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Introduction

Importance of Freshwater Ecosystems

▪ rivers, lakes, wetlands, and streams 

✓Abiotic and biotic factors

▪ are increasingly under threat from 

✓  Natural sources - weathering of rocks

✓  Anthropogenic  -  Industrial discharge, 
agricultural runoff, urbanization

❖including potentially toxic elements 
(PTEs), into aquatic environments 
(Vörösmarty et al., 2010)

▪ Sediments- act as sink and sources of 
contaminants in aquatic systems.

✓Sediment Quality Assessment
(Chumchal et al. 2022)
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The Role of The EU Water Framework Directive (EU-WFD)

✓ Environmental Quality Standards (EQS) 

for potential toxic substances

✓ Monitoring and assessment requirements 

surface water, groundwater, and sediments

✓ Transboundary cooperation mechanisms, 

requiring countries to collaborate on 

pollution reduction and sustainable water 

management

✓ Regulatory measures to control pollution 

sources, including industry, agriculture, and 

urban development (Miccoli, Lombardo and Cicolani 2013)

The EU Water Framework Directive (WFD) is aimed at protecting and improving the 

chemical and ecological quality of European water bodies. It establishes:
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Classification of Sediment quality guidelines (SQGs)

SQGs - based on their 
derivation  approach:

✓Theoretical or 
Mechanistic Approach 
- the effect of sediment 
organic carbon or 
sulfides on the 
equilibrium partitioning 
of contaminants 
(Pavlou 1987, Di Toro 
et al., 1991 and 1999)

✓The Empirical 
Approach - based on 
statistical analysis of 
large databases of 
matched sediment 
chemistry and toxicity 
data
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▪ Early period (pre-

1990s)

▪ Empirical guideline 

era (1990s)

▪ Mechanistic / 

bioavailability era 

(2000s onward)

▪ Modern guidance 

(2010s– present)

Schematic Timelines of Historical Perspective of Freshwater SQGs 
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Schematic Timelines  of Historical Perspective of Freshwater SQGs 

Early period (pre-1990s) EG era (1990s) M/B era (2000s) Modern guidance 2010s  →

7



Research Objectives

The main objectives are:

✓ To undertake a comprehensive comparison of 

existing Freshwater Sediment Quality Guidelines 

(SQGs) for potentially toxic elements (PTEs) such 

as: As, Cd, Cr, Cu, Hg, Pb, Ni, and Zn across various 

regions and countries

✓ To identify similarities and differences in the 

methodologies and thresholds applied across these 

regions 

✓ To address the historical prospectives and to propose 

recommendations for improving SQGs and 

addressing unmet needs 
(Photo by: Victor Mello ICPDR , 2021 )
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Table 1. Freshwater Sediment Quality Guidelines, SQGs,  i.e.,  threshold effect concentrations, TECs  
and probable effect concentrations, PECs, mg kg-1. DW (55)

Results: Freshwater Sediment Quality Guidelines, FSQGs 
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The Variations of the different Freshwater TECs SQGs for each potentially toxic Elements 

Figure 1. (a)-(h)The Box-and-Whisker plot overlaid scatter plot of TECs for As, Cd, Cr, Cu, Hg, Ni, Pb, and Zn  

As

Cr

Cd

Cu
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The (MAD/Median)* 100: 
Pb (11.43 %) < Hg (16.67 %) < Zn (18.70 %) < Ni (20.00 %) < As (25.79 %) < Cd (29.58 %) < Cr (30.29 %)< Cu (37.14 %) 

Hg

ZnPb

Ni
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Figure 4. (a) and (b) are principal component analysis, PCA and cluster analysis, CA of the TECs SQGs, respectively

(b)(a)
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✓ Hg and Zn are with the lowest and the highest values in all the SQGs 
which corresponds the most toxic and least toxic elements,  respectively

✓ Cu was found with  the highest variability in the TECs SQGs followed by 
Cr and Cd whereas Pb is the least variable in the TECs 

✓ In the PECs SQGs and TECs SQGs some guidelines donot have data 
for some elements this lack of SQGs data may lead to insufficient risk 
assessment procedure of these elements 

✓ Further investigation in literature is required for each Freshwater 
SQGs

Summary



Global harmonization

✓ Many developing regions lack SQGs. International cooperation (e.g., through UNEP, EU 

directives) is needed (Batley & Warne, 2017)

✓ Move toward global baseline SQGs, adaptable to regional contexts

Site-specific and adaptive SQGs

✓ Incorporate local sediment geochemistry, organic carbon, Acid volatile sulphides (AVS)  

and redox conditions (Burgess et al., 2013)

Integration with new scientific tools

✓ Passive samplers to measure bioavailable contaminant fractions

Better treatment of contaminant mixtures

✓ Development of SQGs that consider cumulative risks from metals + PAHs + PCBs 
together

Climate change context

✓ Changing hydrology and temperature may alter contaminant mobilization and 
bioavailability. Future SQGs must be flexible under climate-driven shifts

Future Directions of Freshwater SQGs
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Recommendations for Future Research and Action

❑ A comprehensive methodological review of Freshwater SQGs for Potentially toxic 

elements (PTEs) around the world is required to implement as a baseline for 

management strategies 

❑ Enhanced Transboundary Collaboration and Data Sharing

Strengthening transboundary cooperation. This can be achieved through:

✓ Establishing joint monitoring programs to ensure consistent data collection and 

harmonization across countries (ICPDR, 2021).

✓ Creating platforms for data sharing and knowledge exchange, such as the 

ICPDR's TransNational Monitoring Network (TNMN) (Sommerwerk et al., 2017).

✓ Developing regional agreements that promote equitable responsibility and shared 

accountability for pollution control (Vuković et al., 2020).
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Summary of the different derivation methods of Freshwater SQGs
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