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The paper develops in detail, descriptions of the salt production, salt quality and marketing situation of selected countries from the 16 countries in the Region of the Americas presently implementing salt fluoridation. Comparative data is presented on these countries salt industry representing over 10 large-scale producers/processors, (> 100,000 ton per annum), 24 medium scale producers/processors, (20,000 to 100,000 ton per annum), and over 1000 small-scale producers/processors, (<20,000 ton per annum). The Venezuelan salt industry is discussed in more detail, and the equipment, processes and local innovations utilized are described. It is held as a model for other producers in the Region to follow. The technology of salt fluoridation and the difference between the wet and dry methods of salt dosification is described. Analytical methodology is discussed and the efforts of the salt industry at quality improvement. The marketing and distribution of salt, within national boundaries and across borders is discussed as well as the impact of trade liberalization. 

1. INTRODUCTION


From the perspective of the Pan American Health Organization (PAHO), Regional Office of the World Health Organization (WHO) the Region of the Americas consists of 35 member states in North and South America, Central America and the Caribbean, with a population of close to 800 million. The Region demonstrates the full spectrum of social and economic development and infrastructure. In countries like the United States of America and Canada that are among the most developed in the world, their populations enjoy high levels of wellness, and good standards of health care and services. In countries such as Haiti, Bolivia and Nicaragua, the opposite is true. Extreme poverty is reflected in the state of the health care and services that their populations receive.  This is especially true in regards to the standard of oral health and oral health services. The incidence of caries in most of the populations of the countries of the Region makes it a physical impossibility for there to be any significant treatment of these caries given the level of resources available.


The necessity of finding an economical preventative for dental caries mothered the application of salt fluoridation to our Region.  Modeled after the principle of salt iodization, and pioneered by the Swiss beginning 1956 the effectiveness of salt fluoridation in the Region was first proven in a series of trials in Medellin Colombia sponsored by PAHO and W.K. Kellogg Foundation during 1963-1972. PAHO embarked on a regional program to encourage suitable countries to implement salt fluoridation. Jamaica in 1986 became the first country in the Americas to implement salt fluoridation on a national scale. Costa Rica and other countries quickly followed .


In order to ensure success in its regional salt fluoridation strategy, information about, and relationships with, the salt industry in the Region was critical. The cooperation of the industry was considered one of the critical success factors for implementation of national salt fluoridation programs. Resources were, therefore, committed to the study of the characteristics of the salt industry.


This paper presents an overview of the production, quality and marketing of salt in the Region, especially as they relate to fluoridated salt. It focuses on the 16 countries that have since began the implementation of and are in different stages of a national salt fluoridation program.

2. 
SALT PRODUCTION IN THE REGION


In 1997, the Region  produced 73.2 million tons or 37% of the total world production of 200 million ton of salt. In fact the worlds largest, the USA, at 41.5 million ton, the fourth largest, Canada at 13.3 million ton, the seventh largest, Mexico at 7.9 million tons and the tenth largest producer, Brazil at 5.5 million ton are all located in the Americas.


The total production of salt for the 16 countries that are the focus of this paper is 10.2 million ton per annum. See Table 1. This constitutes 14% of the salt production in the Americas, or 5% of world’s production.

2.1
Salt Production Methods


The methods of crude salt production are, surface mining, solution mining and solar evaporation of seawater. Table 1 shows that most production takes place by solar evaporation. Barely exploited are the enormous resources of easily accessible, by surface mining, salt in Bolivia, Chile and Argentina. All small production, in the countries of Central America, utilizes their natural climatic advantage and  produce by means of solar evaporation.


2.2 Salt Producers and Processors


It is necessary to make the distinction between the producers of crude salt and the processors of salt. The latter process the crude salt by a variety of means for distribution and sale to the wholesaler or final consumer.
There are at least 10 producers of over 500 thousand ton per annum of crude salt or the brine equivalent.  They are located in the Bahamas, Bonaire, Brazil, Colombia, Chile, Mexico and Venezuela. In addition there are over 1,000 medium and small scale producers. Their facilities range from a single pond producing 2 to 5 ton per year to well-organized facilities of up to 25,000 hectares. This size producer is mainly found in the Central America, on the Pacific coast, where the tradition of salt making is centuries old.


Large-scale processors of salt are also found in.

 the countries listed above, except in the Bahamas and Bonaire, all of whose crude production is exported. Table 1 shows the distribution of processor size for the 16 countries in focus Processing methods are rudimentary in countries such as Guatemala, Honduras, and Nicaragua. The salt is drained, iodized and packaged. Packaged salt quality is 95% NaCl, 1% insolubles, 1% chemical impurities and 3.5% moisture. In the Dominican Republic, Columbia Mexico, and Venezuela the dissolution then evaporation process is used. Quality 

Table 1

Salt Production for Countries with a program of Salt Fluoridation


Popula-tion

million
Total Crude Salt Prod

(000)t/yr
Type of produc-tion (000)t/yr
Salt      Consumption

(000)t/yr
Number  of  Salt  Processors






Large scale

> 100K

ton/yr
Med scale

100 to 20K

ton/yr
Small scale

< 20K

ton/yr




Soln

Mining
 Solar

Evap.
Total
Direct Human
Fluoridated




Bolivia
  7.9
   45
      0
      0
    45
30
   2
0
0
42

Colombia
37.7
1100
  600
  500
  500
140
  70
3
5
50

Costa Rica
  3.7
   20
      0
    20
    18
13
  10
0
2
 0

Dom Rep
  8.2
   50
      0
    32
    53
30
    0
0
0
80

Ecuador
12.2
   75
      0
    75
    75
44
  36
1
2
 10

Guatemala
11.6
   60
      0
    60
    58
40
   0
0
0
150

Honduras
  6.1
   42
      0
    42
    50
21
   0
0
0
250

Jamaica
  2.5
     1
      0
      1
    16
10
 10
0
1
  0

Mexico
95.8
7900
  600
7300
1600
350
250
3
6
10

Nicaragua
  4.5
   52
      0
   52
    52
16
    0
0
0
300

Panama
  2.8
   18
      0
   18
    30
11
    0
0
1
55

Peru
24.8
  180
      0
 180
  100
87
  40
1
2
50

Uruguay
  3.2
      0
      0
     0
   40
11
   9
0
3
 2

Venezuela
23.2
  705
      0
 705
  615
85
  60
2
2
10

Total
244.2
10248
1200 
8985
3252
888
487
10
24
1009

is typically 99.8% NaCl, 0.005% insolubles, 0.10%chemical impurities and 0.002% moisture. Hydro-refining is the most widely used process. Quality is 99.2% NaCl, 0.15% insolubles, 0.25% chemical impurities and 0.25% moisture. This quality compares favorably, while the economics are superior to that of evaporative refining. 

2.3
Fluoridated Salt Production


At present there are 16 countries at various stages in a national program of salt fluoridation (Table 1). 

Jamaica began the fluoridation of salt in 1987, followed by Costa Rica in the same year. Peru, Colombia and the State of Mexico started in 1989. In 1992, Ecuador and Uruguay started and Mexico’s program went national. Venezuela and Bolivia then followed suit in 1993. The Dominican Republic, Honduras, Guatemala and Panama have all taken the decision to begin national salt fluoridation programs.


The remaining countries have faced a variety of delays,  mainly of a political and regulatory nature.

3. 
SALT FLUORIDATION TECHNOLOGY


The addition of fluoride to salt is accomplished by the wet method or the dry method. Both  are employed throughout the Region. The wet method is usually used in the case of medium to large-scale continuous dosing. The dry method is usually used in small scale to medium sized batch operations. 

3.1
Fluoridation Chemicals 


The chemicals and their relevant properties used in the fluoridation of salt are shown in Table 2.

Table 2

Fluoride Chemicals.


Sodium

Fluoride
Potassium

Fluoride
Potassium

Fluoride

Anhydrous

Formula
NaF
KF.2H2O
KF

Mol Wt
42.0
94.13
58.13

Solubility gm/100ml
4.1
100
55

Price U$/kg
2.5-5.0
2-10
1-8

gm reqr’d per ton Salt
581 
778
1238

Cost added per ton Salt
2.76
7.63
9.91


3.2
Dry Method


The addition of fluoride is usually accomplished by adding weighed amounts of sodium fluoride to a known batch weight of salt. As fluoridation and iodization is usually done at the same time in the same equipment, premixes are usually made.  Premixes consist of sodium fluoride, potassium iodate, calcium carbonate and refined undosified salt. The premix formulation is calculated so that the target concentrations of fluoride and iodide are achieved when the premix weight is added to the batch. In a number of cases the premix consists of mixing the sodium fluoride and salt with an existing commercially available pre-mix called yodo-cal. Yodo-cal is a mixture of 8 parts by weight calcium carbonate and 1 part potassium iodate. The target concentrations are normally 200 ppm fluoride and 60 ppm iodide.


The premix addition takes place in a salt mixer. These may be of various types and capacities. Mixers vary from rotary paddle and rotary ribbon mixers to rotating mixers and mixing cones. Construction is usually of stainless steel.


Capacities range from 500kg to 10 ton. Paddle mixers of capacity 1-5 ton of stainless steel, complete with motor, may be constructed in-house or at small local work-shops for U$3,000 to U$8,000.

3.3 Wet Method


The wet method of fluoride addition first utilizes solutions of potassium fluoride. Potassium fluoride is used because of its high solubility relative to sodium fluoride. Solution concentrations vary, but can range from 10% to 55%, ie saturated, or even a slurry in a saturated solution. This solution/slurry is then sprayed continuously at a controlled rate to a continuous flow of salt.  The salt then passes through a mixing device, to ensure homogeneity.  Mixers are the continuous type and are normally ribbon or screw mixers of stainless steel construction. 

3.4 
Wet vs Dry methods


There are a number of considerations when making this decision. They are as follows:

· The scale and type of the salt processing operation. For a small, < 10 ton per day, stage or batch operation, the dry method would be preferable. For continuous salt processing operations even as small as 5 ton per day, the wet method would be preferred

· Cost and affordability of equipment. The cost of equipment for the dry method is usually lower than equipment for the wet method

· Cost and affordability of fluoride chemicals. The cost of sodium fluoride the chemical of choice for the dry method is lower than potassium fluoride the chemical of choice for the wet method

· Quality. There normally is a better level of control, of fluoride concentration with the wet method applied to a continuous process

· Miscellaneous. Depending on the specific situation there may be other considerations, such as the availability of equipment and suitably trained personnel, the existing plant layout and the positioning of new equipment, and the overall ease of operations of the proposed new system

3.5
Quality Limitations with Both Systems


The dry method is best suited to salt particles in the size range below 30 mesh. The coarser the salt, the greater the tendency for segregation of the fluoride powder from the salt crystal. Within a salt package there would be the tendency to have the finer particle size fluoride powder separate to the bottom of the package between the salt crystal interstices. This would deliver varying concentrations of fluoride to the consumer as the salt in the package is depleted. The fluoridation of large particle salt, greater than 20 mesh, the so-called "sal grueso", should therefore not be done with the dry method.


The action of the wet method coats the salt particle with a layer of fluoride solution. On drying the salt is therefore left with a thin powder layer of the fluoride chemical, adhering to the salt particle. Problems occur with the wet method when a mixture of particle sizes is sprayed with fluoride solution to the target concentration, then separated for packaging into different particle sizes. This is a normal occurrence during the hydro-refining of salt process. It is usually found that the separated salt particles will have different concentrations of fluoride associated with each size. Typically for a target fluoride concentration of 200 ppm, values will range from 500 ppm for the salt powder size, < 50 mesh, 180-200 ppm for medium size, 50 to 30 mesh and, 100 ppm for coarse sized salt, ie , > 20 mesh.


There are two explanations for this variation in fluoride concentration with salt particle size. They are: firstly, there occurs some shaking off of the fluoride chemical from the salt particle, during the action of size separation. Hence the powder fluoride stays with the finer salt particles; and secondly, the finer particles become coated with a relatively greater amount of fluoride solution in the first place. This is due to the effect of the smaller diameter salt particles having a proportionally greater surface area than larger diameter particles. More solution is therefore deposited proportionally on the finer salt particles than on the larger ones.

3.6
Analysis of Fluoridated Salt


Fluoride analysis of salt is most accurately and conveniently accomplished by means of the selective ion method. Here a representative sample of salt is taken and dissolved in a measuring flask. Care must be taken to ensure that the sample size is large enough to represent all salt particle sizes. A sample size of 25 gm is recommended. The dissolution being accomplished, an aliquot is taken and a Total Ionic Strength Adjustment Buffer, TISAB, is added. The aliquot is then measured directly by the fluoride electrode in a selective ion meter. Calibration of the electrode and meter are done on a regular and scheduled basis with standard fluoride solutions. 


The equipment and supplies are readily available, inexpensive, durable, easy to operate and accurate. They are distributed by the various laboratory supply houses.

4. 
THE VENEZUELAN SALT INDUSTRY


The Venezuelan salt industry is singled out for discussion because of its efficiency and high quality of product. It has all size categories of processors.  Standards through out the industry are uniformly high..


Venezuela has 14 salt processors2. Large proces-sors are Sal Bahia and Tecnosal, with capacities of 240,000 and 150,000 ton per year respectively.  The main medium and small processors are ALESCA, MOLISOCA and INDULSALCA. Their capacities are 35,000, 18,000, and 24,000 ton per year respectively. The 2 large producers account for production of 250,000 ton per year or 75.8% of total production of processed salt. The 4 medium producers account for 60,000 ton or 18.2% and the 8 small and micro producers 20,000 ton or 6.1% of the total.


The industry on a whole may be regarded as mature and consolidated. Compared to most of the countries in the region it has relatively few processors, and only two producers. Most processors purchase crude salt from the most convenient source with respect to price and quality. This ensures competition and efficiency of operations by the crude salt producers.


The processing operations are for the most part mechanized. Most of the processors utilize the hydro refining process. Tecnosal is the largest plant of this type in the Region. INDULSALCA employs the evaporative process, while Sal Bahia employs both.


The quality of the finished salt product is high. Chemical quality is on par with similar products internationally and the packaging and presentation is very good. In the case of Sal Bahia their excellent canister salt product will be exported to the USA soon.


The secret of this industry’s success has been management’s recognition of the need to be efficient, and maintain high quality standards.  The competitiveness of their product with regards to  packaging, presentation, and price is constantly being emphasized


Smaller processors are continuously improving, adapting and utilizing methods of large producers. This includes modification, design and fabrication of machinery and equipment to suit their needs at a lower cost and improved efficiency. Some examples are as follows:

· The design and manufacture in-house of propane fired rotary salt dryers. The dryer is low cost to construct, takes less energy to operate, and is virtually maintenance free. Its cost is U$15,000 vs an equivalent capacity factory made one for U$100,000. Although the local made dryer will last ¼ of the time of the factory made one, it is more cost effective

· The design and in house fabrication of milling systems. These are ingenuous and strike the engineering compromises best suited for the particular producer

· The substitution of the expensive centrifugal dewatering system by simple, inexpensive and effective screw and drain pad dewaterer


The Venezuelan salt industry is therefore a model that can be emulated by many of the smaller producers throughout the Region. PAHO has been encouraging this as the fluoridation of salt is best accomplished in an efficient operation producing good quality salt product.

5.
MARKETING OF SALT


The marketing of salt throughout the Region is in the process of change. As with many other products the salt market was highly protected within each country. Now with the reduction of trade barriers, the intra-regional trade in salt is increasing. Large, more efficient processors are beginning to export whilst those processors that have lagged behind in quality and efficiency are becoming anxious at the potential threat that imports will have on their sales. PAHO is especially interested in these developments in intra-regional trade as it has implications for the salt fluoridation programs being implemented.

5.1
National Salt Flows and Balance


In order to track the marketing of salt between countries of the Region we have developed salt flow data.  An example for Venezuela is shown in Table 3.  Estimates show that for 1998 the total trade in salt for direct human consumption, for the 16 countries, amounted to 70 thousand tons. This is 8% of the 880 thousand tons of salt directly consumed by humans. This is expected to continue to grow.

Table 3

Salt flows & balance for Venezuela 


Type/ Place
Quantity tpy

Imports
Crude 

Bonaire
 30,000


Processed

Colombia
   5,000

Production
Solar Salt
705,000

Imports + Production                           740,000



Consumption
Direct Human
  85,000


Food
145,000


Industrial
385,000

Exports
Crude
  70,000


Processed
  55,000

Consumption + Exports                       740,000

5.2
Internal Marketing of Salt


The mechanisms for intra-country salt marketing are uniform throughout the Region and may be seen schematically in Figure 1. This is so except in the case of the Dominican Republic. In that country a State owned company DISAL purchases all the crude salt produced and distributes it to processors. This creates an unnecessary middleman who adds no value, reduces efficiency and adds cost. Many processors in the Dominican Republic are circumventing this ill-conceived policy by importing crude salt directly.

The relative amounts of salt that go through each channel will vary from country to country. Those with a less developed industry will have more processing operations associated directly with the crude salt producers. They would also develop their own distribution network directly to the small shops in a particular locality. In the case of countries with large and competitive internal markets, each level of distribution is normally independent from the other.













Figure 1. Intra-country salt distribution channels

5.3
Salt Prices


There exists great variation in salt prices throughout the Region. As may be expected the variations are coming under pressure from liberalized trade and more open markets. In this changing environment the more efficient producers, processors and distributors will have an advantage. There is, however, a limit to the extent that they will dominate as a large component of the price of salt is that of transportation. Local salt producers close to the market will always have the edge over the large ones. PAHO therefore has come to recognize their longevity and has taken the decision to work closely with these processors to improve their quality and efficiency. This we believe to be a win situation.      

Table 4

Salt prices for selected countries, U$/ton

Country
Crude Salt (FOB)
Refined/ Packaged

(Marketplace)

Bolivia
 8.00
180-120

Dom. Rep
93.00
1790-850

Honduras
45.00
210-417

Nicaragua
50.00
550-150

Panama
83.00
630-550

Venezuela
12.00
350-100


The prices of salt for various countries in the Region are shown in Table 4.

6.
CONCLUSIONS


The Region of the Americas as a significant producer of the worlds salt production has good traditions and practices in its production and processing.  Currently, salt industry is undergoing major change as a result of trade liberalization. This change will bring some improvement and dislocation. In the end though the industry should be more vibrant with the surviving producers offering a better quality salt to their customers with the ability and knowledge improvement in the dosification with iodine and fluoride. PAHO will continue with its program of assistance to the producers in the transfer of salt processing and salt iodization, and fluoridation technology because we recognize the direct benefit to improved health.
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