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Abstract --l.'ivc: huiriari VfJlUntCC!ls itigcslcd ri.sin-trruti.cl i n i l k  c ~ r ~ i i l u i i i ~ r i y  prc~ti.i~i-bourit~ 1'"' 
Ibr pc:riods of lime ritigitig Tram I to cis days arid i r r  ~ I I I I O U I I I S  raiigiiig lroin 0. 15 to !K! IIC. 

In the first experimcnt all subjects ingested daily dosages ofl*3J for periods rarigiiig from 4 
to 63 days. 'I'hyroid uptake was measured by p ray  scintillation countings of all subjects. 
Urinary excretion wa+measured on two subjects, one of which was followed for 67 days. 

In a second experiment, two subjects ingested a single dose each. Thyroid uptake and 
urinary excretion were measured as in the first experiment. Extrapolations arc made from the 
single-intake data to the case of continuous intake and arc comparcd with thc. daily intake data. 

From tIic:sc: data, c:stirniltcs arc niatk: off,, fI,Jz iiiicl 7 ,  Ii)r tIiyroitI qIiiiid ;iiicI : I I Y *  ~ . I ) I I I ~ ) : I ~ ~ ~ C I  
with ICItl' and SCRI' rccommcndations. 

INTRODUCTION 
"iw l ( X I J t l )  and NCRP12) currcntly rccom- 
ncnd a \ d u e  of 2 x I W6 ,uc/cm3 for the (MPC), 
I W h r  week) of based on the thyroid as the 
ritical organ and a maximum permissible dose 
,itc of 0.6 rems/\\.eek to this organ. This 
.\fPC),c valuc is estimated in the usual way, i.e. 
he dose to the organ is taken to be approxi- 
natcly proportiorial to the assumed uniform 
oncentration in the organ, and the relationship 
xtwcen the concentration in the organ to the 
onccntration in drinking water is assumed to 
,bey first-order kinetics. ICRP states that T,, 
hc biological half-life for iodine in the thyroid 
[land, is 138 days and that J,, the fraction 
hsorbed from the gut and going to the thyroid, 

5 0.3. The  value of T,, is stated to be estimated 
rorn thcir cquation (40) which is 

mc T,, = 0.693 - v w  ' 
\ hcre: rn (=  20 g) is the mass of the thyroid 
:land, c (=  4 x 10-4 g/g organ) is the con- 
,cntration (Jf stable iodine in the organ, I 

Operated by Union Carbide Corporation for the 
J.S. .,ltomic Energy Commission. 

(=  2 x 10-4 g/d;iy) is tlic daily intake of stablc 
iodinc in thc body, and f, is as defined al1ove.t 

ICKP has carefully pointed out that, in this 
method of estimating T,,, tlic assumption is 
made that the radionuclide has thc same bio- 
logical climination timc as the stablc clement. 
Although there is an abundance of data on 
iodine metabolism by both humans and small 
animals provided by the research of medical 
scientists atid radiobiologists, this assumption 
does not appear to hatve becn tested. This is 

t There is evidcntlg an incorisistcnc~* in bhe ICRP- 
calculated value of T,,, brLausc \vlien one inscrts the 
above valucs into their equation i t  turns out that 
T, = 92 days and not 138 days as stated. Even 
though this differs from the stated value by a factor 
of -1.5, the effect on the (MPC), value is negligible, 
because in calculating it, the effective half-life is used, 
and due to the shortness of the radiological hall'-life 
(8 days), tlicre is only a slight change in the (hll'C)c, 
However, it does makc a diflerencc in thc (XIPCl,p 
for a long-lived isotopc or iodine such as IrL9 ~ l i o s e  
radiological half-life is 6.3 x IO9 days. In this case 
the effective half-life is approximately equal to the 
biological half-life and the (MPC), for this isotope 
will almost be doubled when the comcted, 92-day 
value is employed. 

-- 
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understandable in view of the fact that radio- 
biologists focus on the important problem of 
effects of 1131 on the gland, while medical scien- 
tists are interested in physiological tests of the 
gland. For the most part, neithcr group appears 
to have testcd the assumptions in models for 
estimating \)iological paramctcr valucs all- 
plicablc to intcrnal dosc cstimation work. 

The  ICKP report uscs a single-intake model 
and intcgrates the retention predicted by this 
model to obtain the retention from chronic 
exposure. I t  mentions that exploratory studies 
have indicated a fairly satisfactory extrapolation 
can be made. This lias hccn found to hc truc 
in the casc ofCoe0 ingcstiori Ijy micc13) and, also 
in the case of CsIG7 ingestion by mice.c4) There 
does not seem to bc any human data for the case 
of chronic ingestion of IIJ1 with which to test 
this method. BUSTAD rt ~ f . ( ~ )  have thyroid- 
gland, I l%.~p take  data on sheep fcd chronically 
for periods as long as 4 years. However, in 
sheep there is a scasoml variation iri uptake. 
In  man it  is not o h b u s  that the uptake is 
affected by seasonal factors.cB) 

Some exploratory experiments were carried 
out in this laboratory (ORNL) on the problem 
of estimating T, from single-intake data, 
extrapolating to the case of continuous inges- 
tion and comparing thc cxtrapolated data 
with the measurcd amounts in the thyroid 
gland. In this expcrimcnt, fivc malc volun- 
teers ingested, daily, for periods ranging from 
4 to 63 consecutive days, constant doses of 1131 
ranging from 150 to 1840 ppc in resin-treated 
milk, and their thyroid glands were monitored 
utilizing a y-ray scintillation counter to deter- 
mine the uptakc. Oiic suhjcct, ingesting 63 
daily doses of 1840 ppc/dav, collccted 2 4 h r  
sai~iplcs of uriiic for 63 days, and these were 
measured lbr thcir IrJ1 contcnt. After thc in- 
take stopped on the sixty-third day, the subject 
continued to collect 24-hour urine samples for a 
period of 4 days. Also, his thyroid gland was 
countcd six timcs, using the p r a y  counter, in 
a pcriod of 4 wecks. Thus, the decrease in 
activity could be followed. 

Three of the above subjects also ingested daily 
doses of 150 ppc  for 11 consecutive days, and 
their thyroid uptake was measured. Two of 
these subjects also took a single dose of 92 nc and 
(at various times) their thyroid glands were 

counted. Also, they collected 24-hr urine 
samples for a period of 5 days after the intake. 
One subject ingested 1840 ppclday for 11 days. 
His thyroid-gland burden of 1131 was deter- 
mined both during intake and after the intake 
was stopped. 

From the data obtained on  thcse fivc sub- 
jects, a partial test of the ICKP assumptions 
,was made. I t  was found that the predicted up- 
take for chronic ingestion (of resin-treated milk 
containing protein-bound iodine) obtained 
from extrapolation of single-intake data gave a 
slight overestimate of the burden in a period 01 
I I days of intake. Extrapolating from decay 
curve data of the subject who ingested sixty 
three daily intakes also yielded a slight over- 
estimate of the thyroid-gland burden, hut the 
over-all agreement between the predicted and 
the observed burden was fairly satisfactory. The 
Tb for in the thyroid glands of four subjects 
(the data on the fifth subject were inadequate to 
estimate his T,) ranged from 37 to I53 days. 
The mean value of 74 (i70) days does not 
significantly differ from the 92-day value of 
ICRP. T h e  average value o f f ,  was 0.16 
(k0.08) (the range was 0.08-0.29). This mean 
value does not differ significantly from the 0.3 
value at the 95 per cent confidence lcvel. It b 
the purpose of this report to present these 
human data. 

METHODS 

Preparation of ingestion dosc 
Cows' milk containing 1lG1 and obtained from 

the UT-AEC: Agricultural Research Laboratory 
was passed over an anionic exchange resin 
(Dowex 1 x 8-50-100 mesh in 3-cm i.d. 
column), recyclcd twice to remove the ionic 
iodine from the milk, and then pasteurized. 
Two cylindrical columns were connected in 
series. The milk flowed through the columns 
a t  the rate of 20 ml/min. T h e  column-effluent 
milk contained -3.8 per cent of the original 
Il3I concentration in the raw milk. The alka- 
line precipitation, ZnS0,-SaOH method of 
ACLAND") used to separate protein-bound 
iodine from serum was applied to the column- 
effluent milk. Greater than 97 per cent of the 
total IlS1 activity was precipitated as compared 
with only -4.7 per cent precipitated from raw 
untreated milk. No tests were made of the 
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column-trcatcd milk to establish definitively 
which proteins tvcre binding the However, 
it is belicved that the resin-treated milk con- 
tainctl, mainly, protcin-hound Il3l. 

'IIIC 1'31 bound to thc protcia constitiictits or 
tlic milk is apparcntly very firmly attached as 
evidenced hy Ictting the resin-treated milk 
stand for a period of -30 days and re-treating 
thc milk. \\'hcn the milk was rccyclcd w c r  thr 
coJurriri again, orily al)oul 4 pcr ccllt o f  tlic 11'1' 

coiiltl tjc rcrno\.r*tl rmto tlic cxch;ulgc r a in .  
Tlicrc is an  adun tagc  i n  usirrg rcsiti-lrratcrl 
milk in  a continual-intake study atid this is con- 
nectcd u i t h  thc  stablc-iodinc iriiakc into thc 
body. I t  was dcsirablc to maintain a constant 
intakc of' J L S L  tq. thc human sul),jccts partici- 
pat i tq  in 1 tic clil-iinic-inycsticirl expctirrtc~rtt. I t i  

d e r  to accomplish this, thc t d u m e  of milk 
nilst I)(: iticrravrd cach tlii!, t o  compcnsatc fi)r 
hc Ir,ss of Il:ll tJy radiological dccay. \I'licii il 

,iqriificattt ccinctrrtlratiorl ( I f  st:tl)lc ioclirtc is 
)rcscrit i n  tlic milk,  thc iticrcliscd V O ~ I I I I I C  01' 
nilk ingested u2.il1 result it1 an incrcased intake 
)I stalk iodinc \\.hich will affcct the uptake of 

In this study the raw milk containcd an 
ivcraqc of 0.03 pg  stahlc iodinelml. In thc 
rsin-treatccl milk this was rcduccd to -0.001 
~g/ml.  Some of the subjccts ingestcd as much 
IS X N J  ml of milk, and thus only 0.5 pg of stable 
d inc  \vas taken into the stomach, which is 
irgligiblc in comparison with the daily average 
ntake of 200 pg of stable iodine. 

Zngeshon doses, ages, weights, and radialion doses 
lo thyroid glands of Jubjecls 

Table 1 prcsetits tlic agc, weight, ppc  of' l i 3 I  
ingcstcd singly or daily, the cstimatcd peak-dose 
rate to the thyroid gland, and tlic cstirnatcd 
total dose received by the gland. All subjects 
were found to be euthyroid as indicated by tests 
o f  protein-hound iodine in blood. All subjects 
;itc regular mcals consisting of tlirir usual tlicts. 
'Ilic avcragc. iiqc of (tic f i i . c .  w t ) j r c . t s  \viis , I  I y ~ r s  
ii.;inqc, M-53 yri1t.s) ; t i i t1  tlic avcragc \r.ciglit 
191 I I )  (ratige, 152-225 11)). Sulijcct A, wllo in- 
gestcd 92,000 ppc  in a single intilkc, cxpericilccd 
thc highcst estimated total dose (0.176 rems) to 
his thyroid, and the peak-dose rate was 110 
rrircms/wcck (according to IC:l<l', it thyrr)kl 
hurdcn ofO.14 p c  dclivcrs 0.6 rc.rns/wcck t o  this 
oryari). The  total tlcisc t o  the gland \vas 
o1)ti~iiicd 1)s iittegixIitig tlir rcins/\\~cck dclivrrc.tl 
1 0  tliis organ Lion) 0 to OC. 

I n  thc clironic ingcstiotl s td i c s ,  suhjccts i\, B 
and I: drank the rcsin-treated milk bctwccn 0900 
a.m. and 1500 hours and after being counted on 
the thyroid counter (except on ueeekcnds). Sub- 
jects C and D drank thcir milk at -I 600 liours 
and WCI'C countctl l d o r c  thc ingestion. 

Excreta sa i t i~ lc  collectioti and atrabssis 
Each individual void of urine was collected 

by subjects A and B for a period of about 5 days 
after the single ingestion of 92 IIC of Four 

Tuble I .  Datu on human subjects purticipuliny d t 2  IL31 rx/~ercrrrt~r l  
- -  __ _ .  

Maximum 
'1'6tal Duration dose rate 

Daily of ingestion Single to thyroid dose to 
Wt. intake 1131 intake gland thyroid 

(remslweck) (rems) 

(32,000 0.1 IO 0.176 
0.076 0.055 
0.056 0.005 
0.010 0.005 

0.005 0.015 

Age 
Suhjcct' (yrs) (ib) (PPCId) (days) (PPC) 

1 36 220 150 I 1  
13 36 187 1 1  92,000 

53 170 1840 8 0 

1 
I50 

0 I C  37 225 1840 63 
I D  

__-. --- 

.\I! subjects were euthyroid as indicated by tests of protein-bound iodine in blood performed by the 
ORSL Health Division. 
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fecal samples were submitted by subject A. 
Subject C collected 24-hr urine specimens for a 
period of 67 days and submitted two fecal 
samples on days 55 and 56 after his first intake 
of 1840 ppc  of The  daily collection period 
for urine was from IGOO hours to 1539 hours, 
that is, from the timc after ingesting a dose at 
1600 hours to the time just before ingestion of 
the next daily dose. 

content 
by taking an  aliquot of the specimen (100 or 200 
ml depending on the volume of the specimen) 
and counting in a pickle-l)arrel counter con- 
taining a 4 x 2 in. SaI(T1) crystal connected to 
a 200-channel analyzer. Figure 1 shows the 
counter and the analyzer. Fecal samples con- 
tained in plastic bags wcre also monitorcd in the 
pickle barrel counter. 

Urine and fecal samples wcre corrected for 
radiological dccay. For a singlc-ingcstion close, 
the couiits/min in tlic urinc (or fecal) sample 
voided at  1 units of time after intake and 
analyzed on day tu ( tu  2 I) were corrected for 
radiological decay by multiplying by P.@@(Ld. 
For consecutive ingestions, the urinesamples were 

Urine samplcs were analysed for 

collected in the internal -1559 hours on day 
t to 1600 hours on day t i- 1.  The  sample was 
analyzed on day t ,  and the measured counts 
were multiplied by eo*oes't.-l); that is, the 
measurements were corrected for decay from 
the time of ingestion on day t to the time of 
analysis, I,. T o  illustrate, a samplc voided on 
day 20 (= t + I )  and analyzed on day 23 
(= 1,) was corrected by multiplying the counts 
by 

Counting mcthodr and techniques 
A 3 x 3 in, XaI(T1) crystal having a j in.. 

thick lead side shield and connected to a 200- 
channel analyzer was used to measure the counts 
due to 1131 in the thyroid gland. The subject 
lay on a cot, and the crystal was locatcd im- 
mediately over his thyroid gland with the outer 
edge of the side shield indexed over the sternal 
notch (Fig. 2). Counting periods varied de- 
pending on the amount ingcsted by the subject, 
ranging from 5 min to as long as 40 min. 

A typical spectrum of the y-rays from 1"' 
for the 3 x 3 in. crystal placed over the thyroid 
gland of a subject is shown in Fig. 3. The area 

.. .... . .. - '  

160 Xx) 480 rn 800 960 1120 KeV 

0 20 40 60 80 100 ' I20 140 16 
IO0 I 1 I _  I I 

CHANNEL NO. 

Fic. 3. Typical gross spectrum of pray activity in thyroid 
gland for a few days after ingestion of 92 nc of F". 

I 



FIG. I .  Pickle-barrel counter and 200-channel analyzer. 

I .  
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beneath the curve in the energy band 312- 
408 keV was used to estimate the burden of 
in the gland. The  efficiency of the counter was 
determined by counting the thyroid gland of a 
plastic phantom which contained a known 
amount of a solution of KI131 in the thyroid 
gland. l'his factor was used to convert the 
counts determined on the gland of all the sub- 
jects to pc. There is probably some systematic 
error in the estimated burden because the depth 
and position of thyroid glands are known to 
dif i r  for different suhjects. Thus, the geometry 
a d  al)sorption layers will be difrcrcnt. Also, 
there was an opportunity for some additional 
random error in the estimated hurdens due to 
lack of reproducibility of the placement of the 
crystal over the gland. Attempts were made to 
keep this a t  a minimum by locating the subject's 
neck as close to the counter as possible and by 
refirencc to the midline position of the body. 

an 8 x 4 in. Sal('L1) crystal locatcd ovcr the 
subject when he reclined on a curved bed having 
a radius of I Xi-the I - M  arc position. I n  this 
measurement a 5 12-channel analyzer was used 
to record the y-ray spectrum. The  efficiency for 
this count was estimated from measurements 
made on a plastic phantom whose organs 
contained a known amount of 1'31 approxi- 
mating that found in standard man. Only a 
few munts were made on two of the subjects in 
the 1-?VI arc position. Some error of relatively 
small, but unknown, magnitude is to be ex- 
pected in  this measurement because of variations 
in distrihution of in the organs. Further 
rtiitlics need to lie carried out to determine the 
magnitude of this error. 

Irikrpretation and least-squares treatment of the data 
In interpreting the data, the approach and 

terminology employed by ICRP is used. Let q 
denote the total p c  in the hody,f2 the ratio of the 
pc in thc critical organ to that in the body, P 
rlic rate o f  intake into the critical organ, and 
i. the cfkctive decay constant. I'hcn, for the 
rate of change in the critical organ, 

I\ k W  \\ll(JlC-\J(Jdy ( Y j U l i t S  WCrC ah0 takcrl Wit11 

dqf2 -- - P - i.qf2 
di 

Also, let (MPC)w = the concentration in water 
(or milk), 2200 ml the daily intake of water (or 

milk) into the body, and f, the fraction absorbed 
from the gut to the critical organ, Le. 

In  equation (2) let 2200 (hlPC) u) be denoted by 
I, the daily intake into tlie gut. 

In  the interval 0 to t ,  Ict I units/day be in- 
gested. Then 

P = 2200f,(MPC), (2) 

1 

(3) 

is the amount present in the organ at any time t 
during continuous ingestion of I units/day for 1 
days. Let I, I)c tlic tirnc at which I = 0. l ' l l ~ n  
in  equation (1 )  P = 0 and the amount present 
a t  time t(t  2 t , )  is 

From equations (3) and (4), 
q ( t ) f ,  = q(t1 f ) ,e-A(t+) ,  t 2 1,. (4) 

is tlic I)urtlcn ol' thc critical organ at time f 
following continuous ingestion for a period of 1 ,  
units of time, t 2 t,. This equation is appli- 
cable to the data obtained in the experiments in 
which the intake was stopped after t ,  units of 
time. 

For single ingestion, 1 ,  in equation (5) is 
small, can he expanded inTaylor series, and 
we find 

where Z, = N,, the amount ingested in the single 
intake. Actually, in our experiments a discrete 
intake of Io units/day rather than a continuous 
intake constituted the exposure regimen. To 

q(r)f2 =J,&-A(t+) (6) 

interpret these data, tlie equation forihe amount 
prcscnt on day t after i discretc intakes is, from 
equation (6) (for I ,  is negligible compared to t )  

(7) 
I 

i-0 
=JJ0 2 e-l(l-i),  1 = 0, 1, 2, . . . 

This can be summed to t terms to obtain 
(2 - e-") 

(ea - 1) 
dt)ft = f J o  , t = o , 1 , 2  , . . .  (8 )  

LVhen A is small enough, we have equation (3) 
again, and the data can be interpreted in terms 
of a continuous intake. Otherwise, some 
correction has to be made to take care of the 
differences in the denominator of equations (3) 
and (8) when the data are interpreted with the 
continuous-intake model. 
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We shall also interpret the whole-hody-retcn- 
tion data arid excretion data in terms of a 
linear combination of exponentials. Let R,q’(t) 
denote the fractional biological rctention in the 
body Tor the casc of ;I sinqlc ingcstion. I,ct ij‘ 
dcnotc thc I)ioIogicnI ticcii). constant Tor ttic j‘l’ 
cxponential tcrm. .Assume 

n 

j - 1  
R,(f) = 1 Uje-AJ’f  (9) 

represents the hiological retention in the body. 
T h e  excretion is dcriotcd I ) ?  E#’([) ,  u.licrc: 

k, ’ \ ’ ( / )  I RS’(/), 
wliilr tlic rC\ic ol‘csc.i.c.iioii is 

To take into iiccount thc clccay Iy radio- 
logical proccsscs, cc1u;itioiis (9) i i l lr l  (10) must I X  
miiItipIiccI I)y e ’,’, I ’ I i i y  >,iritis 

li,(t) = K’(/)e-‘,rL 2 aje-’+ (1 1) 
j 

and 
E8(t )  = /?~‘r-?J = 2 I’.u-e-’+ Y J  (12) 

1 
IV hc re 

. ,  
1.) = t., - /., * 

Sow IVC call convert equations ( I  1) and (12) 
such that they \vi11 apply to the casc of con- 
tinuous intake of Z units per day. Let R,(t)  
denote the retention and E,(t) the ratc of 
excrction a t  timc / Tor thc ciisc of continiroris 
intake of a constiiiit / tinits pcr clay for t days. 

I fa t  time ~ ( 1  ;. T ) ,  / I /T ciciits ;ire rakcn i r i t o  the 
l)otly, thcii tlic rctrtitioii ; i t tirnc 1 is f(,(1 - T ) f / i - .  
Summing over all T,  UT find 

R,(t) = Z 
U .  

R,(! - T )  d r  = I x  -1 ( 1  - e-’,‘). 
j 1, 

(’3) 
l 

l 
For the rate of excretion, ~ v c  obtain 

i c ( t )  = I 
I. ’ 

j ’ 4  
(14) 

f i , ( t  - 7) d7 = Zz a -L (1 - e-’!). 

In  the case of discrete daily intakes of I,, units 
each day, then a discrete sum has to be taken. 
Let I be an integral number of days, t’ a frac- 

tional part of a day, and T = t - I‘ the t imc 
from the first intake of I,, units. Then we firid 

~vliile for dail>, cscretion, denotcd t q .  E,  tvc have 

The  thyroid-gland, dccay-curve data ohtained 
(In ~ I I C  sul?jccts ivcrc trcatccl l)y t t l c  r n c ~ l i o ~ l  of 
Icasi squares. Hcrc, Ict rj5 dcti(~ic: tlic rcsitlual 
~ i i m  o f  sqii;ircs, j ’ j  ltic c;il(:uhtcd iLh v;iliic ( I f  the 
oidiiiatc, t’,i ~ l i c  ol)scrvcd value, and II’, a 
wcight factor. Sow, thc sum of  squarcs of 
weighted residuals is 

1L 

f$ = 2 l l - l ( Y r  -- l’,,,)? 
i .= 0 

witli l-i :.= In d - f 1 r i ,  f$ is minimized u i t h  re- 
spect to .-I and U ,  and Yo being the logarithm of 
the ordinate. 

This procedure was programmed* for the 
IBiM-7090 computer, and the values of A and B 
together with the variances in -4 and R were 
calculated. Two sets of weight factors 11; were 
employed. Calculations ivcre made for the case 
where all 11; = 1 ,  i.e. unit weights, and also for 
the case where l l v , - L  -- \‘ar lVi. I t  was assumed 
that all of the variance in the ordinate value was 
due to counting. Thus, the \variance was esti- 
mated from the coiints. T h e  cffcct of  wcighting 
thc rcsiduals on the paramcters is tn take out the 
bias o f  thc smallest ordinatc valuc (thosc con- 
taining ttrc: largest crror) on the hest-fitting 
curve. In the section on rcsults, the best- 
fitting curves for the case where unit weights and 
where WTi-l = Var Yi were employed are 
shown plotted together with the data. 

RESULTS 
Single-intake studies 

Figure 4 presents the thyroid-gland data on 
the two subjects ingesting the single intake of 
92 nc. The data are noted to show a n  initial 
increase in the first day followed by a leveling 

* We are indebted to GEORGE .4TTA, )fathematics 
Division, for the use of his program. 
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FIL. 4. L1:'l i r t  human thyroid of two subjects 
fi)llowirig single ingestion of protcin-bound 
iodine in milk (correctcd for radiological decay). 

ofi'at -2 days, and then they begin to decrease 
along a single-exponential patti. T h e  uptake 
of 1'31 by the thyroids of these two subjects is 
noted to differ, and the biological half-lives 
dimer. 

In proccssirig these data by least squares, the 
ineasuremcnts made in the first 24 hr were 
ornittcd from the calculatiom. Figure 5 presents 
tlic graphs of the data (uncorrected for radio- 
logical decay) obtained on these two subjects. 
Fiyurc 5(a) shows the data, togcthcr u i th  the 
j h J f  of  the Ixst-fitting curve, for the case of CV, 
= 1 ,  i.c. unweighted data, and the equations 
tilr the curves. T h e  errors o i l  the parameters 
arc t u n  standard errors. 

Fiqure 5 ( h )  presents the plot of the data, to- 
qrrlicr witti the I m t  fittiiig curves, obtaincd wlicii 
ll,'t-l -.= Var l',, 'I'he al)scissa is tlic tiriic i n  days 
li)ilo\\,ing tlic single ingestion. 'I'ablc 2 prcscnts 
i 111: rc~iiri t l~:t l-oll 'valuc:~ ofJ,, a i d  TI, 1i)I Llicsc two 
>iil)j(,(:ts. l h ) { l i  w 0 j w t s  iiigcstcd !)2 I)(:. 'I'li(* 
otirriate of:["; is ohairicd by taking ttic intcrccpt 
of rlic best fitting curves and ditkling by the 

J 
c :  , , , WEIGHTED DATA 

0 5 40 15 20 2 5  30 35 4 0  
TIME (days1 

LE)-_-- _ _  . ~ .  

FIG. 5. Least-squares treatment of thyroid-decay 
curves. 

ingested dose. To estimatr tlic 1)iological half- 
life, the cquation is 

T, = 0.693/(2 - A,) 

where 2, is the effective decay constant and 
= 0.693/8t1 = 0.08662d-l) is the radio- 

logical decay constant. 
I t  can bc seen in '1'aI)lc 2 thatf , , ,  diKcrs only a 

little rcgartllcss of \vlictiier weigiitcd or un- 
weighted data are empluycd. 7'b, on tlic other 
hand, is quite dilIerelit fi>r bubject A wlien the 
data are weighted as compared wit11 the calcula- 
tion based on unweighted data. This is due to 
thc fact that 1 approaches 2, in the denominator 
of thc cquatiori l i r  Ti, ,  and 7', is quitc scnsitive 
to srniill cliangrs r)cciii~iiig i i i  ~ l i c  r1cnomin;itor. 
' 1 ' 1 1 ~  1;iht ttircr r ~ i ( ~ ; i ~ i i ~ ~ ~ l ~ i t . ~ i t s  iii;itlc O I I  siil)jcct A 

c;ilculatcd value ol' TI,. 'lliesc List tlircc poiiits 
have larger variance than any of the other 

llt;tr.k(:dly a I l~c1  I l l C  ~ a l l l c  o[. i, and, IICIICC, the  

Table 2. Biological parameter ua1ue.r estimated from best-Jittittg parameterx obtained by 
least-sqriurcs trenttnent of ttryroid-decay curve data 

To (days) 
-. 

Ingestcd fu 
\ut>jvct dose ____ . - - . 

(nc) weighted unweighted weighted* weighted unweighted weighted. 
_-___ 

.\ 92 0.28 0.21 0.29 29 1 1823 153 
B 92 0.14 0.14 - 37 36 - 

* Last three measurements of subject A's curve omitted from least-squares calculation (see text). 

1 0 2 b 5  1 I 
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FIG. 6. Urinary excretion of II31 lbl l~wing single 
ingestion of 92 nc in resin-treated milk. 

points. I t  was frlt tlicsc points might also be 
biased because of his intake of milk containing 
1131 from fallo~it. The  rcqtilal- milk in his com- 
munity \vas, at tlic timc of‘ tlicse mcasurcments, 
increasing in its content of Because of this, 
the last three points were omitted from the least- 

squares calculation. Sul)jcct I \ ’S  iiidicatcd 
1)iological half-life thcn bccamc I53 days. 

Thc  urinary-excrction mcasurerncnts for thcse 
sul)jccts arc shown in Fig. 6. A rapid dcclinc i n  
~ I i c  ralc from -7 1)rr ccrit/hr, cxttxpol;ilc[l I O  

timc zcro, to (J.7 per ccnt a t  2.1- h r  ivas notcd. 
Subject A showed an  increase in ratc in the 
first 8 hr. Subject B’s rate starts a t  -5 pcr ccnt/ 
hr in the first few hr and then declined. There 
was only a slight difference between A ’ s  and R’s 
rates after about 8 hr. 

Figure 7 shows the cumulativc urinary excre- 
tion of thcse samc two sul),jcris. Siil),jcct I%’\ 
curvc incrcascs more rapidly 0 i ; i t i  docs ;\IS 

curve. This is in keeping with the thyroid- 
uptakc curvc. A tiad a grcatcr uplakc than R 
and excreted less than R in the same period of 
time. 

Four fecal samples were collected hy A, 
rcprescriting total fccal excretion for thc first 4 
days after ingestion. They containcd a total of 
1.9 per cent of the dose. Suhject R did not 
collect any fecal samples. Subject A also col- 
lected two saliva samples and a sample of 
pcrspiration. At 3 hr thcre was sccrctcd in  
saliva -1.0 pcr ccntlhr, and a t  6.7 hr the rate 
\vas 0.2 per cent/hr. At 8 hr all the pcrspiration 
collected from feet and ankles in plastic hoots 
worn by the subject contained <0.03 per cent 
of the ingested dose. The amount of this 
perspiration is not known. 

From the cumu1atit.e urinary excretion and 

I I I I I I I I I 
0 20 30 40 50 60 70 80 90 1 0 0  

TIME SINCE INGESTION ( H O U R S )  

FIG. 7 .  Cumulative excretion of 1131 in urine following single ingestion of 
protein-bound 1’3’ in milk (corrected for radiological clecayr. 
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[ I ( ; .  8.  Cumulativr cxcretion curves. Subject A. 
lngcsted single dose of 32 nc IL31 in resin-treated 

milk (corrected for radiological decay). 

fecal excretion of these two subjects, an estimate 
was made of the per cent of dose present in the 
bfJd).; and from these data and the thyroid- 
gland uptake, the fraction of the total body 
hurden present in the thyroid gland was 
estimated. At 4 days Subject A excreted 69 
pcr cent in urine and 1.9 per cent in feces. The  
body burden \vas then -29 per cent. The  
thyroid gland a t  4 days contained -28 per cent 
Fig. 4 ) .  Thus, the fraction present in  the thy- 

roid of  this subject was -0.97. I n  the case of 
subject B, 80.3 per cent of the ingested dose was 
excreted in urine a t  four days. I t  was estimated 
that fcccs would cumulate -3.8 per cent. Thus, 
his body would contain -16 per cent. Since 
there was -12 per cent present in his thyroid 
o n  day 4, then the fractional thyroid burden 
\CcJUid be about 0.75. 

Ifone tOOk these fractions to beestimatorsoff2, 
how would they compare to the value observed 
if the subject chronically ingested To gain 
insight into this, use \vas made of subject A's 
cumulative urinary- and fecal-excretion data 

16 

and his thyroid-gland data t o  CoIiStruct a body- 
burden curve. Figure 8 shows the cumulative 
fecal and urinary excretion plotted vs. time. 
T h e  smooth curves are free-hand curves visually 
fitted to the data. Adding these curves and sub- 
tracting the sum from 100 pcr cent, wc obtained 
an estimate of the hd) .  biirden. Figure 9 s h o \ v b  
d graph o f  this difference PkJtted vs. time. At 5 
days, 72.5 per cent was excreted. From the 
thyroid-gland data, an estimate can be made of 
the long-term component of this body-burden 
curve by assuming the long-term component of 
the thyroid-gland data equals, essentially, the 
t,ody-l,urden curve at 5 days. The parameters 
of the short-term component were estimated 
from a plot of the difference between the data 
and the long-term component-the standard 
"peel-offyy procedure. For this subject we find 

R,(t)  = 1 ( 0 . 7 1 ~ - ' * ~ ~ '  + 0 . 2 9 ~ - ~ . ~ " ) .  
Extrapolatirrg this to continuous exposure, we 

~ ( 1 )  = / ? , ( I )  = ILO.48(I - 
ol)tain 

+ 3.22 ( I  - e-o.09011 )I* 
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FIG. 9. Body burden curve. Subject A. Esti- 
mated from cumulative excretion data and 

thyroid gland data. 
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At infinity the body would contain 3.7 daily 
intakes. Extrapolating the single-intake equa- 
tions of the thyroid-gland curve to the case of 
continuous ingestion, we obtain 

300 

200 qf2  = 3.22/(1 -- z? 
0 

At infinity the thyroid gland would contain 
3.22 daily intakes. From these two pieces of 
information, we find 0 =l 

a too 
o nn 

The  per cent of the ingested dose voided in the 
first 24-hr urinar) excrction ofsubjects A, B, and 
C is shown in Table 3. Also shown are  the IL3' 
ingestion dose and the ml of milk ingested. The  
average per cent of ingested dose excretcd by all 
three subjects in the first 24 hr was 67 & 5 per 
cent. 

Toblr 3 PPI rrrit o/ r r i L y \ / ~ d  ~ O \ P  r\crptpd i n  i i r m  

o i i p  d r r v  ig/u iirgtriion 

\'olumr Per ccnt ingested 
Dose milk dose excreted 

Subject (ppc) (mu in 24 hr* 

A 92,000 500 61 
B 9 2 . 0 ~ 1  501) 69 
C 1840 I O  71 
D t w o  I O  
E 1840 10 

- 
- 

Average 3 standard deviation = 67 2 5. 

Dairy inlake studies 

Subjects A, B, and E also ingested daily for I I 
days 150 p p c  I'31 i i i  iwiii-ii.catcd milk, and their 
thyroid glands WIT couiitcd. From Table 2 the 
parainctcr valucs (\vciglitcd data) can I I C  in- 
serted into equation (8) together with the 
value of I,, (= 150 ppcj, and the burden of the 
thyroid gland can he predicted and compared 
with thc mc;isurcd I)riidcn. 1:igurcs I O ,  I I arid 
12 show tlic measrirctl thyroid burdcns o f  ihcsc 
sulijccts and tlic I)urdeti prcdictcd hy extra- 
polation of tlic siiiglc-intakc data. Also shown 
for purposes of comparison is the predicted 
burden using ICRP parameter values. For all 
three subjects the ICRP-predicted burden over- 
estimates thc mcasrircd burdcn. In the case of 
subjects and R the extrapolated Ijiirden 

I 
-. .. . - . 0 

0 2 4 6 B 1 0 1 2 1 4  
TIME AFTER START OF INTAKE (days) 

Pic .  IO. 'Thyroid gland burden of I i 3 I ,  subjt.ci .\ 
ingesting 150 /c/tc daily for 1 I days, rcsin-treated 

milk. 

agrees more closely with actual mcasurcmcnts, 
Imt, ncvcrtheless, it is an overestimate also. 

Figurc 13 presents the thyroid data for suhject 
C, who ingested sixty-three daily intakes, and 
for subject D, who ingested eight daily intakes. 
Figure 13(aj shows the graph of the data and 
the best-fitting curves together with the para- 
meters of the best-fitting equations estimated 
from least-squares treatment of the unweighted 
data. The same data are shown in Fig. 13(h), 
but here the best-fitting curves and parameters 
were estimated from least-squares treatment of 

200 
0 
,o 
t I c 

z 
u 

: 100 

0 
0 2 4 6 8 ! 0 ! 2 1 4  

TIME AFTER START OF INTAKE ( d a y s )  

FIG. 1 I .  Thyroid gland burdcn of I i x i ,  subject B 
ingesting I50 ppc daily for 1 1  days, rrsin-treated 

milk. 
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ivcightcd data. As can t)c scen in Fig. 13, the 
irifluencc of the smallest ordinate value (the last 
point) is reduced when the weighted sum of 
squares is treated. From these best-fitting 
equations and equation (8), the parameter 
values f, and T ,  can be obtained for these two 
subjccts and the burdens in the thyroid glands 
during thc period of chronic intake can be prc- 
dictcd and compared with the measured burdens. 

Table 4 presents the values of the parameters 
I,,. and T ,  obtained from the numerical data 
appearing in Fig. 13 and equation (8). For 
subject C theyw and T ,  values a re  quite differ- 
c n t ,  depending on whether the weights kvcre set 
cqual tCJ unity or to Var Y i .  The  paramctcrs 
olJtained from the weighted least-squares treat- 
ment are cmployed to predict the thyroid 
uptake during daily ingestion. 

1;igurcs 14 and 15 show the thyroid-burden 
measurements on these two subjects both during 
their pcriod of daily intake and in the following 
pcriod whcn the intakc stopped. I’lottcd o n  thc 
ordinate is ttic ppc  in the thyroid, while plotted 

’ 0 0  _~_.__.~._____ 

, /7--- 

2 
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5 
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’ 0’ 

5 

2 

IO0 

200 I 
0 
X 

I 

< 
3 100 

13 
‘i 2 4 6  B 1 0 1 2 1 4  

TIME AFTER START OF INTAKE idaysl 

Fu,. 12. ’l’hyroid gland burden of I*31, subject 1: 
i r i K c s t i n K  150 p p c  daily for I I days, rrsin-treated 

milk. 

Tuble 4. Uiulugicul /mamctcr valrrcs e.rliinflterl frortz be.rl-fitting paran1cler.r ublaitrrd b-v 
Ieasf-syirrrrr.r frrtrltncnf on th~yruirl-l-rlPcuy-rurL.c dutn 

- __ .. .- 
fw Tb (da),sr 

Weightrd Unwcightcd Weightcd Unwriqhtcd 
Subject I)ose (/rpc) 

c I840 0.08 0.17 47 14 
1) 1840 0.14 0.14 57 61 

_~___.__ 

1 lbl , Q J  
$00 . 

0 5 10 15 M 25 30 35 
TIME IUoySI  

1 :~; .  13. J.cast-squarc.s iwatmcmi of thyroid 
tlcca!. cLIIvc’s. 

on the abscissa is the time in days from the first 
intake. Also shown in these figures are the 
predictcd thyroid burdens employing ICRP 
data and the predicted thyroid burdens based on 
equation ( 8 )  into which t h e  f, and T,, values 
appearing in Tahle 4 i\’erc inscrtcd. For hoth 
subjects, the I P- prcd ic t cd t ~ u  rd ens over- 
estimated the olJscrvrcf 1)trrdcns. Also, i n  the 
case of subject C, t h e  extrapolated burden 
slightly overestimated the observed level in  
thyroid. 

Figure 16 presents the thyroid-gland data on 
suhject E, who ingested 1840 p p c  daily for 4 
clays. There werc only three measurements 
madc on this subject. Thc  data are not adequate 
to estimate T,, and f,. Also plotted (Fig. 16) is 
the ICXP-predicted burden. So tc  that i t  passes 
slightly above all meaured burdens. 

Sulljcct C ’ s  urinary cxcrction of is shown 





S. K. BERK,\RIl el  al. 1319 

2 L 

t 
k 5 -  

. . .  . .  

.. _ _  ~.___ 

c I; 20 30 40 50 60 73 
::ME 1201s.  

I t ( , .  17. 1)aily urinary excrction o f  Pi, subject C 
ingesting 1840 /tpc l iX1 daily in resin-treated 

milk for 63 days. 

recal excretion for this suhject are shown in Fig. 
18. '['he cumulativc intake plots as a step 
iinction because of the discrete intakes. The  
xmulative fecal excretion was estimated from 
he t\vo fccal excrction measurements, i.e. i t  
,vas assumed that 4 per cent ofthe ingested dose 
vas excreted per day. From these measurements 
8000 

7000 k--- ------ 
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I 5 5000 .. . . 
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r 
Y 4r,',9 

1 

3 5 3000 
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0 ' 0  2 0  30 4 0  5 0  60 70 
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Fir;. 18. Cumulative intake and excretion for 
tuhjcct C ingesting 1840 / I ~ C  ILJ~dailyfor63davs. 

01' intake aiid cxcixrioii, an cstiinatc of body 
I,uiden can be made. However, this is more 
than likely an upper-IJoutid estimate of the bod!, 
burden, because the data cannot be corrected 
for the fraction undergoing radiological decay 
i n  the body. 

I+'igure I!) presciits t he  graph of'tlic cstirnatcd 
body t)urdcn. 'I'lic I d y  l~ut.clcii is rioted to IIC a 
discontinuous functioii o f  time. 'rhis is due to 
the discrete intake of daily amounts and the 
rapid urinary excretion of a large fraction of the 
intake. Also plotted for purposes of comparison 
is the ICRP/NCRP-predicted body burden. 
Sote  that it passes above the estimated body 
h r d e n .  TCI h i n g  these curves togcthcr, fi was 
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FIG. 19. Estimated body burden of subject C 
ingesting 1840 /qtc daily for 63 days. 

arbitrarily set equal to -0.37 instead of I ,  
and then the predicted-l)ody-hrden curve 
\ \ ~ ~ l t l  agrec riiorc closdy uittt the cslimatccl- 
I,ody-l,urtlcn data. 

From these data and the thyroid-gland data, 
an estimate off2 can be obtained. Since the 
asymptotic body-burden level is 4 0 0  per cent 
of daily intake and the daily intake was 1840 
ppcjday, then 4 x 1840ppc = 7360ppc are 
present in the t d y .  :\s shoivn in Fig. 14, 
I514 ppc  arc prcsrtit i n  tlic thyroid at equi- 
lihrium. l 'hus , f ,  = 1514/7360 = 0.21. 

Two whole-body measurements were also 
made on subject C from which an estimate ofJ2 
can be computed. The  two measurements were 



-1.5 nc (&2  nc) and 4.2 nc ( & 3  nc);  the 
average is -3 nc. This is less than the above 
7.4 nc estimate, probably due to the fact that the 
7.4 nc estimate was obtained by subtracting the 
cumulative excrction valtirs from thc cumulative 
intake \.alrics. '['liis can I)c sI io \v i i  10  he a n  over- 
estimate of body 1)urdcn. 

The average fi value estimated from counts 
on the whole body and thyroid gland is 0.4. 

DISCUSSION 

Comparison of parameters T,, f,:, and f2 estimated 
in this study with ilaliies eslimnted by others 

Gathcring togcther the values of 7', estimated 
from the data appearing i n  Tables 2 and 4, we 
find that the average is 74 days * 70 days (one 
standard deviation). T h e  range is from 37 to 
153 days. This mean value does not differ 
significantly from the corrected value of 92 days 
implicit i n  thc rrporrs o f  ICJIP and NCRP. 
Also, it  docs not dil1i.i. fr .r i in  tlic 92.4-day value 
f i ~  tlic lotigcsl-lrim componcnt of Lus1il)augl:'s 
wholc-l)od y-rct eri r ion cq ua t ion'".!') 

0.6831 - _ _  - O Z f  

R ( t )  = 0 .815~  033 f 0.185~ 0 2 * ' ,  1 in days. 

In LUSHBAUGH'S study(R' the suhjects took orally 
8 pc  of IL3' as S a I .  

The  average f i C  computcd from data in 
Tablcs 2 and 4 is 0.16 Tx 0.08. T h e  range is 
0.08 to 0.28. The above value is not signifi- 
cantly different from ICRP's value of 0.3 at the 
95 per cent confidence level. 

I t  is clear that one of the reasons why the 
mean T ,  and Lp valircs do  not differ signifi- 
cantly from the I C R P  \ralucs is conncctcd urith 
the large \.ariancc associarcd wi th  the mean 
values. hfore data are needed on many different 
subjects to decrcase the standard error of the 
mean values. I t  appears from this study that the 
ICRP values can be considered to he con- 
servative vitltles. 

Validily of estimaled fi v a h e  
One may use the muliiplc-exponential model 

to check on the validity of they, value estimated 
from the body I>urden o t h n c d  by differencing 
the intake and excretion of subject C and show 
that this difference is an overestimate of body 
burden. To prove this in a somewhat rigorous 
fashion, consider equation (14). \\'hen inte- 

grated to t units of time, it reads 
a j l j '  

E ,  dt = I2 7 2- [I.+ - ( 1  - f 17) 
J '1 

'l'his is thc cumulativc cxcrction t o  t)c expected 
in the case of a continuous intake of a constant 
amount of material, I ,  each day. \\'e suhtract 
this from the cumulative intake It to obtain the 
difference d or 

(18) 
S o w  when ihj' = i,j, i.e. i ve  are dealing w i t h  a 
long-lived emitter present in the body, and 
because Ea, = 1,  we have d = R(t ) ,  as can he 
seen from equations (14) and (18). 
Aj' # 1, and the quantity 

For 

and thus d is riot a valid cstimatc of' the h d y  
burden R and is in fact an overestimatc. 

What then is a good estimate of body hurden? 
Also, since we have a crude measurement of 
body burden for subject C, how good is it ? To 
gain some insight we need to calculate a theor- 
etical excretion curve and whole-hody-reten- 
tion curve. To do  this we employ equations ( I j j  
and (16) and some estimates of the parameters 
Ai and a,. \Ye assume two exponential compo- 
nents and that the longer-term component has 
the same parameter values as the equation for 
the thyroid-gland data, i.e. we let i., = 0.101 
day-' and u 2  = 0.08. Since a ,  f a2 = 1, then (I, = 0.92. For I., lve assume it to be the same 
as suhject A's (Fig. 9), i.e. i., = 1.47 day-'. 
Thus, the equation for retention is 

C-l .$ i l '  
e1.47 - e-1.471 

el.47 - 1 R(t + 1 ' )  = Io 

,o.ior - ,-o.init 
-1- 0.011 - - n : T G , T  

(19) 
i 

while that for excretion is 

+ 0.09( 



In equation ( I U j  let f '  = 0 and 1' = I ,  i.e. 
:alculate the retention at  the time of intake (1'  
= 0) and just before the next intake ( t '  = I ) .  
rhen we have the following two equations: 

R ( t  - 0) = 1,[2.16 - 0.27e-1,J7' - 0.85e-0 IO1' 1 
and 

- 1 ) _: fl,( I .  I fj -- O,Ofje-1.47' - 0 . 7 7 ~  0.1OIlJ. 

(21) 
The excretion-curve equation will be 

e f t  - 1 )  = 1,[0.90 - 0.89e-1.47"+1) 

I. (22 - 0.0 1 4e-~.1~1(t-1~ 

SO\\. nore from equations (21) and (22) tha  
rhcn f -+ x 

H i  r/-j -+ 2.16 I ,  just after an intake, 
ftfmj --c 1.16 [,just before the next 1 
E (  m,) --j 0.W I ,  for all integral times J 

(23 I intakc, 

. c .  the as),mptotic t)ndy-t)urden curvc fluctu- 
~ t e s  Ixt\.r.cen 2.2 I ,  to 1.2 I,, and the excretion 
:urvc only rises to 0.90 I,. A material balance is 
lot to I)e expected hecause o f  radiological decay 
~f the i n  its passage through the body. In 
act -10 per cent of the daily intake undergoes 
lecay in the body (equation (23)). This is to be 
ompared \\.ith the measured excretion rates for 
ul)ject C : .  I n  Fig. 17, \\,hen equilibrium was 
eachcd he cxcrcted an average of-95 per cent 
)er day in urine and -4 per cent per day in 
eces, giving a total of -99 per cent per day and 
lot 90 per cent per day. \Vhy? This might be 
h e  to the fact that the excreta samples were 

corrected for radiological decay by multiplica- 
tion by eo.n86('~-') where t,, is the time of analysis 
mcasurcd from 1 and 1 - 1 is the time ofvoiding. 
I f  \<e corrcct the measured amounts back t o  the 

i time 1 4 1 of voiding, then we would have 
! 0.99e-"-n8'j -0.90 per day. 
i Since I,, lor subject C is 1840 ppc/day, then 

the hCJd!' hirrden at  equilibrium fluctuates 
t)ctt\.ccn 4.0 and 2.2 nc. This is in agreement 
\ \ i t h  the \.;Ilurs of  1.31 and 4.2 nc as cstimatcd 
from the \\.liolc-t)ridy criiiiitcr. ' rhus,  i t  w~iii l t l  

appcar from these admittedly crude and ele- 
nicntar). considerations that f2 should range 
I)et\vcen -0.36 and - 1  .O. The  average value, 
0.08. i n  somei\.hat different from the value 0.20 

, ' 

erriplryed b y  1C:KI'. However, this cannot be 
said to be an adequate estimate OT or check on 
f2. More human data for the case of chronic 
exposure are needed. 

I~~rlra/Jolal ions f r o m  sin,qle intake to  ronfi t i t tou~ 
infake 

\Vc Iiavc LiJund i n  liinitcd studies of two itidi- 
viduals that the parameters reflected in the 
thyroid-gland uptake after ingestion of a single 
intake of appear to be applicable for extra- 
polation to the case of continuous intake (Figs. 
I O  and 1 I ) .  However, the extrapolated thyroid- 
gland burdens are noted to be somewhat in 
excess of the measured burdens. \Vhy3  One 
reason for the occurrence of the overestimate is 
that there is a lag period in thyroid-gland up- 
take (Fig. 4), and the continuous-intake model 
does not contain a correction for this lag time. 
Rctter agreement should he obtained by extra- 
polating a two-component rctention equation for 
the tliyloitl-alaiid-uptakc data.  .\iiotlicr reason 
for thc ovcrcstiniatc is tliat tlic intakc ol' I1:'l 

in  dietary milk was dccrcascrl during the in- 
gestion of resin-treated milk. Thus the back- 
ground level in the thyroid gland is probably not 
constant, whereas a constant background level 
was subtracted from the measurements. More 
experimental data are needed here too. hfore 
attention needs to Ijc paid to the fluctuation of 
the hackground levels 1)crot-e ingestion of the 
milk containing a known quantity of ll3l and to 
the decrease in the background level of the 
thyroid when the subject terminates his ingestion 
of dietary milk. 

Thyroid-gland uptake durin,y or afier inps l ion  of 
resin-healed mi lk  conlainin,q IL3' 

Ct'c ~ I J  not have suflicicnt data t t i  determine 
whether or not the metabolism of the protein- 
bound 1131 is different from ionic in milk. 
I t  can be speculated that when the milk arrives 
in the stomach, the HCI i n  gastric juice or 
enzymes will set the bound free and the 
rnetalmlism of  protrin-l)oiilitl ioditic will not be 
in;kict.i;illy tlillcrctit lixim nictnl)olisrn (if  ionic 
iodine. However, more data arc needed here to 
more adequately establish if there is a difference 
in thyroid uptake when resin-treated and un- 
treated milk are ingested. 

I 



(.\.IPC), Based on these data 

Even though the biological parameters do  not 
significantly differ from ICRP's values, we can 
compute an (LlPC),,.. \\'e find that i t  is 4 x 
10-5pc/cm3 (l68-hr wcckl instrad o f  2 :' 
,uc/cm3 (ICl<P's  \~i luci  or  only clifrcrent by a 
factor of 2. .-\ctually, if the 92-day value of T ,  
\\'ere employed in ICKP's calculation of (MPC), 
rather than the 138-day \value, then (MPC),,, 
= 3 x pc/cm3 and not  2 x IO-& pc/cm3. 
Thus, the (kfPC)z,, calculated from the data 
obtained in our studies on ly  diFTers by a factor 
of 1.3. 

SUM A I  A R 1' A N  D CONCLUSIONS 

In order t o  obtain some data on the thyroid- 
gland uptake of during and after ingestion of 
resin-treated milk and to test assumptions made 
by I C R P  and SCRP rcgarding extrapolations of 
data from singlc intakc io the casc ofcontintmiis 
intakc, somr cs~)loi. i l tol .~ SI ii(1ic.s \ w r c  conducted 
i r i  \vIiicti 1it.e iii;iIc \.olrriitccrs iiigcsicd rcsin- 
treated milk containing The five volun- 
teers ingested daily, for periods ranging from 4 
to 63 consecutive days, constant doses of 
of either 150 or 1840 ppc. Thyroid uptake was 
measurcd u i t h  :I y-ray scintillation counter. 
'I'wo of tlic su1)jccts i i t  i i  liitcr timc iiiqcstctl a 
single high dose of !L?,OOO ppc.  I'rorn these 
single-intakc da ta , j , , .  (thc fraction passing from 
the gut to itic tti).roirl) arid T,, (the I)iological 
half-life) were estimated. \\!ith these parameter 
values and the ICRP-SCRP single-exponential 
model for estimating thyroid I)iirtlen as a func- 
tion of timc tliiring a rnntinuoiis ancl constant 
intakc, prctlictinns o f  tlir tli>.roid I)iirtlrn coiiltl 
I)c made ancl cornparcd u i t l i  tlic rncasirred 
burden. The predictcd 1)iirclens were slightly in 
excess of the measurcd burdens, probably be- 
cause there were a lag time and a decreasing 
background in the thyroid-gland uptake. 

Two  subjects ingested the  resin-treated milk, 
one for 8 and one for 63 consecutive days, and 
the thyroid uptake \\'as mcasiircd l v i t t i  a scintil- 
lation counter. After the intake was stopped, 
the thyroid gland was countcd, and thc hio- 
logical hall-life ariclJ,,. were estimated lrom thcsc 
measurements. Then, predictions were made of 
the burden during intake.  These predictions 
agreed favorably with the measured burdens, 
hut for the subject ingesting for 63 days there 

was also a slight overestimate. Since the fifth 
subject ingested milk containing for only 4 
consecutive days, the data were not adequate to 
estimate T ,  and f,,:. 

From these studies thc mcan T,, \vas 74 (!. 711, 
days and ranged from 37 to 153 days. The mcan 
Jm was 0. I6 (50 .08)  and ranged from 0.08 to 
0.28. These values are not significantly different 
from the corrected ICRP values of T,, = 92 days 
and f w  = 0.3. 

Urinary-excretion data and fecal-excretion 
data were obtained i n  this study. An average of 
64 ( i 5 )  per cent of the ingcstcd (lose \\'as 
excreted in urine during the first day after a 
single intake. In a period of 5 days after intake 
of a single dose, -1.9 per cent of the dose was 
excreted in feces. An average of about 4 per 
cent of the daily intake, as estimated from two 
samples, was excreted per day in feces on the 
fifty-fifth ancl fifty-sixth day of continiioijs in- 
take o f  1840 ppc  per day. -1'hc daily urinary 
excretion averaged about 95 per cent per day 
when equilibrium was apparently reached. 
(These averages correspond to excrction cor- 
rected back to the preceding day's intake.! 
Actually, at cquilihrium I O  pcr cent of the daily 
intake undcrgrjcs radiological dccay in the h d y .  

An estimate of the l)ocly 1)urclcn fi)r tlic siihject 
ingesting sixtythree daily doses \\'as made by 
differencing the cumulativc-intake and cumu- 
lative-cxcrction data. An estimate of Jz from 
this body burden and thyroid-gland burden was 
found to he -0.21. However, mathematical 
studies showcd that this method of cstimating 
Imtly Inirtlcn Icads to a n  ovrrestimatc, and thus 
0.2 I is a lobvcr-bound cstimate. From only two 
measiircments of body I)urden and thyroid- 
gland burden, i t  is indicated thatf, is ahout 0.4. 
From mathematical analysis it is indicated that 
f2 fluctuated bctwccn -0.36 and - 1 ,  the 
average being -0.68. More data are needed to 
estahlish adequately the value off2. 

T h e  present study suggests that the single- 
intakc data can he extrapolated to the caseof 
continual intake when the parameters arc 
estimated fi)r cach individual. I t  is alsn sup 
gestcd t h a t  the singlc-cxponcntial-compartment 
model of I C R P  is a fairly adequate representa- 
tion of the data on IJ:J1 uptake h y  human 
thyroid glands. The  foregoing statements arc 
only suggestions, however, and they rest on 
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relatively re\\, caws observed over periods of time 
rhat arc short compared with a 50-year-exposure 
period. I t  is indicated from these few human 
studies that the ICRP-NCRP recommendations 
of fMPC)lr arc conservative and differ by only a 
factor of -2. 
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