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FOREWORD

This is the twelfth Annual Report of the Center for Human Radiobiology.
The contents follow the pattern of ﬁrevious reports in this series, i.e. a.
~mixture of origingl countributions, abstracts of published papers, and
summaries of papers presented at meetings. Paper 1 which is in the last
category, describes a novel approach “to the problem- of 'risk analysis for
radionuclides deposited in bone. Paper 2 continues the theoretical study of
- the induction of osteosarcoma by alpha-particle irradiation of cells'iining
bone surface, while paper 3 complements that work with a report on those
cells. Paper 4 confirms for gamma rayé the effect noted last year that
cultured mélignant cells of human origin are more resistant to radiation thaq
are normal human fibroblasts. Papéf§“5'thr9d§H"9 present different” agpects™ 6t
our studies of the metabolism and biological effects of radium. - The last of
these contains a large body of experimental data on the excretion of radium by
persons who were exposed in different ways (inhalation} ingestion and
injectiqn). Papers 12 through 15 deal ‘with plutonium; in the first of this
group, the effects on the gastrointestinal adsorption of such f&ctors as
oxidation state, concentration, and adsorption onto  teeth of plutonium in

solution, have been clafified, leading to consistent results.

As usual, Appéndix A contains relevant data on the exposure of the 2259
persons whose radium content has been determined at least once; this number
rcpresents an increase of 36 persons newly examined in c¢alendar year 1980.
While no mofe cases of osteosarcoma were reported, there was one new case of
carcinoma of the sphenoid sihus, bringing the total of "head .carcinomas" to
30, Jjust Half‘ the number of cases of osteosarcoma "in the 2259 "measured”

subjects.

As an écpnomy measure, the external distribution of this report has been
reduced by about 35%. This was achieved by requiring those on last year's
distribution 1list to request continued receipt of this and subsequent
feporté. However, it is not our interition to deprive anyone with a genuine

interest in our wonrk, from receiving the reports.
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' RISK ESTIMATES FOR BONE*

R. A. Schlenker

Bone sarcoma data for 226, 228Ra ~and 224Ra are analyzed within the dosage

ranges where the observed risk is zero. The uncertainty in the risk may be
effectively illustrated by using pairs of functions based on a statistically-
based measure of confidence. For radiation protection, the appropriate
measure of risk is cumulative incidence in the presence of competing risks, as
this takes into account the reduction of radiation effects brought .about by
natural mortality.

- Introduction

The primary sources of inforﬁation on the skeletal effects of internal
emitters in humans are the U.S. cases with occupational and medical exposures
_to' 216’228Ra and the German patients injected withvf224Ra primariiy for
treatment of ankylosing spondylitis and tuberculosis. . During the past decade,
dose—response.data from both study populationé have been used by committees,
e.g., the BEIR committees, to estimate risks at low dose levels. NCRP
Committee 57 and its task groups are now engaged in making risk estimates for

» internal emitters. This paper presents ﬁrief diséussions of fhe radium daﬁa,
the results of séme new analyses and .suggestions fbr expressing risk estimates

in a form appropriate to radiation protection.

Dose Levels

Before risk 'can be discussed, the dose range of intgrest must be
established. When the current NCRP recommendations for bone seekers' are
translated in#o endosteal absorbed dose (10 um tissue layer), one finds that
exposure to an alpha emitter‘at.the annual occupational 1limit for 50 years
would deliver 10 .to 1500 rad, depending on the radionuclide contained in the
skeleton. Lower doses would presumably confer less risk, so the above dose
range is taken to be the most important for radiation protection under non-

accidental exposure conditions.

*Based on a talk given at the_SeGgﬁteenth Annual Meeting of the
NCRP, April 8-9, 1981, washington, D.C. :



-Rlsk Deflnltlons

A second concern is the definition of rlsk. Tumor rate and cumulative
incidence are .used here. Specifically, - tumor rate, ﬁ(t); is the probability
per unit ‘time that a person with -a given dosage w1ll contract cancer;
cumulatlve 1nc1dence is the ratio of the number of persons who .contract cancer.
durlng thelr llfetlmes to the number exposed at a given dosage. Cumulative
1nc1dence in the absence of competlng risks will be denoted by .V/N, - and

cumulatlve 1nc1dence in the presence of competlng risks will be denoted. by

n/Ne.
226,228,

‘'Fiqure 1 shows a dose-response plot for bone sarcomas follow1ng comblned
exposure ,to 226 228 ; Rlsk,' called "bone sarcomas/person-year"” on " the

graph, is nearly the ‘same as time average tumor rate, P. Dosage is expressed

226

as the initial intake to blood, in uCi, of “Ra plus 2.5 times the intake, in

uci, of 228

Ra. A fiftyeyear endosteal .dose of 1500 rad corresponds to about
200 WCi on this scale of intake.' Most of the intake éroups below this level
show zero observed risk. They will be' considered separately because they -
contain the .risk 1nformatlon for low doses.

Using the binomial d;strlbutlon,‘one can determine_the,probabillty that
the true risk exceeds‘a given value when the observed risk is zero:; in Figure
2, there is a 5% chance in each intake group that the actual r1sk exceeds ‘the
level shown by the stair-step line. The chance_that the truevrlsk,exceeds the
5% level in all seven intake groups at ‘once is (0.05)7 2 8 x 10_10; thus,
there is only a'minute,probability that the actual dose?response curve'lies
.above’the(stair-step line. ‘This sort of analysis‘emphasizes the uncertainty
in the data and provides'one way .of judging the adequacy of proposed dose-
response relatlonshlps. It could be repeated for any percentage chance; €ege,
the 50% levels would be one-quarter of the 5% levels ‘and the probablllty that
" the true dose-response curve exceeds the 50% level in all seven intake groups

at once would be 7.8 x 1073,

*The graph with its_dose-response curve was copied from Rowland,
.Stehney and Lucas. All other dose-response curves and data
analyses are the author's work. All dose-response functions are
listed in Tables 1 and 2. ' o '



Table 1. Single Dose~Response Functions

Fi»g. :
No. " Label Function? .
" A (1073 + 6.8 x 1078p2)e~1-1 ,10_39
2. ' 5% : ; =105 + 1.2 x 1075 - 1.5 x 10~ 8g2
508 g =102 + 1.3 x 10770+ 5.6 x 10"8g?
RSL(48%) : . Same as Fig. 1
4 o UM = 1 - @730 X 1075p
5 . ss A\)/ﬁ:=3x10;'s+80x'10 5p - 7.3 x 10782
| 508 v/N=3x'1o‘5-21x1o7D+40x10802
208 . Same as Fig. 4

a 2928 22 6Ra plus 2.5 times the ucCi 1ntake to blood

of Ra. D is endosteal absorbed dose in rad. The functions for Fiqures 1
and 4 are valid above 0.5 uCi and 25 rad, respectively; functions for Figure 2
are valid between 0.5 and 100 uCJ., functions for Figqure 5 are valid between 25 ,
and 500 rad. . ' A

Q is uCi intake to blood of -
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'FIG§251'--Dose response for bone sarcomas in humans following intake °
of '2 Rao ’ ’ :



. Table~2. Dose-Response Envelopes

Fig. ) : -
No. . Label -Funqtionsa
| E s o .82 —1.1 x 10739
- 3 RSL, 9% P = (107> + 8.0 x 10"%0%)e
PR _ ' a5 a3
P = (1075 + 5.6 x 1078g2)e"1+1 X 10730
68% P = (1073 + 6.1 x 1078 + 2.1 x 1078g2
Q < 26.8 pci: P = 107°
: SR, -8 02
Q > 26.8 uCi: P = 107> + 7.9 x 1075(0-26.8)
95% ~ P 21077 + 1.6 x 107°0 - 3.6 x 107992
.0 < 57.5 pCi: P = 1072
Q >'57.5 uCi: P = 107> + 1.3 x 1077(0-57.5)2
O ey 4 3.6 % 1070 T
6 S 148 . v/N=.1 - 306X 107D ‘ o
. . _ P -5 . :
VN =1 - 2:3:x 107D
688 .. V/N=31x 10 %+ 3.8 x 10°°D - 1.2 x 10" 8p?
D < 226 rad: V/N = 3 x 107>
‘ _ au 44=5 : -8, 2
D > 226 rad: V/N = 3'x 107> + 8.1 x 10%(D-226)
958 D <235 rad: V/N =3 x 1070 + 1.8 x 107%p -
4.0 x 10 ~7p2
D > 235 rad: V/N = 0.0218
D < 314 rad: Vv/N =3 x 107°
3 x 107

D > 314 rad: W/ + 1.2 x 1077 (D-314)2

aExCept for Figure 6, 95%, the first line of each entry gives the upper
" function and subsequent lines give the lower funtion. For Figure 6, 95%, the

first two lines give the upper function. Q is. intake, D is’enddsteal dose,
functions of Q are valid between 0 5 and 100 uC1, functlons of p‘apply to the
range 25 to 500 ‘rad. - : DR



Other analyses of the zero-risk aata are possible. The curve marked 5%
in Figure 2 is a quadratic which equals the naturally-occurring risk at zero
intake and fits the observed risk at the first intake level Qhere the risk is
non-zero; there is a 5% chance that the true number of tumors for the entire
zero-risk region exceeds ;he number predicted by the cufve. Similarly, 48%
and 50% mean a 48% or 50% chance for the true number of tumors to exceed the
predicted number. The dose-response eurve of Figqure 1, labeled RSL(48%) in
Figure 2, and the 50% curve arehalmost indistinguishable. Although gquadratics
were chosen for the 5% and SOS curves, any shape would have been acceptable if
" it had no regions where risk decreased as intake increased.

If risk is represented by'a single dose-response functioq,'the one marked
‘50% in Figure 2.is probably  the best ‘choice since it equalizes the chances of
overpredicting and underpredictiné” the correct total number of tumors.
Howevey, a pair ot dose-response functions based on a confidence interval
offers an ’attractive alternative to a single function. Three pairs
(confidence evelopes) are shown in Figure 3. For the ?5& pair,'there is a
2.5% chance that the true number of tumors in the zero-riek region exceeds ﬁhe
number predicted by the upper curve and a 2.5% chance'thet the true number is
less than predicted by the lower curve; therefore, the chance is 95% that tﬁe
true number lies between the two predictions. Sixty-eight percent and 9% have
analogous meanings.

The upper curves in the 68% and 95% envelopes are quadratics.aﬁd the
lower curves are piecewise continuous functions composed of horizontal
segments'whose value is the natural tumor rate, and quadratlc segments which

fit the observed risk at the;first intake level where that is non-zero.

| The boundaries .of the shaded envelope correspond to two  standard
deviations on either side of the Rowland, Stehney and Lucas dosé-reSpopse
fuhc£ion.éndﬂwere calculated from the standard errors of the parameters. If
the parameters were normally distfibuted, there woﬁld be a 95% chance for the
true dose;response function to lie within the shaded area. This high
probability conflicts with the small chance (9%) for the expected number of
tumors to lie between the predictions of the boundary curves. One reason for
the discrepancy is the method used to determine the parameters'’ errors. They
are calculated from the residuals in a. non-lineaf least square fitting
proceduge. Examination of Fiéure 1 shows that the best fit curve passes much

closer to the data points than one would expect on the basis of the error
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bars.

unrealistically small.

This makes the residuals and the standard errors in the parameters

The 68% and 95% curves provide a more realistic

reflection of the uncertainty in the data than does the shaded énvélope.
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234g,

226,228

224Ra-data were patterned after those for Ra. Figure

'Ahalyses of
4 is a dose- -response plot for persons 16 years or older at 1n3ectlon. Risk is
expressed as cumulatlve incidence in the absence of competlng risks,
i.e., V/N. The ~data‘ points and ‘error ‘bars were obtained by . a life- tahle'
analysis (unpublished) of Spiess' and Maysf3data.3f4 The curve was determined.
by a-° non-liriear, Yeast squa_re fitting procedure similar ' to that used by
Rowland,' Stehney and .Lucas.. _Figure 5 'shows 5% and 50% stair—step lines
_similar‘to-those in Figure 2. .- The curve labeled 20% is. the dose-response
function from Figure 4; ltS mathematlcal form is written beslde it. The
steady rise in the stalr-step ‘line w1th dlmlnlshlng dose is due to a steady
drop in the number of subjects ‘in each dose group. F:Lgure 6 shows 3 palrs of
curves snnilar to - those in Flgure 3. At thelr w1dest, the 95% curves span a
~factor of 750 compared w1th a factor of 90 for the 95% curves in Flgure 3.
This reflects the fact that much less low dose 1nformat10n.1s avallable'

2-24Ra than for 226, 228 Ra, owing pr1nc1pal_ly' to a smaller number of cases

224

-for
‘and. shorter follow-up periods - for Ra. The shaded envelope 'is again
unreallstlcally narrow because the. data po:.nts in Flgure 4 pass the curve

N

unusually closely.
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Risk and Radiation Protection

Although it is seldom stated, radiation éroteétion is affected by natural
mortality, as well as mortality from radiation effects. The reason is
- simple: . if a person dies before a radiation ‘effect becomes iife threaténing,
then .radiation exposure has not reduced his life span; thus; the actual impact
of radiation exposure is lessened by natural mortaliiy. " When stating cancer
risk for radiation protection éurposes, this effect should be taken into
account. Neither'tumor rate nor V/N, the cumulative incidence in the absence
of competing risks, is capable of doing so; n/N, the cumulative incidence. in
the presence of competing risks, does account for death from naturql causes
and ié the appropriate measure of risk for radiation protection.‘ Not
surprisingly, n/N is dependent on the age at exposure, because death rates and

the expected survival vary with age.

10° Tty
- Single Exposure
=z 107
~ E
R |
B A |

% 102
- i "FIG. 7.--Cumulative incidence in
£ " Age presence of competing risks
o |03 20g following single intake of
£ E 20- ~ 6,228p,
] ; . .
E 45- N 68% Envelope,
E I NN 70 year old
o I0%E -3

I0‘5 aaaaal “L ;l,lllllll " fdo a0 A

o’ 102 03
fCi(*°Ra +2.5x*°Ra)

Figure 7 provides an example of the presentation of risk informtion for
use in radiation protection. Single intake at 20, 45 or 70 years of age is

assumed.. The cumulative incidence has been calculated from the"time"averége

226,228

tumor rate for Ra using the following equation: °
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where . a is the age in years, A is the age at exposure, and . P is the time-
'average'tumor'rate; equal to zero until.a’S—year latent period has passed, and
constant thereafter, S(a) ‘is the death rate -from all other causes, including
radlum-lnduced carc1nomas of the mast01ds and paranasal sinuses, for which the
latent period is 10 years. . Eq. 1i1s.atsimp11f1catlon of the more. general
equation, ' '
n e -;fa. [B(T) + s(‘r)]ar L :
S = " a p(a) e Y0 L7} — Y : (2)
N 0 . : - .
which must be used when tumor rate P(a) varies w1th time,
' For the curves labeled 20, 45 and 70,
1.1 x'1o'3Q

=5 + 6.8 x-10"8g%)e" 11 =, ' . ) - (3)

P = (10
where Q is.the intake. The boundaries' of the 68% envelope were calculated
using the 68% functions of Figure 3. The Rowland, Stehney and Lucas llnear
dose-response function for mast01d and sinus carc1nomas1 was used to determine
rates for these tumors. The death rate from natural causes was obtalned by
:fitting a continuous functlon to Monson's data for women.5 Exclusxon of male
death‘tates has.only a minor effect on the result but is perhaps appropriate
- because only female.subjectsvyere considered by RowlandL Stehneyvand Lucas.

' Space limitations fqrbidithe inclusion of envelopes for all three ages of
intake. The missing envelopes .are slmilar to the one shown. The envelobe
uidth-is_most reflective of the true uncertainty below 100 uCi‘intake. At
_higher intakes,'the envelopevis narrowed excesslvely by the requirement that
‘the bounding functions fit_the observed risk in the.lowest intake group’where‘
that is.non-zero.l_This is of little consequence because -intakes less than
100 uci cotrespond to the endosteal dose range of most interest. The‘risk
values in Flgure 7 were obtained by numerlcal -integration. . No simple

. equations for the curves. are avallable.

The doses. of interest in radiation protection lie mainly within dosage

ranges for 2261228Ra and 224p,y where the observed risk is zero. Knowledge of

10



the shapes of the.dose-fesponse functions in these ranges is especially poor,
and many functions which do not decrease with increasing dosage are consistent
with the data. Second-degree polynomials wefeA used in this paper, where
feasible, because df their simplicity.

‘ . Although single functions can be used, the low doéage data are better
represented by pairs of functions (dose-response envelopes) which define the
upper and lower boundaries of a domain with which a statistically related
measure of confidence can be associated. The measure used heré was percentage
chance that the correct total number of tumors in the zero-risk region lay
between the numbers predicte@ by the pairs of functions. This probébility
Qalue is firmly baged on binomial statistics and can be easily derived for any
pair of functions.

Several measures of risk are currently in use. Each is appropriate for
different purposes. The one which should be used in radiation protection i4
cumulative incidence in the presence of competing risks since this.takes'into

account the reduction of radiation effects brought about by natural mortality.
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TRACK STRUCTURE FQRVALPHA'PARTICLES IN WATER

A. Pagnamenta* ahd.J. H. Marshall

' We have refined our earlier construction of the alpha-particle ionization
‘tree by producing better fits to the available data. We use parametric
representations of the different ionization processes and use the observed
energy dependence of the charge equilibria. This permits us to compute the
number of primary ionizations per micron per kev secondary'energy and the
‘total number of ions on the basis of the 1onlzatlon cross section and the
experimentally establlshed energy loss alone. : -

Introduction

In our search for a' direct mechanism for the disruptidn 6f the
Ainformation withih<DNA which may be,related to eahcer initiation, we have'been
develoéing'analytical descriptions of the track structures of‘alpha'particles
and beta particles in water. In particular, we want to know the number of
‘iohizatidns.per micron of particle track which occur on the main track and on
all the subsidiary electron tracks. ‘
For our appllcatlon, we need quantltatlvely accdrate 'expreseions
. beginhingfwith the highest. available alpha-particle ehergiesi(MeV) all‘the way
down to - the very low energies (tens to hundreds of keV), the region in which
~the resultlng 1onlzatlon density is largest. The alpha-partlcle range at
these 'low energies 'is still many times the transverse dimension of the DNA
molecule. .The speed of the alpha partlcle has become: comparable to the speed
of the atomlc electrons, whlch makes computation from first principles.
‘impractical. We have therefore deyeloped'empirical parametric expressions for
the different components of the ioniiation cross seetion which describe the
"data accurately and extend the theoretlcally and experlmentally established
results of -the MeV reglon, down into the hlgh keV region. From our
descriptibn, we_hepe'to be able to compute the probability, as a function of
the incident particle‘energy,.for placing a emall number of ionizatiohs.within
distances'comparable to'the diameter.of'DNA.t '
: 1

In our last report, we had completed both tree-like structures in al'

* University of Illinois at Chicago Circle, Department of Physics.
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preliminary way, but the one for the élpha particle was based merely on the
Rutherford formula for the collision of an alpha particle with a free electron
at rest. It included theAcontributions from the bound electrons only in a
qualitative way and ignored three-body effects (convoy glecfrons and
stripping). We had accounted for the changing charge states of the slowing-
down alpha partiéle by the introduction of an energy-depenéent effective
charge. All these effects become important in the interesting high keV region
of the alpha particle and must be considered more accurately.
In this report, we present the results of a number of refinements of this
- calculation which have' permitted us to extend our results reliably to energies
considerably below T % 1 MeVv (250,keV/ému). At energies much lower than 1
MeV, the speed of the alpha particle is éomparable to the speed of the atomic
electrons. Quantum mechanical calculations which are usually carried out in
first Born approximation become useless. This is best demonstrated by the
failure of the otherwise accurate pethe—Blochz’3 expression for the LET below
1 MeV. Theoretical refinements would have to be of quantitative accuracy and
therefore would have to include accurate bound state wave-functions (which are
not availabie), second order Born calculations (which have proved cumbersome)
and three-body effects in the form of Faddeev equations (which have been
solved in the first Born abproximation on1y4). We have been able to extend.
the theoretically supported results of the MeV‘region in an empirical wéy to
the lower energies on. the basis of the new data by Toburen, Wilson and
Popowich5 on the emission of secondary electrons in water vapor for both et
and He+, at energies of.0.8, 1.2, 1.6, and 2.0 MeV. We Have used these data
to construct analytical expressions for the differential cross sections for
secondary electron production in water vapor by He++, He+, and Heo, the
different charge states of the alpha particle as it slows down. This includes
the construction of cross sections for hard collisions, glancing collisions,
for the convoy effect, and for Auger and stripping electrons. The energy-
dependent probabilities for finding the alpha particle in the different charge
states have been taken from the.measurements by Armstrong.'6
. At the high energy end of the secopdary electron spectrum, we had to
modify our expressions (which are based on collisions with eléctrons at rest)
by the empirical introduction of an effect due to the_motion of the electrons
within the‘wafer molecule (smearing). The result is an effective ionization

cross section and expressions for the number and energies of electrons
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‘produced per micron,'of alpha-particle track. - To obtain ‘the number ‘of'
secondary electrons originating in.turn from .each delta-ray; we are making use
of our earlier beta-ray calculation, which we have available in analytical
'form." The resulting 1ntegrals need spec1al methods for their evaluation,:
which ‘we have at present under investigation. We account for the energy loss
- of the alpha particle by the use of the measured LET values we. have: collected
~and parametrized in a convenient form.

- After evaluation of the integrals mentioned, we will be able to evaluate
the total number of ionizations along the alpha-particle track. At the higher
energies, our preliminary results show that our method produces values for w,
the energy per ion pair, which-are’ in good agreement with the experimental
data for tissue-equivalent gas.7 At the very 1owestlenergies; belowlt

T = 300 kev, there are no data available, either on the ionization cross
-sections or,on the LET for the alpha particle. Here we have.extrapolated'our»
) expressionslby~the use of a differential relation between LET, W, and the
number5 ofj'ionizations éer. micrometer in a way consistent with the. newest
.values for_w.8 This was possible because at these low energies the secondary

electrons do not contribute much‘to the “total number of ionizations.

++

' The lIonization Cross Section for He A
‘"We are- first interested in the differential cross section dg/dQ for the
alpha particle or He't. This crossf section gets contributions from the

following processes:

- Hard Collisions: the binding energy.can be neglected.
Soft Collisions: bound electrons:
. Convoy electrons; ‘the electron.is draggedlout of'the atom at near alpha-
. particle speed under long time action of the alpha potential
(continuum charge transfer).. _
Auger Electrons: ‘the release of an. outer shell electron by the filllng of
‘a K-shell vacancy. '

We write the differential cross section as

do do

o (T = % | utn (20 + ¥ L (T0) + ¥ (1) + ¥, (o], ()

Convoy Au

where T is the kinetic energy of the incident alpha particle and Q is that of
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the secondary electron, and

a0 ” 167 ai R2 , 4 . N )
30 lrutn (TrQ) = . : : ., : S (2)
"e T(Q + B)
- .
a

is the Rutherford cross section for the collision of an alpha particle (of

charge 2) with a single free.electron at' rest. For ease of'éomputation, e“,

2 Rz, whére.éo =

0.529 A is the Bohr radius of the hydrogen atom and R = 13.6 &V is the Rydberg

where e is the eléctron charge, has been replaced by 4 a,

constant. The kinetic energy of the nonrelativistic alpha particle is T ==B§

az, where m, and vy are the mass and speed of the alpha particle, and m, is

the mass of the struck electron. The term B has been added to.the denominator

mav

of the free particle Rutherford formula to account for the influence of the
binding, which keeps the number of scattered electrons finite as Q approaches
Zero. As the dominant contribution comes from the outer shell electrons, we
take B = 12.6 eV, the first ioﬁization potential of the water molecule.

The function Z(T) indicates the number of electrons ber water molecule
which, at ; given' alpha particle énergy, T, are descfiﬁed by the hard

* (Rutherford) collision term (Eq. 2). At energies much beloﬁ'1 MeV the alpha
particle is moving so slowly that the Born approxihation no - longer applies.
We have therefore cut off this rapid1§ decreasing term at-T = 0.1 MeV. The
exact cutoff point is ﬂot significant'as long'és'thelcﬁtoff ié smooth.

A fit to the datair indicates that, from 0.8 to 2.0 MeV, 3 to 5 electrons
per wafer molecule contribute to the hard collisions (Figure 1). At infinite
energy one would expect all 10 electrons to chntribute. However, it turns out
that the K-shell electrons contribute so much less than the‘z“others9 that not
muchzmore than 8 eléctrons can. be considered "free"‘in our enefgy r&nge.. Tﬁe

function

*The evaluation of the energy loss to main-track ionization alone (see below)
which has to be less than the entire energy. loss.and the computation-of the
energy per ion pair, has motivated us to multiply the data of Toburen et al.
by an averall factor of 0.85. This reduction of the overall cross section by
15% is well. within the stated accuracy of the absolute. normalization. of  this
experiment. : ' -
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8.5(T - 0.1)?
T(T + bz‘)

Z(T) = (T > 0.1 Mev) o } 3y

Z(T)

0 (T < 0.1 MeV) , | L @

with bz = 1.1 MeV, fits the four pointé derived from our fits to the data. It
‘has the broper slope in the region of data and extrapblateS'réasonably to both

lower. and higher energies.

[
[=]

O MW O N 0 O
|

S I S N NN NENNS N |
, 1 . 10 - T
ALPHA PARTICLE ENERGY IN MEV

‘FiG.'1.--The»number of effectively free eleétran‘whiéh an alpha particie sees
in a watex molecule. The points marked (x) are from fits to the data.” . ?he
curve is a smooth extrapolation. o

Thé‘soft‘collision term, in first Born approximation, has the“form11'13
Ygoee (T/Q) = (1 + 4 log T/THS(Q) .« . L s
The shape of the spectral function S(Q) and the value’ of ‘the slope

pérameter ds ‘vafy considerébly,ufor ‘different media. Theory gives 1little.

quidance as to . the maénitude.of~ds and the shape of S(Q). Form 5 predicts,
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however,. a clean separation of T- and Q-dependent terms. In order to test
‘this factqrizatioﬂ and to find the- shape of S(Q); we have solved ‘Eq. 5 :for
s(Q). ‘ After extraction of the hard collision term, variation of - the
parameters ds -and . Tsﬁ 1eadé .indeed - to a universal function -of Q,. almost

independent of T (Figure 2).

8’ I N T N B R A B
.0 - 0.2 0.4 - 0.6 - 0.8 1.0
X = Q/(Q+R)
FIG. 2;--The functioh S(Q) which 'gives the soff collision term. If

" separation of the variables T and Q strictly holds, all points taken at
different energies T should fall on a single curve. -The solid .curve is our
parametrization. :

" We have expressed the funcfion S(QX in the form

S(Q) = ¢, (ai +x)° (755 , o | (6)
S
where 10 ,‘ X “'-—jl—- L ' ' ) S - (7)

This variable is only élightly different from Platzman's x. It maps the
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infiniteﬂQ'region into 0. x ¢ 1,‘and also has the property that the area
under.the resulting Platzman plot.' is proportional topthe lonization cross
section. _ ' . . '

Equation 6 separates the low Q' and the high Q behav1or and ensures- the
eventual Q -2.5 behavior of S at high Q found in quantum mechanical

11-13

calculations. The values of the soft parameters in Eq. 5 are ag = 058,

S s .
are dimensionless. -

"b_. = 800 eV,.cS = 0;9, s = 1.1, T = 0.8 MeV. All quantities without .units

The'convoy electrons stand out in the He'' data as a peak at the Q value

corresponding to Ve = Vge
convoy electrons. Careful experiments

“There exists'a considerahle.literature on these
14 show a'forward angular peak with a
cusp-like energy dependence. This is understood quantum mechanically by the
_-observation that an electron which gets trapped between the original molecule
and the alpha particle has difficulty dec1d1ng to which partner it belongs.
- If it happens to move with the same, or approx1mately the same, veloc1ty ‘as
2the alpha particle, the latter will drag it‘free from its molecule without
actually’ binding ite As;for.the‘energy dependence of the size of.the convoy
peak,. the“-literature speaks, only ‘of a strongly falling energy’ dependence.
AttemptsAAat treatinq this three-body system theoreticallyh with the Born
approximation to the Faddeev equations were only partially successful.

our fits to _the data were made by extracting the convoy peak at the four
iayailable energies. - They confirm the falling energy behavior.‘ Yet at lower'
“energies, the convoys cannot increase indefinitely'or there would be'too many
. ionizations. We ekpect'a maximal convoy”response in that energy region in
: which “the alpha-particle veloc1ty matches the internal motion distribution of
‘the electrons. For slower alpha particles, there w1ll be fewer eleotrons to
drag along. ‘

We start by writing the convoy plitude at a given alpha-particle energy

(velocity) as

By (Tr9) = o : . | : ) . (8)

2 e a e

This is .. the simplest form' which a Q—dependent amplitude would have after
- integration over the forw'ard“ angles. Even a' cusp with an’ experimentally

caused width could be matched by, this form. S Y
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The convoy cross section for ionization is then .obtained by taking the

absolute square and multiplying by an. experimental T-dependent factor:

o chy(T'Q) = Ccvy('T) m-e» - g R PR . . s (9)
3 e m vy * o ‘

with. G, = 35 eV the,width.of the convoy peak. We write the T-dependent factor
as . N . -

‘ T chz
Cc__(T) =cC_-
vy

(10)
c

- A e 14
(r + 1 )43

c
with C, = 140, T, = 0.45 MeV.' _
Here the high energy part was found from fits to the convoy term exﬁfacted.

from ﬁhe data” (see Figure 3). The low energy T-dependence is obtained trom

constraints imposed by W, the energy pervion pair (see below). We find that

! 2.5

the convoy height grows roughly as T at low T, obtains a maximum at T =

0.45 MeV, and drops - off roughly as T-Z‘ht high energies. Data are only
available in the high energy region, where they . are consistent with our

falling T—dependence,

The Auger cross section,-'whiqh makes a small “but‘ characteristic-

contribution, is best ‘written in the form of a Lorentzian peak with a T-

dependent factor'governing its height:

G, /T

v 4(1/Q) = €, log(T/1.0) “n

Au ~ A _ 2 2 !
‘ , (Q - 9Q,) + G,

w;th_’QA = 476. eV, the position of the Auger peak; Gp =A35 éV, the width of.the
~Au§er'pegk, and C, = 300 eV,Ithe overall strength of the peak.

>The maximum  enerqy tﬁat can be transferred by an alpha particléAto én
électrgn at rest in a two-body Follision is given to a good apprdyimation by

o m, o . .

Q =4 E;' T, e o _ . (12)
We - observe, however, that thg data are by no means cut off sharply -at this
energy and that they extend clearly Beyond it; This is due to thé fact that
the target électrons are not at rest but are indeed fast moving'within the

molecule (internal motion). Consideriné the kinematics of a collision of an

H
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FIG. 3.--Platzman plots at four energies (T = 0.8, 1.2, 1.6, 2.0 MeV) for He't ionization in. water vapor.-

. The data- are from Ref. 5. The solid lines are the overall fits. Also shown are the individual components

.at  the différent energies. The ordinate on all the Platzman plots is Y(T,Q), the dimensionless Platzman
ratio of actual differential cross section ovef_the Rutherford differential cross section.



alpha particle with a moving target electron (with energy Qi) we find that the

upper end of the spectrum is smeared out over a region

0 =09, t 80 S (13)
with | ‘ 4
The value of Q. =R is approximately correct for the outer shell ‘electrons.
In our fits, a value of Qt = 20 eV .worked best and was used. For the inner

shell electrons, considerably higher values of Qt would have to be used.  The
emission of the Auger electrons is, of course, not affected by this spreading
effect as they are emitted by a very massive nucleus. :

The final fits to the rett daté5 together with the contributions from
éach term are shown in Figure 3. We first ”noteA the éharacteristically
individual shapes in the Platzman plot of each term; especiaily the constant
hard collision term, the.slowly varying soft term, then the decreasing convoy
jpeak at Q = Te and the sharp Auger peak at Q = 476 eV which can appear only
for T, >f0.9 MeV. Finally, Figure 4 shows the high energy behavior (in Q) of
the He'? ‘cross section. In Fiéure4 S, we show” the He++x ionization cross
section integrated over Q, divided by the Rutherford cross section integrated

over Q as a function of log T: a Fano plot. The components are alsb shown.

W—T—7T T T T T T T T T
25

20 -

Y
15

10

0 200 400 - 600 800 1000
' Q@ IN EV .

FIG. 4.--High energy behavior in: Q (Kim plot) for. the cross section of nett
and He' in water vapor. Note that at high Q the two cross sections become
equal as 'screening becomes ineffective and the stripping peak falls off. (A
Kim plot has the same ordinate as a.Platzman plot, but its abscissa 1s linear

in Q.)
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FIG. 5.--Fano plot for Het 1onizatlon in water vapor.. Also shown are the
.contrlbutlons from the different components: -hard, soft, and convoy. ‘The
Auger contribution has been multiplied by a scale factor of 10 to make it
‘visible. Note the domlnance of the low energy part by the convoy term.

The He+ Cross Section

Toburen, Wilson and‘Popowich5 have. observed that the high energy part (in
Q) of the He' cross sectlon has the same form as the He' iqnization cross
section,'.except that at lower energies one -has to add the stripping
contribution and, ‘at the lowest energies, a factor which takes 1nto account
the screening due to the extra electron has to be introduced.

We write the stripping cross section in the form

Y (1,0 =C_ . T ./ T-0.0009 . |= Str | SR )

str str

The square in the velocity-dependent factor is justified by the argument that
it represents a stripping amplitude and ‘gives an excellent fit to the sharp

stripping peak. Here Ve and v, are again the particle velocities.  The

strippiﬁg peak is so bharacterlstlc that it poses no problem to’ extract the

parameters ' for its .w1dth, Ggpy = 28 eV, its strength, “Cstr.;il 5.1
3/2

(dimensionless), and its T-dependence as T We have --written. the T-

. ‘dependence in the form T . YT - 0.0009 to accommodate the available Wa.values8
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which appear to diverge at P - = 0.9 keV. 1In the high keV or MeV region, this
form is indistinquishable from T3/2. This T-dependence would lead to too
large an ionization cross section at very'high‘energiesAwhere there are no
data on the cross section but where we expegt”wa to-remain constant. We have
therefore limited the stripping crosé section to 30'ﬁnits in~the‘Plétzman
plot, simply to guarantee that it will not affect the values of W.-

We now can extract the screening function by graphing

0(He+) - O(str)

£ (Q) = . - (16)
sexr o(He++) -
O[T T T T T T T T T T T
1.5 ]
F poer . —
S — . 0 A.,:'
Cy.0F — X X
R — xx. X * " 1
[ X —
— 0 0- X A —
005'_ —
ool Lt 1t b o4 141 b 17

0 200 400 600 800 = 1000 1200
. . ‘a

FIG. 6.--The screening function as extracted by a comparison of He' with He''
data and subtracting the stripping part. All four energies lead to a quite
similar result which means screening is essentially negligible above Q@ = 300
eV, We have parametrized the screening effect by a function of the energy
transfer O only (solid line). ’

++ +
),

For O(He we use our fits to the He'' cross section. This is shown in
Figure 6 which also -indicates that fscr can be taken as T-independent. From

this plot, we take
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0.30 + 0.70 Q/300 for Q < 300 ev

fscr(@) = S ' o (17) .
1.0 for Q > 300 ev,.

shown as the solid line .in Figure 6.
) This expresses the fact that sgreening becomes ineffective above an enefgy
transfer of 300 eV. It is interesting to note that at 9 = 0, fscr is not 0.25
but 0.30. ' ‘

With this, the He+ differentiai cross section reads

Ypat (T,Q) f fscr YHe++ -+ Ystr(T,Q) . . (18)
This is shown in Figure 7 and compared to the data. The high energy part of
the He+ cross section is also shown in the Kim plot of Figure 4, where it is

compared to the He++,cross section.

Charge Equilibria and.the Effective Cross Section

As the alpha particie slows down in the medium, it loées charge by
picking up electrons. jThis is 'a dynamic interplay between pickup and
étripping. Armstrong et al.6 have carried out measurements‘in'solidé and
liquids and have found that the alpha particle establishes an equilibrium
between the different charge states which depends on the alpha-particle energy
only. We have accepted their measurements and their expressions for the

ratios of the charge fractions:

F,/F, = 8.1 x 1073 174 . : ' , (19)
F,/Fy = 0,273 772 . . L 2w
To this, we add fhe'constraint_that the sum of the three charge siates is 1: A
Fo, + ‘F1 + Fy =1 . ‘ . : , (21)
Solving the three equations (19, 20, 21), we find ‘ _
F,= (1+8.1x 1070 7% 40,273 77277, B (22)
Fy = 0.273 T2 x F, , and - o (23)
Fo=81x 103 xt4xr, . ‘ (24)

These charge fractions, shown in Figure 8, demonstrate that in the ﬁev region
the helium ion is fully stripped. _The He+ state is important around T = 0.3

to 0.5 MeV. At lower energies, the He® state dominates.
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. FIG. 8.—-charge fractlons for alpha partlcles as extracted from Armstrong et

al. As the alpha partlcle loses .energy, it .becomes more likely to pick up

one or two electrons. Thus, at high energies, the He + state dominates; at

the lowest energies the He® state dominates. There is an 1ntermed1ate energy
. . +

range in which He 1s relevant but- not domlnant.- :

' With. the expressions for the charge fractions, we can now write the
energy . dependence -of . the .alpha particle ionization cross section as . '
Y ee(T)Q) = Fy YHeo + Fy Yp + + Fy Y ++ . — (25)
Before we can evaluate this expression at the lowest energies which we
need, we must find an expression for the He® cross section. 'We have no
expéerimental information on the low energy - cross section. Therefore, we have
‘taken'the'He cross ‘section as tw1ce the stripplng term established for He' ’
plus a screened He contrlbutlon, i.e., ' ‘

1‘YHe° (T,0) = 2 Ystr(T,Q) + fScr YHe++ . - . i '.(26)

Ionlzatlon Den51t1es

Multlplylng the establlshed Y eff by the Rutherford cross section gives
the effectlve cross ‘'section, and by further multlpllcatlon by n = 3.34 x_ 102

the number of water molecues per cm3,‘we obtain - N1a the number of prlmary
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ionizations per micrometer per keV secondary electron energy,.

- do .
1a ap Ruth eff . -

This is shown in Figﬁre 9.
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FIG. 9.--Final values for N,,(T,Q), the number of primary ionizations on the
main part of the alpha-particle track at the following energles. T=1, 5,
10, 50, 100, 500, 1000, 5000, 10000, 50000 keV. . .
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As in- our earlier report,1 we 'can now use the Wideroe method to

evaluate the number of secondary electrons produced by the first generation.

We have,
NpalT:Q) =' /Ny G(T,E') ND(E',Q)AE' . B ' ’ (28)

‘Since this 1nvolves merely the knocking out of an electron by an electron, we

 have already computed the kernel ND of this integral in our earlier work,1
N, (E',Q) . o :
ND(E,Q) = [ —&—=—— ag' . ' A (29)
’ ¢ LET_(E') ‘ -
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Hefg, N, and LET_ ére:the‘first.order delta ray densities and LET for a beta
ray. ‘E and.E' are the'enefgies of"the parent electron. By repetitiqn 6f this
process, we generate N3a and N4a.and, by add;ng these four'compoﬁents, the sum
Na,sum(T,Q).of ionization densities. We are at present working on accurate
numerical evaluations of the resuiting integrals. A '

of" spec1a1 interest is. the total . number of 1onlzat10ns per micron of
alpha-particle track. This is obta:.ned by summing over all the ‘'secondary
4e1eétronlene:gies,_ ' '

Q (T o s

- Pnax - ‘, S | S o
Ny ine (D = / N (ToO)EQ . N & T

Finaliy, we can obtain the total number of ionizations caused along the
alpha-particle track,by integrating over £he résidualvrange bf the particle.
This can be converted to an energy integral w1th the
help of the 1dent1ty,

dx g

. This leads - to

s (TY) o :
a,int . L
.LET&(T') aT A _ . | (32)

T
a tot(T? - IO ‘

- . N “

. LET and W for the Alphé particle . .© - - T e

To cohpute N we heéd the linear energy .transfer LETa for the alpha

a,tot
particle. in' the interesting energy region (four orders of magnitide). For

16 17

this, we foungd: the data'of-Matespn et al. and of Palmer et al. on water,

ice, and water vapor most useful. In Figure 10, we show the alpha-particle
LET over a linear energy scale -and. in Figure 11 over a log E scales The log E
scale is more compatible -with our needs; the linear scale is more commensurate

n2r3

with the available data. The .figures also show the Bethé—Bloc fits and:

two 51mple representatlons which we found useful in handling the LET data in

our programs. For water, we have used
. Lo (2+CT ) S
LET (T) = oy . (33)

a
liq, T 4+ C,.TuT + 27
max - L max max
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FIG. 10.--Linear Energy Transfer for an alpha particle in.water or water
vapor. The data are from Matteson et al. and Palmer et al. The upper
solid line shows our three-parameter fit to the vapor data. The dashed line
"is the Bethe-Bloch expression. The long-dashed line .shows the energy loss due
to ionization loss alone. :
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FIG.  11.--The same LET expressions and data -as Figure 10, but on a log T
abscissa. This emphasizes the low energy decades and shows the considerable
- extrapolation involved. ‘ = ’ ’
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with Cg = 0.0022 MeV™ ', L_ . = 227 keV/um at T .y = 685 keV.

'For water vapor, we have used

L (24+4C .T )T(1+ B .T)
. v max v

: ma S :
LET (1) = X = e PR A C(34)
Pr p. % c P T+ T/ o
max . v max 2 “max .
with C, = 0.0015 Mev™', B, = 4.107> MeV and L, = 241 keV/lm at T = 630

v max
keV. v ) ' | .
These Jexpressiens fit - the available data well within lthe ' experimental
accuracy, and they can be used to extrabolate.reasonably to- énergies below the
. data. Three-parameter fits to LET values have been.made‘hy Brice.18 v '
Finally, we have‘evaluated the energy spent per ion' pair created, by

evaluating
CWT) = TN T o (35

‘Wifh. Niot(T) taken £rom Eq. 32. - The evaluation ‘of ‘this lquant;ty W is
.preliminary but has - proved most useful_in several aspects. At high ehergies
(T > 1 Mev), it is. of interest to note that . both the shape and the value of
the computed.>w agree with the experimental values. E This is after the
Hrenorﬁalization of the Toburen data discussed earlier. ’Unfertunately, we have
no values of W for alpha partlcles in water and thus had to compare w1th data
on TE-gas. At energies below T = 0 3 Mev, we have no data on, 1onlzat10n Cross
seetions,hor on LETQ.? We are able to extend our- LET curves and - our cross
section expressions_in a consistent way by the use of the following identity,

LET (T) TvNa,lnt(T) . dT (w) : . | o _ o (36)
This has been obtained by differentiating the equation N . = T/W and>using,
Egq. 32 for Ntot’ - This idehtity is a 1ocal:one in that‘itthblds for each .T

value. It puts severe restrictions on the N expression at the higher

. a,int :

‘energies, where we have data for both LET and W. At the lowest energies, we
have used this expre551on to extend our LET fit in such a way that it remalned
consistent with the 'data for w.‘ This has 1nf1uenced spec1f1ca11y our ch01ce

of the low ‘energy part of the terms for the strlpplng and convoy electrons.
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Discussion

Our fits, which have been constructed as superpositions of the different
'iﬁcoherent components’ of ' the differential cross secfibns, ére accurate
representations of the entire spectrum of first order e;ectréns prodﬂced by
the alpha particle, at least as far as the single differential cross section
is concefnéd. In our.analyéié, the hard collisions and the‘soft orrglancing
collisions, which have been the main éontributors in "earlier constructions,
&ecrease at lowér aiphé-p;rticle énergies énd‘become negligible in ﬁhe low
energy range. The low energy part of the Hé++ cross section is 'dominated by
the so-called convoy term, which ét Iqw energy is really representative of.the
-sum of all the three-body' ' interactions between the water molecule, the alpha
particle énd the relevant electron (see the Fano plot in Figure 5): For He'
and Heo;, the stripping term becomes important, and because the charge
equilibrium between stripping and pipkup<favofs-Heb at the lowest energies,
this stripping term is the most important one at éhe low energy end of the
spectrum. ' . ' ' | A '

Our construction has permitted us to compute the ionizétion densities on
the main track and (after more carefully evaluating the relevaﬁt integrals)

also on the secondary electron tracks down to fourth order.
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THE LINING-CELLS ON NORMAL HUMAN VERTEBRAL BONE SURFACES

C. B. Henning and E. L. Lloyd+

Thoracic vertebrae from two individuals with no bone disease were studied
with the electron microscope to determine cell morphology in relation to bone
mineral. The work was undertaken to determine if cell morphology or spatial -
relationships between the bone lining cells and bone mineral could account for
the relative infrequency of bone tumors which arise at this site following
"radium intake, when cohpared with other sites, such as the head of the
femur. Cells lining the vertebral mineral were found to be generally . rounded
in appearance with varied numbers of cytoplasmic granules, and they appeared
to have a high density per unit of surface: area. These features contrasted
with the 'single layer of flattened cells characteristic of -the bone 1lining
cells of the femur. A tentative discussion of the reasons for .the relative
infrequency of tumors in the vertebrae following radium acquisition is
presented. : : ' :

Introduction

Many approaches have been tried to uncover the mechanism of bone tumor
induction by alpha-emitting radionuclides. The histological approach of
studying tissue response in radium dial painters was utilized first by Dr.

Harrison Martland in 1925.1

. His observations have provided a firm scientific
foundation for further study. Oﬁr electron microscope work of analyzing bqne
surfaces in control and radium-exposed individuals has extended hiéfoloéiéal
analysis to the ievel of the individuél ceils. A previous stﬁéy of cortiqal
bone samples from an age-matched control and a radium dial-painter compared
the histology and location of cells in closest prékimity to tﬁe endosteal bone
surfacé at thé distal end of the femur.2 To the best of oﬁr knowledge, the
present report is thelfirst eleétron microscopelstudy made on trabeculaf bone
from the vertebrae. ‘ o . ‘ o

It has been suggested that~bone tumor induction may be a direct effgct of -
damage to osteogenic cells, pafticularly on endosteal surfécés.3 :Usually'by
the time bone tumors are diagnosed, the precise site of ofigin is uncertaip,
but tumors are thqught tb arise in both cbrtical and tréﬁééuiéf boﬁe, moét
frequently at the ends of the long 5ones. It has always Eeeﬁ a mystery ésﬁfo
why so few tumors appear in the vertebrae which often.coﬁiain more radiuﬁ.per
éram of bone than other sites where tumors more'frequently arisé; at least for

ibng periods after intake (up to about 20 years).4 The present study-Was4

initiated to determine if important differencés at the individuai'cell'level

1'Degeased, February 24, 1982.
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‘could be seen to account for this apparent anomaly. In particular, we set out
to determine whether the spatial arrangement of cells with reference to the
. known sourcelof radiocactivity (bone~mineral) in the vertebrae was different
from the earlier work which we published for normal control cortical bone. 2

In the present study, control trabecular bone“was sampled at autopsy froﬁ

the eighth thoracic vertebrae of two individuals.

Materials and Methods

Case Histories

The first. control subject (A79- 146) was a 53-year-old Caucasian female
who had undergone cardiac surgery and died in May of 1979 as a result of heart
failure and pneumonia. she had no history of bone related problems. .

The other control individual (A79-149) was a 58-year-old Caucasian.male
who died ‘of septic shock, also in May of 19l9, as a result' of oat cell
carcinoma of the lungsi He had no history.of»bone-related problems.

A sample of trabecular bone was‘taken from the 'eighth thoracic vertebra
of each of these control individuals. ‘

EM Process1gg

_The specimens were: collected at 13 and 20 hr, respectively, postmortem
and placed in phosphate-buffered 3% glutaraldehyde for fixation. Longitudinal
sections were obtained from the center of the vertebral body in each case
during the autopsy. Following fixation, . slices of tissue é mm thickvwere cut
from the center of the longitudinal sections using a Foredom Series DD saw. .
‘From these pieces, 1 to 2 mm3 samples were taken and processed in the same
manner as previously described'for undecalcified boneysaxnples.2
' Briefly, the samples were post-fixed .in osmium tetroxide, dehydrated
through a series of alcohols that gradually inCreased. to 100% ethanol, at
‘which point they were 'placed in propylene oxide for final dehydration.
‘ Gradual infiltration was carried out in Epon followed by polymerization. The
blocks containing the samples were trimmed in preparation for sectioning on
the Huxley ultramicrotome. ﬂSections appearing in the gold portion of the‘
Spectrum‘(§0-150vnm"thick) were cut'and picked up on parlodion-coated grids,
for stahility, prior‘to-staining in uranyl acetate and lead citrate.‘ The
finished .material was viewed and photographed in a Siemens Type 1A. Elmiskop

transmission electron microscope.
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Results

Control Vertebrae

In this trabecular bone study, particular emphasis was placed on
documenting the morphology of cells closest to the trabecular bone mineral
where radium-226 deposits. Figure 1 (control A79-149) shows an area where
only the elongated oval nuclei of two bone lining cells may be seen within the
layer covering the collagen edge of bone mineral. The marginated chromatin of
the nuclei and the thin, barely distinguishable cytoplasm with few
intercellular vesicles was typical of the type of cells lining bone seen

overlying collagen on resting bone surfaces.

FIG. 1l.--An electron micrograph of a portion of vertebral bone showing two
elongated cells separated from bone mineral by a thin layer of collagen.
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In Figure 2, from vertebra A79-146, a column of cellular marrow is seen
edged by the thin cytoplasm of reticular cells. This column is squeezed
between two large empty spaces which were filled with fat deposits prior to
its extraction during processinge. A layer of collagen is seen interposed
between the black-appearing mineral at the bottom of the picture and cells
lining bone. Part of the thin nucleus of one of these lining cells can be
seen in the lower left-hand corner. Thin elongated cells with a fibroblastic
appearance were found to be prevalent along the trabecular bone surfaces in
both of the vertebrae. The overall impression was that in the control

vertebrae, there was always evidence of cellular presence overlying collagen

FIG. 2.--An electron micrograph of a portion of marrow attached to bone mineral
(bottom) showing a wide range of marrow cells with two cells having elongated
nuclei close to the bone mineral.
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in the region of the cell layer lining bone. The cells in this layer tended
to be more densely packed than those observed in the cortical bone from the
femur studied previously.2

Figure 3 is a low-power view showing many cells within a few microns of
the edge of bone mineral. Only one of these (top right), however, assumes the
typical elongated appearance of the resting cells lining bone seen predomi-
nantly on the endosteum of cortical bone described earlier.2 The more rounded
appearance of most of the cell nuclei observed here, together with the large
number of cytoplasmic granules, is suggestive of more active cells in the

marrow, which may not be involved with the remodelling of bone mineral.

FIG. 3.--An electron micrograph of cells along the surface of bone mineral.
Most of the cells have more rounded nuclei than those seen in Fig. 1 and
have many cytoplasmic granules.
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Discussion

Among 69 bone sarcomas in the American human radium cases, only one was
reported in the vertebral column; it was described as a "fibrosarcoma of the
lumbosacral spine" (case 03-213).5 By contrast, over 50% of the bone tumors
were found in the long bones with the ends of the bones being the predominant
sites. The term "ends of the long bones" is taken to include both cortical
bone and trabecular bone, since it is rare that the precise origin of the
tumor can be identified. It is, however, known that maximum growth and
remodelling of the long bones take place at these sites with the resultant
heavy deposition of radium in growing bone. Most of the radium dial painters
were in their late teens or early twenties at the time they acquired their
radium, so it is perhaps not surprising that these are favored sites in this
population. However, trabecular bone in the vertebrae also shows a high rate
of turnover, and it is, therefore, surprising that few tumors have been found
there. In this connection, it is interesting to note that in the Utah beagles
injected with radium, 26% of the tumors arise in the vertebrae. The reason
for this species difference has been discussed elsewhere and the difference in
the distribution in weight bearing in the two species has been advanced as a

possible explanation.6

A priori one might expect this to be associated with
structural and morphological differences. The present work was confined to
the human skeleton to see if differences in the nature of the cells at risk
could be identified between the vertebrae studied here and the femora from
normal control individuals, which had previously been studied by ourselves and

2,7 The main difference which we observed between the two sites was

by others.
the increased number of cells per unit of bone surface area in the vertebrae
when compared with both cortical bone and with trabecular bone at the head of
the femur. In addition, many of the cells on the vertebral surface could not
be distinguished from cells commonly seen throughout the marrow. Figures 3
and 4 illustrate this point. Figure 3 shows the cells lining bone mineral and
Figure 4 is taken from the middle of the marrow. The granulocytic appearance
of many of the cells in both pictures is noteworthy. Although it is not
possible to know if the cells seen here are of osteogenic origin, the typical
surface cells certainly appear different from the more regular single layer of
flattened cells described previously for the end of the femur in both cortical

and trabecular areas. Marrow cells in general are known to reproduce very

rapidly. Could it be that in the vertebrae, the bone-forming cells directly
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FIG. 4.--A typical electron micrograph of marrow cells, many of which are
similar in appearance to those seen on bone mineral surfaces in Fig. 3.

adjacent to bone mineral receive such a high dose that they are killed and
need quick replacement? Nearby cells which are called upon to divide soon
after being severely damaged also may have no time for repair and
preferentially die. Hence, the balance between cell death and malignancy may
be weighted on the side of cell death with very fast replacement from the
wealth of nearby precursors resulting in a rapid fibrotic buildup.
Differences in cell shape and cell types as evidenced from the morphological
differences we have observed here may be equally, or even more, important in

determining the ultimate fate of the individual cells.
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In conclusion, we have observed differences in cell shape, cell density
and cell types between those cells which line bone surfaces of the trabeculae
in vertebral bone and those observed in the head of the femur by ourselves and
by others. Typically, the head of the femur shows a single or double layer of
flattened cells separated by a 1 to 2 uyum layer of collagen from bone
mineral. In the vertebrae, the cells appear to have more rounded nuclei,
contain more cytoplasmic granules and are more densely packed along the bone
surface. At present, we can only speculate about the importance of these

differences in determining oncogenic potential.
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CELL SURVIVAL OF HUMAN TUMOR CELLS COMPARED WITH NORMAL FIBROBLASTS
FOLLOWING 60Co GAMMA IRRADIATION

E. L. Lloydﬁ'c. B. Henning, S. D. Reynolds, G. L. Holmblad and J. E. Trier

Three tumor cell lines, two of which were shown to be HelLa cells, were
irradiated with Co gamma irradiation, together with two cell cultures of
normal human diploid fibroblasts. Cell survival was studied in three
different experiments over a dose range of 2 to 14 gray. All the tumor cell
lines showed a very wide shoulder in the dose response curves in contrast to
the extremely narrow shoulder of the normal fibroblasts. In addition, the D,
values for the tumor cell 1lines were somewhat greater. These two
characteristics of the dose response curves resulted in up to 2 orders of
magnitude less sensitivity for cell inactivation of HeLa cells when compared
with normal cells at high doses (10 gray). Because of these large
differences, the extrapolation of results from the irradiation of HeLa cells
concerning the mechanisms of normal cell killing should be interpreted with
great caution.

Introduction

In a previous paper,1 we showed that a human bone tumor cell line (TE-85)
was more resistant than normal human fibroblasts to cell inactivation by alpha
irradiation. The purpose of the work described here was to extend these
observations to see (1) if these same human tumor cells (TE-85) were also more
resistant than normal fibroblasts to gamma irradiation and (2) to examine the
response of other tumor cells to gamma irradiation to see if tumor cells in
general were more resistant to cellular inactivation than normal cells. This
work assumed special significance because of a recent publication which
purported to show "evidence for lack of a threshold dose for lethality to
human cells."2 This report dealt with the gamma irradiation of T-1 cells
which were originally established from a normal male human kidney now known to
be of tumor cell origin (HeLa).3 The question, therefore, arose as to whether
or not normal human cells behaved similarly and whether the interpretation of
mechanisms of cell killing developed for cell survival for tumor cells could
be carried over to normal cells.

In the work described here, three human tumor cell lines and two normal
human cell cultures of different origin were irradiated with gamma rays from
a 60C0 gamma irradiation facility. The survival following doses ranging from
2 to 14 gray was determined by the usual colony assay method.4 The surviving

fraction is expressed as the ratio of the number of colonies formed following

N &

1'Deceased, February 24, 1982.
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irradiation to the number formed in unirradiated controls following the same

period of incubation.

Materials and Methods

Cell Cultures

Two normal fibroblastic cultures, KD and NFS-1, were tested. KD was
initiated by Dr. Day from a skin biopsy sample taken from the lip of a healthy
adult female and kindly sent to us by Dr. Takeo Kakunaga, National Cancer
Institute. NFS-1 was established from normal human foreskin and was obtained
from Dr. B. Casto, then at Bio-Labs, Inc.* Both cell cultures were confirmed
to be normal human diploid fibroblasts with normal chromosomes. The passage
numbers for both cultures were between 20 and 24 at the time of irradiation.
The osteosarcoma cell line, TE-85, was provided by Contract E-73-2001-NO1 with
the Special Virus Program, NIH, PHS, through the courtesy of Dr. W. A. Nelson-
Rees. TE-85 was established from an osteosarcoma of the right distal femur in
a 13-year-old female Caucasian. The two HeLa sub-strains used in this
experiment were RPMI-41 and CCL-5. RPMI-41 was originally established in 1959
from an osteogenic sarcoma in the popliteal fossa of the left knee of a 15-
year-old male at Roswell Park Memorial Institute. It has since been

identified as a Hela strain.*

CCL-5, originally established from a human
embryonic lung, has also been identified as a Hela strain. Table 1 shows
further details of the characteristics of the cell cultures used. All cell
lines were grown in Eagle's basal medium (GIBCO) supplemented with 10% fetal

2 Falcon T-

bovine serum (Reheis), 1% L-glutamine and 1% gentamicin, in 75-cm
flaskse. The cells were fed twice weekly. Normal fibroblastic cells were
transferred following trypsinization (0.01% trypsin in calcium- and magnesium-
free phosphate-buffered saline) when nearly confluent. TE-85, CCL-5 and RPMI-
41 were transferred after detaching with a mixture of trypsin and EDTA at
confluence. About 24 hr prior to irradiation, five 25-cm2 Falcon T-flasks per
cell line per dose were seeded with enough cells to yield 60 colonies per

flask after irradiation, as estimated from preliminary experiments. About 2

hr prior to irradiation, the flasks were filled with complete media and stood

*2910 MacArthur Blvd., Northbrook, Ill. 60062
+*+W. A. Nelson-Rees, personal communication. See also Ref. 5.
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Table 1. Characteristics of cell cultures.
No. chromosomes
Passage Range
Designation No. Morphology Modal Y-Chrcmosome G6PD Remarks
NFS-1 23 Fibro 43-46 Present Type Diploid
46 Human male
KD 18 Fibro 40-46 Absent Type B Diploid
46 Human female
CCL~-5 Unknown Epithelial - Absent Type A Aneuploid
(HeLa) Human female
RPMI-41 > 100 Epithelial 50-62 Absent Type A Aneuploid
(HeLa) Human female
TE-85 6-10 Epithelial 50-59 Absent Type A Aneuploid
54 Human female
Note: Most of this informatiorn was compiled from work carried out by Dr. W. A. Nelson-Rees (personal

communication).



on end in the incubator. Thirty minutes before the first irradiation, the
flasks were packed in an aseptic styrofoam box and were transported to the
gamma-ray facilitye. The flasks remained in the insulated box at all times
except during irradiatione. After the completion of the irradiation, the
flasks were returned to the laboratory. Each flask was removed from the box,
wiped down with 70% alcohol and the excess medium was aspirated off. The
flasks were returned to the incubator and left undisturbed for 9 days. The
cells were then rinsed with PBS, fixed in methyl alcohol for 20 min, stained
with Giemsa for at least 40 min, and washed twice with distilled water. The
colonies were counted by eye, the counts being double-checked, using the
stereo microscope. The 50-cell-per-colony rule was applied. The plating
efficiency was expressed as a percentage of the average number of colonies in
the unirradiated controls. The surviving fraction was expressed as a fraction

of the control plating efficiency.

FIG. 1.--%0co irradiation facility
wlth the tlasks in place for
irradiation.

Irradiation

Figures 1 and 2 illustrate how the cells were irradiated in 25-cm2 T-

60Co unit at dose rates of 0.75 to 0.87

flasks by gamma rays from a
gray/min. Immediately prior to irradiation, the flasks were positioned along
the Lucite barrier as seen in Figures 1 and 2 so that the flask surface with

the cells attached was closest to the source. Fifteen flasks were positioned
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in each arc formed by the Lucite barriers.

different times, which -varied between about

required absorbed doses of 2 to 14 gray.

SURVIVING FRACTION
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FIG. 3.

The flasks were irradiated for .

2,35 and 18 min, to- give the

FIG. 2.--Diagrammatic
representation of the setup
shown in Fig. .1, indicating
the relevant dimensions.

-=Survival curves . of RPMI-41
cells and NFS-1 {normal

fibroblasts) following Co gamma-ray
irradiation. The plating efficiences
of these cultures were 75% and 11%,
respectively.



:Results‘=- ' I : o b_:';"’ i .

The dose;respOnse data for theAinactivation oftthe tumor'cells'RPMI-41
(HeLa) and the’ normal f1brob1ast1c cell culture (NFS;1Y are‘shcwn in Figure
3. Each error bar represents the standard error of the mean value obtained in
three separate experlments. Each experlment 1nvolved the 1rrad1at10n of 5
flasks at each dose‘level. Since these .two cell cultures were studied more
thoroughly than the other cell cultures, extending down to. a surv1val of 10 -4

. the results are presented in a separate graph. Flgure 4 shows the surv1val'
for the three other cell cultures:e-CCL—S (HeLa), TE-85 (osteosarcoma) and KD
(normal fibroblasts). -The slopes: of the expcnential pertions oflthefsurvival
curues were.determined‘tcrgive~values for'ADo for: the different cell cultures

as tabulated in Table 2.

1 T T =T T T T
o1t 1
= . . , . .
5 CEL-5 'FIG. 4.--Survival curves. of CCL-5
E' » (Helo) - (HeLa), TE-85 (osteosarcoma) andsoKD
10 . TES N\ ] (normal fibroblasts) following - "~ Co
= - |. gamma-ray irradiation. The plating
5 Kb . S efficiencies of these - cultures were
< - ' ' 33%, 22% and 16%, respectively.
- . . o . . ; .
-4 A N L ! '
O =% ¢ 10 12 u
DOSE {gray)
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Table 2. Values of D, for different cell cultures.

Cell cultures ' Designation, Gray
Nbrmal fibroblasts v AKD ) ‘ 0.8
NFS-1 . 0.8
HeLa cells CCL~-5 : 1.7
RPMI-41 1.0
Osteosarcoma cells - TE-85 ‘ 1.0

a D, is defined as the absolute value of thé reciprdcal'of:the éiope of that

portion of the survival curve which is plotted as a straight line (the high
dose portion of the curve), i.e., D= - 1/A, where A is the slope.

o
Discussion _ ‘ » .

_As seen in Figures 3 and 4, all the tumor cell liﬁes studiéd, RPMI-41
(HeLa), CCL-5 (HéLa) and TE-85 (osteosarcoma), showed an increased survival
over the normal cell cultures (NFS-1 and'KD). In the experiment where we have
ﬁost-data (Figure 3), the survivallis 1 to 2 orders of magnitude greater for
the tumor cells at.6 and 9 gray,than for the normal human fibroblasts. At low
doses, " the tumor.cells show the usual shoulder on the dose respdnse curve
which,%as been widely commented on in previous publications concerned with
'ceil survival curves.6 The survival curve for the normal human fibroblasts
has a much narrower shoulder and a .'steeper dose response. '

Of all the human cell lines examined for cell survival, perhaps HeLa
éells have been studied most. Different HeLa sublihes have been reported to
have Do's of 1.0 and 1.3 gray.7 We obtained corresponding values of 1.0 and
1.7 gray for RPMI-41 (HeLa) and CCL-5 (HeLa), respectively. The reason for
this wide discrepancy between our two cultures is nof known. The plating
efficiencies were admittedly higher for RPMI-41I(75%) than for CCL-5 (33%),
but fhis would not be expected to account for such a large difference in

7 since at the high doses where the survival curve becomes

3

values of Do

exponential, more than 10~ cells were plated. The similarity in the Dy values
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we obtained for the two normal fibroblast cultures (0.8 gray) is perhaps
fortuitous; however, the much harrower shoulder or even lack of a shdulder

'appears to be a feature which - has’ prev1ous1y been observed for . freshly

cultured flbroblasts 8 2 ,
8 showed uns‘h_oulderedj survival curves with D_ values of

60,

Co__x and Masson
Co gamma

0. 75.t‘o 1.1 gray for 250 kV x" rays and 1.0 to 1.3 gra'y for
1rrad1at10n for freshly cultured human. flbroblasts when .they were in passages
6~ to 25. A slight - shoulder was seen to develop w1th 1ncreased ‘cell
"generation. . The cells we - studled here were in passages 20 ‘to” 24.

Another factor wh1ch mlght be expected to modlfy the shape of - the dose
response is the relative - growth rate of the cells. We therefore dec1ded “to
.-study “the. pattern of growth in the RPMI-41 (HeLa) and the normal (NFS-—1) cell
_cultures. : Flgure 5 shows the ‘doubling tlme of the cells to be about 24 hr

" over the- logarlthmlc growth phase for. both cell cultures.

IOB T T L | LI | T T T .| " T T

FIG. 5.--Growth of RPMI-41 (HelLa).cells
~and NFS-1 (normal fibroblasts). Note
that the rate of logarithmic growth is

cultures,. but that the normal cells
saturate at a much lower cell density-
than the tumor cells.

‘Number of Cells péi Flask

|04 1 1 { | 1 2 1 1 .lA 1 | ,'1'
2 a 6 8 10 12 14
Time After Seeding (doys) S
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It 'is often supposed that. tumor cells grow more rapidlyziﬁan;their normal
counterparts, but as seen 'here, this is notAéldeS the case.  However, what is
:important‘is the fact that: the. saturation cell density fof tumor .cells is
greatér than the saturation déll‘gensity‘bbtainégjby normal cells. ‘
Much emphasis has been élaced ‘on the interpretation of the large
shoulders or curves such as those seen in Figures 3 and 4 for the tumor cell
lines with regard to‘the'mechanisms of cell'killing,6 but little attention has

been paid to the fact that freshly cultured normal diploid cells fail to show

a shoulder. Despite numerous experimental variations in the types of cells
used, the method of irradiation, timé, dose and aée response factérs, the
results obtained here are highly suggestive thét at least for Hela cells (if
not all other tumor cells), the increased shoulder and the increased D,
observed here fesult in a greatly increased survival when compared to normal
human - fibroblasts. This increase in survival amounts to about én order of
magnitude at 5 gray and two orders of magnitude at 10 gray. It therefore
appears that with these large differences, the extrapolation of results from
the irradiation of HeLa cells concerning the mechanisms of normal cell killing

should be interpreted with great caution.
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EFFECTS OF RADIUM-226 ON BONE FROM A RADIUM DIAL PAINTER AT 12 YEARS AND 55
YEARS AFTER INGESTION

C. B. Henning and E. L. Lloyd+

Samples of bone from two different sites in a female former radium dial
painter, collected 43 years apart, were examined with the electron
microscope. The results show further evidence for the presence of a fibrotic
layer of tissue covering bone mineral which separates the bone lining cells
from the source of the radiocactive deposits in bone mineral. This work
further confirms our contention that many of the cells at risk for the
production of bone tumors probably lie outside the single bone lining cell
layer which characteristically lies about 1 to 2 um away from bone mineral in
normal control bone.

Introduction

In a very unusual case, bone samples from the same female radium dial
painter (03-455) became available following therapeutic surgical procedures at
two different times. The samples were obtained from two different sites in
the body and were separated by a 43-year time span. "This allowed us the rare
opportunity to observe radium-related changes as a function of time in the
same womane. Her exposure to radium started when she was 16 years old and
lasted for a 13-month period in 1922-23 when she painted watch dials with a
radium-based compound. Twelve years later (1934), a fibrosarcoma was
diagnosed in the head of the left radius, and her left arm was amputated at
the shoulder joint. The arm was preserved in formalin and sealed in a museum
jar for long-term storage.

In 1975, her estimated body burden of radium-226 was 0.49 uCi, and
"moderate changes due to radium, including aseptic necrosis of the left
femoral head..." were noted in the radiological summary prepared at that
time. Degenerative arthritis added to the complications of radium-related
aseptic necrosis and in 1977 the left femoral head and acetabular bone were
removed for a total left hip replacement when she was 72 years old. A wedge
of trabecular bone was taken from the head of the left femur and preserved in

formalin for future histological observation.

Laboratory Procedures

In 1980, slices of bone were cut with a Stryker saw from different sites

of the preserved left arm of case 03-455 as illustrated in Figure 1. Smaller

+Deceased, February 24, 1982.
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FIG. 1.--Left arm of Radium Case 03-455, showing the sites chosen for electron
microscope studies. Site 1, distal end of the radius =- trabecular bone; Site

2, distal end of the radius - cortical bone; Site 3, proximal end of the
radius - cortical bone adjacent to tumor site; Site 4, center of bone tumor
(fibrosarcoma) .

samples of bone (1 - 2 mm3) suitable for electron microscopy were further
dissected from the slices indicated in Figure 1. These pieces were taken from
the center of the trabecular bone (Slice 1), the endosteal edge of the
cortical bone (Slices 2 and 3) and from the center of the tumor (Slice 4).
All the samples were processed for electron microscopy by the techniques
previously described1 and examined with the Siemens Type 1A Elmiskop

transmission electron microscope.

Results

Site 1 - Distal End of the Radius (Trabecular Bone)

Figure 2 shows a portion of mineralized bone which appears black at the
bottom of the picture, covered by a layer of collagen in which three cells
with elongated nuclei are clearly visible. The long cytoplasmic process of a
reticular cell is seen at the 1left-hand side, extending into the marrow
cavity. The sharply defined white patches are holes in the embedding medium

which extend across the marrow spaces where fat has been extracted during the
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FIG. 2.--Electron micrograph of a portion of trabecular bone from Site 1
indicated in Figure 1.

normal processing procedure. Long cytoplasmic processes form an intercellular
network outlining the marrow stroma. This picture, which is typical of the
site examined, shows a high cell density with three of the cell nuclei lying
within 2 to 3 um of the bone mineral.

Site 2 - Distal End of the Radius (Cortical Bone)

Figure 3 is a composite piclure taken from four adjacent sites along the
endosteal surface of the bone. Here we see the cells separated from the bone
mineral by a thick layer of collagen through which many cell processes extend
to the mineralized surface. The cells have the appearance of being fairly
active showing cytoplasmic organelles, together with plump nuclei with the

nucleoli sometimes visible.
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FIG. 3.--Electron micrograph of the endosteal surface of
cortical bone from Site 2 in Fig. 1. Note the wide layer of
collagen separating the cells from the bone mineral.

(ANL Neg. 149-81-75)
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PLUGGED OSTEOCYTE
'

T N

FIG. 4.-—-Electron micrograph of the endosteal surface of cortical bone from
Site 3 in Fig. 1. Note a plugged osteocyte at the middle bottom of the
picture.
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FIG. 5.--Electron micrograph of the center of the tumor, Site 4 in Fig. 1. An
island of necrotic cells is seen within a sea of fibrous tissue.
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Site 3 - Mid-Cortex Adjacent to Tumor Site (Endosteal Surface)

Figure 4 again shows cells separated from bone mineral by a thick layer
of collagen similar to that seen in Figure 3. However, the cells appear to
have irregular outlines with an apparent shrinkage of the cells and their
processes, suggestive of degenerative changes.

Site 4 - Tumor Tissue (Fibrosarcoma)

Figure 5, taken from the tumor tissue, shows massive areas of collagen
with islands of cell remnants showing typical loss of nuclear material and a
general loss of organization. No osteoid or bone mineral is observed.

Head of Femur (Trabecular Bone)

Unlike the previous pictures (Figures 1-5) depicting bone from the
patient taken at age 28, Figures 6 and 7 represent portions of bone taken from
the head of the femur when the patient was 72 years old. Figure 6 shows bone
(labelled at the bottom edge) which is partly decalcified with well formed
striated collagen matrixe. A cell in close contact with this layer (labelled
A) has the appearance of an osteocyte with a portion of the nucleus visible
and relatively few distinguishable organelles. Beyond this, a layer of
collagen separates this cell from the remnants of another cell (labelled B) of
unknown origin. Figure 7, taken from a nearby site at the head of the femur,
shows more calcified bone (bottom right) than seen in Figure 6. Two cells
with similar elongated nuclei are separated from each other and from the bone
mineral. The thick 1layer adjacent to the bone mineral has the usual
characteristics of well formed collagen, but the material between the two
cells has an amorphous appearance. Canaliculi extending through the collagen

layer are apparent here but not as well defined as those seen in Figure 3.

Discussion

The most unusual feature of the bones studied here, when compared with
those from control bones (from unexposed individuals), was the greater
thickness (~ 5 um average) of the collagen layer separating the cells from
bone mineral. The one exception to this finding was the bone taken from Site
1 - the trabecular bone from the distal end of the radius. This site, which
was furthest removed from the tumor, displayed the usual cells lining bone,

which were separated from bone mineral by 1 to 2 um.1'2
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FIG. 6.--Electron micrograph of the head of the femur when the patient (Case
03-455) was 72 years old. Note the layer of collagen fibrils separating two
cells. The bone (bottom right) appears to be partly decalcified.

In the only other bone studied from a radium-exposed individual, a
similar wide layer of collagen was found to intervene between the cells and
the bone mineral. However, in that case (#05-953), the collagen did not have

the regular striations of mature collagen as seen here but rather appeared to

be composed of more densely packed fibres with less differentiation.1
In the case studied here, numerous cytoplasmic processes were seen ex-

tending from the lining cells through the collagen layer to the bone mineral.

58



FIG. 7.--An electron micrograph of a site in the head of the femur close to
that pictured in Fig. 6. Here two similar cells with elongated nuclei are

separated from each other and from bone mineral. Note the thick collagen
layer overlying the bone mineral.
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These processes were not evident in the cortical bone examined in our previous
study of case 05-953. The thick layer of well developed collagen with the
cytoplasmic processes which traversed it were more readily distinguishable in
the cortical bone taken when the patient was 28. At age 72 when only the head
of the femur was available, the trabecular bone showed cellular layers which
were widely separated from each other by collagen or other amorphous
material. This appearance was in sharp contrast to the trabecular bone from
the distal end of the radius at age 28 where the flattened lining cells appear
to lie within about one or two cell widths from the mineralized bone. This is
characteristic of normal control bone. This suggests that this portion of
bone may represent normal new bone growth laid down at a time following her
radium exposure (at age 17 or 18) when the level of radium in the blood was

greatly reduced. From animal studies,3

we know that maximum growth takes
place at the ends of the long bones, and the mid-cortex of the bone would be
expected to retain more of the original deposits of radioactivity at this age,
resulting in the abnormal fibrotic layers which we see in the cortex.

Although the material used for the studies on the radius had been
preserved in formalin for many years, it appears unlikely that this greatly
affected our observations, since examination of the site most remote from the
tumor, the distal end of the radius, had the characteristic appearance of the
normal control bones which we have previously examined. In addition, similar
thick layers of collagen, previously referred to as fibrotic layers, were
found in the only other bone from a radium patient examined by electron

microscopy.1

This, therefore, suggests that the fibrotic layer found in the
present case is a direct consequence of radiation from the radium deposited in
bone mineral. The implications of this finding with regard to the cells at

4 The work

risk for the formation of bone tumors has already been discussed.
presented here further confirms the necessity to look beyond the 0 to 10 pm
layer normally considered relevant by the protection agencies for the

calculation of carcinogenic doses.
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IMPROVEMENT OF THE ICRP20 ALKALINE EARTH MODEL*

R. A. Schlenker and A. T. Keane

The ICRP20 model has been adjusted to fit data on the retentlon of 226
in soft tissue and data on the short-term retention of 26Ra in - bone. New
- values of five parameters are given for use in the Ra retention functions.
Effective retention integrals have. been recalculated using the new
parameters. In‘addition, new ‘estimates have been made of the percentages of
the body s natural Ca, Sr, Ba and Ra which reside .in soft tissue. A re-
analysis of autoradiographic . data has also .been performed.

.Introduction

- ICRP Publication 201 presents a comprehehsive model ofvalkalineAearth
~metabolism in adults following intravenous injection. The model provides'
eqoations for whole body retention, blood retehtion,.plasma activity per gram
calcium; soft tissue retention and the retention in various components of
bone. : The model is based on phys1ologlca1 postulates and its retention
functlons are expressed in terms of parameters whlch ‘take on dlfferent values -
for Ca, Sr, Ba and Ra. - ‘ _

Parameter values were determined by fittlng the model equations to
alkaline earth data. The data were most abundant for Ra and 1nc1uded,whole
body retention; excretion rate, plasma content, retention by bone long after
intake, natural .levels and the microscopic distribdtion,.of Ra .in bone
determined autoradiographically. )

The majority of the data available on soft ‘tissue retention andldata,on
retention by bone shortly after intake were not utilized in the formulation of
‘the ICRP20 model. Our goal. has been to adjust:the coefficients and parameters'
of the ICRP20 model to achieve fits “to these data without dlmlnlsh:ng the
quality of fits to other data on which the model is based.  This effort not
only has forced close scrutiny of the bone and’ soft tissue data butAalso of

the analysis of other data in ICRP20.

*Content of a talk with the same title given at the 26th Annual Meeting of the

Health Physics Society, June 23, 1981. A fuller exposition of this material
can be found in, The Retention of Ra in Human Soft Tissue and Bone;

Implications for the ICRP20 Alkaline Earth Model, which has been accepted for
‘publication in’ Health Physics.
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The results have been: (1) a new set of parameter.velues for Ra which
provides good fits to all the data including the soft tissue and short-term

bone retention data, (2) new values for the effective retention integrals

for 224'226'228 . and 228qy, to be used in those calculatlons, and (3)

reanalysls of some of the other data w1th new results and conclusxons..

This presentation reports briefly on five topics: (1) the soft tissue and
bone Adata, (2) thé changes in parameter values, (3) effective retention
integrals, (4) netural' alkaline earth levels.'in, soft tissue, and (5)

autoradiographic data.

Soft Tissue and Bone Data

‘The soft tissue data were gleaned from a comprehensive review of the
literature since 1915 and also 1nclude a few: unpubllshed results from the
Center for Human Radiobiology. Patients' exposures were occupational, by
injection or through the ingestion of patent medicines containiné'Ra. The
times of observation vary from 5 days to 53 years after intake. Altogether
data are avallable on 87 soft tissue samples from 17 patlents, and most are
summarlzed in Figure 1 whlch compares the f1t of the model as published with

the 1mproved fit u51ng the new parameter values.

o'
=
i 100
g
% 10 FIG. 1.--Data on_the
(= retention of Ra in human
é 1072 soft tissue. The abscissa
@ gives the amount of Ra in 1
= kg of soft tissue divided by
e 103 the body burden. The dashed
& line shows the ICRP20 model.
104 , as published, the solid line
00 100 102 108wt 10d shows the model  after
- DAYS AFTER INTAKE . ’ parameter adjustment. ’

The short—term bone data were obtained from measurements on the skeletal
remalns of 5 persons who had been injected with 226Ra for therapeutlc

purposes. Times of observation ranyed from 8 days to 15 months after
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intake. The data are summarized in Figure 2, which. shows the'fit of the model

as~published and the improved fit using the new parameter values.

‘102
% 0% FIG. 2.—-Data on 52% short- term
@ retention of Ra in - human
= o) bone. - The - abscissa gives the
W percentage. of the  injected:
3 : .
S . activity retained by - bone. The
= KP‘ dashed line shows the ICRP20 model
§ { °  as published, the solid line shows
& A the . model after - parameter-
%% 10T 102 103 i0*  ‘adjustment.

DAYS AFTER INJECTION -
We have examined the fit of the model to the other Ra data and conclude
that the_model'with the new'parameter values fits as well as or better than it
_ did with the old,ones. .With the new values the ICRP20 model fits a broaderf

- set of data than it did originally.

Parameter Values

Five parameters were affected by f1tt1ng the soft tissue and bone data.

These are listed, w1th their o0ld and new values, in Table 1. The largest

. Table 1. Parameter Values

Parameter old ___ New
B 0.608 0.625
w 1.31 . T 1.44
fc 3.0 5.63
v 1.50 1.52
r 0.997 0.99
change occurred “in fc, whlch nearly doubled in value. '(f = bone volume

actlvity in a11 compact bone/bone volume act1v1ty in new compact bone.) It
must be emphas1zed that the fxve parameters shown are functions of one another
andAlwere not independently varied. The improvement in“ fit - was actually
achleved by changing a function whlch is d1rect1y proport10na1 to some of
these parameters and 1nversely proportlonal to others. Spec1f1cally, the
model .was adjusted by doubllng the coeff1c1ent of 1—R in the expres51on for O,

a quantlty upon ‘which the retentlons 1n bone volume and soft tissue are.

dependent (0 = [f 0.8 ciw(1- RBODY)/pe Bnk] 1/b)
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Effective Retention Integrals

The absorbed dose accumulated during a time, t, is proportional to the
integral of the effective retention function over time t. We have calculated

‘effective retention integrals for,224'226f228 228

Ra and for Th for 1 year, 50
vears, and infinite Atime periods. For all nuclides and all periods ' of

integration the change in paraméters brought about a-reduction in the integral -

Table 2. Fifty Year Retention Integrals for 226pa

: e : old4, days ‘ New, days
Soft tissue : 21.2 . s 9.0

Bone volume - - . 95,6 109

for soft tissune and an increase -in the integral for bone volume. As an

226Ra. The soft tissue

example, 50-year integrals are given in Table 2 for
value drops by more than a factor of 2 and the value for bone volume increases

by 15%.

Natural Alkaline Earth Levels in Soft Tissue

InAICRP20 estimation of the amount of an alkaline earth element naturally
present in soft tissue was based on sample means. However, tréce element
concentrafions in a given oréan or ﬁissue are asymmetrically distributed in
the population and medians are more appropriate than meéns for characterizing
. the data.z Using sample medians,3 we havé‘caiculated the percentages of the
body's naturél Ca, Sr, Ba, and Ra present in soft tissue. These values and
those ﬁsed in ICRP20 are presented in Table 3. The differences between ;hem
may have a significant impact on the model since it was formulated to assure
agreement with estimates of soft tissue percentages based on observation.

Using fhe new parameter values for 226Ra, the model agrees with the new
éoft tissue percéntagé but not with the old value. This lends credence to our
supposition that medians rather than means are the proper ”Quéntities for
determining the amount of an alkél;ne earth oécurring naturally ih soft

tissue.:
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Table 3. Natural alkaline earth contents of soft t1ssue as percentages of
total body content. o .

Current
C . empirical ICRP Publlcatlon 20 estimates?
Element ' estimate” ~ ) 4E;r1cal . Predicted
Ca 0.28 0.4 ‘ 0.403
Sr '0.98 : -2 ‘ ©1.98
Ba 4.7 ' - o 6.36
226, 5.5

10-30 ' 14.4

Close agreement between emplrlcal and predicted values is achieved in ICRP
Publlcatlon 20 by adjustment of model parameters, in particular fe.

bBased on the soft tissue masses quoted in Reéference Man, minus - the blood
contents of the tissues. ‘

10° E——r TP T FIG. ‘3 .--Autoradiographic
F ] ‘data. ~ The abscissa is the
[ q ratio of diffuse specific
r ¢ activity to uniform ‘specific
102: . v % | activity multiplied by 100%.
= JE - Curves based on the original
Woor model (4, = 1) and on the
5 L. . modified model with two, values
' of - d . are shown. At. times
10§ 3 less than about 100 days, the
» 3 three curves coincide.’ The
i ] best fit occurs with 4, =
100 T N IR 1.5. The different symbols
refer to the results of

s 00 . 1t
DAYS AFTER RADIUM INTAKE

'dlfferent workers.

Autoradiographic. Data

In ICRP20 . the model was compared with Wdata‘ on the microscopic
distributionhof 226Ra ln bone, determined by autoradiography. A poor fit was
obtalned. As a result, the authors modified the model by introducing a new
;concept that the rate of Ra loss from hot spots is less than the rate of - loss
-fromhtne diffuse component. This required the - definition of a new parameter,

a Large values of dg indicate_large_differences in the loss rate, values

c.
near 1 indicate small'differences, and where dc.= 1, there is no difference. .
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In ICRP20, the best fit to the .data was obtained with dg =10, - The-

analysis was based on the assumption that areas of bone remode}éd after Ra -

intake could be distinguished in alpha track gutoraéiq@raphs from unremodeled
- areas. Actually, such a.distinction is impossible when the track density is
sufficient1§ low to,pefmit tfaékAcoqnting. Removal of this assumption énd use
of the new parameter vélues results in the comparison between model and data
shown in Figure 3. The best fit is now obtainéd‘ﬁith'dc = 1.5, uilthéugh the'
modified model still provides a“befter fit to the’data_than,thé original model
a much smaller difference in Ra loss rates is hecessary. ' ' '

Summary
The ICRP20 model has been improved by adjusting it to fit a broader

spectrum .of Ra data than used in ICRP Publication 20, and by reconsidering

other aspects of the model including the estimates of the natural alkaline

-éarth content of soft tissue and the analysis of'aﬁtoraaiégraphic data.
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FERTILITY OF WOMEN AFTER EXPOSURE TO INTERNAL AND EXTERNAL RADIATION

Ahtﬁony'P. Polednak*‘-'

Fertility was examined in 199 women eXposed_to internal and exterﬁalA

radiation while employed in the radium ,watch-dial painting. industry in

Iliineis betweeﬁ 1916 and 1929. In women'with at- least one live birth, mean
log llve-blrth rate _was signifiCantiy lower - in .the ‘highest, (estimated)
ovarlan-dose group (i.e., 2 20 rem)'than in the lowest groub (<'5‘rem).’ In.
multlple regre551on analy51s, 1ntake dose (proportlonal to alpha-particle dose
to ovarles) but not duratlon of employment (relevant to external gamma-ray

dose to ovarles) was a statlstlcally 51gn1ficant predlctor of 1og llve-blrth

rate. There was nq evldence;for an increase in fetal deaths w1th 1ncrea51ng

ovarian' dose level. (rem). This,suggeste that the findings on live-=birth rate
may- not involve post—lmplantatlon domlnant _lethal mutations, but pre-
1mp1antat10n losses could not be evaluated. Some possible explanations for

these f;ndlngs are discussed.

*Abstract of a paper published in J. Environ. Path. Toxicol. 3,1.457-470
" (1980). o : : »

*Present address: Department of Health, Cancer Control 'Buteéu, Towerx

Building, Room 565, Albany, NY 12237..
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BREAST CANCER IN FEMALE RADIUM DIAL WORKERS FIRST EMPLOYED BEFORE 1930%

E. E. Adams and A. M. Brues

Female radium dial workeis fifst employed before 1930 were analfzed'for
breasp cancer mortality .and incidence using method and rate tables describedb
by Manson and the Mantel-Haenszel summary chi-square. test for significance.
Of 1180 1located women, 736 were measured to estimate radium- intake. _Tﬂis
measured group was analyzed for breast cancer mortality and 'incidence
'aCCording to four possible risk factors: iadium intake dosé, duration of

 employment, age at first exposure, and parity. The locafed women had a
~mortality ratio of 1.51‘(§,< 0.05). ' The meaéured womén 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 sigﬂifiéaﬁt, incidence and

mortélity ratios'were slightly higher for nulliparous women.

_*Abstract of paper published in J. Occup. Med. 22, 583-587 (1980).
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226 210

-LATE EXCRETION RATES OF"

Ra AND
EXPOSURE. I. Z226Ra :

Pb FOLLOWING OCCUPATIONAL OR IATROGENIC

~R. B. Holtzman, J. Y. Sha and F. Markun

The urlnary and fecal excretlon rates of 226Ra have been determined for -
53 subjects.-who had been exposed to Ra; 25 had been radium dial painters,
.16 were' iatrogenic (medical)“cases and 12 were former radium-chemists. The
mean coefficient of elimination, CE (fraction of body content excreted
annually), was- significantly lower for ‘the med1ca1 cases than for dial
‘painters. The values of the total CE's (1S.E.) were 2.23 % 0.39, 0.98 £ 0.10,
and 1.30 t 0.23% per yr, for the dial painters, medical cases and chemists,
respectively. - These values correspond to ‘instantaneous values of 0:92, 0.41
"and_0.34 for the exponent b in the power function retention eguation, R =
At™°. . The first of these values differs significantly from the Norris value
of ' 0.52. The mean ratio of urlnary-to-fecal excretion rates was 3 0 + 0.7%
(tSoE-). !

Introductlon

Knowledge of. the excretion rates of 226

210 210

Ra and its longer llved decay

products, Pb (22 yr) and Po (138 d), from persons with 51gn1f1cant

"amounts of these muclides, is needed for the evaluatlon of long-term radlatlon

" doses in-persons containing 26Ra; These data are also useful in estlmatlngi

the parameters of the nuclide retention functions‘used in estimation of body
‘content of such persons.
In previous studies values have been _reported for excretion rates

of 226

Ra from persons with long-standing burdens ' (20 or more years) by: Norrls
et al. for 19 Elgin patients,' Muth and Oberhausen_fof one radium industry
'workerzd(andl12 with exposures just prior to measurement); and Lucas et al.
" for four former radium dial.painters.3 The latter group also reborted values
'~ for blood and serum clearance rates. More recently Wenger and 'Ccsandey

reported measurements made over a period of 10 yr of 226Ra ang 20

4

Sr excretion
rates for a dial palnter and her husband.

To .obtain a more complete picture of. the metabolic parameters, we have

£ 226 226

" determined’ the excretion rates o Ra for 53 subjects with long-term Ra

body burdens, and we report the results here. Each subject studied had a body

’ £ 226

content of more than 10 nCi o Ra at the‘time of collectlon of the excreta. -

Experlmental Mater1a1

Data relating to the subjects are tabulated in order of Center for Human

Radiobiology (CHR) case’ “number for 25 former radium dial palnters in Table 1,
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for 16 subjects exposed to radium for medical purposes. (iatrogenic exposures)
in Table 2, and for 12 radium chemists in Table 3. For the dial painters
‘(Table 1) exposed to radium befére‘ 1926, the "duration of exposure” waé
limited to those exposures received_p:ior to thaf year, ‘because after that
time radium intake waé greatly reduced by improved hygiene when "brush-
tipping"” was stopped. Othe:.data on these subjects may be found in Ref. 5.

The subjects in this study were generélly cooperative. Most of the
specimens of prine ana feces were collected in metabolic wards, maiqu at the
MIT Clinical Research Center. Cases 03-115, 03-116, 03-125, 03-135 and
'03-139 were residents of Elgin State hospital, Elgin, Illinois, and specimens
‘wére collected for two weeks while they were in the metabolic ward at Manteno
State Hospital, Manteno, Illinois. Some of the other'subjects coIlectéd the
specimens on their own at home for one or more days. These subjects appeared
to be reliable and the collections seemed to be complete. The body burden
data were taken from Ref. S whenithe‘year of measurement coincided wi;h that
'of sample collection. Some data were those of Miller et al-,6 and some were
taken from ﬁhe list of whole body gamma-ray and radon-in-breath measurements
in the CHR files.’ ‘

Some of the valuesAqf body content are estimates from daté in the latter
files, obtained by interpolation of measurements made over the years as noted
in .the tables. The whole body content was usually based on .the measpréd'214Bi
(RaC) value, which, in the Miller measurements,6 was assumed to represént 31%
and, in the CHR measurements, 37% of the ??6Ra'content.7 The body-burden
values from éhe two groups (Miller and CHR) are reasonably comparable and are
consistent with the evidence that the retention of radon in man-incrgases with

time, as it does in animals.1’8

Experimental Methods

Most of the samples were wet-ashed in nitric and»perchlorié acids. The

nitrates were removed and the solutions converted to hydrochloric acid

210

solutions for the Pb determinations.? Some of the earlier samples (with

01-prefixes) had been ashed at 500°C at the MIT Radiocactivity Center and

* . " . ’
Massachusetts Institute of Technology (MIT) Clinical Research Center,
Cambridge, Mass. -
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Table-1. . Exﬁosure data for radium dial painters .(f_emale)a,

Approximate . ) Age at

1972 72

60

_ Duration of - . . ‘Time since . © Body content.

. Case exposure,b Year of first age at-mid- Year of collection, © mid-e.xposure',c " of 226»Ra,"?'d nCi
No. . wk expaosure exposure, yr >col_leqti.on . . yr yr (yr of measurement)
01-063 - 213 1927 18 1976 . 66 47 - 34
01-073 - 122 1921 A S 1966 66 14 87
01-084 156  .1923 21 . 1966 . 62 . 36 49 .

01-252 - 104 11917 - S 20 1968 74 ‘ 541 . 31®
: A S 1972 . 75}75’ 56159 o0 f 0
01-268 48 - 1920 20 1967 - 66 46 100

01-3¢8 19 1924 22 - 1966 Y a2 112
01-3¢9 10 1924 S . 1966 - 59 42 .93
03-401 95 - 1923 - ©o28 1962 . 62 , 38 2200°
03-402 156 - 1923 - 20 T 1964 59 : 38 oS0ty L

g - - S 1966 .61}60 R 41}40 ~ fiqoof}llzs

03-405° 104 - 1924 20 - - 19%2 58 . 35- : 625
03-417 - 60 © 1924 16 . 1962 - 53 37 e 7008

, ' , o o ‘ . 1966 - 57}55 41}39 590€}645
03-423 156 1923 18 1962 - 55 33 591
03-431 ~  156- - 1922 .23 1962 . . -6l 38 1297 (1963)
03-459° 3. 924 .19 1%z - 56 37. 980¢
03-488 26 . 1922 15 1973 66 51 67 (1975)9
03-727 - 156 - 1923 .19 1972 - 66 49 165

. . - . . ~ L ) N . . N . e
05-014 208 1916 8. 1s62 62}67 50}55 140 (1968) }130

120 (1973)®



€L

©09-032 - 52 - 1917 16 1967 ) 65 l 49 100

Table 1 (cont.). Exposure d::zta for radium dial painters.

Duration of Approximate . ' Age at- Time since Body content
Case exposure,b Year of first age at mid- Year of :collection,c mid-exposure,®  of 226Ra,c'd nCi
No. wk _ exposure exposure,yr collection yr yr (yr of measurement)
05-025 78 1917 ~ 25 . 1962 69 . 44 94 (1967)%)
‘ 1969 76}"5 51}50 - g9® 90,
1971 - 78 53) 86°
05-040 54 . 1917 19 1967 68 - 49 11
* 05-215 52 1920 : 35 1962 - 76 41 1700%
05-281 148 1916 19 1962 64 45 660 (1963)
05-284 156 1919 21 1962 63) . a1 - 2902
- ‘ : ' 1963 64( .., 42 280
1967 68 (> T ) 2308(2%
' 1969 70 48 - 218°
.05-413 39 1916 17 1967 67 50 18 (1969)
.09-028 78 1916 20 1972 75} 55 } : 72}
S 1975 7878 58 § %6 60§78

8Data from Fef. 5 except as noted.

be the exposure started prior to 1326 the exposure was assumedA;cb heve ended:Dec. 31, 1925 when brush tipping ceased,
‘{,e., most of the exposure is assumed to have occurred during the period when the bmshes were tipped.

cOnly average value of multiple data on a given subject used in calculating meen values.

dYear of mezsurement is given only if if differs from the year of collection shown in column 5.

®Estimated from data in CHR files, (Ref. 7).

5fRef . 165,

'gI. Rundc, personal communication.
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Table 2. Exposure data for medical (Iatrogenic) radmm cases &

. Expos type,b . . Age at * Duration of. . - - Age at " Time since lAB‘od confeh-.t’,

Case - - year of first mid-exposure, -  exposure, . Year of collec"tion,c 1ntake,-? : of Ra,® nCi

No. Sex exbosure yr . wk collection Syr . yr (at 'yr of collection)
. 01-017. F . .RD26 . 45 _ 156 1969 - 86 oy 13008
o . ‘ S - 88]}8'9 44}45 12704 }1230

A , _ 1977° . 94 © 50 1120

01?144 p - RW2 , ze B 13&73? | ;2 }72 : 32}48 N ggiq}m
01-157 - F- . RD25 29 Y. 1069 75 a4 T

01-184 ."M‘ - RI22 - 35 10 o 1968 . 81, N 46 484

01-19% M . RD30 - 23 N 20 - o ig;g .22}64 . ‘:(2)}41 - 23}68
01-431 F RI22 ‘ ‘ 23 52 . 1966 - 65 - 43 ggod -
01-520 F..  RD30 48 . +0f 1967 85 37 ~ 670

01-558 M RD27 16 130 1973 - 60 . - .44 ©o362
.03=115 F  RIB1 - 2l . 26 1970, sy 3 © 7309 )
03-116 F RI31 s 25 1970 63 . . 38 Co1as0d
03-125 F  -RI3I | Y ‘ 11 1970 . 57 39 - gs0d

- 03-135. M  Rial o2 - +0F 1970 - 65 . 8 10209

03-139 M RI33 25 o d970 62 3 3909
03-206. M  RI% 22 g 1973 . - 59 37 3300
J10-000 F ORI - . 35 . . «® 172 77 . 42 8600

ms W ma o m o m o oay el -‘1;§3d>uoo

aData from Ref. 5 except as noted. E
The flrst two characters are the type of exposure, RD Radlthor water, RW radlum water and RI radium 1nJectlon
The two digits are the year of exposure:-in ‘the 1900's

.c :
~Only the average values of multiple data on a given subJect were used in calculatmg the overall mean.

Estimate from data in CHR filés, (see text) (Ref. 7). .
.+0: exposure duration unknown, not used in calculatlon of mean duration of exposure
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05-383 .

Table 3. ' Exposure ‘data for radium chemists ¢ )
- Duiation of ~ Year of Age at ; ‘Age at Time since .
Case exposure, first mid-exposure, . Year of collection, uptake, ABody. conten,tbrc

No. Sex wk exposure yr collectior: ] yr yr of 2%%Ra, nCi
01-177 M 312 o 1936 24 ’ 1969 o 54 30 6l
01-205 M 52 1957 ‘ ‘ 0 . ) 1971. . - 50 20 15
01-208 M 1144 . 1939 . 49 1967 66) - 17 900

’ 1969 : © 68 } 68 19 850 } 850
R .1971 .70 21 818
01-330 M 364 1942 - 1976 51 30 65
'01—356 M 572 - 1937 31 1969 . 57 26 23
01-408 F 416 . 1934 20 . 1966 48 28 209
01-410 F ~ 156 194C. : 2 - - 1966 . . 46 24 519
01-521 M 520 ) 194z .37 . 1967,1972 60 23 24%
01-522 M 240 - 1928 - 42 . 1969 . 64° 22 240
01-530 M 164 1943 24 . © 1968 - 48 24 .52
05-127 M 999,‘, - 1918 - 35 | . 1967 C 74 39 20
F 165 1917 18 C 1973 on 55 73

Data fro'n Ref 5 except as noted.

Only the cverage value of multlple data on.a given sub]ect were u:ed in cdculating the overall mean values.

The vear of measurement is g1ven only if it dlffers from the year of collection in column 6.

-d CHR files, Ref. 7

®Estimate from data in CHR file VVRA, Ref. 7.



dissolved in nitric acid. These were later converted to hydrochloric acid

. solutions in our laboratory."

226 9,10

Ra wascdetermined by the radon emanation method'of Lucas.
The precision of an individual measurément is estimated to be about 12%
(repeated emanations on a given processed sample) . However,‘when account is:
‘taken of -the uncertainties of the collection process (namely, in aetermination
of the completeness of collection and the accuracy of the time periods) and of
the- uncertainties of the analytical procedures (such as loss or contamination
during dissolution and oxidation of the specimens and 1n~the'a11quot1ng of the
solutions) the overall relative standard error of a 51ng1e measurement is

estimated to be about 10%.

Results and Discussion

The exposure data for the three groups-are summarized in' Table 4. Where
little difference was noted between the arithmetic and geometric mean values
‘and the geometric standard deviation was small (< 1 4), the arithmetic .means

226Ra body content and.duration of exposure,

-are given. For the parameters,
'which have wide ranges'of'values, the geometric means and geometric'standard
errors” (: SEg) are given instead,iof the " arithmetic ones. ‘Based on the
parameters shown, the only feature that the three groups ‘have in common is the
age at collection, 60 to 69 yr. The chemists and the medical cases .were
exposed at‘similar ages; they were about ten years older at exposure than the
" dial painters. - The three female chemists were substantially younger than the
males. ‘The time between- intake of the radium and collection,of the excreta
" for the chemists was lzﬁto 13 yr less than that for the others,tbut the effect
of this is offset by the longer duration of ekposure of.the chemists, viz. the

'geometric means (_ SE ) were about 7’ yr (1.4) versus 1.5 yr (1 2) for the dial

. painters, and less than 1 yr for the medical cases.

226

The mean body content of Ra in the chemists was lower than in the

Vother groups. For the medical cases the mean.body content of the males was
somewhat lower than that of the  females, but the ~“~difference was not

statistically significant (P > 0.05).

226

,_The' excretion rates of Ra for the subjects grouped as above are

presented in TableS'S, 6 and 7, but the subjects w1thin each group are listed

226Ra

in- order of ‘increasing 'body content of - ‘The - years of collection,
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Table 4. .Summar'y of exposure data, (Mean * S.E.)

226Ra body Age a- Time since Duration of Age at
Subgroup, content (SE,.),2 Year of - exposure, intake, - exposur collection,
g , : a.b A
Group , . No., Sex (Range), nCi first exposure - . yr . yr (SEg), D Wk - yr
Radium dial" - .- . , ' .-
" painters 25 F - 178 (1.4) ’ 1921.0 +°0.7: 20.2 £ (.8 44.1 + 1.3 .79 4(1.2) 65 1
’ (11-2200) : ' :
Medical cases 7M 402 (1.8) -1929.4 + 1.7 24 + ¢ 42 + 2° 10 (1.9) 66 + 3
. ~ (48-3300) o _
9F 812 (1.6) - 1927.6 +°1.3 29 t ¢ 43 + 1 30 (1.3) 71 £ 4
(49-8600) ‘ ' ’
M+F 600 (1.4) 1928.4 * 1.0 27 + & 42.+ 1 15 (1.6) 69 £ 3
(48-8600) ‘ '
Radijum chemists 9 M 58 (1.6) 1937.3 £ 3.2 . - 34+ 25+ 2 420 (1.5) 61 + 2
B o (20-850) | . '
3F 42 (1.5) 1930 *7 20 + 1 36 + 10 220 (1.4) 55+ 8
(20-73) o
M+ F 53 (1.4) 1935.6 + 2.9 303 27 £ 3 360 (1.4) 603

aGeometric mean and gedmetric standard error (SE,) usec for these quantities ecause of the wide distribution of values.
"For the other qqantities the differences between the arithmetic and geometric means are not significant.

bDoes not _include three medical cases with exposures of unknown duration.



ranging from 1962 to 1976, are shown and, where .sufficient data wére obtained
in a given collection period, the results are presented ’ separately to make
possible estimates of the- variability of excretion rates with time.

The results presented are essentially all those‘available to us in'the
three éroups. of exposure classification for subjects with body contents
greater than 10 nCi. Two cases were'vexcluded: " one (014507) because her
excretion patterns' observed at different periods over several years

226

indicated Ra exposure just‘prior to collection, and another (01-576), a

Swiss dial painter, because her exposure pattern differed significantly from

those of the American dial painterso Her _226

4

Ra retention and excretion
patterns have -been characterized elsewhere.

The wvalues presented were corrected for environmental levels w1th the.

1 226Ra fecal and urinary excretion rates were 1.0

assumptions that the norma
.0.5 and o.o{o i 0.010 pCi/day, respectively. However, for eight dial painters
who resided in or near Ottawa, Illinois, where the nunicipal water supplies
contain high ievels_of'226Ra (~ 6 pCi/L)-,11 the~dietary leVels,fand hence the
elimination-rates, arejassumed to be five’times those for the other'subjects,
namely 5t 2 pci/day in feces and 0.05  .0.05 pCi/day in urine. .The>va1ue for
the "normal" fecal excretion rate is equal to the intake rate. The "standard"
daily U.S. diet contains about 1.4 pCi 226Ra/day,12 but our ‘study group
consists of older persons, mostly women, - who might be expected to consume less:.
than average amounts of food. - Moreover'the'standard is based on total food
consumption in various cities and includes food not necessarily consumed.
While a group of dietary values from some of the cases reported here averaged
1.9.pCi/day (five women) and 2.4 pCi/day‘(six'nen),1? these values appear to
be atyPical of the dietary.levels. _For the five"subﬁects maintained on the
metabolic ward at Manteno State ﬁospital the mean intake was 1.07 pCi/day from
measurements on daily diets taken over a 14-day period. ‘ '
Furthermore, the data in Tables 5 to 7 may be used to justify the
validity of the above - assumptions of ‘normal ' excretion rates. Fits of
straight-line regression equations to the excretion rate data (corrected for

2263 poay content show

the  above estimates of‘environmental 1e§els)_versus
.that at natural "levels of 226p, body content (?2Ra ~ 50 pcif, the urinary
excretion rates are significantly greater than zerof(P <'0.05)Afor the - dial
‘painters and medical cdses, as are the .fecal -rates for the latter group.

However, if the calculations are limited to data from those caseés with body

‘.78
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226Ra elimination rates and coefficients of elimination for dial painters (all females)

Table 5.
~ .22°Ra body . Sample Excretion rates, pCi/day #S.E.2" Coefficients of elimination,
Case content, Year of size, - day (corrected for natural levels) % 22fRa content/yr
No. nCi collection ~ Urine Feces.  Urine Feces  Totald Urine Feces Totalb
15-040 1 .' 1967 -2.87 ‘1.0 0.13 +0.024 1.18+0.70 1.30 0.43 *0.09 3.9 +2.4 4.3
15-413 .18 1967 2.0 1.0 -0.009%0.01 -0.17£0.53 -0.18 - - -
J1-252 31 1968 0.91 - 0.24 *0.06 = - 0.29 *0.08 - -
29 1972 5.38 1.85 0.022+0.010 6.6 +1.4 6.7 0.028+0.014 8.3 +2.0 8.3
o (+0.003) ' ’
01-063 45- 1972 3.145 - ~0.48 +0.07 - - 0.36 x0.06 - -
- - (%0.03) . : .
34 - 1976 8.31 9.0 0.25 *0.03 2.8 £).7 3.12 0.27 *0.04 3.0.%0.8 3.4
' (£0.02) (%0.38) ' .
(1-084 43 1966 4.0 - 0.095+0.018 - - 0.071%0.015 - -
~09-028 72 1972 2.96 4.23 0.034%0.012 0.58%x1.55 0 61 0.017+0.006 0.29%0.27 0.31
) - (+0.018) (x0.77) ] : 0.9
60 1975 9_. 51 9.91 0.11 #0.017 2.49+).65 2 60 0.069%0.013 1.5 #0.4 1.6»
4 _(20.026) (£0.58)
03-488° 67 1975. 1.0 - 0.10 *0.06 - - 0.049+0. 030 - -
01-073 . 87. 1967 _ 3.0 . 3.0 1.07 #0.17 . 7.4 t'1.4' 8.5 0.45 +0.08 3.10+0.66 3. 56
01-349 93 1966 3.0 - 0.12 £0.01 - - 0.047£0.010 - -
05-025 120 - 1962 12 12 0.16 *0.02 6.2 *1.0 6.4 0;0491'0.008 ;1.89%0.35 1.95
. . (+0.04) (*x1.20) S ; ’
¢4 1967 1 2 3.25 0,06 0.9 +0.6 1.16  0.097%0.025 ° 0.35%0.23 0.45
€9 1969 1 - D.18 iQ.'04A ) - - 0.074+0.019 - 0.22 -~
€5 1971 1.68 1 0.19 *0.04 - 0.2540.6 0.44 0.082+0.018 0.11%0.3 0.19
(+0.03) : ‘

®The values of the standard errors derived from multiple measurements are given in parentheses.

bThe values of the =rrors for tctal elimination are essentially identical to those for the corresponding fecal values‘. )

cThese subjects resided in an area with High 228R3 content in the drinking water [Ottawa (6 pCi/L), Marseilles, Illinois,
(>6 pCi/L)] (Ref. 11), so that the normal 226Ra fecal and urinary excretion rates were assumed to be 5+1 and '0.05+0.05

pCi/day, re spectively.
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Table 5 (cont.). -?2PRa elimination rates and coefficients of elimination for dial painters

(all females)

(£0.07)

(:2.8)

_ 226Ra body A Sample Excretion rates, pCi/day *S.E.2 Coefficients of elimination,
Case - content, Year of - size, day (corrected for natural levels) . ' 226Ra content/yr
No. nCi collection  Urine Feces Urine Feces . - TotalP Urine - Feces TotalP
09-032 100 - 1967 2.0 - .0.088£0.019 - - . 0.032£0.008 - -
01-348 112 - 1966 2.9 1.0°  0.18 #0.02° 2.1 0.8 2.3 .059+0.009  0.67+0.28 - 0.73
101-268 130 1967 ° 5.3 14 .12 0,02 6.5 1.0 6.6 .03420.007 1.8 0.3 1.8
S _ - o (£0.012) (+1.5) - o - '
05-014 140 . 1967-1970 7.0 3.0 .52 +0.05 2.0 0.7 2.5 .14'10.02 0.52+0.2 0.66
: ' : (£0.16) ' S 1.5
120 1972 . 3.78  6.06 0.15 %0.02 8.3 +1.3 8.5 .046+0.007  2,51x0.5] - 2.6
‘ . , (£0.05) (£2.6) S
 03-727 165 1972 15.0 8.7 .020£0. 11 3.33:0.72  3.35 .004£0.002  0.74%0.18 0.75
: : (£0.004) (£0.55) .
. 05-284 290’ 1962 12 7.0 0.90 £0.11  .47.3t6.1 48.2 .11 #0.02 5.96+0.97 6.07
: ‘ : (£0.02) (27.1) : « v :
280 1963 - 3.0 - 31.4 5.0 - - 4.090,77 - -
©230 . 1967 - 1.0 oo 44 10 - - 6.98:1.7 - -
218 1969.© 5.7 8.0 .61 +0.08 33.8+4.3  34.4 10 £0.02 5.66+0.91 5.76
(#6.2) '5.67+0.59(Mean)d
03-423° 591 1962 2.0 4.0 :57 £0.12  37.0¢6.3  37.6 .035£0.008 . 2.29:0.45 - 2.32
~ T (£0.28) - -
- 03-405° 625 1962 3.2 5.0 0.41 +0.09 11.4#3.0' . 11.8 .023+0.005  0.67+0.17. 0.69 -
. S ; ‘ (0.10) - , - o i
05-281 660 1962 9.0 4.0 .48 +0.06 ~  36.1%¥5.3  36.6  0.027+0.004  2.00%0.35 '2.03
‘ o (+0.09) (£7.5) : : N
03-417° 1700 1962 3.0 5.0° 0:68.:0.12  40.9:6.5  41.7 .035£0.007  2.13%0.40 - 2.1
: . : (£0.08) (27.2) ' :
590 1966 11,0 12.0 .42 $0,07  24.8 +4.0 . 25.2 .026£0.005  1.5320.19 1.0
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Table 5 (cont.). 226Ra elimination rates and coefficients of elimination Zor dial painters ‘iall females) .

226Ra body Sample Excretion rates, pCi/day =&.E.2 Coefficients of elimination,
Case content, . Year of size, day (corrected for natural leveéls) . " % 2253 content/yr
No. nCi collection Urine Feces Urine Feces Tctalb Urine. - Fecss Totalb
03-459¢ 980 ' 1962 © 3.0 5.0 1.98+0.21 - 80 tl?: 82.3 0.074+0.014 2.98}0.52 ‘ 3.0
- o (£0.34) (£3.9; :
03-402c ’ 1150 1964 - 3 - 293  +46€ - ’ - c.3 11.7d -
: : (+80) , ’ . .
1100 1966 7.0 7.11 . D.74%0.11 50.0x7.1 50.7 0.025%0. 004 1.66+0.29 1.68
(x0.11) (6.0 ’
103-431€ 1297 1963 . 2 - 0.53:0.11 - - 0.015:0.004 - - -
(+0.08)
05-215 1700 1962 - 3 - Gf‘ 0.82+0.13 59 18 60 0.018+0.003 1.27+0.21 1.29
] (£0.10) (+10) .
03-401° 2200 1962 3 - 2.24+0.35 - 0.37 +0.07 - -
: : : ’ (+0.40) :

The values of the 'standard errors derived from multiple measurements are given in parentheses. )
bThe values of the errors for total elimination are essentially identical 1o those lor the corresponding fecal values.-

These subjects resided in an area with high %?®Ra content in the drm-cmg water [Ottawa (6 pCi/L), Marsellles, Illinois,
(> 6 pCi/L)] (Ref. 11), so that the normal *2°Ra fecal and urinary excretion rates were assumed to be 5+1 and 0.05+0.05

' pCi/day, respectively.

Only the mean value for case 05-284, 5.67% per yr is used in calculating the overall mean for this table.

Thfs value was not used in the calculanons as the panent was immobilized in a hospital (see text).

fSee Ref. 3.
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_ Table 6. 226R3 - elimination rates and coeff_iéients of elimination for medical cases

880

.27 +0.04

. _ 226Ra body . ‘Sample Excretion rates, pCi/day +S.E.2 Coefficients of elimination,
Case . content, Year of sizé, day (corrected for natural levels) $ 226Ra content/yr :
No.  Sex nCt ‘collection  Urine - Feces "Urine " . Feces Total® . Urine Feces Total?
01-184 M .48 1968 3.0 2.0 .010£0.010 - -0.0920.52 - 0,08  0.0080.008 - -
01-157 F . " 49 | 1966-1972 17.8 7.0 .041+0,011 - 0.52¢0.54  0.56  .0.031+0.009 .  0.39 £0.40 0.42
01-196 - M 69 1970 - 27.1 - 3.21 .12 $#0.017 4.2 $0.93 ° 4.3  .0.061#0.011 2.2 $0.53 2.3
c : " (+0.009). ' ' o :
1972 5.0 3.58 .051+0.013 1.86£0.65 1.91 - 0.027:0.007 099+0. 36 1.02
o o (£0.013)  © (20.73)
01-558 M 362 1973 9.06 6.08 ©  0.14 $0.02 . 6.5 *1.1 - 6.6 - 0:0I4:0.002  0.66 *0.13.  0.67 .
. o o , (£0.02)  ° (21.0) S
03-139 M 390 '1-970 14.0 14.0 .12 +0.02 12.3 +1.6 12.4 - 0.0111’0.002 .15 $0.19 1.16
: ‘ B ' (£0.03) - (+1.5) | -
03-125 F - 650 - 1970 . 14.0 13.2 .33 40,04  18.2 +2.2 ~ 18.5  0.01920.003. - 1.02 #0.16  1.04
o ' ' : (+0.04) (*2.8) ' - ’ _
01-520 F 670 - 1967 2.87 9.0 .28 +0.20 ' 25.9 +3.3 27.2 0.07010.013 .41 +0.22 ‘ 1.48 .
' . : - S8 ,
01-144- F 762 " 1968 7.0 6.0- .41 $0.05 29.1 +#3.9 - 29.5 0.020%0.003 .39 $0.23 1.41
o | S . L(x0.5) : -
694 1971 10.6  10.0 0,20 +0.026 -.17.3 *2.2 17.5 0.011+0.002 A .91 20.15 0.92
, - - (£0.015) - - (%4.6) g
03-115 F 730 . 1970 14.0 . 10.9 .27.40.03  15.4 #2.0  15.7.  0.01420.002  0.77 *0.13  0.79
g ' (£0.03) - (20.9) : T » ~
01-431 F 1966 3.0 - - 0.0110.002 - -
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Table 6 (cont.). .-22®Ra elimination rates and coefficients of elimination for medical cases

: 226Ra body : ‘Sample - Excretion rates, pCi/dav +S.E.@ - " Coefficlents of elimination,
Case © content, Year of . size, day - (corrected for natural levels) % 22%Ra content/yr
No. Sex nCi collection Urine Feces . Urine - Feces TotalP Urine ] Feces Totald
03-135 M 1020 . . 1970 - 13.0 .  14.0 0.28+0.03 36.4*4.3 36.7 0.01010;002 A 1.30%0.20 1.31
I : . : n (+0.06) - (%4.6) h .
10-825 M 1070 . - 1976 3.7 . 10.85 0.58+0.07 . 23.1+2.9 23.7 - 0.020+0.003 0.79+0.13 0,81 ‘
: (+0.04) (+4.6) . )
1977 - 7.57 8.4 - 0.44+0.06. - 16.6%2.2 17.0 0.015%0.002 .0.57+0.09 0.58
. ) ' (+0.04) (+2.8) A
01-017° F 1320 1969 27.3 7.0 1.47£0.16 3l.624.1  33.1 0.041£0,006 0.89:0.15 0.93
) - : ' -7 (+0.09) L o
1270 _ 1971 8.7 11.0 1.74%0,21 = - 35.6%4.3 37.3 0.05 +0.008 1.02+0.16 - 1.07
: _ (£0.34) (+2.5) . S . ;
1120 1976 - .. 7.9 1.0 1.37+¢0.17 = " 13.1#3.2 14.5 - 0.045%0.007 0.43%0.11 .0.47
: ‘ , ' (£0.19) S : o
03-3116 F 1450 1970 . 14.0 12.0 0.57+0.07 2€.943.6 30.5 0.014+0.002 0.75+0.12 0.77
: . _ . (£0.23) (£3.1)- ) :
--03-206 M 3300 B 1973 6.7 5.6 - 1.26%0.16. 65.5+8.7 66.8 - 0.014+0.002 0.72+0.12 ~ 0.74
) ’ ' . ($0.19) (£15.1) .
10-010 . F 8€00 1972 5.0 .8.0 . 2.95:0.40. = 170 20 173 0.013%0.002 0.72%0.11 0.73

(£0.06)

. The values of standard errors ‘derived from multiple measurements are given in parentheses

ka‘e values of the errors for totals are essentially identical to those for the corresponding fecal values.
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" Table 7. 22%Ra elimination rates. and coefficients of elimination for radium chemists

(24.9)

. 226Ra body Sample-  Excretion rates, pCi/day *S.E.2 Coefficients of elimination,
- Case .. ", content, - Year of - -_. size, day (Corrected for natural levels) % 22%Ra content/yr
No. = Sex .. nCi collection  Urine - Feces Urine Feces "TotalP. Urine - Feces “Total®
01-205 15° © 1971 . 1.95 1.0 '0.035:0.013 0.310.58 0.34 0.085£0.032 0.75¢t1.4  0.84°
01-408 F. 20 1966 5.77° . -5.0 0.036:0:012 0.36£0.53 0.40 0.066£0.022  0.66+1.0 0.72
| o (£0.005) S - ‘

05127 - M 20 1967 3.0 3.0 -0.033:0.011 0.24:0.53 0.28 0.060+0.023  0.44%0.98  0.50
1 01-356 M 23 1969’ 1.96 - 0.060:0,016 - - 0.11.#0.03 . - . -
01-521 M 24 1967,1972.  4.78 3.0 '0.011#0.010 0.57+0.54 0.58 0.011#0.010  0.87+0.85  0.88
: . - . (x0.011) o IR _
01-410 F 51 1966 6.0 7.0 - 0.062£0.014 -2.06%0.63 2.06 0.044£0.011 . 1,48%0.48 1.52

. _ S . (+0.46) : . . -
014530 M 52 1968 1.92 1.0 0.28:30.05  3.26£1.07 3.54 0.19°#0.04  2.29%0.79 . 2.49 "
01-330 M " 66 1976 8.8 3.56 0.074:0.014 2.36+0.70 2.43 0.041+0.009 1.310.41 _ 1.34

: = - (£0.050) - o . - :
01-177 M 61 1969 1.86. -  0.099:0.022 - - 0.059:0.014. - - -

o 05-383 _ F 73 1973 5.66 .. 1.5 0.085+0.016 4.80#1.22 4.89 0.0430.009 2.40+0.65 - 2.44

. 01-522 M 240 1968 2.0 - 0.50$0.09 - - 0.076£0.016 - -

- 01-208 M 900 1967 6.77 - 1.90 *0.24 - - 0.077%0.012 - -

A . S (£0.04) , ' :
850 1969 12,7 -  0.73 #0.08 - - 0.0310.005 - -
o - o (£0.16) - .. . . o .
818 1971 2.89 6.0 0.93 £0.15 19.8 #2.7  2.07 0.041#0.008  0.88:0.15 0.92

_aThe values of standard errors dér_ived from' multiple measurements are giVen.in‘ parentheses.

Prhe values of the errors of the totals are essentially identical to those for the corresponding fecal

values.



contents "less than 1500 nCi, only the wurinary rate of the dial painters

.differed siénifiq;ntly.from zero (0.16 t 0.06 pCi/day). Finally, the -exact
value of this normal rate does not affect the results substantially; a vaiue
for the fecal excretion rate of 2 pCi/day does not change the overall
"conclusioﬁs. ‘. - '

A Uncertainties, i.e. standard deviations (ts.D.), of individual
elimination rétes were obtained by propagation of the 110% error mentioned
earlier on the ‘analytical. method and the collection éeriod, a 20% standard

226

deviation to account for day-to-day variability in excreted Ra, and the.

*
standard deviation (% SDE) of the agssumed normal excretion rate (E). Thus,

: rRaY? . 2 2, AR '
Sh = % ro ((0.10)7 + (0.20) /t] + SD. P : (1)
‘where Ra is the amount of 2?6Ra determined in a sample,

t is the.tlme In days vver which Lhe sample was collected, and
0.10,_0.20 and SDE are standard deviations as notéa above. - -
‘The v;lues gf_normal Qaily‘excretioﬁ rates and SDE are assumed to be

1.0 f 0.5 (SDE) pCi/déy in feces, -and . ‘

0.01 £ 0.01 (SDE) pCi/day in urine, except that in the Ottawa area they
are assumed to be: ' A

5 + 2 pCi/day in feces, and

0.05 + 0.05 pCi/day in urine.
When more than oné sample from a given collection.périod was measured, the
variability is qgiven by the standard error of the measurement (iS.E.) in
parenthesis after the'calculated S.D. in Tables 5-7. For the diél painters,
the éalgulated and observéd S.D.'s are very similar; the mean values are 3.91
+ 0.81 for the observed S.D. and 3.95,1 0.91 for the calculated S.D. The root
mean;sqﬁare'deviation (difference between observed and calculated) waé 0.90 ¢
0.75 for those subjects for whom observed standard deviations were available.

.While the 226

Ra urinary excretion rates are low compared to the fecal
rates, the urinary  levels are still sufficient for reasonably accurate

determinations (>0.010 pCi/sample). In most cases the fecal  excretion

* oy :
- Suggested by A. T. Keane of this Laboratory.

85



represents more than 90% of the total elimination.‘ For one dial painter, 03- '
226

- 402, w1th collectlons separated by 2 yr, the fecal rates of Ra (and'also of -
210p Pb)  differed by a factor of 6.  The higher rate (not used in ‘the
calculationS) occurred-when she was confined to a nospital bed and probably
represents increased bone resorptlon associated with disuse osteopor051s.
. The excretlon rates were expressed as "coefflclents of ellmlnatlon" of
the 226Ra body content,. CE, deflned as
"CE = - SE/R “y k2)
‘the fractional elinination rate of the nuclide. - This quantity represents the
instantaneous fractlonal rate of change of body content..' In this paper
'.coeff;c1ents of ellmlnatlon, aref expressed .as percent ef body centent
eliminated per year. . '
‘The. individual urinary, fecal and tptal coefficients'of elimination are
" presented in.Tables 5-7’aiong with the eliminatien rates (E). The nnweighted
means for each group are presented in Table 8.,.The cbeffieient of variation
(fractlonal standard deviation) of each elimination’ rate was propagated w1th a

226

" nominal coefficient of variation of 0.1 in the value of the "Ra body content

S to obtain the standard error of the CE, i.e.

: . : 5 S Vs - ' ) .
SE =tCE'(-E:sl)j) + (0.1 » S (3)
where SD is the standard deviation of the excretion rate defined in Eq..1'and
E is the elimination rate. ' | : ' t ' '

A The-use of the mean of the CE's weighted by the:inverse variances of the
‘individual data points gives lower (but net .signifieantly) values . for the
medical.casesAand chemists. The weighted means of the tetal eliminatipn rate
,‘were>0.81 + 0.06 and 1.09 t 0.#5%_per yr_for’the two greups;:respectively,
' which_nay be eompared to the-respective unweighted ﬁeans of 0.98‘i'ﬁ.16 and

1.30 % 0.23% per yr. :HoweGer, for the dial'painters'the differences between
' tne'weighted and unweigﬁted mean values for total are'suBstantial;31;10 as
Vcompared to 2.23% per yr, respectively. The lewer “value is essentially_
4ident;ca1:to those of»the~other groups? while the higher one is significantly

greater .(P x B.05).." Because'-the ,variance- of a result is - apptbkimateiy
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Table 8. Coefficients of Elimination.

Mean coefficients of elimination (unweighted),
% 22%Ra content/yr *SE(n)

, 4 Ratio,
_Group Sex Urinary (U) Fecal (F) - Totald- U/F
Dial painters F 0.11 * 0.02(33) 2.12 + 0.39(23) 2.23 0.052
- | £0.013
Medical cases =~ M 0.020 + 0.005(9) -1.05 * 0.19(8)  1.07 0.019
' : ‘ o : +0.006
F 0.028 + 0.006(12) 0.88 + 0.10(11) 0.91 . 0.032
: - ' . © 10,008
M+ F 0.025 + 0.003(21) 0.95 * 0.10(19) 0;98 0.026
) +0.004
Radium éhemists - M 0.071 + 0.015(11) 1.09 * .'.27‘(6) 1.16 0.065
C | | +0.021
F 0.US1 # 0.008(3) 1.51 1 0.50(3)  1.56 0.034"
: o +0.005
M+ F 0.067 + 0.012(14) .1.23 * 0.23(9) 1.30 0.054
: . ' ) +0.014
o . 0.030
b
Wfaighted mean’ A(Groups) . 40.007
the

AThe SE values for these results are essentially identical to those for

feces.

bWeighted 'by the inverse variances for the three groups not broken down

by sex.

proportional to the value of the result itself, t.he_wéighted mean gives higher

weights to the lower values. . This tends to obscure the fact that for the dial

painters a substantial fraction (65% compared to' 10 and 33% ‘for the medical

caées and chemists, respecf:ively) of the CE's are high (> 1-5% per yr). The"

use of other weighting methods, such as the weightsv proportional to the body

content of 226Ra and collection time, or tﬂe use only of data from subjects

with body contents of 226p, greatér than 50 nCi resulted in findl conclusions

similar to that from the unweighted mean.

The wide ‘variations between’ the ‘averages of the fecal CE's of the dial

painters calculated in different ways arise from the ‘distribution of these
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values as shown in Figure 1. 4While the distribution could he interpreted as
being lognormal; with the higher values of CE being in the tail of ‘the
dlstrlbutlon, the‘flatness of the tail indicates that thevresults fall into
two‘ populatlons, with. values helov and 'abOVe 1.5% (6 and 12 cases,
respectlvely). The dlstrlbutlon in the lower group is similar to those in the

medical cases and chemists.

Olal Palnters - _ N
- B8 Medical Cases - :
B2 Radium Chemlsts

Number of Cases per 0.25%/yr
L

3r 1
2"’ ’ hn
: i
i 7 A i
9. o
] 1 Z Z:::
- 7z 2 .
. éi é i
0‘ 4 i3 72, , 4555 ’ :2:11% 2 ) :
1.0 - 1.5 2.0 . 2.5 3.0 3.5  >U.0 4.5

o
‘o
S

an

Coefficient of Elimination, fecal (% Ra/yr)

FIG. 1.--Distribution of the fecal coefficients of elimination for dial
painters, medical cases, and chemists.

Whlle the parameters 'in Table 1, such as age at mid-~exposure and body
content at the time of the collectlon, ‘do hot differ between the groups, there
is an indication that the group w1th the higher levels of CE was younger at
mld-exposure (mean age + SE of 19. 2 % 0 46 yr, n = 12) than that with CE s
below 1.5% per yr [mean age t SE of 23 7 + 2.4 yr, n-= 6, P = 0.08, or if the
age of case 05-215 (35 yr) ‘is excluded from the calculatlons 21 4 t 1. 03 yr,
n=5, P £0.10]. ‘ . _

A s1m11ar effect is 1nd1cated 1n the values of the urinary CE's w1th a
separation at about "0.1% per Yre The subjects with the hlgher values of
urlnary CE's also appear to be in the -group w1th the hlgher fecal values, but

there are too few data p01nts to substantlate thls.

“
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Since a large fraction of the dial painfers appear to havebhigher values
of CE's, we will use the higher value (mean) of the CE's for the dial
painters. By Student's t-tesf the total and fecal coefficién?s for the dial
painters are significantly greater - than the respective ones for tﬁe medical
cases (P < 0.01, total; P < 0ﬂ02, feces), and they are probably significantly
greaterifhaﬂ those of the chemists (P =2 0.05).* The medical subjects exhibit
ﬁore uniformity 'in "their coefficients, as noted by the smaller relativé
standard errors (Table 8). The lower variability_of the excretion rates for
the medical cases compared to that of the rate for the dial painters is
illustrated in the plots for the respective groups of excretion rates as a
function of body contentAin Figures 2 and 3. (The ratios of the y intercepts
to the x intercepts or slopes on a linear scale, of the lines are proportional
to‘the coefficients of excretion: CE = Slope k 36.5.) ‘

The urinary' excretion rates are plotted against the feqal rates in
Figure 4 for each subject. A least squares fit of a straight line to the data
resulted in the regression equation:

U= (0.,0171 £+ 0.0016) F + (0.16 t 0.05) pci/day,
where U:- and F are the urinary and fecal excretion rates in pCi/day,
respectively; The linear coefficient of correlation, r,. was'0.83 (P<0.01,
n=50). Shown on the figure is the linear fit forced through the drigin

U = (0.0198 £ 0.0014) F pCi/day, '
with r = 0.89 (P < 0.01, n = 50). ThiSAequafion appears to be more reasonable
than the previous one, which implies a significant urinary excretion rate when
the fecal excretion rate in excess of that from environmental levelé is very
low (< 1 pCi/day). ". ' . i

The means of the ratis U/F differ among the groups, being highest in the
chemists and lowest in the meaical cases, but the differences are not
siénificént (Table 8). The overall mean weighted by the inverse variances is
0.630‘¢ b.067 (1SE). ,Wﬁile this value is 50% gfeater than that derived from

'the least squares analysié, the two values do -not differ significantly (P >

'0.05). The values for the urinary rates may be upper 1limits, owing to

i
* ’ : ’ 2 2
While this test is valid only for populations with similar variances, .0,/0, 1
"it' is etill valid for widely discrepant variances if one reduces the number
of degrees of freedom (Ref. 13, pp. 397-398).
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FIG. 2.--Urinary and. total. (urinary plus fecal) excretion rates versus Ra

) body.content.for.the medical cases. ‘The straight.lines represent. least square
" fits of logy = log a + log x or of y = ax .to the data. -0O- Fecesl(slope'=
0.026 pCi a~% nci~1l); «++X-.-Urine (Slope = 0.00068 pCi'l'dfl nci™t).

‘analyticai problems; the levels in urine are often low and near the 11m1ts of
detection (about 0.010 pCi’ in a sample). _ Older .samples (processed before
Hf973)"may be subject to contamination ‘from- reagents. These effects are
particularly significant for the chemists, who'generally had lowertzzsRa body.
.contents. o ' . - N .:
Comparison of the-measured coefficients'of excretion with those predicted

by the Norris power functlon that ‘describes the retentlon of 226Ra in the body

14 is a ‘check on the valldlty of this -

as a function of time after intake
functlon.~“ -Thls functlon is particularly relevant because At 1s used to'

estlmate the body content at the tlme of 1ntake from measurements -made : 20 to_
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data is the geometrlc mean of the coefficients of elimination and it rather
than the arithmetic mean, is used because of the better. fit to the data it
provides. -0- Feces (Slope = 0.058 pCi al nCi'l); eseXsesyrine (Slope =
0.0021 pci @~ nci-1y. ' ' o ‘

60 years later and to calculate the radiation dose to the skeleton. The power

function is given as
Rt =A -t ’ ' : . ' k4)

226Ra_i_r; the body at time t, A is

where R, is the fractional retention of the
the fractional retention at one day after intake, t is the time in days since
"uptake, and b is a constant. The Norris values are 0.54 for A.and 0.52 t 0.05

for b.
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‘to the data. O Dlal palnters, A Medlcal cases; V Radlum chemlsts, ees J =
0.0198F. - : . T : :

The eliminai:ién rate ié,"the firgst derivative 'bf.-’this'functj!.on,'with a.

negative sign, -

dar . _- C b=l . L : T
o — . b e t . o . (5)
at A ‘ .

' ahd the,' coefficienf of _elimination, CE, is the -fraction‘ of the body -content.
_excreted per unit time (Eg. 2), ' A

CoCE=-H/RTE , A . .
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Thus, the CE is predicted to change inversely with time, from 5.2% per yr
at 10 years after intake, to 1.04% per yr at 50 years. For the dial paintérs
[mean time of 43 yr since expgsﬁre (Table 4)] the mean of the ratios of thé
measured (Table 8) to the expected coefficients of elimination is 1.9 % 0.3
(S.E.)s On the 6ther hand, for the medical cases (42 yr since exposure) the
" CE of 0.97% per yr is 0.78 % 0.06 of that calculated. Similarly, for the

chemists; the mean CE of 1.30% per yr is 0.75 t 0.16 of that expected 30 yr

after exposure,‘é value not quite significantly different from 1.0. However,

in the latter group, removal of one high value o6f the ratio of 2.6 (casé‘OS-
383) gives a value of the mean (0.62 + 0.11), which is significantly less than
the expected ratio.of 1.0. It should be noted that these ratios of observed
to calculated values are similar regardless of whether one uses the ratiés of
the means in Table 8 at the ﬁean time or the means of the ratios for each.
subject (Tables 5=7).

The data colléctiohs from individual subjects over a period of years are
not conclusive in characterizing changes in the excretion rates with'time.
For the_diallpainters the fecal CE's decrease in two cases, increase in two
cases and are approximately constant in one case, while the uriﬁary CE's
decrease in four cases, increase in one and are constant in another. For the
one medicél case with multiple measurements there were indications of a
dgcrease in the feéal, but not. in the urinary CE, while for the one chemist
there was'an indication of decreased urinary excretion rates with time.

To observe a significant change in the value of CE of about 30% (twice
the estimated uncertainties in the determination of the excretion rates), it
may be'necessary to make measurements 10 to 12 yr apart (Eq. 6). However,

‘similar or improved . accuracy may be obtained with multiple measurements -over a
" shorter ﬁeriod of time, e.g., five studies’ in five years, and such a
possibility should be examined. ‘ ' V

The variabilities of the ratios of observed-to-expected values of CE are
probably largely due to biological variability and secondarily to the
‘uncertainties in the times of collection. That the coefficients for the

Amedical cases and chemists are lower than expected from the Norris function
4suggests‘that the value of the exponent b may need some adjustment; possibly
it should be 20% lower. In most of . these cases the ratio was less than one;
foruonly one of niné chemists was the ratio greater than 2.0, and for only

three of the 18 ratios for the medical cases were the values greater than
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unity. This conclusion is consistent - with that of Miller'and finkel that
the retention function should be ' V

R = 0.3ot;o.44. : | ) o . .. A' ) | ' | 1)
or possdbly evenA

R = 0.20670°36 . B | . o o ‘ (8

- The values. of the .exponents in Eqs. 7 andAB are consistent with that of b
(0.41), the exponent of the power functlon term in the ICRP 20 model.1§>
However; the values of the parameters of ICRP 20 were not 1ndependent1y
determined since they are also based on Milier:and Finkel's data,6 among those
from other workers, which are from iatrogenic cases. SOmeyof‘our-cases (the
‘subjects with -case numbers 03-115 to 034139) are also in the above group. The
conclusions--on the similarities "in  the values of “the parameter are

A‘strengthened however, since they are derlved by two qu1te dlfferent methods,
i.e., repeated whole body counting, and’ determlnatlon of excretlon rates. '
on the other hand, for the dial painters 14 of 21 values are greater than
unity, the CE's range up to 8.6& per yr, and the meanlyalue_of CE x t is
substantially greater.'than the 'exponent of the Norris function.l The mean
values of b estimated from'the total CE's in Table 8 at the mean time'since
intake (Table 4) and Eg. 6 areVO 9% + 0.17, 0.41 t O. 04 ‘and 0. 35 ¢ 0 07 for
the dial painters, ‘medical cases and chemlsts, respectlvely. Thus, as shown
in Table 9 the CE s for the two latter groups are consistent with the Miller
and Finkel parameters, wh11e that for the dial palnters is substantlally
greater than those and that of ‘the Norris function. The CE's of the diak
painters are con51stent with those expected from the ICRP 20 model that
'1ncludes an, exponentlal factor w1th a decay constant (A) that at long times
-after <1ntake predicts a loss of 1.5% per yr. The observed, ‘CE's for 'the
medical cases and chemists are consistent with the ICRP 20 model in which the
: vaiue of A is near zero.16; The values of the initial retehtion (at one day),
- A, in Eq. 4 cannot be determlned from these data. ' .
. The large value of b for the dlal palnters 1nd1cates a s19n1f1cant.

departure from the extrapolated Norrls function, i.e., that the dlal painters

are excreting. radium at an .increased rate, and it suggests a change towards an
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Table 9. Comparison of predicted with observed coefficients of elimination.

Coefficients of elimination, %/yr

" Ex;ﬁected ffor‘n‘ models

Observed A
Time since ICRP 20 ICRP 20 Miller
exposure, Norris (A=1.5, (X=0, - (Eq.9,
Group . yr (Table 8) -(b=0.52) b=0.41) b=0.41) b=0.36)
Dial painters 44 2.3 1.2 2.7 0.97 0.82
Medical cases 42 0.98 1.2 2.8 0.92 - 0.86

Radium chemists 27 1.30 1.9 ' 3.9 1.7 1.3

exponential function of time as predicted by the ICRP 20 model of alkaline

16 This effect is even more significant if only the group

earth metabolism.
with the larger values of CE is considered. According to that model the CE
should be about 3% per yr at 40 yr after intake (flg. 22, p. 189 of Ref.
16)s A value of b of ~ 1 (i.e., 0.92) indicates that the loss is exponential,
according to one theory that derives thé power function from chemical kinetic
princ’iples.17 ‘
~ The differences in the values of the b's may be due to the dial painters
having acquired radium much younéer than the other groups (19 yr compared to
24 yr and 30 yr for the medical cases and chemists, respectively). The effect
of age at acquisition on retention (but not the effect on CE) was discussed in
ICRF 20 (Ref. 16, pp. 180-190). Higher ratios may also reflect the
exponential loss of radium at late times predicted by the retention equation
of ICRP 20 and attributed to various aspecté of the loss of radium and its
being recy¢led in the skeleton: Loss of bone mass, as in osteoporosis, may
lead to a similar retention function which is éexplained by a chemical‘kinetic
mechanism of higher order (> 3) that controls the kinetics of the tracer
(226Ra) in a poorly mixed itedium (bone) at early éimes and is described by a
power function. At later times the loss of bone mass through osteoporosis may
become thie rate-controlling mechanism with the radium tracer then following
apparent first order kinetics (exponential loss.)17
The cause of the differences between the groups is not obvious. One
possibility is -that at the earlier age of acquisition by thé dial painters,

the'higher metabolic rates of the less mature bone may have distributed the
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radium more uniformlyiinithe skeleton,‘so that-apparent first order kinetics
(exponential loss) would occur sooner after~the end of exposure. While on the
‘one, hand this hypothe51s is not supported by the data (that is the correlatlon
. between CE and age -at acquisition is not statlstlcally 51gn1f1cant), on the
other hand such a relatlonshlp could be obscured "by the narrow range of
ages. Some support is given by the slight difference in age noted between
dial painters with .CE's above and those with CE's below 1.5% per yr. In
- addition, since the ‘skeleton 'is approaching maturity‘ at this. tine, small
variabilities in. the age of maturation (relative to an‘average 1ife-span)
"could be a ]arge‘fraction of: the duration of exposure. Also there is no
~correlation between duration of exposure and CE.

The results for d1a1 palnters are ¢onsistent with those of Lucas et al.>
with a mean CE of 2.5% per yr,atl43 yr .after intake ‘(the values are not
entirely independent.since their four cases 'are .included in ‘ours). For . the
data of Norris et al.,1'WHich were for iatrogenic cases, the CE was 2.9% per
yr.afterl23 vr,’ whlch 1mp11es a value of b.of about 0 67 compared'toxour

value of 0.41 at 42 yr.. Lucas et. al.3

attributed: the.closeness‘in-values_of
the CE of Norris et al. ‘at 23 yr to theirs at 43 yr to. the possibility of a -
final exponential" retentionvtterm. However, our .results indicate that. the
similarities in eXCretion,rates,at.di{ferent times may be due;to the mode of
(or age at) uptake. o ' '

Most of the cases descrlbed by Muth and Oberhausen2 are not comparable'to’
ours, 51nce they were, worklng with radium or had ceased exposure just prior “to

measurement. -However, one subject (a pharmaceutical worker w1th a 226

Ra body
content of 16,500 nCi) had ended a 35-yr exposure 6 yr prior to measurement.
Her value of CE of 0. 58% per yr was - consistent ' with those~ “of some of our

‘cases.

_Conclusionsl '

-, From these. results it appears that the. three .groups differ in their
metabolism of radium. The chemists show‘coeffieients of fecal elimination
.similar Ito. those of the ‘medical cases, particularly: when consideration is
-given to the shorter times since exposure'of the chemists: . For the chemists
and dial painters, the,coefficients of urinary‘elimination»are similar, and
they are greater than . those of the medical.eases..The urinary ‘excretion rates

are 1.9 to 5.4% of those of the fecal rates, with'a'weighted ﬁean of ‘3.0 ¢
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0.7% (+S.E.) (the mean of the values in column 5 of Table 8, weighted by their
respective inverse variances). . ‘

The causes of the metabolic differenceé among the groups are not
‘evident. Sex differehces do not aépear to be a factor, as evidenced by the

£ 22%ga (1S.E.) for the eight females (for

medical cases. The mean total CE o
whom we had data on the feces) of 0.9 % 0.1 did not‘differ significantly from
the 1.1 ¢t 0,2$ pérlyr for the six males. Similarly, but 1ess‘signifi¢antly
(because of fewer cases), for the chemists the mean CE for the three females
was ﬁ.S + 0.5% per yr compared‘to 1.2 t 0.2% per yr for the six males.

The difference could fesult from such causes as age. at the time of
acquisition, rate or mode of acquisition and the amount of physical activity
performed by the subjects, both during the period of intake and at the time of
collection of excreta. Definite conclusions must'await‘further data ané more
. detailed analyses of the results.

. As a test of the reténtion models at long timés (~ 40 yr) after the end
of exposure, thése results show that the Norris gunction, which is used in
calculating dose to the CHR subjecfs, on the average predigts values of CE-
~ similar (& 50%) to those observed for the medicai cases and chemists (% 50%)!
and for the dial painters within a factor of two. - On" the other hand, the
ICRP 20 model with A = 1.5% per yr predicts values of CE about three times
those obéerved for the medical cases and chemists, but its predictions are
only 20% greater than those observed for the dial painters. This model could
be adjusted to fit the results for the medical cases and chemists by reducing
the value of A (A = 0), at which po;nt (at long times after intake) it
approximates a power funcﬁion {Eq. 4) with pa¥améters very similar to those of
the Norfisvfunction. : ) A

The results of éhe measurements réported here are useful in the dosimetry
of the radium patients in that the coefficient of elimination is an
instantaneous rate of change from which the value' of the parameter b in Eq. 6
can be obtained.for a given: individual. This value should be' similar to ‘that
“deriQed from serial whole body countiﬂq measurements made over many years (10-
15 yr) near thé time of the CE measurements for such a subject. Wheré
protracted whole body measurements are impossible, excreta data are then the
only source of such information 6n rates of change in body content. Both
methods have . uncertainties. that may be,;educgd by judicious combination of

results from both types of measurements. Individual values of b can be used
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to estimate more accurate values of absorbed dose in the radium patlents.
Further analyses of the existing metabolic data and studijies on the normal
environmental levels should help in maklng these results more accurate and

useful.
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‘RADON IN HOUSES - A REVIEW*

-J. Rundo and R.. E. Toohey

Energy;conservation measures that result in less ventilation of dwellings
with.outside‘air may lead to increased concentrations of»radon-indoors and
therefore possibly to an increased incidence of luug cancer. . As 'a result,
..tﬁere.is currently coﬁsiderable interest in radbn in houses, both 'nationally
‘jand'internafionally; our own‘measutements ﬁaVe shown that in sOme'hquses the
naturaly'radou concentratieh rdutinely exceeds that for which tﬁe Surgeon
General stafed'that remedial ‘action was indicated in the éase of heuses built
in.Grand'Junction, CO,'oq,uranium_mill_tailings (10 pCi/L, with the short- .

. lived daughter—products assumed to Be at 50% of equilibrium).1

The sources - of’ 1ndoor radon include soil gas, buildiugfmaterials, water
‘usage, and ground water; infiltration. routes ;nclude diffusion,,craeks,.fioor—
wall joints, loose pipes, floor' drains, drain tiles, and_craul Spaéesg

A common measurement techniquetis to dete;mine the:d-aetivity‘ef an, air
sample. in a. Lucas counterz or siﬁiiar device;'howéuer; "gfab" samples'a:e
unsatisfactofy because of temporal and spatial variafidns in .radon 1eveis.even
within "a small volume (one room of a house), and the number of saﬁples-which
can be taken .is llmlted by the availability _of- countinge eguipment,
Consequently, devices which measure morée or less continuously fhe varying
" radon 1levels are preferred. These include detectors which count radon -

3 and those which count the a-particles produced from.’

particles exclusively,
radon and especiaily its daughters‘in a defined volume.4"The cenCentrations ‘
of radon'daugﬁters can be detefuined independehfly of the radon levels by
collecting, on filters, the 1aerosol particles to-.which the daughters are
attached and counting tﬁe a—particles from the. latter. Although radon
instruments  can be';intefcalibrated, no method has yet been devised to

intercalibrate widely'separated'instruments which measure the daughters.

*Summary of an invited paper presented at the 26th Annual Meeting ‘of the
Health Phy51cs Society, Loulsv111e, KY, June 21-25, 1981.
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The concentratiqns of naturally occurring radon 4in houses are
eitraordinarily Qariable; In our own ongoing'study of houses in the vicinity'
of Afgonne, levels.have ranged ffom:0.05 to 54.5 pCi/L, with a geometric mean
of.1.1 pCi/L, and a geometric standard deviation of 3.2. Levels seeﬁ to be
relaﬁed to' the type of soil under the house, but there is still great
'variability'in a given house. We have looked fof correlations between radon
concentrations and meteorological variables such as pressure, atmospheric

stability, and wind speed and direction, with little success.

' Because radiation dose received by the lung'is due almost entifely to the
short—lived_daughters;of radon, rather than to radon itself, it is useful to
introduce a parameter known as the equilibrium factor, or working level ratio,
Fe One working level (WL) is defined as that concentration of short—lived
radon daughters in any combination,"which has a potential alpha-particle
energy. of" 1.3 x 105 MeV ber liter of aif. Since: this is the equivélent of
100 pCi/L of radon with all its daughters in' equilibrium,

F = 100 wL/Kn (pci/L).

Values of F reported by other workers seem to have a mean of 0.5, but
sometimes this was an assumed value. It is of interest to note that values

5 We have

reported‘from Italy were all < 0.5 for mines and < 0.05 for spas.
also found low values for F ranging from 0.05 to 0.25 when houses have been
closed for heating or air conditioning. Some preliminary measurements have
indicatea'that the missing daughters are located on surfaces in the house, and

the total amount calculated to be on surfaces is of the right order.

There are two major tasks which must be accomplished in 6rder to
determine tﬁe radiation dose received by the general population from naturally
occurring radon. The first is an extensive survey of radon concentrations in
houses under different conditions of ventilation with outside air and at
different times of the year. The second is an intensive study of the value of
F in houses and the effects on it of location (urban or rural), §entilation,

air circulation, and aerosol concentration.
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EXCRETION OF 210Pb BY WORKERS IN AN AREA WITH HIGH LEVELS OF ATMOSPHERIC
RADON, AND ESTIMATES OF EXPOSURE TO SHORT-LIVED RADON DAUGHTERS*

R._ B. Holtzman,‘J. Rundo and P. W. Urnezis

21

The urinary excretion rates of 0Pb were used. to estimate the exposures

to 222Rn and its short-lived daughter products for 12 persons who had been

working for about nine years at an ‘industrial site formerly utilized for the
processing of wuranium ores and for the dumping of process residues.
Measurements of body radioactivity in a 1low=-background counting facility

showed no levels in excess of normal, but the geometric mean excretion rate of

210Pb of 0.86 pCi/day was significantly above the normal environmental level

of about 0.2 pCi/day; the geometric standard deviation was 2.0. The excretion

210 226

rates of both Po and Ra bf 1.37 and 0.10 pCi/day, respectively, were

also substantially above their respective normal environmental levels of 0.2
and 0.02 pqi/day.

A metabolic model was proposed to relate the urinary excretion rates of

21 210

on to exposures to radon, short-lived radon daughters and Pb preseﬁt in

the atmosphere. This model predicts, for reasonable conditions, such as an

effective age of the air of 30 min and a moderate disequilibrium between radon

210

and its short-lived decay products (F = 0.44)*, that most of the Pb is

222Rn dissolved in body fluids. Based on a conversion factor

1 WL_1, the geometric mean lung exposure derived from the

derived frdm the
of 1.42 pCi day
‘210Pb excretion rates was estimatea at 0.43 WwL. This mean value differed
substantially from the value of 0.14 WL estimated from the.conéentrations of
radon and radon decay. products reported to be in the atmospheres of ' the
buildings in 1977'. ‘ ' .

Possible causes of the differences in the estimated exposures were

presented; The breathing and retention rates may have been higher than

* -
Summary of a paper presented at the Twenty-Sixth Annual Meeting of the
Health Physics Society, Louisville,’ Kentucky, June.21-25, 1981.

t. D e+ 100
F= 333 “
. “Rn conc. (pCi/L) v .

where D is the concentration of radon daughters in units of Working Level,
and - one WL is anx combination of the short-lived radon decay products
(218Po, 214Pb and- 14Bi) in one liter of air that will result in 1.3 x 10

MeVv of potential alpha energy.
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. assumed for the model, as may- have  the 'urinaryrto-fecal excretion ratio.
Slnce the most sxgnlflcant source of 210Pb appeers to‘be the radon dissoioed_
~in the body fluids, adjustments upwards of “the ratio of radon ‘in the body
relative to that in- the air could substantlally 1ncrease the conver51on factor.

.used to estlmate the exposures.

Reference

1. Oak Rldge Nat10na1 Laboratory, Radiological Survey. of the Former Vitro
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CONTINUED STUDIES OF THE GASTROINTESTINAL ABSORPTION OF PLUTONIUM BY RODENTS

R. P. Larsen, M. H. Bhattacharyya,* R. D. Oldham, E. S. Moretti* and
M. I. Spaletto : ' '

In the mouse the gastrointestinal absorption of hexavalent plutonium (the
form present in chlorinated drinking water) is (1) a factor of about ten lower
in the fed animal than in the fasted one (0.015 vs. 0.15%), (2) independent of
plutonium concentration over a range that broadly brackets the -MPC for
plutonium in drinking water, and (3) independent of the time of 'day the
‘solution is administered to fasted animals. Other factors related to the
" determination of G.I. absorption which have been investigated are: (1) the
adsorption of plutonium onto teeth of animals during both gavage and ad
libitum administrations, (2) the formation of polymeric tetravalent plutonium
during and subsequent to -solution pfeparation, and (3) the relationship
between the metabolic behavior of plutonium solutions, administered both
intragastrically and intravenously, and their ultrafilterability.

Introduction

To' a major degree, the maximum permissible concentration (MPC) of
plutonium in drinking water is based on the results of experiments by Katz et
al.'! and Weeks et al.? in which 0.01 M nitric acid solutions of Pu(IV) fanging

=12 45 1078 g/mL were administeréd to rats for a

in concentration from 10
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(lIV) was administered. Since Larsen and

Oldham3

had found that the form of plutonium in chlorinated drinking water is
Pu(vi), we reinvestigated the effect of plutonium oxidation .state " on
gastrointestinal absorption. - The results that we have obtained, which have

4,5 were significantly different

been reported in two previous Annual Reports,
‘from those of fhe earlier investigators. In our first report,4 the value
reported 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
Kaﬁz'et al. and Weeks et al. (0.20 vs. 0.002 to 0.003%). The value obtained
for Pu(IV) in citrate buffer was the only one notrsignificantly different from

. those of earlier investigators.

3

* Division of Biologiéal and Medical Research
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The possibiiity that plutonium -absorption was dependent on the -
administration medium was investigated'and the results were reported in the
last Annual‘Report.S"Our medium'has been 0.01 E_sodiumibicarbonate containing
,either-Pu(VI) (to,simulate.chlorinated drinking water) or Pu(1IVv) (to simulate
untreated water), while that offcther investigators has, almost exClusively,'
been Of01 M- HNO4 containing Pu(IV). The value we obtained when the '
administration medium was 0.01 M nitric acid .containing Pu(IV) was 0.20%,
uessentially the same as that obtained for 0.0i g_sodium bicarbonate containing
Pu(IV), 0.17%. The possibility that our significantly higher values for
plutonium absorption were related to the species of animal, the,mouseArather
than the rat, was also investigated. When Pu(VI) in dilute bicarbonate
solution wasladministered to the rat,nthe absorption value Wae 0;32%,.(vs;
0.17%.for the.mouse), and when‘this solution waa administered tc the dog, the

value was 0.066%.6

In the investications cf katz et al;1 and of Weeks et'al.,2 solutions of

Pu(IV) that.ranced in concentration from 1 x'10-12 tou1‘x 107% ‘g/mL andAmere
‘OQOJ_ﬂ in nitric acid were administered to groups of fed rats. The mice;'
rats, and ddQs in our experiments were fasted. 'Since our'absqrption ualues
were much higher . than -those of Weeks et. al.,. it became bapparent that an
_investigation of the effect of feeding regimen and a reinvestigation of the
- effect of plutonium concentration were warranted. One of our explanations for
the 100-fold difference betweén their absbrpticn values and ours has been that
the plutonium in their sclutions was polymeric rather than monqmeric,

Other factors investigated were-' (1) the-relationship between the time
of day solutions are.: administered and G.I. absorption,:(2)~the adsorption of
.plutonium onto the teeth of mice during their ad iibitum.consumption of both
.Pu(IV) and PusI)‘bicarbonate solutions, (3).an apparent relationship between
the absorption of ;ﬂutonium and the ultrafilterability of - the admlnistered
solution, and (4) the polymerization of Pu(IV) in 0.01 M nitric acid when the
plutonium concentration 1s 1 x 10 -6 M, the highest concentration used in the
,study by Weeks et al. of plutonium absorption in fed animals. '

General Experimental

In these experiments, solutions of Pu(IV) in 0.01-M sodium bicarbonate,
Pu(vI) in 0.01 M sodium bicarbonate,'and Pu(IV) in 0.01 g.nitric acid were

administered to groups of mice. The procedures used- to prepare these
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solutions and the methods of administration were the same as those ‘reported

4,5

previously. Unless otherwise - stated, the plutonium concentrations were

" approximately 1 x 10-10

M and the number of animals in each experiment was
10.  The methods of administration and other experimental conditions are

presented in the individual sections below.

Effect of Feeding Regimen

The effect of feeding on the absorption of plutonium was established by

administering a solution of 236

Pu(vi) in a 0.01 M bicarbdnate‘ medium’ (via
drinking tubes) to two groups of mice. The administration was from 5 p.m. to
9 a.m. (during their active phase). One group was fasted from 8 hr before to
8 hr after the administration period, while the .other group was allowed to

feed ad libitum before, during, and after the administration period. After
six'days, the mice were sacrificedh skinned and eviscerated; the heads were
remeved ffom the eviscerated bodies, and the livers 'and headless bodies were

analyzed for 236py,

From the amount of plutonium in the headless carcass, the
amount of plﬁtonium'in the total skeleton was calculated. This calculation
was based on the data for skeletal distribﬁtion of plutonium reported in the
following paper of this report.

The fractional absorption of plutonimﬁ in the faeted mice was 0.13 &t
0.02%, vhile that in the fed mice was 0.615 + 0.001%. ' This decrease, by a
factor of 9, between the fasted and the fed states is in general agreement

with data reported by Sullivan et al.7 In their study (of the effect of

oxidation state),'a solution, 2 x 1073 M in 239

Pu(VvI) and 0.01 M in nitric
acid, was administered to both fasted and fed rats. The absorption value
obtained for the fasted animals was 0.45%, while that obtained for the fed
animals was 0.024%, the decrease being a factor of about 20. Similarly,
Stather et al.® admlnlstered Pu(VI) in bicarbonate solutlon to fasted and fed
hamsters, and obtained absorption values of 0.011 and 0.0022%, respectively.
There is some .question, however, about thelr value for the fasted animals in
that feeding was restored immediately after the plutonlum was admlnlstered.
It should be noted that their value for the fasted hamster is a factor of 8
lower than our value for the fasted mouse and a factor of 22 lower than the
‘valqe of Sullivan et al. for the fasted rat.

The most recent value adopted by the 1crP? for the fraction of soluble

plutonium transferred from the G.I. tract to blood in man is 1 x .10-4 (an
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incréase of a factor of 3 since our investigation ‘beéan). éonsidériné the
. ,v_'alue\s‘ we have obtained in ani_mais-, it appears that the value for man should
be .. reviewed. The effect of feeding is part-ic(xlafly " important ‘éince’ the
‘consumptions of drinking water land of food by ‘man' are nnt -nécessa;ily’

concurrent.

Plutonium Concentrat:.on -

The. possxblllty that. plutonlum absorptlon was dependent on plutonlum'
concentration was 1n_vest1gated by supplying Pu(VI) bicarbonate solutions “ad
libitum to fed. mice: du'ring their active phase. : The concentration range
investigated was 1 x 1;0"-12‘ to 1 x 10'-'8 M, from a factor . of 30 less to a factor

of 300 ,-higher';‘than the MpPC for 239 £ 239

0-'11

Pu in .drlnklng water (a solution o Pu

that is 3 x 1 ﬂicorrespo'nﬁds to .an .activity concentration of. 5' pCi/m\L).r
"I‘hree solutions were administered to ‘three - groups of 8 tnice, ‘A, B, and C.
They received  a 1.0 x 10"12'£ sql‘ut.'i.on~.of 236py on day 0, a 1.4 x 10~10 M
solution’ -o'f 2385y on day. ‘7 and a 1.1 x 1078 M solutj.on:of 2391:& on -day 14.

Gfoups' A, B,.and C were sacrificed.on days ‘21,v 28, and 35, respeétively. The

Table 1. Design of the experlment to establish the effect of" plutonlum
concentrat:.on on its G.I. absorption in fed mice.

Admin. Plutonium = - 12 . Sacrifice Postaid'min.
day Isotope Molarity x. 10 2 Group day time, days
0 - 236 . 1.0 A 21 21
- - o B 28 _ 28 .

s c s 35

7 238 14040 A 21 14
L B 28 21

, . c 35 28
14 239 " 11,000.0 A 21 7

B 28 14
. C '35 21

experimental design is smnm;riie‘d in Table 1. The livers of the mice were
.'analyzea by alpha spectrometric .isotope dilution (ASID), using"242Pu ‘as. the
isotopic diluent. Since three "plutonium isotbpés had'béen admi’jni'ster‘e.d, each .

analysis provided a value for the. amount of each isotope in that liver at the
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time of‘sacrifice.

The results obtained in this experiment are summarized. in Table.2. Since
other investigators:havé shown that the retention of.plﬁtonium in the liver of
the mouse_decréases quite rapidly with time after ILV. inject;on, the effect

of plutonium concentration on the G.I. absorption was established by a

 Table 2. Effect of plutonium.concentration on G.I. absorption in fed mice.

Postadmin. . ’ Plutonium Retention in

time, days molarity x 1012 liver, $ x 10
7 : 11,000.0 ' "86. + 16
14 _ 140.0 72 1 16
14 : ‘ 11,000.0 . 92 + 12
21 1.0 . 40 + 7. :
21 140.0 59+ 7
21 ‘ 11,000.0 58 £+ 5
28 1.0 37t 6
28 ' o 140.0 R 38 + 6
35 , 1.0 24 + -3

comparison of the 1liver retention values that correspond to the same post
administration time. (Our data confirm the decrease in liver retenﬁion with
time.) From the agreements in the Qalues obtained for plutonium reﬁentién at
14, 21, and 28 days; it is apparent that plutonium absorption is independent
of its concentration in the administered solution over a concentration range

that- brackets the MPC for plutonium in drinking water.

Activity Phase of the Animal

It has been observed that the absorption of cadmium in fasted mice10 is a

factor of about two higher durihg their active phase (during the night when’
they feed) than during their inactive phase (dur;ng the day when they
sleep). -Since plutonium administrations had been made to animals during their
inactive phase in our previdus investigations, . the effect of the activity
phase of the animal'was investigated. A solution of Pﬁ(VI) in 0.01 M sodium

bicarbonate was supplied ad libitum to fasted mice, one group during their
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active state (introduced at 5 p.m. and removed at 9 a.m.) and the other group -
during their inactive phase (introduced at 9 a.m. and removed-at S.p.m.). The
mice were sacrificed after six days, they were skinned and . ev1scerated the
heads were removed and the headless bodies and livers were analyzed. From the
value obtained for the amount of plutonium in the headless carcass, the amount
_in the total skeleton was calculated. AThis calculation is based on the data
for skeletal distribution of- plutonium reported in the follow1ng paper. The
fraction of. plutonium retained (skeleton plus liver) after administration to
fasted mice during their "active phase was 0.13 + 0.02%. Follow1ng
administration during their inactive-phase, it was 0.17 + 0.03%. AApparently;
the absorption of plutoniumpingested when the mouse is in the active phase is
not sighificantly different from the corresponding absorption for the inactive
phase. ' ' - |

Tooth Contamination

In the course of an investigation of-cadmiumband lead absorption in mice

11_1t was- discovered that the values

'being carried out by one of us (M. H.B.),

: obtained were s1gn1f1cantly higher when the method  of administration was ad
libitum than those obtained when the method of administration was gavage. A
subsequent 1nvest1gation showed that the cause for this was the adsorption of
these elements onto the bony ‘surfaces of the mouth.

Someﬂ of. the animals from the .plutonium concentration - experiment . (see
-precedinq‘section) were used to establish whether,or not plutonium behaved
similarly. “When the heads and'headless bodies of skinned and_eviscerated
animals were analyzed separately, it was found that thevratios of the'amounts
of plutonium 1n the heads to those in the headless bodies were 1nordinately
high.. In one animal, the ratio was 7. When palates weére analyzed, the
amounts found were negligible‘relative‘to the amounts found in the heads. The
results obtained 1n subsequent analyses. of various parts of the heads (bony
palate,’ nose, mandible, skull, and teeth) 1ndicated that the excess plutonium
‘was on or in the teeth. A ‘ -

It was established that the plutonium was on the exposed surfaces of the
teeth, the enamel ends, presumably as the result of surface adsorption during‘
the:consumption of drinking water. . Teeth were removed from mice that had beén
supplied a 107 §_239Pu(IV) solution ad libitum (see following section) and

these teeth were assayed in (1) an alpha spectrometer, (2) a flow proportional
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counter with the enamel ends df the teeth embedded in heavy grease and (3) in
a flow proportional counter QithAthe root ends of the teeth embedded. The
teeth were subsequently analyzed destructively by ASID. There waé very little
degradation of the peak in the alpha spectrum indicating that the plutonium
was on a surface; the flow pfoportional counter assays showed that there was
plutonium on the enamel ends but not on the root ends; the value obtained in
the destructive assay was within a factor of two of that obtained in the flow
proportional counter assay with‘the enamel ends exposed. Iﬁ a subsequent
experiment, it wés demonstrated that Pu(VI) is also adsorbed. The ease and
rapidity of adsorption were demonstrated by an experiment in which the teeth
(about Sd mg) from a mouse were immersed in 50 ml of a 0.01 ﬂ_bicarbonéte

237Pu(VI). The solution was swirled occasionally. Afﬁer 5 hr,

sqlution of
15% of the plutonium wac on tho teeth.

Contamination of the teeth during ad‘libitum consumption of plutonium
cast some doubt on the values that. have been reported for ‘plutonium
' absorption, when the aqministration method was by gavage.5 " If in this
operation as 1ittlé as 0.1% of the administered solution had 'inadvertently
contacted the teeth and been adsorbed, the error in the G.I. ébsorptioﬁ values
would have been large. That this had not happened in the gavage experiments
ié suggested strongly by the comparison that was made of the ratios of the
plutonium contents of 1liver and skeleton. No one of these ratios was
appreciably lower than the others. . .

.Nevertheless, an experiment was performed to establish the degree of
tooth contamination during gavage administration of both Pu(IV) and Pu(VI)
biéarbonate solutions to mice. The mice were sacrificed on day 6, they were
. skinned and eviscerated, and the heads were removed from the ‘eviscerated
‘bodies. The lungs, %ﬁvgrs, headless podies, and heads from three mice given
the Pu(IV) solution and from nine mice given the Pu(VI) solution were
aﬁalyzed. (The analysis‘of lungs prior to any other analysis is standard
7 practice in our investigations when administration is by gavage. It is done
“to ensure that plutonium incorporation in the animal did not occur via the
lungs.) In three of the Pu(VI) mice, there were significant amounts of
plutonium in both the lungs and the heads. In the six othéx Pu(VI) mice, the
ratio of the value for the head to that for the headless body ranged from 0.19
ﬁo 1.1 with the mean of the five lowest being 0.27. 1In the three Pu(lIV) mice,

there was no lung contamination and the ratio of the value for the head to
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that for the headleSS body ranged from 0.21 to -0. 25. The ratio of'the valuee,
" for the head and for the headless body obtalned when Pu(1v) bicarbonate,
Pu(VI) blcarbonate, and Pu(IV) citrate solutlons were injected intravenously
Were ail 0.17 (see the following paper in this report). It is thus apparent
. that‘ in experiments where ‘the administration method was gavage and -tooth
V¢0ntamination may have affected the measured skeletal. burden,  the frequency
with nhich this occurred was low. When coupled with the comparison of liver
to body ratios cited above, Aand with the standard praotice of discarding
ocoasional statistical outliers, this finding. strongly suggests :that_ the
absorption values reported 4previousiy are not in error due to a tooth
contamination problem. i
The value obtained for the G.I. absorption of Pu(VI) in this
investigation of tooth. contaminationh was 0.18 t 0.05%. The amount . of
'plutoniﬁn in the skeleton was estahlished bj} muitip-lying the .amount in the
headless body by 1.20 (see the follow1ng paper), the amounts in the Skeleton
and liver- were sumned, and the sum was d1v1ded by the amount admlnlstered.

The value reported. previously.for Pu(VI) absorptlon was 0.15 + 0.03%.

Ultrafllterablllty of Plutonlum Solutlons and G.I. Absorptlon

The solutions of plutonlum in 0.01 M blcarbonate that have ‘been prepared
and used ‘in the course of this lnvestlgatlon have . all been tested for their
ultrafllterablllty (UF), the! percent of plutonlum that. ‘passes . through the
dialysis tubing, not the‘peroent retalned by it. The method used was that of

Lindenbaum and Westfall-.12

Duplicate tests were perforﬁed on each solution;
the relatlve dlfference in the palrs of values was in all cases 10% or less.

The UF of the ten Pu(VI) solutlons that have been prepared has ranged
from 70 to 98% with the average being 85%. Since the percentage of Pu(VI) in’
these solutions has ranged from 92 to 99%, it is difficult to see nhy the
'ultrafilterability couldrtbeA as "low " as  70%. Pu(IV) is subject to
polymerization, and hence could have a low UF. . Pu(VI) is not subject;to"
polymerization.' There has been no correlation betweenﬁ_percent .Pu(VI) and
percentlUF.' For three solutions having Pu(VI) percentages,greater than 97%;.
the "UF values ranged from 80 to 99%. Therehhas been no  correlation between
these.UF values and G.I. absorption. ‘ A _

| A correlationuggg been observed between the - UF of PukIV) bicarbonate

solutions and the values obtained for G.I. absorption. The UF -values for
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three of the seven Pu(IV) solutions that have been prepared were greafer than
70%, and the values obtained for- G.I. absorptionvusing these soiutions have
not been significantly different from those for Pu(VI) solutions. The‘UF
values for the other Pu(IV) solutions were less than 25%, and the values
obtained for G.I. absorption have been much lower than those for both the
Pu(IV) solutions having' high UF values and "the Pu(VI) solutions. The
fractional absorétion of Pu(1Iv) for a solution'with a tm“of»10% was 0.037
(administered to fasted mice during their active state). In identical
expefiments,_one where the UF of a Pu(lV) solution was 70%, and the other
where the UF of a Pu(VI) solution was 85%, the fractional absorptions were
0.20 angd O.iS%, respectively. We have no explanatibn for the differences in
the UF yalues of the Pu(IV) solutionsAsiﬁce.pérticular care has been taken in
this investigatiqq to preparé all solutions of a particular type in exactly -
the: same way. ' '

. The tentative conclusions we have drawn about Pu(IV) bicarﬁonate
solutions with low values of UF are that (1) a significant fraction of the
plutonium in these solutions was polymeric, and (2) the G.I. absorption of
this form of plutonium is much lower thén that of monoméric~p1utonium. In
this cése "monomeric plutonium" is opefationally'defined. It is the percent
plutonium that passes through the dialysis tubing used in the test. (All the
absorptioh values we have reported previously have been for animals that were
administere§ solutions having UF values of 70% or more.)

The observation that the UF of Pu(IV) solutions and G.I. absorption are
correlated is important in that it demohétrates clearly the need to
characterize Pu(IV) solutions prior to> their administration to animals in
metabolic studies. In view of the very low concentration of plutonium in our
solutions (about 1 x 10-1‘0 M) we had considered the possibility of polymer
‘formation to be very remote, 'paxticularly when such complexing aéents as
.piéarbonate, and carbonate (dgé to the dissociation of bicarbonate) were known
to be preseht.. We had continued to perform the ultrafilterability test
because it had been standard practice when ‘using plutonium §oiu£ions of much
higher éoncentrations (in other metabolic studies),. and the test was a
relatively easy one to carry out. - )

A test in which animals would be used to characterize Pu(IV) solution is
:being considered. One methéd which would be easy‘to perform and which shows

cbnsiderable promise is an intravenous injection followed by an analysis of

113



the liver and carcass. Six days after the intravenous iniection to three mice
of a Pu(VI) bicarbonate_solution having a UF of éé%, the liver to carcass
ratio was 0.41 + 0;01, and in -eight mice that were administeredvthis solution.
'intragastrically by gavage, the ratio was 0.40 + 0.02. Whenlthe solution was
- a Pu(IVf bicarbonate solution having a UF of 10%, the value for the'ratio in
three mice that had had intravenous injections was 4.32 £ 0.16, and in six
mice that had had intragastric administratiOns,'it was 0.52 + 0.07. The high
value for - the ‘ratio of liver to carcass obtained for the Pu(IV) solution
'administered intravenously is’ consxstent with the observations of many other .

1nvestigators, to- w1t, polymeric plutonium deposxts in. the liver.

.Polymerization of Pu(IV) in 0.01 M Nitric Ac1d

An explanation we - have offered4 for’ the Significant difference that
exists between our value for the G.I. absorption of Pu(IV) in the fasted mouse
(about 0. 20%) and those of the earlier 1nvest1gators (about 0.003%) has been
-that the plutonium 1n " their . solutions became polymerized either during
preparation or during the protracted administration period. Very 51gnificant'
changes 1n the optical absorption spectrum of a 1 x 10 -3 M Pu(IV), 0.1 M

nitric acid solution have been observed by Ockenden and Welch13

2

within an hour
of preparation. - ~In the’ investigation by Weeks-et al. of. plutonium absorption
by fed rats, the concentrdtions of Pu(IV) in the 0.01 M nltric ac1d solutions
used ranged from 10~ =12 ~to 10 -6 .M. ‘ ' ‘

‘An investigation of the changes with time'that may have'oeourred in,their
solutions was therefore”undertaken. ‘The solution used was 1 x 10-6 M-Pu(IV),
0.01 M nitric acid. It was prepared by evaporating a portion of a 6 M nitric
acid stock solution of 239Pu to incipient dryness (nitric acid fumes were
still present)( adding 1,00 ml.of 1.§_n1tric acid, and diluting the solution
.to 100 ml- with water. ‘The solution was administered to. groups of’fed'mice
“(five per group) at various times after its preparation:.o; 3, 9, 30, and 217
‘days. Six days -after each . administatration,. the fractional retention of
'plutonium in the livers‘ was d'etermined.ﬂr The ultrafilterability .of " the
solutionland the oxidation states of the plutonium‘were'also determined_on
each of the days the solution was administered. | 4
' The results of this study are presented in Table 3. A conparison of the
values for liver retention with that obtained for a i1 x~‘10_8 M Pu(VI)

bicarbonate solution, 86 + 16 x 10 4 %, (see Table 2) shows that thlS plutonium

N
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was not absorbed as readily. Nevertheless, the absorption of this plutonium

after day zero was greater than the values obtained by Weeks et al. The liver

Table 3. Changes with . time of the ' properties (G.I. absorption,
ultrafilterability and oxidation state)- of a-1 x 10 ° M Pu(IV),
0.01 M nitric acid solution. : :

Time of admin.

days after ‘'Retention in Ultrafilter- Oxidation state, %2
preparation liver, s x 10% ability, % : v ‘ \'2
B A} . . . .
. Zero 16 + 4 55. a8 : 3
3 32 ¢t 1 ] 39 92 . ‘8
9 31 £ 1 72 85 .15
30 . 32 £ 2 ' 68 74 25
217 46 % 5 87 ‘ 50 48

T Determined by the lanthanum fluoride precipitation procedure.

valués for solution ages of 3, 9, and 30 days correspond to. a G.I. absorption
value (carcass plus liver) of 0.009% and én‘day 217_to a value of 0.013%{ Due
to the oxidation of Pu(IV) to Pu(VI) that occurred (by atmospheric oxygen, or
".possibly nitrite), the UF values on day 3 and after are not those for Pu(1IV);
they are for a solution containing both Pu(IV) and Pu(VI). If one assumes:
that the UF of the Pu(VI) in thé solutions was 100%, then the UF's of the
fu(IV) in the solutions were 55, 39, 66, 57, and 75% for ages 6, 3, 9, 30 and
217 days, respectively. This is - not the result that we had expected: we had
expected that the plutonium would polymerize, i.e., the UF of the solution
would decrease with time due to.the polymerization of.Pu(IV). ‘

A The conclusiohs that c&n be drawn from the results of this experiment are
that (1) Pu(IV) solutions that are 1 x 1076 M in plutonium and lower do not
polymerize with time when the medium is 0.01 M nitric acid and (2) Pu(IV) in
0.01 M_niﬁric acid solutions is slowly oxidiéed to Pu(VI). The §alues for the
G.I. absorption of plutonium reported by Weeks et al.? (the ones used to
éstablish a value fof han) were obtained using solutions that were 10712 o

6 M in Pu(IV) and 0.01 M in nitric acid. They were administered to fed

10~
~rats: for sevéral hundred days. Since the .values they obtained were 0.002 to
0.003% and our values for 3- to 217-day-0ld solutions ranged ftom 0.009% to
0.013%, the conclusion is drawn that the plutonium in the two solutions used

to prepare the solutions they administered was polymeric. (The geometr;c
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progression'of the concentrations used in their expefiments'suggeéts strongly

. that there were just two stock: solutions and that they were diluted with

' 0.01.§;nitric acid to obtain the solutions administered.)
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DISTRIBUTION OF. PLUTONIUM IN THE MOUSE SKELETON - A STUDY OF EFFECTS DUE TO
CHEMICAL FORM AND MODE OF ADMINISTRATION ‘ i

R. P. Larsen, R. D. Oldham and. M. C. Engel* .

A study has been made of several factors that might affect the
distribution of plutonium within the skeleton: the oxidation state of
plutonium in intravenously injected solutions; the nature of the medium used
to administer plutonium intravenously, and the mode of entry into the blood
(intravenous injection vs. gastrointestinal absorption). The distributions of

" intravenously injected Pu(IV) and Pu(VI) were the same, the distribution of
intravenously injected Pu(IV) bicarbonate solution was the same as that for a
Pu(IV) citrate buffer solution and the distribution of plutonium absorbed from
the G.I. tract was the same ‘as those obtained subsequent to intravenous
injection. For a Pu(VI) bicarbonate solution that was injected either
intravenously or intragastrically, the deposition in liver was somewhat lower
than that for a Pu(VI) citrate buffer solution injected intravenously.

Introduction

In most studies that have been made of the metabolic behévior of
plutonium in mammals, citrate buffer has been the mediumi chosen for its
administration. There are several reasons for this: (1) “there has been
generalAagreement'that the oxidation state of plutonium in these systems is
v, (2) inorganic Pu(IV) compounds and in particular the hydroxide are very
insoluble at pH 3 and.above, (3) Pu(lV) is strongly complexed by citrate and
the complexes are ;oluble even at pH 7, (4) the solution must be biologically
compatible, and (5) the amount administered must be such that concentrations
can be measured in those tissues where the relative deposition kpercent of
dose/percent of body weight) is as low as 0.05. For intravenous injections

239

the amount of Pu must be 15 pg (~1 uCi) if the weight of tissue is one

gram, - theA weight 'of the animal is. 1000 g, the desired accuracy ‘of the
measurement is ¢ 10% ‘R.S.D.), and the counting time in the analysis is 100
minutes. If the volume of solution administeréd .is 1.0 ml, the molar
concentration must be about 1 x 10_4, a concentration that cannot be
maintained even in 0.01 M nitric acid in the absence of a éomplexing agent.

-3

(At plutonium and nitric acid concentrations of 4 x° 10 M and 0.1 M,

respectively, about 50% of the plutonium is polymerized in an hour.1) If the

Participant in the Undergraduate Research Program, Division of Educational
Programs. *° ' ' : '
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solution is administered‘intragastrically, the concentration must, of course,.
be much higher. . o . ' '

The 1nformation available on the metabolic behav1or of plutonium that
" gets 1nto the blood is based to a large extent on- the results of experiments,
in which Po(IV) citrate was injected intravenously. An example is that of the‘
human'injection cases, ohe aspect. of which is presented,in the paper that
follows .in this report. AThere is a tacit assumption ‘that our reported
_distributions of plutonium within the skeleton would have'been the same had
the plutonium'been administered as a -soluble constituent of drinking water
rather than injected intraVenously as the citrate complex. A Since this
chemical form of plutonium is surely quite different from that which enters
the blood from the G.I. tract (and the’ lungs),‘it appeared that a comparison
should be made between the behaVior of plutonium injected intravenously as the
citrate complex, i.e., distribution Within the skeleton and amongst important
tissues, with the' behavior ‘of ' plutonium that was ;njected in some _other
chemical form and absorbed -from the G.I. tract. .The possibility existed that
the citrate complex of Pu(IV) .was more stable than the .transferrin complex .
(the form in which plutonium exists ordinarily in the blood) and/or that the
rate of reaction between: the c1trate complex and transferrin was slow. If
either of these was the case, the reported distribution among the.tissues and
.iw1th1n the skeleton was for the c1trate complex, this might not be the same as
those for the transferrin complex. A very practical problem that eXisted if
the - distribution of the two forms within the skeleton was not the same, was
that of establishing the skeletal burden. This is frequently done by
determining the amount in the femur and multiplying this value by the skeleton
' to. femur activity ratio that ‘'was obtained in. 01trate injection experiments..
Although it appeared that.the probability of.there‘being a difference was
~small, the consequences to the general understanding of the metabolic behavior .
of plutonium'would be'large, should there be such differences._ Hence this
investigation was undertaken. . o '”

We have.. also had -some doubt -about the validity ~of the premise that
‘plutonium - in’ blood is in the IV state. -In natural waters that  have low
concentrations of dissolved organic carbon (0.1 to 1 ppm) the dissolved:
jplutonium (from fallout) is primarily in the V state, while in those waters
having_ high concentrations of dissolved organic .carbon (5 to 10 ppm) ‘the

plutonipm is primarily in' the IV state.2 It has also been demonstrated'that
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this organic carbon complexes plutonium very strongly. In blood the
concentration of oxygen (the reagent responsible for- the oxidation of Pu(IV)
to Pu(V)) is significantly higher than it is in natural water, but the
concentrations of boéh the ligands that complex Pu(IV) and the reactants that
éould-'reduée. Pu(V) to Pu(IV) are presumébly mach highe; than . tﬁey are in
natural‘water. The latter components would have the effect of shifting‘the
Pu(IV)-Pu(V) redox couple in the direction of the IV state. Considering all
these factors, it is épparént that the plutonium redox situation in blood is
very complex and that establishing what the oxidatiqn stateks) is(are) would

be very difficult:if an attempt were made to determine it(them) directly,'

Experimental

Solutions that were 2 x 1()-10 5;236Pu(IV) and S‘x 10_8 5.238Pu(VI) and
both 0.0ﬂ M in sodium bicarbonate were administered intravenously to separate
groups 'of three fed mice, and a 1 x 1.0-9 §_237Pu(VI) solution was admin;steréd
intragastrically (ad 1ibitum) to'a group of six fasted mice. After six days’
the mice were sacrificed, skinned, and eviscerated and the carcasses dissected

to obtain various individual bones and bone groups. The bone samples and-

236Pu and 238?u were analyzed by alpha spectrometric-

23.7Pu were. analyzed

livers that contained
isotopic dilution, vAwhile ﬁhose that contained
(nbndestructi&ely) by counting the Np K x ray emitted in its decay. 'The bones
in the heads of the mice that were administered plutohium intragasfrically‘
were not assayed because of possible tooth contamination. (See thé preceding
paper in this report.) The methods used to prepare ghese solutions ﬁave been

described previously.

Results and Discussion.

The relative concentrations of plutonium ‘in the skeletal bones of the
mice' that werée injected intravenously with Pu(IV) and Pu(VI) bicarbonate
solutions are given in:Table_1Aand are compared with the values obtained by

Rosenthal et al.> for a 1.5 x 107> M 239

Pu(Iv) citrate solution. It is
apparent from these data that the pattern of plutonium deposition in the
/skeleton is indepgndent,of the chemical,form of the plutonium at the time it
enters the blood. It would appear that the several forms of. plutonium that
were injected intravenously(and‘the plutonium traqsferred from the G.I. tract

]

.to blood are very probably converted to a common form in the blood prior to
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Table 1. Influence of oxidation state, . administration medium, and mode of admimstration on the
' distribution of plutonium in the skeleton of the mouse )

Percent"of skelet'al plutonium after

' L ) ) intravenous injection of G.l.absorption of
Bone or boné group Pu(IV) citratea" Pu(1V) ,HCO3D' " Pu(VI) HCO}B Pu(VI) HCO}’
Cranial groupC® 15.49 . 14.79 (1.0) 16. 59 (1 0 - -

‘(head w/out teeth) . = - o 13.8. - 15.1 . - -

(teeth) - : ’ - 0 0.8+0.2 - 1.4 - - -
Ribs, vertebral’ 6.2 4.2 (0.7) - 4.6 (0.7) 4.4 (0.8)
Ribs, sternal 0.7 0.6 (0.6) 0.7 (0.7) 0.6 (0.8)
Sternum - 2.3 2.2 (1.1) " 2.1 (0.8) 1.8 (0.7)
Misc. group® 12.8 12.6 (1.0) 11.9 (1.0) 10.0 (0.9)

(clavicula) 0.5 - - 0.1 (0.2) 0.5 (0.8)

(scapulae) 3.0 - - 2.7 (0.7) 2.6 (0.6)
© (tail) - 9.3 = - 9.1 (1.1) 7.6 (1.0)
Appendicular 'groupc. 12.0 14.6 " (1.1) 11.5 (0.9 12.2 (1.1)

(humeri) - 4,2 - - 3.5.(0.8) 4.9 (1.1)

{(radii/ulnae) 1.9 - - - 1.3 (0.6) 1.6 (0.9)
. (tibiae/fibulae) " 5.9 - - 6.6 (0.9) 5.7 (1.0)
Femora 8.2 8.9 (1.1) 8.7 (0.9) 8.2 (1.1)
Vertebral group® 32.0 34.3 (1.0) 36.5 (1.0) 35.0 (1.1)

(cervical) . 4.0 - - ©.4.9 (0.9) 4.8 (1.1)

(thoracic) 9.7 - - 11.1 (1.1) 9.8 (1.1)

(lumbar) 11.4 - - 12.3 (1.1) - 13.2 (1.2)

(sacrat) 6.9 - - 8.1 (1.0) 6.9 (1.0)
" Pelvis 6.8 7.8 (1.1) "7.5 (l.0) 7.7 (1.1)

4aData from. Rosenthal et al. 3

Values in parentheses are relative to Pu(IV) citrate injection.

These values are sums -of the group components. _ . : i

For percentages greater than’ 5, relative errors are + 108. For percentages less than 5,
relative errors are % 25%. ’ :

c
d

depoeition on bone s'urface.. In the matter of 6xidation state, it cannot be
concluded from these results whlch one is present in blood. - It can be
concluded, however, that if the stable form in blood is- Pu(V), the rate of
‘either the reduction of Pu(VI) to Pu(V) or the oxidation of Pu(IV) to Pu(V) is
rapid. If the stable form in blood is Pu(lV), the rate of reduction of Pu(VI)
to Pu(IV) is rapid. '

There is "seme question 'about the use of citrate media, h.owever,' ‘in -
estahlishincj the deposit‘ion pattern of plutonium among the tissues.. Rosenthal
‘et al. obtained a liver-to-skeleton ratio of 0.75. In'the'course.o'f this
~experiment and others, :eight different Pu(VI_)' bi..ca‘rhonate solutions have 'be'en
administered both iritravenbusly and intragastrically to mice. l{I‘he hean of the
11ver-to-skeleton ratlos was 0. 52, with a range of 0.41 to 0.68. . In a
omparlson ‘of Rosenthal's value w1th these, it should be noted that there was-

a significant difference in the amounts of plutonlum that were ‘administered
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intravénously. In their experiments it was 3.6 ug, while iq ours it was

236 2 238

5 x 107> ug for 236pu ana 1.2 x 1072 g for 238py.

The results obtained in this inQeétigation indicﬁ;e that the
distributions Qf plutonium 'with;n the skeleton thaf have been obtained iﬁ
experiménts whére plutonium was injécted intravenously as the citrate compléx,
are aéplicable to the-interpretation of skeletal distributions obtained in

experiments where there was a different mode of entry and/or the plutonium was

¢

in a different chemical form.~.$omefquestibn remains about the distribution
among tigéues. The difference between the liver—to-skeleton,ratid after a
citrate injection and the ratio after gastrointestinal absorption ‘suggests
that the conversion of the citrate complex of plutonium to the "normal" form

of plutonium in blood:is not instantaneous.

t
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DISTRIBUTION OF - PLUTONIUM IN. THE HUMAN SKELETON .= A COMPARISON OF -TWO
INJECTION CASES

R. P. Larsen and R. D, Oldham

The macrodlstrlbutlon of plutonlum in the skeleton of an older man who
received 239Pu by 1nject10n has been establlshed and. has been compared with
that ‘in the skeleton of a young woman. The data show that the patterns ‘of
distribution are very 51m11ar, but the range of concentration between. the
bones hav1ng the lowest. and hlghest concentrations is a factor .of "about two
lower in .the man than ‘it is in the woman.' Possible reasons for this
dlfference are given.

'Introduction .

An’ invesfigation is being_'cerried out te establish the burden - and
macrodistribution,ef plutonium in.£he skeletal remains of a 65-year-old man
who reeeived 0.38 uCi by injection in 1945, and who succumbed to his pre-
existing illness about 500 days later. These results are being compared with
those obtéinea'for'-a 20~yeéar-old wemanewhoireceived a'edmparable:amdunt of
‘ plutonium and who also succumbed to her illness about 500 days later. The

Adiseimilarities of these two' cases are age; sex, and the nature of'theif
- illnesses. Pielimiha%yeresqlts‘obfeined in theAinvestigaﬁiOn pf the man's
fehainsAhave been.reported,! as have £he"ieselts>of‘the detailed investigation-

of plutonium distribution in the woman's skeleton:?

‘Information .on .the
condition of their remains at the timesAof'exhumetibn, methods of‘se@pling and
the analytical methodology are presented in tﬁose reports. These subjects“who
were referred to in the earlier literature as HP-9.and HP-4, respectively,

haﬁe been assigned the CHR' case numbers 40-015 ahd~40-010, fespectively.'

Results and Discussion

The dlstrlbutlon of plutonlum ln the bones .of 40-015 is. presented in
Table 1 and is compared with that for 40-010. In each case the value for a
partieuler'bone, bone section, or bone gfoup is the plutonium concentration in
that sample (per "gram ash) divided by the concentration: in the tibia
midshaft. (Within this group of samples the ecbncentration‘ in the tibia
midshaft Qas in both éases lower than that in ahy other sample.)

‘It is apparent from thevpatternlof.values in Column 3, the ratios of
relative concentrations in the two skeletons, that the general distributioh of

plutonium in the two gkeletons was quite similar. .There are, however, several
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Table 1. Skeletal-Distribution of Injected Plutonium

. Bone . , Concentration relative to tibia shaft
Case 40-010 Case 40-015
A ' . B A/B
Tibia, shaft : {1.00) {1.00) (1.0)
Radius, shaft 1,3 1.3. 1.0
Ulna, shaft 1.3 1.2 1.1
Fibula, shaft 1.4 . 1.3 1.1
Humerus, shaft 2.2 1.6 L 1.4
Femur,. shaft 2.3 1.4 1.6
-Tibia, distal condyles 2.3 S 2.1 1.1
Ulna, condyles 2.5 2.1 1.2
Femur, condyles’ . _ 2.8 2.1 1.3 -
Tarsals 3.2 1.8 1.8
Fibula, ends , 3.4 2.6 1.3,
Tibia, proximal condyles 3.9 2.6 1.5
. Humerus, proximal condyles 6.4 4.2 3 1.5
Humerns, head 9.0 4.3 T 2.1
Scapula 21 8.9 2.4
Rib 2 ‘ 23 159~ 1.5
Rib 1 L ' 25 15 1.7
Rib 8 . . 25 132 1.9
Femur, head’ 25(8.9)° 3.1 8.1(2.9) -
Rib 10 : 26 .27 0.96
Rib 9 S 27 - 31 0.87
.Vertebra, thoracic processes : 37 -~ 16 2.3
Iliac crest - -7 39 : 20 2.0.
Sacrum , 39 20 2.0
Vertebra, thoracic body . 52 : 45 1.2
Vertebra, cervical body 57 29 2.0
Sternum . 57 27 2.1
Manubrium and Sternum 59 : - 28 2.1

Aphese values are known to be low by a factor of 1.5 to 2. They are for a
section of rib. i

hValues in parenthesis are for the other femur.

differences: (1) the concentrations of plutonium in the ribs of 40-010 are,
for some unknown reason, relatively lower ‘than those in the ribs of 40-015 and
(2) the concentrations in thé femur heads of 40-010 appear to be much higher

than those in 40-015.
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Although the-distribution patterns”in the two cases. are similar, there is
an obvious difference in the. ranges of relatlve concentrat10ns~ the'range,in;
40-010 is a factor of about. two hlgher than that in 40-015. . In any
explanatlon for thlS difference, it. appears that the dlstrlbutlon in 'then
‘skeleton of 40-015. should be considered to be:  the more nearly "normal" of the
two. As a consequence of age (20), the skeleton of 40-010 may st111 have been
metabolically actiVe, and a symptom of'her‘illness (Cushing's'syndrome)’is'
osteoporosis. If the skeleton was metabollcally active, the most actlve bones
would be those that are predominantly cancellous, such as vertebra. Hence the
. amounts of pluton;umadep051ted in these bones relative to'the amount-debosited
in a highly corticai'bone, such as the‘shaft.of the tibia,lwould be greater'in
40~ 010-than'in 40-015. If osteopor051s had been occurring in 40-010, the loss
of calc1um in the hlghly cancellous bones would have been greater than that in
‘the cortlcal bones and hence ‘the increase in- plutonlum concentratlon with time
would be expected to be hlghest in the cancellous bones. A.premlse for the
.latter is, of-course, that calcium wasalost,from these bones'more readilf than

plutonium:
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THE CONCENTRATION OF PLUTONIUM IN HAIR FOLLOWING INTRAVENOUS INJECTION*

R+ E. Toohey, C. G. Cacic,t R. D. Oldham and R. P. Larsen

'Thg concentration of plutonium has been determined along the length of

the hair of a female subject who received 11 kBg (0.3 uci) of 232

Pu by
intravenous injection in 1945. The subject‘succumbed to her pre-existing
illnessés 518 days post injection, and her remains weré exhuhed in 1973. '

The. subject's hair, 280 mm in length for the longest strands, was divided
into 20=-mm long sections, and the blutonium' concentration in each was
determined. The concentration ranged from 22 Bq/kg (0.59 pCi/g) at the distal
end to.3 Bq/kg (0.08 pCi/g) at the proximal end (nearest the scalp). The
distance of each section from the écalp was then converted to an estimated
time in days‘post injection by applying_the growth rate of the hair indicated
for this individual. '

Tﬁe plutonium cbncentration as a fﬁnct;on of time could be well fitted
(in the leastésquages"sense) by either of two functions. The first function
4 was the sum of a single exponential, whose half-time was 81 t 16 days, plus a
constant term. This half-time corresponded to that found for the iongest-
iived of five components of the plutdnium concentration in the blood of other

individuals in the same series of injections, i.e. 88 t 13 days.1

The second
function which fitted the hair data was thé sum of two exponentials whose
half-times were 32 t 18 and 260 t 80 days, respectively. -These values overlap
‘the half-times of 42 and 300 days found for components of the urinary
'excretion of plutonium by man.1 This agreemenﬁ is expected in view of the
correspondence of the hair and blood data, since urine is a plasma filtrate.
‘'The possible use of hair as a bioassay material for plutonium in man is

suggested.
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RECALIBRATION OF THE 22®Ra EMANATION ANALYSIS SYSTEM'

Heénry F. Lucas, Jr. and Frank Markun

- ‘The - 226Ra emanation system was found to require recalibration.> The gain

of the various counting systems was established to about t 0.5%. The variance
introduced into the analysis by multiple counting systems was low and
corresponded to a fractional standard deviation of + 0.5%. The variance
introdu¢ed into the analysis by both multiple counting systems and multiple
counting chambers needs to be redetermined but is less thanla_fractional
‘'standard deviation of & 2%. The newly established calibration factor of 5.66
cpn/pg 226pa. is about . .6% greater than that used previously. The leakage of

" radon into the greased fittings of the emanation flask which was indicated .in
an earlier study was not confirmed.

Introduction

The 226Ra emanation analy51s system which has been in use since 1956 was
found to produce results which were not within normal statistical limits. An
1nvestigation ‘revealed that many of the counting units were new and the

- operating conditions had not _been established by the method preViously
developed} An:error in effic1ency was also indicated.i This report summarizes
.the méthod used to recalibrate and standardize the Argonne emanation analy51s
‘system.

The Counting’ System

The operating cOnditions for each unit in the COuntihg system were
established w1th a counting chamber, reserved for thls purpose only, which was
filled with helium and radon._ A helium-filled chamber With 239Pu (a long--
lived alpha emitter) plated on the inside of the chamber Window was calibrated
against "the radon—filled chamber. . Either chamber may Dbe used, “although

239

the Pu. chamber is preferred since it is always ready for use and the radon

growth-decay corrections are not-required.' ,
The gain of each of the counting systems was standardized with the 239
‘;chamber by the use of an adjustable discriminator, and not from a ‘high voltage
plateau at a fixed discriminator setting. This was achieved by adjusting the
discriminator to a setting (on our ‘system) of 800, which corresponds to about
' 60% of .the maximum amplifier output. Then the high voltage was adjusted until
the' count rate at 5this setting,*800} was- 80% of that. at -a discriminator
setting of. 10.' After correction of all counts for .growth and decay, the high

voltage on all other counting systems was. adjusted with. the disériminator at
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800 wuntil «the .correct .counting rate was obtained. The variations in the gains
.§.f multiple sSy-stem calibrated by this srﬁethod .a-r.é ‘within about + 5%; on the
other thand, when the high voltage plateau method is used, the gains may vary
as ;much :as“ =facto.1ﬁs of 2 to 4. An .increase. in .gain by a factor of two
increases the efficiency by ';11.'.51%{, A while a decrease in gain by a factor of two
reduces it by about 3%. The standard operating point is at a discfimin.ato‘r
setting ©of 209, which is exactly one~fourth of that used to adjust the .high
'-vol:t:,a~be‘p " Under these conditions, the discriminator. rejects 3% and 6% of the
counts in helium-and air-filled chambers, regpectively. .

Variance awii'l?l‘ be 4dintroduced into the results of analyses of 222Rn (or
of 22632&15) because of small variations in the positioning of the chamber on the
end of the ;p‘hotomu‘l\.tipiie\r tube .and beca{use of the non-uniformit‘y of the
various photocathodes. 'I‘h:Ls effect was evaluated by counting a single alpha
seintiliation wradon .counting =¢ham'bef in as. many cdunting systemé as

possible. The results are summarized ~in Table 1. The mean fractional

Table 1. Vartance introduced by »rh-ultiple counting’ 3ystems._'

Mean fractional

standard deviation, %
Mean ' "Due to
No. of - total counting
counters . counts Observed statistics
12 ) 19, 550 ' 1.16 .0.83
16 23,736 | 1.02 ' 0,79
16 27,130 - - 0.82 . - 0.77
Mean 0.97 ' 0.80

standard deviation for each of the three sets of measurements ranged from 0.82

to 1.16% with a mean of 0.97%. The mean fractional counting error was

0.80%. If we assume that 02 = 02 + 02 + where 02 is’ the observed
2 . obs c I obs 5
variance, Oc is the variance estimated from the observed counts, and OI.is

. the variance introduced by multiple countihg systems, then this latter term

"corresponds to a fractional standard@ deviation of about t 0.5%. If a more
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prec1se estlmate 1s requlred, then a more active sample and a larger number of
counts are. requlred. ‘ ' o

‘The variance'lntfoduced into the anaiysis_byvusing not only multiple
counting~systems[ but multiple ceunting chambers_aéiwell was evaluated by
‘filling sixteen chambers with»air'containing 222pn from a large cbmpressed ait

226Ra.' Chambers were evacuated four at a time

1

cylinder‘containing emanating
'and f111ed at least three times u51ng the radon transfer system. These
.chambers were then counted for 100 mln on each of six dlfferent counters.l The

results are summarlzed_ln Table 2.

- Table’ <2'.' Relative efficiency of alpha scintillation -counters when filled with
' radon in air.

: L _ Mean =~ - - Mean
- Chamber . activity, - . . normalized
No o pCi ‘ - residual
4 . 2652 o 1.92
5 . 26,40 168
s - 26.39 S 1.48
21 o 2521 | o -l.82
26 | 25.88 . 0.09
28 g 26.59 o 2.13
.42 - 25,93 . 0.25
a4 . 25044 "-1,08
a5 . 2669 o . Z.32¢
46 , o 125,74 . , } -0.31
48 . 25.58  -0.63
49 . 25.50. - - Lol
56 . . 2511 : -1.97
61 o - 24.77 ' . -3.09
67 - - 25.52 . ' -0.87
69 | . 25.65 . . -0.50
Mean . = =~ 25.82 '
Std. Dev. - 0.48
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.The.chambefs are grouped and iisted in the order in which they were filled.
The mean statiétical. counting error for each chamber was 5.43%. fhe
_normalized residual was caIchate& for each of the 96 measurements as the
ratio.of'the'deviation from the mean to the counting error. The mean activity
"and thus the mean normalized residual are seen to dec}ease systematically with
each set of four chambers. A. ’

The significant decrease in the activit§ of each successive group of
chambers suégesfs that the mean temperature of the air .in the chambers was
varying with time. Since adiabatic cooling during the initial system flush ori
heating of the rubber ‘tubing in the transfer system with use are both
involved, this experiment will have to be modified and repeated.

226Ra Standardization

.The system calibration factor for 226

Ra analysis was determined by the
standard emanation method. 72 The results obtained are summarized in
Table 3. The mean calibration factor of 5.66 cpm/pg 326Ra is about 6% greater
226

Table 3. Measurements of Ra.in NBS standard samples.

Growth Calibration factor

: Activity ,‘ No. of time, ' observed,

Standard Date ~ pg counters days . cpm/pg
97-006 7/ 1/81 9.90 - 1 6.17 552
97-003 6/ 9/81 400.0 12 . 12.91 570

.. 6/16/81 - 16  7.04 5.74
8/21/81 | 2 52,92 5.65
97-004  6/25/81 400.0 1 6.00 . 5.64
© . 8/26/81 - 1 48,92 5.63
8/28/81 1 1.92 5.65
8/31/81 1 2.99 . 5.70
9/ 1/81 1 0.99 _ 5.73
Me'an_ | 5.66

Std. Dev. 0.066
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" than that in use since about 1957. - “The results of extensive analyses of
standards through 1977,suggest that~this change should be applied to results
lpnly for the period January 1, i978 toﬁthe'present.

The stopcocks and ground glass_joints on the emanation flasks‘are all
~sealed with grease in which raden may beldissolved; The loss or leakage of
radon into the grease requlres a modified equation:for the growth of radon in

the freshly de-emanated radium solution:

AL =(A_ + At
g=—2 [1-e R L}

"where G = fractlon of equlllbrlum attained during time, t, since the last de-

emanation; AR and AL_are the decay constant for 222

Rn and the. fractlonal rate
of the leak, respectively. . . ‘

An estimate of XL of 1.1|t’0.2§/day was obtained by non-linear least
squares regression3'of the data‘reported.in'an earlier study.1 For values-ofvf
t greater than 20 days, the value of G optained is about- 5% less than.that.
from the usual ‘growth equatlon._ Since the precision ‘of analysis is'about
+ 1%, this level of leak’ should be easily detected. However, when the data in.
Table 3 are analyzed as prev1ously, AL = 0.63_1 0.26§/day. This value’is not -
151gn1f1cant1y different from zero, and little leakage of radon into the grease
of the emanation flasks is 1nd1cated.' The amount (length) of greased seall
var1es cons1derably among the several emanatlon flask designs currently in use

so that thls'study will be continued and extended.
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CALIBRATION OF A DECAY-PRODUCT COLLECTION AND COUNTING. APPARATUS FOR THE
DETERMINATION OF EXHALED THORON (220Rn)

A. T. Keane and D. R. Brewster*

An apparatus for the electrostatic collection and subsequent alpha-
particle counting of the deéecay products of thoron was calibrated for the
determination of thoron in expired air. At seven experimental values of
respiratory minute-volume ranging'from 7.5 to 11.6 L, the overall efficiency
of the apparatus averaged 0.50 + 0:.04 (S.D.). This efficiency is the product
of the minute-volume dependent fraction of exhaled thoron atoms that décays'in
the 36 L collection chamber, the fraction of decay-product ions produced in
the chamber that decays on the phosphor coatin§ of the electrode disk (0.57),
and the fractional efficiency of the alpha-scintillation counters (0.97).

Introduction

The apparétus for the determination of exhaled thoron (220Rn) described

by Aub et al.1 was modified at the Radioactivity Center of the Massachusetts
Institute qf Technologyvto obtain improved efficiency -in the determination of
thoron in the expired air of radium workers.2 A similar apparatus is in use
here to determine thoron in the expired air of former thorium workers.3™>

This paper describes the calibration of the apparatus and the method of

measuremente.

Method of Measurement

The determination of thoron activity outside the body is carried out by
delivering exhaled'a;r to a delay chamber where the positively-charged decéy
prbducts of thoron are electrostatically collected. After a period of
simdltaneous;bfeath sampling and decay-product collection, the active deposit
on the collection electrode is measured. in an alpha-scintillation counter.

4 The subject, fitted with a respiratory face mask connected to an
expiration manifold, inhales medical-grade aged tank-air supplied through a
respiration unit. Exhaled air flows through a tube connectedito a collectof
head mounted on the expiration manifold into a cylindrical metal chamber of 36
L cépacity (Figure 1). The chamber contains én insulated .qoppér-disk
electrode that is covered with a Mylar disk coated with zinc-suifide
phosphor. The subjéct exhales into the collection apparatus for about 7 min

to bring the thoron content of the chamber to equilibrium before voltage is

*
Formerly D. R. Kuchta
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FIG. 1. —-Dlagram of the apparatus used in the collectlon of the decay products
of exhaled thoron and the deemanatlon-apparatus used in the calibration experi-
ents. The latter apparatus 'is connected to -the former at point A. The 250 ml
-gas-washing bottle (03-036B, Fisher Sciehtific Co., ItascaJ IL) contains 100 ml
H,O. The 250 ml deemanation bottle with fritted glass ¢ylinder (03-040D, same
supplier) contalns old thorlum nltrate dlssolved in 100 ml 0.1 N nitric acid.
The flow meter is of the float type (448- =209-0018, Flsher and Porter Co.,
Warminster, PA). The Bennet Model PR-1 respiration unit, explratlon manifold,
and collector head were obtained from Inhalation Therapy Co., Chicago, IL.
The stainless-steel collection chamber, 49.5 cm high and 30.5 cm in. diameter,
is similar in. design. to the smaller chamber described by Kuchta et al. 6 except
that the intake .and exhaust manlfolds used in’ the smaller chamber are not present
in the larger chambexr. The phosphor—coated Mylar dlsks (15/16" Type AST- 3,
4.35 mg 2ZnS cm‘? over 5 mil Mylar) were obtained from Wm. B. Johnson Co.,
Montville, NJ. ‘ ; : :

sgppliedAto the electrode. The,electrode is-ﬁaintained 5.8 kv negative with
'respect'to the walls of the chamber.~ P051t1vely-charged ions of 216Po (0.15
sec half- llfe) ‘and especially of 212p, (10.6 hr half-life) produced from the
n‘decay of thoron (55 sec half-llfe) are collected on the phosphor. Durlng the

212Pb actlvity on the

50 min breath sampllng perlod normally employed, the
phosphor reaches 5.3% of its equlllbrlum value.

At the end of the perlod of breath sampllng, the electrode is removed
h from the'chamber and the_collectlng surface ‘is presented to'a'secoad phosphor-f

coated.Mylarvdisk in a Lucite holder. This isAthen placed on the window of a

‘132



photomultiplier for nearly 4-7 counting of the alpha particles from 212Pb

daughters. The activity is usually counted for two or more 212Pb half-
lives. Initially, consecutive 1b min observations are made; after a few
hours, the counting time for each observation is increased to 100 min. A
weighfed least-squares fit is carried out by computer of an equation that'
describes the growth and decay of the aléha—particle activity of the decay

222

products of both radon ( Rn, 3.8 day half-life)} a normal contaminant, and

thoron.
The results are expressed as thoron activity outside the body. This

224

activity is equivalent to FX Bq Ra (the parent of thoron) in.the body,

224Ra activity in the body and F is the fraction of the

where X is the total
thoron atoms produced in the body that is exhaled.

The electrode, the Lucite - -holder, the alpha-particle céunters, and the
analysis of the counting results have been described inudetail by Kuchta et

6

al. The apparatus was calibrated by determining the overall efficiency,

which is defined below, ovér a range of resﬁiratury minute=volumes.

Efficiency

The overall efficiency E of the appafatus for the determination of

exhaled thoron can be expressed as

where fx is the fraction of ekhaled thoron atoms that decays in the collection

212

ghémber, £,.. 1s the fraction of the Pb produced in the chamber that decays

C
on the phosphor disk (collection efficiéncy), and n is the fractional counting
efficiency. . '

If it is assumed tﬁat there is no mixing of incoming air with that
already in the collection apparatus ksmooth flow), the fraction fs of exhaled
thoron atoms that survives decay in the mask and the tubing leading from the
magk to the inlet of the anllection chamber and is delivered to the collection

chamber is obtained from the equation of Evans,7 i.€e,

fs = e")\V/R , ‘ | N (2)

t

where A is.the radioactive decay constant of thoron (0.76 min"1), v is the air
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volume of the mask and the tubing leading from the mask to the chamber, and R
is -the flow rate. . . o S o
The fraction £y of_thdron atoms delivered to the chamber that decays in

the chamber is, from Evans,
£, = 1 - VR, - o T (3)

D

where V is ' the volume of. the collection chambé;. The fraction f, is the

product of‘fs and fD’ so'that,'for‘smooth flow,

£, = o~AV/R _ 'e'-A(v + ‘,V)/R . ‘ . , ' . 4 ‘ - (4)

On the other hand, if eachlinqremeht of flow air is évehly dispersed in the -

collection apparatus ' (mixed flow), Maintaining thoron at a uniform

concentration,-fx is obtained from the equation of Kuchta et al.,6 - ;
. o, . A : : -
£ R/v . : . (s

AT+ RV X + R/V

Deemanations of a 232Thv'so_lution into the collection apparatus were

1

carried-out at a flow rate of 1.2 L min~' to determine the optimal voltage on

the collection -electrode. The maximum outpﬁt of the volfage supply was

5.8 kV.::The'results, éhown;in Table 1, suggest'that the.collebtibn efficiency

vs. voltage apprbaches a plateau at 5.8 kV.

1)..'

Table 1. Cpllgﬁtion'efficiency vs. voltage (flow rate = 1.2 L min~

'Voltage, kv - Relative efficiency (ts.E.)?
0 o © 10.00020 %+ 0.00001
2.0 ‘ ©0.86 % 0.01
3.0 - » © 0.88 & 0.01
4.0 . . 0.95 & 0.01"
5.8 IR 1

aErrors reflect the errors in the analysis of the counting resplts.only.
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An experiment. was carried out’ to determine whether decay products

produced in the mask and the mask-to-chamber tubing contribute to the

collection_éfficiency.‘ A deemanation of the 232

1.

Th solution :into the apparatus

at 1.2 L min~' was carried.out with a filter placed at the inlet of ‘the

collection chamber. The 212

Pb activity on the filter was < 2% of that to be
expected if all decay products of thoron produced in the air volume of . the
deemanatioﬁ bottle and the tubing leading to the chamber during the period of
,degmanatién were trapped by the filter. ~ Most of the expected décay-product
actiQity was found by gamma-ray measurement to be deposited on the surface of
the 2.5 cm diameter polyethylene tube (0.36 L.air volume) that carried the
thoron~bearing air to the inlet of the collection chamber. The  remainder
presumably was depoéited on the surfaces of tﬁe deemanation bottle and
solution énd on the surface.of the 0.6 cm diameter tube leading from. the
deemanation béttlé to thg lagger-diameéer tube. These results indicate that,
should any decay products of thoron arriving at the inlet to the collection

chamber retain a positive charge, their contribution to the efficiency of the

apparatus would be negligible.

Method of Calibration

The calibration was carried out by deemanating thoron into the collection

apparatus at a flow rate of 1.2 L min~! from a solution containing 20.4 mg

(82.5 Bq) 232Th, while simultaneously sampling a normal subject's expired
air. The 232Th solution was prepared with old thorium nitrate so that.232Th
and its decay products, 228Ra, 228Th, and 224Ra, were Qirtually in secular

radicactive eqguilibrium,

A The thoron-bearing. deemanating air was mixed with the normal .subject’'s
expired air at a point between the collector head .and the ihlet ‘of ‘the
"collection chamber (Figure i). The average volume .of air flowing per minute
. through the collection .appqratus beyond this point ‘was the sum of the
subject's respiratory minute-volume (volume of air exhaled per min)  and -the
1.2 L minute-volume of the deemanating air, which was measured by a.flow-rate
meter at the outlet of. the deemanation bottle. The average flow rate R was
determined from the total volume of air that flowed. through tﬁe apparatus
during the period of simultaneous breath-sampling and deemanationf This total
-volume was measured by a wet-test meter connected to. the: outlet of the

[

collection chamber (Figure 1).
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The air volume' of the deemanationjbottle and the tubihg fromzthe bottle
to the point of entry of “the deemanated thoron into the mouth-to-chamber lead
was 0.34 L. The fractionfof deemanated thoron atoms that survived“deday to
this point was 0.81 if the air flow was smooth’(Eq. 2, v = 0.34 L, R = 1.2
' L/min), or: 0.82 if the air flow was mixed (first term of Eq. 5).. The
fractional deemanation eff1c1ency at a flow rate of 1.2 L/min was estlmated by

Kuchta et.al.6

‘emanating 2?%ra was (0.81) (0.815)  (82.5 Bq) or 54.5 Bq. The value of the

to be 0.815. . Therefore, the effective - act1v1ty ‘of freely

- overall efficiency E was obtained by d1v1d1ng 54.5 Bq lnto the equlllbrlum
212Pb counting rate determlned from the least-squares fit to the alpha-
partlcle counting results.

232Th solutlon by having the normal subjects exhale

Deemanatlon of the
into the deemanatxon bottle was not attempted because. to "have done. so would
have required modlf_lcat;on-.of the bottle to.accommodate splashlng of the
solution at the higher flow rates, and rather lengthy experimehts:would have
.been reduired to determine.deemanation.effioieneies;» | -

Fifteen-minute deemanations with each of seven different normal subjects
exhaling into the apparatus and four deemanations unaccompanied by normal—
. subject exhalation were carried out to’ determlne the overall efficiencyyof the

apparatus over a range of flow rates. A separate determination’ of the

counting efficiency was made.

-Results ' _ »

Values -of the overall.efficiency E observed at eight different flow rates'
R are set out. in Table 2, together with values of £, for smooth flow obtained
from Eq. 4 (v = 0.36. L, V = 36 L), and corresponding values. of "f.n (the -
product of the collectlon and counting efflcienC1es).A The - values of - E
(observed) were adjusted'to allow for the fractlon of exhaled thoron atoms
* that would have decayed in the 0 22 L free volume of that portlon of the
_mouth-to-chamber tubing above the point of entry of thoron 1nto the collectlon
.apparatus. ; A

‘The value of £, at 1.2 L min~! for ‘mixed flow obtaided'from-Eq. 5 (v =
0.36 L,V = 36 L) is 0.78, close to the value of 0.80 for smooth flow (Table
- 2). 4If'mixed flow at the higher flow rates had been assumed, values of £y
would  -have been about 20% lower than those llsted in Table.Z‘and corresponding

values of f.n woﬁld have been . 25% higher. The close - agreement between the
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‘Table 2. Overall efficiency E, expected value of fA’ and derlved value of an
at elght experimental values of average flow rate, R.

R,  E £ £an | -
L/min (observed)P (expected)®© ‘' (col. 2 % col. 3) (adjusted)d
0.47 .
A 0.52 ‘ . -
1.2 . : 0.80 0.55 * 0.070 0.38 *+ 0.042
' 0.30 ‘ ‘
0.46 . ’ o , )
7.5 0.54  0.94 0.57 .~ 0.53
7.7 0.3 0.0 " 0.56 R 0.52
7.9 . 0.%6 . 0.93 0.60 0.55
8.1 ©0.47 n.93 0.51 0.46
9.2 - . 0.46 ' 0.92 - 0.50 0.45
9.6 . n.52 . 0,91 . - 0.57 - 0.51
11.6 ~ 0.48 0.88 Co.55 . 0.47
Mean (n = 7) - 0.55 ‘ 0.50
Standard error .+ 0.013 + 0.015
_standard deviation +

0.035 t 0.039

a : . . . .
E, £, and £ n are dlmen51on1ess.

A

bThe relative standard error derived from the analysis of the countlng results
is < 1% for all values of E in this column.

®rrom Eq. 4 (v = 0,36 L, V = 36 L).

dE (adjusted) = col(2) x fg (Eq. 2; v = 0.22 L).
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. average ‘values of f.n at 1. 2 L"'min"1 and at the higher flow rates (Table 2)
apparently valldates the assumptlon of smooth flow in calculatlng values of fA'

The varlatlon of ‘the overall eff1C1ency E. w1th flow rate R is adequately
- descrlbed by Eq. 1, where £, is ngen by Eq. 4: (v = 0. 58 L, v = 36 L) and f
has the value 0.55 + 0.035, 1.e., ’ ’

E = (0.55 % 0.035)(e~0°44V/R _ o=27.8/Ry | (e
The fit of Eq. 6 to the adjusted values of. E in Table 2 is shown in
Figure 2. The optlmal respiratory minute-volume, at which E is at a maximum

of 0.506 + 0.032, is 6.6 L.

1.00 Y —_— r— —

.75 o 1

FIG. 2.--Overall efficiency E

vs. flow rate R.' The points

] : are the adjusted experimental-

1 - values of overall efficiency
g - . _ : '(Table 2) and. the curve. is

0.25} ' - : 1 described by Eq. 6. '

"Efficiency factor, E
A
n
(=]
¥

0 N N a N 1 N e 1 N N .
0 : B - C 10 - T 15
' Flow rate, R (I1tre min?)

Counting Efficiency
In  the apparatus descrlbed by Aub et al.,1‘ the frdctional counting

efflcxency was about 0.25 because only one side of the electrode ‘disk was
.counted and half -the alpha particles were dlrected 1nto the dlsk. Later,'as
reported by one of us,8 nearly 4-ﬂ countlng geometry was attalned by the use
-of phosphors and photomultlpllers. The countlng arrangement currently in use
has been described ‘in detall by Kuchta et al,6

. The efficiency of the alpha—particle: counters'uwas' determined by v
deemanatlng a 2.0 kBq ?32Th solutlon and’ collectlng thoron decay products;-
After . the collectlon, the phosphor-coated electrode was placed in a 1nc1te

holder contalnlng a second phOSphor and counted for a 10 min perrod in each of
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. eight alpha-particle -counters. The variability in efficiency between counters
was no. greater than that expected from counting statistics (relative standard
deviation % 0.4%). The .source was then counted repeatedly for several hours

212Pb activity on the phosphor at the énd of collection

in one counter and the
was determined by a weighted least-squaresAfit to the data, with 100% counting
efficiency assumed. .

The phosphor disks were removed both from the cépper electrode and from

the Lucite holder at. the completion of the alpha-particle counting, and the

rate of emission of the 2.61-MeV gamma rays of- 20817 from the phosphor
sandwich was determined by comparison - with a point-source NBS 228Th
standard. The observed gamma-ray emission rate was compared with that

expecfed_ffom the results of the a;pha—particle counting to obtain an estimate
of-fhe alpha—particie counting efficiency. This experiment was carried out
twice, giving "values of 0.95 ¢ 0.023 and 1.0 + 0.025 for the fractional
efficiency (count per alpha). The standard errors in the two determinations
did not include a relative systematic standard error ‘of +2.4% in the
correction for decay of 228qy (1.91 t 0.009 yr half-life) in the NBS source
since its standardization about 13 years earlier. This systematic error was
subsequently propagated with the standard error of t+ 0.025 in the weighted
mean of the two results. The fractional efficiency N of the alpha-particle

counters was, therefore, estimated to be 0.973 t 0.034.

Collection_Eff;ciency

.The mean value of fcn, the ‘product of the fraétional collection and
countlug‘efficiencico obtained from theldata in Table 2, is 0.55 % 0.013, from
whicﬁ we deduce a value for fc'of 0.57 + 0.041 over the range of experimental
flow rates. .

The collection efficiency refers only to the thoron daughter-product
activity collected on the electrode phosphor. In a deemanation ' experiment
carried out with a smaller collection chamber (3.8 L), it was found that the
thoron-daughter activity dcposited on: the phosphor disk was 87%.of the  total
activity deposited on the electrode. Of the activity not on the phosphor, 90%
was deposited on the edge of thevcopper disk, and the remainder was deposited
on the back face. ”

Sincae the variahility in the values of E at the higher flow rates (Table

T

2) is considerably less than the variability at 1.2 L min ', the lowest value
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-1 may . have been atyplcal. This

of. E among the four observed at 1.2 L min
suggests that the high voltage applled to the collectlon electrode should be
monitored in case a voltage -drop should occur during sampllng. When the
;lowest value of E at 1.2 L mln'1lls excluded,.;he value of faon lmplled by the
--three remaining values of E is 0.60 t 0.019. The apparentlyvlower values of
fcn at the higher flow rates mighi then indicatebthat there was a partial
_mixing‘of‘flow air at the higher rates or that £he'effective.strength of the.

electric field for decay products of thoron was lower at the'hi@her rates.

Variability

The median coefficient of variation of thoron.activity outside the body
in repllcate measurements of the explred air of former thorium workers is
t 0.15. Thls coefflclent is- presumed to be a measure of random temporal
'variability in the fractlonal'exhalatlon of thoron. The relative standard
deviat;on (t 0.064) of <the distribution of the valuesAof fcn (Table 2)-is
_interpfeted as thelrelative'systeuafic standard e;ror'in the value of- the
overaillefficiency E. (Eq. 6), even though this variability may be due -in part
to random fluctuatlons in deemanated thoron or in the efflc;ency factors at a
. given resplratory mlnute—volume. The ove;all standard error 1in a 51ngle

224

determination of freely-emanating Ra (FX) is

. - 1 |
[(0.15)2 + (0.064)2 + c2172 Fx ,

A.where FX is equivalent to the thoron'activity outside the body and C. is the

relative standard error of .the alpha-particle counting results.

Commentsv

In an earller prov151onal determlnatlon of overall efficiency of the

) apparatus, results ‘obtained from the deemanations of 0.41.and.82.5 Bag 232
_1, using nitrogen as the flow gas;<were extrapolated to
a respifatory minute-volume of 8 L. -The mean value of'Eyat,1.2 lein"1 was

solutions at 1.2 L min

30% lower than the mean value obtained at that flow rate in the present

experiment. . No reason for the lower. value has been ascertained. . In the'-

provisional estimate of E, the value of £, at 8 L min'j. was the average

obtained from Eq. 4 (smooth flow) and Eq. 5 (mixed flow). The value of E



calculated for 8 L'm.in-1 was 0.32 t 10%, which is 36% lbwer than the~§alue
found in the present experiment. An excursion from normal vdriability of

‘similar magnitude was observed at 1.2 L min.;1

in the present experiment
(Tabléb 2). The relative frequency of its occurrence merits iﬁvestigation of
its cause. '

The optimal respiratory minute-volume of 6.6 L for the apparatus is lower
than the 'experimentai ,minuté-volumes‘ inl Table 2. The collection~-chamber
volume V and the volume v of tﬁe mask- and the. mask-to-chamber tubing can be
made optimal for any desired minute=~volume. The expression for the optimal
pt' which is‘obtained by setting tb zero the derivative of the
efficiency factor f, (Eq. 4) with respect to rR!

minute;volume R,
and solviné.for R, is
AV

R =—%5— - | (7
opt ln(%+1) .

Ropt‘varies directly with V and v. Theaefficienqy factor fk varies dirgctly
with V and inversely with v. Therefore, an increase in the capacity V of the
collection chamber -with no change in v will yield both a higher optimal
hinute—volume~and a higher efficiency. AAdecrease in v with no change in V
will yield a lower optimal minute-volume and a higher efficiency.  However,
the gain in efficiency is 1limited by the thoron décay—constant A For
" example, ah increase in the chamber volume from 36 to 62 L, with v held at
0.58 L, makes the apparatus optimal for a minute-~volume of 10 L, but the ‘
maximal value of 0.947 for fk obtained from the 72% increése in V is only 6%
" higher than the value of £y at a minute-volume of 10 L obtained with a 36-L
chamber. - .

For a 50 min'period of breath éampling and a counting period of two or
three 212Pb half-lives, fhé 1imit of detection of thoron activity outside the
bod&, dgfingd as a res;lt lying two standafd errors above zero activity, is
about 10 mBq (0.27 pCi)e« This corresponds to a fhorgn exhalation rate of 130

9

uBq (3.5 fCi) sec” '« The counting rate of a blank phosphor-coated electrode

in the Lucite holder averages about 1074 sec™1.
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DETERMINATION OF THE 226Ra CONCENTRATION IN 'A NEW BRUNSWICK LABORATORY
STANDARD PITCHBLENDE SAMPLE '

R. B. Holtzman and F. Markun

The 226Ra concentration determined by the radon emanation method in a
sample of NBL Reference Material No. 6-A, pitchblende ore was 192.6 £ 1.3 ng
Ra/g ore. The weight ratio of radium to natural uranium was (3.344 % 0.06)
x 107'. This value is not significantly different from the- value of 3.374 x
107" expected if the radium were in radioactive equilibrium with its U
parent.

To enhance the usefulness of standard reference materials the New

226

Brunswick Laboratory is having values determined for -the content of Ra to

allow their use as accurate standards for 226Ra, as well as for uranium

(U308). Reported here are the results .of the determination by the ‘radon

226Ra concentration in NBL Reference Material . No. 6-A,

1

emanation method of the
pitghblende ére,* which contains 67.91 + 0.05% U308'
Methods

In.this_analysis three weighed sampleé of the material were dissolved and
the radium content was. deﬁermined by the radium deemanation method of
Lucas.2’3 ' ) ‘ ‘

The general pfocedure was as follows: ‘ .

1. Three samples of about 100 mg each were taken from the bottle,
carefully weighed, and placed in 50 ml Teflon beakers.

2. The samples were”dissolvgd by heating.in‘nitric acid, and dissolution
was completed by the subsequent addition of a shaii.amount of hydrofluo¥ic
acid. »

. 3. After the solids were dissolved the solutions were partially
evaporated,‘and the HF was removed by repeated‘volume reductions and additions
of ﬁydrochloric acid.

‘4. Each solution was diluted to 100 ml in a volumetric flésk, and a
10.Q ml .alicmuot of each sample was then added -to its respective: 60U ml

deemanatioﬁ flask. This was diluted with water to about 300 mi.  The

* ‘ S B . :
Submitted by N. Trahey of the New Brunswick Laboratory, Argonne, IL 60439.
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aliquoting was done with calibrated ;volumetric glassware, but"it was also
checked by weight. | .

5. The flask:was’ﬁhen flushed with_radon-free air to remove residual
radon, and.the radon,(T B§:= 3.825 days) was allowed to grow in for two or
three days. . A

6. The radon was flushed from the flask with radon-free air and
collected on a charcoal trap cooled in dry ice.

7. . The radon on the trap was transferred to a radon counting bottle,
"which was then placed on a counter, and the radium content of the allquot was
determined by the standard pr_ocedure.2 '3

The determination was made twice on each sample.

Results )
" The results of the 1nd1v1dual analyses are shown in Table 1. AThe
standard dev1ations shown are based ‘on countlng statlstlcs, propagated w1th a
1% uncertalnty due -to variations 1n the characterlstlcs of the radon countlng
bottles. - The uncertalntles of . the radium standard used to ~ca11brate the

system are not included here.

Table 1. 226-Ra concentrations in the individual samples.
‘ T : ' 226
Sample .Sample size, mg Ra content
no. - Total - Aliquot o ng/sample + S.D. - ng/g ore t S.D.-
1 100.2 . 10.07 1.932 + 0,020 . 1191.9 & 2.0
: : .1.970 £ 0.021 S " 195.6 t 2.1
2 99.7 . 10.03 " 1.891 + 0.020 - . 188.5 t 2.0
' o 1.898 t+ 0.021 ~189.2 t 2.1
3 101.2 ©  10.20 - 1.979 + 0.021. C194.0 % 2.1
Mean + S.E. o 192.6 £ 1.3

The mean of the 51x determinations was 192.6 + 1 3 (SE) nCi/g ore. The
values for. sample 2 appeared to be lower than those of the others, but an.
analysls of varlance showed that the level of s1gn1f1cance, P = 0.074, was

somewhat greater than that con51dered to be "probably" significant (P = 0.05),
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i.e., the values for this sample were not significantly lower than those for
the others. . -

From the Appendix, the- elemental uranium content is 0.5759 g/g ore, and
from Table 1, the 226Ra concentration is 192.6 ng/g ore, so that. the ratio of

weights is

; =9
Ra - 192.6 x 10
0.5759

= 3.344 x 10 = .

w
U
This_ratio is somewhat lower than the equilibrium value expected, 3.374 x

7

-7 (Appendix), and ‘about 3% lower than the 3.44 'x 'io'-

10 listed on the
Certificate. The uncertainty in the ratio, based on the values given on the
Certificate for the uraniﬁm content and the results of our analysis‘of.the
radium content, is about t 0.68%, but the systematic errors in the analysis
are oubstantially ygrealer than thise. rhe analysis system is calibrated
against two National Bureau of Sianda&ds ﬁadium-ZZé Standards for Radon
Analysis, Nos. 4950-B and 4951 (8.069 x 10710 anda 10.01 x 10”'! g 226p,,
'respectively). The former was assigned an uncertainty of ¢+ 1.0% at the 95%
confidence level (in 1968), and the latter had total uncertainties (less
_clearly stated) of about t 0.3% (in 1956). The overall errors in calibration
are about 2%.

Ra/U obtained from our analysis of
7

Thus, it appears that the ratio of 226

3.344 x 10”7 and about

has an uncertainty in precision of about % 0.023 x 10~
+ 0.06 x 10-7 for a total uncertainty. This is well within the range of the
theoretical value of 3.374 x 10-7 for radioactive equilibrium (see Appendix)

7 iisted on the Certificate of Analysis.1 The data

and the value of 3.44 x 10~
and results are summgrized in Table 2. If we assume that the rédigm is
actually in radioactive equilibrium with the uranium, the clqseness-of the
theoretical and measured values indicates that the estimate of the standard
error in the calibration is actually less'than the'Z% stated above, and might
be bnly_aboﬁt 1% overall. Further efforts are being made to improve the

calibration of the system.
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Table 2. Summary of results.

A. _Conbentrations

.Nuclide orlelémeht' _ : R . - ’ .Cdncéntrétion'in,cre
226pa: ‘ ‘ . o © 192.6 % 1.3 ng/g
Urgnium as U30g (certifigate)a ' ' E A67.91 1_0f05%.
Urénium,.elémental (calcuiated)b . L ~57.59 + 0.04%

B. Ratio of weights

226 7

. Source - o SR ; _ o " Ratio ““°Ra/U, x 10
‘ Certificate 6f analysis :' L o 1 ) 3.44
' Thebreticél, radioacfiyg equilibriumb '3f374
‘This work "‘ S o L 3.344 1 0.06

3Ref. 1.. :
Appendix, this paper.

APPENDIX. Calculation of ratio of 22%Ra to uranium. -
The atomic and weight ratios of 226p, to uranium may .be calcﬁlatéd from the
pa:ameteré set out in Table Al.

"Table'A1. Properties.of‘the"eleﬁents and radionuc¢lides of ihterest(a

Element

S S o , Isotopic
-or . Atomic__ ‘ Half-life, = . abundance in
nuclide . weight?® - Toyro. o ~ element, 32
Oxygen . . 15.9994 - : - 100.00
' Uranium(natural)  238.029 = . 100.00
238, A NENTS . (A A oay o anO o
v 238.05079 - (4.4683 1 0.0023) x 10 99.2746
226p, 226.0254 . 1599 7 -
a Ref. 4.

Ref. 5.

146



The concentration of U3O8 in the ore is given ‘as 67.91 + 0.05% on the

Certificate of Analysis.1 The concentrations of uranium and of the nuclide of

interest, 2380, are then 0.5759 g/g ore and 0.5718 g/g, respectively. If the

226 238U,'their aétivitieé are equal,

-7

Ra is in radioactive equilibrium with the

-226

and the ekpected concentration of Ra can bé readily deduced as 3.579 x 10

- 226 238

atom of Ra per atom of U. Multiplication of this ratio by the value of

the atom percent- abundance of 238 226Ra to natural
uranium of 3~553 x 10—7. This, in turn, multiplied by the ratio of atomic

226Ra/u (nat.) of (3.374 % 0. 017) x 10 =7,

U gives the atomic ratio of

weights gives the welght ratlo of

The uncertainty (+ 0.5%) in the latter value is determined prlmarily by the

uncertainty (& 0.44%) in the half lifé of 226pa.
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226p, CONCENTRATIONS IN SOME ILLINOIS WELL WATERS .

R. B. Holtzman and R. H. Gilkeson*

Ra“ concentratidns are reported for the waters from deep wells in 43
communities in Illinois. The concentrations range from -0.08 to 20. 6 gCl/L.
The effectiveness of additives (nitric acid or EDTA) in keeplng the

solutlon in the samples is dlscussed. :

226

_Introdﬁction )

The advent of stricter standards for the quality of potable waters
instituted'by the U. S. Environmental Protection Agency1 has greatly increased
interest in studies. of trace element'and radipnuelide'concentrations in these:

waters.. The coneentrations.of 226Ra, and to a lesser extent, those of 228Ra

have been ‘shown to be high in waters from many of the wells in Illinois and

.adjacent states.2 4 These waters were mainly from the Ironton-Galesville

Sandstones which are 300 m or more deep. The 226Ra eencentrations'range.up to
abodt:305pci/L5 To. determine the mechanisms,contrdlling the-concentratidns
of 226Ra and'various-elements, such'as barium} in the'waters;,One of>us (RHG)
vhas been célleeting numereus samples throughout ‘the :region of 'interest.
Varlous ‘chemical and" phy51cal propertles have then been determined on these
samples. Presented here are the results of determlnatlons of 226Ra in. water

samples from 43 communltles.

'Methods

Samples of water of one to four liters were collected and, in most cases/
‘a stab11121ng preservatlve (either 5 ml/L of nltrlc ac1d or 5 g/L of dlsodlum
ethylenedlaminetetraacetate [EDTA]) was  added to maintain, the radium in-
solution. ‘In'additibn, the watef_may'have‘been filtered through a 0.45um
membrane filter. ‘ ‘ :
The{zzeﬁa was determined by the radon deemanation method of Lucas5 6 in

which. about 300 ml of the water to be analyzed was4‘p1aced in a 600 ml

*T1llinois State Geological Survey. Funds provided in part by‘a‘grant from the
U. S. Department  of the Interior, and administered by Professor Glen Stout,
Director of Water Resources Center, University of Illinois, Champaign,

: Illinoéis. ' ‘ ’
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deemanation flask. Radon-free - air was bubbled through the water to remove
re51dua1 radon from the flask, after which the flask -was sealed, and radon was
allowed to grow for a known time greater than three days.
- At the end of the period radon-free air Qas again passed through the
flask and through a dry-ice cooled charcoal trap, which preferentially adsorbs
radon from. the air. The radon was transferred from the trap to a radon
counting chamber, which was then placéd on a photomultiplier detector; the
amount of radon was determined from the alpha countiﬁg rate.

" About halfway through the study, the 600 ml flask was replaced by a low-

cost disposable bottle with a septum‘as described in the Appendix.

Results and Discussion

The results of the measurements are listed in-Table 1 by community in
alphabetical order. 1In addition to samples collected for the aforementioned
studies, one group was collected by the Metropolitan Sanitary District of
Greater Chicago and another by the Illinois Environmental Protection Agency,
as noted in the tablé. Also shown are.the treatments of the samp;es, viz.,
the addition of EDTA or nitric acid, and/or filtration of the water.

The relative effects'of'presérvative treatment cannot be deduced from
these data, but other data indicate either no significant differences, or a
slight superiori;y for the use of nitric acid, i.e., the activities appear to
be slightly higher with nitric acid, which is an indication of less adsorption
of the radium. The use of this acid is also advantageous in that a sample
evaporated for the determination of gross alpha-particle actiyity has no
additional residual solids derived from fhe preservative to increase the self-
absorption of alpha particles. On the other hand, EDTA at a concentration of
5 g/L may provide most of the residue found in the sample on evaporatlon.

Filtration appears to have an effect in many cases, but the differences
between filtered and.unfiltéred samples are not consistent. The éffects could
be due to statistical variations in the determination; to the ‘removal of
adsorbed activity on the filter, which would reduce activity in the filtrate;
or to theladsorption of radium onto the particles'in the unfiltered samplé
during storage, i.e. reduced emanating activity. In most cases the
dlfferenues were not statistically significant.

g 226

These data show levels o Ra, in the waters studied that are hlgher

than those allowed By the EPA standards. ‘These values are not necessarily
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Table 1. - Concentrations of ??Ra in well waters in Ilinois.

Date of .
i b

. - Well | collection, . - ~Concentration,
Community number- M/D/Y - _ Treatment® -  pCi 226Ra/L
" Amboy s '10/20/80 . -E 2.60
Arlington Heights = 6 8/19/76 - - 6.24
- 7 7/30/80 < 8.81
16 -7/30/80 " - 4.12
Ashton 1 10/14/80. " F,N .. 0.08% 0.02
Aurora 20 . 4/23/80 ~ E,F - 10.6
Bartlett =~ - - 4 - 10/3/80 < EF 631
Batavia 4 12/6/79° * - E ’ 4.79
" Bellwood - - L
Buffalo Grove: - 3° . 8/20176 - E 6.34
- 6 12/20/79 'E,F 4.44
Bensenville - - 10/3/79 E. 8.17
Burlington .. - 9/27/79 ‘E,F 4.17
- A - 9/27U79 E 5.19
Carthage 1 11/4/80 N 166
Coal City 4 © 8/21/80 E 9,23 .
N 3 8/21/80 CE,F 8.92
5 .8/21/80 E 15.4
- 5 8/21/80" E,F - 18.6
. Crystél Lake L -. "'12/2‘9/79. ‘ ' NV,,F, 3.01
DéKalb | S 11 - 10/14/80 N 2.84
DePue =~ 2 £ 10/15/80 E ©9.93°
Elgin 1 . 9/21/79 - 5.04 .
- 1 9/21/79 " F 5.04
1A 8/1/80 E 7.03.
2d . 377175 E 4.79.
2 8/1/80 " E 4.76
3d 3/7175 | ‘E 4:91
3d 8/1/80 E 4.38
3K 7/31/80. E . 5.03
E,F 13.82 ¢

34  10/28/80 - -
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Table I (cont.)

Date of .
Well collection, _ Concentration®
Community number M/D/Y ~ Treatment? pCi 22%Ra/L
- Elgin (cont;) 4A 11/29/79 E,F 4.43
' “4A 11/29/79 E 4.63
'S 12/6/79 -E,F - 4.70
5 12/6/79 E : 4,87
5A 11/29/79 E,F 8.81
5A 11/21/79 E 8. 40
5A 8/1/81 E 8.08
5A 12/6/79 E,F 7.55
. 5A 12/6/79 E 8.07
gd 3/7175 L 13.0
6 12/5/79 E 13.4
6 12/5/79 E,F 13.6
6 12/12/79 N 12,4
6 12/12/79 N,F 13.0
6 12/10/79 - 10.3
6 12/10/79 E 13.2
6 12/10/79 F 12.6
6 . 12/10/79 E,F. 13.2
Airlite Wells ‘
Composite . 8/1/80 . F 5.91
Elk Grove 4¢ 8/20/76 3.99
Elmhurst "4 :10/29/80 N 5.51
Tap 11/27774 = 4.90
Geneva - - 12/5/79 E 6.45
S E,F 6.20
Gurnee 1 12/20/79 N,F 8.97
Hanover Park 4c. 8/23/76 E - 8.86
3 10/29/80 E 4.91
» 4 - 10/29/80 E . 13.4
Hersher 5¢ 3/25/75 E 14.9
3/25/75 E 14.3
14.9
5¢ 4/1/75 14.2
: 14.4
5¢ 4/1/75 E 14.0
4/8/75 E 13.9
. 4/8/75 14.3
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Table 1 (cont.)

15_2 o

4 -Daté of L
: Well -collection, o . COpcentrationP ‘
Qommunity number - M/D/Y " - Treatment? - pCi ?“Ra/L )
Hersher’ (cont.) 4/8/75 14.1
- : | 4/8175 e 14.0
Hoffman Estates 12 - 10/29/80 E 3.83
: - 10/29/80 N,F 4.82
| 10/29/80. - F. 4.47
Homewood 12 10/30/80 N. 3.40
' N,F 2.32
Kingston Mine 111/79 . E ~10.5
Lemont 1° 8/31/76- - - = 14,7
Lockport 4 11/18/80 . N £ 10.7
_Lynwood - -d 3/27-4/10/75  E : o |
(10- samples) Mean '+ S.D. = . . 14.69'+ 0.24
. - 8/4/79 E,F ) o
(4 samples) - E Mean + S.D. X 15.18 + 0.67
Macomb 2 1176/80° N 18,7
' , | N,F . 20.6
Marseilles 4 - 8/22/80 E,F -3.39
~ Mendota . - 9/26/79 E 3,22
I - - E,F - 3.15
Morris 4 8/21/80 E 8.33
" Mount Prospect - 7 12/21/79 E 5.54
- ? 12/21/79° E,F .5.58 .
" Naperville 16 10/17/70 E 3.66
. - o 10/17/70 E 3.15
~ Odell . 1 8/21/80 E '9.56
SR 1. '8/21/80 " E,F. 10,7
Orland Park 6 12/17/80° N 7.84
A 9  12/17/80 15.4
100 12/17/80 4,44
11 . 12717/80 16.6



Table 1 (cont.)

Déte of , .
‘ - - Well collection, : ' C‘oncen‘»t-ra.tion?
Community number  M/D/Y Treatmentd . pCi 22°Ra/L
Peru - ¢ 314175 . E° 4.78
,‘ 2/25/75 E 4.57
53‘ 3/4/75 3.11
7¢ 2125175 6.07
‘ 3/4/75 6.07
8 12/4/79 - 6.51
N F ' 5.94
Princeville 3 11/79 E 14.04
Shannon - 9/26/79 E - 6.51
Stronghurst =~ 1 11/11/80 N 17.4
Table Grove 1 11/4/80 N 15.1
West Chicago 4 10/3/79 E 15. 2
. 10/3/79 E.F ‘ o 12.6
5 10/3/79 E o 9.39
10/3/79 E,F 9.50.
Yorkville 4 12/21/79 E 7.22
E,F. 7.23
N 7.60

" 8p - filtered
E - EDTA added, 5 g/L
N - nitric acid added 10 ml/L

bCoefficient, of variance :t 3%, except as noted.
CCollected by the Metrdpolitan Sanitary District of Greater Chicago.
dCollected by the Illinois Environmental Protection Agency (Ref. 3).
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. typical of those in Illinois;lthe wells sampled were. chosen because the radium
ooncentrations were expected to Be high given the characteristics of 'the
-source or based on previous information.. Further, it should be noted that the
measurements were made on raw water which does not necessarlly represent that
distributed to the consumer; the water may have been softened or mixed with
waters low in radium"(from surface sources or shallow wells) whicﬁ would
substantially reduce the radium concentrations over that'of therwater from the
deep wells listed here. ‘ ‘ '

_ The.samples collected in 1975 and 1976 provide some evidenoe'oo the -
variability of the 226Ra concentrations in caees where more reoent samples
froﬁ the same wells were also collected, e.qg., Elgin:wells #2 and #6 .and
Lynwood. The waters from Lynwood, especially, sﬁow no statietically
significant change between 1975 and 1979. ' '

Work is in progress'to determine the levels of 228 Ra in the waters and

the relationships between gross alpha activity and radium content.

APPENDIX. Low-Cost, Easy: Malntenance Deemanatlon Flask

R. B. Holtzman, F. Markun and E. Y. Hwang

Because of the dlfflcultles in malntalnlng, u51ng and cleanlng the
standard deemanation flask (espec1ally 1ts greased. stopcocks) used in the
radon deemanation procedure for the analysis of radlum in water',s'6 we
developed the use of a simpler container. Such a cohtainer should hold 260 to
300 mi of'saﬁple'with an equal volume of head,spaoe; it should be. easy to
clean or'be'dispoeable; It should retain the.radon'over a period of several
weeks,‘and the ‘deemanation procedure should be simple'ahd quantitative. -Lucas
had proposed the use of a narrow-mouth bottle,7 and later he used a serum

bottle with a septum,g

Whlch is no longer available.

We have developed a sultable sample container con51st1ng of a. 16 ounce
(480vml) prescription bottle with ‘a plastic cap and butyl.rubber septum, shown
in Figure 1. The radoo is deemanated by lnserting through the septum a 16
‘gauge, 9 inch (23 cm) long hypodermic needle’ through which air is passed and
bgbpled through the.eolution.iﬁ the bottle; The air carrying the radon ls
~extracted throu@uva'shorter (~2.5 idch, 6.5 cm) hypodermie needle in the

3

septum. Each needle is connected to a 1 cm” syringe the body of which has

been cut off about 2 ihcheg‘above the tip for connection to rubber tubing.
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Because the -cap with the septum did not seat properly on the'bqttle, we
i used.the'cap that came with the bottle by drilling a hole in it to accommodate
the septum, which was glued into the cap with Pliobond Industrial Adhesive* to

keep it in position when the hypodermic needles were forced through it. Other.

rubber - adhesives would probably be suitable.

Syringe Body
(1ee)

-Syringe Body
(1ec)
16 Ga.{1.68 mm dio.)
1860,(1,40mm gio)
Adhesive
{Pliobond)- -
‘ TOP VIEW ‘
CAP
Woter
Level R
- 0= —_ 7LI-
P o 16
—_ _E._ — ]
_:_TLE_.______ _
SRR R FIG. 1.--Diagram of
_j — deemanation flask: 16 oz.
t;: e Prescription Bottle, Wheaton
”““f'—-“-—— — ) . Bcientific; 1000 North Tenth
[— —{1 R Street, Millville, NJ 08332,
— T ‘“_”::j:;J : . Cat. No. 222889 and Plastic
\. G © Cap with Butyl Septum, Cat.
33 , No. 240680, Size 33-430.

This system worked well. - Despite the tendency of radon to diffuse
through rubber and plastics, loss of radon through -the butyl rubber septum was

negligible; the concentrations of radium in aliquots of water samples analyzed

*Goodyear Tire and Rubber Company, Akron, Ohio 44316
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in  the standard 600 ml flasks were essentiaily identical to tﬁose of aliquot
portions analyzed -in the septum bottles. Whlle this’ bottle was tested only on
the water samples, it should work equally: well with solutions such as those of
. bone and” softv tlssues, with . the 1limitation. that chlorides, such as
hydrochlorie acid,_-hot be used because_ they may- attack the stainiess

hypodermic needles.
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226pa AND 228Ra IN GROUND WATER OF THE CAMBRIAN-ORDOVICIAN AQUIFER SYSTEM IN
NORTHERN ILLINOIS*
.

Robert H. Gilkeson' and Richard B. Holtzman

Over a large region of Illinois, ground water of the Cambrian-Ordovician

Aquifer System exceeds the U.S. EPA drinking water standard of 5 pCi/L for the.

226 228p.. 226

combined concentration of Ra and Ra concentrations range from <1

pCi/L in dilute ground water in north-central Illinoisl(wﬁere the aquifer is
uncoﬁfined) to 25 pCi/L in highly mineralized ground water in central Illinois
(where the aquifer is confined by shale bedrock). An important control on the

aétivity of 226Ra is the geochemistry ‘of uranium in the ground-water flow

228

system, while the Ra activity in ground,K water which ranges from <1 to

13 pCl/L depends malnly on the primary dep081t10n of 232Th-bear:.ng mlnerals in
the aqulter strata. )

The comparison of recent analyses to historical data gathered over the

226Ra and 228Ra activities .
£ 228

last 20 years indicates'that, with few exceptions,
' 226

in ground water have remained constant. The ratio o Ra to Ra did not

vary at specific well sites but ranged from 0.04 to 2.43 throughout the étudy

area. The combined concentrations of the two nuclides in ground water of the

aquifer'system ranged from <1 to 29 pCi/L. Over large regions where the 226Ra

concentrations were high (210 pCi/L), those of 228Ra were low (€2 pCi/L), but,

228Ra concentrations were high (25

£ 226Ra

with few exceptions, in regions where

£ 226Ra were also high (25 pCi/L). Low concentrations o

228pa (<2 pCi/L).
228

pCi/L), those o

(€3 pCi/L) were usually accompanied by low concentrations of

228Ra/226

The large range in the Ra ratio indicates that

Ra actiyities
cannot be predlcted accurately from ana1y51s of 226 Ra. The range of values
raises questions _concerning the validity of the U.S. EPA regulation which
~require§ analysis for 228 - 226

pCi/L.

Ra only when the concentration of Ra exceeds 3.0

Abstract of a paper presented at the 15th Annual Trace Substances in
Environmental Health Conf., June 2, 1981,.at Columbia, Missouri. The meeting
was co-sponsored by the Society for Environmental Geochemistry and Health.

1’Hydroc_:;eology and Geophysics Section, Illinois State sGeoIogical Survey,
Champaign, Illinois 61820. : ' ' '
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RARE EARTH AEROSOL ANALYSIS BY X-RAY FLUORESCENCE SPECTROMETRY

Irvin M. Citron* and Leonard F. Mausnert

it
it

An analytical method for the determination of  four 1anthanidee in air
"filter samples is described. The method involves simultaneous quantitative
determinations of La, Ce, Pr, and ‘Nd at the mlcrogram level by x-ray’
. fluorescence spectrometry without chemical separatlon of these rare earths and
without serious interferences from the dust matrices on the filters. The
method has been used successfully to analyze some air filter samples collected
at a rare earth processing refinery in " Illinois. A description of the
development of the method is given .as well as ‘the results obtained by using
this method on the air filter samples. The reproduclbillty of the results was
generally + 5%. : o : . .

Introduction

The 1dent1ficat10n, characterization and measurement of pollutants in the
amblent ‘atmosphere are essential to the solutlon of a wide variety of
environmeutal problems. X-ray fluorescence analysis has emerged as a powerful
technique for the,evaluation of the abundance of traceAeleheuts-in airborne
particulate matter. Several .featuresp make- it especially advantageous for
‘aerosol analysis. These attributes include (1) the nondestructive nature of :
the neasurement, (2)pthe,ability to analyze filter deposits directly.withv
little -or no sample preparation, (3)‘mu1tielement determinations with fairly
uniform detectability for all elements' from fluorine upward, .and (4) the
availability of commercial 1nstruments whlch permlt a large number of sample
1rrad1at10ns in relatively short 1ntervals.

Quantitative ana1y51s of the individual rare .earths, particularlx at
traceileuels, has been a traditionally difficult analytical.problem. Although
optical emission spectroscopy, mass epeCtrometric ieotope dilution and neutron
activation all - have been used, interelemental interferences or varying
elemental sensitivltiee often mandate the difflbult chemical separatiou of the

rare earths from each other. In contrast, energy dispersive x-ray

*Faculty Research Participant, RER DlViSloﬁ, Permanent address: Department
of Chemlstry, Fairleigh Dickinson Unlversity, Rutherford, NJ 07070. i

tPresent address: Medical Department, Bldg. - 801, Brookhaven National
Laboratory, Upton, NY 11973, .
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fluorescence spectrometry (XRF) is caoable of simultaneous measurement of the
rare earths w1th essentially equal sensxtlvity.
vSpecxflcally, our need to make such measurements arose, as part of our

study of the health effects of occupational exposure to thorium and rare

earths at a thorlum and rare earth processxng reflnery in 1111n01s. Since the

major type of exposure was considered to be through inhalatlon, it is

obviously of interest to characterize the airborne concentrations of thorium
.and the rare earths. We have obtained over 10,006 air filter samples, which

uereA colleoted_ by élant personnel during operations from 1962 to 1973..
. Thorium was determined by radioactivity measurements. . Fortunately the filter
medium used, Whatman 41'paper filters, is very appropriate for direct analysis

of the lanthanides by XRF. This paper has a moderate areal density (8.mg/cm2)

and a very low trace element content.. We describe here our general procedures

‘aq A demonst.ration of the utility of enerqy dispersive x-ray " fluorescence

-spectrometry for rare earth aerosol analysis.

‘Method ,
The basis of the x-ray fluorescence technique is shown schematically in

Figure 1. The incident radiation (x rays shown here) ionizes an inner atomic

EJECTED
ELECTRON _

B

INCIDENT
PHOTON

FIG. 1. --sChematlc diagram of the
creation of fluorescent x rays.

- FLUORESCENT
X-RAY
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electronbcreating an inner shell vacancy. An electron from a higher shell de-
excites to flll this vacancy and the de-exc1tation energy is carried off by a
fluorescent x ray. The energy of this x ray is characteristic of the emitting
atom. X rays from the sample are detected and their energles measured by a
semiconductor detector. The radiation creates-in the detector a voltage pulse
with an amplitude proportional to the energy of the incident x ray.

The instrument uSed in this work was a.secondary source sYstem. In such
a spectrometer the x-ray tube 1rrad1ates a large, amount of an element whose
characteristic X rays have a slightly higher energy than the absorption edge
of the element being determined in the sample. The sample is then irradiated
with these x rays. The principal advantage‘ of this approach is . that
interchangeable_secondary sources allow the energy of the incident x rays to
be~optimized for'efficient excitation and'hence, high detection senSitiVity.
The background radiation in the energy range “of 1nterest is also orders of
magnitude lower than that in the direct 1rrad1ation-method. " The principal
disadvantage of the secondary source excitation is that a high power x-ray
tube and. generator are required.

~ - In this work a secondary source of 0.010-inch thick holmium foil was

irradiated by an x-ray tube operated at 75 keV and 19 mA. -The typical assay
time:wasl200 sec. The energy‘of the holmium x rays (47.5 keV) limited our
measurements to elements with -atomic numbers less than Aor ~equal to 62
'(samarium). The holmium x radiation was passed throuéh a .copper collimator
prior to striking‘theAsample in order to reduce the irradiation of the sample
support, chamber walls,.etc. Similarly, the Si(Li) xfray detector (which:has:
a 185 eV resolution for the manéaneSe K, x ray) viewed the 'emitted
fluorescence through a copper - collimator to mirimize -detection of scattered
‘background radiation. A detailed descrlption of the apparatus has beenlgiven
.elsewhere.1 | v ‘ L ’ '

In the application of XRF to our specific circumstances,' several
questions immediately arose: (1)fcould our apparatus resolve the K, peak of
rare earth element Z from the K, peaks of the 241'ana,z+1 elements as well as
-KB peaks.from element Z-3( andi(Z) would the different matrices  provided by
the’ dust particles on the air filter samples give 'rise to varying x-ray
attenution?

The x-ray spectrum from a filter w1th an evaporated solution containing

7lanthanum,.cer1um, praseodymium and neodymium reyealed.distinctly separated Ka,
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pgaks,léach with a shouldef due to fine structure Splitting.‘.TheaNd'Ka peak
(37.36 keV) was slightly.overlapped by the La Kg peak (37.80 keV). The amount
of La KB intensity to subtract. from _the :composite peak was ‘obtained by
measuring . the. intensity ratio KB/Ka in a. puré lanthanum* specﬁrﬁm and
multiplying the La K, jiﬁtensity' in the mi*ed rare earth .sémple by this

ratio. A typical mixed lanthanide spectrum is shown in Figure 2.

X-RAY ENERGY, KeVv
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2800 : _
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800 :"c'.l'...'o"'.l.
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FIG. 2.--X~ray spectrum from 8 Hg each of
.La, Ce, Pr, and Nd (200 sec irradiation).

A series of spectra for samples of mixtures of the lanthanides containing
. amounts of each lanthanide ranging from 5 to.505ug showed that up to about 30
Hg of a lanthadide in a mixture could be present without causing serious
deviations from linearity of the net intensity versus concentration curve. To
test the importance'of matrix effects, two air filter sémples{'oﬁe”with a
light dust deposit (typically 1.00 té 1.80.mg/cm2), the other wifﬁ'a heavy one

(typigally~1.80 to 2.65 mg/émz), were examined. ' Four seéinhsAof eécﬁ filfer
Wgre spiked with the addition of a series of 5 UL éliquofs of a pfeﬁixéd
lanthanide solution which contained 1.0 ug/ML of each'lantﬁanide;. That is,
additions of 5, 10, ‘15, and 20 lg were made and compared té a filtéf'wifﬁ“no
dust. Badkground intensities were determined b§ dréwing straight Baéelinés
between.the low poifits on either side of each peak and summing the intensities
beneath these baselines and .betweén' the channels '(én thém-multichanhéi

analyzer) . which defined each peak. . These background intensities were
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subtracted from the total intensities under the peaks to obtain the net peak
intensities. The lines of net ‘peak in'tenSity-V‘ersus concentration of the
- spiked air' filter samples - were- parallel ‘to  those ' of each correspondlng-
'lanthanlde on the. clean .filter, as shown for Ce data 'in Flgure 3. Thls'
-_demonstrated that there was negllglble X-ray - attenuatlon due ‘to the dust and ’
paper matrlces of- the air filter samples and  that thls effect would not pose a

problem in the:Lr analyses.

5000 T T T )
, & — @ HEAVY DUST DEPOSIT ' L l
O&—— LIGHT DUST DEPOSIT ,
@ —-® NO DUST d

4000 |- _ o 7

INTENSITY

:

1000

|
0 5 o 15 . ©o20°
Ce ADDED (ug) - :

FIG. 3.--Ce peak intensity vs. amount (ug) '
of Ce added ‘to each of three f11ters.

~ Because the dust depos1t (~ 1" dlameter) was rarely centered on the 11/4'
.dlameter Whatman fllters, and further, because the lntenSJ.ty of the exc1t1ng
holmlum b d rays was not unlform over such a relatively 1arge area, the actual
"samples used for analys1s were dJ.sks 0 82 cm .in dlameter punched from the -
central dust area on the filters.- These were mounted w1th epoxy adhesive on
cross-hair threads of Teflon, which were supported in a standard 2" by. 2"
. photographlc sllde mount. The 0.82 cm ,dia_met_er disks represented 0.104 of the
" total area: of the dust deposit. With this arrangement,. the reproducibility of
the results was generally t 5%. This obv'iated the need for standard ‘addition.

_technlques.or the use Aof internal standards.
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\
Quantitative results were obtained with standard calibration ‘curves of.

net peak intensity versus concentration.. Premixed solution standards, each
containing 1.0 to 10.0 ug of.La, Ce, Pr, 6r.Nd were measuréd twiée.‘ It was
empirically determined. ;hat low solution volumes (<5 uL) yiéidéd more
consistent results. The average net intehsities were used to plot the
calibrafion curve for. each of these four laﬁthanides. For example,_ ﬁhe‘

neodeium calibration curve is shown in Figure 4. The rare earth detection

RELATIVE INTENSITY

NEODYMIUM, ug

FIG. 4.--Calibration curve for N4 relating
the observed peak intensity to the amount
present on the filter. ‘

limit for the 0.82 cm filter disks was approximate1§ 100 ng, éorresponding'to
"1 ug for the entire filter. Chemical concentration of the. rare earths and
redeposition of the entire amount onto a 0.82 cm filter disk ‘would have
increased the sensitivity to about 100 ng for an entire filter. This
procedure was not necessary for our samples. A.large°exce§§ of one element
(e;g., 200-fold) does not. seriously affect the accuracy  of determining a
neighboring element. ' However, because of the partial overlap of the La KB
peak with the Nd K, peak, a large La/Nd ratio does increase the uncertainty of

the Nd measurement.

Results
Fourteen air filter samples, accumulated in 1967 and 1970, were analyzed.
Typically La, Ce, Pr, and NA were detected, but never Sm. The relative

amounts were usually‘in the order La £ Ce > N4 > Pr. The amounts (whole

filter) ranged ftrom 7 to 54, 4 to 108, 5 to 52, and’ 4 to 12 ug for La, Ce, N4,
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. Table 1. Rare earth content in collected dusts

164. -

Air fﬂ£ei‘ . ACoric'ent'ra'ticA)n, ug‘/filtef + SE (n = .2) ‘
No. ra . Ce S opr Nd
- 530 155+ 2.1 10.4 ¢ 2.1 4.7 + 2.1 16.0 + 2.7
601 -~ 53.8%2.6 107.7 £ 5.0 11.6 + 1.9 51.6 + 4.5
620 - 11.6 * 1.6 © 7.8+ 2.3 6.8 + 3.3 5.0 % 2.2
633 9.1+ 1.3 7.4 £.1.3 a 1.2 %43
639  48.6 2.4 71.3 + 3.6 5.6+ 1.7  44.6 + 4.0
852 . 18.8+ 1.7 "15.5 % 1.7 7.1+ 1.7 . 13.5%2.8
665 - . -10.2 £ 1.6 a o a
686 . 25.7 + 1.7 22.2 % 1.9 6.8 % 1.7 11.6 % 2.3
56 . 10.0 t 1.4 a . . 64xl8 6.4 * 2.2
48 10,6 % 1.2 10.3 + 1.4 4.2 + 1.4 8.0+ 1.8
1283 8.7 + 1.1 PEESEE 4.9%1.3  8.5%1.8
143 77411 38t 1.4 a 9.3 * 2.3
64  13.6 £ 1.7- 4.6 ¢ 1.3 a, 15.5 + 2.7
82 10.9 % 1.0 10.4 * 1.5 5.0+ 1.4 - _18:6 3.2
- Mean + SE  18:2 * 4.0 23.0 % 9.4 6.3+ 0.7  16.9 % 4.0
| Geom. mean | - : _ | ’ .
(SEQ)P -~ 14.7(1.2) | 12.3(1.4) 6.1(1.1) - 13.2(1.3)
®No  detectable c}oncentratiori’ ("< 1 ug/filfer).
bGeometric standard err'or' % “SEg). '



and Pr, respectively, as summarized in Table 1. These amounts correspond’td
the respective airbo;ne concentrations of 44 t0r34Q, 25 po 680, 32 to 328, and
25 to 76 ng/L. ﬁy-comparison, typical qoncentrations'of'these elements‘iﬁ
urban aerosols are 0.005, 0.01, 0.006,'and 0.003 ng/L, :gsgectively.z The
rare earth content of the filters did not corrglate,withhthorium radioactivity
levels. This probably implies that différent types of dusts.were collected on
the filters; tﬁat is, they were dust deposits of intermediate prqducté>or
separated chemicals rather than monazite ore containing thorium and rare
éarths. On the other hand, ce;tain lanthanide concentrations aid correlate
well wifh "each other. For example, there vwere significant correlations
between the La and Ce concentrations (r = 0.97, P < 0.01, n = 12) and between
those for Nd and La (r = 0.94, P < 0;01, n = 14). That between Pr and Ce was
weaker (r = 0.76, P = 0.0{, n = 10), and that between Nd and Pr was . not
significant (r = 0.58, P > 0.05, n = 10). *he arithmetic and-geometric means
and their standard errors have been included in Table 1 to indicate that the
variations of the lanthanide concentrations among the samples were reasonably
small, despite the fact that the samples were collectéd in different places
within the plant and over a time span of three years. . '

Thus, we have established the utility of x-ray fluorescence spectrometry
for rare earth aerosol analysis. XRF has been demonstrated to be rapid,
devoid of any complicated and time-consuming steps in procedure or
calculation, and reliable within statistically acceptable 1limits for  the

v

levels of concentration examined.
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MEASUREMENTS OF 20271 IN vIVO*

R. E. Toohey_, M. A. Essling, J. Y. Sha, and P. W. Urnezis

-In our low-baokground counting facilities, we can .r‘outinely measure the
- Y=ray emlssuon from as 11tt1e as a few tenths. of a nanocurle of radloact1v1ty
in wvivo. Consequently we can determine the retentlon and distribution of -
injected radiopharmaceuticals for e~xtended~' . ‘perlods of time  post-
administration. Since the metabol_ic beha‘vior of -these.isotopes- may vary' with
" time, such _information is regui_red to compute accurately the radiation dose

re,cei{red by the pati'ent. In this paper we report measurements in vivo of the

202

440-keV Y-ray emitted by’ Tl (physical half-life 12.2 days). This isotope

is a contaminant commonly present at a level of about 1% in cyclotron-.

produced 201T1 (phys:.cal half-life 3.0 days), which is injected as .’thavllous

chloride for nuclear cardiology studies. | o
Figure 1 shows the whole—body content of 202T1- of case no. 30-202. The

observed effective half- life of 6 14 t+ 0.04 days corresponds to'a biological

half life of 12.4 ¢ 0. 1 days, which falls w1th1n the range of 7.4 - 12 4 days

(mean 9.8 days) reported by other workers .in a study of. 2,“'1‘1 retentlon by

- four patlents over a period of two weeks.2 The 1mportant aspect of  our data
is that no additional component in the retention curve was observed for a
period f1ve~t1mes longer. No short-lived components were observed in the
pre_vious v)ork,2 and from our data we can deduce an upper limit of 0.05% of the -
injected dose as the amount which could possibly be retained with a longer
‘biological half-life. ]

The distrihution of 202

Tl in the body was determined by making proflle

202

scans w1th a slit-colllmated detector. “In general,A Tl was - observed in

‘skeletal muscle and the viscera,  as expected for a potassn:m analogue.1 No
changes in the distrlbutlon were noted between scans made on days 3 and 21

post—lnjection.

201,

The . excretion rate of 201'1‘.1 .and the ratio of 202‘1‘1 to Tl were

determined by analyzing 24<hour urine and fecal samples for Y-ray activity

with a Ge(Li) detector in ‘a standardiaed geometry. On day 15 po'st—injection,_

’

*Summary of a paper presented at the 26th Annual Meeting of the Health Phy51cs .
Society, Louisville, KY, June 21-25, 1981.
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the urinary excretion was 1.5%8 of the body content, while the fecal excretion

was 3.9%. The total, 5.4%, was in excellent agreement with the excretion rate

of 5.6%/day predicted by the whole-~body retention curvé obtained for 202Tl

(Figure 1). However, previous workers had assummed that fecal ' excretion is

- W—r

[y
T VT

tot

MR IS B |

109

ot A : | \ 1

15 D 3 I 75
Time since injection, days

2027] content, arbitrary un

FIG. 1.--The whole-body content of 202Tl of case 30-202. Circles represent

the results of Y-ray measurements made with the subject in a 1.5-m arc
geometry, while triangles represent those made in the reclining chair. The
solid line is a single exponential function with an effective half-life of
6.14 d. Since the physical half-life is 12.2 4, the biological half-life is,
therefore, 12.4 d. '

'hegligible.2 Our findings refute this assumption and imply that the radiation

dose from 201Tl received by the intestinal tract may ﬁe underestimated, and

the dose to the bladder over-estimated, even though the whqie-body dose may

not bé affected.
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APPENDIX A. . Exposure Data for Radium Patients - S

Table‘j summarizes exposure data colleCted'as'of'31 Decemher i980 for
2259 radium cases under study at . the Center,:for Human Radiobiology. - It
includes'ailopersons 'measured for radium since the start of the Center in
1969 and all persons for whom Wé.have'analytic data from earlier work at the
Radioactivrty Center of the Massachusetts Institute of-Technology, the New .
Jersey Radium‘Research Project'of the New Jersey Department of Health, and the
Argonne Radium Studles at the Argonne Natlonal Laboratory and the Argonne
Cancer Research Hospltal. '

1 listed 2223 cases.

The correspondlng table ‘in the 1980 annual report
The radium ‘burdens of 34 persons were measured for the first tlme in 1980, and
‘two cases not prev10usly listed were added because reports of measurements
made - in prlor years were located. . - Each of the 36 addltlonal cases is
1dentif1ed by a star following the year of measurement. There were'follonupA
examlnatrons and burden measurements “in 1980 on 64 previously 'listed
persons. Changes in'basic data for several of the previouslyilisted cases are
due to review of information on exposure hlstorles 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, medlcal, etc.) . is lndlcated by ‘code
dlglts,-whlch are deflned,ln Table A1; if more than one type of exposure
occurred, two .non-zero digits are given. Column 7. gives the total period (inA
weeks) from flrst to last exposure. A value of 0 means that ‘the. exposure was
a single event.or'had‘a‘durationrof 1esslthan one week. However,.”fOf means
that the duration of exposure is unknown (a single exposure or‘lOngerY; in
these‘cases,izero 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
Aexposure'extendediinto 1926 or beyond, the duration used in calculating the
dose corresponds to the exposure terminating in 1926.

226Ra body burdens glven 1n the table are expressed as nanocuries

The
(nCl) of 226Ra present in the year of measurement shown in the precedlng
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 hlghest available.
quallty is glven. 'Under "METHOD + ERR," the first symbol indicates the £ybé'

of measurement accordlng to the letter code of Table A2, Type A indicates
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that a complete skeletal measurementaof bones was made; the le;ters B, C{...;
.G tend to imply increasingly uncertain types of measurement, but with wide
Vvariation 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 measuremeﬁt, amount of radiuﬁ found, and examination of fhe 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 Project records in which

the measured value of 226Ra

was less than 4 nCi, their reported lo&er limit
of detection. Fof these cases, the value of'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 53 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 measuremeﬁts of small whole-body burdens have a standard
" deviation 6f 1 to 2 nCi. Instead, the megsured values are given in the table
when the result was zéro or positive, and negatiye results érel shown as
zeros. These limitations should be kept in mind when evaluating error limits
for very small body burdens.

£ 228p, £° 226

Thé entries in column 11 are activity ratios o Ra at the’
tiﬁe of measurement of 228Ra body content. = A value of 5.7 yr for ‘the half-
life of 228Ra was used in making corrections for ra&ioactive decay. The
me;hod 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 éroup of persons with similar exposufe
histories or from analysis of samples of the radium material to which the

2 £ 228pa was attempted, only

person was exposed. If no direct méasurement o
the letter Z and the error designation are shown. If measurement of 228p, was
attempted, the method tried is indicated by the letter after the error symbol

f 228 d 226Ra are

in" column 12, Ratios obtained by  measurements o Ra an
indicated by a letter other than Z. In all cases, the error designations in
column 12';efer_t6 the fatios in célumn 11. Errors for ratios with method
codes of é'or-F do not include errors in the measured vaiues of 226p, body

content.
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Type of Exposul;e to %28Ra or 228R4 or.Both for TABLE 1

TABLE Al.
Code Number . ) E:_cp_o‘suré to_radium
: 1 Industrial; painted dials
2 Medical; drank Radithor nostrum
. 4 Medical; ingestion..
5" Medical; injection
6 'I@boratory; industry or, research ]
7 ‘Indusujal; miscellaneous work or accidents
8 Offspring of a previously exposed female
: L - 226 228 .
TABLE A2. Principal Types of Measurement of Body Burdens of ©~ "Ra and Ra for*TABLE 1.
Code letter:  Method - . : Siject or tissue -
A ' Gamma-ray =~ ’ S Major, port.lons ‘of skeletons or
] - cremation ash "
B Whole-body .gamma-ray and.breath radon - . In.vivo '
) (thoron) with spirometer:
C Whole-body gamma-ray =~ - I vivq
Breath radon (thoron) with spirometer - In vivo
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 samplés
G Breath radon:with flask. . In vivo ‘
: 228 226 :
z Ratio of Ra to Ra estimated from- e e e
) ‘results on colleagues and/or measurements
of radium materials
TABLE A3. Error Ranges for 2»ZGR;:-l Body Burdens and,'zzeRa/ZZSRa Ratios in TABLE 1.

Code number

Standard error &

MO ®N O s W N e

<10%
11-20%

" 21-50%,

1.5 (x,+)
2 (X,+)
>50%

T3 (%)

Probably an upper limit P

'Intttal ratio of 228Ra to 22%Ra probably = 0.20 P

T 90% confidence limits extend from 0.0 nCl to an upper Iimit between

4 and 8 nCi

a

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 ohe standard errfor are respectively obtained by multiplying and

dividing the value in TABLE 1 by the factor; and the square of this factor 1s used to
obtain the corresponding limits for two standard errors.

Ref. 2
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The last four columns of Table 1 éive quantitieéucalculated from the
measurea body burdens and exposure data shown in the other columns. For many
cases, the number oflsignificant'digits shown obviously exceeds the number
juétified’by ‘the accuracy .of the basic data, and the errors indicated for the
latter shoﬁld be applied to the derived quantities; The columné under "INPUT"
give the amounts of initially acéuired 226Ra and 228R§ expressed as
microcuries (uCi), calculated by applying the Norris retention function3 to

values of body burdens usually measured long'after the initial intake. The
226 228

4

cumulative rads, given in the last two columns for Ra and Ra separately,

refer to the average absorbed dose to the skeleton™ —-- either up to the date

- of death or, for the 1living subjects, through 1980, . 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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TABLE 1

EXPOSURE DKTA FOR(RADIUM‘PATIENTS.TO END OF 1980

1)

(2)

(3)

(8).

" YEAR

OF

Lol I e B | Lo B e B |

[ - ]

LR LR

(o= R

" e oM

1896
1894

1900

1901

1903

- 1903

1890
1900
1899

1895
1888

. 1889.
1900

1902

1902

-1900

1868

1882
- 1878

1906

1888

1869
1877
1899

1886

1900
1898

- 1882

1872

- 1867

1901
1888

1891
1883

4 (9
EXP
DIED TYPE
1928 06
1922 01
1927 01
1931 01
1939 01
1930 01
1935 01
1938 06
1928 01
1924 01
1946 01
1925 06
1925 01
1929 01
1942 01
1933 01
01
1922 06
1943 06
1943 05
1939 01
1956 05
1953 04
1939° 02
1938 01
1949 05~
1958 01
1945 01
1956 04
1937 04
1956 05
1949 01
1967 01
1966 01
1976 02

6) (7

YEAR EXP

FIRST DUR

EXP__ WKS

1913 780
1917 223
1917 104
1917 88
1917 300
1918 128
1919 104
1915 598
1918 266
1917 156
1917 260
1912 676
1917 . 377
1917. 65
1918 130
1917 279
1917 409
1919 156
1917 232
1922 - +0
1922 676
1925 304
1918 +0
1927 12
1919 260
1926 +0
1917 78
1918 52
1926 +0
1918 156
1922 +0
1916 - 156
1917 1664
1921 208
1326 156

1967

1960
1960
1967
1975

1970
1968
1961
1973
1977

(3 . Q0)
EA226
RA226 METHOD
NCI___+ ERR_
13000 - F4
16000 . F4
7000  F4
9000  Fu.
1400 F4
2610 a1
1000 P4
2045 . A1
2650 a1
17000 a1
2400, F2
920 A1
10000  F4
7214 A1
2500 A1
10000 . F4
17 G6
6 a6
1 a6
15400 . A1
18000 B2
12800 A1
10500 ° E4
5000 EU4
3590 A1
3620 A1
6000 F2
6500 FU4
5200 © A1
6000 A1
5800 A1
2240 A1
"0 cé
1940 A1
1120 A1

(1 {12 (13)  (19) (15) (16)
KA228 BRA228  INPUT INPUT cu cun
TO RA226 METHOD RA226 RA228 RADS RADS
RATIO + ERR Ucl ~UcIr__- EKA226 _KkA228
0.00700 F3 1016 1298 2893 8286
0.00110 F3 296 - 310 2313 . 1369
0.01200 F1 872 3570 4074 40367
-0.00080 F1 1367 264 8050 3481
0.00700 z7. 258 331 1913 4731
0.00536 A1 357 808 1859 9901
0.01000 27 163 302 1038 4124
0.00288 A3 525 682 2601 6775
.0.00490 A2 295  504. 1224 5064
0.00069 27a 1626 580 5650 4765
0.00140 F4 525 693 4790 10252
0.00228. A6 67 49 174 286
0.01000 F1 752 807 2223 5201
0.00007 F2A 1016 116 5475 1453
0.00256 F1A 505 615 4187 8989
0.00036 F1 1522 214 9016 2816
0.0 29 5 0 - 78 .0
0.00300 z7a 0. 0 0 0.
0.00060 27 0 0 1 2
0.0 29 3403 0 - 31456 0
0.02150 F1 2599 236 16586 3220 -
0.00037 A3 2882 120 19507 1273
0.0 29 2134 0 23320 0
0.50000  E4 721 1530 2850 13918
0.00144 A3 612 314 - 4luy 4361
0.0 Z9A 736 0 6142 0
0.00067 F3 1632 186 19519 2790
0. 00050 F2 1422 110 12991 1634
0.0 Z9A 1214 0 8574 0
0.0 Z94 1025 "0 6942

0.0 294 1445 0 15491 0
0.00036 F3 536 89 . 5471 1328
0.0 29 0 0 0 0
0.00245 F2 546 578 6817 8678
0.00156 B2 336 4534 3221
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TAELE 1 (CONT.)

EXPOSURE DATA:FOR EADIUM PATIENTS TO END OF 1980

M

@) 3) (W () & () (8 9 (0 (1) (12) (13)  (14) (15) . ___(16)
' . YEAR EXP YEAR RA226 RA228 RA228 INPUT INPUT .CUNM cUM .
EXP FIRST DUR OF RA226 METHOD TO RA226 'METHOD RA226' RA228 RADS RADS
_CASE SEX BORN DIED TYPE EXP WKS__ MEAS NCI + EER RATIO + ERR Ucy ucIlL -RA226 RA228
01-018 M 1889 '195& 06 1911 2340 1950 1250 B2 0.0 Z9B 185 (] 1110 0
01-019 F 1903 193¢ 01 1922 253 1965 240 At 0.02958 A2 . 35 147 193 1879
01-020 F 1905 1956 Q5 1923 5 1950 1500 E4 0.0 . 29 331 0 3479 0
01-021 F 1887 1973 Ot 1916 - 104 .1965 1250 EU 0.0 Z9 373 0 5531
01-022 F 1900 19517 01 1917 110 1968 - 600 A2 0.0 Z9A 147 0 1544 0
01-024 F 1901 1956 01 1916 308 1943 " 1140 B2 0.02190 F3 T 237 94 2682 1403
01-025 F. 1886 1952 05 1924 +0 1951 1200 B2 0.00100 F3 265 7 2509 105.
01-026 F 1905 1958 01 1925 156 1950 700 B2 0.03000 D5 147 87 1531 1295
01-027 M 1889 1957 06 1912 1040 1960 - 500 A2 0.0 Z9F 125 0 973 0
01-028 M 1879 1965 06 1912 - 260 1953 250 E4 0.0 zZ9 66 0 658 0
01-029 M 1876 1958 06 190Z +0 1950 360 G4 0.0 29 89 0 948 -0
01-030 M 1882 1952 07 1936 0 1950 200 F4 0.0 z9 3 0 15 0
01-031 P 1906 1938 01 1925 4 1975 ‘910 a1l 0.01130 Al 113 557 - 528 6296
01-032 F 1908 1940 01 1924 201 1968 1450 A1 0.02800 Al 236 1228 1506 16742
01-033 F 1908 1931 01 1923 42 1963 2472 ) a1l 0. 05153 Al 282 1793 1192 18509
01-034 F 1913 01 1929 18 1965 8 G6 0.01000 Z8 2 2 29 24
01-035 F 1901 1972 01 1920 19 1971 0 B6 0.01860 Z2B 0 0 0 0
01-037 F 1908 - 07 1928 26 1974 0 B6 0.00327 8B 0 0 0 0
01-038 F 1910 01 1927 111 1959 8 B2 0.02000 728B 2 2 27 24
01-039 F 1915 07 1934 1092 1972 1 B6 0.0 Z9B 0 -0 2 0
01-040 F 1907 1929 01 1923 60 1963 4300 At 0.05209 A1l 412 2585 1422 21160
01-041 F 1909 01 1927 22 1971 0 B6 0.00470 Z8B 0 0 0
01-043 F 1912 01 1927 8 1958 9 B6 0.02200 Z8B 2 2 31 30
_01-044 F 1908 01 192y 22 1959 4 B3 0.08000 228 1 6 .15 83 .
01-045 F .1889 1980 01 1922 237 1959 0 B6 0.08000 22B 0 0 0 0
01-046 F 1903 1943 01 1920 €57 19€3 - 551 al 0.05607 Al 104 731 793 10502
01-047 F .1896 01" 1920 267 1962 80 . G4 0.05700 Z2 21 136 321 2048
01-048 F 1900 1979 01 1920 P 1957 140 B2 0.09290 F2 35 230 532 3456
01-049 F 1903 1937 01 1920 1 1960 1000 A1 . 0.07300 A2 174 1641 1198 22993
01-050 F 1911 01 1925 -10 1976 1 B6 0.00258 Z28B 0 0. S 6
01-051 F 1904 1977 01 1923 162 1957. 150 B2 0.13330 DS 36 251 519 3781
01-052 F 1910 1930 01 1924 44 1965 2000 A1l 0.03500 A1l 183 824 602 6301
01-054 F 1909 1937 01 1924 202 1965 2100 A1 0.03714 A1l © 304 1457 1692 18610
01-055 F 1907 . 01 1925 85 1976 4 B3 0.01024 Z2B 1 6 18 88
01-056 F 1978 (01 1920 364 1965 134 B1 0.03432 B2 37 206 546 3093

1904
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TABLE 1 (CONT.)

EXPOSURE DATA FOK. RADIUM PATIENTS TO END OF

(16)

(n (2 (3) M) (3 (€& (1) (8 (9) (19) {1 {12) (13) (14) (15)
: YEAR EXP YEAR RA226 RA228 RA228  INPUT INPUT cuM cuy
EXP FIRST DUR OF - RA226 METHOD TG RA226 METHOD RA226 RA228 RADS RADS’
CASE __SFX_BORN DIED TYPE EXP___WKS _MEAS__ NCI __+ ERR__RATIQO + ERR__ _UCI ucI RA226 RA228
01-057 F 1908 1931 081 1924 81 1963 4900 A1 0.05163 al 504 2704 1887 24682
01-059 F 1905 1967 01 1920 299 1964 180. B1  0.04277 B2 49 307 628 4608
01-060 F 1909 - 07 1928 20 1974 0 B6 0.00330 288 0 '} 0 ]
01-063 F 1911 1979 01 1927 213 1976 .34 B1  0.00154 Z8B 10 5 138 69
01-066 F 1904 .01 1925 -0 1980 0 c¢c6 0.00159 28¢C 0 0 0. 0
01-069 F 1905 17 1922 107 1976 0 B6 0.01024 - 228 0 0 o 0
01-070 F 1910 01- 1927 63 1973 1 B6 0.00370 .. Z8B 0 0 4
01-071 F 1908 1967 01. 1927 .6 1958 0 B6 0.02300 .28B 0 0 0 - 0
01-072 F 1899 01 1921 130 1954 100 E4 .0.10000 D5 24 114 364 1709
01-073 F 1900 1969 01 1921 122 1966 87 B1 0.03563 B2 25 181 .327 2722
01-074° F 1909 01 1927 47 1979 4 B3 . 0.00172 Z8B 1 1 18 17
01-075 F 1902 01 1922 52 1979 4 B6 0.00713. .29B 1 9 20 134
01-078 F 1909 . 01 1925 50- 1978 '3 B6 0.00193 28B 1 1 14 16
01-079 F 1901 1943 01 1920 176 1960 750 F4  0.09070 ‘F1 146 1387 1164 20106
01-080. F 1902 01 1921 204 1968 106 B1  0.02075 B3 .31 150 459 2255
01-081 F 1907 .01 1923 11 1959 + 7. B6  0.08000 22B 2 11 27 170
01-082 F 1902 1935 01 1919 230 1963 1030 a1 0.03786 A1 160 956 968 12727
01-084 F 1904 .. 01 1923 712 1974 46 B2 0.01297 22B 14 T4 206 1110
01-085 F 1913 01 1927 47 1958 6 Bé& 0.02200 Z8B 1 1 20 19,
01-086 F 1907 1966 01 1925 4 1959 "0 B6 0.08000.° 228 0 0 0 0
01-087 F 1905 1979 01 1921 344 1964 780 F4  0.03690 F1 213 1061 3140 15955
01-090° F 1910 01 1927. 90 1977 -5 B3  0.00218 Z8B - 2 1 21 19
01-091 F 1907 S 01 1927 . 264 1979 .0 B6  0.00179 28B 0 0 ] 0
01-092 F 1906 1976 01 1922 24 197 2 B6 ' 0.01860 22B L 4 9 63
01-093 _F 1904 01 1926 8 1971 0 B6 0.00460 Z8B 0 0 0
01-094 F 1888 1966 01 1921 128 1964 11 64  0.04400 22 3 21 39 322
01-095 F 1907 1977 01 1922  34.1975 6 B2 .0.01163 © 22B 2 13 27 198
01-096 F 1909 . 01 1927 310 -1960 27 D2 - 0.01800 28 6 4 87 64 .
01-097 F 1905 ' 01 1921 110 1963 122 Bl -0.03852 B2 33 187 508 2809
01-099 F 1905 1945 01 1924 18 1963 164" A1 0.05365 A2 32 191 248 .°2760
01-100 F 1905 1967 .01 1924 36 1957 34 B2 0..13200 DS 8 58 103 872
01-101 F. 1905 01 1924 4 1959 0 B6. -0.08000 Z2B 0 0 0 .0
01-103 .F 1903 1946 17 1922 172 1978 374 A1 -'0.00800 Z2A 75 440 613 6412
01-105 F 1898 1945 01 1921 21 1963 ‘460 A1 0.05217 A1l 95 801 .. 812 11743
01-106 F 1902 1977 - 01 1924 155 10 B2 0.08000 2B 12 187

1959
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EXPOSURE.DATA FOR RADIUM PATIENTS TO END OF 1980

TABLE 1 (CONT.)
) (2) (3) ) (5) (6) (7Y (8) (9) (10) (1 (12) (13) (14) (15) (16)

' YEAR EXP YEAR RA226 RA228 RA228 INPUT INPUT cuM. cuy. .

: BXP FIRST DUR OF RA226 METHOD.TO RA226 METHOD -RA226 RA228 RADS . RADS

CASE. SEX_BORN DIED TYPE EXP HKS MEAS NCI + ERR KATIO ) + ERR UcIl UCIL RA226 RA228
01-110 F 1909 81 1925 93 1979 1 B6 0.00172 Z8B 0 8 5
01-11* F 1910 01 1927 16 1980 1 €6 0.00152 Z8C 0 .0 5 5
01-112 F 1908 1955 01 1924 835 1960 80 F4  0.07009 F1 19 92 185 1368
01-113 F - 1912 01 1928 5 1959 3 B6  0.02000 . 28B 1 1 10 g
01-115 F 1908 1944 01 1924 330 1963 472 A1 0.03093 A1 87 272 642 3883
01-116 F 1895 1965 01 1920 439 1955 290 G4  0.1000D G5 70 333 860 5000
01-118 F 1909 1971 01 1923 13 1959 0 B6 0.08009) Z2B 0 0 0 0
01-119 F 1899 1966 01 1920 14 1958 5 B6 0.09009) 72B 1 12 17 178
01-120 F 1910 01 1925 125 1959 10 - B2 0.0200) Z8B 2 3 36 44
01-122 F 1912 01 1927 49 1978 "8 B3 0.00202 Z9B 2 2 35 35
01-123 F 1889 1980 01 1923 11 1976 0 B6 0.010234 Z2B 0 0 0 0
01-124 P 1909 01 1927 . 64 1979 41 B1 0.0018) Z9B 13 12 180 177
01-125 F 1911 01 1927 6 1979 0 B6 0.00179 %8B 0 0 0 0
01-126 F 1903 1969 01 1922 416 1969 150 A1 0.02667 A3 43 271 556 4074
01-127 F 1908 01 1927 9 1974 1 B6 0.0033) Z8B 0 0 4 4
01-128 F 1910 01 1927 4 1959 2 B6 0.0200) Z8B 0 0 7 7
01-129 F 1906 1934 . 01 1923 4 1977 2 TF6 . 0.00907 Z2F 0 2 2 25
01-130 F 1909 01 1926 196 1964 11 B2  0.0114) Z8B 3 3 40 39
01-132 F 1908 1944 01 1923 76 1966 1327 ° a1 0.03496 Al 253 1505 1946 21690
01-133 F 1910 01 1926 65 1958 13 B2 0.0300) Z8B 3 4 45 64
01-136 F 1907 01 -1923 185 1978 30 B1 0.0067Y4 B3 ] 42 140 638
01-137 F 1901 01 1923 714 1977 5 B3 0.00902 Z2B 2 8 23 125
01-138 F’~ 1883 1963 04 1919 4 1959 10 G6 0.0 : zZ9 3 0 34 0
01-139 M 1881 1964 02 1928 130 1562 1270 B1 0.01417 B2 310 235 2409 2509
01-140- F 1890 01 1919 78 1975 0 B6 0.0 Z9B 0 0 0 0
01-%41 M 1886 1978 02 1928 130 1974 17 B2 0.00330 Z5B 5 4 47 40
01-142 F 1899 . . 01 1917 52 1969 - 0 Gé6 0.0 29 0 0 0 0
01-143 P 1904 - 01 19271 65 1976 1 B6 0.0 Z9B 0 0 5 0
01-144 P 1897 .1973 04 1922 26 1971 694  B1 0.0 798 209 0 2902 0
01-145" F 1900 1957 01 1918 60 1966 6331 A1 0.00077 A3 1681 413 19506 6195
01-146 F 1882 1967 02 1927 156 1968 100 - a1 0.00870 Z5A 27 . 28 309 - 420
01-147 F 1902 01 1917 26 1965 52 G4 0.0 Z9 15 0 247 ]
01-148 F 1907 06 1936 364 1958 40 G4 . 0.0 Z9 7 0 87 - . 0
01-149 F 1888 1959 01 191§ 26 1969 1630 A1 0.00533 A3 840 995 5226 - 14933
01-150 F 1881 1979 04 1930 104 1970 3 B6 0.0 Z9B 1 0 1
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TABLE 1 .(CONT.)

EXPOSUBE DATA FOR RADIUM PATIENTS TO END OF 1980

AD

3) "

(15)V

01-188

1886 -

€2) (3). () (5 (9) (7} (8) (9) (10) (11) 12). (14) (15).
' : "YEAR EXP YEAR RA226 = RA228 . RA228  INPUT INPUT “CcuN cun
S ‘EXP FIRST DUR OF RA226 METHOD TO BRA226 METHGD RA226 KRA228 RADS RADS
CASE __SEX_BORN _DIED TYPE EXP _ WEKS _MEAS _ NCI ~ + ERR - RATIQ + ERR __UCI ucI RA226 RA228
01-151 ‘F 1905 = .06 1927 52 1976 "1 B6 0.0 29 -0 0 3 0
01-152 F 1904 01 1920 17 1977 2 €6 0.00159 25B 1 1 10 16
01-153 M 1890 1964 06 1920 104 1963 280" B1 0.00036 B6 78 5 694 50
- 01-154 M 1896 1968 06 1923 +0 1959 -0 66 .0.01500 27 0 0 0 0
01-156 F 1900 1959 -01 1918 156 1959 40 G6 . 0.0 - Z9 11 0. 127
01-157 F 1894 02 1925 13 1975 49 B2 © 0.00139 258 15 9 218 134
01-158 F 1901 1977 (6 1920 52 1959 1 66 0.0 29 0 o !
01-159 F 1915 - 1. 1235 220 1980 5 .C3 - 0.0. 29C 1 0 16 0
01-160 F 1873 - 1965 02 1925 40 1959 130 B1  0.02000 B3 32 40 386 607
01-161 P 1896 1973 01 .1918 17 1959 1 B6 0.0 Z9B 0 0 4 0
0T-162 M 1898 1966 06 1920 364 1959 95 B1  0.01000. 278 24 17 214 187
-01-163 F 1903 01 1920 = 26 1972 2 B6 0.00360 'Z7B 1 1 10 18
01-164 ~ F - 1900 1972 01 1918. 39 1959 9 ‘B2 0.0 “Z9B 2 0 35 ]
01-165 F 1904 01 1922 22 1978 1  ¢3. 0.0 29C 4 o 66 0
01-166 - ¥ 1897 1969 01 1916. - 26 1959 0 B6 . 0.0 Z9B 0 0 0 ]
.01-168 - F 1895 06 1919 468 1966 1 B6 0.0 Z9B 0 0 4 0
01-169 F 1918 01 1936 69 1975 0 B6 0.0 298 0 ] 0 ]
01-170 M 1893 1966 05 1940 0 1959 4 - 66 0.0 Z9 1 0 - 5 0
‘01-171 M 1895 1975 u4S 1914 "6 1958 1500 B1 0.0 Z9B 427 ] 4788 0
01-172 F 1898 1968 - 01 1916 = 136 1961 1960 B1 0.00112 B3 556 126 7736 1892
01-173- M 1881 1959 06 1917 1300 1959 70 G4  0.0. .29 16 0 110 '
01-175 F 1900 1966 02 1927 13 1965 1770 B1 0.00760 B2 451 343 5269 5139
01-176 - F 1893 1969 01 1917 . 104 1969 0. 66 0.0 z9 0 -0 0 0
01-177 ¥ 1915 © 06 1936 312 1969 61 Bl 0.0 Z9B 14 .0 123 0
01-178 ¥ 1939 07 1958 0 1973 2 B6 0.0 zZ9C 0 0 2 0
01-179 F 1890 1966 45 1924 58 1959 2000 B! 0.0 Z9B 502 0 . 6115 ]
01-180 F 1900 01 1918 26 1971 3 B3 0.0 - Z9B 1 o 15 (]
01-181 M 1913 1963 06 1940 130 1959 220 . B1 0.0, Z98B 39 0 225 0
0r-182 M 1902 1959 02 1936 “+0 1959 "7 D3  0.02600 Z5D 1 1 8. 6
01-183 F 1901 1969 01 1915 76 1969 - 203 A1 0.0 Z9A 64 0 917 0
01-184 M 1887 1969 05. 1922 .10 1968 . 48 B2 0.0 'Z9B 14 0 132 0
01-185. M 1881 1962 06 1912 +0 1959 40 66 0.0 29 - 12 .0 116 0
01-186 M 1925 - .06 1943 416 1976 19 B2 - 0.0 Z9B - 4 .0 33 0
01-187 n 1917 06 1943 78 1980 23 c2- 0.0 z9cC . 6 0 46 0
F 1979 04 1933 3 1959 G6 0.0 29’ 1 0 1 0
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TABLE 1 (CONT.) EXPOSURE DATA FOR BRADIUM PATIENTS TO END OF 1980 -

M 2) 3) (® (G & () _® (9 (10 7y (12) (13) 14y (15) (16)

: YEAR EXP YEAR - RA226 RA228 RA228 INPUT INPUT cun cuM

: . EXP FIRST DJR OF . RA226 METHCD TO RA226 METHOD RA226 RA228 - RADS RADS
CASE SEX BORN ' DIED TYPE EXP WXS__MEAS NCI + ERE__RATIOQO & ERR_~ UCTI Uct RA226 EkA228
01-189 M 1921 07 1958 0 1973 0 B6 0.0 Zz9Cc 0 0 0 0
01-190 F 1927 . 07 1958 - 0 1973 0 B6 0.0 29C 0 0 0 0
01-191 M 1897 1966 06 1913 78 1959 4 B6 0.0 298 1 [+] 12 0
01-192 F 1902 1962 01 1925, 52 1959 34 B2 - 0.0 298 8 0 94 0
01—-193 F 1886 1960 06 1917 156 1974 31 A2 0.0 z29 9 0 105 0
01-194 M 1898 -01 1916 576 1972 0 B6 0.0 298 0 0 0 0
01-195 F 1893 1958 06 1912 520 1959 1 A6 0.0 29 0 0 3 0
01-196¢ M 1907 02 1930 20 1972 69  B1 0.00540 258 19 17 188 179
01-1S7 F 1883 1965 04 .1916 +0 1958 16 G6 0.0 29 4 0 61 0
01-198 F 1888 1972 45 1913 +0 1959 0 B6 0.0 B6 0 - 0 (0] 0
- 01-200 F 1910 01 1925 220 1977 3 B3 0.00914 Z2B . 1 4 14 67
01-201 F 1911 01 1925 55 1959 26 B2 0.02190 Z8B 6 8- 94 119
01-203 'F 1908 01 1923 1 1973 0 B6 0.01470 22B 0 0 0 0
01-204 F 19071 ‘01 1917 22 1959 5 B3 0.0 29B 1 o 22 0
T 01-205 M 1921 1974 06 1951 52 1972 7 B3 0.0 Z9C 1 0 8 0
01-206 M 1896 ' 06 1918 17 1975 9 B2 0.0 29B 3 0 33 0
01-207 F 1909 1967 01 1927 .9 1959 4 B3 0.02000 Z8B 1 1 11 14
01-208 M 190t 1972 06 1939 1144 1974 818 A1 0.0 Z9 157 -0 900 0
01-209 F 1908 1975 01 1926 16 1959 0 B6 0.02700 . 28B 0 0 0 0
01-210 ¥ 1878 1971 06 1916 2028 1959 12 B2 0.0 Z9B 2 0 15 0
01-214 M 189t 1964 06 1915 1248 1959 82 B1 0.00700 278 19 4 156 47
01-216 F 1903 -1963 01 1924 4 1959 0 B6 0.08000 Z2B 0 0 0 0
01-217 M 1894 1971 01 1914 208 1959 5 B3 0.0 "29B 1 0 15 0
01-218 M 1924 06 1950 780 1974 0 B6 0.0 Z29B 0 0 0 -0
01-219- F 1910 01 1927 . 10 1976 0- B6 0.00246 Z8B 0 0 0 -0
01-220 F 1907 01 1924 26 1959 .2 B6 0.07100 Z2B - 1 2 7 37
01-221 M- 1892 1970 06 1916 520 1967 10 B2 0.00320 Z7B 3 2 28 25
01222 F 1910 : 0t 1925 17 1964 o4 CL 0.04400 z2C 1 5 16 79
01-223 F 1912 .01 1927 7 1963 - 0 G6 0.01200 28 0 0 -0 0
01-225 F 1906 01 1931 35 1959 0 D6 0.0 Z9D 0 0 0 0
01-226 F 1911 01 1927 22 1976 0 B6 0.00258 8B 0 0 0 "0
01-227 F 1908 07 - 1933 2184 1975 0 B6 0.0 298" 0 0 0 .0
01-228 F 1906 01 1926 61 1972 6 B6 0.0042 Z8B 2 2 25 27
01-229 F 1903 01 1923 .2 1959 8 B2 0.08000 Z2B 2 13 31 196
01-230 F 1913 01 1927 19 1978 0 B6 0.00203 Z8B 0 0 0 0
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TABLE.1 (CONT.)

EXPOSURE DATA FOR RADIUM PATIENTS TO END OF 1980

(7).

01-267

o

M 2 () & (57 (8 @ (9 (10 (1 (12) (13 (14) . (15) (16)
’ 3 T YEAEK  EXP YEAR ' RA226 - RA228 RA 228 INPUT INPUT (o1}, " CUM
- ‘EXP FIRST DUR OF RA226. METHOD TO RA226 METHOD RA226 _RA228 RADS KADS
CASE SEX BORN DIED TYPE EXP " WKS MEAS NCI + ERR__RATIO + ERR UCI UCI RA226 RA228
01-231 F 1910 1965 01 1930 84 ]959 o0 B6 0.0 . 298 0 - 0 0 -0
01-232 F 1909 1961 04 1926 ' 43 1959 "0 B6 0.0 . 7298 0 -0 0 0
01-233 F 1912 1973 01. 1927 - 145 1959 2 B6 0.02000 Z8B 0 0 6 6
01-234 F 1913 1966 01 1927 ~ -1 1959 0 B6 0.02000 Z8B 0 0 0 0
Q1-235 F 1908 01 1925 -8 1959 1 "B6 0.08000 ‘2Z2B 0 1 4 19
01-236 F 1910 1976 01 1927 9 1965 1 G6 0.01000 Z8 0 0 4 4
01-237 - F 1907 ot 1927' 8 1979 0 B6 0.00179 AZBB 0 0 0 0
01-238 F 1896- 1967 01 1920. 2 1959 1 B6 0.08000 2B - 0 2 4 37
01-239 F 1901 1958 0t 1917 .18 1957 830 R4 0.00157 - F3 223 a1 2665 .620
‘01-240 F 1910 01 1927 13 1971 7 D3 0.00450 28D -2 -2 28 28
01-243 ‘M 1873° 1959 06 1905 520 1958 15 G6 0.0 . . 29 . 4 0 43 0
01=-244 F 1901 1979 - 0OY 1927 18 1975 1 B6 0.00307 8 0 -0 4 )
01-245 F 1920 01 1957 30 1969 0 G6 0.0 29 0 0. 0 0
01-246 F 1885 1970 06 1915 39 1967 3 B6 0.0 298 1 0 14 - 0
01-247 n 1901 06 1923 689 1976 S5 B3 0.00195 278 1 1 14 8-
01-248 F 1903 01 1917 208 1976 21 B2~ 0.0 ) Z9B 7 0 - 107 0
’ 01-249 M 1928 08 1928 39 1967 2 G6 0.02700 22 1 2 S 17
01-250 ‘M 1894 -06 1916 520 ‘1975 0 B6 0.0 : Z9B 0 0 .0 . 0
01-251 ¥ 1890 1965 06 1912 156 1974 11 - A2 0.0 z9-. -3 0 34 "0
"01-252 F 1898 01 1917 "104 1976 22 B1. 0.0 Z9B 7 0 115 0
01-253 F '1898 1964 01 - 1916 104 1959 40 G6 0.0 . 29 11 0 147 0
01-254 F 1910 - . 1 1927  ' 2 1971 -1 B6 0.00460 Z8B. 0 0 4 4
01-255 F - Y920 - 01 1942 52 1975 0 B6 0.0 . 7298 0. 0 0 0
01-256 " 1Qf9 .06 1949 208 1959 14 G6 0.0 Z9 2 0 1 0
01-257 M 1885 1962 06 19#1 624 1959 0 G6 0.0 . 29 0 0 - .0 0.
01-258 M 1903 67 1923 1092 1969 17 G6 0.0 z9 4. 0 40 0
01-259 F 1910 06 1927 416 - 1977 0 B6 0.0 zZ9 0 0 0 0
01-260 F . 1891 1960 04 1918 50 1959 15 G6 0.0 . -29 - 4 0 50 .0
-01-261 F 1909 1969 01 1927 2 1959 0 B6 . 0.02000 Z28B 0. 0 0 0-
01-262 F 1895 .06 1918 0 1969 122 G4 0.0 9 7 0 107 )
01-263 F 1897 1976 01 1917 17. 1976 .9 B6 0.0 29B -3 0 46 0
01-264 M 1906 1967 01 1944 770 1964 90 G4 0.0 zZ9 13 0 59 -0
01-265 F 1902 01. 1918 -2 1959 3 B6 0.08000 22B 1 8 13 126
01-266 F 1904 1961 01 1923 3 1959 ° 1 B6 0.08000 Z2B 0 2 3 24
F. 1904 1526 104 1966 45 0.0 L - 29 12 0 172
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TABLE 1 (CONT.)

EXPOSURE DATA FOR RADIUM PATIENTS TO END OF 1980

(1} (2) 3) (8) (3) (o) (7)  (8) (9 (1) (11) (12) “(13) (14) (15) (16)

YEAR EXP YEAR . RA226 RA228 RA228 INPUT INPUT cumM cuy

EXP FIRST DJR OF RA226 METHCD -TO -RA226 'METHOD RA226 RA226 RADS RADS
CASE SEX_BORN _DIED TYPE_EXP HXS._ _MEAS NCI + ERE__RATIO +_ERR uct ucr__- RA226 EA228
01-268 F 190V 1968 01 1920 48 1967 100 B2 0.01000 B2 29 84 391 1264
01-269 M 1911 - 06 1932 524 1979 2 B6 0.0 298 1 ) 5 0
01-270 F 1901 01 1943 32 1976 4 B3 0.0 .29 1 ) 11 0
01-271 F 1899 01 1917 86 1979 2 B6 0.0 Z9B 1 0 11 0
01-272 M 1888 06 1956 130 1959 78 G6 0.0 29 4 0 23 0
01=273 F 1907 01 1924 "1 1959 2  B6 0.08420 Z2B 1 3 8 45
01-274 F 1906 1980 01 1922 5 1978 0 B6 0.00739 Z2B 0 0 0 0
- 01-275 M 1930 06 1959 +0 1959 23 G6 0.0 29 0 0 ¢ 0
01-276 M 1930 1962 06 . 1945 208 1959 60 G6 0.0 29 9 0 3¢ 0
01-277 F 1909 . 01 1925 6 1978 5 Ccé6 0.00828 z2 1 7 21 - 112
01-278 F 1904 1976 06 1925 0 1969 10 G6 0.0 29 3 0 40 0
01-279 M 1901 1969 06 1928 1404 1966 0 G6 0.0 z9 0 0 0 0
01-280 F 1905 01 1926 7 1971 0 B6 0.00450 Z8B 0 0 0 0
01-282 M 1893 1973 06 1916 156 1972 42 B2 0.0 298 13 0 14 0
07-283 F 1895 1971 07 1918 52 1959 3 B6 0.0 298 1 0 12 0
01-284 M 1892 1970 06 1943 780 1959 5 B3 0.0 . 298 1 0 3 0
01-285 F 1900 01 1923 1 1960 4 B6 0.07100 Z2B 1 7 16 100
01-287 F 1908 g1 1927 674 1977 2 B6. 0.00232 28C 1 0 7 3
.01-288 F 1894 1970 01 1926 -2 1960 2 cé 0.02400 Z8C 1 1 6 1
01-289 P 1899 1975 01 1918 80 1971 4 B3 0.01800 Z2B 1 12 18 175
01-297 F 1910 1969 01 1928 17 1960 5 B6 0.01800 Z8B. 1 1 15 16
01-293 F 1911 01 1924 11 1978 0 B6 0.00804 22B 0 0 0 0
S 01=294 F 1912 01 1927 52 1971 3 B3 0.00450 Z8B 1. 1 12 11
01-295 F 1910 01 1927 14 1976 0 B6 0.00258 78B 0 0 o . 0
01-296 F 1908 01 1927 . 5 1960 0 B6 0.01800 - 28B 0 0 0 0
01-297 F 1901 01 1921 122 1960 16 B2 0.09375 B3 4 -39 64 589
01-299 F 1896 ot 1917 104 1968 -3 G6 - 0.0 29 1 0 L 0
01-301 P. 1904 05 1926 5 1969 . 17 G4 0.0 zZ9 5 0 69 0
01-302 F 1899 1966 05 1927 10 1968 2850 a1l 0.0 “Z9A 761 0 8910 0
01-303 ® 1919 01 1940 - 104 1974 0 B6 0.0 29B 0 0 0 0
01-305 M 1925 1968 06 1946 1040 1972 87 F4 0.0 Z9B 1 0 43 -0
01-306 M 1928 06 1955 364 1979 22 B2 0.0 Z9B 4 0 24 0
01-307 ® 1930 . 06 1957 104 1975 4 B6 0.0 Z9B . 1 0 4 0
01-308 M 1918 1957 06 1943 728 1958 1200 Py 0.0 Z9F . 90 0 247 0
01-309 F 1908 1973 01 1923 2 1961 2 B6 0.06200 22B 1 3 7 50
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TABLE 1 (CONT.)

.EXPOSURE DATA FOR RADIUM -PATIENTS TO END OF 1980 . ..

ER

(15)

440

() (2) ) (5 (6) (7)  (8) -(9) (1) . (1) (12) - (13) (14) -
) : A YEAR EXP - YEAR © - RA226 'RA228 -RA228 INPUT INPUT cun
: EXP FIRST DUR OF RA226 METHOD.TO RA226 METHOD RA226 RA228 RADS
_CASE SEX_BORN_ DIED_TYPE EXP WKS _MEAS NCI + ERR__RATIO +_ERR UCcI - _ucI RA226
01-310 F ‘1928 ’ 08 1528 39 1975 0 B6 0.01148 22 : "0 0 0
01-311 F 1911 01 1927 2 1961 1 B6 0.01500 28B 0 0 4
01-312. F 1907 01 1925 13- 1976 0 _ B6 0.0 7298 0 o 0
01-313 M 1892 06 1911 624 1961 3 B3 0.0 29B 1 0 10
01-314 F 1909 - 01 1924 -0 1961 1 B6 0.06200 22B 0. 1 4
0t-324 F 1907 .. 01 1923 15 1962 ~ 1 G6 0.05700 Z2 0 2 4
01-326 F 1896 1972 02 1925 156 1966 -~ : 100 Gu 0.01.100 25 27 36 349
01-327 F 1908 0T 1927 1 1965 -0 G6 0.01000 28 0 0
01-330, M . 1915 06 1942 364 1976 66 B2 0.0 298 16 0 120
01-331 » 1901 02 1927 +0 1966 80 Gu 0.01100 "~ 25 21 27 219
01-332 F 1912 -197% 0717 1927 52 1965 0 G6 0.01000 28 0 0 0
01-333 F 1905 . 01 1924 10 1976 0 B6 0.01075 Z2 -0 -0
01-335 F 1899 - 16 1917 78 1980 -3 cé 0.0 - Z9C 1 0 18
01-=336 M 1899 06 1945 1092 1979 41 B1 0.0. 298 8 0 51
01<347 M 1883 1980 .06 " 1943 176 1961 5 B3 0.0 29B 1 0 7
01-342 M 1897 06 1944 56. 1961 1 B6 0.0 - 29B 0 0 1
- 01-343 F 1873 1954 04 1927 +0 1963 0 F6 0.0 Z9 0 0 0
01-344 F 1904 1976 01 1922 19 1962 -7 Gé 0.05700 zZ2 2 14 27 -
01-345 - P - 1910 1977 01 1924 1 1962 4 G6 0.05700 22 1 6 15
01-346 F 1911 01 1927 17 1962 44  .G6 0.01700 Z8 11 13 - 159
01-347 ¥ 1896 1968 06 1926 - 1872 1962 14 B2 0.0 Z9B 2 .0 -10
01-348 F 1902 1973 0t 1924 19 1966 1122 Bl 0.03482 B2 31 175 422
01-349 F- 1907 19¢7 01 1924 10 1966 93 BT 0.03225 B2 26 136 322:
. 01-350 F 1898 1973 01 1923 108 1962 0 G6 0.05700 22 0 0. .0
01-351 F 1906 01 1923 3 1962 0 G6 0.05700 22 0 0 0
01-352 M 1922 06 - 1940 338 1962 J191 B1 0.0 Z29B 35 0 280 -
01-356 ¥ 1912 1973 06 1937 572 1969 23 B2 0.0 .29B 5 0 36
01-357 ¥ 1907 1970 - 07 1927 408 1962 0 . G66. 0.01400 28 0 0 -0
01-358 F. 1906 1978 {7 1923 168 1962 0 G6 0.05700 Z22 0 . Y 0
'01-359 F 1908 01 1925 55 1962 . 25 B2 0.05600 22B 6 31 94
01-360 F 1911 01 1928 34 1962 0 -Gé6 0.01400 28 0 0 0
~01-361 F,_ 1907 1976 01 1524 20 1974 . 1 B6 0.01323 Z2B 0 2 4
- 01-362 F- 1906 01 .1923" .5 1962 0 Gé 0.05700 22 0 0 0
01-363 F 1888 - 1978 01 1918 260 1962 7 G6 0.05700 z2 2 17 29
01-364 F. 1911 07 1927 1964 6 G6 0.01140 z8 1 1 20

CQoOoOC O
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EXPOSURE DATA FOR RADIUM PATIENTS TO END OF 1980

TRELE 1 - (CONT.)
M (2) (3) (4) (5 () (7) (8) (9) (10) (11) (12) - (13) (14) (15) (16
: YEAR EXP YEAR RA226 RA228 RA 228 INPUT INPUT cun cun
EXp FIRST DUR OF RA226 METHOD TO RA226 METHOD RA226 RAZ228 RADS RADS

CASE SEX_BORN__DIED IYPE EXP HKS__MEAS NCI + ERR__RATIOQ + ERR UcI ucr RA226 RA228
01-365 F 1901 01 1924 40 1962 10~ G6 0.05700 Z2 3 “15 39 218
01-367 F 1899 01 1920 221 1976 .4 B6 0.01024 Z2B 1 9 19 135
01-368 M 1925 .06 1947 65 1979 35 B1 0.0 Z9B 8 0 62 0
01-369 F 1906 01 1923 33 1975 0 B6 0.01043 22 0 0 0 0
01-370 F 1904 01 1927 21 1962 0 G6 0.01500 28 0 0 0 0
01-371 F 1912 07 1928 39 1979 3 B3 0.00180 -28 1 1 13 12
01-372 F 1911 1975 01 1927 .1 1962 7 G6 0.01470 28 2 2 24 28
01-373 F 1910 01 1927 84 - 1962 2 G6 0.01400 28 1 0 7 7
01-374 F 1910 01 1927 +0 1962 12 G6 0.01470 z8 3 3 43 47
01-376 F 1907 1973 01 1927 33 1963 2. G6 0.01300 Z8 1 1 7 8
01-377 F 1915 17 1929 208 1979 1 B6 0.0 298 0 0 4 0
01-378 F 1907 01 1925 94 1976 0 B6 0.00258 8B 0 0 -0 0
01-379 F 1909 01 1926 7 1975 18 B2 0.00281 Z8B 5 6 78 88
01-380 F 1910 1980 01 1927 3 1972 0  Bé 0.00420 288 0 0 0 0
01-381 M 1887 1978 02 1927 1 1964 5 G6 0.01400 Z5 1 2 13 18
01-382 F 1900 01 1920 320 1963 43 G4 0.01000 22 12 15 175 .221
01-383 F 1907 01 1923 2 1976 0 B6 0.01006 228 0 0 0 0
01-384 F 1905 0t 1923 1 1975 0 B6 0.01177 Z2 0 0 . 0 0
01-385 F 1906 1971 01 1924 11 1963 5 G6 - 0.05000 2 1 8 18 114
01-386 F 1904 01 1927 15 1963 9 G4 0.01300. 78 .2 2 33 35
01-388 P 1873 1944 02 1928 +0 1965 2580 Al 0.01027 Al 434 401 2886 5555
01-389 F 1910 1930 01 1923 26 1963 1029 Al 0.06812 - Al 111 946 435 9072
01-390 F 1887 1931 02 1925 260 1965 7400 A1 0.0252 Al 519 1180 1358 6351
01-391 F 1914 1969 07 1950 520 1964 1 B6 0.0 ) Z9B 0 0. 1 0
01-392 M 1913 1972 07 1950 520 1964 1 B6 0.0 29B 0 0 1 0
01-393 M 1937 .07 1950 520 1972 2 B6 0.0 Z9B 0 0 2 -0
01-394 F 1944 07 1950 520 1972 4 B3 0.0 Z9B 1 0 6 0
01-395 F 1945 07 1950 520 1972 5 B3 0.0 298 1 0 8 0
01-396 M 1947 07 1950 520 1972 1 B6 0.0 298 0 0 1 0
01-397 F 1950 07 1950 498 1973 . 4 B3 0.0 798 1 0 6 0
c1-39e. M 1951 07 1951 429 1972 0 B6 0.0 .29B 0 0 0 0
01-399 .F . 1953 07 1953 350 1972 1 B6 0.0 Z9B 0 0 -1 0
01-400 M 1903 07 1961 156 1964 2 B6 0.0 Z9B 0 0 0 0
01-401 F 1910 07 1961 156 1964 3 B6 0.0 Z9B 0 0. 1 0
01-402 F 01 1920 18 1963 0 G6 0.05000 z2 0 0 0 "0

1898



- TABLE 1 ‘CONT,)' EXPOSURE DATA FOR RADIUM PATIENTS TO END OF 1980

28T

+

-
LY}
—

m

3) (4) (5) (6) (7) .(8)  (9) (10) (1 1) (12) (13) (14) (15) (16)
YEAR. EXP YEAR RA226 RA228 - RA228  INPUT INPUT. . CUM cun

o EXP FIRST DUR OF RA226 METHOD TO RA226 METHOD RA226 RA228 RADS RADS

CASE SEX .BORN _DIED_ TYPE EXP WKS_ _MEAS NCI + ERR__RATIO + ERR ucl Uuclt RA226 RA228
01-403 F 1912 02 1926 - +0 1971 27 B2 0.01838 . c3 . 8 34 114 516
01-404 M 1875 1945 67- 1912 1716 1365 2800 -~ A1 0.0 292 330 0 1523 0
01-405 F 1885 1957 67 1912 1716 1965 52 a1 0.0 . Z9A 1 0 106 0
01-406 M 1902 1969 67- 1916 260 1963 18 B2 0.0 298 - 5 0 51 0
01-407 - M 1912 1977 67 1930 416 1963 . 38 B2 . 0.0 298 9 0 78 0
01-408 F 1918 . 06 1934 416 1978 1% B1 0.0 298 4 0 47 - -0
01-409 P 1914 06 1930 13 1975 38 B3 0.0 298 10 - 0 135 0
01-410 F 1920 . 06 - 1930 156 1978 33 B1 0.0 298" 9 0. 99 0
01-411 M 1915 1978 06 1935 200 1973 8 B2 0.0 29C 2 0 18 . 0
01-412 ¥ 1915 1970 02 1929  +0 1963 - "1 D6 . 0.01600 5D 0 0 2 3
-01-413 F 1901 1965 -01 1924 229 1964 C11. G4 0.04400 22 3. 15 35 222
01-414 F 1897 .06 1931 . 78 1979 2 C6 0.0 298 1 0 9 0
01-415 M 1898 1980 06 1921 520 1964 0 B6 0.0 298 0 0 0 0.
01-416 F 1908’ 01 1924 2 1963 9 66 0.04900 22 2 14 36 - 203
01-417 F 1907 . 01 1923 1 1963 0 66 - 0.05000 z2 0. 0 0 0
01-418. M 190C ~ 1972 06 1919 104 1963 6 G6 0.0 29 2 0 17 0
01-419 M 1895 1965 06 1916 260 1963 9 G6 0.0 9 3 0 24 0
01-420 F 1903 1967 06 1920 65 1963 2 66 0.0 z9 1 0 7 0
£ 01-421 F 1887 1976 Q6 1915 312 1963 8 66 0.0 29 "2 0 35 0
01-423 M 1897 - 06 1919 260 1973 ° 22 B2 0.0 Z9B" 7 0 74 0
01-424 F 1882 1979 05 1924  +0 1964 280- G4 0.0 z9 76 . 0 1114 0
01~425 M 1933 . 07 1961 104 1964 0 B6 0.0 298 0 0 0 0
01-426 F 1930 ~ 07 1961 - 1041964 5 ‘B3 0.0 Z9B 0 0 2 0
01-427 F 1960 - 07 1961 104 1964 5 E4 - 0.0- 29 0 - 0 2 0
01-428 " F 1957 07 1961 104 1964 2 E6 0.0 29 0 0 1 0
01-429 F 1897 06 1922 208 1979 "1 B6 0.0 298 0 0 - 5 .0
01-430 M 1880 1969 02 1930 : +0 1966 - 41 B2  0.02195 B3 1 18 88 197
'01-431° F 1901 1975- 05 1922 52 1971 765 Bl 0.0 298 229 . 0 - 3262 0
01-432°. M 1895 1973 06 1915 520 1964 17 B2 0.0 Z9B 5 0 49 .0
01-434 M 1880 1932 02 .1927 156 1965 . 6126 A1  0.02189 A1 456 828 865 . 3250
01-435 F 1907 01 1925 51977 0 B6 0.00228 - 1z9B 0 0 0 0
01-436 F 1895 1976 01 1927 180 1964 ' 8 G6 0.01140 28 2 2 27 25
01-437 F 1910 1971 - 06 1931 104 1965 1 B6 0.0 298 - -0 o 3 0
01-438° M 1867 - 1940 02 1925 208 1965 1850 A1  0.01372 A1 279 382 1163 3571
01<439 ¥ 0.0 29F 56 0 971 0

1880 1952 04 1922 8 1968 .906 A2
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TABLE 1

(CONT.) EXPOSURE DATA FOR RADIUM PATIENTS TO END OF 1960
(1) (2) (3) %) (5 (6) (7)  (8). (%) (10) (11) (12) {13) (14) (19 (16)
YEAR EXP YEAR RA226 RA228 - RA 228 INPUT INPUT cun - cunM
EXp FIRST DUR OF EA226 METHCD TC R&226 METHOD FA226 RA228 RADS RADS
_CASE SEX_BORN DIEL TYPE_EXP HEKS__ MEAS NCI + EER__RATIO +_ERR Ucrt uct EA226 EA228
01-440 F 1908 01 1924 204 1965 0 G6 0.03%00 22 0 0 -0 0
01-443 "F 191 01 1927 74 1978 8 G6 0.00200 28 2 2 35 33
01-447 F 1909 17 1925 110 1965 3 G6 0.01000 28’ 1 t 12 14
01-4u48 F 1907 01 1925 5 1964 25 . G4 0.01740 z8 7 9 98 : 131
01-449 F 1899 01 1922 2 1965 7 G6 0.03900 Z2 2 L 30 215
01-450 M 1877 1936 06 1912 364 1966 .0 A6 0.0 Z9A 0 0 0 0
01-451 F 1908 1978 01 1924 4 1977 14 G4 0.00907 z2 4 25 64 375
01-453 F 1899 1963 01 1920 20 1979 . 4 FY 0.00780 22 A 1 14 168
01-454 F 1880 1970 01 1920 884 1974 - 1990 Al 0.0 586 0 7760 0
01-456 M 1878 1548 02 1928 26 1965 74 A1 0.03648 A3 14 44 75 454
01-457 F 1904 06 1920 78 1964 8 G4 0.0 9 2 0 35 0
01-459 M 1886 1971 06 1921 52 1964 10 Gé6 0.0 VA 3 0 27 0
01-460- M 1882 1966 06 1912 104 1964 0 G6 0.0 Z9 0 0 0 0
01-461 ¥ 1914 1970 06 1930 26 1964. 9 G4 0.0 29 2 ¢ 19 0
01-464 F 1908 1 1927 4 1970 4 G6 0.00540 28 1 1 16 17
01-466 F 1902 1946 01 1920 52 1965 0 A6 0.03€00 - Z2A 0 0 0. 0
01-468 F 1910 01 1927 0 1978 0 cé 0.00209 z28 0. 0 0 0
01-469 M 1894 06 1918 52 1965 4 G6 0.0 29 1 0 13 0
01-470 F 1912 1 1927 70 1965 .0 G6 0.01G00 Z8 0 0 0 - 0
01-472 F 1896 1969 6 1919 156 1965 7 G6 0.0 29 2 0 27 0
01-474 F 1904 07 1921 100 1979 0 B6 0.00637 228 0. 0 0 0
01-475 F 1901 01 1928 .4 1974 0 B6 0.00330 288 0 0 0 0
01-476 - F 1909 07 1927 71 1972 4 B3 0.00420 28B 1 1 16 16
01-477 F 1897 1978 02 1925 +0 1965 1240 B1 0.00475 B2 336 207 4814 3111
01-478 F 1914 01 1935 24 -1965 0 G6 0.0 Z9 0 0 0 0
01-479 F 1914 01 1927 1 1978 2 cé 0.00209 28 1 1 17 1
01-480 F 1915 01 1927 1 1965 38 G6 0.01000 zZ8 10 10 144 - 153
01-u481 F 1909 01 1927 14 1965 0 G6 0.01000 z8 0 0 0 0
01-482 F 1912 01 1927 6 1979 1 B6 0.00181 ' 28B 0 0 4 5
01-483 M 1907 17 1922 1041975 0 B6 0.01184 22B 0 0 0 ‘0
O1-484 F 1908 1974 01 192€ 0 1965 0 G6 0.01000 z8 0 0 0 0
01-485 M 1870 1951 05 1911 1300 1965 340 At 0.0 Z9A T4 0 -488 0
01-486 F 1907 01 1923 6 1974 0 B6 0.01318 22B 0 0 0 0
01-487 F 1911 07 1927 565 1976 0 B6 0.00257 Z8B 0 0 0 0
0t-489 F 1910 01 1926 348 1965 225 ° Gé 6.01000 - Z8 57 42 798 637
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TABLE 1 (CONT ) EXPOSURE DATA FOR RADIUM PATIENTS TO END OF 1980 ,
(- (2) 3) 4) (5 .(6) (7) (8) (9) (10) (1. (12) (13) (14) (15) (16)"
_ ‘ © YEAR EXP YEAR RA226 RA228 RA228  INPUT INPUT cuM cun
: , EXP FIRST DUR OF @~ KA226 METHOD TO RA226 MNETHOD RA226 RA228 RADS RADS
CASE __SEX BORN DIED TYPE EXP__ WKS MEAS  NCI__ + ERR _RATIO + ERR . _UCI ocI RA226 RA228
01-490 F 1908 01 1924 17 1974 2 B6 0.01318 -~ 228 1 - 3 9 52
01-491 F 1922 1966 01 1543 728 1963 7. 66 0.0 29 1 0 7 o
01-492. F 1900 06 1921 260 1973 1 B6 - 0.0 298 0 0 5 ]
01-493 M 1893 1975 06 1927 1820 1973 4 B3 0.0 29C 1 0 6 0
01-494 M 1906 1966 06 1926 999 1966. 0 - 66 0.0 29 0 0 0 0
01-495 F 1908 01 1924 4 1965 0 G6 0.03900 . 22 0 0 0
01-496 F 1918 07 1934 106 1966 3 66 0.0 : 29 1 0 9
01-497 F 1902 1978 01 1921 8 1966 13  G6 ~ '0.03400 22 4 30 56 451
01-498 F 1897 06 1920 104 1976 -1 B6 0.0 zZ9C - 0 - 0 5 -0
01-501 M 1867 1937 02 1926 156 1966 2500 A1 0.00760’ A1 320 260 1102 2149
01-503- M 1936 08 . 1936 . 39 1966 0  B6 0.0 298 0 0 0 0
01-504 F 1913 01 1927 2 1975 0 B6 - 0.0 Z9B S0 0 0 0
01-505 F 1902 01 1927 1 1966 "9 G4 0.00880 28 - 2 2 34 37
01-506 F - 1897 “ 04 1923 . 4 1966 7 B3 0.0 z9C -2 0 30 0
=507 F 1909 01 1927 22 1974 10 - B2° 0.00313 %8B 3 . .3 42 41
01-508 F 1906 1968 01 . 1944 52 1966 30 G6 0.0 Z9 .6 0. 50 0
01-509 F 1943 - 08 1943 39 1967 0, B6 . 0.0 298 -0 0 0 0
01-510 .F 1897 01 1927 12 1966 38 G6. 0.00880 Z8 10 10 T 145 152
01-511 F . 1908 07 1927 9 1979 0 B6 0.00181 Z8B 0 0 0 0
01-512 F 1895 1976 04 1912 13 1973 . 6 B6 0.0 Z9B 0 0 0 0
01-514 F 1904 : 07 1924 2184 1975 0 B6' 0.00200 25B 0 0 - ]
01-515 F 1886 1980 05 1940 0 1966 4 66 0.0 29 1 0 10
01-516 F 1907 1976 01 1927 - 2 1967 7 66 -~ 0.00780 28 2 2 26 2
61-518 M 1912 05 1949 +0 1977 0 B6- 0.0 Z9B 0 0 0
01-519 M 1919 g6 1937 260 1967 13 66 0.0 Z9 3 0 25
01-520 F 1882 1969 02 1930 +0 1967 670 B1  0.00492 B2 174 77 - 2044 115
01-521 M 1910 © 06 1942 520 1979 21 B2 0.0 298 5 0 38
01-522. M- 1905 06 1928 2288 1979 169 €2 0.0 29B 35 0 243
01-523 ¥ 1917 06 1942 312 1968 30 - G4 0.0 29 6 0 Y
01-525 M 1923 06~ 1943 - 104. 1968 17 G6 . 0.0 29 . 4 0. 28
01-526 M 1921 06 1945 - 38 1979 29 Bl 0.0 298 7. 0 56
01-529 M 1920 06 1943 260 1975 1 B2 0.0 298 3 -0 25
01-530. ¥ 1920 1971 06 1943 104 1968 52 B1- 0.0 798 11 0 71
01-531 M 1918 . “d6. 1941 354 1974 13 B2 :0.0 Z9B 3 0 24
01-532 M 1914 1973 06 1945 138 1968 1 © 0.0 z9 0 0 1

CooOoO0O QOOOm™ OCOWVWO O
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TABLE 1 (CONT.) EXFOSURE DATA FOK RADIUM EATIENTS TO END OF 1980

M (2 (3 (B (5Y (& (1 (8 ) _(10) (i1 (12) 13y (14) (15) (16)

. YEAR EXP YEAR RA226 RA228 . RA 228 INPUT INPUT CUM cUN

. . EXP FIRST DUR OF RA226 METHOD TC RAZ26 METHOD RA226 RA228 RADS RADS
CASE SEX BORN DIED TYPE EXP WKS_ _ MEAS NCI + ERR RATIO + ERR UcI UcI kKA226 EA228
01-533 F 1903 1978 04 1911 +0 1969 4 G6 0.0 29 . 1 0 22 0
01-534 M 1920 06 1944 154- 1976 1 B6 0.0 Z9B 0 0 2 0
01-536 M 1916 06 1943 286 1968 17 G6 c.0 9 3 0 26 o
01-537 M 1917 1971 06 1944 208 1968 59 B1 0.0 Z9B 12 0 74 0
01-540- M 1890 07 1940 260 1968 0 G6 0.0 Z9 0 0 0 0
01-543 M 1920 1976 06 1943 167 1875 19 B2 0.0 29B 4 0 32 0
01-544 F 1879 1953 02 1930 +0 1968 93 a1l 0.004 30 A3 19 8 158 121
01-546 F 1897 1980 01 1914 52 1967 0 G6 0.0 - 29 0 0- 0 0
01-547 F 1897 67 1920 104 1979 4 B3 0.0 Z9B 1 0 20 0
01-548 M 1917 02 1930 +0 1972 5 B3 0.00200 Z5B 1 0 14 5
01-552 M 1907 06 1936 104 1967 20 G4 0.0 29 5 - 0 42 0
01-553 F 1910 01 1948 . 988 1967 0 G6 0.0 z9 - 0 0 -0 0
01-554 F 1928 01 1952 780 1967 490 GY 0.0 Z9 38 0 296 0
01-555 F 1894 01 1921 2 1975 0 B6 0.01155 Z2B 0 0 0 0
01-556 F 1910 01 1927 - 0 1967 0 G6 0.00730 - 28 0 0 0 0
01-557 F 1908 01 1925 35 1975 2 B6 0.00233 28B . 1 -1 g 1
01-558 M 1913 02 1927 130 1979 313 B1 0.00053 B2 ) 96 24 967 262
01-562" F 1901 1931 01 1920 52 1970 10300 Al 0.0 Z9A 1392 0. 7143 0
01-565 F 1892 1957 05 1925 26 1970 1600 A2 0.0 Z9A 385 0 3946 . 0
01-567 M 1885 . 1949 (2 1925 +0 1970 1100 A2 - 0.00400 A2 229 218 1400 2282
01-568 M 1907. 1928 G5 1927 +0 1969 4900 A" 0.0 Z9A 237 0 270 0
01-569 'F 1896 1980° 07 1922 282 1978 4 Gé 0.00804 22 1 6 19 97
01-570 F 1908 01 1926 260 1968 10 G4 0.0 z9 ' 3 0 38 0
01-571 F 1911 ) 01 1928 44 1979 0 B6 0.00181 Z8B -0 0 0 0
01-573 F 1892 1945 01 1916 312 1970 670 Al 0.00195 F3 145 135 1307 2000
01-574 F 1885 1937 05 1924 77 1968 2730 A1l 0.0 Z9A 400 0 2255 0
01-575 M 1910 1977 01 1950 1196 1973 2 B6 0.0 Z9B 0 0 1 0
01-576 F 1930 01 1946 780 1968 160 B1 0.0 Z9B 25 0 224 0
01-578 F 1904 1930 05 1926 17 1969 3700 A2 0.0 Z9A 296 -0 836 0
01-579 F 1928 1928 08 1928 26 1973 2 Al 0.00289 Z2A 0 0 1 0
01-580 F 1894 01 1918 52 1972 1 B6 0.0 298 0 0. 5 0
01-581 M 1918 06 1946 52 1968 10 Gl 0.0 Z9 2 0 15 0
01-582 F 1893 06 1917 28 1979 1 B€ 0.0 Z9B 0 .0 5 0
01-583 M 1890 1969 06 1918 104 1968 0 G6 0.00250 z7 0 -0 0 0
01-584 F 1908 1975 01 1926 260 1968 10 B2 0.0 - Z9B 3 0 35 0
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TABLE 1 (CONT.) -

EXPOSUiiE DATA FOR RADIUM PATIENTS TO END OF 1980

a2

(1) (2) (3) (4 (5) (6) . (7) (8) . (9) (10) any (13) QLY (15) (16)

: - YEAR EXP & YEAR - RA226 RA228 RA228  INPUT INPUT cun cuM

EXP FIRST DUR OF . RA226 METHOD TG RA226 METHOD RA226 .RA228 RADS RADS

CASE___SEX BORN__DIED TYPE EXP__ WKS _MEAS__ NCI - + ERR__RATIO + ERR___UCI __ UCI RA226 RA228
01-585 F .1906 1963 01 1925 26 1968 0 B6 0.00450 Z5B 0 0 0 - 0
01-586 F 1879 1973 05 1924 +0 1968 130 66 0.0 Z9 37 "0 504 -0
01-588 F 1908 01 1929 104 1968 8 66 0.0 29 1 0 18 0
01-589 M - 1907 06 1927 78 1978 1 B6 0.0 29 0 0 3 0
01-590 M 1929 08 1929 .39 1976 0 B6 0.01062 z2C 0 0 0 -0
01-591 F 1891 1575 01 1918 52 1973 0 G6 0.00016 ‘27 0 0 "0 0
01-592 F 1903 1971 01 1917 6 1968 0 66 0.0 29 .0 0 0 - 0
01-594 M - 1926 01 1962 34 1975 .2 B6 0.0 ‘Z9B 0 0 2 0
01-595 - F 1897 01 1917. 130 1969 5 66 0.0 29 2 0 24 0
01-597 F 1923 01 1940- 364 1973 1 B6 0.0 79C 0 .0 3 0
01-598 M° 1879 1953 06 1941 572 1952 400 G6 0.0 29 27 0 71 0
01-599 F 1909 01 1927 7 1978 0 B6 .0.00203 Z8B 0 0 0 -0
01-601- F 1902 01 1918 6 1969 0 G6. 0.00020 27 0 0 o 0
01-603 F 1894 .01 1915 676 1968. 7 -G6  0.00450 25 . S 2 3 32 41
01-604 F 1896 01. 1914 52 1971 .1 B6 0.0 - Z9B 0 0 5 0
01-607 F 1907 . 07" 1927 +0 1978 0 <C6 0.00203 z8 0 0 0 0
01-608 F 1906 1976 01 1927 11 1974 0 66 0.00330  28B 0 0 0 0
01-609. F 1906 01 1926 366 1978 1 B6 0.0 - 29B 0 0 4 0
01-610 # 1904 1969 06 1919 208 1968 10 G6 0.00450 27 3 4 28 43
01-612 F 1859 1936 ‘17 1923 255 1972 18 A1 0.00680 Z4A 2 5 13 57
01-613. F 1906 1936 17 1923 265 1972 658 A1 0.00680 F2 88 165 450 1987
01-614 M 1882 -1922 06 1920 +0 1974 24 A2 0.0 29 1 0 ) 0
01-617 ¥ 1922 ‘ 08 1922 39 1973 1 B6 0.00020 - 123B 0 0 3 0
01-619 F 1909- 1278 01 1927 52 1969 6 G6 0.0 z9 - 0 0 0 0
01-621 F 1908 01 . 1924 2 1978 8 B2 0.00791 29C 3 T4 38 2t
01-625 F 1911 .01 1927 468 1968 6 G6 0.0 29 2 0 21 0
01-626 F 1932 08 1932 39 1971 0 B6 0.0 798 0 0 0 0
01-627 F 1897 01 1917 - 52 1970 0 66 0.0 29 0 0 0 "0
01-628 F 1908 01 1925 312 1975 0 B6. 0.00200 258 0 0 0 0
01-629 F 1892 1977 01 1926 260 1969 . 12 66 0.0 Z9 3 0 i 0
01-633 F - 1878 1926 05 1925 4 1970 2600 AZ 0.0 Z9A 101 0 © 130 0
01-635 M 1880 1937 06 1918 312 1973 1900 . a1 0.0 Z9A 318 0 1509 )
01-636 F 1879 1930. 061 1919 . 1 1979 1 A6  0.00075 27 o .o 1 1
01-640 F 1908 ©01 1924 21 1969 34 G6 - 0.00420 25 10 10 145 143
01-653 F 1910 01 1925 78 1969 7  G6 z5 2 2 29 25

£ 0.°00420
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TABLE 1 (CONT.) EXPOSURE DATA FOR RADIUM FATIENTS TO END OF 1980
M 2r 3) ® (53 ® (1 (8 (9 (10) (1} (12) (13)  (18) (15) (16)
: YEAR EXP YEAR RA226 RA228 RA 228 INPUT " INPOGT cun cun

. EXP FIRST DUR OF . RA226 METHOD TO RAZ26 METHOD RA226 RA228 RADS ‘RADS
CAS3 SEX BORN DIED_TYPE EXP WKS__ MEAS NCI +_ ERR__RATIO + ERR Ucr gcr RA226 RA228
01-659 F 1912 01 1928 26 1969 M G6 0.0 . Z9 3 0 42
01-560 F 1881 1957 04 1932 +0 1970 15 A6 0.0 Z9A 3 0 28
01-661 M 1874 1934 06 1914 %72 1974 2 A6 0.0 Z9 0 0 1
01-663 M 1927 08 1927 39 1969 1" G4 0.0 29 3 0 n
01-665 M 1923 08 1923 39 1969 0 G6 0.0 29 0 0 0
01-667 F 1918 01 1941 234 1972 .0 B6 0.0 Z9B 0 0 0
01-568 M 1933 07 1964 +0 1974 1 B6 0.0 29 0 0 1
‘01-669 F 1917 01 1934 130 1980 0 B6 0.0 29¢C 0 0’ 0
01-570 M 1897 o4 1928 +0 1969 0 G6 0.0 YA°) 0 0 0
01-671 F 1923 01 1941 260 1972 2 B6 0.0 Z9B 0 0 5
01-674 M 1908 01 1931 1716 1980 1 (o] 0.0 29C 0 0 1
01-581 F 1904 1878 07 1920 4 1972 0 G6 0.003z 27 0 0 0
01-684 F 1894 1974 01 1917 1 1973 0 G6 0.0 29 0 0 0
01-5688 M 1868 1948 07 1920 +0 1972 0 A6 0.00320 Z7A 0 0 0
01-5690 M 1878 1940 04 1918 +0 1970 21 A1l 0.0 Z9A 4 -0 24
01-691 F 1913 1974 04 1935 -0 1971 0 B6 0.0 Z9B 0 0 0
01-692 M 1885 1974 02 1925 +0 1970 30 G6 0.0068&0 25 9 14 84 15
01-694 M 1886 1953 54 1928 .+0 1971 10000 Py 0.0 Z9 2123 0 13346
01-701 M 1892 1974 06 1916 312 1970 0 G6 0.0 z9 0 0 .0
01-706 F 1908 07 1923 100 1980 T Ccé 0.00629 z22C 0 2 6 3
01-707 F 1908 1974 01 1927 1 1971 0 G6 0.00470 zZ8 0 0 0 0
01-710 F. 1901 01 1925 289 1978 0 B6 0.001¢1 Z5 0 0 0 0
01-711 F 1905 01 1925 312 1970 0 G6 0.00370 75 0 0 0 0
01-715 F 1907 01 1927 5 1976 0 B6 0.00258 Z8B 0 -0 0 0
01=-7172 ¥ 1910 27 1927 13 1979 3 B3 0.00230 z5 1 1 10 13
01-728 F 1912 01 1927 6 1978 0 B6 0.00203 Z8B 0 0 0 0
01-731 F 1905 717 1926 8 1979 .3 G6 0.00200 Z8 1 1 14 18
01-733 F 1911 . 01 1927 61 1978 45 .C6 0.00200 - 28 14 13 195 190
01-736 F 1907 1931 01 1923 .52 1977 . 3 F6 0.00170 Z7F 0 0 0 1
01-739 P 1856 1928 05 1926 7 1972 11500 Al 0.0 Z9A 645 0 1226 0
03-005 ¥ 1917 1278 @7 1948 +0 1973 0 B6 0.0 Z9C 0 0 0 ]
03-008 F 1934 . 08 1934 -39 197 0 B6 0.0 Z9C 0 0 0 0
-03-009 F 1918 01 1941 104 1972 1 B6 0.0 Z9C -0 0 2 0
03-101 F 1908 1971 05 1931 15 1963 1580 c2 0.0 29 - 380 - 0 4523 0
03-7102 M 1908 1976 05 1931 15 1973 628 B1 0.0 Z9C 0 1598 0
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TABLE 1 (CONT.)

EXPOSURE .DATA FOR RADIUM PATIENTS TO END OF 1980

(3

(10)

1975

(=N = ~NoN-]

(@) (2) {8 (5 (&) (D (8) (5) (11 (12) {33). (1% (15) (16)
: : ‘YEAR EXP YEAR KA226 EA228 RA228. INPUT INPUT cuM cup
EXP FIRST DUR™ OF RA226 METHOD TO EKA226 METHOD RA226° RA228 RADS KADS
CASE___SEX BORN DIED TYPE EXP _ WKS _MEAS __NCI __+ ERR _RATIO + ERR___UCI . @cI RA226 RA228
03-103 F 1868 1952 05 1931 15 1551 " 420 E4 0.0 - 29 7S 0 621
03-104 F 1880 1945 05 1931 15 1931 13900 E4 - 0.0 29 449 0 27217
03-105 M 1903 1957 05 1931 ‘16 1951 2600 E& 0.0 Z9 490 0 3143
03-106 F 1876 1959 05 1931 16 1931 4600° ° B2 0.0 Z9 147 0 1388
03-107 F 1884 1957 05 1931 16 1931 3600 B2 0.0 79 115 0 1036
03-108 F 1875 1953 05 1931 16 1932 .1900 E4 0.0 29 82 0 660 0
03-109- F 1904 1957 05 1931 18 1953 630 B2 0.0 z9 125 0 1120 0
03-110 F 1899 1967 05 1931 20 1964 584 B1 0.0 Z9 143 0 1583 0
. 03-111 F 1909 05. 1931 20 1973 879 B2 0.0 Z9¢ 264 0 3308 13
© 03-112 F 1899 1968 05 -1931 26 1960 5310 . B1 0.0 -Z9 1212 0 13669 0
03-113 F '1914 1946 05 1931 38.1932 - 7800 E4 0.0 z9 336 0 2115 0
03-114 F 1901 1968 05 1931 36 1964 . 949 B1 . 0.0 z9. 231" 0 2606 -0
03-115 F 1911 05 1931 26 1973 745 B1 0.0 29C 206- 0 2800 0
03-116 F 1907 . 05 1931 25 1973. 1411 Bl 0.0 z9¢c - 391 0 5304 0
03-117. M 1898 1957 05 1931 45 1953 1540 B2 0.0 29 303 0 . 1931 0
03-118 F 1898 1955 05 191311 41 1953 3090 B2 0.0 Z9 608 0 5159 0
03-119 'F 1880 1960 05 1931 7 1959 1038 €2 0.0 29 233 0 2256 0
03-120 F 1879 1937 05 1931 11 1931 5300 E4 0.0 Z9 171 0 622 0
03~121 F 1911 1972 05 1931 9- 1964 3711 B1 0.0 Z9 91 0 1099 0
03-122 M 1908 05 1931 10 1931 6500 E4 0.0 Z9 92 0 892. 0
03-123 -m 1914 1937 05 1931 9 1931 9700 B2 0.0 29 139 0 361 0
03-124 M - 1910 05 1931 9 1980 189.° €2 0.0 z29C 57 0 553 -0
03-125 F 1913 1976 05 1931 11 1973 556 B1 . 0.0 Z9C 154 0. 1983 0
03-126 F 1910 1965 05 1931 20 1965 13000 Cc2 0.0 z9 323 0 3449 0
03-127 F 1908 05 1931 26 1962 565 €2 0.0 z9 134 0 1811 0
03-135. #1905 05 1931 . +0 1973 1431 B1 0.0 z9C 398 .0 3866 0
03-139 M 1908 05 1933 11 1973 373 c2 0.0 z9C 101 0 953 .0
03-140 M 1905 1937 05 1933 11 1961 500 F4 0.0 Z9 40 0 82 0
03-141 M 1906 1963 05 ' 1933 11 1962 961 €2 0.0 Z9 220 0 1550 0
03-201 F 1909 1963 04 1922 +0 1962 2968 €2 . 0.0 29 805 0 9741 0
03-202 M 1895 05 1925 +0- 1960 1800 G4 0.0 Z9 455 0 4771 0
03-203 F 1903 1973 05 .1933 +0 1959 84 C2 0.0 79 18 0 217 0
03-204 F 1896 1970 04 1922 +0 1960 . 21 c2 0.0 29 6. 0 .74 0
03-205 F 1900 1975 ©5 1929 - 15 1968. 291 C2 . 0.0 Z9 78 0 1069 -0
03-206 M 1914 05 1936 41973 3297 B1 0.0. 729C 858 0 7176 0



TABLE 1 (CONT.) EXPOSURE DATA FOR RADIUM PATIENTS TO END GF 1980

() t2) 3) ) G W (7) (8 (9) (10) (1 (12) (13) {14) (15) (16)

681

YEAR EXP YEAR - RAZ26 RA228 - RA228 ° INPUT INPUT cun- cuM
: EXP FIRST DUR OF REA226 METHOD TO RA226 METHOD RA226 RA228 RADS RADS
CASE SEX_BORN _DIFED TYPE_ EXP WKS__MEAS___NCI + ERE__RATIO + ERR uct ucIt kA226 kA228
03-207 F 1879 19€9 04 1922 &16 1960 755 c2 - 0.0 zs 188 0 2344 .0
03-209 M 1894 19€0 05 1925 572 1973 1105 a1 0.0 Z9Aa 254 0 1776 .0
03-210 M 1906 1958 05 1926 +0 1957 1350 c2 0.00089 F2 321 12 2360 132
03-211 n 1890 0S5 1923 20 1960 10 c3 0.0 29 3 0 . . 28 0
03-212 F 1902 1951 04 1927 +0 1951 . "~ 1300 B2 0.00130 - F1 270 7 2317 95
03-213 F 1892 1955 0S5 1925 +0 1952 6570 B2 0.0 29 1452 0 14358 0
03-214 F 1895 1966 05 1925 +0 1564 1382 c2 0.0 Z9F 370 0 4477 0
03-215 M 1896 1971 05 1925 +0 1961 3630 c2 0.0 79 932 0 8685 0
03-21€¢ F 1907 19€1 05 1922 +0 1961 530 c2 0.0 Z9F 142 0 1662 0
03-217 M 1912 1974 - 05 1921 +0 1963 460 c2 0.0 29 128 0 1308 0
03-218 ¥ 1908 05 1924 +0 1972 3 B3 0.0 Z9¢C 1 0 - 10. 0
03-219 F 1888 1961 04 -~ 1919 _+0 1951 60 B2 0.0 zZ9 14 0 178 0
03-220 m 1920 . o4 1928 208 1976 130 B1 0.0 29¢C 38 0 372 0
03-221 N 1908 1963 05 1924 +0 1957 620 c2 0.0 29 152 0 1273 0
03-222 M 1872 1954 05 1922 +0 1951 1600 B2 0.0 Z9 367 0 2702 0.
03-223 F 1886 1968 05 1529 156 1951 4200 B2 0.0 29 - 804 0 9181 0
03-224 M 1869 19€0 54 1922 364 1951 5400 B2 0.0 29 1155 0 8929 0
03-225 .x 1922 04 1929 +0 1980 - 28 c2 0.0 29C 8 0 - 84 0
03-226 "M 1874 1953 05 1934 39 1951 10700 B2 0.0 z9 1837 -0 9588 0
03-227 F 1878 195z 05 1930 +0 1952 1000 B2 0.0 Z9 199 0 1612 0
03-228 M 1900 1955 05 1927 +0 1951 5600 Bz 0.0 29 1164 0 7866 0
03-230 F 1899 05 1927 +0 1976 438 B1 0.0 Z9¢ - 132 0 1888 0
03-231 F 1879 1933 05 1939 +0 1952 60 E4 0.0 z9 9 0 97 0
03-232 F 1898 1957 05 1917 +0 1956 - 4700 D2 0.Q . 29 1257 .0 14981 0
03-233 F 1879 1947 05 1922 +0 1947 4000 (o} 0.0 29 ‘849 0 7473 0
03-234 F 1890 1965 05 1915 +0 1965 920 c2 0.0 29 . 280 0 3861
03-235 F. 1900 19€8 05 1928 +0 1965 1290 Cc2 0.0 29 336 0 4001
03-236 F 1880 19€t 0S5 1927 +0 1951 500 B2 0.0 29 104 0 1114
03-237 F- 1890 04 1923 156 1961 3 cé 0.0 29 1 0 11
03-238 M 1883 19%4 05 1926 +0 1951 . 13900 B2 0.0 Z9 2951 0 19944
03-239 F 1883 1953 05 1925 ~ +0 1970 10000 Al 0.0 Z9A 2252 0 . 21306
03-240 F 1916 1985 .05 1930 +0 1973 4320 A1 0.0 Z9A 917 0 8071
03-401 F 1900 19€3 01 1923 95 1960 . 2287 c2 0.0 Z9 588 0 6896
03-402 F 1905 .01 1923 . 260 1974 1223 B1 0.00010 F2 370 15 5467 22
03-403 F 0.0 Z9 1 0 1

1915 1964 01 1935 572 1957 8 Cc3



TABLE 1. (CONT.) -EXPOSURE DATA FOR RADIUM PATIENTS ‘TO END OF 1980

06T

M 2 33 @ (5 (6 (D (8 9) (10 (11 (12 (13) (4 (19 (16)
. R YEAR 'EXP YEAR . RA226 RA228 - RA228 INPUT INPUT " CUM cuUM
- . ) EXP FIRST DUR OF RA226 METHOD TO.RAZZG METHOD 'RA226 RA228 RADS EADS
CASE SEX BORN DIED TYPE EXP- WKS MEAS ‘NCI + ERR _RATIO + _ERR Ucl __iucI RA226 RA228
03-404 'F. 1857 .01 1923 195 1975 5717 B1 0.0 29C 177 0 2606 . 0
03-405 F 1904 16 - 1924, 273 1962 625 c2 0.0 A 159 0 2285 - 0
C3-406 F 1914 01 1935 - 48B4 1980 3 cé 0.0 29C - 1 0 1 -0
03-407 F 1905 - 1961 01 1923 1196 1958 1545 "BA1 0.00022 F2 . 382 S 4286 73
03-408- F- 1908 1959 01 - 1924 676 1957 . 160 Cc2 0.0 29 39 0 . 414 0
03-409 F 1923 ' 01 1542 78 1972 8 B2 - 0.0 29C 2 0 22 0
03-4710 F 1895 1974 01 1923 104 1957 60 Cc2 0.0 29 15 0 203 0
03-411 F 1908 01 1931 572 1976 1 B3. 0.0 Z9C 0 0 5 0
03-412 F 1894 01 1922 - 134 1977 227 B2 0.0 . Z9C . 72 0 1075 0
03-413- F 1917 1978 01 1639 . 169 1972 4 B3 - 0.0 Z9C 1 0 10 . 0
03=-414°- F 1921 01 1946 557 1972 3 B6 0.0 Z29C 1 0 5 0
03-415 F 1911 1973 g1 1930 780 1957 15 Cc3 0.0 79 3 0 30 0
03-416 . F 1907 . 01 1923 65 1979 ~ 1075 ‘C2 0.0 Z9C 345 0 5145 0
~03-417 F 1909. 1966 01 1924 60 1964 - " 617 Cc2 0.0 Z9 166 0 2023 0
03-418 F 1896 .1980 61 1926 602 1972 ) B3 0.0 29C -1 -0 17 0
03-419 F 1906 01 19284 208 1962 679 c2 0.0 29‘4 177 0 2593 0
03-420 F 1906 1960 - 01 1922 212 1957 18 c2 0.0 Z9 ' 4 0 49 0
03-421 F 1908 71 1924 117 1979 3 C3 0.0 29C 1 0 ‘14 0
03-422 F 1907 - 06 1925 104 1978 . 10 C1 0.0 Z9C 3 0 . 46 0
03~423 F 1907 ' 1972 01 1923 641 1962 .591 c2 0.0 29 " 155 0 2064 0
©03-424 - F 1905 . 01 1923 186 1978 245 c2 0.0 . Z9C 77 0 1140 0
03-425 F 1916 01 1935 293 1980 .3 -Ce 0.0 79C 1 0 - 9 0
03-426 _ F 1906 ' 01 1924 2184 1979 . 13t c2 0.0 Z9C 41 0 608 0
. 03-427 F 1906 01 1925 823 1973 12 B2 0.0 Z9C 4 0 54 0
- 03-428 F 1908 . 01 1925 164 1974 493 B1 0.0 29C 148 0 2153 .0
‘03-429 F . 1908 1976 01 1923 - 208 1974 | 1169 B1 0.0 29C 354 0 4975 o -
03-430, F 1922 01 1941 468 1971 4 B3 0.0 Z9C 1 0 10 .0
03-431T F 1901 .01 1922 156 1963 1297 c2 0.0 29 349 0 5216 0
03-432 F 1902 01 1923 112 1980 23 c2 0.0 Z29C . 8 0 112 0
-03-433 F 1904 01 1924 117 1964 . 1052 c2 0.0 z9 - 281 0 . 4130 0
03-434 F 1920 01 - 1641 125 1975 S B2. 0.0 29C. 1 0 13 4]
03-435 F -1912 01 1934 104 1971 3 - B6 0.0 Z9C 1 0 9 0
03-436 F 1910 01 1926 ‘619 1975 ) 8 ‘B3 0.0 Z9C - 2 0 32 0
03-437 F 1906 01 1926 . 52 1957 55 Cc2 0.0 29 13 0 187 0
03-438 F 0 cé 0.0 Z9 0 0 0 0

1908 . 01 1925 8 1957
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TABLE 1 (CONT.) EXPOSURE DATA FOR IADIUM PATIENTS TO END OF 1980
wy (5 t6) (7)) (8) (10) T (12) (13) (15)
YEAR EXP YEAR RA226 RA 228 INPUT CUNM

EXP FIRST DUR OF RA226 METHOD METHOD RA226 RADS
N__DIED TYPE EXP__ WKS__ MEAS +_ERR _ ¢+ ERR ucI RA226 EA228
01 1925 56 1957 cé6 0.0 %9 0 0 0 0
01 1925 3 1979 c6 0.0 A Toll 0 0 - -3 0
01 1925 528 1957 c2 0.0 29 13 0 196 0
01 . 1924 13 1976 B2 0.0 29 1 0 .18 0
01 1935 268 1980 c6 0.0 29C 0 o 0 0
F 01 1925 56 1980 c3 0.0 z.9C 4 0 57 0
F 1974 01 1922 260 1966 c2 0.0 z9 380 0 5237 0
F 01 1922 260 1980 c2 0.0 79C 18 0 270 0
F 01 1924 41958 c6. 0.0 79 1 0 7 0
F 1963 ° 01 1924 19 1958 c2 0.0 Z9 6 0 73 0
F 1974 01 1922 1456 1964 B1 0.0 79 308 C 4239 0
F 01 1924 697 1979 c3 0.0 Z9C .2 ‘0 35 0
F 01 1940 524 1972 - B6 0.0 zZ9C 0 0 2 0
F 16 1925 728 1977 B2 0.0 Z9C 4 0 51 0
- F 01 1924 8 1976 B2 0.0 Z9C 1 0 14 0
F 06 1934 572 1958 c2 0.0 Z29 9 0 103 0
F 01 1922 56 1975 B1 0.0 P1 153 9 2313 8
F 1965 01 1942 470 1958 c2 0.0 z9 5 0 33 0
F : 01 1939 520 1972 B6 0.0 29C 0 0 2 0
F 01 1946 1560 1976 B2 0.0 29C 4 0 27 0
F 1980 01 1924 43 1976 B1 0.0 29C 239 0 3537 0
F 01 1923 19 1977 c6 0.0 Z9C 1 0 18 0
F 01 1922 6 1958 c3 0.0 29 2 0 23 0
F 01 1922 2912 1980 c1 0.0 29C 73 0 1078 0
F 1566 01 1942 832 1958 c2 0.0 29 3 0 18 0
F 01 1923 104 1974 c6 0.0 Z9C 0 0 2 0
F 01 1925 8 1976 B2 0.0 Z9 2 0 23 .0
F 01 1924 10 1976 B3 0.0 Z9C 1. 0 8 0
F 01 1926 416 1976 B2 0.0 Z9C 2 0 31 "0
F 01 1926 121 1958 c2 0.0 79 7 0 38 0
F 1960 01 1925 30 .1958 c3 0.0 z9 2 0 27 0
F 01 1943 247 1971 B3 0.0 z9¢C 1 0 8 0
. F 01 1926 91 1958 c3 0.0 Z9 3 0 uy 0
F 01 1941 247 1972 B3 0.0 Z9C 1 0 14 0
F 1565 01 1922 156 1962 c2 0.0 yA:) 311 0 3793 0
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TABLE 1 (CONT.)

EXPOSURE DATA FOR RADIUM PATIENTS TO END OF 1980

T

1959

ocoo0Co

(1) 7 (2) 3) (4)  (5) (6) (7)  (8) (9) (11) - (12) (13) (14) (13) (16)
: .. YEAR EXP YERAR RA226 RA228 RA228. INPUT INPUT cun di}.}
Co . EXP' FIRST DUR OF 'RA226 METHOD TO-RA226 METHOD RA226 RA228. RADS RADS
CASE __SEX_BORN DIED TYPE EXP.__WKS _MEAS _~NCI_ __ + ERR__RATIO + ERR___UCI uct RA226 RA228
03-474 F 1909 ) 01 1925 211958 -1 €2 0.0 9 : 5 -0 68 0
- 03-475- F 1903 1962 01 1921 . 65 1958 - 0 cé 0.0 z9 -0 0 0 0
03-476 F 1895 1970 01 1927 6 1958 0 cé6 0.0 29 0. 0 0 0
03-477° F 1911 01 1925 11 1972 3 B3 .0.0 z9C 1 0 13 0
" 03-478 F 1907 01 1924 8 1958 5 cé 0.0 Z9 1 0 .18 0
03-479 F 1908 01 1924 52° 1978 28 c2 0.00012 F2 . 9 IR - -128 n
03-480° F 1909 01 1924 10 1980 0 cée 0.0 Z3C 0 0 0" 0
03-481 F 1922 “01 1942 481 1972 -9 B2 0.0 z29C 2 0 20 0
03-482 F. 1927 01 . 1945 83 1972 3 B6 0.0 Z29C 1 0 6 0
- 03-483 F 1901 01 1922 177 1980 . 1. ¢6. 0.0 29C 0 0 2 0
03-484 F 1888 1966 01 1919 156 1962 1622 €2 0.0 29 u4s 0 5807 0
03-485 F 1909 . .1977 01 1929 . 364 1958 0 Ccé 0.0 z9 0 0 0 0
03-486 F 1909 01 1525 - 156 1977 208 B1 0.0 79 64 0 940 0
03-487 F 1907 1964 61 1924 676 1958 367 C2 0.0 z9 90 0 1055 0
03-488 F 1907 1975 01 1922 26 1958 170 c2 0.0 29 43 0 621 0
‘03-489 F 1911 1964 01 1926 73 1958 120 c2 © 0.0, Z9 29 "0 326 0
03-490 M 1904 °~ . 07 1925 177 1973 5 B3 0.0 Z9C 1 0 14 0
03-491. F 1908 o1 1924 2 9% 19 Cc2 0.0 Z9C 6 0 89 o
03-492 F 1928 01 1946 325 1973 5 B3 0.0 29¢C 1 0 10 0
03-493 'F 1893 01 1920 199 1980 4. "c6 0.0 23C 1 0 21 0
03-494 F 1902 - 01 1924 177 1959 4 c3 0.0 29 1 0 15
63-495 F 1910 1980 .01 1923 7 1976 0 B6 0.0 Z9¢C 0 0 2
03-496 F 1907 011923 8 1976 1. B6 0.0 "Z29C 0 0 3
'03-497 P 1903 1970 01 1923 260 1959 16 c2 0.0 z9 4 0 52
03-498 F 1905 67 1923 1040 1976 2 B3 0.0 Z9C ¥ ¢ 7
03-499 F 1905 01 1924 56 - 1978 185 C2 0.00175 c3 58 8 858 . 1019
©03-500 F 1901. 1959 Q1 1922 ‘8 1959 0 ' C6 0.0 . 29 0 -0 0
- 03-501 F 1912 01 1928 8 1959 1 C3 0.0 29 .2 0 23 0
‘03-502 F 1887 1964 01 1918 - 156 1959 170 c2 0.0 Z9 e 0 585 0
03-503 _F 1894 1960 01 1922 112 1959 . 125 c2 0.0 z9 - 32 0 362 0
03-504 F 1905 01 1922 30 1978 11 ¢c3 0.0 29C 3 0 . 53 0
03-505 ¥ 1907 1976 01 1923 1300 1975 169 B2 0.0 . Z9C 52 0 725 0
03-506 F 1917 01 1935 1872 1975 9 B2 0.0 29C - 2 0 15 0
03-507 F 1907 1962 01 1923 6 1959 12 ¢c3 0.0 . 29 3 0 36 0
03-508 F 1905 1963 01 1923 8 10 0.0 Z9 3 0 - 31 0



TABLE 1 (CONT.) EXPOSURE DATA FOR RADIUM PATIENTS TO END OF 1980 .

G R R R R e ) % (16)

€6T

YEAR BXP YEAR - RA226 EA228 - RA228  INPUT INPUT cun cuy
. EXP PIRST DUR OF - RA226 METHOD TC RA226 NMETHOD RA226 ~RA228 ~ RADS EADS

CASE___SEX_BORN _DIED TYPE EXP___ WKS__MEAS _ NCI - + ERR._ RATIC . & ERR__ uUcI . 0UcCI ___RA226___ 'EA228
03-508 F 1507 01 1924 . 2548 1973 -. 28 B1 0.0 Z9¢C 8 0 121 0
03-510 F 1907 1977 01 1923 2028 1962 729 c2 0.0 29 - 191 0 - 2719 0
03-511 F 1910 1979 01 1946 673 1959 10 c3 0.0 29 1 0 7 0
03-512 F 1906 01 1925 26 1959 11 ©3 0.0 29 3 0 40 [
03-513 F 1908 01 1925 48 1974 73 B1 0.0 29 22 0 321 0
03514 F 1909 T~ 01 1925 208 1959 26 €2 0.0 29 6 0 94 "0
03-515 F 1908 01 1925 156 1959 11 €3 0.0 29 3 -0 40 0
03-516 F 1911 01 1925 624 1976 7 B2 0.0 29¢ 2 0 33 0
03-517 F 1922 - - .01 1943 260 1972 1t B6 0.0 29¢ 0 .0 a 0
03-518 F 1921 S 01 1940 464 1972 8 B3 0.0 z9¢c 2 0 18 ]
-03-519 F 1903 01 1324 8 1959 98 €2 0.0 29 25 0 367 0
03-520 F 1907 - 0% 1925 780 1974 112 c2 0.0 79 33 0 487 0
03-521 F 1907 1961 01 1925 39 1959 10 €3 0.0 %9 2 0 27 -0
03-522 F 1898 To1 1921 52 1980 89 €2 0.0 Z9¢ 29. 0 4439 0
03-523 F 1900 01 1923 30 1980 8 €3 0.0 Z9C 2 0 36 0
03-524 F 1903 01 1925 260 1972 48 B2 0.0 29¢C 14 0 204 0
03-525 F 1911 1976 €1 1931 2132 1959 19 c2 0.0 z9 3 b 25 0
03-526 F 1896 01 1925 52 1959 0 ¢6 0.0 Z9 0 0 ] 0
03-527 F 1909 01 1925 130 1959 5 €3 0.0 29 1 0 BL: 0
03-528 F 1904 . 6t 1922 52413959 1630 c2 0.0 Z9 412 0 6118 0
03-529 F 1902 01 1921. " 104 1980 73 ¢2 0.0 z29¢C 24 0 363 0
03-530 F 1907 1965 01 1923 91 1563 474 c2 0.0 z9 127 0 1541 0
03-531 P 1906 01 1925 403 1959 41 c2 0.0 29 10 0 148 0
03-532 F 1910 01 1926 190 1980 44 €2 0.0 Z9c 14 0 193 0
03-533 F 1908 01 1925 260 1979 12 c3 0.0 Z9¢ 4 0 54 0
03-534 F 1910 - 01 1925 104 1976 3 B3 0.0 29 i 0 15

03-535 F 1907 To01 1922 21 1964 227 c2 0.0 29 63 0 954

03-536 F- 1910 : 01 1925 7 1959 35 c2 0.0 Z9 9 ] 128

03-537 F 1900 07 1916 52 1977 1 c6 0.0 29C 0 0 "6

03-538 ¥ 1909 1976 01 1927 13 1959, 61 €2 0.0 Z9 15 0 200
©03-539 F 1900 01 1922 20 1979 5 €3 0.0 Z9C 2 0 23

03-540 F 1904 01 1923 364 1973 . 1605 B1 0.0 z9cC 481 0 7098

03-541 F 1913 01 1935 178 1978 0 ¢c6 0.0 29¢c 0 0 0

03-542 F 1904 01 1922 13 1978 23 c2 0.0 29C 7 0 111

03-543 F 0.0 Z9cC 0 0 3

COQOO COoOOO O

1918 0% 1947 . 100 1972 : 1 B6



EXPOSGRE DATA FOR RADIUM PATIENTS TO END OF 1980

- 76T

1905

‘TABLE 1 (CONT.)
(1) (3) 4y - (6) {7)  (8) - (9) (10) (12) (13) (15) -
S - YEAR EXP YEAR RA226 RA228  INPUT cuM
FIRST DUR OF RA226 METHOD METHOD RA226 RADS
- CASE___SEX BORN _DIED TYPE EXP__WKS__MEAS___NCI __+ ERR + ERR__, _UCI BA226
03-544 F 1906 1975 1922 26 1959 5 €3 29 1 9 19 0
03-545 F- 1898 1920 208 1959 0 6 0.0 29 0 0 0 0
03-546 F 1903 : 1925 52 1959 95 c2 0.0 29 - 23 0 343 0
. 03-547 - F 1907 -1962 1923 108 1959 19 c©2 0.00370 F2 5 3 55 19
03-548 F 1906 1922 17 197 80 B1 0.0 Z9C 24 0 365 0
03-549 F 1910 1925 936 1980 41 c2 . 0.0 29C. 13 0. 191
03-550 F 1900 1917 104 1980 8 ¢3 0.0 z9C 3 o T
03-551 F 1903 1922 338 1973 1077 c2 0.0 Z9C 324 0 4816
03-552 F - 1904 1924 108 1978 114 c2 0.0 -29¢C 36 0 527
03-553 F 1904 1924 13 1979 . 6 c6 0.0 %9C 2 0 30
03-554 F 1899 1977 1924 433 1961 2000 G4 0.0 29 513 0. 7258
03-555 .F 1913 1978 1930 260 1972 2 B6 0.0 z9c - 1. 0 8
03-556 F 1911 1928 100 1976 2 B3 . 0.0 29C 1 0 -9
- 03-557 F 1910 1978 1925 . 3 1959 0 c6 0.0 z9 - 0 0 0
03-558 F 1904 1971 1923 13 1959 115 . c2 0.0 cé 29 50 395
03-559 F 1907 1975 1922 . 21 1959 ©17 €2 0.0 29- 4 0 63
03-561 F 1909 1924 416 1959 67 ~c2 0.0 z9 17 0 245
03-562 F 1908 1980 1927 520 1972 4 B3 0.0 1 z9¢ 1 0 13
03-563 F 1909. . 1924 10 1980 4 c3. 0.0 z9¢C 1 0 21
03-564 F 1906 1923 3 1976 3 B2 0.0 z9C 1 0 16
03-565 F 1913 1979 1930 676 1978 7 €3 0.0 z9¢C 2 0. 25
03-566 F . 1910 1930 624 1978 2 c6 0.0 Z9C 1 0 7
03-567 F 1900 1922 104 1972 26 B2 0.0 z29C 8 0 116
03-568 F 1905 1977 1922 260 1959 120 c2 0.0° 29 30 0 434
03-569 F 1901 1973 1522 312 1959 184 c2 0.0 29 36 0 495
03-570 F 1908 . 1925 43 1976 8 B2 - 0.0 . 29C . 3 0 37
03-571 F 1909 1925 - 52 1979 710 €2 0.0 z9C 224 0 3264
. 03-572 F 1906 : 1924 56 1977 62 Cc2 0.0 o o29c 19 0- 287
-03-573 F 1900 1979 1925 52 1977 16 Cc6 0.0 1 29¢C 5 0 - 69
03-574 F 1904 1920 - 624 1976. 1 B6 0.0 29C 0 0 .3
03-575 F 1913 1931 52 1973 .0 B6 0.0 Z9C .0 0 . 0 0
- 03-576 F 1909 1925 156 1976 4 B2 0.0 z9C 1 0 17 0
. 03-577. F 1901 1961 1921 . 104 1959 81. €2 0.0 z9 21 0 247 0
03-578 F 1909 1980 1924 30 1976 8 B2 0.0 29 2 -0 . 37 0
03-579 F 1922 13 1959 30 c2 0.0 29 8 . 0- 118 0

COO0PO OOCOO OO0OC WMoOOOC ©oOQo
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TABLE 1 (CONT.)

EXPOSURE DATA FOR BADIUM PATIENTS TO END GF 1980

() (5 - (6) (M (8) (9) (10) (11) -(12) (13) {14) T (15) (18)

YEAR EXP YEAR RA226 PRA228 - RA228 INPUT INPUT . CUH cun

- EXP FIRST DUR OF - RA226 METHOD TC RA226 METHOD -RA226 -RA228 RADS ° RADS
CASE SEX_BORN DIED_TYPE EXP HES__MEAS NCI + _EER__RATIO + -EER uci ucr RA226 RA228
03-580 F 1904 01 1923 4 1959 2 c6. 0.0 29 1 0 8 6
03-581 F 1904 01 1922 10 1959 13 c3- 0.0 Z9 3 0 51 0
03-583 M 1893 1962 07 -1930 +0 1959 50 c2 0.0 z9 11 0 84 0
‘03-584 F 1905 1959 01 1923 +0 1959 6000 A4 0.0 Zz9 1540 0 17131 0
03-585 F. 1894 01 1918 260 1966 . T4 c2 0.0 29 21 0 XY 0
03-586 F 1908 1968 01 1926 82 1967 900 Cc2 0.0 29 2u5 0 2972 0
03-587 F 1906 01 1925 34 1959 13 c3 0.0 29 ’ 3 0 47 0
‘03-588 F 1901 1967 01 1822 229 1962 316 c2. 0.0 29 83 0 1041 0
03-589 F 19¢6 1969 .01 1924 21 1959 .17 c2 0.0 29 19 0 248 0
03-530 F 19C0 01 1922 26 1965 104 c2 0.0 9 29 0 442 0
03-591 F 1907 17 1926 2340 1980 5 c3 .0.0 29C 1 0 11 0
03-592 F 1905 01 1922 78 1979 70 c3 0.0 zZ9 23 0 341 0
03-593 F 1905 01 1922 10 1977 10 . C3 0.0 zZ29C 3 0 47 0
03-594 F -1905 1968  -01 1922 . 52 1959 41 c2 0.0 29 11 0 137 0
03-595 F 1902 01 1923 52 1980 0 cé 0.0 Z9C 0 0 0 0
‘03-596 F 1904 01 1922 - 8 1979 10 - C3 0.0 z9oc 3 0 51 0
03-597 F 1903 16 1925 1300 1972 74 B1 0.0 z9cC 18 0 226 0
03-598 M 1890 07 1933 4 1971 1 B6 0.0 29C 0 0 .2 0
03-599 F 1906 1975 01 1922 26 1959 9 c3 0.0 z9 2 0 33 0
03-600 F 1902 07 1926 988 1972 0 B6 0.0 Z9C 0 0 0 0
03-601. F 1893 1969 - 01 1925 260 1960 6 C3 0.0 Z9 2 0 19 .0
03-602 F 1899 1979 01 1925 104 1960 - 4 Cé6 0.0 29 1 0 13 -0
03-603 F 1888 1979 01 1924 520 1960 0 (of 0.0 Z9 0 0 0 -0
03-604 F 1899 01 1916 624 1976 2 B3 - 0.0 Z9C 1 0 10 0
03~-605 F 1900 01 1921 364 1972 1 B6 0.0 z9C 0 0 -3 0
'03-606 F 1903 01 1924 6 197 2 B6 0.0 29C 1 0 8 0
03-607 F 1906 0t - 1922 26 1980 97 c2 0.0 29C 32 -0 481 -0
03-608 F 1895 1976 Ot 1917 104 1960 19 c2 0.0 29 5 0 80 0
03-609 F .1896¢ 1974 01 1923 4 1960 0 Cc6 0.0 Z9 0 0 0 0
03-610 F 1917 01 1935 104 1973 . 1 B6 0.0 29C 0 0 4 0
03-611 F 1893 1969 01 1916 208 1960 3 o3 0.0 29 . o1 0 12 0
03-612 F 1892 1968 01 1918 234 1960 - 500 cz2 0.0 Z9 135 0 1806 0
03-613 F 1905 . 61 1925 95 1972 2 B6 0.0 Z9C 0 7 0
03-614 F 1909 01 1924 56 1975 9y B2 0.0 z29 29 0 424 0
03-615 F 1905 01 1923 107 1975 14 Bl 0.0 zZ9 4 G 0



TABLE 1 - (CONT.)

.EXPOSURE DATA FCR RADIUM PATIENTS TO .END OF 1980

96T

1926

1960

0

(4) &) . (7 (8 (12) (13 (14 -{15)
2o YEAR. EXP YEAR RA228 . INPUT INPUT cun
FIRST DUR OF METHOD = RA226 RA228 RADS
DIED TYPE EXP - WKS _ MEAS + ERR UcI Ucl RA226
1951 1927 312 1963 29 15600 0 14586
1969 1920 43 1960 ~ Z9 3 0 36
1962 1922 34 1962 00144 F1 425 76- 5041
1942 208 1971 0 - 29C 1 0 - 12
1944 208 1971 0 29C 1 0 9
F ( . 1926 104 1960 0.0 29 0 0 0
F .. 1978 1924 40 1960 - 0.0 29 1 0 15
F 1959 1923 156 1959 0.0 29 251 0 2716
F : 1923 -13 1976 0.0 29C 0 0 2
F 1924 208 1960 0.0 z9 51 0 742
F 1966 1924  -208 1960 0.0 29 - 13 0 153
F 1974 1921 34 1962 . 0.0 29 0 0 0
F 1969 1922 +0 1960 0.0 29 0 0 0
" F _ : 1924 17 1974 0.0 z9C 6 0 83
F 1975 1922 +0 1960 0.0 29 0 0. 0
F 1922 780 1960 0.0 29 5 0 76 0
F 1961 1924 +0 1960 0.0 29 1 0 9 0
F . 1925 +0 1960 0.0 z9 A2 0 174 0
F 1924 192 1976 0.0 29C 2 0 24 0
F 1924 6 1979 © 0.0 29C 13 0 186 0
F 1972 1524 +0 1960 0.0 29 2 0 24 .0
F K 1925. 156 1960 0.0 29 17 0 245 0
F 1924 60 1960 0.0 29 1 0 19 .0
F . 1922 26 1979 0.0 z9¢C 3 0 44 0
F 1978 11922 52 1976 0.0 'Z9C 10 0 16 0
F 1979 1926 156 1975 0.0 29C 3 0 40 0
F - 1924 312 1959 0.0 29 14 0 205 0
F 1926 +0 1960 0.0 Z9 0 0 -0, 0
F 1925 5 1960 0.0 29 9 ¢ 130 0
F 1956 1922 . 155 1956 . 0.00430 2. 1216 271 - 12670 3
F 1954 1924 1352 1951 0.0 Z9F 282 0 2725
F 1929 1923 347 1978 0.0 F2 2127 332 6560
F- 1953 1922 "8 1952 0.0 F1 890 169 . 8980
F 1924 +0 1960 0.0 29 1 -0 11
F '8 0.0 29 126

OCOOCO0OO0 OQ0O0OOO0’ oo
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TABLE 1 (CONT.) EXPOSURE DATA FOR BRADIUM PATIENTS TO END OF. 1980

AT @@ ®m G @ M @ (9 (10 () (12)  (13)  (14) a5~ (1)

YEAR EXP YEAR . RA226 RA228 'RA228  INPUT INPUT  CUM cun
SR EXP FIRST DUR OF RA226 METHOD TO.RA226 -METHOD 'RA226 RA228  RADS "RADS
_CASE___SEX BORN _DIETL_TYPE EXP__ WKS _MEAS___NCI __ + ERR__RATIO '+ ERR _ UCI _ __UCI __RA226 EA228
03-674 F 1908 1977 01 1925 43 1976 2 B3 0.0 29C 1 0 9 0
.03-676 F 1897 1977 01 1924  +0 1963 1700 c2 0.0 z9 455 0 6514 0
 03-677 M 1899 1965 06 1924 +0 1961 232 G4 0.0 29 60 0 522 . 0.
03-678 M 1919 71 1953 988 1972 6 B3 0.0 z9C 1 0 3 0
03-679 F 1910 01 1930 10 1977 1 B3 0.0 79¢C 0 0 6 0
03-681 F 1906 01 1922 . 6 1962 1 66 0.0 29 0 0 2 0
03-682 F 1907 01 1925 60 1978 . 2 €6 0.0 29¢ 1 0 8 0
03-683 F 1906 1979 01 1923 . 0 1961 0 ¢6 0.0 29 0 0 0 0
03-684 F 1907 01 1927 17 1977 . 1 B6 0.0 29¢ 0 0 6 0
03-685 F 1902 01 1921 65 1979 86 C2 0.0 29¢C 28 0 428 0
03-686 F 1904 01 1923 1040 1975 20 B2 0.0 z9c - 6 0 89 0
03-687 F 1900 1974 01 1925 43 1961 51 c2 0.0 z9 13 0 176 0
03-688 F 1918 01 1935 367 1972 . 3 B6 0.0 . 29¢C 1 0 8 0
03-689 F 1903 01 1923 208 1980 ° - 71 €2 0.0 29¢C 23 0 337 0
03-690 F 1909 1967 01 1924 290 1959 380 B2 0.0 29C 95 . 0 1164 0
03-692 M 1887 1976 07 1920  +0 1961 6 'C3 0.0 29 2 0 17 - 0
03-693 F 1920 01 1982 520 1952 1 66 0.0 29 1 0 9 0
03-695 F 1920 ~ 01 1942 34 1972 7 B3 0.0 29¢C 2 0 19 0
03-696 F -1932 01 1950 52 1963 0. C6 0.0 79 0 0 0. 0
03-697 F 1902 01 1924 34 1967 181 €2 0.0 29 51 0 751 0
03-701 F 1907 ©01 1924 9 1977 0 €6 0.0 9 0 0 0 0
03-703 F 1921 01 1946 282 1980 1 ¢6 0.0 29¢C 0 0 3 0
03-710 F 1907 . - 01 1924 728 1977 3 ¢c6 0.0 29¢ 1 0 - 15 0
03-712 F 1922 01 1982 62 1977 7 ¢3 0.0 z9¢ 2 0 20 0
03-713 F 1921 01 1941 456 1971 2 B6 0.0 29C 0 0 2 ¢
03-714 F 1923 T 01 1942 364 1971 3 B3 0.0 z9¢ 1 0 8 0
03-716 F 1920 1976 01 ~1941 104 1971 0 B6 0.0 79¢C 0 0 0 0
03-717 F 1906 1977 01 1922 156 ‘1977 150 C6 0.0 z9 47 0 682 0
03-720 F 1910 01 1926 52 1976 6 B2 0.0 29C 2 0 24 0
03-722 F 1905 01 1924 4 1977 3 B2 0.0 79¢C 1 0 12 0
03-726 F 1905 1972 01 1922 186 1968 574 Cc2 0.0 29 164 0 2206 0
03-727 F 1906 1977 01 1923 - 988 1972 165 B1 0.0 798 49 0 696 0
03-725 F 1926 011943 208 1973 -1 B6 0.0 . 29¢ - 0 0 3 0
03-730 M 1894 1963 06 1923  +0 1961 7 €3 0.0 29 2 .0 16 0
03-732 F 0.0 79¢ 0 0 4 0

1924 01 1942 78 1973 2 B6
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- EXPOSURE DATA FOR RADIUM PATIENTS TO END OF 1980

.05-002

1973

OO0 O

CX-X-X-X-3

TABLE 1 (CONT.)
(1) (2) (3) (4) (5 6) (7) (8) (9) (10) (11 (12) (13). (14 (15 (16)
- : YEAR EXP YEAR - © RA226 RA228 RA228  INPUT INPUT cun cuy
: EXP FIRST DUR OF  RA226 METHOD TO RA226 METHOD 'RA226 RA228 RADS "RADS
CASE SEX BORN DIED TYPE EXF WKS _MEAS NCI ‘+ ERR RATIOQ + ERR UCI ucIL RA226 RA228
03-736¢ F 1896 16 1919 22 1980 0 c6 0.0 Z5C .0 ) 0
03-741 F 1908 01 1925 260 1975 .4 B3 0.0 29C 1 0 16
063-748 F 1910 01 1927 +0 1977 5 B2 0.0 z9¢C 1 0 21
03-752 F 1904 01 -1922 15 1980 7 ¢3 0.0 Z9C 2 -0 35
03-753 F 1906 01 1922 +0 1980 12 ¢3 0.0 - 29C 4 0 - 62
03-757 F 1902° 01 . 1923 91 1978 10 Cc6 0.0 z9C 3 0 49
03-761 F 1901 01 1927 1144 1980 . 17 ° €3 0.0 29C 5 0 58
03-763 F 1901 01 1931 52 1976 0 Cc6 0.0 29¢C 0 0 0
-03-764 F 1908 01 1926 ° 364 1976 2 B3 0.0 Z9¢C 1 0 9
03-771 F 1900 01 1923 13 1980 i08 €2 0.0 z9C 35 -0 529
03-774 F 1909 01 1924 -3 1977 1 B6 0.0 29C 0 0 3 0
03-775 F 1922 01 1942 52 1974 4 B3 0.0 29C 1 0 10 .0
03-778 F 1904 - - - 01 1923 104 1973, s4 B1 0.6 29C 16 0 243 0
03-779 F 1905 1942 01 1922 +0 1979 1835 a1 0.0 .29 347 0 2651 0
03-782 F .1908 01 1923 .5 1976 2 B3 0.0 '29C 1 0 1. .0
03-784 .F 1905 01 1923 ° 178 1954 750 cCc& 0.0 29 173 0 2561 0
03-788 F 1905 01 1926 104 1976 1 B6 0.0 Z29C 0. 0 3 -0
03-795 ¥ 1897 1944 01 1926 - 78 1944 8 G6 ' 0.0 29 1 0 10 0
03-796 F . 1907 01 1925 2 1972 0 B6 0.0 z9¢ 0 0 1 0
03-798 F 1915 01 1935 280 1978 "2 Cc6 0.0 29C 0 0 5 0
03-801 F 1906 01 1928  -13 1976 2 B3 0.0 z9C 1- 0 10 0
03-807 F 1923 01 1954 780 1973 0: B6. 0.0 29C 0. 0 0 0
03-810 F 1919 -- 01 1934 312 1972 2° B6 0.0 29C 0 0 6 0
03-817 _F 1907 01 1926 13 1978 0 c6 0.0 29C 0 0 0 0
" 03-818 F 1902 01 1927 ‘62 1975 4 B3 0.0 Z9C 1 0 17 0
~ 03-825 F 1906 01 1922 4 1976 1 B3 0.0 Z9C 0 0 5 . 0
-03-828 " M- 1915 17 1950 936 1980 0 c6 0.0 z29C 0 .0 - 0. 0
03-834 F 1907 - ~ 01 1925 +0 1976 1 B3 0.0 z9c 0 0 6 0
03-836 F 1908 1980 01 1924 23 1967, 0 Cc6 0.0 29 0 0 0 0
03-838 F 1928 . 01 1947 130 1975 . 2- B3 0.0 - 29C 1 © 0 5 0
03-842 F 1910 - 01 1926 416 1976 3 B2 0.0 29C 1 0 13 0
03-845 F 1908 01 1927 104 1979 0 c6 0.0 29C 0 0 0 0
03-850 F 1923. 01 1942 . 78 1979 7 C€3 0.0 2.9C 2 0 22 0
05-001 . F -1900 01 1919 52 1978. 43 'B1  0.00039 Z7B 14 7 222 102
F . 1903 01 1917 104 1971 2 B6 . 0.0 Z9B 1 0 9 0
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TABLE 1

EXPOSURE DATA FOR RADIUM FATIENTS TO END OF 1980

0050 z27¢C 6

(CONT.)
n (2) (3 ) (5 (8 (7) (8), 9 (10) an (12) . (13) (14) (15) (16)
: YEAR EXP YEAR RA226 RA228 RA228  INPUT INPUT cup cuy
. EXP  FIRST DUR OF =~ RA226 METHOD TO RAZ26 K METHOD RA226 RA228 KADS EADS
CASZ___SEX_BORN . DIED TYPE EXP ~ WKS MEAS __ NCI___+ ERR _RATIO + ERR___UCI ucl RA226 RA228
05-003 F 1300 1959 01 1917 8 1958 0 G6 0.0 29 0 0 0 0
05=004 F 1904 01 1920 104 1959 12 66 0.016CO A 3 5 49 77
05-0065 F 1901 1980 01 1916 13 1960 0 G6 0.0 29 0 0 ) 0
05-207 F 1896 01 1920 95 1967 23 B2 0.006C0 = Z7B 7 11 103 164
05-008 M 1894 1964 07 1916 104 1963 4 cL 0.0 Z9C 1 0 11 0
05-010 F 1901 1974 01 1921 34 1961 4 cCcL 0.012¢0 27C 1 2 15 24
05-011 F 1902 01 1917 52 1959 12 G6 0.0 , z9 3 0 53 0
05-012 F 1901 1959 01 1917 52 1970 16 a1 - 0.0 , Z9A 4 g 54 0
05-214 F 1900 01 1916 208 1980 103 €2 0.000%8 B6C- 35 38 559 571
05-015 F 1891 01 1916 67 1978 4 c6 0.0 Z9B 1 0 20 0
05-016 M 1891 1965 06 1916 100 1958 15 64 0.0 Z9 4 0 40 0
05-017 F 1894 1980 01 1919 +0 1968 5 66 0.00520 27 2 3 24 46
05-018 M 1886 1979 06 1918 156 1971 4 B3 0.00180 z78 1 1 1) 12
05-019 F 1885 1968 01 1921 2 1960 0 66 0.01460 27 0 0 0 0
05-020 F 1898 1980 01 1917 52 1959 3 G6 0.0 . 29 1 0 13 0
05-022 F 1900 1969 07 1916 32 1964 4 CcL 0.0 . Z9C 1 0 17 0
05-023 F° 1899 1960 01 1918 04 1960 38 €2 0.00320 z7¢ 10 5 126 73
05-024. M 1890 1965 06 1916 208 1961 4 CL 0.01200 YA [ 1 2. 11 27
05-025 F 1893 01 1917 .78 1971 86 B1 0.00020 278 27 4 431 53
'05-037 F 1898 1977 61 1916 260 1971 2 B6 0.0 Z9B 1 0 10 0
05-038 F 1901 07 1916 356 1972 99 G4 0.0 79 32 0 503
05-039 F 1899 07 1917 156 1980 18 €2 0.00043 27C 6 5 94 6
05-040 F 1899 01, 1917 54 1971 10 .B2 0.0 798 3 0 50
05-042 F 1918 , 01 19480 130 1972 1 B6 0.0 Z9B 0 0 3
05-043 M 1888 1960 06 1915 208 1965 0 F6 0.00430 Z7F 0 0 0
05-044 M 1895 1975 06 1915 068 1971 2 B6 0.0 Z9B 1 0 7
05-045 F 1899 1960 01 1917 60 1965 5 F4& 0.0 Z9F 1 0 17
05-049 F 1905 01 1923 13 1965 6 C3 0.0 29C 2 0 25
05-072 ¥ 1893 1950 07 1919 13 1976 0 A6 0.00100. z7 0 0 0
05-088 F 1886 .01 1917 4 1959 . 4 G6. 0.0 Z9 1 0 18
05-089 F 1900 01 1916 78 197 13 B2 0.0 29B 4 0 66
05-092 F 1901 . 01 1916 104 1959 6 G6 . 0.0 Z9 2 0" 27
05-093 F 1897 1974 71 1915 78 1961 6 Cc6 0.0 : z9C 2 0 26
05-094 P 1927 01 1946 .39 1973 6 B3 0.0 298 1 0 14
05-096 F 1901 1971 01 1918 26 1962 234 Cc2 - 0.0 6 7 949 10
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'TABLE 1 (CONT.) 'EXPOSURE DATA FOR EADIUM PATIENTS TO END OF 1980

(16)

1924

1963

cooco ©oooNn

(1) {2) 43) (4) - (5) (6) (7)  (8), (9) (10) (1) (12) (13) (14) (15)
. ) -~ YEAR. EXP YEAR RA226 RA228 RA 228 INPOT INPUT cun cuy
: : . "EXP - FIRST DUR OF EA226 METHOD TO RA226 METHOD RA226 RA228 RADS - . KADS
CASE SEX EORN. _DIED_ TYPE EXP WKS__ MEAS NCI + ERR RATIO +_ERR UcCl ucx RA226 RA228
05-6987 M 1892 1976 06 1918 26 1961 4 CL 0.00050 zZ7C 1 ‘ 0 12 1
05-100 "F 1907 01 1919 . 156 1968 4 - -G6 0.00520 27 1 2 18 30
05-101 F 1902 01 1924 6 1964 4. cCL 0.00850 27c "1 1 16 18
‘05-102 F 1900 01 1915 364 1960. - 6 Ccé 0.00350 . 27¢C 2 1 26 . 13
05-103 'F 1906 01 . 1923 4 1959 1 G6 0.01600 27 0 0 L 5
'05-104 F 1900 01 1918 13 1964 4 CL 0.00040 27¢C 1 0 18 2
05-105 ® 1903 1959 07 '1918 30 1959 0 G6 0.00070 Z7 0 0 0 0
05-111 M 1895 1977 07 1920 312 1970 -5 .G6 0.00660 z17 1 "3 15 31
05-116 F . 1898 1959 01 1917 ' 52 1972 19 Al 0.0 ’ Z9A 5 0 64 0
05-117 M 1887 1968 06 . 1915 208 1964 4 cL- 0.0 29¢ 1 0 12 0
05-118 'F 190t g1 1917 65 1977 2 B3 0.0 298 1 0 1 0
05-119- F 1905 01 1924 212 1977 10 B2 0.00175 27 3 3 46 46
05-120 F 1890 07 1919 6 1959 5 Gé 0.00770 27 1 1 21 20
05-121 F 1906 01 1921 26 1980 . ] B3 0.00117 278" 3 4 40 58
05-122 M 1879 1962 07 1922 208 197% 5 F4§ 0.00144 Z7F 1 2 -1 16
05-123 F 1897 1972 01 1918 1 1960 4 G6 0.00060 27 1 0 16
05-125 F 1902 1976 07 1916 104 1959 26 G4 0.0 - 2 7 0 111
05-126 M 188S 1970 01 1921 52 1970 0 - B6 - 0.0 Z9B 0 0 0
05-127. ¥ 1893 - 06 1918 999 1967 20 B2 0.0 Z9B 5 0 54
05-129 F 1900° 1969 07 . 1917 104 1960 4 CL 0.0 29C 1 0 . - 16
-05-130 F 1920 01 1940 78 1972 .0 B6 0.0 Z9B 0 0: 0
05-132 F° 1898 07 1918 52 1969 0 G6 0.06020 z7 0 0 o
05-133 M 1903 1967 07 1918 13 1959 .0 G6 0.00070 z7- -0 0 0
" 05-134 F - 1900 01 1917 6 1959 9 G6 0.0 29 3 0 40
05-135 F 1919 01 1941 106 1976 0 B6 0.0 298 0 0 .0
05-136 ¥ 1896 1966 06 1917 78 1959 94 G4 0.0 29 26 0 249 0
05-138 F 1917 01 1941 104 1968 5 B3 0.0 Z9B 1 0 . V 0
05-139 F 1891 1966 01 1919 70 1962 4 CL 0.00540 z27¢C 1 1 15 16
05-140 F 1897 1960 01 1918 +0 1978 670 . P4 0.00082 F2 184 197 2227 2957
05-142 F 1904~ 01 1919 "39 1960 - 1 G6. 0.00680 27 3 3 47 43
05-143 F 1899 1962 07 1918 +0 1961 4 CL 0.00050 27¢C 1 0 14 2
. 05-145 M 1883 1961 07 1916 572 1961 4 - c1L 0.00150 zic -1 -0 9 2
. 05-146 ¥ 1897 06 -1920 286 1968 - 2. G6 0.00490 - - 27 1 1 -6 -
"05-150 F 1899 1969 07 1917 6 1960 . 45 G6" - 0.0 : 29 13 -0 179 0
05-151 F 1897 01 95 7 Cc3 0.00960 zZ7C 2 2 27
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05-258

1917

TABLE 1 (CONT-J' EXPOSUKE DATA FOEK RADIUM. PATIENTS TO END OF 1980

1 @ 4 (W (B @® (M ®. () (10 .y (12 (13)  (19)° (15)  (16)

. YEAR EXP YEAR RA226 RA228 RA228 INPUT INPUT TN cuN

. EXP- FIRST DUR ©OF RA226 METHOD TO RAZ26 METHOD RA226 RA228 RADS RADS
CASE SEX_BORN_ DPIED TYPE EXP - BKS _MEAS NCI + ERR__RATIQ__ % ERR UCI . UcI_. RA226_ .. _RA228
-05-154 P 19600 1978 ©1 1916 11 1970 0 GéE 0.0 ‘29 0 K] © (0]
05-155 F 1898 1965 07 191¢ 28 1963 4 CL 0.0 zZ9C 1 0 1% 0
05-160 F 1917 61 1942 156 1969 0 G6 0.0 z9 ) (¢} (t] 0
05-161 #1901 1979 06 1918 9 1971 0 Bé 0.000 16 278 0 0 0 0
05-162 F 1914 07 1942 “+0 1960 29 G6- 0.0 z9 5 0 60 0
05~-163 M 1912 1970 07 1941 104 1960 35 Gé 0.0 pA:] 6 0 42 0
05-165 F 1899 1964 01 1919 13 1972 1 A6 0.0 z9a 0 0 3 0
05-172 F. 1907 1969 ©01 193¢ 999 1960 24 G4 0.0 29 4 0 26 0
05-174 F 1902 . 01 1919 130 1977 0 Cé6 0.001z6 27 0 0 0 0
05-179 - F 1921 01 1940 182 1974 0 B6 0.0 298 0 - 0 0 0
05-181 F 1901 01 1918 4 1970 -0 B6 0.000*8 278 0 [¢] 0 -0
05-184 M 1901 1974 41 1922 156 1964 -} Cé 0.0 - 29C 1 0 1) 0
05-185 F 1912 0t 1941 208 1972 2 Bb6 0.0 798 0 0 -5 0
05-186 F 1922 01 1941 156 1972 1 B6 0.0 298 0 0 3 0
05-188 M 1889 - 1964 07 1917 104 1961 4 CL 0.0 zo¢ 1 0 10 0
05-189 M 1890 1972 07 1921 104 1964 4 CL 0.00850 27¢ 1 2 11 17
05-194 F 1902 1965 01 1926 5 1975 31 Fy 0.0 ] 79 8 0 97 0
05-197 H§ 1898 07 1919 7 1973 0 B6 - 0.00180 278 0 0 0 0
05-199 F 1901 16 1917 2 1967 0 - Bé 0.0 . . 298 0 0 0 0
05-201 F 1919 . 01 1941 221 1976 6 B3 0.0 298 1 0 17 .0
05-203 F 1899 ) 01 1919 52 1960 0 G6 . 0.00680 z7 . 0 0 0 0
05-204 M 1880 1961 07 1918 78 1978 0 F6- 0.00037 Z7F 0 0 0 0
05-205 F 1907 01 1924 208 1961 4 CL 0.0 Z9¢C 1 0 15 ()
05-206 F 1894 01 1922 52 1971 2 . Bb 0.00360 Z27B 1 1 9 12
- 05-207 M 1893 06 1917 “+0 1962 6 G6 0.0 ’ 29 2 0 20 o
05-210 F 1899 1971 01 1916 158 1977 1060 A1l 0.0 Z9A 334 0 481y 0
05-212 F 1903 07 1918 8 1965 4 CL 0.00030 VA [ 1 0 19 72
05-215 F 1886 1968 01 1920 78 1969 1410 A1l 0.00198 A3 417 291 5536 4376
05-237 M 1896 1969 06 1920 364 1961 4 CL 0.0 29C 1 0 - 10 o
05-246 F 1884 1969 06 1911 728 1962 . 4 CL 0.0 Z9¢C 1. 0 16 0
05-251 F 18696 ot 1917 34 1965 13 G4 0.0 Z9 4 0 62 0
05-252 F 1890 1976 01 1917 52 1964 4 CL 0.0 Z29C 1 0 18 0
05-255 M 1886 1966 (07 1920 -104 1964 5 Cé 0.00850 zZ7C 1 2 13 2@
05-257 F 1895 1975 01 1932 1248 1972 3 G6 0.0 29 1 0 7 0
F 1901 @1 1 1970 . 0 G6 0.0 29 0 -0 0 0
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TABLE 1 (CONT.)

EXPOSURE DATA FOR RADIUM PATIENTS TO END OF 1980

().

{7)

(8) 9y 10y (n (2 (3 (1%

34

a3 TORNE) S an (15)
YEAR -EXP YEAR RA226 RA228 .  RA228 INPUT INPUT cus’ cun
L EXP FIRST DUR OF, RA226 METHOD TG RA226 METHOD RA226 .KA228 RADS _RADS
CASE SFEX BORN _DIED TYPE EXP WKS__MEAS NCI + ERR _RATIO + ERR__-UCI UcI RA226 RA228
05-255 F 1900 07 1917 52 1960 6 G6 0.9 29 2 6 27,0
05-260 F 1898 1980 07 1917 . - 32 1960 ‘0 G6 0.0 9 0 0 0 0
05-261 F 1892 ‘1977- 01 1943 104 1960 4 CcL 0.0 © 29 1 0 07 0
05-262 F 1917 01 1942 260 1972 '3 B3 0.0  -a9C 1 0 7 0
05-263 M 1883 1967 07 1919 104 1962 4 CL 0.00800 zZ7C 1 1. 1 16
05-264 M. 1903  : - 07 1917 5 1961 4 CcL 0.0 29¢C 1 0 13 0.
05-265 ¥ 1884 1963 07 1916 104 1962 4 CcL 0.0 z9¢C 1 0 11 0
05-266. M 1881 1970 07 1918 130 1964 4 CcL 0.00200 - z7C 1 1 1. 6
05-268 F 1893 01 -1918 39 1960 4 CL. 0.00060 -27C 1 0 18 2
05-269 ® 1887 1971 .07 1918  52. 1964 4 CL - 0.00040 z7¢C 1 0 12 1
05-270 M 1901 07 1916 521961 8 €3 0.0 z9¢C 2 0 © 26 -0
05-272 M 1895 - 06 1918  65.1972 0 B6 0.00014 278 0 0 0 0
05-273 F 1889 1968 01 1918 104 1960 4 CL  06.01400 - 27C 1 2 15 34
05-274 F 1903 07 1920 4 1970 0 66 0.0 29 0 0. 0 0
05-276 F 1906 01 1921 75 1961 4 CcL  0.01200 27¢C 1 o2 16 23
05-277 M 1894 1973 06 1918 104 1960 4 CL "~ 0.00320 z7c 1 1 1 6
05-278 F 1893 1965 01 1917- 52 1964 37 . ¢c2 0.0 CZ9F 11 0 145 0
05-279 F 1896 1979 01 1917 1820 1969 0 66 0.0 z29 . 0 0 0 0
05-281 F 1898 1964 01 1916 148 1963 . 660 B2 0.00216 Fi 191 105 2519° 1580
05-282 . F 1898 01 1917 34 1964 8 C6 0.0 29¢ 2 0 - 38 0
05-284 F 1899 1973 01 1919 156 1969 218 B1  0.00080 Z78 - 65 19 930 284
05-286 M 1901 1963 06 '1916 104 1965 - 1 F4 0.0 ~Z9F 0 0 1
05-287 .M 1889 1970 07. 1917 . 390 1965 8 cL- 0.00420 ~ z7C 1 1 i1 11
05-288 F 1897.. 01" 1918 10 1960 4 CL 0.00060 - 27C 1 0 18 2
05-290 F 1898 1967 01 1918 .52 1960 8 €3 0.00060.  Z7C 2 0 30 3
05-291 F 1902 1974 01 1920 8 1968 4 G6 0.00540 27 1 2 17 33
05-292 - n 1904 1974 07 1918  +0 1965 4 CcL 0.00033 z7¢ 1 0 13 1
05-303 F 1894 1980 01 1917 2184.1977 1 c6 0.0 29 0 0 7 )
05-304 F 1897 01 1921 26 1962 4 cL 0.01100 z7¢ 1 2 17 26
05-306 F: 1903 01 1921 - 156 1976 3 . B3 0.0061S5 278 1 1 s
05-307 F 1920 - . 01 - 1984 74 1972 0 B6 0.0 9B 0 0 0 0
05-308 M 1893 . 1964 07 1916 208 1962 4 €L 0.00130 Z7cC 1 -0 i 3
05-310 F 1894 1965 01 1916 78 1964 5 c6 0.0 . z9c 1 0 20 0
05-311 M 1887..1961 06 1920 156 1960 4 CL  0.01400 z7c 1 2 9 17
05-312 M 1886 1961 01 1919 1961 2 "F6 0.00610 27F 1 1 5 6
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TABLE 1 . (CONT.)

EXPOSURE DATA FOR RADIUM PATIENTS TO END OF 1980

(1) (2) (3) {4) (5) (6) (7r  (8) (%) (10) {1 (12) (13) (14) (15) {(16)
: YEAR EXP YEAEK . RA226 RA228 KA 228 INPUT INPUT CcUN con

: : EXP FIRST DUE OF RA226 METHOD TC RA226 METHOD RA226 RA228 RADS RADS
CASE SEX_BOEN _DIED_TYPE_EXP WKS__MEAS__ NCI __+ ERR__RATIO ___ + BRR__ UCI .. uUcI_. . . RA226__. FEA228
05-318 M 190t 1961 07 1918 .+0 1965 4 F4 0.00030 - - Z7F 1 0 10 1
05-321 7 1899 01 -1916 208 1966 16 G6 0.00330 27 5 ) 76 80
05-322 M 1900 1975 07 1917 312 1973 § B3. 0.0 278 i 0 13 0
05-323 F 1899 1961 01 1915 26 1961 2 A5 0.0 79 B! 0 7
05-349 F 1884 1956 01 1919 +0 1979 7 A2 0.00075 z7 2 2 22 31
05-351 F 1891 : 01 1917 30 1968 23 66 0.0 29 7 0 113 0
05-352 M 1800 1963 07 1917 40 1964 i F6 0.0 Z9F 0 0. 3 0
05-353 M 1900 . 07 1915 13 1978 0 C6 0.0 798 0 0 -0 0
05-357 F 1890 1978 07 1917 104 1972 3 66 0.0 z9 1 .0 15 0
05-360 M 1892 1968 01 1914 +0 1963 4 cL 0.0 Z9¢ 1 0 12 0
05-363--“F 1899 1980 07 1917 © 9 1964 4 CL 0.0 z9¢ 1 0 19
05-368 F 1901 07 1917 104 1977 0  B6 0.0 79C 0 0 0 .
05-369 F 1901 07 1919 26 1978 1 B6 - 0.000727 278 - 0 0 5
05-370 -F - 1895 07 1920 26 1965 4 CL 0.00760 27¢ k| 2 18 3
05-372 F 1888 - 1970 01 . 1916 104 1968 14  Gu 0.0 79 4 0 62 :
05-374 F 1905 A 01 1923 8 1980 0  Cé6 0.00124 z7c 0 0 0
05-377 F 1895 1974 01 1916 15 1969 0 Gé6 0.0 ‘ Z9 0 0 0
05-380 F 1904 1970 07 1925 104 1962 4 cCL 0.011G0 zZ7¢ 1 1 13 1
05-383 F 1901 06 1917 165 1973 73 B1 0.000€0 z78 23 10 366 15
05-387 M 1902 06 1918 - 9 1975 0 B6 0.00010 Z78 0 0 0
05-395 F 1911 . 01 1928 728 1977 0 cé6 0.0 z29 0 0 0 0
05-397 F 1900 1976 07 1918 13 1962 4 . CL 0.0 z29¢ 1 0 17 0
05-399 M 1892 07 1916 104 1961 4 CL 0.0 zZ9¢ 1 0 13 0
05-401 ‘M 1898 76 - 1917 169 1971 S B3 0.00170 278 2 2 18 16
05-407 .F 1898 01 1916 - 9.1978 0 B6 0.0 Z9B 0 0 0 -0
05-409 F 1900 07 1918 61 1974 “0 B6 0.00011 YA} 0 0 0 0
05-410 F 1899 01 1916 26 1980 2 Cé6 0.0 z29¢ 1 0 9 0
05-413 P 1900 1971 01 1916 39 1969 18 . B2 0.0 Z98 - 6 0 82 0-
05-420 F 1889 1935 01 1917 104 1970 50 a1l 0.0 Z9A 9 0 60 0
05-437 F 1888 07 1923 26 1971 3 B3 0.00350 zZ78B 1 1. 13 16
05-438 F 1907 01 1926 13 1961 4 .CcL 0.0 79C 1 0 15 O
05-439 F 1898 1970 01 1916 104 1967 200 G6 0.0 29 61 0 872 0
05-440 F 18%6 1975 01 1922 11971 0 B6 0.00360 Z7B 0 0 0 0
05-442 F 1888 07 1917 6 1962 8 G6 0.0 29 2 0 37 0
05-443 F. 1922 . 07 1541 52 1972 3 B6 0.0 Z9B 1 -0 8 0

o

(= NN = - oMo O,



TABLE 1 -(CONT.) EXPOSURE DATA FOR RADIUM PATIENTS TO END OF 1980

b0z

-l .
NOOO O

(M (2 () @ (B & (h B (3 (10 ) (12) (13) (4 (15 (16)
. YEAR EXP. YEAR RAZ26 RA226 - RA228° INPUP' INPUT cum . cuy
) . EXP FIRST DUR OF RA226 METHOD TO RA226 METHOD RA226 . RA228 RADS " KADS
CASE SEX BORN DIED TYPE EXP WKS MEAS. .~ NCI + ERR-._RATIO + ERR Ucl UcIl : RA 226 _RA228
05-444 M 18935 1963 06 1517 43 1961 4 CL 0.0 29C 1 0 11
a5-446 M 1888 1971 45 .1525 +0 1964 4 CL 0.0 : .29C 1 0 10
05-447 F 11902 01 1916 9 1970 2 Bb 0.0 ) Z9B 1 0 10
05-448 F 1903 .01 1916 11961 4 CL 0.0 Z9C 1 0 19
05-449 F 1892 1961 01 1919 52 1961 4 CL 0.00610 Ay [ 1 i | 13
“05-450 "F 1903 07 1918 117 1971 1 B6 - 0.00090 Z7B 0 0 S . 2
-05-459 F 1917 ) 01 1933 208 1961 -8 (of 0.0 o 29C 2 0 22 0
05-460 F - 1898 1979 07 1916 182 1961 4 "CL 0.0 : 29C 1 0 18 0
05-464 F 1895 1969 01 1917 +0 1968 5 G6 0.0 29 .2 0 .22 0
-05-473- M 1899 1970 706_ 1921 26 1962 4 CL 0.01100 z7C 1 2 11 18
05-528 - F 1892 01 1917 52 1967 .0 G6 0.0 - 29 0 - 0 0 0
05-541 FE 1913 01 1937 884 1972 0 B6 0;0~‘ : Z29B 0 0 0 0
05-546 F 1902 L 07 1918 . 52 1973 1 B6 . 0.00012 Z7B . 0 0 5. 0
05-551 F 1895 ’ (¢ 3] 1918 9 1970 . 15 G6 0.00018 z7 5 0 74 7
05-555 F 1898 1965 07 1917 27 1975 S | A6 0.0 . 29 0 0 -y 0
05-560 M 1894 1965 07 192t 260 1962 4 CL 0.01100 "Z27¢C 1 1 9 13
05-574 F 1903 01 1918 . 1 1977 0 cé 0.00008 ‘27 0 . 0 0 0
05-580 M 1904 19725 .07 1919 6 1968 ) 4 G6 0.00260 27 1 1 13 13
.05-602 M 1899 06 1925 1300 1975 0 B6 0.0 298 0 - 0 0 0
95;611 +F 1900 1938 01 1914 156 1974 '0 ‘A6 0.0 Z9A -0 0 0 - 0
05-631 F 1897 1976 01 1917 ° "17 1970 0 G6 g.0 Z9 0 0 0 0
05-639 M 1906 . 1962 06 1922 39 1964 1 F6 0.00850 Z7F -0 0 S 2 4
05-674 M 1922 06 194¢€ 156 1965 4 CL 0.0 Z29C 1 0 5. 0
05-688 F 1921 1976 ~Q1' 1939 130 1965 s Cc6 0.0 Z9¢C 1 -0 12 : 0
05-736 F 1898 1954 06 1918 156 1972 150 F4  0.00410 F1 38 91. 407 - 1359
05-737 M 1895 1957 06 - 1918 156 1971 10 Fi 0.00462 ZU4F 3 6 21 oo 68 .
05=742 F 1898 1975 01 1916 30 1969 - 0 G6 0.0 29 0 0 0 : 0
- 05-751 F 1901 1933 01 1920  +0 1969. 0 Ab 0.00500 27 0 ) 0 0
05-765 F 1900 . 07 1916 117 1964 4 CL 0.0 . Z9C 1 -0 19 ’ 0
05-802 F 1893 1980 01 1918 +0 1972 . 1 "B6 0.00014 Z7B 0 "0 3. 0
05-818 F 1901 1969 01 1918 52 1967 .25 B2 0.00026° Z7B 7 1 104 11
- 05-873 F 1894 07 1917 286 1962 .39 c2- 0.00350 . z7¢C 11 6 169 95
05-880- F 1921 01 1939 520 1974 2 - Bb6 0.0 Z9B. 0 0 - 5 0
05-882 F 1917 1965. 01 - 1935 . 468 1964 13 Gé 0.0 Z9 3 . 0 - 24 .0
05-885 F 0 0.0 ‘29 0 0 0 0

1917 01 1939 572 1969
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TABLE. 1 (CONT.)

EXPOSURE DATA FOR RADIUM 2ATIENTS TO ENC OF 1980

)

(8) (9) (10) (1. (12) (13) (14). (15) (16)

(2) (3) ) (3 &) (7
' " YEAR EXP YEAR RA226 RA228 - RA228  INPUT CINPUT cun cuM
, EXP FIRST DUR OF PA226 METHOD TO RA226 METHOD RA226 RA228 ERADS ° EADS

CASE_ __SEX_BORN _DIED TYPE EXP _ WKS__MEAS___NCI __ + ERR__RATIOQ + ERR___UCI ucI RA226 EA228
05-892 F 1904 01 1917 4.1968 70 G6 0.0 29 22 0 BECEE
05-897 F 1899 1968 01 1917 69 1968 1310 64 0.0 - 29 400 0 5541 0
05-89& F 1919 01 1936 468 1972 0 B6 0.0 Z9B o 0 0 0
05-900 F 1919 1973 01 1936 312 1972 3 B3 0.0 z9¢C 1 0 8 0
05-901 F 1918 01 1934 468 1972 2 B6 0.0 298 0 0 6 0
05-902 F 1919 01 1936 988 .1962 6. C6 0.0 29¢ 1 0 1 0
05-905 F 1916 76 1937 156 1972 0 B6 0.0 . 298 0 0 0 0
05-906 - F 1913 01 1935 €24 1972 2- B6 0.0 298 0 0 6 0
05-907 F 1915 01 1935 260 1972 3 B6 0.0 29C 1 0 9 0
05-911 M. 1886 07 1923 6 1972 0 66 . 0.00310 27 0 0 0 0
05-912 ¥ 1877. 1951 07 1918 26 1969 0 A6  0.00020 Z7A 0 0 - 0 .0
05-917 'F 1902 01 1918 39 1966 83 B1 .0.00030 27C 25 2 390 36
05-920 M 1895 1963 06 1917 43 1962 - 4 CL 0.0 : z9C 1 0 11 0
05-921 F 1896 01 1916 30 1969 67 G4 0.0 29 21 0 339 0
05-942° M 1901 06 1918 9 1975 0 B6 0.00010 Z7B 0 0 .0 -0
05-949 M 1899 1974 06 1921 422 1968 0 66 0.0 z9 0 0 0 0
05-953 "F 1902 1978 01 1918 65 1977 1200 F4  0.00008 " Z7F 396 36 6110 547
05-962 ‘F 1894 1977 01 -1918 84 1964 47 C2  0.00200 27¢ 14 7 207 99
05-974 F 1900 07 1918 104 1970 0 G6 0.00100 z7 0 0 0 0
05-979 F 1897 01 1517 4 1969 196 G4 0.0 - 29 - 60 0 966 0
05-993 K 1902 1972 07 1917 .6 1971 0 B6 0.0 298 0 0 0 0
05-994 P 1886 01 1922 26 1967 9 G4 0.00570 : Z7 3 3 39 51
05-998 F 1902 0T 1918 3 1980 0 C6° 0.00005 z7¢C 0 0 0 0
09-001 F 1901 01 1917 39 1971 .4 B3 . 0.0 Z9B 1 0 20 0
09-002. F 1902 1970 01 1917 - 17 1959 - 10 B3 0.0 298 3 0 40 0
09-003 M * 1892 1963 06 1914 572 1959 410 B1 0.0 298 110 0 -989 0
09-004 F 1890 1961 01 1912 416 1960 550 €2 0.0 29C 156 0 2013 0
09-006 F 1898 1971 61 1917 65 1963 1 B6. 0.0 298 0 0 4 0
09-007 F 1901 1965 01 1917 104 1960 33 c¢c2 0.0 z9c 9 0 121 0
09-008 F 1898 01 1917 8 1960 . 20 c6 0.0 Z9C -6 0 90 0
09-009 F 1893 1969 01 1915 - 78 1960 2 B6 0.0 Z9B 1 0 - 0
09-010 F 1897 1964 01 1914 - +0 1960 10, Cce6 0.0 29¢C 3 0 40 0
09-013 F 1900 1976 -01. 1917 13 1971 4 B3 0.0 Z9B 1 0 19 0
09-015 M 1890 1972 04 1914 .52 1960 0 G6 0.0 z9 0 0 0 0

F 1903 01- 1917 18 0 B6 0.0 z9B 0 0 0 0

09-019

1975



TABLE 1. (CONT.) .EXPOSURE DATA FOR RADIUN. PATIENTS TO END OF 1980

-90Z.

(1 (2) (3 {4y (5 (6) (N (8) (9) (10) (1) - (12) {(13) (14) (15) (16)

: ) - YEAR EXP VYEAR . RA226 RA228 : KA228 INPUT INPUT. cuM - cun
‘ ~ EXP TFIRST DUR OF RA226 METHOD TO RA226 METHOD RA226 RA228 ~ RADS RADS .
CASE___'SEX_BORN__DIED TYPE EXP___ WKS _MEAS NCI .+ ERR__RATIO - + ERR- UCI ucI. . RA226 RA228
09-020 F 1857 1568 01 1917 ~ 156 1563 1 B6 0. ' Z9B 0 0. 4 0
09~-024 M 1873 '1960 06 1915  +0- 1960 : 0 F6 0.0 29 0 0 0 0
09-026 F 1902 ~ - 01 1917 48 1978 16  B1 0.0 298 5 0 86 0
09-028 F 1897 1976 01 1916 _ 78 1975 . 60 B2 0.0 298 20 0 305. 0
09-029 F 1901 1962 01 1917 13 1960 16 €2 0.0 zZ9cC 5 0 58 0
‘09-031 F 1897 07 - 1913 364 1960 . 286 C2 0.0 z9 . 81 0 1305 - 0
. 09-032 F 1902 1969 -01 1917 .52 1969 .97 B 0.0 Z9B 30 0 421. 0
" 09-038 - F 1903 01 1919 1 1960 . 0. B6 0.0 Z9B 0 0 0
09-041 M 1889 1952 06 - 1914 260 1965 4 A1 0.0 Z9A 29 0 229 0
09-043 F 1898 1976. 01 1917 26 1971 3- B6 0.0 " 298 1 0 15 0
09-044 F 1900 1955 01 1917 13 1975 17 a2 0.0 Z9 4 -0 52 0
09-046- F. 1902 1965 Ot 1917 104 1960 10 c3 0.0 zZ9C 3 0 37 0
09-049 F. 1902 01 1915 . +0 1969 14 G6 0.0 - z9 4 0 73 0
" 09-051 F 1900 " 1971 01 1917 104 1960 . 50 C6 0.0 Z9C 14 0 199 . 0
09-052  F 1900 1971 01 1916 52 1960 20. C6 0.0 Z9C 6 0 83 0
09-053 M 1874 1966 O4 1919 +0 1960 . 81 B1 0.0 298 22 0 210 0
09-057 F 1890, 1973 01 1917 © 52 1960 0 . B6 0.0 Z9B 0 0 0 0
09-058 F 1899 01- 1917 39 1960 -y B6 0.0 - 29B 1 0 18 0
09-059 F 1903 .1972 01 .1917 1 1971 .. 2 B6 0.0 Z9B 1 0 9 0
09-060 F- 1899 1975 01 1917 65 1969 43 B2 0.0 29B 13 0 200 0
09-061 F 1892 © 01 1914 208 1970 0 G6 0.0 29 0o - 0 0 0
09-062 F 1901 01 1918 - 52 1972 4 B3 0.0 Z9B 1 0 20 0
09-064 F 1891 . 01 1976 ‘9 1973. 1 B6 0.0 Z9B - S0 0 5 0
09-065 F 1887 1975 06 1914 - 78 1960 1 -B6 0.0 %298 0 - 0 5 0
09-066 . F 1899 - 01T 1917 . & 1972 2 B6 0.0 298 1 0 10 0
09-070 M 1875 1967 06 1913 208 1960 3 B6 0.0 Z9B 1 0 9. 0
09-071 F 1897 1977 01 1917 . 104 1975 2 B6 0.0 " Z9B 1 0 10 0
Q9-072 F 1893 1974 01 1917 39 .1972 2 .B6 0.0 29C -1 0 10. 0
09-073 M 1886 1963 06 1916 468 1962 0. B6 -0.0 Z9B 0. 0 0 0
09-074 F 1892 1976 01 1920 - 104 -1962 13 66 0.0 z9 4 . 0 52 0
09-075 M. 1893 1967 06 1913 884 1963 1 B6 0.0 "Z9B 0 0 3 0
09-076 M 1882 .1966. 06 . 1913 1872 1964 %% D3 0.0 .. 29D 3 0. 25 0
09-077 M 1894 06 1914  520..1972 2 B6 0.0 . 29B 1 "0 7 0
09-078 - M 1883 1966 06 .1911 832 1963 3. B6 0.0 Z9B 1 0 8 0
M : 0 0.0 Z9 0 0 0 0

09-079° 1891 | 06 1916 570 1962
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EXPOSURE DATA FOF RADIUM 2ATIENTS TO END 6? 1980
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TABLE 1 (CONT.)
a) (2) (3 )y (5 )y () (8 (%)  (10) (1Y (12) {13) {14) (15) (16)
, YEAR EXP YEAR . RA226 RA228 RA 228 INPUT INPUT cun cuo
. ] . EXP FIRST DUR OF RA226 METHOD TO RA226 METHOD RA226 RA228 RADS RADS
CASE SEX_BORN__DIED TYPE EXP WXS__MEAS NCI + EKR _RATIO + ERR __UCI ucIt RA226 kA228
09-080 M - 1886 06 1919 312 1962 5 G6 0.0 29 1 0 15 0
09«082 M 1892 06 1916 312 1979 6 B3 0.0 Z9B 2 0 23 0
09-083 ¥ 1889 1964 06 1915 17 1962 5 G6 0.0 z9 1 0 14 0
09-084 . M 1888 1927 06 1912 576 1965 382 Al 0.0 Z9A 42 0 131 0
08-086 M 1895 1979 06 1921 78 1974 1 B6 0.0 Z9B 0 0 3 0
09-088 M 1500 - 06 1922 338 1971 18 B2 0.0 Z9B 5 0 55 0
09-089 M 1890 1973 06 1915 -78 1959 64. C2 0.0 Z9C 18 . 0 194 0
09-090 ¥ 1888 1971 906 1913 78 1963 0 Gé6 0.0 29 0 0 0 0
09-095 M 1854 1S75 06 1918 41671975 0 B6 0.0 Z9B 0 0 0 0
09-096 M 1892 1978 06 - 1919 17 1963 9 G6 0.0 29 3 0 28 0
09-097 M 1896 07 1916 988 1974 1 B6° 0.0 Z9B 0 0 3
09-098 M 1902 1971 06 1921 104 1963 14 Gé6 0.0 Z9 4 0 37
09-099 M 1898 1971 06 1913 208 1963 1 G6 0.0 29 "0 . 0 3
09-100 M 1888 1960 06 1918 364 1963 9 G6 0.0 Z9 2 0 27
09-101 M 1884 19€4 06 1920 39 1963 6 G6 0.0 29 2 0 15
09-102 M 1882 1951 46 1915 1 1964 150 a1t 0.0 292 38 0 306
09-103 M 1895 1971 06 1918 416 1965 1 G6 0.0 29 -0 0 3
09-104 ¥ 1880 1967 . 06 1906 364 1965 42 B2 0.0 i Z9B - 13 0 “146
09-105 M 1886 1928 06 1912 832 1966 . 1390 al 0.00093 A6 112 17 333 1
09-106 M 1901 06 1919 156 1979 0 B6 0.0 Z9B 0 0 0
09-107 © 1897 1974 06 1913 104 1965 1 G6 0.0 29 0 0 -3
09-108 M 1891 06 1915 104 1965 4 G6 0.0 29 1 0 14
09-109 M 1895 06 1914 104 1965 4 G6 0.0 z29 1 0 14
09-110 ¥ 1900 . 06 1914 52 1965 7 G6 0.0 z9 2 0. 25
09-111 M 1874 1944 06 1913 520 1967 0 A6 0.0 Z9A 0 0 0
09-112 M 1898 1979 06 1940 416 1966 84 G4 . 0.0 9 17 0 130
09-115 M 1893 06 1920 52 1969 3 G6 0.0 29 1 0" 10
09-117 F 1899 61 1917 24 1971 4 B3 0.0 29B 1 o 20
0%-118 F 190% 07 1921 +0 1970 50 G4 0.0 Z9 15 0 231
09-120 M 1889, 1945 06 1918 104 1974 1 A6 0.0 Z9 0 0 2
09-122 M 1890 06 1917 156 1973 0 B6 0.0 Z9B 0 0 0
10-007 F 1916 01 1934 1144 197 0 B6 0.0 Z9B 0 0 0
10-008 F 1904 01 1918 . 13 1976 0 BE 0.00009 Z78B 0 0 . 0
10-010 F 1895 1975 05 1930 +0 1971 8600 B1 0.0 Z9C 2361 0 30382
M 1886 1941 05 1925 +0 1972 0 A6 0.0 29 0 o 0

COOoOOoCO



TABLE 1 (CONT.) EXPOSURE DATA FOR RADIUY PATIENTS TO END-OF 1980. .

Y@ B () @ () (o) (1 @z (13 (8 as)_ (i6)

80z

o YEAR EXP YEAR -BRA226- RA228: '~ - RA228  INPUT INPUT CUM T CUM
" EXP FIRST DUR OF RA226- METHOD*"TO RA226 METHOD RA226 RA228 RADS KADS
BORN '_DIED TYPE EXP _. WKS__MEAS-_.NE€I- ~ ¢« ERR RATIO .. + ERR _ _UCI__~ ucI RE226 EA228
1920 - . 01 1952 --416 1975 1 B6 0.0 . 29B 0 L0 : 2 0
1914 g6 1936 1612 197 50.. G4 0.0 - 29 8 -0 - 56 0
1937 07 1963 416 197 7 B3 0.0 Z9c 0 0 - 2 0
1948 _ 07 1968  200. 1971 2 B6 - 0.0. zZ9C 0 0 0 0
1928 01 1946 156 1972 0 'B6 0.0 Z9¢C 0 0 0 0
M 1886 1976 . 06 1918 156 1976 0 - B6 0.0 298 - 0 0 0 0
F 1928 01 1946 - 52 1979 3 C6 0.0 " 29c 1 0. 8 ]
M 1937 . 07 1961 156 1972 0 B6 - 0.0 29C 0 0 0 0-
F 1927 © 01 1946 264 1974 -3 B3 0.0 Z9¢C 1 ] -7 "0
F 1919° “01 1943 202 1973 ‘9 B2 0.0 29¢C 2 0 22 0
F 1922 - 01 1942 ~ 689 1974 10 B2 0.0 . 29C 2 0 22 0
F 1920 76 1945- 208 1972 0 B6 0.0 Z9C 0 0 0- 0
F 1927 01 1951 52 1976 3 B6 0.0 Z9c 1 o 6. (]
CF 1929 - 01 1947 78 1974 1 B6 0.0 zZ9C "0 0 1 0
F . 1922 = 07 1942 260 1972 4 "B3 0.0 29¢C 1 0 10 0
F 1917, ©01° 1946 +0 1972 0 -B6 0.0 . 29c 0 0 -0 0
JF 1924 01 1943 13 1972 1 B6 0.0 z9¢ 0 0 2 0
F 1927 .01 1947 130 1972 0 B& 0.0 29C . 0 0 o ]
F 1919 05 194t 8 1975 0 B6 0.0 298" 0 o 0 0
F 1925 01 1948 131972 19 B2 0.0 .29C . 4 0 41 0
F 1923 .7 . 701 1946 - 1371972 1 B6 0.0 29C 0 0 2 0
F 1927 ) 17 1947 208-1975 0 B6 0.0 29C 0 0 0 0
F 1924 01 1942 .52 1974 10 B2 0.0 Z9C L2 0 27 0
F 1894 06 1917 156 1977 0 B6 0.0 Z9B 0 0 0 0
F 1926 01 - 1946 104 1972 6 B6 0.0 Z9c 0 0 0 (]
F 1920 01 1943 104 1974 11 B2 0.0 -29¢C 2 0 28 -0
M 1914 06 1931 468 1979 1 -c6 0.0 z9¢C 0 - 0 3 .0
F 1926 17 1946 260 1972 2 B6 0.0 . z9¢ 0 0 4 0
F 1926 71 1986 304 1972 1 B6 -0.0. , z9¢C 0 - 0 3 ]
M- 1922 08 1922 39 1972 0 B6- 0.00040 "Z7B . - 0- 0 - 0 0
¥ 1924 .08 1924 039- 1972 2 B6. -0.00040 - 27B 1 0 6 1
F 1929 01 1946 52 1972 1  B6 0.0 : "Z9C 0 0 3 ]
F 1923 01 1941 .. 208 1972° 6 B3 0.0 29c 1 0 16 0
F 1917 01 1954 143 1980 1 ¢c6 0.0 - Z9C 0 0 2 0
F 0 B6 0.0 29C 0 0 0 0

1919 01- 1943 104 1972
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" 364

OCO0OO COOCOO OOCOO OO0 OO

TABLE 1 (CONT.)
(M (2) (3) (4 (5 (6) (7)) (8) (9) (10) (1 (12) (13) (14) {15y (16)
YEAR EXP YEAR RA226 FRA228 RA228 INPUT INPUT cun cunM
: , FXP FIRST DUR OF RA226 METHOD TO RA226 METHOD RA226 RA228 RADS RADS
CASE___SEX_BORN _DIED TYPE EXP__ WKS__MEAS___ NCI _ + ERE__RATIO ¢+ ERR ucI ucI RA226 RA228
10-0€1 F 1923 07 1942 164 1972 6 B3 0.0 Z9C 1 0 15 )
10-062 F 1920 01 1939 182 1972 1 B6 0.0 29¢C 0 0 3 0
10-063 F 1911 01 1928 624 1976 2 B3 0.0 Z9¢C 1 0 7 0
10-064 F 1921 07 1943 156 1972 0 B6 0.0 Z9C 0 0 0 0
10-065 F 1920 01. 1941 260 1972 0 B6 0.0 Z9C 0 0 1 0
10-066 F 1924 . 1978 01 1942 104 1972 12 B2 0.0 29C 3 .0 29
10-067 F 1923 01 1942 468 1972 8 B2 0.0 Z9C 2 0 18
10-068 F 1918 71 1942 78 1972 0 B6 0.0 29C 0 0 0
10-069 F 1923 01 1947 1300 1972 12 ¢3 0.0 Z9C 1 0 .9
10-070 F 1921 01 1945 1352 1974 14 B2. 0.0 Z9C 2 0 16
10-071 F 1924 01 1943 1508 1972 13 B2 0.0 29¢C 1 0 1
10-072 F 1924 01 1947 1300 1972 12 B2 0.0 z29C 1 0 9
10-073 ¥ 1919 07 1953 208 1972 0 B6 0.0 29C 0 0 0
10-074 N 1921 06 1950 1508 1979 24 ¢c3 0.0 Z9C 2 0 11
10-075 F 1929 01 1949 260 1972 5 B3 0.0 Z9C 1 0 10
10-076 F 1923 01 1951 52 1972 0 B6 0.0 z9C 0 0" 0
10-077 F 1920 01 1951 17 1972 1 B6 0.0 29C 0 0 1
10-078 P 1923 01 1941 715 1980 10 Cc3 0.0 Z9C C 2 0 26
10-079 F 1920 01 1940 _ 624 1978 8 C3 0.0 29C 2 0 20
10-080 F 1913 76 1943 1508 1972 5 B3 0.0 29C 1 0 4
10-081 F 1916 01 1946 104 1980 3 ¢3 0.0 29C 1 0 8
10-082 F 1915 01 1951 758 1972 5 B3 0.0 29¢C 1 0 6
10-083 F 1924 01 1943 104 1972 5 B3 0.0 2.9C 1 0 ‘13
10-084 F 1928 71 1946 82 1972 0 B6 0.0 z9C 0 -0 0
10-085 M 1946 71 1964 17 1972 0 B6 0.0 Z9C 0 0 0
.10-086 F 1915 01 1943 156 1979 3 ¢c6 0.0 Z9C 1 0 7
10-087 F 1920 1978 01 1942 1560 1972 19 B2 0.0 Z9C 2 0 17
10-088 F - 1923 17 1946 260 1972 3 B6 0.0 Z9¢C 1 0 6
10-089 F 1921 01 1942 13 1972 0 B6 0.0 - 29C 0 -0 1
10-090 F 1922 01 1941 78 1972 _. 1 B6 0.0 Z9C 0 0 4
10-091 M 1883 1952 05 1930 - +0 1974 423 A1 0.0 Z9A 84 0 u87 0
10-094 M 1905 1974 07 1919 104 1972 0 B6 0.00z40 zZ7cC 0 0 0 0
10-095 F 1927 . 01 1946 .260 1972 5. 'B3 0.0 : Z9C 1 0 1 0
10-096 F 1930 01 1951 832 1972 0 B6 0.0 zZ9C 0 0 0 0
10-097 F 1919 01 1943 1972 4 B3 0.0 T29C 1 0 8 0



TABLE 1 (CONT.) EXPOSURE DATA FOR RADIONM PATIENTS TO END OF 1980

012

(n (2)°.(3) 4 (3 o) () (8) sy (10) (1y - {12) (13) (1% (15) (16)
' : : YEAR EXP YEAR RA226 RA228 =~ RA228  INPUT INPUT cun | cuy
- T , EXP FIRST DUR OF . RA226 METHOD TC EA226 METHOD RA226 RA228 RADS RADS
CASE___SEX_BORN__DIED TYPE EXP___WKS _MEAS__ _NCI _ ¢ ERR RATIO ¢+ ERR___UCI _ - UCI RA226 RA228
10-098 F 13817 - 01 1935 208 1972 4 B3 0.0 Z9C 1 9 12 ' 9
10-099 F 1924 01 .1942 104 1980 12 ¢3 0.0 29C 3 o 35 0
10-100 F 1924 76 1942 78 1972 7 B3 0.0 z9C 2 0 19 0
10-101 F 1925 01 1943 208 1972 0 B6 0.0 29¢ 0 0 0 0
10-102 F 1926 01 1944 60 1972 1 B6 0.0 z9C 0 0 2 0
10-103 F 1912 01 1946 104 1978 .0 €6 0.0 z9C 0 0 .0 . 0
10-104 F 1929 " 01 1548 208 1972 2 B6 0.0 29C 0 0 5 0
10-105 F 1927 01 1946 260 1972 0 Cc6 0.0 29C 0 0 0 0
10-106 F 1926 01 1946 104 1972 2 c6 0.0 29¢ 0 0 5 0
10-107 F 1909 01 1926 9 1972 0 B6 0.0 29c -0 0 0 0
10-108 F 1916 o4 1950 +0 1972 3 B6 0.0 z9C 1 0 6 .0
10-109  F 1951 . 07 "196$ 78 1972 0 B6 0.0 z9¢C 0. 0 .0 0
10-110 F 1917 01 1946 520 1972 0. B6 0.0 Z9C 0 0 0" 0
10-111 F 1906 01 1923 . 2 1976 7 B2 0,0 Z9C. 2 0 33 Y
10-112 N 1902 01 1923 +0 1976 3 B3 0.0 29C 1 -0 10 0
10-113 F 1924 - 01 1942 52 1972 0 B6 0.0 29C 0 0 0. 0
10-114 F 1937 .~ 01 1970 104 1972 1 B6. 0.0 29C. 0 0 0 0
10-115 F 1921 . 07 - 1970 130 1972 1 B6 . 0.0 29C 0. 0 0 0.
10-116 F 1924 01 1969 312 1976 5 B2 0.0 z9C 0 0 2 .0
10-117 FE 1924 0t 1967 ~ 208 1972 2 B6 0.0 z9¢C 0 0 1 0
10-118 F 1924 .01 1945 1352 1972 23" B2 0.0 z29¢c 3 0 23 0
10-119 F 1952 71 191 82 1972 2 B6 0.0 29¢ 0 0 0 0
10-120 F 1950 - 01 1971 98 1974 4 €3 0.0 29c 0 0 1 0
10-121 F 1926 01 1946 T 7 1972 1 B6 0.0 Z9C 0 0 1 0
10-122 F 1921 07 1921 +0 1972 0 B6 0.0 z9C 0 0 0 0
10-125 F 1903 01 1917 8 1975 1 B6 0.0 798 0 o 5
10-126 F 1927 01t 1946 13 1972 0 B6 . 0.0 z9¢C 0 0 0
10-128 F 1923 01 1942 364 1972 6 B3 0.0 '29C 1 0 15
10-129 F 1923 - 01 1942 269 1975 5 B2 0.0 29C 2 0 23
10-130 F 1922 01 1942 147 1978 11 c3 0.0 z9C 3 0 32
10-131 F 1917 107 1941 260 1972 1 B6 0.0 ' z29¢ 0 0 3 0
10-132 'F 1929 " 07 1970 130 1972 0 B6 0.0 29¢ 0 0 0 0
10-133 F 1910 01 1941 1248 1976 5 B2 0.0 29c 1 -0 9 0
10-134 F 1913 . 01 1932 1768 1978 1. ¢c6 0.0 29C 0 0. 2 0
10-135 F 6 B3 0.0 z9c 1 -0 17 0

1922 01 1939 130 1972



112

TABLE 1 (CONT.) EXPOSURE DATA FOR RADIUM PATIENTS TO END OF 1980

(- (2) (3) (8) (3} (6) (7)  (8) (9. (1) (11) "2y (13) (14) (15) (18)
. . ' YEAR EXP YEAR RA22€6 RA228 RA 228 INPUT INPUT con cun
EXP FIRST DUR OF EA226 METHOD TC RA226 METHOD RA226 RA228 RADS RADS
CASE SEX_BOEN _DIED TYPE_ EXP WKS__ MEAS NCI ¢ _EEE__RATIO +_ERR ucl1 Ucl RA226 RA228
10-136 F 1920 01 1941 26 1972 0 B6 0.0 29¢C 0 0 0. 0
- 10-137 F 1918 01 1935 117 1972 1 B6 0.0 z9¢C 0 0 ) 2 0
10-139 F 1922 : 01 1942 130 1972 3 B6 0.0 Z9C 1 0 7 0
10-140 F ~ 1935 07. 1956 17 1972 - ' 2 B6 0.0 29¢C 0 0 3 )
10-141 F 1918 01 1945 104 1972 0 B6 0.0 Z8C 0 0 0 0
10-142 F 1922 01 1942 156 1972 2 B6 0.0 Z9C 1 0 6
10-144 F 1926 01 1945 156 1972 0 B6 0.0 29C 0 0 0
10=-145 F 1928 07 1946 130 1976 6 Cc3 0.0 Z9C 1. 0 13
10-146 F 1921 01 1940 3e4 1972 4 B3 0.0 Z9C 1 0 9
10-147 F 1927 01 1946 156 1972 2 B6 0.0 29C 0 0 5
10-148 F 1913 0Y 1935 13 1978 2 cé 0.0 zZ9C 1 0. 8
10-149 F 1924 01 1943 114 1972 4 B3 0.0 29¢C 1 0 1
10-150 F 1689 1976 01 1919 13 1972 0 G6 0.0 z9 0 0 0
10-151 M 1887 1979 06 1915 520 1974 0 G8 0.0 zZ9 0 0 N
10-152 F 1923 01 1941 52 1972 2 B6 ~ 0.0 Z9B 0 0 5
10-153° F 1921 01 1941 234 1972 1 B6 0.0 298 0 0 3
10-160 F 1921 01. 1941 208 1976 20 B1 0.0 Z9C 5 0 56
10-1€2 F 1931 : 01 1951 13 1974 3 B2 0.0 Z9C 1 0 6
10-164 F 1915 01 1937 156 1974 0 B6 0.0 zZ9C 0 . 0 0.
10-165 F 1919 01 1942 416 1972 2 B6 0.0 Z9C 0 0 -5
10-170 F 1923 01 1s41 ~ 290 1980% 20 B2 0.0 Z9C 5 0 56 0
“10-171 F 1924 . 01 1942 156 1974 3 B3 .0.0 29C 1 0 7 - 0
" 10-172 F 1930 1977 07 1948 60 1974 3 B3 0.0 29C 1 0 7 0
10-173 F 1915 1977 01 1948 123 1973 0 B6 0.0 29C 0 0 -0 0
10-180 F 1919 01 1941 728 1974 9 B2 0.0 z9cC 2 0 19 0
10-181 F 1912 01 1931 287 1976 2 cé 0.0 Z9C 0 0 6 0
10-190 F 192% 0t 1951 110 1972 3 B6 0.0 29C 1 0 5 0
10-191 F 1940 71 1971 17 1972 2 B6 0.0 Z9cC 0 0 0 0
10-192 F 1924 01 1942 . 78 1974 3 B3 0.0 Z29C 1 0 7 0
“10-193 F 1921 . 01 1941 104 1972 .3 B6 0.0 z9cC 1 0. 7 0
10-195 F 1920 17 1937 1560 1978 1" €3 0.0 Z9C 2 .0 22 -0
10-198 F 1920 01 1946 ° 378 1977 8 B3 0.0 Z9C 2 0 19 0
10-201 F- 1918 : 71 1946 1352 1972 9 B2 0.0 Z9cC 1 0 7 0
10-202 F 1925 01 1942 53 1974 2 B6 0.0 29C 0 0 5 0
10-203 F 2 B6 0.0 Z9C 0 0 4 0

1926 01 1946. 0 1974
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TABLE 1 (CONT.)

EXPOSURE DATA FOR RADIUM PATIENTS TO END OF 1980

M

(2 (3)

2 (13 (i)

1315

1948

OO0 O COO0OO0O0C OO CoCaQ

4y (5) (6) (7. (8) () (10) (1Y) , (15) (19)
: YEAR EXP. YEAR " RA226 RA228 RA228  INPUT 'INPUT cum cun
: C S . ] EXP FIRST DUR OF RA226 METHOD TC RA226 METHOD RA226 RA228 RADS RADS
CASE SEX BORN_ DIED TYPE EXP HKS__MEAS '~ NCI _ + ERR__RATIO . + ERR UcIl UCI. _~ KkA226 RA228
10-204 F 1950 07 ~ 1571 4371972 6 . B3 0.0 Z9C 0 - 0 A
10-205 F 1923 01 1942 39 1972 1 B6 0.0 29¢C - 0 0 3
10-206 F 1924 .01 1943 230 1972 6 B3 0.0 29¢C 1 0 .15
10-207 F 1923. 61 1942 208 1972 12 B2 0.0 " 29cC 3 0 2
10-208 F 1922 01 1942 7 1972 1 B6 0.0 79C 0 0 2.
10-209 F 1920 . 01 1942 69 1972 6 B3 0.0 29C 1 0. 16 0
10-210 F- 1909 01 1926 1040 1972 17" B2 0.0 z9C 4 0 54 - 0
10-212 ¥ 1950 07 197 55 1973 ‘1t B6 0.0 29C . 0 "o - 0 0
10-213 N 1951 07 1971 45 1973 1 B6 0.0 29¢C 0 0 ¢ 0
10-214 F 1942 07 1972 30 1974 - 0. - B6 0.0 29C 0 0 -0 0
10-215. F - 1921 61 1943 208 1972 1 B6 0.0 29¢ 0 0 2 0
10-216 F 1916 01..1946 1456 1973 2 B6 0.0 29¢ 0 0 2 0
. 10-218 F 1915 01 1934 492 1973 0 B6 0.0 29C 0 0 0 0
10-219- F 1916 16 1937 364 1979 10 ¢c3° 0.0 798 .3 0 32 0
10-221 ‘F 1917 01 1941 676 1973 1 B6 0.0 298 0 0 2 .0
10-222 F 1919 . 01 1941 234 1972 0 G6. 0.0 z9 0 0 0 0.
10-225 F 1911 01 1933 1872 1976 4 B2 0.0 29¢C 1 .0 6 0
10-226 F 1923 01 1941 1612 1972 3 B6 0.0 29¢C 0 0 2 0
10-227 M 1912 71 1928 2548 1977 6 B2 0.0 z9C . 1 -0 6 0
10-228 F 1912 01 1940 1508 1980 0 C6 ' 0.0 29C - 0 "0 0 0
10-229 F 1920 01 1941 260 1972 1 B6 0.0 z9c 0 0. 3 -
10-230 F 1929 01 1948 13 1973 0 ¢c6 0.0 29C 0 0 0
10-231 M 1968 08 1968 39 1972 1 ¢c6 0.0 z9C. 0 0 0
10-232 8 1969 08 1969 39 1972 . 0. C6 0.0 z9c 0 0 0
10-233 F 1919 01 1942 92 1976 2 B3 0.0 z9¢C 0 0 6
10-234 . F 1928 1972 07 1959 676 1972 0 B6 0.0 29C 0 0 0
10-236 F_ 1919 01 1949~ 156 1974 0 B6. 0.0 29¢C 0 0 0
10-237 F 1910 01 1940 156 1977 2 C6 0.0 29C 1 0 7
10-239 M 1908 1979 06 1934 1300 1976 0 B6 0.0 Z98 . . 0 0 0
10-240 N 1906 06 1931 884 1976 3 B6 0.0 798 . 1 0 5
10-241 F. 1904 1978 .01 1922 17 1972 0 c6 0.0 '29¢C 0 0 0
10-242 F 1947 07 1966 156 1974 1 'B6 0.0 29¢C 0 0 0
10-244 F. 1916, . 01 1943 1 1972 0 B6 0.0 29¢C 0. 0 1
10-245 M. 1914 . 1978 67 1941 104 1972 0 B6 0.0 29C 0 0 0
10-2647 1976 07 364 1972 1° B6 0.0 -29¢C 0. 0 1
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TABLE 1 (CONT.) EXPOSURE DATA FCR RADIUM PATIENTS TO END OF 1980
(M (2) (3) (. (5 (8) (7 (8 (9) (10) (1) (12) (13) (14) (15) {16)
YEAR EXP YEAR kEA226 RA228 RA 228 INPUT INPUT cun cun
o EXP FIRST DOR OF .RR226 METHOD TO RA226 METHOD RA226 RA228 KADS RADS
CASE .__SEX_BORN DIED TYPE_EXP WEKS _MEAS NCI + ERR _RATIO +_ERR gcl1 ucI RA226 RA228
10-249 M - 1943 07 1962 126 1973 1 B6 0.0 Ao 0 0 0 : 0
10-250 F 1938 07 - 1956 30 1972 0 B6 0.0 29C 0 0 0 0
10-251% F 1923 01 1941 65 1974 . 2 B3 0.0 29C 0 0 S 0
10-252 F 1919 01 1935 816 1972 4 B3 0.0 Z9¢C 1 0 12 0
10-254 F 1905 07 1953 832 1976 0 B6 0.0: Z9cC 0 0 0 0
10-256 F 1917 | 01 1940 78 1972 1 B6 0.0 Z9B 0 0 3 0
10-257 F 1932 07 1951 104 1972 0 B6 0.0 z9C 0 0 1 0
10-258 F 1923 01 1943 26 1972 3 B6 0.0 Z9C 1 0 7 0
10-260 F 1913 01 1928 52 1978 2 cé 0.0 - 29C 1 0 A 0
10-261 F 1922 01 1941 28 1972 3 B6 0.0 Z29C 1 0 8 0
10-262 F 1919 01 1941 104 1973 2 B6 0.0 Z9¢C 0 .0 4 o
10-263 F - 1921 01 . 1941 130 1972 2 B6 0.0 Z29B 0 0 5 0
10-266 F 1905 01 1926 2236 1978 1 cé 0.0 29C 0 0 3 0
10-2€69 F 1925 01 1945 17 1972 0 B6 0.0 29C 0 0 0 0
10-270 F 1926 71 1946 104 1972 1 B6 0.0 Z9C 0 0 1 0
10-272 F 1915 01 1935 60 1979 5 Cc3 0.0 Z9C 2 0 19
10-273 F 1929 01 1948 22 1973 -2 B6 0.0 Z9¢C 0 0 4
10-274 F 1924 01 1947 62 1973 3 B3 0.0 Z9¢C 1 0 8
10-276 F 1932 01 1951 6 1973 1 B6 g.0 Z9C 0 0 1
10-277 F 1915 71 1946 154 1973 1 B6 0.0 zZ9C 0 0 1
10-278 F 1908 71 1929 13872 1976 2 B6 0.0 Z9C 0 0 3
10-279 F 1937 01 1955 728 1973 2 B6 0.0 zZ9C 0 -0 2
10-280 F 1904 d7 1921 2132 1976 1 B6. 0.0 Z9C 0 0 2
10-281 'F 1931 01 1950 416 1973 1 B6 0.0 Z29C 0 0 1
10-282 F 1921 1974 01 1941 © 22 1974 .2 Cé6 0.0 29C 0 0. 5
10-283 F 1918 _ 01 1937 208 1974 0 B6 0.0 29C- 0 0 1 .0
10-284 F 1918 ©71 18936 1456 1974 3 B3 0.0 29C 1 0 6 ¢
10-285 M 1917 07 1935 . 81 1973 0 G6 0.0 29 0 0 0 0
10-286 F 1937 07 1956 124 1973 0 . B6 0.0 29C 0 0 .0 0
‘10-287 F " 1923 01 1944 -2 1973 1 B6 0.0 29¢C 0 0 3 0
.10-291 F 1916 01 1934 156 1973 4 B3 0.0 Z9C 1 0 4 0
10-292 F 1913 1975 01 1934 102 1973 6 B3 - 0.0 Z9C 2 0 20 0
10-293 F 1938 07 1970 2% 1973 0. B6 0.0 Z9C 0 0 0 0
10-294 F 1916 01 1934 416 1974 2 B6 0.0 29C 0 0 5 0
10-295 M 1923 07 1946 282 1973 2 B6 0.0 Z9¢C 0 0 2 0



TABLE 1 (CONT.) EXPOSURE DATA FOR RADIUM PATIENTS TO END OF 1980

b

(M (2 3) (&) () (6 (1) (8 9 (0 (11 (12 (13)7 (1) (15) (16)

A4

YEAR EXP 'YEAR RA226 RA228 - RA228  INPUT INPUT cuM - cun
_ EXP FIRST DUR OF RA226 METHOD TO kKA226 METHOD RA226 RA228 RADS RADS
CASE___SEX BORN__DIED TYPE_EXP _ WKS _MEAS___NCI __+ ERK _RATIO_ + ERR___UCI. . _UCI RA226 EkA228
10-296 F 1930 €1 1948 - 50 1973 0. B6 . 0.0 z9C . 0 -0 0 - a
104297 F 1929 1973 07 1969 66 1973 0 B6 0.0 29C 0 0 0 0
10-299 P 1923 01 1942 43 1973 "6- B3 0.0- "29C 2 "0 17 . 0
10-300 F 1911 01 1940 1612 1977 0 B6 - 0.0 Z9C 0. .0 1 0
10-301 M 1930 07 1948 74 1973 0 B6 0.0 z9c 0 0 0 0
10-302 F 1917 - 07 1933 312 1973 0 B6 0.0 Z9C 0 0’ 0 0
10-304 F -1926. 01 1950 364 1973 2 B6 - 0.0 2sC 0 0. 4 0
10-306° F 1907 01 1923 ' & 1976 5 B2 0.0 z9C . 1 0 22 0
10-307 F - 1893 1948 05 1930 +0 1974 85 A2 0.0 Z9A 15 0 109 0
10-309 F 1925 01 1943 - 28 1973 2 B6 0.0 - 29¢ - 0 0 4 0
10-310 F 1916 g1 1935 53 1973 2 B6- 0.0 Z9C 0 ~ 0 6 0
10-311 F 1919 01 1942 16 1973 0 B6 0.0 zZ9C 0 0 1 0
10-312 F 1923 01 1942 16 1973° 2 B6 0.0 29C 0 0 4 0
10-313 F 1924 - 01 1942 202 1973 9 B3 0.0 z9C 2 0 23 0
10-314 F 1918 01 1943 119 1973 4 B3 0.0 Z9C 1 0 10 0
10-316° 8 1946 R 07 - 1565 © 167 1973 2 B6 0.0 Z9C 0 -0 1 0
10-318 M 1908 07 1970 364 1977 "0 c¢c6 0.0 Z9¢C 0 0 0 .0
104319 F 1912 07 1934 832 1973 .6 B3 0.0 29C 1 0 16 0
10-320 ¥4 1918 07 1939 1352 1973 1 B6 0.0 29C 0 0 1 0
.10-321 F 1910 01 1942 1456 - 1976 1 B6 0.0 Z9C 0 0 1 0
10-322 F 1904 07 1936 1092 1976 ° 5 B2 0.0 z9C 1 0 1 0
10-323 F 1951 - 07 1973 52 1979 2 B3 0.0 29C 0 0 1 0
10-324 F 1912 01 1926 13 1978 0 c6 0.0 Z9C 0 -0 0 0
10-325 Mn 1952 07 1970 22 1974 1 Bé 0.0 z9 . 0 0 0 Y
10-326 F 1954 07 1973 - 39 1974 ‘0" B6 0.0 29C 0 0 0 0
10-327 M 1953 71 1973 52 1977 1 ¢c6 0.0 29c 0 0 0 0
10-329 F 1914 07 1938 884 1979 0 ¢c6 0.0 - z9¢ 0 0 0 0
10-330 F - 1921 07 1945 520 1973 0 B6 0.0 z9cC 0 0. 0 0
10-331 F 1911 - 07 1934 © 162 1976 1 B& 0.0 Z9B 0 0 3 0
10-332 F 1901 01 1927 0 1978. 0 G6 0.00204 28 0 0 0 0
10-333 F 1915 = 01 1941 208 1973 1 B6 0.0 " 29B 0 0 3. 0
10-334 F 1921 01 1943 26- 1973 0 B6 0.0 Z9B 0 0 0 0
10-335 F 1939 07 1969 24 1973 0 B6 0.0 Z9¢C 0 0 0 0
10-336 F 1923 07 1943 1092 1973 0 B6 0.0 29C 0 0 0 0
1 10-337 M 1892 1971 06 1913 260 1974 1 0.0 294 0 0 2 0
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EXPCSURE DATA POR RADIUM PATIENTS TO END OF 1980

TABLE 1 (CONT.)

(1) (2) . (3) Wy (5 (8) {(7) (8) (9) (10) (1) (12) (13) (14) (15) {16)

- YEAR EXP YEAR EA226 RA228 RA228  INPUT INPUT cuH cun

, EXP FIRST DUR OF . RA226 METHOD TC RA226 METHOD RA226 RA228 RADS RADS
_CASE __SEX_BORN _DIED TYPE_EXP__ WKS__MEAS___NCI __+ ERR _RATIO + ERR___UCI ucI KA226___ RA228
10-339 F- 1902 01 1925 11976 % B6  0.00250 28 0 0 0 0
10-340 F -1920. 67 1942 104 1974 6 B3 0.0 298 1 0 16 0
10-341 F 1919 01 1939 312 1973 1 B6 0.0 Z9B 0 0 3 0
10-347 M 1947 08 1947 . 39 1973 1 B6 0.0 298 0- 0 2 0
10-348 F 1921 0t 1941 104 1974 0 B6 0.0 z9c 0 0 0 0
10-350 F 1924 01 1941 27 1973 1 B6 0.0 z9¢ 0 0 3 0
10-351 B 1931 07 1964 14 1973 i1 B6 0.0 z29¢C 0 0 1 0
.10-352 F 1926 07 1947 104 1974 1 B6 0.0 29C 0 0 2 0
10-353 F 1922 g1 1942 21 1973 1 B6 0.0 29¢C 0 0 1 0
10-356 F 1915 07 1948 46 1980 i C6 0.0 z9¢ 0 0 3 0
10-357 F 1923 01 1942 68 1973 3 B3 0.0 z9¢ 1 0 9 0
10-358 F 1920 01 1946 16 1973 3 B3 0.0 29C 1 0 7 0
10-359 #1950 07 1971 32 1973 3 B3. 0.0 29¢C 0 0 0 0
10-360 F 1919 01 1941 46 1975 0 B6 0.0 Z9B 0 .0 0 )
10-362 F 1922 01 1941 364 1973 4 B3 0.0 29¢ 1 0 © 10 0
10-365 F 1920 01 1939 260 1973 0 B6 0.0 z29c 0 0 1 0
"10-367 F 1919 01 1940 260 1973 1 B6 0.0 29¢ 0 0 2 0
10-369 F 1921 01 1941 104 1978 1 C6 0.0 z9¢ 0 0 2 0
10-375 F 1924 01 1943 20 1973 1 B6 0.0 29¢ 0 0 3 0
10-377 F 1898 07 1923 1976 1976 4 B2 0.0 z9¢ 1 0 10 0
10-378 F 1906 07 1946 520 1976 0 B6 0.0 29¢ 0 0 0 0
10-379 . F 1917 01 1941 89 1980 200 c2 0.0 29C 5 0 - 62 0
10-381 F 1927 01 1946 27 1973 6 B3 0.0 z9¢C 1 0 13 0
10-382 F 1923 01 1942 119 1973 5 B3 0.0 7.9¢C 1 0 1@ 0
10-384 F 1919 71 1943 884 1973 1 B6 0.0 29C 0 0 3 0
10-385 F 1921 . 07 1964 16 1973 0 B6 0.0 29¢ 0 0 0 0
10-386 F 1933 01 1954 56 1973 1 B6 0.0 29¢ 0 0 2 0
10-387 F 1928 01 1947 15 1973 0 B6 0.0 29¢C 0 0 0 0
10-389 F 1919 01 1943 24 1973 0 B6 0.0 29¢ 0 0 0 0
10-390 F 1923 01 1942 38 1973 3 B3 0.0 z9C 1 0 8 0
10-392 F 1903 71 1932 520 1973 0 B6 0.0 -29¢C 0 0 0 0
10-393 F 1907 - 01 1925 208 1976 5 B2 0.0 29¢ 2 .0 24 0
10394 F 1907 1976 01 1923 728 1974 1 B6 0.0 - 2.9C 0- 0 2 0
10395 F 1908 01 1925 260 1976 2. B3 0.0 29¢C 1 0 10 0
10-397 F 1927 01 1946 16 1973 1 B6 0.0 zZ9C 0 0 2 0
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"TABLE 1 (CONT.)

EXPOSURE DATA FOR RADIUM PATIENTS TO END OF 1980

(2)

(8)

(10)

[o NN NN OO0 QC

n -(3) () (3) (&) (7) ) (9) 1Y (12) (13) (14) (15) (16)
YEAR EXP YEAR RA226. RA228 RA228 ~ INPUT INPUT cun cuy
' . . EXP FIRST DUR OF RA226 METHOD TC RA226 METHOD RA226 RA228 RADS RADS
CASE SEX_BORN_ _DIED TYPE_EXP WKS _MEAS. NCI _+ ERR ' _RATIO ¢+ BRR - _UCI . UCI | RA226 RA228
10-398 F 1918 71 13951 624 1973 1 B6 0.0 29C 0 - 0 1
10+-409 F 1921 01 1943 118 1973 "0 B6 0.0 - 29C 0 0 0
10-410 F 1926 01 1946 .5 1973 . 0 .B6 0.0 Z29C 0 0 0
10-477 F 1920 01 1942 14 1973 3 B3 0.0 - - 29C 1 0 8
10-412° F 1908 01 1925 13- 1976. 1 B6 - 0.0 Z9C 0 0 3
10-414 F 1926 01 1944 511 1973 - "1  B6 0.0 zZ9C 0 0 3
10-415 F 1943 07 1973 8 1974 .0 B6 0.0 Z9C 0 0 0
10-416 F 1953 01 1972 290 1979 - 0 B6 0.0 Z29C 0 0 0
10-419 ¥ 1913 06 1936 2184 1978 2 ceé 0.0 29C. ] 0 2
10-432 F 1920 01 1940 104 1975 0 B6 0.0 . 29C 0 0 o |
10-438 F 1907 01 1925 17 1977 14 Cé 0.0 29 4 0 61 0
10-439 F 1925 01 1943 20 1973 2 B6 0.0 29C 0 0 5 0
~10-440 F 1920 01 1948 .1 .1973 0 B6. 0.0 29C -0 0 Y o
10-442 F 1932 01 1951 8 1973 0 B6. 0.0 29C -0 0 0 0
10-443 " F 1899 01 1926 234 1979 34 G4 0.0 29 10 0 147 0’
10-444 'F 1927 01 1949 © 4 1973 1 B6 0.0 29cC 0 0 1. 0
10-445 , F 1924 01 1943 - "2 1973 2 B6 0.0 Z9cC -0 0 6 0
10-446 F 1920 01" 1940 3 1973 1 B6 - 0.0 z29C .0 0 2 0
10-447 F 1929 - 01, 1947 5 1973 6 B3 0.0 Z9C 1 0 L) 0
10-449 F 1923 01 1943 0 1976 4 B2 0.0 Z9cC 1 0 10 0
10-451 F 1921 01 1943 3 1973 -0 B6 0.0 - 29¢C -0 0 T 0
0-453 P 1927 01 1943 -1 1973 0 B6 0.0 29C 0 0 1 0
10-454 F 1926 01 1942 . S5 1973 0 B6 0.0 Z9cC -0 Y 1 0
10-455 F 1909 - 01 1928 104 1977 0 B6 0.0 z29C 0 0. 1 0
10-457 F 1921 01 1941 65 1973 1 B6 0.0 - zZ9c¢C .0 0 4 0
10-458 N 1927 01 1954 1040 1973 24 B2- 0.0 zZ9C 2 0 10 0
10-459 F 1923 01 195€¢ . 832 1973 0 B6 0.0 29C 0 0 0 0
10-4€0 F 1936 01 195¢ 676 1973 0 B6 0.0 zZ9C - -0 0 0 0
10-461 M 1925° 06 1948 1300 1973 10 B2 0.0 Z9C 1 0 5 0
10-462 n 1927 06 195t 1144 "1973. 8 B3 0.0 29C 1 0 4 0
10-4€64 M 1940 07 1961 12 1973 0 B6 0.0 29c 0 0 0 0
10-465 F 1924, 01 1942 . 8 1973 -0 B6 0.0 Z9C + 0 0 0 0
10-470 F 1924 01 1942 179 1973 0 B6 0.0 29C- 0 0 0 0
~10-471 F 1924 01 1943 34 1973 3 B3 0.0 Z9C 1 0 7 . 0
10-472 F 1928 01 1947 12 1973 0 B6 0.0 zZ9C 0 0 0 0
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EXPOSURE DATA FOR RADIUM P2TIENTS TO END OF 1980

TABLE 1 ° (CONT.)
M (2) (3) (4) (5} o) {(7) (8. {9 ¢10) (1) (12) (13) (14) (15) (16)
" - YEAR EXF YEAR RA226 RA228 RA 228 INPUT INPUT cun cun
‘ ' ) EXP FIRST DUF OF RA226 METHOD TO RA226 METHOD RA226 RA228 RADS EADS
_CASE___SEX_BORN__DIELC TYPE EXP WKS__ MEAS NCI + ERR__RATIO +_ ERR Ucl ucr__ - RA226 RA228
10-473 F - 1926 01 1945 | W8 1973 0 B6 0.0 29C 0 0 -1
10-474 F 1921 01 1946, 77 1974 2" B6 0.0 Z9C 0 0 5
10-475 F 1927 07 1946 90 1973 0 B6 0.0 zZ9C 0 0 0
10-476 F 1928 01 1946 12 1973 1 B6 0.0 29C 0 0 1
10-477 ‘F 1924 01 1944 42 1975 2 B3 0.0 zZ9C 1 0 6
10-478 F 1922. 0T 1942 11 1973 0 86 0.0 *29C 0 0 0.
10-479 F 1926 01 1946 11 1973 0 B6 0.0 29¢C 0 0 0
10-480 F 1924 Q1 1943 4 1973 -0 B6 0.0 Z9C 0 0 - 1
10-481 F 1925 01.. 1942 <5 1873 1 B6 0.0 29C 0 0 -3
10-482 F 1925 01 1943 28 1973 4 B3 0.0 29C 1 0 12
10-483 M 1934 07 1951 5 1973 2 B6 0.0 Z9¢C 0 0 2
10-485 F 1918 0t 1948 4 1973 0 B6 0.0 YAl .0 0 1
-10-486 F 1919 01 1942 .32 1973 0 B6 0.0 zZ9C 0 0 1
10-487 F 1924 oY 1943 220 1973 0 B6 0.0 Z9C 0 o 0
10~488 F 1921 01 1942 20 1973 0 B6 0.0 zZ9C 0 0 -0
10-490 F 1922 61 1943 20 1974 8 B2 0.0 z9cC 2. 0 o2
10=492 F- 1925 01 1951 326 1973 2 B6 0.0 29C . 0 0 3
10-694 F 1913 .01 1939 312 1973 -1 B6 0.0 Z9C’ 0 0. 2
10-485 F 1924 01 1942 312 1973 0 B6 0.0 Z9B 0 0 0
10-496 F 1922 01 1940 108 1975 0 .B6 0.0 29C 0 0 0
10-5017 F 1928 01 1t9ue 15 1973 2 B6 0.0 Z9C - 0 0 .4 -0
10-502 F 1928 01 1946 13 1973 2 B6 0.0 Z29C 0 0 4 0
10-505 F 1933 01 1951 3 1973 2 B6 0.0 29C 0 0 4 0
10-506 F 1920 07 1946 4 1973 0 B6 0.0 Z29C 0 0 1. 0
10-510 F 1924 07 1942 26 1973 1 B6 0.0 29C -0 0 3 0
10-511 F 1923 01 1943 12 1973 5 B3 0.0 29C 1 0 13 Q
10-512 F .1936 01 1965 1 1973 0 B6° 0.0 Z8¢C 0 0 0 0
10-518 F 1905 06 1928 1196 1978 1 B6 0.0 298 0 0. 3 0
10-520 F 1924 01 1942 5 1973 1 B6 0.0 Z9C . 0 0 3. 0
10-521 F 1923 01 1955 416 1973 . . B6 0.0 Z9¢C 0 0 C 2. 0
10-523 F 1922 01 1942 17 1973 0 B6 0.0 Z9C 0 0 "0 0
10-525 F 1928 01 1947 - 11973 1 B6 0.0 29C 0 0 2 0
. 10-530 F 1952 07 1971 52 1973 3 B6 0.0 z9C 0 0 1 0
10-531 P 1924 01 1946 1 1973 2 B6 0.0 - 29C 0 0 4 0
10-532 F 1916 01 1942 2 1973 1 B6 0.0 " ZSC 0 0. 3 0

OCO00O0Q OCOOCC ©OOOCOO ©0OoooCo
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" TABLE 1 (CONT.)

'EXPOSUKE DATA FOR RADIUM PATIENTS TO END OF 1980

G

~0)

COCOE COPCO QOOCOO.

(2) (3) (8) (5) (6) (7) (8) 9 (1 (12) {13) {14y (15) {16)
’ YEAR EXP YEAR RA226 RA228 RA228 . INPUT INPUT cun cuM
: EXP. FIRST DUR OF 'RA226 METHOD TC RA226 METHOD RA226 RA228 " RADS RADS
CASE SEX BORN _DIED TYPE EXP WKS__MEAS NCI + ERR__RATIO +_ ERR UCI ~ _OCI. RA226 RA228
"10-833 F 1925 01 1943 -~ 5 1973 2. B6 0.0 zZ9C 0 0 5 ]
10-534 'F 1925 01 1946 54 1973 2 c6 0.0 29C 0. 0 5 .0
10-535 F 1927 01 - .1946 16 .1973 1 C6 0.0 29¢C 0 0 2 0
10-536 ‘F - 1927 -~ 701 1942 11973 . 1 B6 0.0 79C 0 0 3 0
10-538 & 1896 1978 07 1938 2028 1977 1 B2 0.0 29C 0 0 1 0
10-540 "M 1917 1978 01 1935 1768 1973 2 "B6 0.0 29¢C .0 S0 M
. 10-543 M 1891 06 1916 26 1973 3 B3 0.0 798 1 0" 11
. 10-546 F 1906 ‘07 1929 208 1979 6 €3 0.0 29C 2 0 24
10-549 F 1919 01 1941 62 1973 4 B3 0.0 29¢C 1 0 12
10-550- F 1914 17 1965 230 1979 1 .c6 0.0 z9¢C 0 0 1
10557 F 1921 01 1942 43 1974 4 - B3 0.0 - 29¢C 1 0 1.
10-558 ¥ 1927 07 1951  +0 1973: 5 B3 0.0 . 29C 1« 0 7
10-559 F 1919 01 1941 - 69 1973 2 B6 0.0 29¢C 0 0 5
10-560 F 1923 01 1942 96 1973 4 B3 .0.0 z9C” 1 0 10
10-561 M 1906 06 1927 - 52 1978 2 B6 0.0 798 1 0 6
10-566 ~M 1914 1977 02 1930 13 1976 5 B2 0.00334 758 1 1 14 1
*30-567 F 1913 06 1931 572 1963% 2 66 0.0 29 0 0 4
10-569 F 1925 01 1946 1 1975 . 0 B6 0.0 29¢C 0 0 - 0
10-570 ¥ 1907 06 1934 780 1977 2 ‘B3 0.0 29C 0 0 4
110-573 F 1922 01 1944 14 1973 3 B3 0.0 z9cC - 1 0 7
10-574 M. 1908 61 1930 2236 1980 2 €6 0.0 29C - 0 0 3 0
10-575 F. 1930 01 1948 1040 1973 4 B3 0.0 z9¢C 1 0 - 5 0
10-579 . M 1926 1979 07 ‘1948 12648 1973 0 B6 0.0 29C 0 0 0 0
10-580 F. 1930 01- 19488 52 1973 .3 B3 0.0 29¢C 1 0 6 0 -
10-582 F 1938 01 1965 416 1973 1 B6 - 0.0 29C 0 0 0 0
10-583 M 1918 06 1939 1352 1973 0 B6 0.0 -29¢C 0 0 0 0
10-584 F_ 1925 01 1982 - 3 1973 1 B6 0.0 29C 0 0 2 0
10-585 ¥ .1908 06 1930 52 1978 1 ¢c6 0.0 29¢ 0 0 4 0
10-587 M 1946 Q7 1966  416.1973 1 B6 0.0 - 29C 0. 0 0 0
10-588 . F . 1910 011927 2 1974 0 -G6 0.00330 z8 0 0 0 0
10-585 N 1938 .07 1971 78 1973 2 B3 0.0 29¢ 0 0" 0 0
10-590 K 1912 1979 06 1948 = 728 1979 "0 B6 0.0 29B 0 -0 0 0
10-592 M 1899 06 1523 1300 1978 1 B6 - 0.0 798 0 0 -3 0
10-594 F 1917 01 1943 5 1973 ‘5 B3 0.0 z9C = o . 13 0
10-595 F 1908 01 1928 104 1977 6 C6 0.0 29 2 0- 25 0
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TABLE 1 (CONT.) EXPOSURE DATA FOR RADIUM PATIENTS TO END OF 1980
M, (2 &) @ G ®  (h @ (9 (0 (1 (12) (13) (1) (155 (16)
) : . YEAR EXFP YEAR RA226 RA228 RA228° INPUT INPUT CUM CUN. .-
> EXP FIRST DUE OF RA226 METHOD. TO kKA226 METHOD .RA226 RA228 "RADS KADS
CASE SEX _BORN .DIED TYPE EXP WKS MEAS NCI + ERR__RATIO + ERR Ucl ucIr RA226 RA228
10-5%6 F 1909 01 1927 6 1973 6 B3 0.0 29C 2 0 723 0
10-537 F 1911 01 1928 17 1976 2 B3 0.0 Z9C 1 0 8 (V]
10-538 F 1914 1979 01 1934 156 1973 1 B6 0.0 29C 0 0 3. 0
“10-601 M 1920 ’ 07 1951 0 1975 0 B6 0.0 298 0 ] 0 .0
10-606 F 1910 07 1928 468 1975 0 B6. 0.0 Z9B 0 0 0 0
10-608 F 1917 “01 1939 14 1975 1 B6 0.0 zZ9C 0 0 2 0
-10-609 F 1925 01 1943 42 1973 2 Bé 0.0 29C 0 0 4 0
10-610 F 1920 01 1941 22 1975 2 B3 0.0 Z29C 0 0 5 0
10-61%+ F 1924 .01 1942 13 1973 2. 'Bé6 0.0 29C 0 0 5 0
10-613 F 1919 01 1945 12 1973 0 B6 0.0 Z9C 0 0 0 0
10-614 F 1915 gt 1942 30 1975 1 B6 0.0 29C 0 0 3 0
10-616 F 1929 01 1948 15..1973 2 .B6 0.0 Z9C 0 0 4 0
10-617 F 1922 01 1942 182 1974 10 B2 0.0 29C 2 0 26 "0
~10-¢6¢18 F 1923 01 1944 5S4 1975 0 B6 0.0 29C 0 0 1 0
10-621 M 1905 06 1925 1716 1979 1 (of 3 0.0 29C 0 0 2 0
10-623 ® 1917 06 1938 1144 1973 1 B6 0.0 Z9B 0 0 - 1 -0
10-627 H 1911 07 1928 208 1974 4 G6 0.00420 - 25 1 1 11 11
10-628 1 1906 06 1927 156 1976 0 B6 0.0 Z9B 0. -0 0 0
10-630 F 1915 01 1937 13 1973 0 B6 0.0 Z9C 0 0 1 0
10-631 F 1929 01 1946 26 1974 0 B6 0.0 29¢C 0 0 0 .0
10-635 F 1922 . 01 1943 156 1973. 3 B6 0.0 Z9C 1 0 6 0
10-643 M 1853 1928 05 1928 0 1978 316 A1l 0.0 Z9 4 0 1 0
10-644 M 1870 1927 05 1927 0 1975 5300 Al 0.0 ‘29 30 0 3 0
10-645 F 1930 76 1948 90 1973 0 B6 0.0 29C 0 0 0 0
10-548 ¥ 1923 01 1942 30 1974 2 B6 0.0 Z9C 0 0 5 0
10-649 F 19271 01 1942 15 1973 2 B6 0.0 Z29C 0 0 4 - 0
10-650 F 19256 01 1946 59 1973 8 B2 0.0 29C 2 0 18 0
10-651 F 1923 . 01 1942 260 1974 0 B6 0.0 29C 0 0 0 0
10-653 F 1926 1979 01 1946 16 1973 0 B6 0.0 29C 0 0 0 0
10-655 F 1922 01 1947 2 1978 2 Cé6: 0.0 29C 1 0 5 0
10-656 F 1923 01 1942 20 1973 1 .Bé6 0.0 Z9C 0 0 2 0
10-657 F 1922 1976 01 1943 13 1973 1 B6 0.0 Z9C 0 0 -3 0
10-658 F 1906 .01 1927 208 1974 6 B2 0.0 29C 2 0 24 0
10-659 F 1904 01 1927 52 1974 0 B6 0.0 Z9C 0 0 2 -0
10-6€0 F 1924 01 1942 172 1973 18 B2 0.0 Z9C 4 /] 47 0
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TABLE 1 ' (CONT.)

-EXPOSURE DATA FOR RADIUM PATIENTS TO END OF 1980

)

(15)

10-831

" 1879

1926

) () (8)  (5) (&) (7). (8) (9) (1) (1) (12) (13) (14) (16)
YEAR  EXP YEAR RA226 RA228 RA228  INPUT . INPUT cuM cuM
EXP FIEST DUR OF RA226 METHOD TO RA226 METHOD _RA226 RA228 RADS - RADS
CASE___SEX BOKN _DIED TYPE EXP_ WKS _MEAS__ NCI __+ ERR__RATIQ + -ERR ucl ucl RA226 _ EKA228
10-661 F 1926 1973 061 1945 23 1977 10 F5. 0.0 79 2 -0 - 21 0
10-662 F 1909 .01 1930 13 1977 2 B3 0.0 Z9C 1 0 9 0
10-664 F 1925 01 1943 1 1973 3 B3 0.0 29C 1 0 K} 0-
10-665_ F 1927 01 1946 104 1973 1 B6 0.0 -29C 0 0 3 0
10-666 F 1924 01 - 1943 13 1974 1 B6 0.0 29C 0 0 2 0
10-667 F 190& 1974 01 1525 52 1973 7 B2 0.0 Z9C 2 ) 26 0
10-668 F 1925 01 .1943 - 19 1973 ‘1T B6 0.0 Z9C 0 0 2 0.
10-670 ¥ 1932 06 1955 780 1974 -2 B3 0.0 29C 0 0 1 0
10-672 M 1916 1980 06 1936 1040 1974 0 B6 0.0 29B 0 0 0 0
10-673 M 1911 1976 06 1932 364 1973 0 B6 0.0 29B 0 0 0 0
R : -
10-683 F 1924 01 1942 14 1973 0 B6 0.0 29¢C 0 0 0 o
10-684 M 1927 .07 1950 104 1974 1 B6 0.0 Z9C 0 0 2 0
. 10-688 F. 1923 1976 01 1342 - 121974 . 4 B2 0.0 Z9C 1 0 11 v}
" 10-689 F. "1919 .01 1943 26 1974 3 B3 0.0 Z9C 1 0 7 0
© 10-696 F 191 0t 1929 15 1977 8 66 0.0 Z9 2 0 33 0
10-714 F 19086 01 1925 57 1979 1 B6 0.00126 " Z4B 0 0 5 4
10~718 F 1910 1979 .01 1925 0 1979 .7 G4 0.0 Z9 2 0 32 0
10=723 F 1911 01 1929 15 1977 1 €6 0.0 Z9C 0 0 ] 0
10-725 .M 1927 07 1$52 "1 1973 -5 B2 0.0 29C 1 0 7 0
10-728 F 1923 01 19ué 2 1974 0 B6 0.0 29C 0 0 0 0
--10-729 F 1902 .06 1920 832 1973 1 B6 0.0 Z9B 0 0 4 0"
10-730 F 1907 01 1928 260 1979 1 Cc6 0.0 29C. 0 "0 u 0
10-731 ¥ 1921 07 1951 1196 1974 2 B3 0.0 Z9¢C 0 0 1 0
10-732 ¥ 1924 07 1950 1300 1974 0 B6 0.0 29C 0 0 0 0
10-736 F 1929 0t 1548 9 1974 - 0 B6 0.0 Z9C 0 0 K] -0
10-738 M 1923 07 1965 6 1974 3 'B3 0.0 29C 0 0 2 0
10-739 F 1931 - 01 1951 7 1974 1 B6 0.0 zZ9C 0 0 1 0
“10-741 F 1927 01 1945 60 1977 - 1 B6 0.0 z29C 0 0 3 0
10-742 F 1929 , 07 1946 11974 2 B3 0.0. Z9C 0 0 4 0
10-744 F, 1890 1978 05 1925 .0 1975 <120 G4 0.0 29 37 - 0 523 0
10-754 -F 1881 1977 05 1925 -0 1975 12 G4 - 0.0 z9 4 0 52 .
10-786 'F 1866 - 1928 05 1927 .0 1976 1360 A4 0.0 © 29 .40 ] 38
10-807 M 894 . 1976 . 05 1925 1 1976 388 B1 0.0 Z9B 119 0 "1190
.10-825 M 1904 ~ 05 1927 -0 1978 941 .B1 0.0 Z9B . 289 "0 2961
¥ 05 1925 +0 1977 786 . A1 0.0 z9 36 0 39

coooo
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TABLE 1 (CONT.) EXPOSURE DATA FOR RADIUM FATIENTS TO END OF 1980

) (2) (3) ) (3 (6) (7} (8)  (9) (1) - (1) (12) (13) (14) (15) 16y
YEAR EXP YEAR ‘ RA226 RA228 RA228  INPUT INPUT con cun
c : EXP FIRST DGR OF ~°  RA226 METHOD TC RAZ26 METHOD RA226 'RA228 RADS _RADS
_CASE __SEX BORN__DIED TYPE EXP _ WKS _MEAS__'NCI __+ ERR _RATIO + ERR___UCI ucI RA226 ___RA228
10-840 M 1865 1926 05 1925 0 1976 390 a1 0.0 Z9 9 0 5 0
10-8506 F ' 1925 .01 1943 0 1974 1 B6 0.0 . z9cC ] 0 3 0
10-851 F 1921 - 01 1951 %39 1974 0 B6 0.0 Z9B 0 ] 0 0
10-852 F 1905 1980 01 1923 13 1974 0 - B6 0.01300 Z2B 0 0 0 0
10-853 F 1919 © 17 1947 1300 1974 1 B6 0.0 298 0 0 1 0
10-854 M 1909 06 1928 - 104 1979 1" B6 0.0 Z9B .0 0 3 0
10~865 F 1928 . 01 1946 28 1976 7 B2 0.0 29¢C 2 0 16 0
10-856 F 1952 01 1973 6 1974 1 B6 0.0 29C ] 0 ] 0
10-859 F = 1951 ~07 1973 0 1974 0 B6 0.0 29C ] 0 0o 0
10-860 F 1925 07 1962 7 1974 7 B2 0.0 Z9C 1 0 8 ]
10-861 F 1954 . 01 1973 22 1974 1 B6 0.0 Z9C 0 0 0. 0
10-862 F 1928 01 1946 - 10 1974 0 B6 0.0 -29C 0 0 ] 0
10-864 M. 1906 01 1949 1560 1979 0 c6 0.0 29¢C 0 0 ] 0
10-8€6 F 1900 01 1920 12 1979 8 G4 0.00775 22 3 26 41 398
10-867 F 1915 - 07 1929 209 1974 0 B6 0.0 Z9B 0 0 G 0
10-869. F 1902 01t 1927 132 1979 2 ¢c6  0.00131 Z8B 1 1 9 8
10-870 F 1911 1978 07 1944 ~ 550 1974 0 B6 0.0 298 0 0 0 0
10-874 F 1924 01 1942 2728 1974 4 B3 0.0 29B’ 1 0 8 0
10-880 ¥ 1912 06 1935 156 1974 0 B6 0.0 298 0 0 0 0
10-883 F 1883 1935 02 1930 +0 1975 27 At 0.0 29 2 0 8 0
.10-890 F 1912 01 1927 2 1979 0 B6 0.001B1 Z88B ] 0 0 o
10-893 F 1926 T 01 1943 78 1977 5 B2 - 0.0 Z9C 1 "0 15 0
10-894 F 1924 - 01 1942 © 38 1974 1 BE 0.0 z9C 0 0 2 o
"10-895 F 1925 , 01 1943 9 1974 2 B3 0.0 z29cC 0 0 4 ]
10-896 F 1923 01 1941 8 1974 0 B6 0.0 29¢C ] 0 1 0
10-897 F 1930 07 1951 208 1975 3 B6 0.0 29¢C 1 0 5 o
10-901 F 1910 01 1924 3 1975 0 B6 0.01160 22B 0 0 0 0
-10-903 F 1909 01 1943 2 1976 0 B6 0.0 Z9C ] 0 1 0
10-905 F 1928 .01 1946 10 1974 0 B6 0.0 zZ9C 0 0 0 0
10-906 F 1921 1980 07 1969 0 1976 1 B6 0.0 29C 0 0 0 0
10-907 F "1910 01 1946 5 1979 1 ¢6. 0.0 Z9C 0 0 2 0
10-908 F 1928 © 01 1946 4 1974 1 B6 0.0 29C 0 0 2 0
10-909 F 1919 0t 191 4 1974 2 B3 0.0 73C 1 0 7 0
10-911 F 1928 01 1947 2 1974 2 B6 0.0 Z9c 0 0 4 0
10-915 . F * 1931 01 1953 0 1974 1 B6 0.0 29C 0 0 1 0



TABLE 1  (CONT.) EXPOSURE DATA FOR RADIUM PATIENTS TO END OF 1980

444

poQoo

() 2 3) ™ G 6 (h ® G- (1) (1) (12)  (13) (4 (19) (16)
o . YEAR EXP YEAR ) RA226 RA228 RA228" INPUT INPUT CCuM ‘CUM
- '; : EXP FIRST DUR OF - RA226 METHOD TC RA226 METHOD RA226 RA228 RADS ~ RADS -
CASE SEX BORN DIED TYPE EXP HKS__MEAS NCI + EKR__RATIO + ERR_. UCI Uucl RA226 kA228
10-916 F 1915 °~ ' .0t 1946 2 1974 0 B6 - 0.0 : Z9¢C 0 0 0
10-913 F 1907 01 1923 0 1976 0 B6 0.01000 Z2B 0 . 0 0
10-919 F 1924 . Ct 1943 .8 1974 2 B6 0.0 Z9cC 0 0 4.
10-920 F 1929 ' 01 1947 4 1977 0 - ¢c6e 0.0 Z9C 0 0 0
10-921 F 1905 01 1923 1 1977 0 .G6 0.00907 Z2 0 0 0
10-928 M 1918 07 1948 . 0 1958 1 G6 0.0 29 0 0 1 0
- 10~931 . M 1911 01 1946 1040 1979 4 c3 0.0 . 29C 1 0 5 0
10-932 M 1903 76 1919 . 208 1979 15 B2 0.0 Z9B 5 0 S4 0
10-933 F 1924 01 1943 "3 1974 2 B6 - 0.0 Z9C 0 0 5 0
10-934 F 1924 01 1948 1196 1974 04 B6 0.0 . Z29C 0 0 0 0
10-935 M 1925 . - 07 1959 780 1974 0 - B6 0.0 . +29C 0 0 0 0
10-938 F 1952 . - 01 1971 8 1974 0 Bé 0.0 29C 0 0 0 .0
107900 F_ 1939 - 07 1958 4 1974. 1 B6 0.0 29C 0 0 1 0
10-941 F 1928 ) 01 1948 13 1974 1 B6 0.0 29¢C 0 0 1 0
10-944 F. 1922 ‘07 1951 6.1974 0 B6 - 0.0 29C 0 0 "0 0
10-945 F 1915 0t 1943 12 1979 4 Cc3 0.0 Z9C 1 0 1 0.
10-948 . F 1923 01 1943 3 1974 0 B6 0.0 29C 0 0 1 o
10-949 P 1925 01T 1943 0 1974 2 B3 0.0 zZ9cC 0 0 5 .0
10-950 -F 1922 01 1943 1 1974 - 5 B2 0.0 Z9C 1 0 a3 "0
10-951 .F 1916 ‘01 1943 4 1980 2 Cé6 0.0 Z9C 1 0 7 0
10f952 F 1911 01 1927 10 1980 1 (of 0.00160 Z8C 0 0 6 6
10-953 F 1908 . © 01 1923 49 1979 15 G6 0.00770 22 5 32 12 478
10-955 F 1922 01 1542 104 1974 ) 1 B6 0.0 9B 0 0 -3 0
"10-957 F 1922 01 1941 130 1974. 1 Bé 0.0 Z9B 0 -0 3 0
10-958 F 1931 01 1951 13 1975 3 B3 0.0 Z9C 1 0 6 0
10-959 F 1929 ’ g1 1546 2 1974 4 B3 0.0 Z29C 1 0 9 0
10-962 F 1916 s 07 1934 27 1978 0 Bé6 0.0 Z9B 0 0 .0 . 0
-10-963 F 1901 01 - 1919 10 1975 647 B1 0.00170 B3B 209 318 3275 4784
10-966 F 1908 ' 01 1929 4 1974 0 B6 ‘0.0 . 9B 0 0 0 0
10-967 ¥ 1924 . 01 1943 2 1974 0 B6 0.0 . 29C 0 0 0 0
10-969 ¥ 1920 07 1965 52 1976 0 B6 - 040 Z9C 0 0 0 0
10-970 F . 1955 07 1973 22 1974 2 B3 0.0 . 29C 0 0’ 0 0
10-971 F 1952 .~ 17 1973 22 1975 1 B6 0.0 Z9C 0 0 0 0
10-972 F 1926 01 1947 ‘5 1974 0 B6 0.0 . 29C 0 0 1 0
F - 1924 01 1941 48 1974 0 B6 0.0 Z9B 0 Q 0 0

10-974
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TABLE 1 (CONT.) EXPOSURE DATA FOR RADIUM EATIENTS TO END OF 1980

M t2) (3) 4 (5 (6) {7y (8) (9) (10) (1) (12) {13y (14) (15) (16)
) YEAEF EXP .YEAR . RA226 RA228 = RA228 INPUT 'INPUT . cunm- cum
) . EXP FIRST DUR OF RA226 METHOD TO RAZ26 'METHOD RA226 RA228 RADS KADS
_CAS® __SEX BORN_ _DIED TYPE EXP WKS__MEAS NCI +# _ERR__RATIO + ERR uct UCT . RA226 RA228
10-3575 F 192§ 0t 1947 13 1974 0 B6 - 0.9 29¢C 0 .0 0 0
10-977 F 1923 ot 1943, 38 1974 6 B2 0.0 29C 1 0 16 0
10-978 M 1927 . 07 1943 1612 1974 ° 4 B3 0.0 Z29C 0 0 2 V]
- 10~979 F 1925 01 1943 13 1974 1 B6 0.0 Z23C 0 .0 2 0
10-980 F 1926 07 . 1945 1 1974 1 B6 0.0 29cC 0 0 3 0
10-981 F 1928 07 1946- 0 197u 0 B6 0.0 zZ9C 0 0 0 o
10-987 F 1926 01 1946 26 1974 1 B6 0.0 29¢C 0 0 3 0
10-988 M 1952 1974 07 1973 22 1874 0 B6 0.0 Z9C 0 0 0 0
10-983 F 1927 07 1958 3 1975 1 B6 0.0 Z9¢C 0 0 . | 0
10-990 F 1920 07 1943 20 1974 0 B6 0.0 29C 0 0 0 0
10-991 M 1901 07 1941 1716 1979 2 cé 0.0 29C 0 0 2 0
10-992 F 1919 - 01 1942 -39 1974 0 B6 0.0 29C 0 0 0 0
10-993 F 1904 -~ 07 1942 4.1979. 3 c3 0.0 29C 1 0 9 0
.10-996 F 1900 - 07 1943 260 1979 1 - B6 0.0 298 0 0 3 0
10-997 'F 1926 07 1945 572 1979 0 B6 0.0 z9 0 0 0 0
10-998 F 1909 .07 1942 288 1978 0 B6 0.0 298 0 0 o 0
11-002 F 1919 - 01 1941 728 1979 0 B6 0.0 29 0 0 ¢ 0
11-003 F 1919 S 07 1942 +0 1974 3 Gé 0.0 29 1 0 8 0
11-004 " M 1924 . 01 1946 702 1979 1 B6 0.0 Z9 0 0 1 0
11-005 M 1926, 17 1948 1612 1979 3 B6 0.0 Z9 0 0 2. -0
11-009 F 1913 07 1942 884 1979 0 B6 0.0 298 0 0 0 -0
11-010 F 1922 © 07 1942 598 1979 0 B6 0.0 Z9 0 0 0 0
11-015 F 1907 .01 1925 2 1976 -0 Gé 0.010600 22 0 0 0 0
"11-016 F 1906 01 1924 17 1978 24 Cc3 0.00803 z2 8 43 113 642
11-017 F 1906 01 1923 1 1977 0 " G6 0.00907 22 0 0 0 0
11-018 F 1908 01 - 1925 5 1974 0 B6 0.003230 Z8B 0 0 . 0- 0
11-021 F . 1907 07 1931 282 1978 0 Cc6- 0.00z03 z8 0 0 0 Q
- 11-023 F 1911 17 1927 " 2-1975 0 B6. 0.00z90 Z8B 0 0 0 0
11-026 F 1916 01 1941 52 1976 0 Bé 0.0 Z9cC 0 0 0 0
11-027 F 1910 1979 71 1948 312 1978 0 B6 0.0 29 0. o 0 .0
11+-028 F 1925 ' 01 1944 78 1974 0 B6 0.0 Z9B 0 0 0 -0
11-030 F 1928 - 07 1951 112 1975 4 B3 0.0 Z98 1 0 8 0
1+-032 # 193% 06 1956 936 1974 3 B3 0.0 Z9C 0 0 1 0
"11-033 M 1951 06 1973 104 1975 0 B6 0.0 29C 0 Q 0 0
11-034 ¥ 1913 06 1934 2184 1977 51 B2 0.0 Z9C - 8 0 50 0



vze

104

CWOoOOO OCOCOoOOCO

COOC0CO COOOCO OOCOE OCPOOCO OCOOO

- TABLE 1 (CONT.) EXPOSURE DATA FOR RADIUM PATIENTS TO END OF 1980
(M (2) (3), Wy (3 (6 (7) - (8 - (9 (10) (1) {(12) (13).  (14) (15) (16)
YEAER EXP YEAR RA226 RA228. RA228  INPUT INPUT: cum cun
s : EXP FIRST DUR. OF RA226 METHOD TO KA226 METHOD RA226 RA228 RADS RADS

CASE SEX. BORN _DIED TYPE EXP _ WKS__MEAS NCI + ERR__RATIO +_ERR Ucr UcI. RA226 RA228
11-835 M 1949 " 07 1973 60 1977 8 Cc6 0.0 - 29¢C 0. -0 0

11-036 M 1914 67 1946 1716 1979 6 €3 0.0 29¢C 1 0 .4

11-038 #1914 07 1940 1456 1979 11 ¢c3 0.0 29C. 2 0 14

11-040 M 1915 67 1939 2132 1980 6 €3 0.0 29¢ 1 0 4

t1-042 M 1923 07 1946 1456 1974 5 B3 0.0 z9¢ 1 0 3

11-045 M 1915 1976 06 - 1943 1560 1974 27 B2 0.0 z9¢C 4 - 0 18
A1-049 F 1908 01 1923 13.1975 0 B6 0.01160 22B 0 0 -0

11-053 F 1905 01 1923 0 1977 0 G6 .0.00907 22 0 - 0 0

11-056 F 1908, 01 1927 40 1974 2" B6 0.00330 288 1 1 8

11-059 F 1925 01 1943 13 1974 0 B6 0.0 298 0 0 0

11-065 F 1928 07 1943 13 1974 0 B6 0.0 298 0 0 0

11-070 F 1924 - 017 1945 26 1974 1 B6 0.0 29 0 0 1

11-071 F. 1935 07 1967 2.1974 2 B3 0.0 . 29C 0 0 1

11-081 #1921 07 1941 1300 1978 1 ¢c6 0.0 29C 0 0 2

11-086 F 1919 "01 1941 208 1977 2 c6 0.0 Z9C 0 0 5

11-087 M 1923 07 1941 52 1977 3 ¢c6 0.0 29¢C 1 0 7
-11-089 F 1920 1980 - 01 1942 182 1978 2 c¢6 0.0 29c 1 0 6

11-092 F 1911 - 01 1943 52 1977 0 c6 0.0 29¢ 0 0 0

11-103 F 1918 01 - 1542 100 1980% 2 B3 0.0 29¢ 0 0 4

11-104 F 1905 07 1942 43 1978 1 B6 0.0 298 0 0 3

11-107 F 1916 .01 1982 52 1977 0 'B6 0.0 Z9C 0 0 1

11-108 F 1923 07 1941 208 1977 .1 B6 0.0 Z9C: 0 0 2

11-112 F 1916 01 1943 . 52 19717 1 B6 0.0 29C 0 0 2
“11-115 F 1909 01 1542 104 1979 1. B6 0.0 29C - 0 0 3

11-118  F 1920 01 1542 260 1979 0 B6 0.0 z9C 0 0 -0

11-119 F 1918 0T 1941 117 1976 0, B6 0.0 298 0 0 0

11-120 F 1919 01 1943 39 1979 1 c6 0.0 29C 0 0 2
~11-121 F 1909 01 1950 520 1977 0 c6 0.0 29C 0 0 0

11-129  F. 1923 17 1942 182 1978 0 c6 0.0 z9¢C 0 0 0
11-131% F 1933 01 1952 104 1978 0 ¢c6 0.0: 29C 0 0 0

11-143 F 1923 01 1940 .104 1977 0 c6. 0.0 29C 0 0 1

11-161 F 1921 01 1940 130 1976 0 B6 0.0 . 298 0 0 0

11-166 F 1917 01 1942 137 1978 "2 €6 0.0 29C 0 0 5
"11-168 F 1918 01 1942 90 1979 "0 - B6 0.0 Z9B 0 0 0

11-173 F 1911 1980 . 07 1943 1980% 0 ¢c6 0.0 z9C 0. 0 0
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TABLE 1 {(CONT.)

EXPOSURE DATA FOR RADIUM PATIENTS TO END OF 1980

)

(2)

29B

3. W)y (5 t6) (7 (8) (9) (10) (1 (12) (13) (14) (15) (16)

o YEAR EXP YEAR © RA226 . RA228 RA228  INPUT INPUT cun cun

- - EXP  FIRST DUR OF RA226 METHOD TO RA226 ‘METHOD RA226 .RA228 RADS RADS
CASE SEX_BORN DIED TYPE EXP: WKS__ MEAS NCI + _ERR__RATIO + ERR Ucl UCcI_ RA226 RA228
11-176 F 1915 01 1942 208 1977 2 C6 0.0 Z9C 1 0 3 ]
11-184 F 1919 01 1941 250 1978 2 €6 0.0 29C 0 0 5. 0
11-190 F 1921 01 1942 156 1978 1 ¢6 0.0 29C "0 0 3 0

11-192 F 1924 07 1943 104 1977 1 B1 0.0 79¢C 0 0 2 0"

11-196 F 1916 61 1941 298 1977 1 B6 0.0 29C 0 0 2 0
11-207 M 1917 01 1939 . 208 1974 0 B6 0.0 298 0 0 0 0
11-223 F 1917 07 1943 104 1978 2 C6 0.0 2.9C 0 0 5 0
11-2300 P 1904 07 1942 104 1976 4 B6 0.0 Z9B 1 0 11 0
11~231 F 1912 01 1942 34 1980% 0 B6 0.0 2.9C 0 0 0 0
11-232 F 1919 07 1942 156 1978 1 c6 0.0 29C 0 0 2 0
11-246 F 1916 07 1942 78 1977 1 B6 0.0 z9c 0 0 2 0
11-247 F 1923 07 1944 104 1978 1 °c6. 0.0 79C 0 0 2 0
11-262 P 1913 01 1933 208 1975 2 B3 0.0 29C X 0 7 0
11-264 F 1915 61 1934 130 1976 0 B6 0.0 Z9C 0 0 0 0
11-285 F 1915 07 1946 154 1980 0 C6 0.0 29C 0 0" 0 0
11-290 F 1917 01 1946 412 1978 2 ¢c6 0.0 29¢ 0 0 'y 0
11-291 F 1919 17 1951  164.1974 3 B3 0.0 29C 1 0 5 0
11-293 M 1942 07 1965 15 1980% 0. B6 0.0 79C 0 0 0 0
112294 ¥ 1943 07 1968 6 1974 0 B6 0.0 z9¢C 0 0 0 0
11-296 8 1923 71 1961 156 1978 2 B6 0.0 79 0 0 2 0
11-297 #1914 67 1934 1872 1976 g B2 0.0 z9¢C 2 0 11 0
11-302 F 1901 © 01 1924 0 1976 0 B6 0.01000 Z2B 0 0 0 0
11-304 F 1912 07 1928 150 1978 0 B6. 0.0 : 798 0 0 0 0.
‘11-329 F 1915 17 1933 156 1978 0 Cc6 0.0 29 0 0. 0 0
11-361 F 1910 01 1925 23 1977 1 B6 0.00230 78B 0 0 5 6
11-3€8 F . 1910 01 1927 1 1977 0 66 0.00230 78 0 0 ¢ 0
11-389 F 1908 01 1924 7 1976 3 B3 0.01150 228 1 6 14 89
S11-411 F 1905 17 1922 345 1979. 3 B2 -0.00713 228 10 9 152 741
11-453 F . 1923 01 . 1942 13 1976 0 B6 0.0 29B 0 0 0 0
11-521 F 1910 01 1927 4 1974 .0 B6 0.00330 28C 0 0 0 0
11-531 F 1894 1978 01 1578 54 1977 7 G4 0.00134 25 2 4 36 57
11-534 F 1918 01 1941 52 1978 3 ¢c3 0.0 29¢C 1 0 8 0
11-561 F 1910 01 . 1925 2 1976 0 66 0.00260 28 0 0 0 0
11-565 F 1911 01 1927 76 1974 2 B6 0.00330 288 1 1 8 - 8
11-584 F © 1904 01 1922 15 1977 4 B6 0.0 1 0 19 0



9zz

TABLE 1 (CONT.)

EXPOSUKE DATA FOR RADIUM PATIENTS TO END OF 1980:

COOO0O

CoO0CO ©0OO0OCOO OO0 OO

"oocooo

(2 (2) (3) 4 3 (6 (7) «8) (9) {10) (1) C (12 (13) {14) . (15) (16)
o .. YEAR EXP VYEAR RA226 RA228 RA228  INPUT INPUT CuN cun
. EXP FIRST DUR OF RA226 METHOD TO RA226 METHOD RA226 RA228 RADS EADS
CASE___SEX_BORN__DIED TYPE EXP__ WKS_ _MEAS__ _NCI _+ ERR__RATIO + ERR___UCI ucI RA226 EA228
11-637 ® 1902 06 1934 52 1975 0 B6 0.0 298 0 "0 J
11-652 F 1927 06 1953 208 1978 0 ¢c6 0.0 'Z9C 0 0 0
11-655 M 1922 06 1953 156 1976 1 B3 0.0 z9c 0 0 2
11-6€0 F 1928 01 1947 416 1976 5 B2 0.0 29C 1 -0 10
11-661 M 1926 07 1948 1456 1976 6 B2 0.0 ° Z9C 1 0 3
11-803 F 1905 06 - 1942 13 1976 0 G6 0.0 .29 0 0 0
11-859 F 1923 01 1941 208 1978 1 B6 0.0 -29B 0 0 3
11-861 F 1922 01 1941 364 1977 0 B6 0.0 298 0 0 0
11-863 F 1916 01 1942 52 1977 0 B6 0.0 29 0 0 0
11-8€5 F 1920 76 1952° 260 1978 2 B6 0.0 Z9B 0 0 4
11-866 F 1907 . 17 19427 156 1977 0 B6 0.0 Z9B 0 0 0
11-867 F 1924 .06 1945 76 1980% 3 B2 0.0 29c 1 0 8
11871 F . 1925 01 1940 - 276 1977 5 B3 0.0 29B - 1 0 14
11-875 F 1923 01 1941 364 1977 1 B6 0.0 Z9B 0 0 3
11-916 F 1918 01 1941 108 1975 1 B6 0.0 298 0 0 3
11-923 F 1924 01 1942 208 1976 1 B1 0.0 z9¢C 0 0 2
11-924 F 1920 01 1941 .104 1978 1 ¢t 0.0 z9C 0 0 2
11-925 F 1920 01 1541 78 1975 0 B6 0.0 29B 0 0 0
11-938 F 1931 01 1951 56 1975 0 B6 0.0 298 0 0 0
11-947 F 1925 01 1947 260 1975 4 B3 0.0 Z9B 1 0 9
11-957 F 1925 01 1942 78 1979 1 B6. 0.0 . Z98 0 0 3 0
11-959 F 1912 T 01 1941 208 1977 . 0 B6 0.0 Z9B 0 0 0 0
11-960 F 1924 01 1942 31 1975 0 B6 0.0 298 0 0 0 0
11-9€2 F 1922 01 1942  130-1979 0 B6 0.0 Z9B 0 0 0 0
11-964 F 1925 01 1945 ~ 52 1980% 0 BE 0.0 79cC 0 0 1 0
11-971 F 1923 01 1944 52 1979 0 B6 0.0 ' 29B 0 0 0
11-973 F -1919 01 1950 = 108 1975 1 B6 0.0 29B 0 0 2
“11-9724  F 1917 01 1944 40 1977 0 B6 0.0 Z9B 0 0 0
11-978 F 1920 0t 1942 82 1980% ¢  B6 0.0 29C 0 0 1
11-982. F 1922 01 1942 208 1976 0 - B6 0.0 Z9B 0 0 -0
11-989 F 1921 ‘01 1943 35 1977 0 €6 .. 0.0 z9¢C 0 0 0 0
. 11-991 F 1924 01 1942 -6 1976 2 B6 0.0 Z9B 1 .0 6 0.
11-993 F - 1919 01 15464 104 1980% 2 B3 0.0 z9¢C 0 0 5 0
11-999 ¥ 1907 17 - 1941 160 1980% 0 66 0.0 z9 ¢ 0 0 0
12-002 'F 1918 01 1941 . 52 1976 0 .B6 0.0 Z9B 0 0 0 0
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TABLE 1 (CONT.)

EXPOSURE DATA FOR RADIUM PATIENTS TO END OF 1980

(1)
_CASE
12-016
12-022
12-025
12-026
12-033

12-038
- 12-040
12-043

12-045 .

12-059

12-0€1
12-06€4
12-073
12-074
12-075

12-286
12-089
12-094

12-095 .

- 12-096

12-098
12-099
12-102
12-106

(2)

S

12-108 .-

12-110
12-111
- 12-113
12-115
- 12-117

12-118
12-119
12-123
12-127
12-128

g o b Y

E
F
F
F
F
F

oy e ey ey

L B I rt rey b

oy by o

X

LK

(3) (8) (5) (6). (7) (8) (9 (1) - (Y (12) (132) (14) (15) (16)
‘ » YEAR EXP YEAR . RA226 RA228 RA 228 INPUT INPUT CUNM cun
EXP FIRST DUR- OF RA226 METHOD TO KA226 METHOD RA226 RA228 RADS RADS
BORN _DIED TYPE EXP _ WKS MEAS __NCI __+ ERR RATIO ¢+ ERR__ UCI . UcI RA226 RA228
1919 - 01 1941 1Y 1977 0 B6 - 0.0 7Z9B 0 0 0
1924 01 1942 156 1978 0 B6 0.0 Z9B 0 0 0
1924 01 1951 132 1975 1 B6 0.0 29C 0 0 2
1914 01 1942 156 1976 0 - B6 0.0 298 0 0 0
1925 07 1950 52 1975 3 B3 0.0 29B . 1 0 6
1923 . =01 1943 . 26 1980% "0 B6 - 0.0 Z9C 0 0 0
1921 .01 1942 156 1976 3 66 0.0 29 1 0 8
1921 01 1942 182 1978 2 B6 0.0 Z9B 1 0 6
1925 01 1942 160 1977 0 B6 0.0 798 .0 0 0
1920 01 1942 52 1980% 0 B6. 0.0 Z9C . . 0 0 1
1920 01 1942 182 1975 1 B6 0,0 298 0 0 - 3.
1924 01 1942 156 1979 0 B6 0.0 Z9B 0 (] 0
. 1920 01 1942 104 1980% 1t B6 0.0 29C 0 0 2
1923 01 1943 104 1977 1 B6 0.0 Z98B 0 0 3
1923 01 194t Z08 1977 1 B6 0.0 9B 0 0 3
1925 07 1942 156 1977 2 B6 0.0 Z9B 0 0 6
1928° 01 1943 . 52 1974 0 B6 0.0 Z9B 0 0 0
1929 01 - 1946 4 1975 3 B6 0.0 Z9C 1 0 6
1927 01 1947 1 1974 0 B6 0.0 29C 0 0 1
1921 - 01 194€ 22 1978 2 Cc6 0.0 29C 1 0 6
1930 01 1951 52 1974 1 B6 0.0 29C 0 0 1
1929. 07 1951 18 1976 0 B6 0.0 29C 0. 0 0
1951 07 1972 0 1978 1 ¢c6 0.0 Z9¢C 0 0 0
1921 01 1943 4 1980% 0 c6 0.0 Z9C o . 0 0
1915 01 1942 - 23 1980 0 c¢c6 0.0 29C 0 0 0
1927 01 1946 1 1976 0 B6 0.0 29cC 0 0 1
1929 01 1947 19 1974 4 B3 0.0 zZ9C 1 - 0 9
1915. 01 1942 19 1980 1 c6 0.0 Z9C o 0 2
1953.. 07 1972 52 1975 0 B6 0.0 z9C 0 0 0
1914 01 1943 3 1979 0 Cc6 0.0 Z9C 0 0 0
1932 16 1954 2 1977 1 B3 0.0 Z9C 0 ] 2
1938 17 1967 61 1975 1 B6 0.0 z29¢C 0 0 1
1924 01 1945 17 1976 1 B3 0.0 29C .0 0 3
1917 . 01 1941 17 1975 0 B6 0.0 zZ9C" 0 0 0
" 1920 ¢ 01 1943 30 1978 2 Cc6 0.0 Z9C. 1 0 7

cocooco ooepao COO0OCO COOOO 00000 OO0 OOOOO



TABLE 1 (CONT.) EXPOSURE DATA FOR RADIUM PATIENTS TO END OF 1980

8c¢

(1) (2) (3) Uy (5 (6) (7)y (8 - (9) (10) (1 (12) (13) (1% (15).
: - . YEAR EXP YEAR RA226 RA228 RA228  INPUT INPUT . CUHM

: o . EXP FIRST DUR OF RA226 METHOD TO RA226 METHOD RA226 RA228 RADS
CASE___SEX EORN _DIED TYPE EXP___ WKS _MEAS__ NCI __+ ERR__RATIO + ERR__ UCI Ucl___ . _ _RA226

12-129 F 1927 01 1946 4 1976 0 B6 - 0.0 zZ9C 0 0 1 0
12-130 F 1924. 01 1947 2 1976 - 5 B2 0.0 29C 1 0 11 0
12-133 F 1926 01 1946 -7 1976 1 B3 0.0 29C 0 0 3 0
12-134 F 1927 01 1946 1 1975 ° 0 - B6 0.0 Z9C 0 0 0 0-
‘12-135 F 1913 . 01 1943 6 1980% 0 B6 0.0 29C 0 0 0 0
12-136 F 1928 - 07 1966 4 1975 . -1 B6 -0.0 z9C 0 0 0 0
12-141 F 1925 01 1943 3 1978 3 €3 0.0 29C 1 0 10 0
12-142 F 1922 01 1942 8 1976 0 B6 0.0 Z9C 0 0 0 0
12-143 - F 1924 . 01 1942 - 56 1975 1 B6 0.0 29C 0 0 2 ]
12-145 F 1921 . 01 . 1941 35 1976 0 B6 0.0 29C 0 0 0 0
12-146 - F 1920 01 1943 32 1977 0  B6 0.0 29C. 0 .0 1 g
12-148 F 1925 - . 01 1946 4 1975 0 B6 0.0 - Z9C 0 0 0 )
12-150 F . 1919 - 01 1943 104 1976 - 6 B3 0.0 29C 1 0 16 -0
12-155 F 1929 .01 1954 39 1976 0 B6 0.0 29C 0. 0 1 0
12-16€3 F 1920 QT 1942 78 1974 4 B3 0.0 29C 1 0 11 0
12-1€4 F 1920 01 1943 13 1976 0 B6 0.0 29C 0 0 1 0
12-165 F 1917 01 1947 78 1974 3 .B3 0.0 Z9C 1 0 8 0
"12-168 F 1926 01 1946 13 1975 1 B6 0.0 - z29C 0 0 2 0
12=171 F 1921 ° ~  01. 1940 "4 1976 2 ¢€6 0.0 Z9C ] 0 5 0
12-173 F 1930 01 1951 0 1974 2 B3 0.0 Z9C 0 0 4 0
12-174 F 1924 . 01 1948 18 1976 0 B6 0.0 Z9C 0 0 o 0
12-175 F 1927 - 01 1946 39 1975 1 B6 0.0 Z9C. 0 0 1 0
12-178 F 1925 01 1983 ~ 8 1976 0 B6 0.0 Z9C 0 0 1 0
12-179 F 1924 - 01 1943 9 1976 1 B6 0.0 29C 0 0 2 0
12-182 F 1922 © 01 1942 26 1977 0 B6 0.0 Z9C 0 0 1 0
12-185 F 1920 01 1943 52 1975 0 B6 0.0 29C 0 0 0 0
12-186 F 1927 01 1945 4 1974 8 B2 0.0 - 29C 2 0 .19 -0
'12-188  F 1936 07 1965 1 1976 1 -B6 0.0 z9C 0 0 0 0
12-190 F 1927 01 1947 3 1975 ‘0 B6 0.0 z9C 0 0 0 0
12-192. F 1921 01 1946 52 1976 1 B6 0.0 ZsC 0 0 2 0
12-193 F 1925 01 1942 1-1974 1 B6. 0.0 29C 0 0 4 -0
12-194 F 1924 1978 01 1946 5 1977 1 C6 0.0 29C 0 0 3 0
12-195 F 1925 : 01 1945 2 1976 1 B3 . 0.0 29¢C 0 0 3 0
12-197 F 1906 01 1921 13 1979, 2 C6 0.0 Z9C 1 0 10 0
12-198 M : 1909 17 1929 ° 520 1976 - 0 B6 0.0 298 0 0 0 c
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TABLE 1 (CONT.) EXPOSURE DATA FOR RADIUM PATIENTS TO END OF 1980
. (2) (3 % (3 {9 (7)  8) {9} {10) (11 (12) €13) {14). ©(15) (16)
. - . YEAR EXP YEAR RA226 RA228 RA 228 INFUT INPUT couy cun
EXP FIRST DUR OF RA226 METHOD TO RA226- METHOD RA226 RA228 RADS RADS
CASE SEX_BORN _DIED TYPE EXP WKS _MEAS NCI + EBR__RATIO + _EBR Ucr ucI BA226 RA228
12-203 F 1913 16 1943 108 1986% 0 G6 - 0.0 29 0 0 0 -0
12-204 M 1918 06 1541 104 1977 0 (o 0.0 Z9C 0 0 0 0
©12-206 F 1914 - 01 1942 130 1977 1 B6 0.0 Z9C . 0 0 2 . 0
12-212 M . 1930 17 1958 938 1977 2 Cé6 0.0 Z9cC 0 0 B 0
12-214 ¥ 1937 01 1967 26 1977 0 Cé 0.0 29C 0 0 0 0
12=215 F 1936 01 1958 936 1977 0 B6 0.0 Z9C 0 Y] 0 0’
12-216 F 1931 1979 01 1957 . 104 1977 0 B6 0.0 - 29C 0 0 0 - 0
12-218 M 1937 16 1955 17 -1977 0 - B6 0.0 Z29C 0 0 0 0
12-221 F 1914 07 1954 572 1977 1 B6 0.0 z9C -0 0 1 0
12-223 F 1923 67 1963 728 1977 0 B6 0.0 29C 0 0 0 0
12-224 F- 1927 01 1963 738 1977 0 B6 0.0 Z9C 0 0 0 0
12-225 F 1942 01 1962 17 1980% 0 B6 0.0 Z9C 0 0 0 0
12-226. F = 1926 17 1961 520 1977 0 B6 0.0 Z9C .0 0 0 0
12-228 F 1935 G1 195¢ 22 1977 0 B6 0.0 29C 0 -0 0 0
12-229 F 1921 01 1955 676 1977 1 B6 0.0 Z9¢C 0 0 1 0
12-236 F 1928 01 1960 130 1977 1 B6 0.0 29C -0 0 1 0
12-237 F 1936 01 1954 52 1977 0 B6 0.0 Z9C 0 -0 1 0
12-239 F 1922 16 1956 104 1977 2 Cé6 0.0 Z8C 0 0 3 0
‘12-252 .F 1920 01 1943 <04 1979 1 B6 0.0 Z9C 0 0 2 - 0
12-258 F 1923 01 1943 78 13978 2 cé 0.0 29C 0 0 5 Y
12-259 F 1920 01 1943 104 1979 1 B6 0.0 Z9¢C 0 -0 4
12-260 F 1915 01 1943 52 1979 3 B3 0.0 Z29C 1 0 "9
12-262 F 1921 01 1942 52 1975 0 B6 0.0 Z9C 0 0 1
12-270 F 1919 01 1943 18 1975 0 B6 0.0 Z9C 0 0 1
12=-271 F 1920 01 1943 77 1980% 0 B6 0.0 Z3C 0 0 0
12-289 F 192% A7 1943 52 1978 -0 c6 0.0 29cC 0 0 0
12-294 F 1906 11 1936 360 1980% 2 B3 0.0 Z29C 0 0 6
12-297 F 1923 01 1943 26 1978 0 Cé6 0.0 Z9C 0. 0 i
12-299 F 1921 01 1942 104 1979 0 Ccé 0.0 Z9C 0 0 0
12-300 - F 1915 11 1943 104 1980% 0 B6 0.0 29C 0 0. 0
12-302 F 1914 ot 1943 1 1980% - 0 B6 0.0 Z29C 0 Y 1 0
12-304 P 1923 01T 1943 52 1975 ° 0 B6 0.0 29¢C 0 0 -0 0
12-308 F 1900 01 1942~ 52 1980 1 Ccé 0.0 Z9C 0 0 2 0
12-330 M 1928 07 1944 63 1974 1 B6 0.0 Z9B 0 0 2 0
12-331 ¥ 1930 07 1544 65 1974 0 B6 0.0 0 0 0 0



TABLE 1 (CONT.) EXPOSURE DATA FOR RADIUM PATIENTS TO END OF 1980

0€?

(M (2) (3) (4) (5. (6) (N (8] (9) (109) (1 (12) (13) (14) . (19)

) YEAR EXP YEAR RA226 RA228 RA228 INPUT INPUT cun .

’ EXP FIRST DUR OF RA226 METHOD TO RA226 METHOD RA226 RA228 ~ EADS

CASE SEX_BORN _DIED_TYPE EXP WKS _MEAS NCI + ERR__RATIO + ERR UcI ucr___ = RA226
12-333 K 1932 06 -1955 - 728 1974 . '3 B3 - 0.0 : 29¢C 0 0 2 0
12-334 F 1908 .01 1924 17 1980 3 C3 0.0 - " Z9C. 1 0 16 0
12-342 F 1915 - 01 1942 780 1979 7 G4 0.0 29 2 0. 16 0
"12-343 F 1900 1976 07 1918 208 1974 0 G6 0.00630 24 0 0 0 0
12-344 F 1908 07 193¢ 104 1974 .0 'B6 0.0 729B 0 0 0 0
12-346 F. 1908 - g1 1926 . 3 1975 3 B3 0.0 Z9C 1 0 14 0
12-349 ' F 1940 07 - 1961 156 1974 1 B6 0.0 Z29¢C 0 0 1 0
12-350 F 1906 01 1923 ‘39 1979 1- Cé6 0.0 z29C 0 0 4 "0
12-352 "'F 1906 06 - 1928 416 1975 1 B6 0.0 Z9C 0 0 5 0
12-358 F 1913 01 1940 520 1976 7 B2 -0.0 zZ9C 2 0 18 0

12-359 F 1914 16 1940 . 52 1979 1 B6 0.0 z9C 0 0 4

12-364 F 1927 - .01 1968 364 1975 1 B6 0.0 29C 0 0 0

12-365 F . 1931 "0t 1952 520 1975 .1 Bé6 0.0 29 0 0 1

12-368 F 1923 01 1958 884 1975 2 (o1 ) 0.0 Z9C 0 0 1

12-370 F 1908 07 . 1924 104 1974 0 B6 0.01300 22B 0 0 0
12-375 . F 1917 01 1958 312 1975 0 B6 0.0 Z9C 0 0 0 "0
12-376 M 1945 07 1964 .520 1977 0 B6 0.0 Z9C - 0 -0 0 0
12-377 F 1920 - 01 1961 676 1975 0 B6 0.0 9C 0 0 0 0
12-383 F 1909 01 1923 988 1977 0 G6 0.00159 Z5 0 0 0 0
12-384 F 1913 01 1929 - 75 1980% 15 G4 - 0.0 29 5 0 63 0
12-385 F 1909 - . 01 .1942 182 1979 8 -C6 0.0 29C 2 0 23 .0
12-390 F 1905 .01 1929 7 1979 17 GUY 0.0 z9 5 0 72 0
12-392 F 1923 16 1942 52 1978 0 cé6 0.0 Z9C 0 o 0 0
12-397 M 1916 06 1947 520 1979 15  C3 0.0 298 3 0 23 0
12-421 M 1940 . - 06 1968 260. 1978 2 . Cé6 0.0 Z9cC 0 0 1 0
12-422 F 1907 01 1937 .39 1975 0. B6 0.0 Z9B 0 0 0 0
12-425 M 1938 ] 06 1960 6 1975 0 B6 0.0 Z9B 0 0 0 0
12-426 M 1923 07 1946 18 1975 1 B6 0.0 Z9B 0 0 2 0
12-428 F 1907 01 1922 13 19860 - 189 c2 0.0 Z29C 62 0 943 0
12-429 F 1922 : 01 1945 - 13 1975 0 B6 0.0 29C 0 0 0 0
12-430 F. 1927 0t 1941 26 1975 1 B6 0.0 Z9¢C 0 0 2 0
12-432 M 1937 © 06 1959 572 1977 1 B6 0.0 zZ9C 0 0 0 0
12-436 F 1896 1979 01 1918 26 1975 1 B6 0.0 Z9C 0 0 4 0
12-437 F 1926 01 1943 104 1975 1 B6 0.0 Z29C 0 0 4 [\
N 1 c6 0.0 29¢C 0 .0 1 0

"12-438 1942 06 1964 122 1977

ccoo®
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EXPOSURE DATA FOk RADIUM PATiENTS(TO EhD OF 13980

TABLE 1 (CONT.)

(n {7y (3 8y (3 (8) (7) (8) {9) (10) (1Y (12) (13) €14) (15) (16)

: YEAR EXP YEAR RAZ26 . RA228 . RA228  INPUT INPUT cuM cum

_ FXP FIRST DUE OF RA226 METHOD TO RA226 METHOD RA226 EA228 RADS RADS
CASE SEX BORN _DIED TYPE EXP WKS MEAS __ NCI + ERR _RATIO + ERR Ucl UcI RA 226 RA228
12-442 N 1945 06 1971 56 1978 1 c6 0.0 79C 0 0 ) 0
12—443 M 1919 1978 06 1945 %3 1976 1 B6 0.0 z9¢ 0 0 2 0
12-444 M 1950 . 06 1972 70 1980% 2 B3 0.0 29C 0 9 1 0
12-447 M 1918 06 1940 260 1976 6 B2 0.0 z9¢ 2 0 13 0
12-448 M 1923 67 1968 624 1979 1 B6 0.0 79C 0 0 0 0
12-450 ¥ 1911 07 1946 20 1977. 0 B6 0.0 298 o 0 0 0
12-451 M 1949 06 1970 13 1977 0 ¢c6 0.0 79C 0 0 0 0
12-452 ¥ ° 1948 06 1970 52 1977 1 B3 0.0 zZ9C 0 0 0 0
12-453 M 1914 06 1939 156 1979 9 B2 0.0 © 29C 2 0 19 0
12-455° M 1943 . 06 1970 B7 1979 3 B3 0.0 79C 0 0 1 0
12-456 M 1916 1980 06 1938 364 1976 249 Bl 0.0 Z9C 2 0 518 0
12-460 M 1923 17 1945 1092 1975 - 0 B6 0.0 798 0 0 0 0
12-499 F 1908 01 1925 8 1980 0 c6 0.0 - Z9¢ 0 0 1 0
12-502 F 1924 01 1945  -13 1975 0 B6 0.0 Z9¢C 0 0 0 0
12-508 F 1937 17. 1957 884 1975 0 B6 0.0 79C 0 0 0 0
12-509 F 1918 01 1941 160 1977 0 B6 0.0 79C 0 0 0 0
12-510 F 1923 01 1941 364 1977 1 c6 0.0 29C 0 0 3 0
. 12-515 F 1917 01 1941 52 1978 0 ¢c6 0.0 29C 0 0 0 0
12-516 F 1918 01 1941 4 1979 3 B3 0.0 29C 1 0 9 "0
£ 12-518 M 1899 07 1941 104 1979 0 c6 0.0 79¢C 0 0 0 0
12-522 F 19271 01 1941 30 1977 0 B6. 0.0 29¢C 0. -0 1 0
12-523 F 1923 01 1941 104 1977 0 ¢c6 0.0 79C 0 0 1 0
12-528 F 1917 01 1941 156 1979 1 B6 0.0 29¢C 0 0 3. 0
12-529 F 1920 01 1941 104 1977 0 C6 0.0 Z9¢C 0 0 1 Q
12-530 % 1920 Q7 1958 364 1976 3 B2 0.0 79C 1 0 3 0
12-532 M 1905 17 1929 2132 1980 i c6 0.0 z9¢ 0 0 2 0
12-533 F 1952 07" 1970 260 1975 2 B6 0.0 79C 0 0 0 .0
12-544 F 1921 01 1941 534 1975 4 B3 0.0 Z9B 1 0 10 0
12-545 F 1920 01 1937 902 1975 "11 B2 0.0 798 3 0 27 0
12-547 F 1918 01 1942 1508 1975 3 B3 0.0 798 0 0 4 0
12-548 F 1919 17 1939 832 1975 1 B6 0.0 798 0 - 0 2 0
12-549 F 1917 01 1943 604 1975 2 B6 0.0 Z9B 0 0 4 0
12-552 F 1922 01 1940 338 1975 + B3 0.0 Z9B 2 0 19 0
12553 F 1922 01 1950 260 1976 0 B6 0.0 29C 0 0 0 0
12-556 F 1922 01 1942 213 1975 3 B3 0.0 298 1 0 8 0
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TABLE 1 (CONT.) -EXPOSURE DATA FOR RADIUM PATIENTS TO END OF 1980
() (2) 3) (&) (33 (6 - (1 & (9 (10 (1) (12) (13)  (14) a5y - (16)
YEAR EXP YEAR RAZ226° RA228 .RA228 INPUT INPUT cuM CUM )
. : - EXP FIRST DUR oF RA226 METHOD TO KA226 METHOD RA226 RA228- RADS KADS
CASE SEX BORN DIED TYPE EXP WKS - MEAS NCI + EEKR RATIO + ERR UcIl UcI _ EA226 RA228
12-557 F 1919 - 01 1836 676 .1976 ‘ Z B3 0.0 Z38C 1 ; 0 -7
12-559 "F 1919 01 1939 104 1976 1 B6 ° 0.0 -29C 0 0 2
12-561 F 1917 16 1942 243 1975 0 B6 0.0 Z9B 0 0 0
12-563 F 1913 01 1940 289 1979 1 B6 0.0 798 0 0 3
12-5€9 " F 1922 01 1941 208 1978 0 Ccé 0.0 Z29¢C -0 g 0
12-570 F 1912 01 1941 29 1980% 1 B6 0.0 - 29¢C 0 0 2. 0
12-572 F 1914 -~ 01 1941 .78 1978 0 cé 0.0 29C 0 0 0 0
12-576 F 1921 17 1941 208 1978 1 ce 0.0 29C -0 0 3 0
12-579 F 1921 01 1941 208 1977 0 c6e 0.0 29C - 0 0 0 0
12-582 F 1914 01 1941 26 1977 0 cé6’ 0.0 29C 0 0 0 0
12-583 H 1923 08 1923 39 1976 0 B6 0.0 Z29B 0 0 0 0
12-584 F 1907 1+ 1926 1820 1979 0 G6 0.0 zZ9 0 0 0 -0
. 12-623 F . 1934 ot 1967 102 1977 0 Ccé 0.0 29C 0 0 0 0
12-624 F 1939 01 1965 312 1976 0 ‘B6 0.0 Z9C 0 0 0 0
,12~635_ F 1938 07 1967 156 1978 2 Ccé 0.0 Z29C 0 0 2 0
12-640: F 1946 C7 19¢4 9 1977 0 B6 0.0 Z9C 0 0 0 0.
12-643 F. 1933 01 1957 126 1977 0 (o) 0.0 Z9C 0 0 0 0
12-644: F 1934 01 1972 52 1977 1 B6 0.0 Z9C 0 0 0 0
12-645 F 1944 01 1963 156 1977 1 B6 0.0 Z29C 0 0 1 0
12-646 .F. 1946 01 1965 260 1977 0 B6 . 0.0 Z29C 0 0 0 0
12-650 F 1931t 01 1949 1456 1977 2 B3- 0.0 Z9C 0 - 0. 1
12-652 F 1931 01 1953 56 1977 2 B3 0.0 Z9C 0. 0 3
" 12-654 M 1942 07 1962 43 1977 .3 B3 0.0 Z9C 0 0 2
12-656 . M 1944 01 1962 104 1976 2 B2 0.0 - 29C 0 0 1
12-657 M 1924 06 1950 520 1977 € B2 0.0 29C 1 0 8
12-6€0 M 1926 16 1955 39 1977 2. " B3 0.0 Z9C 0 0 2 0
12-661 F 1946 01 1965 13- 1977 0 B6 0.0 Z9C 0 0 0 0
12-665 F -1925 Q7 1971 260 1977 1 B6 0.0 Z9C 0 0 0 0
12-6€9 M 1957 07 1974 22 1977 0 B6. 0.0 29C 0 0 0 0
12-670 M .1929 01 1951 ‘52-1977 1 B3 - 0.0 29C 0 0 2 0
12-672 F 1920 01 1942 89 1979 2 \ B6 0.0 Z9C 1 0 () 0
12-675 F 1921 0t 1952 30 1978 0 cé 0.0 79C 0 0 1 0
12-688 F 1911 01 1944 17 1977 1 "B6 0.0 29C -0 0- 2 0
.12-693 F 1922 01 1942 0 1979 -0 Bé6 0.0 Z29C 0 0 . 1 0
"12-694 F 1931 01 194 ¢ 13 -0 B6 0.0 29B 0 0 ¢ 0
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EX?OSURE DATA FOR RADIUM PATIENTS TO END OF 1980

TABLE 1 (CONT.)

m 2 3 ® () 6 (D (8 5y (10) (1) (12) (13)  (14) (15) (16)

. YEAR EXP YEAR RA226 RA228 RA228 INPUT INPUT CUM cuM

EXP FIRST DUR OF RA226 METHOD TO RA2z6 METHOD RA226 RA228 RADS - RADS
_CASE SEX BORN DIED TYPE EXP HKS _MEAS NCI + ERR__RATIO + ERR UCI: UcI . RA226 RA228
12-695 F 1926 - 01 1951 133 1979 1 Ccé 0.0 29C 0 0 2 [¥)
12-700 F 1929 01 1952 €2 1978 2 (o 0.0 - Z29C 0 0 4 -0
12-792 F 1918 61 1942 160 1977 1 B6 0.0 29C 0 0 3 0
12-799 F 1925 01 1952 121 1976 0 . B6 0.0 29C 0 0 0 0
12-710 F 1911 0t 1952 104 1976 0- B6 0.0 z29C 0 0 1 1]
12-729 F 1904 01 1944 6 1978 - 0 c6 --0.0 29C 0 0 0 0
‘12-738 F 1922 01 1949 32 1979 0 (of 0.0 29C 0 0 0 0
12-739 F 1914 01 1954 17 1978 3 cé 0.0 . 49C 1 0- 5 ~0
12-746 F 1913 01 1942 124 1976 0 B6 0.0 ‘Z29B 0 0 0 0
J2—7ﬂ8 F 1911 01 1944 13 1978 0 (o 0.0 Z9C 0 0 0 0
12-757 F 1922 01 1941 104 1976 1 B3 0.0 Z9C 0 0 3 0
12-764 F 1924 01 1952 124 1977 -1 B3 0.0 29C 0 0 3 0
-12-7€5 F 1921 - 71 1949 1352 1976° 0 B6 0.0 29C 0 0 0 0
12-771 F- 1930 01 - 1949 936 1976 0 B6 0.0 Z9C 0 0 0 -0
12-773 F 1922 01 1944 17 1980% 0 B6 0.0 z29¢C 0 0 0 0
12-777 F 1924 01 1942 2 1980% 1 B6 0.0 29C 0 0 3 0
12-779 F 1929 01 1952 52 1976 0 B6 0.0 Z9C 0 0 0 0
12-784 F 1930 01 1953 17 1977 1 Ccé6 0.0 29C 0 0 . 1 0
12-788 F 1918 01 1951 160 1979 0. Cé 0.0 Z9C 0 0 0 0
12-791 F 1920 01 1943 17 1979 2 B3 - 0.0 Z9C 0 0 4 0
12-795 F 1918 01 1949 17 1977 - 1 B6 0.0 Z9C 0 0 1 0
12-7917 F 1922 o1 1951 184 1979 2 cé 0.0 Z29C 0 0 3 0
12-802 f 1906 01 1943 . 14 1978 2 (of 0.0 29C 1 0 6 0
12-810 F 1910 01 1943 104 1977 0 B6 0.0 29¢C 0 0 0 0
12-815 F 1910 01 1943 8 1980%* .0 B6 0.0 Z29C 0 0 1 0.
12-826 F 1906 01 1943 -8 1977 2 (o] ) 0.0 Z9C 1 0 6 -0
12-329 F 1922 01 1949 18 1977 0 (o) 0.0 Z29C 0 0 0 0
12-831 F 1918 1979 01 1940 207 1978 1 B6 0.0 298 0 0 3 0
12-8341 F 1922 ’ ot 1952 1 1977 0 cé6 0.0 Z29C 0 0 g 0
12-843 F 1915 01 1952 30 1979 0  "B6 .0.0 Z9C 0 0 0 0
12-849 F 1916 01 1941 208 1977 3 cé 0.0 Z9C 1 0 8 0
12-850 . F 1917 - 01 1951 26. 1977 0 B6 0.0 Z9C 0 "0 0 0
12-857- F - 1926 17 19517 208 1977 0 B6 0.0 Z9C 0 0 0 0
12-858 F 1917 01 1951 22 1978 0 cé 0.0 Z9C 0 0 0 0
12-863 F 1929 01 19538 11 1978 2 0.0 29C 0 0 3 0
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EXPOSURE DATA FOR RADIUN PATIENTS TO END OF 1980
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‘ . TABLE 1 (CONT.)
(- (2) 3) - () (3 (6) (1) (8) (9) (10) (19 (t2) (13) . (14) (13) (16)
: YEAR  EXP YEAR _RA226 RA228 RA228  INPUT - INPUT . CUM cus
: _EXP ' FIRST DUK OF RA226 METHOD TO RA226 METHOD - RA226 RA228 RADS RADS
CASE SEX_BORN, DIED TYPE EXP WKS__MEAS NCI __+ ERR RATIO + ERR Ucl Uci RA226 RA228
12-6€4 ¥ 1919 01 1952 34 1978 0 Cé 0.0 Z9C 0 . 0 o 0
12-872 F 1924 01 19483 - 8 1980% "0 B6 0.0 29C .0 0. c 0
12-875 F 1921 01 1952 15 1979 0 B6 0.0 29¢C 0 0 0 0 .
12-878 F 1920 01 1949 237 1976 1 B6 0.0 Z9C 0 0 2 0
12-880 F 1917 01 1950 52 1977 1 B3 0.0 z9C -0 . -0 3 0
12-884 F 1911 - 16 1944 27 1980% 0 B6 0.0 - Z9C 0 0 1 0
12-885 F 1918 01 1945 4 1978.° 2. ¢c6. 0.0 29C 1 -0 6 0
12-887 F 1925 01. 1942 78 1977 0 ¢c6 0.0 'z9¢c 0. o 0 0
'12-889 F 1924 Ot 1947 260 1976 1 B3 0.0 z9C- 0 0 2 0
.12-891 F 1920 01 1952 8 1979 3 B3 0.0 z9C 1 0 5 0
12-894 'F 1914 01 1951 73 1980% 0. B6 0.0 z9C 0 0. 0 0
12-901 F 1915 0t 1951 13 1977 0 ¢c6 0.0 z9c 0 0 0 0
12-904 F 1922 01 1952 17 1980% 2 B3 0.0 29c 0 0 4 0
12-905 F 1914 01 1949 312 1976 2 B3 0.0 29¢ Q. 0 4 0
12-908 - F 1923 01 1952 87 1976 0 B6 0.0 Z9B 0 0 0 - 0
12-916 F 1921 17 1942 676 1977 2 c6 0.0 29¢ 0 0. 5 0
12-918 F 1918 01 1940 208 1977. T _B6 0.0 z9c 0 0 3 0
12-924 F. 1905 01 1950 17 1977 0 B6 0.0 z9C 0 0 0 0
12-927 'F 1919 01 1942 13 1977 2 B6 0.0 z9C 0" 0 5 0
12-929 F 1911 "01 1942, 4 1977 0 c6 0.0 29C 0 0 0 0
12-933 F 1923 .01 1964 52 1979 2 B3 0.0 z9c 0 0 4 0
12-9481 F 1925 01 1944 2 1980% 0 - B6 0.0 29C. 0 0 . 0 0’
12-942 F .1898 01 1944 +0 1977 - 2 ¢6 0.0 29C 0 0 - 5 0
12-943 F 1917 01 1952 52 1976 ‘1 B6 0.0 z9c 0 0 2 .0
12-9€1 F 1913 .01 1940 200 1980% 6 B2 0.0 29C 2 0 20° 0
12-963 F 1920 01 1542 104 1979 1 B3 0.0 z9c 0 0 4 0
12-965 F 1924 01 1945 52 1977 2. B3 0.0. 29c 0 0, 5 0
12-967 F 1913 01 1953 12 1979 0 B6 0.0 " 29B 0 0 0 0
12-977 F - 1920 01 1943 7 1978 1 ¢c6 0.0 z9¢ 0 0 2 0
12-978 F 1919 08 1919 39 1976 0 B6 0.0 Z9B 0 0 0 - 0.
12-981 F 1907 01 1923 " 19 1977 0 .B6 0.00907 Z9B 0 0 0 0
12-983 F 1921 01 1940 1040 1976 6 B2 0.0 29C 1 0 13 0 -
12-985 M 1934 08 1934 39 1976 1 B6 0.0 Z9B 0 0 3 0-
12-986 M 1932 1976 08 1932. 39 1976 2 B6 0.0 Z9B 1 0 5 0
E 1901 468 1977 0 B6 0.0 z9¢ 0 0 0 0



TABLE 1 (CONT.) EXPOSURE DATA FOK RADIUM PATIENTS TO END OF 1980
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(n (2) (3) U (5 (&) (7) (8) (9  -(10) (1) (12) (13) (14) (15r {16)
: i . ’ YEAR EXP YEAR RA226 EKA228 KA 228 INPUT INPUT Kodi.! cuM
EXp FIKST DUR OF FA226 METHOD TC RA2Z26 METHOD RA226 RA228 RADS RADS
CASE SEX, BQORN _DIED TYPE EXP WKS. _MEAS__- KCI + FRR__RATIO + ERR ucr uct RA226 RA228
13-007 M 1911 67 1951 676 1976 ' 1 B6. 0.0 Z9B 0 0 1 0
13-010 F 1923 01 1942 26 1977 2 B3 0.0 29c 0 0 5 0
13-011 F 1524 .01 1942 39 1979 0 B6 0.0 Z9 0 0 0 0
13-015 F 1910 1979 01 1954 8E4 1976 1 B6 0.0 z29C 0 0 1 0
13-019 F 1915 61 1942 - 1C4 1977 0 B6 0.0 Z9B 0 0 0 0
13-021 F 1914 : 01 1942 104 1979 0 B6 0.0 29B 0 0 0 0
13-022 P 1920 - 01 1942 63 1979 0 Cé 0.0 Z9cC 0 0 1 0
13-025 F 1914 .01 1940 © 32 1977 0 cé 0.0 29C 0 . 0 0 0
13-026 F 1921 01 - 1941 26 1977 0 Cs 0.0. 29C 0 0 0 0
13-027 F 1922 01 1942 156 1977 1 cé6 0.0. Z9C 0 0 4 0
13-044 F 1954 07 1977 +0 1977 0 B6 0.0 ZS8C 0 0 .0 0
13-G50 » 1932 07 . 1977 +0 1977 . 1 Bé 0.0 29C 0 0 0 0
13-G51 F 1878 1962 04 1925 = +0 1949 700 G4 0.0 29 145 0 1648 0
‘13-655 P 1908 17 1923 11 1978 0 B6 - 0.00800 22 0 0 0 0
~13-G56 M 1958 06 1976 52 1977 3 cé 0.0 29C 0 0 0 0
13-057 F 1922 .07 1976 104 1978 - 0 Cé6 0.0 Z9c 0 0 0 0
13-058 M 1956 16 197¢€ 62 1977 0 cé 0.0 29C 0 0 0 0
13-059 8 1910 07 1933 2184 1978 1 B6 0.0 Z29B 0 -0 1 0
13-063 F 1908 07 1933 1976 1978 0 B6 0.0 298 0 0 0 ]
13-064 P 1912 - 07 1959 102 1978 0 B6 0.0 29B 0 0 0 0
13-067 F 1917 01 1942 -39 1978 0 B6 0.0 29B 0 0 0 0
13-271 F 1923 ot 1942 78 1978 1 B6 0.0 Z9B .0 0 3 0
13-973 F 1924 01 1942 1352 1978% 0 - G6 0.0 Z9 - ;.0 0 0 0
13-978 F_ 1908 07 1942 1200 1978 0 B6 0.0 29B’ .0 Q 0 0
13-280 F 1921 07 1939 ° 312 1978 0 B6 0.0 29B 0 0 0 0
13-082 F 1920 .- 01 1942 52 1978 2 B6 0.0 Z9B 1 0 6
13-085 F 1918 ‘ 07 1942 336 1978 0 B6 0.0 Z9B 0 0 0
13-087 F 1925 01 1942 8 1978 0 B6 0.0 298 0 0 0
13-088 F 1922 . 0t 1942 .8 1978 0 B6 0.0 Z29B 0 0 0
13-089 F 1923 01 1942 104 1978 0 B6 0.0 Z9B 0 0 0
13-092 F 1917 07 1952 1196 13979 0 B6 0.0 Z9B 0 0. 0 0
13-102 F 1912 01 1928 936 1979 4 G6 6.0 Z9 1 0 14 0
13-107 F 1904 17 1936 1820 1978 5 B3 0.0 Z9B 1 0 9 0
13-108 F 1907 - 17 1942 1512 1978 2 B6 0.0 Z9B . 0 0 3 0
F 7 Gé6 0.0 29 2 0 20 0

13-109 1910 01 1943 1 1979
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TABLE 1. (CONT.)

EXPOSURE DATA FOR RADIUM PATIENTS TO END OF 1980

Wy (9

1923

M (2) 3 & (. (8. (9 (0 v (2 (3w - (15 (16)
: YEAR EXP YEAR ) RA22€ RA228 RA228 . INPUT 1INPUT (o31]. | -.CUN .
o ] EXP FIRST DUR OF * RA226 METHOD ‘TG RA226 METHOD RA226 RA228 - RADS. RADS
CASE - SEX BORN DIED: TYPE EXPp WKS MEAS NCI __+ ERR__RATIO + ERR UCI Ucl RA226 ‘RA228
13-113 F - 1906 .01 1926 2080 1978 2 B6 0.0 Z58B -0 0 : 5 ' 0
13-115 F 1923 - 07 1959 52°1980% . 0 B6 0.0 - Z9C 0 0 0 0
13-127 F 1914 - 07 1942 . 260 1978 -1 .B6 0.0 Z29B 0 0 + 3 -0 -
13-132 F 1905 07 1932 1976'1978 3 B3 0.0 Z9B 1 0 6 0
i3-136 F 19C8 07 1942 130 1978 0 B6 0.0 29B 0 0 0 0
13—138 P 1907 07 1942 520 1979 0 B6 0.0 'Z9B 0 0 0 0.
© . 13-139 F 1922 . 01 1944 130 1978 4 B3 0.0 - Z9B 1 0 11 0
13-145 F 1920 17 1937 468 1978 2 B6 0.0 Z9B 1 0 6 -0
13-146 ' F 1921 01 1942 . 52 1978 1 B6 0.0 Z98 6 0 3 0
" 13-147 F 1900 17 1939 204 1979 1 B6- 0.0 Z9B 0 0 3 0
13-15% F 1904 07 1927 936 1978 -1 Bé6 0.0 Z9B 0 0 3 0
13-152 M 1901 07 1941 208 1978 3 cé6 - 0.0 Z9C 1 0 6 "0
13-153 M 1908 07 1939 1352 1978 1 B6 0.0 -Z9B 0 0 1 0
13-154 F 1905 07 1941 1248 1978 0 - B6 0.0 29B 0 0 0 0
13-158 F 1920 : 01 1944 - 52 1979 1 B6 0.0 Z9B 0 0. 3 0
13-161 F 1948 01 1969 8 1978 2 C6 0.0 Z9C 0 0 1 o
13-165 F- 1917 01 1943 104 1979 1 ‘B3 0.0 29C 0. 0 4 0
13-167 F 1928 07 1958 - 260 1979 0- B6 0.0 29B 0 0 0 0
13-170 F 01 1943 104 0 0.0 - 29C 0 0 0 .0

1979 B6



APPENDIX B. Radium-Induced Malignancies

Measured Persons

Tables 1 and 2 summarize measured radiuﬁ cases considered to have radium-
induced bone sarcomas and paranésal sinus or mastoid @ carcinomas,
respéctively. The cases are listed in order of skéletal'dose,~from both 226Ra
and 228Ra, ;ccumulated 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 bone sarcoma cases and 30 sinus or mastoid carcinoma cases
among the 2259 persons whose body burdens of radium have been measured. Five
persans had both types of tumor (cases 01-179, 03-110, 03-402, 03-429, and 03-
648) so that there are 85 measured persons considered to have radium-induced
malignancies. There is one more case (03-459) in Table 2 than appeared in the
corresponding table of the 1980 annual repqrt.1 A squahous-cell cércluuma of
the sphenoid sinus of this former dial painter 'Qas diagnosed in 1980.
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 fhe mastoid or paranasal
sinuses. - Case 03-110 had a possible carcinoma of the masfoid and a possible
sarcoma of the left first métacarpal 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 sércomas and probable or confirmed
paranasal sinus or mastoid carcinomas, respectively. There are 24 probable or
confirméd 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 uhﬁeasured persons had early radiocactivity measurements which were.
interpreted tu show a poait-ive indication of radium in the body; work is in

progress to estimate lower limits of radium content for these cases.
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Reference
1. Radium-indiced . malignancies, Radiological and. Environﬁental Research

Division Annual Report, July 1979-June 1980, ANL380—11$, _Part 1I1I,
pp. 252-257. S ‘ :
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Table 1 Bone Sarcomas in Peirsons with Known Radium
Body Content as of 31 December 1980.

[92]
o]
>

CASE __BORN DIED_EXPOSED CUM.RADS DIAGNOSED

00-003° F . 1894 1927 1917 . #4841 1927
01-079 F 1901 1943 1920 21115 1942
01-032 F 1908 1940 1924 18248 1940
01-033 F 1908 - 1931 1923 © 18023 1930
03-584 F 1905 1959 1923 16821 1958
03-648 F 1903 1956 1922 16713 1956
00-019 F 1895 1946 1917 15042 - 1946
01-009 F 1898 1945 1918 14306 1944
03-213 F - 1892 1955 1925 14049 1954
00-027 F 1902 1942 1918 . 13175 1942
01-105 F 1898 1945 1921 12555 1945
00-006 F 1903 1930 1918 . 11760 1930.
03-671 F 1906 1953 1922 T1314 1952
01-046 F 1903 1943 1920 11190 1942
00-004 F 1900 1931 - 1917 11063 1930
00-028 F 1902 1933 1917 10265 1930
01-172 F 1898 1968 1916 9628 1968
03-201 F 1909 1963 1922 9586 1962
01-389 F .1910 1930 1923 - 9507 1930
05-215 F 1886 1968 1920 9272 - 1960
01-562 " F 1901 1831 1920 7143 1931
01-103 . F 1903 1946 1922 7025 1946
00-023 F 1900 1929 1917 6928 1929
03-215 M 1896 1971 1925 6860 1957
01-031 F . 1906 1934 1925 6824 1934
03-401 F 1900 1963 . 1923 6781 1962
01-011 F 1872 1937 1919 6678 1936
00-005 F 1901 1939 1917 6643 1939
05-953 F 1902 1978 1918 6589 1977
03-619 F 1903 1962 1922 6184 1962
. 01-007 F 1886 1949 - 1926 5972 1948
01-059 . F 1905 1967 1920 5182 1962
03-118 F 1898 1955 1931 5159 1955
00-007 F 1903 1935 1919 5046 1934
03-429 F 1908 1976 - 1923 - 4387 19617
01-051 F 1904 19717 1923 U265 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 L 1923 3761 1953
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.Table 1 Bone Sarcomas in Per'sons with Known Radium
(cont.) Body Content as of 31 December. 1980.

CASE __SEX _BORN___LIED. EXPOSEQ cu RADS DIAGNOSED

01-179 F - 1890 1566 1924 3642 1943

. 01-239 F- 1901 1958 1917 3153 - 1955
01-520 F . 1882 . 1969 1930 o 3132 1967
01-073 F 1900 1969 1921 3048 1969
01-099 F 1905 1945 1924 2923 1942
01-026 F 1905 1958 1925 . 2729 1955
03-649 F 1906 1954 ~ 1924 2664 1953
01-025 F- 1886 1952 1924 24 97 - 1950
03-212 F 1902 1951 1927 2412 1951
03~210 M 1906 1858 1926 2396 - 1956
01-613 F 1906 1936 1923 | 2319 © . 1935
03-2083 M 1894 1960 1925 . ‘1698 1958
03-216 F 1907 1961 1922 © 1606 1959
01-268 F 1901 ° 1968 1920 1602 . 1959
01-112 F 1908 1955 1924 1547 1954
03-227 - F 1878 . 1952 1930 1470 1949
03-110 F 1899 1967 = 1931 ue7 - 1963
03-455 F - 1906 L~ 1922 . 1445 1934
03-106 F 1876 ~ 1959 1931 . 1323 1957
01-439 TF

1880 1953 1922 888 1949
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. Table 2 Cércinonas of the Patanasal=sinuses and
. Bastoid Air Cells in Persons with Knovwn
" Radium Body Content as of 31 December 1980.

CASE . _SEX__BOEN . DIED EXPOSED CUM-BADS. DIAGgosn

01-14S F 1900 1957 1918 25701 1957
01-008 F 1900 1958 1917 22309 1958
01-149 F 1888 1959 1919 20067 . 1958
01-087 _F . 1905 1979 1921 18114 - 1957
03-648 F 1903 1956 1922 16455 1955
03-232. F 1898 1957 1917 14736 1956
01-006 - F 1899 1938 1919 8505 1938
03-240 F 1916 1955 1930 . 7655 . 1953
03-206 M 1914 1975 1936 - 7056 1974
01-014  F 1901 1949 1916 6799 1949
03-676 F° 1897 1977 1924 ~ - 6433 . 1976
01-179 F 1890 1966 1924 6019 1965
03-429 F 1908 1976 1923 4783 1973
03-402 F 1905 L 1923 4596 - 1964
03-101. F 1908 1971 1931 4448 - 1970
01-171 M 1895 1975 1914 4311 1966
03-407 F 1905 1961 1923 - 4206 1959
03-214 F 1895 1966 1925 3964 - 1959
03-235 F- 1900 1968 1928 3803 1965
03-459 " F 1906 1980 1924 . 3537 = 1980
03-126 F 1910 1965 1931 3449 1965
01-573 F 1892 1945 1916 3307 ° 1945
03-105 M 1903 1957 1931 3143 1957
03-423 F 1907 1972. 1923 2036 - 1971
03-417a F 1909 1966 1924 1894 . 1962
03-141 M 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 - 1919 1179 1970
03-488 F

1907 1975 1922 605 1973

(a) Carcinoma of case 03-417 apparently atose
in R. gingive (posterior maxilla).
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Table 3 Frobable or Confirmed. Bone Sarcomas -

in Exposed Persons with Unknown or
-Uncertain Radlum Body .Content. (a)

CASE SEX__BORN ~DIED EXPOSED DIAGNOSED

— e - . it i i . e S e

00-011 F. 1896 1936 1917 1935
00-013 'F = 1899 1933 1917 1933
00-030 -F 1903 1924 1918 1923
00-031 F 1903 - -1940 1920 1938
00-035 F 1900 _ 1941 1917 1941
01-088 F 1906 1931 1923 1931
01-107 F - 1909 1935 1923 1935
01-108 F 1908 1947 1924 1947
01-117 F 1907 1931 1922 1931
01-387. F 1895 1943 1918 1943
01-465 M 1881 1943 1925 1943
- 01-695 ~ F 1908 - 1935 1923 1935
03-658 F 1903 1938 1922 1938
. 03-660 F 1907 1936 1923 1935
'03-661 "F 1906 - 1934 1922 1934
03-665. F 1909 ~ 1930 1924 1929
03-680 F 1906 1946 ' - 1924 1943
03-759.  F 1904 - 1930 1924 1930
03-800 F. .1908 1945 1924 1944
03-806 - F .1896 1956 1922 1956
03-848 F 1903 ° 1958 1922 1958
05-534 F 1897 1939 1917 1937
05-987 'F -1901 1962 1918 1962
M 1891 - 1934 1912 1933

09-087

(a) All were dial pa1nters except cases
01-387 (iatrogenic, i.v. and oral),
01-465 (drank Radithor),
and 09-087 (chemist).’
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Table 4 Probable or Confirmed Malignant Tumors
of the Paranasal Sinuses and Mastoid Air
Cells .in Exrosed Persons with Unknown
or Uncertain Radium Body Content. (a)

CASE___SEX__BORN __DIED EXPOSED DIAGNOSED

01-587 F
03-675c F
© 03-760 F
' 03-772 F
03-785 . F

1694
1896
1907
1904
1903

1943
1960

- 1946
1953
1955

1919
1922
1924
1922

" 1925

1943
1959
1946

1953
1953

(a)AAll were dial fpainters.
(b) Death certificate lists paranasal sinus
carcinoma as cause of death; histologic

diagnosis from biopsy tissue was rhabdo-

myosarcoma of the maxillary antrum.
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Re.

PUBLICATIONS AND PRESENTATIONS BY THE STAFF OF
THE CENTER FOR HUMAN RADIOBIOLOGY
FOR THE PERIOD JULY 1980 'THROUGH JUNE 1981

PUBLISHED PAPERS

E. Adams and A. M. Brues, Breast cancer in female radium dial workers first

"employed before 1930, J. Occup. Med. 22, 583-587 (September 1980).

M. Brues, The long-term follow-up of radium dial painters and thorium
workers, The Medical Basis for Radiation Accident Preparedness, Proc.
REAQ/TS Int., Conf., Oak Ridgg, Tennessee, Oct. 18-20, 1979,. K. F. Hubner,
M.D. and S. A. Fry, M.B., Ch.B., Eds., Elsevier/North Holland, pp. 441-
450 (1980). ' : : »

- J. Harris and R. A. Schlenker, OQuantitative histology of the mucous

membrane of the accessory nasal sinus and. mastoid cavities, 'Ann, Otol.
Rhinol. Laryngol. 90: 33-37 (January-February 1981).

B. Holtzman, Normal dietary -levels of radium-226, radium-228, 1lead-210,
and  polonium-210 for man, Natural Radiation Environment. III, Vol. I,
Proc.. Symp., Houston, April 23-28, 1978, T. F. Gesell and W. M. Lowder,
Eds., Report CONF-780422, pp. 755-782 (1980)(Available Nat. Tech.
Information Serv., Springfield, Va.). ‘ C

. He Marshall - and A. Pagnamenta, Toward a theory of the iﬁitiation of

cancer by ionizing radiation, Proc. Seventh Symp. Microdosimetry, Oxford,

'England, September 8-12, 1980, J. Booz, H. G. Ebert, H. D. Hartfiel, Eds.,

Harwood Academic Publishers Ltd., pp. 97-107 (1981).

Newton, J. Rundo and J. D. Eakins, Long-term'retention of 228

accidental intake, Health Phys. 40, 291-298 (1981).

Th'following.f

Pagnamenta and J. He Marshall, Track structure analysis for electrons and
alpha particles in water, Proc. Seventh Symp. Microdosimetry, Oxford,
England September 8-12, 1980, J.. Bodz, H. G. Ebert, H. D. Hartfiel,
Eds., Harwood Academic Publishers Ltd., pp. 375-385 (1981).

P. Polednak, Fertility of women after exposure to 1nterna1 and external
radiation, J. Environ. Path. Toxicol. 4, 457-470 (1980).

" Rundo, ﬁadioactivity in man: Levels, effects and unknowns, To Address a

Proposed Federal Radiation Research . Agenda, Proc. Public Meeting,

Bethesda, MD, March 10-11, 1980 (Interagency Radiation Research Committee)
Vol. I, pp. 211-228. ' :

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

stimulation of peripheral lymphocytes of radium workers, Int. J. Radiat.
Biol. 38 (5) 583-588 (1980).
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M. Smith, J. H. Marshall, S. C. Miller, and W. S. S. Jee, Distribution of
alpha . particle track length within endosteal cell nuclei, Proc. Seventh
Symp. Microdosimetry, Oxford, England, September 8-12, 1980, J. Booz, H. G.
Ebert, H. D. Hartfiel, Eds., Harwood Academic Publishers Ltd., pp. 1441-
1453 (1981). ' 4 »

E. Toohey, C. G. Cacic, R. P. Larsen and R. D. Olaham,_The concentration of

plutonium in hair following intravenous injection, Health Phys. 40, 881-886
(June 1981).

PAPERS ACCEPTED FOR PUBLICATION

F. Mausner, Inhalation exposures at a thorium refinery, Health Phys.

E. Toohey, J. Rundo, M. A. -Essling, J. Y. Sha, R. D. Oldham, J. Sedlet and
J. J. Robinson, Radicactivity measurements of former mllltary personnel
exposed to weapon debris, Science.

P. Polednak, A. T. Keane and W.;L. Beck, Estimation of radiation doses to
the lungs of early uranium-processing plant workers, Environ. Res. ’

. PAPERS SUBMITTED FOR PUBLICATION

E. Toohey, M. .H. Bhattacharyya, R. D. Oldham, R. P. Larsen and E. S.

- Moretti, Distribution of gastrointestinally absorbed plutonium in the

dog, Radiat. Res.

A. Schlenker, A. T. Keane and R. B. Holtzman, The retention of 226Ra in
human soft tissue: and bone; implications for the ICRP20 alkaline ' earth
model, Health Phys. .

PAPERS PRESENTED AT MEETINGS

25th Annual Meeting, Health Physics Society, Seattle, WA, July 20-25, 1980

R. E. Toohey, Radioactivity measurements of former military personnel
exposed to weapon debris.

The American Statistical Association Meeting; Houston, TX, Aug. 11-12, 1980

L. Sanathanan and H. F. Lucas, Jr., An empirical Bayes mo@el for estimating
radium intake from exposure duration.

XIth International Congress of Anatomy, Mexico City, MX, Aug. 17-23, 1980

M. J,'Harris, Morphometry of the paranasal sinuses and mastoid air cells.

245



American Chemical Society Meeting, San Francisco, CA, Aug. 24-29, 1980

L. F. Mausner and R.'A. Naumann, Lifetime of muonic orbitals in helium.

2nd Special Symposium on Natural Radiation, Bombay, India, Jan. 19-23, 1981

J. Rundo, F. Markun, N. J. Plondke and J. Y. Sha,‘Some aspects7of radon and
daughter-products- in" man and his environment. To be published in-
proceedings. ‘ ' :

181st National American Chemical Society Meeting, Atlanta,” GA, March 29 -
April 3, 1981 : o o .

A. F. Stehney, Mortality experience among women employed in the radium-dial'
industry before. 1930, '

- Annual Meeting of the NCRP,‘Washington, D.C., -April 8-9, 1981

R. A. Schlenker, Risk estimates for bone. To be published in.prOCeedings.

:Symposium and Workshop, ‘Scanning Electron Microscopy/1981, Dallas, Tx,prril
14~-18, 1981 - B T — )

E. L. Lloyd and C. B. Henning, Morphology of cells malignantly transformed
by alpha particle irradiation.

29th Annual 'Meeting of the Radiation Research Society, Minneapolis, MN,
May 31-June 4, 1981 A :

T

Re A. Schlenker and B. G. Oltman, Concentration and thickness of 239Pu

deposits on human bone surface measured by alpha spectrometry.v

. 15th Annual Trace Substances in EnVironmental Health Conference, Columbia, MO,
June 2-4, 1981

R. H. Gilkeson and R. B. Holtzman, 226Ra and 228Ra in ground water of the
Cambrian=-Ordovician aquifer system in northern Illinois. .
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