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ABSTRACT Geochemical maps show the distribution of elements and

chemical compounds in natural materials, such as stream water and the sediment

of hydrographic basins, which reflect natural and man-made sources. For this reason,

they have been considered as basic tools in multipurpose environmental investigations,

including medical geology and ecotoxicology. Compiling geochemical data produced

by mineral exploration projects and drawing integrated geochemical maps could be

the first approach to indicate health risk areas. However, the proper application of

geochemical maps when investigating the relationship between environmental

geochemistry and endemic diseases can only be achieved if the analytical data are

produced and interpreted according to the (bio-) availability of chemical elements

and compounds. Weak extractions in stream sediment samples and chemical analysis

of filtered water samples are adequate, since they are able to quantify the amount

that can be absorbed by the food chain. The association of fluorine and the occurrence

of dental fluorosis, as well as chlorine and bromine as geochemical indicators of

liver cancer risk areas are relationships between geochemical abundance and

geographically well delimited endemic diseases found in the State of Paraná, Brazil.

Further investigations are required to establish the real meaning, from the public

health point of view, of some risk areas indicated by barium, potassium, calcium

and aluminum in stream water and mercury in stream sediments.
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Introduction

The environment is an intrinsically complex

system made up of countless variables. The co-

variations between its components and geographic

position produce an enormous diversity of effects,

reflecting the complexity and the interactions of the

processes taking place in nature and those caused

by the lives and activities of men. Environmental

studies must be performed with the collection and

analysis of the widest number and kinds of vari-

ables, in order to describe this complex system in

the most accurate and complete way possible. Ap-

plying this statement to geochemical studies, one

could observe that until recently, these investiga-

tions were performed almost exclusively directed

to geological investigations such as mineral explo-

ration. From the reliable results achieved in 1932

in the former Soviet Union by a “metalometric sur-

vey” devised to find tin ore deposits, the technique

of exploration geochemistry spread out across the

planet with countless cases of success. In the period

between 1930 to 1960, Vinogradov, Vernadsky,

Fersman, Ginzburg and Sokolov in the former

USSR; Govett and Warren in Canada; Hawkes,

Lovering and Bloom in the USA; Webb in England;

Bianchini and Salvadori in Italy; Cotelo and Neiva

in Portugal and Granier in France pioneered re-

search to identify the behavior of chemical ele-

ments in geologic materials and the pathways of

its dispersion (Fortescue, 1992). In the last twenty

years, some researchers and institutions have con-

ducted investigations using exploration geochem-

istry techniques to cover huge areas, in a regional

or national scale, identifying a wide spectrum of

chemical elements, aiming to develop complete

geochemical databases and also to create maps of

the geographical distribution of chemical elements

and compounds from both natural and man-made

sources. However, it is important to consider that

geochemical studies are unable to completely de-

scribe the environment, since analytical techniques

are able to identify just a small part of the total

amount of chemical species that the samples are

made up of. It is important to consider that the el-

ements could be in many forms or chemical spe-

cies: linked to Fe and Mn hydrous-oxides, loosely

bonded to organic matter, sorbed to clay minerals

or composing the structure of highly resistant min-

erals. For these reasons, some processes cannot be

clearly detected or identified because of the inad-

equacy of the sampling plan, the improper

preparation of samples, the analytic techniques or

the determined group of elements or compounds.

Since geochemical techniques are been applied to

get a wider and deeper insight of the natural envi-

ronment as well as the anthropogenic impacts im-

posed on it, which is very important because life

began and evolved on Earth in the presence of all

chemical elements even in extremely low concen-

trations, multipurpose geochemical investigations

are demanding more sensitive analytical techniques

to reveal subtle but significant regional geochemi-

cal structures and anomalies. The improvement of

laboratory techniques and the lowering of detec-

tion limits have made it possible to add more and

more elements each decade to the list of the bio-

active elements (Darnley et al., 1995).

Multipurpose applications for geochemical data

Holistic environmental investigations and even

multipurpose applications for the geochemical data

can include the compilation of data produced by

previous surveys designed and performed for

specific purposes: geochemical exploration, soil

fertility and environmental surveillance. The

recovery of former databases is an intelligent

method to make data available for purposes

completely different from the original, even taking

into account that the geochemical maps produced

with these geochemical data should be considered

as a rough sketch of the actual situation. Several

geochemical atlases and articles have been

published with geochemical maps based on this

kind of data. In addition, the production of new

data obtained from especially designed surveys is

the most modern and widely accepted source of

geochemical data that can correctly contribute to

the diagnosis of the processes occurring in the

environment. Many geochemical atlases and

articles have been published based on geochemical

data produced by multi-elemental geochemical

surveys at a regional or on a national scale, e.g.

Northern Scandinavia, Finland, Great Britain,

Costa Rica, Barents quadrangle, Alaska and the

Peoples’ Republic of China. All of them have

contributed to establish the methodology of the

UNESCO and IUGS Projects IGCP-259 and

IGCP-360 (International Geological Correlation

Program). The first step is to establish the methods

required for planning and performing multi-

elemental geochemical surveys. The second step

is the design of protocols for sampling natural
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materials in a regular grid showing the distribution

of these elements on a global scale.

The interpretation of geochemical data should

be based on multi-source databases, each one pro-

duced and managed by the governmental institu-

tions in charge of geology, agriculture, public health,

environmental monitoring, social and economic

planning. Considering this, the ideal conception

of a geochemical database designed to cover all as-

pects, purposes and application of geochemical

data, should be multi-media (samples of many types

of materials) and multi-elemental (wide spectrum

of elements and compounds). Geochemical data

could be used in medical and epidemiological re-

search in the determination of health risk areas,

since the occurrence of many kinds of endemic dis-

eases are being explained using this approach. The

potential of geochemical surveys to point out the

primary evidences of diseases related to the excess

and lack of chemical elements in the food chain

where clinical signs are non specific has been em-

phasized by the World Health Organization (Mills,

1993). Conditions of intense oxidation weather-

ing, lack of organic detritus and formation of sec-

ondary stable and insoluble minerals e.g. clays,

could lead to severe deficiencies in trace elements.

Regions covered with lateritic crusts are especially

susceptible to this problem, producing severe lack

of Se, Mo, Zn and I which are essential to health.

Vinogradov (1959) has already identified the

importance of rare elements in biology, emphasiz-

ing inter-connections between the health of crops,

humans and household animals with the abun-

dance of many elements in soil, as well as the in-

ter-dependence between geochemical provinces

and endemic diseases. He called this branch of sci-

ence chemical ecology because the public health ex-

pression epidemiology had for quite some time been

applied exclusively to infections and transmissible

diseases. The inclusion of diseases whose etiology

is related to interactions between physiology and

environmental factors was accepted later (Låg,

1990). It is widely accepted that some chemical

substances could cause toxic effects in specific

nodes of the ecosystems and food chain; this lead

to the emergence of a new branch of toxicology,

eco-toxicology (OPS, 1980), which could be confused

with geomedicine, the branch of medicine that

investigate the influence of environmental com-

ponents on the geographic distribution of health

problems (Låg, 1990). The cartographic display of

the occurrence of human and animal diseases has

been used from long time. Zeiss (1931, apud Låg,

1990) presented the expression geomedicine as a syn-

onym of geographic medicine, meaning the branch of

medicine that handles geographic and cartographic

techniques to display the results of medical inves-

tigations, emphasizing the need for interaction be-

tween healthcare workers, veterinarians, biologists,

geographers, meteorologists and geologists. More

recently, the expression medical geology has been ap-

plied to the interdisciplinary scientific research car-

ried out by physicians and geoscientists to identify

the health effects caused by exposure to natural geo-

logical factors and geological events (Selinus,

2003). The scope of medical geology includes the

identification and characterization of natural (and

anthropogenic) sources of harmful materials in the

environment, learning how to predict the move-

ment and alteration of chemical, infectious and

other disease-causing agents, and understanding

how people may be exposed to such materials

(Centeno, 2003).

Toxicity is the property inherent to the chemi-

cal structure of a substance or property of an ele-

ment that defines its capacity to cause injury to a

living organism (NAS/NRC, 1970, apud OPS,

1980; Sanockij, 1970, apud OPS, 1980). The toxic

action of a chemical substance and/or an element

generally affects all parts of the organism, even the

primary injury could be located in one specific

addressee organ, in which the injury appear as an

organic malfunction or disease (NIEHS, 1977 apud

OPS, 1980). Long term exposure or the absorp-

tion of recurrent low doses of a toxic substance can

lead to chronic effects (OPS, 1980).

The occurrence of kwashiorkor in Jamaica, a

tropical disease, was related to the lack of Se. This

relationship emerged from the interpretation of data

produced by the multi-elemental geochemical

mapping of Jamaica along with epidemiologic data

(Garret and Geddes, 1991). In addition, the lack

in Se (food-shortage) is related to the endemic

Kaschin-Beck (osteo-arthropathy) and Keshan

(cardio-miopathy) diseases in China (Tan et al.,

1988 apud Darnley et al., 1995). Many other ex-

amples are known which clearly connect environ-

mental geochemical excesses or deficiencies to

health: lack of fluorine and dental caries, excess of

fluorine and dental or skeletal fluorosis, iodine and

goiter, arsenic and skin cancer and the Jashi disease

(human sterility) with high contents of Mg, SO4,

Na, K and Sr, and low contents of Zn and Mn in

drinking water in China. There are also a number
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of cases without a clear and proven

cause-effect relationship even

though there is statistical correla-

tion, e.g. water hardness and cardio-

vascular diseases, lead and multiple

sclerosis, cadmium and hyperten-

sion and arteriosclerosis, alumi-

num and Alzheimer’s disease.

These relationships remain contro-

versial and much more research is

needed to prove its significance.

The State of Paraná

The State of Paraná is located

in Southern Brazil (Fig. 1; Fig. 2),

has a surface area of 199,727 km2

and can be divided into the follow-

ing four main physiographic divisions: Coastal

Plain, First, Second and Third Plateaus (Maack,

1968) (Fig. 3). The Coastal Plain is located between

the coast line and the Serra do Mar buttresses (Sea

Mountain Range), and is composed of Archean and

Proterozoic metamorphic and igneous rocks. The

First Plateau has a complex geology represented by

Proterozoic and Paleozoic metamorphic, igneous

and sedimentary rocks. The Second Plateau is

made up by a 600-meter thick sequence of the

Paraná Basin Paleozoic sedimentary rocks dipping

gently to the west. The Third Plateau, includes the

Paleozoic igneous system of the Paraná Basin, com-

posed of thick flows, dikes and sills of basic, inter-

mediate, and acidic composition, partially covered

by Cretaceous sandstones, siltstones and shales.

The very fertile soils of the region are derived from

basic volcanic rocks. This region is made up of

deep-red lateritic soils, structured terra-rossa and

red/yellow podzols. The predominant climate is

sub-tropical with temperatures ranging from 0 °C

to 36 °C. The State of Paraná contains a dense and

perennial hydrographic network. Serra do Mar is

the main division, separating the basins of the

Coastal Plain from those of the other geographic

divisions. The geomorphic structure dipping west-

ward forces the rivers to flow toward the Paraná

River valley, except for the Ribeira and Coast Plain

basins that flow to the Guaratuba and Paranaguá

bays or directly to the Atlantic Ocean.

Due to the natural fertility of its soils, almost

all the territory is farmable, except for the moun-

tainous areas. The occupation of the State of Paraná

territory by the Europeans began in the end of

Figure 1 – Location

of the State of

Paraná

Figure 2 – The borders and main urban centers
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the16th century. Now its economy

is strongly concentrated on agro-in-

dustry (grains, milk, chicken meat,

pork and eggs) but the machinery,

vehicle, wood, paper and textile in-

dustries are also important.

The multielemental

geochemical surveys of the

State of Paraná

The project known as the Para-

ná State Geochemical Information

System - (SIGEP) has been active

since June 1994, aiming not only

to recover old geochemical data but

more importantly to produce new

geochemical databases with multi-

purpose applications. The leading

institution is Minerais do Paraná –

MINEROPAR (the Paraná Geo-

logical Survey).

Historical data sets

Some articles have been pub-

lished dealing with multipurpose

geochemical mapping using previ-

ous geochemical data sets. Licht

and Tarvainen (1996a) presented

maps showing Cu, Pb, Zn, Ni, Co,

Fe, Mn, As and F distribution in the

Paraná Shield and the base of the

Paleozoic sedimentary sequence of

the Paraná Basin. Those maps were

based on the compilation of 24 old

geochemical exploration surveys. The authors tried

to correlate the excess (positive anomalies) and lack

(negative anomalies) of the elements with several

rock types and to circumscribe mineral explora-

tion targets. Otherwise, a holistic approach was

made, emphasizing the applications to environ-

mental and human health and soil fertility. Licht et

al. (1996b) used the fluorine data on stream sedi-

ments, pan concentrates and soil samples produced

by historical geochemical exploration surveys per-

formed in the Ribeira river valley. The fluorine

contents that reach 1,200 ppm F in stream sedi-

ment and 8,700 ppm F in soil samples were used

to outline some positive anomalies as risk areas for

the occurrence of fluorosis in children, suggesting

further detailed studies.

New data sets

The low density and multi-elemental geo-

chemical surveys were designed to be multi-me-

dia, multi-elemental and based on low-density

sampling. An area of 165,646 km2 was sampled, cor-

responding to 83% of the Paraná State territory, with

an average area of sampled basis of 222.87 km2

(Licht, 2001a).

Materials and methods

Stream Water Geochemistry – 697 samples

were obtained in a single collection in the middle

of the river channel where water flows regularly

and homogeneously (Fig. 4). The one-liter samples,

without acidification, were packed in polyethylene

Figure 3 – The main physiographic divisions of Paraná

Figure 4 – The catchment basins, the water and sediment samples

collection points and the GGRN sub-cells
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flasks. In the laboratory, they were filtered through

Millipore filters (90 μm opening) and analyzed by

inductively coupled plasma emission spectrometry

(ICP-ES) for selected cations and by ion chroma-

tography for selected anions. The analysis was

performed in the Mineral Analysis Laboratory

(LAMIN) of the Brazil Geological Survey – CPRM

(Licht, 2001a).

Stream Sediment Geochemistry – The 697

stream sediment samples were collected in river

channels where sediments are submitted to a con-

stant homogenization (Fig. 4). To produce a more

representative sample, at least five sub-samples a

few meters apart were collected at each site and

combined into one ten-liter sample for chemical

analysis. The samples were dried at room tempera-

ture, disaggregated in a porcelain mortar with a rub-

ber pestle and sieved to minus- 80 mesh (177 μm)

through a nylon screen (Licht, 2001a).

The Global Geochemical Reference Network

(GGRN) is a cell grid with 1° 30’ to a side, con-

ceived as a global scale by International Geological

Correlation Program Project 259 (International

Geochemical Mapping) (Darnley et al., 1995). How-

ever, these cells were considered too large for an

adequate representation of Paraná’s geochemical

patterns. To improve the spatial resolution, each

GGRN cell was subdivided into four 45’ sub-cells

(approximately 80 x 80 km) (Licht, 2001b). The

100 g samples, representative of the GGRN sub-

cells, were obtained with equal por-

tions of the samples from the basins

contained in the sub-cell. The

geochemical analysis for 71 ele-

ments on the 39 GGRN sub-cells

was performed in the Institute for

Geophysical and Geochemical Ex-

ploration (IGGE) located in the city

of Langfang, Hebei, in the Peoples’

Republic of China. The analytical

standards used by the laboratory in-

cluded GSD 9-12 sample series.

Case I - Fluorine anomalies and the

occurrence of dental fluorosis

Fluorine is an essential element

to mammals, since it promotes the

hardening of the mineral matrix of

bone and teeth, by displacing hy-

droxyl from the original hydro-

xyaphatite which is changed to

fluoraphatite. This mineral transfor-

mation increases the resistance of

enamel, cement and dentin, which

becomes less soluble and less sus-

ceptible to bacteria. Fluorine inges-

ted while teeth are forming pro-

duces a 40 to 60% reduction in the

prevalence of dental caries (Licht et

al., 1996). In addition, fluorine plays

an important bactericidal and bacte-

riostatic role, since it hinders the

action of bacterial enzymes on sug-

ars which leads to the production

of acids which act on the enamel

making it less soluble and

Figure 5 – Geochemical surface of F- in stream water. Case I - dental

fluorosis occurs mainly in the northern region (highest peaks)

Figure 6 – Distribution of the cotton and coffee crops

(harvest 1995-1996)
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Figure 7 – Geochemical map of Cl- in stream water. The chlorine
anomalies covering the northern and western borders of Paraná
are related to pesticide residues

disintegrable (Fejerskov et al., 1994,

apud Licht et al., 1996b). The upper

limit of fluorine in drinking water

is 1.2 mg/L F- (this limit is also re-

lated to temperature: higher tem-

perature means higher water inges-

tion, meaning higher daily doses of

fluorine) (OMS, 1986, apud Licht et

al., 1996b). High doses of fluorine

can cause fluorosis, a disease of

bones and teeth which mainly oc-

curs in children. Since fluorosis is

non reversible, its effects will im-

pact the health of the patients during

their lifetime. The diagnosis of den-

tal fluorosis is based on macro-

scopic alterations of tooth enamel,

which ranges from thin white lines

(very mild) to deep and brownish

cavities (severe fluorosis).

Weathering acting on mineral deposits con-

tributes to promote a local rise of the contents of

major, minor and trace elements. These anomalies

can be identified in soil, stream water and sediment

samples. In the case of fluorspar (CaF2) deposits,

despite the relatively low solubility of this mineral,

significant amounts of fluorine will be released to

the environment. In Paraná, two important fluorine

anomalies are known: one has been described in the

area near the Volta Grande fluorspar mine, where

soil samples showed up to 8,700 ppm F, 1,200 ppm

F in stream sediment samples (Licht et al., 1996b)

and 0,15 ppm F- in stream water (MINEROPAR,

unpublished). A second type of F- anomaly is a large

hydrogeochemical positive anomaly of fluorine

covering approximately 20,000 km2 identified by the

Regional Geochemical Survey in the region known

as Norte Pioneiro (Fig. 5). In this region, the con-

tents reach 0.98 mg/L F- in stream water samples

collected in catchment basins averaging 220 km2.

These contents are near the upper limit of 1.2 mg/L

F- at 18º C, (OPS, 1980), and 1.4 mg/L F- (Brasil/

CONAMA, 1986) established for drinking water.

Anomaly boundaries and higher fluorine contents

are perfectly aligned with ring shaped magnetic

anomalies caused by deep geological sources

(Ferreira et al., 1996). Two epidemiologic studies

with children, living in the village of São Joaquim

do Pontal, Itambaracá, located in the northern bor-

der of the fluorine anomaly of the Norte Pioneiro

region of Paraná, showed the existence of dental

fluorosis in 61.48 % (Morita et al., 1998) or 63.3%

(Cardoso et al., 2001) of the examined population

(Table 1).

Until endemic fluorosis was identified, the main

source of drinking water in São Joaquim do Pontal

was a tube well containing up to 1.8 mg/L F-. Fol-

lowing these public health findings, two new tube

wells were dug and the water from these three

sources was blended, reducing the fluorine content

in the drinking water.

The geochemical map, produced by demon-

strating the geographical distribution of fluorine

S e v e r i t yS e v e r i t y

Morita (1997)et al. Cardoso (2001)et al.Cardoso (2001)et al.Morita (1997)et al.

Normal Doubtful Very mild Mild Moderate Normal Doubtful Very mild Mild Moderate Severe

52 5 31 38 9 410 30 478 165 41 5

38.52% 3.7% 22.96% 28.15% 6.67% 36.3% 2.7% 42.3% 14.6% 3.6% 0.4%

Table 1 – Prevalence and severity of dental fluorosis in children living in the village

of São Joaquim do Pontal, Itambaracá, State of Paraná, Brazil
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Carcinoma is the most related to environmental

causes (Davies, 1973, apud Marzochi et al., 1976).

Focusing the northern region of Paraná, Marzochi

et al. (1976), emphasized that the active compounds,

pesticides, used in agriculture, mostly organ-

chlorinated, display an important role in triggering

liver carcinogenesis. Chlorinated and brominated

compounds are highly resistant to the micro-flora

metabolism and are therefore more highly environ-

mentally persistent, and acquiring priority in

medical investigations. In 1996 in Paraná,

approximately 400 active principles of pesticides

were identified in up to 700 trademarks, of which

only 20 were legally monitored. Taking into

contents in stream waters, proved

to be useful in indicating health risk

areas also related to ground water.

Many other risk areas are known,

with the occurrence of dental fluo-

rosis recognized but not yet mea-

sured in the municipalities of Cu-

ritiba, Castro, Marechal Cândido

Rondon, Foz do Iguaçu, Nova

Tebas, Bandeirantes, Figueira and

Curiúva (Morita, M.C., personal.

com. 1999). All of the occurrences

of endemic fluorosis are associated

with positive anomalies in the fluo-

rine geochemical map.

Measurements of fluorine con-

tent in stream water samples and

the preparation of hydro-geo-

chemical maps are important tools

to support modern epidemiological

investigations, since regions with

high contents, or positive anoma-

lies, are easily identifiable, capable

of causing endemic dental fluoro-

sis, osteoporosis and/or skeletal

malformations. On the other hand,

regions with lower fluorine con-

tents, or negative anomalies, could

suggest risk areas for a high inci-

dence of dental cavities and/or bone

fractures.

Case II – Chloride and bromide

in water as identifiers of

liver cancer risk areas

The liver plays an important role in the neu-

tralization and elimination of toxic substances en-

tering the organism in the form of food and medi-

cines. Depending on the type, source, dose and

time of exposure, the liver may be permanently

affected by a wide range of environmental, natu-

ral, agricultural or medical toxins. One of the most

studied exposures are those liver diseases developed

from exposure to environmental organic contami-

nants such as the widespread use of pesticides.

On this regard, the carcinogenic role of

pesticides, mainly of the organ-chlorinated group,

has been pointed out by Marzochi et al. (1976). Of

all kinds of internal cancer, Primary Liver

Figure 8 – Geochemical map of Br- in stream water. The bromine

anomalies covering the northern and western borders of the State

of Paraná are related to pesticide residues

Figure 9 – Municipalities with higher and lower liver cancer mortality

rates (average in the period between 1980 and 1997)
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consideration only six regions of Paraná, the use of

pesticides in 1996 reached 9,500 tons (Andreoli and

Ferreira, 1998). Surface and ground water sources

within these agriculturally active regions, received

pesticide residue loads applied not only to the

present crop but also in the past. In 1984, ten pesti-

cides (BHC, DDT, Lindane, Chlordane, Aldrin,

DDE, Endrin, Dieldrin, TDE and Heptachlor)

were identified in water, suspended material and

bottom sediments in the water treatment facilities

of 16 municipalities, distributed across Paraná. The

results showed that pesticide residues accumulated

in the sludge (Medeiros et al. 1984). The population

of urban areas had low exposure to these agents

because of the significant reduction of pesticide

contents obtained by the water treatment facilities,

but the benefits of water purification are not avail-

able to the rural population.

In 1997, the Brazilian liver carcinoma death

rate (IDC-9, C-22.0) showed a regular increase

from the North (2.137 deaths/100,000 inhabitants),

Northeast (2.486), Middle-west (3.225), Southeast

(3.642) reaching its highest value in the South

(3.642) (Inca, 2000). This rise shows a direct

relationship with more intense and widely

developed agriculture from north to south, even

taking into consideration the difficulties of disease

notification in the North and Northeast regions.

In Paraná, the death rate in ten municipalities with

the highest ratios, ranging from 7.47/100,000 in

Rondon to 9.29/100,000 in São Pedro do Ivaí. The

average death rate for these ten municipalities, 7.53,

is 2.5 times higher than the death rate for the South

region, in which Paraná is included. Some crops

such as cotton and coffee which use pesticides

composed of chlorine and bromine have been

planted in northern Paraná since 1930 (Table 2).

The degradation of this environment by agro-

chemicals is the chief cause for the release of

chlorine and bromine into the water of the

catchment basins of this region. In Paraná, the ten

municipalities with the highest liver cancer death

rates are located in the main region of cotton and

coffee production (Fig. 6), which shows a

geographic correlation with relatively high Cl-

(Fig. 7) and Br- (Fig. 8) values in stream waters.

On the other hand, the ten municipalities with the

lowest liver cancer death rates (average = 0.4715/

100,000) are located outside this area (Fig. 9). It is

worth mentioning that the study also considered

the regions with potato and tobacco crops in the

southern portion of Paraná, but no relationship

was shown. The geochemical maps showing the

geographic distribution of Cl- and Br- proved

useful as geochemical indexes not only to define

liver cancer risk areas but also serving as a

reference to more detailed environmental and

public health investigations demonstrating the

characterization of environmental exposures to

pesticide residues.

Source of data: Paraná Department of Health

Death/ 100,000Municipalities with lower rates Death/ 100,000Municipalities with higher rates Death/ 100,000Municipalities with higher ratesMunicipalities with lower rates Death/ 100,000

Roncador 0.6277 São Pedro do Ivaí 9.2924

Pinhais 0.5922 Quatiguá 8.9031

Itambaracá 0.5915 Quinta do Sol 8.2345

Bocaiúva do Sul 0.5492 Jandaia do Sul 8.2052

Vera Cruz do Oeste 0.4756 Jardim Olinda 7.9856

Nova Laranjeiras 0.4715 Atalaia 7.8335

Palmital 0.4637 Cruzeiro do Sul 7.5300

Cantagalo 0.4420 Santa Fé 7.5028

Nova Tebas 0.3261 Colorado 7.5020

Fazenda Rio Grande 0.1521 Rondon 7.4733

Average rate 0.4715 Average rate 7.53

Table 2 –Twenty municipalities of the State of Paraná, divided in two categories, based on the liver cancer death

rate/100,000 inhabitants, in the period between 1980 and 1997
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Other cases to be investigated

Many other geochemical anom-

alies, with high contents of ions or

elements, were identified by the

data obtained from the geo-

chemical surveys of Paraná. Further

investigations are required to estab-

lish the significance, of some areas

with high contents of Ba+ (Fig. 10),

K+, Ca2+, Al3+ in stream water and

Hg in stream sediments (Fig. 11).

These areas must be investigated by

toxicologists, epidemiologists, and

geoscientists in order to reveal how

these tools may assist in the devel-

opment of preventive public health

measures and the identification of

disease risk areas.
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