
Monitoring microbes and handling H2S-
challenges in Norwegian postsmolt RAS
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Large postsmolt RAS trending in Norway
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Seawater gives great postsmolt 
growth
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Seawater systems have different challenges
than freshwater systems

• CO2 degasser efficiency
• Biofilter efficiency
• Ozonation and rest oxidants
• Biosecurity from seawater source
• Corrosion
• H2S

• Sea water systems require more!
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Living in seawater

< 1 bacteria mL-1

106 bacteria mL-1

107 virus mL-1

http://www.google.no/url?sa=i&rct=j&q=water&source=images&cd=&cad=rja&docid=xZ26vX3t77TseM&tbnid=44lCefw_o5z_UM:&ved=0CAUQjRw&url=http://www.gizmodo.com.au/2012/06/this-is-how-much-water-it-takes-to-make-jeans-burgers-pizza-and-other-stuff/&ei=WyoaUYGaE4vU9QTC64CAAg&bvm=bv.42261806,d.ZG4&psig=AFQjCNGOVHtbXuPszbz6M8A8lkosupyPdg&ust=1360755651712588
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Good bacteria, specific pathogens and opportunists

• Good bacteria give normal development and protection against
disease

• Specific pathogens must be kept out
• Unstable conditions select for domination by opportunistic bacteria
• A microbial environment dominated by opportunistic bacteria

increases the risk of infection of weakened, wounded and stressed
fish

• Biofilter function is of paramount importance for the water quality in 
RAS
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Water

Air

Fish

FeedBiosecurity is 
important
• Stop specific pathogens from entering
• Multiple barriers provide good security
• Typically solids removal (200 µm) and UV 

(Norway)
• Ozonation (>700 mV) of seawater give toxic

rest oxidants that must not reach the fish
• Combining membrane filtering and UV secures

double barrier against contamination, as well
as solids removal and optimal efficiency of UV
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Even with optimal 
biosecurity, bacteria
grow inside the
system

Colony forming units (CFU)
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Regrowth favors the
opportunistic bacteria
that can grow fast when
competition for food is 
low

Fraction of opportunistic bacteria

Int
ak

e w
ate

r

Afte
r s

an
dfi

lte
r

Afte
r U

V 1

Afte
r p

rot
ein

 sk
im

mer

Hea
de

r ta
nk

Afte
r U

V 2 
= w

ate
r in

 to
 fis

h t
an

ks

Fish
 ta

nk

%
 F

as
t g

ro
w

in
g 

ba
ct

er
ia

0

20

40

60

80

100

Feed

(Attramadal et al., in prep.)



Nofitech

10

• Large surface area
• Many bacteria competing for the food
• Unfavorable conditions for opportunists
• Reduce the number of bacteria in the fish tank
• Increases the hydraulic retention time of the system

The biofilter influences the regrowth of bacteria

In

Out

Opportunist

Specialist
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The biofilter reduces the 
number of bacteria going to 

tanks
The biofilter reduces the 

number of bacteria in tanks

No carriers 20˚C
Biofilm carriers 20˚C

Biofilm carriers 12˚C
No carriers 12˚C RAS

Intake water

(Attramadal et al., in prep.)

Biof. carriers

No carriers

Reuse with no biofilm carriers

Biofilter

Reuse
No carriers

Intake
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• In fish tanks, bacteria in the water 
growing slower than the HRT will be 
washed out

• In RAS, slower growing specialist
bacteria can return to the tank through
the water treatment loop

• Unless disinfected on the way…

I’ll be 
back!!

HRT of total system and fish tank
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Days - hours

Hours - minutes

Minutes

Selection against opportunists

Selection for opportunists

No change

RAS

Flow through
/RAS with disinfection and 

low tank HRT

HRT of total system and fish tank
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Grundfos BACMON

Quantitative surveillance of bacteria
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DNA extraction

Water

Biofilm

Biofilter

Sequencing

Every 2 weeks for 15 months
x 5 commercial RAS

̴2700 samples

Systematic analysis of microbial community

-16S ribosomal RNA gen amplicon sequencing
-Shot gun sequencing

Correlation to:
- Water quality
- Operations and incidents
- Fish survival, FCR, growth

Sampling

Quantitative surveillance of bacteria in 
RAS: SINTEF MonMic project
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1. O2 + Org. mat. → H2O + CO2 (Respiration)
2. NO3 + Org. mat. → N2 + CO2 (Denitrification)
3. SO4 + Org. mat. → H2S + CO2 (Sulfate reduction)No O2 or NO3 →

No O2 →

Preferred order of oxidant for bacteria consuming organic
matter:

O2

CO2

SO4

N2

H2S
NO3

Water

Organic matter

H2S and sulphate reducing bacteria
(SRB)
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SO4 + Org. mat. → H2S + CO2Without O2 and NO3 →
SRB

Possibilities to avoid the production of H2S:
1. Remove organic matter (water velocity, hydraulics, remove particles)
2. Secure access to oxygen or nitrate (to the innermost layer of biofilm and sludge)
3. Remove sulphate (seawater 1000× more sulphate than fresh water, membranes possibility)
4. Remove SRB (hard since many different species and also survive in aerobic conditions)

H2S and sulphate reducing bacteria
(SRB)
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Typical H2S accidents
• Both design- and management errors
• Dead zones, thresholds, corners, pipe bends
• Stagnant water, or sludge in contact with a stagnant volume 

of air
• Too low water flow
• Infrequent flushing of pipes
• Backlash of water or water not leaving where it is supposed 

to
• Too thick biofilm
• No washing of system between batches of fish

University of Queensland
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H2S in the rearing water
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H2S
NO3

Water

Organic matter

O3

Water

H2S

O2
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O3

Background level building up Sudden release
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Actions to avoid H2S in 
RAS• Design:

• Coating of surfaces
• Good hydraulics and water velocities in 

pipes
• Short pipes, few pipes
• No dead zones or thresholds

• Surveillance:
• Inline H2S-sensors
• Passive sensors (NIVA)

• Management:
• Education of staff
• Routines for cleaning and flushing
• Action plans
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Actions to save fish from H2S in the
water

• Identify source and stop it (but don’t wash
and release more when fish is in the
system)

• Bring in H2S-free water from another
source

• Maintain high level of nitrate (> 40 mg/L)

• Feed biofilter when starving fish

• Add calcium nitrate

• Increase pH to reduce the fraction of the
toxic form present (considering TAN levels)

• Ozone and oxygen

• Sample fish and water



kari@nofitech.com
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This presentation (the “Presentation”) has been produced by Norwegian 
Fishfarming Technologies AS (the “Company”) solely for information 
purposes, and is based on forward-looking statements regarding the 
Company’s current intentions, expectations and beliefs.

These forward-looking statements are subject to known and unknown 
risks, uncertainties and other factors beyond the Company’s control that 
may cause actual events to differ materially from any anticipated 
development. Although the Company believes that the expectations and 
assumptions reflected in the statements are reasonable, it cannot 
guarantee future results, performance or achievements.

As far as the Company is aware, the information in this Presentation is 
correct. However, neither the Company nor its Board of Directors or 
employees make any representation nor warranty (express or implied) as 
to the correctness or completeness of this Presentation, and accepts no 
liability arising (directly or indirectly) from the use of this Presentation. 
Thus, any reliance upon this Presentation and the information provided 
herein shall be at the sole risk of the recipient.

The information contained in this Presentation is subject to amendment 
and/or completion without notice. 

Disclaimer
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