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 Fe on fish gill (scanning electron microscopy 
with x-ray microanalyses, UMB, Skryseth (2007) 

http://statisk.umb.no/ina/ansatte/bjorro.php
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2 

Vital organs in fish which can be affected by pollutants 
in the environment 

 Modified after Kryvi 1992 
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What can cause adversely effects to gill surface and gill 
functioning other than bacteria and virus? 

• Metals, mainly inorganic low molecular 
mass (LMM) species  

• Particles with sharp edges (including 
silicates) 

• Chemicals and gasses (NH3, Chlorine, N2)  

• Toxins from cyanobacteria, algae, jellyfish 
etc. 

• And probably many more causes linked to 
primary and secondary events (like “cold 
water gill disease”). 

R
o

s
s
e

la
n

d
,  B

.O
, Å

tla
n

d
, Å

., D
a

le
, T

.  &
 P

o
w

e
ll, M

. W
a

te
r q

u
a

lity
 a

n
d

 g
ill d

is
e

a
s
e

s
. G

a
rd

e
rm

o
e

n
  

O
c
to

b
e

r 6
, 2

0
1

2
. ©

  



N
O

R
W

E
G

IA
N

 U
N

IV
E
R
S
IT

Y
 O

F
 L

IF
E
 S

C
IE

N
C
E
S
 

B
jø

rn
 O

la
v
 R

o
sse

la
n
d
 a

n
d
  H

a
n
s-C

h
ristia

n
 Te

ie
n
 T

o
x

ic
ity

 o
f in

o
rg

a
n

ic
 m

e
ta

ls
©

 

  

Major incidents where the gills of Atlantic 
salmon are “at risk” 

• Presmolts through smoltification period before 
sea transfer (Al, Fe, free radical exposure) 

• Exposure to full seawater if not seawater 
tolerant (increased sea lice infection and 
mortality) 

• During transfer to sea by wellboat or car 
(hyperoxia, hypercapnia, high TAN/NH3) 

• Use of disinfections with free radical production 

• On growth period and freshwater floods with 
metals 

• On growth period with toxic algae,  
zooplankton and jellyfish 
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”Non virulent gill diseases” 

• Harmful and toxic 
algae 

• Harmful zooplankton 
(gelatinous-plankton ) 

• Other environmental 
factors 
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Harmful algae 

There are several mechanisms by 
which algae can harm fish:  

•  Ichtyotoxins 
• Mainly marine flagellates or 

dinoflagellates  

• Mechanical damage  
• Mainly from diatoms with silica 

spines/setae 

• Suffocation 
• High algae biomass creating hypoxia 

at night time and through 
biodegradation at the end of 
blooming 
 

• «Gas-bubble trauma» 
•  Hyperoxia during algae blooms at 

daytime 

•  Probably a case of ”free radical” 
exposure 

 

Photo: Espen Bagøien 
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Toxic algae 

• Chrysochromulina polylepis, caused a massive fish kill of 
caged Atlantic salmon in Southern and Western Norway in 1988.  

• Affected the gills and caused osmoregulation failure (Leivestad 
and Serikstad 1989) 
 
 
 

• The toxin was probably like Prymnesin 

Photo: Photograph by Dr. John La Claire II,  

University of Texas at Austin Toxin =  prymnesin 

R
o

s
s
e

la
n

d
,  B

.O
, Å

tla
n

d
, Å

., D
a

le
, T

.  &
 P

o
w

e
ll, M

. W
a

te
r q

u
a

lity
 a

n
d

 g
ill d

is
e

a
s
e

s
. G

a
rd

e
rm

o
e

n
  

O
c
to

b
e

r 6
, 2

0
1

2
. ©

  

Hektoen, H., Skulberg, O., Rosseland, B.O. & Kvellestad, A. 1990. Økotoksikologiske 

forsøk (Allelopati) med algegiftstoffer fra Chrysochromulina polylepis i det marine 

miljø. - NIVA-Akvarapport, O-88225. 19 pp.  
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Harmful algae, Dinoflagellates – Red Tide 

Fig. 2. Pathology of (a) gills, arrow indicates 

oedematous separation of epithelia, (b) gut, 

arrow shows sloughed necrotic cells, (c) liver, 

arrow indicates focal necrosis with 

haemorrhage, related to damage from a 

phytoplankton bloom. Scale shown as bar = 

100 m.  

Chaetoceros wighamii (4.5 X 10 5 celler liter -1)  

dominert  blomstring 

Fig. 1 Histopathological section of Atlantic salmon gills 

exposed to harmful phytoplankton (K. mikimotoi) exhibiting 

necrotic epithelial cells, irregular surface and epithelial 

lifting (H&E X100). Hentet fra Rodger et al.  (2011) 

Karenia mikimotoi blomstring  

Photo: Wikipedia org. Treasurer et al. 2003 

2007 
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Photos: Goldenmap.com 

Chaetoceros wighami 
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  Harmful algae 

Common 

species in 

Norway 

 

Monitored at 

coastal stations 

by Mattilsynet 

(Norwegian 

Food Safety 

Authorities) 

 

Several other 

freshwater 

species are 

harmful 

 

Table from Rodger et al. 2011 
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Harmful zooplankton (gelatinous-plankton) 

• Harm from zooplankton are 
quite similar to harm from 
phytoplankton 

 

• Physical damage to skin, 
mucus and gills 

• Many with nettle 
(nematocycsts) cells 
with hooks 

• Toxins  

• Different compounds, 
often proteins with 
paralyzing or necrotic 
properties 

• Suffocation 

• Clogging of gills 
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  Harmful zooplankton (gelatinous-plankton) 

Marked species 

are common in 

Norwegian fauna, 

often linked to fish 

kills 

 

NIVA or other 

institutions are not 

involved in 

monitoring of 

these species 

along the 

Norwegian coast 

Table from Rodger et al. 2011 
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Jellyfish 

Photo: Marinbi.com 

2011 
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  Photographic time series of gill lesions in fish exposed to 
Aurelia aurita under experimental challenge. 

Baxter EJ, Sturt MM, Ruane NM, Doyle TK, et al. (2011) Gill Damage to Atlantic Salmon (Salmo salar) Caused by the Common 

Jellyfish (Aurelia aurita) under Experimental Challenge. PLoS ONE 6(4): e18529. doi:10.1371/journal.pone.0018529 

http://www.plosone.org/article/info:doi/10.1371/journal.pone.0018529 

Control 
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http://www.plosone.org/article/info:doi/10.1371/journal.pone.0018529
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The fish gill has become our most important 
single biomarker for metal toxicity! 

“Blue” = Al  

Rosseland et al. 1992 
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Photos: D. Oughton 
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Biotic Ligand Model (BLM) 
Binding affinities (log K) of “free ions” onto gills 

Niyogi and Wood (2004).  

Photo: B.O. Rosseland 
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Metal-gill binding affinity 

Ag 

Cd 

Cu 

Pb 

Increased affinity = increased toxicity 
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2012 
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18 

Cationic Al-species transform to transient, more “gill-
reactive” Al-species during the initial step of polymerisation 

Teien et al. 2004 
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After: E. Lydersen 
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How to measure/monitor bioavailable metals 

• The best way of monitoring bioavailable metals are 
repeated in situ analyses of metal species in i.e. water 
and relate it to content in organs of specific organisms 

y = 5x + 8

R
2
 = 0.748
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Photo. D. Oughton 

Kroglund et al. 2008 

 The second best way of monitoring bioavailable metals 

are i.e to use passive samplers, substituting organ and 

lake water analyses; DGT (Diffusive Gradients Thin films) 
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Critical levels of Al in water and gill, relative to smolts 

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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 g
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Kroglund et al. 2006 

Mortality 

FW 

Reduced 

Plasma Cl 

Increased 

Glucose 

Reduced 

α1b Na-K-

ATPase 

50% reductions 

in return 
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 2010 

Highest sensitive a few weeks before 

migration, due to a change from 

freshwater α1a NaK-ATPase to the 

hypersensitive seawater α1b NaK-ATPase  
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22 

Processes: Iron toxicity is related to concentration of  
FeII and the oxidation to FeIII in redox mixingzones 

Process 1: Oxidation FeII 

Positively charged  

LMM species 

Positively charged 

HMM polymere 

Negatively 

charged /neutral  

HMM species 

Colloids 

/particulate 

species 

Accumulation onto gills 

Process 2: Hydrolysis and formation of FeIII polymers 

Reduced LMM 

FeII-species 

Positivly charged 

 LMM FeIII-species 

Accumulation onto gills 

Foto: B.O. Rosseland 

Foto B. O. Rosseland 

Oxygen 

Increased time 

R
o

s
s
e

la
n

d
,  B

.O
, Å

tla
n

d
, Å

., D
a

le
, T

.  &
 P

o
w

e
ll, M

. W
a

te
r q

u
a

lity
 a

n
d

 g
ill d

is
e

a
s
e

s
. G

a
rd

e
rm

o
e

n
  

O
c
to

b
e

r 6
, 2

0
1

2
. ©

  



N
O

R
W

E
G

IA
N

 U
N

IV
E
R
S
IT

Y
 O

F
 L

IF
E
 S

C
IE

N
C
E
S
 

B
jø

rn
 O

la
v
 R

o
sse

la
n
d
 a

n
d
  H

a
n
s-C

h
ristia

n
 Te

ie
n
 T

o
x

ic
ity

 o
f in

o
rg

a
n

ic
 m

e
ta

ls
©

 

  

Fe accumulation on gills of fish 

Skryseth., 2007 

• 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) 

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) 
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Flooding spreads pollutants to river, lakes and ocean 

Photos: B.O. Rosseland 

Autumn smolts, March 1997
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Photos: B.O. Rosseland 

Simulating a 
river entering 
an estuary 

• NIVA and UMB 
experimental set up 
in River Storelva, 
South East Norway, 
testing Al speciation 
changes and water 
treatment to avoid 
effects on Atlantic 
salmon smolts 
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  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! 
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Al from rivers kill salmon in brackish 
areas! 

Estuarine mixing zone 

Autumn smolts, March 1997
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River water from 

snowmelting or floods  

create brackish surface 

water in fjords and kill 

salmon in net pens. 

Photos: B.O. Rosseland 

Bjerknes et al. 1998 
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Gill Al 

Mortality at salinity 

< 10 ‰ 
M

o
r
ta

li
ty

 

Gill Al 

<10 µgAl/g dw 

‰ 

Gill Al 

200-600µgAl/g dw 

Gill Al 

>300µgAl/g dw 

Bjerknes et al. 2003 
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Model: Mobilisation and deposition  of Al on 
gills in Estuarine Mixing Zones  

 

 

 

colloidal Al 

particulate Al 

LMM AlPR  
(< 10 kDa) remobilised 

from colloid and particle 

surfaces 

 

 

* increase in ionic-strength 

**increase in pH 

 

 

 

HMM AlPR 

positively 

charged 

 

 

 

 

HMM AlO 

neutrally or 

negatively 

charged 

polymerisation reactions 

deposition of reactive Al species (AlPR) 

onto fish gills and other negatively 

charged surfaces 

RIVER ESTUARY 

aggregation 

of colloids 

* ** ** 

* 

Teien et al. 2005 

We have the model! 

R
o

s
s
e

la
n

d
,  B

.O
, Å

tla
n

d
, Å

., D
a

le
, T

.  &
 P

o
w

e
ll, M

. W
a

te
r q

u
a

lity
 a

n
d

 g
ill d

is
e

a
s
e

s
. G

a
rd

e
rm

o
e

n
  

O
c
to

b
e

r 6
, 2

0
1

2
. ©

  



N
O

R
W

E
G

IA
N

 U
N

IV
E
R
S
IT

Y
 O

F
 L

IF
E
 S

C
IE

N
C
E
S
 

B
jø

rn
 O

la
v
 R

o
sse

la
n
d
 a

n
d
  H

a
n
s-C

h
ristia

n
 Te

ie
n
 T

o
x

ic
ity

 o
f in

o
rg

a
n

ic
 m

e
ta

ls
©

 

  

TOC has increased up to 3X since late 

1980s mainly due to reductions in acid rain. 

 

Highest concentration in the autumn 

 

The estuarine mixing zone problems are 

increasing in all Atlantic salmon producing 

countries (except Chile) 
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31 

 
 Turbot (piggvar) is 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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  Monitoring of Atlantic cod in 
estuarine mixing zones in 
fjords, 22-30 May, 2002 

Gill Al 

Blood 

glucose 

Hct 

Plasma 

Cl 
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Atlantic cod – Gill Al and plasma chloride 
Monitoring of estuarine mixing zones in Sørfjorden, 

Osterfjorden and Byfjorden 

Bjerknes et al. 2006 

Low plasma Cl (Chloremia) is a sign of high PaCO2 

(Hypercapnia) = Respiratory problems.  
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Use of disinfection with free radical effect and gill responses; 

 Chloramine-T in seawater 

• Osmotic imbalance 

•  Hypertrophic compensation to restor the osmotic/ionic imbalance.  

 

F G 

Reference Chloramine-T 

Source: Mark 

Powell, NIVA 
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Hydrogen peroxide (H2O2) treatment against 

sea lice is a massive exposure to free 

radicals! 

Please be aware of post treatments effects 

to gills, immune system etc. 
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Conclusion 

• Many abiotic water quality factors may cause 
directly, or indirectly gill problems 

• Some of the changes in gill structure, mucus 
quality and quantity, membrane structure and 
enzyme activities may change the 
osmoregulation and general physiology 

• Changes in homeostasis may reduce the 
immune responses to biotic agents, other vice 
not being problematic 

• One must have a holistic view, including 
the biotic and abiotic factors when 
studying “gill diseases”. 
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