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The environmental behavior of technetium-99 and iodine-129 was once thought to be similar, particu
larly with respect to their soil solubility and biological interactions. Over the past several years, we 
have attempted to study the comparative behavior of these two anions with respect to their fate in 
natural environments (both aquatic and terrestrial) and to determine the specific mechanisms that 
account for observed differences in their behavior. The mechanisms studied include physical, chemical 
and biological parameters that account for differences in soil behavior, cycling between soil and/or air 
to vegetation, adsorption and metabolism in plants, and their availability and fate following ingestion 
by animals. 

CYCLING OF 99Tc AND 1291 WITHIN THE BOUNDA
RIES OF A HANFORD FUELS REPROCESSING FACILITY 

Continuing studies at two fuel reprocessing 
sites within the boundaries of the 200-W Area 
provide a unique opportunity to evaluate the 
comparative behavior of gaseous releases and 
liquid effluents in an arid environment. As 
noted in previous annual reports, concentra
tion ratio (CR) values at these sites range 
from 0.01 to 14 for 137Cs, 0.6 to 5.0 for 
1291, 0.1 to 1.0 for 1271 (stable endogenous 
iodine), and 4 to 460 for 99Tc. While values 
for 1291, 1271 and 137Cs are not particularly 
out of range for risk assessment calculation, 
the unusually high CR values attained for 
99Tc (as noted in early laboratory studies) 
represent a potential problem due to cycling 
and recycling between soils, plants and lit
ter. Considering the general behavior of ra
dionuclides, these high CR values need to be 
investigated, particularly in the area of 
soil behavior/cycling and plant/animal 
transfer. 

BIOLOGICAL BEHAVIOR OF TECHNETIUM 

Microorgani sms 

The fungus Trichoderma-380, which was iso
lated from soil, has been examined for its 
ability to transport the Tc04- form. Little 
is known of the role microorganisms may play 
in modifying the chemical form of technetium 
in the environment. Plant uptake studies 
have indicated that technetium may be acting 
as a sulfur analog in plants. Since plants 
and most microorganisms show a common mechan
ism for the uptake and metabolism of sulfur, 
our initial studies have concerned the trans
port of Tc04- by Trichoderma-380 induced for 
the transport of sulfate. Pertechnitate 
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(Tc04-) transport was enhanced 21-fold when 
late log cultures were further incubated for 
20 to 22 hours in sulfur-free media, a pro
cess known to induce a specific sulfate trans
port system. In a similar study, sulfate 
transport was enhanced 1100-fold. However, 
unexpectedly sulfate at 0.1, 1 and 10 m M did 
not inhibit Tc04- (42.5 ~M) transport by-sul
fur-starved cultures. No inhibition was ob
served with the anions, P04, Mo04-, Cl- or 
N03-' Tc04- transport followed saturation 
kinetics with a Km of 50 ~M and was pH-depen
dent with maximal observed activity of pH 3.0. 
Inconsistant results were found with inhibi
tors of active transport systems. Inhibition 
was observed with 2,4-dinitrophenol, whereas 
azide enhanced Tc04- uptake approximately 2-
fold. The exact mechanism of azide enhance
ment is not known, but azide did not alter 
the chemical form. Tc04- and S04- do not ap
pear to share the same transport mechanisms 
with Trichoderma-380, although methods that 
induce S04- transport also induce Tc04-
transport. 

Plants. Previous studies have shown that 
technetium is readily accumulated by soybean 
seedlings placed in hydroponic solutions con
taining technetium levels comparable to envi
ronmental concentrations (0.02 pg/ml). Root 
adsorption can be shown to meet prerequisites 
for active, metabolic absorption over a broad 
range of concentration (I to 1000 pg Tc/ml). 
It is this ease of biological accumulation 
from both soils and solutions that is respon
sible for the unusually high CR values re
ported for technetium. Kinetic analysis of 
the absorption process in the presence and 
absence of competing anions showed Tc04- up
take to share a common process with the nu
trient ions S042-, H2P04-, Se042- and Mo042-. 
The analog behavior of nonnutrient elements to 
nutrient species is not unusual, and has been 
shown to be operational for cesium/potassium 



and strontium/calcium. What makes technetium 
unusual is the comparative rate of absorption 
and ease of metabolism. 

Since previous studies have shown technetium 
to be chemically toxic to plants, a logical 
assumption based on analog studies was that 
technetium was substituting for an essential 
element in metabolic systems employing sulfur, 
phosphorous, or molybdenum, resulting in me
tabolic dysfunction. Based on transport be
havior, remobilization patterns and prelimi
nary enzyme studies~ an S/Tc interaction was 
indicated. Using 3 S042- and 99Tc04-, plants 
were pulsed, leaf and root tissues fraction
ated, and solubles subjected to various chemi
cal and chromatographic separation schemes. 
A typical sephadex (G-50F) separation pattern 
obtained for 99Tc and 35S contained in solu
bles of leaves and roots is shown in Figure 1. 
Distribution patterns for both elements are 
similar for roots and leaves. The majority 
of both 99Tc and 35S in roots is in the lower 
molecular weight region and contains -60% in
organic S042- and Tc04-, with the remainder 
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FIGURE 1. Comparative Behavior of 99Tc04- and 3550.2-

During Metabolism in Leaf and Root Tissues of 28-Day
Old Soybean Plants 
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persisting as complexed Sand Tc. The higher 
molecular weight components eluted near the 
exclusion volume of column were found only in 
the leaves, suggesting a synthesis of proteins. 
These high molecular weight components are 
currently under study. 

The lower molecular weight components con
taining peptides, amino acids, and inorganic 
technetium and sulfur were further separated 
by cation-anion exchange resins to isolate 
the amino acid fraction. In both the 35S 
and 99Tc soluble fraction, 14% of the activ
ity was recovered from the amino acid frac
tion. Amino acid separations using thin
layer electrophoresis (TLE) and thin-layer 
chromatography (TLC) were undertaken on low 
molecular weight components before and after 
cation exchange separation of the amino acid 
components. Methionine, cysteine, cystine, 
their oxidation products and S042- were pre
sent in both 35S fractions. Fractions con
taining technetium showed -40% of the compo
nents to be cationic (as with the sulfur 
amino acids) following TLE of the low molecu
lar weight fraction. Analysis by TLE and TLC 
of the fraction containing amino acids (fol
lowing cation exchange separation) showed the 
presence of one major cationic component, 
four minor cationic components, a major an
ionic component (Tc04-), and a large interme
diate anionic component (incompletely oxi
dized technetium). The latter data from cat
ion exchange separations and TLE suggest that 
the components (possibly amino acids) that 
contain technetium are unstable and may ac
count for the observed phytotoxicity. Stud
ies are currently continuing to resolve the 
metabolic behavior of technetium in plants, 
with particular emphasis on the adenosine 
5'-phosphosulfate metabolism pathway. 

AVAILABILITY OF PLANT-INCORPORATED 99Tc AND 
99Tc04- TO ANIMALS 

Over the past several years, animal feeding 
studies have been underway to determine the 
influence of plant metabolism on radionuclide 
chemical form and subsequent gut absorption 
by animals. Studies with guinea pigs (herbi
vore) and rats (omnivore) fed inorganic 
99Tc04- or plant incorporated 99Tc showed GI 
absorption to be reduced by -50% when incor
porated into plant tissues compared with in
organic 99Tc04-. In light of recent plant 
studies suggesting that technetium and sulfur 
may be metabolic analogs, the ingestion route 
was reevaluated using chinese quail. It was 
assumed that the technetium/sulfur analog 
phenomena may be readily verified by evaluat
ing the flow of technetium from feed to egg, 
which contains substantial sulfur. 



Transfer of Technetium to E s of Quail. 
ec ne lum e 0 ema equal 0 ourlnix 

japoniua) in feed containing technetium in
corporated in plant tissue or as amended as 
inorganic technetium showed a significant 
fraction transferred to egg. Under acute 
feeding conditions, total technetium absorbed 
and transferred to eggs ranged from 7.39% to 
8.81% of the ingested dose of feed amended 
with tracer (95Tc04-) concentrations. Birds 
given technetium incorporated in alfalfa 
leaves showed less transfer to eggs. Peak 
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incorporation occurred between 2 and 3 days 
post-oral administration with a biological 
T1/2 for eggs of 1.8 ~ 0.1 day. 

For female quail chronically fed technetium 
incorporated in feed, equilibrium was reached 
after 5 to 7 days of feeding. The percent of 
ingested dose per egg averaged 8.82 + 1.7 for 
all eggs laid after 7 days. After 11 to 14 
days of ingestion, approximately 80% of the 
technetium in eggs was associated with yolk, 
20% with albumin, and -1% with shell and as
sociated membranes. 


