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ABSTRACT 
 
Metals are toxic and can cause damage to human health when they accumulate in the food chain. The aim of this 
study was to determine Al, As, Ba, Br, Ca, Ce, Cl, Co, Cr, Cs, Eu, Fe, Hg, K, Mg, Mn, Na, Rb, Sb, Sc, Ta, Th, 
Ti, U, V and Zn in different samples: surface waters, margin sediments, forages and cattle hairs in the region of 
the “Rio Doce” basin. The metals were analyzed by Neutron Activation Analysis – NAA at the Centre for 
Development of Nuclear Technology of the National Commission of Nuclear Energy - CDTN / CNEN. The 
sampling sites were taken at two points: P1- (Pingo D'água – city, “Ponte Queimada”, in a no industrial area) 
and P2 - (Santana do Paraíso city, industrial and pasture areas, subject to frequent floods). The samples were 
collected in different seasons: July 2009 (dry season - winter) and February 2010 (rainy season - summer). 
These points were strategically chosen because P1 is located into the “Parque Estadual do Rio Doce”, 
considered a no industrial pollution region. Contrariwise, P2 is located in a region of high concentration of 
industries. In (P2) the "Doce River" receives its most polluted affluent upstream the “Piracicaba River” which is 
charged of several pollutants of industries of “Steel Valley” region, Brazil. In general, the results showed higher 
concentrations of the elements in P2 riverside area of livestock production and subject to flood. 
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1. INTRODUCTION 
 
The areas with degraded riparian vegetation, where crops and large agricultural productions 
are concentrated in riverine areas, after periods of flooding and flood the phenomena occur 
contamination of heavy metals, organic and inorganic pollutants to the water body. These 
pollutants can contaminate not only the terrestrial vegetation, but also the aquatic 
communities, in addition to biomagnification process to higher levels of animals (cattle and 
fish) that serve as food for man. The increasing movement of pollutants through the soil, 
water, atmosphere, and a inevitable passage by human and animal food chain, pose a risk to 
the health of future generations [1]. 
 
The Steel Valley is also known as "a Região de Siderurgia" (Iron casting Region), as it holds 
a great number of iron and steel processing companies along the course of the Rio Doce and 
its tributary, the Rio Piracicaba. 
 
The industrialization was possible after the construction of the Estrada de Ferro Vitória - 
Minas, a large railway that crossed almost untouched forest regions in the 1920s, to connect 
the Metropolitan Area of Vitória to Belo Horizonte. Soon after the conclusion of the railway, 
the iron casting Belgo-Mineira started its activity in Coronel Fabriciano, buying local timber 
for charcoal production, using it as fuel for its factories. 
 
The largest industries of the region are ArcelorMittal Timóteo and Usiminas, both iron-
casting. Cenibra, a pulp factory in Belo Oriente, is also large. There are several other minor 
industries, some of them heavily connected with the major ones, as suppliers or costumers of 
its products. 
 
The cumulative effects of metals cause in significant changes not only in the corridors of 
rivers, but also in the ecosystems: - water quality degradation and its storage; - loss of habitat 
for fish and wildlife and recreational and aesthetic values of the environment decreased, 
according to the United States Environmental Protection Agency - USEPA [2]. 
 
The “Bacia Hidrográfica do Rio Doce” - BHRD comprises three distinct regions: High; 
Middle and Lower Rio Doce. The Middle Rio Doce is a region with great diversity in 
economic activities, known as "Steel Valley". The metropolitan area of the Steel Valley is 
located in the eastern of Minas Gerais State, Brazil. It has the 11th largest GDP in Brazil 
(2002-2005), according to the Brazilian Institute of Geography and Statistics – IBGE [3]. 
 
In the Middle Rio Doce major industries stand out: - ArcelorMittal Inox Brazil (Steel 
Industry) - Usiminas (Mining, Metallurgy and Steel Transformation) - Cenibra (Pulp Mill) 
and agricultural production, which prevails in many municipalities. This is the part that has 
the highest environmental degradation of BHRD. Presents accelerated desertification due to 
withdrawal of its forests, the vast monoculture eucalyptus and large areas of pasture. In 
addition, there are other factors that affect the Rio Doce in this section. Among these is the 
misuse of the soil, erosion, causing siltation of the river bed, the clandestine gold mine waste, 
domestic sewage and industrial effluents that are extensively dumped in its waters [4]. 
 
The chronic exposure to heavy metals causes accumulation in tissues, bones, hair and blood 
and the vigilance of these exposures can be done to indicate the state of environmental 
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degradation. In hair samples was diagnosed cadmium toxicity in humans, because in the hair 
fiber, the root is a metabolically very active material, despite being dead after leaving the 
epidermis. Therefore the tail hair from cattle raised around the industrials areas, can serve as 
a tool to monitor exposure to heavy metal pollutants such as lead and cadmium [5].  
 
A number of factors influence the concentration of heavy metals in plants. These factors are 
climate, atmospheric deposition, the nature of the soil where the plant is grown, maturity of 
the plant at harvest. However, the metal content in plants can also be affected by factors with 
application of fertilizers, sewage sludge or irrigation with wastewater. The metal 
contamination in soils may pose long-term environmental problems and direct implications 
for health [6]. 
 

2. MATERIALS AND METHODS 
 
In this study were determined inorganic pollutants in two sampling sites, in the riverine areas 
of the basin "Rio Doce": P1-Pingo D'Água city ( a no industrialized region) and P2 - Santana 
do Paraíso city (a region industrialized; pasture and crops areas). Tab. 1 shows the 
characteristics of P1 and P2: geographical coordinates; localizations and some characteristics. 
 
 
 

 P1  P2 
Latitude 19°44’56.87”S 19°27’35,58”S 

Longitude 42°28’40.60”O 42°26’16,95”S 
Localization in 
BHRD 

High Doce River Middle Doce River 

City Pingo D’água Santana do Paraíso 

Characteristics “Ponte Queimada”, a no industrial 
area.  
Located into the “Parque Estadual 
do Rio Doce” - PERD, considered 
a no industrial pollution region. 

Industrial and pasture areas, subject 
to frequent floods.  
Located in a region of high 
concentration of industries and at 
upstream receives the charges of 
Piracicaba river tributary. 

 
 
 
The samplings were collected in different seasons: - June/2009 (dry - winter) and 
February/2010 (rainy - summer). 
 
The Figs. 1 to 3, show: - localization of sampling sites; - illustrations of P1 in seasons: (a) dry 
and (b) rainy and - illustrations of P2 in seasons: (a) dry and (b) rainy, respectively. 
 
 

Table 1. Characteristics of sampling sites 
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Figure 1. Localization of sampling sites 

Figure 3. Illustrations of P2 in seasons: (a) dry and (b) rainy 

(a) 
(b) 

(a) (b) 

High Doce River 
River 

Middle Doce River 

Figure 2. Illustrations of P1 in seasons: (a) dry and (b) rainy  
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2.1. Methods of collect, storage and preparation of the samples 
 
Surface Waters (n=6): the water was collected in sterile bottles of polyethylene 60 mL. Prior 
to collecting the bottles were washed three times with river water. The fourth collect was 
acidified with three drops of HNO3 PA to prevent metal adsorption on the intern walls of the 
bottles, then were packed and stored a 4 °C. In the “Laboratório de Ativação Neutrônica” – 
LAN/CDTN/CNEN, approx. aliquots of 30 mL were dried in an stove a 40 °C, and the 
residues were submitted for analysis; 
Margin Sediments (n=6): the sediment was collected at the same points of collection of 
water, placed in sterile 60 mL polyethylene. The samples were stored at a temperature of  
4 ° C until analysis. In the “Laboratório de Pesquisas Ambientais” do UnilesteMG - LPA, the 
samples were placed in a stove at a temperature of 40 ° C for seven days. After drying, were 
placed in stainless steel trays, homogenized and aliquots of approx. 0.30 g were taken for 
analysis; 
Forage (n=6): the samples were removed in riverine areas of pasture, manually with surgical 
gloves and placed in sterile bags with a vacuum system. The samples were washed in LPA 
thoroughly with distilled and bi distilled water and then placed in a stove at a temperature of 
40 ° C for a period of seven days. After drying, the samples were triturate and aliquots of 
approx. 0.50 g were taken for analysis; 
Cattle Hair (n=5): the samples were taken by the tail with scissors stainless steel, using 
surgical gloves and placed in sterile bags with a vacuum system. They were sent to the 
CDTN/CNEN for prepare and analysis. Before analysis, were adopted the washing procedure 
used by Menezes (2004) [7]. The preparation of the material consisted of six washes, and the 
first four alternating PA deionized water and acetone and the last two only deionized water. 
Each wash was performed under continuous agitating for fifteen minutes. The samples were 
dried in an stove for 12 hours at 50 ° C [8, 9]. 
 
2.2. Neutron Activation Analysis – NAA 
 
The NAA is an analytical technique no destructive and multielementar. The elements 
analyzed were: Al, As, Ba, Br, Ca, Ce, Cl, Co, Cr, Cs, Fe, Hg, K, Mg, Mn, Na, Rb, Sb, Sc, 
Ta, Th, Ti, U, V and Zn. In this work the samples were irradiated in research reactor TRIGA 
MARK IPR-R1 of the CDTN/CNEN in the Rotary Specimen Rack (RSR) outside the reactor 
core with 40 irradiation channels the rotary table. Its main features are: - maximum thermal 
power reactor of 100 KW and average flux of thermal neutrons for the 40 positions of the 
turntable 6.6.1011 nêutrons.cm-2.s-1. The measures of the activities of gamma radiation 
emitted by the various radioisotopes produced in the irradiation of the samples were 
performed using a gamma ray spectrometer consisting of a HPGe detector model GC1020 ® 
CANBERRA, capsule shield and electronics associated. The resolute on of this system was 
0.77 keV to 122 keV for 57Co and 1.63 keV for 1332 keV of 60Co. For the analysis of the 
spectra, we used the program Hyperlab ®. The calculation of the levels of several elements 
was performed using the software kay-Zero/Solcoi ® University of Gent, Belgium [7]. 
 

3. RESULTS AND DISCUSSION 
 
The results obtained in this work are shown in Tab. 2. The discussions are described below 
for each sample. 
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Table 2. Average results obtained in µg.g-1 (σσσσ=3.5%) 
El.  Season Surface 

Waters 
Margin 

Sediments 
Forage Cattle  

Hair 
Al P1 Dry - 1.36E+4±524 364±13 ND 
  Rainy 2.30±0.08 2.07E+4±746 654±24 ND 
 P2 Dry - 1.11E+5±4125 3071±110 - 
  Rainy 3.60±0.13 1.52E+5±5659 2580±96 - 
As P1 Dry - - - ND 
  Rainy 0.004±0.001 34.12±1.62 - ND 
 P2 Dry 0.23±0.02 - - 0.10±0.01 
  Rainy - 22.44±0.94 0.82±0.07 0.30±0.02 
Ba P1 Dry - - - ND 
  Rainy - 300±12 22±2 ND 
 P2 Dry - 1068±126 - - 
  Rainy - 317±13 95±4 - 
Br P1 Dry - - 6.0±0.2 ND 
  Rainy 5.0E-3±0.001 - 9.0±0.5 ND 
 P2 Dry - - 6.0±0.2 2.4±0.1 
  Rainy 5.0E-3±0.001 3.00±0.20 12.0±0.4 0.90±0.01 
Ca P1 Dry - - - ND 
  Rainy - - 7580±746 ND 
 P2 Dry - - - - 
  Rainy - - 9000±700 - 
Ce P1 Dry 3.4±0.3 65±2 0.46±0.04 ND 
  Rainy 3.0E-3±0.001 103±10 3.8±0.15 ND 
 P2 Dry 16±1 327±12 18±1 0.5±0.1 
  Rainy 3.0E-3±0.001 122±12 10±1 0.5±0.1 
Cl P1 Dry - - 514±21 ND 
  Rainy 0.90±0.07 - 2580±105 ND 
 P2 Dry - - 1506±78 - 
  Rainy 1.36±0.07 - 3400±140 - 
Co P1 Dry - 9.2±0.3 0.42±0.02 ND 
  Rainy 2.0E-3±0.001 8.24±0.30 0.60±0.04 ND 
 P2 Dry - 48±2 0.90±0.04 0.70±0.20 
  Rainy 3.0E-3±0.001 16.6±0.6 2.50±0.20 0.90±0.20 
Cr P1 Dry - 457±16 5.2±0.2 ND 
  Rainy 0.04±0.01 41±2 12.0±0.4 ND 
 P2 Dry 0.8±0.1 530±19 14±2 6.0±0.1 
  Rainy 0.06±0.01 137±5 52±3 4.0±0.1 
Cs P1 Dry - - - ND 
  Rainy - 0.33±0.07 - ND 
 P2 Dry - 4.6±0.2 0.020±0.001 - 
  Rainy 4.0E-3±0.001 2.6±0.1 0.30±0.03 - 

 
ND – No Detected,   - < Detection Limits 
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Table 3. Average results obtained in µg.g-1 (σσσσ=3.5%) (Cont.) 

El.  Season Surface 
Waters 

Margin 
Sediments 

Forage Cattle  
Hair 

Eu P1 Dry - 1.5±0.2 0.070±0.003 ND 
  Rainy - 0.64±0.12 - ND 
 P2 Dry - 0.7±0.1 0.070±0.003 - 
  Rainy - 2.0±0.2 - - 
Fe P1 Dry - 1.89E+5±6600 8600±300 ND 
  Rainy - 8.20E+4±3000 800±40 ND 
 P2 Dry 58±7 2.37E+5±8300 25540±900 50±7 
  Rainy - 1.04E+5±3500 5200±300 127±17 
Hg P1 Dry - - 11±1 ND 
  Rainy - - - ND 
 P2 Dry - 50±7 27±2 - 
  Rainy 2.0E-3±0.001 - - - 
K P1 Dry - - 1200±100 ND 
  Rainy 1.28±0.01 6200±300 13360±470 ND 
 P2 Dry - - 4000±141 1200±50 
  Rainy 5.30±0.10 10950±480 36700±1300 324±13 
La P1 Dry - - - ND 
  Rainy 2.0E-3±0.001 50±2 3.45±0.12 ND 
 P2 Dry - - 0.054±0.003 - 
  Rainy 3.0E-3±0.001 60±2 6.24±0.23 - 
Mg P1 Dry - 3417±722 340±20 ND 
  Rainy 1.38±0.18 3900±270 4100±400 ND 
 P2 Dry - 1.50E+4±1089 611±39 - 
  Rainy 1.68±0.20 1.80E+4±800 3100±200 - 
Mn P1 Dry - 1046±39 34±1 ND 
  Rainy 0.010±0.001 890±30 136±5 ND 
 P2 Dry - 1488±53 88±3 - 
  Rainy 0.040±0.001 750±27 210±7 - 
Na P1 Dry - - - ND 
  Rainy 2.40±0.20 3700±130 145±5 ND 
 P2 Dry - - 2.18±0.08 - 
  Rainy 4.78±0.16 1940±80 600±24 - 
Rb P1 Dry - - 7.0±1.0 ND 
  Rainy - 22±4 19.0±0.8 ND 
 P2 Dry - - 7.0±1.0 4.2±0.5 
  Rainy - 50±3 40±2 - 
Sb P1 Dry - - - ND 
  Rainy - 2.8±0.2 - ND 
 P2 Dry - - - - 
  Rainy - 1.0±0.1 - - 
 
ND – No Detected,   - < Detection Limits 
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Table 4. Average results obtained in µg.g-1 (σσσσ=3.5%) (cont.) 

 
Sc P1 Dry - 5.0±0.2 0.18±0.02 ND 
  Rainy - 6.0±0.3 0.11±0.01 ND 
 P2 Dry - 10.6±0.4 0.47±0.02 0.02±0.01 
  Rainy - 18.0±0.6 1.00±0.05 0.03±0.01 
Ta P1 Dry - 2.5±0.1 0.080±0.003 ND 
  Rainy - 3.22±0.30 - ND 
 P2 Dry - 4.3±0.2 0.076±0.003 - 
  Rainy - 1.89±0.07 - - 
Ti P1 Dry - 8970±956 - ND 
  Rainy - 9000±380 - ND 
 P2 Dry - 12480±600 - - 
  Rainy - 16000±600 - - 
U P1 Dry - - - ND 
  Rainy - 4.5±0.2 - ND 
 P2 Dry - - - 4.2±0.5 
  Rainy 4.0E-3±0.001 4.8±0.2 0.53±0.03 - 
V P1 Dry - 59±3 0.4±0.1 ND 
  Rainy - 45±2 - ND 
 P2 Dry - 134±10 2.4±0.2 - 
  Rainy - 140±2 3.0±0.3 - 
Zn P1 Dry - 40.0±2.2 18±1 ND 
  Rainy 2.0±0.1 30±3 60±2 ND 
 P2 Dry - 237±10 46±2 110±5 
  Rainy 2.0±0.1 103±3 104±7 105±5 
 
ND – No Detected,   - < Detection Limits 
 
 
 
The results of surface waters are above the maximum allowed values (Valores Máximos 
Permitidos - VMP), according to CONAMA Resolution No. 357, March 17, 2005, Class 3 for 
water [10], aimed to: a) supply for human consumption after conventional treatment; b) 
irrigation of tree crops, cereals and forage, c) fishing recreation; d) secondary contact 
recreation and e) animal dessedentation for Al, As, Cr and Fe. However for the element Zn, 
the values are below the VMP. When compared with the Ordinance of the Ministry of Health 
No. 518/2004 (MS, 2010) the VMP are also above those limits for the elements: Al, As; Cr 
and Fe, which poses risks to human and animal health [11]. 
 
According to Fadigas et al. (2006) [12], the results obtained in this work, in P2, for the 
elements Co, Cr, Fe, Mn, and Zn are far above the normal values in unpolluted Brazilian 
Soils (Solos Brasileiros Não Poluídos - SBNP). For the elements Al, Ba, Ce, La, Ta, Th and 
U, the results are above the levels of distribution of chemical elements in µg.g-1, in the 
earth's crust (Crosta Terrestre - CT) [13]. However, the results obtained for the elements Rb 
and Cs in margin sediments, are within the normal limits in µg.g-1, the earth's crust [13].  
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The pollutants have a certain affinity with the settling particles (suspended matter and 
sediment from the bed), moreover, can occurs a migration of metals for bed sediments. Thus, 
the metals present on the surface of the sediment will become by the deposition of particles 
[14]. 
  
The materials deposited in floodplains, whether soil or sediment is an important factor in 
reducing the risk in aquatic environments. However, where the lowland soils are a source of 
contamination to surface waters or sediments, the fate and transport of contaminants in soil 
must be evaluated, considering the levels of toxic or hazardous materials that can harm 
human health or the environment [2]. 
 
The results obtained in the forage samples were compared with data of the nutritional values 
of toxicity limits – (Limites de Toxicidade – LT) cited by the Brazilian Agricultural Research 
Corporation - EMBRAPA [15]. The elements Al, Co, Fe, K, Mn and Zn are above the LT. 
For the element Mg the results are below of the LN: 4000 µg.g-1, in the dry season. 
 
On the other hand the Na concentrations obtained in forage were found below the nutritional 
requirements for cattle: Nutritional Limits (1000 µg.g-1). The supplemental salt, NaCL, is 
needed in all current dairy cattle fed [15]. 
 
The elements As, Cs, Hg, Sc, Rb, Th and V detected in forage samples are not considered 
necessary to feed cattle. These elements are toxic in high concentrations in forage plants and 
may cause foliar injury, damage to animal and human health. The Cr is considered a 
micronutrient for cattle. The analysis of chromium in the diet is limited and requires 
equipment with high precision. High levels of Fe and Zn in the diet interfere with the 
bioavailability of Cr for cattle. The demands of Cr are not known. However, Cr 
supplementation is recommended in situations of high production and for animals under 
stress, diet low protein, high supply of silage and diets low in fiber content (0.5 µg.g-1 an 
organic source of Cr) before confinement and three weeks before slaughter (0.2 to 0.3 µg.g-1 
of organic source), in early weaning, pre-and post-partum [15].  
 
The Th is radioactive, carcinogenic and can cause damage to the long-term health, even at 
low concentrations [16]. 
 
Regions pasture, is particularly affected by the contaminated environment, because in many 
cases, the animals graze in the vicinity of emission sources. The major route of absorption of 
the metal is exposed to the atmosphere through the respiratory and gastrointestinal system. 
The toxic elements that have been set in the skin and hair cattle are considered an exogenous 
reserve that is eaten by cattle and their calves licking their fur which results in further 
increases in the amounts of metals absorbed through the food chain. Ingested, the metals are 
distribute by the blood to various organs and tissues and is fixed in the structure as an 
endogenous reserve [17]. The results obtained for cattle hair will be compared with the works 
of Armelin et al.(1998) and Rogowska et al. (2009) [18, 19]. 
 
The technique of NAA was used to determine metals in Bovine Hair of Healthy Animals - 
(Pelo Bovino de Animais Sadios - PBAS) and was found in µg.g-1: Ca = 900; Co = 0.04; 
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Cr = 0.18; Fe= 18; K = 200,  Mn = 3; Na = 15 and Zn = 115 [18]. The comparative results are 
described below: 
− Co - (P2, Dry Season = 0,7±0,2 µg.g-1 ) (PBAS: Co = 0,04 µg.g-1 ); 
− Co - (P2 , Rainy Season = 0,9 ± 0,2 µg.g-1 ) (PBAS: Co = 0,04 µg.g-1 ); 
− Cr - (P2, Dry Season = 8,0 ± 0,5 µg.g-1 )  (PBAS: Cr = 0,18 µg.g-1 ); 
− Cr - (P2, Rainy Season = 6,0 ± 0,5 µg.g-1 ) (PBAS: Cr = 0,18 µg.g-1 ); 
− Fe - (P2, Dry Season = 127 ± 17 µg.g-1 ) (PBAS: Fe = 18 µg.g-1 ); 
− Fe - (P2, Rainy Season = 49 ± 7 µg.g-1 ) (PBAS: Fe = 18 µg.g-1 ); 
− Zn - (P2, Dry Season = 96 ± 4 µg.g-1 ) (PBAS: Zn = 115 µg.g-1 ); 
− Zn - (P2, Rainy Season = 105 ± 5 µg.g-1) (PBAS: Zn = 115 µg.g-1). 
 
The results obtained by Rogowska et al. (2009) [19] in hair cattle washed, (Pelo Bovino 
Lavado - PBL) has been varied in µg.g-1: - As = 0.09 to 0.27; - Zn = 98 to 181. The 
comparative results are described below: 
− As - (P2, Dry Season = 0,10 ± 0,01 µg.g-1) ( PBL = 0,09 a 0,27 µg.g-1 ); 
− As - (P2, Rainy Season = 0,30 ± 0,02 µg.g-1)  ( PBL = 0,09 a 0,27 µg.g-1 ); 
− Zn - (P2, Dry Season = 96 ± 4 µg.g-1 (PBAS: Zn = 98 µg.g-1 ); 
− Zn - (P2, Rainy Season = 105 ± 5 µg.g-1 (PBAS: Zn = 98 µg.g-1). 
 
Cases of acute arsenic poisoning may occur in cattle after ingestion of toxic substance. 
Occurs anorexia, bloody diarrhea, ulcerations and erosions throughout the gastrointestinal 
tract, dehydration and weakness [20].  
 
For the elements Co, Cr and Fe compared with data from Armelin et al.(1998) [18], there was 
an increase of approximately 10 times for Co, 40 times for Cr and 70 times for Fe. These data 
can be correlated to a transfer of these metals for the cattle, due to the fact of being present in 
high concentrations in samples of surface waters, margin sediments and forage in P2 
(industrial area). 
 

3. CONCLUSIONS  
 
The results obtained in this study showed differences in metal concentrations between 
sampling points P1 (non-industrial area) and P2 (industrialized area) of BHRD in samples of 
surface waters, margin sediments, forage and the cattle hair, in two seasons climate: dry 
(Jun/2009) and rainy  (Feb/2010). 
 
It was observed that there were higher concentrations in P2, in the dry season and its 
following samples: - Al (sediment and forage) - Ce (water, sediment and forage) - Co 
(sediment and forage) - Cr (water , sediment and forage) - Fe (water, sediment and fodder) - 
Hg (sediment and fodder) - Mn (sediment and fodder) - Th (sediment and forage) - Ti 
(sediment) - V (sediment and forage) - Zn (sediment and forage). 
 
We also observed the same increase in P2, in the rainy season the following elements and 
their samples: - Al (water, sediment and forage) - Ce (sediment and forage) - Co (water, 
sediment and forage) - Cr (water, sediment andforage) - Cs (water, sediment and forage) - Eu 
(sediment) - Fe (sediment and forage) - La (water, sediment and forage) - Mn (water, 
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sediment and forage ) - Rb (sediment and forage) - Sc (sediment and forage) - Th (water, 
sediment and forage) - Ti (sediment) - V (sediment and forage) - Zn (sediment and forage). 
 
Increasing concentrations obtained at the collection point P2 may be related to the fact that 
this region of the Rio Doce, receiving waters of Piracicaba River in this amount, loads of 
industrial wastewater from large industries in the region of the Steel Valley, industries 
located in the municipality of Santana do Paraíso and also untreated domestic sewage of its 
tributaries. 
 
In samples of surface water concentrations the elements Al, As, Cr and Fe presented 
concentrations above maximum permissible values - VMP, water class 3 (MMA, 2010), and 
are also much higher compared with the Ordinance of the Ministry of Health n ° 518/2004 
(MS, 2010). 
 
For the sediment samples of the results of edge elements Cs, Eu, Sc and Rb, are within the 
normal limits in µg.g-1, when compared with the earth's crust: Cs = 5.2, Eu = 1.2, Sc = 15, 
Rb = 125. However, for the elements Ba, Ce, La, Ta, Th and U the results are above normal 
in µg.g-1: Ba = 636, Ce = 73, La = 32, Ta = 1.1, Th = 15 and U = 125. 
 
The results obtained in the forage samples when compared with data from toxicity limits - LT 
cited by the Brazilian Agricultural Research Corporation - EMBRAPA (EMBRAPA, 2008) 
[15], showed higher concentrations for the elements Co, Fe, K, Mn and Zn. In the meantime 
for the element values are below the limit Nutrition - LN cited by EMBRAPA, justifying the 
need for the addition of sodium chloride, NaCl, and food supplements in diets of cattle 
(EMBRAPA, 2008) [15].  
 
The elements As, Cs, Hg, Sc, Rb, Th and V detected in forage samples are not considered 
necessary to feed cattle. This presence are alarming for the cattle and is of concern due to the 
fact that neurological disorders can occur in cattle after ingestion of a toxic substance, 
occurring symptoms of anorexia, bloody diarrhea, ulcerations and erosions throughout the 
gastrointestinal tract, dehydration and weakness [20].  
 
For the cattle hair samples, the concentrations of Co, Cr and Fe when compared with data 
from Armelin et al. (1998) [18], are deeply troubling . These data can be correlated to a 
transfer of these metals for the cattle, due to the fact that they are present in high 
concentrations in waters, sediments and forage at the collection point P2.    
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