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Trace elements in a tropical coastal lagoon in Brazil receiving effluents  

from iron-ore mining and processing  

Integrated field studies on environmental levels, bioavailability,  

biological exposure, and effects 

 

 

SUMMARY 

 

Iron-ore is the source of primary iron for the world's iron and steel industries. Almost 

all (98%) iron-ore is used in steelmaking. Australia and Brazil together dominate the world's 

iron-ore production, while China is the world’s largest iron-ore consumer. In Brazil, iron-ore 

mining is mainly located in the southeast. The area is also scattered with gold occurrence. In 

the past, artisanal small scale gold mining activities were frequent in this area. 

This study deals with activities of the iron-ore mining, concentration plant, and 

pelletizing plant operated by Samarco Mineração S/A. A pipeline (396 km long), transports 

the ore from the mining and concentration site (mixed with water) to the pelletizing plant at 

the coast. In this plant, the ore is separated from the water and the effluent goes to an artificial 

lake (North Dam). Periodically, this artificial lake overflows into Mãe-Bá coastal lagoon.  

The main objective of the work presented in this thesis was to investigate possible 

impacts of iron-ore mining and processing activities on local environmental levels of trace 

elements and possible consequences thereof for fish species of Mãe-Bá Lagoon, using a 

multidisciplinary approach. For comparisons we selected similar lagoons in the vicinity and 

not directly influenced by the iron-ore processing activities. Based on a series of field studies, 

the possible influence of iron-ore mining and processing activities on the release of metals 

and trace elements (Fe, Mn, Al, Zn, Cu, Cr, Ni, Pb, Cd, As, and Hg), speciation, and 

bioavailability was examined in different aquatic systems (rivers and coastal lagoons) 

(Chapter two). Furthermore, trace element levels were measured in invertebrates and fish to 

assess potential trace element bioaccumulation and trophic transfer, as well as potential risks 

to human health due to consumption of fish (Chapters two and three). Moreover, possible 

changes in biochemical markers of exposure and effects of trace elements were investigated 

in fish species from the coastal lagoons (Chapters four and five).  

The main findings of the studies presented in this thesis are: 



 
 

 

 

a) The mining and processing operations constitute a potential source of Fe, Mn, Cr, 

Cu, Ni, Pb, As and Hg to the Mãe-Bá coastal lagoon, based on dissolved trace element 

concentrations, total trace element levels in sediments, and geochemical normalization of 

trace elements with fine sediment fractions (Chapter two). However, because of indication of 

reduced bioavailability in the mining and processing sites, as well as because of generally 

similar trace elements levels in water and sediments from Mãe-Bá Lagoon and from nearby 

lagoons, there is an indication that the periodical discharges from North Dam reservoir have a 

limited influence on trace element exposure levels at Mãe-Bá Lagoon (Chapter two).   

b) The water chemistry of Mãe-Bá Lagoon is different from the nearby lagoons, 

which is the reason for a lower predicted trace element bioavailability (Chapter two). This is 

in line with higher trace element concentrations found in invertebrates and fish from the 

nearby lagoons as compared to Mãe-Bá Lagoon (Chapters two, three, and four). This is also 

in line with oxidative stress responses, since higher lipid peroxidation was recorded in one 

fish species from the nearby lagoons as compared to Mãe-Bá Lagoon (Chapter four). 

c) Studies on trace elemental accumulation in sediments, invertebrates and fish using 

stable isotopes (δ
13

C and δ
15

N) for trophic level characterisation revealed a significant 

negative association between trophic level (given by δ
15

N) and trace element concentrations 

in invertebrates and fish, confirming the absence of biomagnification at Mãe-Bá Lagoon 

(Chapter three). 

d) Information on trace element concentrations in fish tissue revealed higher levels in 

liver compared to muscle and gill. Based on national and international standards for human 

consumption, fish muscle of all species studied from Mãe-Bá Lagoon is suitable for human 

consumption (Chapter three).  

e) No straight forward associations were found between the levels of hepatic trace 

elements in the fish species and biomarkers for oxidative stress, such as lipid peroxidation 

(malondialdehyde) and antioxidant status parameters (catalase, superoxide dismutase, and 

glutathione S-transferase). This was, at least, partly due to large inter-individual variation in 

read-outs for the oxidative stress parameters in the various fish species investigated (Chapter 

four).  

f) Investigations on possible effects of hepatic Fe levels on the levels of antioxidant 

vitamin A in the fish species studied showed interesting species-specific profiles of vitamin A 

derivatives. However, there was no evidence for a cause-effect linkage between exposure to 

iron-ore mining and processing effluents and effects on hepatic retinoid metabolism (Chapter 

five).  



 
 

 

 

The overall conclusion from the data described in this thesis, based on a limited 

number of individuals studied per species, is that the data do not support the presence of 

adverse effects on health and condition of fish species due to exposure to trace elements in 

the lagoon directly influenced by periodical discharges from iron-ore mining and processing 

activities (Mãe-Bá Lagoon).  

 

CONCLUDING REMARKS 

 

This study was performed to investigate the possible impact of iron-ore mining and 

processing activities at the study site on aqueous environmental trace element levels and 

possible adverse impact on health and condition of fish species from the lagoon directly 

influenced by the mining and processing operations (Mãe-Bá Lagoon). 

For this purpose a multidisciplinary approach was followed, including several field 

studies, to investigate: 

a) Environmental trace element levels in water, sediments, invertebrates, and fish 

species. 

b) Trace element bioavailability, bioaccumulation, and trophic transfer between 

invertebrates and fish;  

c) Trace element levels in fish tissues as well as their possible associations with 

biomarkers of exposure and effects (oxidative stress and antioxidant parameters).  

Overall it can be concluded that the multidisciplinary approach taken was very useful 

in evaluating the possible impacts of iron-ore mining and processing activities on 

environmental levels of trace elements and their possible effects on biomarkers of exposure 

and effect in fish species from nearby tropical coastal lagoons.  

The interpretation of the overall study results is that, at present, there is no evidence 

for adverse effects on health and condition of the fish species studied in relation to trace 

elemental exposure in Mãe-Bá Lagoon. However, it should be noted that the interpretation of 

the results are hampered by the relatively large species-specific variations in biomarkers of 

exposure and effects on the one hand and the relatively low number of individuals per species 

caught and studied on the other hand. 

Possible further studies should include a higher number of individuals per species and 

include measures to further reduce or control inter-individual variation in parameters tested in 

order increase the statistical power and thus to allow for a more definite conclusion on 



 
 

 

 

possible adverse environmental impacts from iron-ore mining and processing on the study 

site. 

For continuous monitoring of the potential environmental impact of iron-ore mining 

at the study site and other similar locations, it is recommended to monitor environmental 

levels of trace elements simultaneously with water quality characteristics, as well as 

investigating the trends in fish tissue levels of trace elements. 


