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T WaLTe? RESD 0L 00DY COULITING FACILITY
)i lateaduction
Tne rapld and va<tnrn devselupmene of the ntorntc enrgy industry
fs {n ra srmall measare contingent upon knowledge of the qualitative and ]
quantltative < flects of lonlsing radlotion on hinlogical materials., One major

aspect of radiation exposure conceras the <lstribution of ra-diocactive {ission

fragments ln the blosphere and the ultirnate content of radioactivity in the

human subfect. The safety requireinents necessary to maintaln presently

ot e

acceptable health pructices and exposure tolerances contribute significantly
to engZineering, installatinon, and operational costs, In the lmmedlate future,
however, safety requirements may well repreasent the limiting factor In

feasibllity and design fcr certain applications of nuclear energy.

The Iinvestments of the military services encompass every aspect
of the atomic energy incdustry including weaponry, reactors for power and
lpropulslon, irracdiation sources for materials and foodstuffs, radion-luminescent
materials, radloactive isotopes In tracer chemistry and material fatigue studles,
and in medical research, diagnosis, and therapy. The services are lmmedi-
ately concerned with the installation 2nd operation of power reactors at remote
stations. Consequently the techniques and tools in health physics and radilation

protectlon must be avallable and must progress with future plans and operatlons.

In the United States over 200 reactors are planned or are now operatlonal
end estimates of the U. S. nuclear power production rate lncrease from 1300
megawatts by 1963 to between 20, 030 and 40, 000 megawatts by 1975. The

Unlted ¥.lngdom and Western lurope will have an Ilnstalled nuclear capacity

of about 16, 000 megawatts by 1965.  Wlith this release of nuclear energy the

attendant productlon of radloactive material ls overwhelming, for within flve

1-1-
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years 15 to 20, 000 rnegawatts of nuclear power will create a disposal problem

v
of about one-hun-li ed-thousan? raegacurles of radioactivity annially. ‘Jur ‘
current precepsts for <lspesal are: with high level radloactive wastes, con-

centrate an<d contaln: with low and {nterme-dlate level radioactive wagte
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dlsparse 5 nature, Disposal of reactor debris must be made
eventually and the necessity for stud - ing di.irilution mechanisms in the
biosphere is common to all fission debris.

It is anparent that there !3 an urgent need for rrndiation detection
instruments capable of measuring small changes in the eavironment and in
the human subject. Sensitive instrumentatioa will also ensure significant
reductions in the dose of radiolsotopes administered in dlagnecstic procedures. ;
This Is particularly Lmportant since dlagnostic radlological procedures con-
stitate the largest source of lorizing radlation exposure to the human subject.

Scintillation detectors devclosed over the past six years for the study of

gamma activities in the human subject particularly apply to these problems.
Because of the Inherent Zifficulties In the low-level assays of large
numbers of bulk samples and the uncertaintles In estimating total body burden
from excretion levels, = facility for determining gamma-ray activity directly :
in humans was constructed during 1957 at the ¥Walter Reed Army Institate of ~ ‘
Research., Thls facllity includes a large Nal crystal gamma-ray spectrometer
and a 47 liquid scintillatlon counter. The Walter Reed location was selected
because of population density, anc a large hospital complex easured the use of
the faclility in clinlcal medicine and metabolic research, The experiences and

techniques of whole body counting evolved by Marinelll and Mlller (1) and

Anderson (2) have been followed closely.
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Igure | {3 a general view of the Walter Raed Whole fody Counting

Fac ’ fyeye
Factllty showing the Hquld scintillation cvunter on th» left, the shlelded

ro
2 for the crystal spectrometer, and the associated Instrumentation.
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2.0 Jeszriptlon of the 47 Liald o intillntion Counter

The 417 1lquid scintillation counter i3 ezsentially a horlzontal well
counter und lsg designed after the Loy Alamoy Hurnan Counte~ (2). The
count+r consl,ts of a horizontal csnctor tank and well, a loa-hing trougr.,

a cvlin-drical sni=ld, organlic scintillstors uud solvent, electranic instrwnen-

tatlon, plumbling for filling and emnptying the detector, and safety devices,

2.1 The Horizorntal Detector

The horizontal drtector tank {3 a milled steel cylindrical tank 72
incnes long and 32 Inches In internal diameter. The detector well {s formed
by a 20 iInch dlameter cylinder of #304 stainless steel which runs the length
of the detector. This cylinder accommodates the subject or sample, and
also forms the Inner wall {0.050 inch) of the detector tank. The detector tank
thus surrounds the detector well (except at the ends) and Is filled with
approximately 144 gallons of scintillation solution {thickness of & inches).
’The interlor of the scintillation detector tank ls coated with a white reflectiv=
paint {Appendix A ),

Mounted radially through the outer wall and looking into the detector
tank are six rows of seamless steel tubes (7" OD x 6 5/32" x2 3/8'") with
five tubes in each row. Each row is 60° zpart and the tubes are weld mounted
on 14 3/8" centers with the end tubes 7 1/4 inches from the end of the
detector. Each multiplier phototube is placed ina 5 1/2 inch ID seamless
steel sleeve which has a Luster glass (3/15 Inch thick) window recessed at
the end (Appendix B). This sleeve ls then inserted into the tube and bolted
to the detector tank by means of mating flanges. A flat neoprene gasket

{Appendix C) between the flanges provides a llquid tight seal. Approximately
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85 Inch-pounds of torque are rpplied to each holt holding the slecve to the
detector tank., 'Using windowed sleeves ennables the replacement of multi-
pller phototubes witnout draining the detector tank. The multipller photo-
tube {3 covered with a light-tight spun brass hood which bolts to the flange
of the Insert sleeve, The multipller phototube face ls posltlioned flush with
the slecve window and the tube hage ls secured to the hood by means of a
retatning clamp {Figure 2J.

A palr of precislon machined flanged ralls are welded to the under
surface of the detector tank providing support and allowing movement of the
tank {Figure 3). The tank moves on rollers mounted in channel !ron supports
whilch run the length of the shleld and extend 85 Inches outslide of the shleld,
thus glving access to the detector tank for Installation and maintznance,
Small rollers mounted vertically apply lateral force to the sides of the
detector tank ralls and keep the tank centered.

A small overflow tank (6 x 5 x 20 inches) ls located on top of the

detector tank. This permits complete {illing of the detector tank and a small

excess of solution for degassing and liquld contraction. An overflow line leads

from the overflow tank to an underground ressrvoir..

2.2 Loading Trough, Sling Mechanism, and Shield for Detector Well
The loading trough is a horizontal sialnless steel half-cylinder
95 1/4 Inches long with a9 15/16 Inch radlus and is shown ln Flgure 4.
The trough ls mounted betweea the pair of channel iron tracks and abuts
evenly with the detector well. A canvas sling rides in the loading trough
and ls pulled into and out of the detector well by a chaln loop. The chala

is driven by a reduction gear powered by a 1/3 horsepower reversible
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electric motor (Master Nlectric Co. ). A manual crank ts alan provided

in case of power {ntlure, The oxtremes of movement of the canvas zling
arz controlle by limnit switchez, The sling s Lolted at one end to a 6 inch
thicx tron Shield which follows the sling and ccclud s the opening »f the
detector well »hen the sarnple 13 in the counting position. This moblle
shleld straddles the loading trough and rides on the same rollers used in

moving the detector tank.

2.3 Shielding for the Detector Tank

A cylindrical shield {Class D -armor) surrounds the detector pro-
viding 5 1/2 Inches of shlelding. The shield measures 83 3/4 inches in
length end %5 inches OD, For ease in handling and placement, the cylinder
was cut into> two pleces. The match marked ends were accurately machined
with slightly tapered male and fe.nale olnts., Figure 5 shows the machined
cyllnder halves before final placement and assembly.

The support for the 12,5 ton shield Is shown in Figure 6, One end
of the shleld Is closed by means of two 3 inch thick clrcular plates of steel,
one bolted inside the shleld and the other overlapping the end. The end with
the loading trough is shielded by laminated steel plates as shown In Figure 7.
The pattern for each layer staggers the location of the butt joints, so that

through and through cracks are avoided.

2.4 WMLEWW

The scintillation solution is 4 grams per liter p-terphenyl plus 0.1
grams per liter POPOP (1, 4-bis- [ 2-(5-phenyloxazolyl) ] -benzene) in reagent
grade toluene. Toluene with 98-99 per cent transmisslon using a 10 cm light

path at 365 to 420 mu, as compared to spectrographic grade cyclohexane is

2-6
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suftnhle, The t?luene showild he obtalnad (n glnws carboys rather than
stecl drums to avoid possible coloratisn from rust.

PBecause of the toxic and flarmmable nature nf the scintillation
solvent a pliplng system for filling and emprving the detector tank 14
requlired as well as certaln safety devices [Figure 8).

The detector tank {5 filled from a 150 gallon sump r reservelr
tank which is burled in the ground. The sump lg also used as an emergency
reservolr should the need arise {for emptying the detector tank, The solution
is lifted from the reservolr to the detector tank by a motor driven pump
with an output of about 12 gallons per minute. The pump is of the impellor
type with teflon bearings and impellors. Teflon is toluene resistant and does
not require a lubricant which might color the solution,

The reservoir tank is gravitv filled through a line to the outside of
the building. A separate line vents the reservolr tank through a condensate
collector. N

Flexible (1" ID) stainless steel hoses are used to connect the fill
and overflow llnes to the detector tank. This eliminates the need for dis-
connecting any plping when the detector Is rolled out of the shield. A2ll pipes
and valves are stainless steel with flanged joints and teflon gaskets. A one-
way valve and a strainer are Inserted between the sump tank and pump. A
gate valve {3 also located between the pump and detector tank to prevent
retrograde loss through the pump.

Returning directly to the reservolr tank is a line with a solenoid
operated valve which'is norrgally closed, If a leak occurs |n the system this
valve ls automatizally opened and the solution returns to the reservoir tank

with a drainage time of about 12 minutea. Since the light shleld covering the

2-10
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multipller phototube greatly limlte the mscnpe of solution throagh a hreuk
in a glass window, the 12 minute drainage tlhine 9eema adequate,

An inslde line also connects to the detector tank fill line through a
gate valve. This Is prirmnarily used for checaking the level of the d2tector
tank and far topping the cetector after pumnping.

A contlnuously operated turho-compressor (Spencer Turbine Co. )
samples alr in the room and Inslde the shleld and feeds a Combustible Gas
Detector {Mine Safety Appliance). The gas detector is callbrated for toluene,
Yhen the gas detector is activated [t automatically openz the solenad dump
valve, shuts off all power in the room including air conditioner, withdraws
the sling from the detector well, and energizes explosion proof lighting,
alarm horn, and exhaust fan. This condition prevails until the cause is

cleared and the vapor detector {s reset by the operator.

2.5 Electroaics for Liguid Scintiliation Gounter

The use of thirty multipller phototubes {5 inch - Dumont $6364) pro-
vides approximately 5.8 per cent photo-cathode coverage of the area presented
by the scintillation solution. The rnultiplier phototube« are wired in parallel
in two banks of {ifteen tubes aach. The multiplier phototubes in a given row
are alternated between the two banks preducing a checkerboard pattern.
Scintillations within the detector tank are viewed by at least one multiplier

phototube in each Bank, and by observing colncident events between the two

banks random phototube noise is reduced.
Dynacon Insulator { Westinghouse) strips 72 inches long anc¢ approxi-
mately 8 inches wide are mounted on channels welded to the tank (Figure 2)

and are used for mounting signal and ground busses, high voltage leads and

-
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filters, and gslgnal coupling capacltars. Four strips are placed 40 ns to
lave all leads o the phototubes approxifniately the sarne length, Leadsn
Aare lnner connected with bugs wirey,
The output of each bank ts fed to a preamplifi=r through e{ghtecn
Inchea of {RG-62/u) coaxial cahle. The stray capacitance to ground of
each bank ls approxirnately 300 micro-micro-farada. Since the arnplifiers
require lnput pulees approximately 30 mlcro-seconds wide the preamplifier
fnput resistance ls 17,500 ohmg, glving a time-constant of 5.25 micro-
seconds or a pulse width of 31.5 mlicro-seconds. The preamplifier is
normally used at a gain of ten.
The signal from each preamplifier is then fed to an amplifier used
at a gain 6f 1100. The output of the amplifiers are then fed to both coincl-
dence units,
Fach coincidence unit contains two pulse height analyzers. OUne is
'ed from the bank I amplifier and one from the bank II amplifier. The output
slgnals from both pulse height analyzers are then fed to a colncldence circuit.
A front panel switch selects the mode of operation of the coinclidence unlit,
This may be set so that single channel pulses from either pulse heigh analyzer
or colncldence pulses appear at the output.
Two coincidence units are used and Channel I accepts pulses between
3 and 7 volts (0.3 to 0.8 mev). Channel 1l accepts pulses between 8 and 30
volts (0.9 to 2.0 mev).
Coincidence units in turn feed Channel I and Channel II scalers.
Fulses are reshaped for the Dual Channel Count Rate Meter, which also
drives two strip-chart recorders. The scalers are controlled by an electronlc

timer which has preset time of 1 through 1000 seconds.

. 2-13




Voltage ls supplied to the multipller phototubes through a Control
and Distribution panel, {rorm o 30 ma high voltage supply., The high
voltage panel nllows the phototubes to be ugerd Individually or in any comblin-
ation. Voltage to each tube |5 regul:ted by a potentlometer on the Control
and Distributlon panel.

Two AC clircults provide 45 amperes for the electronics., Fach AC
circuit has a radlo Interference filter (Hopkins, type 109-52), voltage ragula-
tors (Sorenson, 1000 S), and a nolse suppression fllter {Miller, #7843),

A block dlagram of the electronics system for the llquld scintillation

counter is shown {n Figure 9. The console and electronic instrumentation

are shown In Figures 10 and 11.
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3.0 Berformapzie Tharacteciatics of the 47 Liguld Scintillation Counter
The periormance characterlstics of large volurne liq1id scintillation
datectors nave be=n well documented (2,3}, The detector at Nalter P eed,
however, wasg the {irst human counter to use 5 {nch multipller phototubes
with 8 20 inch dlameter well, and the characteristics of this detector are

recorded In some detall.

3.1 Multiplier Photatube Balance

Ideally the multiplier phototubes used (n a large volume d-tector
would have ldentical characteristics, particularly uniform photo-cathode
sensitivity and high signal to nolse output. Decause of the varilability of
gain and nolse level, some process cf seleciing phototabes was necessary.
High galn phototube performance was fudgea by the smplifier gain setting
required to locate the photo-peak from Cs-137 in a specific channel, using
a multi-channel analyzer and a 1 3/4 x 2 inch thallium act{vated Nal
crystal centered on the tube {ace.

After the lnatallation of the selected phototubes ln the detector, the
high voltage to each phototube was carefully adjusted {this ranged from 1140
to 1540 volts) to produce a background count rate of 30 c¢/s using low amplifier
gain and discriminator gate gettings of 3 and 30 voits. Inordinate noise levels
with low amplifier galin Incriminate a nolsey multiplier phototube, otherwise
the 30 c/3 noise level adjustment is made. To determine the relative balance
of phototube performance, l.e., light collecting efficiency, a Cs-137 source
(250 ml volume In a 6 Inch long plastic vial) was placed at various distances
along the length of the detector well. The curve obtained, Fligure 12, shows

the relative counting efficlency of this source as compared to the geometrical <

L)
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loss at the open ends of the Jdotector well, The agreement between relative
counting efflclency and geometrical loss [ndicates uniform phototube perform- ‘

ancw» along the entire detector well.

3.2 Differential Znergy Spectri

W ith a photo-cathode arca of about 5,8 per cent of the acintillation
surface, good 'resolution of C5-137 and I".-40 gamma-ray energles was
expected, Since the constructlon of the Walter Recd detector, Anderson
(3) has shown however, that the photo-cathodr to scintillatlon area must be
about 18 per cent for resolution of the order of 20 per cent with Intervals of
about 0.5 mev separating the Compton energy peaks. The photo-cathode
area of the Walter Reed detector is conslderably less than optimum,
however the required photo-cathode area meos’es serious design problems
unless 16 {nch phototubcs are used. Sixteen inch phototubes Increase the
dlameter of the shield requlired.

The differential spectrum for Cs-137 and K-40, is shown in Figure ‘ I
13. The spectral width at half height Is about 48 per cent. Also the response
from Cs-137 extends into the region of high background from thermionic
pulses. Since one of the major functions of the detector was to measure
the C3-137 gamma activity of the human subject, coincldence counting was
necessary to reduce random background noise for Cs-137 pulses to be detected.
Consequently the multiplier phototubes were arranged in two banks of 15 tubes
each as previously described.

With two colncidence units, each having dual pulse height analyzers,
two broad energy bands were selected with each energy bank recording only

colncident events. TFor each energy band the upper gate setting wasg



upproximately tvsice that of the lower gate, nnd theses wildths correspond

’to about 0.3 to 0.3 mev nnd 0.7 to 2.0 rnev. Although the upper and lower
discriminator gate settlngs for each energy band were selected to maximize

the net <ount rate of ©3-137 or ¥.-40 as compared to background | 52‘/5 ),
compromises were necessary in order to obtaln acceptable counting efficiencles

In the two channels,

3.3 L gronnd S v e ai

The differential spectrum of the background count rate obtained using
the 30 phototubes In parallel Is plotted in Figure 13, The spectrum extends
from the reglon of thermionic noise up to about 3 mev.

For either system of 15 multipller phototubes, using two broad energy
pands, the non-colncldence background count rate is severzal thousand per
second, whereas colncidence background is about 120 ¢/s In the Cs-137
energy band and about 250 ¢/s In the F.-40 energv band. From these colrcl-
’ds—nce background rates statlstical accuries of 1.0 to 3,5 per cent of the
average backoround shoul? be obtrinable in 100 seconds of counting time.
Figures 14 and 15 show the typical frequency distribution of 100 consecutive
backgrnund determinations (each of 100 seconds duration) which required
about three hours of counting time. The observations are normeally dlstributed
about the mcan value for each encrgy band:one standard deviation {s 1.1 per
;:ent for the low energy band and 0.7 per cent for the high energy band,

The observed values closely approximate the statistical accuracy expected
and indicate that the stability of the background count rate extends over
periods of hours.

The background count rate of the llquid scintillation counter is

recduced when inert samples of large mass are placed in the detector well.
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Jrliterec 1ars i n an 100 eXCOnl,, ® COLUMIITL A0 w'iau™ o Lis 4 gyass so jo say

b

ethylene cortoyy, The rosalts of tan serjies of incasurernents soow that

the reduction in bacrrground count rate is Jdirectly related tg sarmole maiss

s

(Figure 16). In Channel Il the decrease {s 6.3 ¢/3 for a 150 Ib. sample

or about 10 per cent of the average count rate »f ¥1-40 In the human subject.
Tor Channel I the value {s uncertain even for large masses, since the
maximum decrease for 240 lbs. was 2 per cent of the average background
with the detector well empty. Fo- a large subject the correction could be

of the order of 10 per cent of the average Cs-137 count rate and {3 currently

in use, since the potential error ls a conservative one.
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4.0 Calibration of the Liquld Sclatillatian_“ounter

The czallbratinn of a 2amrn-ray sorctroraneter {or the doter-aination
ol absolute “lsintegrutinon rates In small saranles can be a Adifficalt and
todiaus tas¥. In the cave of low-level whole-hody counting, the human sub-
jrct coes not prove to be an ld~al gource because of slze 1nd mass variatioas,
the low-levels of activity encountered, and the distribution of the activity
within the body. Frimary concern has been with cesium-137 and potasslum-40

determinations and the calibratlon studies incluaded {n this report are for these

two radio-elements. Poth are consldered to be rather uniformly distributed

in the human.

Calitration for the simultaneous determination of two radio-elements
Is further compounded bv the limitec energy resolution afford«d, To rezolve
the absolute amounts of racdioactivity from the count rate recorced in each
channel the counting efficlency for each racio-element in both channels must

} be known and must be known as a function of the mass of the human subject

or sampble of Interest.

4.1 Calih—ation Sour
The procedures used to obtain counting efficiencies for Cs-137 and

K -40 have been {a) the assembly of Aiffuse homogeneous sources of varying

mass from 2.5 liter plastic bottles containing small quantities of the radio-

element under study, (b/ the use of a plastic manikin (REMCAL, Alderson

Research Laboratories), and {c) the determination of the counting efficiency

in the norma! human subject at somes time after equilibrium distributlon.
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4. 1.1 Elastic Dotrle Uhantoms

Multinle determinations of C©5-137 and ¥ -40 counting efliciencles,
uslng hornogeneous sources assembled fromy 2.5 lter plastic hottlay, have
bern rnade gs a function of mass. The ¥.-140 activity levels rnost {requently
used were 70,8 gm ¥ Z1 {142 ¥ -40 gamma disintegrations per secoad) in
each bottle dissolved in triole distilled water with a total weight of 5 lbs,
per bottle. For cesium-137 each bottle contained 100. 6 ga..ama disintegra-
tions per second obtained from a National Bureau of Standards solution of
Cs-137., Three hundred second counting times were used for each rmeasure-
ment and the welght range lnvestigated wes from 5 to 240 lbs. for the plastic
bottle assemblies. The counting efficiency of ceslum-137 or potassium-40
gamma-rays in the bottle geometry decreases with mass and between 40 and
240 1bs3. self-absorption is linear., During the time period July-December
1953, nine callbration studies were made and the best fit straight line was
obtained for each series by the least squares method. The results are

shown In Tables ! and 2. The counting efficiency for each radic-element

is:

1
(=]

}.-40 efficiency {Channel 1) . 0649 - 0.000059 W

|
(=]

(Channel 11) = 0.2458 - 0.000256 W

Cs-137 efficiency (Channel 1) = 0, 1095 - 0.000132 W

(Channel II}) = 00,0543 - 0.000102 W

Varlations encountered in using these homogeneous sources depend
upon the way in whlch the bottles are loaded into the detector and day-to-day

electronic drifts. To obviate these differences a loading plan ls routinely

4-2
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Table 1

cestva 7 COUNTING EFFICITNCY STURIES US. G 2,5 LITER
PLASTIC DOTTLE AS3THARLIES

DT CHANICL 1 CHAMMEL 11
INTERCEPT  SLOPE INTERCEPT SLOPE
21 July 58'2) 0.1093 - 143 W 0.0492 -0.29 W
4 Aug 58'%/ 0.1117 S 1.76 W 0.0543 -4 17 W
11 Aug s8'? 0.1093 - 1.55 W 0. 0486 - 0.42 W
2 Sep 53'2! 0.1069 - 1.i8 W 0.0591 - 0.82 W
8 Sep 58' % 0.1072 - 1.19 W 0.0575 - 0.53 W
15 Sep 58'2! 0. 1080 S 1.14 W 0.0603 -0.88 W
23 Sep 58' % 0.1108 - 1.05 W 0.0551 -0.28 W
10 Nov 53'2! 0. 1090 Sl 14 W 0.0575 S 0.62 W
)
13 Dec 582 0.1105 S 1.45 W 0. 0657 - 1.48 W
1958 DATA  0.1095 S 1.32 W @0.23 0.0563 + S 1.02 W £ 1,16
0.0015 0.0051
| June 593 0.1109 S 1.84 W 0.0555 - 0.42 W
18 Apr 60! Y 0.1097 - 147 W 0.0578 - 0.48 W
19 apr s0' ¥ G.1109 S 1370w 0.0586 - 0.48 W
ALL DATA  0.1099 - 1.42 W £ 0.25 0.0567 & -0.77 W £ 0.90
0.0013 0. 0039

W = Subject or Sampe welight In pounds.

(1) Bottle assemblies of 1 June 1959, 18 April 1960 and 19 April 1960 were
completely filled with no air space, each individual bottle weighing 6. 67 pounds.
All others were approximately two thirds full, each indlvidual bottle weighing

5 pounds.

(2) 97.8 y dps Cs-137 per bottle

(3) 15,82 v dps Cs-137 per bottle

(4) 1932 v dps Cs-137 per bottle.




25 July 33
4 Aug s
11 Aug 33
2 Sep
8 Sep S
15 Sep 38
10 Nov 53'%
13 Dec 58
23 Sep 538

1958 DaTaA

19 Apr 63

ALL DATA

R 2, fos ey e g g e pepre g e g - -
LTSl COLTING LESICITUCY 3F 005 L 2.5 LITED

ol Faaliie

DLOSTIN ZOTTL Moot 2 LIS

CUAMNEL L

IHNTCRCOOPT

7 LUE

0.24662
. 0639
. 0637
. 0629
. 0657
. 0534
L0571
.06156

. 0636

S O O O O o o o

0.0637 %
0.0024

0.90554
0.0905
0.0532

0.0038 =

0.0025

SLOPE,

(;£10°7)
.80 W
.55 W
23 W
.36 W
A
.49 W
L7200
13w

.39 W%

[}
O O O O O O ~ o O

- 0.59 W £ 0.30

v -

-0.45 'V £ 0,25

W = Subject or Sample welght In pounds.

0.2507 - 0.272 W

0.2451 -0.213 W

0.2457 - 0,268 W

0.237% -0.159 W

0.2401 - 0.240 W

0.2462 - 0.278 W

0.2462 - 0.276 W

9.2322 - 0.305 W

0.2458 = - 0.256 W 0,041
0.0047

0.2535 - 0.234 W

0.2439 - 0.303 W

0.2471 -0.259 W

0.2470 = - 0.265 W % G.039
0.0046

(1) Bottle assemblies of 19 May 1355, 18 February 1960 and 19 April 1960 were
completely filled with no alr space, each Individual bottle weighing 6. 67 pounds.
All others were approximately two thirds full, each individual bottle weighing

5 pounds.

(2)
{3)

(4)

142.8 v dps K-40 per bottle
37.5 v dps h -40 per bottle

840 v dps K -40 per bottle,




used ns shown In Figure 17a and the counting efliclencley of 80 1b, Ca-137

’lnd K-40 ussermblies ares determinad datly, Tablea 1 and 2 algso show
ri-sults obtnined for several speciflc nctuvities snd with bottles completaly
filted, Loe., .47 lbs,, having no alr space., Deczase of the change [n mass
and fluid volurme of each bottle, a differcnt loading plan was used {Figure

17b).

The plastic manlkin is constructed of cellulose acetate butyrate
with moveable extremlities and gsegmented at the waist, 'Yithin the appropri-
ate body cavities are hollow plastic shells simulating thyroid, lungs, stomach,
liver, spleen, and kidneys. Male gonads are also simulated, The entire

gy of gamma activity. The

assembly welghs 3.1 kg and is free { < 3 x 10
total volume of the phantom is 50.9 liters, Including the organs.

The phantom was filled with 50.791 liters of distilled water {excluding
’thyrold, kidneys, and gonads) contalning 165, 21 grams of potassium. The
¥.-40 counting efficiency curve obtalned for various anatomic phantom parts

and the assembled phantom (Figure 138) using the 47 liquid scintillation counter

was
F.-40 efficlency (Channel II) = 0.2155 - 0.000260 W (1lbs)

The Intercept value ls about 12.4 per cent less than the mean intercept for

the bottle assemblies, however, the slope constants are In good agreement.

4.1.3 K-42 Caltbration Studies
Figure 19 shows the results of K-42 callbration studies using 2.5

liter plastic bottle assemblles, the plastic man, and nine normal human

4-5



HUMANM COUNTER LOAD PLAN

SHADED BOTTLES ARE BOTTOM LAYER

Figure 17a
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HUMAN COUNTER LOAD PLAN

SHADED BOTTLES ARE BOTTOM LAYER

-

Figure 17b
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subjects sdinlnistered oral K-42,

At ' ench nlastlc bottle contalned 0,102 mlcrocuries or 754, 3
gamma disintegrations per second. The plostic rnan contalned 2. 104
mlcrocuriesy K-42, and the nine human subjects ingested 2,104 to 2,152
microcuries after fasting. V/hole body count rates were obtained fromn
45 minutes to 54 hours after administration and pg change In counting
efficlency of the human subject was evident after twelve hours. All
excreta were collected and assayed for K-42 content in appropriate
geometries. Ixcretory loss was considered in determining whole body
counting efficiencles.

The expression for ¥ -42 counting efficiency obtalned from the

composite data was

¥.-42 efficiency (Channel 1I) = 0. 206 - 0.00031 W (Ibs)

The K-42 Intercept value is agalin lower (167} than the value
obtalned using 2.5 liter plastic bottles and is more nearly in agreement

(47) with the K-40 value for the plastic man.




5.0 Methads af Calculatiag Ca=137 and ¥.-40 Activity in the [Jumun Subject l
) From the net count rate record~d In each energy band or channel
the absolute amount of radloactivity s determined using the counting
efficlency for each radin-element in both energy bands, By definition
(1) Efficlency = E = Counts/second
Disintegrations/second
Let x = Cs-137 (disint/sec) and y = K-40 (disint/sec)
The total net count rate recorded in each channel is the sum of

activities from both radio-elements or

1 I § =1
(2) Tret = Ecs (x) + E (y)

where Eés 1s the counting efficlency for Cs-137 in Channel I, and EII< is
the counting efficlency for K-40 in Channel I. For Channel Il the total net

count rate {s

n _ I I
(3) Tyee = Ecg (¥ + Eg (¥)

The two equations are:

e e r

g g EL TS
cesium-137 (in d/p) = I ~Neg - L Vet

(1) x =
LT eI i I I -
Ecs Fx - "Ex Eg,
I I I I
= -
(5) y = potassium-40 (in d/s) = —Cs TNet = *Cs TNet
T I 1 I
E:Cs EK - EK I:Cs

Since the background count rate is actually lower during a sample
measurement than when the detector well is empty, the decrease in count

rate due to mass ls added to the net sample count rate ( See 3.3).



(

I
Ld = depression in background count rate In Channel I for subject of welght, w,

I
Ld = depression In backyground count rate {n Channel II for subject of welght, w,

then
I I _ .1
(6) Net * Bd °Net
II 11 11
(7) Tnet T By SNet .
and

.

I ~
SZ\'et = true net count rate In Channel I for subject of weight, w.
sl -

Net ~ true net count rate in Channel II for subject of weight, w.

Substituting in (4)

I .1 1 11
{8) x = cesilum-137 {in d/sg) = Ex SNel: N Fj’\ Slig_;
- 1 I1 1 1
Ece Bx - B Egg
and in (5)
1 I I 1
(9) y = potassium-40 {(in d/s) = Ecs SNet = BGs SNet
I I 1 u
Ecse Bk - Bk Egg

The slope constants for the counting efficlency vs. mass curves
shown for 13 December 1958 have been used to calculate ALL SUBJECT
AND SAMPLE Cs-137 AND .40 DATA OBTAINED FROM JULY 1958 TO

JULY 1960. Counting efficiencies for Cs-137 and K-40 at 80 lbs, using 2.5




liter plastic hottleq, are measured dally to obtaln intercept constants using

)the 13 Dacemnber 1758 glope constants, The dally efflclency values are sub-

stituted In equatlons (8) and (9) for the sppropriate subject or sample weight,
The speclic uctivity of potasslurn-40 use-d throughout this report is

3 gamma disintegrations per second per yram of K, For cesium-137, 0,823

gamma-ray per disiategration {s used {4/,




6.0 PRueacrintion of the Crystal Gamme-Ruy Jpectrometer

The coyatal gamma-ray spectrometer conglsts of a walk-in shield ‘}
houslng an 3 x 4 inch sodiurn {2dide cryital detector, Associated electronlic

instruments are a 100 channel pulse helght analyzer and variable read-out

devices,

6.1 Low Background Yalr-Ia 3aleld

Mrasurements of gamma-ray activity are made within a room con-
structed of seven inch thick (Class B-Armor) plate having interior dimenslons
of 11 by 5 by 7 feet. The entrance ls 3 feet wide by 7 feet high and the door
Is a hinged, manually-operated, 7 inch thick plate welghing 4 tons.

The subject s counted in an adjustable, tllting, chalr of gstalnless
steel tubing with canvas back ard seat (Figure 20), Communication between
operator and.subject i{s malintained by an intercom system, Room air is

circulated and cooled by an air conditioning unit mounted on the celling.

6.2 Detector Assembly

The detector i{s an 8 by 4 inch thallilum activated sodlum lodide
crystal, (Harshaw Chemical Co.), canned in electrolytic copper, and having
a quartz window. The crystal is protected by a one.-half inch thick disc of
lucite which also serves as a beta shield. Four 3 inch multiplier phototubes
(Dumont #6363) are optically coupled to the quartz window using silicone
compound (Dow Corning QC-2-0057). A 1/2 Inch thick teflon disc serves
as a light reflector and positlons the multiplier phototubes. ZEach multiplier
phototube has a teilon base (Figure 21) and each tube is surrounded by a

mu-metal shield (Figure 22). A light-tight stainless steel cover encloses

the multiplier phototube assembly. The crystal detector assembly is

6-1




Figure 20
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Figure 21

3



Figure 22
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supported by a modifled Westinghouse radlogruphic tube stand that slides
along horizontal tracks mointed on the floor and celling (Figure 20). This

support nermits considerable flexlbility in positioning the Zatector.

5.3 Electronics for the Crystal Scintillation Detector

Two senarate AC lines power the system, A voltage regulator
{Sorenson Model 10005) and nolse suppression flliter (Miller #7843) is
Installed in each line {(Figure 23),

The power supply {(Radiation Instrument Development Laboratory,
Model 212) has a range of 500 to 1800 volts at 5 mllliamperes. Voltage to
each multiplier phototube is adjusted by a ten-turn helilpot {with a switch in
series with each potentiometer for convenience)., This featura s ngortant
for regulating multiplier phototube gain. The bleeder circuit is shown In
Figure 24, Signal leads (RG-62/U) are as short as possible and of low
Impedance. Each signal cable termilinates ln a switch bank providing access
to the output of any multiplier phototube or combination of multiplier photo-
tubes for test purposes. Preamplifier (Los Alamos, Type 250-N) [nput and
output pulses are negative.

The remalinder of the system (Figure 25) conslsts essentlally of a
100 channel analyzer (Radjation Instrument Development Laboratory, Model
3300). Amplifier gain Is adjustable from 50 to 1600 and has a built-in pulse
generator for callbration and test purposes. At the converter, pulse height
discrimination {8 afforded by two level controls. The converter dead time
Is about 70 mlicroseconds and the effective gain of the system can be varied
to either 16 or 80 volts per 100 channels. The live timer controls the start

and stop of information storage by the analyzer and no count rate corrections

6-5
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for dead tirne are necegssury. J're-set counting thines are {rom 0.) to

1000 minutes. The address scaler {nitintes the storuge of counts In
mmemory, with a maximurn capacity nf 55,525 counts per channel, The
address scaler also controls the manner of the dlanlay of the memory
content., The spectrum is dicnlayed on an osclllogscope., The stored
count is nrinted out on adding machline tane by means of an Add-Punch
(Friden Model APT) or the Add-Punch provides the data on punched tape.
The punched tape drives an X-Y Point Plotter or {35 used as lnput for the

LGP-30 computer. The electronic equipment s shown in Figure 26.

L d
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7.0 Performance Characteriatics of the Crystal Scintillation Detector

7.1 sdultiplier Fhototube Dalance

The four multipller phototubes used with the 8 x 4 Inch [{ul crystal
were selected for similar signal to nolse ratios. For each tube, spectra
were obtained using the photo-peak from an uncollimated ceslum-137
source.

The output signal of each tube wormalized by a high voltage ad-
justment. This Is facilitated by a voltage divider incorporating fixed and

variable series resistors.

7.2 KEnpergy Resolution

Originally,a 5 inch {Dumeont #5364) multlpli;er phototube was coupled
to the 8 x 4 Inch Nal crystal. The photo-cathode to scintillation window area
was 27.2% and resolution for an uncollimated cesium-137 spurce was about
187. The four 3 inch multipller phototubes now in use’provide photo-cathode

coverage of 33.47. Resolution is 12% for cesium-137 and 9% for potassium-

40’ gzamma-rays.

7.3 ZInergy Calibration

The energy band routinely usecd for spectral analysis of the human
subject is from 0.10 to 1.8 mev. Calibration adjustments are made daily
by using photo-peaks of cesium-137 and potassium-40. Fligure 27 shows the
two photo-peaks, A straight line intercepts channels 5 and 99 at 0. 10 and
1.80 mev, The slope and intercept of the callbration curve are varied by
amplifler gain and the lower level setting of the converter. The contents

of the first four channels are usually discarded because of non-linear pulse
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heipht ninplfiestion,

Pulde helyght {s sengltive to vorlations in yource gtrength, Increases
In pulse helght occur with Inc>ensing gomrna activity and the shift in photo-
peak L3 tnore marked for higher »neray sourceg at equivalent count rates
(5/). The pulse halght sensltivity is largely dopendrnt on the voltage applied
to the multlpllier phototubes and can be effectively minimized by reducing

voltage, Amplifier galn Is used to obtain the desired pulse height,

7.4 Dackground Characteristics

The background count rate for the 8 x 4 inch Nal crystal within the
walk-1in shleld Is about 1250 ¢/ (100 kev to 1.8 rnev). A typlcal background
spectrumn is shown in Flgure 28. Three photo-peaks are noted with energles
of 0.51, J.%50, and 1. 46 mev. The {irst Is due to positron annthilation and
the latter two presumably from bismuth-214 (RaC) and potassium-40 respec-
tively. The detector was brought out of the shield and spectra were obtained
to determine background attenuation by the walk-in shield Figures 29 and 30.
An overall reduction of about 17 {s observed and is more pronounced for the
2.19 and 2. 65 mev photo-peaks from bismuth-214 and thallium-208, With
1/8 inch sheet lead surrounding the detector in the walk-in shield a reduction
in background of about 127 is noted from 0.08 to 0.70 mev. Additional thick-
nesses of lead show no appreciable reduction in background.

Radioactivity within the detector assembly contributes signiicantly to
the background. This is primarily due to radium-225 and potassiumn-40 within
the multiplier phototubes.

An overall decrease of 156 ¢/m was obtained by removing the Bakelite

bases and sockets from the four multiplier phototubes used in the detector
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sysenbly., The potnsseiam -40 pheto-peak decreased by 31 ¢/m or 267,

7.4.1 Dagkyraund Stabilisy

The background count rate of the crystal gam-na-ray spectrometer
{s nor-aall; »table for lang »erinds of counting tirne, Typlcal results fnr
50 minute background determinations (2,10 - 1,30 mev] during the day are
1250, 1245, 1250, 1237, 1216, 1264 and 1254 ¢/m, with a mean and standard
deviation of 12535 £ 7 ¢/m. The nbserved standard deviation ls 0.53% as
compared to an expected 0.39%. For enrrgy bands 0.55 - 0.72 mev and
1.30 - 1.35 mev the background count rates over the sarne time Interval
are 137 + 1.7 and 67 £ 1.9 ¢/m respectively, These data indlcate a 957
probability that background count rates for 50 minute perlods are aormally
distributed withln + 2 33 of the mean count rate,

Subjects are routinely counted for 10 minutes. X background count
rate from a 50 minute period is subtracted from the gross spectrum for each

subject. Tor K-40 determinations, the counting error is less than 1% In a ‘

subject with a net count rate (r.-40 photo-peak) equal to background.

7.4.2 iShsence of Dackground Depression.

The background count rate with the 47 liquid scintillation detector
is slightly depressed with large masses in the detector well. No change in
background is evident with the crystal spectrometer using water phantoms

in the counting chalr.



8.0 Callbratlon of Crystal Gomma-"ay Specirometer

' The Crysral Spectrometer hng been used larprly to confirm or
estoblish the tdentity of gamma-emitting nuclide g {n «elected subfects and
samgples after assay in the Liquld Scintillation Tounter,

“hole-body garsmma-ray spectra are obtalnes with the subject seated
in a reclining chalr. By adjusting the foot rest the thighs and knees are
flexed and malntain a right angle between the trunk and thighs. This position
{38 comfortatle for perlods up to one hour.

With the crystal suspended above the subject the crystal axls blsects
a 90° angle formed by the back and the seat of the chalr., By counting K-40
gamma-rays In normal Individuals with the crystal at varying distances from
the chair, the crystal-chair distance least sensitive to variations In body
build was 58 cmm. With the crystal-chalr position fixed at 58 ¢cm the crystal-
subject {anterior surface) distance varies with body build. The decrease in
crystal-subject distance with stout indlviduals, however, largely compensates

{or greater self-absorption in the stout subject.

8.1 Total Body Potasslum

The relatlve counting efficlency for K-40 and ¥.-42 in the normal
human subject has been determined using a plastic mantkin (See Sectlon 4. 1)
as the primary standard. For potassium-40 the phantomn contalned 165.21
grams of potassium in 50,791 liters of distilled water. Eighteen determina-
tlons (50 minute counting times) made over several days with the plastic
manikin in the reclining chalr position show a K-40 photo-peak count rate

of 0.453 ¢/m (£ 2, 3%) per gram of potassium.



5abjects who particisated in potsgyinin -2 enlibration studics for
the Liquid Scintlllaotion Caounter (5ee Section 4,1, 3) were also counted with (
the Crestal Spectrometer, (srao sy count rates obtalned with the Crystal
Spectrometer 2t hours efter 7°-12 ndrninistration were corrected for excre-
tlon 1o, and radino-lzotone Cecay, and baise line F - 10 count rates were sub-
tracted, The re,ults of the F.-12 study are shown In Table 3, Individual
count rates for equlvalent amounts of ¥.-42 activity show variations from the
group mcan conslderably greater than expecter [rom counting statistics alone,
Two subjects (J.S. and C,R.) reccived K-42 on two different occasions and
two determinations on the same {ndlividual differ by less than 2 per cent. The
K-42 count rate for each subject was compared to the manikin. In each case
the count rate of the subject wuas less than the manikin and the ratio for the
group was 0.89 + 0.05, Seven of the nine determinations were within one
standard deviation of the mean. The ratio for the tallest subject (R. vH.)
fnterestingly enough was 0.97, whereas the heaviest subject (R. M.} was only
0.82. These variations in subject-manikin ratic Indicate that potasslium in
the human subject may differ significantly from the homogeneously distributed
source presented by the manlkin. Further trial and error effort will be
required to approximate this distribution in a manikin. Body potassium
values were obtained for each subject using individual subject-manikin ratios

and also the group's average ratio in the equation:

Bedy oo;assium {in grams) = Subject I -40 count xate X 1
AR g Subject-Manikin k-42 ratio 0.453 c/m/gmK

-

Results are shown in Table 3 with body potassium measurements

obtained with the Liquid Scintlllation Counter,

8-2
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3.0 Data Processlag

Multi-channel darma-rny gpectrometry [requently requlrey con-

siderably rnore tirne {or Jata handling and corputing than for actusl sarnple
countiny, To reduce laborlous and repetitious tasks and the time lnvolved
In data processling, the following flow scheme was Instituted,

All samples and subjects assayed at Walter Peed are Indexed by
name and by number. Identity numbers are assigned serially from a master
log book. The identity number has 5 digits and rernalns the same for the
sample regardless of the number of times azsayed, changes in prefix, or
other nistorlical information. Multiple determinations on the same 3ubject
are distinguished by dates and times of assay. The Identity Prefix ls a one
digit code indicating the natiure of the sample or subject, as follows:

1. Human, Genera! Population
2. Human, Control Group
3. Human, Contaminated - (with negative radiological history)

i{. Human, Patient Startus: Radioisotope administered

5. Animal
5., Food
7. Water
8. Other

After assigning a prefix and identity number to the sample, an 8 x 5
inch history card (Figure 31) is filled out with certain vital information.
Plac= of residence: A five (5) letter code is used to identify
the place of residency of the subject or origin of sample. The {irst four
letters abbreviate the state or country and the fifth letter indicates the major

geographlc area (Appendix D). The area In which the Individual has spent the

92-1
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longest period of tlme during the previous 30 rmonthsg deterrnines the pluce

of residence, For perlods less than 30 months, the actual number of months
in re«idency lg shown, ‘
Sex: ©ne diglt lndlcating:
0. Neuter
1. Male
2, Female
Medical: A three digit code indicates up to three organ or
system diseases.
Dletary: A one digit dietary code for each of {four foodstuifs
ls used to record relative amounts of dalry products, me=at, fruit and vege-
tables, and seafood consumed. The following amounts are considered average,
Dairy Products: Two to four servings of milk, cheese,
or butter per day. One 8 ounce glass of milk, two pats of butter, or 2 slices
of cheese equal(s) one serving.
Meat: Three servings of meat or eggs per day. One egg
is one serving.
Frult and Vegetablea: Elght servings per day, One slice
of bread, one smalil dish of frult or vegetable equals one serving.
Seafood: One to two servings of seafood per week.

The history card accompanles the subject or sample to the counter and
in the case of the liquid scint{llation detector, the count time, gross count
rates, and background count rates are entered on the card. For the crystal
spectrometer, the run number, background run number, energy calibration,

and geometry conslderations are recorded,
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The cornputer program flow scherne for dota obtafned with the 1{qaid
scintillation detectar 1y shown In Flgure 37, Ev entering the code number
1999, the aporoprinte inimory lacation |, obtaime-’ for this prograrn. Infor-
mnsticn store In raemnry Inclades the hackgrourd suoprea~inon slone for Loth
channels, and Llopes and Intercents of the counting officlency for cesium-137
and potassiira-10. Innat constants for re<lum-137 and notassiurn-10 are
dotermined and f'ntr;rod daily.

The operator enters the welght of the indlvidual lnvolvers, the gross
count rates, and background count rates {or the t'vo channels involved. Com-
puter resuilts are automatically typed on the history card as to cesiurn-137 and
potasslum-40 disintegration rates, cesium-137 and potassium-40 disintegration
rates per kilogram of body mass, body notassium in grams per kilogram, and
the cesium to potassium ratlio. These data along with medical and radiological
history and other vital statistlcs are transferred to an IBM data loading sheet
(Figure 31), and consequently entered on I3!4 cards for listing and sorting.

In the case of the gamma-ray spectrometer, Flgure 33 shows the
flow scheme involved, In that the 100 channel analyzer output can be printed
out as well as punched out on decimal tape. The tape Is used with an X-Y
Point Flotter {F. L. Moseley, Model 24 X-Y Recorder, Model 59 Tape
Translator), (Figure 3+4) to display the gross spectrun obtalned, or the
punched tape is fed to the computer to reduce the gross count rate to gross
counts per unit t;me per channel. -Background or any other stored spectrum,
may then be subtracted. Finally the comnuter typewriter output shows the

net count rate per channel. Output is also punched on tape for X-Y Plciter

display.
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Flgure % shows the computer selectad, namely, the LGP -30 (Royal

’.'AcBeu). Constderations in the gelection of thi« corapu.er were the alpha-

nuneric moernory witn both typewriter and paper tepe input and output, short
computing thine, and ¢n adequate memory cap.city.

The computer i3 also extremely useful for statistical determinations
wnere large numbers of sarnples are involved. Frecguent usdes of the computer
include least squares curve fitting, determination of means and standard devi-

ations, and {requency distributions,
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10.0 Gamma Padlouctivity In P’eople and Foodatufls to Jily 1240

Over 4000 rneasurements of people and certaln foadystuffs for
yamma radloactivity have heen made over the past two yuears to study
the spatial and temporal dlstributinns of ceslurn-127 fallout. Part of
these results, f.e., July 1958 - March 1959, have been surnmarized
previously {7), Quarterly values fur each state are listed for convenient
reference In Table £-1 and for various countries In Table E-24, A com-
posite list of ceslum-137 levels reported by varlous Investigators since
1955 is also included in Table E-3, Future determinations will be listed
perlodicallv in "Radiologlcal Health Data' published by the U, 3. Public
Health Service,

Simultaneous measurements of cesium-137 and potassium-40 were
performed as these are the two gamma-emitting nuclides consistently detected
in people and most foodstuffs. Detailed spectral analyses were also obtained

’periodlca!ly using the crystal gamma-ray spectraometer, Individual determin-
ations were made with the subject vested In a cotton surglcal scrub suit.
Counting time was 200 seconds for each subject. Ceslum-137 levels are
reported in micromicrocurie units ver gram of potassium. The potassium
values are expressed as grams of elemental potassium per kilogram of
sample or subject welight.

The Trenroducibility of Cs-137 and K-40 measurements of an acdult
male subject (#2-00043) are indicated in Figures 36 and 37. Nlnety-two assays
over a sixteen month pterlod show a standard deviation of 4.1 per cent for

potasslum and nine per cent for the Cs-137 to F-40 ratio. That the vari-

abillty In activity measured |n the human subject (without showerlng before

) 10-1
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Sclentific Laboratory and the “Walter P-4 Army Institute of Research,
sixteon subjects were meusured at each laboratory using liguid scintillation
counters. Average Cs/r’ values obtalned at each laboratory compare favor-
atly (Table 5/, however, the average potzssium value at Walter Reed is
eight per cent less than Los Alamos. The reason for this differcnce is not
entirely clear, but {s presumably related to geometrical J{fferences in
primary callbration shantoms.

Tae highest Cs5-137 value recordr < vas 291 _ ;c/gm 1. on 27 January
1950 iz a 20 ~ear old soldier {}1-02352) {rom the state of Florida, Zirc-5%5
was identified In one subject and the source of this radio-nuclide was found

[}

. Zinc-%3 has been reported in subjects from

n

aciiic oyster
the ."arshzall Islands {3) and in certaln U, S. fondstui’s, princlpallv Chesa-
peake Say oysters (9}, In this laboratory micromlcrocurie quantities of

inc-5

]

and manganese-5t have been repeatedly noted Iln certain Paciflc

U

Ccean fishes.

10.1 RBS”QEC:!!I:Y I.Q!g 1 18 S _‘Snkh\cbs
Sixteen hundred and flfty subjects residing in the United States were

assayed; a majority of them {rom the military service. The mean age of the

group Including both sexes is 30 years. The 20 - 24 year age interval is
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T'ihle 4

B'QIQd']f“‘”'t [ lg! 'gfgzaa'“arn 9;1'2‘117? x/fo; ‘5 E’ A3t r/fnn

Date 280 1ass)
8 Feb 60 457. 0 2. 64
7 Feb 60 467. 6 2.66
9 Feb 50 447.5 2.56
10 Feb 60 4646.5 2.653
11 Feb 60 150.3 2.62
12 Feb 60 463.2 2.61
15 Feb 60 453.8 2.61
16 Feb 60 461.9 2,63
17 Feb 60 459.7 2.61
19 Feb 60 463.5 2. 64
23 Feb 60 452.8 2.57
24 Feb 60 162.1 2.63

461.2 £ (1.27)
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T A T o Potassium Ceglam 37

Subject & I ntity No. I;a;;IR {.;::' 'v‘:'ei,;,i: WP "’:; ?/PL:’;ASL :i»;fx;s-137/f2311
1. S. #.C. $1-00925 14 Nov 53 45 M 134 1.93 2. 13 56 53
2. B.C. #1-01126 28 Feb 538 39 F 122 1. ¥7 1.34 53 99
3. MLV, 4l-01281L 2 Apr 33 28 M 199 1.53 1.71 69 55
4. C.S. #1-01282 2 Apr 39 37 M 186 1.95 2.13 76 70
5.J.A N, #1-01284 2 Apr 59 49 M 163 2,07 2,27 62 49
6, J. 2, M, #1-01285 2 Apr 59 36 M 173 2.12 2.27 48 52
7.%.D. 0, 41-01286 2 Apr 59 301 219 1,99 2.11 69 73
8.5.W.L. §1-01288 3 Apr 53 ' 30 0 165 1.78 2.06 74 56
9. E.C.M. #1-01289 3 Apr 38 29 M 173 2.01 2,28 78 67
10, W.G. #1-01290 3 Apr 58 28 11 161 2.03 2.06 60 51
1. J.E.T. g1-01291 3 Apr 58 30 M 140 1.95 2.31 73 63

12, H.B.M, $1-01292 3 Apr 58 35 M 170 1.83 1.92 61 79 ‘
13. HLA.C. #1-00337 12 Aug 58 38 M 169 1.73 1.73 81 91
14. R.vH, #1-01345 11 May59 32 M 135 1.69 1.89 69 58
15.R.L.S. #1-02472 26 Feb 60 35 M 171 1.69 ) 1,88 58 -
16, E.C.A. #1-02531 15 Apr 60 39 M 146 1.81 2,00 77 846
1.84 2. 00 67 67
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The welght distri-

blased because nof the nredominant military population,

,hut!on with a mean of 71 kilogrnmy s llugtrated In Flgure 33,

The avernyge dlsinteyrntion rute of Ce-137 {n U, 5, gublects [or the

period July 1953 througn June 1759 {Figare 39) was 3,75 garnma d/s per
kilogram, correspondling tn a body burden of seven mc. The [;e';-wncy
distribution for Cs-137 durlng July 1957 through June 17460 I8 shown In
Figure 40 with a statlstically significant decrease in the nean to 3.48 d/s
per kilogram. The standard drviation was 1.2 d/s per kilogram for both
periods.

Potassium measurements {or comparable time periods are 1.78
and 1,88 grams of potassium per kilogram (Figures 41 and 42). The
standard deviatlon for both periods is identlcal, 0.23 grams per kg;
however, the difference in the .nean potassium values ls 5.5 per cent.
This is statistically significant and is due to variations In the arrangement
of K calibration sources within the detector {See Section 4.1.1). After
December 1958 the calibration sources were arranged In a constant
pattern as shown In Figure 17. This resulted in Internally consistent

potassium values for speclfic age groups and the 1.88 gram per kllogram

value is the best estimate of the population mean.

10.2 Regional Varlations in Cs-137 Body Burden inthe U, S,
Cs-137 body burdens averaged over each 12 month perlod for varlous

reglons are plotted in Flgures 43 and 4. The numerical value In parentheses

Indicates the number of people in each regional sample. The minimum perlod

of residency for each subject was six months. The division of the Continental

United States into ten major geographlical reglons Is arbitrary, with no Intended

10-7




NUMBER OF INDIVIDUALS

300 -

250

200

150

100

50

BT Do e o ot At F5d s s rHEL

ALL US NORMALS

R A R A A B

JULY 1958 THROUGH

JUNE 1960
N=1650 X 710 +139

A~ 1 1 ¥ ot v 1} LJ

)|

200

400 600 800 ICO 1200

KILOGRAMS OF WEIGHT

Figure 38

10-8

1400




NUMBER OF INDIVIDUALS

180 S S ENN S B S B N S R B
B ALL US NORMALS
160 — JULY 1958 THROUGH  —
i JUNE 1959 |
a0 N N=906, X=375+123 B
\
129 - =
-
100 — —
80 —
60 - ~
a0 - .
20 - ~
b pa—
0 | ] | { | i | | 1
0] 20 40 60 80 00 120

dps Cs—137/Kg
Figure 39

10-9




INDIVIDUALS

NUMBER OF

140

80

60

40

20

T T T T |1 T T i T T ¥

ALL US NORMALS
JULY 1959
THROUGH
JUNE 1960

N:744 X :3.48 +1.24

1 1 | 1 l 1

:
|

1 1
20 40 60 80 100

dps Cs—-137/Kg

Figure 40

10-10

120

-

» o~

‘e



NUMBER OF INDIVIDUALS

10 15 20 25 30
ST T T T T T T T T T T
ALL US NORMALS
200 [ JULY 958 THROUGH -
JUNE 1959
175 b \ N=9086, X=534+084 |
150 _
125 —
100 —
75— —
50— / \ —
25+ / —
Q J’/I i | ] | ] | | !
2.0 30 40 50 60 7.0 80 90
dps K—40/Kg
Figure 41

10-11




R e L Tk A
e ot Lk BN, W T 0 AT e S AN
A TSN,

£

NUMBER OF INDIVIDUAS

i R e e MDA T S e

200

175

150

125

100

75

50

POTAGSILM (gm/xg)

X, 15 20 25 20
R S S St SN S St S Sl SR S
ALL US NORMALS
_ JULY 1959 THROUGH |
JUNE 1960
N:=744,X:564+084
L —
[ = A N N N R B !
0 30 40 50 60 70 80 90

dps K—40/Kq

Figure 42

i0-12




¢ 2andryg

6561 2unt nayy gggl Anr

Cetty 4 e

\
1 (9€) L9
_ 4.
\
. be oo |
,_ (810129~
_ __
4v
aCMN
i
e Lt n-ngl./
W (€1) B9 _ . _ _wr. (v) 89

(€1) €9 Vivmuwy
(9) L9 exsely

10-13



¥ oan8i g

0961 auny nIy 561 A[np

Iy N - erom—

.\:-: I-”.J‘v T
oy A4 Je
- (01) 19 Ttumeyy
TN (01) ¥§ S8Ry
/ : a0 12909 ,
N (LL) L9 | f_z-c)
J/ \ o . ' “
, ) .
Y h \ ‘
..1 -~ - le wm . M.) »
Jfteg) zo \ J_- \A ~,
, S \ {
' \ |
, * \ "
,. ,/ f
e/ w \
oo (L) 69 _ _ s
l\\n-\ _-:w

10-14




b i g gy S T R Y

o i LTINS L T

reference to meteorologlcal or topoyriphical differencra,

The mean U, 3. value of %7 4 1c Cs-137 per gram for July 1953
through June 1959 {s an (ncrease of nbout 57 per cent over the 1957 lavel
of 11 micromicrocurieas per grarn reported by Anderson (10). Proportlonal
increases ure noted tn all reglons with the highest being the northeast,
followed by the southeast, The reglon of lowest Cs5-137 activity was the
Paclfic southwest. The moratorium on nuclear weapons testing became
effective 31 October 19533 and apparently has been observed, except for
several announced 1959 tests of nominal ylelds conducted In Morth Africa,
As Indicated previously, Cs-137 levels decreased during July 1959 through
June 1960 and almost 21l U, 5. areas reflect this change. Still, these
valies are near or above 1937 lavels.

A more detailed analysls of the temporal changes in Cs-137 levels
ls possible by comparing quarterly assays {or the Washington, D. C. area
where the sample size is relatively large. Initially C5-137 levels vary
’from 66 to 70 :,1c per gram and remain at the latter value through 1959
(Figure 45). This static or equilibrium pericd coincides with high fallout
intensity, particularly in the spring of 1959, from the U.5,S5. R, detonations
of 1958 {11). During the flrst six months of 1960, Washington, D. C, levels
decremse about 28 per cent and at this rate the effective half-time for Cs-137
elimination would be about 14 months.

Quantitative estimates of the Intake of certain foods were obtained
by history taking (Section 9.0). Six people out of 757 In the initial U, S,
sample excluded mllk and dalry products from the cdlet, and the diference
between the mmean C3-137 body burden for non-consumers and consumers

of large amounts of dairy products is significant (Figure 46). The
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CONSUMPTION OF DAIRY PROCUCTS
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contribution from dalry products to the total Cs-137 body burden would be

nbout 23/52 or 43 per cent. For other dietary foodyral{y, no dUf{erences {

{in C3-137 body burden were noted {Flgure 47), -

10.3 World-"Wiie Cesfum=-137 Levels

Body Cs-137 levels were measured In mllitary personnel returning
from overseas assignments and in foreign subjects visiting the Unlted
States. Average values for France and Germany during 1958 - 1960 are
shown graghically In Figure 43. GSimilarly, temporal variations for Japan
and ¥orea are illustrated In Figure 49. By averaging reported values
(Table 6) from =all major geographlic areas since 1955, world-wide popula-
tion changes {n cesium-137 were obtalned,

The French-German values in Figure 48 clearly show elevations
colncicdent with hlgh intensity fallout during the summer of 1953. Estimates
for Europe are primarily derived from English, French, and German levels
and the highest value occurs in 1959, Europe Is consistently the area of
highest cesium-137 body burden and exceeds the United States by about 15 to
20 per cent. Since the 1959 summer peak, French-Germaean levels have
decreased monotonically about 25 per cent, similar to Washington, D. C,

Quarterly results for Japan - Korea show peak levels in the fall of
1958 and summer of 1959. Using all data the Cs-137 body burden in the
Far ZTast was ldentical to the European population in 1958. The 1958 level
is also the maximum obtained ln the Far East. In 1959 the Cs-137 burden
decreased by about 25 per cent. No significant change is evident over the

past 9 months.
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FOOD CONSUMPTION FOR SUBJECTS ASSATED DURING FY. 1959
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Fable 6

Yoriatlons In Jlvan Cealumn=-137 Dody Dure. n

For Yurious Populations loze 1737

g
RITGIO N T 1 . o
1954 17957 1953 1959 194690
-

North .“merica 410204 44(328) 63(1369) 67(322) 61(333)
Central /smerica and P

Caribbean - 8(1) 70{6) 53(13) -
South America - 146(10) 15(4) 40(13) -
Zurone 31(3) 59(15)  75(46) 83(131) 71(69)
Near Cast - - 60(2) 54(1) 43(3)
Africa - - - 58(3) -
.sla 16(4) 42(3) 16(1) 58(14) =1(2)
Far Cast 24(1) 38(1) 75(16) 53(31) 56(40)
Australla and - 50(1) - 48(3) 51(2)

New Zealand
Gceanla - - 52{1) 47(3) 31(1)
'3

asg<

Average of 11 values in U. S. {l11.)
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10,4 Discussinn

' Since 1952 approximately 11 mlilllon curies of ceslum-137 have been

{njected Into the stratosphers {rom high yleld nuclear weapons tests (Table 7/,

Over thls period the rate of injection hag baen roughly 1.3 megacuries of
C3-137 per vear. The 1957 stratospheric lnventory of Sr-70 is estimated to
be about | megacurie (12, 13} and the Cs-137 inventory would be about 1.3
megacurles. “Aith approximately 34 per cent of the total fallout deposited,
the cumulative 5r-30 fallout for New York Clty was reported to be 75 milli-
curles per square mjle ln mid-1959 (14). For Cs-137 the amount would be
135 mc/mlle?’

Martel and Drevinsky (11) have shown that after the injection of
fission debrls {nto the stratospheric reservolr, regardless of the latitude
of detonation, the appearance of fallout occurs within several months. Also
there is conslderable evidence that there I3 little disturbance in the fission
’product ratios, particularly Cs-137 to Sr-90, from the time of production
to ground deposition {12, 15, 16, 17). Accorcing to WellforZ and Collins
(18) however, Cs-137 |s somewhat less soluble than Sr-90. From New
Yeork City ground deposits they obtalned about 70 per cent solubility for
cesium-137 activity and 96 per cent for strontium-90. Consequently the
accesslibllity of Cs-137 and 5r-90 to the human could be within a few meaths
of production and the production ratio reduced to about 1.3 cue to differences
in solubility. Since the Cs-137 tody burden may vary ln accordance with the
rate of fallout on foliage, the stratospherlc re<idence time is particularly
important. " For debris Injected in polar latitudes the residency time may

vary from 4 to 9 months, and 9 to 15 months for U. S. and U. K. equatorial

cdetonatlons (13},
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Table 7#

{

éppmxlmntgﬁuazwhul:_lnjunons_a)_d&cnwm

Date

1952(Nov)
1954(Spring)
1954(Fall)
1955(Fall)
1956(Spring)
1956( Fall)
1957(Spring)
1957({Spring)
1957(=all)
1958(Early)
1958(Spring)
1958(Oct)

Fisslon Yleld

Nuclear Detonations
Iest Location

U.S. (Ivy) 11°N 1.4
U.S.{Castle) 11°N 20.0
U.S.S.R. 52°N -
U.S.S.R. 52°N 1.8
U.S.{Red Wing) 11°N 6.7
U.S.S.R. 52°N 2.7
U.S.5.R, 52°N

2.7
U.K, 2°N
U.S.S.R. 52°N 4.5
U.S.S.R, 52°&73°N 3.3
U.S.(Hardtack} 11°N 4.0
U.S.S.R. 73°N

12.5-15.0
60.0-62.0

13 (b}

7 Production

>

Cs

0.25
3» 60
0.32
1.21

0.48

0.31

0.59

0.72
2.25-2.70"

10.7-11.1

L - . '
Summary of Major Nuclear Test Series by Martell (33) using Inventory data
furnished by Libby.

(a) Stratospheric Injections are 20% of fission yield for surface coral shots,

80% for surface seawater shots, and 100% for alr shots.

(b) Using 0. 18 megacuries of cesium-137 produced per megaton of fission energy.
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During the twenty month« slnce the cessation of wenpons tests no

’conslstent puattern lg evidint from the three major population samples as

to the amount or the tiine ut which decreases {n Cs-137 body burden might
occur. If quarterly levels for Japan - Kgrea are used, the change in body
burden between the fall of 1958 and winter quarter of 1959 was 79 to 57 nuc
per gram or about 29 per cent in three months. The resultant hal{-tine for
elimination would be about 7 months, indeed similar to the stratospheric
clearance of polar debris, For Washington, D, C., the decrease occurs
considerably later than in the Far East and with a half-time of about 14
months during the flrst two quarters of 1960, The peak activity level in
France - Germany occurred {n the summer of 1959, A decrease of about
25 per cent themrotcurred over the past 9 months. Fere the half-time would
be 25 months which Is somevwhat longer than the reslidency time estimated for
flssion debris from equatorial detonations. The longer ellmination time for
’ Europeans is not in kecping with the fact that 1958-1959 fallout, derlved
primarily from polar detonations, resulted in the highest world-wide
cesium-137 burdens in thls population.

Apparently a direct relationship between cesium-137 in people and
fallout is initlally limited by the complexity and variability of -stratodpheric
injections and subsequent clearance. Dlifferences in dletary habits and
methods of processing and holding foodstuffs would also be expected to
influence the Cs-137 burden.

It is particularly hr;portant at this time to contlnue surveying domestic
and foreign subjects since the fractlion of ce‘slum-137 obtained from accumu- -~

lated soil deposltloz; may be of about the same order as aobtained from direct i

fallout on plant life.
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11,0 Clinical Studles Using Whole DBody Quuntars

The use of whole body counters for clinical and metabolic research

has bq-:; emphasized repeatedly (19, 20), Four pl drtectors are particularly
appllcabie to whole body retention and excretion studlies where minimum
dosage and rapld countlng tlmes are Important, The crystal gpectrometer

1s reserved for studies requiring locallzation of radlo-deposits or accurate

energy dlscrimination of mulitiple radio-nuclides used simultaneously,

11.1 Methods

Prlor to the adm!inistration of a radio-elernent or compound the
natural gamma activity of the subject i{s measured. If the presence of other
gamma a.;cthrlty‘l is suspected, the subject Is examined by crystal spectro-
metry., ‘

After adminlstration of the radiocactivity the subject Is counted at
short Intervals until 2 maximum rate i3 obtajined. This varies from minutes
after intravenous injection to four hours or so after ingestion. The count
rate of the subject and ea;creta are then determined at various intervals
deendlt;g on the objectives of the mvestigatlon;

The count rates of the subject and of excretory collections are com-
pare’;I to those of known standards, and the relationaships shown in Flgure 50
are used to obtain fraction;l retention and excretion values at any time. A
2500 ml and a 250 ml plastic bottle standard 1s used containing distilled water

and an aliquot of the administered radlo-nuclide. The counting geometry for

* . .
It is not an infrequent occurrence to detect gamma activity, particularly

Cr-51 and I-131, from previous diagnostic studies.
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urine and stool wamples compares with that of the two respective standards.
Callbration of the 4/ detectar [or absolute quantities {s not required for )
most whole body retention studics. Retentlon values are obtained by com-
purlng the count rate of the jubject with the 2500 ml standard., For studies
uslng iron-59 and lodine-131 the accountability of total radlo-nuclide from

elther retention or excretion values is about 95 per cent.

11.2 Metabollc Studiey Using Jodine-131

11.2.1 lodine-131
The retention and excretion of orally administered lodine-131 has

been measured In several euthyrold subjects, Typlcal results are sh:;wn

in Figure 51 using a single 6.0 sc dose. Within two to four hours the [-1311is
absorbed and distributed systémlcally {maximum count rate). At 24 hours
the retention value is 24 per cent. After 48 hours all of the unbound iodine

is excreted and the fraction retained is about 18 per cent (thyroidal). The
retention curve has no significant slope (14 day observation) in agreement

with a very long half-time for thyroidal release of {odine in the euthyroid

subject.

11.2.2 [odine-131 Serum Albumin

Radlo-lodinated serum albumin has been used to estimate protein

catabollsm 1l disease states and the effect of diet on proteln turnover. The
test requlres, however, a relatively large dose of lodlne-131 since the con-
ventional method of estimating the catabolic rate is directly from small

serum samples or indlrectly from fractional urine analyses (used to obtain

retention values).
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Flgure 52 shows the results obtalned directly by whole bady count-
Ing. The retentlon values show a single cxponentlal catabollc rate process
for 34 days. The urinary excretion curve shows two rate processess.
Initially, about five per cent of the urlnary lodlne-131 ls excreted rapidly
(due to unbound fodine-131 in the albumin which varies from lot to lot)
following which the urinary curve parallels the measured retention curve.
At about 20 days the retention values {open circles) estimated from the sum
of the Individual urine values is noted to deviate significantly from the true
retention. This variance is due to the large decay constants applied to the

low urinary count rates obtalned at late times.

11.3 Iron-59

The absorption of iron has been measured In 13 normal subjects
{12 males, one female), After fasting, the subject ingests one mlicrocurle
of Fe-59 (as citrate) with one mgm of eler;'xental iron as FeSO . ‘Less than
ten per cent of the dose is retained in the normal subject. As noted In
Figure 53 individuals with {ron deficlency show 3 to 8 fold increases over
normal In retention values. The iron-59 retention curve for the normal

subject shows no evidcnce of iron loss in sixty days or so. A decrease In

retention ten days or so after adminlstration is evidence of blood loss.

Occult gastro-intestinal bleeding is readily quantitated by whole body counting,

and fecal iron-59 assays can be used to verify this.

11.4 Stroptium-8S5
Strontlum -85 retention and excretion in the normal adult male Is

shown In Figure 54, After a single oral dose body retention may be expressea
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R

by a three component exponentlal functinn:

. -0.693t L, <0.099t o . -0.0006¢

R = 83,4 + 11

and the component half -tlmes are 1, 7, and 1150 days. FExcretlon curves
are essentlally narallel to the retention curve over the limited time samples
The ratio of urinary to fecal excretion is about 3.5 exclud-

were obtalned,

Ing the !:nltlal forty-elght hours for gastro-intestinal transit of unabsorbed
Sr-85,

In patlen‘ts with bone disease and disturbances {n calcium metabolism
significant differcnccs In Sr-85 retention are shown in Figure 55, This
radlo-element may be extremely useful in differentiating malfunctions In

calcfum metabolism and in evaluating the effects of treatment.

11.5 Total Body Prtassium

The isotonic dilution of K-42 has been used to measure total body
votassium, however, a minlmum of about 24 hours s required for mixing
with the exchangeable p;)tassium pool. '\'.'holé-body counting provides an
immecdiate-and precise measure of total body ¥ -40 gamma activity for timely

application, " Also body p_otass_iﬁm values can be ascertained ln large popula-;

' tlon samples for correlation studles.

Body potas_slurﬁ. v;lues obtained from chemical balance data and
from K-40 gamma actlvity x::ieasur;mén‘fs‘are shown Ln f'-!gure 56. _Potassium
loss was in‘dug:ed ln a normal male subject by reétrlcti.ng the dlAetary intake
of potassium and sodium. Potassh{m intake was restricted to 5 - 10 meq

per day with sodium intake llmited to 5 - 7.5 meq per day. The discrepancy

In the results of the two methods increases with time and approaches 12%.
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This ls attributed to A small error in the chernicnl determinations which ia

) cumutative, Potasslum-40 garnmo actlvity mneosurements at 18 days reveal

a 23 gram deficit In hody potasslum,

1. 22 per cent of borly gtores per day, and the half-time {or pntasslura

The nverage rate of decrease Is then

eliminatinon would be 57 days,

As previously noted (Figure 42) the average body content of elemental

potassium is 1,88 grams per kllogram of body weight, The gstandard devia-

tlon for this population ls 15 per cent. Tables 8 and 9 list average potassium

values obtained in normal male and female subjects for various ages, As

reported previously (21) the potassium value reaches a maximum at 17 years

in males and thereafter declineg monotonically with age. No corresponding

peak for females {s noted, however, the loss of potassium with age closely

parallels the results for males. "A least squares [it of the potassium data

from age 20 and above is:

Male F{gm/Kg) = 2.19 - 0.009Y (years)

Female Klgm/Kg) = 1.75 - 0,008Y

The rate of body potassium loss with Increasing age suggests its use

as an index of vhyslological aging. DBody potassium measurements in large

population studles may be the most Important use of large volume counters

with humans. In the case of the Hiroshima and Nagasakl ponulations exposed

to lonizling radiation, an accelerated aging effect might be expected, The

application of body potassium measurements to assess the physiological age

of this population is an exciting possibility, .
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Table 8
POTASSIUM MEASUREMENTS FOR NORMAL MALE
1 C, APIO!L NG =

Age - Yeight em K /g  No. of Subjects
8 25.5 1.86 4
9 32.7 1.74 5
11 38.7 1.82 7
12 41.7 1.84 6
13 44.0 1.95 4
] 15 60. 6 2.07 5
16 73.6 2.11 8
17 - 72,0 2.14 12
18 71.0 2.05 41
19 70.5 2.04 61
20 74.3 1.98 58
21 72.5 2.05 ' 58
22 73.2 2.05 53
23 73.9 1.99 162
24 74.8 1.95 147
25 74.0 1.94 58
26 73.1 1.90 42
27 73.3 1.93 55
28 72.6 1.94 43
29 72.5 1.95 50
30 72.1 1.92 50
31 74.9 1.83 51
32 72.7 1.93 34
33 74.8 1.82 42
34 73.7 1.84 31
35 78. 2 1.84 43
36 75.5 1.84 32
37 78.9 1.86 - 34
38 78.9 1.80 41
X 39 77. 4 1.79 30
40 75.6 1.79 26
41 79.0 1.88 20
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5
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Table 8 {Continucd)
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Table 9
LBOQDY POTASSIUMA MEASURIIAENTS FQR NOPMAL FEMALE ‘
SURJICTS AL YARIQUS AUES
Age Welpht wa K /Eg Ho. of Subjects
4 15. 4 1.95 1
7 19.9 2,17 1
10 39.9 1.58 7
12 _ 37.8 1.63 2
: 13 52.5 1.56 10
14 49, 4 1.63 6
. ) 15 57.1 1.76 2
16 55.2 1.55 8
17 53. 6 1. 65 7
18 59,8 1.54 22
19 59,1 1. 64 13
20 60.0 1.55 14
21 59.3 1.47 11
22 62.8 1.52 5
23 58. 8 1.70 6 , r
24 60. 5 1.52 11 *
25 55, 4 1.63 8
26 62.5 1. 44 14
27 54.3 1. 68 .
28 53.7 1. 61 2
29 54.5 1.51
30 59.2 1.56 _ 10
31 57.7 1. 43 3 i
32 58.5 1.49 o1
33 h 54.1 1. 45 6 .
34 57.7 1.54 8 )
35 2.5 1. 40 5 -
36 65.1 1.43 8
37 63.0 1.45 4 .
38 57.8 1.36 10.°
39 57.8 1.57 3
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43
44
45
46
47
48
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50
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58

- 59

62

63

65

66

68

69

71

Table 9 (Continued)

Y ell

63.
51.
55.
60.
61.
65.
63.
60.
73.
56.
69.
63.
71.
90.
58.
70.
63.
72.
66,
77.
67.
66.
63.
72.
61.7
64.4
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1.63
1.17
1. 40
1.11
1.15
1 1.33
1.06
1.23
1.36
1.29
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) Specifications for Reflective Coating (Fpon Resin Formulation XA-200,

Shell Cherical Corp., pigrented with anatase TiO,, Zopague SD, Glidden

»
Co.) of Liquid Scintillation Petector Tank.

1.0 Cleaning The Detector Tank
1.1 Shot blast the tank with small steel shot to provide a fine
granular surface within the detector tank.
1.2 Solvent degrease the entirc inner surface with trichlorethylene.
1.3 Dake the detector tank at 600°F for eight hours. Look for
grease in crevices, overlays, etc. Depending on appearance and persistence
of grease or oils, the detector tank may require up to 24 hours of baking at
600°F to thoroughly degrease.
2.0 Paint Form‘ulation (Also See: Shell Chemical Corp., Technical
Bulletin SC: 55-10)
2.1 Epon No. 1001 - 200 grams
Solvent (50% toluene, 457% methyl isobutyl ketone, 5% butyl cellosolve) - 300 grams.
Dissolve, let set for 2 weeks and decant. Remake to 500 grams with solvent.
Add Zopague SD - 250 grams _'
Grind overnight in bal‘l, mill with gl.ass balls. -
Add " Beetle' plasticzer - 6 grams )
2.2 I_ngng miinutes before spraying, add 20 érams of accelefator

and mix thoroughly. The accelerator is 50% diethylene triamine and 50% solvent

(a 1:1 mixture of butanol and toluene).

- -

s

- P i - .
.Ismdly furnished by the Los Alamos Scientific Laboratory of the University of
California. ' ’
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- 3.0 Spraying The Detcectur Tank
3.1 3pruy on - moderately heavy and bake detector tank at
150°F for cne hour {at temperaturc). Minimum of two coats and bake at

150°F for one hour (at temperature) after each coat.

- a— - - - PR B i oo ISR LS SN
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APPENDIX B
’ Bonding Yindowed Sleeyves for Multiplier Phototubes

Unfilled Epon resin {3hell Chemical Corp., No. VI) was uued to
bond the recessed glass windows to the seamless steel slecves (See Section
2.1). Diethylene triamine, 8 parts per 100 of resin, was used as the acti-
vator with vigorous mixing for a minimum of 5 minutes. Although the pot
time of the activated resin is short, f.e., about 30 minutes, the resin is
easy to apply using a syringe and large bore needle. For good curing of the
Tesin the sleeve to window bond must be baked at 150°F for 12 hours. The

desired bond takes on a glass-llke appearance,



——Ww

APRPLHDIX ©
Neoprene Ciaskets for J.iquid Scintillation Counter

Neoprene gaskets (See Section 2. 1) require refluxing in hot toluene
for several hours until all coloring matter {s dlssolved. If allowed to con-
taminate the scintillation solution this yellow-green color would seriously

quench light output.




MW

APPENDIX D

' MAJOR GEOGRAPHIC AREAS By

AREA conz
United States A
Canada . . . . . . .+ .« . B
Central America . C
South America D
Caribbean . =
Africa F
Europe G
Asia . . . . . . . L . . . H
Near Zast . . . . . . . . . . 1
Far East . . . . . . . . . J
. Indonesia . K
Australia . . . . L

Pacific Islands M -
Iceland - Greenland . . . . N

o -

Antartica . e

. D-1
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QECGRNIC ARZAD

UNITER S LATES
COUNTRY OR PROVILIIICE
Alabainma e e

Alaska . e e

Arizona e e e e e

Arkansas . . . . . . . .
Call!ornla4 v e e e e e e e
Colorado . .

Connecticut

Delaware .

I.)istrlct of Columbia

Florida

Georgila . .

Hawail

I¢aho

Illineis . . . . . . . .
Indiana . . . . . . . . .
Iowa . . . .-

Kansas . . . . . . . . .
Fentucky . . . . . .
Loulsiana . . . . . < « .+ .
Majne . . . . . . .
Maryland . . . . . . . . .
Massachugetts R

Michigan . . . . . . . .
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HAWI

IDA
ILL
IND
IOV A
KANS
KY
LA
ME

MD

- MASS

MICH

A




GLOGRAPHIC AR EAS
UMITED STATES
SOQUNTRY OP PROVINCE CODE

R\.Mnnesota e e e e e e e e e e e MINN A
Misslssippl . . « .« + « « .+ . . . lMISs A
Milissourl e e e e e e e e e MO A
Montana e e e e e e e e MONT A
Nebraska . . . . .. . . . o . . . NEBR A
Nevada . . . . . . . . . . . . . NEV A
New Hampshire . . . . . . . . . . NH A
New Jersey e e e e e e e e e NI A
New Mexico . . . . . .. . .. .+ . . NMEX A
New York . . . . . .+ « .+ « < « NY A
North Carolina . . . . . . ... NC A
North Dakota . . . . '. Ce e NDAEK A
Ohlo . . . . . « . « « « «_. « .+ OHIO A
Oklahoma . . , . . . =« .« =« .« « . OKLA A
Oregon . . . . - . « .« < . . . OREG A
Pennsylvanta ., . . . . . . . . . . PA A
Rhode Island . . . . . . . . . . . R1 A :
South Carolina e e e e e e e e e sC A ﬁ
South Dakota . . . . . .« .« « .+ =« . SDAK A ;
Tennessee . . . .+ . . TENN A
Texas . . « + & o« o s 8 e e e TEX A
Utah . . . + « « « « e e e e e UTAH A
VT A

Vermont . « o « « o o« & s e e s




[ y -
K 3

Virginia .

VWashington .

‘Yest Virginia .

Y isconsin

HWyoming

.

 [ROUVINCE

CQDL.
VA

WASH
WYA
Ww1s

WYO

A



QLOGRAINUC SRELS

) CANADA

COUMNTRY OP PROVINCE

Alberta . . . . . . . . . .
Eritish Columbla .

Manitoba . e e,

New Drunswick

MNewfoundland

Nova S5cotia., . . . . . .
Northwest Territories . . .
Cntario .

Quebec . . . . .
Saskatchewan . . ., . . . . ,

Yukon . . . . . . . . .

SLTA
BEC
MAN
ND
MEWTE
NS
NVI'T
ONT
QUE
SASK

YUK

U o W

¢!

o o o

I

[

{oe]




B

GEOGRAPHIC AREAS

A

. CQUNTRY QR PROYINCE

Eritish Gulana

British Honduras .

Colombia . . .

Costa Rica .

Fcuador .

El Salvador

French Guiana .

Guatemala

Honduras

Mexico . .

Nicaragua . . .

Panama .

Surinam .

Venezuela

Miscellaneous .

L)

c

CODE.
pGUI
BHOMN
coLM
CORI
ECUA
SALYV
FGUI
GUAT
HON
MEX
NIC
PAN
SURI
VEN

M1sC




GEQGRAPHIC AREAS

[ AMERIC

COUNTRY OR PROVINCE CODpE

Argentina ., ., ARG D
| Bolivta . . . . . . . . . . . . . BOL D
Brazil . ., . . . . . . . . . .. ERAZ D
Chile. . . . . . . . . . . . . . CHL D
Falkland Islands . . . . . . . ., . , FALK D
Paraguay . . . . ' e e e e e e PARA D
Pera . . . . . . . . . . . PERU D
Uruguay . . . . . . . . . . . URUG D
MISC D

Miscellaneous . . . . . . . . . . .




S S N 1 U e e

GEOGRAPHIC AREAS

CARIDDEARL
COUNIRY O PROVINGE, CoODL.
Bahamas e e e e e e e e DAL F
Cuba . CUDA LC
Dominican Republic . DREP E
Hafti . . . . . . . . .+ +« « « .« . HAIT E
Jamalica . JAM E
Legser Antilles ANT E
PuertoRlco . . . . . . . PURE E
Virginlslands . . . . . . . . . . . VIRG E
Miscellaneous . . . . . . . . . . . MISC E




CCUNTRY OR PROYVINCE
Angola . . .,

Bechuanaland Protectorate

Belglan Congo .

Egypt. . . . .

Ethopla

Tederation of Rhodesla % Nyasaland
ZFrench Zquatorial Africa

French VWest Africa .

Gambia
Ghana
Fenya
Liberia
Libya .
Madagascar
Morocco e e e e

Mozambique . . . . . . . .
Nigerta . . . . . . . . . .
PortGuinea . . . . . . . . . .
Sierra Leone . . . . . .
Somaliland .

Somaliland Protectorate . . .

copn
ANGO
DECH
BCON
EGYP
ETH
RHNY
FEAF
FWAF
GAMB
GHAN
KENY
LIBE
LIBY
MADA
MCR
MOZA
NIGE
GUIN
SILE
SOMA

SOMP

Momom oM om om oy

'y
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GEGGR . FHIC AR TAD

A

COUMNTRY QR PPOYIIICT

Southwest Africa .
Spanish West Afrlca .

Sudan , .
Tanganyilka Territory
Union of South Africa .

Miscellaneous .

T N ket T et . ALt AT

D-10

LERICA

. N

SAF
SWAF
SUD
TANG
USAF
MISC




LUTORLE
.(‘,QYZN'[’BI QR PROVINCE
Albania

Austrla
Bulgaria
Corsica .
Crete
Crechoslovakia
Denmark
England .
Finland

France

Germany . .

Greece
Hungary .
Ireland

Italy
Liechtensteln
Luxembourg
Netherlands
Norway .

Poland .

Portugal .

Rumania .« e

D-11

CODE.
ALDA
AUST
BULG
CORS
CRET
CZEC
DENM
ENGL
FINL
FRAN
GERM
GREE
HUNG
IREL
ITAL
LIEC
LUXE
NETH
NORW
POLA
PORT
RUMA

Q0 0 0 0 0 0 0 0 Q00 0 00 0 0000 0 0 0



GIROGRA PIIC AREAS

LURIPE

COUNTRY OR PPOVINCE

Russia
Sardinija
Scotlund
Siclly

Spain
Sweden
Switzerland
Yugoslavia .

Miscellaneous .

D-.12

et S . . = o

&
Q
C 00000

SWLCD
SWIT G
YUGO G

MISC G




oy
Afghenlistan
Assam .
Bhutan
Buarma . . .
Cambodia
Ceylon . .
China . . s
India . .
Kashmir .

Laos . . .

Malayan Federation .

Nepal . .
Pakistan . .
Siberia . .
Sikkim
Thalland .
Viet Narn .

Miscellaneous

AFGH
ASSA
. e e BHUT
BURM
CAMB
CEYL
CHIN
INDI
KASH
LAOS
MALA

NEPA

SIBE
e e e SIKK
THAL
VIET
. e e MISC

‘D-13
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Iran

Iraq

Israel
Jordan . .
Lebanon
Omen

Saudl Arabia

Syris . .
Turkey

Yemen ,
Miscellaneous .

NEAR EAST
CQUNTRY QR PROVYINCE

Aden Protectorate

D-14

ADEN
IRAN
IRAQ
ISRA
JORD
LEBA
OMAN
SAUD
SYRI
TURK
YEME
MISC




)

GEQOGRAPHIZ AREAS
EAPR EART
t C QVING
Formosa . . . . . . .,
Japan
Korea
Okinawa . e .
Philippines
Miscellaneous e e e e e e

D-15

FORM
JAPA
K.ORE
OKIN
PHIL
MISC



gl:‘( )QB e [JHI(‘ QB Ee S

\J" i

Java . . . . . . . . .
Kallmantan
Netherlands MNew Gulnea (Irian)

North Borneo

Papua Territory . . . . . . .
Sarawak . . . . . . .
Sumatra. . . . . . .

Territory of New Guinea

Mliscellaneous . . . . . .

D-16

JAVA
KALIL
IRIA
BORN
PAPU
SARA
SUMA
NGUI
MISC




\
i
!
!
!

GEUGRAPHIC AREAS

AUSTRALIA
COUNTRY OR PROVINGE CODE
New South Wales . . . . . WALE L
New Zealand . . . . . . . « .+ « ZEAL L
Northern Australla NAUS L
Queensland . . . . . . . .« . .« . QUEE L
Southern Australia . . . , SAUS L
Victoria . VICT L
Western Australla . . . . WAUS L
Miscellaneous , MISC L

D-17




GEOURAPHIC AREAS
PACIFIC ISLAND3
CQUNTRY QR PROVINCE
Carollna's .
Flyt's . . . .
Gilbert's . . . . . . . . .

Marlana's . . . . . . . .
Marshall's ,

New Hebrides'.

Solomon's

Miscellaneous . . . . . . . . .

D-13

CODE.
CARO

F1J1
GILE
MARI
MARS
HEBR
SOLO

MISC

M

M

M
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GEOGPALMIC AREAS

CHUNTRY OR PROVINGTL CODE
Greenland . . . . . . .« . . . . GREMN N

Iceland . . . +« + v « « +« . . . . ICEL X

D-19




UEOGRARPHIC “RIEAS

R_PROVINCE CODE
Antarctica . . e e e e e e e s e e . ... . ANTA O

] . .

D-20




Table F-1

Qnsimn&f.lmxalsiuzimx.’cllniuh}m::x From The United Statey

E-1-1

Jul- Oct- Jan- Apr- Jul- Uct- Jan- Apr-
State Sep Dec Mar Jun Se Dec Mar :Iun
1953 1958 1252 1952 1252 1259 19640 (940
Alabama 89 (4) 67 (2) 73 (2) 76(1) 83(2) 59 (2) 63(2) 69 (1)
Alaska 57 (2) 92 (1) 56(2) 84 (1) s56(s5) s58(1) 57(3) 35(1)
Arizona 69 (1) - 46 (1) - 52 (3) - 61 (1) -
Arkansas 79 (2) - - - 77 (4} 61(2) 82 (1) -
California 57(16) 88 (2) 52(13) 59 (7) 43(10) 38 (3) 46(13) 41(7)
Colorado 83 (3) 68 (3) 66(4) 681(3) €9 (3) 53{(5) 40(1) 62 (3)
Connecticut 102 (3) - 56 (1) 95 (1) 67(3) 55(1) 69 (3) 56({1)
Delaware 77 {2) - - - 60 (2) - - -
District of Columbia 66(271) 69(37) 56(68) 70 (42) 70(77) 70(26) 60(39) 50{31)
Florida 80 (2) 37 (1) 74(4) 78 (1) - 100 (2) 105 (7) 44 (1)
Georgia 63 (s) - 61(2) 82 (1) 7U14) 76(1) 72(5) 46 (3)
Hawaii 49 (4) 74(2) 71(2) s67135) s4(6) 57 (1) 44(2) 78(1)
Idaho - - - - 46 (1) 36 (1) - -
Illinois 75 (5) 73 (4) 70(4) 94(2) 59(11) 58(3) 66 (7) 46 (4)
Indiana - - 67 (3) 74(4) 51(1) 36(2) - 45 (4)
Iowa 74 (4) - - - 61 (4) 36 (1) - 55 (2)
Kansas 54 (2) - 63 (3) 77(1) 4s6(2) - 68 (1) 37 (2)
Kentucky , 55 (1) 89 (1) o&4(2) 70(1) 69(8) 56(1) 45 (4) 50 (3)
Louisiana 82 (2) - 69 (3) - 94 (2) s50(1) 80(1) 56(1)
Maine - - - - 71(1)  65(1) 137 (2) 461)
Mzaryland - - 67 (8) 74(2) 75(3) 64(3) 65 (4) 54(2)
Massachusetts 80 (3) 85(7) 70(2) 87 (7) 80(8) 62{2) 53 (3) 55(3)
Michigan 59 (&) - - 80 (4) 62 (6) 46 (6) 49 (7) 45 (3)
Minnesota 70 (2) 68 (3) 70(3) 74(1) 62(2) 84(1) - 78 (1)
Mississippi 99 (3) - - - 57 (3) 56(3) - 44 (1)
Missouri 87 (1) s6(1) 601(1) 79(2) s61(2) 57(3) 21(1) -
Montana 68 (3) - - - - - - -
Nebraska - 78 {1) - - 58 (2) - - -
Nevada - - 63 (1) - - - - -
New Hampshire 62 (1) s52(2) - 136 (1) - - - -
New Jersey 66(14) 79 {7) 721(4) 80(5) 741(8) 76(3) 44 (4) .55 (5)
' New Mexico - - 51(3) - - - 46 (1) -




Table E-~1 (Continued)

Jul-  Oct- :Tun- Apr- Jul-  Oct- Jan- Apr-
New York 75(30) 81{13) 43(14) 73(12) 73(14) 53(12) 64(13) 49(13)
North Carolina 7H2)  75(3) 71{(7) 71(3) 72(7) 40 (1) s56(2) 65 (3)
Ohto 69 (3) 3801(6) 58 (3) 74(14) 75(10) 59 (s) si(9) 42 (5)
Oklahoma 108 (1) - 50 (2) - 53 (4) 72(2) 60(4) -
Oregon 85(2) 57(1) - 64 (1) - so0(n) - - 681{1)
Pennslyvania 82(17) 74 (s5) 57 (9) s8o(11) 70(17) 64(10) 60(13) 55(14)
Rhode Island 69 (1) - - 34(2) 89 (1) 1s5{1) 55(3) -
South Carolina 72 {3) 83(2) 70(2) 84(1) 55(3) 47 (1) 50 (4) -
Tennessee 35 (1) 105(3) - 75 (2) - 59 (4) 42(4) -
Texas 77 (8) 68 1(5) 52(9) 52(4) 63(13) s56{6) 47(9) 38 (2)
Uta* - 41 (1) - - 74 (3) - 46 (1) -
Vermont 75 (1) - - - 104 (1) 78 (1) - -
Virgiria 78 (9) 59 (3} 62(8) 60(3) 77(14) 69 (3} 59 (5) 60 (5)
Washington 56 (4) - 74 (4) 70 (4) 7s5(12) 72 (2) 38(1) 40{(2)
West Virginia 72(4) 70(2) 75(2) - 71(2) 49 (3) 49 (4) 49 (2)
Wisconsin 63 (1) - 68 (3) - 71(1) 62(1) - 64 (1)
Wyoming 70 (1) - - - - - - -
’

E-1-2

{




Qm'.u;i_&lhgmuim.u;'m.ﬂ_hmiubi-;czn..lmm.l’.azlmu_ﬂmumm

Major Area or
Country

Jul-
Sep
1258

Canada
Alberta
Dritish Columbla
Newfoundland
Mova Scotia
Quebec
Central America
Coiombia
Ecuador
Guatémala
Mexico
Panama
Venezuela
South America
Erazil
Paraguay
Caribbean
Cahamas -
Cuba
Dominican Repubdblic
Lesser Antilles
Puerto-Rico
Alrica
Ethopia
Tanganyika Territory
Europe
England
France’
Germany
Greece
Italy )
Netherlands
Norway

76 {3)
69(13)
104 (1)
74 (1)

Table 1122

Gct-
{Jec

Jnn-
Mar

Apr-
Jun

Jul-
Sep

QOct-
Dec

Jan-
Mar

Apr-
Jun

1253 1259 1952 1959 1759 1940 _ 1940

78 (1)

15 (1)

87 (9)
73(15)
70 (3)
88 (1)

68 (1)
106 (1)
70 (2)
79 (1)
72 (1)

77 (1)-

50 (1)

60 (2)
64 (1)

57 (1)

62 (1)

92 (5)

70 (1)

142 (1)

54 (1)

95 (7)

76{25) 77(14)

53 (1)

E-2-1

94 (2)

96 (1)

53 (1)

41 {1)
53 (2)

65 (1)

57 (1)
70 (1)

36 (1)

102 (1)
73 (7)

41 (3}

32 (1)
21 (1)

-

82 (2)

86(44) 7910

-

62 (1)
11 (2)
104 (1)

48 (1)

46 (1)
61 (4)

62(10)

76(29) 65(20)

63 (1)

42 (1




Major Area or
Country

Clurope {Continued)
Rurnania
Scotland

Asia
Afghanistan
Ceylon
ilalayan Federation
Mepal
Pakistan
Thialand

ivear ast
Iran
Iraq
Turkey

Far Last
Formosa
Japan
Forea
Okinawa
Fhillipines

Australia
New South Whales
New Zealand
Victoria

Pacific Islands
Carolina's
tlariana's
Marshall's

. Miscellaneous

Miscellaneous Areas

" ntarctic
Grecnland

Iceland

Table E-2 (Continued)

Jul-  Oect-  Jan-  Apr- Jul- Oct-  Jan- Apr- (!
e Dac !dar Jun Sep Deac ar Jun
s3 19531952 1257 1959 19259 17240 1940
- - - - - - - 47 {1)
- 84 (1) - - - - - -
- - - - 39 (1) - - -
- - - - 54 (1) - - -
- - - 66 {1) - - - -
- - - - - 61 (1) - -
- - 79 12) - 86 (1) - - -
- - 46 (1) - 24 (1) - - -
33 (1) - - - - - 32 (2) -
g2 {1) - - - - - - -
- - 54 (1) - - - - -
- - 67 (1) - - - - -
67 (4) 79 (8) 60 (6} 6561{4) 651(9) 39 (1) 39 (1) 60(2)
- 72 (2) s54(12) 67 (8) 55{(13)} 51l s55(21) s1{10)
_ A1 - 58 (1) - 56 {1} 61(2) 55(2) 62 (4)
82 (1) - 51 (1) 85 (1) 53 (3) - - -
- - - - - - 34 (1) -
- - - - 68 (1) - - -
- - - - 47-(2) - - -
- - - - - 46 (1) - -
- 52 (2) - - - - - -
- - - - sz 45(1) 31Q1) -
- - 53 (1) - - - s1{1) - -
- - - - 88 (2) - - -
- - - - - - - 62 {1)
- - - 82 (3) 94 (1) - -
- ~

a“am



Table E-3
, Chropnological List of Cegium=-137 Levels in Peonle
Beparted From Yarigua Liahoratories
Number Cs-137
NORTH AMERICA

1955(Apr) USA(I11) 3 : 10 (22)
1955{Dec) USA(111) 8 26 {22)
1956 USA 196 41 (23)
1956{June) usa(1n 8 35 (22)
1957 USA 311 44 (10)
1957(June) USA(I11) 13 35 (22)
1957 Canada 3 82 (24)
1957 Cuba 1 20 (22)
1957-1958 USA(Utah) 42 66 (25)
(Nov-Apr) .

1958 - USA 793 . 56 (26)
1958 UsA(1) 13 52 (27)
1958(July) Canada 2 63 (26)
1958(Dec) Canada 30 51 (28)
1959(to Apr) USA 63 53 (29)
959 Canada 4 94 {30)
1959 Cuba 1 80 {(31)
1959 Puerto Rico 1 119 (30)

CENTRAL AMERICA
1957 T1 Salvador 1 8 {22)
SOUTH AMERICA
1957 Argentina 2 7 " (22)
1957 Bolivia 1 13 (22)
1957 Brazil 2 14 (22)
1957 Chile 1 22 (22)
1957 Colormnbia 1 21 {22)
1957 Ecuador 1 13 {22)
1957 Peru 1 35 (24)
1957 Uruguay 1 11 (22)
1959 Chlile 7 46 {(30)
1959 Colombia *° 4 35 (30)
X EUROPE
1956 Belgium 1 26 (22) °
1956 England 2 34 (22)
1956 England 3 30 (32)
1956 France 1 33 (22) .
E‘}‘l :' - -
»~ .




Table E-3 (Continued)

MNumber Cu-137
Date Location of Sublpcts duaclem X BRcolerence
1956 Sweden 1 32 (22)
1957 England 3 59 {24)
1957 England 7 43 (32)
1957 France 1 78 (24)
1957 Germany 1 106 {24)
1957 Sweden 3 b4 (24)
1953 England 1 56 (32i
1959 Beigfum 2 60 (30)
1959 England 5 83 (30)
1959 Germany 1 96 (30)
1959 Swerden 1 125 (30)
1959 Switzerland 1 100 (30)
1960 ) England 1 100 (31)
1960 ) France 1 120 {31)
1960 Switzerland 1 135 (31)
. i NEAR EAST & AFRICA
1959 - Africa 1 77 (31)
1959 Liberia 1 62 (30)
1960 Jordan 1 65 (31)
) ASIA
1956 Indla 2 20 (22)
1956 . Indonesta 2 11 (22)
1957 : Thalland 3 42 (24)
1959 Thaliland ) 3 42 (30)
1960 - India 2 51 (31)
FAR EAST
1956 Japan 1 24 {22)
1957 Japan 1 . 38 (24)
1959 Japan 2 63 (30)
1960 Japan 1 109 {31)
. AUSTRALIA & NEW ZEALAND
1957 - Australia 1 50 (22)
1959 Australla 2 103 (30)
1960 New Zealand 1 68 (31)

'_ E-3-2




nl-’ );:.‘.‘D”."

On 1 July 1347 the abanlate calitratina of Se 13504 acintillation
coanter for ceaam-itT Aand C atasa 3 n-1) sas tange! Amclaying A niew
set ol bottle ~qantiyne {Tables 1 and“ Lrantar s s an!l a nrew Jenmetry
(Figare 1°b). The nec technique way adantes hecaisr the ~iciencles for
Dotasslyin-10. a2btalned b thle ‘nethod of calibraticn moat closely approxl-
mated the «f{{clenclies obtalne’ (n the }.- 42 human and manikin studles

(Sections 4.1.2 and 4.1.3),

During a one month perlod, daily calibrations have been performed
with both standards (Tables | and 2, #2 and 4) In thelr respective geometries.
68 normal subjects and 12 control subjects were assayed In this same perlod,
the results, based on both callbration methods, have been compared. This
reveals that, after 1 July 1960, th—e reported results will average 14% higher

’for potassium. Assuming no change in body burden, cesium-137 results would

be 11% higher and the ceslum-potassium ratio 6™ lower.

Further duplicate calibration is required to confirm these lnitial

results and Is currently in progress.

* U3, GOVERNMENT PRINTING OFFICKL 1941 C ~ 408403
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