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ABSTRACT

This report reviaes eatimatea of population exposure to
external natural background made by D. T. oakley in 1972. The
revisionl include more recent estimates of dose equivalents from
cosmic rays, use of 1970 U.S. census data, and corrections for
building shielding and for self-ahielding in the body. The doae
equivalents calculated are those from cosmic rays and terrestrial
radiation, and do not include doses ,o~ natural radioactive
materials in the body.

The revised date, not including shielding corrections, give a
mean dose equivalent of 71 millirems p~r year to the U.S.
population. Twenty percent of the population receive less than 50
mil11rems per year, seventy percent less than 82 mil11rems per year,
and ninety-five percent less than lOa mil1irems per year. These
dose equivalents, which correspond approximately to lIk.in dOlie
equivalents out-of-d~ors, are useful for comparison With other
exposurea measured or stated without Ihielding corrections.

The revised datA, including Ihieldin¥ correctiona, give a mean
dose equivalent of 53 millirems per year to the United States
population. Twenty percent receive dos. equivalents le•• than 38
millirems per year, seventy percent less than 58 millirems per year,
dnd ninety-iive percent l.ss than 76 ~i1lirems per year. Thes. doss
equivalents correapond apprOXimately to those received by internal
organs, such •• gonads 01 red marrow. They are useful for
estimating dose equivalenta received by these organs and for
.atimating population health risk.s from natural radiation.

iU
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Introduction and Summar;

Man'. expo.ure to natural background :adiation is often used .s
• b.,i, ot compari.on tor expolurel to man-made sourees of ionizing
radiation (NeRP7S). This technical note revi.es estimates of the
U.S. population dosl equivalent from cosmic and natural terrestrial
radiation as reported by Oakley in 1972 (Oa72). This revision uses:
1) newer estimates of cosmic-ray dose equivalents in the United
State. (~RP75), 2) 1970 U.S. census data rather than 1960 data, 3)
corrections for snielding by bUilding structures, and 4) corrections
for .elt-shielding in the body.

The value. Without shielding corrections are most useful for
comparison with other measurements of unshielded radiation dos.s or
exposure. in the outdoor environment. The valu.s with a shielding
correction are us.ful for estimating the actual dose equivalent
received by internsl organs or c&lculatin~ the health risks from
backsround radiation. Johnson et &1. (Jo81) have used th.s. value ••
With shielding corrections, to prepare a contour map of the &Cbi.nt
natural radiation levels in the Unit.~ State,.

Oakley'. \.Iork

In 1972 C'~l.y (Oa72) reported esti~t.d dose equivalents to
people in spe led locations in the United States and average dose
equivalent. to ,he total U.S. population. Oakley .stimated the dose
equivalent from cosmic rays aa a function of the elevation above sea
level, which is the primary determinant of cosmic-ray dose
equivalents in the United State.. His terrestrial dose equivalenta
were estimated from aerial survey ~asurem.nts.

To calculate the irequency distribution of dose equivalents in
the United Stat•• , Oa~l.y used Census Bureau data on populations in
urbanized and nonurbaniz~d 4reas. F~r each population segment, he
calculated the appropriate cosmic-ray do.e eqUivalent from the
altitude and the appropriate terre.trial dose equivalent from the
aerial survey ~asurement.. For areas where no aerial survey
measurements ~ere availabl•• he estimated the distribution of
t~r••trial dose equivalents from the frequency distribution of the
available aerial survey dOBe equivalent data.

Cosmic Radiation

rhe ~.tional Council on Radiation Protection and :••surements
(:ICRP75) evaluated natural background radiation in the United States.
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they accepted Oakley's natural terrestrial values, but used
different c08mic-r~y do•• equivalents.

Th. ~ClP used lower cosmic-ray ionizing component dose. based
on three .ets of data (Lobo, Shoo, Li75) rather than the eight
value. (S060, Ka63, Lobo, Sh6b, Oh69, Ga70. 0'Br70, Ye70) used by
Oakley. They also used newer cosmic-ray neutron ~asur.ments and a
lower neutron quality iactor.

We based our revised .st~:ate. of cosmic-ray dose equivalent to
the U.S. ~opulation on the NCRP long-term average cosmic-ray dose
equivalent rates at various altitudes. To facilitate our
reanalysi., we 'escribed the NCRP dose equivalent graph for
altitudes from 0 to 2.5 kilometer. by the equation:

D • 28.9 +1.45x + 1.69x2 + 1.21x3 + 0.193x4 (1)

where x 1. the altitude in kilometers and 0 1s the corresponding
average dose equivalent rate in millirem per year (mrem/y).

Table A-l of AppendiX A show. the cosmic-ray dose equivalents
calculated from equation (1), the natural terrestrial radiation do.e
equivalents (Oa72), and the sum of cosmic-ray and natural
terre. trial dose equivalents, for all 349 population regione in the
United States. rhase values wera combined with ~970 ~.S. c.n.u~

data to .ive the di~tribution of nat~ral radiation do.e equivalent
i~ the United States, uncorrected for shielding. The oean do••
eqUivalent was 71 mrem/y. !Wenty percent of the population received
le•• than 50 meemll' seventy percent ie•• than 82 ~em/y, and ninety
five percent le•• than 108 mrem/y. Figure 1 show. the frequency
distribution of do.e equivalents. table 1 gives the average value.
of the.e uncorrected do•• equivalents for each .t4t••

Shieldi~~ Corrections,

Th. e.timates in Table A-l represent the dose equivalents that
would be received outdoors by the aurface tissues of 4 person. DOle
eqUivalent. received indoors by a person are generally reduced by
attenuat~on by building materials. Oa~ley (Oa72) estimat~d that
buildings reduced the do.e equivalent from terr.strial sources by 20
percent, so that a person actually received, in surface ~i.sue" 80
percent of the dOie eqUivalents of !~bl. A-l.

The ;ICRP (~CRP75) utimated that building materia.l. reduced
c08mic-ray dose equivalents by 10 percent. leaVing 90 percent that
reached a person.
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Intern&l oq~llnll, such us bOIHH.l1l and n:<.l rJllr row, incur t,loLlcwha t
lO\/I.l.l· dOl:ltl t:l.juivalcllt!,; bccaulie of I:Ihicldinb by outer portions of the
bOdy. Ualdel' t!lltll.!atcd a luther ,W pcrcent attenuation, (Jallud on
work uy BUlllltltl (&7U), 80 that thc terrclltrial dOtiU equiValtmt
received by internal or~ana ia O.b x 0.8, or 0.64 (64 percent) of
tile valutls given in Tabh A-I. Tile attenuat ion of cosmic-ray
radiation In the body la 5~a!1 awl waa takcn into account by the
l-K;lt.P in thcir cosLlic radiation est1milttls (NCkP75). Tilt! actu.. l
cOlimic-ray dOl>e equivalent received by internal orl&anli 11> therefore
':IV lJercelil of the Tabltl A-I valutlti.

7able A-2 in ,Wpt!ndix A givtls the Val.UtHi of coaL/ic-ray and
lIatural terre:;otrL.u .adiation dost! equivaltmt8, anll their 1iU&1l., for
till:! sace 3",':1 jJupulatiulI regiuut> ul>ed by ()<.lkley. Corrt:ctiolll:l luI."
oUi!diilb and oody shield lng <.Irt! included. Tilt: r.:ltlan dust! equivalt::nt
Wi:lt> SJ wr':IJ/Yl-j tUtlnty ptlrCtlllt 01 the po~ulation receivtld letil:l t~lan

JIj LJx(:!n1/yrj Ilt!VtHlty percent leu than 58 rarem/yrj and ninety-tive
pt:rcent ltllllO th.m 76 liIrem/yr.

7ablc 1 Includt:t> tIlt: avtlrai;t:: dOlSt: equivalent valucl:i wlth
lihieldiug correctiolll:l tor each litatc. f'1gurl:! 1. IJrIHHmts tlw
cULlulative trcqut!ncy for tht! uncorrt:cted and IihieliJin~-correcteu

total dose equivalentl:l from naturul rad!'ation. Figure 3 givel:l till:
frcquency Jil:lLrilJutiun of the corrected dost! cquivalent".

IHIH,:ulillliun

About lI>!l t tIll: dif terence betwctm the cOllcic-ray duta in the
or1L:inal uakley WOrl. dlltJ tll<Jsc in the •• CRP report ori;;in<.ltcb from
tilC ,.<..ll1' settlet ion of tllrtH! !letlS of data. rdtlu:r thall the eit;ht ,,"ctlll
u8t.:d by l.laldotly. AJlo·1ler portion comel:l froLl the Ulle of newer neutron
t .1u:. (;je.JfjUrCLlcllta dud a rcvillud quality factor. Till: rOfJainoer
oribinatt!8 in an tlCIU' decision tilat the absorbed dose rate in air
frou c08cic ray uuous and fast elec trOllS could btl used at> tlll.l
iibl:lorbed dose rllttl within tile lJody. NCRP stated that the l:lll'lllll
dHfertlllcl:! ill iftoIJpinb power between air and tissue was
apvroximately cOlllpenl>atud by attepuAtiun in the body. To the tlxtent
tllat thihi iN an uVtlrsimplif ication, our cosmic-loay dost! t:quvalents
in tissue, oLJtainud I rOLl tlie ;ICllP data. may IJe too low by two or
tlin.:tl milllreLl 1Jl.ll" yt.!lil".
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Table 1. Average Dose Equivalents by State

Mean
Dose Equivalent(mrem/y) Dose Equivalent(mrem/y)

1970 Elevation (Unshielded) (Shielded)
Sta til Population (meters) Cosmic Terr. Total Cosmic Terr. Total

Total 203,235,297 30.9 40.0 70.8 27.t!, 25.6 53.4

Alabama 3.444,164 154 30.1 35.2 65.4 27.1 22.5 49.7
Alaska 302,106 76 29.5 45.0 75.1 26.6 29.2 55.7
Arizona 1,772,479 028 35.0 45.6 1:10.6 31.5 29.2 60.7
Arkansas 1,923.295 191 30.5 29.8 60.4 27 .5 19.1 46.6
California 19.953,lUb lOb 29.8 36.2 66.0 26.8 23.2 50.0

Colorado 2.207,260 1651 52.8 66.5 119.3 47.5 42.6 90.1
Connecticut 3,032 .219 51 29.3 51.0 80.4 26.4 32.7 59.1
Delawa re 548,106 33 29.2 31.3 bO.5 26.3 20.1 46.3
D.C. 1.') b, 510 40 29.3 35.4 04.7 20.4 22.7 49.0
Florida 6,789,447 16 29.1 22.3 51.4 26.2 14.3 40.4

Georgia 4.589.574 217 30.7 40.2 70.9 27.6 25.7 53.3
Hawaii 769,911 43 29.3 45.6 74.9 26.3 29.2 55.5
Idaho 713,003 1080 40.8 45.6 86.4 36.8 29.2 65.9
Illinoill 11 •.113.962 194 30.4 41.5 72 .0 27.4 26.6 54.0
lndiana 5.193.672 222 )0.7 44.9 75.6 27 .6 28.7 56.3

Iowa 2,825,038 314 31.5 45.6 77 .1 28.3 29.2 57.5
Kansas 2,249,079 417 32.5 45.6 71:1.1 29.2 29.2 58.4
Kentuc ky 3,219,290 234 30.8 43.5 74.3 27.7 27.8 55.6
Louisiana 3,043,188 23 29.1 22.8 51.9 26.6 14.6 40.8
Maine 993,659 104 29.7 45.6 75.3 26.8 29.2 55.9

Mary land 3.922,397 52 29.3 32.3 61.7 26.4 20.7 47.1
Massachusetts 5,689,172 56 29.4 45.2 74.6 26.4 29.0 55.4
Michigan 8,875,092 214 30.6 45.0 76.2 27 .6 29.2 56.7
Minnesota 3,805,064 337 31.7 39.2 70.9 28.5 25.1 53.6
Mississippi 2.216,908 78 29.5 22.8 52.3 26.6 14.b 41.2

M1ssouri 4.677 ,403 218 30.7 44.9 75.5 27.6 28.7 56.3
Montana 694,409 1055 40.3 45.6 85.9 36.3 29.2 65.5
Nebrask.a 1.483,797 424 32.5 45.6 78.1 29.3 29.2 58.5
Nevada 488,736 1013 40.6 33.2 73.8 36.6 21.2 57.8
New Hampshire 73 7,680 177 )0.3 45.6 75.9 27.3 29.2 56.5
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'~'able 1. Average DQse Equivalent'; by State (continued)

:iean Dose Equ1valent(~rem/Y) Dose Equ1va1ent(mre~/7)

1970 Elevation ( Unshielded) (Shielded)
Sea te Population (meters) Cosm1c !err. Total Cos:n1c Terr. Total

~ew Jersey 7,168,158 21 29.1 4J.8 72.9 26.2 28.0 54.2
Ne.... :1e:<1co 1,016,002 1575 5/J.8 52.6 103.4 45.7 33.7 79.4
New York 18,241,270 64 19.4 45.1 74.5 26.5 28.8 55.3
~orth Carolina 5,082,058 23.. 30.8 38.1 69.0 27.8 24.4 52.2
North Dakota 617,757 493 33.2 45.6 78.a 29.9 29.2 59.1

Ohio 10,652,Ola 231 J~.8 43.8 74.5 27 .7 28.0 -- .,:>:> .,

Oklahoma 2,559,250 392 32.2 45.0 77 .2 29.0 28.8 57.8
Oregon 2,091,386 190 30.5 45.6 76.1 27.4 29.2 56.6
Pennsylvania 11.793,905 158 30.2 36.3 66.5 27.2 23.2 50.4
Rhode Island 949,722 32 29.2 42.8 71.9 26.3 27 .4 53.6

South Carolina 2,590,515 126 :9.9 37.1 67.0 26.9 23.4 50.7
South Dakota 6t>b,253 582 34.1 45.t> 79.7 30.7 29.2 59.5
':ennessee 3,9:4 ,174 216 30.7 ::9.3 69.9 27.6 25.1 52.7
Texas 11 ,196 ,736 2.45 31.2 28.4 59.6 28.1 18.2 46.3
Utah 1,059,272 1381 46.4 .. 5.6 n.o 41.8 29.2 71.0

Ver::ont 444,739 leU 30.3 45.6 75.9 27.3 29.2 36.5
'Ji:,gi:1~a 4,648, ..90 16.. 30.3 33.5 63.8 27.2 21.4 48.7
"a.hir:;;ton 3,409,173 l~' ~9.9 '·5 .. f.t ,~ ~ .5 26.9 29.;: 56.1"J
West Virgin!a 1,744,233 385 32.2 46.7 78.9 28.9 29.9 58.8
Wilconsin 4,417,948 249 30.9 .:.5.b 76.5 17 .8 29.2 57.0
Wyoming 332,412 1708 56.0 45.6 101.6 30.':' 29.2 79.6
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Appendix I

corrections to alP/SID 72-1

Three errors were noted in the histograms of fi!'ure 13 of
oakley'a report (0&72). One of the.e was lIl1.plac:ement of the
vertical axis for Rocky Flats-Denver (Fig lJq ). This axis was
misplaced one scale divisioD to the left. The first noticeable
non-zero readings should be in the ranae 2 to 4 m.crorems/hour. the
m.ode should be in the raOie 8-10 lIl1crorems/hour. aDd the arrow ahould
be located at 10.4 lIl1c:rorems/hour.

The other two errors w~re

indicating the lillian values for
Angele •• California (Fig 13y).
the location ai the lillian values
(0&72) are given as Table B-l~

in the placement of the arrovs
Cincinnati, Ohio. (Fig. 13.) and Los

For the convenience of the reader,
for the 25 hiatoar... of Figure 13 in

Table 1-1

Average Terrestrial Dose Equivalent Values for ~.a.ured Site. (Oa72)

Location

No. :iew England
So. ~w England
Camden/Philadelphia
Fort Belvoir. Va./D.C.
Norfolk. Va.

maorelUl/
hour

5.33
6.11
2.70
4.12
3.09

Location

Cincinnati, Ohio
Chicqo, Ill.
Minneapolis. Minn.
Calve.ton. Tau
Rocky Flata-Oenver, Colo.

lIl1crorema /
hour

4.05
5.18
4.21
2.26

10.23

Parr, s.r.
say. !iV/Aulusta. Ga.
Cape Kennedy-

Or lando. Fla.
Ga. Suclear Lab

,\r.lanta. Ga.

Oak IUdse, Pa.
Pitrsburgh. Pa.
r,.~UIIlbua. <hio

3.76
3.89

1.51

5.95
5.48
5.78

.ubuquerque, ~. M.
Carlsbad N.:·!.

NRIS-l4aho Falls, Idaho

Laa Vegas. Nevada

HaELford- Richland, '~..h.
San Franciao. Calif.
Arguello-santa Barbara. Calif.
La_ Anlel.a. calif.

7.34
2.93

6. ))

5.35

5.87
4.78
5.44
6.00
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