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DISTRIBUTION AKD EXCRETION OF TECHKETICM 
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(Rrcriwd 4 October 1965; in rtviscdJorm IO Drctmbrr 1965) 

Abstract-\l'idespread use of 99mTc as a tracer in medicine and large scale separation of 
P D T ~  from fission product waste require that adequate knowledge of the metabolic properties of 
technetium be known so that realistic exposure limits can bc imposed for the kotopa of interest. 
Thc present paper discusses a metabolic experiment using 9snTc (60 day T,,,) and gB'Tc 
(4.3 day T,,,) in which lonq-term excretion, retention and localization of' these htopcs wcrc 
measured using whole-body counting tcchniqucs. Following intravenous and oral administra- 
tion both urinary and fecal excretion rates were measured and mathematicaI models were 
derived for technetium elimination. The latter should be helpful in estimating body burdens 
of the weak beta-emitting 09Yc following inadvertent exposure. 

. 

1. ISTRODUCTIOS 
THE CSE of technetium isotopes in both medicine 
and mctallurgy has recently stimulatcd interest 
in the metabolic behavior nf this clcnient fdlot\.- 
ing intake into the body. g9n'T~ which decays by 
isomeric transition (gamma-ray emission) and 
has a half-life of 6 hr has found widespread use in 
biology and medicine both as a tracer and as a 
diagnostic tool in nuclear medicine. 99T~ which 
decay  by beta emission and has a half-life of 
2 Y I Os yr is produced in relatively high yicld in 
the fission of uranium-235 and plutonium-239. 
It is present, therefore, in rathcr high conccntra- 
tions in the fission product waite solutions which 
result from the chemical processing of reactor 
fuels. 9oTc is currently being separated in 
kilogram quantities from such wastes at  the. 
atomic works near Richland, Washinqton. 
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In  the event of an  inadvertcnt exposure of 
plant personnel to OQTc, meaSurement of excreta 
would provide the best mcans of estimating 
body deposition, since its decay is not accom- 
panied by gamma-ray emission and therefore 
cannot be detected by wliole-body counting 
techniques. Technetium metabolism experi- 
ments have been perforrncd with humans using 
thc 6.0-hr O*mT~,(l) but due to thc short half-life 
of this isotopc, the duration of the experiments 
have been 3 days or less. In  such a short time 
period onc cannot accurately predict the long- 
term localization or retention of technctium in 
any particular organ of the body with any 
degrcc of certainty. This information is required 
to assign exposure limits for personnel who are 
enqaged in the handling of technetium isotopes. 

Accidental cxposurc can iead to deposition of 
the radioisotopc in the body by both inhalation 
and ingestion. I t  is therefore of interest to dcter- 
mine the differences, if any, which result in the 
localization and subsequent metabolic behavior 
of technetium following oral and intravenous 
administration. Intravenous administration 
would sirnulate the behavior of that portion of 
the technetium which is rapidly solubilized in 
the lung and enters the blood stream a short time 
following exposure. Clearly, ncithcr oral or 
intravenous administration can simulate the 
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metalo:ic Lclinvior of rechnctium in the .lung 
\vtiicli is o111\ slightly solubilizcd. 

T h c  prescnr s tudy \\.as unicrtakcn to mcwure 
tllc I O I ~ L J - ~ C I ~ I I I  ~ C ~ C ' I I L J U I ~  and localization of 
technetium in humans following both oral and 
intravenous administration, and to derivc 
nrarheniatical rnotlcls for rlie elimination of 
tccl~nctiu~n i i i  ifir rscreta. 

11. METHODS 
' lhe tcci~~ictiurn isotopes used in this esperi- 

ment were ujni ' l '~  = 60 days) and D 6 T ~  
( = 4.3 days,. Each isotope decays by 
electron captui'c and subsequent gamma-ray 
elnission. The isotopcs wcre prcpared by Oak 
Ridge National Laboratory using high-encrgy 
proton irradiation o i  93 per cent enriched 96h1~ 
metal. T h e  technetium was separated from 
the irradiarcd inolybdcnum at the Volk Radio- 
chemical Co.. C:hicapo, Illinois, using solvent 
extraction tccliniqiics and \\.as ultirnatcly pre- 
pared as soaiur:, pcrtechnetste in sterile water. 

Pertechnetate was chosen as the chemical 
form in administering the technetium in that 
this is thc most conimon chemical form of the 
element currently being used in medical and 
biological applications, and is the final chemical 
form in which technetium appears following its 
purification from fission product wastes. It 
seemed probable, therefore, that in the event of 
an accidental release of technetium, its chemical 
lomi would Lc as pertechnetatc. 

Localization and distribution of the techne- 
tium within the body was followed using a 
shadow shield whole-body counter.(*' Briefly, 
the counter consists of 400 lead bricks arranged 
such that a gamma-ray resulting from back- 
ground cannot directly enter the detector, but a 
person can be moved past the detector on a 
movable bed propelled by a ball-bearing screw 
and electric motor. A 4-in. thick by 9j-in. 
diameter NaI(T1) crystal is used as the 
dctcctor and the pulses from this crystal are  
analyzed by a 5 12-channelmultichannelanalyzer 
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Fig. 1 .  Gamma-ray spectrum of subject following 
administration of *'Tc A *'mTc. 
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Fig. 2. Per cent original dose or ''mTc remaining followinq 
intravcnoiis administration. 
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A slit system was employcd which covcred the subject for a period of 8-10 days. During the 
majority of the large crystal with 2 in. of lead first 3 days the distribution and translocation of 
except for a I-in. wide slit. This permitted the technetium was such that the whole-body 
differential scanning of the subject as he traveled . counter could not be directly calibrated to give 

technetium retention. Instead, excretion anal- 

. 

under the crystal. 
Figure 1 shows a representative gamma-ray 

spectrum of a subject followin'g administration 
of the technetium isotopes. The characteristic 
gamma-ray photons of OJmTc occur at  0.201, 
'0.570 and 0.810 34eV while those of T c  occur 
at  0.77 I ,  0.842 and 0.806 MeV. The sum peak 
at  1.040 MeV is the result of gamma-gamma 
cascades in the decay of QjmT~, while thc peak a t  
1.460 MeV arises from the 'OK present in all 
human beings. 

Following administration of the technetium, 
total urine and feces were collccted from each 

. 

ysis was used to determine body retention during 
this time by subtracting the measured technc- 
tium in 'the excreta from that in the originally 
administered dose. Between 3 and 8 days 
followinq administration, thc whole-body coun- 
ter results were normalyzcd to the retention 
determined .by excretion analysis and after 8 
days the whole-body counter was used to meas- 
ure the retention. Figure 2 shows the good 
agreement between tcchnctium retention as 
determined by whole-body counting and s u b  
sequent excretion analysis. 
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Fig. 3. Subjeci 10 min post intravenous injection. 

7 . t ~  ( X C I Y L ~  sa:;ipics collected from each of 
tlic subjcci> u ' r rc  couritcd beneath thc large 
NaI '1.1 cr>:;di i i i  a h c d  gconictry and the per 
C L ' I I ~  UI  illc. a c I i i i i i ; i > t c . i . i d  Jtnc csc~ctcd  WA clctcr- 
ii;iiicd '1): c(biiipariiig the counting rate of a 
staiid:irci cctuiitrd i i i  an identical fashion. In  
each i i i , [ J i l i  t t h c  biaiidard error of counting 
ncvrr ex( VC.L(.L! pcr ccrit and usually was 
less t i : s i .  p:.:. t e : i : .  Hlood and saliva samples 
were coui:tcd in a Sa1 ,.'I'lj well-type scintillation 
countcr aiid thc per cent of the administered 
dow p i . i w . i i t  \\as again dctcrmined by com- 
pariny tlic couiiiing rates of' the sample and a 
standard. 

111. SUBJECTS 
The isotopes \<ere administered as the per- 

technctatc ion to eight normal human volun- 
teers, agcs 32-43 yr. Initially, 20 yc of gSmT~ and 
60 pc of !j61c were adniinistercd to the patients. 
Four subjects received an oral dose after an ovcr- 
night fast, M liilc thc remaining four subjects 
received the dosc intravenously. For the first 
werk, subjects were liospitalizcd at the Clinical 
Research Center of the University of Washing- 

9 

c 
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ton Hospital. Samples of plasma, sweat, tcan 
and intestinal mucosa were collected. After the 
first week, subjects were allowed to collect 
spccimcns at  lionie. Observations wcrc made 
for a period of 60 days on some subjects. Whole- 
body counts of the subjects prior to adminis- 
tration of the technetium isotope showed only 
the presence or IJ7Cs and 'OK, and none of the 
people had any history of contact with radio- 
active isotopes prior to the ocperiment. 

IV. RESULTS AND DISCUSSIONS 

4.1. Localization and distribution of &chnrlittm 
Figures 3-6 show the distribution of technc- 

tidm in humans with time following both oral 
and intravenous administration. I n  the case of 
intravenous administration, the technetium hap 
already begun to localize in the area of the 
bladder as soon as 10 min after injection. Two 
hours following administration a distribution 
which was to become characteristic Tor all of the 
subjects regardless of administration route had 
occurred. The technetium had l w i z e d  in 
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Fiq. 4: Subject IO min post oral administration. 

I - - -  J 
70 0 I n c h e s  

Fig. 5 .  Subject 2 hr post intmvcnous injection. 
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Fig. 6. Subject 1 hr post oral administration. 

relatively large conccntrations in the region of 
the salivary-thyroid glands, stomach, liver and 
bladder. The  specific activity of the saliva itself 
was exceptionally high, approaching 95 per cent 
of the administered dose per liter of saliva sonie 
2-3 hr folio\\.ing administration. After oral or 
intravenous doses, the saliva contained 10 to 30 
times thc concentration of technetium in the 
plasma. This Concentration gradient was main- 
tained for many days, although the total amount 
in tlic salivary gland< was small after the first 
day. I t  was not possible to accuratcly measure 
the thyroid concentration of pertechnetate in 
this experiment due to the counting arrange- 
ment employed. 'The proximity or tlic thyroid 
and salivary glands gave rise to the activity peak 
in the area of the head as seen in Figs. 5-6. The 
rapid turnovcr of tcclinctium in the. salivary 
glands was monitored by measuring saliva and 
showed components of 2-1 hr  and 1-2 days. The  
half-life of the activity in the area ofthc head was 
approximately 12-24 hr, indicating some early 
uptake of technetium .into the thyroid, but its 
removal from this organ is probably quite rapid. 

When considering the immediate treatment of 
inadvertent exposure to 9S.c it would appear 
worthwhile to stimulate salivafion, since this 
could be a very effective means of dec rwing  the 
systemic burden of the isotope. 

Technetium was not concentrated in the 
lacrimal or sweat glands; however, the specific 
activity of the nasal secretions was very large. 
I n  this connection it is interesting to point out 
that in the case of exposure to pertechnetate, 
nasal and oral swabbing cannot be used as a n  
indication of exposure route due to the high 
concentrations of technetium which rapidly gets 
to the saliva and nasal mucosa. 
To further define the localization of the tech- 

netium as excretion occurred, subjects were 
studied by photoscanning, localized surface 
counting with a shielded probe detector and by 
intestinal biopsy. Figure 7 shows a photoscan of 
a subject 3 days following oral administration 
when approximately 30 per cent of the adminis- 
tered dose remained. The photoscan illustrates 
localization of the technetium predominantly 
in the bowel and in its contents. 
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Fig. 8. \'ariation of blood concen~rations of Tc following oral and intravci~oiis administration. 

Subsequent photoscans and 1oca;izcd surface 
counts showed a morc diffuse patterr. of radio- 
activity in the total bowel area. There \\'as no 
evidence of localization of the isotope in  either 
the liver or the kidney. 

I n  three subjects, biopsies of the  stomach, 
duodenum and rectal mucosa were performed at  
2, 7 and 19 days following administration. 
Table 1 contains the results of these measure- 
ments and shows the general distribution of the 
technetium throughout the GI tract. S o  appre- 
ciable activity was obsemed in rectal mucosa, 

while stomach and duodenum mucosa had tech- 
netium concentrations ofsomc 40-100 times that 
found in the plasma at comparable times. 

Figure 8 shows the blood concentrations of 
technetium with time and 'indicates a rapid 
increase in the blood lcvcl of technetium follow- 
inq oral administration. Since no appreciable 
diAcrence in excrctian occurred for the two 
groups of subjects during this time period, one 
can estimate the fraction of the orally adminis- 
tered dose absorbed by comparing the areas 
beneath the plasma concentration curve of the 

Tablr 1. Rtsiilts of bioply rpccimrnr 

Per cent of administered 
dose per kilogram of tissue Time following 

Method of administration 
Subject .. administration (da).s I Stomach Duodenum Rectum 

2 12.4 23.2 0.91 
I 8.2 6.3 0.54 - 1 Oral 

Oral 2 - 3 I.\'. 19 1.2 0.45 

I 
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Fig. 9. Daily urinary cxcertion of intravenously administered "'Tc. 

0 5 10 1s  20 

group to that of the intravenous group. Such a 
comparison suqgests that some 96 per cent of the 
technetium which was administered orally was 
absorbed from the gut within the first 2 days. 
(This cnniparisnn was made assuming that the 
total blood volumes for the respective groups 
were siniilar.) 

4.2 Errrrlion of Iechrtehm 
Tcchnctium is cscreted very rapidly in the 

urine following both oral and intravenous ad- 
ministration. I n  this particular experiment it 
was not uncommon for a subject to cxcrete 
between 8 and 12 per cent of the administered 
dose in the first 6 hr following intake. By the 
third day, however, technetium elimination via 
the urine had dccrcased to about I per ccntofthe 
administered dosc excreted per 'day (Table 2). 

I:ecal excretion, by contrabt, rcaclicd its max- 

imum value 3 4  days following administratioi 
and thereafter decreased. Figures 9 and 1 
show the characteristic excretion patterns 01 
tained from one subject following intravcnoi 
administration, while Fig. 1 1  shows the a v e q  
cumulative excretion of technetium with tin 
for all subjects investigated. 
No difference was detectable between the I.\ 

and oral groups in relation to the rate, and rou 
of excretion, or to the amount subsequent 
retained. 

The  experimental data have been fitted to 
three-term exponential expression showing tt 
characteristic initial rapid decrease of the tcd 
netium in the urine during the first 3 day 
followed by longer half-lived components of 2. 
and 10.0 days respectively. At 28 days followir, 
exposure, approximately 0.06 per cent of 11 
dosc is cxcrctcd per day via the urine. 

DOE /.HQ 
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Table 2. Urinary cxcretion o/ terhrvtium following oral 
and intravcnow adrninis!ra:iol a brrfechndafc 

.\\*eracc urinary excretion 
(?: administered dose excreted/ Days following 

administration day) 

1 2 i .76  = 8.5. 
2 2.44 = 1.55 
3 1.17 = 0.18 

5 0.63 & 0.20 
6 0.52 f 0.15 
7 
8 
9 

10 
1 1  
14 
16 
18 
20 
22 
25 

4 . 0.84 = 0.20 

0.41 = 0.16 
0.35 =I 0.10 
0.37 =.'0.18 
0.25 f 0.13 

0.16 -L 0.04 
0.13 f 0.05 
0.1 1 = 0.04 
0.09 5 0.03 
0.07 I 0.03 
0.06 + 0.02 

0.23 = 0.08 

1001 

Doy oflcr odminirtrotion 

Fig. 1 1 .  Cumulative excretion of technetium. 

Smndard crror of the mean. 
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o E x p c r l r n c n l a l l y  D t t e r m i n t d  
Urinary E x c r e t i o n  

o E x p c r l r n c n l a l l y  D t t e r m i n t d  
urinary E x c r e t i o n  

G 4 8 1 2  16  20  24 28  

T i m t  f o l l o w i n g  A d m i n i s I r a l i o n ,  d a y s  

Fig. 13. \'ariation of the daily urinary excretion 
of technetium with time. Oral and intravenous. 

Fiqure 12 car1 be used tg estimate an initial 
exposure to KcC~iIdUIIl if one kno\\.s the tifnc of 
expoburr and the aniount of technetium excreted 
by h a y  of tile urine in a 24-hr period followiiig 
exposure. .As an esample, if one had measured 
0.Ucjl pc in a 23-hr urine specimen obtainedfrom 
an individual exposed some 28 days prior to the 
urine samplinq, his estimated intake of pertech- 
netat!. would have been 1.5 pc. 

4.3. 1:clentiorr of /rchntliutrr 

Thc retention of technetium with time for all 
eiqht siibjc'cts in  this experiment has been aver- 
aged mid is shown in Fig. 13. Oncc again the 
retention has been fitted to a three-term ex- 
ponential expression. Solution of this equation 
for the time of 50 per cent retention (and there- 

. 

fore 50 per cent excretion) gives 1 = 2 or a 
biological TI,, = 2 days. The  last term in t h e  
mathematical expression shows a half-life of 22 
days and as previously mentioned is dependent 
upon the turnover of technetium in thc G.I. 
tract. 

SUMMARY 
It is of interest to compare the results of the 

present invesjigation with the biological param- 
eters published in the ICRP Committee Report 
lI .(3) 'l'able 3 shows such a comparison and 
indicates, at least in the instance where techne- 
tium isotopes are present as pertechnetate, the  
nccd for re-evaluating the maximum permissible 
body burdens, and air and water concentrations 
to which individuals may be exposed. 

There seems to be little, if any, localization of 
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Fig. 13. Retention. of technetium with time. 

Tabit 3 .  Comparison II f biological parameters obtained in present research with 
I CRP recommendations 

Present research ICRP 

Efkctive half-hie in body 1 day 2 days 

organs where technetium localizes (3.1. (LLI) G.I. (LLl), G.1. (S) 
fraction absorbed on ingestion 0.5 4 . 9 5  

Kidney - 
Liver - 

-_ . - .- -- - ___ ._- - -. - - - -- 

technetium in the kidney or liver, but intsead as a truccr in Biologv and .Medicine, ACRH-18, p. 76 

\ - - - - I -  analyss at early bmes provides the best metnoa 

pertechnetate following accidental exposure. 

- - - -  
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