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INTRODUCTION 

I 

In 1960, some' 2o6 million persons lived in the 20 Latin American republics. 

This population was unequally distributed, with five countries having less than 

two million inhabitants, 10 others between eight and 10 million, and the five 

remaining ones had populations of 11, 15, 21, 35 and 71 million persons each. 

From the view-point of economic development, these nations are in the so-called 

under-developed category; here, also, the rate of development among them presents 

great divergency.· The one thing they all have in common is an ambition to 

industrialize rapidly, something a few have partly reached while others are just 

beginning to work in that direction. In general, these countries have areas with 

large rural populations, varying between 87 to 29 per cent. and averaging 54 per 

cent., deficient living and health conditions and populations grouped in small 

communities. The urban population, which makes up 46 per cent. of the total, 

lives in small cities but in each country there is always one large city, rarely 

two, usually the capital of the country, where something like 25 per cent. or more 

of the population is found. Ten of these cities have more than a million inhabitants 

and some of them, like Buenos Aires in Argentina, Rio de Janeiro and Sao Paulo in 

Brazil, the City of Mexico in Mexico, now exceed more than four million persons, 

while Lima, Peru and Santiago, Chile approximate about two million p~ople each. 
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The remaining cities do not reach half a million persons and but few exceed 

100 000. The majority of them are somewhere in the neighbourhood of 1000 to 50 000 

inhabitants. For this reason, the problems of air pollution seldom-manifest them-

selves outside of those large cities where the government usually has its capitaj_ 

and which also contain the principal industries and the great cultural centres of 

the nation. This is accentuated by the world-wide phenomenon of the population 

explosion which, as is well known, reaches its highest expression in Latin America 

where the annual rate of population growth is in the neighbourhood of 2.9 per cent. 

a year, a figure which is constantly on the increase. 

Moreover, as in the rest of the world, there is a tendency in these countries 

for urbanization to increase, developing in an irregular manner, so that the urba-1 

population has grown from 61 million, or 39 per cent. in 1950, to 95 million, or 

46 per cent. in 1960. 

In a few of these countries we encounter serious atmospheric pollution problems, 

depending on the rate of industrialization. This is not strange, since in order to 

achieve rapid industrialization and to increase production quickly, municipalities 

have permitted factories to be established any old way, without placing any obstacles 

before them. In the present report, we shall attempt to describe a few of the air 

pollution problems that have been studied in one degree or another in the most 

important cities of Argentina, Brazil, Chile, Mexico and Peru. In the rest of the 

countries, largely due to the fact that industrial development has not reached a 

sufficient level and because their populations are smaller, generally an interrelated 

phenomenon, these problems have not manifested themselves to such an extent as to be 

of any concern to the government authorities. Hence, as far as we know, no studies 

of this problem have been made in those countries. 

ARGENTINA 

This is one of the nations which has reached a very high level of industrial 

development. As is customary in these countries, the capital of Buenos Aires has a 

concentration of 33 per cent. of the population of the entire country, so that what 

is known as Greater Buenos Aires contains about seven million people spread out over 
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an extensive area along the shores of the·River Plata. The geographical conditions 

which in turn influence meteorological phenomena, are not favourable for the develop-

ment of a serious atmospheric pollution problem. Rains are relatively abundant, and 

in spite of the fact that the winds are not very strong, there is sufficient natural 

ventilation to create extensive dispersion of most of the pollution. Although there 

have not been any studies ·of atmospheric stability and temperature inversions, these 

do not appear to be present at low altitudes. 

Obviously, any area where seven million persons reside is bound to have air 

pollution problems irrespective of meteorological and geographical conditions. That 

is why the ITJunicipality of Buenos Air~s and some of its universities, have joined with 

other progressive groups to make studies of air pollution in the city. This concern 

with the problem resulted in calling together the First Latin American Congress of 

Air Pollution which was held in Buenos Aires at the end of October, 1962, at which 

time several interesting reports were submitted on the subject. However, there is 

as yet no systematic programme for evaluating the problem in Buenos Aires so that it 

is not possible to cite quantitatively its seriousness. Personal observations of 

its existing nature reveal the fact that atmospheric pollution in Buenos Aires has as 

yet not reached the point where it may be classed as serious, but the problem should 

be controlled before it gets to be really bad. 

Undoubtedly~ whatever preventive programme is developed is bound to receive a 

good deal of attention. The Congress to which we referred earlier aroused much 

interest so that today we have a variety of groups studying the problem, among them 

physicians, engineers, architects, chemists and city managers. This group has 

organized the Argentine Association Against Air Pollution and is even now planning for 

a future world congress on the subject. 

The city has enacted some legislation, which perhaps needs some modernization, 

but in any event it does permit a certain amount of work to be carried out. ncan 

be said with a great deal of confidence that if the present concern continues in 

Buenos Aires, that city should never reach the point where it would have a serious 

air pollution problem, or at least it will not be allowed to reach the danger point. 
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Potentially, however, such a state of affairs could occur. The density of the 

traffic in Buenos Aires, its do~estic heating systems, its numerous industries, the 

manner in which it disposes of rubbish, all of these tend to increase atmospheric 

pollution, which in time will cause t,he same damage which we have seen occur in other 

countries. The most serious problems today in Buenos Aires are those around cer~ain 

industries which permit industrial and domestic wastes to be discharged into nearby 

streams. These wastes are allowed to putrify, thus creating obnoxious odours and 

attracting insects. The incineration of rubbish which is carried out in three large 

incinerators belonging to the city of Buenos Aires, also adds to the air pollu.tion 

problem. These incinerators have a total capacity of 1450 tons of rubbish a day, 

or ~5 per cent. of the total which is collected. The largest of these incinerators 

is already 50 years old while the other two are 43 years old. 

BRAZIL 

Brazil, with some 70 million inhabitants, is today the country with the largest 

population a~~ greatest area i~ Latin America. The economic standard of its people 

and its geographical distribution is very irregular. Two thirds of the population 

devote their energy to agriculture with a low economic standard in most instances, 

while the remaining people constitute the worker class, which has become quite large 

due to the almost explosive nature of the industrial development occurring during the 

last 10 years. Its former capital, Rio de Janeiro, is a city with more than four 

million inhabitants, but in contrast to other countries, Brazil's industrialization 

has developed mainly in the city of Sao Paulo, which is the capital of the state of 

the same name, and which is the most populous and most highly industrialized city in 

the entire nation. 

In Rio de Janeiro there is practically no air pollution problem. Located on the 

Atlantic coast, over an extensive geographical area, with abundant rains and winds and 

with an industrial concentration relatively small, there is very little pollution 

discharged into the atmosphere, at least not enough to create a dangerous situation. 

The Public Health Services have partially studied the problem and we may conclude that 

for the moment at least, these studies have not shown a serious condition. 
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Metropolitan 

Sao Paulo also has a population of more than four million persons and has· experienced 

in the last few years such an industrial explosion that now the city has more than 

40 000 industrial plants of various sizes and some of the municipalities which 

surround the city are the most industrialized and probably have the most contaminated 

atmosphere in all of Latin America. 

As to the origin of the atmospheric pollution in Sao Paulo the senior auth~r of 

this report has recently conducted a study which permitted the following conclusions. 

Industrial activity 

The 40 000 to 50 000 establishments of Sao Paulo were built without ~he least 

consideration for the consequences of industrial activity, consequences that is, to 

the health and welfare of the community in which they are located. There is 

practically no concern as to what happens to the in~ustrial wastes, from either the 

economic or the sanitary view-point and they are discharged into the atmosphere and 

into nearby streams carelessly. Almost without exception the stacks of the industries 

in sao Paulo throw large plumes of smoke into the air and it is very easy to observe 

clouds of soot, lead dust, sulfur dioxide, oxides of nitrogen, and other gases, and to 

detect odours of hydrogen sulfide, solvents, benzene hexachloride and others. It is 

estimated that the factories producing superphosphates discharge about 10 tons of 

hydrofluoric acid daily into the air. The total amount of sulfur dioxide discharged 

into the air is approximately 1000 tons a day. 

Domestic activity 

The di~osal of rubbish is very inefficient. Appreciable quantities are burned 

outside the city, thus creating large quantities of smoke, soot and bad odours; like

wise obnoxious odours are created by the industrial wastes which contaminate the nearby 

streams of Sao Paulo, all of them with a very low volume of flow and already prac.tically 

saturated by sewage. It is very common for the organic materials in these streams to 

decompose with an evolution of hydrogen sulfide. 

Transportation 

The number of vehicles in Sao Paulo has more than doubled in the past four years 

and it is now estimated to have reached some 300 000 cars. A large number of these 

are buses and trucks burning diesel oil with very badly maintained motors so that they 
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discharge great quantities of heavy smoke due to deficient combustion. The narrowness 

of the streets tends to slow down traffic, thus introducing a lot of unburned gasoline 

into the air. 

Geographical and meteorological conditions 

The city is located on a plateau forming an extensive valley surrounded by low 

hills. Its climate is semi-tropical with abundant vegetation. Temperature is 

relatively high, there is a great deal of rain, especi2lly in the summer-time, with 

high humidity and moderate winds. A few measurements made of the stability of the 

atmosphere showed the presence of temperature inversions at low altitudes, which of 

course tends to increase the concentration of the pollutants. 

Fuel consumption 

Practically all of the fuel that is used in the Sao Paulo area comes from petroleum 

derivatives and amounts to a total of approximately four million tons a year, which 

represents a third of the consumption of the entire nation. Due to the sulfur content 

of this fuel, not less than 350 tons a day of sulfur dioxide are discharged into the 

air which, if added to that produced by industry, exceeds 1000 tons daily. 

As is to be ~xpected, this phenomenon represents serious conscqu~nces not only to thP 

economy but also to the health and welfare of the inhabitants of Sao Paulo. The smoke 

and soot, apart from the economic loss which they signify, contribute considerably to 

dirty buildings, streets and clothing and the atmosphere has a high quantity of corrosive 

materials. Although there have not been any systematic studies made of the effect on 

vegetation, it is easy to see that this has been serious from the destruction which one 

observes of many fruit trees and other vegetation. 

As regards the effect on health there seems to be a certain relationship between 

mortality from bronchitis and air pollution as measured by the mortality rate from this 

particular disease which has increased in sao Paulo from 4.72 per 100 000 inhabitants 

to 11.24 during the years 1952 to 1960, while in Rio de Janeiro, with an equal 

population, bronchitis deaths have diminished in these same years from 4.28 to 1.66. 

Even though these figures need to be analysed more carefully there is enough of an 

indication to suspect that a pretty good relationship exists between air pollution as 

observed in Sao Paulo and its effects on the respir3tory tract. 
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The government authorities~ up to the moment~ have adopted very few control 

measures. There is a certain amount of legislation, not too complete, but at the 

moment there is not a sufficiently lar,ge enough group of professionals trained and 

equipped to carry out a control programme. However, some work has·now begun. At 
the beginning of this year, the municipal authorities asked for economic and technical 

aid from the United Nations Technical Assistance Board and from our own organization, 

which is also the regional arm of the World Health Organization in the western hemis-

phere. With this help a laboratory is now being developed, personnel are being 

trained and more consultants of a technical nature will be sent to work with them. 

With the co-operation now e;isting between the municipalities and the Ministry of 

Public Health of the State of sao Paulo, real action should be developed in the near 

future, which should tend to lessen the existing pollution of metropolitan Sao Paulo. 

CHIIE 

The total population of Chile amounts ·to about eight million persons and as in 

other Latin American countries not more than 10 cities exceed 100 000 inhabitants, 

with some 25 per cent. of the total population being concentrated in the capital of 

Santiago with about two million persons. For this reason, the most serious problems 

of atmospheric pollution are encountered almost entirely in Santiago. Minor problems 

are present in other areas less industrialized, such as Valpara!so and Concepci6n, 

which do not have more than 300 000 inhabitants each. 

in certain smaller areas caused by specific industries. 

There are also special problems 

The National Health Service has been concerned with the problem of air pollution 

now for almost 10 years. There have been certain measurements made from time to time 

which showed that the suspended dust in the air exceeds 600 micrograms per m3 and 

settled dust reaches somewhere in the neighbourhood of 20 tons per km
2 

per month, a 

figure which diminishes considerably on the outskirts of the city. No other measure-

ments have been made which would permit us to analyse this problem in more detail. 

As to the·causes of the air pollution in Santiago, these are domestic activities, 

industry, transportation, some 3000 buildings with heating and incinerating systems, 

10 000 industries and 100 000 motor-cars. The air pollution is considerably 
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aggravated because of the geographical and meteorological conditions which prevail in 

the area. Santiago is at the bottom of a valley surrounded practically in its 

entirety by mounta~ns. These reach an altitude of 300 m toward the west while to~1ard 

the.east the mountains are more than 1000 m high. This situation results in ve~y low 

wind ve~ocities which prevent cleaning of the air by dispersion. Rains are ·,·ery ::carce 

with not more than 200 mm of rainfall a year, distributed over at the most three or 

four months of the year and with no more than 30 days of rain in all. Temperatu::>e 

inversions are common and create a very stable atmosphere every day, especially in 

the mornings which permits some natural ventilation only during the middle of tho l~y, 

a phenomenon which is particularly accentuated in the winter months. 

All of these phenomena contribute to the air pollution problem, especially a:; 

rcgnrds dust and soot and permits the formation in Santiago of a concentration much 

higher than one would expect with such a low concentration of industry and motorized 

vehicles. The air pollution problem is considerably aggravated by the fact that t'_-,_r~ 

principal fuel used in the area is soft coal, which has a high percentage of sul~u~· and 

ash with the consequent production of smoke and soot. This has considerably incr~csed 

recently with the operation of a new thermo-electric plant which consumes 150 000 tc~s 

of coal annually. Even though this plant is equipped with electrostatic precipit2tors 

for elimination of smoke, this in no way eliminates the daily ejection from the pl~nt 

of 15 000 m3 of sulfur dioxide. 

In 1961, the 'National Health Service began to work on this problem energetically. 

In May of this year, the Service passed a regulation which allows it to fine industries 

and owners of those buildings which discharge excessive smoke into the air, prohibits 

the circulation of motorized vehicles which produce black smoke from their exhaus~:.~:; 

and also bans the burning of rubbish and other wastes in the open. The Service :::.. s 

also carried out a very complete campaign of education throughout the entire are<~. :·.:1d 

has trained a small body of inspectors who are constantly trying to control the p:.•cblem. 

At the same time, the Service is trying to carry out systematic measurement~~ ns 

comp~etely as possible, in order to determine accurately the sources of the most 

important contaminants. With this objective in mind the National Health Service 

obtained from the United Nations Special Fund and the World Health Organization 

finan~ial assistance to develop an Institute of Occupational Health and Air Polh,tion 
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Research which will permit setting up a laboratory with an investment of approximately 

$ 200 000 in equipment and will allow the carrying out of research, as well as the 

training of specialized personnel for this work. The Institute is now being organized 

and will begin to. oper.ate the following year, when a real effort for the solution of 

the air pollution problem in Santiago should begin. 

MEXICO 

The City of Mexico, capital of the country, is located on a plateau surrounded by 

high mountains which reach an altitude of some 3300 m or slightly mo.re than 10 000 feet. 

T~e city itself is built on the bottom of a dried up lake which gives rise to strong 

natural contamination caused by the dust which rises due to the prevailing winds. Its 

population~ which now exceeds five million inhabitants, has practically .doubled in the 

last 10 years in the characteristic way of the large capital cities of Latin Ameri·ca. 

This incr8aGe in population has resulted from the industrial development of the country 

as a whole, and a large number of industries have been built in what is known as the 

Federal District. Likewise~ transportation has constantly increased with a large 

number of motorized vehicles at present ope~ating in Mexico City itself. 

The tragedy of Poza Rica in 1950, which cost the lives of more than 22 persons in 

a few minutes, has sensitized Mex~can investigators with regard to the problems of air 

pollution. Also, in 1922, there occurred a similar accident in the municipalities of 

Amatlan and Zacamixtle in the State of Veracruz, where a failure in the gas ignition 

of a crude petroleum separator caused a number of deaths among children, women and 

workers. With this history of serious accidents caused by air pollution, the industria] 

hygiene officials in the.Mexican government began to study extensively the problem of 

air pollution in Mexico City itself. 

In the last few years they have made systematic studies by measuring suspended dust, 

settled dust, sulfur dioxide, carbon monoxide, carbon dioxide, organic substances, 

benzpyrene and others, as well as the meteorological conditions of the area. 

~hPAc m~easurements have shown the existence of high quantities of settled dust 
2 with figures running normally in the neighbourhood of 25 tons of dust per km per month, 

reaching a maximum figure of more than 140 tons in a measurement made in February 1958 
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in an industrial zone. The sulfur dioxide values are equally high with an average of 

0.16 p.p.m. but with maximum values which have reached up to 1.6 p.p.m. in volume. 

The quantities of nitrogen oxides and oxidants are low, which seems to indicate that 

the contamination is of tl1e reducing type similar to that encountered in London~ Due 

to the fact that the concentration of motorized vehicles is relatively low, the quantity 

of organic contaminants is not very high and neither is the quantity of benzpyrene. 

The values are less than what you would expect to encounter in many North American 

cities. 

As regards the meteorological factors, these favour air contamination, as one would 

expect with the given geographical conditions and with the city being located at the 

bottom of a valley surrounded by mountains of great height. Wind velocity averages 

around 2 km an hour with a prevalence from the north and north-west. With a charac-

teristic lack of foresight, industries have been located mostly in the northern part 

of the city, so that the contaminants are blown over the residential areas. 

inversions are common and occur at times even at relatively high altitudes. 

Temperature 

They 

manifest themselves in the first part of the morning so that visibility reaches its 

minimum distance around eight o'clock and its maximum around four o'clock in the after-

noon. After the middle of the day the inversion begins to disappear gradually and 

the vertica~ dispersion permits the elimination, at least partially, of the contaminants. 

The principal sources of contamination are the petroleum refineries, the railroads, 

the electric power plants and rubbish incinerators, as well as the construction industry 

and industry in general. The consequences of the pollution manifest themselves mostly 

in the lack of good visibility and the increase in soiling caused by the large quantity 

of soot and suspended dust. 

From what we know of the problem in Mexico City, no serious steps have as yet been 

taken to eliminate it. The authorities have been satisfied for the moment to make the 

indispensable initial studies and in training personnel, both in Mexico itself as well 

as through scholarships abroad. The Industrial Hygiene Bureau of Mexico is continuing 

its responsibility of studying the problem and the government has accepted this limited 

programm~ with the objective of training personnel. A laboratory has been installed 

and with the help of other organizations systematic studies have been carried out both 

as to the concentration of contaminants as well as meteorological conditions. It is 
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evident that the -steps to follow should take into consideration a control policy with 

regulations which will give the government authorities the necessary power to correct 

the situation. 

PERU 

The city of Lima, capital of Peru, and its neighbour, the port of Callao, now 

exceeds two million inhabitants. This represents approximately 25 per cent. of the 

total population of the country and 50 per cent. of the urban population. In Lima, 

temperature inversions are constantly present, and the predominant winds are of low 

velocity, so that meteorological conditions are not of the best to prevent air 

pollution. However, the small concentration of industry has permitted Lima to be 

free of any serious problem of air pollution until recently. 

In the port of Callao, bad odours were caused occasionally by small factories 

preparing fishmeal, which in 1955 produced for export about 18 000 tons a year. At 

the end of 1958, these plants which then produced lOO 000 tons a year, began to grow 

in an explosive manner reaching 520 000 tons in the two years following and 860 000 

tons in 1961, converting Peru into the first exporter and the second producer of 

fishmeal in the entire world. 

In 1961, there were 37 factories in Callao which produced 356 000 tons and in 

Chimbote, a much smaller city, there were 30 factories producing 307 000 tons of 

fishmeal. The remainder, with a total of less than 200 000 tons, were distributed in 

other pal~ts of the country. In Lima, as in other large cities in Latin America, 

industry is permitted to develop freely without any particular regulation·as long as 

high production can be obtained and with no concern as to the effect on the population 

which such indiscriminate industrialization brings about. Thus, the capital of the 

country found itself surrounded by obnoxious odours which made the city an intolerable 

place in which to live. Logically, this brought on a violent reaction on the part of 

the citizens so that the government was finally forced to cre.ate a Technical Commission 

especially devoted to the study of this problem. .This Commission, with a certain 

amount of technical consultation from United States firms, has done some really 

effective work. As a first measure, taking into consideration the meteorological 
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conditions. the Commission prohibited the operation of the fishmeal plants between the 

hours of 5.00 and 9.00 in the morning. 

deodorizing equipment in all of them. 

Later, it demanded the installation of 

This equipment is of two types: burning of 

the gases and absorbing them in water towers. The Commission also demanded that the 

drying of the fishmeal be done at temperatures not exceeding 500°C, controlled by 

automatic instruments that are checked every so often by the authorities. The 

incineration conditions, or the maximum temperature which could be reached by the 

wash-water in the towers, was also set. All this finally culminated in a regulation 

which prohibited the effluents from factory stacks where fishmeal is produced to have 

an odour which could be perceived by more than 50 per cent. of a panel of not less 

than six persons when the dilution is in the proportion of 1:100 under controlled 

conditions. 

This last regulation is actually in operation in more than half of these· plants. 

Although the present situation is not completely ideal, it is hoped that in a short 

time the work of the Technical Commission will have reduced the original odours from 

these factories to a minimum. 

In spite of the fact that the population of Lima is quite large, more than two 

million inhabitants, there are no other serious air pollution problems in the city. 

Lima is well spread out, with very few large apartment buildings and its semi-tropical 

climate requires no heating systems in large numbers. Furthermore, the few heating 

systems which do exist burn liquid fuels, which naturally helps to avoid the production 

of smoke and soot. The number of automobiles .is not very high and there is not much 

of a concentration of.industry in Lima proper. Although some of the meteorological 

conditions are unfavourable, it is not expected that they will produce serious problems 

in the future. 

OTHER CITIES 

As far as we know, there are no serious problems of air pollution in other 

countries of Latin America. As one may expect, there are certain locations where 

problems affect small groups of people, usually in areas where there is a single 

factory in a zone which creates a nuisance in the neighbourhood, or causes some 
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agricultural damage and perhaps also to health, as well as damage of an economic nature 

due to corrosion, soiling, and so on. However, all of these are minor problems and 

the really serious ones are in the capitals which we have discussed earlier. 

Nevertheless, the violent population explosion which Latin America is experiencing, 

and its challenge to industrialize rapidly without any consideration of the health of 

a community, may signify that these problems are going to increase in the future. It 

is hoped that the consciousness as regards air pollution which is now being awakened 

among the health authorities,_ universities and research centres will prevent the 

occurrence of other problems of a serious nature and that it will be possible to control 

them in those cities where they now constitute a problem. 

The present report has no other objective than to summarize- the existing problems 

in an area which is not very well known from the point of view of air pollution. We 

hope that this presentation has partially fulfilled this objective. 

CONCLUSION 

Latin America is an area which is experiencing a very rapid population and 

industrial expansion. Although this growth:is very irregular, ·the cities which exceed 

a million inhabitants and the industrial concentration in them is growing_yearly. This 

phenomenon has resulted in serious problems of air pollution in Sao Paulo, Brazil, 

Santiago, Chile, Mexico City, Mexico, which are in need of further investigation and 

control as quickly as possible. There are potential problems in Buenos Aires, 

Argentina, and in all those large metropolitan centres which are growing and 

industrializing rapidly. The situation created in Lima, Peru, because of the fishmeal 

industry, seems to be fairly well controlled. 

It seems to us at the present time that the greatest necessity is to train 

personnel capable of conducting studies in measuring air quality:and ih controlling the 

contamination of the air. There is also a necessity to create a consciousness of the 

seriousness of the problem among government authorities and the public in general. It 

is hoped that the future development of the Institute of Occupational Health and Air 

Pollution Research in Santiago, Chile, will contribute effectively to achieve these 

objectives. 
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