
November 2021

Donal Daly

Pollutants, Pressures & 
Attenuation in the Landscape



Objectives for this session
▪ To describe the factors that influence the 

attenuation of pollutants in the landscape in the 
context of:
➢ The source-pathway-receptor (SPR) model for 

catchment management.

➢ Relevant pollutant properties.

➢ Attenuation of pollutants in bedrock & subsoil.

➢ Point and diffuse pressures

➢ Pathway conceptual models.

➢ Nutrient loadings analysis.

➢ The pollutant transfer continuum

➢ Time delays for improvement



Source-Pathway-Receptor (SPR) 
Framework

Pollutants/pressures 
– some significant, 

others not.

WFD/Habitats 
Directive/ Drinking 

Water/site Objective

Pathways

Now I want to concentrate on the ATTENUATION along the pathway



The Two Main Pathway Elements

❑ The attenuation element
▪ How much attenuation occurs along the pathway 

before the receptor is reached? Sufficient?

❑ The hydraulic element 
➢ Is the water (either rainfall and/or effluent discharged onto/into 

land) moving away:
▪ As underground flow? (freely draining scenario)
▪ As overland flow and/or flow close to the land 

surface? (poorly draining scenario)

Think in terms of the hydraulic (flows) & attenuation 
elements, but I recommend treating them separately.



The attenuation element – what 
determines it?
▪ The key drivers for pollutant attenuation in the 

landscape are i) the pollutant properties: ii) the 
permeability (essentially whether poorly draining or 
freely draining) and iii) pollutant loading.
➢ Pollutant properties  influences the degree of attenuation.

➢ Permeability (which depends on the hydrogeology) 
primarily determines water flows/movement.
❖ In poorly draining areas, slope influences water movement, 

particularly focusing of flow and delivery points to water courses & 
therefore influences the mitigation options.

➢ Pollutant loading – without  a loading of pollutants, there is 
no threat to water quality and aquatic biodiversity.



The pollutants & their 
properties

See Section 10.5.4.1 in Volume 1 of the CS&M Guidance Handbook 



The main pollutants (also called 
environmental stressors or significant issues)

➢ Phosphate

➢ Total P

➢ Nitrate

➢ Sediment

➢ Ammonium

➢ MCPA

➢ BOD 

➢ Microbial pathogens
➢ Etc

1. The pollutant/significant issue determines the relevant pathway, the 
attenuation, the potential impact and the possible mitigation options.

2. It  also determines the water quality metric (concentration and load) 
that needs to be achieved for the different receptors  by 

protection/restoration efforts. 



Phosphate (PO4)
❑ Phosphate is the main cause of eutrophication.

❑ Phosphate is relatively immobile and is attenuated in freely 
draining soil and permeable subsoil. But, can be available to be 
‘washed off’ in poorly draining soils.

❑ Sources/pressures: organic and inorganic fertilizers, faeces & 
urine from grazing animals, UWWTPs, DWWTSs, forestry (after 
clear felling mainly).

❑ Main pathway: overland and near surface flows, therefore, can 
readily run off into watercourses.

❑ Main receptors under threat: surface water bodies.

❑ Therefore, the landscape scenario that it can be a significant 
issue or potential pollutant is in poorly draining areas.



Phosphate (PO4)

❑ Soil P index 4 soils seen as a threat to water quality.

❑ In free draining soils, a soil P index 4 soil is unlikely
to be significant from a water quality perspective as 
no pathways are present.
➢ Possible exceptions:

▪ V shallow soils.
▪ Red sandstone derived soils along the south coast.

❑ Morgan’s P test not appropriate for high OM (peaty) 
soils for nutrient management planning (due to low P 

sorption capacity of peaty soils).

❑ Therefore, main threat is in poorly draining mineral 
soils areas and high OM soils areas.

❑ It takes v. little – 1kg P will pollute 29,000,000 litres 
(6.4 million gls) of water.



Sediment
❑ The under appreciated pollutant, until recently.

❑ Sediment is the loose sand, silt or clay that settles at the bottom of a 
watercourse or lake, shown up by a plume when kicking the stream 
gravel.

❑ A natural component of streams, but can also be a pollutant giving turbid 
water.

❑ Destroys the stream habitat where organisms such as macroinvertebrates 
and the pearl mussel live. 

❑ Can cause declines in fish stocks.

❑ Can have phosphorus attached to it

❑ Source/pressure: land reclamation, drainage ditch clearance, runoff from 
tillage areas, roads and concreted areas, cutover peatlands, afforestation 
(planting and cutting periods).

Anna Rymszewicz will deal with this in more 
detail. 
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Nitrate (NO3)
❑ High nitrate in drinking water can cause 

methemoglobinemia or the blue baby syndrome where 
excess nitrates interferes with a baby’s blood’s ability 
to carry oxygen – the maximum admissible 
concentration is 11.3mg/l as N (or 50mg/l as NO3). The 
groundwater TV = 37.5mg/l (8.5 as N) (mean). NFGWS 
guide value = 28 mg/l (6.3 as N) (mean)

❑ High nitrate can also impact on surface water 
ecosystems – the EQS (as a mean) for coastal waters is 
2.6mg/l as N.

❑ Sources/pressures: organic and inorganic fertilizers, 
faeces & urine from grazing animals, UWWTPs.



The relevant properties of nitrate 

▪Nitrate is ‘unreactive’ and is not adsorbed on clay or 
organic matter, and therefore is mobile in the 
landscape in free draining  areas.

▪Main pathway: underground in groundwater.

▪Main receptor under threat: groundwater where it 
can i) enter wells and ii) seep into watercourses and 
iii) end up in estuaries/coastal waters.

▪ Therefore, it can be a significant issue in freely 
draining areas, impacting on groundwater, wells and 
surface water, particularly TraC waters.

▪ In poorly draining (wet) areas, denitrification occurs.



“sea lettuce”!
Photo: Shane O’Boyle, EPA



Ammonium (NH4)

❑ Ammonia is toxic to fish and other aquatic 
organisms at low concentrations – the 
Good/Moderate EQS is 0.065 mg/l (mean) & the 
High/Good EQS is 0.04 mg/l (mean) 

❑ In the presence of oxygen, it converts to nitrate (but 

doesn’t add significantly to NO3 concs). Therefore, it tends to 
indicate localised pollution.

❑ Sources/pressures: Organic sources from 
sewage/wastewater, animal slurry, farmyard soiled 
water, landfill leachate and drained peatlands.



The relevant properties of ammonium 

❑ Ammonium is relatively immobile in soil and subsoil and 
does not generally leach underground unless it gets directly 
into bedrock. However, it readily converts to nitrate 
(nitrification) and so is not as persistent in water as nitrate or 
phosphate.

❑ Main pathway: i) overland and near surface flows, therefore, 
can readily run off into watercourses or ii) underground 
where bedrock is close to surface.

❑ Main receptors under threat: surface water bodies & wells.

❑ Therefore, it can be a significant issue in poorly draining 
mineral soil areas and groundwater extremely vulnerable 
areas.

❑ Also, arises from drained peatlands and peaty soils.



Peat & peaty soils
Water movement & attenuation 

❑ Peaty (high OM) soils
▪ Aerial photos show 

these areas as 
agricultural land, 
therefore check the 
soils or subsoils 
maps.

▪ Upper 10s cms
relatively permeable.

▪ Main pathway =  
horizontal.

▪ Drainage drops the 
water table and 
enables aeration.

▪ Aeration = 
ammonium (NH4). 

▪ Low P sorption 
means high 
likelihood of PO4 loss
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Microbial pathogens
❑ The main microbial pathogens of interest are E. Coli, 

Cryptospiridium and viruses. Cause diarrhoea and 
gastrointestinal infections, particularly in children and 
the elderly. Vtec is particularly nasty.

❑ E. Coli is used as the main indicator of the presence of 
pathogens.

❑ The Drinking Water standard is 0/100ml.

❑ The guide value in untreated water used by NFGWS is 
100/100 ml for wells and springs, and 1,000 surface 
water sources.

❑ Sources/pressures: warm blooded animals such as 
wildlife and farm animals in rural areas, and humans -
septic tank systems and UWWTPs (depending on level of 
treatment).



The relevant properties of microbial 
pathogens
❑ Microbial pathogens are readily filtered out and

attenuated in freely draining soil and subsoil. Also, 
they die-off. For example, E. Coli will die-off by 50 
days in groundwater. However, Cryptospiridium and 
viruses can live longer in groundwater.

❑ Main pathway: overland and near surface flows, and 
in bedrock.

❑ Main receptors under threat: drinking water 
sources, shellfish waters  and bathing waters.

❑ Therefore, it can be a significant issue in poorly 
draining areas and where bedrock is at/close to the 
surface.



MCPA

❑ A herbicide used mainly to control rush growth.

❑ The Drinking Water standard is v. low – 0.1 µg/l.
▪ One litre of MCPA will pollute (bring the concentration 

above the drinking water limit) 1,000,000,000 litres (220 
million gallons) (this is equivalent to one drop in an 
Olympic-sized swimming pool).

❑ Sources/pressures: Spraying of rushes, roadside 
verges, household gardens, sports grounds, golf 
courses, etc. 



The relevant properties of MCPA

❑ MCPA is relatively immobile and is attenuated in 
freely draining soil and subsoil. 

❑ Main pathway: overland and near surface flows, 
therefore, can readily run off into watercourses.

❑ Main receptors under threat: surface water bodies 
and surface drinking water sources.

❑ Therefore, it can be a significant issue in poorly 
draining areas.



BOD (Biological Oxygen Demand)

❑ Healthy water needs the presence of some oxygen to sustain 
aquatic life, such as fish and plants and the aesthetic quality 
of streams and lakes. 

❑ BOD represents how much oxygen is needed to break down 
organic matter in water.  

❑ Sources/pressures: Organic pollutant sources, such as 
effluent from wastewater treatment plants and septic tank 
systems, dirty water from farmyards and runoff of slurry 
from fields, can use up the oxygen in the water and then 
impact of the aquatic life. 

❑ Silage effluent (30,000+) and milk (>100,000) have very high 
BOD concentrations, and entry to water is likely to cause fish 
kills.

❑ Can cause serios pollution of nearby wells and springs - Mn.



Using Cl concentrations & K:Na ratio 
concentrations in groundwater – some 
tips 

❑ Away from the coast (20km), chloride concentrations in 
groundwater unaffected by human activities will be ~15 
mg/l.

❑ Concentrations >25-30 mg/l indicates pollution by point 
sources, e.g. DWWTSs or farmyards.

❑ Potassium (K) concs >4 mg/l indicates contamination

❑ K:Na ratio > 0.3/0.4 indicates contamination by plant organic 
matter - generally farmyards.



The pressures

See Section 10.4 in Volume 1 and Volume 2 of the CS&M Guidance Handbook.



Point Sources (Pressures)

Point:

◼ Discharges from pipes directly to watercourses and 
discharges to localised areas such as soakage pits 
and percolation areas. Subdivided into ‘large’ and 
‘small’.
➢ Large: UWWTPs, IPPC licenced discharges, storm 

overflows, major spillages & leakages

➢ Small: Farmyards, septic tanksystems, cattle drinking 
points, ring feeder areas, areas where sprayers are filled 
and/or washed out, minor spillages & leakages, 
misconnections in urban areas.

See Appendix 3 in Volume 1 of Guidance Handbook for further information.



Diffuse Sources (Pressures)

Diffuse:

◼Widespread activities in the landscape.

◼ Examples: fertilizer (organic & inorganic) 
application, faeces & urine from grazing animals, 
spraying of pesticides, leaking sewers in urban 
areas, polluted groundwater in urban areas.

Why distinguish between the point & diffuse sources?

◼ Primarily because the approaches to understanding, 
locating and mitigating them are different.

See Appendix 3 in Volume 1 of Guidance Handbook for further information.



Attenuation of pollutants on 
the land



Intergranular permeability

Fissure permeability

‘Karst’ permeability



The attenuation element

❑ Pollutant attenuation in the landscape 
depends on:
➢ Properties of the pollutants

➢ The hydraulic element/hydrogeology
▪ Bedrock 

▪ Soil & subsoil

➢ Pollutant loading



The role of permeability (and geology) in 
influencing attenuation

❑Attenuation in bedrock

❑Attenuation in soil & subsoil



Our bedrock is fissured, providing little 
attenuation

Photos: Donal Daly

Minimal attenuation of pollutants in bedrock – this 
has implications for mitigation Actions in areas of 

outcropping and shallow bedrock.



Pollutant Attenuation
Attenuation in bedrock

❑Minimal pollutant attenuation!
❑ Why?
▪ Has a fissure permeability only
▪ Rock too ‘solid’ for interactions between 

pollutants and rock grains.
▪ Fissures, joints, bedding planes and conduits 

have openings that are too large for filtration 
of microbial pathogens.

▪ The storage potential (effective porosity) is 
too low for dilution to be effective



Pollutant Attenuation
Attenuation in bedrock

❑ Therefore, once pollutants enter bedrock, 
contamination of groundwater is inevitable.

❑ Pollutants can then be transferred in the 
groundwater to wells/springs and surface 
water 



Pollutant Attenuation
Attenuation in bedrock: nitrate

❑ Denitrification of nitrate occurs at depths 
in some bedrock types, e.g. impure 
limestones (e.g. Westmeath, Offaly, 
Dublin, east Galway) and Old Red 
Sandstone (e.g. Cork) (often indicated by 
high Fe in wells).

❑ But, in most bedrock areas it moves 
freely through the fractures and bedding 
planes, and conduits in karst areas.



❑ Soil & subsoil are the key to achievement of 
attenuation in the geological settings in the RoI.

❑ Why? 
▪ Have an intergranular permeability (water flows 

between the grains).
▪ If permeable, slow vertical water movement (<1- a few 

cms/d): 
o Facilitates attenuation by adsorption & ion exchange with 

clay and silt.
o Filters out pathogens & enables die-off.

❑ But:
▪ Three categories of permeability

o High (sand/gravel) (freely draining)
o Moderate (freely draining)
o Low (poorly draining)

Pollutant Attenuation
Attenuation in soil/subsoil



Subsoil permeability



Sand/gravel

A high 
permeability 

subsoil

(rounded stones 
usually)
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1. High permeability soil/subsoil
▪ Allows slow vertical movement of water.

▪ Freely draining, with low drainage density.

▪ Provides good attenuation of PO4, NH4 and 
microbial pathogens.

▪ Minimal attenuation of NO3.

Pollutant Attenuation
Attenuation in soil/subsoil



Usually brownish 
in colour due to 

oxidation of Fe in 
the subsoil.

Angular stones 
present.

Moderate permeability subsoil
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1. Moderate permeability soil/subsoil
▪ Allows slow vertical movement of water.

▪ Relatively free-draining, but varies from 
minimal surface drainage to ‘medium’ drainage 
density.

▪ Provides good attenuation of PO4, NH4, 
certain pesticides and microbial pathogens.

▪ Minimal attenuation of NO3.

Pollutant Attenuation
Attenuation in soil/subsoil



Generally 
dark grey in 
colour and 
‘plasticine 

like’.

Low permeability subsoil
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Low permeability (poorly draining) glacial till subsoil

Photo: Donal Daly



❑ Low permeability soil/subsoil, e.g. gley & 
clayey till 
▪ Water ‘cannot’ move downwards.
▪ Dominant water flowpath is horizontal.
▪ Therefore, runoff of pollutants such as PO4, NH4

pesticides (e.g. MCPA) and pathogens can occur 
readily.

▪ NO3 does not generally pose a risk due to 
denitrification.

▪ Indicated by a high drainage density and vegetation 
indicators, such as rushes.

▪ Provides good protection of groundwater.

Pollutant Attenuation
Attenuation in subsoil



Preferential flowpaths in topsoil

❑ Significance:
➢ Allows bypassing 

of the soil and 
upper part of the 
subsoil , e.g. by 
pathogens and P.

❑ Caused by 
desiccation, 
plant roots, 
worms

Photo: Donal Daly
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❑ Mechanised peat 
extraction areas
▪ Low K + high 

drainage density 
= surface runoff.

▪ Main pathway    
=  horizontal

▪ Aeration of peat 
= ammonia (NH3) 
issue.

▪ Sediment a 
potential issue

Peat & peaty soils
Water movement & 
attenuation 

Photo: Donal Daly



Peat & peaty soils
Water movement & attenuation 
❑ Peaty (high OM) soils

▪ Aerial photos show 
these areas as 
agricultural land, 
therefore check the 
soils or subsoils 
maps.

▪ Upper 10s cms
relatively permeable.

▪ Main pathway =  
horizontal.

▪ Drainage drops the 
water table and 
enables aeration.

▪ Aeration = ammonia 
(NH3). 

▪ Low P sorption 
means high 
likelihood of PO4 loss
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Moderate permeability soil/subsoil

▪ Allows slow vertical movement of 
water.

▪ Relatively free-draining, but varies 
from minimal surface drainage to 
‘medium’ drainage density.

▪Provides good attenuation of 
PO4, NH4, certain pesticides and 
microbial pathogens.

▪Minimal attenuation of NO3.

▪Groundwater vulnerable 
(depending on the pollutant and the 

subsoil thickness) and can be a 
pathway to watercourses. 

Pollutant Attenuation
Attenuation in soil/subsoil: summary

Low permeability soil/subsoil 
▪ Water ‘cannot’ move 

downwards.
▪ Dominant water flowpath is 

horizontal.
▪ Therefore, runoff of 

pollutants such as PO4, NH4
pesticides (e.g. MCPA) and 
pathogens can occur readily.

▪ NO3 does not pose a risk 
due to denitrification.

▪ Indicated by a high drainage 
density and vegetation 
indicators, such as rushes.

▪ Provides good protection of 
groundwater.



Attenuation - pollutant properties
Nitrate Vs Phosphate

❑ Phosphate is relatively immobile and 
is attenuated in freely draining soil 
and subsoil. But, can be available to 
be ‘washed off’ in poorly draining 
soils in soluble form or attached to 
sediment.

❑ Main pathway: overland and near 
surface flows, therefore, can readily 
run off into watercourses.

❑ Main receptors under threat: surface 
water bodies.

❑ Therefore, the landscape scenario 
that it can be a significant issue is in 
poorly draining areas.

▪ Nitrate is ‘unreactive’ and is not 
adsorbed on clay or organic matter, 
and therefore is mobile in the 
landscape in free draining  areas.

▪ Main pathway: underground in 
groundwater.

▪ Main receptor under threat: 
groundwater where it can i) enter 
wells and ii) seep into watercourses 
and iii) end up in estuaries/coastal 
waters.

▪ Therefore, it can be a significant issue 
in freely draining areas, impacting on 
groundwater, wells and surface water, 
particularly TraC waters.

▪ In poorly draining (wet) areas, 
denitrification occurs.

Therefore, always think in terms of the specific pollutants not, for instance, 
‘nutrients’ or ‘pesticides’.



Receptor

Freely draining, minimal attenuation 
of NO3.

Subsurface/groundwater pathway

Nitrate as the potential issue

Poorly draining, minimal attenuation of 
P, MCPA, NH4.

Overland flow/flow in 
drains/drainage pipes main 

pathways

Phosphate (& possibly sediment & 
MCPA) as potential issues 51

Low K soil & subsoil Mod. K soil & subsoil



Groundwater vulnerability & 
vulnerability maps 

See Section 13.2 in Volume 1 of the CS&M Guidance Handbook 



Groundwater Vulnerability

❑ A term used to represent the natural ground 
characteristics that determine the ease with which 
groundwater may be contaminated by human activities.

❑ ‘Models’ the vertical movement of water and 
‘conservative’/unreactive pollutants, e.g. chloride.

❑ Groundwater that readily and quickly receives water 
(and pollutants) from the land surface is more 
vulnerable than groundwater that receives water (and 
pollutants) more slowly, and in lower quantities.



Groundwater Vulnerability

❑ Based on these (mappable) hydrogeological 
attributes:

1. Permeability, thickness of subsoils that overlie 
groundwater. Main Factors: Permeability & 
thickness

2. Type of recharge - point or diffuse

3. Thickness of unsaturated zone (in sand/gravel 
aquifers)



Pathway

Target

(Source)
HazardTopsoil

Subsoil

Bedrock

Water
Table

Reference
Point

Reference
Point

Subsoil Properties
= Vulnerability

Source - Pathway - Target and Vulnerability

Point of
Release



Vulnerability Mapping Guidelines



Karst limestone area in Roscommon overlain by low 

permeability subsoil and poorly draining soils, with runoff to a 

swallow hole linked to a spring, which is a drinking water source

Photo: Joe Gallagher, NFGWS



Groundwater Vulnerability Maps

❑ They were developed in the 1990s as an 
essential component of groundwater 
protection schemes.

❑Groundwater (i.e. the water table) is the 
sole receptor.

❑Maps for entire country avialable on GSI 
website



Conceptualising Groundwater 
Vulnerability Categories



Conceptualising Groundwater 
Vulnerability Categories

❑Extreme Vulnerability (E) (1-3m soil/subsoil)
▪ Microbial and chemical pollution can occur. 
▪ Can be <100 days ToT, but filtration of pathogens 

occurs.  
▪ High recharge potential.
▪ Attenuation of P likely.

▪ X Extreme Vulnerability (X) (outcrop and <1m 
soil/subsoil)
▪ Pollutants (microbial & chemical) can readily get into 

bedrock and therefore groundwater.



Groundwater vulnerability maps

❑G

Map copied from GSI website 
at this link: 
https://dcenr.maps.arcgis.co
m/apps/webappviewer/index
.html?id=7e8a202301594687
ab14629a10b748ef

https://dcenr.maps.arcgis.com/apps/webappviewer/index.html?id=7e8a202301594687ab14629a10b748ef


Pathway susceptibility 
A measure of the degree of attenuation 

between the source and receptor

See Section 10.5.5 in Volume 1 of the CS&M Guidance Handbook 

Patrick Morrisey will deal with this in more 
detail. 



Mapping attenuation potential
Susceptibility maps

❑ EPA has developed pathway susceptibility 
maps for two pollutants
▪ Phosphate (which is readily attenuated in 

subsoil)
▪ Nitrate (which is mobile and seldom attenuated 

in subsoil. 

❑ ‘Pathway susceptibility’ is a measure of the 
degree of attenuation between source and 
receptor.

❑ It depends on:
▪ The hydro(geo)logical properties.
▪ The pollutant properties. 



Thick subsoil on  poorly productive aquifer

+
denitrification in bedrock

+
Free-draining soils & subsoils

=
good natural protection

Not a hydro(geo)logically susceptible area
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A hydrologically susceptible area

Dark grey, clayey subsoil

Gley soil, low 
permeability 
subsoil, rushes, 
slope.

Overland flow

A hydrologically 
susceptible area 
for PO4, 
sediment, 
pathogens in 
surface water.

Photo: Donal Daly



Thin soil, no subsoil on 
karstic bedrock = minimal 
natural  protection

Underground flowpath
dominant

A hydrogeologically
susceptible area for 
nitrate and microbial 
pathogens in groundwater

Photo: Donal Daly



Receptor

Freely draining/high NO3 
susceptibility/

low PO4 susceptibility

Subsurface/groundwater pathway

Nitrate as the potential issue

Poorly draining/high PO4 susceptibility/
low NO3 susceptibility

Overland flow/flow in 
drains/drainage pipes main 

pathways

Phosphate (& possibly sediment & 
MCPA) as potential issues 67

Low K soil & subsoil Mod. K soil & subsoil

Think in 3-D!!



Source: www.catchments.ie
68

EPA has developed pathway susceptibility maps (1:25,000 scale) for 
two pollutants 
▪ Phosphate & nitrate 

▪ Are generated by linking data/maps on soils, subsoils, groundwater 
vulnerability and aquifer types (the intrinsic geological and 
hydrogeological  characteristics of an area) with nutrient (P & N) 
attenuation and transport factors (the pollutant characteristics). 



Uses of susceptibility maps

❑ They are like specific groundwater vulnerability maps.

❑ High P susceptibility = poorly draining scenario with rapid 
response to rainfall via overland and near surface flows, high 
drainage density, farming, farmyards, afforestation and 
septic tank systems potential pressures.
➢ MCPA, microbial pathogens, NH4, PO4, sediment would be  potential 

significant issues for surface water sources or karst springs in these 
areas

❑ Low P susceptibility = freely draining scenario that coincides 
generally with the High nitrate susceptibility areas.

❑ Neither take account of pollutant loading on the land.

By adding the P and N loadings to the susceptibility map,  
pollution impact potential (PIP) maps are achieved.

https://gis.epa.ie/EPAMaps/Water



Pathway Conceptual Models
An Introduction 

See Section 10.5.7 and Appendix 6 in Volume 1 of the CS&M Guidance Handbook



“Mental models” – vital in developing 
our understanding

❑ A mental model is an explanation of the thought 
process about how something works in the real world. 
It is a representation and visualisation of the 
surrounding world, and the relationships between its 
various parts and our intuitive perception about how 
this world functions.

❑ Some mental mapping needed!!!



The pathways conceptual model (CM)
What is it?

❑ It assists in providing the linkages between the 
receptor and the significant issues and 
significant pressures, thereby providing the 
basis for the understanding required to enable 
a decision on “the right measure in the right 
place”.

❑ The pathways component of the “mental 
model” produced in written (and sometimes 
in diagrammatic form).



Why use conceptual models?

❑ As a systematic mechanism for integrating 
data/information:
▪ Topographical, hydrological, hydrogeological, biological, 

hydrochemical, hydromorphological, etc.

❑ Formalising helps stimulate and sort out ideas on how the 
catchment system works.

❑ Helps see gaps in the info and understanding.

❑ Enables the catchment system or site setting  to be 
described in a logical way.

❑ Improves decision-making.



The Pathways Conceptual Model

❑ Generally written text, summarising the 
understanding of the pathway components of 
the catchment, backed up by diagrams and 
relevant maps.
▪ The ‘driver’ for the CM is the identified 

significant issue or potential pollutant.
▪ Therefore, focus on the pathways and pressures 

that are relevant to the pollutants of concern.
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River WB

Flood plainDitch

The ditch is bypassing the 
flood plain.



P
S
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Low permeability soil & subsoil

Peaty soil over peat



PCM for a poorly draining scenario near a 
watercourse



S



Water Quality Metrics 

See Section 9 in Volume 1 of the CS&M Guidance Handbook for more details



The water quality metrics

❑ I recommend that targeted value should be lower than 
the EQSs shown above as EQSs are mean values
▪ Examples: Use 0.30 mg/l P for achieving Good status and 0.20 

mg/l for achieving High status.

❑ Varies depending on the objective and on the 
pollutant/significant issue

❑ Examples
➢ EQSs

▪ 0.035 mg/l P (mean) for G/M status boundary and 0.025 mg/l for 
H/G boundary 

▪ 2.6 mg N/l for coastal WBs
➢ Drinking water

▪ 50 mg/l NO3 or 11.3 mg/l N as a Maximum Admissible 
Concentration (MAC)

▪ 28 mg/l NO3 or 6.3 mg/l N as a mean – NFGWS guide value

Therefore, I suggest always doing a mental check on what metric 
(concentration or number or load) you are aiming to achieve.



The attenuation element – what 
determines it?
❑ The key drivers for pollutant attenuation in the landscape are i) 

the pollutant properties: ii) the permeability (essentially 
whether poorly draining or freely draining) and iii) pollutant 
loading.

➢ Pollutant properties  determine the degree of attenuation.

➢ Permeability (which depends on the geology) primarily 
determines water flows/movement.
❖ In poorly draining areas, slope influences water movement, particularly focusing of flow and 

delivery points to water courses & therefore influences the mitigation options.

➢Pollutant loading – without  a loading of pollutants, 
there is no threat to water quality and aquatic 
biodiversity.

➢Loadings analysis can be helpful in managing 
pressures and deciding on mitigation actions.



The role of nutrient loadings 
analysis 

See Section 10.4.6 and Appendix 4 in Volume 1 of the CS&M Guidance Handbook.



Concentrating on concentrations is 
not sufficient!

❑ Environmental analysis of the role of nutrients (e.g. PO4, 
NO3, NH4) tends to focus on concentrations as the metric, 
understandably because standards are given as 
concentrations. 

❑ While concentrations are a target to be achieved, they are 
not always that sufficient in answering the  ‘what’, 
‘where’ and ‘’how to deal with it’ questions.

❑ Estimating and analysing the load reduction of a 
particular pollutant needed in a water body (surface or 
groundwater) can bridge the gap.



Why undertake loadings analysis?

❑ To enable:
➢ An estimation of the approx. load reduction of a particular 

nutrient needed from a pollution source to achieve the required 
objective – a target value to aim at.

➢ Comparisons of loads coming from different sources, e.g. WWTP 
Vs farming (called source load apportionment).

➢ Comparison of loads coming from different tributaries or different 
river stretches or different wells, thereby enabling targeting of 
mitigation actions to where improvements are needed.

(Note: back of envelope calculations often adequate.)

❑ Ultimately, the way to achieve the required nutrient 
concentrations is to reduce the inputting load; 
without loading information, it is not possible to set a 
target for the reductions needed.



Undertaking loading analysis
What is needed

❑ Load =  average annual load using available flow and average 
water quality data at a relevant monitoring point.

❑ Flow: average flows from HydroTool
https://gis.epa.ie/EPAMaps/Water (tips: use the 30ile flow as the mean flow. 

Also, note flows given in m3/s) or as back of envelope calculation using 
this equation.
Q l/s = A x R x 0.5 x 0.032, where:

Q = average annual flow.
A = catchment area (km2)
R = average annual rainfall (mm)
0.5 = conversion factor from rainfall to effective rainfall (use 0.6 in wetter areas)
0.032 = conversion to l/s.

❑Water quality: need at least 8 samples taken at different 
flow conditions over 2 years, but preferably 3 years data 
and 12 samples, in my view. (Tip: check for trends.)

https://gis.epa.ie/EPAMaps/Water


Example PO4 load and load reduction 
calculation for a watercourse
❑ Q-value = Moderate.

❑ Significant issue/pollutant = PO4

❑ Catchment area =  3,000 ha (30 km2)

❑ Mean flow = 710 l/s (source: EPA Hydrotool) 

❑ Phosphate Load and Load Reduction Assessment
➢ 2015-2017 average conc: 0.05mg/l (note: EQS = 0.035 mg/l)

➢ Load = (710 x 86400 x 365) x 0.05/1000000 = ~1,120 kgP/yr

➢ P load reduction target = (710 x 86400 x 365) x 0.05-
0.03mg/l)/1000000 = ~450 kg/year

➢ Approx. 20% area (600ha) = high Pollution Impact Potential 
(PIP) or high risk area (estimated from EPA PIP map)

➢ Therefore, reduction needed in kg/ha =  ~0.75 kg/ha/year

When considering possible mitigation Actions, this gives a target value to aim at.



Example NO3 load and load reduction 
calculation for a well

❑ Source = A well in a freely draining area.

❑ Mean NO3 conc = 10 mg/l as N (44 as NO3) with 
regular spikes above 11.3 (50 as NO3) mg/l

❑ Abstraction rate =  500 m3/d (2,750 gallons per hour)

❑ ZOC = ~45 ha

❑ Target mean NO3 conc (NFGWS) = 6.2 mg/l as N (28 as 
NO3)

❑ Reduction required:
➢ 700 kg/year

➢ The area of high NO3 PIP in the ZOC is approximately 27ha.

➢ =  ~26 kg/ha/year for the 23ha area

Once again, this gives a metric to aim at when deciding on possible mitigation Actions,.



90

Diffuse sources & the pollutant 
transfer continuum

See Section 14.2 and Appendix 9 in Volume 1 of the CS&M Guidance Handbook.



1. SOURCES include 
organic & inorganic 
fertilizers, defecation 
from grazing 
animals,or high P index 
soils 

receptor

receptor
4. IMPACT describes 
the concentrations of 
pollutants in water 
and the connection 
with the biological 
impact of the diffuse 
pollutant in the stream.

The transfer continuum – a landscape-
based framework for diffuse pollution

2. MOBILISATION
describes the start of 
the journey from soil, 
either as a solute or 
attached to colloids 
and particles. 

3.DELIVERY/TRANSPORT  
describes the complex 
journey the solutes, 
colloids or particles take 
after mobilisation to 
connect to the stream or 
aquifer. 

There are intervention opportunities along the transfer continuum.

receptor



U

❑ T

Source: NFGWS, 2020



Four categories of Mitigation Actions

▪ Pollutant source reduction or elimination

▪Mobilisation control/reduction

▪Pathway interception

▪Receptor/instream works.

▪All related to the position in the landscape & 
all different in orientation.



Time Delays for Improvement 

See Appendix 12 in Volume 1 of the CS&M Guidance Handbook.



❑ For At Risk WBs, a key question in water 
resources management & WFD 
implementation - How long will it take for 
restoration to occur?
➢ Expectations often not realistic.

➢ Some projected time lags too long.

➢ We need, in my view, to be trying to estimate 
‘time lags’. 

➢ We may need to be able to explain the reasons 
that it takes time to local communities.

Time delays for restoration/improvement



Time delays for restoration/improvement

❑ Restoration to the required objective depends on 
several factors:
➢ The policies in place and implemented.

➢ The pollutant, e.g. PO4 or NO3 or microbial pathogens

➢ The pressure

➢ The landscape setting for diffuse sources.

➢ Working out the appropriate Action

➢ Putting the Action in place

➢ The response of the receptor

➢ The frequency of monitoring.



Time delays for restoration/improvement –
the main elements

For further details see Appendix 12 in Volume 1 of Guidance Handbook.



Time delays for restoration for diffuse PO4
There are some 

policy gaps

Total time delay
You can work it out!

In particular:
Phosphate: Spatially targeted 
widened interception buffers.
Nitrate: Source reduction 



Time delays for restoration for diffuse PO4

1-10+ years for soil P 
index from 4 to 3: 

suggest assume 6 years
1+ years 

Hydrochemical response 
1 year

Biological response
1 year if upstream quality ok 

2-4 years if problem is persistent

Chemistry = 1 year
Biology = 1-3 years

Total time delay
You can work it out!

Characterisation, conclusions on mitigation 
actions, advisor visits, farmer agreement, 

undertake actions
>>> 1-2+ years 



❑ So

Table enabling time delay to be estimated



❑ Similar table for nitrate.

❑ Therefore, you can do your own calculations.

Table enabling time delay to be estimated



Table enabling time delay to be estimated



❑ Therefore, you can do your own calculations.

Table enabling time delay to be estimated



Travel times for nitrate

Horizontal travel time in groundwater

Velocity range in bedrock (not karst) 1-10m/d, say 5m/d.

Travel times to watercourses in range 1-100 days (i.e. <1 year).

Therefore, in most hydrogeological circumstances where nitrate is a significant 

issue, the time lag after Actions are undertaken would be ≤5 years.

Table 1: Estimated travel times for nitrate applied on land to reach the 
water table when leached depending on the soil/subsoil thickness

Soil/subsoil 
thickness (m)

0-1 2 5 10

Vertical travel 
time (years)

<1 1-2 2.5-5 5-10

But, what are the Actions and are they readily implementable?????
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Questions?

Discussion


