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The objective of this program is to define the environmental behavior of 99Tc and 1291, two long-lived 

radioactive by-products of the nuclear fuel cycle that have received little study. The specific objectives are 
to 1) determine the soil physicochemical and microbiological factors and physiological parameters that 
govern the mobility and bioavailability of different chemical forms of 99Tc and 1291 in terrestrial and aquatic 

environments and 2) validate and measure food web transport in selected field locations. 
The potential for both isotopes to exist in multiple valence states and in various complex chemical 

species has been documented well. For 1291, the kinetics of equilibration of the source-term species with 
the indigenous iodine pool, or pools, will define its behavior. Unfortunately, these pools are not well 
defined. Technetium-99 has no stable element pool and its behavior will depend on the chemistries of 
several analogs and the general physicochemical parameters of the systems. Previous laboratory studies at 
PN L have shown 99Tc and 1291 to be much more mobile in the environ me nt, and more available to biota in 
ways not previously recognized, than the more intensively studied long-lived radionuclides (strontium, 
cesium, plutonium). 

The major obstacle to field studies with both technetium and iodine is the expensive analytical 

methodol,ogy required to analyze the existing environmental levels. For 99Tc, the development of a 
reliable technique for chemical separation and assay by a supporting research program (PNL's Physical 
Sciences Department; see PNL-3300, Pt. 5) has recently been applied. 

Although the research on this program has shown technetium and iodine to be mobile in the 
environment, adequate assessment of the potential hazards to man requires a more thorough under
standing of the mechanisms which may limit technetium effects or reduce the long-term mobility. 
Research has been initiated in 1) defining the mechanisms of technetium toxicity to plants at the cellular 
level, 2) evaluating the mechanisms and extent of technetium uptake by aquatic algae and soil micro

organisms, 3) determining the chemical form of technetium and iodine in soils, plants and aquatic 
systems, 4) evaluating the mechanisms responsible for iodine mobility in soil and plant systems and 5) 
measuring levels of iodine and technetium in soils, plants and animals at specific sites selected for a range 
of activity and environmental conditions. 

Behavior of Technetium and Iodine in Aquatic 
Systems 

Laboratory studies using freshwater algal 
species have been undertaken to evaluate the 
absorption and transport aspects of tech
netium and iodine and to develop an under
standing of the long-term fate of these 
radionuclides in the aquatic environs. 
Selenastrum capricornutum and Microcystis 
aeruginosa, two unicellular freshwater algal 
specles, are employed in these studies. They 
vary morphologically in that Selenastrum has 
a cellulose cell wall while the cell wall 
of Microcystis is encapsulated with a muci-
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laginous carbohydrate material. This 
morphological feature is believed to account 
for the marked differences reported for ca
tion absorption in algae. 

In the present studies, Tc04- was main
tained at 1 ppb and 1- at 250 ppb; uptake 
was measured at periodic intervals over a 
95-hr period and measurements were made of 
exchangeable ions, irreversibly bound ions 
and ion absorption. Exchangeable levels of 
technetium and iodine were minimal as judged 
from desorption studies in the presence of 
hundredfold excesses of desorbing ions (Tc04-
and 1-, respectively), with no significant 



differences between Selenastrum and 
Microcystis. The component irreversibly 
sorbed to the cell walls was ~0.02 ng/g dry 
wt of cells for Tc04- and ~9 ng/g dry wt 
of cells for 1-. No significant differ
ences were noted for the two algal species. 
Accumulation rates for Tc04- were 0.11 and 
0.08 ng Tc/g dry wt cells/hr for Microcystis 
and Selenastrum, respectively. Calculated 
concentration ratios (Tc activity/g dry wt 
cells 7 Tc activity/mt solution) for cells 
grown for 24 hr in 1 ppb solution of Tc04-
are ~2. Accumulation rates for 1- were 
1.0 and 0.8 ng 1-/g dry wt cells/hr for 
Microcystis and Selenastrum, respectively. 
Concentration ratio values calculated for 
cells grown in solutions containing 250 ppb 
1- for 24 hr were ~0.15, an order of magni
tude less than that for Tc04-. 

1291 and 99Tc in Soils and Vegetation 
Around a Hanford Fuels Reprocessing Site 

Although active fuels reprocessing on the 
Hanford Site was stopped in 1972, 99Tc or 
1291 might still be present in the soils 
or vegetation in the area. To investigate 
this, samples were taken within the 200 West 
Area boundaries in the vicinity of U03-Plant. 
These sites were chosen as a result of the 
estimation that 20% of the total technetium 
would be in the recovered uranium which would 
be reprocessed to uranium oxide at U03-Plant. 
It is unknown what fraction of technetium 
could have been released as the volatile 
TC207 during conversion of the nitrate solu
tions to oxides; however, it was assumed 
that this would be one of the most likely 
routes of technetium release to the environ
ment via an atmospheric route. On the other 
hand, most 129 1 was primarily released 
during the dissolution of fuel elements. 

The results (Table 7) are consistent with 
the expectations of environmental levels, 
considering the 235U fission yields (129 1 
0.9 and 99Tc = 5.1): that technetium is 
taken up by plants to a greater degree than 
129 1 and that more 129 1 was released (via 
atmospheric routes) than technetium. 

The behavior of 129 1 after deposition 
is seen to be different from that of the 
mineral iodine present in the soil, espe
cially in the soil and vegetation around 
U-Pond. Calculated concentration ratios in 
the vegetation for lL9I (using average 
concentration of 0lto 25 cm) varies from 
0.43 to 2.7 where 2/1 was 0.058 to 0.32. 
Iodine also appears as a relatively enriched 
layer in the litter layer. 

Technetium levels in the soil northeast 
of U-Pond were below detection except in the 
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TABLE 7. Levels of 1'29, Tc", CS137 and 1'27 in Samples 
in the Vicinity of a Nuclear Fuel Reprocessing Plant 

Site I, Sagebrush-Wheatgrass Community 
East of U03 Plant 

Sample 1291 99Tc 13ICS 127 ( 

------ pg/g------- ug/S 

Sagebrush (Artemisia 
tridentata) leaves S.5 39.2 0.023 0.46 

twigs 6.9 0.039 0.15 

Litter 205. 13.2 0.21 1.3 

Soil 0-5 em 30.0 5.4 <0.0038 0.15 
Soil 6-15 em 16.0 <4.9 <0.0005 0.31 
Soil 16-25 em 4.0 <1.8 <0.0005 0.34 
Soil 26-35 em 2.5 <1.3 <0.0005 0.58 

Site II, Willow-Cottonwood Community 
Northeast of U-Pond 

Sample 1291 99Te 137CS 1271 
------·pg/g -------- I1g/g 

Cottonwood Populus 
t richocarpa) leaves 22.4 6.0 1.84 0.081 

bark 14.0 7.2 1.01 0.026 
wood 13.7 5.0 0.45 0.0073 

Asparagus (Asparagus 
officinalis) 57.2 22.5 0.28 0.13 

Russian knapweed 
(Centaurea rep ens) 59.7 700. 1.03 0.076 

Tumble mustard 
(Sisymbrium 
altissimum) 9.5 15.0 0.0012 0.027 

Willow (Salix sp.) leaves 7.3 26.5 1.87 0.069 
litter 488. 183. 13.9 1.2 

Soil 0-5 cm 38.6 10.3 25.4 0.48 
Soil 6-15 cm 16.2 <4.9 0.22 0.36 
Soil 16-25 em 11.8 <4.6 0.066 0.35 
Soil 26-35 cm 5.8 <1 .. 5 0.095 0.23 

litter layer and in the 0-to-5-cm layer. 
These results were not unexpected, especial
ly in light of laboratory and field studies 
which demonstrated low Kd levels and high 
affinity of plants for the Tc04- anion. 

The relative differences in concentra
tions between plants in the same area were 
surprising. These data may reflect differ
ences in root depth, the physiology of the 
particular species or simply leaf surface 
absorption of iodine from air. 



Physiological Aspects of Technetium Behavior 
in Plants 

Technetium, while present in relatively 
low concentrations in the environment, is 
receiving considerable attention because of 
mobility in soils and availability to plants. 
Understanding technetium behavior in plants 
is essential for a complete knowledge of 
overall long-term behavior of technetium in 
the environment. Studies underway deal with 
specific aspects of technetium behavior in 
plants, including 1) root absorption behavior 
of Tc04-; 2) interaction of nutrient and 
nonnutrient analogs; 3) metabolic aspects of 
technetium toxicity as it relates to the 
chemical behavior of technetium in plants 
and 4) clarification of the chemical fate of 
technetium in plants. 

Previous studies with Tc04- have demon
strated that technetium is efficiently accu
mulated by plants over a concentration range 
of 0.03 ppt to 80 ppb, suggesting that Tc04-
may be chemically similar (with respect to 
bioaccumulation) to an essential element 
required by plants. Thus, the reported 
concentration ratio values of 20 to 1000 are 
expl?i~ed. Competition studies, ~~i1e _ 
pre 11ml nary, showed H2POr4-, Mo04 , S04 2, 
104-2, and Re04-2 to inhibit Tc04- transport. 
Detailed kinetic analyses of ion interactions 
showed H2P04-, S04-2, Re04 -2, Cr04 -2, and 
Mn04- to compete with Tc04- for transport 
sites. While many of these anions are demon
strated t'ransport analogs of each other, 
their metabolic roles and interactions are 
markedly different. This would suggest that 
the transport behavi or of technet i um, wi th 
respect to chemical analogs, may not be re
lated to the radionuclide's metabolic behav
ior and effects. This view is supported by 
the fact that technetium toxicity in plants 
can only be demonstrated at germination and 
early developmental stages of growth, but 
not after approximately eight days of age. 
While previous studies failed to demonstrate 
any pronounced effect of technetium on photo
synthesis, respiration or nitrate reduction, 
a closer evaluation shows a transient reduc
tion in nitrate reduction following three 
days of pretreatment with technetium with a 
corresponding recovery at seven days. These 
data suggest that, metabolically, technetium 
may be either partially functional as an 
analog or be involved in a system with a 
rapid turnover of functional protein. This 
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hypothesis is supported by chemical charac
terization data which shows 270% of the 
technetium in plants to be associated with 
ligands of >5000 molecular weight. 

Absorption and Chemical Fate of 1- in 
Plants 

Although the environmental behavior of 
radioiodine has been studied extensively 
over the past 30 years, little information 
is available on the chemical and biochemical 
behavior of radioiodine in the environment. 
Recent field and laboratory data suggest a 
significant gas phase transfer of radioiodine 
between soils, plants and air; by studying 
the chemical behavior of radioiodine, we 
hope to better understand the role of meta
bolically incorporated iodine in the trans
fer of iodine from plants to animals. 

Plant root absorption, tissue distribu
tion, and the chemical fate of 125 1- was 
determined using soybean plants. Root ab
sorption was shown to be concentration
dependent and biphasic over the concentra
tion range of 0.1 to 25 ppm, with uptake 
ranging from 0.032 to 3.3 ~g 125r-/g dry 
wt root/hr. Approximately 20% of the root
absorbed iodine was transferred to the shoot 
during the 2-hr uptake period, demonstrating 
the relatively high mobility of iodine com
pared to other fission products. Analyses 
of the chemical fate of 125 1- following 
absorption shows 75% of the iodine content 
of roots to be associated with the insoluble 
residues, while only 10% is in the soluble 
fraction. Ultrafiltration of the latter 
shows the iodine to be distributed between 
the <500 and >10,000 molecular weight frac
tions (66 and 31%, respectively). Similar 
analyses of leaves show 75% of the iodine to 
be in the soluble fraction, while only 20% 
is associated with the insoluble residues. 
Of the solub1es, 90% of the iodine is asso
ciated with species of low molecular weight 
« 500) and the remainder with species of 
>10,000. Gel filtration chromatography of 
the >10,000 molecular weight fraction demon
strates the presence of four components of 
high molecular weight with 92% of the 1251 
activity conti',ined in only one. The role of 
plant metabolism of elements such as iodine 
is currently being investigated with respect 
to its effects on food chain transfer follow
ing ingestion by animals of plant-incorporated 
iodine. 




