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“The science of the causes and effects of diseases, especially the 
branch of medicine that deals with the laboratory examination of 
samples of body tissue for diagnostic or forensic purposes” 

source Oxford English dictionary: 

• What can cause adverse effects to gill surface 
and function other than parasites, bacteria and 
virus? 

• Metals, mainly inorganic low molecular mass (LMM) species  
– Al, Fe, Cu, Ag 
– Morphological effects, physiological effects 

• Chemicals and gasses 
– NH3, Chlorine, N2, H2O2  

• Particles with sharp edges 
– Silicates, inorganic particles, organic particles (diatoms) 

• Toxins  
– Cyanobacteria, algae, jellyfish  

• Others…. 
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The fish gill has become our most 
important single biomarker for metal 

toxicity! 

“Blue” = Al  

Photos: D. Oughton 



Estuarine Mixing Zone with Mobilization of Ali from 
Alo by increased ionic  strength in sea 

Skalsbakken 2009 
Alo 

Limed River 

Both an acid, limed and humic river 
create Estuarine mixing zones! 



b <5µg LAl L-1; gill-Al= -0.2x + 6.4
R2 = 0.01

>5µg LAl L-1; gill-Al= 7.9x - 30.1
R2 = 0,83
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 Turbot are also affected by Al in estuarine mixing zones (10‰) 

Gills from turbot (Psetta maxima)   

Al-exposed           Reference  
 

Rosseland et al. 1998 

Estuarine Al problems also affects marine fish 
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Ag accumulation on fish gills 
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Fe accumulation on gills of fish 

Peuranen et al. 2001 

• Gill damage of brown trout 
due to two days Fe 
exposure to Fe at pH 5,  
A) without and B) with 
humic acids. (Peuranen et 
al. 2001) 

• The mapping of Fe (scanning electron 
microscopy with x-ray microanalyses) 
demonstrates deposition of Fe on 
gills after exposure of Atlantic 
Salmon to 200 µg Fe2+ /L for 120 
hrs at pH 7.5. (Skryseth 2007) 



Acute Trauma 
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1.0 mm 

* 



Oxidative and other  chemicals 
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 RBT 200% Oxygen AS 30 mg L-1 CLT AS 100 mg L-1 H2O2 

AC 
Formalin 2000 ppm  



HAB:Chaetoceros concavicornis 
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Yang and Albright 1995 Dis Aquat Org 20: 197-202  

Chaetoceros spines cause direct trauma 
to the brachial epithleium 
 
Eliciting acute mucous response 

Photo: www.google.no 
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Control 

6x106 cells L-1 

HAB:Skeletonema costatum 
(NIVA-BAC1) 

Control 3x106 L-1 6h 6x106 L-1 6h 6x106 L-1 24h 

Photo: www.google.no 

Experimental exposure 
Atlantic salmon smolt 
 
Control – unexposed 
Day 1: 6 h at 3x106 cells L-1 

Day 2: 6 h at 6x106 cells L-1 



Sediments – No effect 
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Sediments – negative effect 
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Time post-exposure (days)
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Jellyfish: Cyanea capillata – blood 
chemistry 

Acute ionoregulatory 
disturbance 

Acute impediment to 
CO2 diffusion 
across the gill 

Minor and variable 
pH disturbance 

All disturbances occur 
 within the first 5 days 
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Jellyfish: Cyanea capillata – 
histopathology 



Conclusions 
• Gills as a multifuctional organ  

– Highly susceptible different types of insult 
• Often insults result in acute osmotic/cardiovascular changes 

– Leads to epithelial separation 
– Telangiectasis and/or haemorrhage 

• Abscence of detailed work on the effect of particles 
– Several conflicting studies – most never analysing particles in 

detail 
• Charge, composition, size and shape etc 

– May not always be a significant issue 
• Acute toxic responses may begin by having local tissue 

changes (gill)  
– systemic effects (e.g.jellyfish toxins and algal toxins) 
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