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Effects of freshwater bathing of AGD 
affected Atlantic salmon   
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Comparison of treatment approaches 
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Tow infected cage 
from production  
to bathing site 

Pump fish from  
Production cage into 
 bathing cage lined  
with tarpaulin 

Treatment period 

Pull away tarpaulin  
fish in «new» cage 

Tow «clean» cage back 
to production site 

Infected cage in situ 

Tarpaulin slung under 
cage or skirt around 
cage 

H2O2 added to water 

Treatment period 

Tarpaulin/skirt pulled 
away 

Well boat loads with FW  

WB pull along side infected 
cage 

Fish pumped from cage 
into wellboat well 

Treatment period 

H2O2 added to water 

Fish pumped back into cage 

Water «treated/disinfected» 
and discharged 

Tarpaulin Wellboat 
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Factors affecting freshwater 
abstraction and use 

• Legal frameworks  
– SEPA 
– Environmental impact assessment legislation 
– Water framework directive 
– Conservation legislation 

• River type 
• Season 
• Prevailing flow 
• Abstraction intake points 
• Storage reservoirs 
• Pipelines 
• Road/boat transport 
• Water chemistry 
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Freshwater  
availability 
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Source: APEM (2014) Availability and use of freshwater resources 
for the treatment of amoebic gill disease at Scottish salmon farms. 
APEM report 413028 to the Scottish Aquaculture Research Forum.  
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Gill amoeba survival in freshwater: 
implications for freshwater bathing  

Powell and Clark 2003 Aquaculture 220: 135-144 
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Effects of water hardness on efficacy 
of freshwater bathing 
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Norwegian freshwater (WQ 99-06) 

• Low major ion 
concentrations 
 

• Norwegian WQ is 
expected to give 
good treatment 
efficacy (AGD) 

 
 



Norwegian freshwater (WQ 99-06) 

• Generally low pH and 
buffering capacity 

• Closed FW treatment 
systems with high biomass 
will generate high degree of 
CO2 (g) accumulation and 
pH drop 

• Aeration and oxygenation 
may result in steady-state 
conditions 
 
 
 



Sensitivity of CO2 concentration to 
alkalinity and pH 
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Source: NIVA report 2015  
Behandling av amøbegjellesykdom i brønnbåt 



…but remember 

H2O + CO2  H2CO3  HCO3
- + H+          CO3

2- + 2H+  

CO2 is a weak acid in solution 

NH3 + H2O    NH4
+ + OH- 

NH3 is a weak acid in solution 
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CO2 prediction of salmon at 
different temperatures 
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CO2 predictions for salmon at 
different stocking densities (12C) 
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Effects of DOC and water hardness on 
AGD bathing efficacy 

01.05.2015 

Green et al 2005 Aquaculture Research 36: 398-404 



Simplified illustration of water chemistry 
interactions during freshwater bathing 

01.05.2015 

How are all of these paramters interacting? 
What is the effect on: 
Treatment efficacy ? 
Fish welfare ? 
Amoeba survival ? 
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Efficacy of chemical additives to 
freshwater baths 
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Chlorine dioxide and  
chloramine-T 
• Significantly reduce gill 
amoeba numbers  
 
Hydrogen peroxide < 100 mgl-1 

• Results were equivocal 
 
Interactive effects:  
• DOC, water chemistry? 
• Reactive oxygen based 
agents are active through the 
generation of toxic oxy radicals 
• The generation of oxy radicals 
 depends in reactive metal 
 concentrations and oganic 
 compounds to enhance 
 breakdown 

Powell and Clark (2004) Aquacult Res 35:112-123 



Key points for consideration 

• Water availability 
• Water compostion and chemistry 
• Effects of fish metabolism 
• Additives to freshwater 
• Alternatives to freshwater 
• Alternatives to bathing 
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Thank you for your 
attention 
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