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Summary

The iodine content in successive 10 cm horizons of eighteen soil profiles from
England and Wales was determined and correlated with contents of ‘free’ aluminium and
iron oxides (oxalate-soluble) and organic matter.

The pattern of change in iodine content with depth varied considerably with soil
type. In the rendzina soils, the content was relatively high in the surface 10 cm but
declined markedly with depth. In the podsols, iodine was low at the surface but
increased in the B horizon: in one of these soils an iron pan of about 1 cm thickness had
an iodine content as high as 37.6 mg/kg. In two soils derived from Ordovician, and one
from igneous, rock material, the iodine content was relatively high (up to 25 mg/kg)
with maximum values at intermediate depths. In contrast, soils derived from river
alluvium and from lowland clays generally had low iodine contents (< 6 mg/kg) which
showed little variation with depth in the profile. In a peat soil the iodine content was
relatively high in the horizons above 60 cm but was low (1.3 mg/kg) in the underlying
clay.

In all 154 samples from the eighteen sites, iodine content was closely correlated with
oxalate-soluble aluminium (r = 0.834***) but not with oxalate-soluble iron ( = 0.35) or
organic matter ( = 0.37). However, in the five most acidic soils, with pH below 4.8, the
iodine content was more closely correlated with iron than with aluminium.

Introduction

THE distribution and behaviour of iodine in soils is currently of interest for two
main reasons. First, iodine is an essential element for animals, and deficiencies are
thought to occur widely in agricultural practice when supplementary iodine is not
provided (Kubota and Allaway, 1972; Wilson, 1975). Secondly, the radioactive
isotope '2°I (half life 17 million years) is produced during the reprocessing of
nuclear fuels (Bryant, 1970), and the fate of trace amounts that may be released to
the atmosphere is uncertain: enhanced concentrations in the thyroid gland of
animals have been reported near reprocessing plants in the USA (Matuszek et al.,
1974). Information on the naturally occurring stable isotope '?7I assists in
predicting the behaviour of the radioisotope in the environment: the amounts of
127} in soil will also influence the extent of uptake by plants of any added ' 2°1. In
these contexts it is important to have information on the amounts of iodine present
at depth in soils and on the factors influencing the movement of iodine through soil
profiles of different types.

While several authors (e.g. Vinogradov, 1950; Chilean lodine Educational
Bureau, 1956; Goldschmidt, 1958; Fuge, 1974) have stated that the content of
iodine in soils is generally greatest at the surface and decreases with depth,
information for British soils is lacking. The variation in iodine content with
increasing depth has therefore been assessed in a range of soils from England and
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Wales. Relationships between the contents of iodine and those of ‘free’ iron and
aluminium oxides (oxalate-soluble) and of organic matter, have been examined, in
view of previous evidence that these components were largely responsible for the
retention of iodine in soils sampled to 10 or 15 cm depth (Whitehead 1973, a,b;
19744). In order to examine further the possible importance of organic matter,
iodine was also determined in five pairs of soils, sampled to 15 cm, one of each pair
having a low, and the other a relatively high, content of organic matter. In addition,
the proportions of the total iodine soluble in (a) 0.016 M KH,PO4 and (b) hot
water, have been determined.

Materials

Soil profiles were sampled at 18 sites in England and Wales selected to comprise
a wide range of parent materials (Table 1). Two rendzinas (sites 1 and 2), two
podsols (sites 3 and 4) and a peat (site 18) were included. Samples were taken from
successive 10 cm horizons to a depth of at least 70 cm, except at one site where the
depth of soil above rock material was less than this. With the two podsols,
additional samples were taken from the pedologically distinct horizons. All the
samples were collected from recently exposed vertical surfaces from which the
superficial material was removed immediately before sampling. At the time of
sampling, the majority of the sites were, or had recently been, in agricultural use,
either under grass or cereal cultivation, but sites 3 and 4 were in pine forest and site
14 was moorland.

TABLE 1
Soil parent material, and chemical properties of the 0—10 cm horizon, at each site*

Properties of 0—10 cm horizon

Oxalate- Oxalate-

Site Clay Organic C  soluble Al  soluble Fe
no. County Parent material pH % % C % Al % Fe
1  Oxon Chalk 1.5 7.0 699 0.50 0.61
2 Bucks Chalk 7.4 88 445 0.13 0.34
3 Surrey River terrace gravel over sand 32 14 1.24 0.00 0.00
4 Hants Sand (Folkestone Beds) 3.0 40 3.00 0.02 0.13
5 Berks Thin colluvium over river gravel 68 10. 2.12 0.07 0.53
[ Berks Thin colluvium over river gravel 74 254 5.87 0.11 0.86
7 Derbys Sand over river gravel 57 274 266 0.18 1.15
8 Yorks River terrace alluvium 58 257 5.14 0.21 0.93
9 Gloucs Clayey drift over Keuper marl 52 224 439 0.13 0.76
10  Oxon Thin colluvium over Oxford clay 7.2 153  6.24 0.11 0.90
11 Bucks Kimmeridge clay 7.1 36.1 3.79 0.11 1.28
12 Gloucs Clayey drift over Qolitic limestone 5.1 33.8 2.15 0.37 0.88
13 Yorks Sandstone 6.7 266 653 0.29 1.42
14  Yorks  Mixed non-calcareous till 47 281 6.62 0.19 2.23
15 Dyfed  Ordovician shale/sandstone 6.8 332 446 0.45 1.68
16 Cumbria Andesite/rhyolite (igneous) 5.1 250 5.87 0.42 1.45
17 Cumbria Ordovician slate 45 28.1 17.70 0.37 1.63
18  Cumbria Peat over alluvial clay 38 15.4 27.51 0.67 0.81

*More detailed information on the location of the sites, on the soil series at some sites, and on the chemical
properties of other soil horizons, is available from the author
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The soils of contrasting organic matter content were obtained from sites where
adjacent areas had been under either arable cultivation or grass for prolonged
periods. Four pairs were obtained from commercial farms in East Anglia and the
fifth from an experimental site at Hurley. On average, there was a twofold difference
in organic carbon content between members of each pair, mean values being 1.35
and 2.58 per cent respectively for the arable and grassland soils. These soils were
sampled to a depth of 15 cm.

All the samples were sieved through a 6 mm sieve to remove stones, dried below
30 °C and ground to pass a 2 mm sieve.

Methods

Total iodine content, and the proportions soluble in 0.016 M KH,PO4 and in
hot water (100 °C), were determined by the procedures described previously
(Whitehead, 1973a). Organic matter was determined as organic carbon by the
modification of Tinsley’s method developed by Kalembasa and Jenkinson (1973).
‘Free’ iron and aluminium oxides were estimated by extraction with acid oxalate
solution (0.100 M oxalic acid +0.175 M ammonium oxalate), 1.00 g oil being
shaken in the dark for 16 h with 50 m! of reagent (Pritchard, 1964; Schwertmann,
1973), followed by centrifugation. Iron was determined in the extract by the
colorimetric method of Krishna Murti ez al. (1966). Aluminium was determined by
atomic absorption spectrophotometry using a nitrous oxide—acetylene flame, the
soil extracts in acid oxalate solution being mixed with a solution of potassium
chloride to give a final concentration of 2000 mg K/l as recommended by Webber
et al. (1974).

Clay and silt contents were determined using the hydrometer method, following
treatment of the samples with hydrogen peroxide to destroy organic matter: the
calcareous soils from sites 1 and 2 were, in addition, treated with HCI to remove
calcium carbonate. Soil pH was determined, using a glass electrode, with a 1:2.5
suspension of soil in 0.01 M CaCl, . All determinations, except those of clay andsilt,
were carried out in duplicate.

All the samples from the soil profiles were analysed for total iodine, ‘free’ iron
and aluminium oxides, organic carbon and pH. Determinations of clay and silt were
made on the 0—10 and 40—50 cm horizons only. The proportions of soil iodine
soluble in 0.016 M KH, PO, and in hot water were determined for those profiles in
which total iodine contents were sufficiently high for the results to be meaningful
(viz. sites 6, 8, 10, 12, 13, 15, 16, 17, 18). Details of the soil properties for the
0—10 cm horizons are given in Table 1.

With the surface soils of contrasting organic matter content, determinations were
made of total iodine, of iodine soluble in KH,PO4 and in hot water, of organic
carbon and pH.

Results and Discussion

The pattern of change in iodine content with depth varied considerably amongst
the eighteen sites (Table 2). At three sites, comprising two rendzinas (1 and 2) and
an acid soil developed on till (14), there was a marked and continuous decline with
increasing depth. With the two podsols (3 and 4), iodine content was greatest at an
intermediate depth in the profile, and was closely correlated with oxalate-soluble
Fe (Table 3). The association between iodine and oxalate-soluble Fe was shown
even more clearly by the pedologically distinct horizons of these two profiles. In
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TABLE 2
lodine content of successive 10 cm horizons at each site; mg/kg of oven-dry soil

Site no. 0-10 10-20 20-30 30-40 40-50 50-60 60-70 70-80 80-90 90-100

1 22.6 19.4 7.6 1.1 1.2 0.9 0.4 0.4 0.4 -

2 10.6 8.6 4.2 24 1.2 04 0.4 - - -
3 0.5 0.4 0.9 5.8 3.7 2.3 2.0 0.8 0.7 0.5
4 1.5 1.5 1.4 34 4.4 5.0 33 1.8 1.6 1.7
5 2.7 2.1 21 2.6 25 2.7 1.4 1.3 1.5 -
6 5.8 4.8 4.8 4.7 5.6 5.2 4.0 35 3.7 -
7 5.2 5.7 5.2 4.4 2.8 2.6 3.9 39 4.4 -
8 4.9 5.2 5.5 5.8 8.7 - 9.6 3.0 0.6 -
9 4.8 4.4 3.8 4.6 4.7 4.7 4.0 4.4 3.7 -
10 5.4 4.5 3.5 4.0 5.2 7.0 4.3 32 35 -
11 36 3.7 3.7 4.2 4.0 4.2 3.9 4.0 4.1 -
12 133 13.5 14.4 13.6 11.8 13.7 18.7 15.0 10.3 8.7
13 5.5 5.2 5.3 5.0 5.1 5.2 4.7 3.7 2.4 -
14 5.6 39 2.7 1.3 0.8 0.7 0.7 - - -
15 12.2 13.0 20.6 19.6 7.4 - - - - -
16 12.1 12.3 18.0 25.1 20.4 17.1 14.5 - - -
17 8.3 10.5 13.2 15.7 15.8 16.1 16.0 16.5 16.3 8.6
18 19.5 16.3 21.4 16.5 11.6 9.2 4.8 1.3 - -

particular, at site 3, a distinct iron pan of about 1 c¢m thickness, within the
30—40 cm layer, had the high iodine content of 37.6 mg/kg, together with 4.6 per
cent oxalate-soluble Fe, but only 2.1 per cent organic C and 0.38 per cent
oxalate-soluble Al. The pedologically distinct horizons were less well defined at site
4, but its Bh (33-63 cm) horizon had contents of iodine (4.3 mg/kg) and
oxalate-soluble Fe (0.64 per cent) considerably greater than those of the horizons
above and below. In both podsols, iodine content was extremely low in the upper
horizons, the values of 1.5 mg/kg or less being lower than those recorded in any of
70 surface soils from agricultural areas of England, Wales and Scotland (Whitehead,
1975). Low values for iodine in podsolic soils have also been reported from USSR
by Vinogradov (1950). Other soils in which iodine content was at a maximum at
intermediate depth included two on Ordovician (15, 17), and one on igneous (16),
rock material (Table 2).

At seven sites changes with depth were relatively small but, at each of these, the
content of iodine in the surface 10 ¢cm was low (< 6 mg/kg). These soils comprised
three derived from river, or river terrace, alluvium (5, 6, 7), three derived from
low-lying inland clay (9, 10, 11) and one derived from sandstone (13). The low
iodine contents in the alluvial soils are consistent with reports from USA (Ergle,
1940), and from USSR (Vinogradov, 1950). Low iodine contents in soils with
sandstone as parent material have also been reported from USA (Mitchell, 1941).
One soil (8) developed on river terrace alluvium had higher contents of iodine than
the other alluvial soils at depths between 20 and 70 cm (Table 2): it also had a
considerably greater depth (about 70 cm) of clay-loam material overlying sandy
gravel. The soil from site 12, developed on a clay (to silty clay) loam drift of about
150 cm depth over limestone, also had rather high iodine contents with a maximum
value at 60—70 cm.

The relatively high iodine content in the peat horizons of site 18 was consistent
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TABLE 3
Correlation coefficients between contents of iodine and of
(a) oxalate-soluble Al, (b} oxalate-soluble Fe, (c) oxalate-soluble
Al +oxalate-soluble Fe (calculated on a gram atom basis) and

{d) organic C

Site no. (a) (b) {c) (d)

1 0.993%*+ 0.975%** 0.990%** 0.988%**

2 0.926** 0.904** 0.919** 0.868**

3 0.926*** 0.984%** 0.968*** 0.549*

4 0.831** 0.849** 0.924%** —0.029 n.s.

5 —0.752 n.s. —0.719 n.s. —0.757 n.s. 0.502 n.s.

6 0.239 n.s. —0.875 n.s. —0.860 n.s. 0.625%

7 0.830** 0.540 n.s. 0.678* 0.790%+

8 0.637* 0.463 n.s. 0.618 n.s. 0.017 n.s.

9 0.063 n.s. —0.507 n.s. —0.419 n.s. 0.393 n.s.
10 —0.144 n.s. -0.227 n.s. -0.224 n.s. 0.258 n.s.
11 0.635* 0.041 n.s. 0.107 nss. —0.765 n.s.
12 0.569* —-0.432 n.s. 0.039 n.s. 0.132 n.s.
13 0.693* 0.635* 0.699* 0.503 n.s.
14 0.707* 0.910** 0.90]1 ** 0.984 #**
15 0.875* 0.396 n.s. 0.614 n.s. —~0.099 n.s.
16 0.974*** 0.042 n.s. 0.887** —0.647 n.s.
17 0.462 n.s. 0.582* 0.841%** —0.482 n.s.
18 0.634* 0.803** 0.923%** 0.734*
All sites 0.834*** 0.355%** 0.673*%* 0.370%**

Significant at: *P < 0.05; **P < 0.01; ***P < 0.001; n.s. — not significant

with other reports for peat soils (Shee, 1940; Vinogradov, 1950; Whitehead,
19734). However, although there is an apparent association between iodine and
organic matter in peats, the profile at site 18 also had high values for
oxalate-soluble Al; and, since the ratios between total I and oxalate-soluble Al were
greater than in the majority of the other profiles, the sesquioxides may have been
largely responsible for iodine retention. Closer correlations were obtained with
oxalate-soluble Fe and oxalate-soluble Al + Fe than with organic C (Table 3).

In the correlations involving all 154 samples from the eighteen sites, iodine was
much more closely related to oxalate-soluble Al than to oxalate-soluble Fe, but in
the five soil profiles with pH below 4.8 in all horizons (sites 3, 4, 14, 17, 18), iodine
was more closely correlated with Fe than with Al (Table 3): this clearly suggests
that Fe has a greater effect than Al on iodine retention under strongly acid soil
conditions.

The correlations presented in Table 3 show that, in most of the soil profiles, the
content of organic matter was not a dominant influence on iodine content. Also, in
none of the five pairs of surface soils of contrasting organic matter content did the
soil with the higher organic matter content have an appreciably higher iodine
content. Values for the arable and grassland members of each pair were 6.1 and
6.4 mg/kg; 4.4 and 3.9; 15.6 and 15.8; 16.0 and 16.7 and 3.2 and 2.9 mg/kg
respectively. This finding contrasts with the results obtained in the investigation of
23 surface soils (Whitehead, 19734) and in studies of iodide sorption (Whitehead
1973b, 1974). However, in the present investigation, the differences in organic
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matter content between members of the pairs had arisen during the last 5O years or
less, as a result of the soils being either under grass or cultivated annually. This is a
much shorter time than the period of about 650 years that would be required for a
doubling of iodine content, to 15 cm depth in the soil, from 5 to 10 mg/kg, on the
assumptions (a) that atmospheric iodine reaches the soil entirely through rainfall,
(b) that the average annual rainfall is 730 mm, (c) that the average iodine content
of rain is 2 ug I/l (Goldschmidt, 1958; Chamberlain and Chadwick, 1966) and
(d) that all the iodine is retained in the soil. This time factor may have obscured
some influence of organic matter on the capacity of soils to retain iodine. The lack
of association between iodine and organic matter also contrasts with the situation
in marine and lake sediments: several investigations with these materials (see Fuge,
1974) have shown marked correlations with organic carbon, though contents of
sesquioxides appear not to have been examined.

The proportion of the total iodine soluble in 0.016 M KH, PO4 varied from 0.5
to 18.8 per cent. The proportions were less than 3.5 per cent in all the horizons of
the peat soil (18) and less than 4.8 per cent in all horizons of the soil from site 6. In
the other soil profiles examined (8, 10, 12, 13, 15, 16, 17) the proportions were
generally within the range 5—10 per cent for the upper horizons and increased to
8—18 per cent in the lower horizons. There were no appreciable differences
between the pairs of contrasting organic matter content. In contrast to the trends
with KH, PO,, the proportions of total iodine soluble in hot water were generally
greatest in the uppermost horizon and, in this horizon, ranged between 14.7 and
33.3 per cent. In the peat soil (18), solubility in hot water decreased to < 3.5 per
cent in the horizons below 30 cm but, in the other soils, it exceeded 10 per cent in
all horizons.
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