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FATE OF THE IODINE RADIOISOTOPES IN THE HUMAN
AND ESTIMATION OF THE RADIATION EXPOSURE
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(Receivd 2 January 1964; in reisdfor 27 May 1964)

AbstractFatec of the iodinc isotopes and rcsulting organ cxposurcs have bccn studicd using
the four-compartmcnt modcl proposed by BRowELL to account for the metabolism of this
clement.
Mathematical equations have bccn establishcd for this model from biological data acccpted

in the human. 'They have been uscd to calculatc the amounts ofiodine-131 in the thyroid and
in the remaining body as a function of timc in case of a single or a chronic contamination; in
this latter case three phases have been considered: rise, cquilibrium and dccrease aftcr rcmoval
of the contaminating source. The importance of the daily stable iodine intake from the food
has been emphasizcd.

Sorne of these theoretical results have been chcckcd by cxpcrimcnts on eight voluntcers.
Calculations have bccn extended to nine othcr iodine isotopes in order to dctcrmine the expo­
sure doses of the thyroid and the remaining body for a single or a chronic contamination;
maximum permissible concentrations in water and in air have also bcen computed.
It appears that some I.C.R.P. recommendations for maximum permissible body burden

must be rcviscd.

t t

1. INTRODUCTION
THE study of the fatc of the iodine isotopes in
the human body and of the resulting radiation
doses dclivcrcd to the thyroid gland, is of prime
importance for nuclear health problcms.
Indccd, one of the first consequcnces of a

reactor accident can be the rclease of great
amounts of 1a in the atmosphcre with the
contamination of the neighbouring population
by inhalation or by ingestion of contaminated
food (in particular, the milk). This hazard has
bcen illustrated by the Windscalc incident of
10 Octobcr 1957.0 The high volatility of
molccular iodinc is responsible for the casy
dispersion of the compound and prevents its
retention by ordinary filters.
During the numerous nuclear bomb tests

performed in 1961 and 1962, one ofus (J. C.)
found "HI in the atmospheric fall-out and in
the milk by y-spcctrometry. Identical obser­
vationswere made al scveral stations in Europc121

and in U.S.A. Morcover scvcral iodine radio-

• Biochimic-Lab. des Isotopes, Université de
Lige.
t Adjoint à l'Institut Bordet, Bruxelles.
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isotopes ("I, I"HI, ...) are found during the
reprocessing of irradiated nuclear fucls.13>

The dcvclopment of the diagnostic and
therapeutic uses of sevcral iodinc radioisotopes
(%I, +I, 1-I, 1G1) must also be considcrcd
hcrc; contamination may rcsult in radioisotopc
laboratories and in production arcas owing to
the high volatility of many iodine compounds.
Such contaminations have been frequcntly
obscrvcd in sevcral centres whcrc radioiodines
are produccd.+)

The high radiotoxicity of iodinc is cxplaincd
by the retention of a great fraction of the
ingested or inhalcd radionuclide in the thyroid,
a small organ of about 20 g in the adult human.
This local concentration makes the thyroid the
critical organ.
In order to calculate the dose dclivcrcd to the

thyroid in case of a single as wcll as of a chronic
absorption of radioiodine, it is necessary to
know the metabolism of the clcment iodinc.

2. BIOLOGICAL DATA

It can be found in recent textbooks@) that
about 85 per cent of the body total iodine is
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Centamination F'ood illl:ike
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Four-compartments model for iodine metabolism

FIG. I

localizcd in the thyroid, i.c. 8 mg for a normal
thyroid and 9-9.5 mg for the whole body.
The body iodine is divided bctween sevcral

compounds, chcmically different, forming dis­
tinct pools with particular turnover rates.
Whcn radioiodinc finds its way into the
organism, there is no global homogenization;
the spccific radioactivitics remain different in
the various pools and the ratios ofthesc activitics
arc dcpendent on the periods of the radio­
nuclide and a few other paramelers. A simple
scheme of the iodine mctabolism, which is
suflicient for the discussion on the tissue ex­
posure aftcr contamination by the radioisolopcs
of this clcmcnt, has bcen published by
IlROWNELL;IGl three distinct pools, also idcn­
tified as "spaccs", arc considcrcd: iodide,
thyroid iodinc and exlra-thyroidal organic
iodine (Fig. 1).

(A) The iodidc space has 25 1.; it is divided into
two compartmcnts VV, and V2• Iodidc from
the food pcnetratcs in V1; it is also in this
compartment that the thyroid and the kidneys
take up iodine. The barrier betwecn V1 and
V., can be demonstrated with radioactive iodide:
the homogcnization in V, is more rapid than
the diffusion towards V2•

Extrapolation at timc O of experimcntal
semi-logarithmic curves obtained after i.v.

tnJCclion of i:nI and plotting of the plasma
radioactivities vs. Lime, enablcd IlROWNELL
to calculate for f/1 a mcan volume of 7 1. This
value, which excecds the plasma volume, will
be callcd "volume of immediate homogcni­
zation' ' hereafter.
The iodide biological half-life is vcry short so

that the plasma concentration changes rapidly:
rclatively high aftcr a mcal, it falls quickly. In
the calculations however, wc shall use a mean
concentration which is mercly dcpcndent on
the daily iodine intake from the food.

(Il) The thyroidal iodinc is chemically poly­
morphous although it is mostly in the thyro­
globulin. In the normal human, the decrease
of the radioiodine (aftcr correction for the
radioaci-ive deccay) caught by the thyroid
follows, aftcr a few days, an cxponential function
and the hormone secrctcd by the gland has the
same specifie radioactivity as the thyroidal
iodine.17l It sccms that, in normal adults, the
8 mg of thyroidal iodine behave as if they werc
in a single pool.

• Many investigators think that the active thy­
roidal iodine pool is more restricted; this would not
have grcat innucncc on our results except in the
case of long-lived iodine radioisotopes such as
125J.
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(C) The 1200 g of c.rlra-tl,yroidal orga11ic
iodi11e (mostly thyroxine and triiodothyroninc)
arc in a spacc of 251. Thcsc compounds arc
partially cxcrctcd in the fcccs; this pathway,
which is quantitativcly not vcry wcll known,
will be ignorcd in this study. The catabolism of
the thyroidal hormones yiclds iodide which is
rccyclcd.

(D) For our purposc the wholc system can be
supposed in a dynamic cquilibrium. It is thcn
obvious that:
The amount of iodide that cntcrs the body

(from the food) is cqual ta the amount cxcrctcd
(mostly in the urine). This amount is not the
samc in diffcrcnt counlrics and dcpcnds on the
dict; it is about 150 g per day in Boston,
U.S.A.G» but sccms ta be lowcr in western
Europe: about 75 µg pcr day18,0> (sec also
later).
The daily iodide uptakc of the thyroid from

the "volume of immcdiatc homogcnization" is
equal to theamount ofhormonal iodinc sccretcd;
an cquivalent quantity of the extra-thyroidal
organic iodine is catabolized to iodidc which
diffuses back into the iodidc spacc. The daily
turnover is about 70 g of iodinc in the normal
adult; the thyroid adapts the lcvcl of its
plasma clearance in order to take this amount
of iodidc daily whatcvcr the plasma concen­
tration. Howcvcr, whcn a hugc dose of iodidc
is administcrcd (l00 mg for instance), it is
likcly that the absolutc thyroidal intakc is
largcr although it would ncvcr cxcccd a few
mg, i.e. a very small percentage of the given
dose ;<lO,lll aftcrwards, the saturatcd gland
will not take anything from a new fccding of
iodidc which will be completcly cxcretcd by the
kidncys.

3. MATI-IEMATICAL ANALYSIS OF THE
METABOLISM

thcsc coefficients are the volumes (fractions of
V,....,) whose iodine is cleared per unit
timc by the proccss involved.

3.1. Aute contamination by an iodine isotope having
a radioactivity constant R
The spccific activitics A,....A, in the

diflcrent spaccs are givcn by the following
system of differential cquations:

( 1)

with the following initial conditions:

fort= 0: A,= a,
l,=A=l,= 0

The solution was obtaincd by a digital
computer using thc following numcrical data
(BROwNELL" and Rrccs7).)
, Volume of the immediate homogeni­

zation compartment 7 1.
V.. Volume of the diffusion compartmcnt
- 18 1.

V, Thyroid gland volume 2 · 10-z 1.
, Extra-thyroidal organic iodine volume

25 1.
k., Diffusion constant betwcen , and Vz
- from BRowNELL's data = I41./hr
ka Kidncy clearance = 21./hr

The metabolism, summarized in Fig. I, can
be analyzed mathematically in ordcr to know
the fatc and distribution of radioactive iodinc
that would pcnetrate accidentally into the
body.
To set the equations, the mechanisms of

diffusion betwccn V, and V,, of tran sfers
V,-> V,, V->V,, V,->V,, and of kidney
excretion, will be measurcd by the "clearance"
values: kg, ... ,k,, whose dimensions are l I./hr;

* IlRoWNELL has isolatcd the proccs.s of diffusion
between V and V from the rest of the metabolism
so that the spccific radioactivity .111 is govcrncd by
the following cquation:

(
0.693 · 1)

4(@) =C, +C,exp­
where7 0.693 FG

,+V
Expcrimcntally, IlROWNEt.L got a mean value:

T = 0.25 hr; hcncc k0 = 141./hr.
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q, ka, ka, when the metabolism is at cquilib­
rium, k = dV/rlt = (r!Q/rlt) · (1/C) where dQ
is the amount of iodinc transfcrred during the
timc rit, and C is the concentration of stable
iodinc in the compartment from which the
iodine is taken.
The equilibrium implies that the kidney

dail)' cxcretion is equal to the daily intake from
the food (g) so that the concentration of
stable iodine in the volume of immcdiate
homogenization must be

X
<T2al

With a daily transfcr of 70g of iodine
through the thyroid and the extra-thyroidal
organic iodine space, one ealculates:

140
k,1 = thyroidal intake = X 1./hr

k5 = hormone sccrction = 7 .3 · 10-0 1./hr
ka = hormone catabolism = 6.1 · 10-2 1./hr
The X µg intake of iodine from the food is

likcly to vary much with the dict and the

geographical localization; that is the reason
why wc kcpt it as a parametcr with values
ranging from 50 to 300 g/day.
The ealculations wcre first donc for 131 I

which happens to be the most common con­
taminant and bccausc its 8-day half-lifc (J. =
3.587 · 10"hr ') makes it more dangerous
than its short-lived isotopes such as 1"8], 12],
133J, • , •
The numerical data for the radioactivities

obtaincd from equations ( 1) have bccn plottcd
on graphs. The activity in the thyroid,
Q(@) == A,(@)· V, is given by Figs. 2 and 3.
The curves clearly show that the fraction ofthe
radioiodine caught by the thyroid is greater
when the diet contains Jess iodine.
The thyroidal uptake (obtaincd aftcrcorrcction

for the radioactive dccay) is maximal betwccn
24 and 48 hr, and rcachcs 50 pcr cent of this
maximum within about 5 hr (Table 1); this
is in agreement with cxperimcntal rcsults
known for a long timc. The maximum of
radioactivity in the thyroid is also found from
24 to 48 hrafter the contamination; this is only
becausc of the rclativcly long physical half-life

10
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Food intake: 50 µg 1/day
75µg 1/day-

100gI/day­
150g1/day­
300gI/day

1

Fics. 2 and 3. Thcoretical thyroidal activitics in
pcr cent of the absorbcd quantity of iodinc-131
after a single contamination (at time O) for

various intakes ofstable iodinc.
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Table I. Thyroidal uptakc as a funtion of the stable iodine intake (X) fromfood.
Tlyroidal activities 5, 24 and 48 hr after a single absorp tion of I c of 1air

Uptake 1a1q Uptakc 1a1] Uptake 111
X (%) (nc) (%) (nc) (%) (c)

(ng) Afer 5 hr After 24 hr After 48 hr

50 36.6 0.36 56.9 0.52 57.3 0.48
75 27.0 0.2G 46.3 0.42 47.5 0.40

100 21.3 0.21 38.9 0.36 40.5 0.34
150 14.8 0.14 29.3 0.27 31.2 0.26
300 7.9 0.078 16.8 0.15 18.4 0.16
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orI; with isotopes ofshortcr physical pcriods,
the maxima arc rcachcd much carlicr (sec
Table 5).

Aftcrwards, the radioactivity in the thyroid
dccrcases with an effective period of about
7.5 days rcsulting from the 8-day physical
pcriod and an "apparent"'' biological periocl
which varies betwcen 95 and 160 days de­
pending on the magnitude of the recycling
which is linked to the sizc of the iodine intakc
from the food. One calculatcs indeed, between
the fourteenth and the fifticth day, "apparent"
biological half-livcs of:

radioactivity decrcases following the progressive
dccrcase of the thyroid radioiodinc.

3.2. Chronic contamination
This situation is considcrcd for the calculation

of the maximum pcrmissiblc lcvcls of contami­
nation in the drinking water and in the air.
Let us assume a chronic contamination of

"a" pc/hr. This case is mathcmatically dc­
scribcd by the system of differcntial equations
( 1); it is only ncccssary to add the tcrm
(+a/,) to the right hand side of the first
equation.

for X= 50 g
= 75 µg
= 100 µg
= 150 g
= 300 µg

T= 158 days
= 137 days
- 124 days
= l!0days
= 95 days

01

10 100

lime, hr

FIG. 4. Thcorctical activities in the remaining
body (body without thyroid) in per cent of the
absorbed quantity of iodinc-131 aflcr a single
contamination (at time O) for various intakes

of stable iodinc.

• This biological half-lifc considcrcd by the
health physicist characterizes the dccrcasc of radio-
activityof the organ when the correction for the

physical decay has been made. It is different from
that studicd by the physiologist who must correct
also for any recycling.

The radioactivity in the rcmaining body
(i.e. body without thyroid) is given by the sum
,()V, + A()V. + A,(@)V, and represcntcd
in Fig. 4, There is a vcry rapid decrease duc
to the kidncy excretion and the thyroid uptakc
so that, at the forty-eighth hr, only 1-2 pcr cent
of the absorbcd radioactivity rcmains in the
iodide pool. Afer 4 days, a rise of the radio­
activity is observed in the rcmaining body
owing to the secrction, by the thyroid, of
hormones labelled with "HI; this phenomenon
has a maximal amplitude at about the tcnth
day after the contamination. Afterwards that
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Table 2. Amonts of7I in the volume of immcdiate homogcniznation (Q,), the diffusion volume (Q,),
the thyroid (Q,) and the extra-thyroidal organic iodine (Q,) for a chronic contamination of I c/hr

X(nug) 50 75 100 150 300 500 1000
---► c /IC qc /IC c /IC /lC

0, 1.46 1.80 2.13 2.34 2.76 2.96 3.15
0, 3.77 4.63 5.24 6.01 7.07 7.55 8.01
0, 8.97 7.36 6.25 4.79 2.82 1.82 0.96

Total 14.2 13.8 13.6 13.1 12.6 12.3 12.l
0, 148 122 103 79.0 46.9 30.0 16.0

The study of the cvolution of the body
contamination by the isotope can be dividcd
into thrcc phases:

(a) the bcginning of the contamination with
a progressi,·c approach ta the equilibrium.
The initial conditions arc thcn

h,=hl=h,=l,=0 for t= 0

(b) the cquilibrium is reachcd. The dif­
fcrcntials arc cqual to zero. Thcrc rcmains a
system of 4 cquations with 4 unknowns which
is casy to solvc;

(c) the decreasc of the contamination after
the removal of its source. Tn this case, the
initial conditions arc the spccific activitics

i
E:ln.'] ATIVI

Time, hr

Fic. 5. Chronic contamination rcsulting from
the absorption of l c of iodine-13I per hour
starting at time O. Thcoretical activitics in
thyroid and rcmaining body for various intakcs

of stable iodinc.

A1 • • • • which exist in cquilibrium in the various
spaces considered. The analysis of the latter
situation enables one to calculatc the irradiation
dose that the pcrson will still rcccive in spite of
the suppression of the absorption ofradioiodinc.

(a) Deginning of the contamination. A chronic
contamination by the absorption of l c/hr of
1] has bcen considcred. The results given by
the digital computer arc reprcscnted in Fig. 5.
The radioaetivity concentratcd by the thyroid

increases with time to rcach 0 and 90 pcr cent
of the cquilibrium value after 8 and 25 days
rcspectivcly. The important corrclation be­
tween this activity and the iodine daily intakc
from the food is particularly obvious.
On the other band, the aetivity in the

remaining body reaches its equilibrium much
more quickly: 50 per cent of the maximum is
attained in lcss than I day; the subsequcnt
variations arc duc mostly to the sccretion of
radioactive thyroidal hormones.

(b) Equilibrimn. 'The solution of thc cquation
describing the situation can be found in Table 2.
I t can be seen that the amount ofl 31 I in the

thyroid is very dependent on the intakc of
stable iodine from the food; by contrast, the
total activity in the remaining body is about
cons tant in spitc of the variations in the dis­
tribution of this radioiodinc bctwecn the
scvcral compartments according to the amount
of stable iodinc in the diet. Consequently the
ratio betwcen the thyroidal activity and that of
the rcmaining body, is variable: for a man
rcceiving daily I 50 g of iodinc from this dict,
this ratio is 86/14, a rcsult very similar to that
given by the literature for the stable iodinc:
85/15,419

(c) Suppression of the source of contamination.
The results reported in Fig. G show that the
activity in the thyroid diminishes with the
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Time, hr
Fra. 6. Interruption at time O of a chronic
contamination of I c of iodine-II per hour.
Theoretical activities in thyroid and remaining

body for various intakes of stable iodine.

previously found efîective half-life of about
ï.5 days; there arc only slight variations
depending on the stable ioc.line dict as in the
case of the acutc contamination.
T he activity in the rcmaining body dccrcases

in two phases: the first one is bound to the
rapid climination of the iodide fraction from
the volumes V, and V; the second to the
slower disappearance of the organic iodine that
is being continually secrcted by the thyroid.

4. EXPERIMENTAL
Experiments have been carried out on cight

male adults in ordcr to check the validity of the
hypotheses used in the present work for the
calculation of irrac.liation doses. These people,
fasting for more than 12 hr, ingested 0.5 c
of carrier-fiee ""HI as Nal in a solution of 10"
M · Na,SO.. The radioactivity assays on the
thyroid and on the remaining body wcre startcd
1 hr latcr and pursued at intervals, during
40 days. The urines were collectcd during the
first days in ordcr to have a complcte picture
of the mctabolism and to dctcrminc the cffi­
ciencies of counting for 13lJ in the thyroid or
the remaining body for cach individual. *

These data gave the opportunity to check the
validity of the phantoms used afterwards.

4.1. Apparats and methods
The dcterminations of II in the thyroid

werc performccl with a Nal crystal of 5 X 5 cm
shicldcd with 2 cm of lcad, ancl which was
placccl at 6 cm from the thyroicl in a rcpro­
ducible way by mcans of a lucite block in
contact with the neck. The y-spcctrum was
recordcd with a 256-channel analyzcr and the
activity was obtained by the cletcrmination of
the peak area at 364 keV ancl by comparison
with a thyroicl phantom; this phantom con­
sists of two 10-ml fiat vials containing a t:n I
standard solution placed at 0.5 cm depth
within a cylinder full of water simulating the
neck.
The radioactivity of the rcmaining body was

measurccl, also by y-spcctromctry, in a whole
bocly counter.ue, The incidence of the thyroid
radioactivity however was cancelled by a
slticld of 15-mm leacl placecl in front of the neck
of the patient. The calculation of the activity
in the bocly usccl the counting eflicicncy
cstablishe<l prcviously by means of phantoms
simulating the human body and fi llcd with
radioactive solution of known activity.
The urine assays were carricd out with a

Na! crystal of 5 5 cm surroundccl by 10 cm
of lcad."
The sums of the activitics in the thyroicl, the

remaining body and the urine were compared
with the amount of "HI ingested in order to
have a permanent check of the efficicncies
utilizcd in the calculations.

4.2. Results
For cach patient, the curves of 1HI activitics

in the thyroid ancl in the rcmaining body have
bcen plottcd as a function of timc. In Fig. 7
arc the cxamples of the graphs given by:

(a) an indiviclual whose iodinc metabolism
appears to be normal; very similar rcsults
wcrc obtaincd with six othcr people;

(b) a patient whose thyroidal uptakc is accclcr­
ated; the 1%HI also leaves the thyroid quicker.
Thcrc is a rcmarkable increase of the remaining
body radioactivity due to the sccrction of the
labcllcd thyroidal hormones.
The maximum radioactivity is reachecl in the

thyroid after about 24 hr in normal people;
it has a mean value of 0.21 c in the seven
cases consiclerccl for a single ingestion of
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radioactivity by y-spcctrometry on the 455-kcV
photoclcctric peak. A chemical assay of I in
the CCI, solution gave the yield of extraction
sa that a suitablc correction could be applicd.

During the 24 hr following the ingestion of
1a1, thc seven normal males uscd in this work
excreted in the urine:

79, 51, 78, 140, 340, 60, 58 g of iodine.
Thesc persans had bccn askcd not ta eat
anything known to contain much iodine (such
as sea food) during the 3 days preccding the
expcrimcnt. With the exception of the 340 g
value-which concerned an individual usually
very fond of sea food-the mean value of the
iodinc intake was 78 g/day.
Other runs were made at 10-day intervals

over a period of 2 months on two subjccts in
order ta sec the possible variations of this iodine
intake:
L: 53, 57, 48, 40, 42, 42, g for 24 hr
S: 120, 84, 121, 37, 50, 79, µg for 24 hr
It is obvious that the iodine content of the

urine of L is very constant around an average
of 47 g/day. For S, the two highcst results
werc coincidcnt with the ingestion of musscls
during the cxpcrimcntal pcriod.
lt thus seems that, for people living around

the Bclgian Nuclcar Centre at Mol, the daily io­
dinc intakc is betwcen 50 and 100g. With this
rcsult, the agreement betwcen cxpcrimcntal
and thcorctical curve is suflicient to validate
Brownell's mode! of iodinc metabolism for the
purposc of this study.

6. EXPOSURE DOSES RESULTING FROM
ABSORPTION OF AN IODINE RADIO­

ISOTOPE
Thc cquations uscd for I"II have also bcen

applicd to other iodinc isotopes in order to
calculate the permissible burdens for workers
contaminatcd with these radionuclides.
The solution of the system of cquations ( l)

gives the activitics in the thyroid A,J,, and in
the remaining bodyAV, + A,, + A,. The
exposure dose for an organ is given by

n_ ["of,a·3.7·10·1.6·10"E
J 100·m (2)

whcrc: q = total activity in the whole body;
f= ratio of the activity in the organ

ta that in the wholc body;

100010 100

Time, hr

Fic. 7. Expcrimcntal data. Activities in thyroid
and remaining body in pcr cent of the amount

of iodinc-131 givcn al timc O.

0.5 c of 1aI, The individual results arc
scattcred betwccn 0.16 and 0.26 µc.
5. DISCUSSION. COMPARISON BET\VEEN

EXPERIMENTAL AND THEORETICAL
DATA

The cxperimcntal curves arc quitc similar
to those prcviously calculatcd (compare Figs.
2, 4 and 7). Table I howevcr shows that the
agreement is good for the uptakc by the thyroid
only if the stable iodinc brought by the food is
about 75 g/day.
ln ordcr to know the daily intestinal absorp­

tion which, at equilibrium, is approximatcly
equal to the daily excretion by the kidneys, an
assay of the stable iodine in the urine has becn
carried out by activation analysis.(a+)

Samples of 10 ml of urine in polycthylene
bottles werc irradiatcd for 15 min in a flux of
1.2 X 101" neutrons/sec· cm" in the BR-I
nuclcar reactor. A chemical scparation was
nccessary bccausc of the great amounts of other
elements, particularly chlorine, which arc
highly activatcd. 0.5 g of iodide was added as
a carrier to the irradiated solution; the iodide
was oxidized by HNO, to iodine which was
extracted with CCI,. The organic solution was
washed several limes with an aqueous solution
of NaCl, before the mcasurement of the 1-]
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Table 3. Radioactivitics in thyroid and remaining body for a chronic absorption of
l cr. I the case of131I the stable iodine daily intake is considerd at 1/,ree lcucls-
50g l), l 0011g (2) a,zd 300g(3). For the othcr isotof,es, il is jixcd al 100g/day.

Burden (c) Burden (c)
in in in in

Isotope thyroid body Isotope thyroid body

1 (1) 148 14 191 5710 896
(2) 103 14 1901 5.3 5.1
(3) 47 13 121 0,50 2.1

12»q 570 80 1a3] 9.4 5.9
1:] 165 21 191] 0.33 3.0
1:8 0.034 0.52 145] 7.0 12
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= the cncrgy eflcctively spent in the
organ: e = :E EF (RBE)n

111 = mass of the organ;
T = integration time = 13 wccks m

this case.
The maximal dose rate cxposurcs adoptcd

arc those recommended by the ICRP Com­
mittee II :1161

8 rem during a l3-wcck period for the
thyroid,

1.3 rem during a 13-wcek period for the
wholc body.

The energies effectivcly absorbcd by the
organ have bccn takcn in Table 5a of ICRP
for mr; thcy have bccn computcd for isotopes
125, 128 and 130 following equations (25)-(30)
ofICRP. The following figures wcre obtaincd:

125!: L EF(RBE)11 = 0.085 MeV (body)
0.031 MeV (thyroid)

128!: ~ EF(RBE)11 = 0.86 MeV (body)
0.81 lvfcV (thyroid)

1301: ~ EF(RBE)n = 1.68 MeV (body)
0.49 MeV (thyroid)

6.1. Chronic contamination
This case is considered by ICRP ta cstablish

the maximal permissible burdens. We have
recalculated these lcvels for the thyroid which
is always the critical organ, and also for the
remaining body.

I t appears useful to distinguish betwcen the
remaining body (without thyroid) and the
whole body bccause the radioactivity localized
in the thyroid does not irradiate the remaining
body ta ani appreciable extent. Moreover,
at the equilibrium, the amount of radio-iodine

in the thyroid is usually much greater than the
amount in the remaining body which is then
only exposed to this latter small part of the
total radioactivity (Table 3).
From the maximal burdens admitted in the

organ and calculated with equation (2), the
maximal permissible concentrations in water
and air for 40 or 168 hr cxposurc per wcek
can be computed.
lndeed

MPB­
MPC.ac=ai.a

ace 111

where MPB = the maximal pcrmissiblc bur­
den in organ x (qc),

Q~,c = activity accumulatcd in the
organ resulting from a chronic
contamination of 1 11c/hr,

C= mean water intakc in 1./hr.

When the contamination cornes from the air, it
is assumed that only 75 per cent of the inhalcd
activity is transferred to the blood, so that

MPOa. <= oz, ·0.75Cace · J rn

The calculatcd data arc shown in Table 4.

6.2. Aute contamination
In the not infrequent event of a unique

accidental contamination, the maximal per­
missible burdcn ofthe radionuclide in the body
is usually much higher than what is allowcd in

• It might be that the thyroid is not the critical
organ for the very short-Iivcd·iodinc isotope.
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Table 4. Maximumpermissible burden in critical orgmz mu/ in Iota/ body and maximum penr1i.ssible co11ce11/ratio11s in water
and air. In the cas of iodiuc-131 tl,c stable iodi11c daily i11takc is cotuidmd al tl,rec leuels: 50 µg (1), 10011g (2) a11d

300 ,,g (3). For tl,c otl,cr isolojus, il is Jixcd al 100glday

Critical Ml'ilin Ml'ilin (lVIPC).,"'"' (MPC),1, (lvll'C).,"'" (MPC),1,
organ organ total body for 40 hr wcck for 168 hr wcck
(nc) (t,c) (11c) (t1c/cm'1) (c[cm) (1,c/cm") (1,c/cm")

m I ( 1) Thyroid 0.15 0.16 3·10° 5·10-"% l · 10-r. 2 · 10-0
Body 44 500 l · 10-1 1·10­ 3 · 10-c 5 · 10-0

(2) Thyroid 0.15 0.17 4·10° 6·10" 2 · 10-r, 2 · 10-0
Body 44 370 l · 10-1 2·10° 4 · 10-2 5·10-"°

(3) Thyroid 0.15 0.19 I·10' 1 · 10-s 4 · 10-r, 510-%
Body 44 210 l · 10-1 2·105 4·10­ 6 · 10-n

IC,\J Thyroid 1.1 1.3 6·10 9 · 10-0 2·10-5 3 · 10-•
Body 230 1900 9·10 1·10° 3·10 4·10-6

12GJ Thyroid 0.21 0.24 4·10° 6·10" l · 10-r. 2 · 10-•
Body 85 770 I·10' 2 · 10-5 410-2 7·10-"

108[ Thyroid 0.042 0.68 4 · 10-c 6·10-6 1 · 10-2 2. 10-•
Body 23 24 1 2·10' 5·10­ 7 · 10-5

IC!IJ Thyroid 0,50 0.59 3·10 4 · 10-10 1 • 19-6 1 · 10-10
Body 220 1600 8·10% 1 · 10-• 3·10" 4·10-7

130J Thyroid 0.14 0.27 810 1 • 10-7 3 · [0- •I 4 · 10-s
Body 12 24 710-° 1 · 10-5 2 · 10-e 1 · [0-0

1321 Thyroid 0.053 0.28 3·10" 5·10-7 1 • 10-a 2 · 10-7
Body 13 16 210-1 3·10-° G • 10-c 9·10­

1"3J Thyroid 0.064 0.10 2 · 10-3 310-7 7.10­ 1 10-7
Body 23 60 l · 10-1 2 · 10-5 4·10" 6 · [0-G

1"1J Thyroid 0.042 0.42 4·10 " 6·10-7 l · 10-a 2·10-7
Body 13 1·1 l · 10-1 2 · 10-• 5·10-2 7 · 10-•

1'15J Thyroid 0.066 0.18 3· J0-1 4 · 10-s 1·10­ 2 · 10-s
Body 15 2·1 4·10 6 · 10-u 1 · 10-2 2 · IQ-G

the case of a chronic contamination at equilib­
rium, becausc of a progressive decrease of the
radioactivity duc to the biological metabolism
and the physical dccay: the exposure dose
must indeed be integrated over a pcriod of
13 weeks. llGl The maximal permissible quan­
tities computed from equation (2) for the
radioiodincs can be found in Table 5.

COMPAR!SON OF THE RESULTS OF THIS
STUDY AND THE DATA USED BY IRCP
TO SPECIFY THE MAXIMUM PERMISSIBLE

LEVELS
According to ICRP, the human body con­

tains 40 mg of iodine, one-fifth of which is
concentrated in the thyroid. This iodine
forms a single pool in the thyroid and the
remaining body, whieh is not divided by any
chemical or physical barricr and which has a
half-life of 138 days.
When a contamination with radioactive

iodinc is considcrcd, the efîective half-lifc
takcs the place of the biological half-lifc in
order to account for the radioactive clecay.
But as, for ICRP, iodine is in a single pool, the
homogcnization is instantancous and the dis­
tribution of the contaminating radioisotopc
betwcen the thyroid and the rcmaining body
must be preciscly the same as that of the stable
iodinc: f= thyroiclal iodine/total iodinc =
0.2. The rcpartition of the radionuclide
between the thyroid and the rcmaining body
and the exposure doses for the tissues, in case of
a single absorption, arc computed in the follow­
ing way:
thyroidal activity: q" = qfif2' · exp - J!h t

where q = absorbcd radioactivity,
fi = I = fraction of absorbed quantity

passing in the blood,
f'= 0.3 = fraction from blood to organ,

J. = effective timc constant,
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Table 5. Acte contamination. Maximal pemissible
absorption: resulting maximum burdens in thyroid, and time

11ccenmy lo reach thcse maxima

Maximum
Maximum permissible Delay to

Isotope permissible burden in rcach
of intake in thyroid burden

io<linc (nc) (nc) (hr)

1 (1) 2.2 1.2 30
(2) 3.2 1.1 36
(3) 7.0 1.1 48

125 5.3 2.1 48
1q 2.9 1.1 36
128] 2700 73 0.4
129] 1.6 0.67 50
1:JOj 29 5.0 8
1] 230 16 2
141q H4 3.0 12
1a1q 810 32 0.8
1q 620 78 5

ln the calculations, a dose raie of 8 rem/l3 weeks
has been admitted. In the case of 1311 the Slablc
iodine daily intake is considered at three levels:
50g (I), 100g (2) and 300g (3). For the other
isotopes, it is fixed at I00g per day.

total body activity:

4""= qf-f/) exp --T
whcre: fV fraction rapidly cxcretcd in urine.
But as ICRP supposes an instantaneous homog­
cnization, cven in the thyroid, and that
thcre is no immcdiatc urinary cxcretion
qfifu (equal1ons (41) and (42) ofICRP):

q""4f exp--1Tm

Moreover, for ICRP, }.th = }.7'JJ so that, at any
moment:

lh r r'r..T_"U!a _r
/2 4 4f V2

Thus a contradiction appcars whcn ICRP uses
diffcrent values forf andf.' (0.2 and 0.3).
ln the case of a chronic contamination, the

ratio of the body and thyroi<l ra<lioactivitics
is obviously the samc as for an acutc contam­
ination, i.e. the ratio of the amounts of stable
io<line. Accepting a rate ofexposure of8 rcm/13
wecks for the thyroid, ICRP calculates a
maximum burdcn of 0.15 µc 131! in the
thyroi<l and 0.7 e ""I or the wholc body.

ln contradiction with thc abovc data uscd
by ICRP, rcccnt tcxtbooks'5l put 85 per cent
of the body io<line in the thyroi<l, i.e. 8 mg
out of a total of 9-9.5 mg. Moreovcr this
iodine forms scveral pools. The io<li<le in the
plasma and in the diffusion volume is quickly
removc<l by the ki<lncys and the thyroid; its
biological half-lifc is only about 6 br. The
organic io<linc sccrctcd by the thyroid has a
longer half-lifc of 12 days17l that is still much
shorter than the 80-day half-lifc of the thyroi<lal
iodinc. A completc analysis of this metabolic
scquence led us to propose 0.17 µc as the
maximal constant burden permissible for the
whole body; this lcvcl of contamination
corresponds to the prcscncc of 0.15 µc in the
thyroid ( this latter figure is obviously id en tical
with that of ICRP).
The MPC for water and air that we have

computed arc in bctter agreement with those
of ICRP which utilizcs in the calculation only
f'= 0,3 rcferring dircctly to the critical
organ-thyroi<l, This value, likcly derived
from clinical studies, would be consistent with
a <laily stable iodinc intakc of 160 µg (adopting
the other data of the prescnt papcr). With
the mean intakc of 75 g found in our srnall
sample of the Bclgian population

70
f=70±n=047

CONCLUSIONS
The concentration of the ra<lioiodine in an

organ of small sizc makcs it an important
hazard for hcalth as dcmonstratcd by the values
of the maximal permissiblc body bur<lcns.

Becausc the activity ratio betwccn thyroid
and body changes rapidly, it is neccssary to
mcasure directly the ra<lioactivity of the critical
organ. For this purpose, wc use at the C.E.N.
a cylindrical Nal crystal of 5 X 5 cm shiclde<l
with 2 cm of lca<l; whcn it is localizcd at 6 cm
from the thyroid, it is possible to dctcct lcss
than 0.002 c of 11 i the organ. Another
sct-up with two Na! crystals of 7.5 cm diarn. x
5 cm ht. placed on each sicle of the neck en ables
to reach an cven higher sensitivity: 3 J0-5
c."7
The radioiodinc in the remaining body can

be assessc<l with a total body counter. The
ratio of the activities in thyroi<l and rcmaining
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10 100

is complctcly climinated. For 1 µe of radio­
iodine in the thyroid, this complementary
dose for the organ will be:

for 1%1. 3.6 rem
for 12GJ: 7.1 rem
for 1AI. 12.7rem
for 1a]. 6.5 rem

It is worth mentioning that, for Euratom,
the thyroid must not be considcrcd apart
from the other internai organs, and the permis­
sible dose rate ought not to excced 4 rem/
13 wecks. If this point of view is adopted
(as it is by the Bclgian rcgulations), ail the
data in the Tables 4 and 5 must be divided
by 2. Sorne authors think howevcr that the

1000 thyroid bas a rather good raclioresistance. n9>

Time, hr

FIG. 8. Thyroid and rcmaining body activities
ratios after a single absorption of iodine-131 at

time O for various intakes of stab le iod i.nc.

body cnablcs one to dctcrminc the timc of
contamination in Fig. 8 for 1%HI,

Workers liable to be contaminated with the
radioisotopcs of iodine must be frcqucntly
chcckcd. v\lhcn the physician thinks that it is
important to prevcnt the accumulation of
radioiodinc in the thyroid by the administra­
tion of a carrier {Nal, lugol ...), this mcdica­
tion must be givcn in the vcry first hours
following the accident. Wc belicve howevcr
that a regular prcventivc administration ofthese
drugs to workcrs frcquently in contact with
radioiodines is not to be rccommcndcd; it
could givc a false impression of security and
be responsible for a relaxing of the ncccssary
precautions in the working and ncar-by arcas.
Moreover it is not impossible that the frequent
intake of important doses of stable iodinc for
ycars can finally dctcrioratc the hcalth of thesc
people. Howcver workers wi th a dict rich in
iodine arc bettcr protceted than othcrs. ns>
In the case of a chronic contamination (or a

situation that can be considercd as such),
when the workcr is removed from the contam­
inated zone, it is important in the computation
of the cumulatcd dose to take into account
what the tissues will get before the radioisotopc
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