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·: :5recba~tiu;.. ('i'c) may, enter.,tbe::enviroament as a result of nuclear 
weapons' testing, nuclear. power production, nnclear fuel reprocessing, 
·nuclear W11Ste storage," and pharmaceutical use. The Isotope ''Tc bas a 
long balf-Ufe and relatively blab fission yield, and an understanding of 
Its behavior and effects In tlte environment Is essential to complete 
UseUment of ibe'enViro;m;enW I.nipact of tlte nuclear fnel cycle. AI- -
though: Uttle 1s' known:' o( Tc . enVironmental behavior~ tbe aqueous 
..... ,. ' • '· '. • • '~.,L • 1 ,) ' ; ' --- • • • ' , .. • • • • ' • .. • • .I 

chemistry .ofTc Is:well understood .and Umlted laboratory lnvestiga-
ttoU'Iiave ~a c:Onducted on itS behaVior In'!OIJS, plants; and waten. 
on' ihe'basis of lhts c~.it kliowiedge, 'tile behavior and lmpllcatioiu 
of Tc 'In die e;.Ytroam~D't are'a5ses5ed and ave'i.ues of research are sug-

~~~~~>;.~r'.'i:~'\~i;J.t~x·,~'-~·;,;,~::?.~·;.;;·~~'/'<: -~:_:· ·- ~ . ~ · 
s'·Tbe most stable chemiCal species of Tc Ia aqueous solution Is tlte 
p~rtecbaet&te ·Ion~ ,TeO • .c.;. As 'tbe 'pertecbnetiate ion;· Tc Is highly 
soluble In water and In soil, but reduced forms (dioxide and sulfide) 
have limited solubility; sorption Is significant In surface soils of bigb 
orgaruc C content'and low pH and may_ be significant In subsoils and 
geoloafc media wider ~aced r conditionS~) A~ fraction' of tlte sorption 
meaumfln surface sonS may also have ~Mien due to Immobilization In 

. )nici:{»biai eells!'The' Pc:rteebnetate-loi'l iS readily. available to mici-o
biola.<algae;anci higher plants'and·IS toxic to hlgber plants at relative-

- Iylow.5ou lev~_(O~l /Liia>~In ·hlgber pwiti~- It ls•trailsporte.l largely 
~tlae'pertecbn'etate ion. and toidclty'appeais to.bi dot: to biOc:benlicaJ t .. . . . ........,.. :-' .. ·. . . 
ratltft:.tltin radladoa effects; Uptake·'aad toxiclty.ippear to be due to 

.. - Tc' .. ' . . . ~ •• nutrient anal0i:.Prelin1Jiwy studies bidJcate tbat, 
, ... n.n,.., .. .,· )o · bidroJyUble: radJonacUdes; 'incOrporation of Tc In 

c. alllson-ttio•n . aniDials~ ,.. , '.>a; . ; ::; . <. ; • ; .. , , : • 
'moblllltv.~ itnd. avallabilll! .of Tc; to biota will be 

.. . -- its f~rm and solnbillty 

!~n:~~~-1JI"~us, i!~•Jieal.tsr: -~ :u~~~.~,~~o~ 

Add/donal Index Words: nuclear reactors, nuclear waste, soils, 
sediments,'. water, plants, algae, animals, pertecbnetate, mobility, 
availability. 
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The environmental behavior of Ions-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 99Tc has a long 
half-life (2.15 x 10' year) and a fission yield approxi
mately equivalent to 90Sr or 137Cs, 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 99Tc, 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 99Tc insure 

its presence in the environment at concentrations con
siderably higher than 12'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 puipcises. When administered to . the human 
body as the pertechnetate ion (TeO.-), Tc tends to local
ize in stomach, salivary glands, and thyroid (Atkins, 
1970) and ·s4)luble 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) . 

.. , ....... ,... .... 
.l ' ... 
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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 BEHAViOR 

The behavior and effects of Tc in the enviroMt~nt are 
largely governed by its source, its chemistry. iii 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. 

Sources to the Environment ; _, · 

Technetium is present in the environment principally 
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 231U in natural ores 
results in a fission yield of 6.30Jo for "Tc (Kotegov et al., 
1968; Anders, 1960) with a much smaller contribution 
from slow neutron-induced fission of 235U. Fission of 
235U in a reactor results in Tc isotopes decreasing in yield 
from 6.1 to 0.20Jo 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 233U I 232Th, and 239Pu 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 Moor Ru (Kotegov et al., 1968; Boyd, 1959). 
High yields of short-lived isotopes for commercial pur
poses are obtainectlusing 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 
90Sr and 131Cs in soil that were reported by Hardy 
(1972). The "Tc levels in soil (25 em depth) estimated 
in this manner amount to 0.01 pglg soil. · 

Increases in the use of nuclear power will result in the 
production of Tc along with other fission products. 
World inventory ofTc was predicted to exceed 10,000 
kg by 1980 (Kotegov et al., 1968). Inventories of "Tc in 
the United States were more recently estimated at 1.69 
x 10' kg or 2.86 x 1()6 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 aql.iedUS)'Wa!ltes~f~c)iiiJ~~~~lrlf'i'ct:litf~ nt"1t,lfr. 

: ing fuelsFMh::· .- . 
.. - ... 1 '"''.': .. · 

the ·Canyon-_Power ·(San Luia'CObispo .'Y 
County; Calif.)~ 370Jo-=of.:tlie· iotatl·annualliquid'waste ciSi·. 
activitr exp~ed /-0. -~·~·rele:ase9)!1.#\e co'ndenser cooling':£-: n 
water ts attnbuted·t'? ''Mo;'paren~n.ucli~~ of-t''"!;Sf ~-:-... :: . 
though the expected release of2:64 Ct/year~"Mo·would 
represent only about 95 nCilyear.!!Tc (Pacific, 1971).,. 

. ::·i. Volatile.VI'ct;~~potiiids4h~~'lfsomevpotenfiaht~~i·:;~ ~- · .c •• E~1 
, rel~e<-toJ the?enyrr~nmentr~~n:~~ucl~"'\flfel~~pro:- ~_J~, )_·:~ fi~ 
'· cessmg to separate~t:J ;and.P;u.mileiS'Processmgttismg the •· " .. , , ' · 
,. gaseous diffusion:pro~may:resultin :tht":formatioirof: ~"- : · ~> 
n highly., volatile ,TcF tarid its escapew~d'emoiistnited~t '"·: · .. - ... : 

.: a -m~l.ten s. alt-~;~~la .. tilitY~l~~~. :zet!'aJ~t19'?}).~e:-:: ~"~~:_ .. ~"_: .. _'_ 
; TcF.- .can be separatedifrom~olatile:tUFfbylactsorption -:·:;<.·t~::'' ~· 
-:on MsFz '(Kotegoviet~~aD,it968)~ciwa".wkst~fr6hi · ' ··::::;~~··· . 
-other types oheproce5siiig,Jhayjaiso1contaiD.'tTC'lwhich · · · • ·. ; 
may be disposed to the gr01.ind;~·The-Piirei"cind:·Redox ·· ·· ·' 
liquid extraction processes hiive:beeii :~em.ployed If6rFre

.. Processiiig of most:of.the nucfear,Y.tastes-toictaieSiii the · · 
,standard. PurCJC:~process ·,(tributyliphosphate: ind ~kerO
: sene. extractioris.:of !{{ :and-'iP.u).~!t.iS',estimatedrtlfafl~~. 
proximately.20o/o of the Tc produced.in fuel'elements:-re

'-mains in the separa~ed U:1raction,•:de5S:than•t.OTofollows 
the Pu separatioii,·and.7~800fo (40 riig'lliter)'ireiiiains·in 

. the highly alkaline fission product rafftnate which is 'dis
posed to waste cribs. Thereis'a possibilitY itiiiay ,l:)e:c()!. 
precipitated in Cs recovery operations, but precipitaiion 
during the process or in waste tanks is not expected 
(Roberts,· 1971; Campbell,··:1961)it.Typical-,'Waste ·solu-
tions (Boyd, ·1959) from the Redox :nuclear !fuels: repr();. 
cessing· plant (hCJC:one· CJC:traCtioii: of, U':&ndJ P-u) ·contain 

· Tc at levels of7 mg/liter. The prinCipal differences in Tc 
.concentration in wasteS from the PureX·.and: Redox' pro
cesses .likely :result 'from :differences ·m fuels~ employed 
and waste treatment' (concentration;v denitrifiCation), · 
not.the CJC:traction proeess~.Therehave.beeil;only liniited 
(unpublished) 'attempts'to isolaterTc 'from·-;Wastes• pro-:;· 
duced by these processes::r.~.·'rh::ii"i~~ ;;1{ rr-;:~ ;:'!.niTa ·:<W' '{l.,::U£ 

. . Volatile forms of Tc,· if. released from the 'dissolver 
solutionsr.would likelY' be¥TciO~•·or" HTcOl since.'the 

: formation :of ~stable : aUCyl ~eaction.r proi::hicts .. as -tdccurs 
·with:! has not beendemonstrited and appeafs'uiilik~ty.· 
.The gasscrubber5on·the stackwould]itlierefore:ll)e·ex-' 
pected to strip-8 niajo):)fiactiontof'the1Tc~r6m ~tne1 air 
stream, as the reaction ~or tTc~Ot'or ·HTCOt'with watefin 
the presence of an oxidizer"(i!e.~~No;rNoa·rwould re
sult in nonvolatile pertechiietate:~Thus,~the majority of 
the Tc would likely be removed in the·condensate or gas 
scrubbers and discharged to waste cribs. • -·. ' . ·· · · 

Use of . "mTc in. pharmaceuticals; has''iricreased 
markedly since its introduction in ·1962 (liarper et al., 
1962). The isotope has a 6:1-hour half-life#llowing ad
ministration of quantities' sufficient for imaging while 
minimizing radiation.' dos~: . If decays · primarily · by 
a single medium-energy photon (140 keY) with 90Jo in
ternal . conversion': and !'virtual ,. absence": of.!~ dose
contributing beta emissions.· The use of "Mo-"III'J'c · 
generators greatly increase the availability of "III'J'c, and 
selective complCJC:ation enables the scanning of specific 
body organs or systems (Atkins~ 1970). The expanding 

·· .'· l.(:.t ·: ~,. ·: . ·:. ~. , , · .. ~ ~' · • .... n .... :r 

J. Eavlroa. Qual.; Vol. a, ao. 2,.tm 151 



:_.scope of.medicalapplications on record (Stemple, 1973) 
·.attests· to ·;the I usefulness and multid.iversity · of the 

·>isotope •. : _: '~ , · 

Aqueous Chemistry 

The. chemistry of Tc was the subject of several reviews 
(Kenna, 1962; Kotegov et al., 1968; Boyd, 1959; Rulfs et 
al.,.1967; Anders,.1960; Cobble, 1964; Korkisch, 1969). 
A group YII element, Tc most closely resembles Re and, 

. to a lesser extent,. Mn. The pertechnetate ion, TeO.-, is a 
· weaker o'ftidant. 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 
, . (VII) andRe (VII) at 0.56 A (Korkisch, 1969) differ con
:.siderably from that of Mn (VII), .which is 0.46A. Dif
zferences .in.redox properties and volatility allow chemi
--~~eparationof.Tc and Re~.:Jc~:;o·v·.-;· ,,,;,: .... > . . 

~d.JTechnetiumds~:known to eXist:in··all valence states 
~fromt+7 tos~l't:Of~which the most stable are +7, +4, 
-and O!.;Technetium heptoxide, · Tc~01,· is highly soluble in 

. -aqueous.solutiori,~forming tecllrietic aCid. Both Tcz01 
"land HTcO~·exmbitcorisiderable vapor pressure as solids 
tVorin'solution {Cobble; 1964; Cobble et al.,~1953), Other 

volatile'form8 of Tc include TcF, (Selig et al., 1961), 
~~TcCl,,~~(<:;o~~()P.~\1962); an~: TczS1. (Perrier. and Segre,_ 
;'~~-~39>;'~d;~~np,t~;;these rep~es~ntpossible sourc_es of 
~Styol9:til~ toJ~~~enmo~ent dunng nuclear fuel repro-
1r,cess~g;i(J;'1\Y~,_:isyt_fides, may. be..:fe:>rmed,. TczS1 or TcSz 
(-,(K.()~egov~e(~~-;1968).:~oth_are:l~g~ly ~nsolu~le, repre
J,senting potenti_al chetmcal repos1tones m enVIronments 
.;;.where Ehis:low and sufficient frees- is present. Further 
"'.stu!iy)s.required:to :determine the conditions necessary 
tfor;formation of reduced forms of Tc in the environ-
~-ment. '"' -. ;.-;::· ·· ·· · ·- · 

The pertechnetate ion is highly stable over a broad pH 
-:--range and at concentrations of l.L x .10:-5 to 0.18M. It is 
:; likely the most stable chemical species in aqueous solu
~tions~ t>erhaps :including·· natural waters.· However, in 
~-aqueops s9lutions;:pertechnetate is known to be reduced 
b(.by hydraziDe,·~ hydroxylamine; ascorbic 

_ ...... , .. L,.:: . .-...2,~'-'~::'to;form the hydrated di-
"-'"''2.-:.o•.u.:t'-'•1aU:ho1UgJ:J complete~reductionJo Tc 

960) :::on: is known that. in 
'~lncl~trat~:d~~oh1tioit~S. ·I>ertechrietiltemay.be reduced by 

nrcrilnit>''iiii:ii-!ll'irc (Kcitegov: et''a.L~ 1968; Rulfs et 
thiourea {Kotegov .et al., 

~~)~i~~~~~~~~f.e!~~~,~~f.~dJ!~~~~- · · a: state believed 
.undergo.dis-

n.. ...... · .... u et al., 

~~!~~~~ii~~~;~~~~;~;[;~~t;~ .. c~:~::: 
.'T' .. ftt<>rt1v .. Jvi1it.would appear 

eTc:(VII).!would govern the be
aerobic conditions. However, the 

:P..fl=s~~~~ ot'(sunp.leJ.noJrgantc .or .organic su~stances and 

~~(~;~,:~~~~;~~~~~,;~~~~namclns. Jni~natural.systems • may i1j Y,li.IICUI;c,State~~J(z 1o ·?·frS~c·:l rt:yj 

tendency to complex in the 
{Kotegov et al., 1968). 

~ 

Technetium complexes are expected to be low spin, with 
the relr.tive stability order for spin-paired complexes de
termined theoretica11y as d1

, d1 
,... d' > d• > d3 > d' 

(Basolo and Pearson, 1967), which for Tc corresponds 
to valence VI, V ,... II > Ill > IV > I. Ligand type and 
configuration 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 0/C atom 
ratio of the extracting agent, parti,Fularly 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 essentially unsolvated TeO.- (Boyd and 
Larson, 1960). ' · 
-~_Aromatic substituted or cyclic aliphatic compounds 

are .. better extractants of . Tc than n-aliphatic 
compounds. Aliphatic branching near an active group 
often hinders extraction. Alcohols and amines extract 
pertechnetate in the order 3 ° > 2° > 1 o. 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 AI 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 extensively studied for 
industrialpurposes (Kotegov et al.,.1968; Anders, 1960; 
Korkisch,: 1969). The pertechnetate ion binds 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 . 

BehaVior 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 (TeO.-) in 
aqueous solutions which do not contain strong reducing 
agents. This would encompass the conditions of many 



' . '< ~~·-~J:ti ~r:r:.-:; .. \ 
aerobic agricultural 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 sev~ral mitigat
ing factors that must be considered including the . in
fluence of the source term, soil and water environment, 
and microbial activity. , · . : ,_, · , · · . . , ',.,'"' , -- :t 

Influence of Source-The quantity and form .·or Tc 
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 a.S cert'ain oxideS, and 
the kinetics of conversion to thermodYn,anucally more 
stable, soluble forms on entrance into the environment 
may be slow, depending upon the stability of the oxide 
to weathering in soil. . · 

Soils and Sediments::_Information is available 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 soiVpCi solute per ml 
equilibrating solution) for trace quantities (in O.OlM 
CaCb) 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 AI 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 9807o of pertech
netate from solutiod· .over a period of 2 to 5 weeks 
(Landa e_t 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 Tc02•2H20 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 

: intS~l{I'W~f'!li111 bttattrt~1BI.rf01Hlj n~~~~~=l:~~~ 
pertechnetate ton n1 
pertecluietate Species. iJi SOliUticm 
1974, ~~~;Apro_mgv, 197.4).£' · ·-,·<:·,.-~r ·~~~~~~~~~~; 
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weight ,complexes_.may:. .. •"'!:~ .. ~··.~~"'·~· .. ~~!l!IL.G:IJ'~~J,~._,,j-ull -~t!?-:i 
Tc in solution whereas \the · • 
insoluble soil organic fraction may ·lead to immobiliza-. . ,.. .. . ... .. .... , ,. {1. 

tion!.)Jechne~ium.UV,l ~~;~bp~ri .t()~~mpJ~x;~~l(alC():;~:~ ·:< . 
ho!s,.;, (B()yd r·an.d;,<~ar.,. ~n_,?)tl9®)~~4U:P.Q.lY~S;9.b.~l$ ... ·rid~::,r~_; · 
(Richar,ds~: and;; S,.tetgman;'J. ~~~).!Jii!.C~!~~-lli.if.§:,:u' oo; :;y · 

~Jn~·.l!~9~~1;~cl:r:m~:&~4~~~-~~f?._· .. 
1 n4~~· ,w.~~~ 4ItP.IJ~~ted th~, S<?.~;()Jg~~;ft;a~9.I\W ~ ~~t '':~ . 
~9bilizatton,,i~v:e~~i co~du~¢<hQ:ve~ll'4S!J:.({j~~~y "Sl)QU cO· ·.· .. _ 
~ime. period.· that: sorpti()~ r:W~i_likeJy<c;tuecLtQ f~h¢DU,cal ·.·. ..· :c~f: 
interaction. With, the. orga¢c · fractio~:.rather ,than!up,_take n- ·. 
by microorganisms.· A lack o( sorpticn1'J)yJowforgaruc~· 
ma~fer.~oils,. r~ductiop. :.in :..~oa>ti_q~ifollo~gJi:202.~<f!~9 gestion of soil, and recoyery,_Q( sqt:~e4J~:;.by~~OE; ex- .: 
traction. also implicated. the .orgai).i..c,fraqi()n:in:.S()rptiori:~ 
(Landa et al.;·J9.7J!>).fu. _thl\la~ter;~tuc;ty; eguili~ratiOJlL~: __ c ·. 

w~re conducted .. over longer pe~od{~djtll~~soi.l)jnj~o.;.~·- • · 
flora may_ ~ave , ~een . an: impot:tanHfa~~(~;:;,F):oin' _ili.etl. 
known aqueous chemistry, whichindicat~Jh,at1l~;is~r~~ 
duced in the presence of organics such as ascorbic acid,,f. 
and the results. of the 'soils studies; jt is-likely.that the soil 
organic fraction will play a role in immobilization· of Tc; ~ 
either through sorption by ionic exchange mechanisms, 
reduction to less soluble forms, or complexation~~:r :i:.S ·· 
' Investigation; of temperature~ effectS )and 'sterilizliutifi 
on sorption of.Tc·by'several'soils·(l::.anda ret~aV?.~977bJ:. 
implicated ther soil- microflora'iJf·Tc .... retentioJi1bytsoilS~ \, 
However; the~mechamsm -<Wreteiitionris1not ktiown1•· · 
Simple uptalCe by·· the' soil:: niicroflora~'coilld fh.avifac.f~
counted . for measured S()rption;"lhowever~t:>tlis.~~on· 
micro flora may have b¢eiffesponsible ;for'ciirebtt'icluc::;; 
tion of· Tc (VIij to ·Tc'(IV) 1or ·indifectr.reductioii' tiy 
utilization· of available 02,1 either·of:whlch'might re8ulf 
in increased sorption with time; If microbiah.tptake is· a . · 
factor, consideration must be given "'to~Tcsolubiliz8tibn~'-
on· turnover of microbial tissues!~ Inves'tigatidilS? oHhese ·: 
factors, ·siniihir:to thos.e-direetect b}Uagri¢tilt~al·scien~t':l 
tists toward Nand Mn over·th'e"yeafs;1irereqwretrto refr., 
solve the mechanisms involVed • iii: sorption iilid, ilie '"'ex:r 
tent of sorptioli:-with time<as ;.these·iinfluence l!Tc ;plan?•": 
availability • and ·entrance': intcri"giound>~ and.:t~tlrface· 
waters. · .. j,~ •• ,; _,;·k,;dlifi~·--.c·;:t!rtq 1na~&~r3 .. \J;tr:.2-t .. 

Ground and 'Surface Waters'.; .. Evlden'ctis' av;mable· 
suggesting that at least a portion of the Tc released to 
the environment - remains . as a,._ soluble~ · species.: 
Technetium was • detected · by counting methods' ilt 
ground waters beneath deep sediments undfrlying the 1 

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 iri soil. This may 
result from the presence of Tc' as the soluble pertech~ 
netate ion or as a soluble complexed species. Evidence· 
supporting pertechnetate as the soluble species includes 
Tc solubility in alkaline wastes at Hanford, the stability 

.~: :;· r ~ ~ . . , ' t, • : ' ~ 
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of the pertechnetate ion in ~ion, and the low organic 
C content and likely absence ofmicrobial activity in the 
deetfsediments. ·' · · ·: ; ~ · ' · · 

Technetium in ground water exceeded the 0:5-pCi/ 
liter "Tc detection limit in 200fo of weekly ground water 
samples tested over a 3-year Illinois study (Golchert and 
Sedlet, 1969). Of that fraction, the average detected "Tc 
level was 4.65 pCilliter for a range of 0.5 to 49.4 pCil 
liter. Medical uses have resulted in detectible levels of 
"mTc in several sewer effluents.' A 1969-1971 study of 
21 hospitals in Allegheney County, Pennsylvania (Moss, 
1973) showe4 an annual increase of 10 to 1507o in use of 
"mTc. The ptimated concentration ·of "mTc in the ef
fluent' sewer. stream entering the Ohio River was 1 to 4 
pCi/liter. At' that time, the 1311 contribution was con
siderably greater than that of "mTc. rn· marked contrast, 
a 1973 study of 10 Cincinnati hospitals (Sodd et al., 
1975) :showed T,900' mCi "mTc compared to 10 to 20 
mCi-! 1-1ladmiiiisteredper week. An estimated 300 mCi 
"mTc'reached'the Ohio River each week, a value highly 
variable due to the long sampling times compared to the 
short half~life:of "mTc:'Each Curie of "mTc decays to'3 
ndt ~'Tc/J ·so~ the· ·resultin'g'' yearly' contribution· to·· the 
Ohio;River at' the ilirie of the study'was 47 nCi; a sinall 
but increasing;' h:latively"Unmonitored source of Tc to 
theenvrroni:nent;·;w;H rj:J.tr!.:.!{ -"'iL:;:r,;:_., ~' L '"' ·· 

; ;(<a.~J; ,:2iBIOLOGICAL ·INTERACTIONS· ·_ 
- ];>1"1,, ,'l-Ai3s~iji:lil•~lJW.ir!lt.f.J.;r,,._,~..t.::,1 lliW ~,. . ·." _:: ., . -. -
:-ciY.I.~ate}y,~~e __ ~yaila~ility, of ,J'c,,to _biota .will be 
governed bythe,quantity and form enutted and 1ts solu
~ility ~.-.so~s:.ai!d ~~~i:rsY}).owever, its uptake by biota 
\Yill.~so. 1~~-dependent;.upon_the rate_and ~tent '!f. its 
movement across biological membranes and Its toXIcity. 
'fh~re.is. a:·r~pidlyd~v~l9ping body of literature indica~
ing.that 1Tc.initially supplied as the pertechnetate ion 1s 
accumu'latedbybioia.~;,;;·:~~ h ·' .,~' . - -

Technetium as the pertechnetate ion is readily taken 
up by soy_beans and. :w.h~t at soil concentrations of 0.01 
to.0.1 ~glgJWildung,etal.;,1976,;1~7:7).and at nutrient 
soluti.~n,levek,asJowi~!0.02 pglml ~C.ataldo .et ~·• 
~-~.?~>~ i:M~~~)ncr~~~ ln. ,uptake .P~~uqed ~With: .m'7 
~~~!i s~~ ,~91?:c.e~trat~o.t;J.,J~t,soy., ~pnceptrations, below 
0-:~1'8/g~lP~~!~J~,f{ef4'-;t:lY:·.r:c;mo'l'~~. up-Jp;_90ro ,of the rc. from-sQ!J,;·~ili.c~tip.g: ~~~t .afflDlti~-~ceeding .other 
iioniiutri~nt nuclides ariSing from 'the.riuclearJuel cycle. 
~lwH~tiP.t'ilee'~;(~f1ea't.~~c\iir~ .. wheil.-a:C:._\ras,~pplied 
as>f'pertechnetate:tin:;irrigation: waters '(Landa':et' al.,: 
1977a).· · plants t::xhibitedTc localization in stem 
· ·- · - .. - ·After. 3 

·and in~ 
w"'-~--·--·-- \~! .......... __ .v __ et-lil.;~ 

· ,aboye, 

-.· ~~~~~~j~~~~~~]~:fBJ~~~~4-~ and,prC;j ) ·. bio--
et~ .. :. 

.was. 
0:-I'Dl· .co~centration rmge~; 
sp~ficity for Tc. Several 

effective in reducing ,Tc 
" ... , · MoO.~~.· indicab 

--... ,,_ __ iSlDiluaraUJ~.~Ke;,_DJ!=:CDl~IIIIIJ.Ir ~··c, , involved and 
sul,stitution fora nutrienr 

•n•~a ... nn ... nt ina:cti•vatJio-·n· of' aii essential 

plant proce~hemical 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 (l'g/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 9007o of the dose was ex
creted regardle8s of the form of Tc administered. Sig
nificantly, however, unincorporated 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 incorporat~d. This may result 
from associations of Tc with larger molecules in the 
plant tissues, reducing transport across the gut. In this 
respect, Tc 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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