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1. Introduction to ecotoxicology:
current approaches

concepts

and

What is Toxicology?
Definitions
Toxicology (toxicos + logos):
•
•

It is the study of the adverse effects of chemicals on living organisms.
It is the study of symptoms, mechanisms, treatments and detection of poisoning,
especially the poisoning of people and the environment pollution.

Poisons: substances that cause damage to organisms  deterioration on the
main functions, illness or death
•

All substances can be lethal, harmful or beneficial (depending on the dose)

Toxic dose:
•
•

Depending on the specific chemical, substances can induce death by low
concentration (few ug/kg) or may have little toxicity even having high
concentrations (some g/kg)
To estimate the toxicity of a substance: LD50 index (Lethal Dose)
- The dose responsible of the death of the 50% of the animals exposed to
different chemical agents.
- Unit: mg/kg body weight
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1. Introduction to ecotoxicology:
current approaches

concepts

and

What is Toxicology?
Important to know about a chemical agent /metabolite to produce toxic effect:
•
•
•
•

Which effects a particular substance may cause
Information about its chemical structure
The characteristics of the exposure (administration mode, exposure time and
rate)
The features of the organism

Toxic actions are carried out by the alterations of biochemical and physiological
processes of cells :
•
•

Direct consequence: cellular death
Other consequences (modes of action of the chemicals):
- Interference in membrane ligand- receptor interactions
- Interference in membrane functions
- Binding/influence on biomolecules
- Alteration of calcium homeostasis
- Toxicity due to the death of specific cells
- Nonlethal genetic alterations of somatic cells (xenobiotics)

It is noted that the mode and the site of action of the
majority of substances are not well known yet.
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1. Introduction to ecotoxicology:
current approaches

concepts

and

What is ecotoxicology?
•

“The branch of the science describing the effect of various agents on living organisms,
especially on populations and communities within ecosystems” (Truhaut, 1977)

•

“A scientific discipline that deals with understanding the origins and endpoints of
chemical products in the environment with the aim of protecting the structure and
functioning ecosystems” (Connell, 1999)

•

A multidisciplinary field incorporating ecology, toxicology, chemistry, epidemiology and
pharmacology)

Introductory concepts
Bioassays (toxic or (eco)toxicity tests): laboratory tests where a biological system (cells,
tissues or whole organisms) is exposed to substance or compound during a time after the
biological response is measured. Procedure:
1.
2.

Expose a given number of organisms to different concentration of the toxic during a
concrete time (exposure period)
The level of biological response indicated by adverse effects is recorded and data is
processed

To determine the median lethal dose (or concentration) of the amount that statistically kills
50% of the test population: Gold standard
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Types of biossays depending on  duration, environmental matrix, endpoints or
mode of exposure

Bioassays classification according to the exposure time
ISO-International Organization for Standardization or OECD-Organization for
Economic Cooperation and Development are concerned with the standardization of
bioassays.
Standardized tests allow the comparison between different laboratory results. As a
general rule (the exposure time depends on the selected test species):

Acute

Tests requiring 1–4 days (24–96 h)

Subacute

A standard 28-day test

Subchronic

Standardized to 90 days

Chronic

More than 90 days

•

Acute toxicity tests:
- Evaluation of short- term exposure adverse effects (hours or days)
- The most frequent measured endpoint used: LC50
- Less sensitive (thus, the absence of an acute toxic response cannot be
interpreted as absence of toxicity)

•

Chronic toxicity tests:
- Evaluation of relatively long- term exposure adverse effects (weeks or
months)
- May not detect all sublethal effects

Examples of subchronic endpoints: effects on reproduction, development or growth
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Dose VS Concentration
Dose:
-

The amount of exposed contaminant is precisely known

-

Exposure way: injection (intravenous, intraperitoneal injection), dermal (cream or oil), oral
administration or via the air in inhalation studies (pulmonary route)

Concentration:
-

The mount of exposed concentration is not precisely known and may vary among individuals

-

Exposure way: present in water or food

Dose - response curve
Dose response curve: the graphical representation between the assayed toxic concentrations (or
dose) and the associated effect.

Source: prepared by the authors

A Dose- response curve with the typically S-shape

Where:
• EC50 : the Lethal/Effect concentration that is estimated to kill 50% of a test population.
• NOEC (no-observed effect concentration — acute and chronic tests): the highest concentration in
which there is no significant difference from the control treatment.
• LOEC (lowest observed effect concentration — acute and chronic tests): the lowest concentration in
which there is a significant difference from the control treatment.
The NOEC and LOEC are determined by comparing treatments against the control in order to detect
significant differences via statistical hypothesis testing by using t-tests and analysis of variance (ANOVA).
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Introduction to the concept of AOP
Reference is made to : Madden JC, Rogiers V, Vinken M. 2014 Application of in silico and in vitro
methods in the development of adverse outcome pathway constructs in wildlife. Phil. Trans. R. Soc. B
369: 20130584. http://dx.doi.org/10.1098/rstb.2013.0584
Adverse Outcome Pathways (AOPs):
•

To enable the formation of toxicologically meaningful categories (TMCs)  allows for read- cross
of activity between those chemicals with known activity and chemicals of unknown activity.

•

Principal components:
(i)

The molecular initiating event (MIE): the point where a chemical interacts with a
biomolecule to create a perturbation (at molecular level)
(ii) A set of key events (KE)
(iii) The adverse outcome (AO): an specialized type of KE, generally at organ level or higher.
• The MIE and the AO are the defining anchor points: of an AOP description:

Source: Villeneuve, D.L. et al. 2014. Adverse Outcome Pathway (AOP) Development I: Strategies and Principles.
Toxicological Sciences, 142(2):312-320.

• An AOP may involve as many key events as necessary (essential for generating the adverse
outcome).
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Introduction to the concept of AOP

Advantages:
• Ability to incorporate data from a wide range of sources (in silico, in vitro, in vivo, etc.) and to use
this information to provide the linkages between the MIE and the AO.
• The AOP framework gives the possibility to determine what dosimetry information would be
necessary to allow dose in an assay to be related to another assays.
Drawbacks:
• The lack of explicit consideration of external and internal exposure which ultimately determines the
concentration of a chemical at the target site. The dose at the target site (influenced by different in
vivo and in vitro parameters) is a key determinant of the ultimate biological effect of a chemical.
Potential use of AOP approach:
•

At theoretical level: provide greater understanding of the mechanisms of toxicology and enable
the establishment of (quantitative) structure- activity relationships ((Q)SARs).

•

From regulatory perspective: improvements in predicting properties of related chemicals, the
development of novel in vitro toxicity screening tests and the elaboration of prioritization
strategies.

•

They can be included in integrated testing strategies considered tools of the future for regulatory
risk assessment.

•

The AOP framework provides an ideal opportunity for the synergistic use of data from a range on
novel in silico and in vitro approaches
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2. Overview of the environmental effect and hazard
assessment process of Biocidal Active Substances
and products
What are biocidal products?
According to the REGULATION (EU) No 528/2012 OF THE EUROPEAN PARLIAMENT AND
OF THE COUNCIL of 22 May 2012 concerning the making available on the market and use of
biocidal products (BPR):

Biocidal product:
It is any substance or mixture, in the form in which it is supplied to the user (consisiting
on, containing or generated from one or more active substances or mixtures which do
not themselves fall under the first indent) to be used with the destroying, deterring,
rendering harmless, preventing the action of, or otherwise exerting a controlling
effect on, any harmful organism by any means other than mere physical or
mechanical action.

Micro-organism:
It is any microbiological entity, cellular or non- cellular, capable of replication or of
transferring genetic material, including lower fungi, viruses, bacteria, yeasts, moulds,
algae, protozoa and microscopis parasitic helminths.

Active substance:
It is a substance or a micro- organism that has an action on or against harmful
organisms.
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2. Overview of the environmental effect and hazard
assessment process of Biocidal products
2.1 Basic concepts in Environmental Risk Assessment
(ERA)
Why should the Environmental Risk of Biocidal Products be assessed?
The Environmental Risk Assessment (BPR Annex VI):
•

•

Objective: to address the concern for the potential impact of individual substances
on the environment by examining both exposures resulting from discharges and/or
releases of biocides and the effects of such emissions on the structure and function
of the ecosystem.
Three approaches are used for this examination, according BPR Guidance:
1. Quantitative PEC/PNEC estimation  for environmental risk assessment of a
substance comparing compartmental concentrations (predicted environmental
concentration - PEC) with the concentration below which unacceptable effects on
organisms will most likely not occur (predicted no effect concentration - PNEC).
-

This includes an assessment of food chain accumulation and secondary
poisoning

2. The qualitative procedure for the environmental risk assessment  for those
cases where a quantitative assessment of the exposure and/or effects is not
possibl
3. The PBT* (hazard) assessment  the identification of the potential of a
substance to persist in the environment, accumulate in biota and be toxic
combined with an evaluation of sources and major emissions.
*PBT – Persistent, bioaccumulative and toxic
COMBASE is partly funded by the European Union’s LIFE Fund in the framework of LIFE
programme environmental policy and governance with grant agreement LIFE15 ENV/ES/416
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2. Overview of the environmental effect and hazard
assessment process of Biocidal products
2.1 Basic concepts in ERA
2.2 PEC, PNEC, Assessment factor
2.3 Risk quantification
Some concepts relating to the ERA*
•

Hazard identification: The identification of the adverse effects which a substance has an
inherent capacity to cause.

•

Dose (concentration) - response (effect) assessment (as appropriate): The estimate of the
relationship between the dose, or level of exposure, of an active substance or a substance
of concern in a biocidal product and the incidence and severity of an effect.

•

Exposure assessment: The determination of the emissions, pathways and rates of
movement of an active substance or a substance of concern in a biocidal product and its
transformation or degradation in order to estimate the concentration/doses to which
environmental compartments are or may be exposed.

•

Risk characterisation: The estimation of the incidence and severity of the adverse effects
likely to occur in environmental compartments due to actual or predicted exposure to any
active substance or substance of concern in a biocidal product.

•

Risk estimation: Assessment, with or without mathematical modeling, of the probability
and nature of effects of exposure to a substance based on quantification of dose–effect
and dose–response relationships for that substance and the population(s) and
environmental components likely to be exposed and on assessment of the levels of
potential exposure of people, organisms, and environment at risk.

•

Risk evaluation: Establishment of a qualitative or quantitative relationship between risks
and benefits, involving the complex process of determining the significance of the
identified hazards and estimated risks to those organisms or people concerned with or
affected by them.

•

Estimated environmental concentration (EEC): Predicted concentration of a substance,
typically a pesticide, within an environmental compartment based on estimates of
quantities released, discharge patterns, and inherent disposition of the substance (fate and
distribution) as well as the nature of the specific receiving ecosystems.
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2. Overview of the environmental effect and hazard
assessment process of Biocidal products
2.1 Basic concepts in ERA
2.2 PEC, PNEC, Factor Assessment
2.3 Risk quantification

How can the Environmental Risks be assessed?
The method Environmental Risk Assessment
• Objective: to determine or predict the negative impact of chemical pollutants on the
environment.
• Based in the evaluation of Exposures and Effects, by means of of a Risk Quotient.

RQ= PEC/PNEC
Where
• PEC (the Predicted Environment Concentration): It is calculated from the substance life cycle
study, environmental distribution, emission scenarios or computational models
• PNEC (the Predicted Non Effect Concentration): It is derived from data obtained on
ecotoxicological multi-species tests or from scientific literature when available and
corrected by means of a Factor assessment. Usually is used the lowest value of EC50, LC50,
NOEC, etc. from aquatic toxicity studies (algae, Daphnia and fish) divided by assessment
factors
• Assessment Factor (AF): Its function is to address the differences between laboratory data
and natural conditions, taking into account of both inter and intraspecies differences.
Assessment factors applied for long-term tests are smaller because the uncertainty of the
extrapolation from labs to natural environment is reduced. When more data on more
species in the same environmental compartment are available the uncertainties reduce,
consequently the AF values reduce too.
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2. Overview of the environmental effect and hazard
assessment process of Biocidal products
2.1 Basic concepts in ERA
2.2 PEC, PNEC, Factor Assessment
2.3 Risk quantification
Assessment factors to derive a PNEC on water compartment according the Guidance on
Biocidal Products Regulation: Volume IV Environment - Assessment and Evaluation
Available data

Assessment factor

At least one short-term L(E)C 50 from each of three trophic
levels (fish, aquatic invertebrate and algae)

1000

One long-term NOEC (either fish or aquatic invertebrate)

100

Two long-term NOECs from species representing two trophic
levels (fish and/or aquatic invertebrate and/or algae)

50

Long-term NOEC s from at least three species (normally fish,
aquatic invertebrate and algae) representing three trophic
levels

10

Species sensitivity distribution (SSD) method
Field data or model ecosystems

5-1
(to be fully justified case by case)
Reviewed on a case by case basis

Existing software for ERA implementation:
•

Exposure and Fate Assessment Screening Tool (E-FAST v2.0)

•

ReachScan

•

AQUATOX

•

Assessment Tools for the Evaluation of Risk (ASTER)

•

Europeran Union System for Evaluation of Substances (EUSES)
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2. Overview of the environmental effect and hazard
assessment process of Biocidal products
2.1 Basic concepts in ERA
2.2 PEC, PNEC, Assessment Factor
2.3 Risk quantification

The Risk Assessment
•

Conventional Risk Assessment: based on the determination of predicted
environmental concentrations (PECs) and predicted no effect concentrations
(PNECs).

•

PECs and PNECS are then used in a risk quotient approach:
-

if PEC/PNEC < 1  the substance is not considered to be of concern

-

if PEC/PNEC > 1  further testing must be carried out to improve the
determination of PEC or PNEC with subsequent revision of PEC/PNEC ratio,
or risk reduction measures must be envisaged (TGD, 2003).

The procedure has been described in the Technical Guidance Document on Risk Assessment in
support of European Commission regulations (TGD, 2003).
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3. COMBASE approach: tiered approach
ecotoxicological effect profiling

for

the

The effect of some active substances with biocidal activity and its metabolites has been
studied in 4 species representative of 4 aquatic taxonomic groups applying bioassays validated
at the OECD level and following the test Guidelines indicated in the table:
•
•
•
•

-

Primary Consumers
Decomposers
Primary producers
Secondary consumers

Microcrustaceans
Microorganisms such as bacteria
Unicellular green algae
Fishes (O. mykiss)

Trophic level

Organism

Endpoint

Guideline

Decomposers

Bacteria from WWTP

Respiration
Inhibition

OECD 209

Primary producers

Pseudokirchneriella subcapitata

Growth inhibition

OECD 201

Primary Consumers

Daphnia magna

Inhibition of
mobility

OECD 202

Secondary
consumers

Oncorhynchus mykiis

Mortality

OECD 203

In fish: 2 Biocidal Active Substances and 4 Metabolites tested
In invertebrates, algae and microorganisms: 2 Biocidal Active Substances and 4
Metabolites tested

The selection was based on:
1) The molecule must be likely to appear in the aquatic compartment
2) Scarce or no existing toxicity data for a taxonomic group (for example fish species (specially
for O. mykiss))
3) The parent compound should not be readily degradable once in water solution
4) Biocides should be representative of different MGs and PTs
5) Commercial availability of the compound
COMBASE is partly funded by the European Union’s LIFE Fund in the framework of LIFE
programme environmental policy and governance with grant agreement LIFE15 ENV/ES/416
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Daphnia magna bioassay: OECD202. Acute immbilisation Test*
Short procedure: Young Daphnias (aged less than 24 hours at the starting point)
•
•

Exposure to the test substance at a range of concentrations (48 hours).
Immobilisation is recorded (24h, 48h) and compared with control values  EC50 at 48h.

Incubation of the Daphnia magna
ephippias for 72h at 22ºC under
continuous illumination of 6000 lux

Scoring the results.
Record the number
of dead and
immobilized
daphnia

Preparation of the toxicant
concentrations + controls

Incubate the plate
at 22ºC in
darkness during
48h

Filling of the test plate
with each selected
concentration

Transfer the neonates into the
wells for each concentration

Two Daphnia magna neonates (left) used in the OECD 202
bioassays. The organisms were obtained from dormant eggs also
called ephippias.
*Fotography credits: Microbiotest, Inc.
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Algae bioassay: OECD201. Freshwater Alga and Cyanobacteria, Growth Inhibition
Test*
Objective: to determine the effects of a substance on the growth of freshwater microalgae
and/or cyanobacteria.
Procedure: Exponentially growing test organisms are exposed to the test substance in batch
cultures (72h)  effects over several generations

De-Immobilization of the
algal beads and
preparation of the algal
inoculum

Preparation of the toxicant
concentrations + controls and
filling the long cells

Preparation of the toxicant
concentrations + controls

Scoring the results after, 24 to 72h of exposure by
measuring the optical density in each long cell in a
spectrophotometer at a wave length of 670 nm.

Incubation of long cells in a
chamber at 23ºC with continuous
side illumination (10000 lux)

Microscopic algae used in the OECD 201 bioassay

*Fotography credits: Microbiotest, Inc.
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Microorganisms bioassay: OECD209. Activated Sludge, Respiration Inhibition Test
(Carbon and Ammonium Oxidation*
Procedure: The respiration rates of samples of activated sludge fed with synthetic sewage are measured
in an enclosed cell containing an oxygen electrode (3h).

Preparation of the toxicant concentrations in
bottles with the aerated activated sludge from a
WWTP

Waste Water Treatment Plant based on a biological
sludge system.
*Fotography credits: the authors.
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Fish acute toxicity test: OECD TG 203.
Objective: to determine the concentrations which kill 50 per cent of the fish (LC50).
Procedure:
• The fish (rainbow trout) are exposed to the test substance (preferably 96h)
• Mortalities are recorded at 24, 48, 72 and 96 hours.

Juvenile specimens of rainbow trout (Onchorynchus mykiss) used in the
OECD TG 203 bioassay.

*Fotography credits: the authors.
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