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lodine determination, by a very sensitive colorimetric and automatic method, is realized in natural sea and rock
salts from France, 12 samples and 81 samples from 21 countries worldwide..This study confirms the very low
level of iodine <0.71 mg I/kg in natural salts, whatever the procedure of preparation, artisanal or industrial. The
control of iodine content in « iodized sats» isrealized at the retail point in salts from France, 144 samples and 48
samples from 24 countries worldwide. The nature : KIO3, KI, Nal and the content : 7.65 - 100 mg I/kg of the
iodized salt added are depending on each country’s legislation. Only in France, sodium iodide is used for salt
iodization ; the mean value found at 3 months after iodization process is about 12-25% lower than the value
found at the production level : 10.5 and 9.0 mg I/kg for fine and raw salts versus 11.9 mg 1/kg.

. INTRODUCTION

It iswell known, among the scientific and medical
community that natural salts (sea salt and rock salt)
are poor in iodine, a very important trace element
necessary for the biosynthesis of thyroid hormones.
But as sea water contains notable amounts of iodine
as an iodide form around 40 pg/l, consumers think
that seasdt contains also iodine. In fact according to
the procedure of preparation, sea salt is poor in
iodine. It is also claimed that sea salt is good for
health particularly the one extracted by artisanal
procedure like in Guerande area in France [1].This
salt isrich in mineral and trace elements but with
specifications only for some ions like Ca2+, Mg+,
Zn2+ and nothing about iodine. As an important
fraction of French and European consumers generally
favour natural products about industrial ones it is
notheworty to inform them that sea salt is poor in
iodine.

One of the aims of this work is to confirm, by an
extremely sensitive method of iodine determination,
the very low iodine level in natural salts whatever the
procedure, artisanal or industrial.

The relationship between iodine deficiency, goiter and
cretinism was discovered in 1813. Since the
pionnering work of the French scientist |,
Boussingault, in Colombiain 1831 [2], dealing
with the use of natura iodized water and/or sat to
prevent the goiter, iodine has been used for the

treatment of goiter. In fact, the salt iodized with
sodium iodide was used only on alarge scalein USA
since 1924 and proved its effectivenessin preventing
goiter [3]. At about the same time iodized salt was
introduced in Switzerland where goiter and cretinism
occurred very frequently [4]. Asthe benefits of iodine
supplementation appeared convincing, salt iodization
became mandatory in this country [5]. Salt iodization
was recommended in different industrial continents
(America and Europa) but not mandatory like in
France and special legislation was adopted by each
country. Monitoring of salt iodization is usually done
only a the point of production, through a
combination of internal quality assurance measures
and external inspection in order to follow legislation
criteria. Monitoring at intermediate distribution sites
: whole sale and retail level, are usually not donein
industrial countries.

These monitorings at production and distribution
points, as well as at the household level are now
necessary to follow universal salt iodization (US)
programmes recommended by WHO/UNICEF in
developping countries.

The other aim of this study is to check the iodine
content of commercial « iodized sat » from France
and different countries worldwide for human
consumption at the retail point using the same
sensitive method.



2. MATERIAL AND METHODS

2.1. Material :

Sdt is produced 1/ from natural evaporation by sun
and wind, of sea water (sea sat) 2/ from natura
evaporation of underground or saline like brine (solar
salt) 3/ from thermal evaporation of brine from
solution of rock salt (vacuum salt). This st is
refined, dried and powdered to fine or raw particles
before packaging. Sat was purchased in markets or in
the site of production, particularly in Africaand in
retail stores worldwide. On markets, salt is available
either packaged in bulk jute sacks (18,50 or 100 kg
like  Sine Saloum Salt, SSS, Senegal) or not
packaged such as rock sdt like in Morocco [6] or
with different forms according to the vessel where
brine is evaporated like in Niger [7].0n retail stores
the salt is packaged in bag made of polypropylene or
retail pack box (125, 250, 500, 1000 g). Labelling
notice includes legally mandated informations such as
purity of salt, presence of ingredients like anticaking
agents and in the case of iodized salts the nature of
the salt : potassium iodate (K103) or iodide (K1), or
sodium iodide (Nal)) the amount of iodine in mg/kg
or part per million (ppm) and date of iodization.

2.2. Methods:

1 g of sat sample was dissolved in 10 ml of water.
For natural salts, poor in iodine, this solution was
directly analysed by flow anaysis in an entirely
automatic Autoanalyzer Technicon Type 2. lodine
present as iodide or iodate in the sample was
transformed first by an acidic digestion into iodate.

Then after reduction to iodide, iodide was monitored
by the colorimetric method of Sandell and Kolthoff
[8]. For iodized sdlts, rich in iodine, appropriate
dilutions (/10 to 1/100) in water were done before
anadysis, according to the expected iodine level in the
salt indicated by producer.

3. RESULTSAND DISCUSSION

3.1. lodinein natural salts from France
lodization in France being not mandatory, about
50% of salt consumed is not iodized. The market is
shared by two producers : CSMSE or « Compagnie
des Salins du Midi et des Salinesde |’ Est » and SCB
« Salines Cerebos de Bayonne » who is part of Solvay
Industry. Table 1 shows that al the samples of salt
analyzed from CSMSE (sea sdt, La Baeine, or
vacuum salt, Salinor) and SCB (solar salt, Cerebos)
are poor in iodine ( (0, 48 mg I/kg). The salt
originating from small scale producers (Guerande, lle
de Ré, Portovecchio) contains also low levels of
iodine ((0,57 mg 1/kg) even if one of them claims on

the label « rich iniodine ».

3.2.lodinein iodized salts from France

For human consumption in France, table salt
iodization is not mandatory but authorized according
to « arrété interministériel » 28/02/1952. This salt
must be prepared by adding 10 to 15 mg of Nal/kg
sti.e85t012.7 mg I/kg salt. Packaging of this salt
must be done in box of 1 kg maximum and labelling
must indicate :producer’ s name and address, iodized
sdt nature and content and iodization date : year and
trimester (1 tri 99 for



example). France is the only country to utilize Nal.
Table 2 summarizes results of iodine content of
iodized salts produced by CSMSE and SCB, Solvay
ranked according to the time elapsed between
iodization process and analysis. The values found in
106 samples of fine salt and in 38 samples of raw salt
are expressed as mean vaue and extreme values. This
table shows that iodine content of both

salt decreases with time, fact aready known
[9,10,11], but morerapidly in raw salt. Our results on
salts at retail level (time of iodization less than 3
months) are aways lower than the value found at the
site of production level : 10.5 and 9.0 mg I/kg for
fine and raw salt respectively versus 11.9 + 5,4 mg
I/kg. For animal consumption in France, salt as a salt
block to be leaped could be iodinated according to
« arrété interministériel » 28/11/1973.

lodine at a maximum level of 40 ppm must be
added as CalO3 or /and KI, Nal. lodineis also very
important for preventing | D D in animals.lodized
salt is also utilized in some other countries likein U
SA [12].We were enable to analyse such samples.

3.3. lodine in natural salts from different
wor ldwide countries.

Table 3 summarizes results of iodine determination
in 81 natural salts samples collected across 21
different countries. All these salts are poor in iodine
(<0, 71 mg | /kg) except 19 samples from
Niger where values vary from 1.42 to 6.50 mg I/kg.
This appreciable iodine amount is due to the
preparation procedure: direct evaporation of ground
or underground brine by sun (50°C). In this country,
famous salt camel caravaning like



« azalai » yet occurs. Salt samples from Africaand
South America are generally collected and sold in
bulk [13]. One specia brand of « blind iodized salt »
in Franceis seaweed sdt containing 5% of Laminaria
digitata, Algosel. As laminaria is a brown seaweed
with ahigh iodine content, this salt has an « outlaw »
iodine level : 508 mg | /kg. There is now specific
regulation in France for edible seaweeds in
particular for iodine level (see paper of Marchal et a.
in this symposium about algae for naturally iodized
salt).

3.4.1odinein iodized salts from different countries
worldwide.

Table 4 summarizes the results of iodine
determination in 48 « iodized salt » samples collected
across 24 countries worldwide. Current iodization
levels according to specific country legislation vary
from 20 to 100 ppm of Kl or KIO3. As the iodine
content depends on the nature of the salt (K1 : 76,5%
; KIO3 : 59, 5%) the iodine levels, found and legal,
are expressed in mg I/kg. The selection of an
appropriate iodine level in salt for a given population
depends on numerous factors : per capita salt
consumption per day (5-15g), iodine deficiency
degree, packaging type, transit |osses due to heat and
humidity, iodine salt stability (14). Seven countries
only : Algeria, Brazil, Egypt, Indonesia, Tunisia,
Turkey and United Kingdom give two extreme values
for legal iodine content. In genera, values found are
close (+30%) to the level expected, except in some
countries with lower values like Spain, USA, but
because few sampleswere examined, these results are
to be analyzed cautiously. Theiodization date is very
rarely notified except producers like SCS, Morocco,
thus we have no idea of the elapsing time since the
iodization process.
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