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Summary: 
This study highlights the impact of hydrometeorological extreme events on pesticide contamination in 
surface and groundwater resources in Ireland and Denmark. Using passive and grab sampling, the 
study compares pesticide levels before, during, and after such events. Solid-phase extraction (SPE) 
followed by LC-MS quantification will be used to analyze target pesticides. Passive sampling, a cost-
effective and time-integrated technique, allows for better detection of episodic contamination events. 
The findings aim to improve understanding of how climate change-driven weather extremes influence 
pesticide loads in the water bodies. This research could enhance monitoring strategies for water 
quality management in the face of climate change. 
Keywords: Climate Change, Pesticides, Passive Sampling, Liquid Chromatography-Mass-
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Background, Motivation an Objective 
Climate Change is acting as a driving force in the 
fundamental transformation of the hydrological 
systems across the globe, resulting in the 
exacerbation of water scarcity issue, 
degradation of water quality and causing an
amplification in flood risks. The hydrological 
cycle greatly depends upon the fluctuations in 
the climatic variables especially Temperature 
and Precipitation [1].Torrential rainstorms and 
floods tend to increase the mobility of suspended 
solids, metallic substances, nutrients, plastics 
and agricultural pollutants into the water bodies 
resulting in severe contamination of the drinking 
water reservoirs [4]. The sudden surge in the 
levels of current and emerging contaminants in 
the water bodies has caused significant damage 
to the ecosystem health and sustainibility [5].
Passive sampling is an emerging technique for 
the preconcentration of pesticides from aquatic 
environments, achieved by deploying a sorbent-
based device in situ for extended periods, typi-
cally ranging from 4 to 6 weeks. Despite its 
proven efficacy, the application of passive sam-
pling for the screening and detection of priority 
pesticides in natural surface waters and ground-
water remains relatively limited in the scientific 
literature. This method functions as a cost-effec-
tive, time-integrated sensor, capable of providing 
time-weighted average (TWA) concentrations of 
target analytes. Such an approach is particularly 
advantageous for capturing episodic contamina-
tion events and mitigating the limitations associ-
ated with conventional spot sampling, which of-
ten fails to detect transient pollutant occur-
rences. 

The present study aims to investigate the inten-
sification of pesticide contamination in surface 
and groundwater systems associated with the
occurrence of hydrometeorological extreme 
events. This will be achieved through a compar-
ative assessment of pesticide levels before, dur-
ing, and after such events at selected sites in Ire-
land and Denmark, employing both passive sam-
pling and grab sampling approaches. To isolate 
target analytes, water samples will undergo 
solid-phase extraction (SPE), followed by quan-
titative analysis using Liquid Chromatography 
coupled with Mass Spectrometry (LC-MS). This 
analytical workflow is designed to determine the 
concentrations of selected pesticides and as-
sess temporal variations in contaminant loads in 
response to extreme weather conditions. 
Description of the New Method or System 
Passive Sampling is a cost-effective, time-sav-
ing, power-free and highly reliable method to ac-
curately detect the pollution levels by determin-
ing the time weighted average (TWA) concentra-
tions in an aquatic environment. Polar organic 
chemical integrative sampler (POCIS) and DGT 
passive samplers are highly robust and reliable 
passive samplers used for determining the levels 
of pesticides and pharmaceuticals in natural wa-
ters [2]. In the recent studies, use of Chem-
catcher and LC/MS targeted analysis has been 
very helpful in quantifying 121 polar organic 
compounds in two sensitive rivers in UK, ranging 
in concentration <ng L−1 to >500 ng L−1 over a 12 
month deployment period [3]. In the past, a wide 
range of passive samplers have been developed 
by using various sorbents and barriers in order 
to regularize the uptake rate. A recent study that 
compared three co-deployed passive samplers 
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(Speedisk, Hydrogel based passive sampler and 
POCIS) suggested that all samplers showed 
high accumulation of compounds with a con-
sistent surface-specific uptake with a significant 
co-relation (r ≥ 0.76) among all [6]. In the present 
study, different types of passive samplers shall
be deployed at three locations in river Tolka (Ire-
land) and a water treatment plant in Denmark for 
the detection of contamination level of hazard-
ous pesticides such as Clotrimazole, Thiameth-
oxam, Cypermethrin, Permethrin, Bifenthrin, Thi-
abendazole, Tebuconazole, Tetraconazole etc. 
in these drinking water resources. Moreover, the 
results obtained from passive sampling shall be 
compared with grab sampling in order to get a 
better image of the contamination levels of these 
substances.  Furthermore, this shall be followed 
by the use of solid phase extraction and Liquid 
Chromatography Mass Spectrometry for identifi-
cation and quantification of the targeted ana-
lytes. Moreover, these substances shall be reg-
ularly monitored for identifying the direct impact 
of torrential rains, flood and drought on their oc-
currence and prevalence. 

Fig. 2. PTFE Passive sampling carousel and dimen-
sions 
Results 
A recent study at DCU was conducted on eleven 
selected pharmaceuticals highlighted that pas-
sive sampling showed higher number and con-
centration of these substances than grab sam-
pling. This was due to the higher volumes of wa-
ter gathered by passive samplers that would oth-
erwise be overlooked by grab sampling. The 
presence of pharmaceuticals trimethoprim, di-
clofenac, clarithromycin, azithromycin, carbam-
azepine, venlafaxine, etc. were detected in river 
Liffey by passive sampling. The Chemcatcher 
device can measure the micropollutants in their 
freely dissolved concentration in the surface wa-
ter bodies. Hence, the detection of pesticides by 
Passive Samplers is highly essential to reflect 
the bioavailability of these contaminants as well 
as their immediate impact on aquatic life. Current 
study shall focus on similar methodology to de-
termine the pesticide contamination in selected 
sites by drawing a comparison between various 
passive samplers deployed in selected sites over 
a certain period.  

Fig. 2. Graph of Uptake of Trimethoprim in Chem-
catcher HLB-L passive sampling disks during a 14-
day exposure study at 1000 ng/L. 
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