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This article was authored by Natasa Skrbic (HOFOR A/S) and Daniel Bernardo Garcia Jorgensen (KU) in 

collaboration with Anne Esbjørn (VCS Denmark). Natasa and Daniel are researchers and part of a European 

Training Network NaToxAq, which aims to produce knowledge about natural toxins in aquatic 

environments. 

The aim of this article is to introduce the readers to plant toxin occurrence in the environment and the risk they 

might pose to drinking water quality, with special focus on relevant plant toxins for Danish conditions.    

 

Background  

Good groundwater quality for drinking water supply is day by day more difficult to achieve. Among the 

different water quality parameters, organic micro-pollutants are recognized as an important group of 

contaminants.1 For a long period, focus of environmental organic chemistry has been on anthropogenic 

substances (e.g. pesticides) and their occurrences in the environment, particularly in groundwater and drinking 

water. However, it has been estimated that approximately 99% of the toxic substances that humans are exposed 

to have a natural origin.2 Some examples of well-known natural toxins in our diet are caffeine, nicotine or 

solanine - the toxin in green potatoes. 

Natural toxins is a large group of diverse chemicals, of which many can be emitted into the aquatic environment 

and contribute to the complex mixture of micro-pollutants. In addition, exposure to these often overseen 

chemicals can be orders of magnitude higher than traditional anthropogenic pollutants.3 Still, there is not much 

knowledge available on plant toxins presence in the environment and the risk they might pose to the water 

resources. Their fate in drinking water systems is even less explored. Thus, there is a need to pay more attention 

to this still not enough explored group of hazardous chemical compounds.   

 

NaToxAq project  

NaToxAq is a European Training Network (ETN) funded by the European Union’s Horizon 2020 

research and innovation programme under the Marie Skłodowska-Curie grant agreement No 722493. The 

project focus is on natural toxins. The project explores the origin of natural toxins from plants and algae, 

their distribution and fate in drinking water systems. NaToxAq comprises 22 leading universities, research 

institutions, agencies and water utilities facing this potential challenge of natural contamination. The results 

of the NaToxAq project will contribute to strengthening of European policies and regulation of drinking 

water. For more information about the project visit https://natoxaq.ku.dk/.  

 

Natural toxins 

                                                           
1 Delpla, I., Jung, A. V., Baures, E., Clement, M., & Thomas, O. (2009). Impacts of climate change on surface water quality in relation to drinking water 

production. Environment International, 35(8), 1225–1233. https://doi.org/10.1016/j.envint.2009.07.001 
2 Ames, B.N., Gold, L.S., 1990. Dietary carcinogens, environ-mental pollution, and cancer: some misconceptions. Med.Onc. Tumor Pharm. 7, 69–85. 
3 Bucheli, T. D. (2014). Plant toxins: Environmental micropollutants of concern? Environmental Science and Technology, 48(22), 13027–13033. 

https://doi.org/10.1021/es504342w 
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In nature, great variety of natural toxins are produced by living organisms providing protection from herbivores 

and environmental stress.4 Natural toxins comprise bioactive compounds usually separated into several 

categories such as toxins produced by fungi, algae, plants, animals and bacterial toxins.5 These compounds are 

typically not harmful to the organisms themselves but can adversely affect human or animal health through 

exposure in the environment. Natural toxins can be further grouped into chemical classes such as polyketides, 

terpenes, steroid, saponins, cyanogenic glucosides, alkaloids, glucosinolates, peptides and more.  

 

The diversity of natural toxins is enormous and much larger than for manufactured chemicals.3 For plants 

alone, it is estimated that there are at least 200.000 different compounds, and including their many 

modifications the numbers are significantly higher.6 The compounds can be released from their source into the 

environment where they can pose a threat towards humans’ and animals’ health. There are several release 

mechanism of toxins from the plant, some examples are wash off by precipitation, release during plant decay 

or root exudation into the soil. Leaching of those compounds into the environment could finally result in their 

presence in water used for drinking water supply, irrigation purposes or for recreational purposes. Furthermore, 

intensive rain, snowmelt, damage of plants by herbivores or managers and changes in land use can further 

mobilize natural toxins.  

By their physicochemical properties alone, many natural toxins belong to the group of persistent and mobile 

organic compounds which are often not easily removed from water (e.g. surfactants, polar industrial chemicals, 

pharmaceuticals and personal care products).7 We currently lack the tools to monitor, regulate and treat this 

group of compounds.  

 

Toxic plants 

The most toxic plant species identified so far belong to the Magnoliophyte (the flowering plants) and spread 

widely over at least 75 different families.8 These plants can be found both in agricultural and natural systems. 

Some of the plant-produced natural toxins are highly mobile, with potential to reach drinking water sources 

and hence pose a risk to drinking water quality. A good example of such scenario is carcinogenic illudane 

glycoside ptaquiloside (PTA), a naturally occurring toxin in several ferns of which bracken Pteridium 

aquilinum is the most widespread. PTA is naturally present in the leaves, rhizomes and roots of bracken, with 

concentrations as high as 45,000 μg/g.9 PTA is highly water soluble with almost no sorption to soil and 

sediment and its presence in streams, drinking water reservoirs and shallow groundwater have been already 

confirmed in Denmark, Sweden, Ireland and England.10  

The presence of plant derived natural toxins has been reported in different water bodies recently. A Swiss 

study detected 12 compounds in the surface water for the first time, identifying compounds from different 

                                                           
4 Schmidt, U., Struck, S., Gruening, B., Hossbach, J., Jaeger, I. S., Parol, R., … Preissner, R. (2009). SuperToxic: A comprehensive database of toxic 

compounds. Nucleic Acids Research, 37(SUPPL. 1), 295–299. 
5 Hoerger, C. C., Schenzel, J., Strobel, B. W., & Bucheli, T. D. (2009). Analysis of selected plant toxins and mycotoxins in environmental samples. 

Analytical and Bioanalytical Chemistry, 395(5), 1261–1289.  
6 Teuscher, E., & Lindequist, U. (2010). Biogene Gifte (In German) Wissenschaftliche Verlagsges. Stuttgart, 963. 
7 Reemtsma T, Berger U, Arp HPH, Gallard H, Knepper TP, Neumann M, Quintana JB, Voogt P de (2016) Mind the Gap: Persistent and Mobile Organic 

Compounds - Water Contaminants That Slip Through. Environ. Sci. Technol., 50, 19, 10308-10315. 
8 Burrows, G. E.; Tyrl, R. J. Toxic plants of North America; Wiley- Blackwell: Ames, IA, 2013. 
9 Engel, P., Brandt, K. K., Rasmussen, L. H., Ovesen, R. G., & Sørensen, J. (2007). Microbial degradation and impact of Bracken toxin ptaquiloside on 

microbial communities in soil. Chemosphere, 67(1), 202-209.. 
10 Clauson-Kaas, F., Jensen, P. H., Jacobsen, O. S., Juhler, R. K., & Hansen, H. C. B. (2014). The naturally occurring carcinogen ptaquiloside is present 

in groundwater below bracken vegetation. Environmental Toxicology and Chemistry, 33(5), 1030–1034.  
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classes such as estrogenic isoflavones, pyrrolizidine and indole alkaloids.11 Another screening study of surface 

waters in Denmark detected 27 targets belonging to classes such as alkaloids, coumarines and flavonoids. In 

both studies, up to 40% of the targeted alkaloids were detected with some cases being found in 80% of all 

samples, suggesting that this chemical class is ubiquitous in the environment.12 

There is a variety of other natural toxins expected to be present in the environment, but the fate of these 

compounds is still not fully understood nor sufficiently investigated. A considerable pool of these chemicals 

can potentially accumulate in the soil profile from where they may reach surface water and/or groundwater. 

Thus, humans and animals drinking from those water sources may be exposed to these naturally toxic 

compounds above the estimated tolerable concentration, which raises an important question whether local 

water sources (groundwater or surface water) are at risk of natural toxin contamination.  

Examples of toxic terrestrial plants relevant in Denmark are the following: ragwort, butterbur, bracken fern 

and red clover (Fig. 1). In some cases, dense stands of toxic plants may develop near water bodies, such as the 

                                                           
11 Günthardt, B. F., Schönsee, C. D., Hollender, J., Hungerbühler, K., Scheringer, M., & Bucheli, T. D. (2020). " Is there anybody else out there?"–

First Insights from a Suspect Screening for Plant toxins in Surface Water. CHIMIA International Journal for Chemistry, 74(3), 129-135. 
12 Nanusha, M. Y., Krauss, M., Sørensen, B. G., Schulze, T., Strobel, B. W., & Brack, W. (2021). Occurrence of plant secondary metabolite 

fingerprints in river waters from Eastern Jutland, Denmark. Environmental Sciences Europe, 33(1), 1-14. 

Figure 1: Examples of toxin-producing plants. A) ragwort (Jacobaea vulgaris), b) 

butterbur (Petasites hybridus), c) bracken fern (Pteridium aquilinum), d) red clover 

(Trifolium pratense), e) barley (Hordeum vulgare) and f) lupin (Lupinus sp.) 
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case of butterbur. There are also known toxins identified in crops such as lupin or barley (Fig. 1), that have 

been detected in surface water.11,13  

 

Prioritization of natural toxin 

The study by Günthardt et al. developed a comprehensive toxin database for prioritization of plant toxins 

with respect to their persistence, mobility and toxicity (PMT criteria) (Fig. 2).14 These criteria has been 

previously used for prioritizing traditional environmental pollutants such as pesticides. Four different criteria 

were considered for assessing the PMT characteristics: half-life, pH-depending KOW, toxicity to rodents and 

aquatic organisms. A total of 1506 plant toxins with potential ecotoxicological relevance in Central Europe 

were included in the database. The study concluded that over 34% of all toxins considered are potential 

aquatic micropollutants and hence, should be considered in risk assessments. The authors presented a list 

with the prioritization results that can be found via the following link:  

(https://pubs.acs.org/doi/10.1021/acs.jafc.8b01639).  

 

 

Environmental fate of natural toxins 

The fate of natural toxins in the environment is influenced by several factors such as the production of toxin 

in the plant, release, sorption and degradation in the soil (Fig. 3). Precipitation has been identified as an 

important mechanism governing release of plant toxins. Therefore, the toxin occurrence and the amount of 

precipitation will determine the toxin input to the soil by infiltration. Once in the soil, the transport is defined 

by the mobility of the toxin, soil characteristics and environmental conditions like the presence of sorbents 

(clay and organic matter) or the pH of the soil solution. pH is an important factor determining the rate of 

degradation as well as the molecular charge of many toxins and hence, sorption in the soil and water systems. 

Soil microorganisms are generally very effective degrading all sorts of organic material, including plant toxins. 

Microbial degradation of different chemical groups is very diverse, and it is defined by the ability of 

microorganisms to use the compound as substrate. However, there are other degradation mechanisms that are 

                                                           
13 Hama, J. R., & Strobel, B. W. (2020). Natural alkaloids from narrow-leaf and yellow lupins transfer to soil and soil solution in agricultural 

fields. Environmental Sciences Europe, 32(1), 1-12. 
14 Günthardt, B. F., Hollender, J., Hungerbühler, K., Scheringer, M., & Bucheli, T. D. (2018). Comprehensive Toxic Plants–Plant toxins Database and 

Its Application in Assessing Aquatic Micropollution Potential. Journal of agricultural and food chemistry, 66(29), 7577-7588. 

Figure 2: Scheme of the prioritization procedure combining phytotoxin occurrence, environmental behavior, and 

toxicity to identify plant toxins of possible relevance for the safety of the aquatic environmental in Central Europe. 

The number of excluded plant toxins in each step is stated together with the starting number and the prioritized 

number (Adapted from Günthardt et al., 2018).14 
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less dependent on microorganisms, such as the case of hydrolysis and 

redox-transformations. Hydrolysis is often highly pH dependent and 

therefore, will have different importance based on the 

physicochemical characteristics of the soil.  

Once the plant toxins have leached through the biologically active 

layer in the soil (e.g. the first one meter) and reached the groundwater, 

degradation rates are drastically reduced due to the lower microbial 

activity. In some cases, degradation in groundwater takes place 

preferentially by hydrolysis at much lower rates than in the soil, hence 

increasing the stability of the chemicals.15 Unfortunately, degradation 

rates of the vast majority of plant toxins in both soils and water are 

unknown, making it difficult to assess the risk of leaching and the fate 

of toxins in the environment. 

 

Release of natural toxins 

Understanding the mechanisms, which control the release of natural 

toxins is crucial to assess the environmental fate of these organic 

contaminants. There are some identified mechanisms for the release 

of natural toxins to the environment, such as secretion from roots, 

secretion/wash off from the living plant by precipitation and release 

from decaying litter.  

The most important factors controlling the amount of toxin being released during a rain event are plant 

biomass, toxin concentrations in the plant, amount of precipitation and development stage of the plant. The 

biomass and concentration in the plant determines the total amount of toxin per area. The water in contact with 

the plant, e.g. leaves, stem, flowers, dissolves the toxin that happens to be available on the surface of the plant 

e.g. in glandular trichomes. Thereafter, the toxin-rich water will spill off the leaves or flow down the stem 

towards the soil, being the main input to the soil.16  

One of the most studied cases of plant toxins in NaToxAq is bracken fern and its carcinogenic toxin PTA. 

Studies in Danish bracken populated areas will be used as an example.17 Observed concentrations of PTA in 

the water collected under bracken canopy was on average 600 µg/l, with maximum values exceeding 2000 

µg/l in some samples. In this study, the mass of PTA released towards the soil was estimated to be up to 130 

g/ha for a single rain event, being these amounts released only a small fraction of the total mass present in the 

standing biomass.18 Pesticides are often applied in the order of kg/ha in agricultural fields with strict 

requirements regarding timing and dosing - and not allowing carcinogens like PTA to be used at all. In contrast, 

plant toxins are potentially released continuously to the environment by precipitation events throughout the 

year, also during times with low microbiological activity. 

Generalizing the case of bracken for other plants and toxins, we can assume that the mobilization of plant 

toxins from plant to water might have been overlooked and/or underestimated in the past. Other actions that 

                                                           
15 Wu, J. S., Clauson-Kaas, F., Lindqvist, D. N., Rasmussen, L. H., Strobel, B. W., & Hansen, H. C. B. (2021). Does the natural carcinogen 

ptaquiloside degrade readily in groundwater?. Environmental Sciences Europe, 33(1), 1-10. 
16 de Albuquerque, M.B., dos Santos, R.C., Lima, L.M., de Albuquerque Melo Filho, P., Nogueira, R.J.M.C., Da Câmara, C.A.G. and de Rezende 
Ramos, A., 2011. Allelopathy, an alternative tool to improve cropping systems. A review. Agronomy for Sustainable Development, 31(2), pp.379-395. 
17 Skrbic, N., Kisielius, V., Pedersen, A.K., Christensen, S.C., Hedegaard, M.J., Hansen, H.C.B. and Rasmussen, L.H., 2021. Occurrence of carcinogenic 

illudane glycosides in drinking water wells. Environmental Sciences Europe 33: accepted, in press. 
18 Garcia-Jorgensen, D., Diamantopoulos., E., Kisielius, V., Rosenfjeld, M., Rasmussen., L.H., Strobel., B.W., Hansen., H.C.B. Bracken growth, toxin 

production and transfer from plant to soil - A two-year monitoring study.2021. Environmental Sciences Europe 33: accepted, in press.. 

Figure 3: Processes influencing 

the fate of ptaquiloside (PTA) in 

the environment (modified from 

Garcia-Jorgensen et al., 2020).18 
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might lead to major release events are for instance big scale construction projects that involve clearing up areas 

with high density of toxic plants (e.g. building roads, housing), as well as several common management 

practices in agriculture or forestry such as clear cutting or mulching.19 These new insights can be used by water 

utilities, private well owners and authorities to identify possible hotspots where a point pollution might occur. 

 

Occurrence of natural toxins in groundwater  

Due to the high quality of groundwater, drinking water treatment in Denmark is usually a simple process, 

including aeration and subsequent biological rapid sand filtration. With regard to the natural toxins, there are 

very limited data available on their presence in groundwater used for drinking water supply. Hence, the 

behavior of natural toxins through each step of the drinking water treatment is even less explored. As the 

physical and chemical properties of natural toxins can vary significantly (in terms of molecular size and 

structure, hydrophobicity and charge), the effectiveness of a treatment technique could vary for different 

toxins, even within the same class of compounds.20  

A recent study demonstrated that leaching of the natural toxin ptaquiloside (PTA) is possible to shallow 

groundwater wells in bracken infested areas in Denmark (Fig. 4).21 Another study investigated the presence of 

PTA and structurally almost identical compounds caudatoside, ptesculentoside, and their corresponding 

hydrolysis products pterosins B, pterosin A and pterosin G in water wells across Denmark, Sweden and Spain. 

In total, 77 water samples from deep groundwater wells (40 – 100 m) and shallow water wells (8 – 40 m) were 

studied.19 Neither bracken toxins nor their hydrolysis products were found in most of the wells (91%). 

However, in seven wells (9%) at least one of the compounds was detected. Deep groundwater wells did not 

contain bracken toxins. However, bracken toxins were detected in shallow drinking water wells, with likely 

intrusion of seepage water. The concentrations of 0.27 – 0.75 µg/l were measured, which violate the maximum 

                                                           
19 Rasmussen, L.H., Donnelly, E., Strobel, B.W., Holm, P.E. and Hansen, H.C.B., 2015. Land management of bracken needs to account for bracken 
carcinogens–a case study from Britain. Journal of Environmental Management, 151, pp.258-266. 
20 He, X., Liu, Y. L., Conklin, A., Westrick, J., Weavers, L. K., Dionysiou, D. D., Walker, H. W. (2016). Toxic cyanobacteria and drinking water: 

Impacts, detection, and treatment. Harmful Algae, 54, 174–193. https://doi.org/10.1016/j.hal.2016.01.001 
21 Skrbic, N., Pedersen, A.K., Christensen, S.C., Hansen, H.C.B. and Rasmussen, L.H., 2020. A Novel Method for Determination of the Natural Toxin 

Ptaquiloside in Ground and Drinking Water. Water, 12(10), p.2852.  

Figure 4. Private drinking water well near high bracken biomass (photos by 

Natasa Skrbic). 
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estimated tolerable PTA concentration in drinking water (0.002 µg/l).22 Hence, leaching of bracken toxins to 

water wells is described as rather site-specific and in relation to dense bracken biomass aboveground and 

especially, to rain events. 

In addition to bracken toxins, plant toxins belonging to the group of pyrrolizidine alkaloids were recently 

detected in surface and seepage water in water wells in Denmark at concentrations up to 0.230 µg/l.23 

Pyrrolizidine alkaloids are persistent mutagenic and carcinogenic compounds produced by many plant species. 

Monitored surface stream and groundwater abstraction wells were infested with butterbur plant (Fig. 5), known 

to contain these natural toxins in high concentrations. Deep groundwater did not contain any pyrrolizidine 

alkaloids. However, there are 55,000 private drinking water wells in Denmark that are typically shallower and 

hence might be more susceptible to this type of contamination.24 In many places, raw water abstracted from 

these wells might not be treated prior to consumption, which is of particular important for drinking water 

quality if they are vulnerable to natural toxins contamination. Moreover, seepage water wells and shallow 

groundwater wells are found around the world, being highly sensitive to pollution by plant toxins due to shorter 

residences time in the soil. 

There are other groups of natural toxins that have been recently found in surface waters (e.g. coumarins, 

flavonoids, alkaloids) and suggested plant species producing them are ragwort, red clover, lupin and many 

others.12,25 

 

Behavior of natural toxins in drinking water treatment  

Ongoing studies on removal of natural toxins in biological rapid sand filters (batch experiments) used for 

drinking water treatment indicate that bracken toxins can be degraded quite fast. Abiotic removal was observed 

for these compounds (driven by pH, temperature and/or sorption). In contrast, pyrrolizidine alkaloids are 

                                                           
22 Rasmussen LH (2003) Ptaquiloside: an environmental hazard? The Royal and Veterinary and Agricultural University 
23 Kisielius, V., Hama, J.R., Skrbic, N., Hansen, H.C.B., Strobel, B.W. and Rasmussen, L.H., 2020. The invasive butterbur contaminates stream and 
seepage water in groundwater wells with toxic pyrrolizidine alkaloids. Scientific Reports, 10: 19784 . 
24 Danish Environmental Protection Agency, https://mst.dk/natur-vand/vand-i-hverdagen/drikkevand/hvem-leverer-drikkevandet/, (accessed May 

2020). 
25 Nanusha, M.Y., Krauss, M., Schönsee, C.D., Günthardt, B.F., Bucheli, T.D. and Brack, W., 2020. Target screening of plant secondary metabolites in 

river waters by liquid chromatography coupled to high-resolution mass spectrometry (LC–HRMS). Environmental Sciences Europe, 32(1), pp.1-11 

Figure 5. A) Butterbur plants on both shores of the sampled stream; B) Butterbur plants surrounding a 

groundwater well G3; C) Open water well with seepage water in ~ 2.5 m depth.23  
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shown to be rather stable and present in filter sand in high concentrations even after 14 days. For other classes 

of alkaloids such as quinolizidine alkaloids, biological removal was observed, implying that presence of some 

groups of microorganisms could enhance removal of certain natural toxins.26 These results are some of the first 

insights on removal of natural toxins in traditional water treatment in Denmark. While biological sand filters 

are showed to be efficient in removal of some natural toxin (e.g. bracken toxins), they are less successful for 

some others groups (e.g. alkaloids). Thus, it is important to explore other removal options such as activated 

carbon, ozonation or advanced oxidation processes. 

 

Identification of risks  

The risk of environmental pollution has been found to be strongly dependent on the distribution and abundance 

of the plant species producing the toxins.21,22 Therefore, information about land cover and plant density is 

crucial for assessing the risk towards groundwater contamination. In Denmark, some examples of plant species 

with wide distribution and high density in areas used for water abstraction are butterbur (Petasites hybridus) 

(Fig. 5), ragwort (Jacobaea vulgaris) and bracken fern (Pteridium aquilinum) (Fig. 4). These plants species 

called the attention of researchers because of their high abundance, high toxin concentrations in the plant and 

toxicity. Moreover, the location where these plants are usually present is an important factor, as it determines 

the time for the toxin to be degraded before reaching the water body. One common example is butterbur, which 

is usually present at the shore of streams, lakes and other waterbodies (Fig. 5).  

The change in land use from agriculture to forestry is currently a widely used management practice to protect 

vulnerable aquifers used for drinking water supply. This practice has a high value not only for protection of 

the water resources from infiltration of anthropogenic substances, but it also benefits biodiversity in the area. 

However, considering the current findings of toxic plants there are concerns regarding this approach. To avoid 

introducing a new risk for groundwater contamination by plant toxins, it is needed to assess plant communities 

in the catchment prior making changes in the land use practice. The distribution and abundance of plants with 

known toxic compounds should be minimized, especially in areas with high vulnerability towards groundwater 

pollution. 

 

Recommendations to drinking water producers and local authorities 

Water utilities in Denmark have been working for a long period on prevention of drinking water contamination 

by minimizing related risks. Focus has been mainly on microbiological and anthropogenic substances. As 

natural toxins might pose a risk to drinking water safety, it should be considered to include them in risk 

assessment plans.  

Due to the extensive presence of various toxic plants in the environment, it is difficult to keep track on all 

present plant species in the catchment. It is therefore needed to prioritize which plants are the most relevant to 

the area of interest, for example, the proximity and the abundance to water abstraction wells for drinking water 

supply. The recommended systematic approach would be: 

1. Identification of relevant species: identification of priority plants that are known to produce plant 

toxins and are present in the catchment area. The study by Günthardt et al. (2018) can provide more 

information about what plants and toxins to focus on.14 Moreover, we refer to the webpage of the 

NaToxAq project, where there is a comprehensive list of toxic plants and its related toxins. The list is 

                                                           
26 Skrbic N., Hama J, Strobel W. B., Hansen H. C. B., Rasmussen L H., Pedersen A., Christensen S. C. B., Hedegaard M. J. Removal of plant toxins in 

filter sand from biological rapid sand filters for drinking water treatment. Manuscript in preparation.  
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incomplete and therefore should be updated with future research. A good starting point of species 

known to produce phytotoxins and present to different extent in Denmark are: ragwort, bracken fern, 

butterbur, red clover and lupin, between others.  

 

2. Land survey: roughly characterize the land coverage of plants which are known to produce plant 

toxins, taking into account the toxin prioritization (step 1), as well as abundance in the catchment area. 

Toxic plants with very low abundance are likely not to have a significant effect on water quality and 

therefore, can be neglected. 

 

3. Screening in waters: analysis of raw groundwater samples focusing on toxins which are produced by 

the most relevant species in the catchment area. Due to the vast number of plant toxins to look for, it 

is needed to select suitable analytical methods for chemical compounds prioritized in step 1. Special 

attention should be paid to private shallow groundwater wells as well as water bodies used for 

recreational purposes. 

 

4. Response: in the case that natural toxins are found in groundwater samples, in relevant concentrations 

considering toxicity levels, authorities should be contacted in order to minimize the risk of 

contamination of drinking water. In the long-term perspective, actions should focus on minimizing the 

spread of toxic plants within the catchment, or even eradication of toxic plants with already high 

abundance. However, previous studies showed that some management actions can lead to higher 

amounts of released toxins to the environment. For instance, in case of bracken fern, plowing or 

harrowing may release large amounts of the carcinogenic PTA. In the short-term solution, consumers 

should be provided with clean drinking water from other wells. Knowing the presence of toxins in 

each abstraction well, change of pumping strategy to avoid the contaminated wells can be used for 

larger water utilities. It could also be relevant to investigate if the toxin is removed during the simple 

water treatment, and if the abstraction therefore could be continued or not. Following the precautionary 

principle, it might be wise to stop abstraction from areas with high abundance of known toxic plants.    

 

Water sampling  

Prior to analyses, preservation of natural toxins in water samples would ensure more accurate and precise 

results. More details on the preservation protocols of PTA in groundwater samples could be found in a recent 

publication by Skrbic et al.19 Furthermore, several publications are now available for more information on the 

analysis of other natural toxins in water samples.27,28,29,30  

The development of screening methods to determine the fingerprint of natural toxins in plants, soils and water 

will expand our understanding of the occurrence of natural toxins in the environment. However, environmental 

sampling and analysis of natural toxins are still in their infancy and not commercially available. Thus, if you 

have concerns about contamination by natural toxins, you may contact academic institutions, which can 

perform the analyses. Contacts in Denmark: Lars Holm Rasmussen, PhD (lhra@kp.dk); or Professor Hans 

Chr. Bruun Hansen (haha@plen.ku.dk). 

                                                           
27 Hama, J. R., & Strobel, B. W. (2019). Pyrrolizidine alkaloids quantified in soil and water using UPLC-MS/MS. RSC advances, 9(52), 30350-30357. 
28 Kisielius, V., Lindqvist, D. N., Thygesen, M. B., Rodamer, M., Hansen, H. C. B., & Rasmussen, L. H. (2020). Fast LC-MS quantification of 
ptesculentoside, caudatoside, ptaquiloside and corresponding pterosins in bracken ferns. Journal of Chromatography B, 1138, 121966. 
29 Liang, X., Nielsen, N. J., & Christensen, J. H. (2020). Selective pressurized liquid extraction of plant secondary metabolites: Convallaria majalis L. 

as a case. Analytica Chimica Acta: X, 100040. 
30 Picardo, M., Filatova, D., Nunez, O., & Farré, M. (2019). Recent advances in the detection of natural toxins in freshwater environments. TrAC 

Trends in Analytical Chemistry, 112, 75-86. 

mailto:LHRA@KP.DK
mailto:haha@plen.ku.dk
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Future perspectives and conclusions 

The goal of this article is to provide the first insights on the knowledge acquired during the NaToxAq project, 

and its relevance to the water utilities and authorities. Implementation of the new procedures to include plant 

toxins in the work with drinking water safety is of high importance. Development of analytical methods will 

help the detection of many chemicals that were not previously detected with current screening methods. This 

is supported by the increase in number of studies, which report presence of plant toxins in soils and waters, 

hence creating concern among water utilities regarding contamination of water resources by plant toxins. 

The understanding of all relevant processes regarding environmental pollution by plant toxins is still very 

limited. The most challenging aspects to assessing the risk of natural toxin contamination are:  

- lack of vegetation coverage data of non-agricultural plants 

- scarce toxicological information for most of the toxins 

- relatively poor understanding of production and release of natural toxins  

- lack of environmental persistence and mobility data 

- lack of sensitive analytical methods to most toxins 

- lack of comprehensive datasets for environmental distribution.  

More information about NaToxAq including a full list of open-access scientific publications can be 

found by visiting https://natoxaq.ku.dk/publications/. 
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