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 Executive Summary  

 

There is far more to the freshwater environment than meets the eye.  

Sediment, the degraded matter that comprises the floor of lakes and 
rivers, is a vital component of the overall waterbody. This sediment 
operates as a reservoir for contaminants - absorbing them from the 
water, retaining them for sometimes decades or longer, and eventually 
releasing them back into the overlying waters. 

There is growing concern surrounding the impacts of historical pollutants 
that may still reside within the sediment. This issue is termed “legacy 
sediment contamination”, and it is expected to have a detrimental 
effect on the health of the overall waterbody, the reliant ecosystem and 
extracted drinking water. 

In Ireland, there are many known sources that could contribute to legacy 
sediment contamination, and the matter should feature prominently in 
catchment management best practices. Nonetheless, there has been 
no quantitative survey or appraisal of this issue carried out in Ireland to 
date. Legacy sediment contamination does not currently feature in our 
national environmental policies or legislation, and it is equally found to 
be lacking from European governance. 

Despite remaining an underappreciated issue in environmental practice, 
the theoretical underpinnings of the problem are well-understood, and 
its contribution to freshwater pollution has been shown to rival present-
day contaminant inputs in some situations. Determination and 
quantification of legacy sediment contamination is well within current 
monitoring and analytical capabilities, but assessment at scale could 
prove costly and may benefit from a hybrid approach combining 
modelling and monitoring. 
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 Key Findings & 
Recommendations  

 

Finding 1: There are no standardized guidelines for acceptable 
concentrations of contaminants in freshwater sediments. 

Recommendation 1: Guideline threshold values for sediment 
concentrations must be established. Catchment management of 
sediment contamination is difficult in the absence of clearly defined 
limits. There is currently no standardized action thresholds or regulatory 
limits in the context of the freshwater sediment environment. This issue has 
been frequently highlighted, and yet no improvement has occurred. 
Sediments are of key importance to catchment-level water quality 
status, and defining appropriate guideline values would place Ireland at 
the forefront of development in this area. 

Finding 2: There is an immense knowledge gap surrounding the topic of 
legacy sediment contamination in Irish freshwaters. 

Recommendation 2: The extent of legacy sediment contamination in 
Ireland needs to be determined. Before the issue can be addressed, the 
lacuna of data surrounding freshwater sediment contamination must be 
overcome. The most viable approach would be to combine modelling 
of potential hotspots with exploratory sampling and analysis in these 
areas, thus maximizing the return on investment of the analysis effort. 

Finding 3: The most likely mechanism by which agricultural runoff may 
enter the freshwater environment is through bank erosion. 

Recommendation 3: Correct riparian management practices must be 
implemented where possible. Bank erosion, largely due to degradation 
by livestock during water access, is detrimental to the health of rivers, 
and a significant contributor to legacy sediment contamination. 
Successful farm improvement measures that restrict livestock ingress to 
waterways have succeeded in overcoming this problem, and should be 
continued and expanded. The replacement of water access points with 
riparian buffer zones is key, as these zones also reduce contaminant 
transport to the riverbank. Intelligent management of buffer zones to 
target stress points improves the effectiveness of this approach. 
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Finding 4: Chemicals known to be hazardous to the aquatic environment 
are often ambiguously labelled. 

Recommendation 4: Ensure the labelling of hazardous compounds is 
unambiguous regarding their risk. It is counterproductive if an effort to 
educate about the environmental impacts of a hazardous compound is 
undermined by insufficient labelling of the compound’s risks. The label 
accompanies every bottle of the compound sold, so is the most effective 
means of disseminating information. Pictograms are particularly effective 
and immediate forms of communicating risk. 

Finding 5: There exist contamination sources and pathways that have yet 
to be given consideration in Ireland. 

Recommendation 5: Emerging routes of potential contributors, such as 
veterinary products and military land use, should be explored. The 
abundant use of a suite of veterinary products is widespread in Ireland’s 
agricultural economy, yet the implications for sediment contamination 
have barely been considered. Many of the commonly used compounds 
are known to persist in the aquatic environment, the ultimate sink for such 
products. Military land use is another underexplored area, despite the 
importance of military range management in other countries. 

Finding 6: The development or non-development of infrastructure poses 
a risk to freshwater sediments. 

Recommendation 6: Awareness of legacy sediment contamination 
should compose part of any infrastructure planning. Sediments have 
likely been contaminated through a legacy of underinvestment in 
wastewater treatment in Ireland. Remedying this situation is essential in 
order to begin reversal of this process. Conversely, infrastructure works 
surrounding freshwater systems, particularly the physical modification of 
rivers, pose a huge risk in the form of resuspension of contaminated 
sediments. No river improvement works that will disturb sediments should 
be undertaken until it has been ascertained that there is no legacy 
contamination present. A thorough assessment of the potential for 
impacts associated with legacy contamination should be routinely 
considered as part of any ecological impact assessment (EIA) carried 
out. 
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Finding 7: There is insufficient emphasis placed on the importance of 
sediments in freshwater systems, despite their key role in the transport and 
fate of contaminants. 

Recommendation 7: Monitoring of sediment contamination should be 
integrated into routine catchment management programmes. Legacy 
sediment contamination must be addressed at a catchment level. 
Decisions as to the management of water quality within a catchment 
can be greatly informed by correct decoupling of the relative 
contributions of legacy and contemporary sources. In the context of a 
remediation programme, legacy pollution can extend the recovery 
timeline of the system, and this should be accounted for in remediation 
timeframes. Where comprehensive measurement is beyond the 
capabilities of the programme, modelling can provide an estimation of 
risk. 
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1 Introduction 

 

The island of Ireland has a rich freshwater landscape, abundant in 

streams, rivers and lakes. Irish society relies heavily upon freshwaters as a 

source of drinking water and for recreation, and freshwaters are a key 

component of many native ecosystems. 

An underappreciated characteristic of freshwaters is the oft-invisible 

layer of sediment that lies beneath the surface. While little thought is 

given to its existence, the sediment plays a vital role in the health of the 

overlying water body. The interface between the water column and the 

sediment is the backdrop for continuous chemical reactions and 

physical processes that greatly influence 

measurable water quality parameters. 

The sediment is home to the rich 

community of benthic fauna that act as a food source for fish and, by 

extension, birds and mammals that feed on the fish.1,2 A view of 

freshwaters that omits the sediment is necessarily incomplete. 

The solid, stationary sediment is antipodal to the dynamic nature of 

water. Pollution input to waterways is washed downstream, and while the 

impacts of this pollution may linger long after the source has been 

removed, the residence time of the pollutant in the water column is 

relatively short. The freshwater sediment, however, is a much more stable 

environment. The porous nature of sediments, as well as the 

accumulation of decomposing organic matter, promotes the 

entrapment of pollutants, allowing them to reside for a much longer time. 

These pollutants can then be released, either gradually (due to the 

sediment-water interactions) or suddenly (due to storm events or 

anthropogenic disturbances). The sediment could be compared to a 

Sediment: Degraded matter 
that constitutes the bottom 
surface of water bodies. 

Anthropogenic: Man-made. 

Residence time: The length 
of time a pollutant remains 
in the river. 

“A view of freshwaters that omits the  
  sediment is necessarily incomplete.” 
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battery, storing contaminants for a long period of time, and discharging 

them at a later time. 

 

Figure 1: Legacy sediment contamination affects all river users. 

Despite the major contribution freshwater sediments lend to the health 

of water bodies, almost all documents and regulatory instruments 

concerning water quality disregard their role.3–5 This report delivers a 

summary of the knowledge to date and the risks associated with legacy 

sediment contamination in Ireland. Also presented is an overview of 

candidate approaches to quantifying and remediating sediment 

contamination. Where local information is lacking, reference is drawn 

from international case studies with applicability to the Irish context. 

Recommendations are provided at the beginning of the document and 

summarized again at the end, and references to individual 

recommendations are included at relevant points throughout the 

document in order to highlight key actionable findings.  

Remediation: The actions 
taken to restore a polluted 
site to clean status. 
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2 Key Definitions & 
Scope of Study 

 

The primary aim of this report is to provide an overview of the prevalence 

and environmental impact of legacy sediment contamination in Irish 

freshwaters. In this report, legacy sediment contamination is taken to 

encompass contaminants present in river and lake sediments that have 

a long environmental lifetime. This definition includes pollutants 

originating from historical sources, as well as ongoing inputs with a long 

residence time. It is not taken to include large-scale displacement of 

uncontaminated sediments, an issue often referred to as “legacy 

sediment” or “sediment loss”; however, the input of contaminated soil, 

sediments and tailings into freshwaters does contribute to the matter 

under study.6 

The contaminants in question derive from a wide range of sources, and 

may be organic or inorganic in nature. This report does not specifically 

address any one category of contaminant in particular; rather, it seeks 

to outline general features common to the issue of legacy sediment 

contamination. That said, certain contaminants are less likely to 

contribute to this issue due to their relatively short lifetime, as will be 

explained later. 

A principle aim of this report is to outline actionable measures that can 

be taken to study, reduce and remediate legacy sediment 

contamination. In-depth discussion of these measures has been avoided 

where possible, as the most effective choice of approach is often 

situation-dependent and can change with technological advances. The 

use of case studies is employed throughout to relate local issues to well-

studied international cases.  

Tailings: Waste originating 
from the separation of 
useful material from mined 
ores. 
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3 Prevalence of Legacy 
Sediment Contamination 

 

Key Points 
• A comprehensive picture of the presence of legacy sediment 

contamination does not exist, but localized studies have 

confirmed its existence in affected areas. 

• The detection of legacy sediment contamination currently relies 

on targeted study or its detection during other environmental 

studies. 

• The modelling of potential legacy sediment contamination in 

other countries has offered a cost-effective prediction of likely 

pollution hotspots. 

The extent of legacy sediment contamination in Ireland is unknown at 

the present time. This is largely due to the difficulty in detecting and 

measuring sediment contamination. Sediment contamination rarely 

exhibits visible symptoms that are particular to legacy sources; in fact, 

long-term sediment contamination often exhibits the same behaviour as 

ongoing diffuse pollution.4,7  

Accurate determination of the presence of legacy sediment 

contamination relies almost entirely on the physical measurement of 

contaminant concentrations in the sediment. In the absence of this 

information, estimating legacy sediment contamination requires a solid 

understanding of likely local sources of pollution, historical and current. 

For example, the presence of a known historical pollution source in an 

otherwise low-pressure site would offer anecdotal evidence for the 

attribution of poor water quality to legacy pollution. 

Diffuse pollution: Pollution 
that does not appear to 
come from one particular 
location. 
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Where knowledge of legacy contamination exists, it has generally been 

acquired through the dedicated study of a particular known pollution 

source. Studies are typically only carried out in the most severely affected 

systems. Where they have been carried out, 

these studies often provide useful insights into 

the sediment contamination load of affected 

waterbodies and have demonstrated that 

significant sediment contamination loads were co-located with these 

sources, and could, therefore, be attributed to legacy pollution events. 

However, due to the involved nature of this study format and significant 

financial and labour costs, these studies are few and far between, and 

only carried out on a small spatial scale. There is no known nationwide 

study or database of legacy sediment contamination in Ireland. 

Additionally, there are no agreed guidelines on acceptable 

concentrations for any contaminants in freshwater sediments.8,9  

Recommendation 1: Guideline threshold values for sediment 

concentrations must be established.  

Identification of the source as legacy sediment contamination is 

important for two reasons. 

• Firstly, it rules out or lessens the contribution of present-day sources, 

allowing remediation efforts to be better directed. 

• Secondly, it informs remediation efforts, as successful remediation 

largely relies on an appreciation of the particular effects and 

processes associated with sediment contamination. 

 

 

“There is no nationwide database of    
  legacy sediment contamination… 
  There are no agreed guidelines.” 
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Case Study: Silvermines, Co. Tipperary  

The mining region of Silvermines is an area of 

approximately 23 km2 encompassing a number of 

disused mines, approx. 90 farms and the village of 

Silvermines. Mining has been carried out in the 

area since at least the 9th century, however, the 

majority of mining activity took place in the late 

20th century. Following local concerns 

surrounding dust-blow from a tailings 

management facility (TMF) and a series of cattle 

deaths resulting from lead poisoning in 1999, an investigation and 

remediation effort was initiated. 

Riverbed sediment sampling and analysis downstream of known mine 

sites was carried out in order to quantify the extent of legacy sediment 

contamination. The highest concentrations were found in the Yellow 

River, with measured lead concentrations of up to 12,000 ppm and 

measured zinc concentrations of 208,000 ppm. For comparison, the 

Environmental Quality Standard (EQS) advisory limits for lead in surface 

waters is 7.2 ppb, which is six orders of magnitude lower than the 

observed sediment concentration. While a direct comparison between 

sediment and water concentrations cannot be made as these matrices 

are significantly different, these elevated sediment concentrations 

clearly indicate the potential impacts of this legacy sediment 

contamination. These results were consistent with a hypothesis of 

contaminant discharge from a TMF adjacent to the Kilmastulla and 

Yellow rivers. 

Further investigation informed by these results exposed three contributory 

factors: 

• Uncontrolled seepage from the TMF into the water and seepage 

from the closed mine site allowed contaminants to easily enter the 

river systems. 
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• Dredging of the Kilmastulla River and dumping of the dredged 

material on the riverbank (a practice supported by the Landfill 

Directive) resulted in the deposition of contaminated sediment on 

the riverbank. These contaminants were potentially exposed to 

livestock and leached back into the river system.  

• The confluence of the Kilmastulla and Yellow rivers produced 

hydrological conditions that facilitated the precipitation of 

contaminants into the riverbed. 

In response to these findings, efforts were directed at the remediation of 

this TMF, including capping of the TMF site itself and perimeter measures 

to increase retention and efficiency and reduce erosion of the settling 

pond. Regular monitoring of the Kilmastulla and Yellow rivers under the 

Water Framework Directive (WFD) continues in order to quantify the 

current status. A programme of public communication was undertaken 

to inform stakeholders, with a number of informational pamphlets 

distributed. 

The Silvermines case study illustrates the importance of recognising the 

hazards associated with legacy sediment contamination. Transport of 

contaminants could only be fully understood with an awareness of how 

contaminant input to the river system readily formed a sediment pool. 

The practice of river dredging and subsequent disposal on riverbanks, 

while low risk under normal circumstances, placed grazing animals at risk 

due to high concentrations of lead in the dredged material, while more 

obvious exposure pathways were deemed to be less dangerous.  

Sources: 10–13  

Legacy sediment contamination in Ireland can be expected due to the 

presence of a number of likely sources in this country: 

• Many Irish waterways are significantly rural in location, and often 

adjacent to both arable and pasture farmland. Nutrient 

accumulation in soils is a widespread environmental problem. It 

Dredging: The removal of 
underwater sediments. 

Capping: Placing a layer of 
solid material over a 
contaminated site to 
prevent release. 

Leaching: The draining away 
of sediment constituents by 
water, especially rainwater, 
passing through it. 
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has been found, in the international context, that significant 

sediment input into waterways can occur as a result of arable land 

use practices and channel bank erosion by animals, with any 

accumulated concentrations in the soil entering the water in a 

form that is very amenable to settling into the river or lake 

sediment.6 Both grazing and field drainage have been shown in 

practice to contribute to nutrient input into waterways.14,15  

• Historical mining activity is a well-known source of legacy metal 

and metalloid contamination.16 Inputs into the water from both 

mining activity and mine associated waste (tailings) easily settles 

into the sediment due to the chemical properties of the metals. In 

the case of the many mines that where inadequately sealed, or 

whose tailings have been left exposed, contaminant input into 

waterways has continued and even increased beyond the mine 

closure. While visible contamination of adjacent waterways 

through acid mine drainage is well known from the creation of 

bright orange deposits, mine-associated pollution need not be so 

visible and significant river sediment deposits can occupy the 

riverbed without any visible signs of their presence.17 

• Legacy sediment contamination can be expected from industrial 

activity pre-dating the introduction of modern wastewater 

regulations. 

• Urbanization is an important feature of the Irish landscape in the 

21st century, and urban environments and road networks are 

associated with inputs such as PGE from road runoff and domestic 

wastewaters.18 In addition, older infrastructure such as lead pipes 

can be expected to have contributed to sediment contaminant 

load in urban watercourses.19  

• Shipping is an important component of the Irish transport sector, 

and while inland commercial shipping is practically non-existent, 

PGE: Platinum Group 
Elements; metals with 
similar properties to 
platinum, often used in 
catalytic converters. 

Metalloids: Elements, such as 
Arsenic, that share similarities 
with both metals and non-
metals. 
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significant ship movements occur in transitional waters. 

Contaminants associated with shipping include precipitation of 

emitted petrochemical products and leaching of hull coatings, 

both of which can settle into the sediment.20–22 Significant use of 

inland waterways for recreational boating replicates these 

pressures at a smaller scale.23  

A more comprehensive discussion of likely sources will be presented in 

Section 5 of this report. 

Our understanding regarding the prevalence of legacy sediment 

contamination in Ireland could be improved in three ways: 

1. Informed sampling based on knowledge of previous inputs and/or 

present-day pollution events. From the example of Silvermines, the 

presence of known poor water quality indicators and the 

existence of a possible source in the form of historic, poorly sealed 

mine structures supported an approach that focused on legacy 

mining pollution. The Silvermines studies supported the assumption 

of legacy sediment contamination and offered remediation 

solutions tailored to these realities. 

2. Serendipitous discovery during sediment analysis in the course of 

unrelated studies. Sediment sampling is sometimes carried out 

during environmental studies, and these occasional results may 

indicate the presence of sediment contamination.  

3. A systematic sampling of freshwater sediments with a view to 

mapping legacy pollutant occurrence in a region or locality. This 

approach, while straightforward in principle, would require a 

significant dedication of resources, comparable to routine EPA & 

Local Authorities Water Programme (LAWPRO) catchment 

assessment under the WFD, but beyond Ireland’s commitments 

under such programmes. 

Transitional: Transition zone 
between freshwater and 
seawater. 

WFD: EU Water Framework 
Directive, legislation 
governing the monitoring of 
water body quality status. 
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An alternative to nationwide sampling of river and lake sediments would 

be modelling of potential sediment contamination based on the 

knowledge of historical contamination sources. Similar modelling has 

been carried out, both in Ireland and 

abroad, to predict hotspots of likely pollution 

occurrence.24–29 Modelling is a very valuable 

tool where field data is lacking and unobtainable, and should be use to 

inform the evaluation of legacy sediment concentrations through 

sampling and analysis. 

Recommendation 2: The extent of legacy sediment 

contamination in Ireland needs to be determined.  

 
Case Study: DiffuseTools Project 
The DiffuseTools project was initiated in 2016 to 

develop tools to aid in catchment management, 

informed by next-generation diffuse pollution 

models. 

As part of the project, a prediction tool for the 

leaching of diffuse phosphorous from agriculture-

associated soil phosphorous load into adjacent 

freshwaters was produced. Monitoring of soil 

phosphorous concentrations in four catchments and calculation of 

water flow from a topographical model of the catchments were 

combined in order to produce a model of dissolved phosphorous flow 

throughout the catchment. 

This approach delivered a prediction for which waterways were likely to 

be sensitive to phosphorous run-off, and what the associated sources 

were, with significantly higher release predicted from grassland versus 

arable land. An unexpected result was that hydrological transport (via 

“Modelling should be used to inform   
  legacy sediment analysis.” 
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floodwaters etc.) was found to be a more important factor than 

phosphorous mobilization within the soil. 

This study demonstrates how combining existing, incomplete knowledge 

(soil phosphorous concentrations) and informed modelling (water 

transport) could produce predictions with relevance to catchment 

management. This approach could likewise be adapted for the 

determination of areas sensitive to legacy sediment contamination, 

based on incomplete knowledge of historical sources.   

Sources: 24,25  

 

  



Legacy Sediment Contamination Prepared for An Fóram Uisce 

12 

4 Determining Presence of 
Legacy Sediment Contamination 

 

Key Points 
• The only reliable indicator of legacy sediment contamination is the 

analysis of benthic samples. 

• Coring of sediment offers a temporal view of sediment 

contamination, but it requires a significant analysis effort to obtain 

both temporally and spatially distributed data. 

• Analytical methods should be carefully chosen in order to 

minimize budget while achieving the required analysis goals. 

 

There is a myriad of techniques that can be employed to quantify the 

contamination of freshwater sediments. This section will outline many the 

major options available and highlight effective approaches. 

4.1. Detecting Legacy Pollutants 

Where legacy pollution has contaminated lake or riverbed sediments, 

unless resuspension is currently taking place, there is no surface indication 

of the presence of this sediment pollution. This is because the 

contaminants that are likely to contribute to legacy sediment pollution 

are equally unlikely to persist in the water phase.4,16 For example, rivers 

flowing through naturally metal-rich areas often exhibit reduced water 

phase metal content when nearby mining has removed these metals 

from the soil; however, these rivers are also likely to contain significant 

sediment-bound contamination due to mining outputs.30  

Resuspension: Where 
sediment constituents are 
re-released into the water 
column. 
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Where contamination of the water column is evident, it is difficult to 

determine whether the cause is related to legacy or contemporary 

sources, and it is very easy to misidentify 

pollution due to legacy contaminants as a 

recent or ongoing input to the water body.4,7 

This is compounded by the lack of a universal surface indicator of legacy 

pollution. 

A clue to the origin of the pollution event could be the presence of 

contaminants which correspond to known historical inputs (for example, 

adjacent to a historical industrial site or an area of long-term intensive 

agriculture).1 Legacy contaminants should also be suspected when 

conditions favourable for resuspension have recently occurred, such as 

a recent flood event or dredging operations, especially when repeat 

pollution events correlate with these factors. However, the only certain 

identifier of legacy pollution is the detection of elevated concentrations 

of the pollutant in sediments, especially at lower depths.1,31  

 

Case Study: Lakes of Ontario 

 The area around the town of Cobalt in 

northeastern Ontario, Canada, is named after the 

cobalt deposits associated with the significant silver 

mining operations carried out in the early 20th 

century. The majority of mining operations ceased 

by the 1930s, leaving a legacy of large quantities of 

arsenic-containing waste dumped in nearby lakes 

and wetlands. It has been estimated that over 

68,000 tonnes of arsenic is present in the surrounding environment. 

In the lakes, this contaminated waste has been buried by decades of 

overlying sediment. However, due to the highly mobile nature of arsenic 

“There is no surface indication of  
  legacy sediment contamination.” 
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and reducing conditions below the water-sediment interface, the 

arsenic deposits continuously migrate towards the sediment surface 

where they are scavenged by iron-manganese oxides, thus 

contaminating the upper sediments and overlying waters. This process 

has resulted in surface water arsenic concentrations that greatly exceed 

regulatory standards almost a century after the pollution input has 

ceased. 

In the absence of sediment contamination data, the lakes around 

Cobalt present the impression of aquatic environments under 

contemporary stressors. Lake sediment coring and analysis was able to 

determine the leading role of legacy sediment contamination in the 

present-day contamination of surface waters. Silver deposits were 

identified within the cores in order to determine the original location of 

the waste deposits, and thus quantify the movement of the more mobile 

arsenic deposits. Core analysis and the investigation of unaffected 

“control” lakes allowed for the estimation of the original impact of 

mining, data that is absent from records but required for remediation.  

The situation regarding disposal of mine waste is similar in Cobalt and 

many of Ireland’s historic mining areas. Where correct disposal 

procedures and post-closure sealing operations were not carried out, we 

can expect mine-associated contamination of nearby sediments that 

will persist long after closure of the mine.  

Sources: 32,33 

 

4.2. Acquisition of Sediment Samples 

Similar to the detection of legacy pollution, the quantification of legacy 

pollution requires retrieval and analysis of lake or river sediment. The 

acquisition of sediment samples is relatively straightforward, particularly 

when relatively recently deposited sediment contaminants are of 

Scavenging: The removal of 
contaminants through 
chemical binding. 
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interest. Determining the presence of historical pollution and identifying 

temporal trends requires sediment coring. 

Sediment coring consists of the use of a coring tool to obtain a vertical 

cross-section of the riverbed sediment.34 As sedimentation typically 

happens sequentially, with each layer of sediment deposited on top of 

the previous layers, vertical depth in the core corresponds to a timeline 

of historical sedimentation events. In much the same way as tree-rings on 

a cut tree correspond to different growing periods and conditions, 

different layers of the sediment correspond to deposited sediments from 

different periods of time. Excluding possible resuspension events, legacy 

contaminants are likely to remain trapped within a layer corresponding 

to the time period in which the contamination occurred.31,35,36  

There are many different types of coring devices available in different 

sizes and different materials, with applicability to different sampling 

scenarios. In general, however, the coring process is simple and 

economical. In most cases the core is obtained by manually driving a 

tube into the riverbed, cutting away a vertical cylinder of sediment. This 

core will then come away with the tube when it is lifted. This process can 

be aided by capping the top of the tube before lifting, or a one-way 

end-cap can be fitted to the bottom of the tube to trap coarse 

sediments, such as gravel and sand.34  

In easily wadeable waters, this procedure can be carried 

out relatively rapidly by a single person. If a river or lake is 

too deep or the sediment unstable, making access 

dangerous, an extension handle can be used to operate 

the coring device from a bridge or boat. Autonomous 

coring devices such as gravity corers and vibratory corers 

can be dropped into the water, and will obtain the core 

sample when they reach the riverbed. The core will 

represent conditions at the geographical point of sampling, 
Figure 2: Sediment core being 
prepared for sectioning. 
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so repeat coring is required to obtain a spatial distribution of conditions.34  

The core sample is returned to the lab and frozen. Sectioning is carried 

out by slicing the core to obtain samples corresponding to different 

depths. For the purposes of contaminant analysis, sediment at the radial 

centre of the core is extracted in order to reduce the probability of 

contamination by contact with the coring equipment.37  

4.3. Quantifying Legacy Pollutants 

The options available for chemical analysis of contaminants contained 

within the core vary greatly depending on the contaminant of interest. 

Inorganic contaminants can be quantified from the solid sediment 

sample using GF-AAS or XRF. Digestion or extraction of the sample to 

obtain a liquid form allows for the use of liquid matrix techniques, 

including ICP-MS (and other Inductively-Coupled Plasma variants) and 

FLAME-AAS.38,39 Organic contaminants, including POPs such as PCBs and 

DDT, can be quantified, after digestion, using Gas or Liquid 

Chromatography. Nutrient inputs, such as Phosphorous- and Nitrogen-

containing compounds, are often analysed using spectroscopy, or 

spectrophotometry in low-budget projects.40  

All of the above methods are widely available in Ireland, and the range 

of analysis options offer choice in terms of analytical accuracy (limits of 

detection, or lowest detectable concentration), effort and cost. 

Typically, more sensitive and higher-throughput techniques require more 

advanced facilities and operators, with a corresponding increase in cost. 

Additionally, some techniques offer multi-element analysis, while other 

techniques require multiple runs to quantify different target analytes, with 

costs scaling according to the number of analytes of interest. 

Table 1 summarizes many of the most commonly employed analytical 

methods, with the caveat that progress in analytical technology 

POP: Persistent Organic 
Pollutant. 
PCB: Polychlorinated 
Biphenyl. 
DDT: Dichloro-diphenyl-
trichloroethane. 

Analyte: The chemical that 
is being analyzed. 
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continuously drives down limits of detection and costs, so merely 

suggestive comparisons between techniques are provided. 

While the below methods will quantify the concentrations of analyte(s) 

of interest, further information regarding the provenance of specific 

elements can be obtained through stable isotope analysis.41 This 

technique can offer insights into the relative contributions of natural and 

anthropogenic sources; however, the infrastructure is less commonly 

available and relatively costly. 

Table 1: Overview of commonly employed analytical methods for the detection and quantification of 
various analytes in freshwater sediments. 

METHOD ANALYTES 
SINGLE- OR 

MULTI-ANALYTE SENSITIVITY 
REQUIRES 

PROCESSINGa COST 

ATOMIC SPECTROSCOPY 
FLAME-AAS Most  Singleb Medium Yes €€ 

GF-AAS Most Single High No €€€ 

HG-AAS As/Bi/Ge/Hg/Pb 
/Sb/Se/Sn/Tec Single High Yes €€€ 

CV-AAS Hg Single Very high Yes €€ 

INDUCTIVELY-COUPLED PLASMA SPECTROSCOPY 
ICP-AES Most Multi High Yes €€€€ 
ICP-OES Most Multi High Yes €€€€ 
ICP-MS Most Multi Very high Yes €€€€€ 

X-RAY FLUORESCENCE 
XRF Most Multi Highd No €€€ 

CHROMATOGRAPHYe 

HPLC Organics/Ions Multi High Yes €€ 
UHPLC Organics/Ions Multi Very high Yes €€€ 
LC-MS Organics Multi High Yes €€€ 
GC-MS Volatiles Multi Very high Yes €€ 

ELECTROCHEMICAL 
ASV Metals Multi Medium Yes € 
ISE Many  Singlef Low Yes € 

Notes: a Processing generally consists of digestion, as many methods require the sample to be in 
 liquid form. 
b Some recent machines allow multi-element analysis, using multiple analyte-specific lamps.  
c  HG-AAS is applicable to any element, typically metal or metalloid, that can form a Hydride.  

Some of the more interesting of these analytes are shown here.  
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d  There exist hand-held XRF detectors that are intended for use in civil engineering applications,  
and are typically very cheap but with much lower sensitivity. This listing refers to bench-top 
analytical XRF, as frequently employed for customs and forensics applications.  

e  Chromatography techniques also have the capability to differentiate between compounds,  
offering an advantage over the other techniques that are mainly employed to evaluate 
elemental concentrations.  

f  While relatively cheap, Ion-Selective Electrodes are designed to respond to a single analyte.  
Therefore, not only can they not perform multi-analyte sweeps, a separate electrode is 
required per analyte of interest, potentially raising cost. 

 

Case Study: Analysing Yellowknife 

 A range of complementary methods were 

employed to quantify legacy pollution in lakes 

surrounding Yellowknife, Canada. 

Sediment concentrations of metals and metalloids 

were primarily quantified using ICP-OES. However, 

the limits of detection were found to be restrictive 

in the cases of some elements, therefore, ICP-MS 

was employed to offer increased detection 

sensitivity to these elements, at the expense of cost. ICP-MS was also 

exclusively used to quantify the contaminants in water samples due to 

the lower concentrations found in the water phase. In contrast, 

phosphorous, which is typically abundant in water samples, was 

quantified using cheaper spectrophotometric techniques.  

Qualitative properties beyond elemental concentrations were studied 

using targeted methods. HG-AFS was used to determine the relative 

concentrations of arsenate and arsenite, as both compounds have the 

same elemental mass and are not distinguishable using elemental 

methods such as ICP, while posing different risks to aquatic biota. Ion 

concentrations were determined using ion chromatography.  

All of the analytical techniques employed in this programme are 

available in Ireland. These examples illustrate the importance of choosing 
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methods well suited to the analysis required. If concentrations of the 

analyte of interest do not exceed the limits of detection, then a more 

sensitive method must be employed. Questions regarding the qualitative 

properties of the analytes require methods sensitive to these properties. 

There is no silver bullet, and the best approach is often to have the best 

qualities of multiple methods and chose so as to balance requirements 

and budget to obtain the greatest amount of information. 

Sources: 7,41,42  

4.4. Current Limitations 

Current methods for the determination of legacy sediment pollution 

produce accurate results only at the point of sampling. Assessment of a 

large area (or a short stretch of water with decent spatial resolution) 

would require a large sampling effort.43 Accurate analytical 

quantification of sediment concentrations requires an unavoidable 

financial outlay, which can grow quite large if many sampling points are 

required. For these reasons, determining the presence of legacy 

sediment contamination is neither easy nor cheap using existing 

technologies and methods. 

The cost-effectiveness of wide-scale sampling is particularly sensitive to 

the per-sample cost, and analytical techniques typically get more 

expensive as the sensitivity of the measurement increases. Therefore, 

while very precise analytical capability exists for the evaluation of 

sediment contaminants, a large sample size may prohibit the 

employment of better techniques and necessitate that less accurate 

analytical methods be substituted. 

In the face of the impracticality of the large-scale determination of 

legacy sediment contamination, the only realistic approach is to inform 

sampling based on modelling of likely sensitive areas. This would include 

knowledge of historical and contemporary pollution sources and 
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hydrological features that are likely to result in contaminant entrapment. 

This information is typically incomplete in the case of known industrial 

complexes or agricultural sources, or may be lacking completely if there 

is no record of the activity or its 

outputs.44 For this reason, anecdotal 

evidence may be the only way of 

determining the likelihood of 

encountering legacy sediment contamination, despite its limitations.16 

Indicators of legacy sediment contamination can be used to confirm or 

challenge the results of this modelling approach; however, as has been 

mentioned previously, the absence of indicators in the water phase does 

not rule out the presence of a stationary legacy pool within the sediment. 

Recommendation 2: The extent of legacy sediment 

contamination in Ireland needs to be determined.  

 

 

  

“The absence of indicators in the    
  water does not rule out the presence  
  of contamination in the sediment.” 
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5 Sources of Legacy 
Sediment Contamination 

 

Key Points 

• Legacy sediment contamination can come from a multitude of 

sources.  

• Urbanization poses a significant threat, both through 

remobilization of contaminated sediments and contribution to 

future legacy contamination pools. 

• Many potential sources have yet to be fully explored, and 

emphasis should be placed upon evaluating the impacts of 

underappreciated sources such as veterinary products and 

military land use. 

 

This section will deliver an overview of sources that are likely to contribute 

to legacy sediment contamination in Ireland. It should be noted that 

there are innumerable possible sources, and, in light of uncertainties 

regarding the prevalence of sediment contamination outlined 

previously, this list is far from comprehensive. 

5.1. Agricultural Sources 

Intensive agricultural activity is likely to have led to significant 

introductions of fertilizer-associated compounds to 

waterways.5 Significant transport of contaminants 

from agricultural soils to adjacent waterways, 

through both overland and hyporheic processes, have been observed 

and are well modelled in the literature.14,24,25,45–47 Topography of the land, 

“Increased nutrient inputs often  
  coincide with increased costs.” 
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soil type, drainage and riparian makeup are significant contributors to 

the ultimate concentrations of pollutants entering the waterways. 

Increased inputs to waterways often coincide with increased cost to 

landowners, as the nutrient input into the waterbody is also nutrient loss 

from the land, and an indicator of an inefficient land management 

process.15 This has led to increased study of the processes that govern 

nutrient transfer in soils, and these could be leveraged to explain excess 

nutrient contamination in waterways.14 

Nutrient input can also occur from bank erosion, whereby nutrient-

containing sediment is washed into the waterway. This is potentially a 

more efficient sediment-enriching process, as the nutrient is already 

bound to the sediment and effectively bypasses the liquid phase.47  

Forestry is an underappreciated contributor of nutrients to waterways. 

Afforested lands can hold significant nutrient quantities and prevent their 

release into waterways. However, clear-felling and its associated 

processes can induce important siltation and release of nutrients into 

adjacent water bodies.48  

Effective, low-cost management of nutrient input to waterways has been 

attempted through the establishment of a riparian buffer zone, wherein 

a small strip of riverside land is set aside for nutrient-trapping vegetation 

and to reduce riverside erosion. This approach has a number of positive 

knock-on effects, such as increasing biodiversity, and can be modified 

to target known pressures (such as larger buffers by steeper pastures).  

Soil erosion in particular can be reduced by prohibiting livestock access 

to riverbanks. Effective measures include fencing of riverbanks, 

engineering of river and ditch crossing points and provision of pumped 

water troughs or hard-surface drinking bays.49,50  

Riparian: Relating to the 
riverbank. 

Clear-felling: Complete 
harvesting of all trees in an 
area. 
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Recommendation 3: Correct riparian management practices 

must be implemented where possible.  

Legacy contamination of sediments has likely led to a 

trapping of historically unregulated fertilizers and 

pesticides that are now banned.51 It also poses a problem 

in the form of persistence of previous peaks in pesticide 

contamination.52 Monitoring returns to the EPA show a 

peak in pesticide occurrences in 2015;53–59 this could have 

contributed to settling of these pesticides in river systems 

with a potential for later release. It is worth underlining 

that while recorded exceedances may represent 

concentrations only slightly above the limit of 0.1 ppb 

(1µg/L), the release of legacy sediment contamination 

can result in higher concentrations.4 

 

Case Study: MCPA & Lough Derg 
MCPA (2-methyl-4-chlorophenoxyacetic acid) is a 

common herbicide used throughout Ireland to target 

broadleaved weeds. Unlike many herbicides, it is spread by 

brushing the compound against the vegetation. This 

application method is designed to reduce the leachate of 

MCPA into waterways: it has been suggested that a single 

drop of MCPA can contaminate a 30km stretch of river. 

MCPA is not a compound that would generally be considered a 

candidate legacy pollutant, as it quickly biodegrades under normal 

conditions. However, while biodegradable at the surface, under 

anaerobic conditions MCPA breaks down much more slowly. This could 

allow it to persist when buried in underwater sediments, which could 

partially explain the year-round presence of MCPA in Lough Derg.  

Sources: 60–62  
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Figure 3: Number of Irish public water 
supplies exceeding guideline limits for 
pesticide concentrations.53-59 

Anaerobic: An environment 
lacking in oxygen. 
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Most exceedances of pesticide concentrations in Irish waters can be 

attributed to the herbicide MCPA; to what extent legacy contamination 

contributes to this issue remains unknown.5,60 In order to reduce the risk of 

water contamination, a buffer zone of 5m around surface waters is 

required when spreading. In response to these MCPA-associated 

exceedances, campaigns have been launched to educate the 

agricultural community as to best practice application procedures for 

MCPA-containing herbicides.62  

The EU Classification, Labelling and Packaging (CLP) regulates the 

labelling of MCPA-containing products sold within the EU.63 These 

regulations include the requirement to display the GHS09 “Environment” 

pictogram where a hazard to the aquatic environment has been 

identified.64 Many notifiers to the ECHA C&L Inventory identify this 

requirement; however, this is not present across all notifiers.65 

A cursory survey of MCPA-containing herbicides sold from various 

major agricultural supply stores in Ireland and labels approved by the 

Pesticide Registration and Control Divisions suggests that many 

branded products are being sold without the GHS09 pictogram. 

There is hence no clear indication of the adverse environmental 

impacts of MCPA to the aquatic environment beyond the textual 

reminder of the 5m buffer requirement. Additionally, correct 

chemical labelling in line with CLP regulations (unambiguous 

chemical name and ID) does not appear to be enforced on Irish 

products.66 

Recommendation 4: Ensure the labelling of hazardous 

compounds is unambiguous regarding their risk.  

A perhaps hidden source of contamination is the contribution of 

veterinary pharmaceutical products to freshwater pollution. These may 

enter waterways through animal excrement or after slurry spreading. 

Figure 4: Product packaging 
exhibiting pictograms 
GHS05, GHS07 and GHS09. 

ECHA: European Chemicals 
Agency. 
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Many of these products have long lifetimes and additionally may have 

harmful transformation products.67,68  

Recommendation 5: Emerging routes of potential contributors, 

such as veterinary products and military land use, should be    

explored.  

Reduction of present-day inputs into freshwater systems from agricultural 

sources requires communication with, strong cooperation with and buy-

in from relevant sectoral stakeholders. Initiatives championed by bodies 

such as LAWPRO and Teagasc’s Agricultural Sustainability, Support and 

Advisory Programme (ASSAP) are logical approaches to promoting on-

the-ground actions to address contamination issues.69,70  

5.2. Mining Legacy 

Despite the relatively low level of industrialization in Ireland, the country 

has a significant history of mining activity. Mines were often located in 

relatively rural areas, and particularly in upland regions. Mining activity 

has been responsible for extensive contamination of watercourses. 

Inadequate sealing of mines and disposal of contaminated slag has 

resulted in continued release after mine closure.71  

Mineral extraction is rarely complete, and extraction techniques of the 

19th century were inefficient by modern 

standards, leaving significant quantities of the 

mined product in the mine tailings. Tailings 

also contain excavated materials that were not extracted for use, and 

often have harmful constituents. Geological formations that favour a 

particular elemental composition often favour others, such that 

significant pools of one element frequently lie with pools of another, 

which may not be a desired output of the mine and thus end up in the 

tailings. For example, silver is often co-located with arsenic, resulting in 

dumping of concentrated arsenic waste on the mine site. These 

“…a process that continues for  
  decades after the mine closure.” 
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elevated concentrations of harmful by-products easily leach into 

adjacent waterways during rain events, a process that continues for 

decades after the mine closure.16,72  

Long-term leachate from mining sites readily settles in the waterbody, as 

it often enters in solid form as sediment release. If this slow release has 

continued over decades, as is often the case with mines, the sedimented 

contaminants can form a very significant contamination pool. 

Resuspension will facilitate the re-entry of these contaminants into the 

water body where they can be transported downstream. Additionally, 

mining outputs often contain acidic components, which can lower the 

pH of the river during resuspension, with negative impacts on freshwater 

biota as well as livestock and humans relying on the water source.16  

Mine type has a bearing on the toxicity of the liquid effluent produced, 

with open-pit mine effluent typically up to a hundred times greater in 

volume than underground mines.44 An inventory of Irish mine sites and 

their characteristics has been compiled by a consortium of government 

agencies.71  

5.3. Industrial Activity 

Industrial activity has always been a significant stressor on Irish water 

bodies. Improvements in legislation and enforcement have restricted the 

output of contaminants from industrial sites. However, sedimentation 

processes have likely produced contaminant pools associated with 

industrial releases dating from prior to the implementation of modern 

restrictions, which can result in sediment concentrations that are not 

caused by present-day activity.1  

5.4. Urbanisation 

Increased urbanization has been one of the most obvious social changes 

in Ireland in the past few decades. This shift has been responsible for local 
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changes in pollution profile, and, in many cases, increased pressure on 

watercourses.5  

Inputs associated with urbanization include road runoff (responsible for 

petroleum-related and PGE contamination), untreated sewerage where 

necessary WWTP upgrades have not been applied, pharmaceutical 

products and precipitation of air pollution.5,18,67,73  

Older urbanized areas are likely to be co-located with legacy sediment 

contamination arising from inadequate sewerage, recently banned 

chemicals and historical industrial activity. In recently urbanized areas, 

legacy sediment contamination associated with urbanization is unlikely; 

however, the processes that will lead to sediment contamination could 

be underway if the aforementioned stressors are insufficiently dealt with. 

Recommendation 6: Awareness of legacy sediment 

contamination should compose part of any infrastructure  

planning.  

5.5. Shipping 

The shipping industry is a known contributor of chemicals into the 

environment. Shipping-associated inputs include precipitated lead and 

petroleum waxes from combustion processes, and copper, TBT and 

similar antifouling constituents from paint leachate.74,75 Although efforts 

have been made to reduce shipping exhausts and the more damaging 

antifouling constituents, historical contamination likely persists along 

intensive shipping routes.76,77  

Little extensive shipping occurs on Irish freshwaters; however, some of the 

most traversed waters are transitional (e.g., Shannon Foynes, Upper 

Bantry Bay, Waterford, Drogheda), and half of all bulk 

cargo passes through ports on transitional waters.78 

WWTP: Wastewater 
Treatment Plant. 

TBT: Tributyltin. 

Antifouling: Preventing  the 
growth of organisms on a 
surface. 

“Half of all bulk cargo passes 
  through transitional waters.” 
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Recreation use of inland waterways may also contribute significant 

antifouling-associated contamination.79  

5.6 Military Legacy 

The environmental impact of Ireland’s military history has yet to be 

explored. Environmental monitoring and remediation of ballistics and 

military use sites is an important undertaking in most developed countries 

with a significant military presence.80–85 In Ireland, a number of military 

ranges exist, some of which have been in continuous use since their 

establishment as British Army installations. To date, there does not appear 

to have been any appraisal of the potential impact of military activities 

on the Irish freshwater environment. 

Chemical analysis of leachate from overseas military ranges have 

demonstrated the presence of a wide array of legacy pollutants 

(including, but not limited to, metals, dioxins, PCBs and Nitroglycerin).80–85 

Some of these pollutants have been found to leach into and persist within 

adjacent water bodies. The primary focus of these studies has been on 

soil legacy pollution; the contamination of freshwater sediments remains 

generally overlooked, although the contamination of marine sediments 

has been found to be an important issue.85  

 
Figure 5: Military operations in the Glen of Imaal often employ the use of live ordnance. 
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To give a corresponding example in the Irish context, the Glen of Imaal 

Artillery Range has been in continuous use for over a century, and is 

currently the Irish Defence Forces’ largest live fire range.86 The Glen of 

Imaal is the source of the River Slaney, which is often considered an 

angling river and used as a drinking water source.87,88 The Glen is part of 

the Wicklow Mountains SAC, and conservation efforts are in place to 

manage sheep and deer populations on the site, but no known sediment 

monitoring is carried out.86,89 This environment contributes to a high 

likelihood that ordinance-associated contaminants could be present in 

adjacent freshwater sediments. 

Recommendation 5: Emerging routes of potential contributors, 

such as veterinary products and military land use, should be  

explored. 

 

  

SAC: Special Area of 
Conservation. 
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6 Key Processes & Mechanisms 

 

Key Points 
• The many processes governing the formation of legacy sediment 

contamination are complex and varied. 

• Floodplains are particularly at risk of legacy sediment 

contamination. 

• Low-impact approaches to the remediation of legacy sediment 

contamination should be prioritized in the Irish context. 

 

The transport of contaminants into and out of freshwater sediments is a 

complex topic that far exceeds the remit of this report. This section, 

however, will provide an overview of the key concepts in order to convey 

an understanding of why and how the problem occurs. 

6.1. Mechanisms of Sedimentation 

Sedimentation describes the process whereby solid materials suspended 

in the water phase settle at the bottom of the water body. This is usually 

taken to apply to the settling of organic material to form a clay-like 

riverbed, or inorganic material to form a gravel-based riverbed. 

However, any contaminants present in the water phase can also settle, 

forming a contaminant pool in the sediment.90  

Sedimentation occurs due to gravity forcing the contaminant particles 

to the bottom of the riverbed.90 The speed at which this happens 

depends on a number of factors, including particle size and density. If 

the particle is light enough, the sedimentation process happens so slowly 
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that it will be flushed downstream and out of the river system before it has 

a chance to settle.91 The formation of a sediment contamination pool, 

therefore, relies on processes that increase the rate of sedimentation of 

the contaminant. 

If the pollutant enters the water body as silt, such as from riverbank 

erosion, then it is already relatively large and will sink relatively quickly. For 

this reason, sediment input into waterways can contribute rapidly to 

riverbed contamination when a pollutant is present within the 

sediment.6,50  

Recommendation 3: Correct riparian management practices 

must be implemented where possible.  

If the pollutant entering the water column is physically smaller, such as in 

the case of leachate or direct entry, then it will begin suspended in the 

water column. Sedimentation will likely be slow initially, but it can be sped 

up by aggregation processes that increase the particle size, and hence, 

mass. These processes include complexation to organic matter (such as 

decomposing vegetation), aggregation with other pollutants or 

aggregation with normal river constituents. These processes naturally 

happen in river systems, and they can be responsible for the relatively 

fast sedimentation of pollutants.90,92,93  

Factors that influence the rate of sedimentation can be categorized into 

pollutant-dependent, water chemistry-dependent and hydrology-

dependent properties. 

• Pollutant-dependent properties include valency, volatility etc., in 

other words those that favour or inhibit the aggregation processes; 

different pollutants will be more or less likely to bind with other 

particles, which will affect how quickly they sink.92,93  

Aggregation: The adhesion 
of multiple small particles to 
form a larger particle. 
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• Water physicochemistry-dependent properties include pH, 

temperature, light, dissolved solids etc., that also influence the 

flocculation processes.92 In particular, aggregation occurs at a 

higher rate in estuarine and marine environments than in 

freshwater.94  

• Hydrology is equally important as the point at which the particle 

reaches the riverbed is dependent upon the rate of flow and river 

depth; hence, sedimentation usually occurs more readily in a lake 

than a fast-flowing river.94   

 

Figure 6: Illustration of principal processes governing sedimentation of 
contaminants. Legacy sediment contamination occurs due to the higher 
rate of sedimentation versus resuspension, that traps contaminants in the 
lake and riverbed sediment. 

A particularly important factor in the sedimentation of contaminants is 

complexation to organic matter. Organic matter is often described as a 

scavenger of metals, incorporating them rapidly into riverbed sediments, 
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and it is an important driver of flocculation with other contaminants also. 

Organic matter generally derives from decomposing plant or animal 

matter, but this may also be supplemented by organic pollution such as 

manure or sewage input.95 Organic matter will also increase the 

bioavailability of the metals during resuspension.90  

A special case of pollutants includes those that biodegrade readily in the 

aquatic environment. These may either degrade in the water column, in 

which case no sedimentation occurs, or they may degrade following 

sedimentation. For this reason, these pollutants in their original 

composition are unlikely to contribute to significant legacy 

sedimentation pools if their half-life is short. 

However, the products that arise from the biodegradation of some 

contaminants can be toxic, in and of themselves, and should be 

accounted for.96 Additionally, some contaminants primarily biodegrade 

through photodegradation or aerobic processes, either of which are 

greatly impeded in the low-light, anaerobic conditions of freshwater 

sediments, allowing the contaminants to persist in sediments for much 

longer than they would in the water column.60 Therefore, nominally 

biodegradable contaminants, should not be overlooked. 

Similarly, microbial contamination of freshwater systems originating from 

human and livestock effluent may show immediate 

effects, but it is unlikely to contribute to legacy 

contamination because of the biodegradable 

nature of microbes.97 While the nutrient-rich environment of sediments 

can sustain coliform bacterial communities for a time, long-term survival 

of the community requires a continuous input, in which case coliform 

pollution of a river is unlikely to be attributed to legacy sediment 

contamination.98,99  

It should be noted, however, that while microbial pollution is not a legacy 

issue, resuspension of sediment can induce microbial pollution in 

Bioavailability: The 
likelihood of a contaminant 
being taken in by an 
organism. 

Photodegradation: 
Breakdown due to exposure 
to light. 

“Biodegradable contaminants 
  should not be overlooked.” 
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overlying waters through a similar process as the resuspension of legacy 

contaminated sediments. This does not occur due to a historical 

bacterial pollution event, but rather because bacterial concentrations 

are hundreds of times higher in sediments than in the water column.98  

In the absence of limnological processes that may favour sedimentation 

deposition at particular points in the river, riverbed concentrations have 

been observed to decrease with distance from the source, with 

concentrations being well approximated by linear, exponential or power 

mathematical functions.100  

6.2. Mechanisms of Release 

In the absence of any disturbance, legacy sediment contamination 

would remain in the riverbed indefinitely. In reality, remobilisation and 

release of these pollutants into the water column is highly likely.101 This 

process can occur via four main mechanisms. 

Resuspension from hydrological processes 

Resuspension of polluted sediment typically occurs during or shortly after 

a storm event, but it can also occur on a smaller scale due to sediment 

disturbance by biota or normal river movement.94 This pathway is likely 

the most important means for legacy sediment to naturally re-enter the 

water column. Resuspension results in a diffuse pollution discharge into 

the river system, with resulting water quality impacts.102  

Surface diffusion 

Diffusion at the water-sediment interface occurs continuously. This 

diffusion can happen at a molecular level, or due to surface transport of 

sediment. The net result is a diffuse pollution source that can persist long 

after the original pollution source is removed.2,4  



Legacy Sediment Contamination Prepared for An Fóram Uisce 

35 

The above two processes can be immediately followed by re-

sedimentation, depositing the sediment back on the riverbed further 

downstream. This contributes to the “resuspension-deposition cycle”, 

which gradually migrates contaminated sediments downstream over 

time.103,104  

Uptake by benthic biota 

Benthic biota, that lives or grows on or in the riverbed, is particularly at risk 

of contact with legacy sediment pollutants. 

Riverbed vegetation can extend roots into the 

sediment, tapping lower strata of sediment where 

historical pollution may have settled, while benthic macroinvertebrates 

and microbes often burrow into the sediment. This biota is eaten by 

higher lifeforms such as fish and birds, which allows the contaminants to 

travel up the food chain and accumulate in creatures that have not 

been in direct contact with the contamination. Because many pollutants 

do not easily leave biological systems, they can accumulate within these 

creatures to very high concentrations.1,2  

Physical anthropogenic disturbances 

Large-scale transport of sediment can occur during 

construction and dredging operations. Restructuring of rivers 

can easily bring buried legacy contamination pools up to the 

surface, resulting in large-scale release of these contaminants 

into the river body.105 Where dredging occurs on a smaller 

scale, dredged material is often left on the riverbank, where 

the removed contaminants can easily leach back into the river system.11 

Modification of Irish waterways and associated maintenance operations 

have continuously occurred, particularly since the implementation of the 

Arterial Drainage Act 1945. 106 

Figure 7: Release of legacy sediment 
can be an unintended consequence 
of river restructuring works. 

“Contaminants travel up the 
  food chain and accumulate.” 



Legacy Sediment Contamination Prepared for An Fóram Uisce 

36 

Recommendation 6: Awareness of legacy sediment 

contamination should compose part of any infrastructure 

planning. 

 

Case Study: Dredging the Hudson River  

Between 1947 and 1977, two General Electric capacitor 

manufacturing facilities discharged over 500 tonnes of 

PCBs into the Hudson River. While some of this 

contamination primarily settled into the sediments 

surrounding the outlet points, subsequent flood events 

spread the contaminants over a wider area. 

As part of an EPA Superfund cleanup project, over 300,000 

tonnes of riverbed material was dredged for removal and disposal. 

During the course of this operation, extensive study of the effectiveness 

and impacts of the dredging operation was carried out. The impact of 

dredging included large-scale resuspension and redistribution of 

contaminants, as well as possible exposure of remaining contaminants. 

The risk of contaminants remaining after dredging operations was 

reduced by removing an excess of surrounding clean sediment. 

Resuspension of contaminated sediment from dredging works was 

inevitable, and its effects could be clearly seen during the operations. An 

estimated 3% of the PCB contamination was resuspended and emitted 

into the river, resulting in three separate exceedances of the drinking 

water standard. PCB levels in young fish downstream increased by a 

factor of 5 due to the dredging works, with smaller but significant PCB 

increases in fish up to 70 km downstream. 

These dredging operations could be compared to local river engineering 

works that include large-scale modification of sediments and riverbanks, 
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and highlight the potential for environmental disruption where legacy 

pollutants are present in the sediments.  

Sources: 105,107   

It should be noted that the aforementioned processes describe both 

means by which legacy contamination pools can be released into the 

aquatic environment, with detrimental effects, and means by which they 

can be depleted, such as in a managed remediation programme. The 

latter approach will be discussed in Section 6.4. 

6.3. Residence Time of Contaminants 

The residence time of water and waterborne pollutants is well-

understood and can often be estimated in a given system based on flow 

rate and physical parameters. It can be assumed that the residence time 

of sediment-bound contaminants is much longer than the residence time 

of water.2,101 Due to the complexity of the mechanisms associated with 

sedimentation and release, however, it is practically infeasible to 

attempt to determine a generic figure for the residence time of a 

particular sediment-bound contaminant in the aquatic environment.  

Despite this, certain factors are known to influence the residence time. 

Organic matter content leads to increased sedimentation, and, 

therefore, increased residence time. Acidification can also influence 

sedimentation. Increased sediment particle size (coarse sediments), 

higher flow rate and larger river and lake cross-sectional area all reduce 

the rate of sedimentation. 

In general, riverbeds show shorter residence times due to the fast-moving 

hydrology compared to other water bodies. Lakes typically exhibit higher 

concentrations of organic matter, favouring sedimentation processes.94  
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Floodplains are associated with longer residence times, due to the poor 

opportunities for aquatic resuspension – residence times of metal 

contaminants in floodplains have been estimated 

at anywhere between decades and millennia. It 

follows that rivers associated with large floodplains are at greater risk from 

legacy sediment contamination.102 This would pose a particular risk 

where the floodplains are used for crop cultivation or grazing, but 

conversely, offer the best potential for remediation. 

Residence time also differs greatly with contaminant type. Metallic 

pollutants have a much longer lifetime than many other pollutants, and 

are, therefore, more likely to persist in the environment.108 Metals and 

some priority substances, such as diuron, will complex more readily to 

organic matter, aiding sedimentation and resisting remobilisation 

through diffusion. Pollutant particle size is key, as finer-grained particles 

have a higher surface area to volume ratio, and so are more reactive 

and more likely to persist. 

In the case of pollutants that readily biodegrade in the environment, the 

mean residence time will not be longer than the mean lifetime of the 

pollutant, which is 1.44 times the decay half-life.109 However, degradation 

by-products of the pollutant may persist for longer than this. 

6.4. Mechanisms of Remediation 

Remediation of identified sediment contamination in freshwater systems 

is possible and has been implemented at varying scales. However, 

implementing remediation actions on aquatic sediments is generally 

more difficult than with other media.2 For this reason, minimization of 

sediment contaminating processes should be prioritized over 

remediation, and low-impact remediation technologies, such as 

Monitored Natural Recovery (MNR), should be favoured.  

“Floodplains are at greater risk.” 



Legacy Sediment Contamination Prepared for An Fóram Uisce 

39 

 

Monitored Natural Recovery 

The least-impact method of remediation is MNR, which relies on already-

occurring natural processes to remediate the site. This approach requires 

a comprehensive understanding of existing natural processes and 

intensive observation of the site to ensure that these processes will 

achieve remediation targets. Depending on the observed 

improvements, transitioning to other remediation approaches may be 

necessary. This approach is relatively low-cost, but it does require a 

significant investment in modelling and monitoring efforts.110  

If MNR approaches are not sufficient, then Enhanced MNR (eMNR) 

should be considered. This involves the implementation of low-impact 

engineering measures to assist natural processes. This may include the 

spreading of a thin sediment cap over contaminated sediments, the 

introduction of sediment barriers to induce sedimentation at particular 

points in the watercourse, or the addition of additives such as activated 

carbon to immobilize contaminants in the sediment. Unlike the 

approaches described subsequently, eMNR is designed to improve the 

efficiency of existing natural remediation processes.110  
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Figure 8: Illustration of principal approaches to remediating sediment 
contamination. MNR employs intensive monitoring to ensure that natural 
processes are sufficiently reducing the contamination, and may be combined 
with thin-layer capping to reduce contamination in the short-term (eMNR). 
Sediment capping with an impermeable layer traps the sediment, preventing 
leaching of legacy contamination. Sediment excavation and disposal offers a 
total remedy, but can be problematic. 

Phytoremediation 

Where natural processes are unlikely to achieve the desired goals, 

phytoremediation offers a low impact means of improving the site. 

Phytoremediation is the use of aquatic plants or macrophytes to treat 

sediment contamination. In a phytoremediation system, the plant roots 

may be responsible for a number of beneficial processes. These include 

the immobilization of contaminants in the sediment, the transfer of 

contaminants from the sediment into the plant tissue or surrounding air 

and the degradation of contaminants by plant enzymes.111  
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Physical and Chemical Treatment 

A range of physical and chemical alternatives exist. Chemical 

immobilization uses additives to reduce the mobility and/or 

bioavailability of contaminants in the sediment.112–114 Electrokinetic-

enhanced remediation uses electrodes to pull contaminants out of the 

sediment and is suitable for a wide range of ionic contaminants.115  

Capping 

Where in-situ treatment of the contaminated sediment is not feasible, 

and removal of the sediment is prohibited by cost or other factors, 

capping the contaminated sediment is a viable approach. The cap’s 

purpose is to prevent transport of the contaminated sediment, prevent 

release of the contaminant and restrict access of biota to the 

contaminated sediment. This approach can be costly due to the large 

volumes of capping material required, and its success relies on a careful 

and informed cap design and subsequent monitoring to guarantee cap 

integrity.116  

This approach differs to thin-layer capping, as sometimes done as part of 

an eMNR programme, as it is designed to produce an impenetrable layer 

that completely immobilizes the contaminated sediment.110,116  

Excavation 

Contaminated sediment can be treated off-site by a wider range of 

methods than are applicable in-situ. Where treatment or immobilization 

of the contaminated sediment is not feasible, disposal of 

contaminated sediments could be considered.117,118  

Disadvantages of off-site or ex-situ treatment include cost and significant 

disruption entailed when excavating the sediment. Possible 

“Disposal options are 
  severely limited.” 
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environmental impacts of the excavation work need to be carefully 

considered, particularly as this work will include disturbing lower layers of 

the sediment, which may be more contaminated than the sediment-

water interface.105,118 Additionally, the Landfills Directive prohibits the 

disposal of liquid wastes in landfills, so disposal options are severely limited 

in the Republic.119  

Watercourse Redirection 

In extreme cases, sediment contamination of rivers may be so extensive 

that the most cost-effective option is redirection of the watercourse 

away from the affected area. 

 

Case Study: Remediating the Roanoke River  

The Weyerhaeuser Co. Wood Treatment Plant in 

Plymouth, NC has been the site of wood 

processing operations from 1937 to the present 

day. The plant lies at the intersection of Welch 

Creek with the larger Roanoke River. Until 1956, 

wastewater associated with pulp bleaching was 

discharged directly into the Roanoke; after 1956, 

discharge was instead diverted into Welch Creek. 

This discharge was known to be rich in dioxins. 

Additionally, between 1952 and 1968 an associated chlorine plant 

discharged mercury-containing wastewaters into the Roanoke. 

Commencement of investigations into contamination of the site began 

in 1988. The remediation works identified four contamination units, 

including a 14.3 mile section of the Roanoke River (RR) and a 4.3 mile 

section of Welch Creek (WC). 
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Baseline studies found that sediment contamination of RR resulted in risk 

to human health through fish consumption, as well as ecological risks to 

certain categories of biota. A similar risk to human health through 

consumption of bottom-dwelling fish in WC led to restrictions being 

placed on fishing in both areas. 

A sediment dioxin contamination goal of 1ppb (1µg/kg) was set for both 

units. Sediment sampling revealed that contamination exceeded this 

goal for part of WC, but not in any section of the RR. The chosen actions 

were to spread a thin-layer (2-4 inch) cap of sand over a 1-mile stretch 

of WC to cover contaminated sediment (eNMR), and to perform 

periodic monitoring of sediment, aquatic and biota contamination in the 

less-affected sections (NMR). 

Frequent monitoring through sediment coring has confirmed the integrity 

of the cap in WC, and confirmed that the cap has reduced surface 

sediment contamination to below the goal of 1ppb. Ongoing 

maintenance and restriction of waterside and water-based activities are 

designed to ensure integrity of the cap. 

Recent fish tissue sampling in RR has measured dioxin concentrations 

below advisory limits, and while occasional samples from WC remain 

above the advisory limit, mean concentrations have substantially 

decreased from the baseline. Benthic biota rapidly recolonized the WC 

cap, and benthic macroinvertebrate samples from WC show a 

significant decrease in dioxin concentrations relative to the baseline. 

Aquatic concentrations in both RR and WC remain below the limits of 

detection, indicating good water quality; however, it is not possible with 

current technology to measure concentrations anywhere near the 

imposed limits of 5×10-6 ppt (ng/L), so this target cannot be enforced.  

The success of this programme relied on the accurate determination of 

sediment concentrations in order to assist with the identification of 

legacy pollution hotspots. Similar remediation in the Irish context relies on 
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similarly accurate identification of occurrences of legacy sediment 

contamination. 

Source: 120  
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7 Effects of Climate Change 

 

Key Points 
• Climate change is expected to promote the release of legacy 

sediment contamination pools. 

• The main mode of action is likely to be resuspension of sediments 

through increased flood events. 

• A corresponding decrease in sedimentation due to climate 

change-related processes could reduce the ability of sediments 

to act as a contaminant sink, further worsening water quality. 

 

Climate change is an inevitable component of our future. Observable 

effects are numerous, but four impacts are of particular relevance to the 

issue of legacy sediment contamination. These are: 

• Increased frequency and severity of flood events 

• Reduced mean water level due to drought 

• Freshwater acidification 

• Increased temperature 

The frequency and severity of flood events is predicted to rise with 

worsening climate change. Flood events are a major mechanism of 

remobilization of sediments and bound contaminants.102,121 More 

flooding means that these contaminants have a higher likelihood of 

become re-released into the water column. The strong flow associated 

with flooding aids in redistributing the contaminants, sometimes 

distributing them over floodplains, upland grazing and human use areas. 
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This increases the exposure risk of the contaminants after the floodwaters 

have receded.102  

 

Figure 9: Illustration of primary anticipated impacts of climate change on legacy 
sediment contamination-associated effects. 

Flooding also promotes the processes that are responsible for sediment 

contamination in the first place. Floodwaters are rich in sediment and 

nutrient runoff from adjacent lands.122,123 As outlined previously, when 

contamination is washed into the water already bound to sediment, this 

greatly speeds up the sedimentation process and promotes 

contamination of the lake and riverbed. An analogy can be drawn to 

the visible littering of rivers after damaging flood events.  

Conversely, climate change is associated with summer droughts. These 

droughts result in a reduced mean river and lake water level. Release of 

sediment contamination into the water phase is proportional to the 

surface area of the lake or riverbed, 

while the ability of the water column 

to dilute the contaminant is related 

to the volume of overlying water. As the water level decreases, the 

“Climate change is expected to promote  
  the release of legacy contaminants.” 
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volume decreases at a far greater rate than the surface area. Thus, the 

relative contribution of diffuse pollution due to sediment contamination 

increases during periods of low water level. 

While garnering less attention than the prominent issue of ocean 

acidification, freshwaters are known to undergo a similar effect due to 

climate change, albeit due to different processes. Rising atmospheric 

CO2 finds its way into freshwaters through the intermediary of aquatic 

and waterside vegetation, where it disrupts the pH balance of the 

water.124 The impact of pH on sedimentation processes is complex, but 

well documented. In general, acidification enhances the release 

process and disrupts the sedimentation process.125–127 This would break 

the resuspension-deposition cycle, allowing the contaminants that would 

otherwise slowly migrate to downstream sediments to diffuse into the 

water column and remain there. 

Temperature increases due to climate change will have similar effects to 

acidification. This is because the processes that bind contaminants to the 

sediment are also temperature dependent, and some contaminants are 

more likely to be released at higher temperatures.128,129 These 

temperature changes will also degrade organic matter, further enabling 

the release of bound contaminants from the sediment.130  
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8 The Case of Nutrients 

 

Key Points 
• Nutrient input has garnered significant attention, but it should not 

be considered the sole contributor to legacy sediment 

contamination. 

• The contribution of legacy pollution to present-day contaminant 

levels in freshwaters can be significant, and international 

examples indicate that some estuarine and marine waters have 

significant nutrient content originating from legacy sediment 

sources. 

• The fundamental feature of legacy pollutants is to extend the 

contamination period. Recovery timelines will, therefore, be 

extended, and remediation programmes should account for this. 

 

A characteristic of legacy sediment pollution is its non-specific nature 

towards pollution types and sources. Any pollutant that persists in the 

anaerobic environment of river or lake sediments is a candidate legacy 

pollutant, regardless of its provenance. This section will examine the 

example of nutrients (primarily nitrates, phosphorus and potassium) to 

illustrate one particular scenario with relevance to the Irish context. It 

should, however, be emphasized that legacy pollution of many types is 

likely to occur in the Irish environment, and the choice of nutrients as 

examples derives purely from the more complete body of research 

addressing this particular class of legacy pollutant. 
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The decrease in water quality status throughout Ireland has widely been 

attributed to agricultural input of nutrients into soils and waterways.5 

Nutrient pollution has become a very a topical matter in the public 

sphere.131–134 A legislative response has come in the form of the Nitrates 

Directive and accompanying Nitrates Action Programme (NAP), aimed 

at restricting agricultural inputs of nutrients to the environment.135,136  

The conversation surrounding nutrient pollution gives little consideration 

to the contribution of legacy sources. In contrast, scientific research into 

nutrient fate and transport places emphasis on the important 

contribution of the legacy contamination pool compared to ongoing 

inputs. Much of this research focuses on land-based processes, as both 

agricultural nutrient input and nutrient compartmentalization happen in 

larger quantities within agricultural soils than river sediments. However, 

these findings remain applicable to freshwater sediments. 

A landmark study into the contribution of various sources to phosphorus 

contamination of the Baltic Sea has developed a model of phosphorus 

transport from 1900 onwards. The primary finding of this study was that 

present-day phosphorus concentrations in the waters of the Baltic Sea 

are dominated by legacy phosphorus contamination, rather than 

current inputs. The relative contributions of legacy pollutants, present-

day agricultural and present-day urban inputs was found to be roughly 

5:2:1, respectively, with legacy pollutants responsible for almost half of all 

present-day phosphorus contamination of the water column. While the 

overall residence time of phosphorus in soils and sediments is a 

complicated matter, the study approximated the residence time in 

“mobile” sediments as 30 years, with the residence time in “stable” (ie. 

deeper, rich in organic matter) sediments to be in the region of 

centuries.137,138  

Similar studies have supported the attribution of nutrient enrichment to 

legacy sources. A theoretical study of nutrient transport in the Baltic Sea 

estimated residence times of nutrients to be between 9 and 49 years, 
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dependent on nutrient type and conditions.139 A survey of 320 streams in 

the US found over 40% of these were primarily contaminated by legacy 

groundwater contamination, while 

another study into pore water transport 

through soils estimated that the lag 

between nitrate application to soils and 

input to waterways was of the order of 27 

years.139 While the latter two studies focused primarily on soils, they 

illustrate the importance of considering legacy effects when trying to 

attribute cause to nutrient pollution. The general scientific consensus is 

that legacy pollution reduces our ability to be certain that present-day 

practices are responsible for visible present-day pollution.137–141 

A thorough appreciation of the role of legacy pollution brings the 

awareness that measures to reduce present-day inputs may not show 

their effects in the short-term. The long residence time 

of legacy pollutants can mask the beneficial effects of 

these programmes. This does not mean that these 

programmes are ineffective, as their benefits will eventually be realized. 

But if this behaviour is misunderstood, due to a lack of appreciation for 

legacy contamination processes, then this can give the impression that 

mitigation is ineffective and undermine the success of the programme. 

Recommendation 7: Monitoring of sediment contamination 

should be integrated into routine catchment management  

programmes. 

 

  

“The scientific consensus is that  
  legacy pollution reduces our ability 
  to be certain that current effects 
  are due to current practices.” 

“Legacy pollutants can mask  
  beneficial effects.” 
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9 Implications for 
Catchment Management  

 

Key Points 
• Legacy sediment contamination issues are largely overlooked, 

and yet they play a role in the health of the waterbody. 

• Addressing sediment contamination is difficult in the absence of 

clearly defined standards and guidelines. 

• Legacy sediment contamination is a catchment-level issue, and 

needs to be dealt with at a catchment level. 

 

Drinking water is a primary source of exposure to many contaminants. 

Ireland mostly draws its drinking water from surface freshwaters. If these 

freshwaters are contaminated, this will have an impact on drinking water 

treatment requirements.5  

Sediments are an oft-overlooked component of the freshwater system. 

Despite the obvious importance of the aqueous phase, over 90% of 

freshwater metal contamination is transported in the solid phase.142 

Legacy sediment contamination has the potential to continue 

deteriorating freshwater quality parameters 

long after the pollution event has occurred. 

This introduces a lag between the input of 

pollutants and their subsequent effects on the drinking water. In cases 

where significant sediment contamination has occurred, addressing 

pollution sources may not bring a strong benefit in the short-term, due to 

the lingering effects of the sediment contamination.138 Present-day WFD 

exceedances in areas with known historical pollution sources, but few 

“Over 90% of metal contamination 
  is transported in the sediment.” 
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identifiable current sources, could be indicative of contaminated river 

sediments. 

Sediment contamination is a complex and varied issue, and can occur 

with the majority of persistent pollutants. No particular pollutant or source 

is the sole contributor to sediment contamination. The increasing relative 

importance of contaminated sediments in the context of catchment 

protection can be attributed to a lack of monitoring and regulatory 

oversight of sediment quality. 

It has been suggested that the root cause of this situation lies in the 

legacy of the context in which water quality regulation came of age. 

Water quality regulations were 

constructed in response to, and 

engineered to deal with, poor water 

quality due to indiscriminate input of pollutants into waterways. This 

situation favoured an approach centred on the monitoring of water 

column parameters and the elimination of sources. There remains, 

however, the issue of a legacy sediment pollution contribution, which has 

the potential to deteriorate the overall water quality. The corresponding 

regulations have not adapted to this reality, and there remains a gap in 

the regulations with respect to sediment quality - there is no regulatory 

limit or action threshold for freshwater sediment contamination.4  

This lacuna has led to study architects proposing arbitrary threshold 

concentrations for the purposes of evaluating sediment 

contamination.8,11,16 However, this situation is far from satisfactory as it 

does not provide catchment management authorities with clear 

guidance as to the extent of sediment contamination.8  

Recommendation 1: Guideline threshold values for sediment 

concentrations must be established. 

“There remains a gap in the regulations  
  with respect to sediment quality.” 
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The ability of sediment contamination to echo long-gone pollution 

sources can give the false impression that source mitigation measures 

are ineffective, when in reality their benefits will only come into play on 

longer timescales.137 Remediation programmes must either be prepared 

to directly remediate the sediment contamination, or account for the 

long-term effects of leaving the sediment contamination in place. 

Legacy sediment contamination poses a particular risk to fish populations 

and the animals and humans that consume them. The aquatic food 

chain relies on the benthic fauna that live in 

constant contact with the sediment. This allows 

contaminants within the sediment to rapidly 

move up the food chain, becoming magnified as they move up each 

trophic level.16,143 Rivers and lakes that exhibit a “clean” status in terms of 

water quality may therefore suffer from poor or contaminated fish stocks 

due to contaminated sediments with low remobilization into the aqueous 

phase. 

Recent regulatory developments have emphasized the need to address 

water quality at a catchment level.4,30,144 Legacy sediment 

contamination is very much a catchment-level issue, as sediments have 

been exposed to emissions from upstream pollution sources and, through 

remobilization, can pollute downstream waters. A catchment-level 

approach is therefore necessary when considering the prevalence, 

impact and remediation of legacy sediment contamination. 

Recommendation 7: Monitoring of sediment contamination 

should be integrated into routine catchment management  

programmes. 

  

“Legacy sediment contamination  
  is a catchment-level issue.” 



Legacy Sediment Contamination Prepared for An Fóram Uisce 

54 

10 Summary of  
Recommendations  

 

Recommendation 1: Guideline threshold values for sediment 

concentrations must be established. Catchment management of 

sediment contamination is difficult in the absence of clearly defined 

limits. There is currently no standardized action thresholds or regulatory 

limits in the context of the freshwater sediment environment. This issue has 

been frequently highlighted, and yet no improvement has occurred. 

Sediments are of key importance to catchment-level water quality 

status, and defining appropriate guideline values would place Ireland at 

the forefront of development in this area. 

Recommendation 2: The extent of legacy sediment contamination in 

Ireland needs to be determined. Before the issue can be addressed, the 

lacuna of data surrounding freshwater sediment contamination must be 

overcome. The most viable approach would be to combine modelling 

of potential hotspots with exploratory sampling and analysis in these 

areas, thus maximizing the return on investment of the analysis effort. 

Recommendation 3: Correct riparian management practices must be 

implemented where possible. Bank erosion, largely due to degradation 

by livestock during water access, is detrimental to the health of rivers, 

and a significant contributor to legacy sediment contamination. 

Successful farm improvement measures that restrict livestock ingress to 

waterways have succeeded in overcoming this problem, and should be 

continued and expanded. The replacement of water access points with 

riparian buffer zones is key, as these zones also reduce contaminant 

transport to the riverbank. Intelligent management of buffer zones to 

target stress points improves the effectiveness of this approach. 
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Recommendation 4: Ensure the labelling of hazardous compounds is 

unambiguous regarding their risk. It is counterproductive if an effort to 

educate about the environmental impacts of a hazardous compound is 

undermined by insufficient labelling of the compound’s risks. The label 

accompanies every bottle of the compound sold, so is the most effective 

means of disseminating information. Pictograms are particularly effective 

and immediate forms of communicating risk. 

Recommendation 5: Emerging routes of potential contributors, such as 

veterinary products and military land use, should be explored. The 

abundant use of a suite of veterinary products is widespread in Ireland’s 

agricultural economy, yet the implications for sediment contamination 

have barely been considered. Many of the commonly used compounds 

are known to persist in the aquatic environment, the ultimate sink for such 

products. Military land use is another underexplored area, despite the 

importance of military range management in other countries. 

Recommendation 6: Awareness of legacy sediment contamination 

should compose part of any infrastructure planning. Sediments have 

likely been contaminated through a legacy of underinvestment in 

wastewater treatment in Ireland. Remedying this situation is essential in 

order to begin reversal of this process. Conversely, infrastructure works 

surrounding freshwater systems, particularly the physical modification of 

rivers, pose a huge risk in the form of resuspension of contaminated 

sediments. No river improvement works that will disturb sediments should 

be undertaken until it has been ascertained that there is no legacy 

contamination present. A thorough assessment of the potential for 

impacts associated with legacy contamination should be routinely 

considered as part of any ecological impact assessment (EIA) carried 

out. 
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Recommendation 7: Monitoring of sediment contamination should be 

integrated into routine catchment management programmes. Legacy 

sediment contamination must be addressed at a catchment level. 

Decisions as to the management of water quality within a catchment 

can be greatly informed by correct decoupling of the relative 

contributions of legacy and contemporary sources. In the context of a 

remediation programme, legacy pollution can extend the recovery 

timeline of the system, and this should be accounted for in remediation 

timeframes. Where comprehensive measurement is beyond the 

capabilities of the programme, modelling can provide an estimation of 

risk. 
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