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▪ The EU-WFD requires member states to monitor surface 

water quality1

▪ Chemical water quality assessment is based on the analysis 
of 45 priority substances1

▪ Priority of these substances is often outdated, hence they are 
frequently absent

▪ Observed ecotoxicological effects are thus caused by other, 
unmonitored substances2

Compounds Effects

1 The European Parliament and the Council of the European Union. Off. J. Eur. Union 2013 
2 Brack et al. Sci. Total Environ. 2017
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Herbicides
▪ Agricultural pesticide use is one of the main pollutant sources in 

freshwater ecosystems3

▪ Aquatic pesticide contamination in NW-Europe and USA is 
dominated by herbicides4

Herbicides only

Herbicides mix

Fungicides mix

Insecticides mix

3 Malaj et al. PNAS. 2014 
4 Schreiner et al. Sci. Total Environ. 2016
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Herbicides and algae
▪ Herbicides in surface water can be phytotoxic to non-target 

organisms such as algae5

▪ Algae are the main primary producers in many aquatic ecosystems

▪ Toxic effects on algae cascade up to higher trophic levels5

▪ Waterboards often focus on macrofauna, leading to a bias towards 
insecticides

▪ Effects on algae hint at herbicides as suspected compounds

There is a need for a sensitive diagnostic tool to 
identify the presence of hazardous herbicide 

concentrations in aquatic ecosystems
5 DeLorenzo et al. Environ. Toxicol. Chem. 2001
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Locations

▪ Surface water from 39 locations in The Netherlands

▪ May, June, July 2016

▪ Locations provided by the Dutch waterboards

▪ Representative of Dutch surface water pollution sources
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Test species

▪ Pseudokirchneriella subcapitata

▪ Widely distributed microalgal species

▪ Sensitive and recommended species for bioassays 
(OECD)



Photosynthetic inhibition



Photosynthetic inhibition

▪ Sensitive and well-studied end point to identify herbicide activity in 
surface water

6

6 Ralph et al. Toxicol. Environ. Chem. 2007



Photosynthetic inhibition

▪ Sensitive and well-studied end point to identify herbicide activity in 
surface water

6

▪ Quantified using pulse amplitude modulation (PAM) fluorometry 
connected to a robot

6 Ralph et al. Toxicol. Environ. Chem. 2007



Photosynthetic inhibition

▪ Sensitive and well-studied end point to identify herbicide activity in 
surface water

6

▪ Quantified using pulse amplitude modulation (PAM) fluorometry 
connected to a robot

φPSII: Effective Photosystem II Efficiency 
   φPSII = (F’m – F)/ F’m

6 Ralph et al. Toxicol. Environ. Chem. 2007



Photosynthetic inhibition

▪ Sensitive and well-studied end point to identify herbicide activity in 
surface water

6

▪ Quantified using pulse amplitude modulation (PAM) fluorometry 
connected to a robot

φPSII: Effective Photosystem II Efficiency 
   φPSII = (F’m – F)/ F’m

▪ Algae were exposed to surface water for 4.5 hrs in 96-well plates

6 Ralph et al. Toxicol. Environ. Chem. 2007



Photosynthetic inhibition

▪ Sensitive and well-studied end point to identify herbicide activity in 
surface water

6

▪ Quantified using pulse amplitude modulation (PAM) fluorometry 
connected to a robot

φPSII: Effective Photosystem II Efficiency 
   φPSII = (F’m – F)/ F’m

▪ Algae were exposed to surface water for 4.5 hrs in 96-well plates

Rapid high-throughput herbicide toxicity screening
6 Ralph et al. Toxicol. Environ. Chem. 2007
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±10% of control

Sexbierum, Friesland

‣ φPSII of all except one location are within normal operating range of 10%

‣ Effect observed at only one location
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Suspected target analysis
▪ 150 pesticides analysed in watersample (Wetterskip 

Fryslân)

▪ Herbicide linuron present at 110x Environmental 
Quality Standard (EQS)

▪ Herbicide dimethenamid and herbicide metabolite 
desethylterbutylazine were also present above EQS
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Decreasing toxicity with decreasing linuron 
concentration in surface water over time
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Toxic effect observed at Sexbierum largely 
explained by linuron concentration in the water

Linuron toxicity in the laboratory
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‣ EQS concentration should NOT cause toxicity in the bioassay, 
and it does not for linuron: 0.29 µg/L = EC0

▪ What is the contribution of the other herbicides present to the 
observed toxicity?

‣ Under investigation

▪ Herbicides are the most common agricultural pesticides in NW 
European surface waters

‣ Effect observed at only one location during this study
‣ Improve sensitivity or no extensive risk?

➡ Both!
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Conclusions

‣ The here presented PAM bioassay is an effective tool to 
asses herbicide risks to primary producers, and could 
be applied as a quick, high throughput screening 
method

‣ No extensive herbicide risk to primary producers in the 
surface waters of The Netherlands was observed during 
this sampling campaign




