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Summary  

The growing need to exploit resources that may satisfy an expanding global population has increased the 

use of synthetic chemicals (pesticides), allowing greater incomes in production and resources, 

particularly for agricultural developments. To this end, increasing number of chemicals such as 

herbicides, fungicides and insecticides have been developed and introduced on the market. These 

chemicals end inevitably into the environment, many times in an uncontrolled manner, often without a 

proper awareness of its effects on ecosystems for which they were not designed (effects on non-target 

species). 

To assess the effects of these contaminants efficiently and to anticipate and prevent the impacts of these 

same effects on the environment and on human health, prognostic and diagnostic ecotoxicological tools 

and protocols have been developed and regulated along the past few decades. However, several authors 

have been pointing out limitations in currently used techniques and protocols deployed in environmental 

risk assessment. One of these limitations concerns the sensitivity, rapidity and precision of present 

instruments. The effects studied by classical ecotoxicology can be considered as the end result of an 

accumulation of underlying effects at the cellular and molecular levels. Recent technological innovations 

have enabled the use of new molecular experimental tools and data treatment protocols that favour an 

early, integrative and continuous analysis of effects of contaminants through different levels of biological 

organization.  

The objective of the present thesis was to evaluate the potential for “omics” tools, such as gene 

expression (transcriptomics) and protein expression (proteomics) to be integrated in ecotoxicological 

studies for risk assessment. For this purpose, two different toxicants were tested, an herbicide and a 

fungicide. In an attempt to assess the effects with realistic exposure scenarios, the compounds were 

applied as commercial formulations, thus simulating real application conditions in the environment. 

However, the active substances in each formulation, glyphosate (herbicide) and chlorothalonil 

(fungicide), were here tested as well, to link the general effects observed when using formulated 

products with the respective active substances. The contaminants were tested using the non-target 

microarthropod species Folsomia candida. It is a soil model organism often used in ecotoxicological tests, 

with a wide geographical distribution around the globe and whose genome has made recently available. 

To increase the realism in this study, a natural agricultural soil was used for all the tests performed, both 

in laboratory and in the field.  



 
 

The contaminants were characterized by their behaviour in the tested soil (half-life; DT50), as well as by 

their effects at individual and population levels. Reproduction and survival of the organisms were 

measured along a gradient of exposure to contaminants (Chapter II). Different behaviours were noted for 

the contaminants in soil, as well as distinct effects on reproduction and survival features of F. candida. 

Estimates for toxicological endpoints were comparable to other species, but it is remarkable that an 

arthropod like F. candida appeared to be quite sensitive to the fungicide chlorothalonil (EC50 estimated 

as 14.3 mg kg-1 for the pure compound and 41.3 mg kg-1 when the compound was applied in a 

commercial formulation). 

Chapters III and IV were designed to simultaneously assess the differential expression of genes and 

proteins, and analysing their expression over time (2, 4, 7 and 10 days). Different metabolic mechanisms 

were induced, and others supressed along the exposures. The glyphosate formulation (Chapter III) 

revealed effects at the level of cellular respiration and lipid metabolism, inducing oxidative stress and 

consecutive reproductive impairment (endocrine effects) and ecdysis in F. candida. Such effects were 

however associated mainly to a surfactant present in the formulation, a polyethoxylated tallow amine 

(POEA), and not to the active substance itself. As for the fungicide formulation (Chapter IV), the effects 

were directly associated to chlorothalonil, the active substance. Results showed effects caused in 

detoxification and excretion pathways, leading to ROS accumulation, DNA damage and suggesting 

hyperplasia in tissues involved in these pathways, leading to defective reproduction and moulting cycles 

of the organisms. Hence, it was possible to clarify the mode of action described for these contaminants 

and their effects when integrated into formulated products, over time. A time series analysis of the data 

showed that gene expressions were correlated with the expression of the corresponding proteins, but 

not at the same exposure time, with a time shift of 2-3 days instead. The study of effects caused at 

different levels of biological organization (from sub-cellular processes to effects at the 

individual/population level) provided a more comprehensive and integrative knowledge to link these 

same effects through different levels of ecological relevance. 

A set of ten genes were selected in chapter V as quick response sub-cellular markers to be validated in a 

realistic scenario in the field, under environmental conditions. A response pattern was confirmed for 

these genes, closely linked and correlated to the results obtained under laboratory conditions for one of 

the contaminants tested (fungicide). In this study, Collembola were contained in microcosms in an 

agricultural field sprayed with pesticides. The genes Cys, RDH, GST, VMO1, PDI-2, and CTSL, proved to be 

optimal candidates to be used as early warning indicators in the field, under similar contamination 

scenarios. 

This work also contributed to obtain extensive and integrative information, providing the scientific basis 

to link chlorothalonil to an adverse outcome of events framework (AOP). These structured 

representations of biological events that lead to adverse effects are currently being developed for future 

legislative purposes, thus integrating omics into systems of environmental risk assessment. 


