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BZSTRACT

C¢ 2T tte segments in the populaticn exposed to fonizing radiation, the most
gemi:=ve age group is the developing embryo. Occusionally, pregnant women
a¢ r.vea dizgnostic or therapeulic amounts of radionuclides, deliberately or,
pese wsally, inadvertently. To correctly assess hazards from the exposure
" e i-cizizg radiation, the radiation ubsorbed dose to the fetus must be known.

1= lations of the radiation dose to the fetus and the critical fetal organ
wi7e te:z msde for the radioisotopes 1!l and **Fe. The critical fetal organ and
me 25+ recessary feta] parameters for the dose calculations were determined,
am’ 4-se measurements were made in hine fetuses. The self-dose from the
iscepe in the fetus or critical fetal organ plus the penetrating-radiation dose
#e = e mother were considered in the dose calculations.

C=er a gestations] stage from 9 to 22 weeks, the total fetal dose from
™34 15 about 35 rads/mCi. The critical fetul organ for YFe is the liver, which
sece:7es a radiation dose of froni 331 to 536 ruds/mCi. For 131 the total fetal
4-se tiries from 0.796 to 3.00 ruds/mCi over the same gestational age. The
e==ical organ for B! is the fetal thyroid, which receives a radiation dose of
£:= 715 to 3900 rads/mCi. The amount of radioisotope quoted [s that amount
so—:cistered to the maternal unit. The formulations and considerations needed
.- =t¢ fe:a] dose calculations are presented.

O’ all the segments of the population exposed to ionizing radiation, the
st sensitive age group is the deveioping embryo. This study was
lertaken to augment the limited information available on doses of
YFre and "' absorbed by the human fetus. Iron-metabolism studies
were performed by Hahn and co-workers! at Vanderbilt University
&ring the late 1940’s to evaluate nutritional requirements for iron in
a;zroximately 800 pregnant women. An epidemiologic follow-up study
¢! the children resulting from these and control pregnancies has just
been t:ompleted.z The epidemiologic study was designed to detect
t:olegical damage if. it occurred and to determine whether damage
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4 YER AND BRILL

could be attributed to radiation {rom the *Fe. Absorbed-dose esti-
mates are being obtained from studies Wwe are now conducting in
women receiving therapeutic abortions.3 These estimates will be used
to determine the magnitude of the potential hazard to the fetus {rom
these exposures. Because of extensive medical use of 1311 we are
accumulating information on fetal radiation exposures from this nu-
clide in the same subjects in whoni we are studying maternal-fetal
transport of **Fe. :

METHODS

The absorbed-dose calculations considered the self-dose from the
isotope in the fetus or fetal organ plus the penetrating radi;\tion dose

‘to the fetus from the mother. The absorbed-fraction technique, a6

described in the MIRD Commniittee report,‘ was utilized for the dose
calculations along Wwith factors from Hine and Brownell® for situations
not catalogued in the MIRD Committee report.

Before the dose to the fetus and fetal organs for the two radio-
isotopes is considered, the dosimetry equations and their general
application to the present studies will be reviewed briefly. Equation 1
is the general expression for the dose delivered by ionizing radiation:

Dose = .. 8¢ Cadt ’ (1)

where C is the time-dependent concentration of the radioisotope within
the organ or biological system and has units of microcuries per gram.
The expression for C is shown in Eq. 2: '

C = Coe™ Y mlt) (2)

where C, is the activity at time zero and ) is the effective decay con-
stant fot the radioisotope. Unlike the more usual case for dose calcu-
lations where the mass of the biological system does not change over
the re_levant time period, the mass of the fetus and its organs is rapidly
changing, and hence the” mass must be -considered as a function of
time, l.e., m(t) is the time-dependent mass of the fetus or fetal organs.
The term A is a function of the physical decay scheme of the radio-
isotope and has units of _gram-rads per microcurie-hour. “The absorbed
fraction, ¢, is the fraction of the energy emitted by the source region
which is absorbed in the organ or region of interest. For ‘nonpenetrat-
ing radiation (beta or beta like), the absorbed fraction is usually con-
sidered to be unity. However, for very small organs this is not strictly
correct. As the organ becomes small with respect to the range of the
béeta particle and the ratio of surface area to volume becomes large,
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is determined by neutron activation analysis of maternal and fetal

i ) blood samples taken postpartum. Should any of those pregnancies re-
= sult in stillbirths or neonatal deaths, a comparison of circulating and
r fixed 5'Fe concentrations will be made to determiine the validity of
. ' circulating levels as an index of transport. The radioiodine transport
d studies have confirmed information previously available on distribu-
. tion and fetal exposure. We plan to extend these studies to obtain data
s , on the effect of blocking doses of stable iodine on maternal thyroid
n uptake, transpor( to the fetus, and f{etal-thyroid uptake. This has
d importance with respect to the way in which we cope with the planned
and unplanned exposures of pregnant women to radioiodine.
d .
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