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Abstract--Iodine in the secondary environment is derived from the oceans by way of the atmosphere and 
as a result near-coastal soils and surface waters are greatly enriched relative to central continental areas. 
However, it is likely that appreciable quantities of the I are re-cycled from soils and terrestrial waters by 
volatilisation. In acid soils and waters I is present as the I- ion which can be oxidized to 12 and volatilised. 
In alkaline conditions the I is more likely to be present as IOn, which is not converted to 12 . Soils formed 
on limestone are enriched in I relative to soils formed over other rock types, and waters draining limestone 
areas are similarly enriched. Because plants, and possibly animals, are thought to derive much of their I by 
direct absorption from the atmosphere, the frequent association of I deficiency diseases with limestone 
areas could be due to the non-volatility of the element in the alkaline conditions. 

INTRODUCTION 

THE 1 CONTENT of the primary envi ronment  is low, 
with igneous rocks containing an average of 0.25 ppm 
(FuGE and JOHNSON, 1986). Sedimentary rocks are 
richer, with shales containing an average of 2.3 ppm, 
sandstones 0.8 ppm, and carbonates 2.7 ppm (FuGE et 
al., 1986), while some organic-rich sediments can 
contain extremely high contents of I (up to 44 ppm, 
FUGE and JOHNSON, 1986). However,  it is generally 
accepted that little I occurring in the secondary 
envi ronment  derives from these primary sources. 

Iodine has been variously described as a biophile, 
hydrophile and chalcophile element  (RANKAMA and 
SAHAMA, 1950; GOLDSCHMIDT, 1954; FUGE and JOHN- 
SON, 1984), however,  the most significant aspect of 
the geochemistry of I is its volatilisation from sea 
water and as such it can be classified as an atmophile 
element.  Most I occurring in the secondary environ- 
ment  derives from the oceans by way of the atmos- 
phere and MIYAKE and TSUNOGAI (1963) estimated 
that 5 × 1011 g is transferred to the atmosphere 
annually. This atmospheric I reservoir results in soils 
showing considerable enrichment  over parent  
material. Similarly, a large proport ion of the I occur- 
ring in surface run-off derives from the atmosphere.  

While the importance of the volatility of I from the 
marine envi ronment  has long been recognised, little 
has been written regarding its possible influence on 
the distribution of the element  in the terrestrial 
environment .  WHITEHEAD (1981, 1984) suggested 
that while I is volatilised from soils the degree of loss 
from topsoils is small, with even smaller losses from 
soils rich in organic matter  and clays. 

From a study based on data for I in soils and waters 
obtained over several years, the author suggests that 
I volatility in the terrestrial envi ronment  has a 
marked influence on the distribution of the element.  

In the present paper,  data is advanced to support this 
contention.  

NATURAL FORMS OF IODINE AND THEIR 
TRANSFORMATIONS 

As a member  of the halogen group, I readily 
accepts an electron becoming the iodide anion,  I - ,  
acquiring an inert  gas configuration. However,  be- 
cause the electron affinity of I is low (295.5 kJ/mol, 
compared with chlorine 348.5 kJ/mol) the l -  anion 
easily loses the acquired electron to become the I2 
molecule. According to PEREL'MAN (1977) this trans- 
formation of I -  -+ I 2 takes place in acid and alkaline 
environments  due to the oxidative action of the Fe 3+ 
and Mn 4+ cations or free oxygen; however, in a 
reducing acidic medium 12 is readily reduced to I 
(Fig. 1). 

In addition to the I -  anion,  I occurs as the complex 
iodate anion (IO3).  This is formed from elemental  I 
in oxidizing alkaline environments:  thus, in some hot 
arid deserts such as the Atacama,  Chile, the caliche 
deposits are rich in IOn.  In acid conditions the 
oxidation potential  for the reaction 12 ~ IO 3 is very 
high and it is therefore unlikely to occur. 

In the marine envi ronment  I (average 58 ~g/l, 
FUGE and JOHNSON, 1986) occurs predominantly as 
IO 3 because this is the thermodynamically stable 
form (TstJNOGAI and SASE, 1969). Iodide is meta- 
stable in sea water (TSUNOGAI, 1971); similarly any 
elemental  I produced biologically is unstable (TRUES- 
DALE, 1974). 

It has been suggested that IO 3 is converted in the 
surface layers of sea water into I -  by the action of 
sunlight and also by organisms utilising the enzyme 
nitrate reductase (TSUNOGAI and SASE, 1969), 
MIYAI<E and TSUNOGA! (1963) suggest that this I -  is 
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FIG. 1. Eh-pH plot for iodine (modified from VINOGRADOV 
and LAPP, 1971). 

lost from surface layers by photochemical oxidation 
to I2, which is volatilised. However, WHITEHEAD 
(1984) is of the opinion that most I is transferred to 
the atmosphere as volatile organic iodides such as 
CH3I. 

Once in the atmosphere the I is available for 
transfer to the land masses by wet and dry precipi- 
tation. The recent work of MURAMATSU and OHMOMO 
(1988) on radioiodine in rain suggests that I is present 
essentially as IO 3 and I - ,  with IOy converting to I -  
when samples were allowed to stand for several days. 

IODINE IN SOILS 

As would be expected, I is higher in near-coastal 
soils than those occurring inland, with central conti- 
nental and mountainous regions having very low 
contents of I in soils. However, within the various 
regions there is frequently a considerable range of I 
depending on variables such as soil type. FUGE and 
JOHNSON (1986) have suggested that, in addition to 
proximity to a source of supply, the other important 
criterion in determining the status of I in a soil is its 
ability to retain it. These authors coined the term "I 
fixation potential" to cover the complex range of soil 
characteristics which govern its ability to retain that 
element. Among the factors which various workers 
have listed as important in I fixation are: pH, organic 
content, clay content, and the content of AI and Fe 
oxides. 

The relative importance on soil I retention of each 
of the factors listed has been variously assessed by the 
different workers. Organic content appears to be one 
of the most important factors (VINOaRADOV, 1959), 
and JOHNSON (1980) found a strong correlation be- 

tween organic content and total I in surface soils, 
while the correlation decreased with depth. Many 
workers have commented on the importance of clay 
particles and colloidal matter in the retention of I in 
soil (VINOGRADOV, 1959; PROSKURYAKOVA et al . ,  1969) 
while IRINEVICH and FIL'KOV (1973) and WHITEHEAD 
(1973) found little correlation between soil I and clay 
content. WHITEHEAD (1973, 1979, 1984) obtained a 
good correlation between I and the A1 and Fe oxides 
in soil and suggested that these oxides are important 
in retention of I. There is much conflicting evidence 
regarding the importance of pH in soil I retention. 

VOLATILISATION OF IODINE FROM SOILS 
AND TERRESTRIAL WATERS 

It has been widely suggested that I is lost from soils 
mainly through leaching, the various factors listed 
above merely serving to prevent this. However, from 
a consideration of the Eh-pH diagram for I (Fig. I) it 
seems likely that in acid conditions the I-  ion, the 
likely predominant species of I, will be readily con- 
verted to 12 which will be volatilised. As has been 
suggested by PEREL'MAN (1977) this oxidation could 
be easily accomplished by the Fe 3+ and Mn 4+ cat- 
ions. It is perhaps pertinent to mention here that 
MCLENDON (1939) suggested that KI added to acidic 
soils is converted to 12 and is hence lost due to 
volatilisation. Under neutral and alkaline conditions 
I -  is less likely to be converted to 12 and it is probable 
that much of the I is present as 103. 

A recent study of I in the soils of Derbyshire, 
northern England (FuGE and LONC, 1989), presented 
data for soils developed over a variety of bedrock 
including limestone. The results (Table l) show that 
the I content of the near-neutral topsoils over the 
limestones is appreciably higher than that of the 
acidic topsoils developed over shales, sandstones and 
dolomites. Similarly, soils developed over a lime- 
stone in Missouri, U.S.A. ,  contain 5.98 ppm I while 
topsoils developed over dolomite, shale and sand- 
stone contained up to 2.90 ppm I, with a mean of 1.15 
ppm (Fu6E, 1987, and unpublished data). 

It is possible that calcareous soils hinder the leach- 
ing of I and that this results in soils over limestone 
being enriched. However, many authors have 
suggested that a high pH does not favour retention of 
1 (HAMID and WARKENTIN, 1967; PRISTER et al. ,  1977) 

Table 1. Iodine in topsoils, Derbyshirc. U.K. 

Iodine content (ppm) 
Bedrock 

(No. of samples) Range Mean pH 

Limestone ( 1 2 )  2.58-26.0 8.20 6.0-6.9 

Dolomite ] 
Sandstone } (15) 1.88--8.53 3 . 4 4  4.2-5.5 
Shale J 
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and the CHILEAN IODINE EDUCATIONAL BUREAU 
(1956) suggest that as lime-rich soils tend to break 
down humus they have a poor retentive capacity for 
I. 

In addition, it is of interest to note that in a recent 
study FUGE (1989) found that surface waters draining 
limestone areas of northern England contained on 
average 3.71 p.g/11 while the average value for surface 
waters draining non-calcareous areas of the U.K. was 
2.11/zg/1, many of these waters deriving from upland 
areas where waters are generally fairly acid. Waters 
draining limestone areas of Missouri have also been 
found to be relatively enriched in I (FuGE, 1989). It is 
likely that the more alkaline waters draining lime- 
stone areas tend to retain I which is probably present 
as the IO3 ion. Similarly, PERLE'MAN (1977) has 
suggested that high I in soda lakes is due to its 
presence as IOn" and its consequent non-volatility. 

It has long been known that the nitrate deposits of 
the near coastal Atacama Desert, Chile are enriched 
in I (up to 0.6%, GOLDSCHMIDT, 1954) as the IO 3 
anion. Many researchers have invoked a marine 
origin for these deposits (CLARIDCE and CAMBELL, 
1968). PEREL'MAN (1977) has suggested that the 
presence of 10 3 is due to the strong oxidizing con- 
ditions prevailing in the desert environment. It is 
probable, then, that the enrichment of I in this desert 
environment is due to its immobilisation as the 103 
anion. 

POSSIBLE IMPLICATIONS OF IODINE 
VOLATILITY 

CHAMBERLAIN and CHADWICK (1953) demonstrated 
that plant leaves can absorb radioactive I, and SHACK- 
LETTE and CUTHBERT (1967) have suggested that the 
atmosphere represents an important source of I for 
plants. AL-AJELY (1985) found no correlation of 
plant I levels with corresponding soils and WHITE- 
HEAD (1984) suggests that the atmosphere is the 
predominant source of this element in plants. Simi- 
larly, it seems likely that atmospheric I may be an 
important direct source of I to humans and animals. 

Thus it seems likely that in an environment where 
the predominant lithology is limestone, plants and, 
indirectly and possibly directly, animals may be de- 
prived of an important source of I. In this context it 
has been suggested that limestone areas are prone to 
endemic goitre (BousSINGAULT, 1831; TAYLOR, 1958; 
PERLE'MAN, 1977); this has also led workers to 
suggest that Ca-rich hard waters are implicated in the 
disease (DAY and POWELL-JAcKSON, 1972; MURRAY et 
al. ,  1948). On the evidence of the association of 
endemic goitre with limestone areas, TAYLOR (1954) 
has claimed that Ca is a goitrogen but HARRISON et al. 
(1967) have found no evidence of this in man. 

Much has been written regarding the causes of 
endemic goitre and several workers have invoked the 
involvement of many elements and compounds in its 

aetiology (FuGE, 1987). However, it is generally 
considered that I deficiency in the diet is the chief 
factor. To this end it has been suggested that soils of 
goitrous areas are low in I; indeed, it has been further 
suggested that the I content of soil can be used as an 
indicator of potential deficiency problems. The north 
Derbyshire region was one of the most notorious 
areas of endemic goitre in the U.K. the disease being 
known as "Derbyshire Neck". However, the main 
endemia occurred in the limestone area where I 
values in soil range up to 26 ppm (mean 8.2 ppm). 
Work in progress has also indicated that the alkaline 
soils occurring over calcareous rocks in north 
Oxfordshire, U.K. ,  another area where endemic 
goitre was very prevalent (KELLY and SNEDDEN, 
1960), generally contain between 5 and 10 ppm I. 
These levels are considerably in excess of those found 
in the soils of goitrous central continental areas such 
as Missouri, U.S.A. (mean 1.26 ppm) and are not 
grossly lower than values for essentially non-goitrous 
areas such as coastal mid and north Wales, mean 14.7 
ppm I (FUGE, 1987). 

It is possible, then, that the association of endemic 
goitre with limestone and hard water areas is due to 
the neutral to alkaline soils over limestone, causing I 
to be non-volatile and, therefore, not available to 
plants and animals. 

It is also interesting to speculate on one other 
aspect of the geochemistry of I which may be linked 
with its relative volatility. Iodine has been found to 
be strongly enriched in soils over sulphide mineral 
deposits (FuGE et al . ,  1986). ANDREWS et al. (1984) 
recorded values up to 149 ppm I over sulphide miner- 
alisation, against a regional background in the range 
15-30 ppm, in a near coastal environment in Wales. 
In continental areas I values over sulphide minerali- 
sation are not nearly as high, however; FUGE et al. 
(1988) recorded values of up to 5.6 ppm I against a 
regional background of 1.2 ppm in the area of the 
Viburnum Trend, southeast Missouri. 

The soils occurring over sulphide mineralisation 
are frequently quite strongly reducing and in such an 
environment the I -  ion is stable even in extremely 
acid conditions. Hence no I would be volatilised and 
thus as it is added to the soils from the atmosphere it 
becomes concentrated. 

CONCLUSIONS 

Surface soils occurring over limestones are gener- 
ally richer in I than those occurring over other bed- 
rock. Higher I values also occur in surface waters 
draining limestone areas. Iodine in acid soils and 
waters occurs predominantly as the I -  ion, which is 
easily oxidized to 12 and volatilised. In neutral and 
alkaline soils this oxidation does not easily occur and, 
in addition, much of the I in alkaline soils is likely to 
be present as IO 3 , which will not be converted to 12. 
Thus neutral and alkaline soils are likely to retain 
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more  I than  acid soils. Because  a tmosphe r i c  I is an  
i m p o r t a n t  source of I for p lants  and  p robab ly  ani- 
mals,  the  f r equen t  associat ion of endemic  goi t re  with  
l imes tone  areas  may the re fo re  be expla ined  in t e rms  
of the  lower degree  of I volati l i ty f rom the  more  
alkal ine soils of these  areas.  

The  high I con ten t s  of soils occurr ing over  sulphide 
minera l i sa t ion  is possibly due to the  r e t en t ion  of the  
I -  ion in the  s t rongly reducing  env i r onm en t .  In such 
an e n v i r o n m e n t  the I -  will be s table and  not  oxidized 

to 12 . 

Acknowledgements--The author is grateful to his col- 
leagues Drs W. T. Perkin and A. R. Wyatt for their helpful 
comments. 

Editorial handling: Brian Hitchon. 

REFERENCES 

AL-AJELY K. O. (1985) Biogeochemical prospecting as an 
effective tool in the search for mineral deposits in Wales. 
Ph.D. Thesis, University College of Wales, Aberystwyth. 

ANDREWS M. J., BIBBY J. M., FUGE R. and JOHNSON C. C. 
(1984) The distribution of iodine and chlorine in soils over 
lead-zinc mineralization, east of Glogfawr, mid Wales. J. 
geochem. Explor. 20, 19-32. 

BOUSSINGAULT J. B. (1831) Recherches sur la cause qui 
produit le Goitre dans les CordiliEres de la Nouvelle-- 
Grenade. Ann. Chim. (Phys.) 48, 41---69. 

CHAMBERLAIN A. C. and CHADWICK R. C. (1953) Depo- 
sition of airborne radio-iodine vapour, Nucleonics 11, 22- 
30. 

CHILEAN IODINE EDUCATIONAL BUREAU (1956) Geochemis- 
try of Iodine. Shenval Press, London. 

CLARIDGE G. G. and CAMBELL i. B. (1968) Origin of nitrate 
deposits. Nature 217, 428-430. 

DAY T. K. and POWELL-JACKSON P. R. (1972) Fluoride, 
water hardness and endemic goitre. Lancet 1, 1135-1138. 

FUGE R. (1987) Iodine in the environment: its distribution 
and relationship to human health. In Trace Substances 
and Environmental Health--XXI (ed. D. D. HEMPHILL), 
pp. 74-87. University of Missouri. 

FUGE R. (1989) Iodine in waters: possible links with en- 
demic goitre. Appl. Geochem. 4, 203--208. 

FUGE R. and JOHNSON C. C. (1984) Evidence for the 
chalcophile nature of iodine. Chem. Geol. 43,347-352. 

FUGE R. and JOHNSON C. C. (1986) The geochemistry of 
iodine--a review. Environ. geochem. Hlth 8, 31-54. 

FUGE R. and LONG A. M. (1989) Iodine in the soils of North 
Derbyshire. Environ. geochem. Hlth 11, 25-29. 

FUGE R., ANDREWS M. J. and JOHNSON C. C. (1986) 
Chlorine and iodine, potential pathfinder elements in 
exploration geochemistry. Appl. Geochem. 1, 111-116. 

FUGE R., ANDREWS M, J., CLEVENGER T. E., DAVIES B. E,, 
GALE N. L., PAVELEY C. F. and WixsoN B. G. (1988) The 
distribution of chlorine and iodine in soil in the vicinity of 
lead mining and smelting operations, Bixby area, S.E. 
Missouri, U.S.A. Appl. Geochem. 3, 517-521. 

GOLDSCHMIDT V. M. (1954) Geochemistry. Oxford Univer- 
sity Press. 

HAM1D A. and WARKENTIN B. P. (1967) Retention of 1-131 
used as a tracer in water movement studies. Soil Sci. 104, 
279-282. 

HARRISON M. T., HARDEN R. M. and ALEXANDER W. D. 

(1967) Effect of calcium on iodine metabolism in man. 
Metabolism 16, 84-86. 

IRINEVICH A. D. and FIL'KOV V. A. (1973) Relation between 
iodine content and individual properties of soils. Tezisy 
Doklady Nauchn Konferens Posvyashcha 100, Letiya 
Dnya Rozhdeniya Akademika N. A. Dimo 1973 (ed. V. 
A. FIL'KOV), pp. 91--93. (In Russian). 

JOHNSON C. C. (1980) The geochemistry of iodine and a 
preliminary investigation into its potential use as a path- 
finder element in geochemical prospecting. Ph.D. Thesis. 
University College of Wales, Aberystwyth. 

KELLY F. C. and SNEDDEN W. W. (1960) Prevalence and 
geographic distribution of endemic goitre. In Endemic 
Goitre, pp. 27-232. World Health Organization, Geneva. 

MCLENDON J. F. (1939) Iodine and the Incidence of Goitre. 
Oxford University Press. 

MIYAKE Y. and TSUNOGAI S. (1963) Evaporation of iodine 
from the ocean. J. geophys. Res. 68, 3989-3993. 

MURAMATSU Y. and OHMOMO Y. (1988) Tracer experiments 
for the determination of the chemical forms of radio- 
iodine in water samples. J. Radioanalyt. Nucl. Chem. 
124, 123-134. 

MURRAY M. M., RYLE J. A., SIMPSON B. M. and WILSON D. 
C. (1948) Thyroid enlargement and other changes related 
to the mineral content of drinking water (with a note on 
goitre prophylaxis). Medical Research Council. Mem. 18, 
H.M.S.O., London. 

PERLE'MAN A. I. (1977) Geochemistry of Elements in the 
Supergene Zone. Keterpress Enterprises, Jerusalem. 

PRISTER B. S., GRIGOR'EVA T. A.,  PEREVEZENTSEV V. M., 
TIKHOMIROV F. A.,  SAL'NIKOV V. G., TERNOVSKAYA 1. M. 
and KARARIN T. (1977) Behaviour of iodine in soils, 
Pochvovedenie 6, 32-40. (In Russian). 

PROSKURYAKOVA G. F., IVANOV N. A. and SALANGINA N. D. 
(1969) Iodine levels in soils of the Sverdlovsk District. 
Trudy Sverdlovsk Sel'Skokhoz lnstitut 15, 328-332. (In 
Russian). 

RANKAMA K. and SAHAMA T. G. (1950) Geochemistry. 
University Press, Chicago. 

SHACKLEITE H. Z. and CUTHBERT M. E. (1967) Iodine 
content of plant groups as influenced by variation in rock 
and soil type. In Relation of Geology and Trace Elements 
to Nutrition (eds H. E. CANNON and D. F. DAVIDSON). 
U.S. Geol. SurE. Spec. Pap. 90, 30-46. 

TAYLOR S. (1954) Calcium as a goitrogen. J. Clin. Endocri- 
nol. 14, 1412-1422. 

TAYLOR S. (1958) The thyroid nodule. Lancet l,  751-754. 
TRUESDALE V. W. (1974) The chemical reduction of iodine 

in seawater. Deep Sea Res. 21,761-766. 
TSUNOGAI S. (1971) Iodine in the deep water of the ocean. 

Deep Sea Res. 18,913--919. 
TSUNOGAI S. and SASE T. (1969) Formation of iodide-- 

iodine in the ocean, Deep Sea Res. 16, 489--496. 
VINOGRADOV A. P. (1959) The Geochemistry of Rare and 

Dispersed Chemical Elements in Soils. 2nd edn. Consult- 
ants Bureau, New York. 

VINOGRADOV A. P. and LAPP M. A. (1971) Use of iodine 
haloes to search for concealed mineralisation. Vestnik 
Leningradskii Universitet Seriia Geologii i Geografii 24. 
70--76. (In Russian). 

WHITEHEAD D. C. (1973) Studies on iodine in British soils. 
J. Soil Sci. 24, 260-270. 

WHITEHEAD D. C. (1979) Iodine in the U.K. environment 
with particular reference to agriculture. J. appl. Ecol. 16, 
321-339. 

WHITEHEAD D. C. (1981) The volatilisation, from soils and 
mixtures of soil components, of iodine added as potass- 
ium iodide. J. Soil Sci. 32, 97-102. 

WHITEHEAD D. C. (1984) The distribution and transform- 
ation of iodine in the environment. Environ. Int. 10,321- 
339. 


