. g
g

3. Ball, J. 1939, Contribution’ to the geography of Egypt. Govern-

: mentPress, Cairo. ;- jrpar vl .

11 4. Eaton, F, M. 1950, Stgmﬁcance of carbonate in lmgatron waters
Soil Sci. 69:123-133. ., - ..

. 5. Fathi, A., and F. H. Soliman. 1974, Variations in soluble and in-

. soluble matter after the High Dam. Cairo Bull. Agric. Res. no. 40.

6. Hamdi, H., and A, Fathi. 1959. Contribution to the study of the
suspended matter of the Nile. Ann. Agric. Sci. 4:19-24 (Cairo,

“M R b

-H“ D

A:” old I«“ .
ﬂx; TJ’rb o 2 "'t“'} TR RV L I I ol

B =S S

7. Mitkees, A., B, S. Zikri, M. M. El-Banna, and W. A. Abou-Zeid.
1972, Effect of long term storage of the Nile water on its contents
of soluble salts and suspended matter. Agric. Res. Rev. 50:31-41
(Cairo, Egypt).

8. Moustafa, A., A. Geith, A. A. Aziz, and M. Tanius. 1959. Annual
study for the Nile water from seven different locations. Agric.
Res. Rev. 37:45-55 (Cairo, Egypt).

9. Richards, L. A. (ed.). 1954. Diagnosis and improvement of saline
and alkali soils. USDA Handbook no. 60. Chap. 5. p. 69-82.

Technetrum Sources and Behavnor in the Environment!

“lfpovrac s ol Eeiaoi (R E. WILDUNG K M MCFADDEN AND T. R. GARLAND?

-
e

t?m? Slz‘. ‘f( &,3 1,::[,9 4.3,} t‘u !0 ‘ a:« J‘, Lo
temakininii00 s1ct © ABSTRACT ' "'

t ri &
i’ ' Technedum (Tc) may. enter. the:environment as a result ol‘ nuclear
- weapons testing, nuclear power production, nuclear fuel reprocessing,
b nuclear waste storage, and pharmaceutical use. The isotope **Tc has a
E long haif-life and relatively high fission yield, and an understanding of

its behavior and effects in the environment is essential to complete
lsseument of the environmental lmpnct of the nuclear fuel cycle. Al-
though Ilttle s’ known,of Tc environmentnl behnvlor, the aqueous
chemlstry ‘of. 'l'c is well understood and llmlted laboratory investiga-

On the basis ot this current knowledge, the behavior ‘'and implications
of T¢ in the environment ar assessed and avenuee of reeearch are sug-
gsted N ’ &

; e
: . pertechnetate lon, TcO.'.‘;’As the pertechnetate ion, Tc is highly
s i soluble in water and in soil, but reduced forms (dioxide and sulfide)
- have limited solubility; sorption is significant in surface soils of high
g organlc C content and low pH and may be significant in subsoils and
B geologic media under reduced’ conditions.’ A’ fraction of the sorption
measured 'in'sarface solls nmy also hiave been due to immobilization in
’ mierobhl cells? The pertechnetnte fon is readily available to micro-
blou, nlgne, nnd higher plnnts nnd ‘is toxic to higher plants at relative-
) ly low soll level.s (0.1 %8/9). In hlgher plnnts, itls: transported largely
‘u the pertechneute lon and toxlcity nppenrs to be due' to biochemical
nther thnn ndhﬂon eﬂ'ects Uptake “and toxicity appear to be due to
M Tc fnneﬂonlng 2s's Dntrient analog: Preliminary studies indicate that,
contrast to: hydrolyzable radionuclides,’ lncorporation of Tc in
reducee Te absorpdon inanimals, , . :

over the long; u“}s lrs *sediments, and wate

: u\.(

vill,be dependent h._"n‘th\e*rnte and extent of Te move

b l.‘?.‘,iﬁ‘glu',',’f, ax%?  toxi tyJLl’roper{ ‘evnlundon of theee
phen Le’}aﬁq gendent on, dev‘elopment of an underJ-
b so

"’no'f'l‘c sorption mec an’ls' ns'in and sedlments nnd theAde-

il the environment over the gt”
Ments depcaukd in ogynuian

' This research was.performed under U.S. Dep. of Energy Contract
EY-76-006-1830 Received I July 1978, i<,

= ‘FqiManagers, Scientist; and: Senlor Research S
EnvironuChem. SecuBcosys ems Dep..fBatte e, P

i

,Additlonal Index Words: nuclear reactors, nuclear waste, soils,
sediments, water, plants, algae, animals, pertechnetate, mobility,
nvnllnbillty.

The environmental behavior of long-lived isotopes re-
sulting from nuclear power generation will be an im-
portant factor influencing present-day decisions on nu-
clear strategy. Of these elements, Sr, Cs, I, Pu, and Am
have been receiving intensive study (Cataldo et al.,
1978; Francis et al., 1975; White and Dunaway, 1977;
Wildung and Garland, 1977). Less is known of the en-
vironmental behavior of Tc. Although **Tc has a long
half-life (2.15 x 10° year) and a fission yield approxi-
mately equivalent to *°Sr or '*’Cs, there are few meas-
urements of its concentration in the environment
(Kenna, 1962; Brown, 1967; Attrep et al., 1971; Moss,
1973; Sodd et al., 1975; Birks, 1975; Ehrhardt and
Attrep, -1978). This results largely from the difficulties
in complete separation of **Tc, a beta emitter, from
shorter half-life Ru isotopes which serve as interferences
in direct counting methods. Neutron activation methods
have been developed (Foti et al., 1972a, 1972b) to de-
termine Tc at environmental levels but the application
of this method has not been reported.

" The high fission yield and long half-life of **Tc insure
its presence in the environment at concentrations con-
siderably higher than '?°I as a result of worldwide nu-
clear testing. In addition to fallout levels, the potential
also exists for Tc entrance into the environment as a re-
sult of nuclear power generation, nuclear fuel reprocess-
ing, nuclear waste storage, and the operation of other
facilities, ‘such -as hospitals, which use-Tc for com-
mercial ‘purposes. When administered to the human
body as the pertechnetate ion (TcO,"), Tc tends to local-
ize in stomach, salivary glands, and thyroid (Atkins,
1970) and seéluble forms of Tc are accumulated by
plants (Wildung et al., 1974a, 1977; Gast, 1975). For
these reasons, the element is receiving increasing atten-
tion in assessment of the impacts of the nuclear fuel
cycle (Burkholder et al., 1975).
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The purpose of this review is to summarize -current

knowledge of the behavior and implications of Tc in the .

environment and, on the basis of this information, sug-
gest avenues of research that would most expeditiously
lead to an understanding of the degree of engineering
attention required for Tc in nuclear waste management.

'ENVIRONMENTAL BEHAV!OR

The behavnor and effects of Tc in the envxronment are
largely governed by ‘its source, its chemistry in soils,
sediment and water, and its biological interactions, A
great deal is known of the sources and of the aqueous
chemistry of Tc relative to the other factors; and this
serves as a valuable basis for prediction of the behavior
of Tc in the environment. The limited information that
is available regarding environmental behavior may then
be employed to partially substantiate these predictions.

Sourcos to the Environment _ - , , .

Technetium is present in the enwronment prmcxpally
as a result of natural decay processes, fallout -from
atomic weapons testing, uranium enrichment facilities,
nuclear waste operations, and disposal after pharma-
ceutical use. Spontaneous fission of ***U in natural ores
results in a fission yield of 6.3% for **Tc (Kotegov et al.,
1968; Anders, 1960) with a much smaller contribution
from slow neutron-induced fission of 2**U. Fission of
235U in a reactor results in Tc isotopes decreasing in yield
from 6.1 to 0.2% through the mass series, 97 to 107
(Katcoff, 1958). Technetium does not have a stable iso-
tope. The heaviest isotopes are commonly formed
during fission of U, Th, or Pu (Kotegov et al., 1968).
Fission of #*?U, #**Th, and #**Pu produces high yields of
**Tc (Katcoff, 1958). Technetium is also produced by ir-
radiation of Mo, Nb, and Ru, or by cosmic ray interac-
tion with Mo or Ru (Kotegov et al., 1968; Boyd, 1959),
High yields of short-lived isotopes for commercial pur-
poses are obtamed/-using a target of U rather than Mo
(Anders, 1960).

There is little published information on fallout from
nuclear weapons testing as a source of Tc to the environ-
ment. Limited measurements of Tc concentrations in
rainfall revealed concentrations ranging from 0.08 to
1.0 pg/liter (Attrep et al., 1971; Ehrhardt and Attrep,
1978). However, information is available on fallout of
other long-lived elements. Assuming equivalent
retention and deposition of fission products, an esti-
mate of **Tc concentration in soil can be calculated
from relative fission yields and the measured levels of
*Sr and '*’Cs in soil that were reported by Hardy
(1972). The **Tc levels in soil (25 cm depth) estxmated
in this manner amount to 0.01 pg/g soil. -

Increases in the use of nuclear power will result in the
production of Tc along with other fission products.
World inventory of Tc was predicted to exceed 10,000
kg by 1980 (Kotegov et al., 1968). Inventories of **T¢ in
the United States were more recently estimated at 1.69
X 10° kg or 2.86 x 10¢ Ci by the year 2000 (Burkholder
et al., 1975). Entrance of Tc into the environment from
nuclear power generation may occur as a result of dis-

+ posal.of aqueo wastes frontailicleatsfacl

-.ing separation:and ‘recoveryofispenttnuclear? fuelsm
the Diablo Canyon. ] Power Station- (San Lum‘Obispo
County;’ Calif.), 37%cofthe total*annual liquid” wast:
activity expected to be reléased inithe condenser cooling
water is attributed'to Mo parent nuclide of*Tcy al
though the expected releasé of 2:64°Ci/year?**Mo ‘would

represent only about 95 nCi/year?3Tc (Pacific, 1971), -
¢ Volatile +Tei: compoundsnhave?fsomea‘potentlaln for -

 release: toJthe?envxronmentrdunng'nucledr‘%ﬁrel?!febro-
< cessing to separate:Uiand Pu: rFuels‘processxngﬁssmg the
-~ gaseous diffusion processmay:resultin ‘theformatiofi"of
rhighly.volatile TcF¢and if§ éscapé was'demoristrated’at

-a"molten salt-F-volatility:plant{Carriet! al52197. 71):5The -
UFfbyfadsorptlon s

»TcF¢ can be separated! fromtvolatile:

on MgF; ‘(Kotegovietidl), H968) *!!Lxdﬁid?wistesf*from B
- other types of reprocessing:may-also‘containtTctwhich -

may be disposed to the ground:.The-Purex"and-Redox
liquid extraction processes-have:been’ employed 1for re-

.processing of most:of-the nuclear wastes'toidate>In the - - -~ - ---
_standard  Purex’process(tributyl/phosphate:and kero- . D
. sene_extractions of (U-and: Pn),ultnsxesnmated" thatrap-. -~ . .,
prox1mately 20% of the T¢ produced.in fuel'elementsTe-

. mains in the separated U.fraction;dess than 1% follows
- the Pu separation, and 70-80% (40 mg/liter)'rémains in
_the highly alkaline fission product raffinate whxch is dls-
posed to waste cribs. There is a possxbxhty it may Be:co co—
precipitated in Cs recovery operations, but precipitation
during the process or in waste tanks is not expected
(Roberts,- 1971; : Campbell,<1961)..Typical :waste 'solu-

tions (Boyd, 1959) from the Redox nuclearfuels: repro- :

cessing: plant (hexone extraction: of: UiandsPu) ‘contain
-Tc at levels of 7 mg/liter. The principal differences in Tc
concentration in wastes from the Purex:and'Redox pro-
cesses likely result from :differences ‘i fuelstemployed

and waste treatment™(concentration,” denitrification),

not-the extraction process; Theére have.been‘only limited

(unpublished) "attempts'to isolate:Tc fromwastes: pro--

duced by these processes;s: s sidsa anm a0y pixdik

Volatile forms of Te, if released from' the ‘dissolver
solunons, would likely” betTc,0q# or> HTcO: since 'the
formation ‘of :stable’ alkyl‘reactxon products‘ Yoccurs
-with:I has not been demonstrated and & appea.rs unhkely
The gas scrubbers on'the stack: would“therefore, be' ex-
. pected to strip-a maJor*fractlon “of" the‘ch“from ‘the air
stream, as the reaction’of’ rTc,O, orHTcO*with Water'in
the presence of an oxidizer'(ile5"NO;;" NO;")'would re-
sult in nonvolatile pertechnetate. Thus, the majority of
the Tc would likely be removed in the’ condensate or gas
scrubbers and discharged to waste cribs. * -\ " . -

Use' of ..”"T¢ in: pharmaceutleals has‘increased
markedly since its introduction in 1962 (Harper et al.,
1962). The isotope has a 6.1-hour half-life;allowing ad-
ministration of quantities sufficient for imaging while
minimizing radiation 'dose... It' decays: primarily - by
a single medmm-energy photon (140 keV) with 9% in-
ternal . conversion: and fvirtual~ absence” of *'dose-

contributing beta emissions.: The use of "Mo-"=Tc’

generators greatly increase the availability of **™T¢, and
selective complexation enables the scanning of specific
body organs or systems (Atkins, 1970) The expanding
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-..scope of medicalapphcauous on record (Stemple, 1973)
xattests to . the; usefulness and muludxverslty of the
motope.,,_A T

% R Aqueous Chemistry
. The chemlstry of Tc was the sub;ect of several reviews
| (Kenna, 1962; Kotegov et al., 1968; Boyd, 1959; Ruifs et
3 ~al., 1967; Anders, 1960; Cobble, 1964 Korkisch, 1969).
y A group VII element, Tc most closely resembles Re and,
- to a lesser extent, Mn. The pertechnetate ion, TcO,", isa
X " weaker oxjidant than permanganate, but stronger than
& . perrhenate, Unlike Tc and Re, Mn may form high spin
- complexes with saturated ligands and, therefore, differs
: considerably in complex chemistry. The ionic radii of Tc
i .(VII) and Re (VID) at 0.56 A (Korkisch, 1969) differ con-
: siderably from that of Mn (VII), which is 0.46 A. Dif-
1 +ferences in.redox properties and volanhty allow chexm—
-cal separation of Tc and Re. a:usoniu nui. oo,

s:{s Technetiumeis: known to exist-in-all valence states
i ~fromi+ 7 tos-=<}y:0f which the most stable are +7, +4,
. “~and 0!:Technetium heptoxide, Tc,0,, is highly soluble in
‘ - ' -aqueous. Solution,*forming technetic acid. Both Tc,0,
i “*yand HTcO, exhibit tonsiderable vapor pressure as solids
or in solution (Cobblé; 1964; Cobble et al.,"1953). Other
i -volatile forms of Tc mclude TcFs (Selig et al., 1961),
! _TeCls (Colton, 11962), and. Tc.S,. (Perrier- and Segre,_
1 . 1}1939) and a&noted,\these represent possible sources of
- glolatﬂes to-the, envu'onment during nuclear fuel repro-

- -Cessing. Two,;sulf‘ des. may, be:formed,- Tc,S, or .TcS,
(Kotegov al 21968)..Both are: largely insoluble, repre-
rsentmg potentlal chemical reposxtones in environments
- fwhere Eh.is:low and sufficient free S- is present. Further
- study is required:to ‘determine the conditions necessary
] Afor; formatlon of reduced forms of Tc in the environ-
ment. ™ - if
8 The pertechnetate ionis hlghly stable over a broad pH
. ~range and at concentrations of 1.1: %107 to 0.18M. It is
= likely the most stable chemical species in aqueous solu-
wtions,z perhaps -including - natural waters.- However, in
- - =aqueous solutions;:pertechnetate is known to be reduced
b byn Zn ¢and +:HCl,7hydrazine,*hydroxylamine, . ascorbic
T pand dilute-H;SO, to.form the hydrated di-
c0:+2H;0; a.lthough complete reductlon to Tc

s

31964).iThe order of:|
tal edto be N&}ﬂlhzw -and VI<>
: Adueous; of;gc (IXLmay, be. reoxxdxzed to
“syarying degrees,| byj;l;O,,ibromme _water,, Ce (IV)-ions,
LI 3,Mﬂde?,§Clz ror air:;Tentatively,it. would appear
that, the.. chemistry, of s Tc:(VII):would govern the be-
havior of Tc under aerobic conditions. However, the
 presence-of simple.i morgamc or organic substances: and
hange;mq;‘(edoxgcondmons in;natural systems may
edIy_inﬂuenceJ‘c Valence states;yz 10 2n18370 rhod
Technetium has a strong tendency to complex in the
SE lower, oxxdatlon states (Kotegov et al.,, 1968).

hy # man s

gl

Technetium complexes are expected to be low spin, with
the relative stability order for spin-paired complexes de-
termined theoretically as d', d* » d* > d* > d* > d¢
(Basolo and Pearson, 1967), which for Tc corresponds
to valence VI, V » II > III > IV > I. Ligand type and
conﬁguranon about the metal will also influence the
relative stability. The stability of Tc¢ (IV) complexes is
the basis for much of the value of Tc as a pharma-
ceutical agent. A complexing agent may be chosen to
concentrate Tc in specific organs or body systems (At-
kins, 1970). Both Tc (V) and Tc¢ (VI) are expected to
form highly labile complexes and easily disproportion-
ate in aqueous solution. Complexes of lower oxidation
states, of less importance in environmental studies, have
been characterized (Kotegov et al., 1968; Armstrong,
1975). Again, it is apparent that, depending upon redox
conditions, the presence of complexing agents as occur
in natural systems may markedly influence Tc solubility
and form. An indication of the possible environmental
mechanisms of complexation may be derived from

-studies of processes for Tc industrial separation.

.- Solvent extraction of Tc requires the presence of an

‘electron donor basic atom and is favored by a high di-

electric constant of the extracting species. The extrac-
tion of Tc (VII) increases with increasing O/C atom
ratio of the extracting agent, particularly with increas-
ing polar group concentration. A proposed mechanism

_ for extraction is the formation of an ion association pair
or cluster involving a cationic complex in the organic

phase and an essentlally unsolvated TcO. (Boyd and

La.rson, 1960).

- Aromatic substltuted or cyclic ahphatlc compounds

are better extractants of .Tc ‘than n~ahphat1c

_compounds. Aliphatic branching near an active group

often hinders extraction. Alcohols and amines extract
pertechnetate in the order 3° > 2° > 1°, Ketones gen-
erally are better extractants than the corresponding
alcohols. Organophosphorus compounds extract Tc in
order of their relative basicity. Extractability with poly-
alcohols is dependent on both functional groups and
sterochemistry (Richards and Steigman, 1974). Thus, in
general, molecules containing functional groups of
highest polarity and positive charge may be expected to
retain .pertechnetate in highest concentrations. The
highly polar fulvate and humate fractions and the oxidic
Fe and Al fraction that contribute some positive charge
in soils and sediments may, therefore, be expected to
play a role in Tc retention.

Ion exchange of Tc was extensxvely studied for

‘industrial purposes (Kotegov et al.,.1968; Anders, 1960;

Korkisch, 1969). The pertechnetate ion bmds strongly to
positively charged resins, while reduced forms tend to

- elute. Pertechnetate would not be expected to sorb in
-major ; quantities on.-the largely anionic colloids in

natural waters or soils.

ST SO AR

A Behatior in Soils, Sediments, and Waters

From a consideration of the sources and aqueous
chemistry of Tc, it would appear that Tc would exist
predominantly as the pertechnetate ion (TcO.”) in
aqueous solutions which do not contain strong reducing
agents. This would encompass the conditions of many
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aerobic agncultural soils and natural waters of the
world. The pertechnetate ion is highly soluble ‘and
would likely not be sorbed in significant quantities on
soils and suspended bottom sediments of predominantly
negative charge. From this information, Tc might be
predicted to be highly mobile in the soils and waters and
available for uptake by biota if biological discrimina-
tion did not occur. However, there are sevglal mmgat-
ing factors that must be considered including the in-
fluence of the source term, soil and water envu'onment

and microbial activity, .~ : "

Influence of Source-—The quantxty and ferm of Te
that may enter the environment as a result of the nuclear’

fuel cycle are unknown. As discussed above, ‘the sources

may be, in part, insoluble, such as certain OXIdCS, and
the kinetics of conversion to thermodynarmcally more
stable, soluble forms on entrance into the environment
may be slow, dependmg upon the stability of the oxide
to weathering insoil. . -

Soils and Sedtments—lnformatxon is avallable sug- :
gesting that Tc from certain sources may be mobile in
the environment, but that physicochemical, biological,
and time factors may be important in reducing mobility.
The Kd values (pCi sorbed per g soil/pCi solute per ml
equilibrating solution) for trace quantities (in 0.01M
CacCl,) of pertechnetate equilibrated for 24 hours under
aerobic conditions ranged from 0.007 to 2.8, generally
lower than iodide or methyliodide, indicating high mo-
bility (Wildung et al., 1974b). The sorption studies en-
compassed 22 soils, representing a broad range in physi-
cochemical properties.. Sorption that  occurred was
directly correlated with increased organic C content and
inversely correlated with decreased pH. Thus, retention
appeared to be closely related to the positive charge on
the organic fraction (and perhaps the amorphous,
oxidic Fe and Al fraction) which may be expected to de-
crease with increasing soil pH. In contrast, 8 of 11 sur-
face soils used in ano;her study sorbed 98% of pertech-
netate from solutiod .over a period of 2 to 5 weeks
(Landa et al., 1977b). This experiment was conducted in
a closed unbuffered dialysis system which likely led to
anaerobic conditions. Soils that did not exhibit sorption
were relatively low in organic C and clay content. A re-
ducing environment may result in formation of highly
insoluble TcO,+2H,0 or sulfides or coprecipitation of
Tc (IV) with other insolubles such as Fe sulfides. The S
content of the soils was not reported in the latter
studies. Furthermore, when the experiment was
repeated on several of the soils under aerobic condi-
tions, sorption occurred, but not to the same extent and
at a slower rate. Thus, as predicted from its basic chem-
istry, redox conditions may be important in influencing
Tc solubility in soil. Surface agricultural soils are not
generally anaerobic for extended periods and the im-
portance of this effect will depend on soil type, topog-
raphy, climatic conditions, and agricultural use as well
as the kinetics of mobilization/immobilization. How-
ever, aquatic sediments often are anaerobic and may
contain elevated levels of S and, therefore, have po-
tential for serving as repositories of Tc. Under aerobic
conditions, equilibration of pertechnetate with Pacific
Ocean sediment types indicated limited sorption as the

sinzg'Wel Siphrs nomlodal BeTas
pertecgnetaté zon and no, evidence: of sal

pertechnetate species in solut:on (Grom A
1974, 1975;,Gromov, 1974).5" Biifions Hit i

Tc mobility,in, soﬂs -and: sedlments.,tl.ow&molecular

wexght complexes. may serve to, mcrease'the:stablhtylof

Tc in solution whereas complexation” reactions. with.the

insoluble soil organic fraction may lead to xmmoblhza

tion,, Technetlum (IV) was shownto, complex,gnth alco®
1

hcated the soil ¢ ,orgamc ,fl:acuon inj xm
conducted,,over,;a'« ffici ,entlygshgrt
kel

matter soxls, reductlon in- sorptxong_follomngquOZ i o
gestion of soil, and recovery, of. sorbed:T'c. by:NaOH ¢
traction also implicated_ the orgamc-fractxon in sorptio
(Landa et al.;:l9“[]b).vln thellatter; st uilj
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duced in the presence of organics such as ascorbic aci
and the results of the soils studies, it islikely.that the s01l
organic fraction will play a role in immobilization of T¢; =
either through sorption by ionic exchange mechanisms,
reduction to less soluble forms, or complexation:s? ¢ et
- Investigation:of- temperature effects’ and stenhzaﬁon )
on sorption of-Tc'by several §oils’ (Landa Tet'dl91977b) &
implicated thesoil- microflora®in-T¢’ retentxon “by*$oilst+.
However, the mechanism 'of¢ retentlon is nof kngwn' -
Simple uptake by’ the soil- mlcroflora* ‘Couild Fhave acse
counted for measured_sorption; uhowever‘,’*"t.h'é“scSiI
microflora may have been responsible‘for=c direct're reduc- 1g-
tion of Te (VII) to-Tc r(IV) or mdxrectf'reductxon by
utilization of available O, either of ‘which might result
in increased sorption with time: If microbial uptake is a .
factor, consideration must bé givento'T¢ solublhzanon s
on turnover of microbial tissues’ Investlgatlons’ of* these
factors, similar'to those” dlrected bysagncultural 3cie '-‘f*t
tists toward N'and Mn over the’ years ~are reqmred to rel
solve the mechanisms involvéd:ii’ sorptlon aiid’ the ex?
tent of sorption with time-as’ thesefmfluenceLTc ‘plant’ -
availability : and - entrancew into xground‘*and«surface
waters R ety IO SR 1 P anﬁiq'nas&{rﬁ i;.hu;-
- Ground and Surface Waters—vadence is availablé
suggesting that at least a pomon ‘of the Tc released to
the environment- remains- as a’- 'soluble’" specxes
Technetium was  detected by counting, methods’ m
ground waters beneath deep sediments undgrlymg the'
Hanford nuclear waste storage facilities (Brown, 1967)
The concentration in the ground water. ‘was approxi-'
mately equivalent to the concentration in the waste
stream indicating that, in contrast to most of the radio-
nuclides in the waste, Tc was mobile in soil. This may
resuit from the presence of Tc as the soluble pertech-:
netate ion or as a soluble complexed specxes. Evidence'
supporting pertechnetate as the soluble species includes
Tc solublhty in a.lkalme wastes at Hanford the stablhty
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’ of the pertechnetate ion in Sex«tion, and the low orgamc
i C content and likely absence of microbial actmty m the
i deep'sediments.

. Technetium in ground water exceeded the 0.5-pCi/
- liter **Tc detection limit in 20% of weekly ground water
: samples tested over a 3-year Illinois study (Golchert and
| Sediet, 1969). Of that fraction, the average detected **Tc
d level was 4.65 pCi/liter for a range of 0.5 to 49.4 pCi/
; liter. Medical uses have resulted in detectible levels of
| »mTc in several sewer effluents.’ A 1969-1971 study of
- 21 hospitals in Allegheney County, Pennsylvama (Moss,
1 1973) showed an annual increase of 10 to 15% in use of
" mTe¢, The ,estxmated concentration of ”=T¢ in the ef-
i fluent' sewer stream entering the Ohio River was | to 4
- pCi/liter. At that time, the **'I contribution was con-
siderably greater than that of ***Tc. In'marked contrast,

i a 1973 study of 10 Cincinnati hospitals (Sodd et al.,
3 1975) ‘showed '1,900' mCi **=Tc compared to 10 to 20
f mCi- 3 adnnmstered per week. An estimated 300 mCi
»=Tc'reached the Ohio River each week, a value highly

* * . variable due to the long sampling times compared to the

short half-life of **=Tc/ Each curie of **=Tc decays to'3
nCi '2°Tciso the Tesulting’ yearly’ contribution- to ‘the
OhioRiver at the time of the study was 47 nCi; a small
but increasing,’ relatively"unmonitored source of Tc to
theenvrronment GTEADIY PRTTRE

? ?u: c.BIOLOGICAL INTERAFTIONS
- Ia L ES TR b MO
Dtﬂun‘g?e%?ﬁhgfv%abmty of, Tc to biota w1ll be

: govemed by the qua.ntxty and form emxtted and its solu-
bility in sorls and waters, however, its uptake by biota
will also be dependent upon the rate and extent of its

l:w»«

There isa rapldly developing body of literature mdlcat-
ing that {T¢,initially supplied as.the pertechnetate ion is
accumnulated by biota..aitn -~ R s

Technetium as the pertechnetate ion lS readily taken
up by soybeans and wheat at soil concentrations of 0 01

solutlon levels: as, low las 0.02. pg/ml (Cataldo et al.,
ark,ed, Atncreases in_uptake occurred_ with - in-
entratlon ,At soil, concentratxons below

- Smﬂaguptake bﬁr . ci:urred when Tc was apphed
asepertechnetate;m—-xmgatron waters (Landa ‘et al.,:
1977a).. Soybean plants exhibited Tc localization in stem

.eeks,r c, concentrauon ha¢d eased in stems and in-,
-'creased,msleaf pod and seed es (Cataldo et al.;
.1976) Phlglnts 2rown,on: soﬂs ‘containing T¢ levels above,
0. l,p /8 ﬁxhrbxt markedgoxxcxty_,symptoms ‘and. prey,
sumpti vewegdence,;uggest d, that, this was.due;to bio<
_chemwel rather, than radiation, toxicity (erdung etal.;
«_1975,% 1977)xThezrate, ofuptake intact;plants.was,
u.uphasm over, a 0.01-t0,10-um concentration range,
suggestmg active uptake and specificity for Tc. Several
nutnentgrons m‘Lsolutxon swere effective in reducing Tc
mke,@clum&H,PO~' :S0.% and MoO.>,. indicat-:

t; smylar uptake.mechanisms, were involved and.
-may,b  due to.Tc substitution for.a nutrient
ubsequent macuvatxon of an essential

' “and.] leaf tissues. umnednately* after‘ exposure.. After. 3

oty

plant procthenucal studies (Cataldo et al., 1976,
1978) indicated the xylem mobile form in the plant was
pertechnetate.

Uptake has also been demonstrated for aquatic biota.
The presence of Tc (supplied as pertechnetate) in sea
water resulted in whole-body concentration factors of
135 to 205 for red abalone (Spies, 1975). Marine algae
exhibited concentration factors in excess of 10* (Birks,
1975). Other studies do not generally support accumula-
tion by algae (Gromov and Spitsyn, 1975; Gearing et
al., 1971, 1975), but subsequent studies with plants
(Cataldo et al., 1978; Wildung et al., 1975, 1977) and
microorganisms (Gearing et al., 1975; Garland, un-
published) indicate that the relatively high (ug/ml) levels
of *Tc used in several of the early studies may have
been sufficiently toxic to interfere with uptake.

A recent study (Sullivan et al., 1978) compared the
gut absorption (rats, Guinea pigs) of Tc incorporated in
soybean plants (Tc supplied to plants as pertechnetate in
hydroponic cultures) with Tc¢ supplied as pertechnetate
in spiked soybean tissues (unincorporated) and in aque-
ous solution. Approximately 90% of the dose was ex-
creted regardless of the form of T¢ administered. Sig-
nificantly, however, umncorporated Tc excretion was
divided equally between urine and feces, whereas plant-
incorporated Tc was excreted largely in the feces. Thus,
the quantity which was absorbed, was considerably
greater when Tc was not mcorporatéd This may result
from associations of Tc with larger molecules in the
plant tissues, reducing transport across the gut. In this
respect, T¢ would differ from hydrolyzable metals such
as Pu (Wildung and Garland, 1977) which may increase
in availability on incorporation into plant tissues.

* In all other environmental and biological studies to
date, Tc was initially supplied as the pertechnetate ion.
Pertechnetate appears quite stable in most of these
systems and may be the mobile form in terrestrial
plants. However, it is clear from an assessment of the
basic chemistry and the results of environmental and
animal feeding studies that the principal factors control-
ling Tc availability to biota, i.e., the quantity and form
emitted to the environment and solubility and form in
the environment over the long-term, and in biota, re-
main to be fully elucidated. This will require that atten-
tion be given to Tc sorption mechanisms in soils and
sediments over the range of conditions encountered in
surface soils and deep geologic media and to the detec-
tion and characterization of Tc chemical species in en-
vironmental substrates and biota.
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