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ABSTRACT

The increasing prevalence of micropollutants, 
including pesticides, pharmaceuticals, and personal 
care products, poses risks to aquatic ecosystems 
and human health. Traditional monitoring methods 
are ineffective in detecting these contaminants 
due to their typically low concentrations and 
intermittent occurrences. This study presents 
an integrated framework combining chemical 
prioritisation, passive sampling technologies, 
and high-resolution mass spectrometry (HRMS) 
to address these challenges. Using pesticides in 
the Greater Melbourne area as a case study, the 
framework demonstrates a streamlined approach for 
identifying, monitoring, and assessing chemicals of 
concern. Passive samplers, including Chemcatcher® 
and (Polar Organic Chemical Integrative Sampler) 
POCIS, deployed at 32 sites, yielded significant 
detection of pesticides, with 4 novel fungicides 
identified across multiple seasons. Specific, efficient 
analytical methods were then developed to quantify 
these at environmental concentrations. The hybrid 

use of passive and grab sampling, coupled with 
advanced analytical methodologies, provided 
comprehensive insights into contamination 
profiles, seasonal trends, and potential risks. This 
adaptable framework offers a scalable solution 
for monitoring diverse micropollutants in water 
systems, supporting informed water management 
and regulatory decisions to safeguard ecological 
and human health.

INTRODUCTION 

The growing presence of micropollutants (also 
referred to as chemicals of concern, and priority 
substances) in water systems is of current global 
concern (Mutzner et al., 2022; Narwal et al., 2023), 
particularly in Australia. (Allinson et al., 2023). These 
contaminants, including pharmaceuticals, personal 
care products, and pesticides, are increasingly 
detected in aquatic environments, posing risks to 
both environmental and human health. Monitoring 
these pollutants can be complex (Figure 1) due 
to their typical occurrence at low concentrations 
and as complex mixtures leading to uncertainties 
in accurate and efficient sampling and chemical 
analysis. Conventional monitoring methods, such 
as grab sampling and targeted analysis, can fall 
short in providing comprehensive detection, are 
labour-intensive, and incur high costs, limiting 
their effectiveness for large-scale or long-term 
applications.
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To overcome these limitations, advanced 
technologies are emerging as transformative 
tools for water quality monitoring. Passive 
sampling offers cost-effective, long-term 
monitoring capabilities, enabling the detection 
of low-concentration pollutants without 
frequent sampling. Similarly, advancements in 
analytical methods, such as High-Resolution 
Mass Spectrometry (HRMS), facilitate suspect 
screening and non-targeted analysis (NTA), 
improve detection limits, and enable expanded 
pollutant profiles, including previously undetected 
contaminants. Coupled with contaminant 
shortlisting frameworks (Serasinghe et al., 
2022) these innovations enable the integration 
of monitoring data for predictive modelling to 

inform water management strategies.
Australia faces challenges due to its variable water 
quality, driven by harsh and changing weather 
conditions, urbanisation, agriculture, and mining 
in various parts of the continent. The limited 
regulatory frameworks for micropollutants and 
fragmented monitoring efforts highlight the need 
to adopt these advanced technologies for their 
mainstream detection and identification in aquatic 
systems. By leveraging advanced and efficient 
sampling, Australia can enhance its monitoring 
capabilities, develop tailored pollution mitigation 
strategies, and strengthen regulatory guidelines 
to support sustainable water management in the 
future.

Figure 1: Overview of current issues around limitations in micropollutant monitoring in water systems
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METHODOLOGY

Understanding micropollutant contamination 
in water systems is crucial for effective water 
management and regulation. Variations in water 
systems’ physical, chemical, and biological 
properties influence micropollutant behaviour, 
complicating the development of measures to 
protect ecological values and human health.
We introduce a novel approach that integrates 
advanced technologies to prioritise and customise 
micropollutant screening for specific regions. Using 
pesticides as an example, the method focuses on 
surface water systems and the protection of non-
target aquatic organisms. The case study is in the 
Greater Melbourne area, Victoria, Australia.

Stage 1: Chemical risk assessment.

A simplified, novel and robust approach for 
shortlisting and prioritising pesticides for inclusion 
in pesticide monitoring programs for specific 
regions was developed (Serasinghe et al., 2022). The 
methodology involves several steps: and identifying 
pesticides registered in significant regional land 
uses. The determination of registered and approved 
chemicals (in this case, pesticides) was conducted 
using the online PubCRIS database (Australian 
Government), an up-to-date resource for information 
on all registered pesticides within Australia. The 
second step involves the establishment of a priority 
list by filtering pesticides that are potentially toxic 
to human health and non-target aquatic organisms 
that are not routinely screened by local analytical 
laboratories. The National The National Association 
of Testing Authorities (NATA), Australia, accredits 
laboratories that test for chemical residues using 
methods that meet the requirements of ISO/
IEC 17025  (NATA, 2021; Serasinghe et al., 2022). 
The NATA (Australia) database was used to 
identify Australian accredited laboratories and 
the pesticides they test for in aquatic systems. 
This information served as a filter to assess the 
routine monitoring capabilities of laboratories for 
pesticides in Australia. Newly introduced chemicals 
are subject to in-silico toxicity assessment for risk 
to human health and ecological values prior to 
entering the market. Global Harmonized System 
(GHS) classifications and/ or in silico toxicity 
thresholds from online toxicity databases such as 
the Pesticide Properties Database (PPDB) and its 
sister databases, including the Bio-Pesticide and 

Veterinary Substances Databases were utilised as 
part of the prioritisation method to further shortlist 
compounds (Lewis et al., 2016).  
For Pesticides prioritisation for routine monitoring, 
it important to understand what type of agricultural 
commodities are primarily used within the region. 
This can have a direct impact on the volume and 
types of pesticides used. The Australian Bureau 
of Statistics (ABS) database on major grossing 
commodities within the region was assessed to 
identify likely pesticide use profiles associated with 
such commodities (ABS, 2020).
This short-listing methodology allows identification 
of pesticides that are registered for use, potentially 
toxic and not routinely screened for in water 
systems. Future updates could also include key 
pesticide transformation products of high toxicity 
to non-target aquatic organisms.

Stage 2: Broad scale sampling and chemical 
screening

Passive Sampling

Monitoring of micropollutants within water 
systems is further challenged by their variability 
in occurrence and typically trace concentrations. 
Traditional water sampling techniques, in particular 
grab (also known as spot) sampling, is commonly 
employed in micropollutant monitoring. These 
techniques have limitations, such as the inability 
to detect intermittently occurring pollution events, 
and to capture the presence of non-routinely 
monitored compounds due to their typically ultra-
trace level concentrations. In contrast, passive 
sampling technology, exemplified by devices like 
Chemcatcher® Empore™ disk-based samplers, 
and Polar Organic Chemical Integrated Sampler 
(POCIS), offer a valuable alternative in water 
monitoring (Ahrens et al., 2016). Through the 
accumulation of contaminants passively over an 
extended time period and the capacity to provide 
time-weighted average water concentrations 
(TWAC), passive sampling is effective in addressing 
the limitations associated with grab water 
sampling for micropollutants within surface water 
monitoring.
To demonstrate the practical application of passive 
sampling in the field, two devices Chemcatcher® 
(SDB-XC) and POCIS were selected for our case 
study and deployed at 32 surface water sites 
across the Greater Melbourne region (GMA), 
encompassing areas with diverse and distinct 
land use activities (Figure 2). These samplers 
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were chosen specifically for their ability to detect 
pesticides, a key class of micropollutants targeted in 
this study, due to their capacity to sequester a wide 
range of polar and semi-polar organic compounds 
over time. It is important to note, however, that 
the suitability of passive sampling depends on the 
chemical properties of the contaminants of interest. 
While passive samplers like Chemcatcher® and 
POCIS are well-suited for organic micropollutants, 
the monitoring of trace metals such as lead (Pb) 
cadmium (Cd), or zinc (Zn) typically requires 
alternative approaches such as sediment quality 
assessments, since these elements tend to partition 
into particulate matter rather than remain in the 
dissolved phase (Allinson et al., 2016).
These passive samplers and their receiving phases 
were selected based on the physiochemical 
properties of the chemicals namely – the short-
listed pesticide list generated from stage 1. The 
physiochemical properties of those pesticides and 
the absorptive capabilities of the receiving phases 
of the passive samplers were reviewed based on 
empirical evidence to ensure and maximise the 
detection capabilities within the water systems.

Chemical analysis

Passive sampling was carried out between January 
and August 2021. The equipment used and detailed 
procedures for passive sampler deployments, 
extraction and instrumental analysis can be referred 
to at (Serasinghe et al., 2024a).
HRMS based Quadrupole Time of Flight Mass 
Spectrometry (QToF MS), enables targeted 
screening to detect compounds with existing data, 
similar to conventional MS analysis (Serasinghe et 
al., 2024a). Additionally, it offers suspect screening 
based on molecular and structural data, helping 
identify potential contaminants in water systems 
and complementing the compounds shortlisted in 
Stage 1.
Using HRMS QToF analysis, an analytical screening 
library is a critical tool for suspect screening. In our 
study, we used our pesticide prioritisation method 
to shortlist suspect pesticides, which we then 
incorporated into our custom screening library to 
search for in our samples. Although online databases 
such as Norman, MassBank library for example 
(González-Gaya et al., 2021), containing thousands 
of known and registered compounds are available 
and can be used for broader screening purposes 
in non-target screenings, our approach specifically 
focused on suspect compounds identified in Stage 
1.

Figure 2: Images of POCIS and Chemcatcher passive 
samplers in steel housing (top) and their field 

deployment (bottom).

By comparing mass spectra and chromatographic 
data from samples against tailored libraries 
using vendor-supplied screening software and 
manually verifying results through established 
hierarchical frameworks such as the Schymanski 
scale (Schymanski et al., 2014)or Best Practices for 
Non-Target Analysis (BP4NTA) (Peter et al., 2021), 
matches from suspect or non-target screening 
can be accurately identified and confirmed. 
This approach enhances detection confidence 
and enables fast, focused analysis of potential 
contaminants. In this case study, applied to the 
Greater Melbourne Area (GMA), Australia, passive 
sampler field extracts were analysed using LC-
QToF-MS at the National Measurement Institute 
(NMI) laboratory in Melbourne. A suspect screening 
was conducted for 181 pesticides, which were 
shortlisted using the method outlined in the Stage 
1: Chemical assessment for the GMA. Screening 
was carried out using the Waters UNIFI Screening 



WATER QUALITY

06

Library (Waters, 2024). Compound specific details 
on the 181 pesticides are provided at Serasinghe et 
al. (2024a).

Stage 3: Tertiary workflow 

Compound detections are reviewed and categorised 
into detection with high confidence and low 
confidence by adapting a standardised hierarchical 
system largely utilised globally for HRMS based 
chemical screening (Schymanski et al., 2014; 
Schymanski et al., 2015). Compounds with high 
detection confidence are selected for confirmation 
using their certified reference standards (CRM)s 
and be selected. further risk assessment if required 
(Figure 3). In the instances where CRMs may not 
be available, high confidence identifications can 
be supported through the use of a structurally 
analogous compound with similar fragmentation 
behaviour or by sourcing the standard from an 
internationally recognized provider such as the 
National Institute of Standards and Technology 
(NIST) (National Institute of Standards and 
Technology, 2025).
Micropollutant presence in water systems can be 
influenced by seasonal changes and varied usage 

patterns of chemicals across different land uses 
in a region. Spatial and temporal monitoring of 
confirmed compounds can be utilised to assess 
detection frequency of micropollutants and identify 
key trends such as where concentrations can peak. 
Seasonal deployment of passive samplers could be 
utilised for this assessment. 
While passive sampling provides a semi-quantitative 
assessment of the presence of compounds in water 
systems, accurate and sensitive quantification of 
these compounds at environmental levels can be 
challenging. To achieve this, intermittent grab water 
sampling can be employed to determine precise 
and environmentally relevant concentrations. 
In addition, efficient and sensitive analytical 
methodologies may need to be developed and 
validated in the laboratory for such quantification. 
The quantification results can then be used to 
supplement laboratory toxicity tests, helping to 
assess toxicity at measurable levels to protect 
various ecological values and human health.
For compounds with low detection confidence, 
further passive sampling at the initial sites may be 
necessary to verify whether initial detections were 
true or false positives to determine whether to 
proceed with the risk assessment. 

Figure 3: Stage 3 tertiary workflow diagram illustrating suspect screening and tertiary workflow process
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RESULTS & DISCUSSION

Field application of pesticide prioritisation 
methodology

The simplified chemical prioritisation method 
by Serasinghe et al. (2022) applied to the GMA 
generated a list of 181 pesticides of potential concern 
likely to be locally used that may contaminate local 
surface waters. Thirty-two sites in Greater Melbourne 
were chosen for this validation experiment, given 
their agricultural significance and wide pesticide 
use. Employing passive sampling devices and 
suspect screening via Ultra-High-Performance 
Liquid Chromatography-Quadrupole Time-of-Flight 
(UPLC-Q-TOF) based MS, 21 potential pesticides 

were tentatively identified with high confidence 
under the utilised analytical workflow (Figure 4). 
Two confidence levels (1 and 2), based primarily 
on the classification system by Schymanski et 
al. (2014), were adapted as filters incorporating 
key analytical criteria (Serasinghe et al., 2024a). 
Detections meeting filter 1 criteria were selected 
for confirmation using CRMs. Both passive sampler 
types performed well under varying weather 
conditions, detecting at least one pesticide at 22 
of 32 sampling sites. The Chemcatcher® variant 
had a higher percentage of detections compared 
to POCIS. The presence of 5 of the 21 detected 
pesticides was confirmed using certified reference 
standards, marking the first successful detection 
of these pesticides in Australian surface water 
systems (Serasinghe et al., 2024a). 

Figure 4: Overview of stage 2 pesticide prioritisation and field application process and case study results.
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Understanding seasonal trends 

Surface water pollution by pesticides can show 
seasonal and streamflow-related variation (Chow 
et al., 2020). Strong seasonal patterns in the usage 
of many agrochemicals is due to their seasonal use 
in crop growth and pest stress (Taylor et al., 2020). 
The timing and frequency of surveys is another 
important consideration for effective monitoring of 
pesticides. Surveys should occur when pesticides 
are most likely to be applied to maximise pesticide 
detection.
Using the suspect screening workflow and 
confirmation with CRMs (Serasinghe et al., 
2024a), 5 pesticides were confirmed in surface 
waters across the GMA. These findings prompted 
further evaluation under stage 2 of the proposed 
framework. Three confirmed compounds 
(fluopyram, penthiopyrad, pydiflumetofen) were of 
a novel Succinate dehydrogenase inhibitors (SDHI) 
class of fungicides with the 4th (fluopicolide) a 
structurally similar fungicide with a different mode 
of action. A targeted seasonal trend investigation 
of these 4 novel fungicides was conducted using 2 
types of passive samplers deployed for a period of 
28 days. This analysis employed a targeted Ultra-
Performance Liquid Chromatography–Tandem 
Mass Spectrometry (UPLC-MS/MS) analysis at 5 
sites over 4 seasons within the GMA. 
The 4 fungicides examined were consistently 
detected across five sampling sites during 3 of the 
4 seasons: summer 2022, autumn 2023, and winter 
2023. One site, in particular, showed the highest 
number of detections, especially in summer 2022 
and the following seasons (Table 1). It is important 
to note that no pesticide detections were recorded 
during the spring of 2022. This was probably due 
to high rainfall occurring during their deployment 
(Bureau of Meteorology, 2022), that  may have 
prevented fungicide applications. 

Quantification of newly detected pesticides

The consistent detection of 4 fungicides across 
the sampled sites using passive sampling, 
emphasized the persistence of some compounds. 
As part of the tertiary workflow and associated 
risk assessment, a validated analytical method was 
employed to reliably quantify the four fungicides at 
environmentally relevant levels (Serasinghe et al., 
2024b). This methodology was applied to real grab 
water samples from one site collected over three 
months within the GMA. This site was chosen based 

on its intensive agricultural and residential land 
uses (Figure 5) and previous detection of these 
fungicides from stage 2 results. All 4 fungicides 
were detected at varying concentrations, with 
one, fluopyram, measured at a concentration 
significantly higher than previously reported in 
global surface water studies (Table 1). Further 
details on fungicide structures, standard sourcing, 
and key method validation parameters including 
detection limits and instrument performance are 
available in Serasinghe et al. (2024b). 
By providing both qualitative (passive sampling) 
and quantitative (grab water sampling), we were 
further able to demonstrate and suggest that a 
hybrid approach, combining passive sampling 
and grab water techniques, can generate a more 
extensive dataset on the occurrence of novel 
pesticides in regional surface water systems. In 
this case study, passive sampling was primarily 
used to provide presence/absence data, offering 
insight into the seasonal occurrence and potential 
persistence of target compounds. While our focus 
was on qualitative detection, it is important to note 
that both calibrated passive samplers (for deriving 
time-weighted average concentrations, TWACs) 
and grab water sampling can be used to obtain 
real-world quantitative concentrations, enabling 
more detailed environmental assessments where 
required. Through the monitoring studies conducted 
during this case study, the presence of 4 emerging 
fungicides were confirmed, consistently detected, 
and quantified with some at above trace levels 
seasonally (Serasinghe et al., 2024a; Serasinghe 
et al., 2024b). Recent data on the fungicides 
investigated have highlighted their moderate to 
high toxicities to non-target aquatic invertebrates 
and fish (Jin et al., 2016; Liu et al., 2022; Wang et al., 
2022) with several recent studies raising possible 
non-genotoxic carcinogenic effects on mammalian 
species indicative of potential risks to exposed 
humans (d’Hose et al., 2021; Duarte Hospital et al., 
2023). 
Considering the global scarcity of both detection 
and specific toxicity studies for these compounds, 
further toxicity testing at environmentally relevant 
concentrations would be the next step within this 
framework. Toxicity tests should involve assessment 
on individual fungicide exposure as well as in 
mixtures – considering the observed persistent 
presence of these fungicides both individually and 
in mixtures over several seasons.
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Figure 5:  Land use image of surface water sampling site (n = 1) for method application within the  
GMA, Victoria, Australia. Adapted from Serasinghe et al. (2024b)

Table 1: Pesticide detection summary of stage 3 and 4 implementations within the GMA. 



WATER QUALITY

10

METHOD APPLICABILITY

Chemical prioritisation

The methodology and case study presented in this 
manuscript demonstrate a chemical prioritisation 
approach applied within Greater Melbourne Area, 
using passive sampling and high-resolution mass 
spectrometry (HRMS) to identify contaminants of 
concern in surface waters. This streamlined method 
is effective for prioritising emerging pesticides and 
can be extended to other micropollutants as well as 
other water systems, including potable, wastewater, 
and recycled water.
The initial stage involves prioritising contaminant 
classes, such as pharmaceuticals and industrial 
chemicals, using key regulatory databases. For 
pesticides, the Australian Pesticides and Veterinary 
Medicines Authority (APVMA) and PubCRIS 
databases provide registration and toxicity data 
(APVMA, 2017). This was a crucial initial step in 
integrating toxicity data and laboratory pesticide 
screening. 
For industrial chemicals, the Australian Industrial 
Chemicals Introduction Scheme (AICIS) serves 
as the regulatory body for managing chemical 
introductions in Australia. (DHAC, 2023). AICIS 
employs risk-proportionate regulation across 
cosmetics, household goods, manufacturing, and 
agriculture. Like PubCRIS, the AICIS web database 
provides comprehensive data on industrial 
chemicals, including their Chemical Abstract 
Service (CAS) numbers, registration status, and 
assessments. It also includes toxicological and 
environmental impact summaries, offering a more 
detailed resource for industrial chemicals than 
PubCRIS, which could benefit from adopting similar 
features.
The Pharmaceutical Benefits Scheme (PBS) 
database is another valuable tool for prioritising 
micropollutants, particularly pharmaceuticals 
that may enter the environment through 
excretion, improper disposal, or manufacturing. 
The PBS database lists government-subsidized 
pharmaceuticals, making it a useful resource for 
identifying commonly prescribed drugs in Australia. 
As the database is regularly updated, it allows 
tracking new pharmaceuticals, which is essential 
for understanding potential risks to human and 
environmental health (DHAC, 2024). 
These databases – PubCRIS, AICIS, and PBS – may 
enhance prioritisation efforts by offering critical 
data on chemical use, properties, and toxicity, 

supporting the development of suspect compound 
lists for further monitoring and analysis.

Sampling and chemical analysis

Micropollutants in water systems exhibit highly 
variable physicochemical properties, making 
reliable sampling challenging. Environmental and 
weather fluctuations further complicate detection, 
potentially underestimating pollution levels. The 
use of passive sampling as an updated alternative 
technology for water monitoring is currently seeing 
an upward trend. 
This case study highlights the effectiveness of 
passive sampling for broad pesticide screening 
across multiple sites. Using two types of passive 
sampling devices (PSDs), pesticides were identified 
at 22 of 32 sites through suspect screening (stage 
2). Four emerging fungicides were monitored across 
seasons in the GMA to assess their persistence in 
surface water over 4 sampling seasons (stage 3). 
Their efficacy has also been demonstrated in recent 
Australian studies, including estuaries (Jamal et 
al., 2024) and urban city streams (Allinson et al., 
2023). Notably, Sydney Water’s pilot study (Sydney 
Water, 2024). marks a significant step toward 
the large-scale integration of passive sampling 
for micropollutant analysis. Globally, this trend 
is mirrored by increasing adoption of specialized 
PSDs for aquatic micropollutant monitoring, 
especially in waste and recycled water systems 
(Shiva et al., 2016; Gallen et al., 2019).
Selecting appropriate PSD types and receiving 
phases is essential, as micropollutants have diverse 
chemical properties such as polarity, solubility, 
and molecular size that affect their interactions 
with water systems. These interactions are further 
influenced by hydrological and physicochemical 
conditions, including water flow, temperature, 
and pH. To effectively capture a broad range of 
micropollutants, samplers must align with the 
target pollutants’ behaviour in specific water 
environments.
Detection results showed that Chemcatcher® 
outperformed POCIS in certain cases, particularly 
for SDHI fungicides. This may be attributed to 
the aforementioned factors or design limitations 
affecting absorption, as highlighted by prior studies  
(Pinasseau et al., 2019; Grodtke et al., 2021). While 
passive samplers provide Time-Weighted Average 
Concentrations (TWAC), calibration for emerging 
compounds lacks global standardization, making 
it difficult to determine accurate environmental 
concentrations (Garnier et al., 2020; Hawker et 
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al., 2022).  Consequently, this case study used 
qualitative results, to indicate the presence or 
absence of compounds investigated (Table 1). 
Grab sampling provides accurate, quantifiable 
environmental concentrations, but relying solely on 
it lacks temporal representativeness, capturing only 
instantaneous data and potentially missing short-
duration fluctuations when deployed infrequently 
(Garnier et al., 2020). Additionally, the analytical 
methodology must be sensitive enough to 
accurately identify concentrations at or above trace 
levels. Using a robust and optimized methodology, 
4 fungicides were quantified in grab samples at 
trace and above trace levels. Comparing both 
sampling methods showed that a hybrid approach, 
combining passive sampling and grab water 
techniques, offers a more comprehensive dataset 
on fungicide occurrence in water systems.
Stage 2 results highlight the growing use of HRMS 
for micropollutant analysis in aquatic systems, 
enabling efficient screening of 181 pesticides 
across samples. Combining passive sampling with 
HRMS enhances the precision and effectiveness of 
pesticide monitoring.

While HRMS enables both targeted and non-
targeted analysis, screening numerous chemicals 
without prior knowledge can be costly and lead to 
excessive data processing, making it less efficient 
and more resource intensive. In this case study, 
a suspect workflow using HRMS with the UNIFI 
platform facilitated efficient screening. However, 
selecting a priority list of micropollutants can 
be challenging, depending on factors such as 
pollutant type and the specific aquatic system. For 
example, the compounds targeted in potable water 
differ from those in wastewater or recycled water 
systems. Additional databases, like AICIS and PBS, 
can help refine the suspect list.
While suspect screening with platforms like UNIFI 
is effective for detecting hypothesized compounds, 
supplementing this with target screening for known 
pollutants and inclusion of a non-target screening 
for unknown contaminants would improve overall 
monitoring efforts (Figure 5). This combined 
approach ensures high precision for known 
compounds while offering broader coverage for 
unforeseen contaminants, optimising the overall 
risk assessment process.

Figure 6: Overview of HRMS based screeng methodologies and their objectives 
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NEXT STEPS

Identifying high-risk micropollutants in water systems 
is essential for assessing human health risks and 
protecting aquatic ecosystems and biodiversity. 
However, the detected concentration of a compound 
is critical in determining whether it is a contaminant 
of concern (CEC), as this directly influences its 
toxicity and impact on humans and non-target 
organisms.
An important initial step is conducting a thorough 
literature review, particularly of peer-reviewed 
studies on in vivo and in situ toxicity data from 
animal models, to understand the potential risks of 
contaminants at detected concentrations. For newly 
detected compounds with limited concentration-
specific toxicity data, ecotoxicity tests on aquatic 
species and genotoxicity assessments can provide 
valuable insights into environmental impacts. 
Additionally, predicted toxicity models, such as 
quantitative structure-activity relationship (QSAR) 
models, can be used to evaluate the toxicity of both 
parent compounds and their metabolites (Burden et 
al., 2016).
For human health assessments, targeted approaches 
such as in vitro tests on cell lines, in vivo studies, and 
specialised assays (e.g., endocrine disruption tests) 
can be used for certain micropollutant classes to 
better understand potential health risks. Assessments 
should consider the specific use of the water, 
distinguishing between potable and wastewater 
to address relevant health impacts. Integrating 
concentration-specific toxicity data into existing risk 
assessment models will help develop regulations and 
guidelines, ensuring comprehensive protection across 
various water systems.

FURTHER RECOMMENDATIONS FOR 
PROPOSED FRAMEWORK

This case study demonstrates that the proposed 
framework for identifying and detecting pesticides 
in surface waters can systematically address the 
challenges of monitoring emerging contaminants. 
The framework, initially applied to pesticides, can 
be adapted to monitor other micropollutants across 
various water systems, including surface, potable, 
wastewater, and recycled sources.
A key feature of the framework is the periodic 
prioritisation of contaminants, enabling continuous 
identification of novel compounds and ensuring 
monitoring efforts remain ahead of evolving products 
and land-use changes. Ongoing international 

collaborations offer opportunities to refine the 
framework, particularly for potable water sources 
with human health considerations.
Combining passive sampling and HRMS in suspect 
screening provides a potent, cost-effective model 
that can be customized for periodic monitoring. 
This approach efficiently captures contamination 
profiles, particularly during major weather events, 
and enables semi-quantitative concentration 
data. Integrating passive and grab water sampling 
techniques enhances the framework’s adaptability 
to emerging contaminants.
To improve micropollutant detection, advancing 
analytical capacities is crucial. Developing multi-
residue methods and employing efficient extraction 
techniques, like QuEChERS, can reduce the 
challenges of labour-intensive chemical analyses, 
supporting the detection of low-level pesticide 
concentrations and enhancing monitoring in 
Australian water systems.

CONCLUSION

This study highlights the pressing need for 
advanced methodologies in monitoring and 
managing micropollutants such as pesticides 
in aquatic systems. By integrating a robust 
chemical prioritisation framework with innovative 
technologies such as passive sampling and 
high-resolution mass spectrometry (HRMS), the 
proposed approach offers an up-to-date solution 
for detecting and assessing emerging contaminants. 
The application of this framework within the 
GMA successfully identified and quantified 
novel fungicides showcasing its effectiveness in 
addressing the limitations of traditional monitoring 
methods.
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