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I. 	 INTRODUCTION 

Iodine has long been known as all essential element 
for humans, and mammals in general, where it is 
concentrated in the thyroid gland. It is a component 
of the thYToid hormone thyroxine. Deprivation of 
iodine results iJl a series of iodine deficiency disorders 
CIDD), the most cOl11mon of which is endemic goiter, 
a condition where the thyroid ghmd becomes enlarged 
in an attempt to be more efficient. Iodine deficiency 
during fetal development and in the first year of life can 
result in endemic cretinism, a disease which causes 
stunted gwwth and generaJ development along with 
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brain damage. However, whille these two diseases are 
easily recognizable, perhaps dle more insidious problem 
is that iodine deficiency impairs braill development in 
children even when there is no obvious physical effect. 
Indeed it has been suggested that iodine deficiency 
is the most common preventable cause of mental 
retardation (see Geological Impacts on Nutrition, and 
Biological Responses of Elements, this volume). 

Endemic goiter and cretinism along with related 
IDD have long been recognized as serious health prob
lems and consequently much work has been carried out 
on the etioloi:,'Y and geographical distribution of these 
diseases. Many authors have suggested the involvement 
of several other elements in the etiology of these dis
eases, whereas a group of sulfur-containing compounds, 
thiocyanates and thiouracils, identified collectively as 
goitrogens, h,lve been strongly implicated in some 
endemics. These compounds have been found to either 
inhibit iodine upt'lke by the thyroid gland or inhibit the 
formation of the thyroid hormones. However, it is gen
eraUy agreed that the primary cause of IDD is a hlCk of 
iodine in the diet. 

IodiJ1e was the first element recognized as being 
essential to humans and the disease of endemic goiter 
was the hrst to be related to environmental geochem
istry. Incleed, this disease appears to have been identi
fied by the ,ulCient Chjnese. One Chinese medical 
writer from the 4th century AD noted the use of the 
seaweeds Sargassu7l1 and Laminoria (which are known to 
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be very iodine rich) for treatment of goiter (Langer, 
1960). However, there are I1l ,llly ea rlier records in 
ancient literature of seaweeds and burnt sea sponges 
used in the treatment of endemic go iter possibly from 
as early as 2700 BC (Langer, 1960). Iodine was discov
ered by the French chemist Bernard Courtois in 1811 
when he accidentally added concentrated sulfuric acid 
to the seaweed FIICl/s vesimloSlls, one of the seaweeds 
used in goiter treatment. It was soon reali zed that iodine 
W,IS the active ingredient in the treatment . Iodine was 
later identified as an essential element in human nutri
tion. Despite this early recognition of the role of iodine 
in endemic goiter and related disorders, it is apparent 
rh,lt IDO is still affecting large numbers of people 
worldwide, with some estim,ltes suggesti ng that around 
30% of the world's population are ;It risk. Prio r to the 
middle of the 20th century iodine-deficiency problems 
affected virtually every country (Ke lly & Snedden, 
1960). Although the problem has been eradicated in 
many countries, it is still a major concern in the devel
oping world. In addition it has been shown recently that 
some more affluent countries in western Europe are 
also affected with 100. Delange (1994) suggested that 
50-100 million people in Europe are at risk. 

The areas where roo are concentrated tend to be 
geograpbjcally defined. Thus many of the most severe 
occurrences of endemic goiter :l11d cretinism hmre 
been found to occur in high mountain ranges, rain 
shadow areas, and central continental regions (Kelly & 
Snedden, 1960). This distribution of 100 results 
from the unique geochemistry of iodine. Geochemists 
generally agree that little iodine in the secondary 
environment is derived from weathering of the 
lithosphere. Most iodine is derived from volatilization 
from the oceans with subsequent transport onto land 
(Goldschmidt, 1954). Therefore, to underst,llld the role 
of soi l iodine geochemistry in IDD it is essential to 
consider some aspects of the general geochemistry of 
iodine and its cyclicity in the environment. 

II. IODINE GEOCHEMISTRY 

Iodine has been shown to be concentrated in seawater, 
in the biosphere, and in the atmosphere. Because of this, 
it is classified as a hydrophile, biophile, and atmophile 
element (Goldschrrudt, 1954). In addition iodine has 
been fOUlld to be concentrated in sulfur-containing 
minerals causing it to be classified as a chalcophile 
element. 

DEFICIENCY 

A. The Lithosphere 

In the lithosphere iodine is an ultra-trace element; its 
crustal abundance is estimated to be O.25mg kg-1 by 
F uge (1988) and more recently 0.3 mg kg-I by 
Muramatsu and \IVedepohl (19()8). Due to the large 
ionic radius of the iodide ion (220 pm), it i~ thought 
unlikely that iodine enters the crystal lattices of most 
rock-forming minerals. In fact tlle iodine content of the 
variolls rock-forming minerals has been shown to be 
t~lirly uniform and low, with some enrichment found in 
only the chlorine-contailling minerals sodalite and 
eudialyte . Its distribution in the different igneolls rocks 
is fairly uniform (hlble I) with only VOblllic glasses 
showing comparative enrichment. Some data suggest 
that carbonatites ,Ire also somewhat richer in iodine 
tllan average igneous rocks. 

Sedimentary rocks sho\l'; a greater range of iodine 
content with clay-rich or argillaceous rocks more 
enriched than the sand-rich, <lrenaceous rocks (Tnble I). 
The highest concentrations of iodine have been found 
in organic-rich shales, with concentrations as high as 44 
mg kg- I recorded in some bituminous shales. The iodine 
content of carbonate rocks (limestones) and shales is 
highly variable but generally correlates with the amount 
of orga nic matter. 

Recent sediments of marine origin can be extremely 
enriched in iod ine with concentrations of up to 20,00 
mg kg-I recorded in some surficial sediments (\Nong, 
1991) . 

It seems likely that the iodine content of metamor
phic rocks is similar to that of igneous rocks. Recent 

T A B L E I. Iodine in Igneous and Sedimentary 
Rocks 

Rock type Mean iodine content (mgkg ') 

Igneous rocks 
Granite 0.25 
A'll other intrusives 0.22 
Basalts 0.22 
All other volcanics 0.24 
Volcanic glasses 0.52 

Sedimentary rocks 
Shales 2.3 
Sandstones 0.80 
Limestones 2.3 
Organic-rich shales 16.7 
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analytical data produced by Mur~matsll and \Nedepohl 
(1998) suggest that metamorphic rocks have uuj
formly low iodine contents of <0.025 mg kg- I. The same 
authors suggest that felsic igneous rocks are <llso very 
low in iodjl1e wi th <0.009 mg kg- I. It is suggested 
that the low concentrations are due to volatilization of 
iodine during the formation of these rocks. 

B. The Marine Ellviromnent 

Seawater is hy far the biggest reservoir of iodine; its 
a\'erage concentration is about 60 ~g L- I (VVong, 1991). 
Iodine is thought to have fairly llJ)jfonn concentrations 
\Iith depth, but it is slightly depleted in surface ocean 
\\'aters because it is concentr<lted by organisms. Iodine 
Ci1!1 exist in sever~l forms in seawater ~md the transfor
m,ltions between the various forms and their mecha
'1isms are vital for understanding' the cycling of iodine 
in the general environment. 

LlOrganic iodine is essenti<llly present in two forms, 
(he iodide anion, 1-, and tbe iodate anion, 103-, Iodate 
is the thermodynamically stable form of inorganic 
iodine in OJo.:ygellated, albline seawater, whereas iodide, 
the reduced species, is in a met,lstable state. There is 
considerable variation of the 1-/10)- ratiQ with depth 
'.Iith 1- enriched in surface waters and depleted in 
deeper waters. There is also considerable geograpluc 
n riation of the I-IIO,- ratio with W<1ters from the shal
lower inner shelf areas contajning more iodide than the 
Jeeper mid-shelf waters. The conversion of 10)- to l
is thought to be due to biological activity, with the 
enzyme nitrate reductase implicated in the reaction. 
T he il1creased iodide in surface and shallow shelf waters 

thus thought to be due to the high biological activity 
n these zones. However, it is possible tbat some abio

'llgical mechanisms might also be involved in the con
rsion of iodate to iodide. Once formed, iodide is only 

~loI\ly re-oxidized to iodate (VVong, 1991). 
It has long been suggested that some iodine in 

-e~lII'ater is present as an organic phase, and recently it 
.15 heen found that in some co,lstal waters dissolved 

organic iodine can constitute up to 40% of the total 
d ine content (\Nong & Cheng, 1(98). Although 

'\ -o ng (1991) has indicated that few specific orgal1o
Idi ne compounds have been identified in seawater, one 
f the subst,lnces identified, methyl iodide (CH;I), is of 

nte rest due to its volatility and possible role in the 
-al1sfer of iodine from the oce<1ns to the atmosphere. 

___m-elock et al. (1973) were t11e first researchers to 
tect methyl iodide in seawater. This compound can 

be formed both biologically, by seaweeds ,mel phyto
plankton, and hy photochemical reactions, with the 
likelihood tllat chcmical formation of methyl iodide is 
more important in the open OCC,ln. Recently it has been 
found that methyl iodide is oversatunHed in surface 
ocean w,Hers (Moore & Grosko, 1999). 

The strong enrichment of iodine in Il1<1rine organ
isms has long been recognized with Courtois discover
ing the element in the hrown alg'l F "G'csimiosils. Since 
that time brown algae have been shown to strongly con
centrate iodine with an enrichment factor of alga/sea
water having heen estimated as being over 32,000 (Fuge 
& Johnson, 1980). Although concentration factors for 
red ,mel green ,J\gae are lower, they are still enriched in 
iodine. Phytoplankton also concentrates iodine. 

It is generally held that the iodide ion is preferentially 
incorporated into the organisms; however, it h,ls been 
demonstrated that phytoplankton can take in iodate 
(Moisan et aI., 1994). \,vhatever the mechanism of 
uptake, these 1113rine org3nisms play an important role 
in tr,lIlsforlllatioll of iodine species and ultim,ltely in its 
transfer from the oceanic environment to the atI110
sphere. It has been demonstrated th<1t organo-iodine 
compounds are released from brOlvn se;lweeds and this 
could represent a source of atmospheric iodine. 

C. Transfel' of Iodine From the Marine to 
Terrestrial Environment Via the Atmosphere 

Iodine has been shown to be concentrated in the atIno
sphere. This atmophile behavior is the most important 
P3rt of its geochemical cycle, with the transfer of iodine 
from the oce;1l1S to tlle atmosphere ultimately govern
ing its clistribution in the terresu-ial environment. 

The mechanism of transfer of iodine from the oceans 
to the ,1tmosphere h<ls been a suhject of some debate. 
Undoubtedly some iodine is transferred to the 3t1110
sphere as seawater spray. However, it h,ls been shmvn 
that the amount of iodine relative to chlorine in the 
atmosphere is several hundred times that in seawater. 
Although some of the iodine is likely to be in aerosols, 
it has also been shown that a large percentage of atmo
spheric iodine is in a gaseous form (Duee et aI., 1973). 
Therefore, the major mechanism of iocline u'ansfer 
must reAect preferential volatilization of sC<1\vater 
iodine into the atmosphere. 

The iodide ion can be converted to elemental iodine 
(11) by photochemical oxidation, and this has been pro
posed as a mechanism for volatiliz;ltion of iodine from 
the oceans. Y10re recently it has heen proposed that 11 
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(and possibly HOI) could be produced at the sea surface 
ti'om oxidation of iodide by such species as ozone and 
nitrogen dioxide (;arland & Curtis, I9H I; Heumann 
et .11., 1(87). However, some workers have suggested 
that volatili za tion of elemental iodine is not likely to be 
a major source of transfer of iodine ti'om the oceans 
to the atmosphere. 

As methyl iodide has been found to occur in the 
surface waters of the sea ,md as this compound is 
volatile, it could represent a significant source of ,1tmo
spheric iodine. Yoshida andMuramatsu (1995) found 
that on the Japanese coast 90% of atmospheric iodine 
is gaseous with orga nically bound iodine as the domi
nant species. In addition, Gabler and Heumann (1993) 
found th.1t organically bound iodine is the most 
abundant species of iodine in European air. In the 
atmosphere methyl iodide is broken down and has an 
estimated lifetime of about five days (Zafirou, 1974). 

VVhereas several authors h,lVe suggested that methyl 
iodide is the dominant form of iodine released frol11 the 
oceans, it seems likely that there are several mechanisms 
of transfer of iodine from the oceans to the atmosphere 
and ultimately to the landmasses. From studies in 
Antarctica, Heumann et al. (I (90) suggested that during 
short distance transport into coastal areas iodine is 
carried as 12, HI, ,md sea spray; for long distance trans
port CHJI is responsible. The residence time of inor
g,lI1ic iodine in thc atmosphere has been estimated to 
be 10 days (Rahn et aI. , 1976; Chameides & Davis, 
1980) and the total residence time of iodine has been 
estimated to be 15 d,lys (Kocher, 1981). 

Iodine is transferred from the atmosphere to the ter
restrial environment by wet and dry deposition. On the 
basis of the marine origin of atmospheric iodine it might 
be expected that deposition should be highest at thc 
coast and decrease inland. However, literature dat<l are 
limited on the iodine content of rain frol11 coastal and 
inland locations. Several workers have quoted data for 
tlle iodine content of rainfall in the l JK, the whole of 
which has a strong m,l ritime influence. Generally the 
samples were found to contain around 2 ~gL-I iodine 
with some higher values (up to 5 pg L I) recorded in 
coast,11 rainfall. It has been shmvn that r<lin collected 
from an upland area 12 km inland from the mid-Wales 
coast cont,lined over three times as much iodine as rain
fall from 84 km inland. Although some studies of iodine 
contents of rainfall have failed to demonstrate signifi
c<lntly higher values in coastal rain, analyses of rainfall 
from the continental U nited States (Missouri) showed 
iodine contents of <l.Op.gL-1

, and it does seem likely 
from the limited data tllat tlle iodine content of rain is 
influenced by its proximity to the oceans. 

The form of iodine in rainfall has been tlJe subject 
of much discussion. In general it has been sho\\n 
that iodide is the most common forl11 of iodine in rain 
making up over 50% of rainfall iodine, and the iodate 
ion is the second m.ljor component. It has also 
been demonstrated that the iodate content of rainfall 
decreases inland with iodide content showing a parallel 
increase. In view of tlle likely importance of organic<llly 
bound forms in atmospheric transport of iodine, it 
would seem likely that somc iodine in rt1ill should be 
present as organo-iodine, with an e.1r1y study suggest
ing as much as 40% is organically bound (Dean, 1(63). 
However, more recently, only small amounts of "non
ionic" dissolved iodine have been found to occur in 
Japanese rain; iodide and iodate are the domjnant forms 
(Takagi et aI., 19(4). It seems likely that any atmo
spheric methyl iodide is converted to inorganic forms 
before deposition. 

Dry deposition of iodine could be an important trans
fer mechanism for iodine from the atmosphere to the 
hll1d surface. Few studies have attempted to quantify the 
amount of iodine deposited on land surfaces by dry 
deposition. Those studies suggest that dry deposition 
in marine influenced areas is a significant source of 
terrestrial iodine. However, there is no agreement on 
the relative importance of wet and dry deposition, and 
little is known with regard to tlle quantities of iodine in 
dry deposition in areas remote from the sea . 

III. IODINE GEOCHEMISTRY OF SOILS 

There is <l considerable body of data for iodine in soils 
and this shows a very broad r<lnge of concentrations 
from <0.1-IS0mgkg- '. The iodine content of soils is 
generally considerably higher than the rocks from 
which they derive. Most geochemists .1gree that the 
majority of the iodine in soils is derived from the 
atmosphere and ultimately the marine environment:. 
The proximity of an area to the sea therefore is likely 
to exert a su'ong influence on the iodine content of soils 
in that area . This also results in considerable geographic 
variation of soil iodine content. The other important 
feature of soil iodine geochemistry is tlle f<lct that the 
element can become strongly adsoroed by various soil 
components, and thus its concentration and behavior 
in soils is going to depend on soil composition. In this 
respect the nature of the composition of the soil parent 
material indirectly exerts a strong influence on the 
iodine chemistiy of the soiL The iodine geochemistry 
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of soils then can be summarized as dependent on the 
quantity of iodine supplied coupled with the soil's ability 
to retain this iodine. 

A. Factors Influencing the 
Supply of Iodine to Soils 

It has generally been suggested that soils in close prox
imity to the coast are likely to be enriched in iodine with 
those far removed from the coast depleted of iodine 
(Goldschmidt, 1954) (see also Table II) . However, in 
some cases such a relationship is not obvious and 
some workers have found no correlation between iodine 
~md distance from the sea. This has led some workers 
to suggest that marine influence extends a considerable 
distance inland. vVhitehead (1984), for instance, sug
gested that all soils from the UK are affected by the 
strong maritime influence over the whole country and 
that low iodine soils would only be found in the middle 
of continental areas. To some extent this is true, but it 
is perhaps pertinent to point out that in a soil traverse 
from the Welsh coast 120km inland (Figure 1), it was 
found that samples from beyond 100 km (8 samples) 
contained between 2 and 3 mg kg-I of iodine. Similarly, 
a traverse from the Irish coast showed that soil samples 
collected beyond 80 km inland contained between 1.7 
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and 2.8 mg kg-I. These values are not much higher than 
concentrations in soils from continental United States 
(Table II). On this basis it is quite likely that the strong 
influence of the marine environment on soil iodine 
contents does not extend very far inland. 

TAB LE II. Iodine in Coastal and Inland Soils 

Sample origin 
Iodine 
Range Units 

Content 
Mean Units Ref 

Coastal areas 

Northwest 
Norway 

Wales 
Ireland 

5.4-16.6 

1.5-149 
4.2-54 

9.0 

14.7 
14.7 

U.g & Steinnes 
( 1976) 

Fuge (1996) 
Fuge (unpublished) 

Inland areas 
East Norway 

Wales/England 
Missouri, U. S. 
Whole of U. S.' 

2.8-7.6 

1.8-10.5 
0.12-5.6 

<0.5-9.6 

4.4 

4.2 
1.3 
1.2 

Uig & Steinnes 
( 1976) 

Fuge (1996) 
Fuge (1987) 
Shacklette & 

Boerngen (I 984) 

' Includes some from coastal localities. 

60 80 100 

t HIGHEST POINT Distance from coast (km) 
Coast ON TRAVERSE 

FIGURE Iodine in topsoils on a traverse from the west Wales coast to the English Midlands. (After Fuge, 1996.) 

5 

120 
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TABLE" I. Iodine Content of Various Soil Types 

Soil type Iodine Range Units mgkg ' Mean Ref 

Peats (70% organic matter), UK 

Peats, UK 
Peaty tundra soils, Russian Plain 

Non-peaty soils, Russian Plain 
Iron-rich soils , UK 

Chalk and limestone parent material , UK 
Over limestone, Derbyshire, UK 
Over shale, sandstone, and dolomite. Derbyshire, UK 
Carbonate-rich soils, Austria 

Carbonate-free soils , Austria 
Clay parent material, UK 
Sand and sandstone parent material, UK 
Rivel- and terrace alluvium parent material, UK 
Marine estuarine alluvium parent material, UK 

28-98 

18.7- 98.2 
0.2--42 
0.3-9.8 
7.5-32.5 

7.9-21 .8 
2.58-26.0 
1.88-8.53 
1.64-5.63 
1.08--4.80 
2.1-8.9 
1.7-5.4 
0.5-7.1 
8.8-36.9 

The influence of topography on the iouine concen
n-ation of soils is well illustLlted in Figure 1. The 
highest values in the traverse occur in soils over the 
vVelsh Mountains, which range up to 350 I1l (Oruinance 
Datum). In addition, several of the higher v,lllles in the 
latter half of the traverse occur on high ground. The 
greater precipitation that occurs in the upland areas 
causes a greater degree of washout of atmospheric 
iodine and hence a higher input of iodine. An audition 'll 
factor is that in the area of the traverse, upLlJ1u soils tend 
to be organic rich and thus are more able to retain the 
increased iodine input (see below) . 

The corollary of washout of iodine in uplanu areas is 
the low supply of iouine to rain shadow areas beyond. 
This is going to he particularly pronounced in the r,lin 
shadow ,lreas of high mountain ranges such ,IS the 
Himalayas ami the .AJps. 

B. Factors Influencing the 
Retention of Iodine in Soils 

As stated earlier soil iodine geochemistry reflects both 
the input of iodine and the ability of the soil to retain 
it. Many factors have been implicated in the retention 
of iodine in soil. Iodine is strongly enriched in organic

56 

46.8 
12.0 
2.8 

16.0 

13.0 
8.2 

3.44 
3.75 
2.58 

5.2 
3.7 
3.8 

19.6 

Johnson (1980); 

Fuge & Johnson (1986) 

Whitehead (1984) 

Vinogradov (1959) 

Vinogradov (1959) 

Fuge & Ander (1998) and unpublished 


information 
Whitehead (1984) 
Fuge (1996) 
Fuge (1996) 
Gerzabek et al. (1999) 
Gerzabek et al. (1999) 
Whitehead (1984) 
Whitehead (1984) 
Whitehead (1984) 
Whitehead (1984) 

rich sediments and it seems likely that one of the most 
influential soil components with regard to retention of 
iodine is organic m,ltter. Soils rich in organic matter are 
frequently enriched in iodine with the concentration of 
iodine correlated with the content of organic matter. 
Peaty soils are particularly enriched in iodine (see also 
'Llble Ill). 

'Vhereas organic matter has been shown to be the 
major contributor to the retention of soil iodine, it has 
al so been suggested that iron and aluminum oxides play 
an important role in soil iodine retention (VVhitehead, 
1974). 'Vith regard to iron oxide it is noteworthy that 
the wea thered surfaces of iron meteorites have been 
found to be strongly enriched in iodine (HeumalUl 
et aI., 1990). In addition, it has heen found that iodine 
is concentrated in iron-rich soils (TJ ble III). In the case 
of alUll1l11Um oxide, it has been demonstrated in exper
imental work with both ,lluminull1 and iron oxides that 
sorption of iodide by aluminum oxicle is similar to 
that by iron oxide (VVhitehead, 1974). The sorption of 
iodide by aluminum and iron oxides is strongly depend
ent on soil pH with sorption greatest in acid conditions, 
which is typical of ,1I1ion adsorption. It has also been 
shown tJla t iodate will be strongly sorbed bya.luminum 
and iron oxides; however, thi s ion is not sorbed by 
organic matter. 

http:1.08--4.80
http:1.64-5.63
http:1.88-8.53
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Iodine Fixation Potential 

FIGU RE 2 A simplified model for iodine content of soils 

based on supply and fixation potential. (Modified from Fuge & 
Johnson. 1986.) 

Clay mi nerals have been thought to be involved in 
reten tion of soil iodine with the suggestion that the 
sorption of iodine to clays is also pH dependent (Prister 
et aI., 1(77). However, it is generally held that clay min
erals are rela tively unimportant in soil iodine retention, 
\Iith organic matter and aluminum antI iron oxides 
providing the bulk of the retentive capacity of soils. 

The ability of soil to retain iodine has been called the 
iodine fixation potential (IFP) by Fuge and Johnson 
1986). Thus soils that are rich in one or more of 

organic matter, iron oxides, and aluminum oxides are 
likely to have a high IFP, \vhereas those with low 
,11110unts of the major fixation components have a low 
fFP (Figure 2). 

\Nhereas little iodine is derived from the weathering 
of bedrock, the parent material governs the type of soil 
fo rmed. Tn this context, the bedrock can exert a strong 
influence on the iodine retention capacity of soils ("C,ble 
lIT). Thus in the case of soils derived from sand-rich 
parent material , iodi ne contents tend to be low as the 
sandy soils derived wiLl have little ability to trap iodine . 
A particularly interesti.ng lithologica l control on the 
iodine content of soils occurs in areas underlain by 

carbonate rocks. In such soils, which generally have 
alkaline or circum-neutral pH values, iod ine contents 
are generally elevated. 'I'his associatio n of iodine with 
carbonate bedrocks is particularly well illustrated when 
comparing the iodine content of soils overlying lime
ston e with neighboring soils ove rlying non-limestone 
lithologies as illustrated for the Derbyshire area of the 
UK. CGlble III). A similar relationship has been demon
stnlted for c1rhonate-rich versus non-carbonate soils 
from Austria (Gerza bek et aI., 199<)) (see 1:1ble III). It 
has been shown that the soils overlying limestone h,lVe 
distinctl y higher iodine contents and hence have ,1 high 
fixation potential. 

VVhere,ls soils do !lot normally derive much iodine 
from thcir parent materi,lls, whcre the parent material 
is sediment of fairly recent marine origin and likely to 
be iodine-rich, the soils derived could inherit some of 
their iodine from the parental source (Table TTl). In 
addition, it is likely that soils recently inundated by 
marine incursions or cllOse that occur over reclaimed 
marine areas will be high in iodine. 

As iodine is genen1 lly strongly sorbed within soils, 
very little is in a water-soluble form . V,Hious researchers 
have found that up to 25'!() is in a so luble form with the 
water-soluble content of the majority of soils being less 
than 10% aohnson, 1<)80). In most high-iodine, 
organic-rich soils water-soluble iodine accounts for 
much less than 10% of the total. :vlore recently, a snlCly 
of German soils revealed th3t 2.5-9.7% of the iodine 
W,lS water soluble; however, in the sam e soils ' ~?I, 
recently added from a nuclear reprocessing plant, was 
considerahl y more soluble (21.7-48.7%). This suggests 
that nanIral iodine had become strongly hound through 
time (Schmitz & Aumann, 1<)<)4). For most soils it can 
be confidently predicted that water-soluble iodine will 
account for only a sIllall percentage of the total, but in 
arid arcas alkaline soils are likely to contain Jllore ele
v3ted amounts of water-soluble iodine. 

YVhereas iodine sorbed in soils is generally strongly 
held and is not easily desorbed , it has been suggested 
that iodine is strongly desorbed in waterlogged soils. 
Thus Yuita et <11. (11)<)1) demonstrated that under flood
ing, and the resultant reducing conditions, 2-3 times as 
much iodi ne is solubilized fr0111 soils as in dry, oxidiz
ing conditions. Such waterlogged, reducing conditions 
are typical of rice paddies LInd strong desorption of 
iodine has been found to occur in these soils 
(.Vluramatsu et aI. , 1<)96). Similarly lowland Japanese 
soils are low in iodine. It is suggestcd that thi s is due, 
in part, to Hooding and desorption from the reducing 
conditions occasioned by microbial activity (Munlm,ltSll 
& Yoshid'l, 1999). 

http:interesti.ng
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C. Chemical Fonn of Iodine in Soils 

As outlined in the previous section of this chapter, in 
most soils iodine is strongly bound to organic matter 
and iron and aluminum oxides. However, it is of inter
est to establish the form of the soluble or easily leached 
iodine in soils as this is the fraction which should be 
plant available. Several authors have found that the 
iodide ion is the dominant form of soluble soil iodine 
in acidic soils, particularly in waterlogged soils. 
However, in dry, oxidizing conditions iodate was found 
to be the dominant form of soluble iodine. The domi
nance of iodide in acidic soils, with iodate dominating 
in alkaline soils, demonstrates the importance of pH in 
governing t.he form of soluble iodine. However, Eh will 
also exert an important control on the form of soil 
iodine. It has also been demonstrated that Fe l+ and 
50/- reducing bacteria found in soils are capable of 
reducing iodate to iodide (Councell et a1., 1997). 

Despite some conflicting evidence in the literature, 
from the Eh-pH diagram for iodine (Figure 3), it seems 
likely that in acid soils soluble iodine will predominate 
as iodide, whereas in alkaline soils iodate will be domi
nant. As will be discussed later, this is important when 

DEFICIENCY 

considering the bioavailability ami possible volatil 'it)T of 
soil iodine. 

D. Volatilization of Soil Iodine 

Volatilization of iodine from soils as iodine gas has long 
been suggested to be an import<lnt process in the iodine 
cycle. Not all authors agree on the degree of vol<ltiliza
tion of iodine fr0111 soils, but it is generally suggested 
that its volatilization is significant. It seems likely from 
consideration of the Eh-pH diagram for iodine (figure 
3), that in oxidizing conditions iodine gas is quite likely 
formed from iodide in acid soils. Pere!'man (1977) has 
also suggested that the Fe l~ and Mnt-.- ions could oxidize 
iodide under both acid and alkaline conditions. 

In addition to the possible vol<ltilization of gaseous 
elemental iodine from soils, several workers have dem
onstrated that soil iodine can be volatilized as methyl 
iodide, particularly under waterlogged and reducing 
conditions. Further, it has been suggested that vola
tilization of methyl iodide from the waterlogged soils 
may be a contributory cause of the low iodine contents 
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FIGUR E 3 Eh-pH diagram for iodine. (Modified fromVinogradov & Lapp, 1971 and Bowen, 1979.) 
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f IQwland soils in Japan (Murarmltsu & Yoshida, 
ttJli9). 

Therefore, it seems that volatilization of iodine from 
,ui!s is quite likely and as such could playa very impor
--nt role in the iodine cycle and the transfer of iodine 
mto the biosphere. Fuge (1996) has suggested that only 
J relatively small proportion of iodine derived from the 
-narine environment is transported into central conti
nent,ll regions and regions generally remote from the 
- e~l. Some of the iodine that occurs in environments 
;ar removed from marine influence could have been 
·oJatilized from soils, with iodine deposited on land by 
\"et and dty precipitation being subsequently re

latiLized enriching the atmosphere in iodine. Such 
recipitatioll and re-volati.lization could occur several 

i mes resulting in iodine migrating "stepwise" inland. In 
"oi ls where iodine is strongly bound, such as organic
nch soils, it is likely that iodine is not available for re
m latiliz'ltion. This could have a detrimental effect on 
-he local iodine cycle by depriving plants of a potential 

llrce of iodine (see Section IV). It is also important to 

no te that volatilization is going to be dependent on 
oth Eh and pH, with volatilization under alkaline 
"jdizing conditions very unlikely, which is a possible 

c:xplanation for the elevated iodine contents of the 
circum-neutral to alkaline soils occurring over 
imestone (Table III). 

IV. TRANSFER OF IODINE 

=ROM SOIL TO PLANTS 

. ' "hen iodine is strongly sorbed in most soils it will not 
be readily bioavailable. Therefore, the presence of high 

dine concentrations in soil does not necessarily mean 
that plants growing in the soil will incorporate large 
,o ncentrations of iodi.ne; indeed, it has been shown that 
there is no correlation between the iodine content of 
o ils and the plants growing on them (AI-Ajely, 1985). 

T his is particularly important when considering the dis
rribution of IDD. An additional consideration is that 
iodine in high concentrations has been shown to be 
ruxic to most plants (Sheppard & Evenden, 1995), with 
high iodine uptake in rice plants thought to be respon
ible for Akagare disease (Yuita, 1994b). 

Ul most circumstances the major pathway of elements 
into plants is through clle root system followed by 
translocation to tlle upper parts of the plant. For iodine 
It has been shown experimentally that it can be taken in 
th rough the root system of plants witll the iodide ion 
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more readily incorporated than iodate. However, it has 
also been demonstrated that there is little translocation 
from the root<; to tlle aerial parts of the plant. In some 
circumstances high concentrations of iodine have been 
shown to occur in rice grown on Hooded soil, which 
leads to Akagare disease. This has been suggested to 
be due to high soluble iodide ill soils, which results 
in greater uptake by the roots; however, it has been 
demonstrated that tllere is only a relatively small 
increase in the iodine content of rice grown in Hooded 
soil when compared with rice grown on drained soil, 
but submerged leaves when compared to other leaves 
showed dramatically increased iodine content. 

From these considerations it seems likely that root 
uptake of iodine is relatively unimportant for the overall 
iodine content of plants. It is probable that the most 
important pathway into plants is from the atmosphere 
by direct absorption. Experiments utilizing nldioactive 
isotopes of iodine h,lVe demonstrated that plant leaves 
can absorb this iodine, and it has been found tllat the 
absorption of gaseous iodine by leaves increases with 
increasing humidity. This is probably due to increased 
opening of the leaf stomata. Iodine absorbed through 
the leaf can be translocated through the rest of the 
plant, albeit slowly. 

vVhile the uptake of gaseous iodine has been demon
strated to be significant, doubt has been expressed that 
significant amounts of methyl iodide could be taken in 
through tlle stomata. However, even if little is absorbed, 
atmospheric iodine, whatever the form, could be 
deposited on plant surfaces and as such could represent 
a significant source of iodine to grazing animals, etc. 
The source of the atmospheric iodine in near-coastal 
areas will be mainly marine. However, the source in 
inland areas could be derived in part from iodine 
volatilized from soil, in some circumstances this being 
very significant. 

The uptake of iodine into plants is, therefore, accom
plished in tvvo ways: tllfough the roots and through leaf 
stomata. The latter is probably tlle most important. 
However, it mnst be stressed that the bioavailability of 
iodine in soils is low, whatever the preferred uptake 
route. Thus, strongly bound iodjJle will not be bioavail
able for either root uptake or for volatilization from the 
soils. Several workers have quoted soil-to-plant con
centration factors for iodine (iodine in plant/iodine in 
soil); these are generally very low and are in the range 
of 0.0 1-1.5 with most falling between 0.01 and 0.1 (Ng, 
1982), while IAEA (1994) quoted a value of 0.0034 
for grass. Variation of the plant concentration factor 
for different soil types has been demonstrated, and 
Muramatsu et a1. (1993) quoted factors for brown rice 
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grown on an andosol ,wd gray lowland soil in Japan of 
0.007 and 0.002, respectively. 

'\'ot surprisingly then, the iodine con tell t of plants is 
generally 1m\". GrJss Jnd herbage analyses from I11Jny 
different countries have shown iodine contents to he 
ahout 0.2 mgkg- I

; a typical example being for the CK 
with an estimated mean of 0.22 ± 0.161l1gkg-1 (\Vhite
heJd, 1(84). In a study ofJapanese pLlllts Yuita (1994a) 
found the mean iodine content of different plant parts 
to he green leaves 0.46mgkg- I

, fruit 0.14, edible roots 
0.055, Jnd seeds 0.0039. 

V. IODINE S OURCES FOR H UMANS 

The daily recommended dietary intake of iodine is var
iously quoted but is estimated to be llO-130~g/da)' for 
chiloren under the Jge of I, 90-120~g/d,lY for ehi.ldren 
aged 1-10, and 150pg/day for adults and adolescents, 
with higher concentrations required during pregnanc), 
and lactation (see GeologiC<lllmpacts on Tutrition, this 
volume). The traditional view is that humans derive 
their iodine from consumption of crops and vegetables, 
etc. In near-coastal areas such a source may provide suf
ficient iodine. However, in inland areas this will provide 
only relatively low quantities of iodine. In this context 
it has been demonstrated that vegetarian diets result in 
Imv iodine intake, which could lead to iodine deficiency 
(D~lVidsson, 1999; Remer et aI., 1(99) (see also 
Chapter 7, this volume). 

Seafood is a potentially rich source of diet<ll1' iodine 
and, where such food is a major part of the diet as in 
Japan and Iceland, some problems of excess iodine 
in the diet have ueen described. A high iodine intake 
causes a decrease of thyroid hormone production result
ing in form;ltion of "high iodine goiter." However, at 
the present time the major source of diet:l1), iodine in 
many developed countries is dairy produce such as milk, 
butter, and cheese, whieh ,ue rich sources due to the 
addition of iodine to cattle feed and the use of iodine
containing disinfectants in the dairy industl1r• On this 
point, it is likely that the recent re-emergence of IDD 
in some a ffluent countries is due to the consumption of 
lower quantities of dairy produce in the move to 
"healthy cating." 

It is also likely that even without iodine added to 
animal diets, animal products are probably enriched in 
iodine as grazing animals will take in iodine that has 
been deposited on the surfaces of grass and leaves; 
human preparation of food is likely to remove much of 

this surface-deposited iodine. In addition animals are 
known to inadvertentlv consume soil and this could ,ldd 
iodine that is not bioavailable to plants. This source of 
iodine has been shown to prevent iodine deficiency in 
grazing animals in some areas where pasture is iodine 
deficient as in 0.'ew Zealand and 'Tlsmania (see 
Geophagy and the Involuntary Ingestion of Soil, 
this volume), even though the soil contains only 1
2mgkg- l .ln this context it is also of note that Lidiard 
(1995) found that farm animals in Exmoor, Somcrset, 
UK, developed iodine deficiency symptoms when 
grazi ng a reas of reclaimed land. These areas, which are 
about 40 km from the sea, were originally covered in 
peat ,md previous to reclamation no iodinc-deficiency 
problems had occurred. Thus it seems likely that the 
animals had previously obtained iodine from inadver
tent intake of pea t. 

It is possible that humans may obtain some iodine by 
inh,lLltion, particularly in near-coastal environments. 
vVhile it is indeed pussible that some atmospheric 
iudine might be inhaled even in areas remote from the 
sea , this is unlikely to be a major component of iodine 
intake. It is of note that the '\;oroic Project Group 
(1995) suggested that an individual ,lcquires only 0.5 ,ug 
per day from inhaLltion. 

Although it has been suggested that somc diet,ll-Y 
iodine derives from drinking w,lter, generally this 
source is unlikely to provide more than 10'Yc, of the daily 
adult iodine requirement. However, VCI)' high iodine 
drinking waters derived from ground\vater have been 
recorded in some areas of China. In these areas it 
has been found that goiter incidence is negatively cor
related with the iodine content of the drinking water. 
In some areas of China, such as around Bohai Bay in 
Heb,li and Shandong Provinces and in some areas of 
Xinjiang ,llld Shanxi Provinces, drinking waters contain 
between 100 and 2()0~gL J and the incidence of goiter 
was found to be positively correlated with the iodine 
content of the water. Thc high iodine causes popula
tions in the ;lreas to suffer from high iodine goiter 
(Tan, 1 (89). 

VI. THE GLOBAL DISTRIBUTION 

OF IODINE DEFICIENCY DISORDERS 

AND THE IODINE CYCLE 

The must important parts of the iodine cycle, in terms 
of the environmental distribution of iodine ,md its 
impact Oil human health, are summarized in Fig·nre 4. 
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FI GURE 4 A simplified model of part of the iodine cycle. 

Prior to about 1950100 had affected virtually every 
~ Juntxy in the world. Because the problem is known to 

;: essentially due to the lack of iodine in the diet, it has 
t! <:: i1 possible to introduce schemes for the mass treat
em of affected populations such as the addition of 
dine to the diet through the use of iodized salt and 

.read, etc., injections of iodized oil, or the addition of 
)lline to irrigation waters (see Cherian and Nordberg, 

·"is volume), which results in the alleviation of the 
:' mptoms in many countries. It was noted in the 1970s 

:hat 100 had been effectively eradicated in the deve\
"ped world and endemic goiter was described as a 
isease of the poor that was largely confined to third 
m id countries. However, it is important to point out 

:not in the 1990s iodine deficiency has been reported to 
'cur in several affluent countries in western Europe, 

I)ro bably as a result of diet.ary changes. This suggests 
:hat such changes could cause the reintroduction of 
::DO in many countries. 

T he global distribution of iodine-deficiency prob
em s is shown in Fig-ure 5. This figure is based on the 
~a ta in Dunn and van del' Haar (1990) and is limited as 
I J ta are lacking for some areas such as parts of Africa 
m d the l'diddle East. 

As outlined by Kelly and Sneddon (1960) many of the 
areas affected by iodine deficiency are remote from 
marine influence. Many of the areas highlighted are the 
mountainous regions and their rain shadow areas such 
as the Himalayan region, the European Alps region, and 
the Andean Chain. Tan (1986) has indicated that many 
of the extremely seriously affected roo areas of China 
are the mountainous and hilly regions over the whole 
country. Central continental regions, such as those of 
Africa and China, are also well-documented areas of 
iodine deficiency. In all of these situations 100 can be 
explained according to the classic explanations of low 
iodine supply and hence low iodine availability. Thus in 
continental areas such as the central United States, 
where iodine-deficiency problems were described prior 
to the 1950s (Kelly & Sneddon, 1960), soil iodine is 
relatively low with concentrations typically 1.3 mgkg- t 

(1:1 ble II). 
However, many endemias are not explicable in these 

simplistic terms and several countries and regions that 
are close to the coast have been known to suffer from 
100 problems. For example, large regions of the "UK 
have histories ofIOO, despite the strong maritime influ
ence on the country (see Figllre 6). roo in Sri Lanka 
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F IGU RE 5 Global distribution of 100. (Modified from Dunn & van der Haar, 1990.) 

FIGURE 6 Distribution of 100 in the UK and Ireland. (Modified from Kelly & Snedden, 1960.) 
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It-Turs in coastal areas (Dissanyake & Challdrajith, 
'(96) while TaD (1986) had documented coastal 
-reas of China where endemic goiter had been 
recorded . 

III some endemias the involvement of the sulfur
~ontaining goitrogens has been invoked as a reason. 

()Jl1e of these may derive from geologic,ll sources and 
incorporated into drinking water or food (Gaitan et 

J .. 1993), but others occur narurally in vegetables 
-Deh as those of the Brassic{( genus and in such 
>t3ple items as cassava (see also Chapter 8, this 
nlumc). 

Several other elements such as fluorine, arsenic, zinc, 
'11agnesium, manganese and cobalt have been suggested 
"0 be involved in the etiology of IDD, but there is no 

,11 evidence to support their involvement. However, 
~ore recently in some areas of IDD selenium has been 
~h o\\'n to be strongly implicated (Vanderpas et al., 1990) 
see also Chapter 15, tllis volume). 

However, even allo'wing for the involvement of other 
d ements and compounds in some endernias, it seems 
likely that tile causes of IDD problems in sevenll areas 
H e govemed by the geochemistry of iodine and its 

ioavailability. In some cases sandy soils h,lVe been 
;,:)unci to occur in goitrous areas such as the coastal 
regions of China . Here any iodine added to tile soil 
frolll atmospheric sources is going to be leached from 
mesoil rapidly, which results in low-iodine soils. This 

eans little iodine is available for any plants or crops 
¥Towing in the region, thus depriving humans and live
>rock of a source of iodine. 

In sandy soils iodine is not retained, as outlined in 
- ection III of this chapter. The iodine retention capac
Ity of soils is related to composition with organic matter, 
_mel iron and aluminum oxides are ilie most important 
re tentive components. So that in general, high-iodine 
<oils are rich in one or more of these components. The 
iodine sorbed by these soil components is strongly held 
an d little has heen found to he easily leachable, so that 
in general terms this strongly held soil iodine is non
bioavailable. Thus 1:1n (1986) noted that some peaty 
.l reas of China were goitrous. Similarly, several peaty 
aH!3S of the UK, even though some are in coastal 
regions, are listed as goitrous by Kelly anel Sneddon 
\ 1(60). 

Another example of environmental control on IDD 
would seem to be the strong association of some 
goitrous regions with limestone bedrock as first men
tioned by Boussingault (1831) for a region of Colum
bia , and subsequently by several other researchers such 
,15 Perel'man (1977). This association of Limestone with 
goitrous areas led to the suggestion that calcium was a 

goitrogen, a claim that was subsequently disproved in 
clinical tests. 

There are many examples of such limestone
associated endemias occurring in the UK and Ireland 
with the limestone regions of north Y()rkshire histori
cally renowned for its severe goiter and cretinism prob
lems (sec Fignre 6). Similarly County Tipperary in 
Ireland, underlain by Carboniferous Limestone, was 
historically onc of the major areas of lDD in that 
country. One of the most well-documented areas of 
IDD in the UK is the Derbyshire region of northern 
England, an area that is hetween 150 and 180 km frolll 
the west coast in the direction of the prev:liling wind. 
Here endemic goiter was rife, knowll as "Derbyshire 
neck," with the endemia confined to areas underlain hy 
limestone bedrock (see Figure 6). Analyses of soil in the 
fonner goitrous region have shown tbat iodine concen
trations range up to 26mgkg-l witl1 ,\ mean value of 
8.2mgkg- 1

• In neighboring areas underlain by non
limestone lithologies and with no history of IDD, soil 
iodine concentrations are lower with a mean of 3.44mg 
kg-!. Similarly, there is an area of north Oxfordshire, 
England, where endemic goiter was prevalent (Kelly & 
Sneddon, 19(0) and where iodine-deficiency problems 
in school children were recorded as recently as the 
1950s. This area is underlain by limestone ,llld soil 
iodine ranges bet\veen 5 and 10 mg kg-!. 

IDD occurs in these limestone areas despite relatively 
high iodine in soils. This would imply that iodine is not 
bioavailable. Soils over the limestones would generally 
be well drained and circum-neutral to alkaline in nature. 
In tl1ese conditions any soluble soil iodine is likely to be 
present as the iodate anion (Figure 3). It has been shown 
iliat iodate uptake through plant foots is more limited 
than the uptake of iodide, thus in neutral to alkaline 
soils root uptake of iodine may be low. 

In addition, as stated e:lriier, it is likely that plants 
derive much of their iodine from the atmosphere, 
through the upper parts of the plant. In the neutral to 
alkaline soils generally found overlying limestones 
where iodate is going to be the dominant soluble species 
of iodine, there is 110 possihility of conversion of this 
species to gaseous element,11 iodine (see Figure 3). An 
additional factor is that in the well-drained soils there 
is going to he no conversion of iodine to methyl iodide. 
Thus in the limestone areas, pbnts will he deprived of 
a local source of atmospheric iodine. 

The distribution of IDD reflects the geochemistry of 
iodine and, as stated above, with large ,1re<lS of iodine 
deficiency occurring in central contincnt,)1 regions and 
mountainous and rain shadow areas, this distribution 
fits in wiili the classical explanation of IDD governed 
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by the external supply of iodine from the marine envi
ronment via the atmosphere. However, the geochem
istry of iodine is more complex than this simplistic 
approach, and from a doser scrutiny of the distribution 
of IDD it is ,lpparent that, in many cases, iodine
deficiency prohlems are related to the bioavailahility of 
iodine in soils and are not related directly to the exter
nal supply of iodine. 

VII. RADIOACTIVE 1001 N E 

IN THE ENVIRONMENT 

A reLltivdy recent problem regarding iodine and 
human health is that of <lnthropogenically produced 
radioJctive iodine, a topic thoH has received consider
able Jttention during the I<lst two decades. Ajthough the 
problem of radioactive iodine that is of anthropogenic 
origin is perhaps out of place in this chaptcr, it is 
induded because the distribution of natlll'<ll iodinc is 
likely to have a marked influence on the health effects 
of the radioactive iodine. 

-VVhereas natural iodine is essentially mono isotopic 
and the one stable isotope is 1271, over 20 radioactive iso
topes have been idcntified ranging from WI to l lYI. Of 
these radioactive isotopes only 12''1 has a significantly 
long half-life of 1.6 x 10' years. Extremely small 
Jmounts of 1201 are produccd natur.llly by spontaneous 
fission of uranium and also by spallation of xenon in the 
upper atmosphere. Howevcr, eomparatively large quan
tities of 12'11 are produced from nuclear fission fallont 
and rC,lctors. The prc-nudear age 12') II J2 -1 ratio hJS been 
cstimated as lO-11 while present day "background 
values" have been estim.lted to he ,lbout 10-10

• 

Relatively high concentrations of JC9r have becn found 
in tile biosphere around nuclear plants, and elevated 
concentrations of tllis isotope have been shmvn to occur 
in the thyroid gl<lnds of animals in the vicinity of nuclear 
instalbtions. The release of birly Llrge quantities of 1291 
from nuclear sources is of concern, but it is the allied 
releasc of the shorter lived isotopes 1"1 (half-life 60 
days), 13JI (half-life 8.04 clays), and IO'r (half-life 20.9 
hours) that represents the greater threat to human 
health. Of these it is 131 1 that has been suggested to pose 
the greatest risk uecause it is produced in fairly large 
quantities from fission of enriched uranium (the yield is 
about 3%). It has a particularly high specific activity, 
and hence is highly radioactive. It has been estimated 
that in the Chernobyl accident, in April 1986, 35 
million curies of IllI was released. 

The problem of the short-lived radioactive isotopes 
of iodine was first encountered in the early years of the 
nuclear industry after an accident at -VVindscale, L1<, in 
1957. Radioactive iodine was found to enter the bio
sphere rapidly and was found in plants and in cO\v's milk 
shortly after tile accident. Presumably as the radioactive 
iodine would have been released as a gas, it could be 
absorbed through plant stomata and deposited on 
foliage. Thus the contaminant iodine passes fairly 
rapidly through the food chain ancl into humans where 
it can be taken into the thyroid gland. Once there, 
radioactive breakdown would result in an increased risk 
of thyroid cancer. 

In areas where natural iodine is deficient, the problem 
of large releases of 131 1 would be potentially very serious, 
as a sudden increase of iodine would result in a high 
percentage of bioavailable iodine then is radioactive. 
Thus much of the iodine entering the human body 
would be radioactive. The area around Chernobyl is sit
uated in a central continental region and as such has a 
history of iodine deficiency (Kelly & Sneddon, 1960) 
"with goiter fOll11d to occur in schoolchilclren in the area. 
Since the Chernobyl accident there has been an 
increased incidence of childhood thyroid CJncers, and 
this has been shown to be causally linked to the release 
of radioactive iodine. 

VIII. SUMM A RY 

The lithosphere is generally depleted in iodine and 
although it contributes to iodine in soils through weath
ering of bedrock, this is not the most important part of 
the iodine geochemical cycle. The oceans represent the 
largest reservoir of iodine on the Eartll, and virtually ,Ill 
iodine in the terrestrial environment derives from the 
ocealJS by \vay of the atmosphere. Iodine is volatilized 
from the sea as methyl iodide (CH,I), elemental iodine 
(12), and possibly as some other inorganic iodine COlll

pounds such as HI or HOI, with CH;l probably the 
Illost important of tllese. This volatilized iodine i · 
deposited on land by wet and dry precipitation and COl 
sequently soils from near-coastJI environments ar 
enriched in iodine and soils remote from the sea are 
depleted. 

The iodine content of soils reflects not only the 
amount of iodine input frolll the atmosphere but i. 
markedly dependent on soil composition. Thus organic 
matter, and iron and Jluminum oxides in soils are abl 
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to strongly sorb iodine, and soils enriched in these CO\11

ponents are frequently enriched in iodine. 
It has genenllJy been assumed tha t iodine in soils is 

transferred to plants and these, in turn, represen t a 
m,ljor pathway of iodine into animals and humans. 
However, the soil-to-plant concentration factor for 
iodine has been shown to be low due to the strong sorp
tion of iodine by soil components such as organic matter 
~1l1cl iron <1l1d alul11inul1l oxides. Little iodine in soils has 
been found to be easily leachable and no correlation of 
so il and plant iodine has been demonstrated. In addi
tion, it has been shown that although iodine is t<lken 
into plant roots with the iodide ion more readily incor
porated than iodate, little of this iodine is translocated 
from the roots of plants to the aerial parts. It is likely 
that most iodine in plants is ta ken in frol11 the atmo
sphere through the stomata. \Vhereas in coastal areas 
such an atmospheric source of iodine is likely to be 
abundant, in inland areas such an atmospheric source 
would, to a large extent, be dependent on iodine 
volatilized from soils. Vol<ltilizatiol1 of soil iodine is 
likely to be of major importance in the iodine cyele, but 
in many areas sllch volatilization may be limited due to 
iodine being strongly bou nd in soi l. This is likely to be 
particularly important in areas underlain by limestone 
where soils would be expected to be circum-neutral to 
alkaline, which results in any labile iodine being present 
<1S the iodate ion and hence unable to be converted to 
gaseous elemental iodine. 

1l:aditionally, crops and vegetables have been sug
gested to be important sources of dietary iodine for 
humans. H owever, this is unlikely to be true in all but 
coastal regions as little iodine in soils is generally 
bioava ilable . Seafood is generaUy a rich source of 
dietary iod ine, whereas in some areas drinking waters 
are important sources. In developed COUll tries, dai ry 
products <lre a major source of dietary iodine due to th e 
~1( ldition of iod in e to cattle feed and use of iodine
containing sterilants in the dairy industry. However, 
even without th e addition of iodjne to dairy products 
animal products are likely to be richer sources of d.ietary 
iodine as grazing animals wilJ take in iodine that has 
heen deposited on the surfaces of gr<lSS ;lI1d leaves. In 
addition, many grazing animals are known to in<ldver
tently take in soil, which has been shown to provide 
more iodine. 

The globa l di stribution of IDD reHects the geo
chemistry of iod ine wi th JaJ'ge areas of iodine deficiency 
occurring in central continental regions and mountain
QUS and rain shadow areas, which reflect the supply of 
iodine from the marine environment via the atmo
sphere. However, the geochemistry of iodine is more 

complex than this si mplistic approach, ,mel from ,1 closer 
scrutiny of the distribution of IDD it is apparent that, 
in many cases, iodine-deficiency prohlems are related to 
the bioavailabilit:y of iod ine in soils and ,Ire not rel<lted 
directly to the exten1<l1 supply of iodine. 

A relatively modern problem con cerning iodine is 
the release of radioactive iodine from anthropogenic 
sources. Of the radioactive isotopes of iocline it is III I, 
\\'ith a half-life of H.04 days, which has been suggested 
to pose the greatest ri sk as it is produced in fairly large 
quan tities fi'oll1 fi ssion of enriched uranium ~1I1d is 
highly r<ldioa etive. In areas where natur<ll iodine is defi
cient th e problem of large rel e<lses of I li l would be 
potentially very serious, as a slluden increase of iodin e 
wou ld result in a high percent,lge of bioava ilable iodin e 
being radioactive. This problem was highlighted in the 
C hernobyl accident which occurred in a central conti
nental area I\'here iodine-deficiency problems have been 
uescribed. A high incidence of childhood thyroid cancer 
since the accident has been shown to be causally linked 
to the rele,lse of the radioactive iodine. 

SEE ALSO THE FOLLOW ING CHAPTERS 

Chapte r (j (Biological Functions of the Elements) . 
C hapter 7 (Geological Impacts on :\Tutrition) . Chapter 
8 (B iological Responses of E leJJ1ents) . Chapter 14 
(B io<l va iLlbility of Elements in Soil ) . Chapter 15 (Sele
nium Defici ency ,1I1d Tc.)xicity in the Environment) 
Chapter 17 (Geophagy and the Involuntary Ingestion 
of Soil) 
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