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Since insufficient iodine in food and drinking-water is the primary
cause of simple endemic goitre, the obvious method of preventing the
disease is to make good the deficiency. Prevention of goitre by iodine
administration is practised therefore primarily to meet an absolute environ-
mental deficiency of iodine, but it is equally effective where the deficiency
has been created through the action of indirect goitrogenic influences which
raise the normal demand for iodine.

Iodized salt is now recognized by goitre authorities 41 as the most
convenient and most effective vehicle for the administration of supplemental
iodine. If iodized salt were introduced everywhere for domestic use as a
permanent measure in public health, simple goitre would become a disease
of the past. This fact is accepted today by the public health officials in
the endemic goitrous areas of the world and the governments of many
countries have taken or are initiating steps to ensure the provision of iodized
salt in their territories.

This success in securing the adoption of measures for goitre prophylaxis
has not been easily or rapidly achieved.7 It is over 120 years since the famous
French agricultural chemist, Boussingault, made the first recommendation
for the general use of iodized salt in goitrous areas after observing the absence
of goitre in localities in Colombia where the inhabitants used a natural
salt which was found on analysis to contain appreciable quantities of
iodine.6 The authorities failed to implement his recommendation, and later
attempts by Grange 16 and K6stl 25 in the middle of the nineteenth century
to introduce and propagate iodized salt in Austria, France, Italy and
Switzerland were equally unsuccessful.

Not until more than 60 years later was iodized salt again recognized as
the most convenient medium for conveying additional dietary iodine to
those in need of it. This was due almost entirely to the work of Marine
and Kimball, who demonstrated the complete effectiveness of iodine as a
goitre prophylactic and secured the introduction of iodized salt on a com-
munity scale in Michigan and Ohio.23' 24, 26-28 Their work stimulated the
re-introduction of iodized salt in Europe. On the recommendation of the
Swiss Goitre Commission the use of iodized salt was commenced in various
cantons in Switzerland during the years 1919-24. In Italy measures were
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adopted in Valtellina in 1928. Somewhat later (1933-37) official sanction
was given to the sale of iodized salt in Canada, New Zealand, Poland and
the Netherlands. Other countries, notably the Central and South American
republics, rapidly followed suit, and today iodized salt is acknowledged
throughout the world as the most satisfactory agent for the prevention of
endemic goitre.

FIG. 1. REDUCTION OF GOITRE INCIDENCE: RESULTS OBTAINED BY THE USE
OF IODIZED SALT
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The community use of iodized salt as a goitre prophylactic measure
has now been practised for over 30 years. During this time remarkable
decreases in goitre incidence following the introduction of iodized salt
have been observed in many countries; Fig. 1 shows the results obtained
in goitrous areas of the USA.,22 Switzerland,40 New Zealand,30 Colombia14
and Poland.9 No unfavourable or adverse effects on the health of the
population have been shown to occur and there is no reason to expect
undesirable results from the general use of iodized salt in any endemic
goitre area.
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Production of Iodized Salt

The iodization of ordinary salt is a simple, inexpensive process and
effective action by public health authorities, with the support of their
governments, can ensure that iodized salt is made available in any part of
the world. The iodization process may be accomplished by a variety of
techniques, each of which is particularly suited for the treatment of a certain
type of salt. The fine salt produced by continuous vacuum-evaporation
of brine is very easily and satisfactorily iodized by spraying with an aqueous
solution of an iodine compound, and this method is adopted in the United
Kingdom and other countries where important salt-manufacturing industries
exist and it is possible to iodize large quantities of salt by a continuous
process. " Vacuum " salt may be iodized alternatively by dry-mixing batch
processes, but these are expensive by comparison with the spraying technique
and are not recommended as methods for the large-scale production ofiodized
salt.

Crystalline salt made by heated open-pan evaporation of brine can be
iodized by regulated additions of small quantities of potassium iodide
solutions to the brine. This can be undertaken effectively either in con-
tinuous processes or batch processes. A high degree of analytical control
is required to achieve uniform iodization of the salt output. For this
reason, it is usually preferred to iodize open-pan salt by dry-mixing processes.

Coarse crystalline salts produced by crushing rock salt or by the solar
evaporation of brine are the only types of salt available in many of the
endemic goitre districts in under-developed areas of the world. In
consequence, the provision of a suitable method for iodizing these salts
has been a major consideration of the World Health Organization in its
studies of the endemic goitre problem.

Unfortunately, iodization of coarse salts cannot be accomplished
satisfactorily by the methods already mentioned. Spraying techniques are
designed for continuous processes involving conveyor mechanisms and
the injection of solutions of iodine compounds is convenient only when the
evaporation of brine can be controlled at a predetermined rate, as in heated
open-pan processes. The dry-mixing operations employed for the produc-
tion of free-running iodized salt are intended for the treatment of fine
grades of salt and provide also for the addition of non-caking and stabilizing
compounds in addition to the iodizing agents. They are therefore unsuitable
and too expensive to be applicable to the iodization of the coarse salts
consumed by the inhabitants of under-developed countries.

However, a new type of dry-mixing process introduced by the Chilean
Iodine Educational Bureau, London, has proved most satisfactory for use
with coarse salts and is now being operated in Central and South America,
the Union of South Africa, Rhodesia, Yugoslavia and India. The plant
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is inexpensive and the process is eminently suitable for the iodization of
salt in regions where the population is accustomed to utilizing local supplies
of crude coarse salts.

Free-running Salt

In the more developed countries of the world the greater part of the salt
used for domestic purposes is produced by the evaporation of brine in a
series of multiple-effect vacuum evaporators.3 The process has advantages
over the open-evaporation methods in that it can produce a far greater
output of salt at a lower cost and can be operated on a continuous basis,
involving the minimum of labour. Even if these advantages did not exist,
the fine, uniform grain-size of " vacuum " salt and its free-running property
are such considerable marketing assets that they would ensure its successful
competition with other grades of salt in communities demanding a high-
quality product. The iodization of " vacuum " salt is effected normally
by a simple spraying technique which forms part of the routine process
operation and is suitable for the production of large quantities of iodized
salt. In circumstances when it is required to iodize smaller amounts of salt,
a dry-mixing process may be preferred.

Spraying process

When the salt leaves the vacuum evaporators it is discharged into a
rotating filter and then conveyed to a final drier for the complete removal
of moisture. Satisfactory and uniform iodization of the salt is achieved by
spraying a solution of potassium iodide on to the salt as it passes along
a conveyor-belt prior to its entry into the final hot-air drier. The simplicity
of the operation is demonstrated in Tig. 2, which shows salt from the
vacuum evaporators passing along the conveyor-belt under a series of
spray nozzles through which the iodide solution is delivered in the desired
auantity.

The equipment required consists merely of a small storage tank for
potassium iodide solution, the spray nozzles and the necessary pipe-work.
The tank is connected to a compressed-air supply to permit the solution
to be sprayed at constant pressure and provide accurate control of the
process. In the final drier the salt is stirred by paddles attached to a hori-
zontal shaft, and by this operation uniform iodization of the salt is ensured.
As the small moisture content resulting from the addition of the spraying
solution is completely removed in the drier, the potassium iodide remains
in physically intact relation with the salt and is not subject to the segregating
effect which may occur in dry-mixed material due to the difference in the
specific gravities of potassium iodide and sodium chloride. The spraying
process is decidedly more economic than the dry-mixing process. It also
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permits easy changes in the level of iodization to accord with the varying
requirements of authorities in different parts of the world, as accurate
control of the iodine content of the final product may be achieved by
adjusting the strength and amount of the spraying solution.

FIG. 2. IODIZATION OF FREE-RUNNING SALT
BY SPRAYING WITH POTASSIUM IODIDE SOLUTION

Reproduced by courtesy of Imperial
Chemical Industries Limnited, Winsford,

Cheshire, England

Stabilized iodized salt has been prepared by spraying methods. In one
process a mixture of potassium iodide, hydrated sodium thiosulfate, and
caustic soda is the spraying medium.'9 The mixture is maintained at a
temperature exceeding 48°C to liberate the water of crystallization of the
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sodium thiosulfate. This water is sufficient in quantity to dissolve all the
constituents and thus provide a liquid medium which is sprayed on the salt
as it passes to the final drier. In another process a portion of the salt to
be iodized is sprayed with a solution containing potassium iodide, sodium
bicarbonate, and magnesium carbonate.4 The treated salt is then dry-
mixed with the remaining portion of the salt to provide a final product
which is claimed to possess the maximum desirable characteristics in regard
to stability and uniformity of iodization.

Dry-mixing process

The iodization of salt by the direct addition of finely powdered potassium
iodide in association with stabilizing and drying agents is a widely adopted
procedure and is especially satisfactory for the preparation of relatively
small stocks of iodized salt.

The general method is to prepare a stock mixture of ground potassium
iodide, a stabilizer and a drying agent such as is usually included in free-
running salts. The required quantities of this mixture are then added to
batches of salt. Since the amount of drying agent used is considerably
greater than the quantity of iodide, this procedure results in a very satis-
factory uniformly iodized product.

The quantity of iodide added to the salt will of course vary from country
to country according to the recommendations of the medical authorities,
but the following outline, based on a recognized method of manufacture,13
will serve to indicate the necessary process operations:

97.75 pounds (44.3 kg) of calcium phosphate and 2.2 pounds (1.0 kg)
of potassium iodide are mixed together and ground to pass a 100-mesh
sieve. One pound (0.45 kg) of this mixture is added to 199 pounds (90.2 kg)
of dried salt, which is then mixed for sufficient time to give a uniform
product as determined by analysis. As an added assurance of obtaining
a uniform final product, some manufacturers prefer to incorporate the
iodide-phosphate mixture in two stages by first thoroughly mixing it with
about 25 % of the salt and then adding the remainder of the salt.

Accurate control is essential at each stage of the above process. It is
important that the master-batch be carefully analysed for uniformity of
iodine content; a number of samples of the finished product should be
tested from each batch.

Commercial phosphate mixes better with salt than do most drying
agents and it also has some value as a mineral dietary adjunct. A special
grade of basic tricalcium phosphate, with a composition approaching
Ca3 (PO4)2.Ca(OH)2, is manufactured for use in the preparation of iodized
salt.' This substance is more alkaline than ordinary commercial calcium
phosphate and its use is claimed to confer enhanced stability and improved
free-running qualities. However, a wide variety of other materials can be
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used as iodized-salt conditioners. They include magnesium carbonate,
sodium bicarbonate, sodium carbonate and calcium carbonate. One
satisfactory process utilizes a mixture of 90% by weight of potassium iodide,
8 % of calcium carbonate and 2% of calcium oxide.36

Excellent stabilization can be achieved also by the University of Wis-
consin process,'7 which consists in the addition of small quantities of sodium
carbonate, starch and sodium thiosulfate. Another widely adopted method
to ensure the stabilization of iodized free-running salt produced by the
dry-mixing process is to mill calcium stearate with the potassium iodide
whereby the water-insoluble stearate surrounds each particle of the pow-
dered iodide and protects it from moisture.20

Crystalline Salt

Most of the salt consumed throughout the world is crystalline salt
obtained by heated open-pan or solar evaporation of brines. Indeed, the
fine free-running salt regarded as a domestic necessity in countries with
high living standards is quite unfamiliar to most of the inhabitants of the
world and would be too expensive for their use even if it could be made
available.

It is extremely important, therefore, that a cheap and simple technique
should exist for the iodization of the coarse salts that are used in the under-
developed areas of the world. The investigation of a suitable method was
undertaken in 1950 by the Chilean Iodine Educational Bureau, London,
who devised a novel dry-mixing process that has been entirely successful.
The process is now being employed for the production of iodized salt in
many parts of the world and is suitable for general use wherever it is required
to iodize crystalline salt.

The flow-sheet in Fig. 3 illustrates the straightforward layout and method
of operating a plant designed by W. Gardner & Sons Limited, Gloucester,
England, to produce about 10 tons (10 000 kg) of iodized salt in a working
day. The present cost of the complete plant is about £400 (1120 US dollars).
Where greater quantities of iodized salt are required, plants of similar
design but capable of producing up to 25 tons (25 000 kg) per day can be
supplied at a slightly higher price.

Coarse crystalline salt is fed into the hopper of the bulk feeder at the
rate of approximately 1 ton (1000 kg) per hour and passes into the enclosed
worm-screw mixing-conveyor. At a point near the base of the bulk feeder,
a mixture of one part of powdered potassium iodide or potassium iodate
and ten parts of calcium carbonate, or any available inert free-flowing
powder, is introduced into the worm-screw mixing-conveyor through a
precision feeder at the necessary rate to provide a final product containing
the desired quantity of iodine. The calcium carbonate or other inert
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FIG. 4. GENERAL VIEW OF PLANT FOR IODIZING SOLAR-EVAPORATED SALT
IN GUATEMALA

FIG. 5. VIEW OF SECTIONS OF IODIZING PLANT IN GUATEMALA

The bulk controller (left) and the precision feeder (centre) control the throughput
of salt and the level of iodization, respectively.

Reproduced by courtesy of Novadel Limited, London
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powder is added to the iodide or iodate to provide a greater bulk of ma-
terial for passage through the precision feeder and thus to facilitate control
of the degree of admixture of the iodizing agent with the salt. At a rate of
approximately 20 ounces (570 g) of potassium iodide mixture per hour,
the final product would contain about 1 part by weight of potassium iodide
per 20 000 parts by weight of salt. If potassium iodate mixture is employed,
approximately 26 ounces (740 g) per hour are required to provide the same
level of iodization. Potassium iodate is more stable than potassium iodide
and its use is therefore recommended in circumstances where the iodized
salt is likely to be stored under humid or other adverse climatic conditions.

The salt and the iodide or iodate mixture are intimately combined
during their passage along the remaining length of the worm-screw mixing-
conveyor, which is fitted with right- and left-hand paddles to give an efficient
mixing action to the product passing along the worm. The iodized salt
is collected directly in bags or other containers at the end of the conveyor
and the whole operation of the plant requires the minimum of skilled labour.

FIG. 6. TRANSPORTABLE EQUIPMENT DESIGNED FOR THE TREATMENT OF SALT
IN THE UNION OF SOUTH AFRICA

A. Bulk hopper for salt D. Outlet
B. Bulk hopper fbr iodine E. Lifting-handles in extended position
C. Blending-conveyor trough

Reproduced by courtesy of Alite Machines Limited,
Letchworth, Herts, England
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FIG. 7. COMBINED CRUSHING AND IODIZING PLANT FOR PROCESSING CRUDE
SALT AT SAMBHAR, INDIA

A. Crushing equipment D. Hopper for iodizing agent
B. Elevator to iodizing unit E. Blending-conveyor trough
C. Hopper for salt

Reproduced by courtesy of Alite Machines Limited,
Letchworth, Herts, England

The worm-screw of the conveyor and the agitator of the bulk feeder are
driven by single belts from a shaft attached to a small electric motor (1.5-HP)
or an internal combustion engine, and the rate of throughput of salt can be
adjusted in a few minutes by manipulating a ratchet mechanism on the
end of the bulk feeder. This mechanism controls the speed of the worm
conveyor.

The simplest means of operating the precision feeder used to add iodide
or iodate mixture to the salt is a pulley-drive from the main shaft. The use
of multiple pulleys permits the adjustment of the precision feeder to six
different speeds to accord with varying throughputs of salt.

If desired, the precision feeder can be operated independently by gearing
to a 0.25-HP electric motor, as shown in Fig. 4 and 5 of the plant supplied
by Novadel Limited, London, England, for the production of iodized salt
in Guatemala. In this case the feeder can be set at any desired rate by
varying the gear wheels, and five sets of wheels are supplied with the feeder
for this purpose.
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A second type of plant, which operates on the same principles but
differs in layout, has been constructed by Alite Machines Limited, Letch-
worth, Herts, England, for use in the Union of South Africa. At the request
of the authorities this has been assembled on a light metal frame in order
that it can be lifted by porters and also carried on a lorry without being
dismantled. A view of this plant is provided in Fig. 6.

Fig. 7 shows a general view of a plant for iodizing coarse salt that has
recently been installed by the Government of India at Sambhar. This
plant is of particular interest because it combines a unit for crushing the
salt with the usual iodization unit.

It will be seen, therefore, that the process can be adapted to meet a
variety of conditions, and it is believed that it is eminently suitable for
introduction into the many endemic goitre areas of the world where
large-scale salt-manufacturing facilities do not exist but sources of crude
native salts are available.

Treatment of Brine

A modern method for the iodization of heated open-pan salt consists
in the regulated addition of potassium iodide solution to the brine through-
out the evaporation process. To achieve satisfactory results it is necessary
to maintain accurate analytical control, and the method is suitable only
when skilled labour and adequate laboratory facilities are available.

In the continuous open-pan evaporation of brine the salt crystals
forming at the bottom of the pan are removed at frequent intervals by
means of perforated shovels and allowed to drain on the floor or on racks
placed beside the pans. A certain proportion of mother-liquor remains
adherent to the salt crystals, and, taking advantage of this fact, the process 31
provides for the iodization of salt by the addition of potassium iodide to
the original brine in such quantity that the final volume of mother-liquor
adherent to the salt contains sufficient iodide to give the desired level of
iodization. The proportion of adherent brine will depend on the precise
conditions adopted for salt production. When this figure has been ascer-
tained by routine tests it requires only a straightforward calculation to
determine the potassium iodide content that must be maintained in the
mother-liquor. It is preferable to pump the potassium iodide solution into
the brine supply before delivery into the evaporating-pan. If the feed and
evaporation rates are carefully controlled, very uniform iodization of the
salt can be achieved.

By a similar technique it is possible also to iodize salt produced by
batch open-pan evaporation of brine, and this method has been adopted
in Colombia.15 To each batch of brine dilute potassium iodide solution is
added in such quantity that the small volume of mother-liquor remaining
adherent to the final salt product removed from the pan contains the
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necessary concentration of iodide to provide the desired level of iodization
in the salt. The residual mother-liquor in the pans is re-used with further
stocks of fresh brine and thus no loss of iodide is incurred.

The need for skilled supervision renders the above type of iodization
process more expensive than dry-mixing and it cannot be regarded as
suitable for general adoption.

Stability of Iodized Salts

For two reasons it is important that iodized salt should remain stable
during storage. First, it is necessary that iodized salt should contain the
actual amount of iodine stipulated by the medical authorities. Secondly,
manufacturers must be able to feel assured that their products will fulfil
government regulations controlling the level of iodization. A comprehensive
survey 21 of factors affecting the stability of iodized salt shows that losses
of iodine do not occur in salt iodized with potassium iodide if the salt:

(a) is reasonably dry and free-running;
(b) is packed in containers with impervious linings;
(c) is stored in the dark;
(d) is kept cool;
(e) contains a stabilizing agent;
(f) is free from impurities.
Losses are liable to occur if the salt:
(a) is not dried during production;
(b) is exposed to humid atmospheres or excessive aeration;
(c) is exposed to sunlight;
(d) is subjected to heat;
(e) has an acid reaction;
(f) contains impurities derived from the mother-liquor.

From consideration of these conditions it is apparent that the stable
iodization of fine grades of pure salt produced by vacuum evaporation can
be accomplished without difficulty. Such salts are completely dried during
manufacture, are packed in special containers and are effectively stabilized
by the presence of the alkaline non-caking agents which are added to
preserve their free-running properties. If they are stored satisfactorily
under reasonable conditions of temperature and humidity they remain
stable for considerable periods. The table on page 269 shows the results of
determinations of iodine contents of some samples during a trial extending
over nearly two years. No reduction in the iodine content of the salt
occurred during this period.
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On the other hand the stabilization of salts produced by open-pan and
solar evaporation does present some problems, as these salts may contain
both moisture and impurities. Furthermore, they are frequently stored in
bulk or packed in ordinary hessian bags. They may also be exposed to
adverse climatic conditions. It is recommended, therefore, that open-pan
and solar salts should be iodized by the addition of potassium iodate, which
can effectively replace potassium iodide as a source of iodine for the bio-
chemical synthesis of thyroxine. Potassium iodate is an extremely stable
compound and not liable to be affected by oxidizing impurities which may
cause decomposition of potassium iodide. A further important advantage
of potassium iodate is its low solubility in water compared with the high
solubility of potassium iodide. If packages of salt iodized with potassium
iodide become damp the iodide is attracted to the areas of high moisture
content and thus migrates from the body of the salt to the cardboard or
fabric of the container. This results in a loss of iodide from the mass of
salt with a consequent reduction of its general iodine content. Because of
its low solubility potassium iodate cannot migrate in a similar manner.
It is, in fact, not easily removed from iodized salt even by leaching with
water, and for this reason salt containing iodate is satisfactory for the
manufacture of salt licks for cattle which are exposed to all manner of
weather conditions.'0

Data concerning the effects of long-term ingestion of iodate are at
present lacking, but it is known that large individual doses can be tolerated 8
and that the compound breaks down rapidly in the body and is assimilated as
a source of iodine available to the thyroid gland in both humans 29 and
animals.42 It is quite reasonable to assume, therefore, that the compound
can safely be employed in the minute quantities required for the iodization
of salt. In Mexico, salt iodized with iodate was introduced in 1952 with
satisfactory results,37 and potassium iodate tablets have been administered
as a goitre prophylactic measure in Central America 35 and India (C. Thom-
son, personal communication) with beneficial effects. It is recommended
that iodate should be utilized in all circumstances where the type of salt
available or the environmental conditions could result in loss of iodine
from salt iodized with potassium iodide.

Level of lodization

The proper quantity of iodine required to be present in iodized salt is
determined by two fundamental quantitative factors:

1. The average daily dose of iodine per head necessary to prevent
goitre in a community. (This amount is then added to the average quantity
of salt consumed.) It is not possible to state the exact iodine requirement
of the human body, but the available evidence suggests that in endemic
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STORAGE TESTS ON IODIZED SALT *

Iodine content

,Ag per ounce **

Specification

Mean

Analysis by maker on issue
(28.3.51)

425-652

538

538

% by weight proportion l: NaCI

0.0015-0.0023 1: 66 600-1: 43 500

0.0019 1: 52 600

0.0019 1: 52 600

A(1). Stored on open shelf above sink until 5.7.51

After 3 months Top 567 0.0020 1: 50000
(5.7.51)

Middle 567 0.0020 1: 50 000

A(2). Remaining contents of packet A(1) opened on 5.7.51 were re-mixed and replaced
on shelf with top of packet fully open until 19.2.52. Some caking at top of sample in

February 1952.

After 10 months Top 567 0.0020 1: 50000
(19.2.52)

Middle 538 0.0019 1: 52 600

B. Stored in

Af

Af

dry cupboard until 19.2.52. No caking.

ter 10 months Top 567 0.0020 1:50000
(19.2.52)

Middle 567 0.0020 1: 50000

Bottom 510 0.0018 1: 55 500

C. Stored on open shelf above sink until 19.2.52. No caking.

ter 10 months Top 538 0.0019 1:52600
:19.2.52)

Middle 538 0.0019 1: 52 600

Bottom 538 0.0019 1: 52 600

After 21 months
(3.1.53)

D. Stored in dry cupboard until 3.1.53. No caking.

525 0.00185 1: 54 000

* Delivered for independent analysis in 7-lb. (3.2-kg) lots in cotton bags. Repacked on 3.4.51
by analyst into 1-lb. (0.45-kg) cardboard unlined packets supplied by makers. The packets were
sealed in the usual manner and were stored as shown above. 25-g portions were subsequently
taken from the top, middle, and bottom sections of the packets for analysis.

** 1 ounce = 28.35 g.

goitre area's each person should receive a daily dietary supplement of
about 150 ,ug of iodine. Where goitrogenic factors occur it may be necessary

to increase the supplement to 300-400 ,tg.
2. The average amount of food salt consumed per head per day by

the community to be treated. This depends on:

(a) racial, climatic and other similar considerations. For example,
the per caput consumption of salt is greater in tropical than in
temperate climates;
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(b) whether all food salt is to be iodized (i.e., cooking salt, table salt,
and salt used by food industries for making bread, cheese and
other processed food) or whether only table salt is to be treated.

There is accordingly a wide variation in the levels of iodization which
have been officially recommended and adopted in various countries. They
range from I part of iodide in 10 000 parts of salt to 1 part of iodide in
200 000 parts of salt.7

The 1:10 000 level used in the USA, Canada and most countries in
Latin America is the outcome of a long practical clinical experience with a
dose of 500 ,g of iodine (equivalent to 650 jtg of potassium iodide) per
head per day, and an estimated average daily individual consumption of
6.5 g of table salt.5 The levels in European countries, on the other hand,
are based on estimates of 100-150 jig of iodine as the body's actual physio-
logical requirement, and for this reason are lower than the American level.

In Switzerland the level is 1 part of potassium iodide in 100 000 parts
of salt, based on the iodization of all food salt and its consumption at the
rate of 10 g per head per day. In the United Kingdom, where only table
salt is iodized, the recommended level is 1 part of potassium iodide in 40 000
parts of salt. In other countries, notably New Zealand, where the goitre
problem has been tackled most energetically, the standard level is 1 part
of potassium iodide in 20 000 parts of table salt. Allowing for inevitable
wastage this is probably the most satisfactory general level of iodization
for salt in countries with moderate goitre incidence. In areas of high
incidence, the level of 1: 10 000 is preferable, taking into consideration the
possible prevalence of goitrogenic factors in some localities, variations in
the consumption of salt in different regions and the results obtained in
America by the use of salt iodized to this level.

It is obviously impossible to fix a standard level of iodization for adop-
tion by all countries. In selecting a local or national level, public health
authorities must study the average per caput salt consumption, the pre-
vailing dietary standards, the possible existence of goitrogenic factors and
the experience of similar areas. Their recommendations should ensure
that taking full account of these factors a minimum amount of 150 ,ug of
iodine is available in the quantity of salt utilized in the individual daily
diet. It must be stressed that in adverse circumstances this quantity may be
insufficient and it is desirable that in areas of low dietary standards 300-400 jig
of iodine should be available in the estimated daily individual intake of
iodized salt.

Determination of Iodine in Iodized Salt

Reliable and accurate methods for determining the iodine content of
iodized salt are essential both to the manufacturer and to the distributor.
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The manufacturer must be able to feel confident that the product leaving
his factory conforms to the requirements of the authorities, and the dis-
tributor must feel assured that the quality of the product standing in his
warehouse or shop can be checked rapidly and efficiently at any time.

Studies of techniques for the accurate estimation of iodine in iodized
salt have accordingly been made by workers in all countries where iodized
salt has been introduced as an agent for the prevention of goitre. The
method devised by von Fellenberg12 has been gradually modified and
improved by Werner,39 Andrew & Mandeno,2 Reith 3 and other subsequent
investigators 32 to result in the present adoption of two official methods 38
accepted by the Association of Official Agricultural Chemists in the USA.
Before securing acceptance, these methods had satisfied very rigorous
checking of their reproducibility of results 18 and it is recommended that
they should be used in all countries to facilitate direct comparisons of the
iodine contents of local iodized salts. Details of the methods are as follows:

Method A. Dissolve 50 g of iodized salt in distilled water and make
up to 250 ml in a volumetric flask. Pipette 25 ml into a 600-ml beaker
and dilute to about 300 ml. Neutralize to methyl orange with phosphoric
acid and then add 1 ml in excess.

Add an excess of bromine water and boil gently until colourless, and
then for five minutes longer. Add a few crystals of salicylic acid and cool
the solution to about 20°C. Add 1 ml of 85 % phosphoric acid and about
0.5 g of potassium iodide. Titrate the liberated iodine with 0.005N sodium
thiosulfate.

Method B. Dissolve 50 g of iodized salt in distilled water and make
up to 250 ml in a volumetric flask. Pipette 50 ml into a 200-ml Erlenmeyer
flask and neutralize to methyl orange with 2N sulfuric acid. Add bromine
water dropwise from a burette in a quantity equivalent to 20 mg of bromine.
After a few minutes destroy the greater portion of the remaining free
bromine by adding 1% sodium sulfite solution dropwise while mixing.
Wash down the neck and the sides of the flask with distilled water and
complete the removal of free bromine by the addition of one or two drops
of a 5% phenol solution. Add 1 ml of 2N sulfuric acid and 5 ml of 10%
potassium iodide solution and titrate the liberated iodine with 0.005N
sodium thiosulfate solution.

Determinations by both methods must be corrected by blank tests
on the reagents, and it is desirable also to make one or more control deter-
minations using 25 or 50 ml of 20% sodium chloride solution to which
has been added appropriate quantities of a dilute control potassium iodide
solution containing the equivalent of 1 mg of iodine in 5 ml. To prepare
this solution 0.328 g of potassium iodide is first dissolved in 250 ml of water
and 50 ml of the solution are then diluted to 250 ml. Both methods are
based on the oxidation of iodide by bromine to iodate and the subsequent
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liberation of free iodine by acidification of the solution and the addition
of potassium iodide according to the reaction

103 + 51- + 6H + -- 312 + 3H20

It is evident that only one-sixth of the final sodium thiosulfate titration
of iodine is due to the iodine content of the salt ; hence 1 ml of the 0.005N
sodium thiosulfate is equivalent to 0.1058 mg of iodine from the test
sample.

For the determination of the iodine content of salt iodized with iodate,
the oxidation by bromine and subsequent procedures for the elimination
of the free bromine can be omitted.

Determination of Iodine in Common Salt

In preliminary survey work in goitrous areas it is necessary to ascertain
the sources of dietary iodine available to the population. In this connexion
a knowledge of the iodine contents of the normal supplies of salt is essential.

The methods employed for the analysis of iodized salt are not always
applicable to the determination of the minute amounts of iodine which
may be present in common unrefined salts. For this purpose it is recom-
mended that the method of Rogina and Dubravcic should be adopted.'1 3
This method is extremely sensitive and permits the determination of iodine
in common salt through the range 0 to 500 jug of iodine per kg of salt,
with a maximum error of ± 10 jig of iodine. It is based on the catalytic
effect of iodides on the reduction of ceric sulfate with arsenious acid in
sulfuric acid solution. The rate of reduction is determined by stopping
the reaction at a standard time by the addition of ferrous and thiocyanate
solutions and then measuring the resulting red colour of ferric thiocyanate
by means of a photometer. The method thus differs from the well-known
Chaney procedure for the determination of iodine in body fluids in which
the rate of reduction is measured while the reaction is in progress. The
original report 11 giving full details of the method indicates also corrections
to be made when certain impurities, such as ferric salts or bromides, are
present in the salt. The method is suitable for the determination of iodine
in saline deposits and in sea-water.
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