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The Effective Dose Equivalent Concept defined by the ICRP (5,6)
considers the total risk from occupational irradiation including both
hereditary and somatic effects. In the field of medical irradiation
there is a tradition to report the genetically significant dose equi-
valent as an index of harm to the population to this type of irradia-
tion although it only includes the genetical effects.

This paper will deal with the definition of a similar concept
for somatic effects which added to the GSD will better approach an in-
dex of total harm to the population from medical irradiation.

By applying the Tinear-dose effect relation one can transform
the weighting factors for total risks recommended by ICRP to weigh-
ting factors for somatic effects. Another weighting factor M. has to
be used which takes into account the dependence of the 1aten§e period
for occurence of malignant disease and the variation of the incidence
with time. On this basis a somatically significant dose equivalent
can be defined as "the dose equivalent which if received by every
member of the population, would be expected to produce the same total
somatic injury to the population as does the actual dose equivalent
received by the various individuals". In the first approximation it
can be written as

ss0 = £ (N923:K)) 5 M (g,1,3,k) vug(g,i,d,K) (g, 1,3,k)
d,J, tot 1
k
where g = (FM) or (M) denote the sex
%Lgiii&l = the relative frequency of the age class 'k' subjected

tot to class 'j' exposure
(Ntot = the total number of individuals in the popu-

lation)

ws(g,i,j,k) = the relative weighting factor for somatic effects
in tissue or organ 'i' of individuals in age class

_ 'k' subjected to class 'j' exposure.

H{g,i,J,k) = average dose equivalent to tissue or organ 'i' in
individuals of age class 'k' subjected to class
'j' drradiation.

MS(g,i,j,k) = malignancy significant factor for a malignant dis-
ease of organ or tissue 'i' in individuals of age
class 'k’ subjected to class 'j' radiation.

In the second approximation the malignancy significant factors
are taken to oneij,e. MS:1 which is an overestimation, because MS by
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definition is < 1. But still it is required a lot of detailed infor-
mation about age distributions which are very seldom available in
practice. Therefore one must assume that there is no age dependence
in the incidence and in the frequency distributions. Then one arrives
to the following expression which is very similar to the 'somatic
dose index' suggested by Laws and Rosenstein (8).

sso = (M9ad)y oy (g,1,5)H(g,1,0)
g,i,j tot

The approximation of no sex-dependence makes the final expression for
the somatically significant dose equivalent

ssp =3 Ny g ()R- s w5
Dy Mgy § S DIITRLIIE A LS e

where He E(j) =3 ws(i,j).ﬁ(i,j) is the somatically effective
> i

dose equivalent for the type of irradiation 'j'.

The incidence for fatal somatic effects and the relative weigh-
ting factors for somatic effects in different organs or tissues 'i'
are given in table 1 (5,6,12), Morbid somatic effects will not be con-
sidered in the present paper.

TABLE 1. Incidence for fatal somatic effects and the relative weigh-
ting factors for somatically effective dose equivalent (5,6,12

Organ or tissue TIncidence Relative somatic effective
percent per Sv weighting factors
w
S
Breast 0.25 0.19
Red marrow 0.20 0.16
Lung 0.20 0.16
Thyroid 0.05 0.04
Bone surfaces 0.05 0.04
Remainder 0.50 0.40
Skin 0.01 0.01
Total 1.26 1.00

DIAGNOSTIC X-RAY EXAMINATIONS

Estimation of organ doses from diagnostic X-ray procedures can
be made either by direct measurements of absorbed dose or by calcula-
tions. The Monte Carlo method has been used extensively for calcula-
tion of absorbed dose received by each organ of interest during diag-
nostic X-ray examinations.
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Estimation of the somatic effective dose equivalent needs data
on the absorbed dose to breast, red bone marrow, lung, thyroid, bone
surfaces, skin and up five more highly exposed organs or tissues. The
absorbed dose to these organs from various types of X-ray examinations
are given in table 2. These data are extracted from measured and cal-
culated data published by various authors (1,8,3).

The somatically effective dose equivalent H £ for the various
types of X-ray examinations which has been derivéd from the absorbed
dose values in table 2 by applying the weighting factors given in
table 1 are given in the right column of table 2. The highest somati-
cally effective dose equivalent are received by X-ray examinations of
the small intestine (barium meal), descending urography (IVP) and the
stomach and oesophagus (barium swallow) which all give values in the
order of 18-20 mSv (1.8-2 rem).

DIAGNOSTIC USE OF RADIOPHARMACEUTICALS

The absorbed dose to various organs and tissues can be derived
from the well known MIRD formalism but this must be extended to in-
volve also the target dose resulting from the radioactive material
distributed within the remaining parts of the body. Generally, the
absorbed dose D(i) in any target organ (i) is composed of three part

D(i) = D(i+«i)+z D(i<h)+D(i«RB)
h

where D(i<i) is the absorbed dose due to self-irradiation from the
target organ (i), I D(i<h) is the absorbed dose due to irradiation
from specified source organs (h), D(i«RB) is the absorbed dose due to
irradiation from radioactivity in the rest of the body (RB).

In medical applications a unit bolus injection of activity A is
often used which means that the cumulated activity in an organ cafl be
written as

A(o,=)= Tk'Ao

where 1, is the mean residence time of the radioactivity in region k.
The somdtically effective dose equivalent may thus be given as

Ho g = Agr ;; wg(1) {r(i)+s(iei)+ ﬁ 1(h)+S(i<h)+ TRB-S(i«RB) }

where the mean absorbed dose per unit cumulated activity S for the
remainder of the body (i.e. total body excluding the source volumes)
may be represented by the following expression(11).

m m

S(1+RB) = S(i<hB) B - 7 S(ieh)

RB h RB

where S{i<RB}, S(i<WB) and S(i+h) are the mean absorbed dose per unit
cumulated activity for the target region, considering the remainder
of the body, the total body and the h:th source volume respectively.

Taking into account the relationship between the residence time
for the rest of the body, total body and the target organs
(TRB =T - L Th) the somatic effective dose equivalent may be give

h
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by the following expression

HS,E = AO ? w(i) {I(i)-S(i+i)+§ T(h)~S(i+h)+(TWB—E t(h) )-
. M8 oy M
S(i<WB) X2 - 1 S(i«h) =)}
( "B h MrB

The somatically effective dose equivalent per unit of administered
activities for somec of the most frequent examinations are given in
table 3 together with the absorbed dose to some critical organs.

The calculation of these values are mainly based on the data
summarized by Kaul and Roedler (7,10,9)

RADIATION THERAPY

There are surprisingly enough no complete information on various
organ doses available in the Titerature for an estimation of somati-
cally effective dose equivalent in radiation therapy procedures. The
high absorbed dose used in radiation therapy makes it further diffi-
cult to estimate which weighting factors should be used in the calcu-
lations. Therefore it seems not at the present time to be meaningful
to make any estimation of somatically effective dose equivalent in ra-
diation therapy.

Attempts have, however, been made to calculate leukemia signifi-
cant dose equivalent based on absorbed dose to the marrow and a leu-
kemia significant factor (2).

In table 4 is given the leukemia significant dose equivalent LSD
for beam therapy (uSv per person and year) in Japan.(2,4).

SOMATICALLY SIGNIFICANT DOSE EQUIVALENT

By applying the relative frequency of various types of X-ray
examinations and examinations with radiopharmaceuticals to the somati-
cally effective dose equivalent one can easily arrive to an approxi-
mative value of the somatically significant dose equivalent.

TABLE 4. The leukemia significant dose equivalent LSD (uSv per person
and year) from beam radiation therapy in Japan 1971 and 1978 (2,4)

Irradiation Source LSD (uSv per person and year)
Male Female
1971 1978 1971 1978
X-ray: HVL 2 mm Al 5.9 - 18 1.5
X-ray: HVL 0.5-2 mm Cu 2.6 - 12 0.1
Co-60 gamma rays 39 K} 180 9.5
Accelerator: photons 4-30 MV 13.6 37 85 63
Accelerator: electrons 8-35 MeV 4.8 0.4 7.4 2
Total 66 68 302 230
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