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LEGAL NOTICE 
This report was prepared as an account of 

. Government sponsored work. Neither the 
United States, nor the Conimission, nor any 
person acting on behalf of the Commission: 

. . 
A. Makes any warranty or represe11ta-

tion, expressed or implied, with respect to 
the accuracy, completeness, or usefulness 
of the information contained in this report, 
or that the use of any information, appa­
ratus, method, or process disclosed in this 
report may not infringe privately owned 
rights; or 

B. Assumes any lia:billtfes ·.With respect 
to the use of, or for damages resulting from 
the use of. any info r mat 1 on, apparatus, 
method, or process dlsc_losed in this report. 

· As · used in the above, "persQn acting on 
behalf of the Commission" includes any em­
ployee or contractor of the Commission, or 
employee of such contractor, to the extent . 
that such employee or . contrac~or of the 

: Commission, or employee of such contractor· 
!prepares, disseminates, or provides access 
( 

to, any information pursuant to his employ-
~ . 

, ment or contract wt~ the Commission, or 
. his employment wlth such contractor. 
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I. Introduction 

MASTER In order to assess the dose ci1..~ to the natural radiation in 

the human envirorunent, the internal radioactivity of the body must 

be determined along "1th that of the external radiation. Much effort 

has been expended ir. '.l~iOer.:i;r:.,.t.ion of tc.e artificial backgroun'i from 

bomb fallout.. whereas c.r• "- 1111.1eb smaller scale this has been dcne on 

111 l.O 226 
many c! t!ir n..~1.1rcJ.ly occurrir:b radionucll~~s, such as C , K , Ra 

2·>8 11-'.' 14 
and Rc. - ' ' :: t1.ccc1111t11 f;,r httle .:if the doaeJ -lthougl1 because 

40 
of lt~ Jol!ll.inon ln ~he cell 1111c.l.aus, it ;:,ay oe llll(f:e 1inpcrtan·.. K , 

on tht Cltheir r;.lltlllJ ~ccount.~ 4',c,_· "° app,·<!ciable fri.c~ Ion~:: th" internal 

absc.rWd ::. ;~ in thd body, ( ;) but its biological ;.::;;,:.4_ ioancx, ii; 

con,ld•l'&t:y ::-educed if rui "". T.att>d .'2~ -~ 4 for alpha particles is 

as£wr.~d. 

One r-uri;ose of these studies Is to lcc ... te l.atp hii.:ian j;)Opulai;ton 

broups which are identical to other ,·row;is, except for diffen:ncas :n 

exposure to natural radiaticr.. Thus, t.here is the possibility 01' 

studying low-level radiation effects on humans. Natural radiat!o'1 is 

cf par".cu:...i.r :.nterest because it may allow the djscovery of very large 

population:; {that is, 100,000 or more) which llU• experienced know:-. a.'ld 

const.~nt U:'etime expc3ures. Such groups have ·ce:~:, fn•md ir. certe.ill 
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secticns of Illinois in which the Ra226 ~keletal levels in the population 

11re 10 times those of their neighbors. The differences are caused by 

variatioi:s in the Ra226 concentrations in the drinking water.(l) 

RaD is another such nuclide. As shown in Fig. 1 (Slide 1), RaD is 
\ 

a Ra226 decay product, but one does not expect it to follow the parent 

beci.use of their different chemistries and the long half l.i.fe of RaD. 

7he xost importa.'1t difference is that RaD is derived from the rare gas 

intermediate, Rn222, which is easily'translocated from the parent Ra226 . 

Only in the 1'1st fev years bas naturally occur.ring RaD been 

studied. Dudley, (6 ) estimated the body content of this nuclide to be 

about 10 times that of Ra
226

. Considering th" amou.'1t of information 

available at that time, th~s conclusion was quite reasonable ~hen 

compared to the subsequent measured values of Black(7l, of Hill(B) ar.d 

of this la.boratory( 9 ) using ~mall sectio:is of bone. On the other hand, 

Hur ch ( lO) measuring whole body asi1, found the RaD content to be only 

<.bou~ 1/2 tnat of the Ra 226 . 

II. Experim~ntal Technique 

Jor this study particular effort was devoted to the determination 

of RaD, Re.F and Ra226 in hurui.n specimens. These consisted of surgical 

and autopsy specimens of >Oft tissue ar,d bone obtained from medical 

sv\.irces. 

7he RaD was determined by a.~alysis of its decay product RaF (Po
210

) 

(Fig. l)(Slide 1). I·be analyses were performed by first wet asbing 

the samples with nitric and perchloric acids. Next, the r.itrat~s were 

destroyed by repeated fumingn with hydrochJoric acid, a.'1d finally, after 

adjusting to pH 0.3, the ?o2lO was pl~ted onto a silver disk at 90° c. 
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It was then alpha counted.(7,9) 

Ra229 was determined by the radon emanation method of Lucas.(ll) 

The ash content was determined from ·ch,e calcium, expressed as C"-lcium 

ph.:isphate, which, because of a se1·ks of compensating factors, is equiwlent 

' to the ash . ( 9) 

III. Results a.~d Discussion 

Interpretation of these measurements to obtain meaningfu.l 

concl\.sions involved certain problems. The first, was that of the 

sampling procedure, that is, ~o determine if a particular sample is 

representative of the whole. Only small samples were available and even 

if larger cn:es bad been available, processing would have been difficult. 

Thus, it was necessary to determine bow well they represented tile "'!tire 

skeleton 'l.".d body. Th~-' was <bne by the use of sets of bone sections, 

titia, sk ~1, mandible and either rib or Joint bone, in whi~h each aet 

was from a single individual. Data from 8 sets are sho·.;n in Table I 

(Slide 2). 'h'ithin a fac·.;or cf 2 or so (with a few excepi;ions) any given 

·oone '1ppears to be representative. Table 2( Slide 3) shows the Ra 
226 

concentrat;ions to be relativi!ly constant within' a ;,;iven inci.ividUal, again 

with a few notable exceptions. Because of the fairly high proba~ility 

that a given bone represents the t?tal skeleton (as defined by a few 

samples}, and for lack of a better bypot.l:esis, it has t·,en assumed that 

the distribution .of RaD is uniform within the okeleton. 

The second problem considered was the whole-body distribution of 

RaD. The results in Table 3 (Slide 4) show about 60'{. of the activity 

to be in the skeleton, a resuiL also in agreement with that calculated 

from the metabolic parameters of stable lead. (l2,l3) Since the skel'"ton 

constitutes abo\:.t 10 to 15i of the total body w.oigbt, and contains more 

-3-
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than 6'Yf of the RaD, the dose rate tc- the skeleton is,about 10 times 

tliat to the other parts of the boC:.y. 

Finally, the problem ~f the RaF-RaD equilibr.i.L'lll in the skeleton 

was considered. This is important beca''"" the dose is essentially due 

to the alpba-emitting RaF. The results 1'ere obtained by analyzing the 

• 1aF w-1 th!.r. a few w-eeks after surgery and then again after several months. 

Table ~ (Slide 5) show-s the RaF to RaD r~t~~ to oe l:c ± 0.2 and thus 

the ~etabolic propertles are essentially controll.ed by those of RaD, 

that is, on the ~verage, there is little e>.eess or deficiency Of RaF 

over RaD. 

Fig. 2 (Slide 6) is a plot cf the RaD vs. the Ra226 concentrations 

ln 128 sru:iples from ~bout 100 

and in a given Ra226 intervaf 

n;ay i·an;;e nv-=r a factor of 6. 

individuals. There is litt~e correlation 

of 0.01 pc/<. ash, the RaD .::oncentrations 

The R>ill 1oes appear to increase With Ra226 

' •acent1·ation ar.d all points, except two .. lie above t:~e line: 

(Re.D) ~ 0.56 (R/:25)' .71 

Yhere t~e pare:.1tbesi.;og refer to the concentru.t~or.. :.n units of pc:./g ash 

of the enclosed sp2cJes. The ,,ignificance of this line is unknJw-n. The 

two points below the curve are less signifi<!unr. t.han the others bec:<.'lse 

t"1ey are data from speciOJ.~ns e-btained from <·hiLlrer. and there b some 

evidence that children have .1 over RaD concent::-atc' •ns tl:an do adult~. ( 9) 

r·o6 The ov~ro.11 average of Ral) was C'.146 ± <.l.020 ~·c/g c.sh and of Rac-

0.037 :'.. 0.007 pc/gash. 

'i'able 5 , Sli.ie 7) shows the RaD co::centratlon ir. the tr~bec<1lar 

bone samples to aver~.;~ .).15 p'"/g ash, about 75% greater than that in 

cortical bone sample, • The average RaD concer.+ration in men, 0.16 uc/g 

ash, was 351' higher tlun the 0.119 pc/gash in women. While the 
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trabecular and cortical samples are not uniformly distributed between 

the two sexes, the average for each respective type of bone is higher 

in men than ln women. While there are many questions involved ln the 

sampling proc~dures, these results do indicate the RaD concentration 

is hi@ler in trabecular than in cortical bone and is higher in men than 

in vomen . 

On a regional basis, there ls no apparent correlation in the 

m~asured population a~ show-:i in Table 6 (Slide 8). This is a series 

of meas;.irem~nts on rib specimens from 14 people \Ibo lived ir. Chicago 15 

years or more. The concentratious ra.1gc over a factor of 6, but average 

0 .177 pc/ g ash, :.«1ich is sligh~ly higher tl:a:1 the overall average cf 

0 .146 pc/ g e.:h but it is about the same as the a·1erage trabecular bone. 

226 . 
'l'he Ra values average 0.01_5 pc/ g ash, which is about that expected 

in Chic~go residents.(ll) 

We have also tried to deten:iin~ the source of RiUl in the body 

and, a5 sho•-n in Table 7 (Slide 9) six sources are considered: Ra
226 

222 e.:id Rn i" the boi!.y, Rall ln potable \Oater, RaD in the atmospnere, 

short li V·?ci. Rn 
222 

ci.aught.,rs in the air and Rall in food. 

Us~ng the exponenti"-1 model for excretion an1 the parameters 

for lead .a.1d J3aJ) metabolism in the "Standard :-lan"(9,l2,l3) based on 

those given in the Report cf the International Commission of Radiation 

Protecti..u:i, we have estimt~d the contr~:Ju.tions of these various sources 

to the body content. The contribution of drinking water appears 

significant, but the value used is extremely high, (9) ab0t:.t 10 times 

the average, and cons:quently, few people would be exposed to this. The 

Rn222 value of 3- pc/l is also high.(l4 ) We conclude, therefore, that 

in most indi.viduals the only significant sources of RaD to the body are 

food and air. The general agreement of the calculated vith the measured 

values is significant, al"hough, because of the assumptions in the 

-5-
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C!ilcuU.tions and the great range· of t.he experi:nental data, the close 

a;;reen:ent is fortuitous. 

Finally, the data presented here may be used to estimate the 

in~ernel dose rate du~ to RaD and its daughters relative to that from 

the Ra
226 

chain, Fig. 1 (Slid0 1). The effective ~ose is given 1y the 

product o! the average energies of the emitted particles, an RBE of 

four f'vr alp.l:ia particles and the fracticnal retent,:Lon of the nuclides. 

For Rc.il and its daugi;ters and for Re.22;,, the retention is one; for r..1222 

and its dac.._::te"."s 1 it is 0.3. (l5) Consequently, for a given activity 

cf each parent nucli.de, the !"atio of effec:ti~1e close rates of Ra.D to 

Ra
220 

is 0.5. TaLle 8 (Slide 10) sho>:• the ave.·age Re.D coc1cen1;::-ation 

of 0.J46 pc/gash is equivale1't t~ a Ra226 concentration of 0.073 

pc/g ash. ~his is about tw~ce the n:easured Ra226 ~oncentration i~ our 

sa:::.ple$. It mu.st be noted that. this i'e..ctor vf :2 is actually a zn:.nimum 

sic.cc these oa!iiples include a relati v~ly ~arge frac;;ion frcn: pecple 

reso.d:r.g in areas with high Fa
226 

dr:nking water. Most reople live 

in low-le,el areas, such as cr.icago. (ll) Consequently, over i;he wbole 

country the RaD dose-rate levels are actually about 5 times those cf 

Ra226 Since the dose due to Ra228 in the body is abcc:t ec;.ue.l t;i -:.hat 

of Ra 226 , ( 16 ) the RE>D dose lS about 2-1/2 times that of the two Ra 

nuclidt:s. 

The radiation level,- of Rn._I me.y be also compared to t;1ose or 

sr90 . If an RBE of 4 is asswned for e.lpha r;articles relative to that 

of betas, and the sr90 concentration is about 0.5 pc/g ash(l7), then 

th~ Ro.I) dose is about 10 times that due to Sr90. 

-6-
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IV, Conclusion 

It must be conclud"'d that because of the d:f:.'ico.Llties in 

determining the RaD and Ra.F contea~s of the skeleton, the total 

dose-rate the•ei!l may be difficult to estimate. Moreover, because 

226 of the lack of correlation between the Rall and the Ra concentrations, 

tr.e re la ti ve dose rates cannot be defined as a funci:J.on of geography. 

The stat is ti cal uncertainties in any associated epidell'.iological study 
• 118) 

would thereby "e increased.' Some of the difficulties might be 

alleviated if further studies make other correlations apparent. 
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FIGURE 2 

RaD CONCENTRATION AS A FUNCTION OF Ra226 

CONCENTRATION IN HUMAN BONE SAMPLES 
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Bone 40 M 

Tibia 0.075 

Mandible 0.105 

Skull 0.102 

Rib 0.142 

Joint (Bone} -
·-

TABL.J;: I 

Rao CONCENTRATIONS IN BONE 

SUBJECT• 

43 F 49 F 52 F 63 M 

0.090 0.081 {0.078 
0.132 0.085 

0.049 0.081 0.077 0.055 

{0.092 
0.146 0.110 {°.366 

1.33 0.091 

- 0.129 - 0.150 

0.083 - 0.071 -

•Subjects identified by age and sex 

68 M 77 M 90 F 

{°.269 
0.247 0.117 0.070 

0.093 0.225 11,061 

{°.201 
0.419 0.191 0.086 

- 0.453 0.066 

0.152 - -

' --- ·-"'--"- _. ____ ;___;.....__ .... -
_,, 
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Bone 40.M 

Tibia 0.022 

·Mandible 0.015 

Skull 0.018 
~ 

Rib 0.016 

Joint (Bone) -

TABLE 2 

Ra226 CONCENTRATIONS IN BON£ 

SUBJECT• 

43 F 49 F. 52 F 63 M 68 M 

.. 
{0.026 {°.012 0.025 0.047 

0.030 0.013 
0.019 

0.028 0.032 0.030 0.020 0.012 

;0.051 
lo.ioo 0.049 {0.032 

0.027 0.009 {o No 
0.070 

- 0.053 - 0.025 -

0.025 - 0.027 - 0.016 

•Subject identified by age and sex 

77 M 90 f 

0.014 0.019 

0.020 0.021 

0.014 0.017 

0.020 0.025 

- -

I 
I 
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TABLE 3 

DISTRIBUTION OF RaD IN VARIOUS HUMAN ORGANS 
~-

Organ 
Average Concentration Fraction of Total !Ratio: organ wt. 

to body wt., %) 
of Ra D ( pc/g wet)• Activity(%) 

Liver 0.011 ± 0.003 l.7 
(2.4%) 

Muscle 0.006 ± 0.004 17 
143%) 

Bone (Rib) 0.235 ± 0.036 63 
(4.0% of ash) 

00% of total body) 

Other tissues 0.006° 18 
(45%) 

'--·- ----- -~-----..__ 

0 bone given per gm ash 
... other tissues assumed to have same average concentrations as muscle 
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TABLE 4 

RADIOACTIVE EQUILIBRIUM BETWEEN RaD AND 
RaF IN HUMAN RONE in vivo 

Sample Type of Tissue Ratio 
No. RaF/RaD 

115 Iliac Crest 0.81 
131 Rib 0.77 
135 Vertebra 0.79 

•140 Joi rit 1.00 
186 Rib 1.43 
245 Rib 1.17 

Average 1.0 ± 0.2 
-
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TABLE 5 

AVERAGE RaD CONCENTRATIONS 
---

Sex0 

3one Male Female All Subjects 
(pc/gash (pc/gash (pc/g ash 

average ± El average ± El ave_rcige ± E) 

· Trabecular 0.196 ± 0.023 0.156 ± 0.040 0.184 ± 0.029 
(47) .(20) \67) 

Cortical 0.115 ± 0.021- 0.090 ± 0.020 0.105 ± 0.021 
. (36) (25) (61) 

All Bone 0.161 ± 0.022 0.119 ± 0.030 0.146 ± 0.020 

L_ (i33) (45) (128) 

*The numbe·r of samples in each group is given in the parentheses. 
E is the 90% confidi:nce interval of the mean. 
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TAELE 6 

RaD AND Ra226 CONCENTRATIONS IN RIB BONES OF CHICAGO RESIDENTS 

RESIDENCE TIME >15 YEARS 

Sample 
Ra226 RaD 

(pc/g ash) (pc/g ash) 

l .014 .063 
2 .005 .078 
3 .oory .084 
4 .025 .096 
5 .022 .134 
6 .028 .138 
7 .010 .144 
8 .021 .160 
9 • .020 .190 

10 .008 .195 
11 .009 .243 
12 .007 .290 
13 .006 .308 
14 .022 _L .355 

.015 ±.003 .177 ±.040 

(± W'/o) (± 23%) 
- -

3 ft.,.f<*·> I ltd ; 
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~--­
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TABLE 1 

POSSIBLE SOURCES OF THE RaD CONTENT OF THE HUMAN SKELETON 

Source 
Contribution to RaD 

Concentration !pc/g ashl 
·--·-· 

Ra226 in Bones 0.004 

Rn222 Dissolved :n Body 
!Equivalent to 50 1 of air at 3.0 pc Rn222fl) 0.061 

Potable Water 
(Maximum Observed, 0.4 pc RaD/ll .0.022 

RaD in Atmosphere W.03 pc RaD/ll 0.073 

RaD from Short~Lived Activities (Rn222 daughters) 0.004 

Food 0.066 
--- . 

I 
j 
' 

Total 0.176 

J Total (less Rn222 in body and potable water) 0.148 

Measursu Rao Concentration (Averngel I 0.145 ± 0.020 
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'.L'AiJLE 8 

DOSE RATES OF RaD AND Sr90 RELATIVE TO THOSE 
OF Ra226 AND Ra226 + Ra228 

. :-f Dose Rate Dose Rate• 
Nuclide · Concentration !Relative to (Relative to 

(pc/g asll) Ra226) Ra226 + Ra228) 

Ra226 0.037 1 0.5 
·(all subjects) 

RaD 0.146 . 2.0 1.0 
sr90 0.5 0.3 0.15 

Ra226 0.015 l 0.5 
{Chicago! 

RaD 0.146 5 2.5 
sr90 0.5 0.7 0.35 

·-
•Assume Ra228 dose rate equals Ra226 dose rate 
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