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A. Radium and Mesothorium Toxicity in Human Beings 

· 1. Introduction 

The study of the toxicity of Ra and MsTh in human 

beings is continuing along lines described in previous 

reports. Special emphasis, however, has been placed on 

the acquisition of data on patients selected by record 

of exposure rather.than by symp~om. The results thereby 

obtained.will permit a more accurate statistical inter­

pretation. Of the incide.nce of variOUS effects Of radia­

tion as dependent on.magnitude of Ra and MsTh body burden. 

During the year measurements pertinent to the Ra and 

MsTh burden of about 40 individuals have been obtained~ 

About half of these measurements have b~en made on living 

persons, about half on tooth or bone specimens from per­

sons now dead. Most of these cases are reported here for 

the first time. Medical evaluations have been completed 

on essentially all of the living persons, and an attempt 

has been made to collect available pertinent information 

on those no longer living. 

Efforts.are continuing to locate new subjects for 

observation. During the year 185 new names of medically 
T' 
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or occupationally exposed individuals have been found, 

and 137 new individuals have been locat.ed. 

2. Evaluation of Radiation Dose 

The several types of samples or subjects available 

for Ra and MsTh assay, and the problems associated with 

the measurement of each, have been described in previous 

progress reports. Only the new information obtained on 

dosimetry techniques during the year is described below. 

a. Whole body Ra burden of living subjects 

As in the.past, whole body Ra burdenshave been es­

timated either from Rn exhalation rate measurements alone 

or from Rn measurements combined with external scintilla-

tion counting of the RaE and RaC y rays emitted from the 

body. The data are given in Tabl·ES la, lb, and 4. 

·(1) External y counting. Two basic methods have : 

long been iri use in this laboratory for assay of RaE and 

RaC ·burdens by ·external y counting. The first, referred 

to ·as. the meter-arc method, 1 permits a rather direct ab­

solute measurement of RaE,C burdens, but suffers. from low 

sensitivity. The second, wherein the counter is positioned 
\ 

near the base of the spine of the seate<i patient, has a 

--------·~~--~~----~·~·-·--~·----~·------~-------------

1. R. D. Evans, Am. J. Roentgenol. 11, 368 (1937) 
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sensitivity about ten times as great as the first. How­

ever, this second method can be calibrated only indirectly 

by means of a patient who has been previously measured by 

the meter-arc technique. .The policy bas been to mea·sure 

persons containing sufficient activity by both methods, 

and others by the :_'s~-cofid;_ ~~thbd only. In actual fact, how-

ever, it has been possible this year to measure onl~ one 

subject by both methods. The calibratio~ resulting from 

this measurement is discussed later. 

Since the scintillation equipment employed during 

this year has been somewhat different from that of earlier 

years certain pertinent details are given on these methods 

and their calibration. 

The equipment used- has consisted of a 2" x 2" Nai 

crystal, RCA 6655 photomultiplier tube, Model 100 linear 

amplifier, Atomic Instrument Company single channel pulse 

height selector, and scaler. In normal operation the pulse 

height selection has been optimized for the photopea~ of 

the 0.35-Mev y emitted in 44 percent of the RaE disintegra­

tions, using a pulse height window width of about 70 kev. 

In two cases an additional measurement was .made with con-

ditions optimized for the 0.609-Mev y emit-ted in 36 per­

cent of the Rae disintegrations, using a window width of 
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about 80 kev. The errors associated with counting 

statistics have been round to be closely similar in the 

two cases. 

To .reduce background the crystal is shielded by about 

1 1/2 11 Pb, of configuration shown in the accompanying 

sketch. The crystal and photomUltiplier are inserted in 

the hole, with the crystal centered at the window. 
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In the chair·measurement this assembly is located 

with the geometrical center of the crystal approximately 

at the height of the fourth lumbar vertebra and at a dis-

tance of 6 em. from the back. In the meter-arc measure-

ment thls assembly, with additional shielding in the.form 

of Pb bricks, is positioned with the crystal at the center 

of the one-meter arc defined in principle by the patient's 

body. 

Since all patients studied in the normal course of 

this investigation were found to contain too·little-Ra to 

allow calibrat~on of the chair measurement by a meter-arc 

measurement, a remeasurement specifically for calibration 

purposes was carried out on a higher -activity patient (J. ·Ja.) 

studied several times in the past. Both a meter-arc measure­

ment and a chair measurement were performed with energy 

discrimination optimized, in turn, firstfor the·o.35-Mev 

RaE y and second for the 0.6l~Mev RaC y. Results obtained· 

· are.,given below. -By "chair calibration factor'~ is meant the 

number of ~c of RaE or RaC located one meter from the counte~ 

which gives the same counting r~te as 1 ~c of, RaE or Rae 

in a patient seate.d in the chair. Previous measurements1 

have indicated· that this factor does not vary greatly be-. 

tween different individuals. 



RaB (0.35-Mev y) 

RaC (0.61-Mev y) 
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Computed 
Body burden·by chair.calibration 

meter-arc measurement factor 

0.53 ± 0.04 1-LC 

0.52 ± 0.03 ~c 

4.1 + 0.3 

3.6 + 0.3 

(Errors shown are calculated from counting statistics. 

Other systematic errors are estimated to lie in the domain 

of 10 to 20percent.). From these results a-chair calibra­

tion factor of 4.0 has been adopted in all other measurements. 

While this meter-arc calibration measurement appeared 

satisfactory .in every. respect, and, together with.data on 

Rn exhalation, yields a very reasonable Rn exhalation frac- . 

tion of 57 percent, it must be recognized that this·estimated 

Ra body burden is lower·than that indicated by previous 

measurements on this patient. -These previous measurements· 

in five different years between 1937 and 1953 show a pro­

gressively decreasing RaB,C.burden (estimated by body y. 

measurement) from 2.7 to 1.3. Measurements on exhaled Rn 

in these same five years,· plus 1957, show a-nearly constant· 

value consistent with the present exhalation rate. 

(2) Fractional Rn exhalation. In those cases for 

which 'the only (or o·nly reliable) measurement. available 

is of breath RD.exhalation rate, tlie estimate of total Ra 

body burden requires an assumption as to the fraction of : 
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the Rn which is exhaled. It seems pro-bable that this 

fraction. q.epends on position, 2 being highest while the 

patient is reclinlng and lowest while he is standing. A 

value averaged over the daily routine should be used,- and 

i.s taken here as that associated with the seated position.· 

Six results have become available during this year o~ 

this fraction, ·based on measurements of Rn concentration· 

in expired air, breathing rate, chair y-raymeasurement, 

and an assumed chair calibration factor of 4.0 •. (Data on 

five of these six results are included for· the first five 

subjects listed in Table Ja, which gives RaB in body and 

Rn outside body. The sixth is J. Ja., whose Rn exhalation 

has already been given as 57 percent.) These individual 

values rang·e from 42-63 percent and average 54 percent Rn · 

exhaled • 

b. Whole body MsTh burden of living subjects 

The data accumulated on MsTh burden of living subjects 

are presented in Tables la and lb. 

The problem of estimating MsTh body burden from measured 

Tn exhalation, rate has been discussed in previous reports. 

The ·calculation is assumed to be much less reliable than 

t~e corresponding.estimate of Ra burden from measured Rn. 

2 •. E. J. Martin. and J. K. w. -Ferguson, Bc"ience 118, 112 (1953} 

(Text continues·on pg. 13) 
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Table la. All subjects included in this table are living persons 
former~y employed as dial painters at the Waterbury Clock Co. 

'The first six on the list were selected for study on the basis 
6'f real or presumed clinical symptoms attributable to radiation. 
The remainder 'fere selected on the basis of empl.oyment records, 
and more_nearly approach the statistically desirable random 
sample of exposed individuals. 

Data on y rays emitted in the body have been obtained by the 
chair measurement technique, whose calibration against the meter­
arc technique has been previously described. The amount of Rn 
outside the body has been computed from breathing rate as meas­
ured in a spirometer and Rn concentration in exhaled breath as 
determined by pulse ionization chamber measurements on concur­
rently collected breath samples. The minimum activity which can 
be determined with some confidence is about 0.005 to 0.01 ~c in 
each case. The errors indicated are based on counting· statistics 
only, and do not include systematic errors of measurement. 

Tpe total Ra burden of the body is equal to the sum of the 
results in column'(!) and column (2), as given in column (3). 
In some cases the Rn measurement is more accurate than the RaE y 

measurement, and an estimate of Ra burden is possible from the 
Rn measurement alone assuming 55 percent Rn exhalation as pre­
viously discussed. The result of this computation is·given in 
column (4). 

The amount of Tn external to the body is based on the a ac­
tivity·or the descendants of exhaled Tn. This activity is meas­
ured by scintillation counting of ThB deposits electrostatically 
collected from the exhaled breath stream. Results are given in 
column (5), together w1 th th~ statistical errors of counting. 
The I-1sTh burden of the body is calculated from the Tn external 
to the body, assuming secular equilibrium between ThX and MsTh 
:in ·the body,· and assuming o·.2· percent Tn exhalation. :The results 
are in column (6). The MsTh/Ra ratio of column (7) is computed 
from the data of qolumns (3) and (6) • 

. . 
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Table la. Body y-ray Measurements and Breath Analyses­

Dial Painters Exposed at-Waterbury Clock Co. 

I 
(1) I 

(2) 
I 

(3) 
est. total 

exposure if~ a eq(~~) by y Ra eqn~) by Rn Ra conte{
1

t , ) 
period i ~ I.LC RaB + Rn "uc 

-· -· -· 
c. Do. 7 yrs. 0.086 ± 0.021 0.06 ± 0.01 0.15 ± 0.02 1904 1920-1928 
E. DeB. 3 yrs. 0.060 ± 0.009 0.09 ± 0.02 0.15 ± 0.01 1906 1923-1926 
Y. Gi~ 10 mos. 

1900 1921-1922 0.065 ± 0.004 0.08 ± 0.01 0.15 ± 0.01 

·M. Da. 4 yrs. in term. 
1900 1920-1927 0.075 ± 0.004 0.07 ± 0.009 0.14 ± 0.01 

M. Kl. 3 yrs. 0.033 ± 0.004 0.05 ± 0.008 0.09 ± 0.009 .19_02 1921-1924 
H. MeG. 1 yr •. 

1904 1924::..1925 0.017 ± 0.005 0.017 ± 0.004 0.034 ± 0.006 

w. Fa. 4 yrs. interm. 0.018 ± 0.003 0.047 ± 0.004 0.065 ±.0.005 l912. 1927-1933 
P. Te. 15 mos. 
-1910 1926:...1-927 0.009 ± 0.005 0.004 ± 0.002 0.013 ± 0.005 

B. Ga. 15 mos. 
. 1910 1927-1929 0.007 ± 0.004 0.003 ± 0.003- 0.010 ± 0.005 

G. Ki. 10 mos. interm. 0.006 ± 0~004 0.004 ± 0.001 0.010 ± 0.004 1909 1925-1926 
A. Le. 21 mos. 0.004 ± 0.004 0.005 + 0.004 0.009 + 0.005 1910 1927-1929 
c. Ca. 2 mos. 0.006 ± 0.004 0.003 ± 0.001 0.009 ± 0.004 1912 1927 

·,. 

(4) I (5) I (6) (72 
est. total MsTh1/Ra (~~c/~~c) 

Ra content I ThX equiv. est. MsTh1 (~~)tent 1957 1192o or last 
exposure, 

~om Rn (!lC) bv Tn CI.LI.lc). l.lC 1957 if earlier 

0.11 ± 0.02 20 ± 1.2 7.1 X 10-3 ± 0.4 X 10-3 0.05 1.~. 

0.16 ± 0.04 30 ± 2.6 11 . X 10-3 ± 0.9 X 10-3 0.07 1.9 

0.15 ± 0.02 39 ± 1.3 14 -3 
X 10 ± 0.5 X 10-3 0.09 3.8 

0.13 ± 0.02 18 ± 0.9 
-3 . . -3 

6.4 X 10 ± 0.3 X 10 0.05 1.3 
I 

X 10-3 ± 1.0 X 10-3 0.08 3.0 0.09 ± 0.001 21 ± 2.7 7.5 
•CJ 
I 

0.031 ± 0.007 7.4 ± 0.6 2.6 -3 
X 10 ± 0.2 X 10-3 0.08 2.4 

0.09 ± 0.007 -0.9 ± 0.6 -3.2 X 10-4 ± 2.1 X 10-4 

0.007 ± 0.004 -1.2 ± 0.6 -4 -3.9 X 10 ± 2.1 X 10-4 

O.OQ5 ± 0.005 :-1.5 ± 0.6 -5.3 x lo-4 ± 2.i X 10-4 

0.007 ± 0.002 -0.9 + 0.6 -3.2 X 10-4 ± 2.1 X 10-4 

0.009 + 0.007 -1.7 ± 0.6 -6.1 x io-4 ± 2.1 X 10-4 

0.005 ± 0.002 -o.4 ± o.6 -1.4 x lo-4 ± 2.1 X 10-4 
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Table Ja.. (cont.) 

" " 
(l) ... (2) . (3) (4) 

pa1;ient : .. .. est. total est.· total 
yr. of ~xposure Ra equiv. by y Ra equiv. by Rn Ra content Ra contln~) 
birth neriod (I.Lc) (I.Lc) RaE+ Rn kcl from Rn cl!C 

R. bs. 20 ·mos.interm. 0.001 ± 0.004 0.008 ± 0.002 0.009 ± 0.004 0.015 ± 0.004 l-909 . 1925:....1927 
' .. 

. M. LaF. 1 vr . 0.003 ± 0.003 0.003 .±. 0.002· 0.006 ± 0.004 0.005 ± 0.004 1911. 1927.;.1928 

D. Ra. 3 .mos. 0.003 ± 0.003 0.002 ± 0.002 0.005.± 0.004 0.004 ± 0.004 'd 189_9 . . i_9_20-l_9_2l 
Q) 

+' G. Pa. 4 mos. () 
·0.000 ± 0.005 0.002 ± 0.004 0.002 ± 0.006 0.004 ± 0.007 Q) . i910 . 1927 r-i 

Q) 

4.5 mos. Ill R.· Ba. · o.ooo ± o.·oo3 0.002 ± 0.004 » 1901 . 1920 0.002 .± 0.002 0.004 ± 0.004 
r-i 

3 mos. a J. Ke. ' 0 1_9_10 1927 -0.003 .t 0.004 0.004 ± 0.001 0.001 .± 0.004 0.007 ± 0.002 
'C 
1: 
(I) K. Wds. l4 yrs. interm. M -0.002 ± 0.004 0.002 ± 0.003 o.ooo ± 0.005 0.004 ±.0.005 1901 1920-1936 

: 
IJ. Ga. 6·wks. 

-0.003 ± 0.004 0.002 ± 0.001 -0.001 ± 0.004 0.004 ± 0.002 1908 1927 
L. Ma.· 2/7yrs. interm. 0.03+ 1909 1927-1936 - - -
+ Estimate based on l-11ter· breath sample only. 

(5) (6) 

Th.X eq{
1

iv•,, est. MsTh1(~~)tent 1957 
by Tn .I.LUC :I.Lc 

-0.4 ± 0.6 -4 -4 -1.4 X 10 .± 2.1 X 10 

-4.0 ± 0.6 -7.1 X 10-4 .± 2.1 X 10-4 

-1.6 ± 0.6 -4 -4 -5.7 X 10 .± 2.1 X 10 

-0.6 ± 0.6 -4 -4 ~2.1 X 10 .± 2.1 ~ 10 

0.2 ± 0.6 7.1 x lo-4 ± 2.1 x lo-4 

-0.1 ± 1.7 
. -4 . -4 
-3.6 X 10 .± 6.1 X 10 

-1.2 .± 0.6 
-J~ . -4.3 X 10 .± 2.1 X 10-4 

-0.2 ± o. 6 -7.1 X 10-4.± 2.1 X 10""4 

- -· 

I 
J-' 

'r 
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Table lb. This table is the same as Table la except 

that the two subjects were exposed by means other than 

dial painting • 

••• J 

~ ; . ' 

'·. :.~ 
' . 

. . ..: ..•. 
' ~ '. ,. 



Table lb. Resul·ts of lihole Body Measurement of Two Subjects 

amount of Rn est. amt. of est. Ra con~ 
patient exposure: RaB in body outside body total body Ra tent of body 

1~~: type and by y(~~r meas. by brc:~~ meas. from(~~~+ Rn from(~)meas. 
date 

oral 
J. Ja. Radithor 0.53 ± 0.04 0.70 :t 0.01 1.23 ± 0.04 1.27 ± 0.02 

1883 1926-1929 

uranium 
J. Br. miner - 0.001 ± 0.008 - 0.002 ± 0.002 

1924 1949-1950 

amt. of Tn ex-
ternal to body est. MsTh1 content 
by br(at~)meas. of bo1~~/957 

[LLLLC 

17 ± 0.5 ~.1 X 10-3 ± 0.2 X 10-3 

-0.6 ± 0.9 -2 X 10-4 ;t 3 X 10-4 

MsTh1/Ra 

1957 last exnosure 

5.1 X 10-3 0.-09 in 1929 

-0.1 -

I 
1-' 
11:) 
I 
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exhalation rate. The Tn half period is so short that the 

fraction exhaled depends critically on the rates of body 

processes (e. g., mean bloocF· circulation time) which. may 

vary among different individuals. 

The most direct method of estimating the fraction of 

Tn exhaled is still that described in the 1957 Annual Pro-

gress Report_. The following data are required on a single 

individual: (1) Tn exhalation rate, (2) RdTh burden of 

body sample (tooth or stool), (3) Ra Durden of body sample, 

(4) Ra burden of whole body. The assumption is made that 

RdTh ~s deposited in the same location as, and is in. secular 

equilibrium with, its precursor, MsTh1 which as an isotope 

of Ra will be distributed.throughout the bo~y in a constant 

activity ratio with Ra. The total body ~urden of RdTh is 

then calculated from the proportion 

( RdTh) 
Ra body 

= (ReiTh) 
Ra body sample· 

The Tn exhalation rate and RdTh body burden are then com-
' bined to determine fractional Tn exhalation. The· total set 

of data on fractional Tn exhalation rate available to date 

is given in the following· table • 

. ~ . . 
...... ,,. 
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Calculated 
fractional Year 

Subject Sample Tn exhalation measured 

J. Ja. stool 0.2 percent 1951 

' \ 
J. Ja. tooth 0.07 'percent 1958 

M. Da. tooth 0 •. 2 percent. 1957 

A less direct method of estimating fractional Tn exhala-

tion, but one upon which somewhat more information can be 

qrought to bear, is available for the Waterbury dial painter 

grt:n.~p. Results on a co:rgdderable number of teeth (almost 

all from subjects now dead) are by now available, providing 

data on the average and range of MsTh/Ra ratio within the 

group. Radium burdens and Tn exhalation rates have been 

measured on several living repres~ntatives of this group. 

If it is assumed that on the average the MsTh/Ra ratio of 

the living subjects was the same at time of exposure as for 

the nonliving subjects, the data can be combined to give an 

estimate of the average Tn exhalation fraction. These data 

· are summarized beiow. 

MsTh/Ra ratio of teeth - Waterbury dial painters 
(at last exposure or 19261 if earlier) 

No. of Standard error 
individuals Range Mean of mean 

11 1.1-5.3 2.5 0.4 

. (Eight of these vaiues were reported in the 19q7 Annual 

Progress Report, three in Table 2 of this report) 
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Percent Tn exhalation by living subjects - Waterbury dial painters 
(assuming MsTh/Ra = 2.5 in 1926 or last exposure, if earlier) 

No. of 
individuals 

6 

Percent Tn exhaled 
Standard error 

Range Mean of mean· 

0.09-0.28 0.16 0.03 

(Complete data are given in Table 1~.) 

From these values it may be concluded that the best 

average value of Tn exhalation is about 0.2 percent. This 

is the same value used on the basis of less information in 

th~ preceding progress report, and is retained in this report. 

c. Analysis of RdTh and Ra in teeth and bones 

The results obtained are given in Tables 2 and 3. · 

The procedures for assay of Ra and MsTh in bone and 

tooth specimens have remained essentially the same as in 

the 1957 Annual Progress Report. As a check on these pro­

cedures, an intercamparison of samples is being carried out 

with Dr. Andrew Stehney of Argonne National Laboratory. A 

piece of normal cow bone has been ashed, ground, and divided 

into aliquots, with fractions analyzed for natural Ra and 

MsTh .(actually RdTh) at both Argonne and M.I.T. The con­

centrations of Ra and RdTh are in the domain of 0.1 to 0.5 

~~c/g ash, an appropriate level for the testing of techniques. 

, I 
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Table 2. This table presents data on the Ra and 

MsTh content of tooth specimens from Waterbury 

Clock Co. dial painters. The total Ra burden ot' 

the skeleton is estimated according to the pro-

portion 

(~)specimen =(~:)body 
coupled with an assumed body Ca content of ~1050 g. 

Tooth dry weight means weight of unashed specimen; 

teeth were dissolved directly in HN03 • 



Table 2. Analysis of Tooth Specimens - Di_al .-Pai~nters EXposed at Waterbury Clock Co. · 
... 

' M Th /R s 1 a 
age at 1926 or last 

~atient begin~ dry wt. ' est. Ra exposure, 
~:r· of exposure ning of specimen 'Ra/Ca ·. c(n~)nt i.r earlier present 
birth specimen J)eriod ex12osure (_g) . tiJ.JJ.cig). J,A.C · J.4J!CL~~c} mortalitY' health 

l tooth 
' o.steo-,. Co. 13 yrs. sarcoma 

1903 (molar) 1920-1933 17' 0.587 I 109 0.11' 2.4 rt. leg -
1943 

, . . , 

I 
' osteo-

~. Da. tooth I 5 days myelitis, -
16 o. 725'' 93 0.10 5.3 

.. anemia,Ra 1903 (molar) 1920 -
poisoning 

' 1937 ... 
. . 

squamous 
~- La. tooth 7.5 yrs. cell ca .• 
1905 (pre- 1921-1928 15 0.405' 98 0.10 2.3 - ear, 

molar) 1957 
\ 

I 
1-' 
-:J 
I 
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Table J. The Ra content ot the body as estimated 

!rom the sample analyzed is based on the proportion. 

' rra\pecimen .. (~)b9dy 
coupled with an assumed body Ca content ot~l050 g. 

The last threQ columns give other· results obtained 

by various measurements on the whole body (Rn in 
. . 
breath, sometimes with body y also} or skeletal 

samples. Tooth dry weight means weight or unashed 

specimen; tooth vas dissolved directly in HN03 • 

. . ::. ~ : 
,, ... 

.. i.' 

.. . ... 
~ )' . 



Table 3. Analysis of Tooth and Bone Specimens - Subjects E:xposed at Other Plants, and by means other tha~ 
Dial Painting 

patient 
yr. of 
birth 

L. Ar. 
1870 

I. Da. 
1906 

I. Ja. 
1905 

A. St. 
1903 

jM. Pa. I 
I 

R. Wi. 
1907 

C. Da. 
1898 

J. Un. 
1889 

type of 
snecimen exnosure 

bone oral Ra 
(long shaft) water 

bone dial 
(unident.) painter 

bone dial 
(long shaft) painter 

exposure 
neriod 

1918 

3 mos. · 
1922 

3 yrs. 
1924-1927 

age at 
begin- ashed wt. 
ning of sp;:~men. 

exnosure lt!:J 

48• 0.987 

16 11.03 

18 1.52 

bone I dial 
( unident .) painter 

3 yrs. 
11919-1922 1 

16 

I unknown I unknown 

1.328 

femur chemist 

bone I dial 26 yrs. 
(unident.) !painter 1924-1950 

bone 1 
(long s~ injection 

mixed 
cadaver 

ash 
chemist 

1931 

20 yrs. 
1912-19.32 

1.05 
I 
! 

17 0.961 

33 2.08 

23 1.7.3 

C. La. bone inj ti 
1900 (long shatt) ec · on 1931 31 0.958 

lest. Ra 
Ra/Ca c<;nt~nt 

(u.u.cJg) l u.cJ 
-

4.7 X 10.3 5.0 

1.62 X 103 1.7 

1.7 

1.4 

11.01 X 10
3 1.1 

0.92 X 103 1.0 

0.52 X 103 0.55 

1
0.38 X 103 0.40 

0.36 X 10.3 0.38 

J. Ja. 
1883 

tooth 
(canine) 

oral 3 yrs. 
Radithor 1926-1929 43 0.275** 0.23 X 103 0.28 

* Uncertainty in aliquot fraction obtained accounts for spread 

MsTh1/Ra ! 
in yr.last 

exuosure 

<0.0006 

0.23 

0.018 

II 
O.ll 

Ra bur en bl other measurement 
burden m~urement 
·(u.~) techniaue laboratorv 

10 • 5 Rn + b:xiy y I M. I. T. 
3.0 bone &m~e Argonne 

3 • 8 I Rn + tody y . Argonne 

1..3 ? Argonne i 

<2 x 10-4 bone and 

1
°· 1- 0 • 2 tooth NYOO 

(1940) samples 

<0.001 

0.002. 

<0.003 

0.29 

1. .3 fu:1 + l:ody y Argonne 
0.6 bone sample. Argonne 

0. 8 Rn +body y 

0.3-0.5 Rn 
O.J-0.6 y 1 s from 

ashes* 

3 • 6 Rn + l:ody y 

1.2 Rn +body y 

Argonne 

M.I.T. 
M.I.T. 

Argonne 

M.I.T. 

** Dry weight - weight of unashed specimen. Tooth was dissolved directly in HN0
3 

( 

I 
....... 
CQ 
I 
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These intercomparisons have suggested an ·apparently __ con­

sistent difference between M.L.T. and Argonne, the M.l.T. 

values being about one-half of the Argonne values, for both 

Ra and RdTh. At least one value is signif~cantly in error. 

The RdTh standards used at both Argonne and M.I.T. are from 

the same sample of old Th, a fact which essentially excludes 

calibration discrepancies and f.ocuses_attention on the tech­

niques themselves.· TheRa standards have not been inter-

compared. As yet the discrepancy is unexplained, and further 

intercomparisons are in progress. 

The MsTh/Ra ratio of the skeleton as estimated from 

the tooth or bone specimen is thought to be fairly reliable 

(assuming validity of the experimental technique), since 

these two. substances, ~eing isotopes, would be deposited in 

the same proportion everywhere provided their ingestion was · 

simultaneous. 

The estimation of total skeletal Ra burden .(or· MsTh 

burden) by extrapolation from a small body sample is.not 

very. accurate· since· variations in Ra concentratio·n are known 

to occur from one part of the skeleton to another. The most 

reliable method of extrapolation is considered to be via the 

proportion (Ra/Ca)body = (Ra/Ca)specimen' coupled with the 

assumption of·~l050 g Ca in the total body. (This latter 

assump,tion is very go.od in the pr~sent· contex~ It has 

'• 

,. 
' ~ .• . 

. -· . ~ :' . . ·~· . . . 

·.·, '' I •' 

'l l 

: •-: : . 
·, 
·'' 
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been possible thus far to check this proportion experi­

mentally by measurement of the Ra content of a tooth and 

also the whole body of four individuais (although some 

ambiguity remains in that the body burden measurement was 

not made at the time of tooth extraction). The results 

·are show-n below. 

{~)tooth l~:)bod Age at 
Subject first ex12osure 

E. Ca. 1.4 16 l from 1957 
Annual Prog~ 

K. 'Wd. 0.3 28 ress Report 

M. Da. 0.4 20 

J. Ja. 0.2 43 

The data suggest that the Ra/Ca ratio of the tooth tends 

to be somewhat lower than that of the body,· perhaps e·spe­

cially so if Ra intake occurs long after tooth formation. 
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Table 4. Estimated Ra content of body is based on 

Rn concentration in 1-liter samples of eXhaled breath, 

an assumed breathing rate of 8 liters per minute, and 

an assumed exhalation fraction of 55 percent. The 

estimate under these conditions is not very reliable. 



-2.3-

, . ..., 

Table 4. Analysis of Breath Samples - Subjects Exposed by 

Various Means 

age at 
patient begin- est. Ra present 
lrr. of type of exposure ning of net meas. content health 
birth exposure period exposure Rn (l.l!J.C/1) (l.lc)* 1958 

~. Ma. injection + 3 mos. 19 19.8 2.3 1.895 1914 poor 

~. Wd. dial 4 yrs. 28 16.6 1.9 good 
1893 painter 1921-1925 

[. Ni. oral 1927 26 12.5 1.4 poor 1900 Radithor** 

~.~. St. occup. 10 yrs. 31 0.3 0.03 poor 1874 x-ray + Ra 1905-1915 

R. Ha. paint unknown unknown 0.2 0.02 good .,. mixer 

* Estimates, based on l~liter breath samples only, assume an 

average breathing rate of 8 liters per minute, and an average 

fraction of Rn exhaled to be 55 percent. 

+ 24 injections RaC12 and "some Ra water". 

** About 200 bottles Radithor. 
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3· Spectrum of Ra Burden in Waterbury Cases 

The group of Waterbury cases is the only one under 

study in this laboratory which may yield correlations of 

radiation dose and incidence of effect having some statis­

tical significance. Even for this group the goal can be 

achieved only if a considerably greater fraction of the 

total number of cases in the pool can be studied than has 

yet been possible. 

It is of interest at this early stage to examine the 

spectrum of Ra burdens which have thus far been measured, 

and to estimate the spectrum which may describe the total 

pool. Obviously, the conclusions extracted from the small 

fraction of cases yet studied are of a preliminary nature. 

The total number of Waterbury case$ measured to date is 

30 (including those reported in the 1957 Annual Prog- · 

ress Report). Ten of these cases are represented only 

by teeth, whose Ra concentration permits only an approx­

imate estimate of the total bOdy burden as discussed 

earlier. Fourteen of the 30 cases have been traced follow­

ing initial discovery on employment records. These are 

hereafter referred to as "random" cases, signifying that they 

represent a statistical sample more or less free of bias 

with regard to dose-effect correlations. The qualification 

"more or less".is necessary for several reasons. First, 
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it is apparent from employment dates that most of these 14 

were exposed toward the end of the period in which Ra poison­

ing was a common occurrence in the dial painting industry; 

this is a nonrandom feature. Second, the fact that these 

cases are alive, while others possibly more sensitive to 

radiation are now dead and therefore unavailable for study, 

is a nonrandom feature. The remaining 16 of the 30 cases 

were discovered as a result of real or suspected radiation 

effects. (All cases re~resented by tooth samples have been 

assigned to this group.) They pre.suma bly represent a biased 
. \ 

sample, biased first toward greater Ra burdens than the 

average, and second toward greater sensitivity to radiation 

than the average. This group is called the "selected" cases. 

The statistical difficulties resulting from this biased selec­

tion will be ameliorated only through study of a larger frac­

tion of the total Waterbury pool of cases. 

For dosimetry purposes it is important to bear in mind 

the MsTh which accompanies these Ra burdens. As previously 

discussed, the subjects who painted prior to '1926 showed 

average MsTh/Ra ratios at the time of exposure averaging 

about 2.5. (Later cases probably show a r~duced ratio, al­

though the data are inadequate.) Making reasonable assump­

tions about the retention of Ra element (either :Ra226 or 

MsTh) as a function of time·, and retention of their decay 

products in the body, one can calculate that the cumulative 
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radiation dose from an initial 2.5 ~c of MsTh ingested in 

1926 would by now equal the cumulative dose-from about J 

to 4 ~c of Ra226 ingested simultaneously. Therefore the 

total ·dose received by these individuals is about four to 

five times that which would have been received from the Ra 

burden alone. 

The spectrum of Ra burdens of individuals in these 

two groups is depicted in the following histograms. (Note 

the nonuniformity of the horizontal scale.) 

(I) 8 
Q) 
(I) 

0 
(.) 

6 

4 -0 

ci z 
0 

14 

12 

f/) 

cuto 
f/) 

0 
(.) 8 -0 6 

ci 
z 

RANDOM CASES 

0~----~----~----~----~ 0 0.01 0.05 0.10 0.15 
Ra Burden OJc) 

SELECTED CASES 

0 0.01 005 0.1 0.1 0.20 
Ra Burden (.uc) 
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In the second histogram (selected cases) three of the 

four lowest burdens are estimated from teeth. They are 

therefore unreliable by a factor of two to four, and 

should not be taken as data demonstrating radiation effects 

at these levels. The three highest burdens are also es­

timated from teeth, all frqm persons now dead. 

The histogram for random cases leads one to predict 

that only a small fraction (e.g., the order of 10 percent) 

of the living Waterbury dial painters have burdens of suf­

ficient magnitude that demonstrable radiation effects can 

be expected. The two histograms together, showing no living 

cases with Ra burdens greater than 0.15 J.LC, suggest that 

either few such burdens resulted from the dial painting· 

operations at Waterbury Clock Co. and New England Watch 

Co., or that the radiation dose . from these Ra burdens ( wi.th 

the accompanying approximately three to four times greater 

dose from MsTh) were usually·lethal within 30 years. 
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4. Individual Medical Reports 

Case history stimmaries are presented here on persons being 

studied by this laboratory. The detailed medical protocols, 

together with a· list of normal values fbr the laboratory tests 

c~rried out, will be found in Appendix 1. Information on all 

individuals in Table 3; except (J. Ja.) and (J. Un.), will be 

found only in Appendix 1. 

It will be noted that most of these cases concern former 

dial painters from Waterbury, Conn. The largest number of 

this group was employed after the dangers of radium compounds 

were manifest, as noted earlier in this report. _By contrast 

eight of this group worked prior to 1926 and took no particular 
\ 

precautions to avoid exposure. 

A summary of the physical findings on the luminous dial 

painters ~11 but one of whom worked at Waterbury Clock Co. or 

its subsidiary, New England Watch Co.) will be found in Table 5. 

It should be emphasized that the majority of the individuals.listed 

therein are, and have been, in good health. They would appear 

to have no greater incidence of disease than a similar group 

chosen·at random in any presumably nonhazardous occupation. 

Six individuals are listed in Table 6 who were injected with 

radium compounds, ingested radium water,. or who were exposed to 

radioactivity in occupations other than dial painting. While 

three of these people have not yet been exam1ned, we know from 

the family physicians of two (I. Ni., H. Ma.) that they show 

definite evidence· of pathology and this pathology can be pre­

sumed to be the result of radiation. 

-· 
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Table 5. A summary of da.ta on luminous dial painters, 

with particular reference to Ra content, occupational 

history, past medical and dental history, marital status, 

fertility, physical examination, .x-ray and laboratory 

findings. Brief summaries of all cases will be found 

following Table 6. · Complete histories are given in 

Appendix 1, together with·a list of normal values for 

the laboratory tests done. Only significant abnormal 

results of laboratory work are included here. The gra­

dations in amount of brush tipping and in severity of 

dental pathology are as follows: 

brush tipping: 

1+ occasional, over an indeterminate time period 
2+ frequently, up to 1 month 
3+· routine pointing of brush in mouth, for less 

than 6 months 
4+ routine pointing of brush in mouth, for 6 

months or more 
\ dental pathology: 

\ 

1+ slight to moderate dental caries or pyorrhea, 
or loss of 1 to 6 teeth 

2+ severe caries or pyorrhea, or loss of over 
half the teeth 

3+ loss of all teeth but without osteomyelitis 
or necrosis of jaw 

4+· severe dental pathology with loss of'many 
teeth and history of osteomyelitis or necrosis. 
of jaw 



Table 5. Summary of physical findings and body burdens of dial painters 

. . 
Ul I Ul 

1'<0 j;l 0 
<liP. +>>< 

•rl p. tiO>< ..... 
.... <II <II <II 0~ » IQQ ro .0 0<11 tiO .-i ..... Ul ..-1 8 Ql) .-iO Ql 
Ultll +>o +>+> ..C:,:l ro.-i "'"' patient exposure: est. R ~'<·rl ro OtllUl 111'1"1 +>O ~::: past a ro+> tiO <ll•rl 0 :jp. ,:l..C: 

yr. of time and c(~~)nt <ll·rl <II~ ..... 'd p. I'<P. <II+> marital ,g~ medical 1957-8 physical 
birth date ~ uc »~ ti0..-1 ""'ro>< .0-j 'd2_ status history_ exanination •rl ro ~ Q)J:iQl 

K. \old. 4 yrs~ 1.9 37 28 minimal ? 3+ s ·- non-
negative 189~ 1921-1925 contrib. ·-· 

spont. fract. 
sever~ arthritis c. Do. 7 yrs. 0.15 37 16 marked 4+ 3+ m f: rt. femur shortened rt. 1904 1920-1928 1930-2 1942,195l; femur 

~rthritis 

pan-E.DeB. 3 yrs. 0.15 34 16 pro b. 4+ 2+ m 1 hysterect. osteoarthritis 
19Q6 1923-1926 minimal 31 yrs. 1946 ankylosis hips 

--
Y. Gi. 10 mos. spont.fract. multiple aches 

1900 1921-1922 0.15 35 20 minimal 4+ 3+ s - lt. femur in bones 1947 

M. 4 yrs. I occ. pain arthritis hands, Da. 1-1900 intermit. 0.14 37 20 minimal 4+ 3+ s ribs + back benign tumor 
1920-1927 I9~o-7 or east 

J. La. 7.5 yrs. 0.10 36 15 marked 4+ 1 
1fracts. femurs 

carcinoma ear 1905 1921-1928 4+ m ~rillmy. 

I M. Kl. .3 yrs. married spont.fract. degen. arthritis, 
1902 1921-1924 0.09 37 18 moderate 1 4+ 3+ twice 0 lt. femur probable ca.ear 

i 29 yrs. 1954 
--1-- -

W. Fa. 4 yrs. I m, 27 yrs. 4 
intermit. 0.065 30 15 none 0 3+ (1 tubal non- negative 1912 1927-1933 tJrei!:. contrib. 

H~McG. 1 yr. 0.034 33 20 none 4+ 3+ s non- negative 1904 1924-1925 - contri b. 

~· Ma. 32 mos. 

~l 1909 intermit ... 0~03 28 21 none ? ? m - not done 
1927-1936 ------

1 

x-ray 
findings 

bones 

-

diffuse 
changes 

osteoporosis 
inactivity 1 

marked 
mottling 

skull 

mild chgs. 
calvarium. 
long bones 

osteitis 
1953 

mild radln. 
osteitis 

calvarium, 
long bones 

negative 

mod. rad'n. 
Q.§_tel.tis skull 

-

lab. 
findings 

-

normal 

normal 

NPN 
I 

49 

NPN 
63 

-

normal I 

normal 

normal 

-

present 
health 
1957-8 

good 

I 
fair 

fail'-prob. 
primarily 1 
neuras- I 
thenia 

good 

good 

poor 

fair I 
good 

good 

good 

I 
'-'> 
0 
I 



:r.:T- -------- ------
P. Te. 15 mos. m non- mild high blood 

0.013 32 15 no 2+ 15 yrs. 1 pressure 150/100, 1910 1926-1927' contrib. ..11Y_Orrhea 

B. Ga. 15 mos. 0.010 31 17 '? 1+ m 2 non- negative 1910 1927-1929 none 30 vrs. contrib. 
10 mos. G. Ki. intermit. 0.010 32 16 4+ 2+ m 2 non- negative 1909 none 23 contrib. 1925-1926 I yrs. 

,A. Le. 21 mos.+ 
31 17 0 2+ m 3 non- negative. 

I 1910 1927-1929 0.009 non-:! 30 vrs. contrib. 

1c. ca. 2 mos. m 1 non- negative 0.009 31 15 none 0 3+ 
I 1912 1927 8 vrs. . mls:!. contrib • 
I 20 mos. IR~ Os. intermit. 0.009 33 16 1+ 3+ m 4 non- negative 
I 1909 none 30 yrs. contri b. 1925-1927 

IM· LaF. 
tb.l yr.193l retinal 1 yr. 0.006 31 16 0 2+ m 0 retinal hem. 1911 1927-1928 none 19 yrs. hemorrhages 1957-8 

D. Ra. 3 mos. m non- high ~d :ITess. 
1899 1920-1921 Q.005 38 21 none 0 3+ 32 vrs. 1 contrib. 170 110 

G. Pa. 4 mos. m ? disc mild high blood 
1910 1927 0.002 31 16 none 0 l+ 26 2 in spine pr~?ure yrs. 152 100 

1R. Ba. Paget's dis. 4.5 mos. 0.002 38 18 3+ 1+ s non- bones; enlarged ·1901 1920 none - contri b. thyroid 

~- Ke. 3 mos. 0.001 31 16 0 1+ m 1 non- negative 1910 1927 none 28 vrs. contrib. 

** IK. \olds. 14 yrs. pan- obesity intermit. o.ooo 38 19 none 2+ 2+ s - hysterect. 1901 1920-19_3_6 1948 pyorrhea 

~- Ga. 6 wks. -0.001 31 18 0 2+ m. 1 non- hl.gh bl~/d press. 
1908 1927 none 19 vrs. contrib. 190 110 
* 22 months painting watches, 10 months painting clocks - brush-tipping habits not known. 
+ 9 months painting watches, 1 yr. painting clocks - did not tip brush in either department. 

** 3 weeks painting watches-tipped brush; rest of employment in clock-painting departments - no 
brush tipping. · 

negative normal 

negative normal 

negative normal 

? osteitis anemia 
1 t. trochan. hgb 9.7 

negativ~ normal 

negative normal 

negative normal 

urine:!+ negative albumin 

negative normal 

Paget's alk. 
phos. disease 12.5 

negative normal 

negative normal 

negati:ve normal 

.good 

I 
good 

good 

I good 

good 

good 

fair 

fair 

good 

fair 

good 

good 

good 

I 
I 
I 

I 
I 

: 
J 
I 

J 
I 

I 
w 
...... 
I 
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Table 6. A summary of data on indi'viduals exposed to 

· radioactive materials by means other than dial painting, 

with particular reference to Ra content, occupati.onal 

history, past medical and dental history, marital status, 

fertility, physical examination; x-ray and laboratory 

findings. Brief summaries of all cases will be found 

following this table. Complete histories are given in 

Appendix 1, together with a list of normal value·s for 

the laboratory tests done. Only significant abnormal 

results of laboratory work are included here. The gra­

dations in severity of dental pathology are given below. 

1+ slight to moderate qental caries or 

pyorrhea, or loss of 1 to 6 teeth 

2+ severe caries or pyorrhea, or loss 

of over half the teeth 

3+ loss of all teeth but without osteo-

myelitis or necrosis of Jaw 

4+ se·~ere dental pathology with loss 

of many teeth and history of osteo­

myelitis or necrosis of-Jaw 
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Table 6. Summa-ry of physical findings and body burdens of individuals exposed to radioactive materials 
by means other than dial painting 

. . 
Ul I Ul 

r..o ~o 
Q)~ .... ~ 

I I >. I I~~ +>>< bO>( ...... 
...... Q) Q)Q) 0 ~ 
nl .0 ow 

r-t ...... I Ul.,...,.. I r-t :;o . 
Ul nl +>0 I +>+>::l ,ror-tl lr..~ 

patient exposure: est. Ra ,.. .... ro· On!Ul I+> 0 
I W'OI past ro+> bO Q) .... 0 I ~ .Q I 1.0.-t· yr. of type and c(~~)mt 

Q)..-1 <Ill:: ...... '0 ~ 1 ~ ~ 1 marital ~:2 medical 1957-8 physical >.s:: b0..-1 ..._.ro>< birth .date .... nl~ Qli-<Ql 1 ~ status ~0 history examination 

H. Ma. injection I 
I 

1895 1914* 2.3 44 .19 marked 4+ m ? ~~rthritis -
I I mi~d angina pector. oral I 

J. Ja. IRadithor+ 
I I I non- blood pressure 1.3 31 
I 

43 minimal 2+ I s 

I 
- I contri b. 1883 I 170/85,hypertrophic 1926-1929 i arthritis 

I 
I 

I jmultiple oral 
I 

ununited I. Ni. Radithor 1.4 31 26 marked 4+ I m 
I 

1 spont. fracture 1900 1927** I 
2 

1 fractures, femur arthritis 
J. Un. chemist min:lm.al I I ·non-0.40 45 23 2 1889 1912-1912 1951 - I m contrib. -

- occup. I L. St. I skin lesions atrophy, skin 1874 x-ray+Ra 0.03 52 31 marked ? I m - loss orie 
1905-1915 finger hands 

J. Br. uranium non-
1924 miner 0.002 ·a 24 none 0 s - contri b. neg. 

1949-1950 
* 24 i.v. injections RaC12 and 11 some Ra water"­

** about 200 bottles Radithor 

+about 400.bottles Radithor 

·~ 

x-ray 
findings 

bones 

radiation 
osteitis 

multiple · 
osteolytic 

changes 

1 marked I radiation 
osteitis 

I minimal 
1951 

-

none 

·•. 

lab. 
findings 

-
alkaline 

phosph. 
5.5 

-

-

-

-

present 
health 
1957-8 

poor 

good 

poor 

died 1957 
ca. lung 

poor 

good 

I 
VJ 
VJ 
I 
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Case history summaries 

(R.Ba) Born 1901. Living and in fair health. Luminous 

dial pcdn ter for 4 1/2 months in 1 ~20 at age 18. Body 

burden Ra 0.002 ~c in 1958. No effect demonstrc.ble from 

radiqtion 38 years after exposure. 

Teeth generally good. Unmarried. Fertility not 

assessable. Past medical history noncontributory. 

Pointed brush in mouth frequently. Present exam shows 

Paget's disease of bones and thyroid enlargement. X-ray 

and laboratory findings confirm Paget's disease only. 

(J.Br.) Born 1924. Living and in good health. Prisoner 

of war in Joachimsthal uranium min~s 14 months starting 

1949. Body burden 0.002 ~c Ra in 1957. No demonstrable 

effect from radiation eight years after exposure. 

Past medical history noncontributory. No x-ray or 

lab work done. Present examination shows no pathology. 

~.ca.) Born 1912. Living and in good health. Luminous 

dial painter two months in 1927 at age 15. Body burden 

Ra 0.009 ~c in 1958. No demonstrable effect from radiation 

31 years after exposure. 

Teeth poor since 15. Only two teeth left in 1958. 

Married eight_ years, _1933 to 1942. One miscarriage only. 
. . . 

Past medical- history· noricontribut.ory •. :Denies putting 
. t ' 

il' ·.' '.· • ' 
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brush in mouth. Present exam show.s no pathology. X-ray 

and laboratory findings show no pathology. 

(F.Co.) Born 190.3. Died 1943 of osteogenic sarcoma. 

Luminous dial painter for 13 years starting in 1920 

at age 17. Body burden Ra 0.11 ~c in 1958. Osteogenic 

sarcoma presumed due to radiation 23 years after beginning 

of exposure. 

X-rays of skull, shoulder
1 

pelvis, arid hips taken in 

1931, 1934, and 1935 showed patchy areas of decalcification 

·and mottled appearance considered typical of radium poisoning~ 

(M.Da.) For previous history on this patient see Annual 

Progress Report, May 1957. Body burden Ra 0.14 ~c in 1957. 

Minimal effects from radiation 37 years after initial 

exposure. 

This former dial painter was examined by Dr. William 

H. Baker in the Waterbury Hospital during June of 1957. She 

had no complaints and except for past history and occasional 

pain in back and rib areas sbe had very little evidence of 

radium poisoning. Laboratory studies were normal ·except for· 

NPN of 63. Skeletal survey showed relatively mild bone changes 

in the long bones and calvarium, due to radiation osteitis •. ·· 
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(E.Da.) Born 1903. Died· 1937 of radium poisoning, 

osteomyelitis of maxillae, otitis media, left, and 

anemia. Luminous dial painter for 5 days in 1920, starting 

at age 16. Body burden Ra 0.10 J'C based on analysis 

of tooth sample. 

(E.DeB.) Born 1906. Livi~g, in fair health. Luminous 

dial painter 3 years starting in 1923 at 16. Body 

burden Ra 0.15 J'C in 1958. Minimal effects from 

radiation> probably primarily neurasthenia, 34 years 

after beginning of exposure. 

Very few teeth remaining. Married 31 years 1926 

to present, one miscarriage and 1 child, 29 years old. 

Panhysterectomy 1946. Tipped brush. Physical exam 

in 1957 at Waterbury Hospital by Dr. William H. Baker 

showed Ra-MsTh intoxication with osteoporosis of 

inactivity, possible compression fractures of the lumbar 

and thoracic spine, calcification of node overlying 

the thyroid gland and ·possibly part of the thyroid 

gland. Lab tests normal. X-rays showed osteoporosis 

of inactivity. At the present time the patient is 

bedridden at home. 

(C.Do.} Born 1904. Living and in fair health. Luminous 

dial painter 7 years starting in 1920 at age 16. Body 
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burden Ra 0.15 J!C. Marked effects from radiation 37 

years after beginning of exposure. 

Edentulous. Married 1930, 2 children. Spontaneous 

fractures right femur 1942 and 1951. Tipped brush. 

Physical exam 1957 at Waterbury Hospital by Dr. Elser 

showed severe arthritis, shortened right femur. Lab 

findings normal. X-ray studies indicated diffuse changes 

particularly right femoral shaft. 

(W.Fa.) Born 1912. Living and in good health. Luminous 

dial painter 4 years intermittently starting 1927 at 

age 15. Body burden radium 0.065 J.lC in 1958. No 

demonstrable effect from radiation 30 years after beginning 

of exposure to radiation. 

Teeth poor from age 18. Lost all of teeth by 

age 30. Married for 27 years (1,931 to present). 

Four norm.al children and one tubal pregnancy. Past 

medical history noncontributory. Denies ever putting 

brush in mouth. Present physical exam entirely negative. . . . 

X-ray and laboratory findings negative. 

(B.Ga.) Born 1910. Living and in good. health. Luminous 

dial painter 15 months starting 1927, age 17. Body 

burden Ra 0.010 J.lC in 1958• No demonstrable 

"-------------------------------------------/, 
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effect from radiation 31 years after beginning exposure. 

Teeth fairly good. Lost only 6 to 7 teeth to date. 

Married 30. years, 1928 to p·resent. Two normal children, 

26 and 15. Past medical history noncontributory. 

Uncertain as to putting brush in mouth. Present physical 

examination, x-rays, and laboratory work all negative. 

(J.Ga.) Born in 1908. Living and in good health. 

Luminous dial painter for 6 _weeks in 1927 at age 18 .. 

Body burden R.a -0.001 pc in 1958. No demonstrable 

effect from radiation 31 years after exposure. 

Teeth were good until 20 years after- dial pai-nting. 

Married 19 years, 1939 to present. One child, caesarean 

section, now 10 years old. She denies putting brush 

in mouth. Physical examination, x-ray of the 

skeleton, and laboratory work were all negativ~ except 

for hypertension,l90/110. 

(Y.Gi.) Born·l900. Living and in good health. Luminous 

dial painter for l0111os.; 1921-2. Body burden 0.15 J.LC 

in 1957. Minimal- effects from 'tradiation 3S years 

after exposure. 

Spontaneous fracture left femur in 1947 presumed 

due to radiation 25 years after beginning of exposure. 
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Edentulous. Pointed brush ·in mouth occasionally. 

Physical examination by Dr. W. H. Baker at" Waterbury 

Hospital in June 1957 essentially negative. Laboratory 

studies normal except forNPN of 49. X-ray examination 

showed changes consistent with radium poisoning, with 

marked mottling present in the skull. 

(R.Ha.) Age is uncertain. Allegedly mixed radium 

paint at Waterbury Clock·Company for several years. 

Body burden Ra 0.02 ~c 1958. No demonstrable effect 

from radiation many years after theoretical 

exposure. 

(J .Ja~ 

(1952). 

For previous history see Medicine 31, 274 

Drank Radithor 1926-1929. Body burden Ra 1.3 ~c. 

No demonstrable effect from radiation 31 years after 

initial exposure. 

Physical exam in 1957 by Dr. John T. Quinby 

showed mild angina~·pectoris, blood pressure 170/85, 

hypertrophic arthritis. Lab findings normal except for 

alkaline phosphatase of 5.5. X-rays showed multiple 

osteolytic changes. 

(J.Ke~ Born 1910. Living and in good health. Luminous 

dial painter for 3 months in 1927 at age 16. Body 
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burden Ra 0.001 ~c in 1958. No demonstrable effect 

from radiation 31 years after exposure. 

Teeth are generally good. Married 28 years from 

1930 to present. Only one chfld, two years after 

marriage. Past medical history was noncontributory. 

She did not point brush in mouth. Present physical 

examination was ~ssentially normal. Mild .hypertension. 

X-ray and laboratory findings were negative. 

(G.Ki.) Born 1909. Living and in good health. Luminous 

dial painter for 10 months in 1925 and 1926 starting 

at age 16. Body burden Ra 0.010 J.LC in 1958. No 

demonstrable effect from radiation 32 years after 

exposure. 

Teeth are generally ~oor. Married 23 years from 

1935 to present.. Two children, who are ·19 and 17. 

Past medical history was noncontributory. She 

definitely pointed brush in mouth. Present physical 

examination was normal. X-:-ray and laboratory findings 

were negative. 

(M.Kl.) Born 1902. Living and in fair health. Luminous 

dial painter for about 3 years,. 1921-1924. Body burden 

Ra 0.09 ~c in 1957. Moderate effects· from radiation 

37 years after exposure. 

-I, 
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Spontaneous fracture left femur in 1954 presumed 

due to radiation 34 years after beginning of exposure. 

In 1958 developing a. possible carcinoma of ethmoid 

region. Edentulous. Married twice, no children. 

Pointed brush with lips. Physical examinc.tion by 

D~. Wm. H. Baker at Waterbury Hospital in 1957 

essentially negative. Laboratory studies normal. 

X-ray examination showed mild radiation osteitis of 

calvarium, radius, ulna, and femurs bilaterally. 

(M.LaF.) Born in 1911. Living and fairly well. 

Luminous dial pc.inter for abOut one year 

1927-1928 starting at age 16. Body burden Ra 0.006 J.I.C 

in 1958. No demonstrable effect from radiation 31 

years after exposure. 

Teeth have gradually deteriorated to present. 

Married 19 years 1939 to 1958. No pregnancies. 

She denies pointing brush in mouth. She had tb. in 

1931 for 1 year. Physical examination now· shows 

retinal hemorrhage in one eye and poor teeth. 

Skeletal, x-rays, and laboratory work were all negative. 

(J.La.) Born in 1905. Living but in very poor health. 

1uminous dial painter for '7.5years starting in 1921 at 

'· 

>: 
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age 15. Body burden Ra 0.10 ~c on basis of tooth 

sample. Marked effect from radiation 36 years after 

exposure. 

Teeth were very poor With osteomyelitis of 

mandible. Married and one child by caesarean section 

in 1932. Presumably pointed brush in mouth for mahy 

years. Past medical history shows numerous fractures 

and cataracts. She no~ has squamous cell carcinoma 

of ear. X-rays in 1953 showed radiation osteitis 

in several bones. 

(A.Le~) Born in 1910. Living and well. Luminous 

diai painter for about 2 years starting in 1927 

at age 17. Body burden Ra 0.009 ~c in 1958. 

Minimal, if any, effect from radiation 31 years after 

exposure. 

Teeth have remained in _fair condition. Married 

30 years, 1928 to present. Three children 28, 24, 

and 17. Denies pointing brush in mouth. Negative 

medical history •. Physical examination in 1958, 

laboratory tests, and skeletal x-rays were negative 

except for hgb 9.7 g, and possible mild radiation 

• I 
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osteitis left trochanter. 

(H.Mao) Born in 1895. Living and in poor health 

because of severe ar~hritis of many joints. Received 

24 intravenous injections of radium salts in 1914 

at the age of 19. Estimated body burden Ra 2.3 J.LC 

in 1958. Definite effect from radiation 44 years 

after exposure. 

Teeth were very poor •. All had to be removed with 

great diffic~lty. Married, number of children not 

known. Past medical history aside from arthriti~ 

noncontributory.· Present examination by family 

physician shows marked changes in the bones, presumably 

due to rauiation osteitis. 

(L.Ma.) Born in 1909. Living and in good health. 

Luminous dial painter about 3 years intermittently 
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1927 to 1936 starti,ng at age 18. Body burden Ra 0.03 1-'C• 

No demonstrable effect from radiation 31 years after 

exposure. 

(H.McG.) For previous history see Annual Progress 

Report, May 1957. Body burden Ra 0.034 "'c in 1957. 

No demonstrable effect from radiation 33 years .after 

exposure. 

She was examined by Dr. W.H.Baker in the Waterbury 

Hospital during June 1957 and the impression at that 

time was that she had no evidence of difficulty from 

her inges~ion of Ra-MsTh. Bone survey, including 

heart and lungs, was essentially negative, except for 

the skull which showed changes consistent with 

radiation osteitis. Laboratory studies.were normal. 

(I.Ni.) Born in ~900. Living and in poor health. 

Drank Radithor for five months in 1927 at age 27. Body 

burden Ra 1.3 "'c. Multiple bone fractures due to 

radiation exposure 31 years after ingestion of radium 

salts. Great deal of dental trouble with osteomy8litis 

of the jaw resul tlng in eventual removal of all teeth. 

Married in 1925 to the present time. Two children 

who are 31 and 22. Past history was noncontributory 
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except for some arthritis and the multiple spontaneous 

fractures from. 1944 to the present. X-rays.taken in 1~58 

showed marked radiation osteitis. 

(R. Os.) Born in 1909. Living and well. ·Luminous 

dial painter for 20 months 1925-1927 starting at.age 

16 •.. Body burden. Ra 0.009 JLC in 195-8. No demonstrable 

effect from radiation 33 years after exposure. 

All teeth gone at 34, star.ting at 16. Married 

30 years from 1928 to present. Four,children and three 

grandchildren. Some pointing of brush in mouth. Past 

medical history was negative. Present physical 

examination, skeletal x-rays, and laboratory tests 

were all normal. 

(G.Pa.) ~orn in 1910. Living end well •. Luminous 

dial painter for 4 months in ~927, at age 16. Body 

burden Ra .0, •. 002 J&C in 195S. NC? demonstrable effect 

from radiation 31 years after exposure. 

Teeth are in good condition. Married 26 years 

from 1932 to pre.sent. Tw:o children, who are .25 and 

13. No def'inite pointil)g b,~ush in mouth •. · !ledlcal 

history shows possible disc .inJury to back. . Physical . . . ~ ·. 

examination now, skeletal.x-rays, an4 laborato~y 

tests were all normal except for mild hypertension. 

': •'. 



-46-

(D.Ra.) ·Born 1899• Living and in· f~ir health •. Luminous 

dial painter' 3 months 192'0.:..1921;; at age·21. Body 

·burden Ra 0.005 JlC. No demonstrable effect from 

radiation 38 years after exposure. 

Te~~h d~teriorated. Lost three in 1923, eventually 

all removed in 1952. Married about 1926 to present. 

One child only.; Past medical history shows hypertension. 

Denies pointing brush in mouth. Present physical 

examination, skeletal x-rays, and laboratory work all 

negative, except for hypertension, 170/llO, and 1+ . 

albuminuria. 

(L.St.) Born in 1874. Living and in poor health. A 

lot of exposure to radium and x-ray externally 1905-

1915 at age 30 to 40. Body burden Ra 0.03 JlC in 

1958. He'had considerable trouble with skin lesions 

on hands resulting.in loss of one finger and skin 

-grafting approximately 20 years ago. Some atrophy 

of skin at present time on hands. 

(P.Te.) Born 1910~ Living and well. Luminous dial 

painter 15 months starting 1926 at age 15. Body . : 
burden Ra 0.013 ~c. No demonstrable effect from· 

radiation.32·years ·after exposure • 
. '· 
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Te'eth ·affected by pyorrhe·a. "since· age' 16, ·but· ruis · 

lost only s·ix ·up to present· da'te~ .. Married ·1935 .. to · 

1950 when husband .died~·' Orie child ohly. 'Past medical 

history entirely ne·gative·.· Did some pointing of 

brush in m·outh. · Present physical examiriat.lori, 

skeletal x-rays, and laboratory tests negat-ive, exc'ept 

for mild hypertension·and pyorrhea. 

(J.Un.) For previous history see Medicine 31, 289 (1952). 

Chemist 1912-1932. Body burden Ra 0.4 ~c in 1958. 

Patient died in 1957 of ca. of lung. 

(K.Wd.) For previous history see Medicine 31, 27·3 (1952). 

Luminous dial painter 1921-1925. Body burden Ra 1.9 ~c 

in 1958. 

Physical exam 1957 by Dr. E. Richmond Ware showed. 

patient ·to be in good condition. 

(K.Wds.) Born 1901. Living and in fairly good healtho 

Luminous dial painter starting 1920 at age 19, 

continuing intermittently until 1936. Body burden 

Ra·o.ooo ± 0.005 ~c. No demonstrable effect 

·from radiation 38 years after beginning of exposure. 

Teeth moderately carious and has lost se.veral to 

present date. Patient unmarried. Past medical history 
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shows. obe,si ty and panhysterectomy ~n 1948. Point.ed 

brusn in mouth for three~week period in 1923. 

Rema;inder of time worked on qlock·s where no brush 

tipping was done.; Present physical examination shows 

obesity and pyorrhea. Skeletal x-rays and laboratory 

findings negat1ve. 
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Special thanks are due to Dr~ R. Harrison Ryder for 

making one of the major contributions to our study of the 

luminous dial painting industry in Waterbury, Conn. He 
. . 

has been most cooperative in helping us to make contact 

with former employees, in providing us with medical data 
' . . . 

on both living and deceased dial painters, and in arrang-

ing for us to carry out medical and radioactivity evalua­

tions at the Waterbury Hospital on several occasions during 

this past year. 

we are also much indebted to Mr. Patrick J. McFadden, 
. . . ' . . . . 

Director of Industrial Relations at u. s. Time Co., who 

has been equally helpful, and who has made available to us 
" 

the complete employment records of both the Waterbury Clock 

Co. and the New England Watch Co. 

(W.H. Baker, M •. D., S.D. Clark,M.D.;, R.·A. Dudley, 

D.R. Kuc:Q.ta, M.M. S.hanahan, and M. · Tavla) 
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5. Central Catalog 
....... . ·: . 

Data on all cases of chronic irradiation in human 
. . ' . . . ' . .. 

·beings by certain inter~lly deposited a-emitters (e.g., 

Ra, M~Th,_ RdTh,·· Thx_,' Th02): ~re .~in.g compil~d in this 

laboratory in cooperation \lith the groups listed below. 

Individuals with an estimated body bur~en of at least 

0.001 J.LC of an a-emitter are to be included in the com-
. . 

pilation. All the information in this fie-ld will then 

be available in one location for future study and correla-

tion of such items as amount of, i!lternally deposited radio-
: ·. . ·: :. 

activity, shortening of life span, susceptibility to other 

diseases, and incidence of bone changes and tumors. 
. '. . ', .· •. ·. 

Punched cards containing the data on these cases are 
• I ... '. ···. 

being made up and sets of cards will be ·sent to 

·,: 
.Al"gonne .Cancer .. Research Hospital 

, Dr. Ro"bert· J. · Hasterl'ik · 

· A'rgomie Nat16na.i' Lah)r~tory · '· ·· 
Dr. Austin M. Brues 
Mr. L. D. Marinelli 

New Jersey State Dept. o~ Health 
Mr. Lester A. Barrer 

Royal Cancer Hospital 
Prof. v. V. Mayneord 

.-:-
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An annual follow-up of living cases will be carried 

out with the cooperation of the participating·groups. 

(Follow-~p is defined as a:qy ac_~~l. contact sue~ Ci_S visit, 

telephone call, or correspondence,· but not necessarily a 

complete reevaluation of the p'atient.) · 

a. Punched card code 

Data on all cases included in the·central catalog will .be 

put on McBee Keysort punched cards.. A punched card code has 

been drawn up which covers the· following categories: 

1. Name - filed under present name With. all other 
names· (maiden,· married, ·initials, ·etc.) being 

cross-indexed. 
2. Sex 
3 •. Year of birth'- 'in·· decades starting with 1890. 

Individuals born before 1890 in one group. 
4. Year of death- in 5-year periods starting'with 

1920. All deaths prior· to 1S20 · grouped together~-
5. National identification nilinber ·-·u. s~· social. 

security number, British riationalhealth.number, 
. . 

Canadian old age security tax ni.miber, etc. 
6.' Last known status - condition of .·patient as of 

last follow-up.'· 
7. Group· making study -:- the ··groups listed above, as 

well as the ··tate Dr~ Harrison ·Martland, and 

. Health and' -'S~fety 'LabOratory J A~. E~· c'.' ·, 
8. Means of dfs·cc),fet-'t ·;.~or'· C:a:se -··"patient ·rirst. seen 

' . . •. ': ·-:. I'·'.··; ·. ~·i :· .· .. ~<. ': ~··' ••• :. ' ·: .• • • : j 

because· of si·gns or ·symptoms, or located as a 
result 'o·f a''se'·ci'tcli:;.(i h .. :.. ; . . ·~ .. ·' " .. 

9. Case lmown only thro\i~ii · ii tera't~Ei{:- ~.those cases 

in the literature where original records are no 

longer available. 
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10. Plac.e of exposure - a list of dial painting 
establishments, hospitals, spas, laboratories, 
and names of physicians who injected or pre~ 
scribed radioactive materials. 

11 •. Method of exposure - occupational, or thera­
peutic administration. These categories are 
subdivided into dial painting, laboratory or 
office wor~, mining, oral or injection, and 
acute exposure including accidents. 

12. Quantity of radioactive material at time of 
exposure - amount of material administered or· 
received known and verified. 
Identity of radioactive material at time of 
exposure~ Ra226 with.a MsTh/Ra .ratio. of less 
than 0.01, mixture of Ra226 and any other radio­
active material, radioactive material other 
than. Ra226 • . 

14. ~e~r of first exposure - in 5-year periods 
starting with 1915. All exposure prior to 
1915 is consolidated in one group. 

15. Age at first exposure - in 5-year periods 
from 15-30 years, then in decades. All who 
were first exposed at ages younger than 15 

. . 

years are grouped together. 
16 •. , :.Cl::in~cal studies - physical examination, hema­

t()logic and other. laboratory s.tudies, skeletal 
and dental x-ray surveys, biopsy, autopsy. 

17 •. Diseases, injuries, and causes of death - as 
listed in the 1955 revision of the Int~rnational 

~ . ·. . . . 

• 1 ' • ,.,·,' 

Statistical Classification of Diseases, Injuries, 
and Ca~ses of Death. 

' . ,, .. .: . ·~ . . . .; ' :· . '-: . 
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18. Age at death - irt 5-year periods starting with 
25 years. Those who died at ages younger than 

25 years are grouped ·together. 
······ 

19. Specific findings ~- bone damage (six categories 
as diagnosed· by x-ray, varying from no damage_ 
·apparent to pathologic fracture), abnormal 
tooth structure, sarcom,a, carcinoma, leukemia,. 

anemia. 
Symptoms present 
Genealogical study - a study made of at least 
one relative of the exposed individual~ 
Fertility - live birth, apparent sterility, 

stillbirth, miscarriage. 
Radioactivity measurements - breath radon and. 
thoron, external body gamma on radium.and .meso­
thorium series, radium ~nd mesothorium deter­
minations on specimens (urine, feces,· bone, tooth) •. 

Estimated R~226 body burden 
0.001 ~ Ra < Q.Ol (JJ.c) 1 S Ra < 5 
0 • 01 S Ra < 0 .1 5 ~ Ra < 15 
0 .1 S Ra <. 0 • 5 15 ~ Ra < 50 
1 ~ Ra < 5 50 S Ra 

25. MsTh/Ra ratio ~ 
<0.01 ("pure" Ra case) 

( MsTh 1) 
0.01 to 0.5 initial MsTh + Ra < 3 

( MsTh 
0.5 to 2.0 initial MsTh + Ra 

2.0 and over ("commercial MsTh") 

26. Existence of specimen 
27. ·Existence of x-ray films 
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b. Data on some radium poisoning cases 

During the past year a tabulation was made of some 

of the published cases of radium poisoning. Only those 

cases were included on which the information~ at that time, 

had been completely published, and where there was good 

agreement among several reports made on the same patient. 

The literature covered American, British, and German reports. 

A total of 107 cases of Ra poisoning fulfilled these 

criteria: 

1. An estimate had been made of the body burden. 

2. In most cases information on bone changes by x-ray 

was given.* 

3. If the patient had died, the cause of death was known. 

4. If the patient was living, a follow-up had been 

carried out within about the last five years. 

5. All the information in items 1 through 4 was avail­

able in the literature. 

Included in this tabulation were dial painters, in­

jection and oral ingestion cases, chemists, physicists, and 

laboratory assistants. The cases were divided into three 

categories: those whose dose was from Ra226 only, those 

who received a mixture of Ra226 and other radioactive material, 

and a separate classification for chemists, physicists, and 

laboratory workers. There were 12 individuals in the classi­

fication of chemist, etc. The remainder of the cases was 

almost equally divided between those receiving only Ra226 

* Nine cases were included in which x-ray results were un­

know or where it was known that no x-rays had been taken. 
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and those receiving a mixture of Ra226 , MsTh, RdTn. A little 

more than half of the cases were still living. 

The dose range represented by the materials was 

1. Ra226 

No. 
of 

Dose range (~c) cases 

0.01 S Ra < 0.1 3 • 
0. 1 S Ra < 0 • 5 2 

0.5 S Ra < 1 12 

1 S Ra < 5 14* 
5 S Ra < 15 13 

15 S Ra <50 _l 

total 45 

X-ray 
changes 
present Sarcoma Carcinoma 

0 0 0 

2 0 0 

9 1 0 

13 2 0 

13 2 0 

...l Q. 0 

38 5 0 

* One case had no x-rays taken 

2. Mixture of Ra, MsTh, RdTh 

0 • 01 S Ra < 0 .1 

0.1 S Ra < o. 5 

0.5 S Ra < 1 

1 S Ra < 5 

5 S Ra ·< 15 

15 S Ra < 50. 

50 S Ra · 
total 

2 

5* 

7** 
13+ 
1o++ 

~+ 

....§++ 

50 

0 

0 

6 

10 

9 

6 

.....§ 

36 

* Two cases had no x-rays taken 
** One case had no x-rays taken 

0 

0 

3 
5 

5 

3 

....! 
17 

0 

0 

0 

2 

1 

0 

0 

3 

+ One case had no x-rays taken; in one case x-ray results 

unknown 
++ One case x-ray results unknown 

. .~-
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The range of body burden in the chemist group was 

from 0.2 J.LC to 14 J.LC Ra. Eight of_these individ'llalS had 

d.ieq_ and the causes of death were given as carcinoma, 

aplastic anemia, myeloid leukemia, and lung fibrosis. The 

interval from initial exposure to death was from .10 years 

to 34 years, except for two cases of lung fibrosis where 

death·' occurred four and five years after first exposure. 

The ~or induction time (from initial exposure to 

diagnosis of tumor) was 

·Ra226 only 

mixture 

Range 

16-28 years 

10-33 years 

Average 

22 years 

19.4 years 

In the one published case of a tumor among the chemists the 

induction time was 11 years. 

Special thanks are due to Prof. Robley D. Evans and 
-

Dr. Robert A. Dudley of M.I.T., Dr. Robert J. ·Hasterlik 

of Argonne Cancer Res~a.rc!L.Hospital, and Mr. Lester A. 

Barrer of N. J. State Dept. of Health for their valuable 

assistance in drawing up the punched card code. 

(M. M. ShanahCU1) 
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B. Low-level Studies 

1. Controlled Background Facility 
n 

a. Further tests on dunite 

The investigations of dunite as a shielding material 

for controlled background facilities (CBF) reported in our 

1957 Annual Progress Report were completed. This work has 

included measurements on raw dunite ore and on especially 

prepared Forsterite bricks obtained from the Harblson­

Walker Co. 

As pointed out in the previous report, the 5 percent 

MgO additive used in the manufacture of Forsterite A bricks 

was suspected of contributing considerably to the contam­

ination. Tests showed this to be the case, so five tons of 

bricks were made without the additive. A series of meas-

urements were then made of the backgroun~ of a 4 x 4-in. 

low-background Nai crystal surrounded by various thicknesses 

of brick up to 18 inches. Figure 1 shows the background 

spectrum recorded by a 256-channel analyzer for two thick-

nesses of dunite brick , and for comparison, an enclosure of 

6 inches· of lead. Curve A is the background inside the 12 

inches of dunite brick, and curve B is the background inside 
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the 18 inches of dunite brick plus 1/8 inch of lead inside 

the brick. The Ra. y rays are certainly plainly visible. 

Curve Cis the background. inside 6 inches of lead and shows 
/ 

only the K40 peak which presumably arises from the phototube. 

A rough calculation indicates a value of-3 x lo-l4 g Ra/g 

brick. This value cannot be tolerated bec~tise we desire to 

measure low-level radium samples. The total background count­

ing rate is about three times that obtained in good steel en-

closures or good lead enclosures. 

The difference in the low-energy end of curves A and B 

of Fig. 1 is due to a 1/8-inch lead shield around the de­

tector in the case of curve B. This small amount of lead is 

very effective in reducing the low-energy background and· is 

especially important when the principal shield is made of 

relati~ely low-Z materials. 

As one last check, samples of raw dunite ore were ob-

tained directly from the mine and measured at Los .Alamos Sci­

entific Laboratory, Aigonne National Laboratory, and this 

laboratory; all laboratories reported results consistent with 

a Ra ~oncentration of about 3 x 10-l4 g/g. Thus the possi-

bility of contamination in the processing of the brick seems 

to have been eliminated. 
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b. Interlaboratory comparisons 

We are very grateful to the Radiological Physics Di·vi­

sion ot the Argonne National. Laboratory for allowing us to 

measure the background in two cif their shielded facilities 

with our detection system (photo.tube and crystal). We have 

thus been able to· eliminate errors due to unknown contamina-

tion of the crystals and phototuhes which usually make inter-

laboratory comparisons difficult. 

The following table shows the background counting rate 

in various enclosures. The lead enclosure was made of new 

bricks borrowed from the M.I.T. reactor for this experiment. 

.Shield 

6-in. lead (M.!.T.) 

Steel room (Argonne) 

18-in. dunit~ (M.I.T •. ) 

-aackground 
(0.2-2 Mev) 

210 cpm 

. 293 cpni 

795 cpm. 

All measurements with M.I.T. 4 x 4-inG crystal. 

These lead bricks were from a regular production rUn from the 

Edlow Lead Co. 
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c.. Construction plans 

Plans are now complete for our CBF. It will be con­

structed of 5.8~inch armor plate obtained from the Navy. 

The interior dimensions will be 8 feet long by 5 feet wide 

by 6. 5 feet h.igh. The room will be constructed of six 

pl&tes plus a door, the sides and roof being welded in place. 

The door is to be pivoted on a ball thrust bearing and it 

is hoped will move freely enough to be hand operated. If 

this proves too difficult a hydraulic mechanism will be 

provided. 

The air in the room will be changed and conditioned to 

insure the comfort of the patient. Provisions will be made 

for using aged air when necessary. All the incoming air 

will pass through an absolute filter to reduce the accumu­

lation of dust inside the room. 

d. General conclusions 

The detector used in such a facility will always be one 

of high sensitivity since weak samples are to be measured. 

In the case of y rays, this means a scintillation counter. 

Since the background can be further reduced if the detector 

has good energy resolution, the use of Nai is indicated for 

y-ray detection. At present, facilities can be constructed 

with backgrounds sufficiently small so that the detecting 



system itself gives the principal contribution to the back­

ground. This is due primarily to the presence of K4° in the 

photomultiplier and also in the Nai itself. Enclosures that 

can provide this kind of background, must be about 125 g/cm
2 

thick, and the shielding material must contain less than 

lo•14 c of y-ray activity per gram of material. Investiga­

tions have so far revealed only steel, water, and lead to 

have these properties. One should always examine lead with 

care since Argonne reports some lead seems to be quite active. 

In general, the activity seems to bear little relation to the 

age of the lead. Other substances which might possibly meet 

* the above requirement are refined sugar and a form. of talc 

found in the state of Washington. Of these materials, steel 

·with a 1/8-inch lead lining seems to be the best choice for 

most applications. Carefully chosen lead might give just as 

good results but would be much more expensive~for large vol­

ume enclosures. However, its higher density might make it 

preferable in low-volume enclosures. 

* 

(N. c. Rasmussen, J. L. Bear, 

and J. B. Bulkley} 

Measured by Dr. R. c. McCall, General Electric Co.) Richland, 
Washington. 
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2. Self-abso.rption in Distributed x-ray Sources 

Measurements and computations have been continued in 

the study of self-absorption in y-ray sources. Measurements 

have been made on radium sources contained in commercial 

screw-top 12-ml glass vials. The detector is a copper-screen 

" Geiger-Muller coWlter with 1/4-in. Al filter, plus lead fil~ 

ters of varying thicknesses. 

As previously reported, the ratio of the intensity or­

radiation that reaches the counter inside the filter to the 

initial intensity of the source with no self-absorption is 

described by the semiempirical .formula 

where R is the radius o·f the source, de as (90°) /d.U is the 

differential Compton scattering cross section per electron. 

at 90°, N is the number of electrons per cubic centimeter in 
0 ,, 

the source, T is the fraction of radiation scattered at 90 

which reaches the counter, and ~ is the effective attenua­

tion coefficient defined as ~a + fa 5 • The value of the frac­

tion f would be zero if all the scattered radiation reached 

the coun.ter. As mentioned in our 1957 Annual Progress Report, 

the softer scattered radiation is more strongly absorbed in 

the filter, so f ~s greater than zero. 
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In addition, some. of the scattered radi.ation will be 

absorbed in the source material as well. For vials of the 

size used, this effect contributes to the value of f, espe­

cially for source material of high atomic number. So the 

value of .f is not a constant but varies with source material 

as well as lead filter thickness. Graphical calculations 

·have beEm performed to obtain values of f for the radium 

spectrum in source materials of interest for various lead 

filter thicknesses. Figure 2 shows the values of f obtained, 

plotted against the product of the radius of the 12-ml vial 

times the-absorption coefficient for radium. The product 

~0R is a parameter related to the absorption in the vials. 

Calculations using.the new values of fdo not give much 

improvement over the previously reported values. The ratio 

of observed self-absorption to calculated self-absorption 

for these radium sources was about 0~95 ± 0~05 at 1/16-in. 

lead filter, 1.03 ± 0.05 at 3/8-in. lead filter, .and 

1.20 + 0.05 at 3/4-ln. lead-filter. 

Finally, it must be emphasized that great care is needed 

in applying this formula to other situations. Many of the 

constants used are strongly dependent on the experimental 

setup used. Especially worth mentioning are: (1) Eq •. (1) 

gives a ratio of intensities. For a copper-screen Geiger 

tube this is approximately a ratio of counting rates, but 

for a scintillation counter or ionizat~on chamber, the 
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counting rate is· not proportional to intensity; .. (2) the fac­

tor 8/3 in the scattering term·, is experimentally determined 

and depends on the fact that the sample vials are about four 

times as tall as they are wide; (3) the values of f shown 

are valid only for the radium spectrum and for samples con­

tained in the same type 12-ml vials; (4) the geometry·must be 

such that most of the radiation leaves the source in a path 

perpendicular to the axis, or the path length factor will 

change. 

(J. L. Bear) 

3. Bremsstrahlung from Sr90_y90 

An experimental study has been started to determine the 

shape and absolute intensity of the continuous x-ray spectrum 

(bremsstrahlung) produced when the ~ rays of sr90-x9° are 

stopped in various absorbers. Observations are made on a 

one inch collimated beam incident axially on a 1-3/4 x 2-in. 

Na!(Tl) crystal. The output of the ·crystal is observed 

through a photomultiplier tube and the 256-channel pulse­

height analyzer. 

In order to do careful studies of spectral shape and in­

tensity, a y-ray spectromete:r such as thi.s must be calibrated 

as to its response to single-energy y rays. Resolution of 
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the pho.topeak and, in most cases, the shape and intensity of 

the Compton pulses has been observed for cs137 (0.662 Mev), 

Hg203 (0.279 Mev), co60 (1.17 and 1.33 Mev), Pr142 (1.6 Mev), 

Rb86 (1.08 Mev), and ce144 (0.134 Mev). Observations at a 

few more energies are needed before a response function can 

be calculated. 

The bremsstrahlung measurements are to be made in cylin-

drical-shaped absorbers. The absorbers will be thick enough 

to stop all the -~ rays. This means ·that some of the brems~ 

strahlung radiation produced will also be ab?orbed in the 

absorbers. This self-absorption must be evaluated i! the 

bremsstrahlung spectrum is to be determined. 

Tube-shaped sources of Hg203 , cs137, co60 , and Pr142 

.have been constructed. The changes produced in the spectra 

from these sources have been observed when carbon, aluminum, 

steel, and lead absorbers have been placed inside and outside 

the sources. From this type of study, the spectrum produced 

in a cylindrical source by photons of various energies can 

be determined. Thus the self-absorption corr.ection can be 

made. These measurements also are to be .continued for a few 

more y-ray energies. 

With this information a response function can be calcu-

lated with a correction for self-absorption included •. Then the 

pulse-height spectrum observed·from the bremsstrahlung of 
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Sr90_y90 ·can be converted to the bremsstrahlung spectrum 

produced in the absorber~ 

(J. L. Bear) 

4· A Low-level Ionization Chamber for Powdered Samples -- --

Work has been completed on the method proposed in our 

1956 and 1957 Annual Progress Reportsto measure a activity 

of normal bones. The essentially background-free detector 

was found adequate for the measurement of ·gross a activity 

of.low-level samples, but due to a lack of sufficient en­

ergy resolution, complete identification of the various ra-

·dioelements by their characteristic a spectra could not be 

done. Nevertheless, the ThC' a ray can be identified, lead­

ing to a partial identification of most of the elements of 

the Th decay series. 

The low background detector consists of a large ion­

pulse chamber having walls made of, or coated with, the radi­

oactive sample. The ~ethod of preparing sources suitable fQr 

coating the glass walls of the chamber has been described 

previously in our_l956 Annual Progress Report. The ioniza­

tion pulses were amplified by a vibrating reed electrometer 

and recorded with an Esterline-Angus milliammeter. Pulse­

height spectra have been obtained by visual measurements-or· 
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the recorded pulses for both thick and thin ThB sources •. The 

standard deviation of the ThC' line was_ found to be approxi­

mately 800 kev. 'l'herefore, the energy resolution of· the de­

tector is not sufficient to allow identification of all the 

radioelements from their thick source spectra. Various possi-

ble sources of noise have been investigated without success. 

In studying the properties of the detector, six differ­

ent samples (40 to 80 g each) containing activity at the nat-

ural level were measured. Except for one sample, analysis 

of Rn and Tn was not performed, and consequently, the exact 

source of activity is not known and can only be inferred. 

Nevertheless, limiting values of activity can be set under 

appropriate assumptions. Some of the results are given below. 

for the measured samples. 

Talc powder: Commercial talc powder (Mallinckrodt Chem-· 

ical Works_, New York, N. Y.) was used. From the absence of 

any Rn build-up over a period of 13 days, we inferred that 

the activity was probably due to the Th. series. Assuming 

that the complete series is in secular equilibrium in the 

sample, and from the counting rate of 520 counts per hour 

(above a bias energy of 2 Mev) and for 1000 cm2 of source, we 

calculated the specific activity as 4.6 x lo-14 c of Th per 

gram of talc. 

Forsterite A (dunite brick): This material was inves~ 

tigated as a possible shielding material for our controlled 
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background facility. Radon analysis was done by measuring 

the emanated Rn of a finely powdered.sample at 300°C, and 

indicated a minimum content·of 2 x 10-l4 c of Raper gram 

of brick. From the gross a-ac.tiv:ity measurement we can set 

a~ upper limit of about 7 x lo-l4 c of U per gram of brick. 

Pyrex glass: The activity of the uncoated glass wall 

of the chamber1 was measured to investigate the possibility 

01 contamination of the sources by Rn emanating from the 

glass. It was found that the counting rate increased by 17 

percent (from 900 to 1053 counts per hour per 1000 cm2 of 

glass) in six days. Assuming that the activity in pyrex is 

due to the uranium series in equilibrium, this increase ih 

counting rate c9rresponds to a maximum diffusion coefficient 

of 0.4 x lo-12 cm2 per sec for Rn in glass. Presumably some 

of the Ril build-up must be produced by radon recoiling out 

of the glass following the Ra decay. This build-up should 

be approximately equal to the ratio of the recoil range to 

· the a range in the glass (300 i/50 ~ = 6 x 10-4) 2 which is 

much too small to account for the detected build-up. Under 

the same·assumption that the uranium series is producing the 

activity, we calculated the activity as 7 x lo-13 ~ ot U per 

gram of glass. 

1. 

2. 

Pyrex brand "double-tough" glass pipe, Corning Gl~ss Works, 
Corning,. New York. 

" s. Flugge and K. Zi.mens, Radioactivity Applied to Chemistry, 
ed. by A. C. Wahl and w. A. Bonner, John Wiley and Sons, 
Inc., New York, 1951. 

... ~t 
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Sugar: Commercial Revere powdered confectioners sugar 

was measured. From the chemical similarity of Ra with Ca 

which should promote the assimilation of Ra by plants, and 

from the absence of any a pulses above 6 -Mev, we assumed that 

the Ra, fu1, RaA ••• Rae series was in sugar. The specific 

activity would then be 1.3 x 10-l4 c of Ra per gram. From an 

increase in·counting rate with time, the emanating power of 

sugar on the chamber walls (the ratio of the Rn activity es­

caping from the source to the total Ra226 activity) was cal­

culated to be about 3 percent. This low emanating power is 

associated with a high affinity for Rn. Indeed, it was found 

that more than 50 percent of the Rn introduced in the chamber 

was absorbed by the sugar. 

Ethylenediamine-extracted normal bone: Two different 

samples weremeasured. The first was a normal human bone 

having a maximum of 4. 3 x lo-13 c o-f Ra per gram. The sec­

ond was a cow bone sample (from the Colorado plateau near a 

uranium mine). F.adon and thoronanalyses of this second sam­

ple showed an activity of 7.4 x lo-14 c of .Rn and 8.3 x lo-l4 c 

of Tn per gram3 • These values are consistent with gross 

a-activity m·easurements. The emanating power of each of these 

two bone samples was measured in the chambe~ and calculated 

to be less than 10 percent. Once again, this low Rn emanating 

3. Annual Progress Report, Contract At(30-l)-952, May 1957, 
p. 49 •. 
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bone was found associated with a high absorption of Rn. The 

absorption was determined by evacuating and refilling the 

chamber with dry nitrogen gas containing about 0.3 ~~c of Rn. 

The measured. counting rate could ·only account for about 50 

percent of the Rn, ·which indicates that .the dry powdered sam­

ple absorbed 50 percent of the Rn in the gas. An aliquot of 

powdered cow bone similar to the one used in the chamber 

(also kept dry) was dissolved in HN03 and its Rn content meas~ 

ured immediately after dissolution and also five days later. 

Comparing these two values it was found that approximately 45 

percent of the Rn is retained in this bone. We must there-

fore conclude that conditions promoting absorption and conse­

quently low emanation are fulfilled in the chamber. This 

could be explained, in part, by the fact that the samples in 

the chamber are thoroughly dried by the repetitive evacuation 

and refilling of the chamber with the dry counting gas. 

From these measurements we conclude that the detector is 

highly suited for the measurement of gross a activity of sam­

ples. containing less than· lo-12 c per gram. With proper care 

the source contamination should be small, and furthermore, 

the powdered sourc~ is still available after the measurements 

for any further test. 

(R• A. Beique) 

;· .. ' 

' ., 
;, I 
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c. Calcium Metabolism 

The nynamics of Strontium and Calcium Metabolism 

and Radioelement Removal 

Perfusion of the blood of dogs in ~ through the arti­

ficial kidney or ion exchange column was found to be an ef­

fective method for removal of catcium from the plasma. 

~e maximal rate of removal of calcium during the first 

30 minutes was usually between 2.5 and 6 mg per minute. After 

this, the rate of removal was of the or~r of 0.5-2 mg per 

minu-te in most dogs. 

The mean amount of radiostrontium and radiocalcium re-
.. 

moved by perfusion in seven dogs, one hour after administra-

tion, was 33.9 ± 6.5 percent of the injected dose (see Table 

'1). The amount of the radioisotope which could be removed by 

the ion exchange perfusion rapidly decreased with increasing 

intervals between isotope administration and periusion. The 

mean removal·of radiostrontium and radiocalcium in nine_dogs 

from 12 hours to 3 days after administration was only 6.5 

±. 3.1 percent of the injected dose. 
4 8 .. 8 

The Ca 5, Sr .5, and Sr 9 data indicate that calcium is 

being removed from at least two hypothetical body compartments. 

Twelve percent of the dose·was removed from the first 



Dog Isotope 
-

ckl21 c 45-a . 

ck124 ca45. 

ck130 Sr85_ .. 

ck131 Sr85 

ckl32 ca45 

ckl34 sr8~ 

ckl35 Sr85_ 
.. 

Mean 

I. I· I 
I 

Table 7 

.. . 

Removal of Radiocalcium and Radiostrontium from Two Hypothetical 

Compartments Approximately One Hour After Injection 

(Seven Dogs) 

. Percent dose 
Percent dose removed from Half-time of Half-time of 

Percent dose removed from compartments removal from removal from 
removed from compartments 1 and 2 minus compartment 1 compartment.2 
compartment 1 1 and 2 percent dose (minutes) (hours) 

removed from 
compartment 1 

12 40.7 28.·7 18 8 

6 32.2 26.2 15 17.5 

14 
... 

32.2 18.2 20 13 
-

20 31.1 11.1 20 7 

9·_.5 22.5 13.1 35 20 

13 40.0 27.0 15 7 

10 39.0. 29.0 20 7 

12 ± 4.8* 33.9 + 6.5 21.9 + 7.6 20 + 6.8 11 ± 5.6 
. - - -

* Standard deviation of the mean. ~:i 

I 
...;z 
CJ1 
I 
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compartment with a half-time of 20 minutes. The remainder 

of the injected dose removed came from a hypothetical com­

partment with a half-time of removal of ll hours. 

The removal of sr85 following parathyroid hormone admin­

istration was studied in dog ckl37. Twelve hours prior to 

removal the dog was injected with sr85 and 2000 units of para­

thyroid hormone extract. The total removal of sr85 was 2.5 

percent, which·is in the lower range of the removal compared 

to the other dogs in which parathyroid hormone was not in-

jected. 

Excretion studies were carried out on four dogs ( ckl27,. 
85 ckl31, ckl32, ckl~S) in which two isotopes of strontium (Sr 

and Sr89) and one of calcium (ca45) were ipjected intrave­

nously. One or more of the isotopes were injected either 12 

or 24 hours or 3 days prior to the removal period. One iso­

tope was injected one hour prior to the removal period. Since 

only 2-9 percent of the isotope injected 3 days prior was re­

moved durlng the 4- to 6-hour period of removal, these dogs 

acted; as their own controls for the excretion studies. . Renal 

clearance studies were made before, during, and after the· 

period of removal. 

O~e of the major questions concerning the removal of 

radioc~lcium and radiostrontium by the ion exchange column 

was the question of alteration of the normal elimination of 

the radioisotope in the excreta •. The praotical value of the 
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radioelement removal in man will depend to a large extent 

upon the removal of a significant fraction of the radioel~­

ment by the artificial kidney and ion exchange column which 

would normally not be· eliminated in the excreta. Results 

from excretion studies in ·four dogs over a 7- to 10-day 

period have shown that radioisotopes removed by the ion ex­

change column would have been eliminated eventually in the 

excreta. This is illustrated by the results of the study 

on dog ckl27 (see Fig. 3). During the 3-day period before 

connecting the dog to the. ion exchange column, about 45 per• 

cent of the injected dose of sr89 had been excreted, and 

only 1.9 percent was removed by the ion exchange column. 

Thirty percent of the sr85 injected 69 minutes before the 
-~ 

dog was connected to. the ion exchange collimn was removed. 

However, ·the total amount of both s~85 and Sr~9 remaining in 

the dog at the end of the experiment was approximately the 

same. 

There was wide fluctuation in the ratio between clear­

ance . of ca4° and clearance of ca45 • The renal clearanc·e of . 

ca45 was less than the clearance of ca4° in two dogs. . The 

most unexpected finding was the marked reduction in the re-

nal clearance of radiostrontium, c·omp~red to ca4° and ca.45• 

The reduction in radiostrontium clearance was by a factor of 

20.to 30, while the reduction in ca4° and ca45 clearance was 

usually by a fac-tor of about 5. During the period of perfusion 
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the serum calcium level is depressed so the relative renal 

clearance of strontium vs. that of calcium might not be a 

true measure of relative reabsorption of strontium and cal-

cium when the serum calcium level was normal. 

The changes in the renal clearance of Na, K, P,_ca4°, 

~a45 , sr85, ·and sr89 have given results which warrant further 

study. There was, in general, a reduction in renal clearance 

of both stable and radioactive cations during the period of 

removal. 

Publication of this work will follow in the near future. l· 
In addition, it will be presented at the Geneva Conference. 

This project has been ·completed in collaboration with 

the Kidney Laboratory at the Peter Bent Brigham Hospital and 

the John CollinsWarren Laboratories of the Huntington Memorial 

Hospital of Harvard University, Massachusetts General Hos­

pital, Boston·, Massachusetts. 

(w. B. Looney, c. J. Maletskos, J. Cohen, 

F. I. Visalli, W. Guild) 
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D. Nuclear Data 

The gridded plane parallel plate. ion chamber described 

in previous·reports has been redesigned to operate with the 

electron-collecting electrode at ground potential, and the 

sample at negative high voltage. The grid has been rebuil"t ,' 

and consists of 0.006-in. tungsten:wires spaced at l/8~in. 

intervals. The champ.er--is\_operated with the source at -3000 

volts and the grid at -1500 volts.· The signal-to-noise ra­

tio has been improved, and the Th232 a-particle peak from 2rr 

sources now has a full width at half maximum of about 80 kev; 

including the 25 p~rcent abundant fine-structure peak at 3.93 

Mev and the 75 percent abundant peak at 3.98 Mev. The low­

P.nergy a decays are subsequently followed in most cases by 

conversion electrons, about half of which are captured in the 

ion chamber, thus shifting the lower energy peak toward the 

higher one. The two peaks cannot be resolved. 

It has been observed using a 10 percent methane-90 per-
/ 

cent argon counting gas that the pulse-height spectrum is 

linear with an intercept of about -250 kev. This effect has 

not been observed by workers using highly purified argon, and 

indicates that at low energies approximately 250 kev of 
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a-particle energy is lost in exciting molecular states in the 

methane molecules. 

The apparatus is considered satisfactory in all respects 

in order to make the measurements for the half-period. New 

sources must be prepared.by evaporation for the measurement, 

and it has been decided to evaporate ThF4 as well as thorium 

metal. ThF
4 

melts at ll00°C, a conveniently low temperature, 

and the thorium weight on the sample can.perhaps be deter­

mined by weighing the sample disc before and after the evap­

oration. ThF
4 

is·evidently stable even at relatively high 

temperatures. Since the total weight of thorium will be about 

1 mg, a microbalance must be used to obtain the weight; but 

this technique, if successful, will circumvent a difficult 

chemical thorium determination. 

When a spectrum has been obtained from the new sources, 

a small (less than 2 percent) theoretical correction to the 

peak intensity for backscattering and source absorption will 

be made, and the half-period calculated. 

It is hoped that this work can be completed by the end 

of the summer. 

(T. A. Farley) 
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E. Dosimetry and Instrumentation Techniques 

1. Fast Neutron Ddsimeter 

A neutron detector was described in our 1957 annual re-

port which is expected to have a response to absorbed energy 

which is proportional to ti~sue dose. .Based on the Bragg-

. Gray cavity principle, the detector employs. a thin mono­

granular layer of zinc sulfide scintillator as the cavity, 

sandwiched between two plexiglas slabs. The detector is 

viewed by a photomultiplier tube. The neutron dose to the 

cavity .(rads) is determined by adding the number of pulses 

multiplied by their pulse height and applying several cor-

rection factors which are to be discussed. The instrumenta­

tion associated with the readout of this quantity, dose, is 

discussed in another section of this report. 
' 1 

An experiment was proposed in which,this detector-was 

to be used with monoenergetic·neutrons for the following 

reasons: 

1. Calculation of absorbed dose depends on accurate con­

v~rsion of the output pulses of the electronic system (in 

volts} to their equivalent energy in electron volts, which 

1. · E. Tochilin, S. W. Ross, B. W. Shumway~ G. D. Kohler, and 
R. Golden, Radiation Res. Ji., 158 (1956). . 
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allows a direct conversion to the unit of dose, the rad. A 

very appro-ximate calculation of the expected pulse-height 

spectrum from monoenergetic neutrons suggested that there 

might be some pronounced structure to this spectrum which, if 

observed, could provide a reference back to the theory, where 

the energy scale is known. 

2.· Calculations of the first collision dose to tissue 

(as well as plexiglas ) as a function of neutron energy have 
1 been made • The results of these measurements at several dif-

ferent energies may be compared with this th,eory. 

At the suggestion of Professor R. D. Evans and with the 

cooperation and help of Dr. W~ L. Langham and Dr. J. A. Sayeg 

of the Health Physics Division at Los Alamos Scientific Lab­

oratory, arrangements were made to use the facilities of that 

laboratory to obtain monoenergetic neutrons. The author 

wishes to exp:r:ess his sincere appreciation to these gentlemen 

for making these m·easurements possible. 

Runs at 4, 6, and 8 Mev were attempted using the (d,d) re­

action at the large (10 Mev} Van de Graaff generator. Elec­

tronic difficulties largely invalidated this work. Measure­

ments were made with 2.5- and 14-Kev neutrons at t~e Cockroft­

Walton machine. The neutron flux at this machine is consid-
. ;c. 

ered well known. Two single-layer detectors were used at 
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thes-e energies, orie having a diameter of 2 in.- u'sing a 6342 

photomult-iplier tube, and the other with a diameter of 5 in. 

using a 6364 photomultiplier tube. The 2-in. detector was 

used, as well a·s the 5-in. detector, to prevent the possibil­

ity that photocathode nonuniformity in the 5-in. phototube 

might cause poor resolution. 

The ·pulse-height spectra obtained at these energies did 

show ·some structure, tha·t is, some- peaks and breaks, but not 

of the· form which was expected. At 2. 5 Mev, the spectra 

from both detectors showed a large double peak at the high­

energy end of the spectrum which was several times larger 

than the distribution at intermediate· energies. A single 

large peak (due to proton recoils in the forward direction) 

was expected with several · small.er peaks on the high~energy 

tail of' the large peak, but in general the observed spectra 

bore little. resemblance to· the calculated spectrum. This· 

large double peak did not appear as pronounced at 14 Mev; 

however, two smaller peaks at very nearly the same energy in­

dicated the phenomenon producing these peaks was still pres­

ent. · The complete interpretation· of this spectrum is not 

fully understood; consequently, the· conversion·· from volts to · 

electron·volts·and calibration of the energy scale rising 

this in-formation cannot be ·relied upon. 

If, however, an estimate of this energy conversion and 

calibration is made such that 300 kev (approximately the 

- -~ 
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energy lost by a recoil proton traversing 10 J.L of ZnS with a 

specific ·ionization2 , dT/dS, corresponding to the flat por­

tion of the Bragg curve) .lies at about 30 volts on a ()-to 100-

vol t scale of the pulse-height· spec'trum, a calculation of the · 

dose at these energies can be made. With this assumption, the 

large double peaks in the 2.5-Mev runs appear at about 650 kev, 

representing, possibly, the energy lost by a recoil proton 

traversing 20 J.L of ZnS with a somewhat larger specific ioniza­

tion. 

Corrections to the calculation of dose necessary with this 

detector are: 

1. The cavity is ZnS and is not tissue-equivalent. The 

energy lost in the ZnS is proportional to the specific ioniza­

tion. of ZnS, whereas if the cavity were tissue the energy ioss 

would be proportional to the specific .ionization in tissue~ 

The ratio of the average ·specific ionization iri ZnS (average·d; · 

over energy) to that of tissue is about 1.75. The measured 

dose is thus reduced by this factor. 

2. Dose measurements in .rads represent energy lost (ergs) 

per gram of the cavity. The. density of ZnS is 4.1 g/cc and 

that of plexiglas is 1.18 g/cc. If this cavity were plexi­

glas of the same volume, the energy lost as corrected by the .. 

specific ionization factor would contribute to a·larger dose · 

since the mass of the cavity is less ~ a factor of about 3.5. 

The measured dose is thus enhanced by this factor. 

2. M. Rich and R. Madey, UCRL 2301 (i954). 
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3. Zinc sulfide is. somewhat absorbent to its own light 

and a mono-granular screen can be called, at .. b~st., .. translu­

cent. Therefore, some scintillations from the ZnS can be 

either reabsorbed ~n the ZnS or trapped in the-plexiglas 

and eventually_ lost to the photomultiplier. Some light pulses 

will be seen. that have been considerably degraded in intensity, 

and contribu~e erroneous pulses to the low-energy region. To 

correct for these losses, one can compare the total number of 

counts observed, N, to the number, N', that should have been 
0 

counted and may be calculated. If it is assumed that it is 

just as likely for a large light pulse as it is for a small­

light pulse to be lost to the photomul ti_plier, the observed 

dose will be increased by the factor N'/N
0

• To calculate the 

number of pulses that should have been counted, the detection 

efficiency, one needs only to make the approximation based on 

the range-energy relations that the range. of a recoil proton, 

RP' can be written 

~- = KEPn 

where K and n are empirical factors determined from proton 

ranges in plexiglas in the Mev region of energy. An inte­

gration over the angular distribution.of proton recoils may 

be' carried but, and one finds 
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N' = La(E)Acp ,7]~ 
0 

where 

L = number of hydrogen atoms/cc 

.a(E) = n-p elastic scattering cross section·- the tot~l ctos~ 

section of hydrogen . 

A = area of ZnS layer or screen 

' = detection effic:iency for ZnS to be put·equal to ·one 

TJ= 0.314 for K and n as chosen to fit the range-energy 
~ 

relation 

R · = range of proton recoils in the forward direction. 
Po 

carrying the full neutron energy 

· ~ = neutron flux 

so that 

N' = La~A(0.314)R 
. -Po 

I.t is seen· that about one-third of the protons originating 

from the volume adjacent to the ZnS layer of a.rea A and ·thick- . 

ness RP will .be counted. Note that· this correction factor is 
0 

energy-dependent through the scattering cross section a(E) •. 

With these considerations, the dose per flux (rads/109 n. 
2 . 

per em ) at 2.5 .and 14 Mev are computed and ·compared with the 

theoretical calculation for both tissue2 and plexiglas .•. The 
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results are tabulated below: 

Calculated dose 
Neutron energy Observ9d dos~ in ple~iglas. 

(rad/10 n/cm ) (rad710~ n/cm~) 

2.5 Mev 2.75 

14 Mev 5.5 

Calculated dose 
in tissue 

(rad/109 n/cm2) 

3.25 

6.1 

The observed values of dose are considered accurate to about 

25 percent if the energy scale calibration of the pulse­

height spectrum is not completely erroneous and is assigned 

an (arbitrary) error of 10 perc~nt. The calculated or theo-

retical values are considered accurate to 5 percent, the er-

rors attributed to the measurement of cross sections. used in 

these calculations. 

The discrepancies between observed and calculated neutron 

dose shown in the above table are abo.ut a factor of three and 

may be attributed to several phenomena not yet fully analyzed. 

First, the calibration of the energy scale in electron volts 

cannot be considered.to be any more than a judicious estimate. 

Herein can be perhaps as much as a factor of two of error. 

Secondly, the correction for counting efficiency of the detector 

does not include· the cases where, only a portion of the light 

pulse from the ZnS is not detected. The high-energy end of the 

spectrum is thus degraded in a manner that is not taken into 

account by the counter efficiency correction. Perhaps another 
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' factor.of two in the value of dose can arise from this effect. 

P~other source of error may lie in the assumption that the 

detection efficiency of ZnS is one, or that every recoil pro­

ton will produce a light pulse (of some magnitude}.wh,ile tra-

versing the ZnS cavity. 

An experiment which may provide information about the 

first and second. of the above factors.of error is being con­

sidered. A bare mono-granular layer of ZnS covered, ~ot by 

plexiglas but by a thin altiminum film, might be bombarded. 

with protons of a few Mev. The resulting spect~um should be 

very nearly a line corresponding to the specific ionization 

in the flat portion of the Bragg .curve times the thickness of 

the layer. The. spread of this line may yield .an estimate of 

the energy degradation of the pulse-height spectrum by light · 

absorption in the ZnS. The position of. this line in .volts may 

enable at least one point on the volts-to-electron-volts con-

version to be found. 

· Another phase of this work involves the development of 

the "y-rayanalog" of this <;letector. It may be noted that the 

energy spectrum of recoil electrons of. y rays from Compton 

interactions bears some similarity to the. recoil proton spec­

trum from neutron-proton elastic scattering. The path length. 

of these recoil electrons may be bo~sidered, on ·the average, 

.J 

to be directed on a straight line, as are the recoil·protons. 

The cavity princip~e may be applied to a .scintillation detector 
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if the dimensions of the cavity· are small compared with the 

range of the recoils in the absorbing·meciium. To produce 

primarily only the Compton interaction, one needs only a 

low-Z ·material such as plexiglas ·which is, for these pur­

poses, tissue-equivalent. The cavity material is a thin. · 

(4 mils) ·sheet ·of Pilot B plastic scintillator. This de­

tector ha's be.en constructed for· the following reason: meas­

urements of y-ray dose using a similar geom·etry to the neu­

tron detector should provide a cross check on the methods 

and calculations used with the neutron counter. The.energy 

scale may .be more accurately .calibrated by using a thick 

plastic scintillator such that· the Compton electrons are 

completely absorbedo The calibration can then be determined 

by measuring the position of the Compton edge of y rays at 

several energies. It is. also true that sources of monoener­

getic y rays are more easily found ·than sources of monoen­

ergetic neutrons. The main difficulty with this detector · 

lies.in the fact that for plastic scintillator cavities obey­

ing the Bragg-Gray cavity principle, the thickness .·must nee-· 

essarily be very thin, permitting very little· eriergy.loss in· 

the·cavity'. The light output of plastic scintillators is 

relatively weak so that one· is faced with the ·problem or mak­

ing ·a ·very low..:energy:ineasurement. ::It has been considered 

that the detector· should be able to ·resolve .Pulses ··corre• 

sponding. to energy ·losses in' "the ;plastic down to···abou't 

_I 



-91-

20 kev. The 3S-kev Comp.ton edge of the co57 123-kev y ray 

has been resblve.d. Many problems involving noise and ampl1:~ 

fier gains, etc., have been alleviated by two detection pro-. 

cedures: 

1. The use of a high gain, 14-stage, 6810 photomulti~ 

plier tube. With a high voltage of 2650 volts, pulses of 

about 50 volts, corresponding _t~ 100-kev energy loss in the 

plastic, may be obtained directly from the preamplifier. No 

further amplifier is necessary; consequently, amplifier noise . . . 

is eliminated. 

2. The photomultiplier is cooled by contact with cop­

per coils carrying a mixture of dry ice and acetone. Cool­

ing the tube reduces random emission from the photocathode, 

thus reducing low-energy noise by perhaps as much as a factor 

of five. 

Work is continuing on this counter. With the accurate 

calibration of the energy scale possible in this -instance 

and with the advantage of standard Y-:ray sources, the proce­

dures of relating the measured and theoretical doses to the 

detector should undergo a serious appraisal. 

(H. w. Kraner) 

. - ... 
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2. Neutron Dosimetry Instrumentation 

Part I 

Measurement of energy loss down to about .20 kev in a 

plastic scintiilator requires a high gain, low noise sys­

tem. The RCA 6810 14-dynode photomultiplier tube was in­

vestigated for this application. 

A single-stage capacitive feedback amplifier was de­

signed to replaGe the usual cathode follower preamplifier 

and pulse amplifier combination. Adequate gain was ob­

tained with this arrangement so that a pulse amplifier as 

such was not required. 

The complete circuit diagram is shown in Fig. 4. The 

6AH6 pentode was chosen because of its relatively low out­

put capacity and high transconductance. The first cathode 

follower provides a low impedance source of feedback volt­

age. The second cathode follower, although not necessary to 

derive a low impedance output. signal, is used to isolate the 
. . 

external load from the feedback network. The amplifier out-

put voltage, as a function of charge Q developed at the pho­

tomultiplier anode, may be shown to be 

•. 
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where A = unfedback amplifier gain 

C5 = sum of all shunt capacities to ground at the 

amplifier input ("' 15 I"J.Lf) 

Cf = series capacity in feedback loop ("' 3 l"l"f) 

Since A is large ( > 100) and therefore (Cs/l+A) is small 

compared to Cf' this expression reduces, with good approxi­

mation,. to 

e = -o· 

Thus, the output pulse rise time and pulse height is deter­

mined principally by the capacity Cf which may be adjusted 

to a value several times smaller than Cs. Rise time is de­

creased and pulse height is increased by the same factor 

(5 or more) that the. effective capacity (charged by Q) is 

reduced. The feedback resistor Rf controls.the pulse decay 

time constant and may be adjusted to provide a pulse decay 

time over the range of about 1-15 psec. The lOOK resistor 

shown sets the decay time to about 1.5 J.LSec. The value 

chosen for Rf mus-t be large compared to the cathode follower 

output impedance (about 200 ohms), and small compared to the 

amplifier input shunt resistance (very high leakage resist­

ance in this case). 

This effective amplifier gain of about 5 combined with 

the maximum gain of the 6810 photomultiplier (high voltage 
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set at about 2600 volts) provides an over-all gain of approx­

imately 108• Output pulses from a 5-kev Fe55 x-ray source, 

for example, are easily seen on an.oscilloscope connected to 

the amplifier output. This x~ray cannot be resolved, how-

ever, since the 5-kev line appears to be down in the two, 

three, or four electron pulse (originating at the photocath­

ode) range where the lower edge of normal pulse-height dis­

tribution is cut off. Sources in the 10-30-kev range are not 

available to determine the lower energy resolution of this 

·system. With the plastic scintillator used (Pilot B), the 
. 57 

38"-kev Compton edge of the 123-kev y ray from Co has been 

* clearly identified. 

Linearity is good up to about 200 kev, the range of in­

terest, which is adjusted to correspond to an output pulse­

height range of from 0 to about 60 volts. Overload proper­

ties are excellent, overload occurring at a pulse height of 

about 150 volts with negligible undershoot. 

Further work is scheduled with this RCA 6810 and the 

newly marketed 6810-A (curved photocathode in flat-faced en­

velope) photomultiplier with similar amplifier circuitry for 

possible use in other spectroscopy applications. 

** (R. A. Beique and. J. F. Frazer) 

* See ·Fast Neutron Dosimeter, H. W. Kraner, this report. 

** Now at the Montreal General Hospital, Montreal, Canada. 

' ·: 
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Neutron Dosimetry Instrumentation 

Part II 

A Vorate meter (voltage times counting rate) is in the 

process of design at the present time. This instrument is 

to be used to measure the output of a neutron detector in 

rads. This instrument measures the time average of the sum 

of the number of pulses times the voltage of each pulse, and 

thus integrates the area under the pulses. A circuit is 
- -

being designed that will convert the output pulses from a 

scintillation counter into a constant width pulse whose 

height is proportional to the height of the input pulse. 

This 11pulse is then used to drive a counting-rate-meter cir­

cuit to derive a de output voltage measured with a vacuum­

tube voltmeter. This may then be calibrated in units of __, 

--counting rate times energy. 

With reference to the block diagram of Fig. 5, the cir­

cuit operates as follows: incoming pulses from the output 

of an amplifier are simultaneously fed to a cathode follower 

and a discriminator. Pulses which do not ·trigger the dis~ 

criminator pass through to the pulse stretcher which is dis­

abled, since the discharge diode which is normally conduct­

ing shunts these pulses to ground through the low impedance 

of the cathode follower. When the discriminator is triggered, 
' - I 
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a constant width pulse from the univibrator, with amplitude 

greater than the maximum input pulse, passes through the 

phase inverter and opens the discharge diode, thus allowing 

an incoming pulse to be stretched. When the diode closes 

again at the end of the univibrator pulse, the pulse stretcher 

is discharged. The output pulse is therefore of constant 

width and its pulse height is proportional to the input pulse 

height. This output pulse is then fed into a standard count­

ing-rate-meter circuit and vacuum-tube voltmeter. 

Some difficulty has been experienced with pulse feed 

through at pulse heights below the discriminator triggering 

level. This problem will be solved with some form of input 

gating proportional to discriminator level setting. 

(J. F. Frazer and J. P. Morris) 

3. Multichannel Analyzer 

Since the last Annual Progress Report (May 1957) work 

has continued on improving the design and simplifying the 

electronics of the multic~annel analyzer. Nearly all of the 

necessary circuitry is now in operation. 

The major design changes include the following: 

1. The preliminary storage circuitry, built around a 

dual-beam oscilloscope, has been redesigned_for further 
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simplicity and improved foil output. In particular, the mod­

ulation of the one-shot circular sweep has been completely 

redesigned. 

2. The sawtooth sweep of the television-type raster in 

the permanent electrostatic storage has been replaced by a 

staircase waveform to reduce jitter. 

3. A dual~clock arrangement has replaced the originally 

proposed single pulse train clock. The use of two synchro­

nized pulse trains in the clock has simplified the binary 

adder and other periphery circuitry of the permanent storage 

system. 

These design changes do not affect the basic premise of 

using electrostatic storage to perform pulse-height discrim­

ination. · Pulse~height-to-time conversion is accomplished in 

the front-P.nd circuitry. Time is then converted to angular 

position on a one-shot circular trace on the face of the dual­

beam cathode._ray tube~ We have abandoned the idea of modulat­

ing the one-shot circular trace with.a spike extending from 

a point ·on the circumference of the trace toward its center. 

This proved difficult to realize circuitwise, and left no 

room to adjust dwell time of the writing beam for optimum 

signal-to-noise ratio at the foil output. Present cir-

. cuitry causes the comparator output pulse (a square pulse 

with its leading edge occurring at a time t, elapsed from 

the start o·f the one-shot circular trace; which time is 

'• 
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proportional to pulse height) to collapse both the sine and 

cosine waveforms to their respective base lines with an ad­

justable time constant of the order of 1 or 2 ~sec. The 

collapse thus occurs at an angular position on the sweep 

proportional to input pulse height. The resulting trace re­

sembles the outline of a piece of pie or a pie with one or 

more pieces removed depending on the height of the input· 

pulse. The oscilloscope photographs in Fig. 6 indicate this 

relationship. The pie-shaped trace in Fig. 6A shows the re­

sult of the writing beam storing a 70-volt pulse derived 

from a pulse generator. Time starts at the center of the 

trace and runs counterclockwise. The collapse occurs about 

three-fourths of the way around the one-shot circular sweep. 

Total time for this sweep, including the·collapse time, is 

about 38 ~sec. The repetition rate of the 70-volt input 

pulse was made approximately equal to the reciprocal of the 

period of the reading beam trace which appears as an ellip~ 

sold inside the one-shot trace. Figure 6B shows the result­

ing foil output together with the sine component of the cir­

cular (ellipsoid shown) reading trace. Time proceeds from 

right to left~ The foil output representing detection of 

the temporarily stored 70-volt input pulse is the large pos­

itive blip appearing once each cycle of the reading trace. 

The signal-to-noise ratio here is better than 2 to 1. It is 

expected that this may be further improved through the use 

.--
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Fig. 6 

A. Reading and Writing Sweeps 

3200 usee. 
per1o~ 

B. Foil Output Signal 
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of a band-pass rather than a wide-band foil signal amplifier. 

For the purpose of detecting a usable foil output signal, no 

effort ·was made to improve the ellipsoid reading trace to a 

true circle. This will have to pe done at a later stage. 

A circuit diagram of the analyzer writing circuitry is 

shown in Fig. 7, and is complete with the exception of an 

input gate which must be added .to prevent input pulses from 

altering the pulse.stretcher output during pulse ~riting 

time. This gate will be constant in. time width and will be 

equal to about 50 ~sec or the period of the one-shot sweep. 

At first glance this would indicate a fixed resolving time 

of 50 ~sec. This is approximate, but not strictly true. A 

discussion of the statistics involved here is in App. 2 at 

the end of this report. The circuit diagram closely follows 

the block diagram shown in the last report. The circuits 

are designed to accommodate a spectrum from about 0-100 volts. 

However, it is possible to use all 100 channels over any con­

tinuous range of the spectrum. · The baseline is set by ad• 

justing the de level control ori the sweep generator (P3). 

The comparator will not function and no angular modulation 

will exist unless the stretched input pulse exceeds the de 

level of the baseline control. Once the baseline pulse height 

is established, the upper limit of pulse height analyzed may 

be set by adjusting the sweep amplitude. Any pulse exceeding 

this upper height limit will also fail to operate the 

-. 
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Fig. ~. Analyzer Writing Circuitry 
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compar.ator. For small sweep heights it may be necessary to 

adjust the threshold level of the trigger shaper (P5). The 

front-end circuitry also includes provision for adjusting 

the writing beam current by controlling the height of the 

Z-axis modulator pulse. It is necessary to adjust this beam 

current for· o'ptimum signal from the foil and for proper era­

sure as the information is read out. 

The writing circuitry also contains the necessary ampli­

ficat·ion to drive the deflection plates of the du~l-bea.Iil 

scope directly. The reading and writing circuitry consists 

of about 22 tube envelopes, of which the 18-tube writing cir­

cuitry is shown in the schematic. The reading sweep (not 

shown) is generated with a simple Wein-Bridge' oscillator 

driven ~ the synchronizing pulse derived from the clock. 

All of the writing circuitry of the analyzer .is. in operation • 

. Some debu&ging is necessary first to prevent the base­

line shif.ts with random inputs. currently experienced, and 

second, to provide finer adjustments for removal of the slight 

eccentricity of the one-shot circular trace. 

Much of the circuitry for the·permanent storage system 

is completed. A 3-in. RCA 6571 computer electrostatic stor­

age cathode-ray tube provi_des the permanent storage surface. 

A !-megacycle crystal-controlled clock has been constructed 

to generate two pulse· trains,. each consisting ·of 0.5-J.Lsec-wide 

square pulses occurring ~very 2 ~sec. These pulse trains are 
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of opposite polarity, and one is delayed from the other by 

one puls~ width·.- This' form of clock has permitted simpli-

. fication of the binary adder circuitry and· the de~ign of the 

reading and foil pick-off circuitry to prov.ide the "add-one" 

pulse at the proper time for permanent storage. ·A circuit 

diagra~Jl of the binary adder ~s shown in Fig. 8 • ·. The clock· 

pulse inputs are indicated with their proper phase relation­

ship, together with the inputs derived from the permanent 

storage foil and the "add-one" address from the temporary 

storage sy'stem. The output drives the Z-axis (intensity mod­

ulation). of the cathode-ray tube through an ·appropriate 

driver circuit. This Z-axis driver has not yet been built,· 

nor has the circuitry for reading and pick-off from tempo­

rary.sto!age been finalized in design •. _The binary adder has 

been checked out With the clock inputs as indicated and with 

a laboratory pulse generator providing the other in:puts. 

Transistors are used here because they lend themselves so 

well to this switching application in a digital circuit. Bat­

teries are presently .used to power the transistors; but they 

_will probably be replaced by an appropriate· low voltage power 

supply in.the final design. 

The operation of the binary adder satisfies,- in all re­

spects, the demands of the block diagram shown as Fig. 9 on 
. 

page 80 of our 1957 annual report. The reader·· is referred. to 

this diagram and the-discussion with it for-details of the 
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operation of the binary adder-as a part of the storage sys­

tem, and for the following circ-u~t details. All transistors 

are used in the grounded emitter :configuration. Transistors 

T~l, T-2, T-3, T-4, and- T-5 comprise the exclusive OR ~ • 

. T-12 and T-13 are the mixer. The AND ~ consists of T-6 

and T-7. The 2-~sec delay is accomplished· with T-8, T•9, · 

T-10, and T-11. The mixer is simply a standard OR gate which 

produces an output for either or both inputs. Thus .clock ® 
always passes through T-13 to produce dots on the face of the 

storage cathode-ray tube. A dot is changed to a dash when 

T-12 passes a pulse synchronized with clock · ® which when 

combined with a clock. (!) pulse forms -a· dash. ·The exclusive 

QR gate consists of an OR gate (T-1 and T-2) driving a phase 

inverter (T-3), which in turn provides an input to T-12 unless 

an AND gate (T-4 and T•5) cancels it. To achieve the 2-~sec 

delay, the carry demand pulse (appearing at the output of the 

T-6 and T-7 !m2 gate) is stretched and applied to the input 

of T-10 which together with T-11 forms another AND gate. In 

the absence of an output from ;r-6 (the carry demand pulse), 

T-8 passes .the clock ® . p~se to phase inverter. T-9 and hence 

to the input of T-11, but no carry pulse is gene~ated since 

T~lo has no input. A ~arry demapd pul$~.output from· T~6, 
. : ' ' . . . ~ . . : ; . . . 

which is .always coincident wit~. c~pc,k . . ®, ip.hip.its ~h~. cor:-
• , 1 , ·• • , J I, ,; _: .·• "' .~ •• , • ,.4 ft,, !'/,;' ·- ' "' •· . • . , · • • , . -

responding clock ®. pul~e prev:enting exc:i. tation of T-11 at 
• ·· .. ,4·. I ,': .. , O 0 O ·: •·· 0 :-·.~":-,. ~~--~ ";,'!-·~:· '.1.1.·:~·''': ,.· ,·~:~~·:,:~-~- .t 

0 0 "' Mo\ 

that time. .Th.e n,ex:t ,<;>.c"c,u.rrw.g: ~~~~~---. ® .. R'l1:+s~,. h?;~ever, will 
·:·., ·:·. • ... •· • • "1 ••• • • • "''/' '-" l\- • ..J.. • t.l. . .• 
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excite·T-11; and since T-10 is held on by the stretched 

carry demand pulse, a carry output pulse will be derived 

at the colle·ctor ·or T-11 .• · The pulse stretcher i.s discharged 

(during:the formation of the carry pulse) by the base cur­

rent of T-10 to arm the circuit for th~ pext carry demand 

pulse. The ··carry 'pulse fs .fed back to the "add-onea input 

as shown ... 

The system has not been completel·y interconnect.ed as yet. 

For this reason it has not been possi.ble to make a closed 

loop test with the permanent storage system. With the com­

pletion of· the interconnecting circuitry, over-all system per-· 

formance will be evaluated. 

(J. F. Frazer .and R. J. Massa} 

II 4• Geiger-Milller Counter. !!!h Known ~ Time 

A univibrator preamplifier has been designea for the pur­

pose of giving a known dead time with a GM counter. 

In counting or measuring a radioactive sou"l:·ce, a GM counter 

is generally used with a cathode follower preamplifier, ·an am­

plifier (if riec·essary) J a:" dis'crimiriator,. and some type. of 

scaler or register. It. is recogni.zed that. the calcUlation of 
. - ' . 

dead time may present somewhat of a problem because of its 

tendency to chang·e from~:day to. day~ 'This is due to the cha·r..:'" : 

acter'istic's .. of' th~" (a(.' c·6.tinte:r. y;hfch 'ch~nge with a"ge •.. ' .. ·:' 
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The circuit uses an amplifier with an approximate gain 

of ten, the output of which is fed into the univibrator. Am­

plified GM count"er pulses thus trigger the univibrator. The 

univibrator pulse width is set to a value which exceeds the 

dead time of the counter. Subsequent pulses from the counter 

will not pass through until the univibrator has completed its 

cy~le. The pulse width of the univibrator is variable from 

500 to 900 ~sec and may be made longer than the dead time of 

the GM counters commonly in use. A cathode follower was 

added to provide a low impedance output to the discriminator 

which it normally feeds into. 

The resolving time of this system is not exactly equal 

to the pulse width of the univibrator since the GM counter 

can recover before the univibr~tor gate opens and produce a 

second counter pulse creating another dead time and recovery 

time period in the counter which may extend beyond the gate 

opening time. Thus the resolving time is somewhat longer 

than the univibrator gate width depending on counting rate. 

* Theoretical consideration of this situation shows that the 

effective dead time is increased approximately two percent 

more than the univibrator·pulse width. However, this is in­

significant when the resolving time correction is five per-

cent or less. 

(J. F. Frazer and J. P. Morris} 

* The calculations from which these conclusions were drawn 
were made by J. L. Bear. 
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5. Tape Recording of Nuclear.Detector Pulses 

This laboratory currently has at its disposal an RCL 

256-channel analyzer capable of operating at counting rates 

up to 100 counts per second while maintaining an average 

live time of 99 percent. Quite frequently it is necessary 

to use the analyzer to measure less active sources wbich 

produce counting rates of a few hundred counts per minute. 

This involves the use of the analyzer for one to two hours 

to measure a single spectrum. Since the analyzer is not 

being used efficiently under such circumstances, the lab­

oratory has felt a real need for some system that will 

analyze the given input spectrum, and which will permanently 

stor.e the data in such a manner that when properly deliv­

ered to the RCL analyzer the spectrum can easily be con­

structed or established in its magnetic-core memory. 

Properties imposed upon the proposed system are as fol-

lows: 

1. Input pulse heights must be measured to within 0.5 

percent and the analysis must be performed in approximately 

100 J.lSec. 

2 •. Data stored must be in binary-coded form since this 

is most efficiently and reliably read into the memory of the 

RCL analyzer. 
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3. The storage unit, in order to record an experiment 

permanently, must be compact, easily installed and removed 

from the system, arid relatively inexpensive. 

A storage unit which satisfies the imposed conditions 

is magnetic tape. Figure 9 represents arsystem proposed to 

yield the given specifications. 

The function of each block is as follows: 

Analog to binary converter: This operates in a fashion 

similar to that of the ADC and address scaler of the RCL 

analyzer. The incoming pulses, when accepted for analysis, 

are stretched and compared with a linear ramp. A two-mega­

cycle clock delivers a sequence of pulses to an eight-stage 

binary scaler as long as the ramp yoltage is less than the 

stretched input pulse. At the time the ramp and input volt-
. ..J . . 

ages coincide, the clock is stopped and a data storage pulse 

is obtained which reads out the eight stages of. the scaler 

in parallel to the tap.e address and writing circuits. Dur­

ing the time of analysis and read-out, -all pulses that ap­

pear at the input are rejected. The output of the ABC con-

sists of eight separate channels of information delivered in 

parallel. According to whether or not l's orO's are deliv-

ered at each output of the binary, the states of an eight~bit 

. binary number are determined such that it is the equivalent 

of the channel to which the analyzed pulse belongs. 

,;.. 
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Tape address and writing circuits: There are eight of 

these in parallel and their purpose is to accept the l's and 

O's from the binary output whenever they occur, a.nd then re­

cord them simultaneously on the next appropriate portion of 

the clock pulse. 

Sprocket pulse detector: The function of this single 

circuit is to ensure that there will be a minimum spacing 

between bits recorded on the tape. It will also ensure that 

each bit is recorded for a fixed length of time.so that all 

data recorded on the tape will be uniformly and reliably 

recorded. 

Data storage unit: This is no more than a: short, con-· 

tinuously running closed loop of magnetic tape. The tape 
. . 

is 0.5 in. wide, digital recording, high output type of tape. 

The speed of the tape is to be 30 in. per sec while record­

ing, and a bit density of 555 bits per inch per channel has 

been determined to be a satisfactorily and reliably achieved 

tape storage density. There are nine parallel channels on 

the tape, eight for bi~ary recording, and· one for a pre­

recorded sprocket pulse. This sprocket pulse is to be used 

to ensure that data are read into specific positions on the 

tape. The density requires ~ 60 ~sec (30 ~sec ON, 30 ~sec 

OFF) sprocket p~lse if the tape is operated it 30 in. per 

sec. All of these specifications can be realized with com­

mercially available recording heads, tape, and tape decks. 
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Due to the method of storage, some previously analyzed 

and recorded data are going to be de~troyed by over-recording 

of data on subsequent cycles of the tape. Since l's and O's 

are to be recorded uniquely on the tape, over-recording 

merely replaces the binary number previously stored in that 

spot with another. Thus, the spectrum ultimately recorded on 

the tape is a random selection from a large number of events 

and constitutes a.statistical. sample of the spectrum. As 

such, it will not be related to the activity of the source, 

and steps will need to be taken to determine source activity 

and percent dead time. These can be determined by counting 

sample pulses at the input up to a desired count and by count­

ing the total number of data record pulses at the output of 

the ABC. The measured spectrum can then be related to the 

source activity since the total number of pulses analyzed 

will be known and a live time count ha.s been established. 

There are numerous advantages to having the data stored 

in binary form. By means of relatively simple electronic 

combinational circuits, the data stored on the tape may be 

analyzed channel by channel, or in groups of adjacent chan­

nels independent of the RCL analyzer even though the data are 

stored such tha.t they can be put into the RCL analyzer. 

It is expected that actual construction of an experi­

mental model·will begin ~mmediately. Factors that will be 

..!.' 
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investigated in addition to those that are relative to Fig. 9. 

are as follows: 

1. Consideration of the advantages_of temporary stor­

age to eliminate over-recording and subsequent loss of ana­

lyzed data • 

. 2. The possibilities of converting this system to a 

constant dead time, statistical sampling device where the 

dead time per analyzed sample is to be as small as possible. 

(J. F. Frazer and F. H. "Irons) 
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Appendix 1 

Medical Protocols 

All available medical data on persons whose body burden has 

been determined in this laboratory during the past year are pre­

sented here. 

A list of the laboratory tests performed,together with their 

normal limits, are given below. 

Hematology: hemoglobin (hgb) 12-14 g/100 cc 
erythrocytes (rbc) 4.5-5 milliori/mm3 
leukocytes (wbc) 4-9000 mm3 
differential - P65, L29, M4, El, Bl 
hematocrit (hct) 36-47 percent 
sedimentation rate 0-20 mm(in first hour) 

Blood Chemistry: alkaline phosphatase 1-4 units (Bodansky) 
calcium 9.5-11.5 mg 
nonprotein nitrogen (NPN) 25-38 mg 
phosphorus 2.5-3.5 mg 
sugar 80-120 mg 
urea nitrogen (BUN) 8-20 mg percent 

Electrophoresis: (in g percent) total protein 6-8 
total globulins 2.5-3.5 albumin 3.5-4.5 

Urinalysis: 

alpha 1 O.J-0.5 beta 0.8-1.0 
alpha 2 0.5-0.7 
specific gravity 

··~·. 

gamma, 

1. 005-1.·022 
o. 8-1.2 
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(L. Ar.) Clinical information on thi.s patient was reported by 

Aub, Evans, Hempelmann, and Martland in Medicine 11, 221 (1952). 

The bone sample was provided by Dr. Robert J. Hasterlik, and 

further details may be obtained from him at Argonne Cancer Re­

search Hospital, 950 East 59th Street, Chicago 37, Ill. 

(R. Ea.) Born 21 May 1901. Present Health: Patient states that at 

the present time·she is in good health and has been since her 

operation for thyroid four years ago. She also had a removal 

of the umbilicus eight months ago because of a chronic infection. 

Systems Review: Ears: tendency to ringing in the right ear 

off and on for the last ten years associated with some diminu­

~ion in hearing. No obviou~ cause for this has been found. 

Eyes: wears glasses for close work; otherwise, no difficulty. 

Nose: no nosebleeds or other disorders of the nose. 

Throat: normal. No great number of colds or sore throats. 

Neck: thyroid was operated on four years ago because of en­

largement with lumps in the thyroid. As far as she knows, sh~ 

had no evidence of thyrotoxicosis prior to this operation. In 

recent months, she wonders whether or not there may be some re-

currence of the enlargement. Cardiorespiratory: some dyspnea 

on exertion but no evident palpitation, chest pain, or cough. 

GI: patient is subject to a lot of gas and heartburn but no 

actual nausea or vomiting. No history of any melena or blood 

in the stools. No great difficulty with the bowels. GU: shows 

nothing abnormal except for possible tendency to nocturia. 

Catamenia: menarche at 13 very regular until it stopped two 

years ago. She had some hot flashes which are now diminishing 

in severity and frequency. Neuromuscular: some temdency to 
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\ 

numbness of the hands at night but no other difficulties. No 

history of 7ractures or arthritis at any time. 

any skin disorders. 

No history of 

Habits: Appetite too good if anything. Tendency to gain weight 

in the last five or six years. She sleeps soundly at night. 

Tobacco averages one to two cigarettes daily. Alcohol very 

slight, possibly one to two drinks per month. She get a mini-

mal amount of exercise. 

~History: Shows history of usual childhood diseases with 

severe case of whooping cough. No specific history of diph­

theria, scarlet fever, or rheumatic fever. Operations consist 

of tonsillectomy in childhood, partial thyroidectomy,and re­

moval of the umbilicus as noted above. Aside from these, no 

other hospitalizations or severe illnesses. N~ history of any 

fractures. 

Family History: Father died at 26 of pneumonia, and mother 

died at 56 of cerebral hemorrhage. There were no siblings. 

No familial history of cancer, diabetes, or tuberculosis. One 

gathers that there has been a tendency to cardiovascular di­

sease in the family. No history of any mental illness, aller­

gic disorders, or epilepsy. 

Marital History: Patient is and has been unmarried all her life. 

Occupational History: She went to work at the age of 17 in a 

brass company and from there went to the Waterbury Clock Co. at 

the age of 18 where she painted dials with radium paint for a 

period of four to fi.v e months. She freely admits that she 
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tipped the brush with her tongue and lips during this time. 

She was taken off this job at the end of three months and for 

the last 34 years has worked for either the Waterbury Clock 

Co. or its successor, U. S. Time Corp.; for the past 34 years, 

most of it as a timekeeper. 

Dental History: She had many cavities as a school child but 

had little dental difficulty for many years after .her dial 

painting job. She lost approximately four teeth about six 

years ago. Her dentist is Dr. Bergen in Waterbury, Conn. 

Physical Examination: Shows a w~ll-developed and rather over­

weight woman in no distress and ~pparent good keal-th. Weight, 
. ' 

179. Blood pressure, 132/78. Pulse, 80 at rest. Examination 

of the eyes shows no abnormalities. Ears: negative. .Hearing 

not tested. Nose: normal. Throat: normal. Teeth are in 

fair state of repair but seemed to show some evidence of pyor­

rhea at this time. Neck shows old, well-healed though promi­

nent scar from pr~vious thyroidectomy. A mass can be felt in 

this region, more particularly on the left than on the right, 

par-t of which moves with _swallowing and . probably representing 

a recurrence of the thyroid enlargement. No nodules were felt. 

Heart and lungs: normal to auscultation and percussion. 

Breasts: Normal. No evidence of any masses. No sign of any 

adenopathy. Abdomen: liver and spleen not felt. No other 

masses felt. Pelvic and rectal examination not done. Reflexes 

equal and active. Extremities: normal without any limitation 

of motion of any joint. A marked lordosis in the lumbar re­

gion but otherwise no abnormalities. 
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Laboratory Findings: Urinalysis: sp. gr. 1.007, albumin neg., 

s-uga-r neg.; occasional rbc. Hematology: wbc 5200; hgb 13.8 g, 

88 percent.; differential P49, L51; normocytic rbc; hematocrit 

47 percent; .sedimentation rate 46 mm/hr. 

Blood chemistry: urea nitrogen 

sugar 

alkaline phosphatase 

Hinton 

Electrophoresis: total protein 

albumin 

total globulins 

alpha.! 

alpha 2 

beta 

gamma 

13.5 mg percent 

86 mg percent 

12.5 units 

negative 

6.9 g/100 cc 

3.98 

2.92 

0.36 

0.52 

0.80 

1.24 

!-ray Findings: Skull, lumbar spine, and pelv1s show marked 

changes in bone consistent With moderately advanced Paget's 

disease of bone. Routine chest plate showed displacement of 

trachea to the right by a probable mass in the neck. This 

would tend to confirm the finding of thyroid enlargement on 

the physical examination. 

(J. Br.) Date of birth: April 26, 1924. Present Health: 

Patient states that his health _has been good except for the 

following:_ · in_ July. -1957. he l:lad a so-called v;irus .in~ection. 

characterized by aches in the back of the head, sore throat, 

fever of 104 or J,05, general weakness, muscular aches, 
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diarrhea, and vomiting. Symptoms lasted intermittently for 

about ten days to two weeks and·then gradually subsided~ Since 

that episode, he has felt perfectly well. He has also been 

subject to periodic attacks of digestive upsets characterized 

by disturbance of bowels and accompanied by headaches. He 

used to have these attacks about once a month, .but now they 

are less frequent, coming on every three or four months arid 

often associated with times of being emotfohally·upset. 

Systems Review: Not completely giveri. One gathers· he has 

had no particular difficulty with the eyes, ears, nose, or 

throat. Cardiorespiratory: ne·gative in recent years. Gl: 

see present illness which is given above. GU: not stated. 

Neuromuscular: normal. Skin: normal. 

Past History: Patient had the usual childhood ·diseases. He 

. also had pneumonia twice and a tendency to rheumatism. No 

specific history of scarlet fever, diphtheria, or rheumatic 

fever. He had a small neck tumor removed in 1950 without any 

trouble thereafter. Multiple fractures of the left arm in 1938 

with complete recoveryo He had a fracture of the navicular 

bone in the left wrist in 1949 with good recovery. 

Family History: Father and mother are both living. ·Father 

has a tendency to heart disease. Mother has high blood pres­

sure. Nothing known of. any other familial diseases. 

Marital History: Patient is single·. 

Occupational History: Patient was a prisoner from 1949-1950. 

working in the uranium mines of Joachmisthal as a common 1a- · · 

borer. Four months he worked on surface digging.and shoveling 
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stones and soil containing negligible amounts of uranium, 

and then for four months he was in the deep part of the mine 

digging and loading wagons. No protection for face. No 

great amount of dust. Water poured through the porous rocks. 

The rest of his stay was in the refinery plant carrying con­

tainers of ore and water. Dust not important. While under 

ground, skin turned a pale green colo~ similar to what hap­

pened to other workers.. This is definitely not yellow. He 

felt well during this period~ He had paratyphoid for five or 

six days characterized by diarrhea, vomiting, and fever. 

Dental History: He has had a fair number of fillings, but 

otherwise has had very little difficulty with teeth. 

Physical Examination: Shows a well-d'eveloped and nourished 

man of 33 weighing 140 pounds. Blood pressure, 120/75. 

Pulse, 88 at rest. Eyes: pupils react normally to light 

and accommodation. Extraocular movements are normal. Fundi: 

not examined. Wears glasses for mild myopia. Ears: normal, 

except for question of some diminution of hearing on right. 

Nose: normal. Teeth were in good repair. Thyroid not pal­

pable. No cervical adenopathy at this time. Heart and lungs: 

normal to auscultation and percussion. Abdomen: soft and 

relaxed. Liver and spleen were not felt. No masses were 

felt. Inguinal rings: normal. Genitalia: normal. Rectal 

examination including prostate: negative. Reflexes were 

equal ~nd active. Extremities: normal. 

Laboratory and X-ray Findings: No examinations made. 
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(C. Ca.) Born 30 August 1912. Present Health: Patient states 

that her present health is good except for a slight stiff neck 

which developed within the past two or three days. 

Systems Review: Sho~s no abnormalities of the eyes, ears, 

nose, or throat. Cardiorespiratory system: negative. GI: 

negative. Bowels are.regular without laxatives. No history 

of any melena or rectal bleeding. GU.: negative. Catamenia: 

menarche at 12 regularly every 28 days. Flow lasting for 

three days. Occasional cramps. Last period was the first of 

January. Neuromuscular: occasional cramps in the left thigh, 

otherwise no disabilities. Skin history: negative. 

Habits: Appetite is good. Tendency to gain weight recently. 

Smokes 15 cigarettes daily. Alcohol averages one to two drinks 

per week. Sleeps soundly at night. No regular exercise. 

~ History: Usual childhood diseases but no specific his­

tory of rheumatic fever or diphtheria. No hospitalizations 

at any time except for tonsillectomy in childhood. No acci­

dents of consequence. No history of any broken bones. 

Family History: Father died at age 40. Mother living and well 

at the age of 79. Five siblings are all living and well. No 

familial. history of cancer, diabetes, or tuberculosis.· Four 

of the five siblings have had children. 

Marital Hlstori: Patient married at the age of 21 when her hus­

band was 25. Married for eight years. One pregnancy after one 

year of married life, but this resulted in a miscarriage at ap­

proximately six months. No birth control or other preventive 

measures were taken during her eight years .of married life. 
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Marriage broke up at the end of this time essentially because 

of the discovery of a positive Hinton test found when she had 

a physical examination at a place of employment. Following 

discovery of a positive blood test, patient underwent exten­

sive antiluetic therapy with apparent cure. 

Occupational History: This patient worked as a dial painter 

for a period of two months in 1927 at the age of 15. She 

states that she did not do any tipping with a brush on her 

tongue. 

Dental History: Patient began to have trouble with her teeth 

because of cavities about 15 years ago resulting in a complete· 

upper denture four years ago. The dentist at that time was 

Dr. May of Waterbury. She has two very poor teeth at the 

present time which she expects to have removed in the near 

future. 

Physical Examination: Patient is a well-developed and nour­

ished woman of 46 weighing 128 pounds. Blood pressure, 128/78. 

Pulse, 84 at rest. Height is 60". Head and scalp: normal. 

Eyes show normal pupils which react equally to light and ac­

commodation. Fundi not examined at this time. Extraocular 

movements are normal.· Ears:· normal. Drums: intact. Nose: 

normal. Throat: normal. Teeth: those remaining in poor 

state of repair. Upper teeth all absent. Neck shows no evi­

dence of cervical glands. Thyroid was not palpable. Heart 

and lungs: normal to auscultation and percussion. Breasts: 

normal female. No masses were felt. Abdomen: soft and re­

laxed. Liver and. spleen: not felt. Pelvic examination 
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shows no evidence of cervical erosion. Uterus in good posi-

tion. Ovaries were not palpable. Rectal examination was 

not done. Extremities: normal·. Reflexes were equal and 

active. Romberg was negative. 

Laboratory Findings: Urinalysis: sp. gr. 1.029, albumin neg., 

sugar neg.; bacteria, amorphous material, 1-2 epith. cells 

and wbc/hpf, rare rbc. Hematology: rbc 4,680,000, wbc 4800; 

hgb 13.8 g, 88 percent; differential P31, 166, El~ Ml; plate­

lets appear greatly reduced; hct 39 percent; sed. rate 2 mm/hr. 

Blood chemistry: urea nitrogen 11.7 mg percent 

sugar 90 mg percent 

alkaline phosphatase 4.6 units 

Hinton negative 

Electrophoresis: total protein . 

.albumin 

total globulins 

alpha 1 

alpha 2 

beta_ 

gamma 

6.0 g/100 cc 

3.6 

2.38 

0.38 

0.52 

0.68 

0.80 

X-ray Findings: Skeletal survey shows no evidence of radium 

poisoning. There are· no significant abnormalities in the 

bones, and the heart and lungs are normal in appearance. 

, ',~·I, 



-126-

(F.Co.) A watch dial painter at the Waterbury Clock Co. start­

ing in 1920 at the age of 17. She worked for about thirteen 

years. X-rays of skull, shoulder, pelvis, and hips taken in 

1931, 1934, and 1935 showed patchy areas of decalcification 

and the mottled appearance considered to be typical of ragium 

poisoning. She died in 1943 of osteogenic sarcoma, right 

leg, due to radium poisoning. 

(M.Da.) Date of bi~th: February 16, 1900. This 57-yr. old 

··white single female was examined by Dr. William H. Baker at 

the Waterbury Hospital on June 25, 1957 for purposes of anal­

ysis regarding her radium-mesothorium ingestion which occurred 

in the 1920's at the Waterbury Clock Co. radium dial painting 

room. The patient has been perfectly well all ·of her life. 

She was employed at the Waterbury Clock Co. from Mar.ch 10, 1920 

to April 1, 1927. During that time, she worked in. room 3lr, 

and in 1927 she stopped work because of difficulties in New 

Jer.sey plant, and transferred to another section where she 

worked until 1937. Since 1937 she has not worked. She painted 

watch dials with a mixture of radium and mesothori.um. She 

pointed the brush with her teeth and noticed at times that her 

hair glowed at night and also that there were speckled areas 

over her dress at night. The speckled areas were remnants of 

the radium which she rubbed off when she made a mista.ke on the 

dials. She has had very little difficulty regarding medical 

or surgical illnesses. She began having trouble with her teeth 

in 1937 and had them removed intermitt~ntly from 1937 to 1939. 
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They gradually loosened, some fell out, and others were taken 

out. A few developed abscesses but she·had no difficulty with 

the extractions. There have been no fractures that have 

needed surgical intervention and only a possible fractured rib 

in January 1950. At that time, she was hospitalized because 

of pain in the chest of a pleuritic nature, and x-rays showed 

a possible fracture of her ribs. Present Health: She has had 

pain in her back for about ten years and she also has inter­

mittent pain in the ribs, otherwise is perfectly all right. 

She has no complaints at the present time, is ambulatory and 

keeps house, living ~Y herself in her own home. 

Systems Review: Entirely negative, except for occasional 

sinus difficulties. Her menses began at age 15. She flowed 

every 28-30 days, 3~4 days. No irregularity. Occasional 

pain with her menses. They ceased spontaneously about seven 

years ago. Head: ~ ' not remarkable. Hair.: gray, no defects. 

Ears: negative. Eyes: pupils round, regular, equal; react 

equally to light and accommodation. Fundoscopic, not remarkable. 

Mouth: upper and lower dentures. No irri tat:i.on of the. gums. 

Tonsils: present with one small follicular patch in the lt. ton­

sil and one in the rt. tonsil. No other abnormalitie~ noted. 

Neck: no adenopathy. Thyroid in midline. No nodules. Chest: 

clear to P and A •. Heart: PM! in 5:th interspace within mid­

clavicular line, normal sinus rhythm •. A2 greater than.P2. 

Blood pressure, 140/85. No murmurs. Breasts: negative, except 

for a small cystic nodule at about 11 o'clock in the outer quad­

rant of the rt. breast. Axillae: free of disease. Abdomen: 
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covered with small melanomatous nevi. Liver and spleen: 

not felt. Peristalsis normal. Pelvic and rectal: refused. 

Neurological: deep tendon reflexes, equal and active bilat­

erally. Extremities: hypertrophic Heberden node changes in 

both hands, most marked in the rt. hand and most marked in 

tne 4th and 5th fingers. 

Habits: She does not drink, nor does she smoke. At present 

is unemployed and has been such for 20 years. 

~ History: She has had a tumor of the rt. breast for about 

nine years which did not grow in size but has been noted by 

Dr. Ryder. There have been no previous hospitalizations for 

surgery or medical illnesses. Usual childhood diseases. In 

the last two years she has had intermittent trouble with her 

· sinuses with pain underneath her eyes. 

Fami.J.l Hi_story: Mother died at 73 of heart condition. Father 

died at 77 of heart condition. On.e brother died at 161 · acci­

dentally. No sisters. 

Physical Examination: Well-developed, well-nourished white 

female, who looks her stated age in no acute distress. Has 

obvious hypertrophic Heberden node changes of both fingers, 

affecting primarily the terminal phalanges of both hands with 

the 4th and 5th fingers of the rt. hand most affected • 

. Impression: Except for the history and occasional pain in the 

back and rib area, this lady has very little evidence of ra­

dium intoxication. 

Discharge diagnosis:· Raditim-mesothoritun intoxication, minimal. 
I 
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Laboratory Findings: Urinalysis: sp. gr. 1.006, albumin, sugar 

and acetone negative; rare epithelial cells. Hematology: wbc 

9400, hgb 13.2 g; differential P68, L24, M3, E2, Bl, platelets 

normal; hematocrit 38 percent. 

Blood Chemistry: nonprotein nitrogen .63 mg/100 cc, alkaline 

phosphatase 1.7 units, calcium 10.0, phosphorus 3.06, protein 

electrophoresis normal. 

X-ray Findings:, Skeletal survey exhi.bits relatively mild bone 

changes in the long bones and calvarium due to radiation osteitis. 

(I. Da.) This patient was reported on by Hasterlik in ANL-4932 

in 1952 and by Norris, Gustafson, and Speckman in Am. J. Roentgenol.: 

11, 785 (1955). The bone sample was provided by Dr. William P. 

Norris, Argonne National Laboratory, P. 0 •. Eox 299, Lemont, Ill. 

(E. Da.) Watch dial painter at the Waterbury Clock Co. starting 

when she was 16, in 1920. The company doctor states that she painted 

dials for only five days. In 1928 she developed osteomyelitis of the 

jaw and died in 1937 of radium poisoning, osteomyelitis of superior 
• and inferior maxillae, otitis media, and anemia~ 

(C. Da.) Clinical information on this patient was reported by 

Looney, Hasterlik, Brues, and Skirmont in Am. J. Roentgenol. 12, 
1006 (1955) and physical measurements were given by Norris, Speckman,. 

and Gustafson -in Am. J. Ro~ntgenol. 11, 785 (1955). .The bone sample 

was provided by Dr. Robert J. Hasterlik and further details.may be 

obtained from him at· the Arg;onne Cancer Research Hospital, ·950 

East 59th Street, Chicago 37~ Ill. 
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(E.DeB.) This 51-year old white married female, mother of one 

child, w~s examined by Dr. William H. Baker at the Waterbury 

Hospital on 'June 28, 1957 for purposes of analy.sis regarding 

radium-mesothorium ingestion which occurred while working for 

the Waterbury Cl9ck Co.· She has been perfectly well all of 

her life and was employed by the Waterbury Clock Co. from Jan­

uary 24, 1923 to March 24, 1926. During that. time she painted 

watch dials with a radium-mesothorium mixture. She painted 

them with a small brush which she tipped with her teeth and 

lips. She was married in 1926, had a miscarriage in 1927 at 

two months. A daughter was born two years after the patient 

stopped work and was nursed for two to three years. In 1928 

she was positive by the electroscope by Dr. Flinn, and in 1929 

wisdom tooth was extracted. At this time her teeth were x-rayed 

and patient .thinks that they were negative. In 1937, ·she was 

havi"ng diffuse headaches which many physicians told her were 

caused by anxiety. Ih 1941, she was hospitalized in St. Mary's 

where an appendectomy was performed and her coccyx removed be­

cause of fracture previously- during birth of her child. A 

small deformed coccy"x was r emove_d which had many fibrous ad­

hesions; no tissue was saved. ln 1946, she had a pan-hysterec­

tomy. X-rays were taken at the Waterbury Hospital at that 

time, and they showed possible decreased areas of density. In 

1947, x~rays of her feet showed straggly punched-out areas in 

shoulder and feet consistent with radium intoxication. She was 

hospitalized in 1950 at Waterbury Hospital for a troublesome 
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gall bl.adder., and a cholecystectomy was performed. She grad-

.ually became worse. In 1946, after emotional upset., she at:.. 

tempted suicide, but failed in the attempt. In 1951-1952, she 

gradually went to bed because of i~creasing intensity of pain 

in her back; since that time she has been bedridden. This has 

been ge·tting worse and worse and she was ambulatory only when 

going to the bathroom. She ·sits up very little and lies in 

bed most of the day. She has had no fractures, but has had a 

few bad falls which have not caused fractures of her legs. 

Four years prior to this admission and three years after gall­

bladder was removed, she had nine weeks of nausea., vomiting, 

and diarrhea. This had gradually subsided. She now comes in 

for studies pertaining to this exposure to radium and meso­

thorium. Her appetite is good and she maintains her weight. 

Systems Review: Not remarkable, except for a nodule in the 

·region of her neck which she thought was an extra "Adam's 

apple". 

Habits: She does not smoke or drink. 

~ History: As outlined in the PI. Initial childhood di-

·!; 

seases. Menses began at age 12, flowed every 28-30 days, reg­

ular until her marriage, after which her periods became irreg­

ular. They ceased after hysterectomy was performed in 1946, 

and this was followed by a few hot.flashes. She takes Bufferin 

and Alka Seltzer for her pain, and occasional Alophen tablets 

for constipation. 

Family History: Father died at 57 of nephritis: and hardening 

of the arteries. 'Mother died at· 61 of a shock. One sister·, 

L-~-·--~··=·-·==·=·-=·-=·-·~--=·-~--~--~-~-~---~·~--------------------------~~~~-·~-~~~-~--------------------------~ 
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age 50 1 living and well. One brother, age 41, living and well. 

One brother died in infancy, and her mother had one still­

birth. 'Her major difficulty now is that she has. constant pain 

in her back, especially when her bed is jarred, and she has 

constant pain throughout her bones. 

Phzsical Examination: She is well developed, well nourished, 

lying in bed in no acute distress, but is frightened and quite 

emotional. Scalp: not remarkable; hair is grayish with brown 

tinge. Eyes: pupils are round, regular, equal; react to light 

and accommodation; EOM normal. Ears: not remarkable. There· 

is a cerumen of lt. ear; Throat: there are 16 remaining 

teeth as charted by the dental chart. They are in good repair. 

A number of cavities and many of the molar teeth remain. Ton­

sils are present. Tongue is in the midline, does not fibril­

late. Neck: no cervical adenopathy; thyroid can be felt, and 

adjacent to it and moving with swallowing is a firm mass whi·ch 

seems to be moving with the thyroid and connected with it; it 

is linear and extends laterally, measures approximately 6 x 4 

em. This is freely movable and may be a lymph node overlying 

the thyroid gland, but attached to it by adhesions. Supracla­

vicular area is free of disease. Chest: clear to ·p and A. No 

CVA tenderness. Spine: normal· curvature. No' tenderness by 

light palpation. There is a well-healed scar in the region of 

the gluteal folds overlying the coccyx. Breasts: there is fi­

brous quality throughout ·with slight irregularity, but no def­

ini-te nodules felt.· Axillae are ·free of disease.. Heart: PMI 

with the 5th interspace, NSR at rate of 75. No murmurs. A2 
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greater than P2. Sounds of fair quality. Abdomen: three well-

healed scars, one extending from the umbilicus to the xiphoid, 

which is the previous scar of cholecystectomy. There is a we·ll­

healed.appendectomy scar in the RLQ measuring about 8 em, and 

there is a well-healed midline scar extending below the umbil­

icus to the pubis, approximately 12 em. No herniation in any 

of these scars. Deep tendon reflexes, equal and one pl~s active 

·bilaterally. There is no definite atrophy of the muscle groups 

in the legs. There is definite weakness of extension and 

flexion of feet, consistent with disuse. There is a similar 

weakness to the arms, but not as marked. She is able to stand 

unsupported but not for long periods of time. She can only sit 

for short periods of time, otherwise gets pain if she does not 

shift her weight. 

Impression: Radil.li!l-mesothorium intoxication with osteoporo.sis 

of inactivity; possible compression fracture·s of. the lumbar and 

thoracic spin&; calcification of node overlying the thyroid 

gland and possibly part of the thyroid gland. 

Labora·tory Findings: Hematology: wbc 7500; .hgb 13.;5 g; differ-· 

ential P73, 125, Ml, Bl; platelets normal; hema~ocrit 42 percent. 

Blood chemistry: alkaline phosphatase 
non-protein nitrogen 
calcium 
phosphorus 

~rotein electrophoresis normal. 

4.5 units 
42 mg/100 cc 
9.6 
1.5 

(c. Do.) Born in 1904·. This patient was examined by Dr. J. 

Elser at the Waterbury Hospital in September of 1957. She was 

employed as a dial painter at the Waterbury .Clock Co. for seven 

years and two months from 1920 to 1928, and pointed the brush 

with the lips as was customary at that time. 
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Systems Review: Appetite and strength good, weight stable. 

Head arrlneck: denies headache, dizziness, or .tinnitus. Ear, 

nose, throat: no bleeding or ulceration of buccal mucosa, no 

dysphagia. Eyes: negative. Skin: denies rashes, itching. 

Respiratory: denies cough, hemoptysis, pain, wheezing, or fre­

quent infections. Cardiovascular: denies angina, ankle edema, 

orthopnea or dyspnea on exertion. No palpitations. GI: no 

food intolerance, no indigestion or heartburn •. Denies any GI 

bleeding or pain. GU: denies frequency, nocturia, or dysuria. 

Extremities: short rt. leg with limp, unable to abduct legs 

very well. 

~ History: Patient denies any illness during childhood of any 

significance. No rheumatic or scarlet fever. Has two living 

children, ages 26 and 25, both of normal birth and delivery. 

During second pregnancy developed a goiterous thyroid which she 

describes as being mildly toxic. Left lobe removed one year· 

later; no further trouble. Appendectomy many years ago. Frac­

tured rt. femur twice, once in 1941, and once six yrs. ago with 

shortening and deformity. Menopause six yrs. ago with little 

difficulty or bleeding since. Denies any knowledge of hyperten­

sion, diabetes, or kidney disease. 

Family History: Non-contributory. 

Phrsical Examination: Blood pressure 130/80, pulse 84 regular, 

temperature 98.6o, R 20. Slightly obese white female who is 

somewhat anxious and wondering about necessity of examination. 

Color. good. Head and neck: supple, .no masses, nodes, or or­

gans felt. Veins flat. Lower th~roidectomy scar. Ear, nose, 

.I 
I 

I 

• I 
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throat: no evidence of bleeding or ulceration. Teeth in good 

repair. No inflammation •. Eyes: pupil·s R.R.E. No jaundice. 

Fundi.normal. Skin: no jaundice, cyanosis, or rashes. Breasts: 

no masses or bleecUng. Lung·s:. clear to P and A. Heart: riot 

enlarged. PM! concealed by breast. NSR, no murmurs. A2 greater 

than P2.. Abciomen: healed lower midline scar, soft~ non-tendero 

No organs or masses felt. Back.: spine straight, no tenderness. 

Patient has to support herself with arms to sit up. Extremities: 

no edema, cyanosis. Pulses normal and equal. Right .leg shorter 

than left with limitation of motion of bothhips and knees, more 

so on right. Rectal: normal. Pelvic: could not be done due 

to inability of patient to assume any examining position. 

Impression: shortened right femur due to old fl:'acture. 

X-ray Findings: Chest: infiltrate. overlies the extreme left 

base and merging with the apex of the heart and due to either 

normal epica~dial fat ·pad or parenchymal infiltration. Lungs 

otherwise are clear except for accentuated lung va·scular mark­

ings. Ribs show a slightly scraggly appearance suggesting metal­

lic intoxication. Lumbar spine, pelvis, right and left femurs: 

bones show scraggly appearance, mainly the right femora), shaft 
. . . . 

due to metallic intoxication; the left femoral shaft shows 

smooth periosteal calcificat~on, wavy in.character laterally 

due to chronic benign irritation. Proximal right. femur shows 

smooth bulbous margins and due to old well-healed fracture held 

in place by a. Lane plate and six screws.. No absorption is noted 

about the plate or the screws. 
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(W.Fa.) Date of birth: January 12, 1912. p·resent. Health: Pa­

tient states that right now she is fe.eling fairly well but is 

having some trouble .. with hot and .cold feelings which have been 

present for the past ~hree years. She has also had some diffi­

culty with pains in her feet off and on for the past year which 

one gathers are due to some disorder of the anterior arch. 

Systems Review: Reveals glasses for watching TV only. No dif­

ficulty. with ears. Nose: normal. No histoi?y of epistaxis·. 

Throat: entirely normal except for occasional sore throats with 

upper respiratory infections which are not frequent. No history 

of any swollen glands. Cardiorespiratory: entirely negative 

for qyspnea or chest pain. No history of cough. Gl: shows no 

tendency to indigestion, melena, or grossl~r bloody stools. GU: 

shows nocturia once per night, but otherwise no difficulties. 

Catamenia: menarche at 15. Periods were perfectly regular un­

til salpingectomy and question of hysterectomy 15 years ago for 

tubal pregnancy. One wonders if the hot and cold feelings which 

she has been experiencing for the past three years may be meno­

pausal hot flashes. Neuromuscular: Patient gives a history of 

one episode of bursitis in the rt. shoulder, and pains in the 

feet during .the past year. Right foot bothers. more than the 

lt. No history of any skin disorders or rashes. 

Habits: Appetite is somewhat variable and never too good. How­

ever, there has been no weight change in the_last ten years. S~e 

sleeps soundly at night. Smokes approxi~tely ten.cigare~tes . . ' ·. ' . •, ,. - ~ . ' . , 

daily. Alcohol consumpt~on is minim.al;~ averaging p_ossibly. on~ 

drink per month. 
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~History: Patient had the usual childhoqd diseases but no .. . . . . 

specific history o~ rheumatic fever, diphtheria, or .. scarlet 

fever. No other hospitalizations other than that .for the tubal 

pregnancy in the Waterbury Hospital 15.years.ago •. Her surgeon 

at that time was Dr. John Freiheit of. 'Waterbury. No history of 

any fractures. 

Family History: Father died at 30 of pneumonia. Mother, age 

73, living and well except for some arthritis. She has two 

step-brothers, 36 and 35, both of who.m are living and, well. No 

familial hi story of cancer 1 diabetes, tuberculosis, alle.rgy ,. 

epilepsy, or mental disorders. 

Marital History: Married 27 years. Husband is 51, living and. 

well •. Four children ages 26, 23 1 22, and 16. Two children are 

married and have one child each. All children seem to be·nor-

mal in development. 

Occupational History: Patient started painting dials at·l6 in 

1927. She painted intermittently for a period of four years, 

until 1933· She does not remember.ever putting the·brush in her 

mouth, but she does remember that her hair,. face, and hands 

often glowed in the dark when she came home at night. She does 

not· remember ever being particularly· warned· about putting the 

brush in her mouth, but she does remember that· .1-t. was supposed 

to be. somewhat dangerous • 

. Dental History: . She. began. to· have ·trouble: with· her teeth appr·ox­

imately two years after starting her dial painting when she was 

about 18 years of age. She lost two teeth at that tim~,- and 

gradually, over :t}le next 10 or 15 years lost more and more of 
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them until 16 years ago when all the remaining teeth were re­

moved and she was fitted with complete dentures. Her dentist 

was Dr. Mayon of Waterbury who has since died.. She does not 

remember any dental x-rays being taken at any time. 

Ph1s1cal Examination: Shows a thin, rather poorly no uri shed­

appearing woman of 46 in no apparent distress. Weight is 107 

lbs. Height is 60.5". Pulse 84 at rest. Examination of the 

eyes shows the extraocular movements to be normal. 

act normally and equally to light and.accommodation. 

Pupils re­

Fundo-

scopic examination was nor.mal. Ear canals: . normal. Nose: 

negative. Mouth: shows complete absence of teeth. Throat: 

normal. Neck: normal. No palpable glands or thyroid made 

out. Heart and lungs: normal to P and A. Regular rhythm. No 

murmurs. Breasts: small, somewhat atrophic, and there is no 

evidence of any masses at this time. Abdomen: soft and re­

laxed throughout. Liver and spleen were not felt. There was 

a well-healed scar in the lower midline. Pelvic examination 

shows either a small atrophied uterus or a cervical stump. 

Both vaults are clear. Rectal examination including hematest: 

negative. Extremities: normal. Reflexes: equal and active. 

No limitation of motion of any joints. No skin abnormalities. 

Laboratory Findings: Urinalysis: albumin ~d sugar neg. 

Hematology: wbc 8600;·hgb 15.4 g, 99 percent; differential P49 1 

L49, M2; normocytic rbc; hct 48 percent; sed. rate 15 mm/hr. 
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~lood chemistry: urea nitrogen 

sugar 

alkaline phosphatase 

Hinton 

Electrophoresis: total protein 

albumin 

globulin 

alpha 1 

alpha 2 

beta 

gamma 

12.4 mg_percent 

aa·mg percent 

2.7 units 

. negative 

6.6 g/100 cc 

4.1 

2.47 

o·.26. 

0.5.3 

0.61 

1.07 

~-raz Findings: Skeletal survey shows no evidence of radium 

poisoning. · There are no significant abnormal! ties in the bones,_ 

and the heart and lungs are normal in appearance. 

(B.Ga.) Date of birth: October 18, 1910 •. Present Health: P-a­

tient states that her present health is good with the following 

~xceptions. She tends to feel tired a lot of the time. She has 

quite a number of headaches, and she feels that she is going 

through the change of life. She also has what she calls a ten­

dency to arthritis characterized by pains in some of ner joints. 

Systems Review: Shows some tiredness of the eyes, but no other 

specific complaints or symptoms. Ears: negative. Nose: normal; 

no history of epistaxis. Few colds or sore throats, none of 

them severe. No history of any swollen glands. Cardiorespir~­

tory: en:tirely negative at this time. Gl:·· some tendency to gas; 

otherwise her digestion seems to be excellent.· She gives a 
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histQry of· some x-rays of the stomach approximately six yrs. 

ago which were apparently normal. Bowels are regular without 

laxatives; no history of any blood· in the stools, or melena. 

GU: normalo Catamenia: menarche at age ten and a half. Per­

iods were always regular until five mos. ago when she skipped once 

and have been regular since. She has some warm feelings, but no 

-definite hot flashes to date. Neuromuscular: ·tendency to at-

tacks or pain and possibly some swelling in the lt. ankle and 

lt. elbow, also the second joints of the fingers of both hands. 

She notices all of these symptoms more at the time of her per­

iods. Also at the time of her period she has a tendency to head-· 

aches; these are relieved by bufferin tablets. Skin: normal, 

no history of any itches or rashes. 

Habits: Appetite is good; there has been some weight gain dur­

ing the past year~ Sleeps soundly at night. Tobacco consumption 

averages one package of cigarettes daily. Alcohol. is minimal. 

Exercise cons_ists mostly of walking. 

Past History: .Had the usual childhood diseases, but no specific 

histor.y of scarlet or rheumatic fevers, or diphtheria. No aller­

gic _history or epilepsy or mental illness. Operations and hos­

pitalizations consist of appendectomy in 1936, and a period of 

hospi tal,izat~on for _postpartum bleeding following the birth of. 

her last child. Ot~erwise, no accidents, op~rations, or-chronic­

illnesses. 

Family Hist.ory.:. F:a~her died _at -79 of ~irrhosis*pf liver.·· Mothe~ 

died at 65. of leukemia. Two :brothers, .. living .and well. --Four 
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other siblings died in infancy, cause unknown. No family history 

of cancer, diabetes, tuberculosis, epilepsy, mental illness1 or 

allergy. 

Marital History: Married 30 yrs.; huspand 49, ·living and .well, 

except for recent story of ulcers of the stomach. Two children, 

26 and 15, both living and well. No stillbirths or miscarriages. 

Birth control was practiced for· the first four yrs. o·f married 

life and for the nine-yr. interval between the two pregnancies 

and following the birth of the last child. 

Occupational History: She went to work in 1927 at 17 painting­

watch dials a·t the Waterbury Clock Company •. She is not .c~rtain 

whether she tipped the brushes in her mouth or not. She has no 

remembrance of any glowing of the hair or hands at night while 

she was engaged in painting dials. No radium ·exposure since · 

that time. 

Dental History: She has had a moderate amount of deptal di£fi­

culty during her life, and none at all until the birth of her 

first child 26 yrs. ·ago. Since that time, she has lost approxi­

mately six or seven teeth; the last one was removed abou.t two or 

three yrs. ago by Dr~ Baxeville of Waterbury who took x~rays. 

Physical Examination: Shows a well-developed and slightly over­

weight woman of 47 weighing 154 lbs. iri no apparent distress. · 

Head shows small xanthochromic spot over the lt. upper eyelid; 

otherwise, eyes appear normal. Extraocular movements appear 

normal. Pupils react normally to Land A. Ears: negative. Nose: 

· and throat: normal. Teeth seem to be ·in good state of repair. 
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Neck shows no enlargement of cervical glands. Thyroid not pal­

pable. Heart and lungs: normal to· P and A. Blood pressure 

106/68. Pulse 78 at rest, regular rhythm. No murmurs.- Breasts: 

normal female; no evidence of masses or cysts. Abdomen: soft 
. / 

and relaxed throughout. Appendectomy scar on rt •.. lower quadrant 

well healed. Liver and spleen not felt. Pelvic examination 

showed fundus to be in good position. Ovaries not enlarged. 

Vaults clear. Cervix in good condition, no evidence of erosion 

or bleeding. Rectal examination and hematest were negative. 

_Reflexes equal and active. Extremities: normal. at this time. 

Joints normal without evidence of swelling when examined. 

Laboratory Findings: Urinalysis: sp. gr. 1.022; albumin and 

sugar neg.: occ. wbc, 2-3 rbc, 2-3 epith. cells. Hematology: 

wbc 8700 1 hgb 14.5 g, 93 percent; differentia~ P63, L33, E3, Ml; 

normocytic·rbc; hct 47 percent; sed. rate 15 mm/hr. 

Blood chemistry: sugar 

alkaline phosphatase 

urea nitrogen 

Hinton 

Electrophoresis: total protein 

albumin 

total globUlins 

alpha 1 

alpha 2 

beta 

gamma 

100 mg percent 

4.0 units 

16 mg percent 

negative 

7.2 g/100 cc 

4.27 

2.93 

0.39 

0.58 

0.92 

1.04 
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!-ray Findings: Skeletal survey shows no evidence of radium 

poisoning. There are no .significant abnormalities in the bones, 

and the heart and lungs are normal in appearance. 

(J .Ga.) Date of birth: November 4, 1908.. Present Health: Pa­

tient has no complaints at the present time other than occasional 

nervousness. .Her health has been good in recent years. 

Systems Review: Shows no abnormalities of the eyes. Vision is 

good with glasses. Has.few colds.· No noseblee~s. No distur­

bances of the ears. Cardiorespira"tory: occasional slight swell­

ing of the ankles, in summer only. GI: entirely negative. Bow-
•o: ... 

•., · .... 
els are regular without laxati~es. .One s~a~J hemorrho~d, but ~o 

bleeding. No melena ever noted. GU: patient used to be:. shbject 

to attacks of cystitis from time to time in the past, starting 

at the age of 16. Last time she had such an attack was fi:ve or 

six yrs. ago. At the present· time she has no symptoms and· no 

nocturia. Catamenia: menarche at 11. Periods were always regu­

lar up to and including the present time, usually every 28 days, 

lasting four to five days. Flow is moderate-to-heavy the second 

day. In the last six mos. she thinks she has had some hot 

flashes •. Neuromuscular: no history of any rheumatism, arthritis, 

or bursitis. No limitation of motion of any joints. No frac­

tures of any bones at any time in the past. No disturbance of 

gait, field of vision. No numbness or tingling of the hands or 

feet. Skin: patient was subject to attacks of severe dermatitis 

beginning about 1934. Whenstirfering from.these attacks, both 

hands would usually be affected. The hands would swell up .and 
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weep copious .amounts of fluid. Often when the dermatitis was at 

its height, there would also be involvement of the groin and 

scalp. These attacks of dermatitis lasted sometimes for several 

mos. during the winter and clearing up in the spring. Many 

treatments were tried, including x-ray. She received x-ray treat­

ment at the office of Dr. Gardney in Waterbury and also at Water­

bury Hospital. During the last four yrs., she has little, if 

any, derm.ati.tis of the hands except for a slight tendency for 

the skin to crack in the folds at the base of the fingers. 

Past History: Patient had usual childhood diseases with no 

specific history of diphtheria, scarlet fever, or rheumatic 

fever. Tonsillectomy at 19. Other .operations consisted of 

three admissions for fibrous tumors in both breasts. Last epi-
' sode ·was three .years ago. ·She has been assured that these were 

benign lesions. Ten years ago she had a caesarean section. No 

accidents or broken bones. 

Family HistorY: Father died at 44 of some type of kidney dis­

order. Mother died at 32 of tuberculosis. Patient was two yrs. 

old. Three siblings, aged 521 50 1 and 55. All are living and 

well. Two are married, and one has three children and several 

grandchildren, all of whom are well. The other married sibling 

ha~ had no children. There is no familial history of cancer or 

diabetes. No history of tuberculosis other than the patient's 

mother. 

Marital History: Patient was married at 29. Husband was 30 ~t 

the time of marriage~ After nine yrs. of ma~ried life, during 

which time no birth control was practiced, there were no pregnancies. 
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At the end of nine yrs.~ she became pregnant, and because ,of a 
. . . 

large baby and small formation of the pelvis, her doctor ad-

vised and did a caesarean section. No birth. control has been 

practiced in the ten yrs. following the caesarean section~ and 

there have been no pregnancies. At the time of the caesarean 

section, a chocolate cyst from one of the ovaries was found and 

removed. The one child, a daughter; nor.mal development, both 

physical and mental. The child's teeth are perfectly normal. 

At the present time she is in her normal grade~ which is grade· 

five, and doing well. 

Dental History: Patient states that she had essentially no 

cavities until she was about 19. During the next ten years 

she lost only one or two of her teeth aside from the removal of 
I 

impacted widsom teeth. After the birth of her only child a.bout 

ten years ago, she began to have more cavities and began to lose 

more and more of her teeth. Last extraction was eight to nine 

mos. ago. She contemplates having some more of her poor teeth 

removed. .Her q,entist is Dr. McGrath of Watertown. 

Physical Examination: · Shows a well-developed and nourished 

woman of middle years weighing 138 lbs. Blood pressure 180/110. 

Pulse 100 at rest. Examination of the eyes·shows some dilation 

of the pupils which react. slightly to L and A. There is a sug­

gestion of a lid lag •. Fundi appear normal. Ears are nor.mal. 

Nose is normal. Mouth shows many teeth misslng. Those remain­

ing are in poor state of repair. Tongue shows sug·gest'ion of 

fine tremor. Neck shows barely palpable thyroid. No ce·r~1cal 
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adenopathy. Chest: clear. Heart and lungs: normal to P and A. 

There are multiple scars over both breasts, si.tes of previous 

operations. At the present time no masses are felt in the 

breasts. Abdomen: negative. Liver and spleen were not felt. 

Pelvic and rectal examination refused. No hernia noted. Ex­

tremities: nor.mal except for question of slight tremor of the 

hands. Reflexes are equal and active. Romberg was negative. 

No limitation of any bones or joints. 

Laboratory Findings: Urinalysis: sp. gr. 1.026; albumin and 

sugar neg.; 4-5 epi th. cells, amorphous phosphatEA. Hematology: 

wbc 5300, rbc 4,760 1 000, hgb 15.1 g, 97 percent; differential 

P58, L37, E3, Ml, Bl; normocytic rbc; hct 44 percent.· 

Blood chemistry: urea nitrogen 

sugar 

alkaline phosphatase 

Hinton 

sed. rate 

Electrophoresis: total protein . 

albumin 

total globul.ins 

alpha 1 

alpha 2 

beta 

gamma 

12 mg percent 

102 mg percent 

3 • .9 units 

negative 

15 mm/hr. 

6.6 g/lOOcc 

4.4 

2.20 

0.39 

0.34 

0.63 

0.84 

., 

!-ray Findings: S.keletal survey shows no evidence of radium 

poisoning. There are no sigriificant:a'bnormalities in.the bones, 

and the heart and lungs are normal in appearance. 
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(Y. Gi.) Date of birth: Sept. 13, 1900. Dial painter at Water­

bury Clock Co. for 10 months in 1921-1922, starting at age 20. 

She painted about 30-40 dials per·day, tipping the brush with 

her lips. From 1937 to 1938 she had many abscesses around her 

teeth, and during the extractions there was difficulty with 

bleeding and infection. In 1947 she had a spontaneous fracture 

of the left femur, and x-rays were taken at that time which 

showed areas of destruction in the skull, left femur, pelvis, 

and chest. - Her major complaint in the past 5-10 years has been 

occasional headaches and intermittent mul tipl_e aches thr9ugp.-
• ·.~ . .'t! 

out her bones. Physical examination at the Waterbury Ho~p~~t.al_ 
·' .1 .• • ~ !, 

in June 1957 by Dr. William H. Baker was negative except),fO),~ 

cataract of lt. eye, deafness and possible sclerosis of the-
. .. 

lt. ear. There was no evident limitation of motion of any:> 

joints, including the left leg, other than that due to de;g~~er­

ative osteoarthritis. Skeletal survey shOwed bone changes con-·.·:. 

sistent with radiation effects from radium. Review of the 

skull films by Dr. John Reeves of the Mass. General Hospital 

showed large areas of focal demineralization plus more gener­

alized smudging with rather marked progression in the lesions 

from 1947 to 1957. Laboratory studies were within normal 

limits except for an NPN of 49 •. 

(R. Ha.) Age is uncertain. Allegedly mixed radium paint at 

Waterbury Clock Co. for· several years. No demonstrable .. effect 

from radiation many years after theoretical exposure. 
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(I. Ja.) Th~ lxme sample from this patient was provided by Dr. R. 

J. Hasterlik and further details may be obtained from him at 

Argonne Cancer Research Hospital, 950 E. 59th St., Chicago 37, ill. 

(J. Ja.) Born 1883. Details .of previous studies will be found 

in Medicine l!, 274 (1952) and our Annual Progress Report, May 1954. 

Since her last physical examination in 1953 patient has 

continued to be well symptomatically except for mild angina pectoris, 

which is well controlled with .medication. Phys1~al examination 

in October 1957 by Dr. John Quinby showed the patient appearing 

well• Blood pressure was 170/85. The remaining teeth were in • 

adequate repair •. The chest showed the previously noted structural 

. scoliosis, with heart and lungs normal to clinical examination. 

There was no residual disability from the fracture of the left 

femur (1951). The previously noted hypertrophic arthritis of the 

fingers wa~ present. 

· Routine laboratory studies of blood and. urine were normal. 

Blood chemical values (calcium, phosphorus, total protein, non­

protein nitrogen) were within normal limits. The serum alkaline 

phosphatase value was slightly elevated at 5.5 Bodansky units. 

X-ray studies were made of the skull, femora., humeri, and 

upper teeth. These again showed multiple osteolytic areas in all 

regions examined., with no changes suggestive of malignancy. The 

films were_ reviewed by Dr. Laur.ence L. Robbins at the Mass. General 

Hospital., and. compared with films taken there in 1953, It was felt 

that no significant x-ray change c.ould be seen over the four-year 

interval. 
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(J. Ke.) Date of birth: November 6, 1910. Present Health: Ex­

cept for slight tendency to nervousness and some stiffness of the 

joints, patient states that she is and has been essentially well 

for many years. She bas had a recent cold and bronchitis during 

the past two weeks, but this has now subsided. 

Systems Review: Shows no difficulty with the ears. Eyes have 

given ·no tr.ouble. She does not wear glasses as ·yet. No nose­

bleeds or other disorders of the nose or throat.. Ordinarily she 

is not subject to many colds. She has never suffered from swollen 

glands. Cardiorespiratory: negative.except for slight shortness 

of breath on .exertion. GI: ·normal. Little if any indigestion. 

Bowels reg.ular without laxatives. There is no history of melena 

or obvious blood in the stools. GU: negative. Catame:da: menar.che 

at thirteen, always regular every 28-30 days lasting five to seven 

days except for one episode about a year ago when she flowed near­

ly contin~ously for three weeks. This has straightened out, and 

there has been no menstrual irregularity since that time. No skin 

disorders. Neuromuscular: negative except for slight stiffness of 

the joints1 particularly to the kn.ees, noted above. 

Habits: Appetite is too good, if anything, with a gradual gain 

in weight during the past few years. She sleeps soundly at night 

except on rare occasio.ns when she has something on her mind. She 

does not smoke. Alcohol constmlpt;ion averages not more than two 

drinks per week. The only exercise she gets is around the house • 

.fm History: Shows the usual childhood diseases.but no specific 

history of scarlet fever, diphthetia, or rheumatic fever. She has 
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had no hospitalization, operations, accidents, or injuries at 

any time. There have been no broken bones. 

FamilY; HistorY;: Father died at ag_e 68 of cancer of the esophagus. 

Mother is 67, living and well. Two siblings, age 40 and 43, living 

and well, each with three children. No other familial history of 

cancer. No history of any tuberculosis, diabetes, mental illness, 

or epilepsy. 

Marital HistorY;: Patient has been married 28 years. Husband is 

now 50, living and well. There was one child born two years after 

she was married, 26 years ago. There have been no other pregnancies 

or miscarriages. No birth control has been used at any time. 

Occupational History: Her first job at approximately the age of 

lG was that of a dial painter at the Waterbury Cl0ck Co. This 

lasted for about 3 months. She states she did not tip any of the 

brushes, but she did note that at times her hair would glow in 

the dark from the dust accumulating at work. After this one job 

of dial painting, she left the Waterbury Clock Co. and has done 

some clerical work ever since. 

Dental History: .She had a few of her front teeth filled before 

taking the.dia1 painting job and has had occasional fillings from 

time to time since that time but has lost only four teeth alto­

gether, the last one several years ago. 

Physical Examination: Shows a healthy-appearing, rather obese 

}'Toman of 47 weighing 208 pounds. Blood pressure is 150/100. 

Pulse .is 80 at rest. Examination of the eyes including fundi, 

----------
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e~traocular movements, and pupillary reflexes were all within 

normal limits. Ears: normal. Nose: normal. Throat: in· good 

condition. Tonsils were not enlarged. Teeth in good state of 

repair. No gross evidence of pyorrhea. Neck: shows no adenopathy. 

Thyroid gland shows slight enlargement or at least is faiJ"lY 

palpable. There is no evidence of any thyrotoxicosis such as 

tremor or undue sweating. Heart a.l:ld Lungs:· normal to A and P. 

Breasts: normal. No evidence of any masses. Abdomen: obese. 

Liver and Spleen: not felt. Pelvis examination was not done 

because patient stated that her own physician did a pelvic exam-

ination within the last few weeks and told her there is nothing 

abnormal. Extremities: normal-. Reflexes: equal and active. 

No limitation of motion in any joints. 

Laboratory Findings: Urinalysis: sp. gr. 1.022; albumin and 

sugar neg; rare crystals. Hematology: wbc 6500, hgb 14.3~ 91 

percent; differential P59, L38; .El, M2; normocytic rbc; hct 47 

percent, sed. rate 52 mm/hr. 

Blood chemistry: 

Electrophoresis: 

urea nitrogen 
sugar 
alkaline phosphatase 

Hinton 
total protein 
albumin 
total globulins 
alpha 1 
alpha 2 
beta 
gamma 

12.9 mg percent 
100 mg percent 
5 •. 7 units 
ne·gative 
6.8 g/lOOcc 

4.3 
2.5 
0.29 

0.44 
0.80 
0.97 
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X-ray Findings: Skeletal survey shows no evidence of radium 

poisoning. There are no significant abnormalities in the bones, 

and the heart and lungs are normal in appearance. 

(G. Ki.) \Date of birth: October 22, 1909. Present Health: Patient 

states that her present health is good except for a recent upper 

respiratory infection of a few days' duration.; 

Systems Review: Shows an infection in the left ear approximately 

two weeks ago which has since cleared ~P· Eyes: nor.mal. She uses 

glasses for reading. There is no difficulty with the nose and 

throat. She does not have an abnormal number of colds or sore 

throats. Cardiorespiratory: entirely negative; question of 

· slight ankle edema, but this occurs in the summer time only. Gl: 

normal. Bowels regular without use of laxatives; no history of 

any melena at any time. GU: nor.mal except tor occasional nocturia. 

Catamenia: menarcheat 14; regular until periods stopped one year· 

ago. There has been no resumpti:>n of flow since that time; only 

rarely has hot flashes. Neuromuscular: entirely normal. There 

are no skin abnormalities. 

Habits: Appetite too good, if anything. There has been a slight 

weight gain during the past year. She sleeps soundly at night and 

do-es not smoke. She does not consume any alcohol. Exercise is 

minimal except what she does at work and around the house. 

fast History: Had th~ usual childhood diseases but no specific 

history of scarlet fever, diphtheria, or rheuniatic fever. She 

has been hospitalized for childbirth only; no illnesses of any 
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. . 

consequence exeept for one episode of temporary loss of vision 

for a few days before the bir.th of the last child. She has had 

no accidents, operations, or injuries. 

Family History: Father died at 72, cause undeter.mined. Mother 

died at 71 of heart disease. She has three brothers., aged p61 

471 aml 43, all living and well. There is no familial history of 

cancer, diabetes, tuberculosis, epilepsy, or mental illness. 

Marital History: Has been married 2.3 years; husband is 49 1 living 

and well. There are two children, aged 19 and 17. There is no 

history of any stillbirths or miscarriages •. There has been no 

possibility of pregnancy since the birth of the last child as 

the patient has not cohabited with her husband since that time. 

Occupational Hi$tory: Her first job was that of dial painting 

at the age of 16 in 1925.. She did this work for a period of ten 

months or more. She did put the brush in her mouth from time to 

time., but there is no history of any glo'Wing of the hair or hands 

after work at night. She has had same trouble 'With her teeth. 

Physical Examination: This 48-year-old woman appears to be in 

good. health. She is well developed and nourished. Weight is 127 

pounds. Height is 60". Blood pressure is 1.38/90. Pulse is .80. 

Head; shows the eyes to be normal. Extraocular movements are 

normal. Fundi are negative. Ears: show some dullness of the 
•. 

drum but otherwise normal. Hearing appears normal. ·Nose: neg. 

Throat: nor.mal. Teeth are in fair state .of repair. Neck: shows 

no evidence of swollen glands. Thyroid is not palpa~bl~. Heart 

and Lungs: normal to A and P. RhytbDi is regular; no murmur-s }fere 
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heard. Breasts: normal female; no masses felt. Abdomen: soft 

and relaxed. Liver and spleen not felt. Pelvic examination 

shows question of slight enlargement of the uterus, possibly due 

to small fi broids. Cervix is normal; no evidence of erosion; no 

discharge. Rectal examination including hematest: negative. Ex­

tremities: normal. Reflexes: equal and active. No limitation of 

motion of. anr bones or joints. 

Laboratory Findings: urinalysis: albumin and sugar neg. Hematology: 

wbc 5600; differential P64 1 L34, M2; normocytic rbc; hct 44 percent, 

sed. rate 21 mm/hr. 

Blood chemistry: urea nitrogen 
sugar 
alkaline phosphatase 
Hinton 

Electrophoresis: total protein 
albtnnin 
globulin 
alpha 1 
alpha 2 
beta · 
gamma 

14.7 mg percent 
96 mg percent 
4.1 units 

negative 
7.3 g percent 
4.87 
2.43 
0.30 
0.53 
o. 80 
o.ao 

X-ray Findings: Skeletal series·shows no evidence of radium 

poisoning. There are no significant·abnormalities in the bones, 

and the heart and lungs are normal in appearance. 

(M. Kl~) Date of birth: November 9 1 1902. Patient was examined 

by Dr. William H. Baker at the Waterbury Hospital in June 1957. 

She was admitted to the Waterbury Hospital in 1954 because of 

fracture of ·left femur, possibly. caused by a weakness in her 
" . . . 

·. ,• 

femur due to d.eposi tion of radioactive ma. teri al. Was hospitalized · 
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about 4-6 months and after a. long period_ the fracture healed. 

She did not complete weight bearing .until about eight months 

after original fracture. Since then she has been perfectly 

well and has noticed no particular symptoms, other than .occasional 

palpitation of the heart and feeling of flushing in .. the head, 

associated with ponnding in her head. She has occasional.head­

aches, ~hich are relieved by aspirin. No pains in other bones. 

She worked in the Waterbury Clock Co. from January 1921 to 

January 1924. She painted many, many.watches and pointed the 

brush with her lips. She had numerous dental extractions from 

1937 to 1950 with resultant .upper and lower dentures. _ 

Past History: Fracture, 1954. Myoma of uterus, age 22', 

removed at Waterbury Hospital. Hysterectomy, approXimately 10 

years ago. Hot flashes following hysterectomy. Menses. began 

at 13, flow every 28-30 days~ Flowed 3-4 days. She has had no 

pregnancies or miscarriages or abortions •. She was married to 

one man 14 years. He died about 15 years ago and then she mar­

ried her present husband. 

~' ·' 

FamilY History: Fathe.r died at 71 of enlargement of heart. Mother 

died age 72 of generalized hardening of arteries and a heart attack. 

She is one of 8 children, of which only 1 brothe~ survived. Six 

other children died at a very young age. 

Systems Review: Not remarkable. Wears glasses, bifo.cals, has . 

astigmatism and myopia. Bowels move wel~, does not take cathartics. 

Appetite gqod, weight maintaine.d. Occasionally needs rem.Qval of 

wax to aid in hearing but there ·is no difficulty in hearing af.'brwards. 

Hair: brown, with flecks of gray. Sc~lp loose, not remarkable. 

Ears: bilateral cerumen but ,.drums appear normal and intact. ·No 
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evidence of old perforations.· Eyes: pupils round, regular, equal. 

React to L and A. Fundoscopic did not reveal any abnormalities. 

EOM normal. Mouth: tonsils absent, removed as a young d1ild. 

·Tongue in midline. Upper and lower dentures. Neck: thyroid in 

mid1ine) not. en1arged. No adenopathy~ Chest: clear to P and A. 

Breasts: virginal in appearance with no pigmentation of nipples. 

There is a small lymph node in the rt. axilla, measuring about 1.5 

em which is free1y movable. No masses in either breast. Heart: 

PMI in 5th interspace within the midclavicular line, normal sinus 

rhythm. There is a rate.of 78. Blood pressure 120/80. Rt. arm 

lame.. Abdomen: soft., few small pigmented areas on the surface. 

Liver and spleen not palpable.· No masses felt. Peristalsis normal. 

Abdominal reflexes absent. Pelvic, rectal: .·not done. No inguinal 

adenopathy. Neurological: deep tendon reflexes equal and active, 3+. -

No pathological reflexes present. Extremities: there is some de-

generative arthritis of the te~inal phalanges and there is de­

formity of the rt. finger with a swelling. on the proximal joint 

of the 5th finger., rt. hand • Patient says that this is congenital 

and has been present sinc·e birth. Mother also had similar deformity. 

Impression: Ra-MsTh intoxication., by history• 

Laboratory Findings: Urinalysis: sp. gr. 1.020; albumin., sugar, 

and acetone neg; 2 wbc/hpf, rare epithelial cells. Hematology: 

wbc 7700 1 hgb 12.3, hct 41., platelets normal; differential P51, 

M3, 14:6. 

Blood chemistry: alkaline phosphat~se 
nonprotein nitrogen 
calcium 
phosphorus 

3.2· units 
41 mg/100 cc 
10.4 

2.2 
protein electrophoresis normal 
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X-ray Findings: special bone survey shows mild radiation osteitis 

in calvarium, radius and ulna, bilaterally, both femurs • 

. (M. LaF.) Date of birth: January 10, 1911. Present Health: Stated 

to be good except for difficulty with her lt. eye, diagnosed as a 

retinal hemorrhage in January 1958. The vision in this eye is 

improving. Nu uther complaints. 

Systems Review: Shows no other disturbances of the eye, except 

as noted above. Ears, Nose, and Throat: normal except for ten­

dency to frequent upper respiratory infections. Cardiorespiratory: 

some cough wi~h colds; otherwise no chest pains or palpitation. 

No particular dyspnea on exertion. GI: some gas with rich foods; 

otherwise no nausea or vomiting or bowel disturbances. No melena 

ever noticed. GU: entirely negative. Catamenia: menarche at age 

10 1/2. Periods' have always been irregular with very heavy flow 

until operation in 1949(hysterectomy)- one ovary removed. She has 

experienced no hot flashes so far. Neuromuscular: entirely negative. 

No skin disorders. 

~ History: Usual childhood diseases plus scarlet fever. No 

history of scarlet fever or rheumatic fever. She had a proven case 

of tuberculosis of rt. lung at age 18 and spent 15 months in a 

sanatorium, treated by·pneumothorax therapy for 2.5 years. She 

has had no recurrence and has had an x-ray nearly every year since. 

Her only hospitalization and operation was that of the hysterectomy. 

There is no history of allergy, epilepsy, or mental illness. 

Family History: Father died at 42 of pneumonia. Mother is· 85, 

living and well. There are eight siblings, living and well. Two 
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died in infancy. No other family history of tuberculosis, cancer, 

or diabetes. One brother has some asthma. No familial history 

of epilepsy or mental illness or allergy. 

Marital History: Married 19 years. Husband is 46, living and 

well. No pregnancies at any time. 

Occupational History: Started work at age of 16 as a dial painter 

for Waterbury Clock Co. where she worked for 1 year. At no time 

did she remember putting the paint brush in her mouth. She did 

notice occasional glowing specks on her hands at home after dark. 

After 1 year, she was transferred to another department. She. has 

worked at U. s. Time Co. intermittently ever since. 

Dental History: Has had trouble with her teeth for many years ani 

started to lose them shortly after she went to work for the Water­

bury Clock Co. The last extractions were three years ago. 

Phrsica;t Examination: Weight 139 lbs. Blood pressure 138/80. Pulse 

is 80 at rest. Eyes: pupils react normally to light and a·cco:mmoda­

tion. Extraocular movements are normal. Fundi not well visualized 

at this examination. Ears, Nose, and Throat: normal. Teeth show 

full upper denture and only a few natural teeth in front still .. 

present with partial lower plate •. Neck shows no cervical adenopathy. 

Thyroid not palpable. Lungs: occasional transient rales on the 

right posteriorly. Heart: normal.. Bhythm regll.ar, no murmurs heard. 

Abdomen; soft and relaxed. Liver and spleen not felt. There is a 

well-healed lower midline scar. Breasts: normal female. No evidence 

of masses or cysts• Pelvic and Rectal: not done·. Reflexes: equal and 

active. EXtremities: normal. 
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Laboratory Findings: Urinalysis: sp. gr. 1.021, altumin and 

sugar negative; occ. rbc and wbc,_ and 1-2 epithelial cells per 

hpf. Hematology: wbc 5300; hgb 14.5 g, 93 percent; differential 

P54, L34, El, Ml, normocytic rbc; hematocrit 45 percent, sed. 

rate 13 mm/hr. 

Blood Chemistry: urea nitrogen 
sugar 
alkaline phosphatase 
Hinton 

Electrophoresis: total protein 
albumin 
total globulins 
alpha 1 
alpha 2 
beta 
gamma 

;t5 mg percent 
105 mg percent 
4. 5 units 
negative· 

6.7 g percent 
3.84 
2.86 

--0.31 
0.64 
0.86 
1.05 

X-ray Findings: Skeletal survey shows no ~vidence of radium 

poisoning. There are no significant abnormalities in the bones~: 

and the heart and lungs are normal in appearance. 

(J. La.) Date of birth: March 11, 1905. Watch dial painter 

at the Waterbury Clock Co. in 1920, starting at the age of 1~ 

and continuing for-7.5 years. In 1928~9 she was examined by 

Dr. F. B. Flinnl and Dr. s. M. Seidlin who reported that by 

electroscope she had a body burden of 87 ~g of radioactive sub­

stance. She has one child, born in 1932 by caesarian sectio-n. 

In the last few years she ha.s developed bilateral cataracts, 

osteomyelitis of the mandible, ankylosis of the hips. She has 

had numerous fractures of the ribs and both femurs. X-rays taken 

l. ·F •. B. Flinn, Radiology gl, 331 (1934) 
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in 1953 showed the medUllary cavity to be radiolucent, with 

alternating sclerotic and radiolucent areas in the head of the 

femur, acetabulum, and left pubic arch. In October 195? she 

was admitted to the Waterbury Hospital for removal of a polyp in 

the It. ear canal. Pathological report showed the growth to be 

a squamous cell carcinoma. She is living but in very poor condition. 

(c. La.) For physical and clinical details on this patient see 

w. P. Norris, T. w. Speckman, and P. F. Gustafson, Am. J. 

Roentgenol. ll1 785 (1955), and Looney, Hasterlik, Brues, and 
'. 

Skirmont, Am. J. Roentgenol. 12.1 1006 (1955)• The bone sample was 

provided by Dr. Robert J. Hasterlik and additional details may be 

obtained from him at Argonne Cancer Research Hospital, 950 East 

59th Street, Chicago 37, Ill. 

(A. Le.) Date of birth: January 9, 1910. Present Health: Pa­

tient states that she is and has been in good health in recent 

years. Her last and only hospital stay was for child birth. Re­

view of systems' · sholfs that she wears glasses for reading only 

and has had no other difficulties with her eyes. Ears are normal. 

No difficulties with the nose or throat. She has had few upper· 

respiratory infections. Neck: normal. Cardiorespiratory: slight 

dyspnea only. No substernal pain. No palpitation. She has noticed 

a minimal amount of edema occasionally towards evening. GI: slight 

tendency to indigestion with overeating due to questionable gall 

bladder disease. Bowels are regular without the use of laxatives. 

There is no hi.story of melena or gross blood in the stools. GU: 

negative. Catamenia: menarche at 15; always regular and still 
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regular at the present time. She believes flow to be heavier than 

it used to be. Neuromuscular: she is subject to occasional pains 

in the left leg. This has been intermittent during the past year. 

There have been occasional episodes of low back pain, but these 

have not been serious. Skin: no abnormalities. 

Habits: Appetite is good; no recent weight change. She sleeps 

soundly at night. Does not smoke. Alcohol averages possibly one 

qririk per day. Exercise consists mostly of housework. 

~ History: Usual childhood diseases but no spe.cific history of 

scarlet fever, diphtheria, or rheumatic fever. No epilepsy, allergy, 

or mental illness.· No history of_any severe injuries or fractures. 

No hospitalizations except as noted above. 

Family History: Father died at 90 of accidental death·. Mother died 

at 65. Five siblings. Two are living and well; two were killed in 

an accident. NO familial history of cancer, tuberculosis, allergy·, 

or mental illness. Mother had diabetes at the time of her death, 

but there is no other family history of this disease. 

Marital History: Patient has been married 30 years. Husband is 

living and well. Three children, aged 28, 24, and 17, Jiving and 

well. No other pregnancies, stillbirths, or miscarriages. 

Occupational History: Began her working career at the age of 

17 in 1927 as a dial painter for the Waterbury Clock Co. She con~ 

tinued at this work orily for approXimately two years because of 

pregnancy. The pregnancy was tineventful. The children were all 

normal. She never returned to dial painting. She never put the 

brush in her mouth. She did occasionally notice some· glowing of 

the hair and hands when she· went home at night. 
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Dental History: In general, her teeth have been good although 

she did lose one tooth when painting watch dials because of the 

poor position of the tooth. Whenever she has had to have.any 

teeth extracted, she has never had any difficulty with prompt healing. 

Physical Examination: Shows a well-developed, well-nourished woman 

weighing 139 lbs. Height 5' 4". Blood pressure is 120/80. Pulse 

is 78 at rest. Examdnation of the eyes shows extraocular move­

ments to be normal. Pupils react normally to light and accommoda­

tion. Fundoscopic examination normal. Ears: show normal canals 

and drums. Nose: normal. Throat: negative. Teeth: in fair state 

of repair although one has recently broken off. Neck: shows no 

enlargement of the thyroid. No glands palpable •. Heart and Lungs: 

normal to A and P. Breasts: normal female.· No evidence of any 

masses. Abdomen: soft and relaxed. Liver and spleen not felt. 

Pelvic and rectal examinations not done since the patient reports 

that this was recently done b,rher own physician. Extremities: 

normal. Reflexes: equal and active. 

Laboratory Findings: Urinalysis: albumin and sugar negative~ 

10-16 wbc and 3-4 epithelial cells/hpf. Hematology: wbc 8300, 

hgb 9.7J differential: P69, L27, El, M3; marked hypochromia; 

hematocrit 29 percent, sed. rate 0 mm/hr. 

Blood Chemistry: 

Electrophoresis: 
albumin 
total glob. 
alpha 1 

urea nitrogen 
sugar 
alkaline phosphatase 
Hinton 

16 mg percent 
100 mg percent 
·2.8 units 
negative 

total protein 6.9 g percent 
4.2g percent alpha 2 • 0.48 g 
2.7 beta 0.80 
0.26 gamma . 1.16 

percent 
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X-ray Findings: Skeletal survey and routine AP ,.view of the chest 

revealed no bone pathology with the one possible exception of one 

area in the left trochanter only, which may represent minimal 

radiation osteitis. Thi·s 1 s probably of no ·significance and will 

almost certainly never cause the patient any difficulty. 

(H. Ma.) Date of birth: February 19, 1895. For ·previous history 

on this patient see R. H. Marshak, R. A. Newburger, and J. Eliasoph, 

JAMA 160, 41 (1956). Received 24 intravenous injections of radium 

salts in 1914 at age of 19 for severe arthritis. Teeth were very 

poor. All had to be removed with great difficulty~ Married. Present 

examination by fainily physician shows marked changes in the bones, 

presi.lmably due to radiation osteitis. 

(L. Ma.) Born 1909. Luminous dial painter for about three .years 

intermittently between 1927 and 1936, starting at age of 18. No 

demonstrable effect from radia t.ion 31 years after exposure. 

(H. MeG.) Date of birth: February 28, 1904. Patient was examined· 

in Waterbury Hospital during June 1957 by Dr. William H. Baker. 

She was employed by Waterbury Clock Co. for about 1 year from.l924 

to 1925 and painted approximately 4-5 trays of watches per day, 

each tray containing 30-50 watches. She has beeil perfectlywll all 

of her life and has had very little difficulty. Her teeth have 

all been removed at two different intervals, 1948 and 1950. She 

had no abscesses, now has upper and lower dentures but wears only 

the upper dentures. Has never been sick. Has never had any fractures 

or difficulty with her joints. Previously admitted to Waterbury 

Hospital for an appendectomY• 
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Habits: Drinks a small amount of beer. Smokes occasionally~ 

Lives at home with two unmarried sisters and keeps hous.e. Is 

not working at present. 

Family History: ~1other died, age 57, of tumor of the leg. Has 
. 

three sisters, all of whom are living and well. Father died at 

85 of old age. 

Systems Review: Not remarkable. She has a dminution· in -hearing 

but otherwise is in very good health. She is constipated and 

takes Alophen tablets intermittently for this. H~appetite is 

good and she has maintained her weight consistently. 

Physical Examination: Well-developed, well-nourished white female 

who looks her stated age, in no distress. She was ambulatory and 

her hair is grayish-white, normal in amount. There is increased 

venous pattern 'over the scalp, most prominent in the temporal areas. 

Eyes: pupils round, regular, equal, react to L and A. Fundoscopic 

showed increased tortuosity and· slight AV nicking. Ears: negative. 

Throat: tonsils present, small, atrophic. She has upper denture, 

no difficulty with her gums. Tongue in midline and protrudes without 

any evidence of fibrillation. Neck: thyroid palpable. There is a 

small nodule in the rt. lobe of the thyroid which measures a·bout 

1 em. No cervical adenopathy. Axillae negative. Breasts: virginal. 

No pigmentation of nipples. There is increased fibrous nodularity 

throughout both breasts, but no masses palpated. No axillary nodes 

felt. Heart: normal sinus rhythm. Rate 75. PMI at 5th inter­

space within midclavicular line. No murmurs. P2 greater than A2. 

Very prominent P2 heard. Chest: clear to P and A. No CVA tenderness. 

Abdomen: liver not percussibie. No abnormal masses. Peristalsis normal. 
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Pelvic, Rectal: refused. Neurological; deep tendon reflexes 

equal and ac.tive bilaterally, 2+. No abnormalities. Extremities: 

no evidence of nodes of the hands. On the soles of both feet, 

there ar8 corn tags for callouses and another c·orn plaster on 

the medial aspect of the rt .• toe. Impression: No evidence of 

difficulty from her ingestion of radium and mesothorium. 

Laboratory Findings: Urinalysis: sp. gr. 1.020, albumin and 

sugar negative; 2 wbc and rare epithelial cells/hpf. Hematology: 

wbc 7700, hgb 12.3, platelets normal, differential P51, M3, 146, 

hema tocri·t 41. 

Blood Chemistry: nonprotein nitrogen 

alkaline phosphatase 

calcium 

phosphorus 

electrophoresis 

31 mg/100 cc 

1.8 units 

10.4 

2.0 

normal. 

X-ray Findings: Bone survey, including heart ·and lungs, is 

essentially negative, except for the skull which shows changes 

consistent with radiation osteitis. 

(I._Ni.) Born October 1900. After the birth of her first child 

in April 1927 she developed phlebitis and her physician advised 

her_ to take Radithor, starting in June or July_of 1927. This was 

obtained from the Bailey Radium Laboratories in East Orange, N.J. 

For the first,month, she took three bottles a day and for two 

months thereafter took approximately two bottles a day. The 

p~bitis gradually improved and her general health seemed to be 

excellent. Following the death of Mr. Eben Byers who had also taken 

Radithor, she became somewhat alarmed and went to see Dr. F. B. Flinn. 
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Dr. Flinn followed her case for the next 3-5 years, took many x-ray 

pictures, and examined her with a geiger counter. Her second child 

was born in 1936 and during the next few years she had considerable 

trouble with her teeth. Whenever any extractions were done they were 

extremely slow to heal up. In 1944 she broke her 1 t. kneeca·p and 

from that time to the present has had multiple bon.e fractures, usually 

spontaneous, the last being a fracture of the rt. femur 6 months ago. 

According to her family physician, x-rays taken in 1958 showed radia­

tion osteitis, marked. 

(R. Os.) Date of birth: January 4, 1909. Present Health: Pa-

tEnt says that she is and has been well in recent years except · · 

for some pains in the region of both hips for the past year, left 

greater than right. Pain goes away with rest. 

Systems Review: Shows a tendency to hay fever in -spring and fall • 
• 

She wears glasses for reading •. Nose and. throat are normal except 

for occasional upper respiratory infections and hay fever noted 

above. Cardiorespiratory: for the past three years she has been 

subject to intermittent pains in the substernal region which she 

believes are more pronounced and more frequent after exertion. 

GI: negative. There is no history of any indigestion, nausea, 

or vomiting. Bowels are regular without laxatives. There is no 

history of any blood in the stools. GU: normal. Catamenia: 

menarche at 15, always regalar until three months ago when they 

stopped ent~rely. Hot flashes, if any, have been infrequent. 

Neuromuscular: has a tendency to headaches but she notices that 

if she eliminates eggs from her diet these are much less frequent. 

She has some pain in the rt. index finger and some paresthesia 

of the fingers of both hands,_also pains in the region of the 

hips noted above. No skin disorders were noted. 

• 
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Habits: Appetite is good, too good if anything~ although she 

thinks that she has reduced a total of 10 lbs. in the last year 

of diet. She sleeps soundly at night. She does not smoke. 

Alcohol minimal to none. Exercise is considerable at work where 

she does a lot of walking. 

~ History: Had the usual childhood diseases, including scarlet 

fever, but no specific history of diphtheria or rheumatic fever. 

She has had no operations at any time. She was hospitalized for 

child birth only. 

Family History: Father is 82 and living but has had a shock of 

some sort. Mother is living and well, 80 years old. Six siblings 

living~ ranging in age from 33 to 52 and all are well. There were 

six other siblings who died in the neonatal period, cause undeter­

mined. There is no familial history of cancer, diabetes, or tuber­

culosis; no mental illness~ allergy~ or epilepsy in the family. 

Martial History: Has been married 30 years. Her husbarid is 59, 

living and well. Four children, ~ving and well, are aged 29 1 20, 

16, and 12. The second child died at birth~ cause presumably was 

cord wrapped around the neck. Her 29-year-old son is married and 

has three children. All of the patient's children and grandchildren 

seem to have developed normally, altho-ugh the 16-year-old child has 

what is presumably epilepsy and is being treated for same. 

Occupational History: Her first job was dial painting :Which she 

began at the age of 16 in 1925 and which she continued for 20 JilOs. 

She did some tipping of the ·brush in her mouth. She noticed 

definite glowing of the hair and hands at night .after working in 

the dial painting room" No further contact with radium since her 

marriage. 
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Dental History: She first started to lose her teeth while she was 

painting dials at the age of 16, and two teeth were removed during 

this first year. Her teeth were always very brittle and broke 

easily. Finally on the advice of her dentist all teeth were re­

moved 15 years ago. 

Physical Examination: Shows a well-developed and well-nourished 

moderately obese woman of 49, weighing 170 lbs. Height 61.5". 

Eyes: show pupils react normally and equally to light and accom-

modation. Extraocular movements are normal. Fundi are normal. 

Ears: drums are .normal. Canals are normal. Nose and Throat: normal. 

Mouth: clean, Teeth are all absent. Patient wears upper and 

lower plates. Neck:. no evidence of adenopathy. Thyroid is not 
. 

palpable •. Hea~t and Lungs: normal to A and P. _Rhythm is regular. 

No murmurs were heard. Breasts: normal female. No masses were 

felt. Abdomen: soft and relaxed. Liver and spleen not made out 

Pelvis: questionable slight enlargement of the uterus , possibly 

·due to fibroids. CerVix is smooth and _clean, no ev_idence of 

erosion or discha"ge. Rectal: including hematest,negative. 

Extremities: Normal. There is no limitation of motion of any 

joints. -Reflexes: equal and active. 

Laboratory Findings: Urinalysis: sp. gr. 1.025, albumin and sugar 

negative, 20-25 epithelial cells/hpf. Hematology: wbc 8400, hgb 

13.3 · g, 85 percent; differential P37, 160, M3; ·normocytic rbc; 

hematocrit 45 percent, sed. rate 16 mm/hr. 

Blood Chemi_stry: urea nitrogen 14 mg percent, sugar 122 mg per­

cent, alkaline phosphatase 3. 5 units, Hinton m gati ve. · 
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Electrophoresis: total protein 7.4 g pereent 
albumin 4.55 alpha 2 0.48 
globulin 2.85 beta 0.84 

alpha 1 0.37 gamma 1.16 

X-ral FindiQgs: Skeletal survey shows no evidence of radium.· 

poisoning. There are no significant abnor.malities in the bones 1 

and the heart and lungs are normal in appearance. 

(G. Pa.) Date of birth: November 191 1910. Present Health: 

Patient states that she is in good health and has been 1 except 

for som~ bac}c pains 1 for the last two or more years. 

Systems Review: Shows the eyes to be normal; she wears glasses 

for reading only. She has no difficulty with ears and hearing. 
~· 

Nose and Throat: normal. Few colds experienced. Neck: no en-

largement of the thyroid gland detected. No swoll.en glands. 

Cardiorespiratory: shows no abnormalities except for occasional 
. )/ 

palpitation. This palpitation is not re~ated to exe~tion as far 

a.s she knows. .Otherwise no difficulties. Gl: normal. Bowels 

fairly regular without laxatives. No his~ory of melena or gross 

blood in the stools. GU: negative. Catamenia: menarche at 

11.5 years. Regular until two years ago but since that .time she_ 

has skipped several months. Neuromuscular: essentially negative 

until two years ago when she developed a kink in her b~ck for a 

period of two weeks. Tl:lis was followed by intermittent pains. 

down the left leg for two to four months and was not. relieved by 

lying down. On the advice of her physicia.ri1 she was ~eferr.ed -to 

.a Boston physician-for x-rays and further-diagnosis. It was . . . . . 

decided that she was suffering from a question of disc d~sorder •. 
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She has had several episodes of a similar nature since that time. 

She now wears a firm corset which she feels helps with this tendency. 

She is also subject to sudden occipital headaches for the last 10 

years. These last from seven to ten days when they occur. No 

skin disorders., except for one episode of lichen planus lasting 

five months which came on three years ago. This was eventually 

cleared up without difficulty. 

Habits: Her appetite is good. There has been no recent 'Wight 

change. She sl.eeps fairly well. She smokes 10 to 15 cigarettes 

daily. Alcohol taken only rarely. The only exercise Which she 

gets is doing her housework. 

f!!! History: Had the usual childhood diseases., but no specific 

history of scarlet fever, diphtheria., or rheumatic fever. No 

operations, accidents, or i~ies. No confining illnesses. She 

was hospitalized for Childbirth only. 

Family History: Father died at 73 of heart disease. Mother died 

at 59, also or heart disease. She has three brothe'rs living and 

we~~" ages 53~ 50, and 46. There is rio familial history·or cancer, 

diabetes, tuberculosis, mental illness, epilepsy, or allergy. 

Marital H1stor.z: She bas been married 26 years. Her husband is 

54, living and well. There are two children, aged 25 and 13. The 

older child is married and now has one child of her own. .The lack 

of other pregnancies may probably be attributed to precautions 

taken by the patient to prevent pregnancy. 

Occupat:lonal History: She went to work for the Waterbury Clock Co. 

in 1927 for a period of fbur months. She does not remember pointing 

the brush in her mouth. She did notice occasional lum.ine.scence on 
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her clothes at night. Because of this she was forbidden to 

return to the dial painting work by her parents. 

Dental History: Has had very little trouble with her teeth. She 

has lost only a few in her lifetime. 

Physical Examination: Shows a healthy-appearing, well-developed 

and nourished woman of 47 in rio distress. W.eight 160 lbs. Height 

5'3". Blood pressure 152/100. PUlse 70 at rest. Eyes: show 

normal extraocular movements. Pupils react normally to light 

and accommodation. Fundi are normal. Nose: normal. Ears: neg. 

Throat and Teeth: in good condition. Neck: shows no enlargement 

of the cervical glands. Thyroid not palpable. Heart and Lungs: 

normal to A and P. Breasts: normal female,. without evidence of 

masses. Abdomen: soft and relaxed. No masses felt. Pelvic: small 

fundus in good position, ovaries not palpable, cervix shows 1+ 

erosion probably of a benign type. Rectal: · including hematest, 

negative. Extremities: normal. Reflexes, .superficial anddeep: 

equal and active. 

Laboratory Findings: Urinalysis: sp. gr;. 1.029, albumin and sugar 

n~gative; 4-6 epithelial cells, 2-3 wbc, and 1-2 rbc/hpf.. Hematology: 

wbc 5100, hgb 14 .• 9 g, 96 percent; differentia1P59, L39,.M2; 

normocytic rbc, hematocrit 45 percent, sed rate 20 mm/hr. 

Blood Chemistry: urea nitrogen 18 mg percent, sugar 87 mg percent, 

alkaline phosphatase 3.5 units, Hinton negative. Electrophoresis:· 

total protein 7.7 g percent, albumin 5.06, total globulins 2.64, 

alpha 1 0.25, alpha 2 0.42, beta 0 •. 68, gamma 1.29. 

X-ray Findings: Skeletal survey shows no evidence of radiUm poisoning. 

No significant abnormalities in the.bones. Heart and lungs are normal. 
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(M. Pa.) Tissue on this case was received from Dr. Merril 

Eisenbud. Further. information can be obtained from him at the 

u. S. Atomic Energy Commission, New York Operations Office, 70 

Columbus Avenue, New York 23, N. Y. 

(D. R~.) Date mf birth: OctOber 12, 1899. Present Health: Pa­

tient states that it is good. She says.that ·she is under treat­

ment for high blood pressure and has a tendency to be somewhat 

nervous; otherwise she feels well. 

Systems Review: .Reveals no definite difficulty with eyes, ears, 

nose, or throat. Cardiorespiratory: negative •. She admits to no 

chest pain or shortness o.f breath and denies any swelling <:>f the 

ankles~ GI: normal. Bowels move regularly without laxatives. 

No history· of blood. in the stools. . GU: negative, except for 

occasional nocturia •. Catamenia: periods were always regular until 

menopause many years.ago. There hasbeen no bleeding since. Neur.o­

muscular: negative. There is no complaint of skin disorders. 

~ History: Shows. the usual childhood diseases but no specific 

history of scarlet fever, diphtheria; or rheumatic fever. There 

is no mental illness, epilepsy, or allergy in the family. She 

denies any hospitalizations other than that for Childbirth. Her 

only operation was incision. and drairage of infected gland in the 

neck many years ago. 

Family History: .Father died at 70, cause not stated. Mo·ther is 

st;il·l living but ba~ly crippled w:i.th arthritis. There are six 

siblings,. all living and well, ranging .in age from 57 to 47. 

•.· 

. .. 
.I 
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Marital History: She has been married over 30 years. Husband 

is living and well. There was one child that died of infantile 

paralysis. No other pregnancies. 

Occupational History: Patient's first and only job at dial 

painting began at the age of 20 in November 1920 and continued 

through March of 1921. 

Dental History: Had no trouble with her teeth for three or four 

years after she left the dial painting job. Most of her difficulty 

came at the time of her pregnancy. A few years ago all of the 

teeth were removed and she now wears both upper and lower dentures. 

Physical Examination: . Shows an alert, somewhat overactive woman 

of 58 in no apparent distress. Weight 113 lbs, height 62.5". 

Blood pre~sure is 170/110. Pulse is 90. Eyes: show extraocular 

movements to be normal. Pupils react to light and accommodation 

normally. Ears: normal. Nose and Throat: negative except for small 

wart inside left nostril. Heart and Lungs: normal to A and P. 

Heart rate is regular. No murmurs were heard. Examination of 

abdomen and pelvis was not done due to the extreme nervousness 
• 

and apprehension of the patient. Reflexes: somewhat hyperactive. 

Extremities: normal. 

Laboratory Findings: Urinalysis: albumin 1+, sugar negative, 

microscopic: loaded with wbc/hpf. Hematology: wbc 7600, hgb 16.1 

g, lOJ percent,· differen-tial P72, L27, El; normocytic rbc, 

hematocrit 47 percent, sed. rate 23 mm/hr. 

Blood Chemistry: nonprotein nitrogen 44 mg percent, sugar 99 

mg percent, alkaline phosphatase 5.2 units, Hinton negative. 

' ' 
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Electrophoresis: total protein 7.7 g percent, albumin 4.87, 

total globulins 2.84, alpha 1 0.30, alpha 2 0.50, beta 0.90, 

gamma 1.14. 

X-ray Findings: Skeletal survey shows no evidence of radium 

poisoning. There are no significant abnormalities in the bones, 

and the heart and lungs are normal in appearance. 

{A. St.) Clinical information on this patient was reported by 

Dr. H. s. Martland in Occupational Tumors, part 6, Bones, 

International Labor Office, Occupation and Health, Geneva, 

October 1939. The bone specimen was received from Dr~ F. E. 

Hoecker, Department of Physics, University of Kansas, Lawrence, Kan. 

(L. St.) Date of birth: April 4, 1874. This physician had a 

good deal of exposure to radium and x-ray_externally between 

1905 and 1915. He ha.s had considerable trouble with skin lesions 

on both hands resulting in the loss of one finger. Skin grafting 

was done approximately 20 years ago. He has some atrophy of 

the skin at the present time on his hands. 

-, 

. ., 

·-" 

· (P. Te.) ,Date of birth: 3 August 1910. Present Health: Patient· ·~ 

states tha~ she feels perfectly well except for a tendency to 

nervousness at times of stress. She has a tendency to hfgh blood 

pressure which has been present for several years, particularly 

at times of examinations·. 

Systems fieview: Shows·tendency to frequent colds and sore throats, 

but otherwise no. difficulties with the eyes, ·ears, nose, or throat. 

Tonsillectomy at age 13 •. Cardiorespiratory: entirely negative. 
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GI: normal. Bowels move regularly \Vithout laxatives. No history 

of melena or rectal bleeding. GU: no~l. Catamenia: menarche 

at 13 and all was regular until the age of 41. Since then periods 

have become more and more irregular. Now no flow for the last 

six months. Neuromuscular: has had bursitis in the lt. shoulder. 

Last attack was three years ago. No difficulties since. Broke 

her rt. arm. in childhood. Skin: normal. 

Habits: Appetite is too good• if anything. There has been a 

gradual weight gain in recent years. Sleep is somewhat variable. 

Smokes approximately. one package of cigarettes daily. Al.cohol 

averages twc to three drinks per week. Exercise is irregular. 

Past History: Had usual childhood diseases but no specific history 

of scarlet fever, diphtheria, or rheumatic fever. She has been 

ho.spitalized for one of these throat infections at the tiDie of 

the birth of her only child. No other accidents, injuries, or 

operations. 

Famili .. History: Father died at 57 of a cerebral accident. Mother 

died at 69 of cancer of the breast. Four siblings ranging in age 

from 4l to 53. All are living and well. Siblings are all married 

and all have children. No other familial history of cancer. No 

history of tuberculosi& or diabetes. 

Marital Historz: Harried at age.of 25 and remained married for 15 

years when her husband died at 42 of a heart attack. One child, 

a boy, 15 years old• living and well. For the first year of married 

life took precauti_ons to keep from getting pregnant. Her husband 

then went into the service after her only child was born. On his 

return and before he died precautions were taken to prevent 

pregnancy. She had no m~scarris.ges at any. time. 
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Occupational History: She painted dials for approximately 15 months 

. 'at the age of 15, averaging 140 dials per day. She definitely re­

members pointing the brush with her tongue during this period of time. 

Dental History: One tooth was removed during the time she painted 

dials because of pyorrhea. She has continued to have a tendency 

to pyorrhea ever since although she has lost only six teeth in 

this time. The last one was removed about 1 month ago because 

of an infected root. 

Physical Examination: Shows a rather obese woman of 48 in ·no 

apparent distress. Weight is 180 lbs. Blood pressure is 150/100. 

Pulse is 88 and regular. Eyes: show normal movements. Pupils 

react normally to light and accommodation. Fundi appear normal. 

Ears: normal. Drums are intact. Nose: normal. Throat: shows no 

evidence of infection at this time, Teeth show tendency to pyorrhea 

particularly in the rear molars. Neck: normal. Thyroid is not 

palpabl~. Heart and lungs: normal to A and P. Breast·s: rather 

large but otherwise normal. No masses were palpEtble. Abdomen: 

soft and relaxed. Liver and spleen were not felt. Pelvic examination 

shows small uterus. Ovaries not palpable. Cervix appears to 

be in good condition. There is no evidence of any discharge. 

Rectal: including hematest, negative. Extremities: normal with 

goo~ dorsalis pedis pulsationsr Reflexes: equal and active. 

Laboratory Findings: Urinalysis~ sp. gr. 1.019, albumin and sugar 

negative, 2-3 wbc a.nd 0-1 epithelial cells/hpf~ Hematology: wbc 

8400, hgb 16.1 g, 103 percent, differential P50, L50: normocytic rbc, 

hematocrit· 49.percent, sed. rate 2o mm/hr. Blood Ch~mistry: BUN 16.5 

mg percent, sugar 123 mg percent, alk. phos. 13.5 units, Hinton neg. 

Electrophoresis: total protein 6./+ g/100 cc, albumin 4.2, total 
. ' 

globulins 2.25, alpha 1 0.30, alpha 2 0.46, beta 0.69, gamma QBO. 

• 

•..,; 
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X-ray Findings: Skeletal survey shows no evidence of radium 

poisoning. There are no significant abnormalities in the bones, 

and the heart and lungs are normal in appearance. 

(J. Un.) For previous history, see Medicine lJ:, 289 (1952) • 

Patient died of ~ancer of the lung in 1957. 

(R. Wi.) ·Clinical information on this patient was reported by 

Aub, Evans, Hempelmann, and Martland in Medicine l!, 221 (1952), 

and tv Looney, Hasterlik, Brues, and Skirmont in Am. J. Roentgenol. 

Jl., 1006 (1955). Physical measurements were reported by Norris, 

Speckman, and Gustafson in Am. J. Roentgenol. 11, 785 (1955). 

The bone sample was provided by Dr. William P. Norris, Argonne 

National Laboratory, P. 0. Box 299, Lemont, Ill. 

(K. Wd.) For previous history, see Medicine l!, 273 (1952). 

Physical examination inl957 by Dr. Ric~d Ware showed the patient 

to be in good condition •. 

(K. Wds.) Date of birth: January 9, 1901. Present Health: Pa­

tient states that her present health is good except for a recent 

upper respiratory infection. 

Systems Review: Shows that her eyes have given her no trouble. 

except for wearing· glasses for reading. She has had no trouble 

with her ears. No nosebleeds. Throat: negative •. Few sore throats 

or colds. No history of any swollen glands.. Cardiorespiratory: 

nothing of importance to report except some dyspnea on exertion 

which she attributes to being overweight. Gl: negative. Bowels 

regular without laxatives. No history of any blood or melena at 

-------------------
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any time. Catamenia: menarche at 16. Periods always regular 

until panhysterectomy done in 1948 for fibroids. Neuromuscular: 

some stiffness· and soreness of the rt. forearm for the past six 

months which she has noted has come on since a change of job which 

requires much more writing than she has been used to doing. Skin: 

no history of any disorders. 

Habits: Appetite too great, if anything, with gradual weight gain 

during the past three years. Sleeps poorly at night. Rarely sleeps 

more than five hours per night. Patient has never smoked. Alcohol 

consumption practically nil. She gets little, if any, regular exercise. 

Past History: Shows usual childhood diseases. She states she 

had what was called "rheumatism" but definitely no rhel:llllatic fever. 

There was no specific history of diphtheria or scarlet fever. 

Hospitalizations consist of one for the hysterectomy noted abov~. 

Her only.otherillness was an attack of virus pneumonia Yhich laid 

her up for a period of three weeks. 

Family History: Father died at 47 of heart disease. Mother· lidng 

and well at 88. Two sisters living· and well, one 58 and one 60. 

One brother, aged 75, living and well. One sister died at the 

age of 65 of ·carcinoma of the kidney; otherwise no familial history 

of cancer. There was no sign of any diabetes~ tuberculosis, mental 

illness, or epilepsy in the family. 

Marital History: Patient has never been married. 

Occupational History: Patient started to work painting dials with 

luminous paint in 1920 when she was 19 years old. She continued 

to paint intermittently for the next 10 or more· years. States she 

was always carefUl not t·o get any· of the· paint in her mouth, even 

though she t:ipped.the brush with her tongue. 

'. 
-· 
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Dental History: Shows a moderate number of dental caries thoughout 

the years and the loss of several teeth. 
" 

Physical Examination: Shows an obese but otherwise healthy-appearing 

woman of 57 weighing 216 lbs. Height 62.5". Blood pressure 130/88. 

Pulse is 118 at rest. Examination of the eyes showed pupils react 

normally and equally to light and accommodation. External ocular 

movements are normal. Fundi are normal. Ears: good light reflex 

of drum. External canals are normal. Nose: nor.mal. Throat: neg. 

Teeth: in poor state of repair, marked pyorrhea in some.instances. 

Neck: shows no aden.opathy. Thyroid. not palpable. Heart and Lungs: 

normal to A and P. This, however, was not too accurate because of 

the obesity. Breasts: normal. No tenderness or masses felt. 

Abdomen: obese. There is a well-healed, lower midline scar. Liver 

·; .. I,; .. 

and spleen not felt. Inguinal rings were normal. Pelvic and rectal .·. ·· 

not done. Extremities: normal~ Reflexes: equal and active. 

Laboratory Findings: Urinalysis: sp. gr. 1.021, albumin and s~gar neg., 

1-2 epithelial cells/hpf. Hematology: wbc_.9200, hgb 14.9 g, 96 per- . 

cent, differential P65, L34, Ml, normocytic rbc; hematocrit 43 per­

cent, sed. rate 39 mm/hr. 

Blood Chemistry: urea nitrogen 14.1 mg percent, sugar 123 mg per-

cent, alkaline phosphatase 5.4 units, Hinton negative. Electrophoresis: 

total protein 7.2 g percent, albumin 4.6, globulill 2.65, alpha 1 

0.27, alpha 2 0.54, beta 0.90 1 gamma 0 •. 94. 

X-rar Findings: Skeletal survey shows no evidence or radium poisoning. 

There are rio significant abnormalities in the bones,. and the heart 

and lungs ee normal in appearance. 

. r . 
. ·! 
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Appendix 2 

Multichannel Analyzer Resolving~ 

The resolving time of this analyzer is a function of 

two fixed time intervals. One is the gating time T at the 

input (50 J.Lsec) during which time an input pulse height is 

written as an angular deflection on the one-shot circular 

trace. The other is the access time T1 to the memory (3200 

J.LSec). Since T1 is appreciably longer than T, it is possi­

ble that more than one count per a particular channel will 

accumulate in temporary storage during T1 • Thus, at perma­

nent storage writing time for a particular channel, more 

counts than can be accepted for permanent storage in that 

channel may have accumulated. It is possible to accept one 

or two such counts, but not three or more. This is the 

case since an add-1 pulse becomes an add-2 when it is de-

layed by 2 J.LSec at the binary adder add-1 input. Thus it 

is only necessary to delay adding time by 2 J.Lsec to store 

the number 2. The number 3 cannot be handled in this man-

ner since two bits are required to write in binary form. 

It is assumed in the following discussion that the an-

alyzer will accept for permanent storage one or two pulses 

per channel in T1 , and will record the number two when three 

or more pulses occur i.n one channel. 
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The input' spectrum to be analyzed represents a station­

ary ra.ridom process. ·The number of pulses occurring in a 

given :time interva1·follows a Poisson distribution. If·the 

average counting rate (average pulse repetition rate) is· k 

pulses per second,. the probability .. of n pulses occurring in 

the interval T is P(n,T), where T is the analyzer input· 

gating or dead time. 

P(n,T) = (kT)n -kT 
n! e 

P(O,T) = e-kT 

(i) 

(2) 

P(O,T) is also approximately equal to the percentage of pulses 

counted. If the dead time is small compared to the average 

period between ·the inc~ming pulses (kT << i), . the numb~r of 

pulses counted Nc .is related to . the ·.total. number Nt tha·t ap­

peared by 

(3) 

The dead-time loss co·rrection due to T. is made by multiply­

ing the entire spectrum by 1/(1 - kT). 
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Now consider tne count loss (due to T1). in a single 

channel of the analyzer where the average counting rate in 

the particular single channel is k' pulses per sec. If one 

pulse appears in T1 (3200-J.Lsec storage cycle time), it will 

be recorded. If two pulses appear, they both will be re­

corded. If three or !!!Q.ll pulses appear, only two will be 

recorded. 

This information plus the properties of the Poisson 

distribution enables us to estimate th.e total number of 

' pulses counted on the average in the period T1 • Nc is the 

number of pulses counted; T1 is the 3200-J.lsec memory access 

time. 

= P(l,Ti)· + ·2 L P(n,T1)' 
n::t2 

(4) 

During T1 an avera~e of k'Tl pulses will occur. Therefore, 

the percentage of information lost during this period is 

given by 

N I 

· Percent counts lost = 1 - ~ = 1 
"1 

... 
P(l,T1) + 2 L P(n,T1) 

n=2 

·'·-~csf'··· 

,)i 

,<~ 

., 
I 
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-It is true that the L P(n, T1) = 1, since it t~ a certainty 
h~ .. 

that some. number· of. pul.ses from zero to infinity· will occur\ 

during any period T1 • The percentage of counts lost may 

then be evaluated. 

y• .~ 

L P(~,Tl) = 1 - P(O,Tl) - P(l,Ti)" (6) 

n=2 

P(l,T1) +.2[1- P(O,T1)- P(l,T1)] ... 

Percent counts lost = 1 - · '(7) .k'Tl 

-k'Tl 2 -k'Tl 
Percent counts lost·- 1 + ~ + k, Tl (e . - 1). · (8) 

·~ Equation (8) gives the percentage of counts lost in ·a given 

channel in terms of the counting rate in that channel. For 

( 
\ 

~· 

T1 = 3200 ~sec, the percentage of counts lost between the 

temporary storage read-in and read-out is ta~uia~ed.below. 

k' (counts/sec for 
a single channel) 

1 

10 

100 

300 

··'<1000··· . · ... ,,, .. .. .. ;; .. 

Percent counts lost 

0~000177 

0.01022' 

'1.8· • f ~. 

.; 

.. . . . . ... . ~ ' . 
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'' 

It is.evident that the percentage of pulses lost in a 

given channel varies as the counting rate in that channel. 

This means that each.channel of the resulting spectrum must 

be corrected independently according to its own counting 

rate. 

In summarizing the statistical properties of the analyzer 

it is seen that two corrections are required on each measured 

spectrum. First, ~he entire spectrum must· be multiplied by 

1/(1 - kt), wh~re k =total count in all.channels/running time, 

and T = 50 ~sec. The count in each channel must then be mul­

tiplied by 1/(1 - percent counts lost), where the per.cent 

··counts lo.st is given by Eq. (8). The k' used in Eq. (8) is 

the average counting rate for the particular channel: 

k' = tot.al ·count in channel/running· tlme. This correction is 

good provided· 50 ~sec is . small compared t·o the average per:i:od ~· 

betweeh.incoming pulses.· ·For example;· consider a spectrum in 
\ 

a 100-channel analyzer. The maximum channel counting rate of 

100 pulses per sec occurs in any single channel from 1 to 100. 
-., . . { .· . 

For most spectra if the maximum ~ounting rate tor a s~~gle 

channel is 100 pulses p~r sec, the average cpunting rate for 

all channels is at leas.t 10(100) pulses per s.ec. For a 1000-

pulse•per-sec over-all_ counting rate, there .is lost 

kT = 1000(50 x lo-6) = 0.05 (5 percent) of the input pulses 

due to analyzer input.dead time. At this co.unt~ng rate the 

.; 
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busiest channel loses onlY an additional 1.8 percent due to 

* the statistical properties of the ~emporary storage system. 

* 

(J. F. Frazer and R •. J. M.assa) . 

We are indebted to J. L. Bear and R. A. Beique for their aid 
in arriving at this approach to the statistical problems of 
this analyzer. · 

.h 




