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. .  . Abstract-Five human volunteen ingest4 ruin-tmtd ndk c o n t d n h g  p t o k h - b d  
for pen& of t i m e  ranging from 1 to 63 day and in U D O U D ~  rrngingf.om 0.15 to92 DC. 

. .  In rhe fin1 aperimcnt all rubjectr ingested d d y  doraga of Im Eor periodr rrnging kwn 4 
to 63 dayr. Thyroid uptake was mearwtd by pray rdntill.Lioa countbp d31 subjects. 

In 8 m n d  u p e n m a t ,  two mbjcctr mted 8 h g k  d m  4. Thpid w e  md 
urinary acret ion wcrc r n c a u - d  a~ in the fint e x p e t .  Extrapohtiom  IT made trOm tbe 

.I -, . .  
Urinary acrction wa$ measured on two rubjectr, one of which w u  f a w e d  for 67 drys. 

. .' 
_ . I .  

single-intake data to the ca3e of cor~tinuou intake u ~ d  AX oomparcd witb tbe daily intrte dru 
F m  t b e ~  data, crtimata UT = d e  of/,,jl,fs and 7, for thyroid glmd and arc compand 

witb ICRP and NCXP ncommcndatioru. 

INTRODUCTION 
T w  ICRP" and ?SCRP[*) currently rccon- 
mendavalueof2 x 10Jptfcmaforthe (MPC), 
(168-hr week) of Im based on the thyroid ar the 
critical organ and a maximum pemissib'le d w  
rate of 0,6remr/wcek to this o r p n .  This 
(MPC), value b alimatcd in the usual way, i.e. 
the dose to the organ b taken to be approxi- 
mately proportional to the w u m e d  uniform 
concentration in the organ, and t h e  relationship 
between t h e  concentration in the organ to the 
concentration in drinking water b assumed to 
obey fint-order kinetics. ICRP r t a t a  that T, 
the biological half-life for iodine in the thyroid 
gland, b 138 day and that fr the fiaction 
a b r b c d  fiom the gut and going to the thyroid, 

from their equation (48) which ia 
b 0.3. T h t  d u e  Of T, b S t a t e d  to bc C d h t e d  

nc Tb = 0.693 - Y. ' 
where: m (= 20 g) is t h e  mass of the thyroid 
gtnd, c (= 4 x 104 g/g organ) ir the con- 
centration of rtable iodine in the organ, I 

(= 2 x 104 g/day) is the daily intake of rabk 
iodine in the body, and/, ir as defined abow.7 

ICRP has carefully pointed out that, in thir 
method of estimating Tb the uswnption b 
made that the radionuclide hss the aame bb- 
log id  elimination time PI tbe rtablc element. 
Although t h m  ir an abundance of data an 
iodine metabolism by both humam and trmll 
animals provided by the ruearch of mdical 
scientists and ra'diobiologkfs, this uumptiOa 
dots not appear to have been tested. Thtc b 
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undcntandable in view of thc.fact that r d b  
biologists focus on thc important probl' n of 
c f f c c ~  of] iJ l  011 thc gland, whilc medical scicn- 
tists arc intcrcstcd in physiological t a u  of the 
gland. For thc most par t ,  ncithcr group a p p n  
to havc t a t cd  thc assurnp~ions in rnodcls for 
-timating biological paramctcr valucs a p  
p l iab le  to internal dosc estimation work. 

The  I C R P  rcport uses a singlc-intakc modcl 
and intcgratcs thc retention prcdicted by this 
mcjc f  I O  obtain thc rctcntion from chronic 
cxposurc. I t  .mentions that cxploratoiy studies 
ha\.c indicated a fairly satisfactory cxtrapolation 
can bc madc. This has becn found to bc true 
in thc w e  of Cow ingestion by mice's) and,  also 
in thc casc of Cs13; ingrstion by rnicc."' Thcrc 
docs not sccm to bc an)  human data for thc casc 
of chrc :iic ingcstiun of 113' with which to test 
t h i s  method. . BL-STAD t t  0 1 . ~ ~ )  havc th>.ruid- 
.gland, 1131-r~ptakc data on shcep fcd chronically 
fi)r pcril>ds as long as 4 )cars.. However, in 
sliceF thcrc is a scasotial \.ariation in uptakc. 
I n  man it is not oln.ious that ttir uptake is 
affcctcd by scasoridl 

Somc exploratui.:. cxpcrimrnts H'crc carricd 
out in this lalmrator!- (OKSL.1 <,i., thc  proljlcrn 
of estimating T, from sinpic-intake data,  
rxtrapolatirlg to tlic wkc of continuous ingcs- 
t ion  and comparing thc cxtrapolatcd data 
\ \ i t h  thc mcasurcd amounts !.I d i e  thyroid 
gland. I n  this cxpcrimrtit, I I \ T  rnalc volun- 
trers ingotcd, dail!., h i  pcriods ranging from 
4 1 0  63 conw-uli\ c dd\'S, CollSti3111 doscs of 
ranging from 130 to 1U4Cl ppc in resin-trcatcd 
milk, and thc i r  th).roid glaiids \ \me monitored 
urilking a pra ) .  scintilla,iori countcr to dcter- 
m i x  thc  uptakc. Onc  suhjcct, ingesting 63 
daily dosrs of 18.10 ppclday, -;!lcctcd 24-hr 
simples bf urinc for 63 days, arld thcsc wcrc 
mcasurcd for thcir Il3l  content. Aftcr thc in- 
takc stoppcd o n  the sixty-third day, thc ,subject 
continued to collcct 24-liour urinc samplcs for a 
pcriod of 4 da!.s. Also, his thyroid gland \\sac 

counted six times, using tlic play countcr, in 
a p r i o d  of 4 wccks. 'Thus, the dccrcasc in 
ACti\.ity could bc f(~lIot\.cd. 

'Three of thc above subjccts also ingested daily 
dose< of 150 ppc  for 1 I consccutivc days, and 
thcir thyroid uptakc was mcasurcd. l 'wo of 
thcsc suljccts ;ilso trr,k a singlt dosc of 92 nc and 
(at various timcs) 'thcir thyroid glands wcrc 

countcd. Also, they collected 2 4 h r  urine 
ranpln  fcr a period of 5 days after the intake. 
One subject ingated 1840 pprlday for 11 days. 
Hh thjroid-gland burdcn of Im wat deter- 
mined both during intake and after the intake 
was stoppcd. 

From the data obtained on t h a c  five sub- 
jects, a partial test of the I C R P  usumpt:onr 
was made. It was found that the predicted u p  
take for chronic ingestion (of rain-treated milk 
containing pmtcin-bound iodine) obtained 
from cxtrapolation nf single-intake data qave a 
slight ovcrestixnatc of the burden in a pcriod of 
1 1  days of intake. Extrapolating from decay- 
C U N C  data  of thc subject who ingated sixty- 
thrcc daily intakes atso yielded a slight over- 
estimate of the thy~oid-gland burdcn, but the 
over-all agrccmcnt betwecn the predicted and 
thc obscri.cd burdcn was fairly satisfactory. T h e  
Tb for IIS1 in the thyroid glands of four subjects 
(tkc data on the fifth subject werc inadqua tc  to 
c s t h a t c  his Tb) ranged from 37 to 153 days. 
The  mcan valuc of 74 (f70) days does not 
significantly difTcr from thc 92-day valuc of 
ICKP. T h e  a\-cragc value of was 0.16 
(&0.08) (tlic range was O.OW.29j. This mean 
\aluc docs not differ significanrly from the 0.3 
valuc at thc 95 pcr ccnt confidence level. I t  is 
thc purposc of this r c p r t  to ,present thcsc 
human data.  

METHODS 

Prtparation of 113' ingtslion dosc 

and obtained from 
thc UT-AEC Agricitltural Rcscarch Laboratory 
\\.as pabscd over an  anionic exchange rcsiii 
( I h + . c x  1 i' 8-50-100 mesh in 3-cm i.d. 
column), r rc )dcd  twice to remove the ionic 
icdinc from the milk, and then pasteurized. 
Two cylindrical columns were connected in 
scrics. T h c  milk flowed through the alumns 
at thc rate of 20 ml,'min T h c  column<ffluent 
milk contained -3.8 pcr cent of the original 
XI3' conccntration in thc raw milk. The aka- 
linc prccipitation, ZnS0,-XaOH mcthod of 
ACLAND~') used to scparatc protein-bound 
iodine from scrum was applied to the column- 
efflucnt milk. Grcatcr than 97 pcr ccnt of the 
total ItS1 activity was prccipitatcd as comparcd 
with only 4 . 7  p c r  ccnt prccipitatcd from raw 
untreated milk. No tests wrrc made of t h r  

Co\s.s' milk containing 
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undcmtandablc in view of thc.fact that radio- 
biologists focus on thc important probl. n Of 

cflccu of 1131 011 thc  gland, whilc mcdical scicn- 
lists arc intcrtstcd in physiological t e b  of the 
gland. For thc most part, ncithcr group appears 
to have t a t cd  tlic assumptions in models for 
mtimzting biological paramctcr values a p  
plicablc to.in(crna1 dose estimation work. 

Thc ICRP rcport uses a singlc-intatc modcl 
and intcgratcs thc rctcntion prcdictcd by this 
mcdcl to obtain thc rctcntion from chronic 
cxposure. It .mentions that cxploratoiy studics 
hat e indicated a fairly sahfactory extrapolation 
can bc madc. This has becn found to bc true 
in the tasc of Cow ingestion by and,  also 
in thc casc of C S * ~ :  ingestion by r ~ i c c . ~ "  Thcrc 
docs iiot sccm to bc any human data for thc casc 
of chrc :iic ingestiun of 113' w,irh which to tcst 
this method. -BC'STAD tt hat.c thyroid- 
.gland, 1131-i~ptakc data on shcep frd chrunically 
fi)r pcril,ds as long as 4 )-cars.. HoH.e\.cr, in 
s l ~ c c ~  thcrc is a scasoii31 \.ariarion in uptake. 
I n  man it is nor oln.ious that  thr uptake is 
affcctcd by scasor~i l  fartors.'6' 

Somc cxploratui.>. cxpcrimcnts wcrc carried 
out in this laborator). (OKSL,) s j i i  t hc  pro1)lcm 
of tstimaiing T,, from singlc-intake data,  
cnrrapolati~ig to tlir w\c of cont inuous  i n p s -  
tion and comparing thc  cxtrapolatcd data 
\ \ i t h  the mrasurcd amounts i , i  ilic thyroid 
gland. I n  this expcrimciit, i i \ ~  male volun- 
tccrs ingrstcd, dail!,, foi pcriods ranging from 
4 1 0  63 consccuti\.c dd)?., roilstanl doscs of 
ranging from I N  to IU40 ppc in rcsin-trcarcd 
milk, and thc i r  th),roid glaiids \ \ w e  monirorcd 
utilking a )'-'a). scint~lla,iori cwn tc r  to dcter- 
m i x  thc uptakc. Onc  suLjcct, ingating 63 
daily dr)srs of 1840 ppclday, ,;!lccted 24-hr 
siirnplcs of urinc for 63 da!*s, and t h e e  were 
measurcd for thcir I I J 1  content. Aftcr the in- 
take stoppcd o n  thc sixty-third da)., the ,subject 
continued to collcct 24-Iiour urine sarnplcs for a 
pcriod of 4 da!.s. Also, his thyroid gland \vas 
counted six timcs, using the y - ~ a y  counter, in 
a pcriod of 4 weeks. 'Thus, the dccrcase in 
a-ti\.ity could bc fiJI1ou.cd. 

'Thrce of thc abovc subjects also ingcsted daily 
d o w  of 150 ppc  for 1 1  consccutivc days, and 
their thyroid uptakc was measured. 1'wo of 
lhcsc sulLjccts ;ilso ttr,k a single dose of 92 nc and 
(at various timcs) 'thcir thyroid glands were 

countcd. Ah, they coolle~ttd 24hr urine 
u n p h  fcr a period of 5 days after the intake. 
Onc subjcct ingested 1840 ppclday for 1 1  days. 
HL thjroid-gland burden of Im was deter- 
mined both during intake and after the intake 
was stopped. 

From the data obtained on  these five rub- 
jccts, a partial t a t  of the ICRP usumpi:ons 
was made. It was found that the predicted up- 
take for chronic ingcstion (of ruin-trcated.milk 
containing protein-bound iodine) obtained 
from extrapolation of single-intake data qave a 
slight overestimate of the burden in a period of 
1 1  days of intake. Extrapolating from decay- 
curve data  of the subject who ingated sixty- 
thrcc daily intakes a b  yielded a slight over- 
estimate of thc thyroid-gland burden, but the 
over-all agrccmcnt between the predicted and 
the obscrvcd burdcn was fairly satisfactory. The 
Tb for in the thyroid glands of four subjects 
( t k c  data on the fifth subjcct werc inadqua tc  to 
csrimatc his Tb) ranged from 37 to 153 days. 
The  mcan value of 74 (f70) days does not 
significantly differ from the 92-day value of 
ICKP. T h e  average value of 1, was 0.16 
(kO.08) (die range \vas 0.084.29j. This mean 
\aluc docs not diffcr significantly from the 0.3 
\.aluc at  thc 95 pcr cent confidence level. I t  is 
t h e  purposc of this report to present these 
human data. 

METHODS 

Prrparation of 113' ingcsrion dose 

Cotvs' milk containing IIJ1 and obtained from 
thc C'T-AEC Agricultural Rcscarch Laborator!. 
\\'as p a w d  over a n  anionic exchange resin 
(I)O\\TX 1 i *  8-50-100 mesh in 3-cm i.d. 
column), rccyclcd twice to remove the ionic 
i tdine liorn tlle milk, and then pasteurized. 
Two cylindrical columns were connected in 
scries. The  milk flowcd through the columns 
at the rate of 20 rnl;min T h e  colurnn-effluent 
milk contained -3.8 per ccnt of the originat 

conccntration in thc raw milk. The alka- 
line precipitation, ZnS0,-NaOH method of 
A(:UND(') used to separate protein-bound 
iodine from serum was applied to the column- 
efflucnt milk. Greater than 97 pcr cent of the 
total activity was precipitated as comparcd 
with only 4 . 7  pcr ccnt precipitated from raw 
untreated milk. No t a t s  wrrc madc of thc 

I vo1 
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~ ] u m n - t ~ t ~  m i l k  to a t a b l h h  dcfinitivcly 
which proteins WM binding the llJ1. Howmrr 
it is believed that the =in-trcatcd milk con- 
tained, mainly, protein-bund ll*’. 

The 11’’ bound to the protein constitucnts of 
the milk is apparently very f i rmly  atachtd as  
ev idcncd  by letting the resin-tratcd milk 
stand for a perid of -30 days and re-trcating 
the milk. When thc milk was recydcd over the 
column again, only about 4 per cent of the 
could ‘x rcmovcd onto the exchange ru in .  
Thcrc k an  rdvantagc in using rein- t r ta ted 
milk in a continual-intakc study and this is con- 
nected with the stable-iodine intake into the 
M y .  It  was dcsirablc to maintain a constant 
iricakr of 1’’’ by thc human subjects partici- 
pating in the chronic-ingestion cxpcrimcnr. I n  
n r d x  to s.complish this, thc \*olumc of milk 
must bc incrcascd cach day to compcnsatc for 
thc loss of 1’3’ by radiological decay. il’hcn a 
significant concentration of stablc iodine is 
prcscnr in thc milk, thc increased volumc of 
v i l k  ingcstcd will resul t  in a n  incrcascd intakc 

:stal)lc i d i n c  wIiicII will afTccr tlie uprakc of 
1l3’. In  this stud) the  raw milk containcd an 
avcragc of 0.03 pg staLIr iodinc,‘r;.l. In  thc 
resin-trcatcd milk this was redu-ctl to 4 . 0 0 1  
pg,‘ml. Some of thc subjccu ingcsred as much 
a< 500 ml of milk, and thus only 0.5 pg of stable 
iodinc \\as takcn into tlic s tumrL. ,  Mhich is 
ncgligildc in comparison with the dail). avcragc 
intakc of 200 pg of srablc iodinc. 

Table 1 pracnta  the  age, waght ,  ppc of Im 
ingated ringly or daily, the u h a t c d  peakdm 
rate to the thyroid gland, and  the atimated 
total d w  recdved by the gland. All SUI)+ 
were found to bc euthyroid sd indicated by tan 
of protein-bound iodine in b l d .  All subjects 
ate regular mcak oonsisling of their u s d  dicta. 
T h e  average age of the five rubjecu was 41 yean 
(range, 5 5 3  years) and the average weight 
191 lb  (range, 152-225 Ib). Subject A, who in- 
gested 92,000 ppc in a single intake, experimctd 
the h igha t  u t h t r d  total dcsc (0.176 r a m )  to 
his thyroid, and  the pcakdm rate was 110 
mrenulweek (according to ICRP, a thyroid 
burdcn of 0.14 pc delivers 0.6 remlweek to this 
organ!. T h e  total d w  to the gland was 
obtained by integrating tlrc rem/wcck deliverd 
to this organ from 0 to a. 

In the chronic ingution s tudiu,  subjects 4 B 
and E drank the rain-treated milk bctwecn O900 
a , m .  and  1500 hours and aftcr k i n g  counted on 
thc  thyroid counter (cxccpt on weekends). Sub- 
jects C and D drank their milk at - 1 6 0  houn 
and  were counted bcfore the ingestinn. 

Exrrdo ramplr r o l l d o n  and analysis 
Each individual void of urine was collected 

by subjccts A and B for a period of a b u t  5 days 
after the siriglc ingestion of 92 nc of ID’. Four 

%faximum 
Duat ion  d m  rate Tod  

b a d y  of i n p t i o n  Singlr to thyroid dcw to 
M’t . inrake I‘U intlkr gland thynid 

(rrrmlwcrk) (m) 
A g c  

Subject’ (yn) . (Ib) ( / r rc /d  1 . (dayr) ( W C J  

1 1  92 ,on0 0.1 10 0.176 
0.076 

0.005 0.056 
0.010 

.4 36 220 150 
B 36 
C 37 225 l b a  63 0 
D 53 170 1840 8 0 0.005 

187 150 I 1  92 ,OoO 0.055 

E 
.. 

150 
42 - 15* (1840 

I 1  
4 

Oi 
01 0.005 0.01 5 
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frcal samples were sul)niittcd by suljjccr A. 
Suljrct  C collcctcd 24-11r irr- int  spccinicn* 'or a 
pcriod of 67 days and sulimittcd t H . 0  fecal 
samples on days 55 and . ic ,  after his first intake 
of 1840 p p c  of l l J l .  Thr  daily collection pcriod 
5)r uriric was flllm 16W hoiirs to 1559 houn, 
that i s J  from tlrc time aficr ingrstirig a dose a t  
IMH) hours to the timc j u s t  k f o r r  ingestion of 
the next daily dosc. 

Urinc sllrnplcs H a c  arial!.wd for I I J 1  coiitcnt 
by uking ai, aliquot oftlic spccinicn (100 or 200 
ml dcpcriding o n  thc volurnc of thc slxcimcn) 
and counting in a picklr-larrcl counter con- 
taining a 4 x 2 in. S a l  (TI! cr).sial conricctrd to 
a 200-charmrl a n a l y x r .  Figure I shows thc 
counter and thc ana l> tc r .  Fecal samplcs con- 
tainclf in plasuc I L I ~ ~  \+err aI\o moniiorrd i n  the 
picklc 'tarrc-1 couiItcr. 

L'rinc and frcal samplrs n'crc corrrctrd for 
radii,lugical dcca),. Fi)r a siriglc-ingrstioii dosc, 
the  cmmts,rnin in t h r  uriric ( o r  frcal i sample 
voidcd at I units of tirnr aficr inrakc alld 
analyrcd on day I,, : I \\err corrcrtrd LJr 
radiological dcra! I,! r r i u 1 1 i ~ ) I ~  illc I)! to.-''. ' . 

Forconsccutivt i r i g r ~ t i ~ , r i ~ ~  111r ur i r i r  kiinl)Ir4 crc 

collcctcd in the intcnal -I559 houn on day 
I to l(i00 hours on day t + 1 .  The sample was 
analyzed on day 1, and the measured counts 
were multiplied by P.oucr.-r); that is, the 
rncasmmcnb wcre corrcctcd for decay from 
rhc time of ingestion on day f to the time of 
analysis, 1,. 1'0 illustrate, a sample voided on 
day 20 (= I + 1) and analyzed on da) 23 
(=  I,) was corrcctrd 1)) multiplying the Co.unts 
by P*-x'. 

Countin1 nuthods and kchniyutr  
A 3 x 3 in. Sal(T1)  crystal having a i in.- 

thick lead ride shield and connected to a 200- 
channel analyzer was used to measure the counts 
due 10 l lal  in the thyroid gland. T h e  subject 
la). on a cot, arid the crystal was located im- 
mcdiatcly o \ w  his thyroid gland with the outer 
edgr of the side shield iiidcxcd over the s t c r ~ l  
notch (Fig. 21. Chmtiiig p e r i d s  varied dr- 
pc:idinp; on the amount ingested by the subject, 
rattgiirg from 5 min to as long as 40 min. 

.4 t)pical spectrum of thc y-rays from 11'1 
fiir thc 3 >. 3 in.  cqs ta l  plared over the thyroid 
~1.11id  o f a  subjcc; k sho\\.n in Fig. 3. T h c  area 

I O b l S b b  
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FIG. 3.  l'ypical gross rprctrum of;.-ray activity in th>nid  
gland for a rrw da!.s aftcr ingrstion a i  92-nc oTI1". 
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feu1 samples \<ere stil)mittcd by subject A. 
Sutljcct C collcctcd 24-hr ur inc  sIxcinlcn. or a 
pcric.d of 67 days and suljmittcd t\\.o fecal 
samp!cs on days 55 and 5, after his first intake 
of IP,40 ppc of l l 3 l .  ?'hc dail). collcction period 
for urine was from 1600 hours to 1559 hours, 
chat is, from tlic timc aftcr ingcsting a dose at 
.160@ hours tc, tlic timc just l x fu rc  ingcstion of 
the next daily dose. 

content 
by raking an aliquot of tlrc spccimcn (io0 or 200 
ml depending on t h c  volume of thc specimen) 
and counting i t i  a picklc-harrcf countcr con- 
taining a 4 >: 2 in. S a l  (TI, cr).stal connected to 
a 200-channel analyzcr. Figurc 1 sho\\.s thc 
counter and thc anal!,7cr. Fecal samples con- 
tained in plastic h a p  \\'crc also moniturcd in the 
pickle 'barrel counter. 

V'rinc and fcwl samples ivcrc corrcctcd for 
radiological decay. For a sinslc-ingcstion dmc, 
thc couiits,iiiin in tlic urinc ;or frcal, sample 
voidcd at  f units of rimc aficr inlakc and 
anal!.zcd on day 2 I: \\.err corrccicd for 
radiulogical d c u ?  L) muItipl!.ing b!. P.srlr*l. 
Forconxcutivt ingcsiions, tlir urinc sample. \ \ ' e x  

L'rinc samples brrc anal!scd for 

collected in the intcn'al -1559 hours on day 
i to 1600 hours on day f + 1. Thc sample waa 
analyzed on day I, and the mmsurcd count? 
were multiplied by P*'#cr*-r); that k, the 
measurcmcnts were corrcctcd for decay from 
the timc of ingcstion on day  1 to the time of 
analysis, I,. To illustrate, a sample voided on 
day 20 (= 1 + 1)  and analyzed on d a y  23 
( =  1,) was corrcctcd by multiplying the counts 
by P.m''. 

Counling n u t h u h  and techniques 
A 3 x 3 in. XaI(Ti)  cqs ta l  having a 4 in.- 

thick Itad side shield and connected to a 200- 
channel analyzer was used to mtasure the counts 
duc to 1'31 in the thyroid gland. T h e  subject 
l ay  on a cot, and the crystal was located im- 
mcdiatcly o\xr his thyroid gland with the outer 
edge of the side shield indcxcd over the sternal 
notch (Fig. 2j. Counting periods varied dc- 
pending on the amount ingcstcd by the subject, 
rattging from 5 min to as long as 40 min. 

.4 typical spectrum of the y-rays from 1la1 
k J r  the  3 Y. 3 in. cqs ta l  placed over the thyroid 
glatid of a subject is shown in Fig. 3. The area, 

t 
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11.c shall also intcrprct the wholc-body-rcten- 
tion data and otcrction data in t c  rn of a 
linear combination of cxpncnriab.  Le t  R,'(f)  
denote the fractional biological rctcntion in the 
b c d y  for thc case of a singl: ingestion. Let A,' 
denote the biological decay constant for thc jL"  
cxponcntial term. Assume 

a 

I- 1 

rcprewnts the biological rctcntion in the body. 
Thc cxcretion is dcnotcd by € , ' ( f ) ,  where 

R, ( f )  = 2 u p i ' t  (9) 

€ , ' ( t )  = 1 - R , ' ( f ) ,  

uhilc thc ratc of excretion is 

To take into account thc dccay by radio- 
logical processes, equations (9) and ( l O j  must be 
multiplied by c'J. This yields 

R,(t) = R'(t:!r-)J = 2 a,x-'J 

E,( / ]  = E,*,+ r= 2 ;.'p,c-V 

( 1  1)  

(13) 

I 
and 

1 
where . ,  I., = 1, - I., . 

So\\. w e  can convert cqu:l.rions ( 1  1 j and (12) 
such that they !\.ill apply to thc cast of con- 
tinuous intake of 1 units pcr day. Let R e ( / )  
denote thc rctcntion and E , ( f )  the ratc of 
excrction a t  timc f for the case of continuous 
intake of a constant I units pcr day for f days. 

l f a t  time t ( t  > T ) ,  Id7 units are taken into the 
body, thcn thc rctcntion at  time tis R , ( f  - T j I d T .  

Summing over all T, we find 

For the ratc of excrction, w- obt;in 

(14) 
In the casc of dtcrctc  daily i n t a k e  of I ,  uniu 

each day, thcn a discrete sum h a  to bc taken. 
Lct t lx a n  intcg-a1 number of days, I' a frac- 

tional part of a day, and T = f + I' the time 
from the first intake of 1, units. Then we find 

T h e  thyroid-gland, dccay-curve data obtained 
on the subjects were treated by the method of 
least squares. Here, let d, denote the residual 
sum of squares, )" the calculated iLb value of the 
ordinate, Yo, the observed value, and H', a 
weight factor. Sow, the sum of squares of 
weighted residuals is 

while for daily excretion, denoted by e, we have . 

a 

with Yi = In A - Bti, 4 is minimized with re- 
spect to A and B, and Yo being the logarithm of 
the ordinate. 

This procedure was programmed' for the 
1Bli-7090 computer, and the values of A and B 
together with the variances in A and B were 
calculated. Two sets of weight factors H', were 
employed. Calculations were rriade for the w e  
where all = I ,  i x .  unit weights, and a h  for 
the case where li',-1 = Var Yi. It was assumed 
that all of the variance in the ordinate value was 
due to counting. Thus, the variance was esti- 
mated from the counts. T h e  effect of weighting 
the residuals on the parameters is to take out the 
bias of the smallest ordinate value (those can- 
taining the largest enor )  on the best-fitting 
curve. In  the section on results, the best- 
fitting curves for the case where unit weights and 
where M',-1 = \'ar Y, were employed are  
shown plotted together with the data. 

RESULTS 
Single-intake studies 

Figure 4 prcxnts the thyroid-gland data on 
the 'two subjects ingesting the single intake of 
92 nc. T h e  data are  noted to show a n  initial 
increase in the first day followed by a levekg 

W c  arc indebted to GEORGE ATTA, Mathematia 
Divhion, for the ux of his p:ognm. 
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FIG. 4. I**' in human th>roid of two rubjccts 
follo4ng single ingmtion of protcin-bound 
iodine in milk (correct& for radiological dccay). 

off a t  -2 dayr, and then they bcgin to d c c r w c  
along a singic-cxponcntial path. T h e  uptake 
of 1131 by thc th)-roids of t h n c  ~H'O subjccu b 
noted to differ, and the biological ha l f -Lves  
diffct. 

I n  processing these data b!. l a s t  squara ,  t h e  
r rcmcnts made in the first  24 hr  were' 

.d from the calculations. Figurc 5 prcxnts 
the graphs of thc data '(uncorrcctcd for radio- 
logical' decay) obtaincd 011 thcsc tw.0 subjccts. 
Figure 5(a) shows the data,  togcthcr Mith thc 
plot of the best-fitting cumc, for the casc of 
= 1 ,  Le. unweightcd data, and thc c c ! i ~ a t i o ~  
for the curve.  T h c  erron on the parameters 
are two standard cmors. 

Figure 5(b) presents the plot of the  dam, to- 
gether with the bcst fitting curvcs, obtaincd when 
11',-1 = Var I.,. T h c  abscissa is the t imc in  da)-s 
follobing the single ingestion. Table 2 prcscnts 
the rounded-off values of fW and T b  for thcse two 
subjccts. Both subjects ingfitcd 92 nc. T h c  
estimate off, is obtained by t a k i q  the intcrccpt 
of the best fitting cun'cs and dividing by the 

. 0. 

I 
-. ! .  

d o 5 m e 2 ! 3 2 5 3 0 k &  
TlYE (-1 

FIG. 5 .  Lrast-squares tnatrncnt of thyroiddecay 
C U N e S .  

ingcs+ed d d e .  To estimate the biological hatr- 
Me, the cquation is 

Tb = 0.693/(1 - A,) 
whcrc 1 is the efkctive decay constant and 
j.,( = 0.693/86-l = 0.08662d-') is, the radio- 
logical dccay Constant. 

I t  can bc seen in Table 2 thatf, differs only a 
little regardless of whether weighted or un- 
weighted data arc employed. T b ,  on the other 
hand, is quite different for subject A when the 
data arc weighted a5 compared with the calcula- 
tion based on unwcighted data. This is duc 
t h e  fact that 1 approaches j . ,  in the denominator 
of thc cq\iation for T,, and Tb is quite sensitive 
to small chaiiges occurring in the denominator. 
T h c  h t  tlirce measurements made on subject A 
markedly aflcct thc value of 1. and, hence, the 
calculated value of Tb. T l m e  last three points 
havc largcr variance than any of the other 

Suhjtct 
b C )  'Hrighted unwrightcd Hcighrcd. wcightcd un-cightcd weighttd" - -- - 

\ 92 0.28 0.27 0.29 29 1 1823 I53 
c 92 0.14 0.14 - 37 36 

-- - - - -  
e thrcc me;crurmcnr~ orsubjcrc A's C U N C  omittcd from Iciut-quaru calculation (KC tcx' , .  

f O b l S 1 1  
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squares calculation. Subject A'r indicated 
biological half-life then became 153 days. 

The  urinary-excretion mwuremen t s  for hex 
subjccts are shown in Fig. 6. A rapid decline in 
the rate from -7 pcr ccntlhr, extrapolated to 
time zero, to 0.7 p c r  cent at 24 hr WM noted. 

rDc S U L L L )  ; 

__ . - - - . . - . 
I 
' 

was only a slight difference between A's and B'r 
rates after &bout 8 hr. - -  .-. , 

_ -  - _ _  - . .. - .- . - I  

Four fecal sampics were collected by A, 
. . Y '  representing total fecal excretion for the first 4 

C X ?  ::YX. 

- v i  r .  

perspiration. At 3 hr there was secreted in 
saliva -1.0 per centlhr, and a t  6.7 hr the rate 
\+.as 0.2 pcr ccnt/hr. At 8 hr all the perspiration 
collccted from fret and ankles in plastic boots 
worn by the subject contained <0.03 per cent 
of the ingested dose. The  amount of this 
perspiration is not known. 

From thc cumiila~ive urinary excretion 2nd 

FIG. 6. U ~ M T  cxcrrrion of Il*1 following ringlr 
ingrstion of 92 nc in ra in- t r rarcd milk. 

points. It was felt t l ~ c s c  p o i n t s  might also be 
biascd bccausc of his intake of milk containing 
In' from fallout. T h e  rcgular milk in  his corn- 
munity was, at the t i m c d  t i l r z c  mcasurcmcnts, 
increasing in its content of I 1 3 1 .  h c a u s c  of this, 
the last three point: wcrc omittcd from the  least- 

0 loo- 
t 

0 eo - - - - 
* . L 

A 

I I I I I 
x, 80 7 0  00 K, (00 

TlMC S K C  IMCLSTKWI ( w o r n 1  
FIL. 7.  Cumulativr rxcrrricn of 11" in urine following single ingestion of 

pmrrin-bound in milk (cm-rrctrd for radiolwical drcryl. 
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A and his thj~oid-gland data to construct a body- 
burden curve. Figure 8 Ihova the ~ ~ m u l a t k  
fecal and urinary excretion plotted M. b e .  
The smooth curvei are freehand curyts viwally 
fitted to the data. Adding these curves and t u b  
tracting the rum from 100 pcr cent, we obtained 
an  estimate of the body burden. Figure 9 r h m  
a graph of this difference plotted a. tiw. At 5 

C -  Y l l * M T  I l C I l L T K Y  0 days, 72.5 per cent was excreted. From tbe 
thyroid-gland data, an  estimate can be made of 
the long-term component of t h t  body-bdm 
CUNC by assuming the long-term component of 
the thyroid-gland data equals, ewntial ly ,  the 
body-burden curve at 5 days. T h e  parametas 
of the short-term component were atimated 
from a plot of the difkrence between the bta 
and the long-term componcnt-the standard 
"pecl-off" procedure. For this subject we find 

m -  

I t : rL  C I C R I T O ~  
s -  

R,(t) = 1(0.71t-1."' + 0.29t**O'@" ). 
Extrapolating this to continuous exposure, we 

obtain 

8 
0 

C 1 1 

FIG. 8. Cumulativc cxcrction CUTVCS. Subjcct A .  
Ingcrtcd singlc dox of 92 nc 1lS1 in rcsin-trcatcd 

m i l k  (corrcctcd for radio1og;cal dcca),,. 

fecal excretion of these two subjects, an  estimate 
was made of the per cent of dose I v s c n t  in the 
b o d y ;  and from these data and thc thyroid- 

. , gland uptake, the fraction of the total body  2 
burden present in thc thyroid gland was 
cstimated. At 4 days Subjcct A excreted 69 
p c r  cent in urinc and 1.9 pcr cent in feces. T h e  
t x d y  burden was then -29 pcr ccnt. T h e  
thyroid gland at 4 days contained -28 per cent 
(Fig. 4). Thus, the fraction present in thc thy- 
roid of this subject was 4.97. In  the case of 
sultccr B, 80.5 p c r  rcnr of thc ingested dose was 
excretcd in urinc at four days. I t  was estimated 
that fcca  would cumulate -3.8 p e r  mnt. Thus, 
his body would contain -16 per  cent. Since 
thcrc was -12 pcr cent prcscnt in his thyroid 
on day 4, then thc fractional thyroid burden 
would Ix about 0.75. 

Ifone took thucfractions to txest imatonofj ,  
' - 7 ~  would thw comDarc to the value ohcrvcd 

I 
B 
e 

$ 
i 

d 

/c 29; iR' 
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At infinity thc body u.ould conraip 3.7 daily 
intakes. Extrapolating tlic single-inLak, equa- 
tions of the thyroid-gland c u n c  IO thc cast of 
continuous ingcstioii, we ohtain 

HU. \ f . \S  'THI'ROID UPTAKE AND BODILY ELIMINATION OF Xu]. 

3oo 

' qft  1- 3.2?1(1 -- 8*ow"). 

information, H'C find 

The pcr rrnt  of thc irigrstcd dosc voided i n  the 
first 2 4 - l ~  urinar!. cxcrction ofsubjccts A,  B, and 
C: is shown in Tablc 3. *\Is0 sho\r.n arc  thc 1la1 

ingcstion dost and thc ml of milk ingcstcd. The 

thrcc suhjtcts in thc first 24 h r  was 67 5 pcr 

0 2  4 6 8 10 12 14 

TIME AFTER START gC INTAKE 169) 

FIG. IO. Thyroid gland burdcn of 1lJ1, subjccr A 

milk. 

avcraqc pcr C C n t  Of cxcrctcd ingrsring 150 p,,c daily for 11 days, resin-trcarcd 

I I U I ,  nc\~crthcless, i t  is a n  overestimate atso. 
Figurc I 3  presents thc thyroid data for subject 

C:, who irigcsrcd sixty-three daily intakes, and 
Tor subjtct D, who ingested eight daily intakes. 
Figurc 13:a) slio\\.s thc graph of the data  and 

- -_ - - -  .. - -_ -  - _ _  . . - - -  the Lest-fitting cun'cs togcthcr with the para- 
m e w s  of thc Ixst-fitting equations estimated 
from Icast-squarcs treatmcnt of thc. unweightcd 
data .  T h c  same data  a r c  shown in Fig. 13(b), 
hut lierc thc bcst-fitting curves and parameters 
u c r c  cstimatcd from lcabt-squares treatment of 

T0Dff 3. Pir rrtrt o / i n c f J t r d  o'cicr  IT^ rrlrd in uriw 
onr d3-i o ' : r r  ~ r r ~ r l ~ r t m  ________ -- __ _-. - -. - __ - - . __ -. - - . - - - 

\.ol,lm,. pf.r ,,,, I jnPPSl, .d 
m,lC /io5,. ,.xCrrtf.d I)O,J. 

Subjcct ( / r / r c  ml in  24 h r *  

;I 92.f j0 I  I .if I1 1 61 
B ! I ?  .I% N ! ioct G ' j  

c inlilt 10 :I 
1 B W  I O  1) 

I: I n-lo 10 -_ 
.. . . .  - - - . - . . _ _  . - - _ _  - . _. _ _  - .. . - - - - . - - -- _ _  - . . - . . - 

.\vc.raRr x-  slanr!iird dc\,iaiion - 6 ;  5. 

Dai.j;. in/al.r Jtuairr 
Subjccrs Is, 1$? and L .'lSIJ ii)gcstcd daily for 1 1  

day5 150 p p c  in rehin-trcatcd inilk, and their 
thyroid gland5 \\'crc countcd. r v ~ n ~  'rable 2 thc 

12 she\\* thc mcasurcd tliyroid IJUrd :ns of tlicse 
sal).jrrts and thc Ijurdcn prcdictcd by cxtra- 
pcJation of tlrc. sinclr-intakc data.  Also sho\\,n 
6)r  J ) u ~ ) ) I I \ v .  ( ~ ) i l ~ ] L I ~ ~ ~ ~ J I ~  i 4  tjlr prcdictcd 0 2 4  6 8 10 12 14 
burden using I ( : K P  paramctcr valucs. For all TiUC PF'CA START OF INTAKE (Oafs) 

thrrc suhjrcts thc I(:KP-prcdictcd burden ovcr- F ~ ~ ; .  1 1 .  *rl,).roid burden O f ] ~ l l ,  B 
cst imam t i l # .  nica\urcd llurdcn. I n  tlic casc of inqc-sting ]:it) ,,pc cIaiIy for 1 I da\.s, rcsin-trcatcd 
S U h j C C t S  .A aiid R ttic CxtrapJiatcd burdcn milk. 



"1 -----.._ -1 \ I .  

valucsf, and T, can be obtained fot' thcsc tw.0 
subjects and the burdcns in the thyroid glands 
during thc period of chronic intakc can bc prc- 
dictcd and compared with the mcasurcd burdcns. 

Tablc  4 prcscnts the values o r the  parameters 
lw and T, obtained from the numcrical data 
annearing in Fip. 13 and cauation (8). For 

- 0  _.. ..-. 
caual to unity or to 1*2r I - , .  T h c  pardmctcrs 

,--- ____- ._- . .- 3.D' 
1 ( D l  - 

L 

FIG,. 1:;. Ixasr-squares trcatrncnt of thyroid 

., - I  _ - _ -  r - - -~ - -  

slightly o\,crestimarcd the obscnrd  lcvcl in 
thyroid. 

Figurc 16 presents the thyroid-glaiid data on 
sul)jcct E, who ingested i840 ppc daily for 4 
days. Tlicrc wert only thrce measurcmcnts 

\ - - 0  - - t -  

)at it paun 

r - - -  - -  dccay curvcs. ordinate: is the ppc  in the th>,raid, while p l ~ t t c d  
UII thc abscissa is thc time in days from the first 
intakc. ,4lso shown in thrsc figures arc  the 

, prcdictrd thyroid burdcns employing ICRP 
data and the predicted thyroid burdens basrd on 

' rquation (81 into which thcf, and Tb values 
? -  ' appearing in Tablc 4 were inserted. For both 

I sulijccts, thc ICK P-prcdictcd tu idcns  over- 
. estimatrd thc obscncd burdcns. Also, in the 

- .  ?LO 

- - .  . . . . -  = :  

z 
. -  
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in Fig. 17. .As can bp scrn i n  111; first 10 A ~ Y S ,  
thc mcasurcd cxcrcrion r ~ t c  riscs from - per 
cent/da\ to a I c t ~ l  of a h i t  90-95 pcr ccnt/day 
andifrom thcn on ~ ~ U C I I I ~ I C S  around 95 pel .en[/ 
day. Sotc rhc point at  60 days is -15 pcr 
ccntlday. O n  this day the su1)jcct had influ- 
enza accompanicd Iiy diarrlica and vomiting. 
Hi5 urinary \wlumc on this arid thc succecding 2 
da\,s \\.as quitc lo\\ sincc hc \\.as on a negative 
w.atcr balanre. [ I t  can Lc iiored that t l c  ratc of 

1131 cxcrction on these days was also lower than 
usual. Aftcr I IJ1  intake was stopped, the rate of 
excretion dccrcascd precipitously. O n  the 
sixty-sixth day thc Icvcl in urine was less than 
thc limit of sensitivity for dctccting in urine. 

Fccal samples obtained from this subject on  
day 55 and day 56 containcd 3.8 and 3.9 per 
cciit of die daily intake, respectively. 

the curnulativc 
urinary cxcrction, and thc estimated cumulative 

T h c  curnulativc intake of 

. 3 .  . . .  
I .  

HQ 
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. . .  i 

k--I cxcretion for this subjrct arc sho\\m in Fig 
The cumulativc intake plots as a step 

ft,...,tion because of the dibcrctc in t ak r s .  T h e  
rumulati\,c fccal excretion was estimated from 
thc two fccal excretion mcasurcFcnll, i.c. it 
\*.as assumcd that 4 pcr cent of thc ingested dose 
waz cxcrctcd per day. From these mcaGllrrmcnts 

-. - - - _ _  . e&Vd . - - - - -- - -. 

of intake and excretion, an  estimate of body 
Iurdcn can be made. However, this is more 

than likely an  uppcr-bound estimate of the body 
Surden, because the data cannot be correctad 
for the fraction undergoing radiological dtcay 
in the body. 

Figure 19 prcscnts the graph of the cstimated 
b o d y  burden. The body burden G noted to be a 
discontinuous function of time. T h b  is due  to 
the discrete intake of daily amounts and the 
rapid urinary excretion c;f a large fraction of the 
intake. Also plotted fer purposes of comparison 
is the ICRP/NCRP-prcdicted body burden. 
Sotc  that it passes above the estimated body 
burden. To bring these c u n c s  togcthcr,j,  was 
2000 C _ _ - _ _ _ _ _ _ _ _ - .  _ - -  - -  .- - ---. ! 

.. . .. 

-1 
1 

c 

I 
zc  , 4840 w c / b q  -{ 1 
,o 

- - -  - . . - - - . . . -  . . - .---. - - - .  

I 

0 40 2 0  30 4 3  50 60 70 

I ____ . - _ _  . . .--.-A - -- . .- . 

TIWE ( 6 a l r l  

FIG. 19. Estimated b o d y  burd:n of rubjcct c 
ingcstbg 1844 ppc Ilal daily for 63 days. 

arbitrarily set equal to 4 . 3 7  instead of 1, 
and then the prcdictcd-Wy-burden CUNC 
would agrcc 'more closely with the estimated- 
M y - b u r d e n  data.  

From these data and the thyroid-glarld data, 
an estimate off, can k obtilhcd. Since the 
asymptotic body-burden lcvcl is rC400 p c r  cent 
of daily intake and thc daily intake was 1849 
ppclday, then 4 x 1840 p p c  = 7 3 m p p c  are 
prcxnt  in the body. As shown in Fig. 14, 
1514ppc arc  prcsent in the thyroid at q u i -  
librium. Thus,Jt = 1514/73W = 0.21. 

Two whole-body measurements were a h  
made on subject C from which an estimate ofj, 
can be compiitcd. T h e  two measurrmenu wcrt 

I U b 7 5 1 1  
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-1.5 nc (f2 nc) a n i  4.2 nc ( - f 3  nc);  . : I C  

average is -3 nc. This is lcss than the a w v e  
7.4 nc c s tha t c ,  probablls dilc tu thc fact tha t  the 
7.4 nc estimate was obtaincd by subtracting the 
cumulative excretion values from tlic cumulative 
intake v a l u e .  This e n  bc sho\rn to be a n  ovcr- 
estimate of M y  burden. 

Thc a\*cragcJZ valuc cs~imated from counts 
on the whole M y  and thyroid gland is 0.4. 

DlSCUSSlON 

Cornpariron of paramrlm T,, fr, ond fz rsfimakd 
in thb stud) uith caluts tstimkd b j  o t h n s  

Gathering togcthcr thc valucs of T, cstimatcd 
from thc data appearing in Tablcs 2 and 4, wc 
find that thc avcragc is 74 da).s & 70 days (one 
s t andad  deviation). T h c  range- is from 37 to 
153 da).s. This mean valuc does not diffcr 
significantly from thc corrccred \.aluc of 92 dhys 
implicit in thc reports of ICRP and S C R P .  
Also, i t  docs nor diffcr from the 92.4-day valuc 
for the longcst-tcnn component of Lushbaugh’s 
whoic-bd)~-rctention equation‘”*’ 

In  LCSHBAVGH’S stud>.‘P’ the stil)jects took orally 
8 pc of 113’ as Sal .  

Thc average comp.utcd fro- data in 
Tablcs 2 and 4 is 0.1G 5 0.0C. T h c  rangc is 
0.08 to 0.28. The  atxx-c valuc is nor signifi- 
cantly diffcrcnt from ICRP‘s valuc of 0.3 at  thc 
95 pcr cent confidence Ievcl. 

It is clear that onc of t h c  rcasons why the 
m a n  T, and fr valucs 40 ‘not diffcr signifi- 
cancly from thc I C R P  valucs is conncctcd with 
the large variance associatcd .::!h the mean 
valucs. Morc dala arc nccdcd on rziny diffcrcnt 
subjects to decrease thc standard error of the 
m a n  valucs. It appcars from this study thal the 
ICRP valucs can bc considcrcd to bc con- 
scnvative values. 

J’didib of trtimukd -/t iiaiur 

Onc may use the multiple-cuponcntial model 
to chcck on the validit). of thcj, s*aluc utimated 
from the body burden ohtaincd by differencing 
tlhc intake and excretion of subject C and rhow 
that thL difirrcncc is an  ovcrcstimate of M y  
burden. To prove t h i s  in a s o m c w h t  ngoi.ous 
fashion, consider equation (14). 1Yhm inte- 

grated to I units of time, it reads 

Thi, is the cumulative excretion to be expected 
in the case of a continuous intake of a constant 
amount of material, I, each day. M’e rubtract 
this from the cumulative intake Zf to obtain tlie 
difference d or 

* 

(18) 
S o w  when 1,’ = A,’, Le. we are  dealing with a 
long-lived emitter present in the body, and 
because Xu, = I ,  we have d = R ( t ) ,  as can be 
sccn from equations (14) and (18). For I’31 
Ij‘ f 2, and the quantity 

i. ’ 

and thus d U not a valid estimate of the body 
burdcn R and is in fact an  overestimate. 

IVhat then is a good estimate of body burden? 
Also, since we have a crude measurement of 
body burdcn for subject C, how good is i t ?  To 
gain some insight we need to calculate a theor- 
etical excretion cume and wholc-body-reten- 
tion curve. To do  this wc employ equations (15) 
and (16) and some estimates of the parameten 
I ,  and 0,. U’e assume two exponential compo- 
nents and that the longcr-term component has 
thc same parameter values as the equation for 
the thl.roid-gland data ,  i.c. we let 1, = 0.101 
day-1 and ut = 0.08. Sincc u1 + ut = 1, thcn 
u, = 0.92. For R1 we assume it  to be the same 
as subject A’s (Fig. 9), i.e. 1, = 1.47 day-’. 
Thus, the equation for retention is 

1 0 ,  i;;- € 1 

(19) 
while that for excretion is 
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In  equation (19) let I' = 0 and f '  = 1, i.e. 
calculate the retention at the time of intake (I '  
= 0)  and just before thc next intake ( I '  = I) .  
Then wc have thc following two equations: 

and  

T h c  cxcrction-cunc equation will bc 

. r ( t  +- I j = 1,[0.90 - 0.89r-1.47"+1' 

3 .  (22) - 0.01 4r-0  101 (1.1) 

Xow note from equations (21) and (22) that 
whcn t d  

R j x )  -+ 2.1G I, just aficr an intake, 
R i a )  -. 1.16 Io just  bcforc thc ncxt 1 (23) 

1 intake, 
E (  CZL) --. 0.90 I, for all intrgral times J 

i.c. the asymptotic I d ? - b u r d c n  c u n c  fluctu- 
5 hetween 2.2 I,, to 1.2 I, and the excretion 

.NC qnly rises to 0.90 lo. A matcrial balancc is 
not to bc cxpectcd 1,ccausc of radiological decay 
of t l i c  1'31 in its passagc through thc body. In  
fact -10 pcr cent of the  daily intake undcrgocs 
dccay in thc body (cquation (23)). This is to'& 
comparcd with thc measured cxcretilw r a m  for 
subject C. In Fig. 17, whcn cqriilibrium was 
rcachcd hc cxcrctcd a n  a\xrage of -95 per ccnt 
pcr day in urine and -4 per ccnt p e r  day in 
fcccs, giving a total oi -99 p c r  cent pcr day and 
not 90 pcr ccnt pcr day. \ l ' b y ?  'This might bc 
duc to the fact that the cxcrcta sarnplcs were 
corrcctcd for radiological decay b y  multiplica- 
tion by P m(f*-l) whcrc t, is thc time of analysis 
measured from f and f + I is the time ofvoiding. 
I f  H'C corrcct the mcasurcd amounts back to thc 
time f + 1 of voiding, then wc would havc 
0 . 9 9 ~ ~ ~  -0.99 per day. 

Since I, for ruhjcct C is 1840 plrclday, then 
the body burden at q u i l i l ~ r i u m  fluctuates 
hctwtcn 4.0 and 2.2 nc. This i; in agreement 
with thc values of 1151 and 4.2 nc as'cstimatcd 
from thc whoIc-My countcr. Thus, it would 

. appear from t h n c  admirtrdly crudc and elc- 
cntary tonsideratinns that  f2 should range 

XLH'mn 4 . 3 6  and -1  .O. ?'lie avcragc valur, 
O.C;n, is somewhat diKcrcnt rrcm the  valuc 0.20 

. 

' 

employed by ICRP. However, thir cannot be 
said to be a n  adequate estimate of or check on 
f,. More human data  tor the case of chronic 
cxpcnure are  needed. 

We have found in limited studies of two in& 
\piduals that the parameten reflected in the 
thyroid-gland uptake after ingestion of a single 
intake of 11'1 appear to be applicable for extra- 
polation to the case of ccrntinuous intake (Figs. 
10 and i 1). However, the extrapolated thyroid- 
gland burdcns arc  noted to be romewhat in 
cxccss of the measured burdens. Why,? O n e  
reason for the Occurrence of the OvtrutLIILate is 
that thcrc is a lag period in thyroid-gland up 
take (Fig. 4), and the continuoru-intake model 
dots not contain a correction for this lag time. 
Better agrecrnent should be obtained by extra- 
polzting a two-componcnt retention equation for 
thc thyroid-gland-uptake data.  Another r w n  
for the o v c r c s h t c  is that the intake of XIrn 
in dietary milk was d c c r d  during the in- 
gestion of resin-treated milk. Thus the  back- 
ground Icvel in the thyroid gland is probably not 
constant, whereas a constant background level 
was suhtractcd from the measurements. More 
cxpcrimcntal data a rc  nceded here too. More 
attention nccds to be paid to the fluctuation of 
the background lcvcls before ingestion of the 
milk containing a knoi1.n quantity of 1ls1 and to 
the dccrcasc in the background level of the 
th).roid when thc subject t i  rminatcs his ingation 
of dictar), milk. 

Thzroid-gland uplaAc during M aftrr ingtstim of . 
rrsin-trtakd milk cunfaining 11n 

We d o  not have suficicnt data  to determine 
whether or not the inclabolism of the protein- 
bound I1sl is different from ionic IIrl in milk. 
It can be speculated tha.t whcn the milk amvcs 
in the stomach, the HCI in gastric juice or 
enzymes will Kt the bound 1'3' free and the 
mctabolisrn of protcin-bound iodine w i l l  not be 
rnatcrially diffcrcnt from metabolism of 
iodine. However, more data arc n d e d  here to 
more adequately establish ifthcre u a difTcrena 
in thyroid uptake when rain-trcated aiid un- 
treated milk ate ingested. 

I O b 1 5 7 9  
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was a1m a slight overestimate. Since the fifth 
subject ingested milk containing Iul for only 4 
consccutiw days, the data were not adequate to 

From these s tudia  the mean T b  was 74 (k.70) 

(k0'08) and rangcd from 0*08 to 

92dap 

Urina~sxcrct:on data and recal-excretion 

64 (k5) pcr cent of the ingated dose was 
excreted in urine during the fint day after a 

SCM!il.%RY A N D  CONCLUSlONS single intake. I n  a period of 5 days after intake 
In ordcr io obtain some data  on the thyroid- of a single dose, -1.9 per cent of the dose was 

gland uptake of I13'  during a n d  aficr ingestion of excreted in feces. An average of about 4 per 
rcjin-trca:cd milk and to test assumptions made cent of the daily intake, as estimated from two 
by ICKP and S C R P  regarding extrapolations of samples, was excreted per day in fcca  on the 
data from sinylc intake to thc case of continuous fifty-fifth and fifty-six'th day of continuous in- 
int;rke, some explorator! srridics \\.ere conducted take of 1840 p p c  p e r  day. The daily urinary 
in which five malc vuluntccrs ingetcd resin- cxcrction averaged about 95 per cent per day  
trcated milk containing l I 3 l .  T h c  five voluri- when cquilibrium was apparently reached. 
eers ingested daily, for periods ranging from 4 ( T h a e  averages correspond to excretion cor- 
J 63 consecutive days, constant dosrs of Ilsl rected hack to the prcccding day's intakc.) 

of cither 150 or 1840 ppc. Th)-roia uptake wab Actually, at  equilibrium IO per ccnr of the daily 
measured with a Y-ra!. scintillation counter. intake undergoes radiological decay in the M y .  
Two of the subjects at a later t ime ingested a An estimate ofthc body burden for the subject 
singlc high dose of 92,000 ppc. r rom thesc ingesting sixty-three daily doses was'rnade by 
singlc-intake da ta , j ,  (the fractioii !>assing from difkrcncing the cumulative-intake and curnu- 
the gut to the thyroid) and T ,  (thc biological lative-excretion data. An a t ima te  of/, from 
half-life) were estimated. IVith these parameter this b o d y  burden and thyroid-gland burden was 
values and thc ICRP-SCRP sinqle-cxponcntial found to be 4 . 2 1 .  However, mathematical 
model for cstimatjng thyroid burden as a func- studies showed that thi\ method of estimating 
tion of time during a continuous and constant b o d y  burden leads to an overestimate, and thus 
intakc, predictions of thc thyroid burden could 0.21 is a lower-bound estimate. From only two 
he nladc and compared with the measured mcasuremcnts of body burden and thyroid-. 
burden. T h c  predicted hurdcns wcrc slightly in gland burden, i t  is indicated that/, is about 0.4. 
cxcus of the mcasurcd burdens, probably bc- ' From mathcmatical analysis i t  is indicated that 
cause there were a lag time and a dccrcasing f2 fluctuatcd between 4 . 3 6  and - 1 ,  the 
background in the thyroid-gland uptake. average being 4.68. More data are needed t o  

Two subjects ingested the resin-treated milk, cstahlish adcquaicly the valuc offt. 
one for 8 and onc for 63 consecutive days, and The present study suggests that the ringle- 
thc thyroid uptakc was mcasurcd with a scintil- intake data can be extrapolated to the CASC of 
lation counter. After thc intake was stopped, continual intake when the parameten art 
the thyroid g b n d  was counted, and the bio- estimated for each individual. I t  is also rug- 
1ng;~aI half-life and/, wcrc csiimatcd from these g a t e d  that the single-exponential-compartment 
mcasurcrnents. Then ,  prcdiclions were made of model of I C R P  is a fairly adequate repraenta- 

"TC burden during intakr. Thcsc predictions tion of the data on 118' uptake by human 
d r d  favurahly with tlic rncasurcd burdens, thyroid glands. The  foregoing statements are 

hut for the rubjcct ingc-s:ing for 63 days there only suggntions, however, and they rest on 

E\.cn though the  biological pararlietcrs do  riot 
can 

compute a n  (MPC),. \$'e find tha t  i t  is 4 x 
lo-& pc/cms ( 1 6 8 1 , ~  H.CCk) instcad of 2 x 10-6 
pclcm3 (I(=RP's va)ur) or only dimerent by a 
factor of 2. Actually, if the 92-day value of T, 
H'Crc employed i n  I C R P ~ ~  calculat ion o f ( h f ~ ~ ) ,  
rather than thc 138day value, then (MPC), 
= 3 x IOd pc/cm3 and not 2 2; pc/cms. andfs OS3. 
Thus, t1,e (hlPC), calculated from the data 

of 1.3. 

diflcr from I c K  pvs v a l u a ,  
T b  and/-. 

days and rangcd "Om 37 Io lS3 The mean . 
f* was 

from the corrected ICRPvalucsof T b  
0.28. These values arc not significantly diffcreijt 

in our differs by a factor data were obtaincd in thb  study. An averaze O f  

. 
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pcrid. It  is indicated from thcsc fcw human 
studics that thc ICRP-NCRP recommcndat~or.s 
of (hfPC), arc conscrvativc and diffcr by only a 
factor of -2. 
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