
The impact of cigarette-derived pollutants on Daphnia magna – A molecular approach  
From my academic experience so far, I would describe myself as an individual who is passionate about 
the preservation of the environment and a person who is looking to expand their knowledge driven by 
their curiosity. I am concerned as smoking is a leading global habit with profound implications for both 
human health and the environment. While the adverse health effects of smoking have been extensively 
studied and well-documented, the environmental impact from cigarette-derived pollutants remains 
comparatively underexplored [1]. This project assessed the physiological changes of daphnids upon 
exposure to cigarette-derived pollutants and offered conclusive mechanistic insights over the action  
of these pollutants and additionally contributed to 
the development of molecular tools for their 
detection in the environment. During this 
internship, I employed a molecular approach 
combining a series of phenotypic endpoints and 
mechanistic biomarkers to investigate toxic effects 
of filter extracts from cigarettes and e-cigarettes on 
the aquatic environment. Initially I created stable 
extracts which I sent to the UFZ Helmholtz Center 
For Environmental Research in Leipzig for chemical 
analysis. I intend to collect these data from 
collaborators and have a list of the chemical 
composition of these extracts.  

 
Figure 1. Toxicity curves for cigarette and e-cigarette 
extracts in neonates. Data represent averages (from 
four replicates per concentration).  

In parallel, I progressed the project focusing on daphnids and initially assessing simple phenotypic 
endpoints such as mortality and survival, sub-lethal concentrations were determined that were 
subsequently applied in broader investigations within freshwater systems. In relation to mortality only 
the smoked cigarette filter was toxic, while the non-smoked filter extract showed no toxicity (Figure 1). 
On the other hand, the extract from the smoked e-cigarette was more toxic compared to the 
conventional tobacco cigarette.  
Feeding behaviour and growth served as additional phenotypic endpoints to detect the non-lethal 
effects on daphnids. Utilizing our novel method with fluorescent microplastics [2] as an alternative to 
traditional feeding assays that rely on algae counts, there was no impact from the non-smoked filter 
(data not shown) but also from the smoked conventional (tobacco) filter, however, there was a 
hermetic effect observed for the e-cigarette with an increase in the two middle concentrations (1 and 
3 ml/900 ml) followed by a decrease in higher concentrations up to 63% (Table 1).  
Growth was also monitored as a non-invasive measure to evaluate the impact of cigarette-derived 
pollutants. Similarly, there was no impact from the non-smoked filter (data not shown) but the smoked 
conventional (tobacco) filter decreased the growth by 23% only in the highest concentration for 7-days 
old animals, however, this effect was recovered to the control levels at 14 days. Regarding the e-
cigarette, a dose-dependent reduction in size was observed in 7-day old animals exposed to the highest 
concentrations. This effect persisted through day 14, with no recovery to control levels at the highest 
concentration tested (Table 1).  
Additional molecular markers were employed and these included the activities of catabolizing enzymes 
involved in the breakdown of lipids (lipase), carbohydrates (β-galactosidase), proteins (peptidase), and 
enzymes related to phosphate metabolism (phosphatases). These were complemented by assessments 
of detoxification capacity through the activities of glutathione S-transferase (GST) and lactate 
dehydrogenase (LDH) as an enzyme following glycolysis and the fate of pyruvate (Figure 2). Chronic 
exposure to cigarette and e-cigarette leachate led to marked physiological and oxidative disruptions in 
daphnids, as indicated by significant alterations in the activities of key enzyme. An additional recovery 
generation was initiated to investigate the potential recovery following stress of mothers. Daphnids 
were unable to recover from stress induced to their mothers after recovery of their offspring (Figure 2, 
recovery generation). Notably, cigarette leachate was more toxic to the animals than e-cigarette 
leachate, altering more enzyme.   



Table 1. The impact of cigarette and e-cigarette extracts on 
feeding behaviour and the growth of daphnids.  
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Cigarette 100 1000 3000 5000 7000 
% compared 

to control 
94.3 112.2 107.7 95.5 111.1 

 

e-cigarette 100 1000 3000 5000 7000 
% compared 

to control 
99.3 113.9* 134.8* 79.1* 36.9* 
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Cigarette 100 1000 3000 5000 7000 
% compared 

to control 
98.1 93 100.9 96.3 76.3* 

 

e-cigarette 100 1000 3000 5000 7000 
% compared 

to control 
102.1 92.1 82.7* 66.8* 53* 
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Cigarette 100 1000 3000 5000 7000 
% compared 

to control 
99.7 104.5 104.6 101.4 92.8 

 

e-cigarette 100 1000 3000 5000 7000 
% compared 

to control 
103.1 99.7 106.7 104.2 81.1* 

Figure 2. Heatmap of the impact of 
cigarette and e-cigarette extracts on 
enzyme activities of daphnids.  

 
The aforementioned physiological markers served as a foundation to advance the project to its next phase 
which is the extraction of metabolites from daphnids following exposure to the cigarette and e-cigarette 
filter extracts. Metabolites were extracted from animals following exposures and with targeted 
metabolomic analyses, employing liquid chromatography coupled with mass spectrometry (LC-MS) a 
metabolite profile will be assessed. This analysis is out of the time frame of the internship and will be 
conducted to identify and quantify metabolic perturbations induced by pollutant exposure. This approach 
provides a deeper understanding of the biochemical responses and pathways affected by cigarette-
derived contaminants on the aquatic organism Daphnia magna.  
Overall, this research project aims to revolutionise current risk assessment approaches and evaluate how 
the water flea can act as an equivalent to “a canary in the coal mine” or an early warning system to 
monitor and predict aquatic pollution derived from cigarettes. Our results demonstrated that e-cigarette 
extracts had a stronger effect on the feeding, growth, and survival of the animals, whilst on the contrary, 
cigarette extract affected the activities of key enzymes following exposure. In the literature, similar 
physiological alterations were observed across different aquatic taxa following exposure to cigarette-
derived pollutants.   
This research experience substantially strengthened my data analysis skills, including proficiency in 
software tools such as GraphPad Prism and MultiExperiment Viewer. Additionally, it deepened my 
understanding of various statistical tests and their appropriate applications across different types of 
datasets. Furthermore, I developed the ability to independently troubleshoot and adapt experimental 
protocols based on specific requirements, which enhanced my scientific and technical competencies. I 
have now registered to a postgraduate course in Dublin City University and I will use the above results as 
preliminary to my application for funding to Research Ireland. This summer studentship, supported by the 
British Toxicology Society gave me the chance to see how much I can contribute to this filed and how fit 
it is for me to excel and continue my career. Working in an interactive and collegial environment was 
pivotal to decide to continue my studies here and pursuing postgraduate studies in Dublin City University.  
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