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SPECIATION OF RADIOIODINE IN AQUATIC AND TERRESTRIAL SYSTEMS
UNDER THE INFLUENCE OF BIOGEOCHEMICAL PROCESSES

{i. BEHRENS

Gesellschaft fiir Strahlen- und Umweltforschung mbH Minchen,
Institut fiir Radiohydrometrie, D-8042 Neuherberg, F.R. Germany

ABSTRACT

In aerated surface and soil water iodide undergoes chemical reactions which
?ind the iodine on dissolved organic compounds. The reactions seem tov be
instigated by microbial activity. In detail they appear as an iodination of
organics effected by extracellular enzymes. The reactions tend to reach
equilibria determining the distribution of iodine on different specics. In
soil/water systems iodine is bound on undissolved organics in the s.ume
manner. Humic substances seem to play s considerable role in binding the
sonverted iodine. lodate is not formed under these oxidizing reactiuns. It
is [o?nd to be reduced and thus involved in the above processes. Under
reducing conditions no conversion of iodide occurs; rather a retransformation
of organically bound iodine to iodide was found in anaerobic systems.

1 INTRODUCTION

The behaviour and the fate of radionuclides in the environment is basically
connected with their chemical state on the one hand and with the chemical
conditions of the systems on the other. Thus a thorough understanding of
cheqical processes in environmental systems and resulting speciation of
radionuclides is indispensable for the discussion of their behaviour, e.g.
in radioecological respect.

.This report deals with investigations on the chemical conversion of
radioiodine which was added in the form of I~ or 103 to samples of surface
fresh Yater or to soil/water systems. In aerated systems usually trans-
formation of 1~ in other chemical forms (except 103) and strong fixation of
the radioiodine by soils was observed while 10J seemed to be included in
the.proceaues after an evident reduction to I”, In contrast to that under
strictly anaerobic conditions, 1~ proved to be stable.

. In the course of the investigations, inorganic reactions including
1sotope exchange and photochemical or radiochemical conversion were
excluded as a cause for the observed reactions. Rather, the evidence showed
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that microbial activity should be responsible for this behaviour of radio--

iodine in environmental systems. The following observations among others

allow for this conclusion:

- The ability of samples of surface fresh water or soil water to convert
I” is loat if the samples are preheated to boiling before the addition
of radioiodide. Fixation of radioiodine, added in the form of I, by
soils, does not occur if the material is autoclaved prior to the
experiment. These observations can be seen in the context of
inactivation of microbial activity by heat.

= In some samples of deep groundwater normally beeing inactive toconverte
I, sfter initial periods of inactivity, up to several weeks or some-
times months, a beginning of iodide conversion was observed. Similarly,
iodide conversion in autoclaved surface water could be instigated by
incubation with small amounts of untreated surface water, soil or even
with normal house dust. These findings indicate that the observed
conversion of I” can be linked to the growth and interaction of
microorganisms in the respective water samples.

In the following, a selection of experiments] results is given to
characterize the conditions of the reactions as well as the speciation of
iodine in the systems in question.

2 EXPERIMENTS

2.1 Methods
The distinction between I~ and other radioactive iodine compounds which

formed in surface and soil water, was made by coprecipitation of the I~
with AgCl, maintaining an exceas of Cl~ over Ag*. Under this condition
congiderable awounts of other iodine compounds than I~ remained in the
filtrates!, Separation and characterisation of other iodine species in
solutions was achieved by thin layer chromatographyZ, continuous electro-

phoresis (wethod by HannigJ) and size exclusion chromatography. The sorption:

behaviour of radiociodine in soil/water systems was investigated in batch
shaking tests and in soil column tests.

2.2 Observation of iodide conversion in surface and soil water

When radiolodide is added to surface or soil water a fraction of it becomes
non-precipitable with AgCl. After some time equilibria are attained

(Figure 1, a) in which generally 15- 252 of the iodine remains as I~ or at

least in & form which behaves like 1™ in the precipitation reaction and in
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r;cuaa 1 Formation of non-precipitable iodine compounds from 1~ in
river water (a); re-establishment of equilibrium after removal of
I” from the solution (b). Added iodine concentration: 108 M .
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another phase with o lower rate of sorption follows (Figure S, curve a) in

which a decrease of the converted radiciodine in the solution together with
2 further decrease of iodide conceatration can be observed. Thus finally ¢

8ood deal of the Previously dissolved converted radioiodine is also surbed
by the soils.

Relatively high Kp-values of radioiodine
to more than a thousand, were found in batch
In contrast to the experiments with untreated
the bactch solutions and no corresponding sorpt
batches wich autoclaved soils,

Under anearobic conditions, generated by oxygen exclusion at the begin-
ning or during the experiments, in batch tests a drastic release of iodine
out of the converted and sorbed formes under bach-formation of
observed (Figure S, curves by and bj). A relacion of iodine relesse (.

nitrate reduction in anaerobic batches was found (Figure$, curvescy and ;).

2.7 Soil column tests

In s0il columm tests, under water Saturated as wel] 48 unsaturated condi-
tions, 8enerslly strong fi

ixation of radicjodine which was applied as (-

occured (example in Table 1). Obviously, chemical conversions of [~ 4

described in the preceeding chapters, will be responsible for that. In

contrast, in colums with autoclaved soils, no sorption of radioiodine

was observed, leaving the columns in unconverted form ag 1~ and thus

Indic-ting the influence of speciation on sorption and migration processes,
107 and iodine bound by organics 88 obtained in transformation of |-

in surface or 8oil water, ghowed lower rates of sorption by soils than

iodine in the form of - did, suggesting involvement of further reactions

like reduction of 103 or deiodination of organics in the sorption process,

» ranging from several hundred
equilibris with organic sojls.
soils, no conversion of |- i
ion of radioiodine occured in

3 DbIscussion

The experiments demonstrate that in aquatic and terrestrial environment s
speciation of iodine ghould be related to microbial activity, Looked 4t ¢
Bore closely, the direct action of microorganisms Seems to play a minor
role. As can be derived from the processes in the aquecus phage, the
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TABLE 1  Distribution of radiciodine in a soil c?lqmn.af:g:cziiﬁyzf
of water percolation under water unlaturatg condxtton;oldi ctlon
radioiodide into the colum inlet on the 3¢ day of a y

Column length: 200 mm Flow rate: 10 ml/cmz-d

Soil type: brown earth

Such iodinating

pepth of layer Fraction of total inj. radiociodine
ep
s
77.75
g - |3 18.60
- 1.78
10 ~ {5 "
oo 2 0.32
20 - 25 0.3
25 ~ 30 o
30 - 35 0
35 - 40 0.0
40 - 45 haped
45 - 50 -
50 -100 O.OI‘
100 -200 , .
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enzyme systems consist of peroxidases and components generating Hy0,, e.g.
as a by-product in the oxidation of glucose with help of glucose oxidase.
Al) these prerequisits exist in the environmental systems in question.

The iodination processes appear to be reversible to s large extent.
This is suggested by the release of 1~ from the organic fractions under
anserobic and other reducing conditions. So far, the actual distribution of
iodine among different chemical forms in environmental systems is given by
an equilibrium of processes binding iodine in orgsnic materials as well as
releasing it continuously. Thus with time, newly introduced radioiodine can
mix with the stable resident iodine in the systems.

As a result of the sbove processes speciation of lodine in surface fresh
wvater and water/soil systems showes I~ as the only inorganic componcut
beside a variety of organic iodine compounds. In the water phase gencrally
about 15-202 of the iodine is found as I”. In organic soils more than
99.9 T of total iodine is associated with undissolved, obviously organic
matter, based on iodine distribution coefficients of several hundreds mi/g,
while the fraction of dissolved iodine is made up of I~ and organic iodine
compounds according to the above ratio (Figure 6). The organic compounds
that bind iodine in the conversion processes are not yet fully identilied.

However, humic sustances seem to play a considersble role in binding the
converted iodine.

- re===9
A: 17 1N SOIL WATER 19 H

| g A |

[l: ORGANICALLY BOUND [OOINE 1N SOLYTION ] l C: 1ODINE SOUND IN ORGANIC S&IDS‘I

€>99.9 3 of total fodine in the system

ratio A/ 8 ~0.2

FIGURE 6 Schematic of iodine distributjon in soil/water systems.

These considerations are in agreement with most of the results of many
investigations on the behaviour of iodine in environments reported thus
far. Bonding of iodine to organic materisl has become evident during the
last decades in studies on cgrption of iodine by soil through the work of
lel“. Hildgng5, whitehead®™ . Saas9-‘°. Szabéra“, Prokhorov'2,
Tikhomorov!3 and othera. Reduction of 103 in soils was shown in several
studies?s 11,12, Tikhomorov'3 analysed the distribution of organically bound
radioiodine in soils with respect to different types of organics showinyg
humic and fulvic acide as the dominant acceptors. Radioecological
observations of a decrosllng bloavaillbll*iy of radiolodine newly intioduced
into soils made by Saas’ and Schilttelkopf'® coincide with the proposed
mechanism of a gradual mixing of the radiolodine with the stable jfodiuc
content of the goils.

Finally, the above processes and resulting speciation of radioiodine
may also be of importance concerning its migration in soils. Complete
mixing of added radioiodine and existing stable iodine is a requirement
for the effectiveness of a dynamic compartment model!?, suggesting fallout
iodine residence times in surface soils of several thousands of years.
Residence times on the same order can also be derived from batch distri-
bution coefficients for radioiodine in soils measured in our experiments
ranging from several hundreds to more than a thousand wl/g.
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DISCUSSION

BONOTTO:

Doss asutoclaving affect the organic substances present in vater
capability of binding fodine?

¢ to
e sutoclaving means a heavy :tre-l
2: ::::: and soil and will ~denature” thea to some extent so that a

change but no sbolition of lodine uptake will result. The full

arance
:::::::ltlon of aicrobisl and corvelated sctivity.

and thelr

organic materials present

of todine binding by organics will thus more reflect full
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IODINE-123 AND IODINE-131 IN THE THAMKS VALLRY
AND OTHER AREAS

J. B. HOWE, M. K. LLOYD AND C. BOWLTe*

Mipistry of Agriculture, Fisheries and Food, Central Veterinary Laborutory,
Weybridge, Surrey, KT1S INB (United Kingdom): *Department of Radiobiology,
Medical College of Bt., Bartholomuw's Hospital, Charterhouse Squurc,
London, ECIM 6BQ (United Kingdom).

ABSTRACT

Part of the lodine-125 and lodine-131 waste from hospitals and rescarch
centres is discarded down drains and passes through sewage and water
reclamation works into the river system. Relatively high concentrations of
radioiodine occur in outfalls that discharge into the river Thames, lowur
levels are found in the mainetream river and less still ia the rescrvolrs
and tap water supplies abstracted from the river. Tho pathway from waste
to drinking water could account for the low levels of lodine-128 found in

the thyroid glands of some farm anisals and human beings in the Thoamcs
valley.

1 INTRODUCTION

Whilst monitoring the u.l ('l‘l = 1.6 x 101 yr) content of thyroid glunds

from farm animals at varying distances from nuclear-fuel roprocessing
plants it was noticed that low levels of radioiodine were present in some
animals far distant from nuclear installstions and radionuclide production
sources. In particular it was found that thyroids from comtrol shecp
housed at the Central Veterinary Laboratories (C.V.L.), Weybridge, Surroy,
contained similar activities to those grsxing arouad Windscale, Cumbria,
300 niles to the north of Weybridge. The shorter half-life of the Wuy-
bridge samples eventually identified the radiciodine present as 1251

(T* = 680 d) which, like u’l, smits photons close to 30 keV.

The possibility of sclf-contamination of specimens was carefully
investigated and ultimately eliminated. The oriygin and environmental
pathways of such 1351. and also 1311. found in the Thames valley and else-
where is the subject of this paper.






