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Introduction 

Aquatic ecotoxicology is an extremely complex subject with a great diversity of impacts and responses. 
These depend on multiple (often interacting) factors including for example, the toxic substance(s) in 
question, their concentration, background conditions (natural physico-chemical conditions and 
anthropogenic influences) and the organism(s)/species being studied. Responses can be further 
complicated by combinations of toxins which can interact. Impacts may also be sublethal but reduce 
an individual organism’s or population’s fitness making them more susceptible to further stressors 
(including non-toxic stressors).  

For example, chronic low levels of a toxin/toxins may not significantly impact biological communities 
but may result in a reduction in fitness and any additional pressure(s) (e.g. reduced oxygen, elevated 
sediment etc.) can result in a significant impact to the ecological status. In other words, two pressures 
neither of which may result in a significant impact on their own may do so in combination. A typical 
example is a toxin which would cause minor gill damage limiting oxygen assimilation but not enough 
to kill the organism. However, if another pressure (e.g. nutrient enrichment) reduced stream oxygen 
concentrations this may result in mortality.  

Potential sources of chemical toxins are numerous and can include sheep dip, industrial and 
wastewater discharges, discharges from landfills, mine leachate, leaks of coolants and lubricants from 
machinery as well as domestic misconnections and illegal disposal of hazardous substances in 
domestic wastewater among others.  

All of this is important to keep in mind during catchment assessment work and the presence of even 
low levels of potentially toxic substances should be noted and considered as part of mitigation efforts.  

Acute Toxicity 

The core concern for this guidance is acute toxic impact. This occurs when a toxin or combination of 
toxins result in a rapid and usually drastic negative impact on ecology. This type of impact can be 
particularly obvious in the invertebrate community and the rapid assessment flowchart (Appendix A) 
captures what kind of invertebrate assemblage to expect in this type of scenario. It suggests: 

If the catchment scientist encounters an unusually sparse sample they should repeat the kick extending 
this for up to 5 minutes or more. If the invertebrate abundance and diversity is still depauperate (i.e. 
few taxa present generally in very low numbers) then it is likely to be a toxic effect from chemical 
pollution.  

It is important that the invertebrate assemblage shows BOTH low diversity (i.e. numbers of taxa) AND 
low abundance (very low numbers of individual taxa). This assumes that good quality habitat has been 
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sampled using sufficient (extra) effort and there are no other obvious indicators of other acute 
stressors (e.g. massive sediment deposition). One minor caveat here is that due to the absence of 
grazing macroinvertebrates an increase in algal growth may be observed which may look like minor 
nutrient enrichment. However, the impact of nutrient enrichment alone would generally lead to a 
reduction in diversity but not in the overall abundance of macroinvertebrates. 

Probably the most common toxic impact LAWPRO will encounter will be due to sheep dip (and other 
animal treatment chemicals). This describes a variety of products all of which are designed to kill 
common arthropod pests of sheep. These include extremely potent chemicals (including pyrethroids 
and organophosphates) which usually act as neurotoxins in insects and certain other arthropods. 
These chemicals can also be found in other sources including many household, industrial and 
construction products such as garden insect killers and wood preservatives. Preparations of these 
chemical are often sold in highly concentrated forms that may be diluted for use. They can result in a 
severe impact even at very low concentrations and so even very small volumes lost to the environment 
are significant. If we take the pyrethroid cypermethrin as an example:  The inland surface water EQS 
for cypermethrin in Ireland is 0.00008μg/l. By this standard 1g of cypermethrin would pollute 
12,500,000,000 litres (12,500,000 m3) of water (approx. 5000 50m Olympic swimming pools). A 
dipping product may be 10% w/w so would contain about 100g/l and typical used sheep dip contains 
approx. 0.25g/l. Other processes in the environment such as attachment to sediment may reduce 
concentrations in the water column. Also, the velocity of the receiving river will influence residence 
time and therefore exposure time that invertebrates experience. These factors working in 
combination make estimating the specific length of a river that would be impacted difficult. However, 
you would expect at least several kms to be impacted with most severe impacts closer to the source. 

Many farmers are now using pour on preparations including chemicals such as dicyclanil which act as 
insect growth inhibitors. Less information is available on these but products including them display 
warnings that they represent serious risk to aquatic life. 
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Case Study 1 Milltown PAA 

The first example below shows two typical SSIS fieldsheets taken downstream of a toxic impact.  The 
first (Fig. 1) shows total of 9 taxa present, however all but Chironomidae were present in very low 
numbers. It was noted by the catchment scientist that it was difficult to find any invertebrates except 
for these. The Chironomidae present were very small individuals and had likely rapidly recolonised 
following the toxic event. The catchment scientists worked upstream from this point sampling 
periodically as they went and just u/s of a farmyard observed a dramatic improvement in the 
invertebrate community.  

The second SSIS fieldsheet (Fig. 2) shows the community just d/s of the first survey location. Just 7 
taxa were present with only Baetidae and Chironomidae in any numbers. This is a good example of 
partial recovery between toxic events with opportunistic taxa recolonising rapidly. The Baetidae and 
Chironomidae probably drifted down from u/s.  

The ASSAP assessment found that a sheep dipping tank in close proximity to the stream which was 
not emptied after use was overflowing with rainwater. This was resolved by installation of a 
submersible pump to move the used dip to a slatted tank to subsequently be landspread. It should be 
noted however, that this is not an option that is always available particularly on sheep only farms as 
a slatted tank is unlikely to be available. This is discussed further in Case Study 3.   
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Fig. 1 Milltown approx. 700m d/s toxic impact 
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Fig. 2 Milltown just d/s toxic impact 

 

Case Study 2 Recess PAA 

This is similar to example 1, however in this case the EPA biologist had noted that the invertebrate 
community at the EPA monitoring point (a high status objective site) had deteriorated to Q3/0 in 2018 
(from a previous Q3-4 in 2015 and Q4-5 in 2012), with a toxic impact suspected due to depauperate 
nature of the sample. The catchment scientists designed a sampling strategy to investigate this which 
included SSIS surveys from the monitoring point and upstream at a number of locations, together with 
a catchment walk from the monitoring point up to the top of the catchment. While a number of non-
significant pressures were noted (e.g. poor set back along forestry streams, some animal access points 
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being used by sheep which was causing localised sedimentation), they documented a sheep holding 
pen at the top of the catchment, which was sited over a culverted small stream. Sheep wool was 
discarded in the pen and around the pen. The SSIS scores were impacted up to the top of the 
catchment, and therefor an upstream sampled was not possible. It was concluded that the most likely 
scenario was that activities at the site of the sheep holding pen, or around it, was the source of the 
pressure. ASSAP engaged with the landowners in this area to raise awareness of the issues associated 
with use of sheep dip.  

The invertebrate community (Fig. 3) just downstream of the sheep holding pen was typical of an acute 
toxic impact. Very depauperate with only 6 taxa present all in very low numbers, following an 
extended kick. 

 
Fig. 3 Recess just d/s of sheep pen  
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Case Study 3 – Dawros PAA 

On the Traheen_010 (Dawros PAA) a distinct drop in both invertebrate diversity and abundance was 
observed between and upstream (Fig.4) and downstream (Fig.5, Fig.6) SSIS samples and a toxic impact 
was suspected. This was confirmed by an extended kick sample of 5 minutes. The rapid assessment 
flowchart further reinforced this conclusion (Appendix A). Nearby a sheep holding pen was observed 
which contained foot bath trays (still full and overflowing) as well as drums of formaldehyde, summer 
dip concentrate and oral medicines. The pen was in close proximity to a steep bank on a tributary of 
the river.  

This incident raised several interesting issues which were communicated to LAWPRO following the 
resulting ASSAP farm assessement. Removal of animal treatment products to a slatted tank for 
subsequent land spreading is often recommended as a safe disposal method. However, this was a 
sheep only farm and no slatted tank or land spreading equipment was available. Furthermore, the 
footbath is relatively shallow and long so that removal of the liquid to drums for storage is difficult 
without spillages. The use of a submersible pump would also pose certain difficulties as the pen was 
not located on a farmyard with a ready source of power and again the foot baths are quite shallow. 
Even if the liquid was safely removed to drums there are difficulties with disposal of hazardous waste 
(formalin is a carcinogen) with local authority facilities generally only accepting limited quantities if at 
all. There is clearly a gap in policy and services as well as education – a matter which has been raised 
at NTIG and is currently being investigated. 
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Fig. 4 Traheen_10 (site 2.2.3) u/s footbath station 
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Fig. 5 Traheen_10 (site 2.2.2) d/s footbath station 
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Fig. 6 Traheen_010 site 2.2.2 rapid assessment with extended kick sample 

Case Study 4 – Moynalty PAA 

In this example biological status d/s of a licensed facility dropped between 2009 and 2012 with the 
nearest Q value dropping from Q3/4 to Q3. The licensed facility (a plastics factory) invested in 
improved wastewater treatment in 2012 which appeared to result in an improvement in phosphate 
and ammonium concentrations d/s however the biological status did not improve. Samples were 
taken by LAWPRO catchment scientists u/s and d/s of the facility. The u/s sample reflected nutrient 
or organic pollution with a fairly diverse community (14 taxa) dominated by less sensitive and tolerant 
taxa (Fig. 7). The d/s sample had reduced diversity with 9 taxa (2 of which were single specimens) as 
well as reduced abundance with nearly all taxa showing lower numbers than u/s (Fig. 8). EPA chemical 
sampling in 2018 showed elevated concentrations of several substances in the effluent including 
Antimony, Barium, Copper and Zinc. This is a good example of a toxic impact possibly causing a 
combination of lethal and sublethal effects. There are already nutrient and possible sediment 
pressures upstream; the addition of the toxic substances is enough to remove any sensitive taxa and 
reduce the fitness of the remaining more tolerant taxa resulting in lower abundance and diversity.  
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Fig. 7 Moynalty u/s licensed facility 
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Fig. 8 Moynalty d/s licensed facility 
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Flow Chart for Rapid Assessment to support the identification of some significant pressures. 
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