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MEDICAL GEOLOGY 

Olle Selinus
Geological Survey of Sweden,Uppsala SE-751 28, Sweden

SUMMARY

Medical geology is defined as the science dealing 
with the influence of ordinary environmental factors on 
the geographical distribution of health in humans and 
animals. Accordingly this is a complicated subject and 
interdisciplinary contributions from essentially different 
scientific fields are required when these problems are 
to be solved. This paper discusses the background of 
medical geology with examples from all over the world. 
Emphasis is placed on the serious effects of acidification 
of soil and water that pose a potential threat against the 
health of humans and animals. All living organisms are 
composed of major, minor and trace elements, given by 
nature and supplied by geology. 

Why is geology important for our health?
Our environment is the entire web of geological and 

biological interactions that characterize the relationship 
between life and the planet earth. Essential and toxic 
elements in bedrock or soils may become a direct risk 
for human and animal health; and may be the underlying 
cause of both deficiency and toxicity. Some naturally oc-
curring elements are necessary for our wellbeing while 
others are detrimental to our health. 

Before resources are committed to clean up or protect 
the environment from man-made contamination, it would 
seem prudent to determine how much of the “contamina
tion” merely reflects the preexisting natural background 
levels. Naturally occurring elements can have detrimental 
effects on health when ingested in increasing quantities. 
Metals have always existed and will forever exist, but we 
cannot avoid the fact that the health of human beings 
and animals are influenced by metals in the environment. 
Geological processes along with human activities of all 
kinds have redistributed metals from sites where they are 
fairly harmless to places where they affect humans and 
animals negatively.

Earth is the ultimate source of all elements. Metals 
are ubiquitous in the lithosphere, where they are inhomog-
enously distributed and occur in different chemical forms. 
Ore deposits represent natural concentrations that are 
commercially exploitable. While such anomalous accumu-
lations are the focus of economic geology, the background 

concentrations of metals that occur in common rocks, 
sediments, and soils are of greater significance to the 
total metal loading in the environment. All known elements 
are present at some level of concentration throughout the 
natural environment in humans, animals, vegetables and 
minerals, and their beneficial and harmful effects have 
been present since evolution began.

Geology may appear far removed from human health. 
However, rocks are the source of all the naturally occurring 
chemical elements found on the earth. Many elements in 
the right quantities are essential for plant, animal and hu-
man health. Most of these elements enter the human body 
via food and water in the diet and through the air that we 
breathe. Through the weathering processes, rocks break 
down to form soils on which crops and animals that con-
stitute the food supply are raised. Drinking water moves 
through rocks and soils as part of the hydrological cycle. 
Much of the dust and some of the gases present in the 
atmosphere are the result of geological processes. Hence, 
a direct link exists between geochemistry and health due 
to ingestion and inhalation of chemical elements by eating 
and drinking food and water and breathing air. 

We need to understand the nature and magnitude of 
these geological sources to develop approaches to assess 
the risk posed by metals in the environment. It is very im-
portant to distinguish between natural and anthropogenic 
contributions to metal loadings. Concentrations of metals 
can range over orders of magnitude among different rocks. 
For example, the concentrations of metals such as nickel 
and chromium are much higher in basalts than in granites, 
whereas the reverse is true for lead. Weathering of these 
types of bedrocks results in the mobilization of elements 
in the environment. In sediments, the heavy metals tend 
to be concentrated in fractions with the finest grain size 
and the highest content of organic matter. Black shales, 
a fine grained rock, for example, tend to be enriched in 
these elements. 

In addition, knowledge of geological processes is 
fundamental to understand the fate of those metals, which 
are released as a result of human activity.

Volcanism and related igneous activities are the prin-
cipal processes that bring elements to the surface from 
deep inside the earth. For example, the volcano Pinatubo 
ejected in just over two days in June 1991, about 10 billion 
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tonnes of magma and 20 million tonnes of SO2 and the 
resulting aerosols influenced the global climate for three 
years. This event alone introduced 800,000 tonnes of zinc, 
600,000 tonnes of copper and 1,000 tonnes of cadmium 
to the surface environment. In addition to this, 30,000 tons 
of nickel, 550,000 tonnes of chromium and 800 tonnes of 
mercury were also added to the earth’s surface environ-
ment. Volcanic eruptions redistribute some of the harmful 
elements, such as arsenic, beryllium, cadmium, mercury, 
lead, radon and uranium, plus most of the remaining ele
ments, many of which have still undetermined biological 
effects. It is also important to realize that there are on an 
average 60 subaerial volcanoes erupting on the earth’s 
surface at any given time, releasing various elements 
into the environment. Submarine volcanism is even more 
significant than those at continental margins and it has 
been conservatively estimated that there are at least 3,000 
vent fields on the mid ocean ridges. One interesting fact 
is that about 50% of SO2 is of natural origin, mainly from 
volcanoes, and only 50% is from human sources.

The naturally occurring elements are not evenly dis-
tributed across the surface of the earth and problems can 
arise when element abundances are too low (deficiency) 
or too high (toxicity). The environment’s inability to provide 
the correct chemical balance can lead to serious health 
problems. The links between environment and health are 
particularly important for subsistence populations that are 
heavily dependent on the local environment for their food 
supply. Approximately 25 of the naturally occurring ele-
ments are known to be essential to plant and animal life 
in trace amounts, including Ca, Mg, Fe, Co, Cu, Zn, P, N, 
S, Se, I and Mo. On the other hand, an excess of these 
elements can cause toxicity problems. Some elements 
such as As, Cd, Pb, Hg and Al have no or limited biological 
function and are generally toxic to humans 

Many of these elements are known as trace elements 
because they generally occur in minute (mg/kg or ppm) 
concentrations in most soils. Trace element deficiencies in 
crops and animals are therefore commonplace over large 
areas of the world and mineral supplementation programs 
are widely practiced in agriculture. Trace element deficien-
cies generally lead to poor crop and animal growth and 
to reproductive disorders in animals. These problems 
often have the greatest impact on poor populations who 
can least afford nutritional interventions for their animals.

Interactions, speciation and bioavailability
In addition to understanding both natural and anthro-

pogenic sources of harmful substances in the environment, 
it is also important to consider exposure and bioavailability. 
Exposure is the qualitative and/or quantitative description 
of total intake/assimilation of a given chemical substance 
via a range of pathways. Bioavailability is the proportion of 
a chemical available for uptake into the systemic circula-
tion of a organism, following a given mode of exposure. 

Bioavailability directly influences exposure and therefore 
the effect and risk of health detriments. Large quantities 
of a potentially harmful substance may be present in the 
environment, but if it is in a non-bioavailable form, the risk 
to health may be minimal. Bioavailability depends not only 
on the physical and chemical forms in which the element is 
present, but also on other factors in the environment, such 
as pH, temperature and moisture conditions. The bioavail-
ability and mobility of metals like zinc, lead and cadmium 
is greatest under acidic conditions, while increased pH 
reduces bioavailability. Also, soil type such as clay and 
sand content and its physical properties affect the migra-
tion of metals through soils. The organisms present in soils 
also affect metal solubility, transport and bioavailability

Furthermore, as will be demonstrated with the arse-
nic case study from Bangladesh, a potential hazard only 
becomes a problem if there is an exposure route. The 
potential hazard of high arsenic groundwater has existed 
for thousands of years but it is only in recent years with the 
sinking of water wells to access this water that an exposure 
route has been established and a health effect manifested.  
In the absence of exposure, there is no adverse effect. 

Exposure pathways include ingestion (food, wa-
ter and deliberate/inadvertent soil ingestion), dermal 
absorption and inhalation. In terms of ingestion, much 
emphasis has been placed on water, simply because it 
is an easy sample type to analyze. However, soils and 
food are likely to be far more important dietary contribu-
tors because the concentrations of potentially harmful 
substances in soils are much greater (parts per million) 
than in water (parts per billion). Whether soil ingestion 
is inadvertent or via the deliberate eating of soil known 
as geophagia, this exposure route should not be under-
estimated.  For example, studies in Kenya have shown 
that 60 – 90% of children between 5 – 14 years of age 
practice geophagia and each child consumes an average 
of 28g of soil per day. 

In discussing medical geology it is also necessary to 
know which elements are essential for humans and ani-
mals. The main essential elements are: calcium, chlorine, 
magnesium, phosphorus, potassium, sodium and sulphur. 
Essential trace elements are: chromium, cobalt, copper, 
fluorine, iron, manganese, molybdenum, zinc, and sele-
nium. Elements with probably no recognized biological 
role are called non-essential elements, often with harm-
ful properties, e.g. cadmium, arsenic, mercury and lead. 
Exposure to heavy metals could result in negative effects 

Most of the heavy metals are essential in different 
amounts for biological functions of organisms (e.g. cobalt, 
copper, manganese, molybdenum, zinc, nickel, and vanadi-
um). They are called micronutrients. In high concentrations, 
however, all metals produce adverse effects on organisms. 
The large scale introduction of heavy metals in society 
-  the technosphere - and eventually into the biosphere has 
given rise to toxic effects in animals and plants and non-
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sustainable loading. Cadmium, mercury, lead, copper, and 
other metals have all been linked to various toxic effects in 
living organisms. Of these, mercury and lead do not seem 
to serve any biological functions in living organisms.

Examples of medical geology.
Inorganic arsenic is one of the oldest known poisons. 

Chronic arsenic exposure particularly affects the skin, 
mucous membranes, nervous system, bone marrow, liver 
and heart. Arsenic toxicity is strongly dependent on its 
chemical form. Essentiality of arsenic has been shown 
in studies with animals but not in humans. Worldwide 
natural emissions of arsenic into the atmosphere in the 
1980s were 1.1 to 23.5 tonnes per year, derived mostly 
from volcanoes, wind-borne soil particles, sea spray and 
biogenic processes. Coal combustion alone accounts for 
20 percent of the atmospheric emission, and arsenic from 
coal ash may leach into soils and water.

There is growing concern over the toxicity of arsenic 
caused by exposure to elevated concentrations in the 
geochemical environment. The danger to human health 
due to arsenic poisoning has now been recognized by 
the World Health Organization (WHO), which has lowered 
the safe level for arsenic in drinking water from 50 mg/1 to 
10 mg/l. Among the countries that have well documented 
case studies of arsenic poisoning are Bangladesh, India 
(West Bengal), Taiwan, China, Mexico, Chile and Argen-
tina. The common symptom of chronic arsenic poisoning 
is conjunctivitis, melanosis, depigmentation, keratosis and 
hyperkeratosis. As in the case of India and Bangladesh, 
the relationship between excess arsenic exposure and 
skin and internal cancers is established in Taiwan. The 
source of arsenic is geochemical, the element being pres-
ent in many rock-forming minerals, including iron-oxides 
and clays but mostly in sulphide minerals, especially in 
pyrite and arsenopyrite.

Radon is a naturally occurring radioactive gas that is 
colorless, odorless, and tasteless and can only be detected 
with special equipment. It is produced by the radioactive 
decay of radium, which, in turn, is derived from the radioac-
tive decay of uranium.  Uranium is found in small quantities 
in all soils and rocks, although the amount varies from place 
to place. Radon decays to form radioactive particles that 
can enter the body through inhalation.  Inhalation of the 
short-lived decay products of radon has been linked to 
an increase in the risk of cancers of the respiratory tract, 
especially the lungs. Breathing radon in the indoor air of 
homes contributes to about 20,000 lung cancer deaths 
each year in the United States and 2,000-3,000 in the U.K. 
Only smoking causes more lung cancer deaths. 

Geology is the most important factor controlling the 
source and distribution of radon. Relatively high levels of 
radon emissions are associated with particular types of 
bedrock and unconsolidated deposits, for example some, 
but not all, granites, phosphatic rocks, and shales rich in 

organic materials.  The release of radon from rocks and 
soils is controlled largely by the types of minerals in which 
the uranium and radium occur.  Once radon gas is released 
from minerals, its migration to the surface is controlled by 
the permeability of the bedrock and soil; the nature of the 
carrier fluids, including carbon dioxide gas and ground-
water; and meteorological factors such as barometric 
pressure and rainfall. 

Radon dissolved in groundwater may migrate over 
long distances along fractures and caverns depending 
on the velocity of fluid flow. Radon is soluble in water and 
may thus be transported for distances of up to 5 km in 
streams flowing underground in limestone.  Radon remains 
in solution in water until a gas phase is introduced.  If emit-
ted directly into the gas phase, as may happen above the 
water table, the presence of a carrier gas, such as carbon 
dioxide, would tend to induce migration of the radon.  This 
appears to be the case in certain limestone formations, 
where underground caves and fissures enable the rapid 
transfer of the gas phase. Radon in water supplies can 
result in radiation exposure of people in two ways: by 
ingestion of the water or by release of the radon into the 
air during shower or bathing, allowing radon and its de-
cay products to be inhaled. Radon in soil under homes is 
the biggest source of radon in indoor air, and presents a 
greater risk of lung cancer than radon in drinking water. 
However radon in drinking water could be a problem for 
small children.

The connection between goitre and iodine deficiency 
is a classic example of medical geology even though 
the relationships are somewhat more complicated than 
formerly believed. The connection between geology-
water-food chain-diseases can clearly be shown for 
iodine. Goiter was common in ancient China, Greece, 
Egypt and amongst the Inca, where the soil and/or water 
is usually deficient in iodine, but was successfully treated 
by seaweed which contains high levels of iodine. Iodine, 
being a component of the thyroid hormone thyroxine, has 
long been known as an essential element for humans and 
mammals. Deficiency of iodine results in a series of Iodine 
Deficiency Disorders (IDD) the most common of which is 
endemic goiter. The areas where IDD are concentrated 
tend to be geographically defined. Thus the most severe 
occurrences of endemic goiter and cretinism have been 
found to occur in high mountain ranges, rain shadow 
areas, and central continental regions.

Goitre occurs due to enlargement of the thyroid gland 
as it attempts to compensate for insufficient iodine. It has 
been estimated for example that out of a population of 17 
million in Sri Lanka, nearly 10 million people are at risk of 
goitre. Iodine deficiency in pregnant mothers can also lead 
to cretinism and impaired brain function in children. The 
World Health Organization estimates that currently over 
1.6 billion people are at risk from iodine deficiency and 
that it is the single largest cause of mental retardation in 
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the world today. China alone has 425 million people who 
are at a risk in regard to IDD.

Another important element is fluorine. The geo-
chemistry of fluorides in groundwater and the dental 
health of communities, particularly those depending 
on groundwater for their drinking water supplies, is 
one of the best known examples of the relationships 
between geochemistry and health. Many water supply 
schemes, particularly in developing countries where 
dug wells and deep bore holes form the major water 
sources, contain excess fluoride and as such are harm-
ful to dental health. 

Fluorine is an essential element with a recommended 
daily intake of 1.5 – 4.0 mg/day. Health problems such as 
caries or dental mottling and skeletal fluorosis may arise 
from deficiency or excess. Unlike other essential elements 
for which food is the principal source, the main source of 
fluoride is water. Fluorine in surface and groundwater is 
derived from the following natural sources: (a) leaching of 
the rocks rich in fluorine; (b) dissolution of fluorides from 
volcanic gases by percolating groundwater along faults 
and joints at great depth and discharging in springs; (c) 
rainwater; which may acquire a small amount of fluoride 
from marine aerosols and continental dust; (d) industrial 
emissions and effluents:(f) run-off from farms, ostensively 
using phosphatic fertilizers. 

For example, after the eruptions of the volcano Hekla 
in Iceland in 1693, 1766, and 1845, severe incidents of 
fluorosis were recovered. Acute poisoning was described. 
Since World War II, Hekla has erupted in 1947, 1970, 
and 1980, and a number of analyses for fluorine have 
been performed. The volcano delivered huge amounts 
of fluorine and concentrations of 4,300 ppm in grass has 
been found.

In the beginning of the 20th century it was known that 
high contents of fluorine could cause fluorosis. The natural 
concentration of fluorine in drinking water is normally 0.1-1 
ppm. In many countries, however, the concentration could 
be as high as 40 ppm that could lead to serious fluorosis. 
Yes the picture is rather complicated because there are 
also antagonistic effects. Molybdenum and selenium can 
reduce the effects of high concentrations of fluorine. One 
of the major benefits of fluorine seems to stem from its 
antagonism with aluminum. In Ontario, Canada, there is 
less Alzheimer disease where the drinking water contains 
more fluorine.

One quite different aspect of medical geology is 
geophagia, which is the deliberate eating of soil. In 
many ancient and rural societies, and amongst a wide 
variety of animals, exposure to chemical elements oc-
curs principally through the deliberate ingestion of soil, 
or soil-derived `medical’ preparations (often associated 
with immigrant communities). Such behavior is medically 
known as either pica or more specifically as geophagia. 
Geophagia is common among traditional societies and 

has been recognized since the time of Aristotle as a 
cure-all for health problems. Soil from the ground may be 
eaten in the form of paste but in many situations there is 
a cultural preference for soil from special sources, such 
as termitaria.

Even today the theory of geophagia as a subcon-
scious response to dietary toxins or stress must be 
balanced against the habitual eating of soil that has 
been reported to develop into extreme, often obsessive, 
cravings. These cravings are often reported to occur 
immediately after rain. Typical quantities of soil eaten 
by geophagists in Kenya have been reported to be 20 
grams per day. This is almost 400 times more than typi-
cal quantities of soil thought to be ingested as a result of 
inadvertent ingestion through hand-to-mouth contact (e.g. 
50 milligrams per day). Whilst eating such large quantities 
of soil increases exposure to essential trace nutrients, it 
also significantly increases exposure to biological patho-
gens and to potentially toxic trace elements, especially 
in areas associated with mineral extraction, or in polluted 
urban environments. 

Geophagia is also increasing in developing coun-
tries. Because of immigration the tradition of geophagia 
is brought into western societies and imported soils can 
often be found in local ethnic food stores for sale to im-
migrants. 

Naturally Occurring Dusts. Exposure to mineral 
dusts can cause a wide range of respiratory problems. 
The health effects of exposure to mineral dusts have 
been recognized for decades, with asbestos being the 
classical example. Dust exposure can also affect broad 
regions such as the dust stirred up by earthquakes in 
the arid regions of the southwestern U.S. and northern 
Mexico. Dust exposure can even take on global dimen-
sions. Ash ejected form volcanic eruptions can travel 
many times around the world and recent satellite images 
have shown wind blown dust picked up from the Sahara 
and Gobi deserts blown more than halfway around the 
world. Of greatest concern for effects upon human health 
are the finer particles of the respirable (inhalable) dusts.  
In this regard, considerable work is being conducted in 
identifying dust particles derived from soils, sediments 
and weathered rock surfaces. 

 
3.0 The future of Medical Geology

Naturally occurring materials such as rocks, minerals, 
dust and water can have profound effects on the health of 
humans, plants and animals. Understanding the complex 
relationship between the natural environment and the 
health of animals and humans requires close collabora-
tion between medics, veterinarians, geoscientists, and 
toxicologists for mitigation. The emerging field of medical 
geology plays a key role in these fields of interdisciplinary 
collaboration. It also requires close coordination between 
developed and developing countries. 
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Medical geology is an interdisciplinary science 
that is growing rapidly. Because of the importance 
of geological factors on health the IUGS commission 
COGEOENVIRONMENT (Commission on Geological 
Sciences for Environmental Planning) established in 
1996 an International Working Group on Medical Ge-
ology led by the Geological Survey of Sweden, SGU, 
with the primary aim of increasing awareness of this 
issue among scientists, medical specialists, and the 
general public. In 2000 a new IGCP project was also 
established by UNESCO; ”IGCP#454 Medical Geology”. 
The International Council of Scientific Unions (ICSU) 
also sponsored 2002-2003 international short courses 
in this subject, a cooperation involving SGU, United 
States Geological Survey and the US Armed Forces of 
Pathology in Washington DC. These courses have then 
continued all over the world and the most recent one 
was in Brazil, June 2005. As a result of the significant 
achievements to date the Commission’s Working Group 
was given a Special Project status by the IUGS. In March 

2002 the IUGS announced that the International Working 
Group on Medical Geology would be assigned Special 
Project status operating directly under the IUGS. Olle 
Selinus is Director of this activity. Jose Centeno and 
Bob Finkelman are Co-Directors. A new international 
association, International Medical Geology Association 
(IMGA) is now also being established with one councilor 
from Brazil. Further on the United Nations is planned to 
decide on the Year of Planet Earth. One main topic of 
this initiative will be medical geology.

Geological surveys, universities, and geological soci-
eties should take a continuing active role in providing use-
ful geologic information related to medical geology and 
encourage the development of local working groups of 
multi-disciplinary medical geology experts. It would also 
be useful to encourage research in the area to produce 
more effective methodologies for the study of geological 
factors in environmental medicine and formulate recom-
mendations to mitigate the effects of natural and man-
induced hazardous geochemical conditions. 
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The combination of knowledge of the earth sciences 
with that of medicine and life sciences offers an oppor-
tunity of several applications and possibilities to solve 
questions concerning health. This integration of efforts 
may improve the problem definition, help in approach 
strategies, define and locate sources of drinking water 
and develop economic solutions based on geological 
principles that can help minimize and, most of all, hinder 
suffering and disease.

There is an expectation that geoscientists, together 
with health professionals, will significantly contribute to 
the improvement of public health quality. According to 
European geoscientists, the studies carried out in the last 
15 years are only the tip of an iceberg, a little sample of 
the research spectrum that is now initiating and that will 
transit in the wide space between geology and medicine.

Medical Geology is a team “science”, requiring 
teamwork and agreement with other sciences. In detail, 
it studies regional or local variations in the distribution 
of elements, especially the metallic and metalloids, their 
geological-geochemical behavior, natural and artificial 
contamination and the damages to human, animal and 
vegetable health because of abundances or deficiencies.

Life on earth developed in the presence of all 97 
elements that occur naturally, including the ones we call 
essential, non-essential, toxic and possibly toxic (Garret, 
2005). The human body needs 25 elements, recognized 
until this moment, as essential for it to function properly. 
Among these elements the most important one is carbon 
(C), without which there would be no life as it is known 
today. Carbon molecular chains are the structural basis 
for thousands of different compounds constituting cells 
such as proteins and the DNA. Since more than 60% of 
the corporal mass is composed of water (H2O), oxygen 
and hydrogen have a significant participation as essen-
tial elements. Oxygen surmounts in quantity any other 
element in the human body (61% of the corporal mass) 
because it is also present in the bone structure as calcium 
phosphate. Nitrogen (N) is also part of this selected group 
of the four most important essential elements (together 
with O, H and C), since it participates in practically all 
proteins and the DNA. The other 21 essential elements 
are usually divided into macronutrients (which need to be 
absorbed through diet in large quantities) participating 
in the corporal mass in concentrations higher than 0,1% 
(Ca, Cl, P, K, Na, S) and micronutrients, in corporal con-
centrations below 0,1% (Mg, Si, Fe, F, Zn, Cu, Mn, Sn, I, 
Se, Ni, Mo, V, Cr, Co). Table 1.

Though not essential, many elements are regularly 
absorbed through diet (food and water) and inhaled with 
the breathed air. Therefore, there can be variable quanti-
ties of these elements that get deposited in the human 
body according to their chemical affinity with certain 
tissues, like, for example: aluminum (Al), barium (Ba), 
cadmium (Cd), lead (Pb), arsenic (As), mercury (Hg), 

strontium (Sr), uranium (U), silver (Ag) and gold (Au) 
(Emsley, 2001).

The element constituents of rocks, when they be-
come available due to weathering, may be absorbed in 
soil, get dissolved by runoff drainage and percolating 
groundwater or be carried with soil into superficial water 
bodies. In the soil they may be assimilated by plants, 
becoming part of the food chain. They also become 
part of the food chain when they are carried in solution 
through drainage and assimilated by aquatic species. 
However, besides through diet, the chemical substances 
can also be assimilated by living beings through inhala-
tion or through the skin.

Generally speaking, the soil, running water and plants 
reflect the composition of the underlying rocks, their rela-
tionship being an important method to discover new ore 
deposits. When feeding on vegetation, wild animals also 
reflect the chemical fingerprint of the region where they 
live. This relationship is observed in humans as well, there 
being classical cases of diseases occurring along geo-
logical zones with lithological or geochemical anomalies 
(Figures 1 and 2). Anomalies are also related to pollution 
effects. However, natural contaminations such as the ones 
provoked by the deposition of ashes ejected in volcanic 
eruptions and by dust clouds generated in desert areas 
cannot be ignored.

Figure 1 – Kaschin-Beck Disease, China. Bone formation disorder 
affecting growth and producing deformities, caused by deficiency of 

selenium in the water and soil.
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Table 1 – Function of the chemical elements in the human bodies (Scarpelli, 2003)

FUNCTION OF THE ELEMENTS CONSIDERED ESSENTIAL TO HUMAN BEINGS

O, H, N
and C

See discussion about these elements in the text above.

Ca
It is the most abundant metal in the human body in the form of calcium phosphate in bones and teeth. It is essential to 
the regulation of cellular membranes activity, especially in muscular contraction and conduction of nervous impulses. 
It participates in blood coagulation, cellular division and hormones liberation (total quantity in the body = 1200g).  

Cl
Maintenance of the hydroelectrolytic balance balance and body secretions; digestion of food as hydrochloric acid 

in the stomach (total quantity in the body = 95g).

K
Maintenance of the fluids balance on intracellular level (it is concentrated inside the cells), participating in muscular 

contraction and nervous conduction (total quantity in the body = 110-140g)

Mg
It operates in the maintenance of the bones structure; it regulates the passage of substances through the cellular 
membranes; it participates as a co-factor in more than 100 enzymes and in the production of proteins, being extremely 

important to the normal growth and development process (total quantity in the body = 25g).

Na
Maintenance of the hydroelectrwolytic balance, always remaining outside the cells, participating in muscular 

contraction and nervous conduction (total quantity in the body = 100g).

P
Constituent of bones and teeth in the form of calcium phosphate. It is essential to the process of chemical energy 
production through organic molecules of the ATP type (adenosine triphosphate), as well as being part of the DNA 

molecule (total quantity in the body = 780g).

S
It is part of the structure of keratin, the main constituent of hair, nails and external layer of skin. It is part of several 

enzymes that are essential to the normal metabolism and also of vitamin B1 (total quantity in the body = 140g).

Co
Constituent of vitamin B12 involved in the maintenance of the nervous system’s integrity and in the production of 

red blood cells.

Cr
Essential to the metabolism of glucose. Despite its probable relationship with the developing of diabetes mellitus in 

adults, clinical cases of this element’s deficiency in humans have not yet been described.

Cu
Constituent of about ten enzymes important to the human metabolism such as the superoxide dismutase, involved 

in the control of free radicals.
F Essential to the maintenance of a healthy structure of teeth (enamel) and bones in minimal doses.

Fe
Component of hemoglobin, it is responsible for the transport of oxygen in the blood and for the reserve of this ele-

ment in the muscles.

I
Essential to the normal functioning of the thyroid, since it is a constituent of the thyroid hormones, thyroxine and 
triiodothyronine. The nutritional deficiency of hormones is well known for producing a deficit in normal growth and 

serious mental and cognitive disorders.

Ni
Considered essential and linked to the control of growth, but not well known as to its action mechanisms in the 

normal metabolism.

Mn
Though considered to be essential, its specific functions are little known; it participates in enzymatic reactions and 

in the activity of vitamin B1 in minimal quantities.

Mo
Constituent of several important enzymes, among them the xanthine-oxidase, involved in the metabolism of proteins, 

and the aldehyde-oxidase, involved in the biotransformation of ethyl alcohol.

Se

The definition of selenium’s essentiality is recent (1975), when it was found that it is a constituent of the molecule of 
glutathione-peroxidase enzyme, extremely important in the control of free radicals formation in the human metabo-
lism. In 1991 it was found that it is also part of the deiodinase molecule, which participates in the production of the 

thyroid hormones.
Si In 1972 it was defined that silicon is essential and linked to the process of bones growth. 

Sn
It is still controversial as to its actual essentiality in humans. Effects of its deficiency are not known. It was previously 

considered essential for its supposed participation in the gastrin hormone.

V
It is related to the regulation of the enzymes involved in the sodium-potassium balance in the nervous system. Less 

than 0.5% of the ingested vanadium is absorbed in diet.

Zn
It exists in all tissues, especially in bones, muscles and skin; it acts in the immune system; it regulates corporal 

growth, protection of the liver. Its deficiency reduces corporal growth.
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NATIONAL PROGRAM FOR ENVIRONMENTAL  
GEOCHEMISTRY AND MEDICAL GEOLOGY 

The National Program for Environmental Geochem-
istry and Medical Geology Research – PGAGEM, coor-
dinated by the Brazilian Geological Service – CPRM, is 
characterized by its multi-institutional and interdisciplinary 
concept giving multi-usage results. It was elaborated 
by researchers from: the Brazilian Geological Service 
– (CPRM), Campinas State University (UNICAMP), 
Paraná State Geological Survey (Minerais do Paraná – 
MINEROPAR), São Paulo University (Universidade de São 
Paulo – USP), Pará Federal University  (Universidade Fed-
eral do Estado do Pará – UFPA), Londrina State University 
(Universidade Estadual de Londrina – UEL), the Evandro 
Chagas Institute (Instituto Evandro Chagas), the Adolfo 
Lutz Institute (Instituto Adolfo Lutz), the National School of 
Public Health (Escola Nacional de Saúde Pública – ENSP/ 
FIOCRUZ and the Brazilian Agricultural Research Corpo-
ration (Empresa Brasileira de Agropecuária – EMBRAPA).

Today it enjoys international partnerships with the 
U.S. Geological Survey (USGS), U.S. Armed Forces In-
stitute of Pathology (AFIP), Geological Survey of Sweden 
(SGU), International Union of Geological Sciences (IUGS), 
International Medical Geology Association (IMGA) and 
the University of Freiberg – Germany.

This program was conceived in 2003 with the follow-
ing specific objectives:

- to carry out geochemical studies, preferably through 
partnerships, to identify and evaluate possible sources of 
natural and anthropogenic contaminations, integrate the 
data with information on public health, seeking to point out 
which areas and communities are exposed to the adverse 
effects related to the toxic elements and substances;
- to make available the analytic results for mineral 

prospecting purposes;
- to subsidize studies of geo-environmental informa-

tion, in partnership with governmental bodies, univer-
sities and research institutes in the fields of toxicology 
and epidemiology;

- to indicate strategies and technologies in the field of 
environmental geochemistry for studies on environ-
mental remediation;

- to contribute to the diagnosis of soils with deficiency 
in micro and macronutrients for agriculture;

- to develop an environmental education program for 
the affected populations in collaboration with public 
health agencies 

In addition, PGAGEM contemplates other devel-
opments, such as:

- establishing sampling methods and standards, as 
well as standards and chemical laboratorial certifica-
tion to develop analytical methodologies for geologi-
cal materials in environmental studies;

- contribute to the development of the Environmental 
Geochemistry and Medical Geology Research Net-
work – REGAGEM, to establish partnerships with 
city, state and federal institutions of public health and 
environmental sectors, using possible correlations 
between the geochemical data and the data on mor-
tality and diseases incidence in humans and animals, 
and in due course, make it available in Brazil;

- encourage and subsidize data integration studies 
on environmental geochemistry, epidemiology and 
ecotoxicology generated in the research network 
using multidisciplinary teams;

- qualify human resources at graduate and under-
graduate level for field and laboratory work and for 
treatment and interpretation of geological and geo-
chemical data with multidisciplinary purposes related 
to the environment and public health, in addition to 
mineral research;

- support the strengthening of analytical laboratories 
infrastructure in the fields of geochemistry and toxi-
cology in Brazil, encourage network collaboration in 
specific projects, proficiency tests and interlaboratory 
certification;

- create a referential data bank for the whole national 
territory, with the field and laboratory information 
generated by CPRM and participating actors; 
and establish a collection of geological material 
(sediment, soil and rock) related to environmental 
studies.

Through these proposals, it is expected the program 
will be useful to all participant institutions and for their 
correlated multidisciplinary programs, such as:

- plan local public health policies in areas with identi-
fied contamination risks by chemical elements to the 
population;

- plan environmental activities for the Ministries of 
Health and Environment and other municipal and 
state environmental institutions, the National Water 
Agency (Agência Nacional de Águas – ANA) and 
the hydrographic basins committees;

Figure 2 – More than a 100 million people in the world suffer from fluorosis. 
In Brazil it occurs, mainly in children, in the regions of São Francisco (MG) 

and Itambaracá (PR).
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- identify surface sources of natural or anthropogenic 
contamination in urban or rural areas;

- the geochemical and environmental characterization 
of aquifer recharge areas;

- determine the magnitude of the contamination plume 
in surface  and groundwater, especially those near 
irregular waste disposal sites and landfills;

- elaborate soil and groundwater vulnerability maps 
as well as risk maps;
generate information on soil geochemistry for pedo-

logical studies on fertility and for agricultural and cattle 
breeding use.

The methodological procedures used by PGAGEM 
were adjusted, as far as possible, to the geochemical stan-
dards set by the UNESCO–IUGS, IGCP-259 project and by 
the Working Group on Global Geochemical Baselines of 
IUGS – IAGC, to facilitate comparisons with similar studies 
in other countries. The following projects are examples of 
successful low density geochemical mapping to develop 
multiuse maps: the “Environmental Geochemical Atlas of the 
Central Barents Region” – Kola Project (600 sample loca-
tions in 188,000 km²), the Barents Ecogeochemistry (1,373 
sample locations in 1,500,000 km²), the Geochemical Chart 
of the Paraná State -Atlas Geoquímico do Estado do Paraná 
(697 sample locations in 166,000 km²) and those made by 
the CPRM in Rio de Janeiro State (200 sample locations in 
44,000 km²), in the Mogi Guaçu and Pardo river basins (99 
sample locations in 21,000 km²) and the Ribeira river valley 
(187 sample locations in 28,000 km²).

PGAGEM encompasses the whole Brazilian territory, 
focusing initially on regions and hydrographic basins 
where health problems exist that may be related to the 
environment. Areas with some alteration features in the 
quality of water bodies and soil that may cause adverse 
effects on the health of living beings will also be studied 
as a priority.

The geochemical sampling includes surface water 
sample collection (where they occur), with varying sam-
pling densities, and active streambed sediments along 
the region’s hydrographic basins. In the Amazon region, 
due to the access problem, sampling will take place in 
basins with catchment areas of about 2,000 km² (1,000 
– 3,000 km²). In other regions the selected basins have 
between 100 and 200 km².

Sampling campaigns of water for domestic use is also 
foreseen in cities without efficient water treatment plants 
or where there is none at all, and also of agricultural soils 
(0-25 cm), at the rate of 3 samples from each region.

Figure 3 shows the sampling programs per region, 
with around 29,700 sampling stations of sediment and 
water that generate around 59,400 samples in total. A 
further 5,000 samples of supply water and 10,000 soil 
samples is estimated to be collected, totalizing 74,000 
samples for the entire program.

More details about the methodological procedures 
adopted by PGAGEM can be obtained at www.cprm.gov.
br/pgagem, Lins (2002).

Partial Results
In just two years, 2003 to 2005, several studies were 

achieved within the scope of PGAGEM.
Under the responsibility of CPRM and partner institu-

tions, about 4,041 samples of water, streambed sediments 
and soils were collected. Of these, about 2,960 samples 
were analyzed and the results of certain areas such as: 
Parintins in the Amazon; the NE region of Pará State; 
Lagoa Real in Bahia State; Vale do Ribeira, between 
the States of São Paulo and Paraná; in Ceará State, and 
Lavras in Rio Grande do Sul State, are to be found in this 
book. Results of other regions (Rondônia State, Goiás 
State, Teresina – capital of Piauí State - and Itinga –Minas 
Gerais State) should be published in 2006.

Parintins island situated on the right bank of the 
Amazon River about 350 km downstream of Manaus, 
is nowadays an important tourist region because of the 
traditional Boi-Bumbá festivity. The population had been 
experiencing health problems, probably associated with 
the bad quality of the public water supply, due to the 
important population influxes, especially during festivity 
time. The research activities developed on the island 
by Marmos & Aguiar (2006) included the analysis of 6 

North
3,800,000 km²
8,250 sampling locations

Center-west 
1,614,000 km²

6,200 sampling locations

Northeast
1,600,000 km²
7,750 sampling locations

Southeast
920,000 km²
4,600 sampling locations

South
580,000 km²
2,900 sampling locations

Total
8,514,000 km²
29,700 sampling locations

Figure 3 – Regional distribution of the sampling stations for stream-
bed sediment (streambed and flowing water).
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samples of stream water and 33 from tubular wells. The 
former group showed normal results, whereas among the 
groundwater samples about 63% revealed high contents 
of NO3 (11-49 mg/L), Al (0.3-2.0 mg/L) and ammonia (2.9 
mg/L) that were attributed to anthropogenic contamina-
tion, as only the wells less than 65 meters deep presented 
such high values.

In the Northeast of Pará State, according to Ma-
cambira & Viglio (2006), the results of the analysis of 77 
samples from the public water supply, covering 80% of 
the studied area, showed excessive values of Al and Pb, 
respectively 18 and 145 times the maximum permissible 
concentration according to the National Environmental 
Council - CONAMA and WHO, followed by B, Cd, Fe, 
Cu, K, Mn, Zn and P. This water quality data is being cor-
related with the high incidence of endemic diseases like 
verminous diseases, digestive system diseases (cancer), 
dental caries, anemia and hepatitis.

Frizzo (2006) presents analytical results obtained 
from 234 samples of the public water supply from tubular 
wells and hand dug wells, ponds and lakes, springs 
and streams in Ceará State, in an area of 146,000 km². 
Concentrations beyond those permitted by CONAMA 
were detected in 43% of the samples for the elements 
considered toxic: Al (0.11 – 0.80 mg/L), As (0.02 mg/L) 
B (0.63 mg//L), Cd (0.001 – 0.02 mg/L) and Pb (0.01 
– 0.46 mg/L) and for those considered toxic and essen-
tial: Ba (0.71 – 5.59 mg/L), Fe (0.31 – 12.1 mg/L), Mn 
(0.11 – 1.21 mg/L), Ni (0.26 mg/L) and Zn (0.18 – 0.76 
mg/L). This information was given to the state sanita-
tion department, which is conducting a re-sampling 
of the water to get a better definition of the mitigating 
measures to be taken.

In Lagoa Real, Bahia State, Oliveira (2006) carried 
out a sampling in groundwater (n=32), soil (n=32) and 
streambed sediment (n=42), in a 1,126 km² area. He 
recommends special attention to water consumption 
in that region, considering the analytical results that 
showed uranium concentrations in a range between 
0.041 and 0.566 mg/L in 8 tubular wells, exceeding the 
maximum admitted value of 0.02 mg/L of U. He also 
foresees, in the near future, a shortage of the actual 
groundwater and a lack of this mineral’s benefits due 
to excessive extraction.

The Project Geochemical and Environmental Land-
scapes of the Ribeira Valley – Evaluation and Preven-
tion of Risks to the Physical Environment and Human 
Health Related to the Exposure to Arsenic and Heavy 
Metals, carried out by geologists, chemists, doctors 
and toxicologists of UNICAMP, Londrina State University 
(Universidade Estadual de Londrina), the Adolfo Lutz 
Institute (Instituto Adolfo Lutz) and the Brazilian Geologi-
cal Survey – CPRM, according to Figueiredo (2005b), 
created the Geoenvironmental Atlas (Upper and Middle 
Ribeira Valley), the Geochemical Atlas of Sediment of 

the Ribeira Valley and the generation of totally new data 
about the exposure to Pb and As in ecosystems and 
human settlements in the Upper and Middle Ribeira 
Valley. Many of the results obtained from this project 
are presented as papers in this book and in the website 
www.ige.unicamp.br/geomed.

In southern Brazil, Grazia & Pestana (2006) studied 
the auriferous district of Lavras do Sul – RS, in view of the 
residues left by mining and artisanal ore extraction since 
the end of the 19th century; 43 samples of streambed 
sediments and 11 samples of soil were analyzed. The 
soil samples indicated contamination, especially in the 
areas close to the mining companies’ processing plants, 
at levels higher than the intervention level of CETESB 
(2005) of 5 ppm for Hg. The highest concentrations found 
for Hg were (10.3 – 18.5 ppm), for As (24.5 – 163 ppm), 
Cu (124 – 1,469 ppm) and Pb (719 – 1.465 ppm). The 
authors recommend the remediation of the soil around 
the processing plants of CRM, Chiapetta and Cerro Rico, 
which may represent a risk factor to human health.

The examples above reveal that the activities under 
development in the PGAGEM framework have reached 
a significant level, though there is still much to be 
done. Usually, after the identification and observation 
of anomalous values of toxic elements that may cause 
adverse effects on public health, the health profession-
als/institutions are expected to be able to take over the 
issue to apply techniques of risk analysis to which the 
public is subjected. The results related to geochemistry 
as well as those concerning the medical aspects must 
be communicated to the public health departments to 
instigate coordinated actions yet avoid unnecessary 
alarmist disturbances.

It is also advisable that, according to the analyzed 
area and the type of contamination, communication pro-
grams of the risks and environmental education of the 
affected population should be developed in partnership 
with health departments.

PGAGEM may also serve as an incentive to the 
researchers connected to REGAGEM to establish 
partnerships, through their institutions, with SGB-
CPRM and others, to obtain resources from financing 
agencies (CNPq, FINEP, Research Funds and Project 
Funds) for the execution of new projects. There are 
many other specific projects that may be proposed 
for metropolitan regions, hydrographic basins, mining 
districts and agriculture zones with active participation 
of federal, state and municipal research bodies as well 
as universities.

In this geochemical program we must emphasize 
the importance of homogenization of sampling analysis 
procedures by the institutions and researchers, therefore 
ensuring consistency of the data bank for all Brazil, which 
is available and accessible on the internet for all the sci-
entific community and the public in general.
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FINAL CONSIDERATIONS

In parallel to the PGAGEM implementation and con-
sidering that Medical Geology is still an unknown and 
innovative activity in Brazil, the REGAGEM participants 
have carried out countless dissemination activities, 
including the distribution of folders, in Portuguese and 
English, seminars and courses. They have also par-
ticipated in workshops at congresses and symposiums 
related to geology, water resources, environment and to 
the medical field, as well as in seminars promoted by 
undergraduate geology students in several universities 
around the country.

The Campinas State University – UNICAMP and 
the Goiás Catholic University – PUC/GO, have already 
included in their post graduate programs some Medical 
Geology content. There is a growing tendency to include 
this new subject at graduate and post graduate geology 
and medicine courses, based on the diffusion of the 
recently published text book “Essentials of Medical Ge-
ology”. Copies of this book were recently acquired and 
distributed among Brazilian Geological Survey – CPRM 
professionals and researchers from several institutions 
and regions across the country.

The facts and data related above show that Medical 
Geology in Brazil has had a significant growth since 2003 
mainly due to the creation of the REGAGEM network, the 
implementation of the national research program PGA-
GEM and the maintenance of its own website. With less 
than 10 researchers in 2000, it is estimated that today 
about 80 researchers work in the Brazilian Medical Geol-
ogy field. To reinforce this progress, it is important that 
periodic scientific meetings and mini-courses continue 
to be held, henceforth counting on the support of the 
International Medical Geology Association – IMGA.
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INTRODUCTION

Medical geology is defined by Selinus (2005) as “the 
science that deals with the relationships between natural 
geological factors and human and animal health.” Accord-
ing to this author, it is also “… the science that seeks to 
understand the influence of ordinary environmental factors 
on the geographical distribution of such health problems”. 
The term “factor” and the expression “health problems” 
in this definition lead to the concept of “cause and effect” 
that, in turn, leads to the concept of “epidemiology” in the 
realm of health.

Epidemiology is the discipline that “studies the way 
diseases or events related to the binomial health-disease 
are distributed among populations and what are the 
factors that determine such distribution” (Gordis, 1996). 
Thus, it is at the base of epidemiology to study all the 
possible factors involved in the health-disease complex-
ity, such as genetic and infectious factors, those related 
to habits (including the type of diet, tobaccoism, alcohol 
consumption, the pattern of physical exercises practice, 
etc.), occupational factors as well as those related to 
the environment (including natural geological, scope of 
medical geology and anthropogenic factors).

There are just a few diseases of environmental origin 
that are pathognomonic in the sense that only that specific 
exposure is related to that group of signs and symptoms. 
Usually, several substances or chemical elements can 
produce the same type of symptomatology or disease. 
Likewise, there are several possibilities of habit, genetic 
and occupational factors causing the same problems 
(Nielsen & Jensen, 2005).

Therefore, in any study related to medical geology, 
where it is necessary to define whether a certain natural 
geological factor is associated or not with the cause of 
the observed health problems, the cooperation with epi-
demiology is essential.

Epidemiology is based on the postulate that a disease 
does not occur randomly; on the contrary, its occurrence is 
linked to the specific characteristics of the given popula-
tion. The definition of a cause related to a natural geologi-
cal factor or an ordinary environmental one, as stated by 
Selinus (2005), necessarily goes through an epidemiologic 
study of that specific situation, where the geologic hypoth-
eses will be one among other possibilities, at first.

EPIDEMIOLOGY GOALS

Epidemiology studies have the following goals (Gor-
dis, 1996):

a)	 Identify the etiology (or cause) and the so-called 
risk factors to the investigated disease occurrence, to 
define the way it is transmitted or the mode of exposure, 
for example;

b)	 Determine the extent of the disease within the 
community;

c)	 Study the natural history of the disease (e.g., 
whether the appearance of the event is acute, sub-acute 
or chronic; the duration of the problem; what is the prog-
nosis concerning cure; chronicity; sequela and death);

d)	 Study the change in the disease distribution over 
time as, for example, changes in the mortality pattern and 
in the disease incidence according to gender, age group, 
life expectancy, etc.;
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e)	 Assess therapeutic and preventive measures;
f)	 Based on the results of the studies, create a 

framework for public policies and decision making about 
regulations related to problems of environmental contami-
nations, for example.

EPIDEMIOLOGIC APPROACH

Epidemiology studies are usually initiated by describ-
ing the situations based on the incidence and prevalence 
data available or collected for that purpose.

The incidence of a disease or health event is defined 
as the number of new cases over the number of people 
exposed to the risk in that particular community (neighbor-
hood, town, state, country, continent, etc.) per time period 
(usually a year or during epidemics, a month or a week).

Prevalence relates to the number of cases accumu-
lated during a certain time period, including the incidents 
and those that became chronic or were not yet cured. This 
is the data concerning morbidity.

Morbidity is a “generic term used to designate the set 
of cases of a given infection or the total health incidents 
that attain a group of individuals” (Pereira, 2000). The 
estimations of morbidity for a given population are based 
on different register sources such as health services dos-
siers; compulsory notification of certain diseases (usually 
infecto-contagious); special registers for diseases like 
cancer, tuberculosis, AIDS, leprosy; archives from patho-
logic anatomy laboratories; data on hospitalizations in the 
Public Health System – (Sistema Único de Saúde – SUS), 
and other sources. The quality of this data is always linked 
to the extent of the register’s coverage and to the quality 
of the medical assistance that is offered.

Data about mortality is also extremely important and, 
depending on the situation, may carry more epidemiologi-
cal relevance than the morbidity data.

The mortality data is founded on registers of inter-
nationally standardized death certificates or declarations 
which must report information about: a) the basic cause 
of death (that is, the disease or lesion that brought about 
the series of pathologic events and resulted directly in 
death); b) possible incurred complications; and c) other 
significant pathologic states that did not have a direct 
relation with the death.

The standardization of death certificate completion 
has brought great benefits such as the possibility to com-
pare data at an international level. However, the quality of 
the procedure is still a big problem around the world since 
it depends on: the local medical assistance level; the 
specific training received by doctors; the personal interest 
of the doctor; the standardization of medical terms; etc.

Thus, faced with morbidity or mortality data, it is nec-
essary to ask, first of all, whether the data is authentic. In 
other words, does it describes a given population health 
situation and if it is comparable with other regions (sam-

pling quality, degree of that population health cover, etc.). 
Any inference made at the epidemiological study close 
dealing with a causal relationship among determined 
factors (environmental, occupational, genetic, related to 
food habits, etc.) has to refer to the quality of the morbidity 
and mortality data.

Regarding the etiology definition of a given health 
incident, the investigator must follow two essential steps 
in the epidemiological reasoning: 1º) to determine whether 
there is an ASSOCIATION between a factor (e.g., a given 
environmental exposure) and the health incident and, 
2º) in case the association exists, to derive appropriate 
inferences about the existence of a causal relationship in 
that association following well defined judgment criteria 
(see below).

TYPES (DIAGRAMS) OF EPIDEMIOLOGICAL STUDIES 

Epidemiological studies may be didactically divided 
into observational and experimental (Table 1). The obser-
vational studies are divided into descriptive, on the one 
hand, and analytical, on the other.

Experimental studies in epidemiology are basically 
limited to the so-called controlled therapeutic clinical 
tests, used to evaluate the effectiveness of new medi-
cines or treatments. In such tests one tries to control 
all the variables that interfere in the treatment process, 
selecting the patients appropriately, defining criteria for 
the diagnosis of the disease, determining exposure doses 
and establishing the type of result expected from a new 
medicine or treatment compared to the traditional ones 
or even to a placebo treatment (medicine without active 
ingredients, for example).

Table 1 - Types of epidemiological studies

OBSERVATIONAL

1. Descriptive (describe the situation and generate causal 
relationship hypotheses )

•  Prevalence / incidence
•  Cross sectional studies
•  Ecology studies

2. Analytical (investigate the cause)
•  Case control studies (retrospective)
•  Cohort studies (prospective sequence)

EXPERIMENTAL

1. Controlled therapeutic clinical tests
2. Intervention in the community

WWithin environmental epidemiology, experimental 
studies are represented only by the study of the interven-
tion in the community. It is useful when proposing, for 
instance, to add a given vitamin supplement or chemical 
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element to the diet or drinking water of certain popula-
tions, based on preliminary studies that show a beneficial 
effect of that addition (e.g., iodine in the salt, fluorine 
in the drinking water, etc.). The experimental studies, 
whether clinical with new medicines or of intervention in 
the community, must consider and respect several ethic 
aspects that are involved in their planning and execution.

Within observational studies, i.e., without experi-
mental intervention, we have two basic types: the de-
scriptive and the analytical. The descriptive studies, as 
the name says, describe the situations and generate 
hypotheses about possible statistical or epidemiologi-
cal associations between certain factors and the health 
incidents being studied. They investigate the incidence 
and the prevalence of the problems being examined 
and have, in general, a character of cross section in 
time, that is, they study the situation within a narrow 
time limit, producing a static portrait of the situation 
at that moment. Investigating the factors that may be 
related to the health incidents, these studies generate 
causal relationship hypotheses from existing associa-
tions between the variables. However, they don’t have 
the power to establish causal correlations in most of 
epidemiological situations.

Inferences of the causal type are easier to make 
using an analytical approach. In a study of this kind the 
hypothesis in tested about the causal association gen-
erated by the descriptive study. To achieve this, three 
basic sub-types of studies are available and they are 
employed depending on the health incident character-
istics being analyzed and on the specific exposure type 
and characteristics.

In an analytical observational study such as the case 
control type, the researcher starts with the diagnosed 
health problem (a specific disease, a symptom, the re-
sult of a complementary examination, etc.) and tries to 
define which type of factor is causally associated with it 
in a retrospective way. The basic scheme of this kind of 
study involves the grouping of several individuals with 
the same problem (“cases”) that will be compared with 
another grouping of individuals with a different kind of 
problem (“controls”). In both groups the same factors will 
be investigated (variables related to diet, past occupa-
tions, hobbies, use of medicines, habits, geographical 
origin, ethnic group, etc.). The factor or variable that 
predominates significantly in the study group (“cases”) 
may be imputed as the probable causal factor, in case 
it fulfills most of the epidemiological criteria of causation 
established by Hill (1965) that are discussed later.

An analytical study of the cohort type, starts with 
the common exposure of a given population group and 
looks for the occurrence of the health incident over time, 
comparing the incidence of the problem in that group 
with a non-exposed population group. This is called a 
prospective scheme over time. These studies demand 

a lot of work and are very expensive as they imply all 
kinds of operational problems related to the necessity of 
keeping track of a large number of people during long 
periods of time (the time period depends on the type of 
health problem, whether it is acute, sub-acute or chronic). 
For instance, a given type of cancer study and the envi-
ronmental exposure to a particular chemical element. As 
cancer is a disease of late occurrence, with long latency 
periods – 20 to 30 years – gives an idea of the difficulty in 
maintaining entire populations under surveillance for 30 
or 40 years. This study type is quite powerful in the sense 
of establishing the relation of the causal nexus between 
exposure and the health incident.

Still, within the observational studies there are 
ecological studies that compare data, such as weight, 
height, weight at birth, nutritional data, prevalent dis-
eases, specific laboratorial parameters on populations 
in different geographical areas, or even comparing this 
data in the same population in different moments. This 
type of study is very descriptive, generating causal rela-
tion hypotheses that have to be tested using other more 
appropriate schemes. The difference from the basic 
descriptive studies is that it doesn’t collect individual 
data. They are very useful in evaluations of the impact 
of intervention measures in populations, such as health 
programs (Kleinbaum et al., 1982).

CAUSAL ASSOCIATION CRITERIA

Faced with a statistically significant association be-
tween a variable (investigated factor) and the disease or 
health incident (issue), the decision whether it is causal 
or not goes through a series of logical considerations 
that must be carefully examined. To make it easier and, 
in addition, to standardize this reasoning, Hill has estab-
lished a list of causation criteria (slightly changed over the 
years) that must be fulfilled for an association between the 
variables to be considered as of the causal nexus (Hill, 
1965; Gordis, 1996). Table 2 exposes these criteria and 
their meanings in a didactical way. For specific details 
and examples, the reader should consult the references 
cited at the end of this text. These criteria remain basically 
the same until today, though modified by other authors so 
as to make them clearer. The non-fulfillment of all criteria 
does not necessarily exclude the possibility of the causal 
nexus, but it weakens, more or less, the possible causal 
inference in that situation.

This study does not intend to substitute the search for 
more profound information in the many existing textbooks 
on epidemiology. It only intends to raise the discussion 
about the complexity of epidemiology involved in medi-
cal geology studies that may be developed in our midst. 
In addition to the methodological and logistical aspects 
involved in the planning and execution of epidemiological 
studies, it must always take into account the ethical prob-
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lems that any type of study can impose on the involved 
populations. Its purpose was not to raise this particular 
discussion, but to state that it must be present every time 
this kind of study is planned and that it must go through 
the evaluation of an ethics committee of the research 
institutions involved.
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Time relationship

▪ the cause must always precede the effect

Specificity

▪ the observed effect must not occur without the exposure to 
the presumed cause (if this criterion is not fulfilled, this does not 
deny the cause and effect relationship defined by other criteria)

Strength of the Association

▪ the greater the relative risk (RR) or the chance rate (OR) 
the greater the causal association strength

Coherence with today’s knowledge

▪ the causal association must not conflict with already 
established facts

Relationship of response-dose

▪ the risk of becoming ill must increase with the increase of the 
exposure dose (in the same population the group of people 
who are most exposed must have the greatest incidence of 
health incidents)

Considerations of Alternative Explanations

▪ interpretation of a causal association must go through a 
discussion of all possible factors involved

Consistency (replication of the findings)

▪ the causal relationship observed in this study must be 
replicated in other studies

Ceasing of the Exposition

▪ if a factor causes a disease, it is expected that the removal of 
this factor will reduce or eliminate the disease occurrence 

Biological Plausibility 

▪ the causal relationship must be based on recognized 
biological mechanisms

Analogy

▪ similarity to other causal association accepted beforehand

Table 2 - Judgment criteria of the causal association in epidemiological studies
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