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Environmental Protection Agency

The EPA is responsible for protecting and improving
the environment as a valuable asset for the people of
Ireland. We are committed to protecting people and
the environment from the harmful effects of radiation
and pollution.

The work of the EPA can be divided into
three main areas:

Regulation: Implementing regulation and environmental
compliance systems to deliver good environmental outcomes
and target those who don't comply.

Knowledge: Providing high quality, targeted and timely
environmental data, information and assessment to inform
decision making.

Advocacy: Working with others to advocate for a clean,
productive and well protected environment and for sustainable
environmental practices.

Our Responsibilities Include:

Licensing

> Large-scale industrial, waste and petrol storage activities;
> Urban waste water discharges;

> The contained use and controlled release of Genetically
Modified Organisms;

Sources of ionising radiation;

Greenhouse gas emissions from industry and aviation
through the EU Emissions Trading Scheme.

National Environmental Enforcement

> Audit and inspection of EPA licensed facilities;

> Drive the implementation of best practice in regulated
activities and facilities;

> Oversee local authority responsibilities for environmental
protection;

> Regulate the quality of public drinking water and enforce
urban waste water discharge authorisations;
Assess and report on public and private drinking water quality;
Coordinate a network of public service organisations to
support action against environmental crime;

> Prosecute those who flout environmental law and damage
the environment.

Waste Management and Chemicals in the Environment

> Implement and enforce waste regulations including
national enforcement issues;

> Prepare and publish national waste statistics and the
National Hazardous Waste Management Plan;

> Develop and implement the National Waste Prevention
Programme;

> Implement and report on legislation on the control of
chemicals in the environment.

Water Management

> Engage with national and regional governance and operational
structures to implement the Water Framework Directive;

> Monitor, assess and report on the quality of rivers, lakes,
transitional and coastal waters, bathing waters and
groundwaters, and measurement of water levels and
river flows.

Climate Science & Climate Change

> Publish Ireland’s greenhouse gas emission inventories
and projections;

> Provide the Secretariat to the Climate Change Advisory Council
and support to the National Dialogue on Climate Action;

> Support National, EU and UN Climate Science and Policy
development activities.

Environmental Monitoring & Assessment

> Design and implement national environmental monitoring
systems: technology, data management, analysis and
forecasting;

> Produce the State of Ireland’s Environment and Indicator
Reports;

> Monitor air quality and implement the EU Clean Air for Europe
Directive, the Convention on Long Range Transboundary Air
Pollution, and the National Emissions Ceiling Directive;

> Oversee the implementation of the Environmental Noise
Directive;

> Assess the impact of proposed plans and programmes on
the Irish environment.

Environmental Research and Development
> Coordinate and fund national environmental research activity
to identify pressures, inform policy and provide solutions;

> Collaborate with national and EU environmental research
activity.

Radiological Protection

> Monitoring radiation levels and assess public exposure
to ionising radiation and electromagnetic fields;

> Assist in developing national plans for emergencies arising
from nuclear accidents;

> Monitor developments abroad relating to nuclear installations
and radiological safety;

> Provide, or oversee the provision of, specialist radiation
protection services.

Guidance, Awareness Raising, and Accessible Information

> Provide independent evidence-based reporting, advice
and guidance to Government, industry and the public on
environmental and radiological protection topics;

> Promote the link between health and wellbeing, the economy
and a clean environment;

> Promote environmental awareness including supporting
behaviours for resource efficiency and climate transition;

> Promote radon testing in homes and workplaces and
encourage remediation where necessary.

Partnership and Networking

> Work with international and national agencies, regional
and local authorities, non-governmental organisations,
representative bodies and government departments to
deliver environmental and radiological protection, research
coordination and science-based decision making.

Management and Structure of the EPA

The EPA is managed by a full time Board, consisting of a
Director General and five Directors. The work is carried out
across five Offices:

. Office of Environmental Sustainability

. Office of Environmental Enforcement

. Office of Evidence and Assessment

. Office of Radiation Protection and Environmental Monitoring
. Office of Communications and Corporate Services
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The EPA is assisted by advisory committees who meet regularly
to discuss issues of concern and provide advice to the Board.
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Identifying pressures

An increasing world population means that the demand for food will inevitably increase. To address this, agriculture has
intensified, which, in turn, has led to an increased use of pesticides. Although their use is strictly controlled, it is estimated
that only up to 10% of pesticides reach target organisms. Consequently, pesticides are present in soil, groundwater and
surface water, potentially adversely impacting waterways, ecosystems and human health. The assessment of potential
pesticide transmission risk to waterways, based on soil texture and pesticide properties, is required, as is the development
of remediation methods to break the pathway of loss from source to receptor. Furthermore, as the majority of human
health risk models are often deterministic in nature, and do not reflect the inherent uncertainties and variabilities in
pesticide transmission, it is necessary to develop robust probabilistic models to account for these uncertainties. Together,
these will inform the implementation of risk mitigation approaches.

Informing policy

Pesticides are used as part of farm intensification strategies, either to bring marginal land into production or to maintain
competitively high crop yields. Guidelines have been put in place by governments to regulate pesticide use and address
the risks they pose. These guidelines lay out a framework for pesticide regulation consisting of limits on the amount of
pesticides used, risk screening and detailed risk assessment to reduce harm to ecosystems, the environment and human
health. Despite this, pesticides have been detected in surface water and groundwater at levels exceeding the drinking
water parametric value of 100 ng I,

Developing solutions

A screening tool was developed to allow farmers to determine the potential pesticide transmission risk. Intervention
measures, conducted at field scale, to break the pathway between source and receptor showed that coconut-based
activated carbon, when placed in filter pipes, was an effective adsorption medium for pesticides. Other “at source”
intervention methods, such as “split” applications of pesticides, where the yearly application of pesticides is split into
two equal doses, were effective in preventing surface run-off and leaching of pesticides. A semi-quantitative risk scoring
method was developed to allow users to identify high-risk pesticides and examine how they may contribute to the health
risks of a population on a regional or national scale. A probabilistic assessment of health risk levels arising from exposure to
the modelled concentrations found very low levels of risk under current climatic and land use conditions. This model may
be combined with alternative human health risk models and assessments or environmental risk models to provide a better
understanding of the impact of pesticides on drinking water resources and to further quantify the risks posed to consumers
and non-target organisms.
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Executive Summary

Pesticide use is associated with the mass production
of foodstuffs to cater for global demand. However,
pesticides released unintentionally from both the
agricultural and urban sectors have the potential to
enter non-target ecosystems. To reduce the amounts
of pesticides being used and make food systems more
environmentally friendly in the European Union, the
Farm to Fork Strategy proposes reducing the overall
use of chemical pesticides by 50%. However, legacy
pesticides, some of which have not been approved
since the last century, are still being detected in
European waterways, with many levels detected
being over the parametric value for drinking water, of
100ngl-". Modelling the health risks of these legacy
pesticides and identifying effective remediation

methods for dealing with them are therefore of interest.

The overarching aim of this research was to use a
multidisciplinary approach merging knowledge of

soil processes, molecular biology, engineering and
quantitative risk assessment methodologies to (1) gain
an understanding of the drivers of and pressures
caused by the use of pesticides in the environment;
(2) examine the fate and persistence of pesticides;

(3) evaluate any potential impact on and risks to the
environment and human health from pesticides; and
(4) develop a low-cost, passive, in situ remediation
method, to mitigate the problems caused by pesticides
in the environment.

A screening tool to assess the potential risk of
pesticide transmission to waterways was developed.
The tool is based on soil texture and various pesticide
properties, including water solubility, soil permeability
and soil half-life. This screening tool can afford
farmers the opportunity to determine if a pesticide

is environmentally friendly or if its use could pose a
threat to waterways. A modelling framework was also
developed to facilitate a probabilistic assessment of
pesticide transport into water resources via surface
run-off and leaching, with the inclusion of information
on additional and influential site conditions and
in-stream processes. This was used to assess
pesticide concentrations in surface water and
groundwater, and the risk of regulatory threshold
exceedances. The analysis indicated that triclopyr and
4-chloro-2-methylphenoxyacetic acid (MCPA) occur

X

in greater concentrations in both surface water and
groundwater than any of the other pesticides analysed.
The model also found that surface water supplies
were at greater risk overall of pesticide pollution than
groundwater supplies. The concentrations predicted
from this quantitative assessment were then used to
analyse potential human health risks. It was found
that the pesticides examined using the modelling
framework posed a very low risk to humans via
drinking water supplies based on study site conditions,
current agricultural practices and climate conditions.

Batch adsorption and kinetic studies were undertaken

to assess the potential of several raw and pyrolysed
low-cost industrial and agricultural materials as pesticide
adsorbents for the removal of commonly used herbicides
in Ireland. Based on the outcome of these studies, filters
containing coconut-based activated carbon (CAC) were
placed in streams in two agricultural catchments and
one urban area for a period of 7 months. Two different
configurations of intervention were investigated: one
used filter bags containing 16 kg of sieved CAC, while
the second used the same filter bags but filled with 12kg
of sieved CAC and fitted into a polyethylene pipe so that
they filled the full diameter of the centre section of the
pipe. The field study demonstrated that the filter pipes
reduced herbicide concentrations more efficiently than
the filter bags. Where the water flow was slow and when
the water was not able to flow around or over either the
filter bags or pipe, then significant reductions (p<0.05) in
herbicide concentrations in the streams and drains were
observed.

Based on the findings of this project, further work

on the design of the intervention systems, including
modifying the size of the filter bags and the shape

of the pipe, is recommended. Rather than targeting
pesticides alone, chemicals of emerging concern, such
as pharmaceuticals, antibiotics, personal care products
and veterinary products, could also be investigated.

In an effort to reduce costs and the system’s carbon
footprint, the possibility of using Irish agricultural waste
materials as the activated carbon adsorbent instead of
CAC should be explored, as CAC must be imported to
Ireland. One waste material that could be used for this
purpose is slurry, a by-product of the dairy and beef
industries.






1 Introduction

Pesticides are defined as substances that are used

to suppress, eradicate or prevent the spread of
organisms that are considered harmful to crops or a
nuisance. They include biocidal products and plant
protection products (EU, 2021). Once released into
the environment, pesticides can move through soil or
surface water to streams and groundwater, where they
can have unintended ecological effects; for instance,
they can accumulate in aquatic organisms and cause
the loss of ecosystem biodiversity (Stehle and Schulz,
2015; Arisekar et al., 2019).

The detection of legacy pesticides in water samples
has been mainly attributed to their desorption from the
soils or sediments where they may have accumulated
during previous pesticide applications (Pizzini et al.,
2021; Postigo et al., 2021). Legacy pesticides in

the environment arise from a four-step process:

(1) the application of pesticides to land, (2) run-off to
streams and rivers, (3) partitioning to sediments and
(4) desorption/resuspension from sediments several
years after their initial application. Depending on

their properties (e.g. polarity, octanol-water partition
coefficient), pesticides can be adsorbed onto soil or
sediment particles, with hydrophobic pesticides being
adsorbed at particularly high levels (Khanzada et al.,
2020). Pesticide pollutants can also be desorbed/
resuspended during the disturbance, handling

or disposal of contaminated sediment, or during
hydromorphological modification, such as that caused
by dredging, channelisation, land drainage and hard
infrastructure, such as dams (Pizzini et al., 2021;
Mishra et al., 2022).

In addition to posing a threat to the environment,
low but repeated exposure to pesticides has been
linked to several human health disorders (Yin et al.,
2020; ElI-Nahhal and EI-Nahhal, 2021a). As a result,
governmental bodies use legislation to regulate

the approval of pesticides for use on the European
market, to promote their sustainable use and to reduce
risks posed to the environment and consumers (EU,
1991, 2009a,b). Pesticide risk can be evaluated and
classified through incremental stages, including data
collection, priority setting, risk assessment and risk
reduction, before official registration for use. Over

the last 30 years, risk-ranking methodologies have
progressed and they now use criteria such as mobility
and persistence in the environment, ecotoxicological
effects on non-target organisms, toxic effects on the
human population or a combination of these criteria to
rank pesticides according to risk. While such methods
may be considered useful, various limitations, such as
reliance on pesticide physico-chemical properties to
assess mobility, the use of animal health indicators to
represent human health risk and the general exclusion
of metabolites, reduce their effectiveness and reliability
for ranking and comparing pesticides according to
risk. This limits their ability to properly inform future
pesticide-monitoring programmes.

Several physical and chemical treatment approaches,
including adsorption, membrane filtration and
advanced oxidation processes, as well as biological
approaches, such as bioremediation, activated sludge
processes and phytoremediation, have been employed
to remove pesticides from aqueous solutions (Mojiri

et al., 2020). Each method has its own benefits and
drawbacks in terms of both technical and economic
aspects (Saleh et al., 2020). One of the most
extensively used pesticide remediation methods is
adsorption onto low-cost materials (Mojiri et al., 2020).
This is simple and cost-effective. However, the issues
of incomplete removal of pesticides and the generation
of toxic side products are the main disadvantages of
this method (Majiri et al., 2020; Shahid et al., 2021).

1.1 Objectives

The objectives of the Pesticide Management for Better
Water Quality (PestMan) project were to:

e undertake a review of pesticide use in Europe,
examine the issue of legacy pesticides (including
their exceedance of drinking water standards and
their persistence in the environment) and quantify
the efficacy of existing and emerging methods of
pesticide mitigation;

e rank key pesticides by risk of transmission
through soil to waterways, taking into account
physico-chemical properties of the pesticides,
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soil permeability and the relationship between the e develop an easy-to-use risk-screening tool to
adsorption of pesticides and soil texture; identify high-risk pesticides in catchments and
quantify the efficacy of raw and pyrolysed waste apply a probabilistic approach to modelling the
materials for adsorbing herbicides and examine transport of pesticides into drinking water and the
the efficiency of low-cost intervention systems, resulting health risk.

placed in streams and tributaries, for herbicide

removal;



2 The Impact of Historical Legacy Pesticides on
Achieving Legislative Goals in Europe

2.1 Overview

In this review, the current knowledge regarding
pesticide use in Europe, as well as pathways of
pesticide movement to waterways, are investigated.
The issues of legacy pesticides, including
exceedances, are examined, and existing and
emerging methods for pesticide remediation,
particularly of legacy pesticides, are discussed. The
fact that some legacy pesticides can be detected in
water samples more than 25 years after not being
approved highlights the need for improved EU
strategies and policies aimed at targeting legacy
pesticides so that future targets can be met. This
chapter is an abridged version of McGinley et al.
(2023), used in accordance with licence CC BY 4.0
(https://creativecommons.org/licenses/by/4.0/), with
minor changes made for consistency and in line with
EPA style.

2.2 Pesticide Usage and Pathways of
Loss

The sale of pesticides used within the EU-27 over
the 10-year period 2011-2020 fluctuated from 356 kt
in 2011 to 350kt in 2020, with the highest sales, of
368kt, recorded in 2018 (Eurostat, 2022a). Fungicides
and herbicides were the dominant pesticides used in
the EU-27 from 2011 to 2020, accounting for 40—-44%
and 30-36%, respectively, of total pesticide sales.

A smaller proportion (9—16%) of the pesticides used
were insecticides, with the remainder being a mixture
of plant growth regulators, anti-sprouting agents and
molluscicides. The variation in pesticide usage per
hectare (kgha™) of agricultural land for 2020 was
considerable between countries within the EU-27,
from Ireland with 0.6 kgha="'to >11kgha' for Malta
(Eurostat, 2022a,b). Although 16 countries in the
EU-27 applied less than 2kgha™' of pesticides, the
overall amount of pesticides being applied across
the EU-27 continues to rise. The recent EU strategy
on sustainable food production, implemented in
2020, proposes to cut overall pesticide use in the
EU-27 by 50% by 2030, as well as to reduce nutrient

losses (especially nitrogen and phosphorus) by 50%
and fertiliser use by 20% (EU, 2020). One possible
way of achieving the reduction in both nutrient

loss and fertiliser use would be to transition from a
grassland-dominated system to a more arable crop-
based system. While this could achieve the required
reduction in nutrient loss, it could also lead to an
increase in pesticide usage, particularly herbicides,
which are required for arable and vegetable crops.

A significant percentage of pesticides applied in
agricultural practices never reach their target organism
(Ali et al., 2019), with Schulz (2004) estimating that
10% of applied pesticides reach non-target areas.

As a result, and because of the widespread use of
pesticides in agricultural and urban areas, pesticides
can migrate to various surface water resources

by several pathways, including surface run-off
(Cosgrove et al., 2022), leaching (Cosgrove et al.,
2019), spray drift (Ravier et al., 2005), groundwater
inflow (Gzyl et al., 2014) and subsurface drainage
systems (Halbach et al., 2021). Surface run-off is the
predominant pathway, mainly through heavy rainfall
events and snowmelt, particularly in saturated fields,
fields with hilly slopes or fields with a high water table
(Jing et al., 2021). The input of pesticides to surface
water is particularly high during the main application
period of spring and summer, and also increases
during rainfall events (Szocs et al., 2017).

The main factors influencing the transport of pesticides
to receptors are adsorption and desorption to and from
soil particles (Paszko and Jankowska, 2018), pesticide
half-life and the physico-chemical properties of soil
(Boivin et al., 2005). Adsorption is predominantly
influenced by the properties and chemical composition
of the soil, which is a complex mixture of inorganic
materials and organic matter (Leovac et al., 2015),
and the physico-chemical properties of the pesticide
(KodeSova et al., 2011). The adsorption of pesticides
onto the soil surface determines how pesticides are
either transported or degraded, which will, ultimately,
determine the concentration of pesticides in both soil
and soil solutions (Gondar et al., 2013).
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23 Legacy Issues

Many toxic pesticides have not been approved for
use by the EU, although some have persisted in

the environment for decades after initial application
(Ccanccapa-Cartagena et al., 2019). In 2022,

452 active substances were approved for use as plant
protection products in the EU-27, while 937 active
substances were not approved (EU, 2022). Of the
active substances that were on the market before
1993, 70% have since been withdrawn (EU, 2017).
Figure 2.1 shows the top 12 herbicides, fungicides
and insecticides that were detected in surface waters
across the EU-27 after they were no longer approved
by the EU, with several being detected many years
after approval had been withdrawn. The legislation
that defines the maximum allowable concentration of
pesticides in drinking water in the EU, of 100ngl-",
has been described as the most stringent in the
world (Knauer, 2016). Because of this stringency,
many pesticides that are not approved continue

to be detected in Europe at levels exceeding legal
limits in both surface water and groundwater. In

total, pesticides that are no longer approved for use
in the EU have been detected on 233 occasions in
EU waterways since their approval was withdrawn,
including some that were not approved in the last
century, although not all were detected at above the
maximum permissible concentration, of 100 ngl-, for
drinking water.

Reported number of exceedances

24 Mitigation Options

Conventional methods to remove pollutants, including
pesticides, from the environment include adsorption,
sedimentation, advanced oxidation processes and
membrane technologies (Mojiri et al., 2020; Jatoi et al.,
2021; Shahid et al., 2021). Although these methods
are commonly used, they can involve high operating
costs, can generate toxic side products and do not
completely remove the pollutants (Mon et al., 2018).
The development of more efficient and safer removal
systems is necessary. A list of these systems, along
with relevant references, is given in McGinley et al.
(2023). Among several emerging mitigation methods
for the removal of pesticides from water, metal organic
frameworks are among the most promising, owing

to their well-defined pore structure and large surface
areas. One disadvantage that all adsorbent materials
have is that it can be difficult to remove the pesticides
from the adsorbents, and the interactions of the
cleaning materials with the pesticides requires further
exploration. The most cost-effective method is the use
of vegetated buffer strips to protect streams and other
wetland habitats, as well as improving water quality.

2.5  Management Implications Across
Europe

Following the introduction of the EU Directive on the
Sustainable Use of Pesticides in 2009 (EU, 2009a),
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Figure 2.1. Timeline of reported parametric value exceedances of some selected pesticides that are not
approved. Herbicides are denoted by circles, fungicides by triangles and insecticides by diamonds.
Reproduced from McGinley et al. (2023); licensed under CC BY 4.0 (https://creativecommons.org/

licenses/by/4.0/).
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many papers have been published regarding
measures for reducing pesticide use. A recent

review focused on the effectiveness of public policy
instruments in reducing pesticide use by farmers in
Europe (Lee et al., 2019). Bans, zoning, monitoring
and penalties were placed in the regulatory domain,
while instruments involving certification, and training
and advisory services were in the informative

domain. While the review determined that no specific
instrument was guaranteed to reduce pesticide use, it
suggested that measures were frequently identified as
ineffective if based on the sole use of regulatory-based
instruments, namely bans and prescriptions (maximum
doses or pesticide levels). On the other hand,
prescriptions and subsidies, prescriptions and advisory
services, and prescriptions, taxes, training, monitoring
and advisory services were seen as most beneficial for
pesticide reduction.

The latest Farm to Fork Strategy (EU, 2020) aims to
cut chemical pesticide use across the EU-27 by 50%
in 2030. To achieve this, the Commission intends to
revise the Sustainable Use of Pesticides Directive
(EU, 2009a), enhance provisions on integrated

pest management and promote greater use of safe
alternative ways of protecting harvests from pests and

diseases (EU, 2020). Integrated pest management
will be one of the main tools in reducing the use and
dependence on chemical pesticides. One approach
that is intended to achieve this goal is the placing of
pesticides containing biologically active substances
on the market. In a recent EU factsheet, it was noted
that, although Member States had made progress
implementing the Sustainable Use of Pesticides
Directive, fewer than one in three states had
completed the review of their national action plan by
the 5-year legal deadline (EU, 2021a).

2.6 Conclusions

The EU strategy to make food production
environmentally friendly by reducing the overall use

of chemical pesticides by 50% by 2030 may be too
ambitious, given that usage has remained relatively
constant since 2011. The potential attainment of

this target could have implications for the number of
pesticide detections in water bodies across the EU-27.
The omission of legacy pesticides from the current

EU Farm to Fork Strategy, and the requirement of a
maximum allowable concentration of pesticides in soils
or sediments, may be a serious omission.



3  Assessment of Potential Pesticide Transmission,
Considering Soil Texture and Pesticide Properties

3.1 Introduction

The main factors influencing the transport of pesticides
to receptors are soil half-life (Fantke et al., 2014),
adsorption and desorption to and from soil particles
(Paszko and Jankowska, 2018), and physico-chemical
properties of soil (Boivin et al., 2005). The adsorption
of pesticides onto the soil surface determines how
pesticides are either transported or degraded, which
ultimately determines the concentration of pesticides
in both soil and soil solutions (Gondar et al., 2013).
Although many soil factors have been investigated
with regard to pesticide adsorption, including pH
(Gondar et al., 2013), organic content (Conde-Cid

et al., 2019), pore size (Siek and Paszko, 2019) and
cation exchange capacity (KodeSova et al., 2011), to
date no study has conducted a meta-analysis of the
literature that investigates the relationship between
pesticide adsorption and soil texture.

The aim of this chapter is to describe a meta-analysis
of literature that has assessed pesticide adsorption
and soil texture data, and integrate this with pesticide
properties such as soil half-life and solubility, to
determine if a relationship exists that could guide
future modelling and decision-making protocols
regarding the safe use of pesticides. This chapter is
an abridged version of McGinley et al. (2022a), used
in accordance with licence CC BY-NC-ND 4.0 (https://
creativecommons.org/licenses/by-nc-nd/4.0/), with
minor formatting changes made in line with EPA style.

3.2 Materials and Methods

A detailed literature search was undertaken by
searching key words including: pesticide, soll,
adsorption, sorption, adsorption isotherm, and soil
texture triangle. The search was limited to peer-
reviewed papers published, in English, since 2000 that
included data on adsorption isotherm parameters

and soil texture. No geographical limitations were
employed. Search engines used included databases
such as Scopus, as well as publisher-specific search
engines including ScienceDirect, the American
Chemical Society, and the Royal Society of Chemistry.

A total of 1212 articles and a small number of book
chapters and reports were reviewed. Following this,
the pesticides were ranked according to the number
of studies in which they were investigated and they
also had to be currently approved for use by the EU.
This resulted in a short-list of 54 publications, reporting
on the 28 most commonly studied pesticides, which
are still available for use and are approved in the

EU or elsewhere. These 28 pesticides were grouped
into herbicides, fungicides and insecticides, with no
molluscicides, bactericides or rodenticides present in
that group.

3.2.1 Adsorption modelling

The manuscripts that fulfilled the selection criteria of
this study modelled their experimental data using the
Freundlich (1907) adsorption isotherm, with some
also reporting the parameters of the Langmuir (1918)
adsorption isotherm. To facilitate comparative analysis,
only the Freundlich model was used for determination
of the adsorption isotherm coefficients. The Freundlich
isotherm model is:

q,=K.C'" (3.1)
where q_ is the amount of adsorbate adsorbed at
equilibrium (mgg™) and C, is the concentration of the
adsorbate at equilibrium (mgl~'); K_ is the Freundlich
sorption capacity coefficient (mgg~'(mgl-')-"") and the
exponent n is the Freundlich exponent (dimensionless)
(Lima et al., 2015).

3.2.2  Pesticide transport potential ranking

The movement of pesticides from the target crop
through the soil and to the water receptor is a function
of soil permeability (ms™), the adsorption capacity

of each soil texture for the investigated pesticide
(gm™3), soil half-life of the pesticide (days) and the
pesticide solubility in water (S ; mgl™). In order to
establish a soil texture-specific transport potential risk
ranking for each of the pesticide groups examined

in this study, a ranking system incorporating each of
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these parameters was developed, with the highest
value indicative of the greatest risk of transmission to
receiving waters. The permeability of soils was ranked
according to soil texture (USDA, 2001). Soil adsorption
values were generated from the median value for
each pesticide/soil texture association reported in

the literature (see McGinley et al., 2022a). The water
solubility and soil half-life values were obtained from
the Pesticide Properties DataBase. Using this rubric,
each parameter was independently ranked from

1to 12, where 12 was considered to be the highest
risk for pesticide mobility through soil to surface and
groundwater bodies, i.e. high permeability soils, low
pesticide adsorption capacity, high soil half-life and
high water solubility. In this study, high permeability
soils were considered to be most at risk for surface
and groundwater pollution. If surface water processes
were only considered, low permeability soils, which
would have large surface run-off potential relative to
surface flow, would be considered to be most at risk.
Finally, these independent risk values were combined
(with equal weighting) to give a final risk ranking for
each pesticide across all soil textures, but also for

all of the pesticides within an individual soil texture
classification.

3.3 Results and Discussion

Table 3.1 shows the potential pesticide transmission
risks as a function of water solubility, soil half-life,
adsorption by soil of the pesticide and also soil texture.
The potential transmission risk can be quantified
either on the basis of soil texture or pesticide type,
with the highest score in each case being the most
transmissible.

The highest potential transmission risk ranking

for each individual pesticide across all herbicides,
fungicides and insecticides shows that the soil textures
resulting in highest transmission risks are sandy loam
and sand, with 19 of the highest rankings being in

one of these two soil textures (Table 3.1). These two
soil textures have low clay content (<20%), implying
that a high clay content is important in the retention of

pesticides within the soil, as previously reported (Ren
et al., 2018; Garcia-Delgado et al., 2020).

There are two different ways that the data in

Table 3.1 can be interpreted. The data can be viewed
from the point of view of the pesticide. Considering
the herbicide chlorotoluron, for example, the potential
risk ranking varies from 36 in sand to 17 in clay.
Therefore, the soil textures most likely to transmit
chlorotoluron may be identified. Alternatively, the
data may be examined considering only soil texture.
Within sandy loam soils, for example, 4-chloro-2-
methylphenoxyacetic acid (MCPA), mecoprop-P,
bentazone, metamitron and metribuzin are some

of the highest risk herbicides, with ranking values

of 35, 34, 34, 35 and 34, respectively (Table 3.1).

As pendimethalin, also used for the removal of
broad-leaved weeds from cereals, has a much lower
transmission ranking value in sandy loam soils (24;
Table 3.1), it might be more appropriate for selection
when applying to this soil texture. In a similar manner,
the choice of terbuthylazine (14; Table 3.1) would be
appropriate when considering removing broad-leaved
weeds and grasses from cereal and vegetable crops in
clay soil than any of the other herbicides in this study
(16-27; Table 3.1).

34 Conclusions

Using soil texture-specific adsorption isotherm data for
several groups of pesticides, their solubility in water,
soil half-life and soil permeability, a transmission risk
ranking was developed in this study. This is designed
as a decision-making support tool for agricultural land
management, as it allows the agricultural sector to
assess, either by soil texture or pesticide type, the
risk of loss of pesticides to receptors. Whilst this is

a simple decision-making support tool, rather than
the more complicated and complex pesticide root
zone model (PRZM) modelling approach (PRZM_SW
website), it offers a manageable choice for the

end user. It is also useful for modelling the loss of
pesticides to water and for identification of critical
source areas for better land management.
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4  Batch Adsorption of Herbicides from Aqueous
Solution onto Diverse Reusable Materials

4.1 Introduction

Several types of media have been used as absorbents
for herbicides (Papazlatani et al., 2019; Amoah-
Antwi et al., 2020), including granulated activated
carbon (GAC), which is commonly used in water
treatment plants (EPA and HSE, 2019) because

of its large surface area (300-2500m2g-') and
microporous structure (Jusoh et al., 2011). Typical
adsorption capacities for the herbicides MCPA and
2,4-dichlorophenoxyacetic acid (2,4-D) on GAC
range from 174.2mgg~" to 181.8mgg~' (Salman and
Hameed, 2010). Biochar, another porous material rich
in carbon, has also been used to adsorb pesticides
from soils (Khalid et al., 2020) and remove pollutants
from water (Kamali et al., 2021; Rana et al., 2021).
However, concerns have been raised about its
potential negative effects on soil and the presence of
toxic substances (Xiang et al., 2021). An alternative
approach is to utilise agricultural and industrial waste
materials for this purpose.

The aim of this study was to examine the adsorption of
five of the most commonly used herbicides in Ireland —
namely MCPA, mecoprop-P, 2,4-D, fluroxypyr and
triclopyr (DAFM, 2017) — from aqueous solutions onto
a range of raw and pyrolysed materials originating
from an industrial setting. The study findings are
described in detail in McGinley et al. (2022b).

4.2 Materials and Methods

4.2.1 Chemicals and materials used

The herbicides and chemicals used were MCPA,
mecoprop-P, 2,4-D, fluroxypyr and triclopyr. Solutions
were prepared, using Milli-Q ultrapure water (18.3mQ
Milli-Q Element system), at a concentration of
100mgl~" in 0.01MCaCl, and were shaken for a
minimum of 24 hours.

Twelve different materials identified as potential
adsorbents were selected based on criteria such
as low cost, bulk availability and potential for local
sourcing. These were GAC, peat fibre, bottom

ash, fly ash, blast slag, Phoslock, zeolite, alum
sludge from a water treatment plant (modified by
adjusting the physical characteristics to facilitate
hydraulic conductivity without affecting the chemical
characteristics of the alum sludge), two spruce
biochars (S-BC1 and S-BC2) and two herbal pomace
biochars (HP-BC1 and HP-BC2). The processes
used for the production and characterisation of all
four biochars are described in Siggins et al. (2020).
All adsorbents were dried at 105°C for 24 hours then
crushed or cut to a particle size of 1-2mm and stored
in airtight containers at room temperature.

4.2.2  Batch adsorption assays

A preliminary 72-hour batch test was conducted

to evaluate the effectiveness of the 12 different
materials at adsorbing selected herbicides. The
results of this test were used to determine which
adsorbents performed best and warranted further
investigation. Each batch test was carried out in
40-ml-capacity amber glass vials with an equilibration
solution containing 100 mg ! of herbicides and an
adsorbent dose of 5gl-'. The vials were sealed

with polytetrafluoroethylene (PTFE)-lined caps and
shaken at 160 rpm for up to 72 hours at 10°C. Control
vials without any adsorbent were used to accurately
measure adsorption and compensate for herbicide
loss through other processes. Once equilibrium was
achieved, samples were filtered through a 0.45-pm
PTFE syringe filter and analysed immediately.
Adsorption kinetics studies, conducted as part of the
research, are detailed in McGinley et al. (2022b). The
findings from these tests were utilised to determine
the optimal time for fitting adsorption isotherms to
the data.

4.3 Results and Discussion

4.3.1 Adsorbent selection

GAC performed the best in terms of adsorption
for all five herbicides (>95% removal). Of the four
biochars investigated, S-BC2 performed best at
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Figure 4.1. Freundlich adsorption isotherms of MCPA, mecoprop-P, 2,4-D, triclopyr and fluroxypyr onto
GAC. Modelled data are shown as colour-coded lines. Reproduced from McGinley et al. (2022b) with

permission from Elsevier.

removing MCPA, triclopyr and fluroxypyr. Based on
the adsorption data, it was decided to use GAC for the
adsorption of MCPA, mecoprop-P, 2,4-D, triclopyr and
fluroxypyr for both the kinetic and isotherm studies.

4.3.2  Adsorption kinetics and isotherms

The adsorption kinetics of each herbicide, namely
MCPA, mecoprop-P, 2,4-D, triclopyr and fluroxypyr,
were studied using the optimal adsorbent, GAC
(Figure 4.1). Maximum adsorption onto GAC occurred
within 18 h for all herbicides. MCPA and mecoprop-P
exhibited a two-phase adsorption process, consisting
of a rapid initial adsorption stage followed by a slower
stage, consistent with findings in previous kinetic
adsorption research (Ahmad et al., 2013).

The adsorptions of all five herbicides were best
described by the Freundlich model (Figure 4.1), which
indicates that adsorption occurred as mono- and multi-
layer adsorption onto a heterogeneous surface. This
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involves both physisorption and chemisorption, which
is in agreement with the pseudo-second-order kinetic
model obtained for both MCPA and mecoprop-P (Rizzi
et al., 2020).

4.4 Conclusions

The materials investigated showed limited capacity for
adsorbing herbicides. GAC was found to be the most
effective adsorbent for removing the five herbicides
investigated, achieving a removal rate of over 95%.
Analysis based on adsorption kinetic models and
Fourier transform infrared spectroscopy indicated that
MCPA and mecoprop-P followed a pseudo-second-
order kinetic model, suggesting that chemisorption
was the rate-limiting step. Fluroxypyr and triclopyr
followed a pseudo-first-order kinetic model, indicating
that intraparticle diffusion was the limiting step, while
2,4-D followed a first-order kinetic model, suggesting
that the transport of adsorbate to the adsorbent was
the rate-limiting step.
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Field Assessment of Coconut-based Activated

Carbon Systems for the Treatment of Herbicide

Contamination

5.1

In the EU, Council Directive 2020/2184 (EU, 2021) on
the quality of water intended for human consumption
sets the parametric value for pesticides, either
individually or in total, as 100ngl-' or 500ngI-,
respectively. However, these values are occasionally
exceeded (McGinley et al., 2023). Such exceedances
are particularly problematic, as conventional water
treatment methods are ineffective for the removal of
herbicides (Intisar et al., 2022; Taylor et al., 2022).
While some drinking water treatment facilities
incorporate powdered carbon or GAC filters to
remove herbicides (EPA and HSE, 2019), this is not
common practice in many countries because of the
prohibitive costs. An alternative approach may involve
treatment at the source, i.e. in the field rather than in a
treatment plant. This early intervention for the removal
of pollutants would positively affect both human and
environmental health by reducing herbicide exposure.

Introduction

Many low-cost media, based on either raw or
pyrolysed waste materials coming from an agricultural
or industrial origin, have been used as adsorbents for
herbicides (Jatoi ef al., 2021; Taylor et al., 2022). In
recent years, novel activated carbons, derived from
renewable, readily available, low-cost agricultural
materials, including canola stalk, orange peel and
coconut husk, have been widely researched in batch
adsorption studies (Herath et al., 2019; Amiri et al.,
2020). Kodali et al. (2021) reported that coconut-
based activated carbon (CAC) was a promising
adsorbent, mainly owing to its relatively large

surface area. However, there is a dearth of field/pilot
studies using activated carbon, including CAC, as

an adsorbent for herbicides. Such field/pilot studies
would be informative in providing information of the
configuration of potential intervention devices and their
implementation in waterways.

Therefore, the aims of this study were to evaluate the
extent of exceedances in two agricultural catchments
and one urban catchment in Ireland, and use the data
obtained to design, install and assess the efficacy of

11

two low-cost, CAC-based in situ remediation systems
capable of herbicide removal close to the source of
contamination. This chapter is an abridged version

of McGinley et al. (2024), used in accordance with
licence CC BY 4.0 (https://creativecommons.org/
licenses/by/4.0/), with minor changes made in line with
EPA style.

5.2 Materials and Methods

5.2.1 Study areas

This study examined herbicide exceedances and the
efficiency of remediation measures in two agricultural
catchments and one urban catchment in Ireland
(Figure 5.1). The Corduff catchment (53° 57' 40" N, 6°
45' 22" W) is located north-west of Carrickmacross in
County Monaghan. The site is 578ha in area,

89% of which is grassland and the remainder of which
is used for non-agricultural purposes. The Dunleer
catchment (53° 50' 6" N, 6° 23' 46" W) is situated west
of Dunleer in County Louth. It is 948 ha in area, 50% of
which is grass and 33% is tillage, and the remainder
of which is used for woodland and non-agricultural
purposes. The urban site is a drain running through a
golf course located in the north-west of Ireland. The
golf course is a parkland course, which is 46.5ha in
area. Due to a confidentiality agreement, further details
on its location are not disclosed.

5.2.2  Identification of monitoring locations

and interventions used

High-risk locations for pollution impact potential were
identified at the agricultural catchment sites, based on
an online EPA geographical information system (GIS)
application that contains information on flow delivery
paths and entry points for phosphorus (https://gis.epa.
ie/EPAMaps). From these delivery paths and points,
optimal locations for the placement of the interventions
were selected following visual inspection and taking
cognisance of physical accessibility and willingness
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Figure 5.1. Map of Ireland showing the location of the three sampling sites with blue stars. The
outlet points at the two agricultural catchments are denoted with red stars, while the locations of the
interventions in year 2 are marked with black crosses.

of the farmers to grant access. Two locations were
selected for Corduff and Dunleer: in both cases, these
locations included a main stream and a tributary
upstream (¢.200m and ¢.1000 m, respectively) of the
outlet. One location within the drain, ¢.10 m upstream
of the outlet, was used in the urban site.

Two configurations of interventions were investigated
at each study site. Both configurations used CAC
(Nova-Q, Ireland), sieved to a particle size of >2mm.
CAC has been demonstrated to have a comparable,
or even better, adsorption capacity for herbicides

Sampling
point
1

than GAC (John McGinley, University of Galway,
unpublished data). One configuration used filter
bags (2-mm netted 400-g bags, 100cm x40cm)
containing 16 kg of CAC (hereafter referred to as
“filter bags”). The second configuration used the
same filter bags, but in this case they were filled with
12kg of sieved CAC and fitted into a polyethylene
pipe (0.3m wide x 0.8 m long) so that they filled the
full diameter of the centre section (0.4 m) of the pipe
(hereafter referred to as the “filter pipe”) (Figure 5.2).
At each intervention site, three staggered filter bags
were placed perpendicular to the flow of the water,

Sampling
point

i
1

Figure 5.2. Schematic of different configurations of the intervention positioned in the stream. The blue
arrow indicates direction of water flow. The three filter bags are upstream from the filter pipe. Sampling
points, colour coded, are also indicated on the diagram.
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to maximise contact of the media with the water but
not cause flooding (Figure 5.2). Just downstream of
the filter bags, the filter pipe was placed in line with
the flow of the water, so an aliquot of water passed
through the filter.

5.2.3  Herbicide sampling and analysis

Herbicide sampling was carried out using
Chemcatcher passive sampling devices that were
placed in the water, in duplicate, for 2-week periods.
For both years 1 (2021) and 2 (2022), monthly
herbicide sampling was conducted at the outlet

T

of each of the three sites from April to October.

In year 2, additional monthly herbicide sampling

was undertaken to assess the efficiency of the two
intervention configurations at three sampling locations:
(1) immediately (<1 m) upstream of the filter bag
interventions (sampling point 1 (red) in Figure 5.2),

(2) between the filter bags and the filter pipe (sampling
point 2 (yellow) in Figure 5.2) and (3) within the

filter pipe (sampling point 3 (green) in Figure 5.2),
downstream of the adsorbent. This allowed for the
determination of herbicide removal by each of the
intervention configurations independently, where

the concentration difference between sampling
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Figure 5.3. Exceedances of herbicides at outlet points in Corduff, Dunleer and urban sampling areas for

year 1 (2021) and year 2 (2022) of the study.
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points 1 and 2 indicated removal by the filter bags,
and the difference between sampling points 2 and 3
indicated removal by the filter pipe.

5.3 Results and Discussion

5.3.1  Outlet monitoring

In total, 298 detections of individual herbicides were
recorded across all three outlets, of which 131 were
over the parametric value of 100ngl-' (EU, 2021).

The parametric value of 500ngl-' (EU, 2021) for total
cumulative herbicides was exceeded on 38 occasions.
At the three sites, the herbicide exceedances at the
outlets over both years were, from highest to lowest,
fluroxypyr (n=34), 2,4-D (n=29), triclopyr (n=27),
MCPA (n=24) and clopyralid (n=18). Figure 5.3 shows
the exceedances at the outlets, as well as the rainfall

Corduff stream
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over the 2-year sampling period. The values shown
are the averages of the levels recorded by the two
devices placed in the water each month at the

outlets. The majority of the exceedances occurred
during April to June of each year, with several also
observed in early autumn (September/October). This
corresponds with the application times for herbicides,
which typically occur in early to mid-spring of each
year, when there is rapid growth of weeds, and in early
autumn, at which point weeds are transporting food
from their foliage to their roots in preparation for winter.

5.3.2  Herbicide removal by filter bag
configuration

Figure 5.4 shows the herbicide concentrations
detected before and after the filter bags at each
site, thereby indicating the ability of the filter bags to

Dunleer stream
10000

1000

Herbicide concentration, ngl?

=

10000 5

1000 4

100 4—I-—+

Herbicide concentration. ng.k'

Figure 5.4. Herbicide concentrations detected before and after filter bag interventions across all sampling
areas. Red columns indicate herbicide concentrations before the filter bag interventions and yellow
columns indicate herbicide concentrations after the filter bag interventions. Average values from the two
Chemcatchers have been displayed for each monthly detection. Error bars show standard errors, where
n=2. The blue line is the maximum allowable concentration for individual pesticides in drinking water
(100 ngI-"). Clo, clopyralid; Flu, fluroxypyr; Tri, triclopyr.
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remove the herbicides investigated. Table 5.1 shows
the performance data from the interventions. The
values shown are the averages of the values recorded
by the two devices placed in the water each month

at the various sampling points. In the Corduff stream,
there were 20 detections of herbicides and one
exceedance before the filter bags, compared with

22 detections of herbicides and three exceedances
after the filter bags, while, in the Dunleer stream, there
were 12 detections of herbicides and no exceedances
before the filter bags, compared with 15 detections

of herbicides and no exceedances after the filter
bags. In the majority of samples from the Corduff and
Dunleer streams, the concentrations of herbicides
before the filter bags were less than the parametric
value of 100ngl-' (Figure 5.4a,b). Overall, in the

two streams, there was a slight, but not statistically
significant (p>0.05), decrease in the average
concentrations detected after the filter bags, with a
reduction of 24% and 17% in the Corduff and Dunleer
streams, respectively, across all measured herbicides.
Incomplete removal of the herbicides was probably
due to the wide body of water (> 1m in width) in both

streams, which meant that a single filter bag could

not span the stream. Although the three filter bags
were put in staggered positions, there was still room
for the water to flow around the filter bags, rather than
passing through the adsorbent material. This ability

to circumvent the filter bags could account for the
incomplete removal of herbicides by this configuration.

In the Cordulff tributary, there were nine detections
of herbicides and two exceedances before the filter
bags compared with three detections of herbicides
and no exceedances after the filter bags (Table 5.1).
There was a complete removal of 2,4-D from an
average concentration of 422.6 ngl-' before the filter
bag (Figure 5.4c), indicating that the CAC adsorbent
was capable of dealing with incoming herbicide
concentrations up to 500ngl-'. Two possible reasons
for this complete removal were (1) the low level of
water that was present in the tributary, with the level
of water never rising to more than 0.15m over the
base of the stream from April to October, and (2) the
fact that the tributary was also only 0.40m wide at its
widest point, so the bag interventions completely filled
the path of the stream, thereby forcing the polluted

Table 5.1. Performance data for interventions in Corduff, Dunleer and urban sampling areas for year 1

(2021) and year 2 (2022) of the study

Filter bag

Site location Before intervention

After intervention

Filter pipe

Before intervention After intervention

22 9
3 0
34.7 13.7

w
w
N

Corduff stream

No. of detections 20 22
No. of detections >100ng |- 1

Average concentrations (ng ') 39.3 34.7
Corduff tributary

No. of detections 9

No. of detections >100ng |- 2

Average concentrations (ng ") 82.5

Dunleer stream

‘

No. of detections 12 15

No. of detections >100ng|-" 0

Average concentrations (ng ') 11.6 14.5

Dunleer tributary

15

14.5 4.6

No. of detections 48 31

No. of detections >100ng!-" 13

Average concentrations (ng ")

101.0 83.3

31 10
6 2
83.3 18.8

No. of detections 47 46
No. of detections >100ng |- 21 18
517.4

Average concentrations (ng ") 428.3

46 30
18 15
517.4 325.1
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water through the CAC-filled bags and allowing time
for the adsorption of the herbicides to occur.

In the Dunleer tributary, the number of detections
before the filter bags was 48, of which 13 were
exceedances, while after the bags there were

31 detections and six exceedances (Table 5.1). At the
Dunleer tributary, while the number of exceedances
decreased by only nine, the filter bags were effective
for herbicide removal (an average reduction across
all observed herbicides in this study of 67.1%;

Figure 5.4d), with either minimal concentrations of or
no herbicides detected after the bags on the majority
of occasions (p>0.05). However, for MCPA in July
and September, the incoming concentrations of
536.8ng I~ and 1334 ng I, respectively, were reduced
to only 270.1ngl-" and 593.7 ngl", respectively, which
are considerably above the parametric value of
100ngl-". This would suggest that the CAC adsorbent
does not have the capacity to deal with very high
concentrations of herbicides in waterways. The
Dunleer tributary was slow moving and the filter bags
were able to almost completely span the width of the
waterway, with only a few centimetres on either side
available for the water to circumvent the filter bags.

The number of herbicide detections in the urban

area before the filter bags was 47, of which 21 were
exceedances, while after the bags there were

46 detections and 18 exceedances (Table 5.1).
Across all herbicides measured in the urban area,
there was no significant difference (p>0.05) between
the concentrations of herbicides detected before and
after the filter bags (Figure 5.4e). The water was slow
moving, which would help the removal of herbicides
by the treatment system. However, the drain was
>1m in depth, and the water level was consistently
>0.5m, even during the summer months. This reduced
the amount of water that was passing through the
filter bags and making contact with the CAC material.
Overall, the filter bags reduced the exceedances from
n=50 to n=38 in all three water bodies (McGinley

et al., 2024).

5.3.3  Herbicide removal by filter pipe

configuration

Figure 5.5 shows the concentrations of herbicides
detected before and after the filter pipes at each
site, indicating the ability of the filter pipe to remove
the herbicides under investigation. The values
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shown are the averages of the values recorded by
the two devices placed in the water each month at
the various sampling points. In the Corduff stream,
there were 22 detections of herbicides before the
filter pipes, of which three were exceedances, which
decreased to nine detections and no exceedances
after the filter pipes, while, in the Dunleer stream,
there were 15 detections and no exceedances before
the filter pipes and only three detections and no
exceedances after the filter pipes (Table 5.1). Overall,
in the two streams, there was a large, statistically
significant (p<0.05), decrease in the concentrations
of herbicides, with an average reduction of 83% and
88% in the Corduff and Dunleer streams, respectively,
across the herbicides measured (Figure 5.5a,b).

In the Corduff tributary, only three detections were
measured before the pipe, while two were measured
after the pipe (Table 5.1). None of these detections
was above the parametric value. In the Dunleer
tributary, there were 31 detections of herbicides

before the pipe, of which six were exceedances, while
there were only 10 detections and two exceedances
after the filter pipe (Table 5.1). The filter pipes greatly
reduced the herbicide concentrations in the Dunleer
tributary (p<0.05), with an average reduction of 64%
(Figure 5.5d). The herbicide concentrations before the
filter pipe ranged from 8.1 to 593.7 ngl-" and after the
filter pipe from below the limit of detection (LOD) to
216.7ngl™. In September, the pipe was moved from its
original position by the force of the water coming down
the tributary as a result of heavy prolonged rainfall
earlier that month, so no readings were obtained after
the pipe for that month.

At the urban site, the number of herbicide detections
decreased from 46 to 30, while the number of
exceedances decreased from 18 to 15, after the

filter pipes (Table 5.1). There was a decrease in
concentrations detected (p>0.05) after the filter pipe,
with an average reduction of 47% (no herbicides were
detected after the filter pipe on several occasions;
Figure 5.5e). The herbicide concentrations varied
from 7.5 to 3645ng|-" before the filter pipe to between
below the LOD and 5503 ng |- after the pipe. When
the concentrations of the herbicides were greater
than 3000ng |-, the filter pipe was unable to reduce
the concentration to below the parametric value
(Figure 5.5e).
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Figure 5.5. Herbicide concentrations detected before and after filter pipe interventions across all
sampling areas. Yellow columns indicate herbicide concentrations before the filter pipe interventions and
green columns indicate herbicide concentrations after the filter pipe interventions. Average values from
the two Chemcatchers have been displayed for each monthly detection. Error bars show standard errors,

where n=2. The blue line is the maximum allowable
water (100 ngI-"). Clo, clopyralid; Flu, fluroxypyr; Tri,

54 Conclusions

This study showed that herbicides are present in high
concentrations (frequently above the parametric value
for drinking water) in two agricultural catchments

and one urban area in Ireland, and that the highest
concentrations were detected mainly in April to

June and September/October, corresponding to the
application times for these herbicides. Two different

concentration for individual pesticides in drinking
triclopyr.

CAC-based in situ remediation systems, filter bags and
filter pipes, capable of herbicide removal close to the
source of contamination, were designed and installed
at the agricultural catchment areas and the urban area.
Both systems operated effectively when the water flow
in the waterways was slow, which allowed time for the
adsorption of the herbicides to occur. The reduction in
herbicide concentrations was better for the filter pipes
than for the filter bags (p<0.05).
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6

Pathways of Pesticide Loss

6.1 Overview

Herbicides such as MCPA and clopyralid are
commonly used in Ireland for the control of weeds in
agricultural settings. They are highly water-soluble
members of the chlorophenoxy herbicide group,

used abundantly in agriculture and horticulture, and
operate by disrupting the growth of plants. Following
land application, there is a risk of their transmission to
surface waters via run-off and/or leaching, and both
MCPA and clopyralid were regularly detected in our
catchment monitoring programme (Chapter 5). MCPA
is the most frequently detected pesticide within Irish
drinking water supply zones, accounting for 75% of
individual pesticide exceedances (Atcheson et al.,
2022), while clopyralid is the fourth most detected
pesticide in similar settings (McGinley et al., 2023).
This study aimed to assess the pathway of loss of
MCPA and clopyralid to the environment, and to
determine if a half-dose application would affect
run-off and/or leaching.

6.2 Materials and Methods

6.2.1  Run-off: rainfall simulation study

Intact soil sods of a high clay mineral soil from mixed
permanent grassland were collected from a drystock

farm located in Killorglin, County Kerry. The soil had an

organic matter (OM) content of 3.4% and a pH of 4.7.
The intact sods were trimmed to fit aluminium flumes,

measuring 1 m long, 0.25m wide and 0.05m deep. Any

gaps between sods or the edges of the flumes were
sealed with melted paraffin wax to prevent preferential
flow pathways other than surface run-off. The flumes
were designed to allow collection of run-off into
sampling containers during a rainfall event.

Either MCPA (pK, 3.07) or clopyralid (pK, 2.01) was
applied to triplicate flumes using two potential dosing
strategies — a single full-strength dose (equivalent to
13.5kgMCPAha~" or 2kg clopyralid ha-") or two half-
strength doses (equivalent to 6.75kgMCPAha~" or
1kgclopyralidha™) spaced 42 days apart, termed
“full-dose” and “half-dose”, respectively. The doses
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selected were 10 times the recommended pesticide
application, to ensure detection of the pesticide in
the run-off. Soil flumes with no pesticide application
were used as controls. During rainfall sampling, the
flumes were placed in a rainfall simulator at a slope
of 6°, similar to the natural slope of Irish agricultural
topography (Gonzalez Jimenez et al., 2023). The
simulator was calibrated to achieve an intensity of
10.2+0.1mmh~" and a droplet impact energy of
260kdmm~"h-" at 90% uniformity. This intensity was
within the mid-range of the annual rainfall amounts in
Ireland (Troy et al., 2013). Each rainfall event lasted
30min, during which water samples were collected
in 10-min intervals at 10 min, 20 min and 30 min. The
water volumes were recorded and subsamples taken
for pesticide analysis immediately after each event.
Rainfall sampling was carried out for all flumes at six
time points following the first pesticide application: at
48 hours, 7 days, 21 days, 44 days (corresponding
to 48 hours after the second pesticide application),
49 days (corresponding to 7 days after the second
pesticide application) and 63 days (corresponding

to 21 days after the second pesticide application).
Pesticide analysis was undertaken by TelLabs, using
high-performance liquid chromatography with UV
detectors (HPLC-UV).

6.2.2 Leaching: column study

Soil samples were collected from two sites consisting
of mixed permanent grassland located in Killorglin,
County Kerry. The sites selected consisted of one high
clay mineral soil and one high clay organo-mineral
soil. Soil was collected from 5cm to 50cm, air dried
and sieved to 2mm. Columns (g 10cm, height 40cm)
with a perforated base were filled with 5cm gravel

on the bottom, and 30 cm soil, which was packed in
5-cm increments. Columns were maintained at 10°C
in a temperature-controlled room for the remainder
of the study, with an application of 80 ml of ultrapure
water twice per week to simulate typical rainfall. This
is in line with previously published methodology used
in the laboratory (Gonzalez Jimenez et al., 2023;
Healy et al., 2023). Over the duration of the study,
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the columns were exposed to a daily photoperiod of
12 hours of light and 12 hours of dark using Spectron
T8 LED 1.5m GB tubes with a light intensity range

of 130—180 umolm-2s~'. Columns acclimated for

10 weeks and were seeded with perennial ryegrass
at 14kgha, which was maintained by cutting to 4cm
every 21 days. MCPA and clopyralid were applied to
columns in triplicate 6 and 12 weeks after seeding
using two dosing strategies — a single full-strength
application (equivalent to 13.5kg MCPAha" or
2kgclopyralidha™) or two half-strength applications
(equivalent to 6.75kg MCPAha™ or 1kg clopyralid ha")
spaced 6 weeks apart, termed “full-dose” and
“half-dose”, respectively. The application rates
selected were 10 times the recommended pesticide
application rate, to ensure detection of the pesticide in
the leachate and to examine the impact of excessive
application rates. Triplicate grassed columns with no
pesticide application were used as controls. Leachate
samples were collected in weeks 1, 2, 3,4,6,7, 8,9,
10, 12 and 16 after pesticide application. The volume
of each water sample collected was recorded. A 50-ml
subsample was taken and filtered through a 0.45-uym
filter to remove any particulate matter. Pesticide
analysis was undertaken by TelLabs, using HPLC-UV.

6.3 Results and Discussion

6.3.1 Run-off: rainfall simulation study

The flow-weighted mean concentrations of MCPA
and clopyralid in the surface run-off were highest
immediately after the initial application and decreased
in subsequent rainfall events. Both herbicides, for
both full- and half-dose applications, were below

the LOD (0.1 ugl" for MCPA and 0.45 gl for
clopyralid) at 44 days. For the full-dose applications,
the concentration in the run-off was more than double
that of the half-dose application (Figure 6.1), and no
herbicides were detected following the second of the
half-dose applications. These results indicate that

the environmental impacts of MCPA and clopyralid
loss via run-off may be reduced by splitting herbicide
applications.

6.3.2  Leaching: column study

A single dose of clopyralid demonstrated the greatest
risk for pesticide loss via leaching for both soil types
(Figures 6.2 and 6.3). For the mineral soil, the
pesticides leached through within 1 week of their

Figure 6.1. Flow-weighted concentrations of surface run-off (ugl-'), detecting MCPA and clopyralid
over 63 days, graphed with standard deviation error bars. Pesticide applications were carried out on

days 2 and 42.
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application (Figure 6.2), and the total amount leached particularly in the case of MCPA, where less than 1%

was between 15% and 88%, depending on the of the applied pesticide was recovered in the leachate.
treatment (Figure 6.2). With respect to the organo- Interestingly, regardless of the specific pesticide or
mineral soil, leaching of the full-strength clopyralid soil type, a single full-strength pesticide application
dose was more prolonged, over a continual period of consistently resulted in a concentration of pesticide

10 weeks (Figure 6.3). Overall, lower concentrations being recovered in the leachate that was greater than
of pesticides leached through the organo-mineral sail, two half-strength pesticide applications. For example,
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the total amount of clopyralid leached through the
organo-mineral soil was more than five times higher
when applied as a single dose than as two half-
strength doses. The rate of retention of clopyralid or
MCPA within columns containing either soil type was
low: less than 0.10mg pesticide kg~' dry matter.

6.4 Conclusions

The findings of this study demonstrate that splitting

a pesticide application into two half-doses, spaced

6 weeks apart, results in a lower level of pesticide
being lost to the environment, via either surface run-off
or leaching. This approach may be of particular benefit
in mineral soils, where up to 90% of applied clopyralid
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was leached and could pose a risk to groundwater,
and therefore potentially drinking water, sources.
However, it is acknowledged that a highly exaggerated
dose rate was used in these experiments, so risk

to groundwater may be lower under normal dosing
regimes. The results also show that, for mineral soils,
MCPA is more likely to be lost to the environment

by surface run-off, while clopyralid is more likely to
leach through soils. Split herbicide applications have
previously been shown to be more effective for weed
management than single applications. The findings of
this study further support the use of this management
strategy by demonstrating that split applications could
also reduce unintentional environmental risks and
impact.



7
Drinking Water

7.1 Introduction

As discussed in Chapter 1, pesticides can be
transported to water bodies through a number of
pathways, and the resulting exposure to pesticides in
drinking water may result in negative health outcomes
(Kalyabina et al., 2021). In response to the potential
risk, pesticide regulations concerning the placing of
plant protection products on the market (e.g. EU,
2009b) were put in place, requiring comprehensive risk
assessments that quantify both the level of exposure
and the sensitivity of a population to that level of
exposure (Nienstedt et al., 2012). Such legislation
sets out a multi-stage process for the evaluation

and classification of pesticide risks, including data
collection, risk screening, risk assessment and risk
reduction (Fargnoli ef al., 2019). This chapter is
structured to follow this process by first developing

a framework for screening 130 commonly used
pesticides in Ireland to identify pesticides of concern
(section 7.2; Harmon O’Driscoll et al., 2022). From
this initial screening process, 15 pesticides of concern
were selected for detailed risk assessment, based on
their high levels of use, mobility and human toxicity.
The detailed assessment consisted of two parts: first,
a probabilistic model was developed to quantify the
concentrations of pesticides in Irish surface water
and groundwater (section 7.3), and then the levels

of potential risk to adult and child populations posed
by the predicted concentrations were assessed
(section 7.4).

7.2 Preliminary Risk Screening

Risk screening is the first step in pesticide risk
assessment. It uses qualitative or semi-quantitative
risk scoring to identify pesticides of concern, without
the need for the considerable resources and time
associated with full risk assessments (Baptista et al.,
2012), and enables the efficient allocation of resources
to targeted risk assessments of pesticides identified as
high risk (Vryzas et al., 2020). Various risk-screening
methods and tools exist (Dabrowski et al., 2014; Kudsk
et al., 2018; Choi et al., 2020); however, their ability
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to compare pesticide risks effectively and reliably

is limited by factors such as a reliance on pesticide
physico-chemical properties to assess mobility, the use
of animal health indicators to represent human health
risk and the exclusion of metabolites. The aim of this
study was to develop an easy-to-use risk-screening
tool that builds on existing literature to address these
limitations by (1) combining information on pesticide
properties and soil characteristics to enable a detailed
evaluation of pesticide mobility; (2) assessing the
health impacts of pesticides, focusing on evidence of
chronic health effects in place of pesticide reference
doses; and (3) including information on the risks
associated with a pesticide’s metabolites. This tool
can then be implemented by pesticide users, farm
advisors and other stakeholders to screen for high-
risk pesticides at a local level or to help catchment
managers identify pesticides that may need to be
assessed in more detail. The use of the methodology
developed was illustrated by applying it to a specific
Irish case study.

7.2.1  Methodology

For brevity, the methodology employed in this
framework is summarised below; however, a more
detailed discussion of the methodology and the
development of the scoring system can be found in
Harmon O’Driscoll et al. (2022). In brief, the
framework of the risk-ranking methodology presented
in Figure 7.1 comprises three main stages —

(1) calculation of the likelihood of exposure score,

(2) calculation of the consequence of exposure score
and (3) incorporation of metabolite data — with hazard
scores being calculated after these steps have been
carried out. Data used in scoring each of these steps
were obtained from European Food Safety Authority
pesticide conclusions or in the case of missing data
from the Pesticide Properties DataBase. The likelihood
of exposure was evaluated for both groundwater

and surface water by scoring the persistence and
mobility of each pesticide. These scores were then
combined to assess an overall likelihood of exposure
score. Users can incorporate the percentage of
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Figure 7.1. Risk-ranking methodology.

drinking water drawn from the two different sources
into this likelihood of exposure score using a ratio

to reflect the local sources of drinking water. The
consequence of exposure was calculated as the sum
of the potential chronic health effect scores, weighted
by the perceived severity of the health effects. The

{ Weighted Hazard Y

likelihood and consequence of exposure scores were
then multiplied to calculate a hazard score. Finally,
the quantity-weighted hazard was determined by
expressing the hazard score as a function of the
quantity of use for each pesticide in relation to overall
pesticide use over the period of investigation. This
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framework was employed for two of the PestMan study
sites, Cregduff and Dunleer, to illustrate the application
of the framework and how site conditions can affect
pesticide risk. The pesticides considered in this study
were selected based on national usage data available
for the most recently published years, 2016 and 2017,
from the Department of Agriculture, Food and the
Marine (DAFM, 2016, 2017). A total of 130 pesticides
were used on grassland, fodder and arable crops over
this period. A number of pesticides were excluded
from assessment based on a minimal quantity of

use (1000 kg per annum; Dabrowskie et al., 2014) or
because they had been withdrawn from the EU market
at the time of the analysis.

7.2.2  Results and discussion

The likelihood and consequence of exposure scores of
the 25 most used pesticides in Ireland are presented in
Figure 7.2, where the size of the bubble is proportional
to the value of the score. This analysis was carried

out using national pesticide data but with site-specific
data being used for the two study sites to highlight how
pesticide properties and site conditions may interact
and affect overall pesticide hazards. The differing
locations of the pesticide bubbles in the two plots
highlights how site conditions can affect pesticide
mobility, with Dunleer having predominantly poorly
draining soils and high run-off potential compared

with Cregduff; as a result, several pesticide bubbles
are located closer to the top of the plot for Dunleer
than for Cregduff. Three pesticides, glyphosate,
chlormequat chloride and MCPA, account for almost
35% of pesticide use in Ireland. If quantity of use was
the only measure of risk, these pesticides would be the
greatest concern for Ireland. However, other pesticides
were found to have higher likelihood of exposure
scores (bubbles located along the top of the plot), such
as prothioconazole, and/or higher consequence of
exposure scores (bubbles positioned along the right

of the plot), such as mancozeb, despite being used

in smaller quantities. Pesticides with the highest risk
potential would be associated with high likelihood of
exposure and consequence of exposure scores and
corresponding bubbles would therefore be located in
the top-right corner of Figure 7.2. This highlights how
pesticide risk cannot be determined based on quantity
alone: the pesticides of greatest concern are those
used in high quantities that are also highly mobile and
highly toxic.
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Figure 7.3 shows the top 15 pesticide hazard scores
in Cregduff and Dunleer, and the top 15 quantity-
weighted hazard scores in an Irish context. Based

on hazard score alone, prochloraz and propyzamide
are the pesticides of greatest concern in this study.
However, some pesticides have relatively high hazard
scores and are used in large quantities, namely
mancozeb, 2,4-D and pendimethalin. As a result,
these pesticides have the third, fourth and sixth
highest quantity-weighted hazard scores, respectively
(Figure 7.3). Hazard scores are useful for comparing
the relative risk associated with pesticides at a site
level prior to application, to select less risky pesticides.
The quantity-weighted hazard score incorporates Irish
national pesticide use quantity data obtained from
pesticide surveys carried out by the Irish Department
of Agriculture, Food and the Marine (DAFM, 2016,
2017) and therefore better represents the regional

or national risk profile from actual pesticide use.
Mancozeb was identified as the pesticide of greatest
concern in terms of hazard score, and one of the
pesticides of greatest concern on a national scale in
terms of quantity-weighted hazard score; the EU has
since not approved it for use (EU, 2020).

7.3  Probabilistic Modelling of
Pesticide Transport to Water

Supplies

The risk-screening analysis above facilitated the
identification of 15 pesticides of concern from

the 130 pesticides assessed (Harmon O’Driscoll

et al., 2022). This section, together with section 7.4,
describes the detailed health risk assessment of
these 15 pesticides. To assess the health risks posed
by these pesticides, the level of exposure must be
quantified (Ross et al., 2015). Pesticide fate and
transport models have been developed to assess
exposure concentrations in water bodies as a more
cost-effective alternative to monitoring programmes
(Li and Niu, 2021). These range from simple transport
indicators, such as depth to water, net recharge,
aquifer media, soil media, topography, impact of the
vadose zones media, and hydraulic conductivity of the
aquifer (DRASTIC; Aller et al., 1985), and simple one-
dimensional models, such as the simplified formula
for indirect loading caused by run-off (SFIL; Trevisan
et al., 2009), to complex, computational watershed
models, such as the Soil Water Assessment Tool
(SWAT; Arnold et al., 2012), PRZM (Suarez, 2005)
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Figure 7.2. Likelihood of exposure vs consequence of exposure vs quantity of use in (a) Cregduff
and (b) the Dunleer catchment for the 25 most used pesticides in Ireland. The area of each bubble is
proportional to the corresponding pesticide’s quantity of use (kg). Note: mancozeb and propamocarb
hydrochloride have been removed from the Irish market since these data were collected.

and MACROpore flow (Stenemo and Jarvis, 2010). A pesticide fate and environmental conditions (EFSA
major limitation of existing methods is their reliance on  and BfR, 2019). A modelling framework was developed

deterministic methods that rely on point estimates or by adapting existing models to give a more realistic
average values as input parameters (Gagnon et al., representation of environmental conditions, and then a
2014). There is thus a recognised need for probabilistic  probabilistic modelling approach was applied to better
models to account for uncertainty and variability in account for uncertainty in modelling and data.
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Figure 7.3. Top 15 pesticides of concern in the two study catchments, Cregduff and Dunleer. The inset
shows the top 15 pesticides by quantity-weighted hazard score. Note: mancozeb and propamocarb
hydrochloride have been removed from the Irish market since these data were collected.

7.3.1  Methodology

To develop a stochastic model to quantify pesticide
concentrations, a detailed review of existing
modelling approaches was carried out and several
deterministic pesticide fate and transport models were
examined for suitability for probabilistic modelling.
Detailed discussion of this review is available in the
supplementary information of Harmon O’Driscoll

et al. (2024). The models were assessed based on
the balance between accuracy, complexity, required
parametrisation and the practicality of adapting the
model to facilitate probabilistic analysis. The two
models selected for this study — SFIL (Berenzen

et al., 2005) and Leached Quantity Index (LQI)
(Padovani et al., 2004; Trevisan et al., 2009) — allow
for the incorporation of a range of factors that
influence pesticide transport and facilitate estimation
of actual exposure concentrations, unlike simple
environmental indicators. Despite this, they require
less data input and expert knowledge than more
complex modelling software (Troldborg et al., 2022).
Nonetheless, the models used herein are not without
their own limitations. To address some of these
limitations, additional pesticide processes were also
integrated into the modelling framework to improve the
representation of in-stream processes.

The theoretical model used to predict concentrations
in surface water was adapted from Berenzen et al.’s

(2005) modified SFIL (OECD, 2000, Annex 2).

This model was further modified here: (1) the US
Soil Conservation Service curve number method
(USDA, 2004) was used to assess run-off volume

as is the case for more complex software such as
SWAT and PRZM, and (2) the reduction in in-stream
concentrations due to in-stream processes that may
take place before raw surface water is abstracted

for water treatment were considered as suggested
by the European Chemical Bureau (ECB, 2003)

and modified by the New Zealand Environmental
Protection Agency (EPANZ, 2018). Figure 7.4 details
the framework applied for the surface run-off model.
To evaluate contamination risks to groundwater
supplies, the widely applied pesticide leaching model
LQlI (Trevisan et al., 2009) was selected for this
study. Pesticide leaching risk was estimated using

a combination of soil and hydrological conditions,
pesticide properties and agricultural practices. The
model developed was then applied to a hypothetical
grassland site in the east of Ireland, representative
of the dominant agricultural and soil conditions in
Ireland, to assess pesticide concentrations in both
surface water and groundwater under normal pesticide
application conditions (see Table 7.1 for site details).
As conventional water treatment processes do not
effectively remove pesticides, and specific pesticide
removal processes are not used within the Irish water
treatment system (UE, 2021), it was assumed in this
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study that there would be negligible reductions in
pesticide concentrations after water was abstracted for
drinking water supplies. A more detailed description of
model development and parameterisation is available
in Harmon O’Driscoll et al. (2024).

A probabilistic approach using the Monte Carlo
technique was adopted. Monte Carlo simulation
involves the random sampling of input parameters
and successive model runs to produce statistical
distributions of outputs. To ensure the statistical
stability of the model’s outputs, a Monte Carlo
simulation was run for 1,000,000 iterations. Both
the model developed in this study and the Monte
Carlo simulation were programmed using MATLAB.
Distributions were selected for several of the model
inputs, e.g. Irish rainfall data from Met Eireann
(2022), based on best-fit analysis of data recorded
on MATLAB, and a review of distributions used in the
literature to date for parameters.

7.3.2  Results and discussion

Pesticide concentration in surface water

The conditions associated with the study site require
a rainfall event of 8.3 mm for run-off to occur (USDA,
2004). Based on 35 years of rainfall data in the east
of Ireland, such a rainfall event is expected to occur
approximately 10% of the time, for an average of

36 days each year. Consequently, the vast majority of
modelled days will result in no run-off and, as a result,

Table 7.1. Conditions for the study site

Distribution/model

Parameter

Values utilised

the in-stream concentration will be zero. Therefore,
as there are no predicted concentrations below the
90th percentile, only the 95th and 99th percentile
values are presented in Table 7.2 in the interest

of clarity and brevity. For the case study site, with
moderate flow rate (u=1592.31s™), triclopyr was
found to have the highest in-stream concentration
(8700ng|-") followed by MCPA (7560 ngl-') and
mecoprop-P (5130 ngl"). Varying the flow rate of the
site resulted in a range of triclopyr concentrations,
from 11,820 ngI~" with a low flow rate (7321s™) to
4370ngl-" for a high flow rate (39791s~"). Full details
of the modelled concentrations for the 15 pesticides
examined and discussion of these findings can be
found in Harmon O’Driscoll et al. (2024). Pesticides
predicted to have the highest in-stream concentrations
tended to have very low adsorption coefficients,
have high application rates and/or degrade slowly

in water. The ranking of the pesticides is in broad
agreement with EPA monitoring findings in Ireland.
Of 14 pesticides monitored in 144 rivers in Ireland
over a 5-year period, the EPA found that MCPA was
the most widely detected pesticide in Irish rivers,
followed by mecoprop-P and 2,4-D (EPA, 2019).
Overall, herbicides were found to occur in much
higher concentrations than the modelled fungicides
because of their differing physico-chemical properties,
e.g. modelled fungicides had much higher adsorption
coefficients than the herbicides and were therefore
less mobile. This is of particular interest in terms of
human health assessments, as fungicides tend to be
more toxic to humans than herbicides, with prochloraz

Source

Fay et al., 2007; EPA, 2021a
Labite and Cummins, 2012; FOCUS, 2015

Clarke et al., 2016
Clarke et al., 2016
WMO, 1989; EPA, 2021b

Labite and Cummins, 2012; Clarke et al., 2016; EPA,
2021a

OECD, 2000, Annex 2
FOCUS, 2015

Organic carbon % Normal® u=2.36; 0=2.79
Plant % Uniform Min.=0, max.=70
interception

Slope % Fixed 3

Buffer m Fixed 0

Flow rate Is Log-normal? p=6.602; 0=1.562
Bulk density kgm-2 Normal? p=1.06,c=0.38
Sand % Uniform Min.=26, max.=64
Clay % Uniform Min.=5, max.=38
PD kgm-2 Fixed 2.65

t Days Fixed 3

t Days Fixed 5

At Seconds Fixed 3600

Probst et al., 2005; APVMA, 2020

aDistribution type has been selected based on recommendations from the literature and distribution parameters developed

from best-fit analysis to data.
PD, particle density; t, time; t, transfer time.
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Table 7.2. Ranking of pesticides based on predicted concentrations in surface water (including zero

run-off days)

Percentage exceedance

Pesticide Application rate (gha') 95th percentile (ngl-') 99th percentile (ngl-') of 100ngl-' (%) Rank
Triclopyr 1440 490 870 7.2 1
MCPA 1800 380 756 6.8 2
Mecoprop-P 1200 270 513 6.4 &
2,4-D 750 270 485 6.4 4
Clopyralid 200 210 348 6.1 5
Fluroxypyr 400 100 176 5.0 6
2,4-DB 1800 40 113 3.6 7
Terbuthylazine 570 36 72 3.4 8
Penthiopyrad 500 23.6 9.5 0.95 9
Propyzamide 1500 2.2 6.0 0.63 10
Prochloraz 450 20.12 20.4 0.05 11
Glyphosate 2160 a5.5x 1073 a0.26 0.07 12
Pendimethalin 1600 a3.1x103 20.08 0.005 13
Prothioconazole 200 a1.8x 1073 a0.06 0.003 14
Phenmedipham 320 a1.3x 10" a2.1x10° 0 15

aPredicted concentration less than the LOD.
2,4-DB, 4-(2,4-dichlorophenoxy)butyric acid.

and prothioconazole being the second and fifth
most toxic of the modelled pesticides, respectively,
based on their acceptable daily intake (ADI) values
(see section 7.4 for more discussion of health risks).

Comparison with monitoring data

To provide insight into the performance of the model,
the predicted surface water concentrations presented
herein were compared with the monitoring data

collected as part of the PestMan project discussed in

(a

6350
99th

6270

Percentile

95th
4100

0 2 4 6
Environmental Concentration (x103 ngl-)

M Predicted

Chapter 5. Figure 7.5 compares the modelled results
and the monitoring data for two of the pesticides.

Data for the other pesticides can be found in Harmon
O’Driscoll et al. (2024). At the concentrations that may
exceed the legal limit of 100 ng I~ for drinking water
and may pose health risks, there was good agreement
between the modelled results and the monitoring data
as shown in Figure 7.5. For the purpose of pesticide
risk assessments, it is favourable to have conservative
results allowing for a protective risk assessment
(EFSA, 2013).
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Figure 7.5. Monitored vs predicted concentrations of 2,4-D (a) and MCPA (b) in surface water.
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Pesticide concentrations in groundwater

The predicted leached quantities for the 15 modelled
pesticides are given in decreasing order in Table 7.3.
Triclopyr was the only pesticide predicted to exceed
the EU’s legal limit for drinking water in this surface
water, and only at the 99th percentile concentration.
The four pesticides that were predicted to occur in
the highest concentrations had very low adsorption
coefficients, making them more mobile and available
for leaching. On the other hand, the pesticides with
the highest adsorption coefficients, glyphosate and
pendimethalin, were predicted to leach to groundwater
in concentrations well below the LOD. Overall, the
model shows that groundwater is far less vulnerable
to pesticide pollution than surface water. The selected
pesticides are all predicted to occur in significantly
lower concentrations in groundwater, and often in
concentrations well below the LOD. This agrees with
monitoring programmes of Irish water bodies and
European monitoring programmes. A European-wide
assessment of 16,886 groundwater monitoring sites
reported that only six pesticides had exceedance
rates of more than 1%, compared with 35 pesticides
in surface water (Mohaupt et al., 2020). In Ireland,
pesticides have not been identified as a concern for
groundwater contamination based on the monitoring

of 541 groundwater sites from 2007 to 2021 (EPA,
2021c).

7.4 Human Health Risk Assessment

The environmental concentrations of 15 pesticides
used in Ireland were predicted in the previous section.
Overall, the concentrations were very low, and
therefore the level of exposure of consumers of Irish
water is expected to be minimal. However, a number
of pesticides were predicted to exceed the EU’s legal
pesticide concentration limit of 100ngl-" in drinking
water at 95th and 99th percentile concentrations. In
addition, low but repeated exposure to pesticides
from contaminated food and water has been linked
to several human health disorders such as cancers,
organ toxicity, and respiratory, reproductive and
development disorders (Kalyabina et al., 2021). Both
the EU and the World Health Organization (WHO)
have recommended a risk quotient method to assess
the likelihood of chronic health impacts for the human
population due to exposure to pesticides via drinking
water (EFSA Scientific Committee et al., 2019). A
probabilistic approach was applied to this method to
assess and compare the potential level of risk posed
to human health by the predicted environmental
concentrations of the 15 pesticides obtained in

Table 7.3. Predicted concentrations of pesticides in groundwater due to leaching

Percentile predicted concentration (ngl-')

Pesticide 50th 75th 95th

Percentage exceedance of 100 ngl-' (%)

Triclopyr a7.4x107"° 39.9x10™ 20

MCPA 4.2x10% a3.5x 108 4.0

2,4-D a4.1x 10" a5.6x 10~ 1.5
Clopyralid 0.7 20 4.2
Terbuthylazine a1.7x10% a4, 1x10°"° a0.046
Fluroxypyr a8.0x102 a4.4x107° a0.046
2,4-DB a7.3x 1072 a1.9x 10 a5.9x10°
Penthiopyrad a4.6x 1042 a1.8x107"® a0.001
Mecoprop-P a2.0x10°%8 a1.2x10% a2.2x10°
Propyzamide a1.9x10-'" a7.9%x10-% a7.0x10"
Prochloraz =0 2.4x107" a1.2x10™"
Phenmedipham =0 a8.7x10-% a1.0x 102
Glyphosate =0 =0 a3.3x107%
Pendimethalin =0 =0 a1.3x107%
Prothioconazole =0 =0 =0

aPredicted concentration is lower than the LODs.
2,4-DB, 4-(2,4-dichlorophenoxy)butyric acid.

120 1.3
76 0.73
70 0.45
62 0.04
20 0.02
1.5 0.002
6.0 0.15
6.0 0.005
3.0 0.023
28.0x10* 0.008
a2.2x10* =0
6.4 %107 =0
a2.1x107 =0
36.2x10% =0
35.3x 10" =0
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section 7.3. Risks posed to both the adult and child
populations were evaluated, to determine if any
pesticides commonly used in Ireland have the potential
to have long-term negative effects on the health of
Irish consumers.

7.4.1  Methodology

First, the estimated daily intake (EDI) value for

a pesticide was obtained for both the adult and

child populations using guidelines of the Food and
Agricultural Organization of the United Nations

and WHO (FAO and WHO, 1997) based on the
predicted concentrations from section 7.3, daily
water consumption and body weight. A Monte

Carlo simulation was utilised to probabilistically
assess the EDI values for the Irish adult and child
populations. Statistical parameters and distributions
for population data were obtained from the Irish
Universities Nutritional Alliance and the United States
Environmental Protection Agency to enable the
application of this probabilistic approach (USEPA,
2004; IUNA, 2011, 2021). The risk quotient for chronic
exposure was calculated as a simple ratio of EDI to
ADI (i.e. risk quotient=EDI/ADI), whereby the ADI
value (mgkg~'day™") is the level of exposure at which
no adverse effects are expected. If the risk quotient

is greater than 1, the risk associated with the level

of pesticide exposure is deemed unacceptable and
adverse health effects are considered likely to occur. If
the risk quotient is less than 1, there is deemed to be
no likelihood of health risk and therefore the level of
exposure is deemed to be acceptable.

7.4.2  Results and discussion

The 99th percentile EDI values obtained from

the modelled surface water and groundwater
concentrations for drinking water intake only are
presented in Table 7.4. Triclopyr, as the pesticide
predicted in section 7.3 to occur at the highest
concentrations, also has the highest EDI value for
adults and children. Overall, the rate of exposure to
pesticides in drinking water is higher among children
than among adults because of children’s higher water
consumption rate in terms of body weight (Rezaei
Kalantary et al., 2022). However, the daily levels of
exposure for both adults and children were predicted
to be well below the ADI values for all pesticides, even
at the most extreme concentrations.

As was the case for the modelled EDI values, the
risk quotient for children’s health is higher than for
adults’ health; for example, exposure to mecoprop-P
is associated with a 99th percentile risk quotient of

Table 7.4. The 99th percentile EDI values (mgkg-'day~") for adults and children from surface water and

groundwater, and pesticide ADI values (mgkg'day~")

Surface water

Pesticide Rank EDI_,..

Triclopyr 1 2.33x10* 3.03x10*
MCPA 2 2.02x10™* 2.54x10™*
Mecoprop-P 3 1.50x 10+ 1.92x10+
2,4-D 4 1.34x10 1.70x 10+
Clopyralid 5 9.57x107° 1.20x 10+
Fluroxypyr 6 4.91x10° 6.27x10°
2,4-DB 7 3.10x10° 3.94x10°
Terbuthylazine 8 1.93x10°° 2.42x10°
Penthiopyrad 9 2.50%10° 3.14x10°
Propyzamide 10 1.59x10¢ 2.04x10°
Prochloraz 1 9.98x108 1.27 %107
Glyphosate 12 6.78x1078 8.52x1078
Pendimethalin 13 2.06x 108 2.60x 108
Prothioconazole 14 1.91x10%® 2.43x108
Phenmedipham 15 5.11x10-" 6.51x10"

2,4-DB, 4-(2,4-dichlorophenoxy)butyric acid.

Groundwater
Rank EDI_, .
1 3.32x10° 4.2x10° 0.03
3 2.03x10° 2.53x10° 0.05
9 6.61x10° 8.33x10® 0.01
4 1.94x10° 2.48%x10° 0.02
2 2.18x10° 2.90%x10° 0.15
6 3.60x 1077 4.48x107 0.8
7 1.82x107 2.30x107 0.02
5 4.37x1077 5.48x107 0.004
8 1.37 %107 1.75x107 0.1
10 2.09x10° 2.71x107° 0.05
11 1.10x10-1° 1.40x10°1° 0.01
12 3.77x10"3 5.25x10" 0.5
14 1.19x10-%2 1.61x10-%2 0.125
15 9.37 %1017 1.30x10-12¢ 0.05
13 1.67x10-1 2.13x10-"® 0.03
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0.015 for adults but 0.019 for children. As shown in
Figure 7.6, the pesticides found to have the highest
potential to harm human health from exposure via
surface water are mecoprop-P, triclopyr and 2,4-D (risk
quotients of 0.019, 0.011 and 0.009, respectively).
The risks from exposure via groundwater are
significantly lower as a result of the very low predicted
environmental concentrations. For groundwater
supplies, triclopyr, terbuthylazine and 2,4-D were
predicted to have the highest risk quotients, with 99th
percentile risk quotients of 1.4 x 10, 1.37 x 10~ and
1.25x 10, respectively. Terbuthylazine’s risk quotient
is the second highest in terms of pesticide risk via
groundwater and fourth highest in terms of surface
water, despite having only the fifth and eighth highest
exposure rates of the 15 pesticides, respectively.
Terbuthylazine has a very low ADI value, of

0.004 mgkg-'day~!, compared with pesticides such
as mecoprop-P (ADI=0.01 mgkg-'day~") and triclopyr
(ADI=0.03mgkg"'day~"). However, terbuthylazine is
not widely used in Ireland, with its annual quantity

of use being only 3% that of MCPA,; therefore, the
likelihood of exposure among the general population
is very low. Of the most widely used pesticides in
Ireland, both fluroxypyr and glyphosate are ranked
very low (8th and 14th lowest risk quotients). MCPA,
however, has a much higher risk quotient because of
its high level of mobility into water supplies, and as a
result it ranks among the top five pesticides in terms
of risk quotients. However, given the low exposure
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levels for all pesticides shown in Table 7.4, with no
EDI values exceeding their respective ADI values,

the 99th percentile risk quotients for pesticides in
surface water and groundwater supplies are well
below an unacceptable level of risk. Therefore, the
results suggest that, despite pesticide concentrations
potentially occurring in drinking water supplies at
levels higher than the EU legal limit of 100ng 1, there
is currently a very low level of risk to human health
via drinking water under normal pesticide application
patterns. In fact, if a child with average weight (32.5kg)
and water consumption (0.51day™") (IUNA, 2021)

was exposed to legal drinking water concentrations
(100ng 1) of terbuthylazine, the most toxic pesticide
in the study, and fluroxypyr, the least toxic, the
resulting risk quotients would be 3.85% 10 and
1.92x107°, respectively. Conversely, to be exposed
to an unacceptable level of risk, a child would have

to be exposed to a concentration of terbuthylazine of
260ngl', which is over 350 times the 99th percentile
of modelled surface water concentration (Table 7.2).
These findings broadly agree with Dekant et al.’s
(2010) suggestion that the EU limits were set with little
consideration of a pesticide’s evaluated toxicological
significance and therefore can be overly restrictive for
pesticides that have been found to have low human
toxicity.

On the basis of the study site conditions and the
15 pesticides assessed, it can be suggested that the

0.011
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Figure 7.6. Ninety-ninth percentile risk quotient for Irish adults and children based on predicted

concentrations in surface water (from section 7.3).
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level of pesticide contamination of Irish drinking water
sources poses little risk. However, different agricultural
management practices and site conditions will result in
varying levels of exposure and health risks; therefore,
it cannot be assumed that the contamination of Irish
water supplies poses no risk to human health. The risk
to health in this study was assessed using individual
pesticides’ ADI values. ADI values are defined on

the basis of health studies in animals, supplied to
organisations such as the WHO and the EU (FSAI,
2009); however, they are supplied by pesticide
manufacturers or companies commissioned by them
(Mie and Rudén, 2023). Damalas and Eleftherohorinos
(2011) have highlighted that the methods used in
health studies and criteria selected to determine
acceptable exposure levels can affect how pesticide
toxicity is classified. Within the EU, Regulation (EC)
No. 1107/2009 requires that pesticide manufacturers
provide transparent data reports and meet stringent
testing protocols when assessing pesticide health
effects (EU, 2009b). However, the International
Agency for Research on Cancer has provided reports
of the harmfulness of some pesticides that contradict
European Food Safety Authority findings (IARC, 2015),
and Mie and Rudén (2023) have suggested that some
pesticides have been incorrectly classified as relatively
low risk because of the recent misreporting of some
pesticides’ neurotoxicity. Conversely, some pesticides
have been found to have overly conservative exposure
limits and therefore restrictions on their use may be
overprotective (Moxon et al., 2020). It is therefore
important to interpret the results of this study in the
context of the recently revealed limitations that exist
around international pesticide toxicity classification, the
case-specific nature of such detailed case studies and
unavoidable modelling limitations.

7.5 Conclusion

An incremental pesticide risk assessment approach
was presented involving risk screening, pesticide
transport modelling and health risk assessments. For
each stage, a framework was developed and applied
to the Irish context to illustrate its application in risk
assessment. First, the risk-screening framework
allows users to score the relative risks posed by
pesticides and to rank pesticides from greatest to
least concern based on drinking water intake. The
approach presented allows for the comparison of
pesticides based on a range of criteria: quantity of

use, environmental fate, toxicity, overall hazard and
quantity-weighted hazard incorporating national
pesticide use data. This work has expanded on
existing methods by including the effects that site
conditions have on pesticide mobility, through the use
of a more comprehensive mobility indicator, and has
led to the development of one of the first pesticide-
screening tools that attempts to address the impact
that metabolites have on overall pesticide risk. In the
context of Irish drinking water, on a national scale and
at two different sites, mancozeb, 2,4-D, pendimethalin
and glyphosate are among the pesticides of greatest
concern based on their scores for likelihood of
exposure and consequence of exposure, quantity of
use or a combination of these factors. Full details of
results and findings from the risk-screening process
are available in Harmon O’Driscoll et al. (2022).
Pesticides that were identified as having the potential
to cause greatest harm to human health based on
hazard and quantity-weighted hazard scores were
selected for a more detailed assessment, as described
in the following paragraph; however, as mancozeb
was removed from the EU market after the initial risk-
screening analysis, it was not considered in detailed
quantitative analyses, despite being found to be of
relatively high risk initially.

Fifteen pesticides identified as potential “high-risk”
pesticides in this risk-screening study were selected
for a detailed risk assessment. Triclopyr, MCPA,
mecoprop-P and 2,4-D were found to be the most
mobile pesticides and were predicted to occur in the
highest concentrations. The model results showed that
pesticides were more likely to occur in surface water,
and in higher concentrations, than in groundwater,
with some pesticides exceeding the legal limit for
drinking water in surface water at higher percentile
concentrations. This is of particular interest in Ireland,
where 80% of public drinking water supplies are
drawn from surface water bodies (DHPLG, 2018). The
modelled results were shown to compare well with
data from Irish and European monitoring programmes
as well as studies described in the literature. The
framework developed could be modified for use by
catchment managers and water quality monitoring
programmes. The modelled concentrations of

15 pesticides obtained from the pesticide transport
model were used to assess the level of exposure to
pesticides and resulting potential for causing harm to
human health from pesticides in Irish drinking water.
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Adult and child EDI values were determined, and the
EDI values for all pesticides were well below their
respective ADI values based on the most extreme
level of exposure (99th percentile). For surface water,
the pesticides found to have the highest level of
health risk were mecoprop-P followed by triclopyr then
terbuthylazine; for groundwater, they were triclopyr
followed by terbuthylazine then MCPA. It is interesting
to note that some pesticides that were identified as
priority pesticides from the initial screening process,
such as glyphosate and pendimethalin, were found

to pose little health risk in the detailed assessment.
This highlights that initial risk screening is useful,

but that detailed risk analysis should be carried

out for further investigation to ensure the efficient

use of resources. Despite being used in relatively
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low quantities nationally compared with glyphosate
and MCPA, mecoprop-P was identified as a priority
pesticide in this study in terms of predicted surface
water concentrations and resulting potential heath risk,
and its use nationally should be monitored to ensure
that exposure levels do not increase, to avoid potential
health risks in future. Overall, the EDI values in this
study were well below their respective ADI values,
based on drinking water intake only, and it is unlikely
that acceptable exposure levels would be exceeded
under current legal application patterns and current
climatic conditions. However, work is currently under
way to analyse how climate change projections may
affect pesticide transport and determine whether future
climate conditions may increase health risks due to
changes in pesticide exposure.



8

8.1 Overview

The inefficient use of pesticides in agriculture on a
global scale for over 50 years, to produce foodstuffs

to cater for the expanding global population, is having
a profound and unacceptable environmental effect on
waterways, soil and ecosystems. Pesticides are, as a
result of this inefficient use, widespread in both soils
where crops have been planted and grown and in the
sediments of waterways to which pesticides have been
transported and are subsequently adsorbed.

8.2 Conclusions

The main conclusions from this study are as follows:

e Pesticides that are not approved continue to
be detected in European surface water and
groundwater bodies at levels exceeding the
drinking water parametric value of 100ngl-".
Current remediation methods employed at
drinking water facilities, consisting of GAC filters,
do not completely remove pesticides, particularly
weakly adsorbable and highly polar pesticides.

Of the new and emerging remediation methods
for legacy pesticides, vegetated buffers are the
most cost-effective method for protecting streams
and waterways, but remediation methods are still
needed to address existing contamination from
legacy pesticides.

e The screening tool developed in this study, based
on soil texture-specific adsorption isotherm data
and pesticide properties (i.e. water solubility, soil
half-life and soil permeability), allows farmers
to determine if a pesticide for a required job is
environmentally friendly or if its use would pose a
potential threat to the environment.

e A semi-quantitative risk-scoring method was
developed that combines information on pesticide
physico-chemical properties, site conditions,
metabolite risk and human health outcomes in one
framework. This framework allows users to identify
high-risk pesticides and examine how pesticides
may contribute to health risks for a population on a
regional or national scale using quantity-weighted
hazard scores.
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Conclusions and Recommendations

e A probabilistic modelling approach was developed
to quantitatively assess pesticide concentrations
in drinking water supplies. This approach was
applied to 15 pesticides in an Irish context and the
results broadly agreed with data from local and
national monitoring programmes for surface water
and groundwater bodies, carried out by both the
authors and the EPA. This modelling approach
may be combined with human health risk models
and assessments, or environmental risk models,
to provide a better understanding of the impact
of pesticides on drinking water resources and to
quantify the risks posed to consumers and non-
target organisms. Mecoprop-P, triclopyr and 2,4-D
are predicted to pose the greatest health risks;
however, under current exposure rates through
drinking water, the risk to health is still well below
an unacceptable level.

e The evaluation of 12 materials (including seven
industrial and agricultural waste materials, four
biochars and GAC) as potential adsorbents for
the removal of five commonly used herbicides in
Ireland showed that GAC removed all herbicides
with >95% efficiency, while the industrial and
agricultural materials demonstrated little or no
capacity for herbicide adsorption. Even though
biochars have been reported in the literature to
be good adsorbents for herbicides, they showed
poor adsorption capacities in this study. CAC, on
the other hand, adsorbed herbicides with >97%
efficiency (John McGinley, University of Galway,
unpublished data) and so is a good sustainable
alternative to GAC.

e Afield study using two types of intervention
systems containing CAC as the adsorbent
medium, namely filter bags and a filter pipe,
demonstrated that the filter pipe reduced herbicide
concentrations more efficiently than the filter bags.
Where the water flow was slow and when water
was not able to flow around either the filter bags or
filter pipe, substantial reductions in the herbicide
concentrations in the streams and drains were
observed.

e Split pesticide applications significantly reduced

the loss of pesticides to the environment, via
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both leaching and surface run-off, and should

be considered as a management strategy for
minimising the environmental impact of pesticide
use in agriculture.

8.3 Recommendations
The recommendations from this study are as follows:

e Further work on the design of the intervention
systems, including modifying the size of the
filter bags and the shape of the pipe, should
be explored. Given that the width and depth of
streams and drains at the sides of fields vary
considerably, having a number of differently sized
filter bags/pipes should be considered. Rather
than targeting pesticides alone, the use of these
intervention systems to address chemicals of
emerging concern, such as pharmaceuticals,
antibiotics, personal care products and veterinary
products, could also be investigated.

e As CAC is a relatively expensive adsorbent, the
possibility of removing the adsorbed herbicides
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from the spent CAC to recover the CAC should
be investigated. This desorption process should
be carried out at room temperature, as, otherwise,
unwanted chemical reactions involving the
herbicides and desorption solvent could occur.

It will be important to identify key stakeholders
and work with them to identify and circumvent any
barriers to the implementation of this system in
the field on a national scale. These stakeholders
would include the Department of Agriculture,

Food and the Marine, Teagasc, Inland Fisheries
Ireland, non-governmental organisations and
fisheries owners, as well as the various farming
communities and drinking water suppliers.

Areas where mecoprop-P (found in this study

to have the greatest potential to pose risks to
health) is widely used should be identified and
advice should be provided on the appropriate

use of mecoprop-P. Should national usage of
mecoprop-P increase from its current relatively low
level, specific monitoring programmes, similar to
the MCPA monitoring programme implemented in
the Lough Derg catchment, may also be required.



References

Ahmad, M., Lee, S. S, Oh, S. E., Mohan, D., Moon, D. H.,
Lee, Y. H. and Ok, Y. S., 2013. Modelling adsorption
kinetics of trichloroethylene onto biochars derived from
soybean stover and peanut shell wastes. Environ. Sci.
Pollut. Res., 20, 8364—8373.

Ali, 1., Alharbi, O. M. L., Othman, Z. A., Al-Mohaimeed, A. M.
and Alwarthan, A., 2019. Modeling of fenuron pesticide
adsorption on CNTs for mechanistic insight and
removal in water. Chemosphere, 170, 389-397.

Aller, L., Bennett, T., Lehr, J. and Petty, R., 1985.
DRASTIC: A Standardised System for Evaluating
Groundwater Pollution Potential Using Hydrogeologic
Settings. USEPA, Robert S. Kerr Environmental
Laboratory, Ada, OK.

Amiri, M. J., Roohi, R., Arshadi, M. and Abbaspourrad, A,
2020. 2,4-D adsorption from agricultural subsurface
drainage by canola stalk-derived activated carbon:
insight into the adsorption kinetics models under batch
and column conditions. Environ. Sci. Pollut. Res., 27,
16983-16997.

Amoah-Antwi, C., Kwiatkowska-Malina, J., Thornton, S. F,,
Fenton, O., Malina, G. and Szara, E., 2020.
Restoration of soil quality using biochar and brown
coal waste: a review. Sci. Total Environ., 722,
137852-137873.

APVMA (Australian Pesticide and Veterinary Medecines
Authority), 2020. Aquatic Exposure Estimates in
Australian Pesticide Environmental Assessments.
Runoff risk assessment methodology. Available
online: https://www.apvma.gov.au/sites/default/files/
publication/65936-aquatic_exposure_estimates_in_
australian_pesticide_environmental_assessments.pdf
(accessed 2 April 2024).

Arisekar, U., Shakila, R. J., Jeyasekaran, G., Shalini, R.,
Kumar, P., Malani, A. H. and Rani, V., 2019.
Accumulation of organochlorine and pyrethroid
pesticide residues in fish, water, and sediments in the
Thamirabarani river system of southern peninsular
India. Environ. Nanotechnol. Monit. Manage., 11,
100194-100209.

Arnold, J. G., Moriasi, D. N., Gassman, P. W.,
Abbaspour, K. C., White, M. J., Srinivasan, R.,
Santhi, C., Harmel, R. D., Van Griensven, A. and
Van Liew, M. W., 2012. SWAT: Model use, calibration,
and validation. Transactions of the ASABE, 55,
1491-1508.

37

Atcheson, K., Mellander, P.-E., Cassidy, R., Cook, S.,
Floyd, S., McRoberts, C., Morton, P. A. and Jordan, P.,
2022. Quantifying MCPA load pathways at catchment
scale using high temporal resolution data. Water Res.,
220, 118654—118666.

Baptista, F. M., Alban, L., Olsen, A. M., Petersen, J. V.
and Toft, N., 2012. Evaluation of the antibacterial
residue surveillance programme in Danish pigs using
Bayesian methods. Prev. Vet. Med., 106, 308-314.

Berenzen, N., Lentzen-Godding, A., Probst, M., Schulz, H.,
Schulz, R. and Liess, M., 2005. A comparison of
predicted and measured levels of runoff-related
pesticide concentrations in small lowland streams on a
landscape level. Chemosphere, 58, 683—691.

Boivin, A., Cherrier, R. and Schiavon, M., 2005.
A comparison of five pesticides adsorption and
desorption processes in thirteen contrasting field soils.
Chemosphere, 61, 668—676.

Ccanccapa-Cartagena, A., Pico, Y., Ortiz, X. and
Reiner, E. J., 2019. Suspect, non-target and
target screening of emerging pollutants using
data independent acquisition: assessment of a
Mediterranean river basin. Sci. Total Environ., 687,
355-368.

Choi, Y.-H., Kang, M.-S., Da-An, H., Chae, W.-R. and
Moon, K., 2020. Priority setting for management of
hazardous biocides in Korea using chemical ranking
and scoring method. Int. J. Environ. Res. Public
Health, 17, 1970-1985.

Clarke, R., Healy, M. G., Fenton, O. and Cummins, E.,
2016. A quantitative risk ranking model to evaluate
emerging organic contaminants in biosolid amended
land and potential transport to drinking water. Hum.
Ecol. Risk Assess., 22, 958—-990.

Conde-Cid, M., Santas-Miguel, V., Campillo-Cora, C.,
Pérez-Novo, C. and Fernandez-Calvifio, D., 2019.
Retention of propiconazole and terbutryn on acid
sandy-loam soils with different organic matter
and Cu concentrations. J. Environ. Manage., 248,
109346-109353.

Cosgrove, S., Jefferson, B. and Jarvis, P., 2019. Pesticide
removal from drinking water sources by adsorption:
a review. Environ. Technol. Rev., 8, 1-24.

Cosgrove, S., Jefferson, B. and Jarvis, P., 2022.
Application of activated carbon fabric for the removal
of a recalcitrant pesticide from agricultural run-off. Sci.
Total Environ., 815, 152626—152634.


https://www.apvma.gov.au/sites/default/files/publication/65936-aquatic_exposure_estimates_in_australian_pesticide_environmental_assessments.pdf
https://www.apvma.gov.au/sites/default/files/publication/65936-aquatic_exposure_estimates_in_australian_pesticide_environmental_assessments.pdf
https://www.apvma.gov.au/sites/default/files/publication/65936-aquatic_exposure_estimates_in_australian_pesticide_environmental_assessments.pdf

Pesticide Management for Better Water Quality

Dabrowski, J. M., Shadung, J. M. and Wepener, V., 2014.

Prioritizing agricultural pesticides used in South Africa
based on their environmental mobility and potential
human health effects. Environ. Int., 62, 31-40.

DAFM (Department of Agriculture, Food and the Marine),
2016. Pesticide Usage in Ireland — Arable Crops
Survey Report 2016. Available online: https://www.
pcs.agriculture.gov.ie/media/pesticides/content/sud/
pesticidestatistics/ArableReport2016Final100620.pdf
(accessed 7 March 2024).

DAFM (Department of Agriculture, Food and the Marine),
2017. Pesticide Usage in Ireland — Grassland and
Fodder Crops Survey Report 2017. Available online:
https://lwww.pcs.agriculture.gov.ie/media/pesticides/
content/sud/pesticidestatistics/2GrasslandReport
2017FinalVersion290520.pdf (accessed 7 March
2024).

Damalas, C. A. and Eleftherohorinos, I. G., 2011.
Pesticide exposure, safety issues, and risk
assessment indicators. Int. J. Environ. Res. Public
Health, 8, 1402—-1419.

Dekant, W., Melching-Kollmuf3, S. and Kalberlah, F.,
2010. Toxicity assessment strategies, data
requirements, and risk assessment approaches to
derive health based guidance values for non-relevant
metabolites of plant protection products. Regul.
Toxicol. Pharmacol., 56, 135-142.

DHPLG (Department of Housing, Planning, and Local

Government), 2018. River Basin Management Plan for
Ireland 2018 — 2021. Available online: https://www.gov.

ie/pdf/?file=https://assets.gov.ie/131981/dea37730-
1ef0-4106-875b-5c433e823ad6.pdf#page=null
(accessed 7 March 2024).

ECB (European Chemicals Bureau), 2003. Technical
Guidance Document on Risk Assessment Part Il
in support of Commission Directive 93/67/EEC on
Risk Assessments for new notified substances,
Commission Regulation (EC) No 1488/94 on Risk
Assessment for existing substances, Directive 98/8/
EC of the European Parliament and of the Council
concerning the placing of biocidal products on the
market. Available online: https://hero.epa.gov/hero/
index.cfm/reference/details/reference_id/196375
(accessed 28 March 2024).

EFSA (European Food Safety Authority), 2013. Guidance

on Tiered Risk Assessment for Plant Protection
Products for Aquatic Organisms in Edge-of-field
Surface Waters. EFSA Panel on Plant Protection
Products and their Residues, Parma, Italy.

38

EFSA and BfR (European Food Safety Authority and
German Federal Institute for Risk Assessment),
2019. International Conference on Uncertainty in Risk
Analysis. EFSA Supporting Publication, 16(8) (https://
doi.org/10.2903/sp.efsa.2019.EN-1689).

EFSA Scientific Committee (European Food Safety
Authority), More, S. J., Bambidis, V., Benford, D.,
Bennekou, S. H., Bragard, C. et al., 2019. Guidance on
harmonised methodologies for human health, animal
health and ecological risk assessment of combined
exposure to multiple chemicals. EFSA Journal, 17,
5634. https://doi.org/10.2903/j.efsa.2019.5634.

El-Nahhal, I. and EI-Nahhal, Y., 2021. Pesticide residues
in drinking water, their potential risk to human health
and removal options. J. Environ. Manage., 299,
113611-113641.

EPA (Environmental Protection Agency), 2019. Water
Quality in Ireland 2013-2018. Available online: https://
www.epa.ie/publications/monitoring--assessment/
freshwater--marine/Water-Quality-in-Ireland-2013-
2018-(web).pdf (accessed 7 March 2024).

EPA (Environmental Protection Agency), 2021a. Irish Soil
Information System. EPA, Johnstown Castle, Ireland.

EPA (Environmental Protection Agency), 2021b.
HydroNet: hydrometric database for Ireland.

EPA (Environmental Protection Agency), 2021c.
Water Quality in Ireland 2016-2021. Available
online: https://www.epa.ie/publications/
monitoring--assessment/freshwater--marine/water-
quality-in-ireland-2016--2021-.php (accessed 7 March
2024).

EPA and HSE (Environmental Protection Agency and
Health Service Executive), 2019. Pesticides in Drinking
Water. Joint Position Paper. Available online: https://
www.epa.ie/publications/compliance--enforcement/
drinking-water/advice--guidance/EPA_HSE_JPP_
Pesticides_DrinkingWater---FINAL.pdf (accessed
8 March 2024).

EPANZ (Environmental Protection Agency New
Zealand), 2018. Risk Assessment Methodology
for Hazardous Substances — How to Assess
the Risk, Cost and Benefit of New Hazardous
Substances for Use in New Zealand, May 2018.
Available online: https://www.epa.govt.nz/assets/
Uploads/Documents/Hazardous-Substances/
Risk-Assessment-methodology/2158878291/Risk-
Management-Methodology-Consultation-Draft.pdf
(accessed 2 April 2024).

EPANZ (Environmental Protection Agency New Zealand),
2000. Risk Assessment Methodology for Hazardous
Substances — How to Assess the Risk, Cost and
Benefit of New Hazardous Substances for Use in New
Zealand, January 2020. New Zealand Government.


https://www.pcs.agriculture.gov.ie/media/pesticides/content/sud/pesticidestatistics/ArableReport2016Final100620.pdf
https://www.pcs.agriculture.gov.ie/media/pesticides/content/sud/pesticidestatistics/ArableReport2016Final100620.pdf
https://www.pcs.agriculture.gov.ie/media/pesticides/content/sud/pesticidestatistics/ArableReport2016Final100620.pdf
https://www.pcs.agriculture.gov.ie/media/pesticides/content/sud/pesticidestatistics/2GrasslandReport2017FinalVersion290520.pdf
https://www.pcs.agriculture.gov.ie/media/pesticides/content/sud/pesticidestatistics/2GrasslandReport2017FinalVersion290520.pdf
https://www.pcs.agriculture.gov.ie/media/pesticides/content/sud/pesticidestatistics/2GrasslandReport2017FinalVersion290520.pdf
https://www.gov.ie/pdf/?file=https://assets.gov.ie/131981/dea37730-1ef0-4106-875b-5c433e823ad6.pdf#page=null
https://www.gov.ie/pdf/?file=https://assets.gov.ie/131981/dea37730-1ef0-4106-875b-5c433e823ad6.pdf#page=null
https://www.gov.ie/pdf/?file=https://assets.gov.ie/131981/dea37730-1ef0-4106-875b-5c433e823ad6.pdf#page=null
https://hero.epa.gov/hero/index.cfm/reference/details/reference_id/196375
https://hero.epa.gov/hero/index.cfm/reference/details/reference_id/196375
https://doi.org/10.2903/sp.efsa.2019.EN-1689
https://doi.org/10.2903/sp.efsa.2019.EN-1689
https://doi.org/10.2903/j.efsa.2019.5634
https://www.epa.ie/publications/monitoring--assessment/freshwater--marine/Water-Quality-in-Ireland-2013-2018-(web).pdf
https://www.epa.ie/publications/monitoring--assessment/freshwater--marine/Water-Quality-in-Ireland-2013-2018-(web).pdf
https://www.epa.ie/publications/monitoring--assessment/freshwater--marine/Water-Quality-in-Ireland-2013-2018-(web).pdf
https://www.epa.ie/publications/monitoring--assessment/freshwater--marine/Water-Quality-in-Ireland-2013-2018-(web).pdf
https://www.epa.ie/publications/monitoring--assessment/freshwater--marine/water-quality-in-ireland-2016--2021-.php
https://www.epa.ie/publications/monitoring--assessment/freshwater--marine/water-quality-in-ireland-2016--2021-.php
https://www.epa.ie/publications/monitoring--assessment/freshwater--marine/water-quality-in-ireland-2016--2021-.php
https://www.epa.ie/publications/compliance--enforcement/drinking-water/advice--guidance/EPA_HSE_JPP_Pesticides_DrinkingWater---FINAL.pdf
https://www.epa.ie/publications/compliance--enforcement/drinking-water/advice--guidance/EPA_HSE_JPP_Pesticides_DrinkingWater---FINAL.pdf
https://www.epa.ie/publications/compliance--enforcement/drinking-water/advice--guidance/EPA_HSE_JPP_Pesticides_DrinkingWater---FINAL.pdf
https://www.epa.ie/publications/compliance--enforcement/drinking-water/advice--guidance/EPA_HSE_JPP_Pesticides_DrinkingWater---FINAL.pdf
https://www.epa.govt.nz/assets/Uploads/Documents/Hazardous-Substances/Risk-Assessment-methodology/2158878291/Risk-Management-Methodology-Consultation-Draft.pdf
https://www.epa.govt.nz/assets/Uploads/Documents/Hazardous-Substances/Risk-Assessment-methodology/2158878291/Risk-Management-Methodology-Consultation-Draft.pdf
https://www.epa.govt.nz/assets/Uploads/Documents/Hazardous-Substances/Risk-Assessment-methodology/2158878291/Risk-Management-Methodology-Consultation-Draft.pdf
https://www.epa.govt.nz/assets/Uploads/Documents/Hazardous-Substances/Risk-Assessment-methodology/2158878291/Risk-Management-Methodology-Consultation-Draft.pdf

M. Healy et al. (2019-HW-LS-3)

EU (European Union), 1991. Council Directive 91/414/
EEC of July 1991 concerning the placing of plant
protection products on the market. OJ L 230,
19.8.1991, p. 1-32.

EU (European Union), 2009a. Directive 2009/128/
EC of the European Parliament and the Council
of 21 October 2009 establishing a framework for
Community action to achieve the sustainable use of
pesticides. OJ L 309, 24.11.2009, p. 71-86.

EU (European Union), 2009b. Regulation (EC)
No. 1107/2009 of the European Parliament and of the
Council of 21 October 2009 concerning the placing of
plant protection products on the market and repealing
Council Directives 79/117/EC and 91/414/EEC. OJ L
309, 24.11.2009, p. 1-50.

EU (European Union), 2017. EU Policy and Legislation
on Pesticides — Plant Protection Products and
Biocides. Available online: https://www.europarl.
europa.eu/RegData/etudes/IDAN/2017/599428/
EPRS_IDA(2017)599428 EN.pdf (accessed 7 March
2024).

EU (European Union), 2020. Farm to Fork Strategy — For
a Fair, Healthy and Environmentally-friendly Food
System. Available online: https://food.ec.europa.eu/
system/files/2020-05/f2f_action-plan_2020_strategy-
info_en.pdf (accessed 7 March 2024).

EU (European Union), 2021. Directive (EU) 2020/2184 of
16 December 2020 on the quality of water intended for
human consumption (recast). OJ L 435, 23.12.2020,
p. 1-62.

EU (European Union), 2022. EU Pesticides Database.
Available online: https://ec.europa.eu/food/plants/
pesticides/eu-pesticides-database_en (accessed
7 March 2024).

Eurostat, 2022a. Pesticide sales. Available online: https://
ec.europa.eu/eurostat/web/products-datasets/-/
aei_fm_salpest09 (accessed 7 March 2024).

Eurostat, 2022b. Land use. Available online: https://
ec.europa.eu/eurostat/databrowser/view/ef_m_
farmleg/default/table?lang=en (accessed 7 March
2024).

Fankte, P., Gillespie, B.W., Juraske, R. and Jolliet, O.,
2014. Estimating half-livesfor pesticide dissipation from
plants. Environ. Sci. Technol., 48, 8588-8602. https://
doi.org/10.1021/es500434p.

FAO and WHO (Food and Agricultural Organization of the
United Nations and World Health Organization), 1997.
Guidelines for Predicting Dietary Intake of Pesticide
Residues, Joint FAO/WHO Food Contamination
Monitoring Programme. Available online: https://iris.
who.int/bitstream/handle/10665/63787/WHO_FSF_
FOS_97.7.pdf?sequence=1 (accessed 28 March 2024).

39

Fargnoli, M., Lombardi, M., Puri, D., Casorri, L.,
Masciarelli, E., Mandi¢-Rajcevi¢, S. and Colosio, C.,
2019. The safe use of pesticides: A risk assessment
procedure for the enhancement of occupational health
and safety (OHS) management. Int. J. Environ. Res.
Public Health, 16, 310-332.

Fay, D., McGrath, D., Zhang, C., Carrigg, C., O’Flaherty,
Kramers, H. V., Carton, O. T. and Grennan, E., 2007.
Towards a National Soil Database. Available online:
https://www.epa.ie/publications/research/land-use-
soils-and-transport/ertdi-69-fay-report-for-web.pdf
(accessed 7 March 2024).

FOCUS (Forum for Co-ordination of Pesticide Fate
Models and their Uses), 2015. Generic Guidance
for FOCUS Surface Water Scenarios, Version 1.4.
Available online: https://esdac.jrc.ec.europa.eu/
public_path/projects_data/focus/sw/docs/Generic%20
FOCUS_SWS_vc1.4.pdf (accessed 7 March 2024).

Freundlich, H., 1907. Over the adsorption in solution.
Z. Phys. Chem., 57, 385—470.

FSAI (Food Safety Authority of Ireland), 2009. Pesticides
in food. Toxicology Factsheet Series, Issue No. 1.

Gagnon, P., Sheedy, C., Farenhorst, A., McQueen, D. A. R,,
Cessna, A. J. and Newlands, N. K., 2014. A coupled
stochastic/deterministic model to estimate the
evolution of the risk of water contamination by
pesticides across Canada. Integr. Environ. Assess.
Manag., 10, 429-436.

Garcia-Delgado, C., Marin-Benito, J. M., Sanchez-
Martin, M. J. and Rodriguez-Cruz, M. S., 2020.
Organic carbon nature determines the capacity
of organic amendments to adsorb pesticides in
soil. J. Hazard. Mater., 390, 122162-122170.

Gondar, D., Lépez, R., Antelo, J., Fiol, S. and Arce, F.,
2013. Effect of organic matter and pH on the
adsorption of metalaxyl and penconazole by
soils. J. Hazard. Mater., 260, 627—633.

Gonzalez Jiménez, J. L., Daly, K. and Healy, M. G., 2023.
Phosphorus and nitrogen leaching from an organic
and a mineral soil receiving single and split dairy slurry
applications: a laboratory column experiment. J. Soil
Sedim., 23, 1114—1122.

Gzyl, G., Zanini, A., Fragczek, R. and Kura, K., 2014.
Contaminant source and release history identification
in groundwater: a multi-step approach. J. Contam.
Hydrol., 157, 59-72.


https://www.europarl.europa.eu/RegData/etudes/IDAN/2017/599428/EPRS_IDA(2017)599428_EN.pdf
https://www.europarl.europa.eu/RegData/etudes/IDAN/2017/599428/EPRS_IDA(2017)599428_EN.pdf
https://www.europarl.europa.eu/RegData/etudes/IDAN/2017/599428/EPRS_IDA(2017)599428_EN.pdf
https://food.ec.europa.eu/system/files/2020-05/f2f_action-plan_2020_strategy-info_en.pdf
https://food.ec.europa.eu/system/files/2020-05/f2f_action-plan_2020_strategy-info_en.pdf
https://food.ec.europa.eu/system/files/2020-05/f2f_action-plan_2020_strategy-info_en.pdf
https://ec.europa.eu/food/plants/pesticides/eu-pesticides-database_en
https://ec.europa.eu/food/plants/pesticides/eu-pesticides-database_en
https://ec.europa.eu/eurostat/web/products-datasets/-/aei_fm_salpest09
https://ec.europa.eu/eurostat/web/products-datasets/-/aei_fm_salpest09
https://ec.europa.eu/eurostat/web/products-datasets/-/aei_fm_salpest09
https://ec.europa.eu/eurostat/databrowser/view/ef_m_farmleg/default/table?lang=en
https://ec.europa.eu/eurostat/databrowser/view/ef_m_farmleg/default/table?lang=en
https://ec.europa.eu/eurostat/databrowser/view/ef_m_farmleg/default/table?lang=en
https://doi.org/10.1021/es500434p
https://doi.org/10.1021/es500434p
https://iris.who.int/bitstream/handle/10665/63787/WHO_FSF_FOS_97.7.pdf?sequence=1
https://iris.who.int/bitstream/handle/10665/63787/WHO_FSF_FOS_97.7.pdf?sequence=1
https://iris.who.int/bitstream/handle/10665/63787/WHO_FSF_FOS_97.7.pdf?sequence=1
https://www.epa.ie/publications/research/land-use-soils-and-transport/ertdi-69-fay-report-for-web.pdf
https://www.epa.ie/publications/research/land-use-soils-and-transport/ertdi-69-fay-report-for-web.pdf
https://esdac.jrc.ec.europa.eu/public_path/projects_data/focus/sw/docs/Generic%20FOCUS_SWS_vc1.4.pdf
https://esdac.jrc.ec.europa.eu/public_path/projects_data/focus/sw/docs/Generic%20FOCUS_SWS_vc1.4.pdf
https://esdac.jrc.ec.europa.eu/public_path/projects_data/focus/sw/docs/Generic%20FOCUS_SWS_vc1.4.pdf

Pesticide Management for Better Water Quality

Halbach, K., Méder, M., Schrader, S., Liebmann, L.,
Schéfer, R. B., Schneeweiss, A., Schreiner, V. C.,
Vormeier, P., Weisner, O., Liess, M. and Reemtsma, T.,
2021. Small streams — large concentrations? Pesticide
monitoring in small agricultural streams in Germany
during dry weather and rainfall. Water Res., 203,
117535-117544.

Harmon O’Driscoll, J., Siggins, A., Healy, M. G.,
McGinley, J., Mellander, P.-E., Morrison, L. and
Ryan, P. C., 2022. Arisk ranking of pesticides in Irish
drinking water considering chronic health effects. Sci.
Total Environ., 829, 154532—154542.

Harmon O’Driscoll, J., McGinley, J., Healy, M. G,
Siggins, A., Mellander, P.-E., Morrison, L.,
Gunnigle, E. and Ryan, P. C., 2024. Stochastic
modelling of pesticide transport to drinking water
sources via runoff and resulting human health risk
assessment. Sci. Total Environ., 918, 170589. https://
doi.org/10.1016/j.scitotenv.2024.170589.

Healy, M. G., Siggins, A., Molloy, K., Potito, A. P.,
O’Leary, D., Daly, E. and Callery, O., 2023. The impact
of alternating drainage and inundation cycles on
geochemistry and microbiology of intact peat cores.
Sci. Total Environ., 858, 159664—159673.

Herath, G. A. D., Poh, L. S. and Ng, W. J., 2019.
Statistical optimization of glyphosate adsorption by
biochar and activated carbon with response surface
methodology. Chemosphere, 227, 533-540.

IARC (International Agency for Research on Cancer),
2015. Evaluation of five organophosate insecticides
and herbicides. IARC Monographs, 112. Available
online: https://www.iarc.who.int/wp-content/
uploads/2018/07/MonographVolume112-1.pdf
(accessed 8 March 2024).

Intisar, A., Ramzan, A., Sawaira, T., Kareem, A. T,
Hussain, N., Din, M. 1., Bilal, M. and Igbal, H. M. N.,
2022. Occurrence, toxic effects, and mitigation of
pesticides as emerging environmental pollutants using
robust nanomaterials — a review. Chemosphere, 293,
133538-133552.

IUNA (Irish Universities Nutrition Alliance), 2011.
National Adult Food Survey. Available online: https://
www.iarc.who.int/wp-content/uploads/2018/07/
MonographVolume112-1.pdf (accessed 28 March
2024).

IUNA (Irish Universities Nutrition Alliance), 2021. National
Children’s Food Survey II.

Jatoi, A. S., Hashmi, Z., Adriyani, R., Yuniarto, A.,
Mazari, S. A., Akhter, F. and Mubarak, N. M., 2021.
Recent trends and future challenges of pesticide
removal techniques — a comprehensive review.

J. Environ. Chem. Eng., 9, 105571-105588.

40

dJing, Y., Krauss, M., Zschieschang, S., Miltner, A.,
Butkovskyi, A., Eggen, T., Kastner, M. and
Nowak, K. M., 2021. Superabsorbent polymer as a
supplement substrate of constructed wetland to retain
pesticides from agricultural runoff. Water Res., 207,
117776-117784.

Jusoh, A., Hartini, W. J. H., Ali, N. and Endut, A., 2011.
Study on the removal of pesticide in agricultural run off
by granular activated carbon. Bioresour. Technol., 102,
5312-5318.

Kalyabina, V. P., Esimbekova, E. N., Kopylova, K. V.
and Kratasyuk, V. A., 2021. Pesticides: formulants,
distribution pathways and effects on human health —
a review. Toxicol. Rep., 8, 1179-1192.

Kamali, M., Appels, L., Kwon, E. E., Aminabhavi, T. M.
and Dewil, R., 2021. Biochar in water and wastewater
treatment — a sustainability assessment. Chem. Eng.
J., 420, 129946-129966.

Khalid, S., Shahid, M., Murtaza, B., Bibi, |., Naeem, M. A.
and Niazi, N. K., 2020. A critical review of different
factors governing the fate of pesticides in soil
under biochar application. Sci. Total Environ., 711,
134645-134662.

Khanzada, N. K., Farid, M. U., Kharraz, J. A., Choi, J.,
Tang, C. Y., Nghiem, L. D., Jang, A. and An, A. K.,
2020. Removal of organic micropollutants using
advanced membrane-based water and wastewater
treatment: a review. J. Membr. Sci., 598,
117672-117708.

Knauer, K., 2016. Pesticides in surface waters: a
comparison with regulatory acceptable concentrations
(RACs) determined in the authorization process and
consideration for regulation. Environ. Sci. Eur., 28.
https://doi.org/10.1186/s12302-016-0083-8.

Kodali, J., Talasila, S., Arunraj, B. and Nagarathnam, R.,
2021. Activated coconut charcoal as a super adsorbent
for the removal of organophosphorous pesticide
monocrotophos from water. Case Stud. Chem.
Environ. Eng., 3, 100099-100107.

Kodesova, R., Koc¢arek, M., Kodes, V., Drabek, O.,
Kozak, J. and Hejtmankova, K., 2011. Pesticide
adsorption in relation to soil properties and soil type
distribution in regional scale. J. Hazard. Mater., 186,
540-550.

Kudsk, P., Jgrgensen, L. N. and @rum, J. E., 2018.
Pesticide Load — a new Danish pesticide risk indicator
with multiple applications. Land Use Policy, 70,
384-393.

Labite, H. and Cummins, E., 2012. A quantitative
approach for ranking human health risks from
pesticides in Irish groundwater. Human Ecolog. Risk
Assess., 18, 1156-1185.


https://doi.org/10.1016/j.scitotenv.2024.170589
https://doi.org/10.1016/j.scitotenv.2024.170589
https://www.iarc.who.int/wp-content/uploads/2018/07/MonographVolume112-1.pdf
https://www.iarc.who.int/wp-content/uploads/2018/07/MonographVolume112-1.pdf
https://www.iarc.who.int/wp-content/uploads/2018/07/MonographVolume112-1.pdf
https://www.iarc.who.int/wp-content/uploads/2018/07/MonographVolume112-1.pdf
https://www.iarc.who.int/wp-content/uploads/2018/07/MonographVolume112-1.pdf
https://doi.org/10.1186/s12302-016-0083-8

M. Healy et al. (2019-HW-LS-3)

Langmuir, 1., 1918. The adsorption of gases on plane
surfaces of glass, mica, and platinum. J. Am. Chem.
Soc., 40, 1361-1403.

Lee, R., den Uyl, R. and Runhaar, H., 2019. Assessment
of policy instruments for pesticide use reduction in
Europe; learning from a systematic literature review.
Crop Prot., 126, 104929—-104938.

Leovac, A., Vasyukova, E., Ivan€ev-Tumbas, I., Uhl, W.,
Kragulj, M., Tri€kovi¢, J., Kerkez, D. and Dalmacija, B.,
2015. Sorption of atrazine, alachlor and trifluralin
from water onto different geosorbents. RSC Adv., 5,
8122-8133.

Li, Z. and Niu, S., 2021. Modeling pesticides in global
surface soils: evaluating spatiotemporal patterns for
USEtox-based steady-state concentrations. Sci. Total
Environ., 791, 148412—-148419.

Lima, E. C., Adebayo, M. A. and Machado, F. M., 2015.
Kinetic and equilibrium models of adsorption. In
Bergmann, C. P., Machado, F. M. (eds), Carbon
Nanomaterials as Adsorbents for Environmental and
Biological Applications. Springer, Cham, pp. 33—69.

McGinley, J., Harmon O’Driscoll, J., Healy, M. G.,
Ryan, P., Mellander, P.-E., Morrison, L., Callery, O.
and Siggins, A., 2022a. An assessment of potential
pesticide transmission, considering the combined
impact of soil texture and pesticide properties: a meta-
analysis. Soil Use Manage., 38, 1162-1171.

McGinley, J., Healy, M. G., Ryan, P. C., Mellander, P.-E.,
Morrison, L., Harmon O’Driscoll, J. and Siggins, A.,
2022b. Batch adsorption of herbicides from aqueous
solution onto diverse reusable materials and
granulated activated carbon. J. Environ. Manage., 323,
116102-116109.

McGinley, J., Healy, M. G., Ryan, P. C., Harmon
O’Driscoll, J., Mellander, P. -E., Morrison, L. and
Siggins, A., 2023. Impact of historical legacy pesticides
on achieving legislative goals in Europe. Sci. Total
Environ., 873, 162312—162324.

McGinley, J., Healy, M. G., Scannell, S., Ryan, P. C.,
Harmon O’Driscoll, J., Mellander, P.-E., Morrison, L.
and Siggins, A., 2024. Field assessment of coconut-
based activated carbon systems for the treatment of
herbicide contamination. Chemosphere, 349, 140823.

Met Eireann, 2022. Historical data: display and download
historical data from current stations. Available online:
https://www.met.ie/climate/available-data/historical-
data (accessed 7 March 2024).

Mie, A. and Rudén, C., 2023. Non-disclosure of
developmental neurotoxicity studies obstructs the
safety assessment of pesticides in the European
Union. Environmental Health, 22, 44. https://doi.
org/10.1186/s12940-023-00994-9

41

Mishra, S., Huang, Y, Li, J., Wu, X., Zhou, Z., Lei, Q.,
Bhatt, P. and Chen, S., 2022. Biofilm-mediated
bioremediation is a powerful tool for the removal
of environmental pollutants. Chemosphere, 294,
133609-133623.

Mohaupt, V., Volker, J., Altenburger, R., Birk, S., Kirst, I.,
Kihnel, D., Kuster, E., Semeradova, S., Subelj, G.
and Whalley, C., 2020. Pesticides in European Rivers,
Lakes and Groundwaters — Data Assessment.
European Topic Centre on Inland, Coastal and
Marine waters. Available online: https://www.eionet.
europa.eu/etcs/etc-icm/products/etc-icm-reports/
etc-icm-report-1-2020-pesticides-in-european-rivers-
lakes-and-groundwaters-data-assessment (accessed
8 March 2024).

Moajiri, A., Zhou, J. L., Robinson, B., Ohashi, A.,
Ozaki, N., Kindaichi, T., Farraji, H. and Vakili, M.,
2020. Pesticides in aquatic environments and their
removal by adsorption methods. Chemosphere, 253,
126646—126669.

Mon, M., Bruno, R., Ferrando-Soria, J., Armentano, D.
and Pardo, E., 2018. Metal-organic framework
technologies for water remediation: towards a
sustainable ecosystem. J. Mater. Chem. A, 6,
4912-4947.

Moxon, M., Strupp, C., Aggarwal, M., Odum, J.,
Lewis, R., Zedet, S. and Mehta, J., 2020. An analysis
of the setting of the acute reference dose (ARfD) for
pesticides in Europe. Regul. Toxicol. Pharmacol., 113,
104638. https://doi.org/10.1016/j.yrtph.2020.104638

Nienstedt, K. M., Brock, T. C. M., van Wensem, J.,
Montforts, M., Hart, A., Aagaard, A., Alix, A,,
Boesten, J., Bopp, S. K., Brown, C., Capri, E.,
Forbes, V., Képp, H., Liess, M., Luttik, R., Maltby, L.,
Sousa, J. P, Streissl, F. and Hardy, A. R., 2012.
Development of a framework based on an ecosystem
services approach for deriving specific protection goals
for environmental risk assessment of pesticides. Sci.
Total Environ., 415, 31-38.

OECD (Organisation for Economic Co-operation and
Development), 2000. Report of Phase 1 of the Aquatic
Risk Indicators Project. OECD Publishing, Paris.

Padovani, L., Trevisan, M. and Capri, E., 2004.
A calculation procedure to assess potential
environmental risk of pesticides at the farm level. Ecol.
Indic., 4, 111-123.

Papazlatani, C. V., Karas, P. A, Tucat, G. and
Karpouzas, D. G., 2019. Expanding the use of
biobeds: degradation and adsorption of pesticides
contained in effluents from seed-coating, bulb
disinfestation and fruit-packaging activities. J. Environ.
Manage., 248, 109221-109230.


https://www.met.ie/climate/available-data/historical-data
https://www.met.ie/climate/available-data/historical-data
https://doi.org/10.1186/s12940-023-00994-9
https://doi.org/10.1186/s12940-023-00994-9
https://www.eionet.europa.eu/etcs/etc-icm/products/etc-icm-reports/etc-icm-report-1-2020-pesticides-in-european-rivers-lakes-and-groundwaters-data-assessment
https://www.eionet.europa.eu/etcs/etc-icm/products/etc-icm-reports/etc-icm-report-1-2020-pesticides-in-european-rivers-lakes-and-groundwaters-data-assessment
https://www.eionet.europa.eu/etcs/etc-icm/products/etc-icm-reports/etc-icm-report-1-2020-pesticides-in-european-rivers-lakes-and-groundwaters-data-assessment
https://www.eionet.europa.eu/etcs/etc-icm/products/etc-icm-reports/etc-icm-report-1-2020-pesticides-in-european-rivers-lakes-and-groundwaters-data-assessment
https://doi.org/10.1016/j.yrtph.2020.104638

Pesticide Management for Better Water Quality

Paszko, T. and Jankowska, M., 2018. Modeling the effect
of adsorption on the degradation rate of propiconazole
in profiles of Polish Luvisols. Ecotoxicol. Environ. Saf.,
161, 584-593.

Pizzini, S., Morabito, E., Gregoris, E., Vecchiato, M.,
Corami, F., Piazza, R. and Gambaro, A., 2021.
Occurrence and source apportionment of organic
pollutants in deep sediment cores of the Venice
Lagoon. Mar. Pollut. Bull., 164, 112053-112066.

Postigo, C., Ginebreda, A., Barbieri, M. V., Barcelo, D.,
Martin-Alonso, J., de la Cal, A., Boleda, M. R.,
Otero, N., Carrey, R., Sola, V., Queralt, E., Isla, E.,
Casanovas, A., Frances, G. and Lépez de Alda, M.,
2021. Investigative monitoring of pesticide and
nitrogen pollution sources in a complex multi-stressed
catchment: the Lower Llobregat River basin case
study (Barcelona, Spain). Sci. Total Environ., 755,
142377-142387.

Probst, M., Berenzen, N., Lentzen-Godding, A. and
Schulz, R., 2005. Scenario-based simulation of
runoff-related pesticide entries into small streams
on a landscape level. Ecotoxicol. Environ. Saf., 62,
145-159.

Rana, A. K., Mishra, Y. K., Gupta, V. K. and Thakur, V. K.,
2021. Sustainable materials in the removal of
pesticides from contaminated water: perspective on
macro to nanoscale cellulose. Sci. Total Environ., 797,
149129-149152.

Ravier, I., Haouisee, E., Clément, M., Seux, R. and
Briand, O., 2005. Field experiments for the evaluation
of pesticide spray-drift on arable crops. Pest Manage.
Sci., 61, 728-736.

Ren, X., Zeng, G., Tang, L., Wang, J., Wan, J., Liu, Y.,
Yu, J., Yi, H, Ye, S. and Deng, R., 2018. Sorption,
transport and biodegradation — an insight into
bioavailability of persistent organic pollutants in soil.
Sci. Total Environ., 610-611, 1154—-1163.

Reus, J., Lenndertse, C., Bockstaller, C., Fomsgaard, .,
Gutsche, V., Lewis, K., Nilsson, C., Pussemier, L.,
Trevisan, M., Van der Werf, H., Alfarroba, F.,

Blimel, S., Isart, J., McGrath, D. and Seppala, T.,
1999. Annex 1: run-off submodes. In Comparing
environmental risk indicators for pesticides. Results of
the European CAPER Project. Centre for Agriculture
and Environment, CLM 426, Utrecht, Netherlands.

Rezaei Kalantary, R., Barzegar, G. and Jorfi, S., 2022.
Monitoring of pesticides in surface water, pesticides
removal efficiency in drinking water treatment plant
and potential health risk to consumers using Monte
Carlo simulation in Behbahan City, Iran. Chemosphere,
286, 131667—131678.

42

Rizzi, V., Gubitosa, J., Fini, P., Romita, R., Agostiano, A.,
Nuzzo, S. and Cosma, P., 2020. Commercial bentonite
clay as low-cost and recyclable “natural” adsorbent
for the Carbendazim removal/recover from water:
overview on the adsorption process and preliminary
photodegradation considerations. Colloids Surf. A,
602, 125060-125070.

Ross, J., Driver, J., Lunchick, C. and O’Mahony, C., 2015.
Models for estimating human exposure to pesticides.
Outlooks on Pest Management, 26, 33-37.

Saleh, I. A., Zouari, N. and Al-Ghouti, M. A., 2020.
Removal of pesticides from water and wastewater:
chemical, physical and biological treatment approaches.
Environ. Technol. Innov., 19, 101026—101047.

Salman, J. M. and Hameed, B. H., 2010. Adsorption
of 2,4-dichlorophenoxyacetic acid and carbofuran
pesticides onto granular activated carbon.
Desalination, 256, 129-135.

Schulz, R., 2004. Field studies on exposure, effects, and
risk mitigation of aquatic nonpoint-source insecticide
pollution: a review. J. Environ. Qual., 33, 419-448.

Shahid, M. K., Kashif, A., Fuwad, A. and Choi, Y.,
2021. Current advances in treatment technologies
for removal of emerging contaminants from
water — a critical review. Coord. Chem. Rev., 442,
213993-214017.

Siek, M. and Paszko, T., 2019. Factors affecting coupled
degradation and time-dependent sorption processes
of tebuconazole in mineral soil profiles. Sci. Total
Environ., 690, 1035-1047.

Siggins, A. Abram, F. and Healy, M. G., 2020. Pyrolysed
waste materials show potential for remediation of
trichloroethylene-contaminated water. J. Hazard.
Mater., 390, 121909-121917.

Stehle, S. and Schulz, R., 2015. Agricultural insecticides
threaten surface waters at the global scale. PNAS,
112, 5750-5755.

Stenemo, F. and Jarvis, N., 2010. Users Guide to
MACRO 5.2, a Model of Water Flow and Solute
Transport in Macroporous Soil. Department of Soil and
Environment, Division of Biogeophysics and Water
Quality, Swedish University of Agricultural Sciences,
Stockholm.

Suarez, L. A, 2005. PRZM-3, a Model for Predicting
Pesticide and Nitrogen Fate in the Crop Root and
Unsaturated Soil Zones: Users Manual for Release
3.12.2. United States Environmental Protection Agency
(USEPA), Washington, DC.

Szécs, E., Brinke, M., Karaoglan, B. and Schéfer, R. B.,
2017. Large scale risks from agricultural pesticides in
small streams. Environ. Sci. Technol., 51, 7378-7385.



M. Healy et al. (2019-HW-LS-3)

Taylor, A. C., Mills, G. A., Gravell, A., Kerwick, M. and
Fones, G. R., 2022. Pesticide fate during drinking
water treatment determined through passive sampling
combined with suspect screening and multivariate
statistical analysis. Water Res., 222, 118865-118876.

Trevisan, M., Di Guardo, A. and Balderacchi, M., 2009.
An environmental indicator to drive sustainable pest
management practices. Environ. Modell. Software, 24,
994-1002.

Troldborg, M., Gagkas, Z., Vinten, A, Lilly, A. and
Glendell, M., 2022. Probabilistic modelling of the
inherent field-level pesticide pollution risk in a small
drinking water catchment using spatial Bayesian belief
networks. Hydrol. Earth Syst. Sci., 26, 1261-1293.

Troy, S. M., Lalor, P. G., Healy, M. G. and O’Flynn, C. J.,
2013. Impact of biochar addition to soil on greenhouse
gas emissions following pig manure application. Soil
Biol. Biochem., 60, 173—181.

UE (Uisce Eireann), 2021. Irish Water Interim Pesticide
Strategy: A Collaborative Approach with Catchment
Stakeholders. Available online: https://www.water.ie/
projects/strategic-plans/interim-pesticide-strategy/
IW-AMT-STR-010-Exernal.pdf (accessed 7 March
2024).

USDA (United States Department of Agriculture), 2001.
Soil Quality Test Kit Guide. Available online: https://
nrcspad.sc.egov.usda.gov/DistributionCenter/product.
aspx?ProductlD=385 (accessed 2 April 2024).

43

USDA (United States Department of Agriculture), 2004.
Estimation of direct runoff from storm events. In
Part 630: National Engineering Handbook. USDA
Natural Resources Conservation Service. Available
online: https://directives.sc.egov.usda.gov/17752.wba
(accessed 11 March 2024).

USEPA (United States Environmental Protection Agency),

2004. Risk Assessment Guidance for Superfund —
Volume I: Human Health Evaluation Manual (Part A).
Office of Emergency and Remedial Response,
Washington, DC.

Vryzas, Z., Ramwell, C. and Sans, C., 2020. Pesticide
prioritization approaches and limitations in
environmental monitoring studies: From Europe to
Latin America and the Caribbean. Environ. Int., 143,
105917-105923.

WMO (World Meteorological Organization), 1989.
Statistical Distributions for Flood Frequency Analysis,
Operational Hydrology Report No. 33. Geneva,
Switzerland. Available online: https://library.wmo.int/
viewer/33760?medianame=wmo_718_#page=
1&viewer=picture&o=bookmarks&n=0&q= (accessed
28 March 2024).

Xiang, L., Liu, S., Ye, S., Yang, H., Song, B., Qin, F.,
Shen, M., Tan, C., Zeng, G. and Tan, X., 2021.
Potential hazards of biochar: the negative
environmental impacts of biochar applications.

J. Hazard. Mater., 420, 126611-126633.

Yin, S., Wei, J., Wei, Y., Jin, L., Wang, L., Zhang, X.,
Jia, X. and Ren, A., 2020. Organochlorine pesticides
exposure may disturb homocysteine metabolism in
pregnant women. Sci. Total Environ., 708, 135146.


https://www.water.ie/projects/strategic-plans/interim-pesticide-strategy/IW-AMT-STR-010-Exernal.pdf
https://www.water.ie/projects/strategic-plans/interim-pesticide-strategy/IW-AMT-STR-010-Exernal.pdf
https://www.water.ie/projects/strategic-plans/interim-pesticide-strategy/IW-AMT-STR-010-Exernal.pdf
https://nrcspad.sc.egov.usda.gov/DistributionCenter/product.aspx?ProductID=385
https://nrcspad.sc.egov.usda.gov/DistributionCenter/product.aspx?ProductID=385
https://nrcspad.sc.egov.usda.gov/DistributionCenter/product.aspx?ProductID=385
https://directives.sc.egov.usda.gov/17752.wba
https://library.wmo.int/viewer/33760?medianame=wmo_718_#page=1&viewer=picture&o=bookmarks&n=0&q=
https://library.wmo.int/viewer/33760?medianame=wmo_718_#page=1&viewer=picture&o=bookmarks&n=0&q=
https://library.wmo.int/viewer/33760?medianame=wmo_718_#page=1&viewer=picture&o=bookmarks&n=0&q=

Abbreviations

2,4-D
ADI
CAC

EDI

GAC
HPLC-UV
LOD

LaQl
MCPA
PestMan
PRZM
PTFE
S-BC
SFIL
SWAT
WHO

2,4-Dichlorophenoxyacetic acid

Acceptable daily intake
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An Ghniomhaireacht Um Chaomhnu Comhshaoil

Ta an GCC freagrach as an gcomhshaol a chosaint agus
a fheabhsu, mar sh6cmhainn luachmhar do mhuintir
na hEireann. Taimid tiomanta do dhaoine agus don
chomhshaol a chosaint ar thionchar diobhalach na
radaiochta agus an truaillithe.

Is féidir obair na Gniomhaireachta a roinnt
ina tri phriomhréimse:

Rialail: Rialail agus cérais chomhlionta comhshaoil éifeachtacha a
chur i bhfeidhm, chun dea-thorthal comhshaoil a bhaint amach agus
dirid orthu sitid nach mbionn ag clof leo.

Eolas: Sonraf, eolas agus measunu ardchaighdeain, spriocdhirithe
agus trathuil a chur ar fail i leith an chomhshaoil chun bonn eolais a
chur faoin gcinnteoireacht.

Abhcéideacht: Ag obair le daoine eile ar son timpeallachta glaine,
tairgitla agus dea-chosanta agus ar son cleachtas inbhuanaithe i
dtaobh an chomhshaoil.

I measc ar gcuid freagrachtai ta:

Ceaddnu

> Gnfomhafochtaf tionscail, dramhaiola agus stérala peitril ar
scala mor;
Sceitheadh fuiolluisce uirbigh;
Usaid shrianta agus scaoileadh rialaithe Organach
Géinmhodhnaithe;
Foinsi radafochta iantchain;

> Astafochtal gas ceaptha teasa ¢ thionscal agus on eitliocht trf
Scéim an AE um Thradail Astaiochtal.

Forfheidhmid Naisilnta i leith Cursai Comhshaoil

> Inilichadh agus cigireacht ar shaoraidf a bhfuil ceadlinas acu én GCG;

> Curibhfeidhm an dea-chleachtais a stidradh i ngniomhafochtaf
agus i saoraidf rialdilte;

> Maoirseacht a dhéanamh ar fhreagrachtaf an ddarais aitidil as
cosaint an chomhshaoil;

> (Caighdean an uisce 6il phoiblf a rialdil agus udaruithe um
sceitheadh fuiolluisce uirbigh a fhorfheidhmid

> (Caighdean an uisce 6il phoibli agus phriobhaidigh a mheasunu
agus tuairiscid air;

> Comhordu a dhéanamh ar lionra d'eagraiochtai seirbhise poibli
chun tacu le gnfomhu i gcoinne coireachta comhshaoil;

> Andlf a chur orthu sidd a bhriseann dli an chomhshaoil agus
a dhéanann dochar don chomhshaol.

Bainistiocht Dramhaiola agus Ceimiceain sa Chomhshaol

> Rialachain dramhaiola a chur i bhfeidhm agus a fhorfheidhmiu
lena n-airftear saincheisteanna forfheidhmithe naisidnta;

> Staitisticl dramhaiola ndisidnta a ullmhd agus a fhoilsit chomh maith
leis an bPlean Naisiunta um Bainistiocht Dramhafola Guaisf;

> An Clar Naisiiinta um Chosc Dramhafola a fhorbairt agus a chur
i bhfeidhm;

> Reachtafocht ar riald ceimicean sa timpeallacht a chur i bhfeidhm
agus tuairiscid ar an reachtaiocht sin.

Bainistiocht Uisce

> PIlé le struchtdir naisitnta agus réigiinacha rialachais agus
oibritichdin chun an Chreat-treoir Uisce a chur i bhfeidhm;

> Monatdireacht, measunu agus tuairiscid a dhéanamh ar
chaighdean aibhneacha, lochanna, uisci idirchreasa agus costa,
uiscf snamha agus screamhuisce chomh maith le tomhas ar
leibhéil uisce agus sreabhadh abhann.

Eolaiocht Aerdide & Athru Aeraide

> Fardail agus réamh-mheastachain a fhoilsid um astaiochtai gas
ceaptha teasa na hEireann;

> Runaiocht a chur ar fail don Chomhairle Chomhairleach ar Athru
Aeradide agus tacalocht a thabhairt don Idirphlé Naisiunta ar
Ghniomhu ar son na hAeraide;

> Tacu le gnfomhaiochtal forbartha Naisiunta, AE agus NA um
Eolafocht agus Beartas Aeraide.

Monatéireacht & Measunu ar an gComhshaol

> (Corais ndisiinta um monatdireacht an chomhshaoil a cheapadh
agus a chur i bhfeidhm: teicneolaiocht, bainistiocht sonraf, anailis
agus réamhaisnéisiu;

> Tuairiscl ar Staid Thimpeallacht na hEireann agus ar Thascairf a
chur ar fail;

> Monatdireacht a dhéanamh ar chaighdeén an aeir agus Treoir an

AE i leith Aeir Ghlain don Eoraip a chur i bhfeidhm chomh maith

leis an gCoinbhinsiun ar Aerthruailli Fadraoin Trasteorann, agus

an Treoir i leith na Teorann Naisiunta Astafochtaf;

Maoirseacht a dhéanamh ar chur i bhfeidhm na Treorach i leith

Torainn Timpeallachta;

> Measunu a dhéanamh ar thionchar pleananna agus clar
beartaithe ar chomhshaol na hEireann.

v

Taighde agus Forbairt Comhshaoil

> Comhordu a dhéanamh ar ghnfomhaiochtaf taighde comhshaoil
agus iad a mhaoinid chun brd a aithint, bonn eolais a chur faoin
mbeartas agus réitigh a chur ar fail;

> Comhoibrit le gnfomhafocht naisidnta agus AE um thaighde
comhshaoil.

Cosaint Raideolaioch

> Monatdéireacht a dhéanamh ar leibhéil radaiochta agus
nochtadh an phobail do radafocht iandchain agus do réimsf
leictreamaighnéadacha a mheas;

> Cabhru le pleananna naisiunta a fhorbairt le haghaidh
éigeandalal ag eascairt as taismf nuicléacha;

> Monatdireacht a dhéanamh ar fhorbairti thar lear a bhaineann
le saoraidi nuicléacha agus leis an tsabhailteacht raideolaiochta;

> Sainseirbhisf um chosaint ar an radafocht a sholathar, né
maoirsid a dhéanamh ar sholathar na seirbhisf sin.

Treoir, Ardu Feasachta agus Faisnéis Inrochtana

> Tuairiscid, comhairle agus treoir neamhspleach, fianaise-
bhunaithe a chur ar fail don Rialtas, don tionscal agus don phobal
ar abhair maidir le cosaint comhshaoil agus raideolafoch;

> An nasc idir slainte agus folldine, an geilleagar agus timpeallacht
ghlan a chur chun cinn;

> Feasacht comhshaoil a chur chun cinn lena n-diritear tacu le
hiomprafocht um éifeachtdlacht acmhainni agus aistrid aeraide;

> Tastail raddin a chur chun cinn i dtithe agus in ionaid oibre agus
feabhsuchan a mholadh ait is ga.

Comhphairtiocht agus Lionru

> Oibrit le gnfomhaireachtaf idirndisiinta agus naisidnta, Udarais
réigiinacha agus aitilla, eagraiochtal neamhrialtais, comhlachtaf
ionadafocha agus ranna rialtais chun cosaint chomhshaoil agus
raideolafoch a chur ar fail, chomh maith le taighde, comhordu
agus cinnteoireacht bunaithe ar an eolaiocht.

Bainistiocht agus struchtur na
Gniomhaireachta um Chaomhna Comhshaoil
Ta an GCC a bainistit ag Bord lanaimseartha, ar a bhfuil
Ard-Stidrthdéir agus cligear Stidrthoir. Déantar an obair ar fud
cuig cinn d'Oifigf:

An QOifig um Inbhunaitheacht i leith Cdrsai Comhshaoil

An Oifig Forfheidhmithe i leith Cursal Comhshaoil

An Oifig um Fhianaise agus Measunu

An Oifig um Chosaint ar Radafocht agus Monatdireacht
Comhshaoil

5. An Oifig Cumarsaide agus Seirbhisi Corparaideacha

pPWN=

Tugann coisti comhairleacha cabhair don Ghniomhaireacht agus
tagann siad le chéile go rialta le plé a dhéanamh ar abhair imnf
agus le comhairle a chur ar an mBord.
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