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Abstract

Introduction: Salt iodization has been recommended as the
primary public health measure for prevention and control of
iodine deficiency disorders (IDD), due to its safe application
and satisfactory cost-benefit ratio (ou results). Under Brazilian
law, salt for human consumption should contain iodine in the
proportion of 20mg to 60mg per kilogram of product. Thus,
continuous monitoring and surveillance is needed to keep the
level of iodine in salt within these limits. Objective: Iodization
was assessed in samples of refined salt and rock salt in Ouro
Preto-MG, Brazil. Material and Methods: Sixty-six samples from
16 different brands were collected; 40 of which were refined salt
and 26, rock salt. As indicated in the Analytical Standards of the
Adolfo Lutz Institute, iodine concentration was measured using
a standard solution of sodium thiosulfate in triplicate samples.
Results: Statistical analysis on the type of salt and on iodine
concentration in the samples indicated that 7.5% of the refined
salt samples, 53.85% of rock salt samples and 25.76% of all salt
samples did not meet the Brazilian legislative requirements.
Conclusion: Compared to previous studies, iodine levels in
refined salt samples indicate improvement in the salt iodization
monitoring, which is considered an effective public health action
to prevent and control IDDs.
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Introduction

Salt iodization has been recommended as the main public health measure for the prevention
and control of iodine deficiency disorders (IDD) because of its safe application and satisfactory
cost-benefit ratio.'

In Brazil, it was only in 1953 that the first law (no. 1.944, dated August 14, 1953) was enacted,
making iodized salt mandatory for human consumption.? Since then, the iodization program
has run a long way, and in 2003 the Brazilian Health Surveillance Agency (ANVISA), through
a Collegiate Board Regulation, defined 20 and 60 mg/kg as the ideal concentration of iodine in
salt for human consumption.

Iodine is an essential micronutrient for the normal function of the thyroid gland, human
growth and adequate development and function of both the central nervous system and the body.*

Iodine deficiency may cause cretinism in children (severe and irreversible mental retardation),
deaf-mutism, congenital anomalies, as well as the most visible clinical manifestation: goiter (thyroid
hypertrophy). In addition, iodine deficiency is associated with high rates of stillbirths and low
birth weight in babies, complications during pregnancy and an increased risk of miscarriage and

maternal mortality.*

In 1994, a national survey conducted in 401 municipalities evaluated 16,803 schoolchildren,
aiming to map areas of persistent lack of iodine in Brazil. Iodine deficiency was detected in 85
cities, being of moderate degree (= 25 and < 50 pg/l) in Cocos (Bahia), and Almas, Arraias
and Parand (Tocantins), and mild in the other cities (values = 50 and < 100 pg/l). In other 35
cities, mean values were normal, but a significant part of the population (more than 10% of the
children) presented iodine levels lower than 25 pg/l — occurrence that was due to samples with
very heterogeneous contents of iodine in the same locality.®

Study conducted in Ouro Preto-MG reported iodine contents in the salt consumed by
schoolchildren falling below the levels established in legislation and a significant level of urinary
iodine deficiency in these children.®” Another study showed that IDDs still remain a problem in
some isolated regions of Brazil, probably due to non-iodized salt intake by rural populations. High
prevalence rates are still reported in the states of Amazonas, Acre, Rondonia, Maranhao, Tocantins
and Mato Grosso do Sul, and along the Northeast Region limits. The states of Minas Gerais, Sao
Paulo and Bahia have no longer been considered areas of occurrence of endemic goiter, although
in some locations iodine deficiency is still reported.®

Brazil is classified as a country in which iodine consumption is more than enough and
sometimes excessive, with average urinary iodine concentrations over 200 ug iodine/1.?
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This indicates that the most sensitive population groups are exposed to the risks of
excessive iodine ingestion, increasing the prevalence of chronic lymphocytic thyroiditis
(Hashimoto’s thyroiditis). Overconsumption of iodine is likely due to the higher salt intake by
Brazilians, providing an additional condition for the introduction of this nutrient into the body."

The World Health Organization (WHO) recommends that sodium intake should not exceed
the daily limit of 2g, equivalent to 5g of salt per person. Study based on data from the Household
Budget Survey (HBS) conducted in Brazil from July 2002 to June 2003 showed that the daily
amount of sodium available for consumption in Brazilian households was 4.5g per person, twice
the consumption limit recommended for this micronutrient. The study also reported that most
of the sodium available for consumption in all household income classes came from table salt and
salt-based condiments (76.2%)."

In view of such transition in iodine consumption, possibly linked to an increase of salt intake,
the Ministry of Health created the Committee for the Prevention and Control of IDDs. The
committee suggested a national survey conducted in 2008-2009 to verify current iodine intake by
the Brazilian population. The completion of this study, called National Survey on the Impact of
Salt Iodization (PNAISAL), will represent a step forward in the efforts for determining the most
appropriate iodine concentration in salt for human consumption.'

Strategies aiming to control iodine deficiency or excess should be continuing and essentially
preventive to ensure a safe and strictly controlled salt iodization throughout the country and
prevent occurrences such as those reported in previous studies. Thus, the present study aimed
to examine the effective iodization of refined salt and coarse salt marketed in Ouro Preto-MG.

Methodology
Study site

From October to November 2008, salt samples were collected in 16 different retail establishments
in Ouro Preto-MG. This city was chosen because it did not participate in the national surveys
for the monitoring of salt iodization for human consumption and to proceed with the studies
previously conducted in this city. The establishments were chosen according to their popularity in
each neighborhood, selecting those that were more frequented by the local population. Selection of
the neighborhoods was based on the principle of encompassing all regions of Ouro Preto (north,
south, east and west). Therefore, the neighborhoods chosen were: Agua Limpa, Alto da Cruz,
Antonio Dias, Barra, Bauxita, Cabegas, Centro, Nossa Senhora do Carmo, Padre Faria, Pilar, Sao
Crist6vao and Saramenha.
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Sample collection

Sixty-six samples from different brands were collected, 40 of them of refined salt (table salt)
(lots: 040/08; 90808; 08/08/9006; 04/08/9002; 08/08/9007; 06/08/9002; 801CB; M394; M408; M370;
M369; M371; M373; 804-DG; 807-BK; SPR0508; 15H07; 15C08; 15F08; 07/08-BD; 08/08-BD; 02/08-
BD) and 26 of unrefined (coarse) salt (lots: 15/02/2008; 02/jul; 15B08; 15107; 15M07; 3; 801-CB;
$029; S027; M031; 001/08; 07/07/9012; 20C070). The samples were sent to the laboratory of chemical
analysis of the Food Department of the School of Nutrition, in Ouro Preto, for identification and
determination of iodine contents.

Analysis of iodine content in salt to detect potassium iodate

Analysis of iodine content in table salt is based on the reaction between potassium iodate (KI1O)
and potassium iodide, which, in acid medium, liberates iodine. Then itis immediately titrated with
sodium thiosulfate, using a starch solution as indicator, as described by the Analytical Standards
of the Adolfo Lutz Institute.”

Determination of iodine concentration in the samples of refined salt and coarse salt was
performed in triplicate. The iodine content found in each salt sample was classified as to its
compliance with the RDC no.130, of May 26, 2003, legislation that was in force when the study
was conducted, which establishes that salt for human consumption must contain 20mg to 60mg
of iodine per kilogram of the product.’

Statistical analysis

The statistical software Stata was used for the analyses. To determine the iodine content in the
different salts (table salt and coarse salt) and in the samples price range, the Pearson’s chi-square
test was used. To evaluate the distribution of iodine content according to the type of salt, the
Kruskal-Wallis test was used." The data were considered statistically significant at p< 0.05 level.

Results

The data of Table 1 show that of the 66 samples of salt collected in food stores in Ouro Preto-
MG, 40 (60.6%) were table salt (60.6 %), and 26 (39.4 %) coarse salt.
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Table 1. Number and percentage of analyzed samples of refined salt and coarse salt. Ouro
Preto-MG, Brazil, 2008.

Type of salt Number %o

Refined salt 40 60.6

Coarse salt 26 39.4
Total 66 100

The iodine concentrations in the analyzed samples are described in Table 2. It was found that
92.5% of the table salt samples, 46.15% of coarse salt samples and 74.24% of the total samples
meet the requirements of current legislation, whereas the percentage of noncompliance with the
legislation for table salt, coarse salt and total salt was of 7.5%, 53.85% and 25.76%, respectively.
In this analysis, a statistically significant difference was found for the iodine content and type of
salt, with p = 0.000.

Table 2. Adequate and inadequate iodine content in refined salt and coarse salt samples.
Ouro Preto-MG, Brazil 2008.

Iodine content

Type of salt Number of % Number of % Total %
adequate inadequate
samples samples
Refined salt 37 92.5 3 7.5 40 100
Coarse salt 12 46.15 14 53.85 26 100
Total 49 74.24 17 25.76 66 100

p = 0.000; according to Pearson’s chi-square test.
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Figure 1 indicates the distribution of iodine contents in the samples, according to the
type of salt. One can see that the average quantities of iodine in the samples of table salt
and coarse salt were, respectively, of 29.97mg and 19.75mg of 1,/Kg of salt. One can also see
that, within the recommended limits of iodine in salt for human consumption (20 to 60 mg),

there is a greater number of adequate samples of table salt, showing the higher percentage
of conformity of this product.
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Figure 1. Distribution of the adequacy of iodine concentrations according to the type of salt.

p = 0.0002, according to the Kruskal-Wallis test. Ouro Preto-MG, Brazil, 2008

The statistical analysis of the correlation between different prices and iodine contents in the
samples of table salt and coarse salt (Table 3) showed that there was no significant difference, with

p-value equal to 0.257. This result shows that price has no influence on the iodine concentrations
present in the different products.
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Table 3. Evaluation of the relationship between retail prices and conformity of iodine contents
in the samples of refined salt and coarse salt. Ouro Preto-MG, Brazil, 2008.

Iodine content

Price range (R$) Number of % Number of % Total %
adequate inadequate
samples samples
0.0 < 0.80 36 78.26 10 21.74 46 100
= 0.80 13 65.00 7 35.00 20 100
Total 49 74.24 17 25.76 66 100

p = 0.257; according to Pearson’s chi-square test.

Figure 2 shows the distribution, in Ouro Preto-MG, of the table salt and coarse salt samples
that had iodine contents below the recommended levels, i.e., values below 20mg per kilo of the
product. Such samples were prevalent in the eastern neighborhoods Ouro Preto.

Figure 2. Regional distribution of the refined salt and coarse salt samples that presented
1odine contents below the recommended levels in Ouro Preto, MG, Brazil.

Legend:

®

Samples of refined salt and coarse salt with iodine contents below the recommended values.
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Discussion

IDDs are natural and permanent phenomena largely distributed in various regions worldwide.
Populations living in iodine deficient regions are exposed to the risk of developing disorders caused
by such deficiency.' Conversely, the amount of iodine in salt, as observed in some countries, added
to other possible nutritional iodine sources (asthma expectorant syrups, water purification tablets,
radiocontrast agents, iodine-containing creams, among others), likely contribute to the excess of
this element in the body. '

The national survey conducted from 1994 to 1996 indicated that the salt consumed in
households (458 samples were collected) presented insufficient supplementary iodine, 50% below
the recommended level of 20 mg/kg or 20 ppm. In 7% of the samples, iodine concentrations were
lower than 10 mg/kg of salt, even in the salt-producing states, such as Rio Grande do Norte."

Two previous studies carried out in Ouro Preto, using the same methodology of the present
survey, showed that 62.1% and 32.73% of the samples did not meet current legal requirements.'*"”
In the present study, the percentage of noncompliance with legislation was of 25.76%, prevalent
in the eastern region of the city, as illustrated in Figure 2. It is assumed that such prevalence can
be influenced, for example, by how salts are stored in the supermarkets. Moreover, such region
had a greater number of stores that sold salt and, consequently, more samples of this product

were collected.

According to the report on the monitoring of iodine content in salt in Brazil, published in 2011 by
the National Health Surveillance Agency (ANVISA), there is a trend of increasing compliance with
legislation. In 1999, 73% of a total of 396 samples that were analyzed were satisfactory, compared to
97.4% of 1,148 samples of salt sold in the retail market and from the industries analyzed in 2011."8

The adequacy of the iodine contents found in the samples of this study depends on refining,
L.e., the conformity of iodization to the legal parameters may be associated with the type of salt,
with higher noncompliance found in coarse salts. For this reason, table salt should not be replaced
by coarse salt in daily diets.

Comparing the findings of this work with the results found in previous studies, one can see an
improved adequacy of salt for human consumption regarding the iodization recommended by the
RDC no.130, of May 26, 2003.% Such improvement may be related either with the systematization
of the technical and operational aspects developed by the National Program for the Prevention
and Control of Iodine Deficiency Disorders (Pro-iodine) or the changes of the iodization levels
established by law.
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The latest Household Budget Survey conducted by the Ministry of Health from 2008 to 2009
showed that the average salt intake by 10-year old Brazilians is around 8.2g/person/day. Considering
that WHO recommends that countries with average salt consumption of about 10g/day should
establish an iodization rate of 20 to 40ppm, ANVISA" approved new optimal levels of iodine in
salt. Thus, the salts sold in the retail market in in Brazil should have 15 to 45 mg of iodine per
kilo of product, as established by the Resolution RDC no. 23, of April 24, 2013.

Therefore, continuing monitoring of salt iodization is vital, because it is a major strategy for an
adequate intake of this micronutrient by children and the population in general. The amount of
iodine additions should be revised over the years, based on changes of Brazilians’ eating patterns,
taking into account that overconsumption of this nutrient may also cause health damages.

Conclusion

The satisfactory analytical results of table salt found in this study indicate improved monitoring
of salt iodization, an effective public health policy for the prevention and control of IDDs, besides
preventing iodine concentrations above the levels recommended by the Ministry of Health.
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