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Water quality

From oxygen and pH (Fe2+) control towards measurements and control
of NH3/NH4

+,NO2
-, alkalinity and CO2.

Flow-through
30 - 60 m3/kg feed

Model Trout Farm
3 - 4 m3/kg feed

Fully Recirculation
0,3 – 0,4 m3/kg feed

Water quality and types of system

Net pensA main challenge:
Monitoring and control 
of microorganisms
- Bacterial   
pathogens

- Parasites
- Toxic algae
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Nitrogenous  and carbonaceous loading is 
determined by the relative water consumption
(kg feed/m3 make-up water)
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Dilution (Qin)

Water quality …

High feed loading →
optimal conditions for microbial growth 
setting high demands for monitoring/control
(retention time >> doubling time)

RAS - an ideal incubator

Water quality …

In certain systems, chemical water assessment may become insufficient:
Not a full picture by sticks, kits, sensors and chemical analysis only…

O2

CO2

pH; ORP
Salinity
Alkalinity
Temperature
Conductivity
Turbidity
SS/COD
TAN, nitrite,
nitrate etc..

Handheld meters, probes  
or online sensor systems
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Chemical

Physical Microbial

Water quality …

Microorganisms;
vira, bacteria, fungi, 
algae, protozoa and 
metazoans; 
type abundance, 
activity & importance?

Management input
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Modified after Boyd, C.E & Tucker, C.S. (1998)
”Pond aquaculture water quality management” 

Optimum production 
for maximum profit

e.g. UV/ozone, 
Activated coal, 
membrane filtration

“High capital costs are one of the biggest challenges to sustainable RAS calling for large scale 
intensive productions to reduce investment and operation costs” (Dalsgaard et al, 2013)
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Water quality …

Stability in a low tech RAS 

Hydraulic retention time ~14 days. 
Feed loading at 2 kg/m3 makeup water 
COD/BOD ~ 60 /12 mg O2·l-1 TSS~ 25 mg·l-1 , pH ~ 7.2
O2~ 85 %; 17 oC. No mortality during study (> 3 months) [Aqua. Eng. 2009, Vol.42:1-7]

Four levels of feed loading controlled by daily feed quantity and 
constant make up water of 4.8%/d.
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Experimental set-up

12 identical pilot 
scale RAS ~ 1700 l
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TAN Nitrite-N Nitrate-N

N-levels after 10 weeks up to 200 mg 
Nitrate-N/l ( ~ 900 mg nitrate/l) 

Conclusion: no effects of feed loading on fish performance 
and no mortality recorded
- despite “critical” water chemistry parameters
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Water quality …

More often the opposite situation is the case

With ”ideal” water chemistry parameters– periodic suboptimal fish 
performance may occur (e.g. reduced feed conversion rate, ceased 
appetite or sudden mortality)

Nitrate levels reflects the feed loading (without DN) and waste 
accumulation in the system. 
Microbial activity may differ by orders of magnitude
Correlations and causation2 not always obvious. 

Similar chemical profile: Bioactive system water vs. inactive system water

Water quality …

Gunderson, 2000
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Microbial water quality …

Assumption 2: It is desirable to have a low bacterial load in the water phase

Increased feed loading → increased organic matter content → increased 
microbial activity → suboptimal conditions (?) →  increased risk of mortality (?)

Solutions:
Rapid and efficient solids capture and removal is required
Technical disinfection – as an additional measure
Chemical disinfection ”water treatment” as a subsequent option

Questions
Is a low number of microorganisms in the RAS always desirable?
To what level does the microorganisms need to be controlled at?

Assumption 1: It is important to have a biostable RAS (and be able to control it)

Chemical

Physical Microbial

Microbial water quality …

Why measure microbial abundance & activity?

- Chemistry measures can be insufficient…
- To detect and control unwanted levels by

new corresponding actions
- To get increased system specific knowledge
- To identify suboptimal treatment processes

Microbiology and process control (biology and engineering approach)
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Water quality and composition

Water treatment/test with a color indicator (KMnO4)

How can a certain color intensity be maintained?

Chemical compounds are used/degraded at varios speed in the 
water phase – with highly system specific characteristics

The degradation rate is controlled by the water quality
– some compounds are metabolised due to microbial activity-
other molecules by chemical oxidation hence indirectly related
to water quality (correlations)

How to measure microbial water quality?

Who are they – and what do they do?

Selected methods to assess microbial presence
each with their pros & cons
- Plate counts (CFU) 
- Microscopy
- Optical density
- Imhoff cones
- Flow cytometry
- Biological oxygen demand (BOD5)
- Oxygen uptake rate (OUR)
- Various sophisticated methods* 

e.g. qPCR, FISH, ATPase, Live/Dead®

- Bactiquant
- Autofluorescence 
- Etc.

*(See Boulos et al., 1999;  De Schryver et al, 2008)

Comprehensive 
understanding 
Identity, function, interaction 
dynamic and pathogenity

Alternative methods –
feasible in real life?
Supplementary monitoring tests as 
early warning 

Simple indicative 
measurements 
(guidelines/correlations) 
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H2O2 decay in system water – facilitated by enzymatic activity.
Bioactive water / biostability and biofloc systems
Range of degradation rates from < 0.5 mg H2O2/l to > 25 mg H2O2/l
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Microbial water quality assay

Enzymatic degradation of HP  (H2O2 + H2O2 → 2H20 + O2)

Ultra pure water

Water from a RAS

Pasteurized water 
from a RAS 
(all bacteria killed)

Towards a microbial water quality assay

The ”bioactivity” of the system water depends on design and management. 
High variation from system to system.
(from < 0,5 mg H2O/l/h to > 25 mg H2O2/l per hour)
Degradation rate of H2O2 here suggested as an index of microbial water quality

Assumptions:
- Degradation ( 1. order) of HP is controlled by enzyme activiy ~ microbial

activity and related to enzyme conc. and HP concentration
- During degradation - a certain amount of enzyme is decomposed / inactivated
- Microbial activity ~ organic matter measured as chemical oxygen demand

(COD)
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Method to assess MWQ

Unpubl. Data, (Modeling by prof. Erik Arvin)

Knowing the initial concentrations 
of H2O2 and COD (measured), 
the two parameters a and b are 
the essential parameters 
determining the HP degradation

H2O2 decomposition rate constant, 
enzyme correlation; enzyme 
inactivation, COD

Method to assess MWQ

Water phase biostability baseline and deviations over time / change in management
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Method to assess MWQ

System specific slope sheets – allowing suitable time range for measuring
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Correlation analysis of selected
water quality measures 

Plus various common chemical
analysis of system water from a 
controlled pilot scale RAS



9/13/2013

14

(Courtesy by Carlos O. L. Gordo)

Example from a recent study of water quality in a RAS with high N/feed loading

• Constant daily feed quantity and ammonium loading 
• Weekly sampling of various measures to assess water quality
• Correlation analysis and test of system stability 

RAS water quality case study 

Experimental conditions at steady state

Exp. conditions

Fish 
biomass

125-175 kg

Density 23-32 Kg/m3

Daily
feed

1000 g

System 
volume

8.5 m3

Tank 
vol.

5.5 m3

Make-up 
water

0.8 –
1.4

m3/d

NH4Cl 
suppl.

500 g / d

Feed 
loading

0.7-1.3 Kg/m3

N-Feed 
loading*

3.6-6.2 kg/m3

Water quality

Temp. 18-20 °C

O2 > 8 mg O2/l

pH 7.7-7.9 pH set point 
at 7.8

Alka-
linity

2.5
125

meq/l
mg CaCO3/l

Experimental conditions
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RAS water quality case study 

Note: Operating, mature system; constant feeding quantity throughout the period;
Day 0-40  0.8 m3/d; day 41-100 up to 1.4 m3/d. Fish inserted at elevated nitrate.
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RAS water quality case study 
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Selected analysis Range (N=14)
Mean Min Max

TAN 0.47 0.08 0.64
Nitrit-N 0.36 0.21 0.77
Nitrate-N 212 154 291
Alkalinity 2.46 1.96 3.56
CODtotal 40.6 20.00 57.5
CODdiss 23.3 19.40 27.5
BactiQ 38900 6100 63500
H2O2 rate 1.89 0.24 4.55
H2O2 mg/h 9.82 2.50 18.8
KMnO4 3.9 2.00 5
Part. #/ml 3389 1418 4874
Part. surface 3.49 0.79 6.03
Susp. 10.70 3.9 25
UVtotal 0.35 0.131 0.526
Trans 46.42 29.78 73.88
OD650 0.02 0.004 0.037

RAS water quality case study -
data for intense 

(Unpubl. Data)

RAS water quality case study 

H2O2 degradation
rate significantly
correlated with 
Nitrate, COD, OD, 
BQ and KMnO4
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Conclusions & Perspectives

• Increased focus on microbial activity at low water exchange rates 

• Simple microbial assays are needed: as a monitoring tool; early warning; 
system knowledge and baseline information and to optimize disinfection. 

• Challenges in FW and SW RAS systems (high microbial turnover –
not sufficient to eliminate microorganisms - nutrient have to be removed)

• Integrated approach to obtain biostability and good water quality
(e.g. mechanical and biological filtration and disinfection)

• Water phase vs. biofilm and biofilter issues; needs more attention

Thanks for the attention


