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SPECIATION OF RADIOIODINE IN AQUATIC AND TERRESTRIAL SYSTEMS 

UNDER THE INFLUENCE OF BIOGEOCHEHICAL PROCESSES 

II. BEHRENS 

Gesellschaft fUr Strahlen- und u-eltforachung mbH HUnchen, 

Institut f<ir Radiohydro-trie, D-8042 Neuherberg, F.R. Cermany 

ABSTRACT 

In aerated surface and eoil water iodide undergoee che■ical reactions which 
bind the iodine on dissolved organic c0111pounde. The reaction1 1eea to be 
instigated by microbial activity. In detail they appear a1 an iodination of 
organice effected by extracellular enzYM•• The reaction• tend to reach 
equilibria determining the distribution of iodine on different epeci,•s. In 
soil/vater ■yatems iodine is bound on undiuolved organic1 in the "·'"''' 
unner. Humic suhstancea 1eem to play a con1iderable role in bindin~ the 
converted iodine. Iodate i1 not formed under theae oxidizing reacLions. lt 
is (ound to be reduced and thus involved in the above proce1ee■• Un,!Pr 
reducing conditions no conversion of iodide occur1; rather a retransformation 
of organically bound iodine to iodide vaa found in anaerobic ■y ■ tems. 

INTRODUCTION 

The behaviour end the fate of radionuclide■ in the environaant i1 basically 
connected vith their chemical etate on the one hand and vith the chemical 
conditiona of the ayetema on the other. Thua a thorough underatanding of 
chemical processes in environmental ■Y■tem• and re1ulting apeciation of 
radionuclides is indi1pen1able for the di1cu1aion of their behaviour, e.g. 
in radioecological re1pect. 

This report deale vith inve1tigation1 on the cheaical convar1ion of 
radioiodine vhich vae added in the fon of 1- or IOj to 1aaple■ of surface 
fre1h vater or to eoil/vater ey1tema. In aerated ■Y■te■a ueually trans
formation of 1- in other chemical fona (except IOj) and ■ trong fixation of 
the radioiodine by aoils va■ observed while 10] aeeaed tobe included in 
the procesaes after an evident reduction to 1-. In contraat to thst under 
etrictly anaerobic conditions, 1- proved tobe ■ table. 

In the course of the investigation,, inorganic reaction■ including 
isotope exchange and photochemical or radiochemical converaion vere 
excluded as a cause for the observed reactiona. Rather, the eviden~e showed 
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that aicrobial activity should be reaponsible for thi ■ behaviour of radio
iodine in environaental aystems. The following observations among others 
allow for thia conclusion: 

The ability of aa■ple• of aurface fre ■h vater or ■oil water to convert 
1- i ■ lo■t if the ■amples are preheated to boilin& before the addition 
of radioiodide. Fixation of radioiodine, added in the form of r-. by 
■oils, doe■ not occur if the material i• autoclaved prior to the 
experiment. The■e ob■ervations can be ■een in the context of 
inactivation of ■icrobial activity by heat. 
In ■ome ■ample ■ of deep groundwater nor■ally beeing inact ive to convert!e 
1-, after initial perioda of inactivity, up lo ■everal week■ or some
times month•• a beginning of iodide conver■ ion va■ ob■erved. Similarly, 
iodide conver■ ion in autoclaved aurface water could be instigated by 
incubation vith ■mall amounts of untreated ■urface water, soil or even, 
with normal hou■e duat. These finding• indicate that the observed 
conver■ ion of 1- can be linked to the growth and interaction of 
■icroorgani••• in the respective vater saaple■ • 
In the folloving. a selection of experimental re■ult ■ i1 given to 

characterize the conditions of the reaction• a• vell a• the speciation of 
iodine in the ■yatem■ in question. 

2 EXPERIMENTS 

2.1 Hethods 
The d1 ■t1nction between 1- and other r■dioactive iodine compounds which 
foraed in ■urface and soil water, wa1 made by coprecipitation of the 1-
vith AgCl, ■aintaining an exteas of c1- over Ag+. Under thie condition 
con1iderable aaount1 of other iodine compound1 than 1- re■ained in the 
filtrate1I. Separation and characterisation of other iodine species in 
1olution1 wa1 achieved by thin tayer chromatography2, continuou1 electro
phore1i1 (■ethod by HanniKJ) and size exclu1ion chromatography. The sorptiQn 
behaviour of radioiodine in soil/water sy1tem1 was investigated in batch 
1hsking te1t1 and in 1oil column tests. 

2.2 Ob1ervation of iodide converaion in surface snd soil water 
When rad101odide 11 added to surface or 1011 water a (raction of it becomes 
non-precipitable vith AgCl. After so■e time equilibria sre attained 
(Figure 1, a ) in which genera l ly 1 S - 2S % of the iodine rema ins as 1- or at 
lea1t in a fona which behaves like 1- in the precipitation reaction end in 
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FIGURE 1 Formation of non-precipitable iodine compounde from 1- in 
river water (a); re-eetablishment of equilibrium after removal of 
1- from the solution (b). Added iodine concentration: 10-8 H. 
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all other tests applied. Transformation of r proceed■ at the highcst 
observed ratea if it1 concentration i ■ on the order of w-8 H, whirh is 
alao the concentration of naturally occuring iodine in fre1h water 
(0',S-2ppb).When the concentration of r added h higher by one ur several 
orders of magnitude, the reaction rate ia lower, hovever the ■aae equili
briu■ state is attained (Figure 2). lt ■eema vorth noting that, in contraat 
to the differing reaction rates at different iodine concentration levels 
the turnover rates of the formation of non-precipitable iodine are all about 
the same value, indicating a certain capacity of the 1yate■ for the trans
formation of 1-. The exiatence of an equilibrium i1 1hovn by removinK the 
r fraction from the 1olution (Figure 1, b ); after 1ome ti• the sa111,• atate 
of equilibrium between r and converted iodine a• before h re-est.,blished, 
indicating the releaee of 1- out of the converted forma of iodine. 

2.3 Effecte of water 1terilization by filtration and of heating lh,: 
sterile filtrate1 

Surface and soil water that vere filtered through a 0.2 1,1a M■bran,· fitter 
■howed the same ability of iodide converaion a• the untreated sampl„s, 
someti-e vith a moderate reduction of the conver1ion rate ■• Stor1ni; the 
filtrates in darkneea for aeveral month■ reaulted in a ■ light reduct1on of 
the iodide converting ability merely, which decrea■ed draatically wht>n 
the samplea were expoaed to intensive light. When the filtrate• wer~ heated 
for 1ome minutes at elevated temperature■ before adding the radioiodide, 
the activity of the filtrates to converte 1- decrea■ed vith increas1ng 
temperatures (Figure 3). 

These experiments indicate that the ■ub1tance1 cau■ ing the iod ich• 
converaion can occur in the aqueoue 1olutiona independently from mi<'ro
organisma. Thia fact can be explained vith the iodide conver1ion by t'Ktra
cellular enzymes which can be de■ troyed or denaturated by light or hy heat. 

·-·-·- -r,, ·-----· 
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FIGURE 2 Formation of non-precipitable iodine compounda from ,- in 
river i•ter. lodine concentrations: a) carrier-free; b) 10-7 H; 
c) 10- H; d) 10-5 H, ' 
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FlCURE J Formation of non-precipitable iodine compounda in sterile 
filtrated river vater that has been heated for 2 ■inutea to the 
temperatures given in the figure. Added iodine concentration: 10-8 M. 

2.4 Redox behaviour of the converted iodine 
Addition of aulph1te to samples of aurface or 1oil vater cauaed a partial 
retranaformation of converted iodine to 1-. Al aoon aa the aulphite 
di1appear1 from the aolution by selfoxidation, the aame equilibrium aa 
before vill be re-eatablished. Exclusion of air oxygen, e.g. by flushing 
the vater samplea vith nitrogen gaa cauaed atability of the added 1-
which hovever vaa converted in the deacribed vay after reaeration of the 
aamplea. Further information on the redox behaviour waa obtained from 
aoil/vater batch and column teste (cf. 2.6, 2.7). 

2.5 Chromatography and electrophoresia 
Thin layer chromatography under si111t1ltaneous electrophoretic separation of 
1urface and aoil vater yielded, beaide 1ome unconverted 1-, 1everal anion{c 
radioiodine containing apots vhich could not be related to knovn epecies 
if iodinel. Continuous electrophoretic aeparationa ahoved the converted 
iodine to occur in a broad band of anions vith different electrophoretic 
■obilitiea, lower than that of 1-. 

Size excluaion chromatograms of aurface and aoil vater containing 
converted radioiodine vere run under aiaultaneoue detection of radioactivity 
and UV· abaorbance (254 nm) in the coluam effluenta. Cood correlations were 
obtained betveen abaorbance peake (repreaenting organic aubstances) and 
radioactivity peaka, indicating that the radioiodine vaa aaaociated with 
organic aubatancea (Figure 4). Peaks a) and b) can be attributed to humic 
aubatancea vith molecular weights in the range of 1000 to 10 000, 

2.6 Soil/vater batch tests 
Batch shaking teste were run with a variety of aoil1 and aqueoua solutions, 
using ■oatly a solid to liquid ratio of 0.25 g/ml, Radioiodine that was 
added •• 1- vaa generally sorbed by aoil material• at relatively fast ra~es. 
Simultaneoualy in the batch solutions a fraction of the radioiodine vas 
converted in the manner described above. After the phaae of rapid sorptipn, 
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FIGURE 4 Size excluaion chromatography of iodine compounda that 
been fonned from radioactive 1- in aoil vater; the hatched area 
corresponds to 1- in equilibrium vith the other iodine compounda, 

liave 

another phaae with a lover rate of aorption follova (Figure 5, curve ,1) in 
which a decreaee of the converted radioiodine in the lolution togeth,•r with 
a further decrease of iodide concentration can be obaerved. Thua fi11,1 J ly a 
good deal of the previoualy diaaolved converted radioiodine ia alao sorbed by the aoila. 

Relatively high K0-valuea of radioiodine, ranging from aeveral hundred 
to more than a thouaand, were found in batch equilibria vith organic soila. 
In contraat to the experimenta vith untreated aoila, no converaion of 1- in 
the batch aolutiona and no corresponding 1orption of radioiodine occured in batchea vith autoclaved aoil1. 

Under anearobic condition,, generated by oxygen excluaion at tht- liegin
ning or during the experimenta, in batch te■ t ■ a draatic relea,e of iodine 
out of the converted and 1orbed formea under bach-formation of 1- we~ 
ob1erved (Figure ~. curve, b 1 and b2). A relation of iodine relea ■e tu 
nitrate reduction in anaerobic batche ■ vaa found (Figure5, curvea c

1 
and c2). 

2.7 Soil column testa 

In ■oII column tests, under vater saturated aa vell •• un1eturated cnndi
tiona, generally strong fixation of radioiodine which vaa applied as 1-
occured (example in Table 1). Obvioualy, chemicel converaiona of 1- es 
de1cribed in the preceeding chaptera, vill be reaponaible for that. In 
contraat, in columns vith autoclaved ■oila, no ■orption of radioiodine 
was observed, leaving the coluama in unconverted form aa 1- and thus 
indicating the influence of ■peciation on Sorption and migration processes. 

103 and iodine bound by organic ■ •• obtained in tranafonution of 1-
in ■urface or aoil water, ahowed lover rate ■ of aorption by aoil ■ than 
iodine in the form of 1- did, ■uggeating involvement of further react ions 
like reduction of IOj or deiodination of organica in the aorption process. 
J DISCUSSION 

The experiment ■ demonstrate that in aquatic and terreatrial environrnents 
■peciation of iodine ahould be related to microbial activity, Looked Jt it 
more clo■ely, the direct action of microorgani ■m■ aeema to play a minor 
rote. As can be derived from the proceaaea in the aqueoua phaae, the 

) 



~ 

228 

reactions appear a1 an oxidative tranaformation of iodine into organic 
bonds. -diated by extracellular enzyme ayatema, Enzymic iodination 
processes are well known to occur in biological 1y1tem• and they are also 
applied in vitro for production of organic iodine compounda. Such iodinating, 
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FIGURE 5 lodin• diatrib~tion coefficient• (K0) in 1ail/water batch. 
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TABLE I Diatribution of radioiodine in a soil colum after 7 days 
of water percolation under water unsaturatei condition; injection of 
radioiodide into the colum inlet on the 3r day of a 10 daye run. 

Colum length: 200 111111 Flow rate: 10 ml/cm
2

•d 
Soil type: brown earth 

Depth of layer -
0 - 5 
5 - 10 

10 - l'j 

15 • 20 
20 - 2S 
25 - 30 
)0 - 3'.i 
3'.i - 40 
40 - 45 
45 - 50 

50 -100 

100 -200 

Fraction of total inj. radioiodine 
% 

77. 75 
18.60 

1. 78 
O.fl'I 
0.32 
0.19 
o. 12 
0.09 
0.06 
0.05 

0. 18 

0.04 
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enzyme 1y1teme conaist of peroxida1ea and componenta generating H20?. e .g. 
as a by-product in the oxidation of glucose with halp of gluco1e ox1dase. 
All theae prerequisits exiat in the environ-ntal 1y1ta■1 in queation. 

The iodination processes appear to be reversible to a large ext<•nt. 
Thi1 is suggested by the release of 1- fro■ the organic fraction1 under 
anäerobic and other reducing condition1. So far, tha actual di1trih111 ion of 
iodine among different chemical fonu in anviron■antal 1y1te■a h giv"n by 
an equilibrium of proce11es binding iodine in organic uterial1 as w"ll as 
releasing it continuou1ly. Thu1 with ti•, nevly introduced radioiodine can 
mix with the stable re1ident iodine in the 1yateu. 

A• a re1ult of the above proce1se1 1paciation of iodina in surr, .. -., fre1h 
water and vater/soil 1y1tem1 1hove1 r aa the only inoraanic co11p011•·111 
be1ide a variety of organic iodine coapound1. In the vater pha1e gen„rally 
about 15 - 20 % of the iodine ia found •• i-. In oraanic 1oih ■ore t han 
99.9%of total iodine h aasociated vith undi11olved, obviou1ly organic 
matter, baaed on iodine distribution coefficient1 of 1everal hundreJs ml/g, 
vhile the fraction of di1aolved iodine ia ■ade up of 1- and organic 1odine 
compounda according to the above ratio (Figure 6). The organic comp,,1111Js 
that bind iodine in the converaion proceaae1 are not yet fully ident1[ied. 
Ho~ver, humic austance1 1eem to play a con1iderable role in bindinK the 
converted iodine. 

,-----, 
1 i---· 10) L,:. c!.._ L-----J 
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FIGURE 6 Schematic of iodine di1tribution in 1oil/water aystems. 

The1e con1ideration1 are in agreement with -•t of the re1ult1 o[ many 
inve1tigation1 on the behaviour of iodine in enviromaenta reported thus 
far. Bonding of iodine to organic material hu become evident during Lhe 
la■ t decadee in studie1 on •Brption of iodine by 1oil through the work of 
Raja4, Wild~ng5, Whitehead6- , Saaa9,IO, Szabora 11, Prokhorov12, 
Tikhomorovl and othera. Reduction of IOj in 1oih wa1 1hovn in aever.il 
■tudiea7,ll,12. Tikho-rovl) analy1ed the di1tribution of organically l,ound 
radioiodine in aoils with reapect to different type• of organic1 1howin!: 
humic and fulvic acid1 a1 the dominant acceptor1. Radioecological 
ob■ervation1 of II Jecrag-ina bluavailabilflY of radioiodina nevly 1111, uJuceJ 
into aoih made hy Sau and SchUttalkopf coincida vith the propost·cl 
machanilm of a gradual mixing of the radioiodine with th• 1tabl1 iodi11,· 
content of the aoila. 

Finally, the above procesaea and re1ulting apeciation of radioiodine 
may also be of importance concerning iu migration in soi11, Complet<' 
mixing of added radioiodine and exiating 1table iodine h a requirement 
for the effectiveness of a dynamic compartment model 15, suggeeting fal lout 
iodine reaidence times in aurface soil• of ■everal thou1and1 of years. 
Re■ idence times on the aame order can also be derived from batch distri
bution coefficients for radioiodine in 1oil1 measured in our experiments 
ranging from several hundrede to more than a thoueand ml/g. 
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DISCUSSI0N 

IONOTTO: 
Doel autocla•lng affect the organlc 1ub1tance1 preaent 1n water and their 

capablllty of b1nd1ng 1odlne? 

IEHIINS: 

Of courae autoclav1ng .eana • heavy atre■• to organic uterial■ preaent 
ln vater and ao11 and vlll "denature" the■ to ao■e extent so that a 
chaaa• but no abol1tion of lodlne uptake will reault. tbe full 
diaappearanc• of lodtne b1ndlng by organtca vlll thu■ ■ore reflect full 
1nacti•■tlon of ■lcroblal and correlated act1vltJ• 
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I0DJNE-12& AND I0DIN&-131 IN Tim TIIAll&S VALU:Y 
AND OTll&I AUAS 

J. N. IIOWE, II. E. LLOYD AND C. BOWLT• 

lliniatry ot A1rlculture, Pleberiea ud Pood, Central Veterlnary LaborMlory, 
Weybrldp, Surrey, ITlS 3NB (Untted lta1do■); •Depart-ot of ladlob,olo~y. 

lledtcal ColleKO of lt. Barlholcavw'a Noapttal, Cbertarhou..., Squ11rc, 
London, ICUI eBQ (UaUed IUa&do■). 

A88TIACT 

Part ot tbe lodlne-12& ud lodtae-131 waate fro■ boapttala ud reacarcb 
ceatrea ta dlacardad down dralna ud P••••• tbrou1b ••••1• and water 
rec:la■atton -rka tnto the rtvar 1y1tH. lelattvely hl&h concentraliona ol 
radtotod1oa occur lo outfalla tbat dlaebar1• Joto tba river Th■■••• lowur 
lavela ara found in tha ■ataatrea■ rtvar aad 1••• attll to tb• ra ■ervolr ■ 
aad tap water aupplt••· abatracted fro■ tbe river. Tho patbway tro■ •••t• 
to drillllta1 water could accouat for tbe low levela of lodtae•l26 found Jn 
tb• tbyrotd glaada of -• far■ aotaala aad bu■ao betn11 in tba Thm■ca 
valley. 

1 INTIODUCTION 

lat 7 lrbtlat ■ooltorln1 tbe 1 (Tl• 1.8 • 10 yr) coatent of tbyrold 1llinda 

froa far■ anlula 1t varyin1 d11taacae froa auelear-fuel roprocee1t11c 

plut• lt wae aoticed tbat low level1 ot radlolodioe .. ,. preNot ln ■«.e 

aaiaale far dl1taat froa oucle1r lnetallatlona aad radioauclide productlon 

-urcea. In partlcular tt waa fouad tbat tbyrold■ troa c•trol 1hecp 

bou"d at the Central Veterlllary Laborator111 (C.V.L.), W.ybrtdp, Surroy, 

eoatalaed 11■tlar acttvttle■ to tbo■a 1raata1 arouod Wlndecale, Cuabrla, 

300 ■11•• to th• nortb of Weybrtd1e. Th• aborter -•lf-ltfe ot th• Wvy

brld1e aa■ple1 eventually tdeatifled tbe radlotodlne preNnt aa 125
1 

(Tl• eo d) wbich, Ilke 1291, e■tta pboton1 clo1e to :,0 keV. 

The poaatb111ty of aolf-conta■Jnatloa of 1pec1■en1 ••• earefully 

lov■att1ated aad ullt■ately alt■loated. Th• ort11.D aod -••r-eat~l 

patbway1 of auch 12sJ, aad alao 131 1, tound in tbe Tbuea valley and elae

wb•r• 1• the 1ubJect of thl• paper. 




