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ABSTRACT

Latin America is anticipated to be a major growth market for agriculture and production is increasing with use of
technologies such as pesticides. Reports of contamination of aquatic ecosystems by pesticides in Latin America have raised
concerns about potential for adverse ecological effects. In the registration process of pesticides, all countries require
significant data packages on aquatic toxicology and environmental fate. However, there are usually no specific requirements
to conduct an aquatic risk assessment. To address this issue, the Society of Environmental Toxicology and Chemistry organized
aworkshop that brought together scientists from academia, government, and industry to review and elaborate on aquatic risk
assessment frameworks that can be implemented into regulation of pesticides in Latin America. The workshop concluded that
the international framework for risk assessments (protection goals, effects, and exposure assessments, risk characterization,
and risk mitigation) is broadly applicable in Latin America but needs further refinement for the use in the region. Some of the
challenges associated with these refinements are discussed in the article. It was recognized that there is potential for data
sharing both within and outside of the region where conditions are similar. However, there is a need for research to compare
local species and environmental conditions to those in other jurisdictions to be able to evaluate the applicability of data used in
other countries. Development should also focus on human resources as there is a need to build local capacity and capability,
and scientific collaboration and exchange between stakeholders in industry, government, and academia is also important. The
meeting also emphasized that, although establishing a regionally relevant risk assessment framework is important, this also
needs to be accompanied by enforcement of developed regulations and good management practices to help protect aquatic
habitats. Education, training, and communication efforts are needed to achieve this. Integr Environ Assess Manag
2014;10:539-542. © 2014 SETAC

Keywords: Aquatic risk assessment Latin America Pesticides

INTRODUCTION

Over the coming decades, the world faces significant
challenges in producing sufficient food, feed, and fiber to
support a burgeoning global population, while sustainably using
agricultural land and freshwater supplies. Much of the growth
in agricultural production will come from the southern
hemisphere, and Latin America is anticipated to be a major
growth area for agriculture. To support this growth, one option
is to intensify production through improved agricultural
technology. Simply just using more land is not a viable option;
there is a limited amount of additional land that is suitable
for agriculture and further conversion of natural habitats
to agricultural uses is considered by many as undesirable.
Intensification of agriculture and expansion of agricultural
frontiers with concomitant increases in pesticide use have been
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evident in Latin America since the late 1990s (Brannstrom
2009; Richards et al. 2012; Schreinemachers and Tipragsa
2012). This has led to concerns about the possible effects of
pesticides in the environment.

Pesticides play a key role in enabling agricultural intensifica-
tion by protecting crops from damage by insect pests and
pathogenic diseases, and by reducing competition from weed
plants. However, because pesticides are designed to be
biologically active, they may also be hazardous to certain
nontarget organisms. They are also typically introduced into the
agro-ecosystem in large quantities. Consequently, it is necessary
to assess whether the use of pesticides might pose potential risks
to nontarget organisms, including those in off-target habitats,
such as surface water. Reports of contamination of aquatic
ecosystems by pesticides in Latin America have raised concerns
about their potential for adverse ecological effects (Palma et al.
2004; Marino and Ronco 2005; Carriquiriborde et al. 2007;
Dores et al. 2008). Because local data are often lacking, risk
assessments are also often based on data from other regions
that, depending on the protection goals, can raise additional
uncertainties and concerns as to whether this yields appropriate
assessments. Few studies on risk assessment of pesticides for
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Latin America aquatic ecosystems are reported in the literature
(Barra et al. 2000; Waichman et al. 2002; Resgalla et al. 2007;
Venturino et al. 2007; Ronco et al. 2008; Waichman 2008; Tosi
et al. 2009; Di Marzio et al. 2010; Rico et al. 2011; Chelinho
et al. 2012; Martini et al. 2012; Schiesari et al. 2013).

To discuss the issues raised above, the Society of Environ-
mental Toxicology and Chemistry (SETAC; http://www.setac.
org) organized a workshop that took place from 10-13
October, 2012, which was hosted by the Instituto Nacional
de Technologia Agropecuaria (INTA), Buenos Aires,
Argentina. The format of the workshop was to bring together
scientists from academia, government, and industry to review
and elaborate on aquatic risk assessment frameworks that
can be implemented into regulation of pesticides in Latin
America. The workshop considered protection goals, effects,
and exposure assessments (and the experimental studies and
modeling activities required to support those), risk characteri-
zation (exposure: effect), and risk mitigation.

CURRENT STATUS OF AQUATIC RISK ASSESSMENT
IN LATIN AMERICA

To assess the current status of regulatory pesticide risk
assessment in a sample of Latin American countries, a small
survey was conducted among regulators of Argentina, Brazil,
Bolivia, Chile, Colombia, Peru, Paraguay, and Uruguay
(Table S1). The results showed a variable year of introduction
for pesticide legislation. Whereas Uruguay had already intro-
duced pesticide legislation in 1977, Colombia only did so in
2008. Brazil was also among the early adopters (1989) and
Paraguay among the later (2006), whereas other countries
introduced pesticide legislation around the turn of the
millennium (Supplemental Data Table S1). Brazil and Peru
were the only countries surveyed with a framework for
environmental risk assessment included in the legislation and
only the legislation in Peru includes specific protection goals.

Despite the general absence of protection goals, all countries
require acute and chronic toxicity information for algae,
daphnids, and fish for the active ingredient and also sometimes
for the formulation (Table S1). To evaluate environmental fate,
studies on abiotic and biotic degradation are usually requested
as well as soil adsorption/desorption studies. Most countries do
not currently have an aquatic exposure modeling framework,
with the exception of Brazil and Peru where environmental risk
assessments are conducted. Both of these countries use the
Generic Estimated Exposure Concentration (GENEEC) model
(USEPA 2001) that is a US Environmental Protection Agency
(USEPA) surface water model that is used to assess exposure of
pesticides to aquatic organisms and the environment. Output
from this model is compared to the toxicity values using a risk
quotient approach. Buffer zones are used most often to refine
and mitigate the risks, and Brazil and Peru also manage
potential risks through the use of drift-reducing technology,
minimizing use rates, restricting uses to certain crops, and not
permitting aerial applications for certain uses.

FRAMEWORK FOR RISK ASSESSMENT

The participants agreed that the overall international
framework for risk assessment of pesticides in aquatic systems
is applicable (http://www.oecd.org/env/ehs/risk-assessment/)
(USEPA 1992; EC 2009), but that it needs to be made specific
for Latin American uses of pesticides. In particular there is
a need to establish protection goals for Latin American
ecosystems and to use a tiered approach moving from
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conservative to more realistic tiers. Guidance is needed to
develop exposure scenarios and procedures for modeling fate
of pesticides in aquatic systems that account for geographic
variability of climate and hydrogeology across Latin America.
In this context, it was recognized that where environmental
conditions and crops are similar, it will be possible to combine
scenarios across countries as well as hemispheres. In addition, it
was recognized that a process is needed for systematic
reevaluation of existing compounds to ensure a consistent
approach with new and existing substances, and ensure that the
current state of the science is applied. Harmonization of
frameworks for risk assessment was discussed with the obvious
benefits in terms of sharing data and approaches as well as
maximizing the usefulness of limited resources.

PROTECTION GOALS

The participants agreed that the protection goals should
ultimately ensure integrity and sustainability of ecosystems.
This could include protecting against mortality of vertebrates
(e.g., to prevent fish kills) and ensuring the protection of
ecosystem function and that the long-term viability for other
biological endpoints (e.g., invertebrates, algae and macro-
phytes) is maintained. In addition, it was recognized that the
protection goals need to be part of a wider framework that
considers good agricultural practices, integrated pest manage-
ment, and good landscape management practices. Although
this was outside the specific mandate of the workshop, this
latter point was recognized as very important and it was agreed
that establishing landscape management goals could contribute
significantly to improving the status of aquatic ecosystems in
Latin American agriculture.

TESTING OF EFFECTS

In terms of characterizing toxicity, the participants recom-
mended that the Tier-1 (screening level) effects studies should
initially include the standard Organisation for Economic
Co-operation and Development (OECD) test species and
protocols. It was agreed that the use of local species could be
considered in the higher tiers. It was recognized that there are
data on the toxicity of pesticides to species from Latin America,
but that these data are dispersed and not readily accessible. The
participants recommended that a Latin American database of
toxicity information for local species be developed, but that it
was important that these data should be assessed for quality. To
validate the use of results from experiments with standard test
species for a Latin American risk assessment, it is important to
compare the sensitivity of the local species with those of
standard test species. It was suggested that, for local species,
the OECD (or any other appropriately standardized) testing
protocols could form the basis for characterizing effects, but
that these may need to be modified to consider the specific
conditions required by these species (e.g., temperature and
water quality). It was acknowledged that there was probably no
physiological or biochemical reason why species in Latin
America should be, in general, more or less sensitive from
species from other regions. This has to some extent been
addressed in the literature (Maltby et al. 2005; Bernal
et al. 2009; Daam and Van den Brink 2010), but there are
relatively few studies specifically addressing Latin America
and some additional research was suggested to test the null
hypothesis.

There was much interesting debate concerning the use of
standard OECD or local species for assessment of toxicity. The
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lack of good-quality data and sometimes appropriate methods
for local species together with the absence of evidence for
differences in sensitivity, tend to argue for the use of data from
OECD standard species. However, developing test methods for
local species could also bring indirect benefits such as enhancing
local testing infrastructure, increasing knowledge of local
species and ecosystems (e.g., by identifying sensitive and
tolerant species within local ecosystems), and avoiding the
introduction of nonnative species for testing.

It was agreed that experimental data should be generated in a
way that is quality controlled and reproducible (e.g., consisten-
cy, data recording, standard protocols, etc.), and that micro-
cosms may be useful in this context as they would allow
testing of assemblages of local species under locally relevant
conditions.

EXPOSURE ASSESSMENTS

The participants agreed that estimation of exposures to
pesticides in surface waters should consider specific conditions
found in regions of Latin America. In the first instance, a simple,
conservative, and reliable Tier-1 model is needed to implement
characterization of aquatic exposures for the first step in
assessing risks. It was agreed that the currently available models
from other jurisdictions for estimating exposures should be
reviewed to establish which are suitable and applicable for use
in Latin America. These models need to be assessed in terms of
the appropriate level of complexity, to which tiers they are
most applicable, and how they will take into account hydro-
geochemical factors (e.g., adsorption to soil, degradation, and
water quality). There is a wide range of aquatic ecosystem types
in Latin America and often little physicochemical data are
available with which to characterize the water bodies. Further
research is needed to gather and evaluate such information.

It was also noted that monitoring data are needed for the
ground-truthing of models and assessing mitigation responses.
Monitoring is a postregistration process that can be used for
retrospective assessments and for calibrating prospective risk
assessments. The participants recognized that refining assess-
ments of exposure will be a major challenge, especially in the
higher tiers where extensive resources (both data and modeling
capabilities) are needed. Where these resources will come from
is an important question. Therefore, as a higher priority, efforts
should probably be focused on developing robust lower tier
models.

RISK CHARACTERIZATION

At the outset, it was recognized that it would be helpful
to summarize the current registration, risk assessment, and
re-registration processes for pesticides in the different Latin
American countries. The participants agreed that the Tier-1 risk
characterization is best conducted by comparing predicted
environmental concentrations (PEC) with predicted no effect
concentrations (PNEC) for the main groups of organisms
(i.e., algae, macrophytes, invertebrates, and fish). This is an
appropriate approach for all organism groups but needs to
consider potential differences in sensitivity by the use of
standard uncertainty factors; however, these factors need to be
assessed for applicability in the environment and frameworks of
risk assessment in Latin America. Tier-1 risk assessments should
be specific to exposures resulting for the local use scenarios
(application rates, use patterns, etc.) and should be conducted
for the active ingredient and formulation or formulations. It
was recognized that probabilistic risk assessment techniques
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are more appropriate for higher-tier approaches. In terms of
conduct of the assessments, it was suggested that the submitting
companies should do the risk assessment as part of the dossier
submission. Authorities should then carefully review and check
the assessments (using internal and/or external experts as
appropriate).

REFINEMENT AND MITIGATION OF RISKS

It was agreed that refinement of risk assessments and
mitigation are closely linked and that refinement is an iterative
process that should be tiered. Refinement of the risk assessment
can include experiments or modeling to improve the realism of
lower tier characterization of toxicity and exposures. A range
of tools are available that can be adapted for use in Latin
America (additional species testing, modified exposure studies,
semi-field and field fate and effects studies, higher-tier models,
etc.).

Risk mitigation includes changes to how the product is used,
most often to reduce exposures. These strategies include
changes to the use pattern, buffer zones, and application
technology to reduce exposure (e.g., low drift nozzles,
shrouded booms). It was suggested that mitigation measures
need to be realistic, feasible, enforceable, and consistent with
good agricultural and landscape management practices, such as
riparian buffer zones. These landscape management practices
protect surface waters from physical stressors such as sediments
and temperature as well as reducing inputs of nutrients and
pesticides, and are important for maintaining viability of
aquatic ecosystems. It was agreed that even small riparian
buffers of 5-10 m can improve the ecological quality of surface
water.

GENERAL RECOMMENDATIONS AND
RESEARCH NEEDS

The following general recommendations and needs for
research were identified:

e Harmonization of risk assessment approaches, collabora-
tion, and data sharing between countries (also outside Latin
America where conditions are comparable) will lead to
more efficiency.

e Education, training, and communication of best practices
for pesticides is needed.

e Risk assessment of pesticides is important but there also
needs to be a focus on good management practices to
protect aquatic habitats.

e Research is needed to compare local species and environ-
mental conditions to evaluate applicability of data generat-
ed in other jurisdictions.

e There is a need to characterize pesticide use in each
country.

e Building human resources capacity and capability is a key
need.

e SETAC has an important role to play in building the
scientific collaboration and exchange among stakeholders in
industry, government, and academia.

e SETAC could play an important role in gathering existing
data, establishing databases, and developing suitable risk
assessment methodologies.

e The workshop recommended that a SETAC Latin America
Pesticide Risk Assessment Advisory Group be established
to take forward the recommendations and actions of the
workshop.
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SUPPLEMENTAL DATA

Table S1: Summary of the current state of the art regarding
pesticide registration and risk assessment for 8 countries of
Latin America.
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