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More about Equivalent Dose and Dose Equivalent

Dear Editors:

From the review of risk estimates which prompted a fuller
discussion of radiation detriment, there followed a broader
definition of risk as recommended in Publication 60 of the
International Committee for Radiological Protection (ICRP
1991). In ICRP 60 Publication, a new set of dosimetric
quantities was introduced, to replace the one outlined in the
carlier ICRP Publication 26 (ICRP 1977). The modificd set of
dosimetric quantities, nevertheless, is still not internationally

standardized (ISO 1992). Hence. it has not been incorporated

into legislations of most European countries. and the old units
are still in use (EU 1994: EC 1994). However, in the drafting
concept of the International Atomic Energy Agency's (IAEA)
International Basic Safery Standards for protection against
ionizing radiation and for the safety of radiation sources, which
is jointly sponsored by most of the relevant international
organizations, it is forceable thut new sct of dosimetric quan-
tities will be universally accepted.

The new set of dosimetric quantities is frequently inter-
changed with the old onc or is even misunderstood, the most
cvident example being that of dose equivalent and cquivalent
dose.

In some European countrics certain difficulties in distin-
ouishing between dose cquivalent and equivalent dose anise
from a purely linguistic level. Namely, in the Russian lan-
euage, dose equivalent. as defined in the ICRP Publication 26
was named equivalent dose (IKBUBATCHTHAA  JLo3a translit-
cration: ekvivalentnaja doza) (IAEA 1986). Therefore, in those
Europecan countries that have strong culwral ties with Russia
(e.z., Bulgaria, Serbia, Montenegro. Maccdonia) dose equiva-
Jent was also (incorrectly) termed equivalent dose. Considering
ICRP Publication 60 recommendations, this causes additional
confusion, not only from the terminological. but from the
conceptual point of view. However, in the Croatian and
Slovenian languages for dose equivalent either the term dose
equivalent itself or equivalent of dose was used (Frani¢ 1994).

The dose equivalent. H, at a point in tissuc, is civen by
(ICRP 1977):

H = DQN, (3)
where

[ = the zbsorbed dose;
() = the quality factor; and
N = the product of all ather modifying factors

The quakty factor, Q. is a dimensionless modificr used in
converting the absorted dose 10 dose equivalent. since different
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types of radiation may have different harmfulness for the same
absorbed dose. Therefore Q represents this different degree of
harmfulness.

The product of all other modifying factors, N, has been
assigned the value of 1 (ICRP 1977). N has attempted to take
into the account such effects as different absorbed dose rates
and fractionation.

Rewritien in a more formal way, eqn (1) (product of D, Q,
and N in point P) is

H = D(P)Q(P)N 4)

The absorbed dose at point P of mass distribution due 10 a
radiation event is the limiting value of the quoticnt AgAM.
where AM is the mass enclosed by a spherical volume element AV
with center at P, Ae is the mean energy emitied by the event that
is absorbed by AM, and the limit is taken as AV is shrunk 1o the

point P

DP)= h (AE) 5
(P)= hIm m) (5)

AV —F

However. from the assumption about the proportionality be-
tween dose and dose-response (ICRP 1977) it would follow
that for stochastic effects it would be justifiable 1o consider the
mean dose over all cells of uniform sensitivity in a particular
tissue or organ. Therefore, when reviewing implications of
assumed dose-response relations in the ICRP Publication 26
report (ICRP 1977), the term dose equivalent refers 1o the mean
dose equivalent over the entire organ or tissue (unless specif-
ically qualified). Thus, the mean dose equivalent has to satisfy
an equation of the form (Killough 1983)

1
H= ’T‘J H(P)p(P)AV(P), (6)
]

where M is the mass of the organ and the integral is taken over
all paints P belonging to the region R of space occupied by the
organ; p(P) is the local mass density with volume clement
dV(P).

From the point of view of the ICRP Publication 60, in
radiological protection 1t is the absorbed dose. 12, averaged
over a tissue or argan T (rather than a point). and weighted for
the radiation quality that is of mterest. Therefore D s defined

b
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Table 1. Comparison of dose cquivalent and equivalent dose
definitions.

Daose equivalent Equivalent dose

ICRP Publication No. 60
Symbol: Hy

Unit: Sievert (Sv)
Strictly dose

ICRP Publication No. 26

Symbal: H

Unit: Sievert (Sv)

Mot a dose but harmful
potential of absorbed dase

Defined in a point Macroscopic dosimetric

quantity
Defined as a product: Dcfined as a product:
H = D(P)QIPIN Hy = Wiy«

Dy, (absorbed dose of
radiation R averaped over
tissue 7T)

W, (radiation weighting factors)

DiP) (absorbed dose at point P)

(i P} (guality factor at point F)
N tmodifying factors)

where

€, = the total energy imparted in a tissue or organ: and
nry = the mass of that tissue, ranging from less than 10 2
for the ovaries o over 70 kg for the whole body.

The weighting factor for this purpose is now called the
radiation weighting fuctor, W, 10 is selected for the type and
energy of radiation incident on the body. or in the case of
sotrces within the body, for the type and energy of radiation
emitied by the source.

Using egn (3) for the absorbed dose averagcd over a issue or
organ, the equivalent deose is defined as (JCRP 1991)

Hy = S, (%)
K
where
1) = absorbed dose due o radiation K. wveruged over

the tissue or organ 72 and

w, = radiation weighting factor,
This weighted absorbed dose is sricily a dose and ICRP
numes it equivalent dose, using symbol Hy. The change of
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name also serves 1o indicate the change from the quality factor
to the radiation weighting factor.

Conceptually, the equivalent dose [egn (6)] as an indicator of
the subsequent stochastic effects, defined by means of ab-
sorbed dose [egn (5)), is far less complex than the mean dose
equivalent over the entirg organ or tissue [eqn (4)].

From the foregoing considerations, the concepts of dose equiv-
alent and equivalent dose can be summarized as in Table 1.
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