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Table l~ BioiogicaJ.ly ImPOftlmt Radioiodine Fission Products,
Their Parents, Daughters and Half·Lives

Mass Tellurium Iodine Xenon Cesium

129 32 days
~

70 s -+ 1.6 X 107 yr - Stable
131 30hr ---+

}~ 8.02 days - Stable
25 s ---+

132 78hr -+ 2.3 hr -+ Stable
133 63s - 20.8 hr -+ 5.3 days -+ Stable
134 43s -+ 52.5 s -+ Stable
135 lOs -+ 6.7 hr -+ 9hr .- 2 x 106yr
137 19 s -+ 3.45 .- 30yr

w..

Figure 1. Radioiodine inventory of a 3.000 MW(t) nu­
dear reactor durtn~ 30 days after shutdown. {From
~a.tionaJCouncil of Radiation Proteetion~)

the month after the accident re­
ceived 290 to 520 rads from WIL~

This dose from IJII is similar to that
estimated:) to have been received by
the Marshallese in 1954, but the
Chernobyl nuclear reactor probably
released fewer of the other short­
lived iodine isotopes than were
released at Bikini.

Before the Chernobyl accident,
the largest release of radioiodine
from a reactor occurred at Wind­
scale, England, in October 1957,
when a damaged reactor released
20,000 curies of lJII,5 Throughout
Southwest England extensive moni­
toring of milk was initiated the first
day after the accident: the Medical
Research Council recommended
that milk containing more than
0.1 ~Ci of lJII per liter be discarded.

Radioiodine Content
of a Nuclear Electric
Generating StationS
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Seven biologically important iso­
topes of iodine are continuously
produced, and are continuously dis­
integrating, in an operating nuclear
reactor ('fable 1); after about 100
days of steady operation, the con­
centrations of the major iodine
isotopes change very little. These
isotopes are not intentionally re­
leased or vented; their production
and disintegration effectively equili­
brate. The 1311 in the typical 3,000
MW (thermal (t)] reactor is equiva­
lent to that produced by an approx­
imately 60D-kiloton (TNT) explosion
at 1.25 x lO~ curies (Ci)/kiloton;
however, an equilibrated reactor
contains less short-lived isotopes
than a recently exploded weapon.
Four of the iodine isotopes, includ­
ing 1311, decay to nonradioactive
xenon, and two others are trans­
muted to long-lived cesium (Ce)
isotopes. One of the very long-lived
isotopes, 1291, with a half-life of 107

years, is continuously produced, but
its decay is so slow and its radiation
so weak that radiologically it resem­
bles natural potassium. (40K), and at
present there is no evidence of
radiologic hazard from ingestion of
1211['& If a 3,000 MW(t) reactor is
stopped and all the iodine permitted
to decay, the inventory'! of the iodine

This level was exceeded only within
an area 12 miles from Windscale,
where the restriction was retained
for 6 weeks. The highest radioiodine
dose in a child was estimated to
have been 16 rads.s This is dose to
the highest childhood. dose (14 rads)
of radioiodine estimated6 to have
occurred around the Nevada test
site from atmospheric testing of
weapons. At present, we know of no
biologic effects from these doses of
WII. By comparison, the 1979 reactor
accident at Three Mile Island in
Pennsylvania released a total of less
than 20 curies of 131I.
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iodine was received as short-lived
iodine isotopes, producing a total of
280 to 5,000 rads to their thyroids.
The largest doses were accumulated
by the smallest thyroids of the youn­
gest children. primarily because.
even if the children and adults re­
ceived equal microcurie amounts of
lali, the radioiodine concentrations in
the small thyroids would be greater.
These values may be compared to
the 5,000 to 10,000 rads commonly
used to treat hyperthyroidism in
adults. The latest evaluation" of these
251 persons shows that 2 subjects
(0.7%) developed thyroid atrophy, 46
(18%) developed thyroid nodules and
8 (3%) have proven thyroid cancer.
The expected number of abnor­
malities among unexposed Mar­
shallese would have been ti.3~~ with
nodules and 0.7% with carcinomaJ

; no
thyroid atrophy has been reported.

No data are presently available
regarding the amount of radioiodine
present in the immediate vicinity of
Chernobyl after the accident of
April 26, 1986. Soviet scientists
reportedly estimated that thyroids
of children 30 km from Chernobyl
received 25 to 250 rads from radio­
iodine exposure.;; The IJII in animal
thyroids was measured at different
sites beginning 750 miles from Cher­
nobyl.~ Using this information to
construct a model, it has been esti­
mated that the thyroids of children
who continued to drink milk orig­
inating 45 miles from Chemobyl for
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Figure 2. Basic diagram of nuclear power reactor. (From Eisenbud,S used with penmssion.)

Condenser

produces intense heat, which is
transferred to the moderator and to
the cooling water. The moderator is
honeycombed with heat exchanger
tubes through which water is
pumped. The temperature is there­
fore controlled by three maJor ele­
ments: the cooling water, the fuel
elements and the neutron absorbers.
The "cooling water" is actually su­
perheated and used to supply high
pressure steam, either directly or
through heat exchangers, and the
steam operates turbogenerarors.

The great dilution of fissionable
uranium by 97 to 99% nonfissionable
~18V and the lack of forceful reten­
tion of fissionable 2:l5U both ensure
against the possibility of a nuclear
explosion. In case of an accident, if
the controls of the neutron densi.ty
should fail and the circulating water
were to be lost simultaneously, the
reactor would be damaged and very
high temperatures would develop.
This condition, which has been
termed "melt-down," is not a nu­
clear explosion.

A major safety featu.re of the
commercial U.S. nuclear reactors is
the use of water as a moderator. In
these reactors, increased tem­
perature reduces the density of the
water and thereby reduces the mod­
erating efficiency; this slows the
fission process and can be consid-

Stearn drier

Circulating pump

and safety. In general. the reactor
must maintain a carefully controlled
nuclear fission process in which
small quantities of uranium undergo
fission into more than 200 different
radioactive isotopes. Most of these
fissi.on products are retained within
the reactor. When uranium oxide is
the fuel, it is encased in sealed
metal tubes, and most of the fission
products are trapped and retained
within the fuel. Natural uranium
contains 0.TJ6 fissionable :?3S{J; for
reactor fuel, this is enriched to a
concentration of 1 to 3% 23SU, the
remainder being nonfissionable;:J8lj.
This mixture is fashioned into many
pellets measuring approximately
0.5 x 1.0 inch and packaged in cans
or tubes of zirconium alloy or
stainless steel. A large number of
these are inserted into tubes within
the core, which is a large tank of
water or "pile" of graphite. The
water or graphite slows or model'·
ates the neutrons, which increases
their probability of inducing fission
ofuraniwn.

In all commercial reactors in the
V.S. t only water is used as a moder­
ator. Rods of boron or other neutron
absorbers are inserted into the mod­
erator between the fuel containers;
these absorbers control the density
of neutrons and thereby regulate the
fission process. The fission reaction

The basic plan of a nuclear power
reactor is illustrated in Figure 2. In
fact, there are many different de­
signs, which can be made to operate
with different degrees of efficiency

Basic Principles
of a Nuclear Reactor15
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isotopes decreases during the first
30 days, as shown in Figure 1. The
short-lived isotopes are rapidly lost,
but the short-lived l:l21 appears more
persistent because it is continually
produced from its parent. tellurium,
which has a half-life of 32 days
(Table 1).

Other than iodine, the biologically
important fission products are stron­
tium, cesium and rare earth ele­
ments. Strontium is a "bone seeker"
with a long half-life, but its forms
are not volatile, so they contaminate
only the immediate proximity of
their rel~ase. The rare earths are
poorly absorbed by the body, but
mes originates from wi'J and is meta­
boilzed like natural potassium. Ce­
sium distributes into all living cells.
but it does not concentrate. and
washes out of the human body with
an effective biologic half-life of less
than 125 days in most subjects}O

It is impor;tant to recognize that
the 75 million curies of L1.Il present in
a reactor near equilibrium (Figure 1)
represents only 609 grams of 1311, and
the 170 million curies of l32! repre­
sents only 72 grams of crq. The
methods and equipment for measur­
ing radioactive iodine are so ex­
quisitely sensitive that if most of the
1311in a reactor were forcefully dis­
charged as a hot gas into the at­
mosphere. it could be measured
throughout the hemisphere. After
the 1311"fallout" is partly deposited
(and concentrated) on vegetation, it
is ingested by ruminants and con­
centrated 1,000 to 10,000 times in the
animals' thyroid glands and to a
lesser degree in their milk. After the
biologic concentration, it can be
readily measured and identified. in
animal thyroids throughout the
hemisphere.
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Figure 3. 1311in milk of can!e fed radioactive met, all of
which was labeled on day zero WIth 100 ....Ci in the first
day's ration. The radiologle decay of IJII is shown as
"diet." Note that the maxlmUln concentration III mill<
occurred on the fourth day of 1311intake. (From data of
Lenll:emann et a!.~ used With pemusslon.l
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Nuclear Accidents
from the Thyroidologist's

Viewpoint

Measurable environmental radio­
iodine is not synonymous with
hannful radiation, but measurable
levels of radioiodine should alert
authorities to establish the source of
the radiation, the extent and dura­
tion of exposure and other variables
necessary for control and protec­
tion. The major routes of intake of
radioiodine are oral and respiratory,
but for distant populations the oral
route is more important. For in­
stance, in the Marshall Islands, inha­
lation accounted for only 0.1 to 1.0%
of the total 1311 intake; contaminated
food and water were the major
sources.J In persons very close to a
nuclear reactor accident, respiratory
intake would be important; but ap­
propriate data are not available, and
such close proximity would be asso­
ciated with more serious radiation
sources than iodine isotopes.

The major route of human intake
of environmental 1311 is believed to be
ingestion, and the major source in
most societies is believed to be
fresh milk. The milk of goats con­
tains a greater concentration of
iodine than the milk of cattle, but
bovine milk is the most common
source of radioiodine. After a con­
tamination event, the !JII in cattle can
be reduced by a factor of more than
100 by promptly removing the ani­
mals from exposed pasturesp·12
However, to maintain a low 131I in­
take, they would have to receive
uncontaminated food for 5 or 6
weeks. During continuous ingestion
of contaminated food, the 1311 in
bovine milk increases for 4 to 5 days
until the radioactive decay exceeds
the intake; after that point, the total
1311 begins to decrease. Figure 3
shows the course of 1311 in mille from
cows continuously fed a diet all of
which was contaminated on the first
day. In a real fallout episode, the
d.istance, atmospheric conditions

Figve 4. Thyroid protective effect ofvarious doses
of iodine given with tracer doses Ofl3lf. (Used with
permission as redrawn by Wolff14 from Uyin L.A..
Arldlangelskaya GY, Konstantinov YuO. et a1: Radio·
aceive Iodine in eM Problem ofRadicuion Safety,
Moscow, Atomizdot..1972. p 217, Fig 4.1.)
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tively small quantity of long-lived
material is concentrated and dis­
posed of under regu!ateq conditions.

Biologic hazards can arise from
fractures in fuel elements, permit­
ting part of the near-equilibrium
mixture of fission products to be
lost into the exchanger water.
However, most of the fission prod­
ucts are soluble and are effectively
retained by the water. Most reactors
are surrounded by a containment
building that prevents further es­
cape of the fission products. Biolog­
ically, the iodine isotopes in gaseous
forms are the most important fission
products. The overall containment
buildings usually enclose the entire
reactor. These "coverall" buildings
are provided with chemical sprays
that can effectively retain most of
the iodine. In case the entire reactor
should lose most of its fission prod­
ucts, the containment building is
expected to be able to retain them.
The nonvolatile products are not
expected to spread past the immedi­
ate vicinity. A fraction of the iodine
is believed7 to react with. cesium to
form a water-soluble cesium iodide
(Csl). If temperatures are not exces­
sive, the CsI is more readily retained
than the gaseous iodine. A signifi­
cant fraction of the iodine (1-5%)
reacts with organic material and, as
methyl iodine, may partly escape
many modern filters.

6 8 10 1~ 14
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ered a negative feedback controL By
comparison, a graphite modulator
can act as a positive feedback; if the
temperature increases, the fission is
accelerated, causing further tem­
perature increases. There are no
operating graphite-moderated com­
mercial reactors in the U.S.

For the most part, the radioactive
fission products are not released,
but remain within the fuel con­
tainers in the reactor core where
they are produced, and where most
of them decay to small quantities of
nonradioactive products. The com­
position of radioactive isotopes
within the core approaches radioac­
tive equilibrium, and the quantities
of short-lived isotopes are constant
after 10 to 100 days, depending upon
their half-lives. Relatively small
quantities of the most diffusible
radioisotopes find their way through
technical imperfections in the reac­
tor, and some radioactivity is found
in the heat-transfer water and in the
turbine system. In addition, con­
taminants in the cooling water will
develop induced radioactivity from
the high neutron density. The radio­
isotopes accumulate, and they are
periodically drained into "waste
ponds" or holding tanks near the
reactor and isolated until their
short-lived isotopes decay. The rela-
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tion of organic antithyroid drugs or
of agents that compete with iodine
metabolism, such as KC104 or KSCN.
All of these would reduce IJII reten­
tion by the thyroid. but all are also
associated with a significant inci­
dence of undesirable side effects.~

Acute therapy with KI can stop WII

uptake by the thyroid of normal per­
sons, and undesirable drug reactions
are unusua1.9.

1
3-16 The KI should not be

continued more than 2 weeks be­
cause it causes hypothyroidismI7

.
18

that may be progressive.1S Blocking
doses of KI for 3 to 7 days have been
recommended for pregnant women
who have been accidentally exposed
to IJII,9 and the dose for children can
be reduced to 60 mg per day for 7 to
10 days.

[f KI therapy is combined with
prompt protection of food sources,
human exposure to WII can be re­
duced by a factor of 1.000; this will
probably remove the acute danger of
LJlI after a severe nuclear accident,
and thus permit attention to be given
to the many other critical problems
associated with such an accident.
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Figure 5. Relative thyroid uptake oflJll in volunteers
given 10" mg of stable iodide at different times after
ingesuon ot IJII. showm~ reduced effectiveness With
Increased dela.,. m imtiatin~ Iodide therapY.lFrom
Lcngemann and Thompson:" used With pemllsslOn.)
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and time for sedimentation would
partially determine the areas of
maximum contamination; in the
case of Chemobyl, the maximum
values of IJII in the thyroids of
distant cattle were recorded 25 to 40
days after the accident.<4

The oral ingestion of nonradioac­
tive iodide by human bemgs"·13.14 is a
highly effective means of reducing
the uptake of !JII by the thyroid.
Ingestion of 130 mg of potassium
iodide (KI) before IJII intake reduces
thyroid retention of IJII to less than
1% (Figure 4). As shown in Figure 5.15

the effectiveness of the treatment
is reduced with increased delay in
initiation. However, there is no
proven protocol to hasten the release
of !Jly from contaminated human thy·
roids and safely reduce the radiation
dose. If the environment and food
are contaminated, the KI should
probably be continued for 1or 2
weeks, but longer treatment may in­
crease the side effects from the la.
Dietary caution. would have to con­
tinue for 3 to 4 weeks because some
food would be maximally con·
taminated after 5 to 20 days. In gen·
eral, the greater the distance from
the accident. the less the con·
tamination from 1311.

Other therapeutic approaches
have been suggested, including inges-

LeRend

_'''Ionly

100 - KlatOhr
0---- I\J at :l.5 hr

- I\Ial4hr

5


