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Abstract

ERA is a robust tool in environmental decision-making, offering a quantitative framework for risk
assessment and management. By separating scientific analysis from policymaking, ERA ensures objective
evaluations of ecological risks. Whether dealing with prospective risks or retrospective assessments of
past environmental damage, ERA provides a means to balance ecological protection with economic and
social considerations. Moreover, integrating advanced monitoring techniques enhances ERA’s ability to
assess and mitigate the risks contaminants pose to ecosystems. ERA is a critical tool for environmental
management, offering a structured yet flexible approach to evaluating the consequences of human
actions on ecosystems. Its scientific rigor, transparency, and adaptability across scales make it invaluable
for decision-makers, allowing for informed, sustainable development while ensuring ecological protection.
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ERA Framework

Environmental Risk Assessment (ERA) is a key framework for evaluating the likelihood of adverse
environmental impacts due to human activities. It offers a structured process incorporating several
concepts and methodologies to assess environmental health, aiming for informed environmental
protection and management decision-making [1].

Concepts in ERA

1.  Environmental Risk Assessment: ERA focuses on the likelihood of negative impacts on
ecosystems, analyzing factors that may harm the environment due to anthropogenic activities.
It evaluates the probability of adverse effects and enables decision-makers to mitigate risks [2].

2. Environmental Value: This represents significant aspects of the ecosystem, including ecological,
social, and economic importance. It highlights the potential consequences of their loss, beyond
just monetary worth, encompassing cultural and ecological relevance, such as water supplies or
species diversity.

3. Indicators: Measurable parameters that show patterns or trends in environmental health, such as
endangered species counts or land use changes. Indicators provide a way to assess and monitor
ecological conditions, helping gauge risk and determine environmental trends.

4. Natural Conditions: Defined as historical environmental states before European settlement,
often used as a baseline in ERA. This includes variables like seasonal stream flows or biodiversity,
offering a reference for understanding how current conditions deviate from the natural state.

5. Pressures: These are human-induced factors that influence ecosystems, leading to cumulative
impacts over time. Examples include land use changes, industrial development, and pollution.

6. Risk: Refers to the likelihood of environmental degradation occurring. It is often measured
through indicators and thresholds, helping identify the potential impact and severity of human
actions on ecosystems.
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7.  Risk Class: Categorizes risk levels, ranging from very low to very
high, to help assess the severity of potential ecological damage.
This classification system guides environmental management
efforts, helping prioritize areas in need of intervention [3].

Environmental Principles in ERA

The Strengths and Process of Environmental Risk Assessment

(ERA)

**Environmental Risk Assessment (ERA)** is a versatile and
systematic framework designed to evaluate potential environmental
impacts caused by human activities. ERA is essential for decision-
making, enabling a balance between development and environmental
protection. Its strengths and flexibility make it a widely used tool in
environmental management [4].

Strengths of ERA
Flexibility and applicability:

- ERA can be applied at various scales, from large-scale provincial
assessments to specific site-level analyses.

- It covers a wide range of environmental concerns, including
biodiversity, water quality, and land use.

- The tool accommodates different funding levels, from quick
assessments to comprehensive, detailed studies.

- ERA is adaptable for short-, medium-, or long-term projections,
offering dynamic insights.

Public understanding and stakeholder engagement:

- The concept of “risk” or “threat” is simple and widely
understood by the public, making ERA a transparent approach
for communicating environmental risks and consequences.

- It provides explicit criteria for decision-making, promoting
accountability, and ensuring stakeholders that the environmental
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Figure 1. Environmental risk assessment process.

effects of human activities are being systematically considered.

- ERA serves as a framework for improving dialogue between
stakeholders and authorities on contentious environmental
management or development issues [5].

Scientific rigor and accountability:

- ERAY structured approach builds a scientific foundation for
decision-making that is valid, defensible, and replicable.

- It separates the assessment of risks from decision-making,
making it easier to evaluate options objectively and transparently.

- The process acknowledges the assumptions and data used,
which adds to its credibility and helps stakeholders understand
the basis of the analysis.

Insight into Environmental-Human Interaction:

- ERA identifies and highlights the consequences of human
activities on the environment, aiding in the identification of
potential alternative management actions.

- It enhances understanding of the relationship between human
activities and the ecosystem, helping in building sustainable
management strategies [6].

The ERA Process is Broken into Two Main Phases:
**Preparation** and **Assessment**, Followed by
Reporting the Results

1.  Preparation:

Step 1: Establish the Context for ERA: Define the scope, goals,
and boundaries for the assessment, including the environmental
issues at hand.

Step 2: Identify and Characterize Key Environmental Pressures:
Recognize human-induced factors or activities that may stress the
environment.

Environmental Risk Assessment

Preparation
Assessment
Results
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Step 3: Specify Environmental Values and Indicators: Choose
the environmental values and corresponding indicators that will
be used to measure environmental health and evaluate risks [7].

2.  Assessment:

Step 4: Characterize Environmental Trends and Establish Risk
Classes: Evaluate current and historical trends for the chosen
indicators, and categorize the degree of risk (e.g., low, moderate,

high).

Step 5: Evaluate Changes to Indicators and Risks: Analyze
how the environmental indicators and risks may change under
different scenarios, based on human activities and pressures [8].

3. Results:

Step 6: Report Results and Develop Risk Reduction Strategies:
Present the findings of the ERA in a clear and actionable manner
and propose strategies to mitigate or manage identified risks.

Health Risk Assessment (HRA) and Environmental Risk
Assessment (ERA)

**Health Risk Assessment (HRA)** has been a critical tool for
evaluating the impact of environmental pollution on human health
since its emergence in the 1980s. It establishes a direct link between
pollution and health risks, providing a quantitative measure of how
pollution affects human health. The method recommended by
the United States Environmental Protection Agency (USEPA) has
become the standard for HRA studies worldwide. This approach is
essential for water environment protection, pollution remediation,
and risk management, allowing regulatory bodies to evaluate the risk
levels of pollutants in water and take appropriate action.

Health Risk Assessment (HRA)

HRA helps to estimate the nature and probability of adverse
health effects in humans exposed to chemicals in contaminated
environments. By assessing water pollution’s potential harm, HRA
guides environmental authorities in managing water safety and
public health. In practice, HRA is highly applicable in cases where
water pollution is a significant concern, as it provides vital data on
how pollutants affect human populations. For instance, by evaluating
the levels of risk in water bodies and comparing them to accepted
health thresholds, administrative bodies can prioritize cleanup efforts
and ensure safer environments for human populations [9]. The
adverse health effects on humans are linked to the inactivation of
critical genes for survival. HRA and ERA need to assess the impact of
xenobiotics on these essential genes for survival to reverse mitophagy
and programmed cell death in the developing and developed world
[10].

Environmental Risk Assessment (ERA)

**Environmental Risk Assessment (ERA)**, on the other hand,
has gained prominence as society recognized that some chemicals—
non-toxic to humans—could have harmful effects on the ecosystem.
ERA focuses on the risk these chemicals pose to ecological resources
like fish, birds, and forests, evaluating the impact of pollutants such
as DDT or acid rain. ERA is divided into two major processes: risk
analysis and risk management [11].

- Risk analysis: involves identifying hazards, assessing the effects,
and evaluating exposure levels to characterize the risk.

- Risk management: focuses on developing regulatory measures
to mitigate or prevent these risks based on the findings of the
risk analysis.

Although predictive ERA is the most common form, there has
been a growing interest in retrospective ERA. This form of ERA
assesses pollution from past activities that continue to have adverse
effects. Retrospective ERA primarily investigates the relationship
between historical pollutants and their long-term ecological
impacts, providing insights that can inform future risk management
strategies. ERA is a critical tool for understanding and mitigating the
risks posed by human activities to the environment. Driven by the
need to allocate limited resources effectively, risk assessment helps
distinguish between **risk** (the probability of harm occurring
due to exposure) and **hazard** (the inherent potential to cause
harm) [12]. ERA provides a systematic framework for evaluating
the likelihood of ecological damage and comparing various risks,
offering decision-makers a scientific basis for prioritizing actions and
minimizing environmental harm [13].

Risk analysis vs. risk management: ERA separates risk analysis
from risk management. Risk analysis is a scientific process that
estimates the magnitude and probability of environmental effects,
while risk management involves making decisions based on those
analyses, balancing the risk against the cost of mitigation. This
separation ensures transparency and objectivity in environmental
decision-making [14].

Application of ERA to Chemicals

ERA has primarily been used to assess the impact of chemicals
on ecosystems. International bodies such as the World Health
Organization (WHO) and the Organization for Economic Co-
operation and Development (OECD) have been at the forefront of
developing ERA methodologies. ERA provides a quantitative basis
for comparing risks, essential for balancing environmental protection
with economic considerations [11]. Franke ez @/ [15] highlighted
the importance of clearly defined and measurable endpoints (e.g.,
species diversity, population dynamics) in ERA to avoid ambiguity
in environmental assessments.

Predictive vs. retrospective assessments

Traditionally, ERA has been used for predictive assessments,
which estimate the nature and likelihood of future impacts (e.g.,
PEC/PNEC assessments). However, there has been a growing
emphasis on retrospective assessments. These are conducted on past
human activities affecting ecosystems, such as legacy pollutants, acid
rain, or pesticides [16]. Retrospective ERA typically follows three
approaches:

- Source-driven assessments: Start with a known pollution
source and trace the effects.

- Exposure-driven assessments: Investigate cases where

exposure is evident without identifying the source or its effects.

- Effects-driven  assessments:  Begin  with  observed
environmental damage (e.g., declining species populations)

and work backward to identify the cause [15,17].
Environmental Monitoring Methods

To assess environmental risks, several monitoring techniques are
employed:
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- Chemical Monitoring (CM): Measures the levels of known

contaminants in the environment.

- Bioaccumulation Monitoring (BAM): Examines contaminant
levels in organisms and assesses bioaccumulation risks.

- Biological Effect Monitoring (BEM): Identifies early
biological changes (biomarkers) that indicate exposure to
contaminants.

- Health Monitoring (HM): Detects irreversible damage or
diseases in organisms caused by pollutants.

- Ecosystem Monitoring (EM): Evaluates ecosystem health by
examining biodiversity, species composition, and population
densities [18].

These monitoring methods, especially when combined with
biomarkers and bioaccumulation data, offer a comprehensive
approach to assessing the ongoing impacts of contaminants in
ecosystems and help to classify environmental quality [19].

Fish Bioaccumulation Markers and Their Role in
Environmental Risk Assessment (ERA)

In the context of Environmental Risk Assessment (ERA),
fish bioaccumulation markers serve as crucial indicators for
assessing exposure to environmental contaminants. These markers
help understand how harmful chemicals accumulate in aquatic
organisms and provide insight into the potential ecological
impacts. Key concepts such as bioaccumulation, bioconcentration,
biomagnification, and bioavailability highlight the processes through
which chemicals interact with aquatic ecosystems, particularly with
fish populations [20,21].

Bioaccumulation

Bioaccumulation refers to the accumulation of persistent
hydrophobic chemicals in aquatic organisms through mechanisms
such as direct uptake from water via gills or skin (bioconcentration),
ingestion of suspended particles, or consumption of contaminated
food (biomagnification). These including PCBs
(polychlorinated biphenyls), may not produce immediate toxic

chemicals,

effects but can cause long-term damage, often affecting higher
trophic levels, such as birds or fish eggs [22]. The rate at which these
chemicals accumulate in biota is influenced by factors like uptake
and elimination kinetics, which are specific to both the chemical and
the organism [23].

Bioconcentration

Bioconcentration occurs when chemicals are absorbed from
water into an organism’s tissues. The bioconcentration factor
(BCEF) is the ratio of a chemical’s concentration in the organism to
its concentration in water at a steady state. This process is largely
driven by passive diffusion, like oxygen uptake, with chemicals
accumulating in the lipid-rich tissues of fish. Studies have shown
that factors like oxygen levels in the water and the lipid content of
biological membranes significantly influence the rate of chemical

uptake [24,25].
Biomagnification

Biomagnification describes the process by which chemicals
are absorbed from food and accumulate in organisms at higher
concentrations than in their diet. The biomagnification factor

(BMF) is determined by the balance between the efficiency of
chemical uptake from food and the rate of clearance from the
organism. This phenomenon is particularly relevant for persistent
organic pollutants (PODPs) that do not break down easily and thus
remain in the ecosystem, magnifying their effects as they move up

the food chain [26,27].
Bioavailability

Bioavailability refers to the portion of a chemical present in the
environment that can be absorbed by an organism. The bioavailability
of a chemical affects its **bioaccumulation potential**, and variations
in bioavailability can lead to underestimations of bioconcentration.
This parameter is critical for producing accurate exposure assessments,
as chemicals in sediments or bound to particles may not be readily
available for uptake by aquatic organisms [28,29].

Conclusion

In conclusion, HRA and ERA serve as critical tools in evaluating
and managing risks posed by environmental pollution, addressing
both human health and ecological well-being. HRA provides a
framework to assess health risks from environmental pollutants and
informs public health protection strategies. Meanwhile, ERA offers a
comprehensive view of how pollutants affect ecosystems, supporting
regulatory measures to safeguard natural resources. Together, these
assessments form a unified approach to environmental protection
and sustainable health management. Fish bioaccumulation markers
play a vital role in assessing ecological risks, offering insights into
how contaminants accumulate and transfer through aquatic
systems. Key processes like bioaccumulation, bioconcentration, and
biomagnification help understand pollutant behavior and their long-
term effects on aquatic life and food webs. This knowledge supports
informed decision-making for mitigating environmental risks and
ensuring the preservation of ecosystem health.
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