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QUARTERLY RESEARCH REPORT TO THE NASA MANNED SPACECRAFT CENTER

THE MEASUREMENT OF RADIATION EXPOSURE OF
ASTRONAUTS BY RADIOCHEMICAL TECHNIQUES

January 4, 1971 Through April 4, 1971
R. L. Brodzinski

ABSTRACT

The concentrations of the radioisotopes observed in the feces from the
Apollo 12 and 13 missions were normalized to the weight of the respective
stable element in the specimens. These newly normalized concentrations
confirmed all prior conclusions regarding assignment and identification of
samples, anomalously high and low concentrations of radionuclides, and cosmic
radiation dose.

The concentrations of 23 major, mirar, and trace slements in the fecil!
samples from the Apollo 12 and 13 astronauts are reported. Most elemental
excretion rates are comparable to rates reported for earlier missions.
Exceptions are noted for calcium, iron, and “in. Body calcium and iron
losses appear to be reduced during the Apollo 12 and 13 missions such that
losses now seem to be insignificant. Refined measurements of tin excretion
rates agree with normal dietary intakes. Earlier reportad tin values are in
error.

A new passive cosimetry canister has been designed which contains foils of
tantalum, copsor, t'tanium, iron, cobal*, a”uminum, and scandium. This unit
waigas only ~ 17 ¢ ~orz Shan the origine! disign. By measuring the ~~ :~antra-
tions of the varicus sroducts of nuclear rezztions in these metals after space
exposure, the characts»’s%"cs of the incident cosmic zarticles can be

determined.
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A 210pg concentration of (2.58 3_0.41).10‘4 d/m/cm2 has been measured
in a blank foil of the Solar Wind Composition experiment material exposed to
the lunar atmosphere during the Apollo 12 landing. Analysis of the actual
exposed foil is proceeding. A net increase in 210Po activity, attributable
to lTunar exposure, can be correlated with the raden concentration of the
lunar atmosphere. (At time of writing a real net activity attributable to
lunar radon has been observed - the first such measurement of lunar atmosphere.)
The text of a paper entitled, "The Measurement of Radiation Exposure of

Astronauts by Radiochemical Techniques" is included as an appendix.
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TASK - DETERMINATION OF THE RADIONUCLIDE CONTENT OF FECES AND URINE
FROM ASTRONAUTS ENGAGED IN SPACE FLIGHT

Astronauts engaged in space flight are subjected to cosmic radiation

which induces radioactive isotopes in their bodies. The radiation dose
received from cosmic particles can be determined from the quantities of
these induced radionuc]ides.(]) The concentrations of the induced radio-
activities can be determined by direct whole body counting of the astronaut
or by indirect measurement, such as counting that fraction of the radio-
nuclides excreted in the feces and urine. This latter approach was used
for evaluation of radiation activation during the course of the Apollo 12
and 13 missions. In addition, some fallout and naturally occurring radio-
isotopes have been measured, and variations in their concentrations may serve
as tracers of changas in the biological life processes occasioned by the
space environment.

The concentrations of the radioisotopes listed in Tables I and II have
been normalized by dividing the decay corrected disintegration rate by the
weight of the respective stable element in the sample determined by a tech-
nique of instrumental neutron activation ana]ysis.(2'4) The specific
activities for urine specimens should be very nearly the same as those
nresent in the astronaut's body at the ime of sampling since all elements
axcreted in the urine must have been previously metabolized. The data for
“aces 1s not quite so clear cut, however, since the quantities of inert
é?ements excreted can e perturbed by unmetabolized elements passing
~arough e gastrointestinal {vact or by external addition, as is the case
r%n he sodiur sait bactericice. This more precise method of normalizing

{4, 5)

~-n data does not change any of the original conclusions regarding

rssiznment and identification cf samples, anomalously high and low
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concentrations of radionuclides, and cosmic radiation dose.

A paper entitled, "The Measurement of Radiation Exposure of Astronauts
by Radiochemical Techniques," which is based on the measurements of the
quantities of the cosmogenic radionuclides found in the feces and urine of
the Apollo 7 through 13 astronauts, was presented on March 1, 1971 at the
National Symposium on Natural and Manmade Radiations in Space. The text
of this paper, which will be published in the proceedings of this symposium,

is reproduced in Appendix A of this report.
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TASK - NEUTRON ACTIVATION ANALYSIS OF FECES AND URINE FROM
ASTRONAUTS ENGAGED IN SPACE FLIGHT

This program has been instituted in an attempt to foresee any possible ¢
metabolic changes in astronauts caused by conditions of weightlessness and B
prolonged physical inactivity which are manifested by an uptake or loss of gﬁ ;
an element or elements by their bodies. The primary concern is the v
terrestrially observed phenomenon of osteoporosis (loss of skeletal calcium),
although changes in the uptake and excretion rates of other essential
microconstituents of the body, such as cobalt, iron, selenium, and the
alkali metals, are also important.

A previously described technique of instrumental neutron activation

2, 4) was used to determine the cuncentrations of Ca, Na, K,

analysis {1,
Rb, Cs, fe, Co, Zn, Cr, Sc, Br, Se, Hg, Ag, Sb, Au, Sn, As, Eu, Tb, Th, Hf,
and Ta in the returned Apollo 12 and 13 fecal samples. These concentrations
are reported in Tables III through VI.

Calcium and the Alkali Metals

The functional responsibility and biological importance of calcium and
the 21kali metals in the "ody is well krown and nas been discussed previously(q).
The fecal excretion rates of these elements are calculated from the data in
Table III by dividing the tctal weight cf each element by the number of man
days of the mission,

Ca’cium fece?! excret’cr rates of 0,202 and G.39 g/man day for the
Apollo 12 and 12 mwissions respectively are significantly lower than the
rates observed “or previous missions(q). These “ow excretion rates indicate
a negligible body calcium Toss for these astronauts °f they are ingesting a
reasonable amount of calcium in their food (such as that ingested on the

eerlie manned Apd. 1o missicrs).

® 24
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Sodium fecal excretion rates of 58 and 78 mg/man day for the Apolio 12
and 13 missions seem to indicate that the specimens were not contaminated with
a sodium salt bactericide.” Assuming 2.76% of the excreted sodium is in the
feces,(s) total loss rates of 2.1 and 2.8 g/man day are calculated which are
similar to other determinations obtained for astronauts(4) and to normal
dietary intakes(ﬁ).

The respective potassium fecal excretion rates are 250 and 304 mg/man
day for the Apollo 12 and 13 astronauts. A potassium fecal excretion of
16.5%(6) leads to a total loss of 1.5 and 1.84 g/man day which is similar to
intake and excretion values obtained for earlier missions(7).

Rubidium fecal excretion rates of 379.and 667 ug/man day become total body
excretion rates of 1.65 and 2.90 mg/man day when divided by a 23%(8) fecal
excretion. These values compare favorably with a normal daily intake of
2.53 mg(s' 9).

The cesium fecal excretion rates are 0.945 and 1.16 ug/man day for the
Apollo 12 and 13 missions respectively. These are the lowest values yet
observed for manned Apollo missions(a’ 4).

Elemental Groups IB, IIB, VIA, and VIII

The physiological functions of the metals located in the center of the
periodic table have been discussed in an earlier report(4). While not all of
these elements have known uses in the body, some have suspected essential
properties and others are known to be toxic. The concentrations of the
élements of this group vhich were mmasured are given in Table IV.

The chromium fecal excreticn rates observed for Apollo 12 and 13 are
28.9 and 48.8 ug/mar day respectively. These values are also the lowest yet
observed(s’ 4) and arc considerebly less then a normal intake of 150 ug/day(g).

This may be a reffection of ¢fetary intake.
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Iron fecal excretion rates for these latter two missions are 5.26 and
7.90 mg/man day. These values are in accord with the intake values for
previous missions and indicate that the la}ge loss of body iron observed for
the Apollo 7 through 11 missions(7) has apparently been curtailed.

The measured cobalt fecal excretion rates are 4.79 and 6.25 ng/man day
for the Apollo 12 and 13 missions. These values are much lower than rates
observed for earlier missions(a) and are more nearly that which would be
expected from normal dietary intake values(s’ 9). Intake values and urinary
excretion rates should be checked to adequately evaluate the gain or loss
of this element.

Si]ver‘feca1 excretion rates of 17.7 and 12.6 ug/man day are calculated
for the Apollo 12 and 13 missions and are the lowest values yet observed.

Respective gold losses are 165 and 21.7 ug/man day. The large difference
between the two missions and the extremely high concentrations of gold in the
three samples listed in Table IV as the Command Module Pilot, indicate the
presence of this element in the astronauts' bodies is largely a very individual
matter.

Zinc fecal excretion rates of 3.70 and 8.33 ug/man day for Apollo 12 and

13 astronauts respectively are the lowest values yet observed(2'4)

although
8.33 ug/day is still within the expected range based on normal dietary intakes.
Elimination rates for mercury are calculated to be 13.7 and 21.3 ug/man
day for these two missions which are comparable to normal dietary intakes.
fhese mercury elimination rates are lower than previously observed rates ~* 4)

by factors of 2-12,
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Elemental Grougs IVB, VB, VI B, and VII B

T
i
3
]
)
w

The body chemistry and/or toxic properties of these elements from the right
side of the periodic chart has also been discussed e]sewhere(4). The concentra-
tions and total weights of the measured elements in this category are given in
Table V. '

The tin fecal excretion rates are 1.41 and 16.2 mg/man day respectively for
the Apollo 12 and 13 missions. These values are about three orders of magnitude

higher than those reported for previous missions(3’ 4)
6, 9}

and are more compatible
with normal dietary intakes of 17 to 22 mg/day Discovery of a procedural
error indicates that previously reported values of tin concentrations are
incorrect. Corrected values will be given in a later report.

Arsenic hasAnot been previously reported. However, the Apollo 12 and 13
mission fecal excretion rates are calculated to be <27 pg/man day and 2.85-13
ug/man day respectively. These values are considerably lower than the reported
normal value of 2.3 mg/day(s).

tculated antimony fecal excration rates of 11.0 and 8.28 ug/man day for
the Apollo 12 and 13 missions respeciively are very similar to those observed

(3, 9) " one specimen (Apollo 12 CMP 225 hrs.) has an

on previous missions
unprecedented high concentration of antimony.

Selenium fecal excreticn rates of 14.7 and 20.4 yg/man day for the latter
two missions are the lowest ever observed, but the significance of this fact
is uncertain.

Fecal excretion of bromine, a minor path of elimination for this element,
proceedad at the rate of 304 and 66.8 ug/man day for the Apollo 12 and i:
missions respectively. These rates are comparable to those previously ob-

(3, ).

served Three samples from the Apolle 12 mission have unusually high

WOWRMPRIAS AT T NS, 1 TRE W e ey
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bromine concentrations, and this circumstance may be sufficient to fingerprint
the unlabeled specimen as coming from the LMP.

The Lanthanides, Actinides, and Groups IIT A, IV A, and V A

While <he metaboliic functions of these elements are not yet known, the
data are reported in the hopes that they will prove useful in the future.
Perhaps tie concentrations and ratios of concentrations of these elements
would be useful in the identification of samples. Of the elements reported in
Table YI, only scandium has appeared previously. The fecal excretion rates
calculated for the Apolio 12 and 13 missions for this element are 446 and 409
ng/man day, which are only slightly lower than previously observed values(4).
Normal daily intakes or excretion rates are not known for any of these reported

elements. The measured fecal excretion rates are 136 and 128 ng europium/man

day, (105-350) and (136-380) ng terbium/man day, 1.94 and (1.05-1.2) ug

. thorium/man day, 1.37 and 1.75 ug hafnium/man day, and 1.16 and 1.33 ug

tantalum/man day.
Summary

The concentrations of 23 elements were measured in the fecal samples
coilected during the Apollo 12 and 13 missions. Most elemental excretion rates
are comparab'2 to those reported for earlier missions and with expected

excretion rates based on normal dietary intakes where known. Major differences

_ are observed in these latter two missions for calcium iron,and tin. The

excretion rate of calclum s lower than nreviously observed, and any body
calcium loss is expectnd to be even less significant than it was for the
earlier nissions. 7e excreticy of iro~ is greatly reduced in the Apollc 12
and 13 specimens ¢0 the p37:t w2re loss o7 body iren by astronauts may ro

tonger 3e a corcern. @ t'n gicretion rates reported for the latter missions
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are about three orders of magnitude higher than reported for the earlier
missions. The higher valuyes are more nearly those expected on the basis of
normal dietary intake, and the lower values reported earlier are felt to be
incorrect due to a procedural error. There is a possibility that not all
inflight fecal specimens from the Apollo 12 mission were returned since some
could have been jettisoned with the lunar excursion module. If this were
the case, the actual excretion rates for this mission would be higher than
those reported by an amount which would be dependent on the quantity of
specimens jettisoned. Due to the similarity of the reported excretion rateg,
for this mission with other Apollo missions, it is likely that all samples

ware indeed returned.
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TASK - INDUCED RADIONUCLIDES IN SPACECRAFT

In order to more accurately determine the cosmic-ray flux and energy
spectrum incident on astronauts during space flight, which is responsible for
and relatable to the radiation dose received by them, an assembly of pure
monitor foils has been developed. When these pure metals are exposed to the
cosmic particle flux, various nuclear reactions will take place which are
representative of the target element and the quantity and energy of incident
particles. By measuring “he concentrations of the various products and knowing
the probability (cross section) for each observed reaction, the number and
energy of incident particles can be calculated.

The assembly of metal foils was incorporated into the passive dosimetry
cannister. A new cannister was desiined with positive sealing screw caps and
a thin {0.0075") side wall to reduce the attenuation of cosmic particles
entering the can. The can was then lined with concentri: sleeves of 0.003"
tanta’um, 0.001" copper, 0.001" titanium, 2.002" iron and 0.002" cobalt side by
side as a sing’e sleeve, and 0.004" aluminum foils. The standard dosimeter
cluster, with the addition of about a 1/2" length of 0.020" diameter scandium
wirs sealed “n glass, completes the cannister assembly. The entire unit only
seighs ~11 g (7%) more tian t7e origiral system. An exploded view of the
new design 7s shown i Figure 1. The tartalum, copper, titanium, iron, and
aluminum fo'ls ara ‘ntendad as proton flux monitors, and the excitation
functions “or tre procuction of rany of the spallation preducts antiainated
to be presens ‘7 these Fails after space cxposure are well known. The cobalt
foi® and the scandivm wire avC intended &3 thermal and epithermal neutron
reritons s‘ree e capture cross sections and decay characteristics of the

producss are fdeal?; suitzd for measurement after extonded space missions,
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One of these new dosimeter assemblies should be flown on each of the
remaining Apollo missions to determine if any design changes, such as type
or quantity of metal foil, should be incorporated before use of this system

on project Skylab missions.
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TASK - SEARCH FOR LUNAR ATMOSPHERE

Radon decay product analysis of the Solar Wind Composition (SWC) foils
exposed to the lunar atmosphere by the Apolloc 12 astronauts is presently in
progress. The radon atoms present in the lunar atmosphere from the decay of
surface uranium should embed themselves in the SWC foil and, through several
rapid radioactive decays, bz transformed into long-lived 210Pb. By measuring
the concentration of 21tPo {granddaughter of 210Pb) in the returned SWC foils,
it should be possible to characterize the radon concentration in the lunar
atmosphere and, therefore, the uranium concentration in the lunar soil.

In order to obtain maximum sensitivity, a new low level Ortec 3255 alpha
counting systen is being calibrated ,r the determination of 210pg. The
syster: has an absolute efficiency of 31.3% for this isotope and a background
of 0.0002 counts per minute. The 210Po in the S¥WC foils is separated by
dissotution of the foil and autoplating onto a silver disc which is then
counted. The silver disc and the reagents used in the process contribute a
negligible emount to the measured ZIJPC activity. Blank SHC foil G 3C-11
(0.2178g, 53.24 cmz) has been procesred, and an activity of {(2.58 + 0.41)
.lo'qd/m/cm2 was observed, This can he compared =0 a 210Po activity of
(2.9-6.6).10'4d/m/cm2 abserved previcusly in a similar blank foil measured
or a “oss sensitive counting system. The Aootlo 12 SWC foil exposed to the
luray atmosphere, G "7-7-6-7, will be analyzed for 210Pp content in . near

future.
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The following table documents the expenditures according to task and

total cost incurred from January 4, 1971 through April 4, 1971 for the work

reported herein.

TASK
Determination of the Radionuclide Content of
Teces and Urine From A:tronauts Engaged in
Space Flight

Neutron Activation Analysis of Feces and Urine
Srom Astronauts Engeged in Space Flight

Induced Radionuclides in Spacecraft
Search for Lunar Atmosphere

TOTAL COSTS

EXPENDITURES

$ 4,062

4,062
1,355

2,708

$12,187
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TABLE I

RADIOACTIVITY IN FECES FROM APOLLO 12 ASTRONAUTS*

dis/min 22Na  dis/min %Fe  dis/min %o dis/min 1¥cs
Sample per g Na per g Fe per g Co per g Cs

Unlabeled (2.8 + 1.9).10°
LMP #2 (6.1 + 2.4).10"
LMP 23N (1.7 + 0.5).10°
COR 56 + 31 (3.8 + 2.3).10%
CMP GET 79 2100 + 1000
CHP 225 Hrs (2.5 + 1.5).10*

* The radioactivities have been normalized by dividing the disintegration rate

hy the waight of the stable element anc¢ decay correcting to the splashdown
cate, 11-24-69.
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RADIQACTIVITY IN FECES FROM APOLLO 13 ASTRONAUTS*

dis/min 22Na

Sample per.g Na

3l 5.6 + 4.3

#2 39 +17

#3

#4 5.6 +1.8

#5

#6 0.99 + 0.73

dis/min

59Fe

per g Fe

(2.58
{3.00

(2.78
(5.46

+0.05).10%
+0.07).10%

+ 0.05).10%
+0.83).103

dis/min %o
per g Co

(7.4 + 3.0).10°
(8.3 + 3.1).10%
(2.2 + 0.9).10°
(8.2 + 2.5).10°
(s +3).0%
(3 +2).30

dis/min 13765
__pergCs

(1.12 + 0.01).1¢®
1,75 + 0.02).10°

(6.63 + 0.13).107
(8.8 +1.8).10°

* The radioactivities have been normalized by dividing the disintegration rate by the
weight of the stable element and decay correcting %o tie splashdown date, 4-17-70.
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THE MEASUREMENT OF RADIATION EXPOSURE OF
ASTRONAUTS BY R/ TIOCHEMICAL TECHNIQUES

R. L. Brodzinski
Battelle Memorial Institute, Pacific Northwest Laboratories
P. 3. 3cx 999
Tichland, “fasr'agtar  ©9352

A3ISTRACT

The principal gamma-ray-emittirg radioisotopes produced in the body of
astronauts by cosmic-ray bombardmen’: which have 1alf-1lives long enough to be
usefui for radiation dose evaluatior are 7Be, 22Na, and 2'Na. The sodium
isotopes were measured ‘n the prefl ght and post<light urine and feces, and
those feces specimen~ cc’lected aur'rg the mennec Apo’lo missions, by analysis
of the urine salts an¢ the ~aw feces “n “arge crysta’ multidimensional gamma-
ray spectrometers. The 7Be was cherical’y separcted, and its concentration
measured in an all NallT1), anticoircidence shie’ded, scintillation well
crystal.

The overall sensitivity of the >xperiment was reduced by almost all
variasles such as low concertrations of excreted cosmogenic radionuclides,
h*ch crreentretions of injected radiruzl’des, lov sewple sizes, long delay
periocs before analysis, and uncerta’n excrat®on -ates. The astronaut
Frei1%%0n dese in mit1 reds, as dete:rined ) this technique, for the Apollo
7, 8 9, "6, 11, 12, av¢ '3 issions vas 3. 16D, <3°5, B70 + S5y, 31, MO,
and <5 resicetively. o view of s drdtations his technique would be

5% e’ ied S cescs ¢F ~murredly hish enposures. sust as that encountered

fro~ sy cr Fares,
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INTRODUCTION

With the advent of space flight, it has become necassary to determine the
radiation dose to mai from exposure to the galactic, Van Allen, and solar flare
narticles. The high-energy galactic portion of the spectrum is fairly constant
and has a relatively low 1'ntensit,\(. Th2 high intensity Van Allen radiation is
of medium energy and localized in space. However, the solar radiation is not
so prodictable, and the flux and energy of particles from the sun can vary
tremendously depending on sclar act®vity. Since high levels of radiation
exoosiire are possible, radiction dosimetry which wil! properly define radiation
exposures is essential in space research programs. Dosimetry methods empluyed
thus *ar, such as nuc’ear erwlsion f4'n3, thermolumirescent dosimeters, and
ign‘zntion gauges provice v [ usaft” ‘ndirect methocs for estimating radiation
dose hu* are subject ‘o "im'tations. Thev measuve orly a surface exposure at
a speci“€ic noint(s} ir “he spacecraf. o= on “he astrcnaut's body rather than
ar ‘n-egral whole body exposure, anc %ny rave a 1in'ted sensitivity to large
var'e ‘ons in particle enercy. Some of ¢he “rherent limitaticns of these
exterina® dosimeters ave :vo ded by vty the indiced radioactivity in the body
2% on oastronats as a reesure of his ~"atfon exvssure. During a space flight,
mgcepeelides are crocuead “aroughou s e entire body of an astronaut, and the
aseresien atns ace ralated directl s 0 4e cosmic par;icle flux within the
w'y. ha ohsolute ard velotive ame 5 af the varicus vedioruciidec hear a
~eepe velattonshiz tc % e nters ty 7 arengy sioe’vum of 44> particles which

L CGtee g Deteeton” carage.

he eodTotder CoEn ceceiver fre o e o2sT7¢ rarticies car. ac determined

R . .. 1,40 ..
o ee gue it ¢ies b 7 durzd radic fdrg- e, T'n amounts ¢f these
Fpe- et b Tow e « erringe ¢ o meze Cocank, C.e., who'e body
R I SIS TR L I S S A SUEre ocep Loyeh as count g the
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i ~adionuclides excreted in the feces and urire. The latter anproach was used
“=r avaluation of radiation activation during the course of the manned Apollo

1.85t0NS.

The principal gamma-ray-emitting radioisotopes produced in the bedy by
= 20.5 min),
= 15.0 hr).

:osmic-ray bombardment are 7Be t 12 ° 53 day), 11C (t 1/2

S {t 2 = 9.96 min), 22Na (t 2 = 2.60 yr), and 2%Na (t 1/2
"he orimary mode of production of 7Be and }1C is tre spallation of carbon,
aitrogen, and oxygen in the body. The 13N comes principa’ly from the spallation
7 nitrogen and oxygen, the 227a from the spallaticn ¢t sodium, phosphorus,

ind calcium, and the 2“Na from the neutron activa‘ion of natural sodium. Of

these, 11C and 13N zre too short-17ved to he measured by any method other than

-~ ri{~act determination, and :h's d ~ct courtine weuld tave to be done as soon
5 aessible after recovery, This s unforiurate, since these radioisotopes
. e rocduced in the “argest ab'ndance. The mad’onvclides 7%e, 22Na, and 2YNa
e, vowever, sufficlently loag-lived to frcilizate “heir use in making dose
w;imates “rom measuremen” o’ “heir quantiies “n vrine and “ecal samples.
otrer radioisctopes were . '30 expecter “o he present in the bioassay
vrmies, I addition to <he a‘nwereatione cesroren’c medioruclides, mrasure-
“vnts 7 naturaTly prasens "X pomally oo v TBe, 22V, and 137Cs; and
W0eogrs 3972 whier v ader ed Cor nedios? suucdies ware 77so made.  Another
! “epgone , 008Co, 1as detestrd avd quant Grtivety meazure” v some of the
W3 R, SatEcEions fe €02 os ngenic T and 2a st e made to eccount
S odhe cupptit es 0 these o "oiotores vrrn”Tr accu~in im the sedy
Ceasse o Faliey, Mod tatte , a d etrer C oToas e evacestas,  The quiontities
v omey mote v pmgraing 400 42 ke TnfenmI M0y snr 2% “a the diorssay
i os conld sevve os eler ¥ 0T emerwz 0 o e ghongzs of metaxlic

LY.
.

[12)

cesosses v ing e torm i € amg




In previous studies, induced radicactivity to radiation dose relation-.
ships have been established for the radionuclides 7Be, 22Na, and 2%Na as a
function of energy for proton ombardmznt of muscle tissue(z). From these
relationships and from the ratios in wr'ch these radionuclides are produced,

*he “effective proton enzrgy" of cosmiz rad*ation incident on an astronaut can

Ye detzrmined.

exposure received by ast~onauts from m2zsurements o¥ the

in their bodies.

“pometry. Any samples o”
apcetadiy hetling to dvir
The remaining <2

(

sapi oy spectrometers
gn, ard Y7Cs. The £2 4

diiztad 0 hnowr volurs,

cetivation enelysts to 4t mine the c

w0 Yiwmowees nder o

3 T rd fraesforrst e 2

o0 eeriTer ot 2
ST AT Dol dh
-
e me Jgnw
. T R T TR Lo

EXPERI"‘EYTAL

collected in flight were analyzed.

we'e
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This al’ows the direct estimat’on o< thke

Preflight and postf'ight urine an- fzces and those feces specimens

lurar landing missions, al® samples w-
thus al'owing the short-"ivec adionuc
tthich wore of small ve'lue wera solidi
of CaSQL to 25 m° or less of tie rew u
‘nit al wlu s
is tifth niv

8 iere oot
- for deter °
ohev -

N afquet o

“ha coletion
"0 Y melw

C.. -

Du~ 19 *he quarantine period following

ic>s to fecay.
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whole body radiation

radionuclides produced

- 10% imrediately available for analyses,

“he urine specimens

“c7 orior to ana”ysis by the addition
<=2 'n crder to “orm a standard counting

“rrater then 25 ml were treated by

anfc o (astrpy the organic metter

“n “oge crystel multidirensional

‘tior nF L2Mg, 2Y%4a, YOK, SlCr, S5%Fe,

-r2'c HCY solitior and

Toeetrticr wis aken <or neutron

veptteae of wehle elenarés - She
e rTed r v ue to aptroximately

cemeed oy cube,  Aszroximately

tpovare ed 1, and o2 soTutton
“vowEr v vzion the cpesretent
TeTh et cdded to % 2 ruraTring
= vz, e eentrifi33%cn the
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supernatart liquid was transferred to a clear centrifuge tube, saturated with
NH4C1, anc heated in a water bath. If necessary, additional NH4C1 was added
unti? a Be(OH)2 precipitate settled from the solution. The solution was

“hen centyfuged, and the suvernatant fraction was discarded. The resulting

suantitetive precipitate containing the 73e activity was countea in an all

Ly
B PP

(7)) anticoincidence shielded, 7-inch ciameter scintillation well crystal

‘r the zbsence of all interfaring activities. This was necessary in order

"¢ measure the relative’y srzll quantities of 7Be present.

‘aca” samples were throraughly mixec in their co'lection bags to ensure

“cmogameity of “he specimens. 5 small covrer was cut of¥ each bag and

i igunis were extruded into stardard counting geometry containers for measure-

nets an rwltidimensional gamma-ray spzci~eret'rs  of the radioisotopes
“Ya, 0K, 51Cr, S59Fe, 60Co. anc 137Cs, S-marate aliquots were wet ashed with

“Sptz ee’d and hydrogen peraxice to des:-vr tre orgonic matter present.

“ha wasiiing salts were cfesolved in di”uiz aferic acid, and the same pro-

niun3 cs abcve was fol ovac for separat . of the 772 activity.

1 “un'neus materia® ¢ rosed of %' T rfcrospheres nixed with a scintillator
i5 yend crterstv2"y I che :oecccraft ir -owiic switch “ps and sighting

cek®ne mivowers,  Bece

Prene pond dn

2 0F t-g high rejection rate of

e, ogaused Sy pary o leaks, otta ‘s cors corgcern about the

1 887 Ve tmasene: of 197 o the weight a3 smece copsuie environment.  For

Tascr v esto s, aperor iR’y 10 mg T ov'xad rare eatths were acd 3

“exg o vtap 2 wat asl T These we v v serve s citriers for 7P,

¢ oo garsily oz oy on o mgesied Smorred emd ts, TMis rere earth

ettt eaarated Tart ch2 erylTir- Toeaiton ates ooz dindel] HHAOH
cg Yoy Drocfssetdeg 2 rresipt a0 - erpre fmaly 8 ml of 3M MO
o 2T At AC e G HF, Centy N Fee se erait the rare eart:
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precipitate from the Jeryllium in “he supernatant solution. The rare
earth fraction was then dissolved in “wo parts concentrated HNO3 and three
narts saturated boric 2c*d solution and reprecipitated with NE40H. After

cantrifugation and decantation, the precipitate was dissolved in dilute HCI;

anc saturated oxalic acid solution was added to precipitate the rare earth
oxz'ates. The solution "vas centrifuged; the supernatant solution was
decantec; and the quant?:ative precin’iete was washed with alcohol, trans-
“orrec to a 1-inch diameZer stainless stee! dish and counted in an end
wndow, gas flow beta counter for tha reasurement of 147Pm.
RNTS

The results of the ind‘vidual ¢ ::3ipations are given in Tables I
Zhrough IV. All data 1zve besr normy “red to a gram of feces, a milliliter
of ur'na, or a gram of t-e vespectiv: ::>'e elerent as determined by a
%2c n’que of instrumert:” neutron ac:infom ana’ysfs(s). A1l data have
1237 d2cay corrected to *he *ime of :~":ghdawr o each respective mission.

12 ricsults of all “he » dicauclide = ~cTerés in h2 excreta are given in

-

£ £ es although or’y 2 concent ~-* 1z of the cosmogenic radionuclides
71y, g, and 24%Ne are 2F “rportanca <Mre k2 suhlec” matter of this communica-
SPor,. The variovs saraTue o the téy : ace Visted w <he letters A, B, and
Joar L COR o ard SO e difankify 0 0 S9vidual st anaut.  “hose samples

4. The collec“ion

“istel oy norhars e oo d2 tified ¢0d b EreriTy ¢

sdwe 7o apcsh spacti ¢ ogver &5 b ol In-. or Fes -fiight umless move

2l e e, frw v ooz s ners 40 21 psad timwe irto %2

ci3gyar tm o, She ot Fofollr i v nuter cdizates thit nutoner
€y

Pmoen et pg fAm et U e mafc - 8 aha i ddipg aftae spTzshidown,

2ef oo dhn Fiwgd 20 vre ot TR2T 2 ~TE sl chdver eod J3y 2 is thae

[
(2]
~
<
o
)
P
10
4)
—t
.
LN
r
-3
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The average values of the cosmogenic radionuclide concentrations in each
basic flight period are summarized in Table V according to the various methods
of normalization. The increase in the activities from preflight to inflight‘
and pos:flight periods should be indicative of the exposure to cosmic radiation.
The concentrations of each radionuclid2 increase rather regularly for the
_ApolTo 7 mission regardless of the methoc of normalization. However, the
feca' dzta for the Apollo 3 mission ar2 cuite irregular, with only the urine
vata demorstrating increas2s ‘n the cosmcgenic radionuclides. The Apollo 9
2 "3 m¥ssions show increases in the 73e concentration in the urine but demon-
strate tecr2ases in the %2 a concentra”’cns while the reverse is true for
uﬁt"o 1. Regular incr2zces are shov for Aps1%0 10 and 12.

“he {ncreases 1n cosr:genic radis z¢‘viZy from preflight levels to those
#¥fter avposura to the spacs ernvironmer” zm2 almost cer%ainly due to cosmic
e els activatfon. Equatine the mac itude of the ‘ncrease with the
~¢ianion dase deliverad by the partic o is s%i"1 fairly difficult, particul-
g whon the dose is quitz srall as ¢ 5 men ~he case on all manned Apollo
siasiens ¢rus far. Concor@ra®ions no: »' 727 %o the 2%t mass or volume of

“=ata ars net e vy aton in t o aece’cal {ivrtion of the specimen.

aeantratiore nowra” T2e ! € e untt L oF that e element in the feces are
syt e Ty rarie” o n the gquar L 2= ¢ gmietanlized elements passing
Mye oo moatmiogestts T cract. U v 20 vuartfties of radicnvclides in

-

dea eyl " Taed s o arsunt 0f ot 0 € enzd ezsent can be exnacted

oo ceras T penresantic 2 0F ke o tte activiy in the whcle sody

svace e L o erzat e Ty tetrhy 0 teriadl
rteen, v Ts o v ez erke o0 s viieatiens szgardirg the percen-
RE ) 2 s T Ta elemar ~-yie” 4n ha ezes or grine, the
oo vy o7 Trges ocr o cad e Toeataniaaticn” of “eces

) L T ST S S & i3 ol ol = a%3 wt M the zxerimental

——- e N R R
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T
resu’ts for proton irradiated muscle tissue( ’ "), proton irradiated radio-

(3)

therapy patients‘~’, and neutron irradiated radiotherapy patients(4). In this
manner, the average effective proton energy “ncident on the astronauts and

tre radiatior dose received by them ccn be estimated. The details of these
celculations will be omi%ted here since they are given elsewhere(g']z). The
resuits incdicate an averrge effective proton energy of 38-40 MeV incident on
the Apollo 7 mission astronauts and <38 “eV on the Apollo 8 mission astro-
neuts. Radiation doses of 480 + 310, <375, 870 + 550, <480, a7d <250 millirads
fer <he Apollo 7, 9, 19, "2, and 13 1riss‘ons respectively are calculated.

Since the specifi~ :ctivity of <he cosmcgenic radionuclides in the urine
shou™d be a more accurete renresentaicon of the wrole body burden of induced
radioactivity, the speci’™ic cctivity o %7e ?%la “n the postflight urire of
astrorauts *s compared t. *he spacif'c az%ivity of 22¥a in the urine of
rac¢iotherapy patients who nae receives » knevn rediat“on dose. This com-
nariscn leads to estimated cosmic radiation ccses recn’ved by the astronauts
on the Apol 0 7, 8, 1, 'nd "2 missic»s o7 227, "0, ™7, and 170 millirads
respectively. It shou'd he roirted ¢’ “»ro ~hat the uncertainty of the
data c'vep "n Table ¥, a'¢ hrnce of 15~ rae"ts, is cuite large in some
TRSTET Ly,

DISCUIgTn
Carirgip e the ra’sticaships t-aon *sduced activity and radiation

.

#3820 o @ straigatforward. e propattTc v for prrocuction of a certain

Fayieps 7 42 hedy oF o as rorevw: Gt Tcatly o frontion of enargy

o” Fo pyelon.

& Sreter of g oereme e o theroft

wy oo fr e e e e e, Sush
Comoppl Peomavers” cvYYanInt Tt
! cer oz

Simitar® . %2 redet o

tose fvor 2 <rsnic nrotor fs also
Teruier cntivity ‘s Togically
Teratt o vn o heen enpirica’’y

s ETC "%

TTTaTns enty o
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In practice, howaver, the procedure is not quite as simple as that just
described. A calibra:ed whole-body counter is required to determine the
ouantities of induced redionuclidrs, and a high sensitivity-low background
iastrument would be rrguived to moesure 12 small quantities of radionuclides
“vduced by the low "er21s of cosm ¢ radia“ion encountered on a normal space
“1ight. 'n lieu of %12 availabil ty of a suitable whole-body counter, an
*ndirect aporoach such as that usi¢ im th's work can be applied. The prin-
cirzl Yim7tations t» :Mis method 1wve already “eer touched upon above. Only
7 stal® and uncerta‘’n fraction of “her “nduced activity is eliminated in the
oxcrata, Thus only £12 soecific 0% v 4y of an irnduced radicisotope in the
~eing can 32 extrapn” e %0 the 0 @ 'y burder with a reasonable degree
~f 2ccuracy.

¥riTe <he eff <7 incy of low- cue' sarmle ccurters is routinely several
ardars 0F nagnitude L 3%e~ than wi " n-bodyr counters, the small fraction of
e $0%e bucdy astyvi iy in any bi v 5ray semle ~ecduces the sensitivity of a
wreeior mecsure ont oy the point T a2 T s Titt’e better than that of a
U dresede oupt, e wrylieate o TR tfor Tn tYYs werk even further,
ioarce ceril Fa atiaur o7 p3%-7 izh urine spacimens from

sanrarts o0 v oee Yyonty T e 58 97 g 20-hour coltection has
ST e e s erRlide ¢ ey Tam masitements.  An additfonal

Moo e e T aop=t - S erTar vVaster s (Apollo 13 oxcepted)

cry orretde 30 v Tspleptr C 5y astoyl s for madical studies.
b oL Tt o s e not 3 2y Gasmogart adionucl ides
A T B AN e Y 2 ovoan 1l recuracy of “he
SR g oyt et 7 ska Tyrgp Tanding
- o , oyl Lo sazcimars wiich allowed

Ceen BaEEERS ST TR T3t T g et 21 contribute
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to the reduced accuracy and sensitivity of the measurements reported herein.
In an effort to improve t1e situation, a high sensitivity combination whole-
Sody zounter ancd sample counter has bzen proissed which could be rapidly
4577 ize¢ after 2 mission even ondoar? the r2covery vessel) to make accurate
meesurcments of the whole hody burden o” racinnuclides in the astronauts.
The corbination of direct meesurzaent o° whelz body burdens of radionuclides
art th: ear’y measurement o€ relatively lz~ce gquantit‘es of excreta should
e ek more accur:ge ¢rse stimetes soss dle.

T %e tecinfque “or riesurement ¢ 7 irt'on dose should be perfected
2~'rg reutin? spoce nissions so that - v 2vent of an unusually high
2A0sure, such as vieht T exnect2wd £ = 9o ar flare, an accurate deter-
Tantfep of “1e radiiior doe2 can be ii%~ir2’, This situation would be
T3E)

Sy oeetes £0 Tse nealare erticalic s o ats where corventicnal

<3 matey fecitques 2 entandsd ar “ro2 ralivectivity was mrasured

o whoeprnt I oradfat o dese rac2t v 0 Lz endser individuals.
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