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A transformation method was investigated for applying the MIRD absorbed fractions to internal
dose calculation for an individual of an arbitrary physique. The specific absorbed fraction for an in-
dividual is given by multiplying MIRD @ (T<«-S) by a transformation coefficient S,(Xg). In a case
that a target organ, T is identical with a source organ, S (self-absorption), 5,(Xg)is £%@-1, where € is a
geometrical linear scale parameter which characterizes transfiguration of the MIRD standard man to
the individual. Values of ¢ are derived from ¢ (S¢~S)=p.m? for the absorbed fraction of flat ellipsoids,
where m is the mass of the ellipsoids. In a case T is not identical with S, S5.(Xg) is @pn (€.Xg)/@pn
(Xg), where @y(X) is the Berger’s point isotropic specific absorbed fraction and Xg is a parameter
which expresses the MIRD @ (T<«-S) on the graph of @p,(X). The linear scale parameter € was
assumed as (£,.Ey.Ec)"/1, where &, &, and & are ratios of breadth (including arms), thickness and
length of the individual trunk to those of the MIRD standard man, respectively. The results are

compared with data calculated by ORNL groups for younger persons at photon energies from 0.02
to 2.0 MeV,
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Fig. 1. Absorbed fractions in a case that T is identical with S.

(g)

Points are obtained

by an interpolation of the MIRD adult absorbed fractions. SI, ULI and LLI are
small, upper large and lower large intestine, respectively. A solid line shows absor-

bed fractions for the flat ellipsoids (Brownell et coll. 1968).
Phaton energy is 0.662 MeV.

an extrapolation of the solid line.
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Fig. 2. Absorbed fractions in a case thal T is identical with S. Symbols @ are absorbed
fractions estimated by an interpolation of the MIRD adult ahsorbed fractions. SI, ULI
and LLI are small, upper large and lower large intestine, respectively, Symgols v,
O, and O are absorbed fractions for 15-, 5- and 1-year old children which were given
by the Monte Carlo method (Hwang et coll. 1976, Jones et coll. 1976). A solid line
shows absorbed fractions for the flat ellipsoids (Brownnll et coll. 1968). A dashed
line (----- ) shows an extrapolation of the solid line. Photon energy is 0.14MeV.
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Fig. 9. Transformation estimates of S, (Xg) compared with Monte Carlo estimates (Snyder et coll. 1973),
The source organ is the ovaries. Symbols @, O, -+, O, and A show S, (Xg) corresponding to 16-, 10-,
5-; 1-, and O-year old phantoms, respectively. The ratios, R, of the transformation estimates S, (Xg), to

the Monte Carlo estimates S, (Xg),, R=S. (Xg),/S. (Xg). are shown by lines, - R:=2 (100%),
—————— R=1.5 (60%), —R=1.0, —-———R=0.7 (~30%) and ----R=0.5 (—50%). Photon

energies are (a) 2.0, (b) 1.0, (c) 0.5, (d) 0.1, (e) 0.05, and (f) 0.02MeV.
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spleen. Photon energy is 0.14MeV.

100 T T T I T T 400 T T T T T T
175 467 3.0 - 21175 "147C* 374 ——8.1—— 54— 373124 C ]
 i——30—4 126134 —1.4—Xglem)—| f | e
= i : ] i €3 122 16 16 157 162 Xglem)
| TOTAL BODY = OVARIES 100
s | I
S | Age A%
10 | ..-—'J 0 \‘
e ——— —— e e ‘\ TOTAL SKELETON =LUNGS
— c) 5 \\
| — tad \
v ", e
I w NN Ag
v S =
101 Cu—
15 Y
s, |
1 - Ty .,
- a— J \‘c_ ——w 5
002 005 01 05 10 20 = 10—
FHOTON ENERGY (MeV) ] -l 15
1
(a) 002 005 01 05 1.0 20
400 : ; . : : PHOTON  ENERGY  (MeV)
[ sss 78 40 22 w7 136 € (e
70T 207 1 T 19eT 2000 214 Xglem) Fig. 11. Transformation estimates of S. (Xg) com-
100 ) - pared with Monte Carlo estimates (Hilyer et
s coll. 1972 and Snyder et coll. 1973), ——; Monte
Y TOTAL SKELETON = OVARIES Carlo estimates, =----- ; transformation estimates.
\ I Xg is determined by egn. (22), and C is the
\ mass correction factor. (a) The source organ is

the ovaries, and the target organ is the total
body. C is determined by eqn. (24). (b) The

SE{Xg}
3
7
4
&
| L

———— W ——

= : = e e source organ is the ovaries, and the target organ
N — -___._,_n_.____—‘l‘h_____-za;:y.« L is the total skeleton. C is determined by eqn.
St . .. —_— — (26), (¢) The source organ is the lungs. and the
N 10 — target organ is the total skeleton. C is determi-
****** — 15 ved by egn. (26).
o0z ok o 05 10 20

PHOTON ENERGY (MseV)

(b



IEfu544E 3 A25H

Lirl, (14) RTEE TELRWHE 22205H
B, FhEfEBET 2B TOHDRIR TH S,
Z D 2D \T q OfER D BT B4 Tedl
E7—2#BT ity FRoERRis s & iy
YR Y LTwbH0T, B Lic q bt
e binwhd Ly, ZhESHue
TREMETHS.

SHRLE DB AT WT HEE LTI,
ORNL T &ED ¢ (T2 5) 3 CIicF
ShTWBDT?, 07 — 2 ¥ HERE o %
EHLTHE S ThiE, BACHTEE»BSh
HIENFEIRTHB,

T 8 OFEOHMMGE (19 Kz, #iHo
FEOC botke F=rA¥ - 12 L2 BHERR
(E,>0,1MeV) #i/c\~, HifE, MIRD ¥ A
HBEWR O (T«S) oLl BN AEILT
5HOT?, TORCMERDBRY LARBETH
RF2R Xg HPRDBHZENTES, HbML
B O (T<S) & 131D Xg D FEx fER L
THRTE, ZRFELEUREHEL24%E T s
Falbt a3 LV & TR, M, Fo
BE, RI 260 B9 2 T 0 1 K 1 AieonTg
WETE R S92 2 LINEERY B Y, MBHDET
= HAAF - ONEINETHRS, Fig. 3 LFig. 8
wRBbhB, E,>0,1MeV Co/E i
BHC TEEX 5N, E=0.IMeV TiX &0 X
SISHEN R Dh, KA LIcBR»SET
HAb.

MEOEMEAF O L 55 X Hic, LfHEA~
RHCBRRDZERS K E S HETS ((A- 1)
AOFL - FE2H). Ticbb, HEEROHIEH
HETHD. ZHIHOAEEL LT LTI
WIhT 2™, FEWHEAAE B LT 57k
B, HAEADHEF— 25 (18) Mitdst
IhaL, BECBEAXMBEE T56, BAAD
FEEr (13) RIS LD X 5 1T X85 o
BLics., ThbIBEREZMECE LR EE
DOFEN D LIFRALEE CEX50d Lhkv., Th
BEWT — %\ HMEI, oL BEELRBT
— 2 As () OERO—BE 5 TLDOTHS Y.

263—(21)

MIRD T4 As(t) 0F— 2 0EHITicbhT
WHAR, Z0EHRGEEPERLR TS,
4. ¥ W
MIRD o W)RsR4% MIRD fE#EA » k% X o
Fien NME~#ERT 5 B, HIINER o 4higk
BN Ui, B w XoT B 5h s TRER
(MIRD ffo filf54) 1%, Monte Carlo ¥z I
HHETEME &, JoTF =%k A+ —o fi[f0.02MeV p»
52,0MeV 1y b, factor 2P T—FT 3. ZF
WarR3 % o HESERSEE T, MIRD flin 5 $hR ok

EXOHBINELIEET B LN TES.
BB Hb A EREERT L5 22—
REDOLTZ, SHBFT MG, ES.
ZORBEEEIES TR CHRETE G R, BRI
Ao R, WEWERS o B RBEEEWE
", NEOEHOF — 2 & ZHEFRE VL, WERELO
RUERER, WEHENE, FlEaBREXoTHL-
# W.S. Snyder fiid=, z oft@o MERER L THW
ERMEROMBREE, E¥E--URE, MBIy
BeofRBIEZE M4, E.M. Smith #i4-, Fa5kcsihz L
THWBEHE T o AEMA=ZK, FACOM o ki
BE, MERLY v ey 2 -oHERBERL, BRA0k
BoF - 2%k # otk BUEBUY 4 BB 22 AT 9 11
oHPE—FER, BHETE SZofilvwSTco
HAHFELnlE LEEHW: RERE o BikEm&ig
DHERECONE oRBloERYELLET.

6k BREHE O HER

MIRD Cffictohiz PSe-k v/ 2 55 = v FrEC
& b ie 5 AR~ ORI RO FHIHOE, LE156cm,
RHES2.8kg DR CEEAI A F AT ~ZEHR 1. TH
5. T OB, FHAEI MIRD L&A LThH5 LEE
T5. X, Ay —aZEie, MEHoF—2%BEL
TWIRVWOT, & TihHjfiic €=0.91 ((52.8/70)'")
EARGE Liz. 701% MIRD fEids A kB TH 5. e |1,
NAOKFZET. Zopy E<0.09MeV o 4 A0k
T, ThbLOBMEBEOMMN 1 BT Thsh b, EHh
FHETCIIER L (REETIEA2TW3), 0.100<E, <
0.95MeV DRIz H B 7 RD HFILoWTDHEL B,
T, oI hb, TEROKFOFH=HL
F—0.221MeV o\ TEiE5% (Fig. 32 Fig. 8
B, (19) K5 757 O (X) o=



264—(22)

AAF L E0.2MeV 0§, D&l 5. fEPEEF &
BB ERNLELD.
MIRD g A  HAA
D Qlive)=(U/mus,) [AinTeda = 3.1 = 4.1
+Au, 4.8, (live-liv)  +16.9  +20.5
+Apand@s (live-liv) 4+ 0.02 + 0.03
+Ayadfs (livekid)  + 0.43 + 0.55
+A.pdeps (livesp) 4+ 0.04 + 0.06
+Aremdsps (liverem)| + 4.6 + 5.93
= 25,1 =81.2
(mrad/uCi) (A. 1)
Z = ¢, liv, pan, kid, spl, rem (3% hFh, FF0E B
&, B, M ZE&AE (remaining body) % iR
my;, (PO EE.
Ao =T AR AT % A equilibrium absorbed dose
constant,
$a= 1, IETBEERSHRITT 2 BRI,
4= E 41, 11K 0 BEBSRC KT 5 equiliblium
:l;sorhed dose constant 1.

§ (TeS)= 5 digy (TS)/de, 11D B HAHI
W AR (effective absorbed fraction),
Aen=Arp— A +Apnt+Auat+Aa), TS hd

DRBHSE, TB 3&g%RT.
# (live—rem) = (Mp/Mrem) [5 (liveTB)
—(my;,/mrg) ¢ (live-liv)
— (mpua/mrs) s (live—pan)
—(myefmep) ¢, (livekid)
— (myy/mpp) @, (livespl) ],
TCAUL B B & B ~o BiE-¢, MIRD
TR O T LR TS 5.
Mo =Mpp— (M5, -FMpgn +Myzq+mgp) T HERHE O
BRETHA.
(A- 1) R | HE L IEEBIERSHE 2205 (6)
A bBERETOLERETHS. BEADHEL,
1/(m'y,) Ay, Sdupa=(my,/m'y,) 3.1
= (0.91)7°%3.1
=4.1
Lies, (A 1) R 2 FHUMEO FEd: B
LT, BRIHBINER ¢, (iveS)/my, 1@ %45 2
Flrzks, (A1) X MIRD o fiEEIC 2T h
[+ 4198
#250 HORRT H 505 (14) Rhs ks,

AAEFHAREQME H39% Ha5

Fig. 3756 q=0.32 (E,:=0.221MeV).

By, 4s ¢, (live-liv)fm’y;, =£%0"D x 16.9
=(0.91)%°-32=1 % 15.9
=20.5

HEIHELUE DS #T o B, ¢ diveS)/my, 25
(A7) #T Xg kb, U9 £ S Xg) wkd
MIRD ¢ D (live-S) 1wkt 5.

s Xglem) 8.(Xg) xD(live-S) = fEll '-‘51}:25)
pan  27.0 1.57 0.02 0.03
kid  13.3 1.27 0.43 0.55
spl 21.5 1.39 0.04 0.06
rem  22.0 1.29 4.6 5.93

Linh, 2 TSRS FORS (19) a5
LDOERELE. 2 dnsn: (A1) HEish.

References

1) Loevinger, R. and Berman, M.: A schema
for absorbed dose calculation for biologically
distributed radionuclides. MIRID pamphlet
no. 1, 1968

2) Berger, M.J.: Energy deposition in water by
photons from point isotropic sources. MIRD
pamphlet No. 2, 1968

3) Brownell, G.L., Ellett, W.H. and Reddy,
A.R.: Absorbed fractions for photon dosime-
try. MIRD pamphlet No. 3, 1968

4) Dillman, L.T.: Radionuclide decay schemes
and nuclear parameters for use in radiation-
dose estimation. MIED pamphlet No. 4, 1969

5) Snyder, W.S., Ford, M.R., Warner, G.G. and
Fisher, Jr. H.L.: Estimates of absorbed frac-
tions for monoenergetic photon sources uni-
formly distributed in wvarious organs of a
heterogeneous phantom. MIRD pamphlet
No. 5, 1969

6) Dillman, L.T.: Radionuclide decay schemes
and nuclear parameters for use in radiation-
dose estimation. MIRD paraphlet No. 6, 1970

7) Berger, M.J.: Distribution of absorbed dose
around point sources of electrons and beta
particles in whater and other media. MIRD
pamphlet No. 7, 1971

8) Ellett, W.H. and Humes, R.M.: Absorbed
fractions for small volures containing photo-
nemitting racioactivity, MIRD pamphlet
No. 8, 1971

9) Lathrop, K.A., Lohnston, R.E., Blau, M. and
Rothschild, E.O.: Radiation dose to humans
from "He-L-selenomethionine. MIRD pam-
phlet No. 9, 1972



WA T544F 3 H25H

10)

11)

12)

13)

14

—

15)

16)

17)

18)

19)

20)

21)

Dillman, L.T. and Von der Lage, I.C.:
Radionuclide decay schemes and nuclear
parameter for use in radiation dose estima-
tion. MIRD Ne. 10, 1975

Snyder, W.S., Ford, M.R., Warner, G.G. and
Watson, S.B.: “8&” absorbed dose per unit
cumulated activity for selected radionuclides
and organs. MIRD pamphlet No. 11, 1975
United Nations, Report of the United Nations
Scientific Committee on the Effects of Atomic
Radiation, Official Records of the General
Assembly, Thirty-second Session, Suppl. No.
40 (A[32/40), 1977

Snyder, W.S., Cook, M.].,, Nasset, E.S.,
Karhausen, L.R. and Howells, P.G.: Report
of task group of reference man. ICRP No, 23,
1974, Pergamon Press.

Fisher, H.L. Jr. and Snyder, W.S.: Distribu-
tion of dose in the body from a source of
gamma rays distributed uniformly in an organ.
ORNIL.-4168, 245, 1967

MRIEY : MIRD n# % Jj. Isotope news. 4:
6—9, 1972

Yamaguchi, H., Kato, Y. and Shiragai, A.:
The transformation method for the MIRD
absorbed fraction as applied to various physi-
ques. Phys. Med. Biol., Vol. 20, No. 4: 593—
601, 1975

Fisher, H.L. Jr. and Snyder, W.S.: Variation
of dose delivered by **'Cs as a function of body
size from infancy to adulthood. in Health
Phys, Div., Ann. Prog. Rept., ORNL-4007,
221228, 1966

Snyder, W.S. and Cook, M.]J.:
indication of the age variation of the specific
absorbed fraction for photons, in Health Phys.
Div. Ann. Prog. Rept.,, ORNI.-4720, 116—118
1971

Hilyer, M.]J.C., Snyder, W.S. and Warner,
G.G.: Estimates of dose to infants and children
from a photon emitter in lungs. in Health
Phys. Div. Ann. Prog. Rept.,, ORNL-4811,
91—96, 1972

Snyder, W.S. and Ford, M.E.: Estimates of
dose rate to gonads of infants and children
from a photon emitter in a various organs of
the body. in Health Phys. Div. Ann. Prog.
Rept., ORNL-4903, 125—129, 1973

Hilyer, M.].C., Hill, G.S. and Warner, G.G.:
Dose from photon emitters distributed uni-
formly in the total body as a function of age.
in Health Phys. Div. Ann. Prog. Rept., ORNL-
4903, 119—124, 1973

Preliminary

22)

23

24

25

26

27)

28)

29)

30)

31)

32

—

265—(23)

Hwang, J.M.L., Shoup, R.L., Warner, G.G.

and Poston, J.W.: Mathematical descriptions

of a one- and five- years old chil for use in

dosimetry calculations. ORNL/TM-5293, 1976

Jones, R.M., Poston, J.L., Hwang, J.L.,

Jones, T.D. and Warner, G.G.: The develop-

ment and use of a fifteen years-old equivalent

mathematical phantom for internal dose cal-

culations. ORNL/TM-5278, 1976

Snyder, W.S.: Mathematical procedures for

estimating dose from an internally deposited

emitter. in Health Physics Problems of Internal

Contamination, Proc. IRPA 2nd European

Cong. on Radiation Protection, 33—48, 1973,

Budapest; Akadémiai Kiadé.

Snyder, W.S., Ford, M.R. and Warner, G.G.:

Lstimates ol absorbed fraction for photon

emitters within the body. ibid. 87—94, 1973,

Budapest; Akadémiai Kiadd.

Snyder, W.S., Ford, M.R. and Warner, G.G.:

Revision of MIRID) pamphlet No. 5 “Estimates

of absorbed {ractions for monoenergetic photon

sources uniformly distributed in various organs
of a heterogeneous phantom”, in Health Phys,

Div. Ann. Prog. Rept. ORNL-4979, 1—I11,

1974

Ellett, W.H.:  Application of gamma-ray

diffusion. theory to radiation dosimetry.

Research Report No. 69—I, Neuro-Research

Foundation Incorporated, Naval Research

Contract Number (Nonr-N 00014-67-c-0247)

task No. (Nr-304-441), 1969

Snyder, W.S., Ford, M.R., Warner, G.G. and

Watson, S.B.: A tabulation of dose equivalent

per microcurie-day for source and target organ

of adult for various radionuclides. ORNL-5000

part 1 & part 2, 1974

LHHEM : MIRD 3 L Pyl i i Je (. (%

e, 10 : 41—44, 1975

Kerr, G.D., Hwang, |.M.L. and Jones, R.M.:

A mathematical model of a phantom developed

for use in calculation of radiation dose to the

body and major internal organs of a Japanese

adult. J. Radiat. Res.,, 17: 211—229, 1976

M %—0, WHEES, PRBT: AEA

# A (Reference Japanese) oif%E. ALETF

heEg, Vol 19, No. 10, 674—679, 1977

MIRD/Dose estimate reports,

No. 1: Summary of current radiation dose
estimates to humans from "Se-L-selenome-
thionine, J. Nucl. Med., 14, No. 1, 49—50,
1973

No. 2: Summary ol current radiation dose



266—(24)

estimates to humans from “Ga-, “"Ga-,
®Ga-, and ™Ga-citrate, J. Nucl. Med., 14,
No. 10, 755—756, 1973

No. 3: Summary of current radiation dose
estimates to humans with various liver con-
ditions from **®Tc-sulfur colloid. J. Nucl.
Med., 16, No. 1, 108A—108B, 1975

No. 4: Summary of current radiation dose
estimates to humans with various liver con-
ditions from '**Aun-colloidal gold. J. Nucl.
Med., 16, No. 2, 173-—174, 1975

No. 5: Summary of current radiation dose
estimates to humans from 2], ], 5],
2], 100, 2, and 31 as sodium iodide. J.

Mucl. Med., 16, No. 9, 857—860, 1975,

No. 6: Summary of current radiation dose

33)

BAREFRSRFERME H39%E H3 5

estimates to humans from '""Hg- and **Hg-

labeled chlormerodrin. J. Nucl. Med., 16,
No. 111, 1095—1098, 1975

No. 7: Summary of current radiation dose
estimates to humans from !23[, 124] 3126
I, and "1 as sodium rose bengal, J.
Nucl. Med., 16, No. 12, 1214—1217, 1975.

No. 8: Summary of cwrrent radiation dose
estirnates to normal humans from #=Tc as
sodium pertechnetate. J. Nucl. Med., 17,
No. 1, 74—-77, 1976

Cloutier, R.J., Watson, E.E., Rohrer, R.H.

and Smith, E.M.: Calculating the radiation

dose to an organ. J. Nucl. Med., Vol. 14,

No. 1, 53—355, 1973




