1622 1606 1959
1968 1920 1602 1959
1855 1924 1547 1954
1952 1939 1470 1949
1967 1931 1467 1963
Live 1922 1445 1934
1959 1931 1323 1957
1953 1922 8ee 1949
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Table 2. Carcinomas of the Paranasal Sinuses and Mastoid Air

Cells in Persons with Known Radium Body Content as of
31 December 1979

_CASE___SEX__BORN __DIED_EXPCSED CUM,EADS_DIAGNQSED
1900 1957 1918 25701 1957

01- 145 F

C1-008 F 1900 1958 1917 22309 1958
01-149 F 1888 1959 1919 200¢7 1958
01-087 F 1905 1979 1921 18114 1957
U3-648 F 1903 195€ 1922 16455 1955
03-232 F 1648 1957 1917 14736 1956
¢1-006 F 1899 1938 1918 8505 1938
03~-240 ¥ 1916 1955 1930 7655 1953
03-2G6 .} 1914 1975 19306 756 1974
¢1-014 ¥ 1501 1949 1916 6799 1949
03-676 F 1897 1877 1924 6433 1976
01-179 F 1890 1966 1924 6J19 1965
03-4265 F 1908 1976 1923 4783 1973
03-402 F 1905 L 1923 45%6 1964
03-101 F 1908 1971 1931 4yuB 1970
C1-171 ¥ 1895 1975 1914 4311 1966
03-4C7 F 1905 1961 1923 4206 1559
03-214 P 1895 1966 1925 3964 1959
03-235 F 190C 1968 1528 3803 1965
03-126 F 1510 1965 1931 3449 1965
01-573 F 1892 1945 1916 3307 1945
03-105 M 19C3 1957 1931 3143 1957
03-423 F 1907 1972 1923 2036 1971
03-417@ F 1909 1966 1924 1894 1962
03-141 ¥ 1906 1963 1933 1550 1963
01-022 F 1900 1951 1917 1544 1951
03-110 F 1899 1967 1931 1467 1963
05-284 F 1899 1973 1819 1178 1970
03-u88 F 19¢7 1975 1922 605 1973

L1

4Carcinoma of case 03-417 apparently arose in R. gingiva
(posterior maxilla).
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Table 3. Probable or Confirmed Bone Sarcomas in
Exposed Persons with Unknown or Uncertain
Radium Body Content @

_£A§____§§!.-BOEH -_.IED ELPOSED DIAGNO§§2

¢Cc-011 F 18 536 1917 1¢35
60-013 F 1899 1933 1917 1633
00-030 F 1903 1924 1918 1323
00-031 F 19C3 1940 1920 1¢38
¢0-035 P 1900 1941 1917 1941
01-088 F 1906 1931 1923 1$31
v1=-1C07 F 1¢09 1935 1923 1935
C1-108 P 1908 1947 1924 1947
01-117 F 1907 1931 1922 1931
01-387 F 16895 1943 1918 1943
01-465 | 1881 1943 1925 1943
01-695 F 1908 1935 1823 1935
03-658 F 1963 1938 1922 1638
03-660 F 1907 1936 19223 1935
03-661 £ 1906 1934 1922 1934
03-665 F 1909 1930 1924 1929
03-680 F 1906 1946 1924 1543
03-759 F 1904 1930 1924 193¢
€3-800 F 1908 1945 1924 1544
C3-806 F 1896 1956 1922 1956
03-848 F 1903 1958 1922 1658
05~-534 F 1897 1939 1917 1937
05-987 F 19C1 1962 1918 1962
09-087 M 1891 1934 1912 1933

3p1l1 were dial painters except cases 01-387 (iatrogenic,
i.v. and per os), 01-465 (drank Radithor), and 09-087
(chemist).

Table 4. Probable or Confirred Malignant Tumors of the
Paranasal Sinuses and Mastoid Air Cells in
Exposed persons with Unknown or Uncertain
Radium Body Content 2

<SASE_. _SEX__BOBN___DIED 312952._211550§§D

01-587 F 1894 1943 1943
03-675 F 1896 1960 1922 1959
03-760 F 1907 1946 1924 1946
03-772 F 19C4 1953 1922 1953
03-785 P 1903 1955 1925 1953

ap11 were dial painters.

bpeath certificate lists paranasal ginus carcinoma as
cause of death; histologic diagnosis from bropsy tissue
was rhabdomyosarcoma of the maxillary antru.
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