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Abstract

Several studies have been questioning and encouraging paradigms shift in ecotoxicology so it can better integrate ecological 
aspects. In tropical countries, like Brazil, it is still a developing issue. The present study aimed to evaluate the use of Aquatic 
Ecotoxicology in Brazil based on the following key issues: the criteria for test organism selection; the most used species, 
routes, types of exposures and endpoints, and; the importance given to multispecies and in situ tests. A total of 227 publications 
authored by Brazilian researchers were analyzed and it was observed that among the reasons for test organism selection, 
its origin (native species) was the most used. However, 48% of the reviewed studies did not report the reasons for species 
selection. Among the most used species are respectively: Daphnia magna, Daphnia similis, and Danio rerio. In situ assays, 
as well as multispecies test, represented less than 5% of all publications. Acute laboratory toxicity tests, using water as route 
of exposure evaluating mortality as endpoint were the most frequent tests. The present work identified that (i) the majority of 
assays used standardized tests with exotic species; (ii) few in situ methods were developed; (iii) few studies used sediment as 
route of exposure, and (iv) few methods were developed at higher levels of biological organization. Thus, the results of this 
work suggest that there is a need for more ecologically relevant tests, such as multispecies and in situ tests in Brazil.
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Questões-chave na Ecotoxicologia Aquática no Brasil: Uma Revisão Crítica

Resumo

Diversos trabalhos vêm questionando e incentivando mudanças nos paradigmas na ecotoxicologia, para que essa possa melhor 
integrar aspectos ecológicos. Em paises tropicais como o Brasil, esta ainda é uma questão em desenvolvimento. O presente 
estudo teve como objetivo avaliar o uso da Ecotoxicologia Aquática no Brasil baseado nas seguintes questões chaves: o critério 
utilizado para a escolha do organismo teste; as espécies, rotas, tipos de exposição, e endpoints mais utilizados, e; a importância 
dada a testes in situ e testes com mais de uma espécie. Um total de 227 publicações de autoria de pesquisadores brasileiros 
foi analisado e observou-se que entre os motivos para a escolha do organismo teste, a sua origem (espécie nativa) foi o mais 
utilizado. No entanto, 48% dos trabalhos revisados não apontaram os motivos para a escolha da espécie. Entre as espécies 
mais freqüentes, estão respectivamente: Daphnia magna, Daphnia similis, e Danio rerio. Ensaios in situ, assim como testes 
com mais de uma espécie, representaram menos de 5% das publicações. Ensaios agudos realizados em laboratório, utilizando 
água como rota de exposição e mortalidade como endpoint foram os testes mais freqüentes. O presente estudo identificou 
que (i) a maioria dos ensaios utilizou testes padronizados com espécies exóticas; (ii) poucos métodos foram desenvolvidos 
in situ; (iii) poucos trabalhos utilizaram sedimento como rota de exposição, e (iv) poucos métodos foram desenvolvidos em 
níveis superiores de organização biológica. Neste sentido, os resultados deste trabalho apontam para a necessidade de testes 
ecologicamente mais relevantes no Brasil, como testes in situ e com mais de uma espécie. 
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INTRODUCTION

Ecotoxicology is a science that integrates approaches of 
ecology and toxicology in order to evaluate and predict the 
effects of contaminants in biological systems, and Aquatic 
Ecotoxicology is a branch of science that studies those effects 
in aquatic ecosystems (Moiseenko, 2008). Contaminants can 
affect organisms in different levels of biological organization, 
i.e. biochemical, physiological, individual, population, 
communities and ecosystems (Newman & Clements, 2008). 
Although the ultimate level of concern may be in higher levels 
of biological organization (Maltby, 1999), nowadays the field 
of ecotoxicology still seems to go in opposite direction with 
emphasis on individual effects and physiologic case studies 
(Emlen & Springman, 2007).

Althought the field of ecotoxicology has progressed 
substantially (Cairns, 2005), several studies have been 
questioning and encouraging paradigms (sensu Kuhn, 1970) 
shift in ecotoxicology so it can better integrate ecological 
aspects (e.g. Cairns, 1992; Chapman; 1998; Chapman, 2002; 
Relyea & Hoverman, 2006; Baird et al., 2007). This discussion 
have been addressing key issues such as the relevance of the 
species, routes of exposure and test selection (Chapman, 
1995a; Chapman, 2002), the limitations of single species tests 
and the importance of more ecological relevant tests (Cairns, 
1984; Clements & Kiffney, 1994; Clements, 2000), and; 
the extrapolation of responses at lower levels of biological 
organization to higher levels (Calow, 1994; Chapman, 
1995a). However, ecotoxicology is still more involved with 
toxicology than with ecology (Calow & Forbes, 2003). Thus, 
the development of integrated approaches of those two sciences 
is still a challenging task (Schmitt-Jansen et al., 2008). 

The challenges in the field of ecotoxicology are even 
greater in tropical countries, since most of these countries are 
developing nations, with relatively scarce financial resources 
and lack of infrastructure for advanced pollution control 
(Kwok et al., 2007). Furthermore, despite having substantially 
higher biodiversity, it is well know that tropic ecosystems are 
less studied than temperate ecosystems (Lacher & Goldstein, 
1997). Among tropical countries, Brazil stands with the larger 
territory, covering eight million km2, and jurisdiction over 
3,5 million km2 of coastal waters, beside having the largest 
river system in the world (Brandon et al., 2005). In Brazil, 
ecotoxicology is still underexplored, but it is a developing 
area (Magalhães & Ferrão-Filho, 2008).

Given the importance to paradigms shift in ecotoxicology, 
its development in scientific community and its urgency in 
tropical countries, this review aims to evaluate the use of 
ecotoxicology in Brazil, based on the following questions: 
(i) what are the main reasons for organism test selection in 
Brazil?; (ii) what are the most used species in Brazil?; (iii) 
what importance is given to multispecies and in situ assays?; 
(iv) which is the most used route of exposure?; (v) which is 
the most used endpoint?; (vi) which is the most used type 
of exposure?; and (vii) what are the main objectives of 
ecotoxicological studies  in Brazil?

MATERIAL AND METHODS 

 The bibliographic survey has been conducted from august 
to october of 2009 through the research platforms Web of 
Knowledge, Science Direct and SCIELO, and through the 
specific journals Environmental Toxicology and Chemistry and 
Journal of the Brazilian Society of Ecotoxicology databases. 
The key words used on the cross-search were: Acute, 
Bay, Bioassay, Benthic, Brazil, Contamination, Chronic, 
Ecological risk assessment, Environmental risk assessment, 
Ecotoxicological, Ecotoxicology, Estuarine, Estuary, Marine, 
Microcosms, Mesocosms, Sediment, Toxicity, Test, Water, 
Pollution, Endpoint, Effects and Pore water. Only papers 
published between 1980 and 2009 were selected.

The criteria for nationality of the papers were based on 
first author’s affiliations, or most of the author’s affiliations. 
The questions raised in this study had focus on the use of 
bioassay, thus, studies that had collect organisms in the field for 
biomarkers or bioaccumulation evaluation were not included. 

Afterwards, all the papers were analyzed and a table was 
filed with all the information required to answers the questions. 
The first author affiliation was considered to evaluate where 
the study was made. Regarding the type of exposure of the 
test, the papers were classified as acute, subchronic, chronic, 
or combined exposure (e.g. acute and chronic). Thus, if one 
study, for example, has done four acute and two chronic 
assays, it has been classified as acute and chronic test. Studies 
that have informed the criteria for species selection based on 
characteristics of large taxonomical groups (e.g. fish) or life 
stages (e.g. larval) were here considered too general and were 
not accounted. However, only studies that informed the criteria 
based on characteristics of genus or species were considered.

Regarding endpoints, multiple enzyme activities were 
considered as one endpoint (i.e. enzymatic activity), as well 
as hematological parameters; metabolic parameters (e.g. 
glycogen, metallothionein); histopathological lesions (e.g. 
liver, kidney and gill); genotoxicity (e.g. DNA damage and 
micronucleus); and growth (e.g. height and weight). Mortality 
and survivor were considered the same endpoint, where the 
different approaches (LC50, LT50, NOEC) were counted. As 
some authors defined mortality and immobilization as the same 
endpoint for cladocerans, it was standardized as mortality. All 
endpoints were considered regard to the number of species 
used. Thus, if a study used two species and mortality (LC50) as 
endpoint it was counted as two endpoints. The evaluation of 
responses across different levels of biological organization was 
based on model proposed by Clements & Newman (2002).

The following categories were considered based on the 
objectives of the papers: (1) Species test, studies which aimed 
to evaluate the use of one or more species, or different life 
stages, in ecotoxicological tests; (2) Substance test, those 
studies that evaluated the sensitivity of organisms to one or 
more substances (e.g. pesticides, herbicides, metals) and/or 
synergetic effects between these; (3) Effluent test, studies 
that evaluated the toxicity of an effluent or the efficiency of 
a treatment process; (4) Endpoint test, evaluated the use of a 
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specific endpoint or biomarker in an organism previously used 
in ecotoxicological tests; (5) Environmental assessment tests, 
evaluated the degree of pollution or degradation of a given 
area; (6) Methodological test,  aimed to test hypotheses about 
the suitability of a test; and (7) Review. Categories are not 
mutually exclusive, so depending on paper’s purpose, it can 
be included in more than one category. Camargo & Martinez 
(2006), for example, investigated the suitability of an in situ test 
with Prochilodus lineatus (Methodological test) and evaluated 
from a set of biomarkers which could work as a sensitive tool 
(Endpoint test) for the assessment of environmental quality of 
Cambé stream (Environmental assessment test).

RESULTS

A total of 227 publications were analyzed between years 
1981 and 2009, where nine of these works were reviews. All 
references and list of species described in the present work 
can be made available if requested. The southeast and south of 
Brazil had the majority of publications, about 85%, with 109 
and 85 papers, respectively. Among states, São Paulo stood 
out with 39.9% of all publications.   

Among ecotoxicological tests, 95.5% were performed in 
the laboratory, 2.7% in situ, and 1.8% were performed both 
in situ and in laboratory. Of these tests, 55.9% were acute, 
21% chronic, 3.6% subchronic and 19.5% integrated tests (i.e. 
16.3% + 2.7% + 0.5%) (Fig. 1A). Regarding the number of 
species, 97.3% (71.8% + 16.9% + 4.5% + 4.1 %) of the studies 
used singlespecies tests, among which, 25.5% of these tests 
used more than one species, but in separate assays (Fig. 1B). 
Only 2.7% represented multispecies tests (e.g. microcosms 
and manipulative in situ tests).   

In this study, 83.4% of the analyzed studies used water 
as route of exposure, 6.9% used whole sediment, 2.3% used 
extracts of the sediment (i.e. porewater or elutriate) and 7.3% 
used more than one route (Fig. 1C). 

Regarding the species, 74.5% used freshwater species, 7.3% 
estuarine species, 9.1% estuarine/marine species and 9.1% 
marine species.  Fishes were the most used group of organisms 
(29.2%) followed by cladocerans (22.1%) and bacteria (8.3%) 
(Fig. 2A). However, from the four most used species, three 
were cladocerans (Fig. 2B). The species Rhamdia quelen and 
Tiburonella viscana were used in nine papers each, being tied 
in ninth in the ranking of the most used species. The species 
Crassostrea rhizophorae, Lytechinus variegatus, and Vibrio 
fischeri were used in eight papers each. 

In the present work, 48% of all publications did not 
inform the species selection criteria. Among the used reasons 
for species selection, the argument about its origin (native 
species) was the most used (21.8%) followed by laboratorial 
issues (15.3%) such as collection, maintenance, and cost of 
the test (Fig. 3A). Although “native species” was the main 
mentioned criteria, 47.4% of the studies did not report whether 
the species is native or not. 

Regarding the endpoints, mortality was the most used 
(31.3%), followed by enzymatic activity (12.3%) (Fig. 3B). 

Figure 1 - Number of papers published based on (A) type of exposure, (B) 
used number of species and (C) routes of exposure.

Figure 2 - Number of papers published with the most frequent (A) major 
taxonomic groups and (B) species.
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As for mortality, LC50 (i.e. contaminant lethal concentration 
for 50% of test organisms in a given time) was the most used 
approach representing 94 assays.  

ecotoxicology of a more simplistic approach, which can be 
defined as environmental toxicology.

The present work results highlighted the low importance 
given to the reasons for species selection, in which only 52% 
of all publications made their reasons clear. This information 
should be present and clear in the paper, not only for the reader 
but especially for the author. The researcher should keep in 
focus what are the questions and the purposes of the work, as 
well as the limitations of the test, so the organism selection 
can allow a better understanding and interpretation of the 
results (Connel et al, 1999). In the case of a test which has 
the goal of evaluate the impacts of some contaminant present 
in sediment in the benthic community or assess the ecological 
risk of a pesticide in a fish of great economic value, certainly, 
the reasons that lead to species selection should be different. 
Thus, the choice of the test organism has great influence on the 
relevance, success, and interpretation of the test (Macdonald 
& Ingersoll, 2003).

 “Native species” was the most used criteria for species 
selection. However, 48% of all publications did not mention 
the reasons for species selection, thus it can have hidden 
the real reasons that lead the Brazilian researcher to species 
selection. Factors such as cost and laboratory conditions seem 
to be more involved in such choice. An indication of this is 
that more than half of all works has not indicated whether the 
species is native or not, and four between five of the most used 
species are exotic (Fig. 4B).

Notably, low concern has been given to the chosen species 
sensitivity (Fig. 3A). Different species at the same environment 
can show different sensibility to specific toxic substances, so that 
while some species may have effects over survivor, others may 
have no observed effects (Fleeger et al., 2003). Consequently, 

Figure 4 - Number of papers published based on (A) responses across 
different levels of biological organization and (B) objectives of the work. 

Figure 3 - Number of papers published based on (A) species selection 
criteria and (B) endpoints.

Responses at organism level of biological organization 
were the most used with 43.5% (Fig. 4A). Studies that 
presented integrated responses between more than one level 
of biological organization, e.g. biochemical/physiological and 
organism, represented 23%.  

Among the categories based on the focus and objective 
of the work, substance tests was the most common (38.9%), 
followed by environmental assessment (25.2%) and effluent 
tests (10.3%) (Fig. 4B). Among the tested substances, metals 
were the most tested with a total of 31 studies, followed by 
pesticides (19 studies) and herbicides (16 studies).

DISCUSSION 

What are the main reasons for organism test selection in 
Brazil?

Many authors suggests that test organism selection 
is primary related to laboratory issues, such as culturing 
facilities and cost of testing (e.g. Pontasch et al., 1989; 
Chapman, 1995a), although there seems to be a consensus 
that for greater ecological relevance the species should be 
native; sensitive to the contaminant; be important in the 
food chain and/or be keystone species in the ecosystem (e.g. 
Chapman, 2002; Baird et al., 2007). According to Chapman 
(2002), this is one of the key issues that differentiate 
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depending on the species, if it is not sufficiently sensible to the 
contaminant, it can lead to false results about the bioavailability 
of the contaminant, i.e. not measure the real effect of toxicity in 
the environment (McPherson & Chapman, 2000).

It is important to recognize that there is a trade-off 
between these reasons that enhance or not the relevance of 
the test (Breitholtz et al., 2006). Therefore, we must have in 
mind what we want to protect and what need to be tested in 
ecotoxicological tests (Calow, 1998). 

What are the most used species in ecotoxicological tests in 
Brazil?

There are significant advantages in the use of species which 
have standards methods developed, as simplified logistics, high 
replicability of data, and important features for regulatory goals 
(Landis & Yu, 2003). Ecotoxicological tests that are used for 
regulatory and legal control of substances such as pesticides for 
example, might show the same results in different laboratories 
and at different times (Soares & Calow, 1993). However, the 
number of standard tests in Brazil is limited, and few species 
used in these tests are native (Dutra et al., 2008).

Although the reason “species used in standard tests” has 
not been the most used, seven of the nine most used species 
have their standards tests developed (ABNT, 2004; ABNT, 
2005a; ABNT, 2005b; ISO, 2005; ABNT, 2009). In addiction, 
the four most commonly used species are exotic. These results 
are even more important when considered with the main goals 
of the works here reviewed.  Due to shortage of data on the 
sensitivity of Brazilian species these works should focus 
mostly on native species, or to establish the difference in 
sensitivity between species, since native tropical species may 
have different sensibility when compared with exotic species 
(Lopes et al., 2007; Kwok et al., 2007).

In this sense, in environmental assessment studies, if the 
goal is more than an initial screening, native species should be 
used (Chapman, 2002). Furthermore, the use of standardized 
tests must also have an appropriate experimental design. 
Freshwater organisms, for example, should not be exposed to 
brackish conditions, as these species are not adapted to this 
condition (e.g. Lattuada et al., 2009).

Some results found on the present study were similar to 
the European Centre of Ecotoxicology and Toxicology of 
Chemicals database (ECETOC, 2003), which evaluated the 
data of 5,460 studies on substance’s toxicity between years 
1970 and 2000. In this database 76% of the species were 
freshwater species. Moreover, fishes were also the most 
used group with over 50%, while daphnids were used in just 
over 10%. Comparing the results, it is evident that there is 
a tendency of ecotoxicology worldwide and not only just a 
limitation in Brazil.

What importance is given to multispecies and in situ 
assays?

Laboratorial singlespecies tests are relatively fast, easy 
and inexpensive to be conduct, and have protocols that 

facilitate validation and interpretation of test results (Calow & 
Forbes, 2003). However, some authors argue that (i) laboratory 
singlespecies tests have low ecological relevance (e.g. Clements, 
2000); (ii) these tests are not the most accurate to predict 
responses at higher levels of biological organization, since they 
do not consider interspecific interactions such as predation and 
competition (Clements & Newman, 2002), and (iii) are usually 
conducted with exotic species and exposed to physicochemical 
conditions that lack similarity with natural world (Pontasch et 
al., 1989). In this sense, more accurate tests are needed to avoid 
the cost of false negative (overprotective) or false positive 
results (underprotective) (Pontasch & Cairns, 1991).

Important recent developments in ecotoxicology such as the 
use of microcosms, mesocosms and in situ experiments have 
improved the ability to predict the effects of contaminants at 
higher levels of biological organization (Clements & Kiffney, 
1994). However, in the present study, it was observed a limited 
number of in situ and multispecies approaches.

Concerning multispecies tests, two studies focused on 
testing bacterial community using different approaches. 
Crapez et al. (2000) evaluated the effects of benzoic acid, 
toluene, benzene, and xylene on the biomass of bacterial 
community through protein dosage. Oliveira et al. (2007) 
evaluated the treatment efficiency of an industrial effluent 
through the assessment of organic matter reduction, using a 
respirometry test with the bacterial community.

Regarding multispecies assays, only one publication 
utilized microcosm, despite there are several methods described 
in the literature (e.g. Austen & Somerfield, 1997; Clément et 
al., 2004). Resgalla et al. (2007) used both laboratory and in 
situ microcosms tests to evaluate the effects of an herbicide 
in the plankton communities. In the latter study they found 
that the phytoplankton community is more susceptible to the 
effects of the herbicide in both assays. Lopes et al. (2007) 
also used in situ microcosms to simulate the effect of a runoff 
event in an agricultural area after using a pesticide, however, 
using a single species assay with the tropical cladoceran 
Diaphanosoma brachyurum.

In situ works were not representative, although they have 
shown great potential. The utilization of cages and chambers 
were the most used approaches including different organisms, 
such as cladocerans (Lopes et al., 2007), shrimps (Lüchmann 
et al., 2007), insects (Dornfeld et al., 2006) and fishes (Araújo 
et al., 2006; Camargo & Martinez; 2006; Becker et al., 2009). 
For instance, Corrêa et al. (2009) used calcium alginate to 
immobilize the microalgae Pseudokirchneriella subcapitada, 
allowing the use of microalgae at in situ assays. Being 
relatively low cost methodologies, these can be easily used 
combined with laboratory tests.

Another used approach for in situ assays was the utilization 
of manipulative tests evaluating the succession of encrusting 
benthic community in polluted and unpolluted sites. This 
approach takes into account that colonization will differ 
between those sites reflecting on the community structure (i.e. 
richness, abundance and diversity) (Clements & Newman, 
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2002). Breves-Ramos et al. (2005) evaluated the succession 
of intertidal benthic community, where transects were scraped 
and then monitored. Another methodology was the transplant 
of wooden boards colonized in polluted and unpolluted sites 
(Mayer-Pinto & Junqueira, 2003). These tests can provide 
important information about the effects of pollutants in 
community’s structure, therefore, in situ manipulative tests 
must be well designed to reduce the effects of confounding 
variables that may affect the results and interpretation of 
the test, such as temperature, salinity, dissolved oxygen and 
seasonality (Liber et al., 2007). Colonization assays may also 
use sediment as substrate (e.g. Watzin et al., 1994; Roach et al, 
2001), what can increase the test relevance, since most of the 
contaminants usually accumulate in the sediment (Chapman 
et al., 1999).

Which is the most used route of exposure?

There are three major routes that contaminants can entry 
into organism: dermal exposure, ingestion and inhalation 
(Clements & Newman, 2008). These routes can be linked 
directly to where an organisms lives and how it lives (Chapman, 
1995a). Benthic organisms burrowing and feeding behavior, 
for example, varies greatly, so importance of dissolved and 
particulate metal exposure routes also varies (Simpson & 
Batley, 2007). The ingestion of contaminated sediment, for 
example, is an important route and often the dominant uptake 
pathway for deposit-feeding invertebrates (Forbes et al., 1998) 
and benthic fishes (Newman & Clements, 2008). However, 
sediment-water interface provides a more realistic exposure 
to epibenthic organisms (Maranhão et al., 2009). Thus, the 
choice of the test organism must be linked directly to the route 
of exposure (Chapman, 1995a).

Carvalho et al., (2006) by exposing two species of 
fishes, Oreochromis niloticus and Danio rerio, to mercury 
contaminated sediments in laboratory observed that only the 
first species bioaccumulated mercury and that was related to 
the fish behavior of stirring up the sediment and increasing 
the possibility of absorption of mercury. Researchers also 
must be aware of possible routes that could difficult the 
interpretation of the results. Studies in situ, for example, 
expose test organisms to natural conditions. According to this, 
test organisms exposed in cages might be exposed to more 
than one route of exposure, e.g. water and sediment, what may 
difficult the interpretation about the quality of just one of these 
routes (e.g. Camargo & Martinez, 2006).

Initially, ecotoxicological tests utilized water as the main 
route of exposure (McLusky & Elliot, 2004), therefore, it is 
known that water is not the main route for all organisms and 
substances. It is well recognized that sediment can serve both 
as sink and source of contaminants (Chapman et al., 1999), 
causing effects over the whole ecosystem, including pelagic 
organisms that lives on the water column (Clément et al., 
2004). Besides, sediments also provide habitat, feeding and 
rearing areas for aquatic biota (Chapman, 1989; Baudo et al., 
1999). Even thought, in the present work water was still the 

most used route of exposure with more than 80% of the total. 
This result may be linked to the fact that most of the studies 
assessed the species sensitivity to substances added to water 
in laboratory.

Which is the most used endpoint?

Endpoints can be included in two broad categories: 
assessment and measured endpoints. Assessment endpoints 
can be defined as an explicit expression of the environmental 
to be protected, operationally defined by an ecological entity 
and some attributes (e.g. a community, such as benthic 
community or an ecosystem, like an estuary) (USEPA, 1998).  
Assessment endpoints may not be always measured directly, 
thought. In this sense, certain components of the ecosystem 
are measured (i.e. measured endpoints) to provide reasonable 
indications of the whole (Chapman, 1998).

Choosing the appropriated endpoint is of extremely 
importance for the ecological relevance of the test (Burton et 
al., 2002). Like species, measured endpoints should not be 
chosen simply because there are protocols already available 
(Norton et al., 2002), but based on how well they represent the 
assessment endpoint (Landis et al., 1994). However, the link 
between measured and assessment endpoint is often unclear 
(Chapman, 2008).

Responses to pollution can occur at different levels of 
biological organization such as cellular, organism, population 
and community, thus the effects of pollution can also be 
measured at these different levels (Newman & Clements, 
2008). In this study it was found that there is an emphasis 
on responses at lower levels of biological organization (Fig. 
4A). Responses at biochemical and physiological levels are 
recognized as more replicable (Lam & Gray, 2001), can act as 
an early warning and provide information about how toxicity 
affect organisms (Clements & Newman, 2002).  However, 
responses at these levels are often part of homeostatic 
responses that by definition, do not translate into population 
and community responses.  Therefore, these responses may 
not be useful when considered as synonyms or when replaced 
by primary effects (Chapman, 1995b).

There is no better or correct level of biological organization 
to study the effects of pollution (Maltby, 1999). So, what 
should not be done is to measure properties at any level of 
biological organization without any good ecological reason 
(Calow, 1994). A sensible strategy would be to use responses at 
different levels, e.g. physiological, organism and community, 
since this measures serve different proposes (Underwood & 
Peterson, 1988; Maltby, 1999; Clements & Newman, 2002). 
However, so far there were few Brazilian studies that used 
integrated responses and these studies were at lower levels of 
biological organization (Fig. 4A).

Which is the most used type of exposure?

The results regarding the duration of the test are similar 
to those reported by ECETOC (2003), where 67% were acute 
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tests, 13% subchronic and 20% chronic. Therefore, it can be 
inferred that it does not happen only in Brazil and perhaps 
may be a tendency in ecotoxicology around the world.

Most Brazilian studies had focused on acute effects, 
regardless the fact that contamination in aquatic ecosystem 
by metal and pesticides (most tested and related substances 
to environmental degradation in these studies) assumes the 
character of chronic and not acute pollution (Rodgher et 
al., 2008; Relyea, 2009). Although acute bioassays provide 
useful information, they may not be representative of typical 
environmental exposure, i.e. low concentrations over extended 
periods (Emery et al., 1997). Thus, chronic tests involving 
longer periods of exposure may have greater similarity with 
the environmental and greater ecological relevance than acute 
tests of short duration (McGee et al., 2004).

What are the main objectives of ecotoxicological studies in 
Brazil?

Evaluate the sensitivity of species to substances such 
as metals, pesticides, and herbicides was the main goal of 
ecotoxicological studies in Brazil. However, it is important 
to notice that it is nearly impossible to test all emerging 
substances (Chapman, 2006) or the sensitivity of all organisms 
(Cairns, 1992), besides, communities of organisms in nature 
are exposed to a mixture of contaminants (Relyea, 2009). In 
addition, the same substance may also be tested by the same 
organism, but using different endpoints (e.g. Glusczak et al., 
2007; Kreutz et al., 2008). Thus, the fact that a substance has 
never been tested in determined species may not be a relevant 
reason for the execution of a work (Chapman & Guerra, 2005).  
Researchers must evaluate ethically the relevance of costs, i.e. 
money and time, for conducting these studies.

For environmental assessment, it is important to notice the 
low number of works using integrated approaches and/or in situ 
assays. Integrated approaches are needed for better decision-
making and also to the establishment of public policies (Cesar 
et al., 2009). Multivariate analysis allows the integration of data 
of different natures, such as chemical analysis, toxicological 
assays and in situ analysis (e.g. sediment quality triad; Chapman, 
1986) allowing a deeper and more robust interpretation of data 
(Choueri et al., 2009). However, few ecotoxicological studies 
had used integrated approaches.

Integrate responses at different levels of biological 
organization is also essential for greater relevance of the 
test (Clements & Newman, 2002). Besides, the utilization 
of native species, chronic tests and of sediment as route of 
exposure are needed to improve our capacity to predict the 
effects of pollutants in aquatic ecosystems. Works evaluating 
the difference in sensitivity between exotic and native 
species, and developing in situ and tests at higher levels of 
biological organization methodologies are crucial and should 
be developed.

Effluent assays represented about 10% of all publications, 
which mostly used standard tests. The rationale of using 

standard toxicological tests for regulatory goals is in 
enhancing reproducibility and replicability (Møller et al., 
1994). CONAMA’s resolution 357/05 article 34, paragraph 
2, establish that sewages discharge should be regulated based 
on standardized ecotoxicological tests. However, scientific 
studies should not be limited to standard tests using exotic 
species where differences in sensitivity must be established 
and new methodologies developed for the implementation of 
public policies. 

Species to be tested should be chosen primarily based 
on ecological issues (Chapman, 1995a; Chapman, 2002). 
Ecological community studies can provide important 
information for the identification of ecological relationships 
and key species in the environment. Moreover, the results 
should not be limited to biomarkers and should also be 
established at populations and community levels.

CONCLUSIONS 

In the present work, it was possible to note the lack of 
importance given to the organism test selection in Brazil, 
despite the choice of the organism test be a determining factor 
for the relevance of the test. Thus, if the test is more than an 
initial screening, the criteria for species selection should be 
based primarily on ecological issues, and must be present and 
clear on the text.

Not only in Brazil but possibly in most developing tropical 
countries, laboratory issues such as cost and maintenance of 
the test, seems to be determining factors for species and type of  
exposure selection. The consequences are that: (i) the majority 
of assays used standardized tests with exotic species; ii) few in 
situ methods were developed; (iii) few studies used sediment 
as route of exposure, and ((iv) few methods were developed 
at higher levels of biological organization, i.e. population and 
community. In this sense, the results of this work suggests that 
that there is a need for developing integrated approaches, such 
as sediment quality triad and tiered approach. Furthermore, it 
is urgent the developing of in situ and multispecies assays in 
Brazil.

Some of the results in this review are similar to the European 
Centre of Ecotoxicology and Toxicology of Chemical (2003) 
database, as most of the tests were acute, used freshwater species, 
and fishes as the main group of organisms. It shows that these 
results may be due to a worldwide trend in ecotoxicology and 
not just a limitation of Brazil. However, it doesn’t mean that 
reevaluating this issue is not necessary. Chronic tests usually are 
more representative of the exposure find in the environmental, 
i.e. low concentrations for extended periods, and should also be 
performed in addition to acute assays.

In this sense, ecotoxicology in Brazil seems to be 
more involved with environmental toxicology than with 
ecotoxicology it self. Thus, the scientific community must be 
alert to paradigms shifts in the field of ecotoxicology so proper 
conservation and remediation studies can be implemented for 
the preservation of aquatic ecosystems.
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