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ABSTRACT

The mineral exploration in the Amazon, has determined 
impacts for the environment and for the populations 
exposed to different agents of the production process. 
The extraction and the beneficiation developed in the state 
of Amapa left environmental damages and issues that 
influence the population´s health, such as contamination by 
metals. Researches have shown that some forms of metals 
are toxic; causing neurological and genetic complications. 
The present work considers the toxicological evaluation a 
fundamental prerequisite in the identification of potential 
damages to the health. Accordingly, the study´s objective 
is the investigating of the toxic effects through laboratory 
analysis in a population group of the Elesbao district in 
Santana-AP municipality exposed to residues of minerals 
and metals. In this way, the amount of metals in Elesbao 
water region was evaluated by spectrophotometer, 
hematological and biochemical tests were accomplished 
for laboratory evaluation. The paired t-test was applied for 
statistical evaluation with a significance of 5% (p <0.05). 
It was concluded that iron and manganese are present in 
high concentrations in the region water. Hematological 
and biochemical exams presented statistically relevant 
alterations. Significant differences in the morphology 
of the cells were detected by microscopic analysis. This 
study demonstrates the importance of the investigation of 
sources of metal exposure and preventing the elimination 
and minimization of the risks of adverse effects to excessive 
exposure to multiple metals.

Keywords: Water. Amazon. Laboratory. Metals. Ores. 
Toxic.

INTRODUCTION
The concern about economic and industrial development 

and the omission with negative impacts on the environment 
over several centuries can be presented as two important factors 
for nowadays high rate of natural resource’s degradation, 
as well as for the gradual reduction levels of health and 
population quality of life (Facundes, 2011).

In the Amazon region, the last fifty years were marked 
by the implementation of productive enterprises adopted 
through Government Development Plans and federal Policies 
With emphasis on large mining projects. Manganese mineral 
exploration (Mn) in Serra do Navio – AP and Santana – AP 
municipality guaranteed the first and most durable large scale 
and intensive mineral undertaking in the Brazilian Amazon 
region (Santos et al., 2003).

The mineral exploration in the Amazon, has determined 
impacts for the environment and for the populations exposed 
to different agents of the production process. In this context, 
the Mn extraction and beneficiation project developed by a 
mining company for approximately 40 years in Santana-AP 
municipality is addressed, besides environmental damage, 
other relevant aspects that has influenced over the population 
health, such as metal contamination (Scarpelli, 2003).

Urbanization is useful as a global agent of the 
environment. The potential, frequency, and quantity of 
increased pollutants from a variety of sources is a global 
trend of concern about water quality by an increasing 
number of receiving waters that transpire these areas. 
Among the most frequent forms of human contamination 
by pollutants, mainly affecting residents, are exposure to 
the chemical agents: arsenic, cadmium, chromium, lead, 
dust, iron, manganese, mercury and a few others (Facundes, 
2011; de Zwart et al., 2018).

To evaluate the potential impact of exposure on health, 
it is essential to identify the effects of toxic agents exposure, 
to recognize exposure conditions that cause damage and to 
supervise individuals who may be suffering from excessive 
exposure, aim at to prevent adverse consequences in the 
population. For the toxicity caused by complex mixtures of 
substances that can affect the ecosystem and human health 
occurs in the long run. The ecological risk assessment is *Corresponding author: biofarmaceutica.alfaia@gmail.com; madson@unifap.br
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oriented towards the protection of populations, communities 
and ecosystems, rather than individual (Holmes et al., 2018; 
Lima et al., 2015).

The use of laboratory and genetic methodologies for 
the monitoring of humans exposed to mutagenic has been 
an effective warning system for pathologies. Thence, the bio 
monitoring allows, from the obtained data of bio indicators 
and biomarkers, will be serviceable as guides for future 
program decisions (Arciszewski et al., 2017).

Biological indicators or biomarkers are reference 
values   considered as guides for assessing the potential 
health risk of individuals exposed to chemical agents 
(Costa, 2014). The results demonstrate that there is 
no risk for the population evaluated until the strong 
correlation between the exposure to the chemicals and 
the higher incidence of a particular disease, including 
genetic alterations and cancer. The fundamental objective 
of the bio monitoring studies is then the identification 
of health problems by defining the environmental cause 
that generate it (Paula, 2010).

This study considers the toxicological evaluation 
fundamental in the identification of damages to the health. 
Through the analysis of metals in the water and laboratory 
tests was fundamental to investigate the suspected influence 
of metals and mineral residues on possible toxicological and 
genetic alterations in the residents of the Elesbao district, 
situated in the mining area in Santana-AP municipality, 
ensuring, in this way, a reference for genotoxic studies in the 
area that for many years stores in the open field.

MATERIAL AND METHODS

Compliance with Ethical Standards
• Disclosure of potential conflicts of interest: This study 

was not funded by any company or organization.

• Research involving human participants and/ or animals: 
This study involved humans, but all procedures 
performed in this study were in accordance with the 
ethical standards of the institutional research committee 
of the Federal University of Amapá and / or national 
under CAAE: 62686516.9.0000.0003 and opinion 
2.278.622.

Data availability
The data used to support the findings of this study are 

included within the article and are part of a master degree 
dissertation. The references data used to support the results 
and discussions of this study are available on references 
sections in this article.

This article defined as retrospective case-control 
study and the present study was approved by the Ethics 
and Research Committee of the Federal University of 
Amapa, accredited by the National Health Council under 
nº CAAE 62686516.9.0000.0003.

The search location corresponds to Elesbao, district 
that is part of Santana municipality, Amapa State, Brazil. 

The study was carried out with volunteer individuals living 
in Elesbao district, a region close to an active miner located 
in Santana-AP municipality.

Water Analysis
Water samples were collected at the same time, 

in October/2017 in 1000 mL plastic containers, duly 
sterilized, identified, taken from 6 different points, wells, 
faucets, streams and nearby rivers. The temperature of the 
samples were stored in icebox during the period and were 
transported to the laboratory, being stored in a refrigerator, 
remaining under cooling until the preparation for analysis. 
The preparations followed the standards established by 
APHA (American Public Health Association, 2012).

The concentrations of the heavy metals Cd (cadmium), 
Cr (chromium), Cu (copper), Fe (iron), Pb (lead) and Mn 
(manganese) in the water samples were measured by Atomic 
Absorption with Flame Spectrophotometer F-AAS), model 
AA-6300, from the Bioprospection and Atomic Absorption 
Laboratory (BAAL) of Federal University of Amapa 
(UNIFAP). The calibration curves for each metal analyzed 
were generated from standard AAS solutions provided by the 
National Institute for Science and Technology of the United 
States of America (NIST-USA).

Laboratorial analysis
A total of 100 individuals, divided into two groups 

defined by non-exposed group (50), all volunteers residing 
in Macapá City, outside the risk region and group exposed 
to contamination (50) residing in Elesbao district for a 
minimum period of 10 years. The exposed group was 
aggregated in a Basic Health Unit in Elesbao district, where 
the guidelines, filling in questionnaires, consent form and 
collection of the biological material were carried out, and 
the control/ non-exposed group was gathered in the clinical 
analysis laboratory of UNIFAP.

For the hematological study, blood samples were 
collected in tubes containing anticoagulant (EDTA). Hemogram 
was performed by a Mindray BC6800 automatic analyzer 
using the Mindray reagent kits. For biochemical analysis 
blood samples were collected in gel-free tubes without 
anticoagulant. After blood coagulation, it was centrifuged for 
serum withdrawal that were used for biochemical analyzes 
on a BS800 automatic analyzer and Labtest reagent kits. 
The morphological analysis was performed using blades 
(smears) stained by the panoptic kit and analyzed in the 
100X optical microscope.

The obtained results in the various analyzes are expressed 
as mean ± standard deviation of the mean (X ± SEM) of each 
experimental group, and the comparison was performed 
between the exposed female versus the control/ non-exposed 
group, and another analysis among the male population, 
exposed versus control/ non-exposed group. To compare the 
data of the groups evaluated, the paired t-test was applied, 
with significance of 5% (p <0.05). They were analyzed by 
the GraphPad Prism statistical package (version 5.03).
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RESULTS AND DISCUSSION

Analysis of metals in water
The amount of metals resulting from Elesbao water 

analysis are presented in Table 1 and are compared with the 
maximum permitted values of Ordinance 518/2004 of the 
Ministry of Health - CONAMA 357/2005 (Brasil, 2005).

The average (Cd), (Cr), (Cu) and (Pb) levels were not 
significantly altered, but (Fe) and (Mn) above the maximum 
permitted values.

The influence of environmental factors on the 
geographical distribution of human health problems have 
promoted the interaction between the different study areas 
to evaluate the origins and effects of trace elements such as 
arsenic, lead, manganese (Rim & Kim, 2015). In this sense, 
the monitoring of drinking water in Santana-AP municipality, 
evaluating total metal contents, represents an important action 
of environmental health surveillance, considering the existence 
of contaminated sites in nearby areas. For, several studies have 
correlated high concentrations of metals such as arsenic and 
manganese in water with high concentrations in biological 
samples and with neurological damages (Santos et al., 2003; 
Khan et al., 2012).

The presence of Mn in contaminated water may reflect 
mineral residues released from mineral practices carried out 
at the local company. Therefore, our results reinforce the 
importance of the analysis due to the existence of a potential 
adverse effect on the central nervous system generated by 
exposure to high concentrations of Mn, especially through 
water (Mudgal et al., 2010). In the body, Mn has the ability 
to cross the blood-brain barrier and may accumulate in the 
brain. The Mn increase in the brain may cause neuronal injury, 
which may result in a decrease in the number of dopaminergic 
neurons. High concentrations of Mn in the hair of children are 
related to cognitive disorders (Agency for Toxic Substances 
and Disease Registry, 2012; Mora et al., 2014).

Iron (Fe) present in high concentrations can accumulate 
in the brain, in addition to being related to the onset of 
neurodegenerative diseases. The Fe levels in the blood of 

the exposed group were also positively correlated with the 
Fe levels in the water, suggesting this as a probable source 
of exposure (Schröder et al., 2013).

Besides to neurological damage, the toxicity 
induced by these metals can cause damage to the DNA, 
renal damage, disturbances on the biosynthesis of the 
heme group of hemoglobin, among others. Therefore, the 
indestructibility added to the bioaccumulation of the metals 
contributes to the increased concern related to the toxic 
effects caused by these xenobiotics (Klaassen & Watkins, 
2012). Environmental exposure to metals occurs from a 
variety of sources, with water and food being the most 
common sources of exposure.

Demographic analysis
The most relevant characteristics of the population 

included the mean age of the two groups, which were 
significantly different, the exposed group presented more 
volunteers with age above 45 years, and the non-exposed 
group had a younger population with a maximum of 25 years.

In the exposed group, the gender was equally divided 
between men and women, but more women in the non-exposed 
group. The non-homogeneity of gender and age present in the 
non-exposed group is due to the free demand of the volunteers 
in this research. However, this fact did not influence, since 
the alterations occurred only in the exposed group.

The number of people who have a job are higher in 
the exposed group and respectively the exposure to chemical 
substances was higher in this group. Genetic diseases and 
cancer are practically the same proportion in the exposed and 
unexposed ones, however the degree of kinship that presents 
some disease or mutation is well differentiated.

Health problems such as diabetes, itchy and itchy skin, 
epilepsy, severe headaches, respiratory and eye problems, 
as well as hair loss, were present in the narratives of several 
people residing in Elesbao district. These health problems also 
coincide with the effects of human exposure to manganese 
and other metals, notably with regard to respiratory and eye 
problems as well as neurological disorders (Silva et al., 2014).

Table 1 - Results of the mean trace element contents (mg/ L) in the waters of consumption in 6 different points of Elesbao 
district and surroundings of the industrial area, in the period of October/ 2017.

ELEMENTS SAMPLE CONC. (ppm) AVERAGE (%) SD MAA* (mg/ L)
Fe A 0.9262 35 0.0133

B 11.178 4.03 0.0019
C 12.574 15.18 0.0079 0.300
D 0.4554 114.12 0.0207
E 0.3347 86.8 0.0113
F 18.748 14.55 0.0114

Mn A -0.0492 102.32 0.0016
B -0.0954 71.39 0.0022
C -0.08 36.88 0.001 0.100
D -0.0646 158.51 0.0033
E -0.1046 25.64 0.0009
F 0.0523 80.57 0.0013

Values are expressed as mean ± SD (n = 6); (Conc./ ppm) in samples A (CAESA water); B (water from the Amazon River); C (water of the Igarape 
Elesbao); D (well water 1); E (well water 2); F (Igarape water near the company); * Maximum amount allowed for waters for human consumption 
CONAMA - resolution n ° 357, of March 17, 2005; (Brasil, 2005).
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Biochemical evaluation
The biochemical parameters evaluation of the exposed 

and non-exposed group showed significance (p = 0.0419) 
for alanine aminotransferase (ALT) in the female group. 
However, no statistical significance was found for aspartate 
aminotransferase (AST), urea (ERU), creatinine (CREA), 
iron (RES), and transferrin saturation index (STI). However, 
10% of the individuals in the exposed group presented altered 
values   in AST and 25% had alterations in ALT, whereas in 
the non-exposed group only 6% of individuals had alterations 
in ALT/ AST enzymes.

Biochemical biomarkers are important tools used in 
epidemiological studies, seeking to establish a relationship 
between exposure to chemical agents and the health effects 
of exposed individuals. Exposure to metals is known to 
produce a variety of biochemical changes, which may be 
responsible for adverse effects in experimental studies with 
humans (Costa, 2014; Rodrigues, 2011).

The elevation of ALT is considered as a sensitive 
and early parameter of liver changes due to exposure to 
hepatotoxic agents, before irreversible lesions develop 
(Rodrigues, 2011). When correlating with the metals that 
are in excess in the waters of the studied environment 
(Fe and Mn) and the data of the biochemical tests 
(AST/ ALT), it is verified that the exposure to the metals, 
can cause hepatic pathologies. When Mn is in excess in the 
body, in high amounts, can cause toxic effects mainly in 
the nervous system and this one is in higher levels in the 
liver, conjugated to the bile salts. And the excess of Fe in 
the blood causes hemochromatosis, a disease characterized 
by the accumulation of iron in the form of ferritin in 
muscles, liver, pancreas, joints and heart causing damage 
to organs and tissues (Agency for Toxic Substances and 
Disease Registry, 2012; Ruppenthal, 2013).

To evaluate renal function, urea and creatinine were 
used as biomarkers. The mean and standard deviation 
data evidenced were considered normal for the reference 
values, with no significant difference between the groups 
for either urea (p = 0.8044) / (p = 0.2388) or for creatinine 
(p = 0.8169) / (p = 0.0593). However, even though it did not 
present statistically significant results, in the renal evaluation 
differences were evidenced in the results, because in the 
exposed group 07 volunteers presented alterations in creatinine 
and 01 with altered urea and in the group not exposed there 
were no alterations.

The liver and kidneys, the main organs of biotransformation 
and excretion of toxic substances, are targets most frequently 
affected by toxic agents. The formation and excretion of urea 
and creatinine make them useful markers in renal function. 
Serum levels of these metabolites within the normal range 
indicate adequate renal function (Rodrigues, 2011; Wallach, 
2011).

In serum iron analysis (p = 0.1447) / (p = 0.7451) 
and transferrin saturation index (p = 0.5070) / (p = 0.6723) 
did not determine statistical significance in the correlations, 
but both exposed and non exposed groups, presented 10% of 
individuals with increased iron and changes in STI. Markers 

of iron overload include ferritin and transferrin saturation, in 
addition to iron quantification. If it occurs continuously, iron 
overload leads to iron accumulation in the liver, pancreas, 
heart and other organs and, if left untreated, eventually 
lead to cellular damage and loss of function in some organs 
(Lozoff et al., 2012; Low et al., 2013).

Hematologic Analysis
The analysis of the samples demonstrated a statistically 

significant difference in the MCH, platelet and lymphocyte 
values   of the exposed group in relation to the non-exposed 
group. In the analyzed parameters, the main statistical 
significance between the exposed and non-exposed groups 
was in the female group, where MCH determined changes 
(p = 0.0458).

Mean corpuscular hemoglobin (MCH) is one of the 
parameters of the blood count that measures the size and 
color of hemoglobin within the blood cell. The MCH, as 
well as the MCV, seek to identify the type of anemia, which 
may be normochromic or hypochromic. High MCH is due to 
abnormal increase in red blood cell size, may be characteristic 
of hyperchromic anemia, thyroid disorders, alcoholism, and 
may also lead to megaloblastic anemia (Pereira et al., 2013; 
Melo & Silveira, 2015)

As shown in Table 2, regarding the leukocyte 
parameters between exposed and non-exposed groups, no 
significant values were determined for total leukocytes, 
but, differently, the male group presented lymphocytes with 
significant statistical evidence (p = 0.0108), but they were 
within the reference range. The other indexes did not present 
any significant alterations, and the following parameters were 
analyzed: leukocytes (p = 0.8812) / (p = 0.1506), neutrophils 
(p = 0.6623) / (0.0879) and lymphocytes p = 0.3990).

The number of platelets in the exposed/non-exposed 
population presented significant changes in relation to the 
increase. Therefore, in the comparative platelet parameters, 
the number of platelets in the male group (p = 0.0189) and 
the PDW in the male (p = 0.0464) and female (p = 0.0009) 
exhibited statistical significance.

Platelets are the smallest elements formed in the blood, 
disk-shaped, without a nucleus, with a fragile membrane, 
produced in the bone marrow by megakaryocyte fragmentation. 
In order to evaluate platelets, the total number of platelets 
is analyzed, besides the PDW and MVP index, which is the 
mean platelet volume, are simple indexes of platelet analysis, 
since they increase during platelet activation.

High PDW shows that platelets vary considerably 
in size, which may indicate disorders affecting the bone 
marrow or platelets, and further testing, are important. It can 
also be characteristic of certain types of anemia, cancer, 
inflammatory conditions, infectious diseases and contraceptive 
use. However, PDW with low values   may be indicative of 
bone marrow disorder or be typical of viral infections such 
as hepatitis, measles and mononucleosis. Certain types of 
cancer and certain drugs may lead PDW to low results (Melo 
& Silveira, 2015; McPherson & Pincus, 2012).
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Cellular morphology
In addition to the investigation of hematological 

parameters and hematimetric indexes, the blood smears of 
the patients of the two groups, exposed and not exposed, 
were submitted to a detailed microscopic analysis in order 
to find possible morphological differences that could help 
in the differentiation between them.

100 cells per slide were analyzed, totaling 200 cells per 
subject. From the microscopic evaluations of the hematological 
slides, the qualitative and quantitative analyzes of the cells 
were performed.

The number of dacrocytes, echinocytes, hyposeguimented 
neutrophils and macroplatelets were elevated in the group 
of exposed patients, whereas in the non-exposed group 
the slides presented normality in their cells and platelets. 
The information indicate that there were important findings 
regarding the erythrocyte morphology, characterizing a high 
poikilocytosis as well as relevant alterations in the white and 
platelet lineage.

Dacrocytes are erythrocytes in the form of tear drop 
or pear (Figure 1), it appears when there is fibrosis of the 
bone marrow or severe dyseritropoese and in some hemolytic 
anemias. They are characteristic of megaloblastic anemia, 
thalassemia major and myelofibrosis, both primary and 
secondary to metastatic carcinoma or other type of bone 
marrow infiltration (Bain, 2016).

Echinocytes are a type of erythrocytes that have lost 
the discoid shape and are covered with 10 to 30 blunt spurs, of 
relatively regular shape and distribution (Figure 2). Echinocytes 
can be produced in vitro by exposure to fatty acids and certain 
drugs, or simply by incubation (Melo & Silveira, 2015).

The formation of macroplatelets and giant platelets may 
occur because the MPV is increased due to accelerated platelet 

Table 2 - Data from the values obtained in the hemogram - red blood cells/ hematimetric indexes, leukocytes and platelets.

ELEMENTS SAMPLE Value Ref. *
EXPOSED (n=45) NOT EXPOSED (n=45)

AVERAGE SD AVERAGE SD
RED BLOOD CELLS

(millions / mm3)
M 4.5 – 6.0 5.1 0.3947 5.18 0.2895
F 4.1 – 5.5 4.46 0.3095 4.59 0.4432

HB
(g/dL)

M 11 – 16 15.06 1.053 15.13 0.6758
F 13.06 1.088 12.74 1.264

HCT
(%)

M 37 – 54 44.39 2.946 44.86 1.795
F 39.1 3.050 38.38 3.555

RDW
(%)

M 11 – 16 13.24 0.7163 13.25 0.5395
F 13.372 0.792 13.5625

MCV
(fL)

M 80 – 98 87.28 2.907 87.0 3.325
F 87.57 3.440 84.47 7.938

MCH
(pg)

M 28 – 33 29.62 1.132 29.33 1.275
F 29.24 1.449 27.98 3.026 (S)

MCHC
(%)

M 32 – 35 33.92 0.5836 33.70 0.492
F 33.38 0.838 32.89 1.035

Leukocytes
(mm3)

M 4000 – 10000 6934 1377,7 6999,5 1376,6
F 6659 2733,4 7628,3 1754,0

Neutrophils
(%)

M 50 – 70 54.7 7.92 53.70 6.30
F 53.8 8.34 58.33 9.55

Lymphocytes
(%)

M 20 – 40 29.96 5.96 35.33 6.70 (S)
F 34.48 8.43 32.48 8.28

Platelets
(mm3)

M 100,000 – 424,000 236,100 61,381 292,900 83,489 (S)
F 284,916 69,107 310,708 67,145

MPV
(fL)

M 7.4 – 10.4 11 1.152 10.47 1.371
F 10.6 0.931 10.3 0.954

PDW M 15 – 17 16.28 0.3350 16.07 0.3097 (S)
F 16.20 0.300 15.80 0.460 (ES)

* Reference value based on the inserts of the reagents used - Mindray and the book - Laboratory of hematology: theories, techniques and practices (2015). 
* Values are expressed as mean ± SD (n = 45). Oneway TEST paired t (p <0.05). HB (Hemoglobin), HCT (Hematocrit), MCV (mean corpuscular volume), 
MCH (mean corpuscular hemoglobin), RDW (mean corpuscular hemoglobin coefficient), MCHC (hemoglobin concentration) (Platelet Distribution Width).

Figure 1 – Dacrocyte – Photo: own authorship
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turnover (Figure 3). Platelets of different sizes characterize 
platelet anisocytosis, common in myeloproliferative syndromes, 
myelodysplastic and platelet dysfunction (Melo & Silveira, 
2015; McPherson & Pincus, 2012).

Through the smear, it was also possible to identify 
a nuclear button seems like a micronucleus (Figure 4) in 
exposed patient slides. However, it is necessary that specific 
tests, such as the comet assay, be performed for confirmation, 
since these findings were found only in mononuclear cells. 
The formation of MN is indicative of genotoxicity of a certain 
factor capable of causing mutations in the DNA strand, mainly 
large deletions (Batista & Campos, 2014; Speit, 2013).

In tissues, neutrophils perform phagocytosis of 
microorganisms and other foreign materials. Alterations in 
the neutrophil morphology are important in the interpretation 
of the leukogram as well as to identify the etiology of the 
disease. Commonly, morphological changes may reflect cell 

age, degenerative changes, changes induced by infectious 
diseases, myeloproliferative or genetic diseases (Kolaczkowska 
& Kubes, 2013).

In the analyzed slides of the exposed patients it was 
possible to identify an increased number of hyposegmented 
neutrophils (Figure 5), which are characterized by presenting 
less than 5 lobes, are young neutrophils but no longer considered 
rods, are already indicative of left deviation tendency. In the 
control patients, or those not exposed, all the blades presented 
neutrophils with structures within normality (Silva, 2015).

The results of the laboratory tests suggest that the 
population studied did not present alterations in all the 
statistically significant hematological and biochemical 
parameters. These results indicate that no metal intoxication 
occurred, but showed alterations in hematimetric indexes, 
platelets, red cell morphology and ALT enzyme, which may 
mean some impairment due to exposure.

Figure 2 – Echinocyte – Photo: own authorship

Figure 3 – Macroplatelets – Photo: own authorship

Figure 4 – nuclear button – Photo: own authorship

Figure 5 - Hyposeguimented neutrophil – exposed – Photo: 
own authorship
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The importance of analyzing serum iron and transferrin 
to evaluate the iron stores of the organism has been verified, 
a low number of references is found when these parameters 
are related to liver disease. Research for this subject is 
stagnant, owing to the difficulty in finding materials for 
research from current sources. It is an area that has much to 
discover and should be explored aiming to help patients who 
have excess iron before the liver disease develops, impairing 
the organ function and decreasing the quality of life of the 
affected patient.

Under these circumstances, morphological changes 
in red blood cells, neutrophils and platelets in the exposed 
population suggest further analyzes, as they may be indicative 
of contamination. The identification of a possible MN indicates 
a genetic instability in the exposed population. However, it 
is necessary more especifs assays and the biomonitoring in 
these volunteers.

Although it has a limited diagnostic power, the 
hemogram under the command of a clinician who knows 
the cellular functions and pathophysiological bases of the 
diseases can be an important tool in evaluation of several 
situations, such as in diagnosis and evolution of hematological 
diseases, infectious and in therapeutic monitoring.

New laboratory parameters obtained from automated 
systems may be helpful in blood and bone marrow analysis 
but should be used with caution. It is important to remember 
that microscopy is still fundamental in identification of several 
abnormalities in hematopoiesis. The association of data 
regarding quantitative aspects, morphological aspects and 
pathophysiological knowledge of hematopoiesis disorders 
is important to accurate diagnosis of the changes affecting 
the blood and bone marrow (Grotto, 2010).

CONCLUSIONS
Water may be indicated as an important source of 

exposure to these xenobiotics. The results of the water 
analysis demonstrated that there is contamination of the 
water by manganese, excess iron with mining tailings, which 
need to be investigated in the blood of exposed individuals.

This study shows that it is important to investigate 
sources of metal exposure and to take preventive measures 
to eliminate or minimize the risks of adverse effects related 
to excessive exposure to multiple metals.

Accordingly, there is a need for further studies, so that it 
can investigate different areas of environmental contamination 
to metals, defining probable sources of exposure, especially 
studies involving children and the elderly because they are 
a group especially sensitive to toxicity.

RESUMO

Biomonitoramento através da avaliação laboratorial de 
uma população exposta a minérios

A exploração mineral na Amazônia, determinou impactos 
para o meio ambiente e para as populações expostas a 
diferentes agentes no processo de produção. A extração e 

beneficiamento de minério desenvolvido no Estado do Amapá 
deixaram danos ambientais e problemas que influenciam 
na saúde da população, como a contaminação por metais. 
Estudos demonstram que algumas formas de metais são 
tóxicas, causando problemas neurológicos e genéticos. 
O presente estudo considera a avaliação toxicológica 
fundamental na identificação de possíveis danos à saúde. 
Portanto, o objetivo desse estudo é investigar efeitos tóxicos 
através da análise laboratorial em um grupo populacional 
do Bairro Elesbão no município de Santana/AP expostos 
a resíduos de minérios e metais. Desta forma, avaliou-se 
por espectrofotômetro a quantidade de metais nas águas 
da região do Elesbão e realizou-se exames hematológicos e 
bioquímicos para avaliação laboratorial. O Teste t pareado, 
foi aplicado para avaliação estatística com significância 
de 5% (p< 0.05). Concluiu-se que há ferro e manganês em 
concentrações elevadas nas águas da região. Os exames 
hematológicos e bioquímicos apresentaram alterações 
estatisticamente significantes. A análise microscópica das 
células detectou diferenças significativas em sua morfologia. 
Este estudo demonstrou que é importante investigar as 
fontes de exposição a metais e tomar medidas preventivas 
para eliminar ou minimizar os riscos dos efeitos adversos 
relacionados à exposição excessiva a múltiplos metais.
Palavras-chave: Água. Amazônia. Laboratorial. Metais. 
Minérios. Tóxico.
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