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Abstract 

The fish laboratory at Norwegian University of Life Science (NMBU) is a modern 

center for fish experiment with a recirculation aquaculture system. The main effluent 

water is overflow from recirculation aquaculture system (RAS), the quality of 

overflow is equal to system water. However, the main effluent water (overflow) is 

required to be pump to the municipal water treatment plant. The objective of this 

study is to understand the water quality of the main effluent water by measuring 

concentration total nitrogen (TN), total phosphorus (TP), total suspended solid (TSS) 

and chemical oxygen demand (COD). Samples was taken every 2 hours from 7:00 to 

19:00 at January 18th and February 15th2018. The result showed that the average TN, 

TP, TSS and COD concentration at January 18th was 5.59 mg/l, 0.21 mg/l, 0.61 mg/l 

and 16.03 mg/l respectively. The TN, TP, TSS and COD concentration at February 

15th was 5.2 mg/l, 0.152 mg/l, 0.472 mg/l and 5.83 mg/l. The concentration of these 

parameters was lower compare with the outlet water of municipal waste treatment 

plant (Søndre Follo) in Vestby. This suggests that the treatment in Søndre Follo does 

not significantly increase the water quality of the main effluent water from fish 

laboratory at NMBU. However, it will load the municipal plant with water that is 

cleaner than the outlet. The amount of TP, TN TSS and COD produced by 1kg feed 

supplied was 17.17 g, 0.56 g, 1.71 g and 33.2 g, respectively. In addition, the amount 

of TP, TN, TSS and COD discharged with main effluent water was estimated at 23.9 

kg, 0.79 kg, 2.37 kg and 46.1 kg per year. One possible solution is to set the effluent 

water to lake in close area called Årungen. The amount of TP discharge to Årungen 

with stream will be increased with 0.025%.  
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1. Introduction 

In 2014, there were 73.8 million tons of fish produced by aquaculture, which 

accounted for 44.1% of world food fish production (FAO, 2016). As the resources of 

capture fisheries are limited, aquaculture will become more important for fish supply. 

Aquaculture produces large amount of effluent water while producing fish, which can 

have significant impacts on the environment (Buschmann et al., 2006; Dierberg & 

Kiattisimkul, 1996; Iwama, 1991; Sapkota et al., 2008; Wu, 1995). To meet the 

challenge from aquaculture effluent water, regulations of effluent are imposed by 

governments. The regulations are often strict, especially in developed countries like 

Norway (Asbjorn Bergheim & Brinker, 2003).  

Recirculation aquaculture systems (RAS) is a system that reuses water by water 

treatment. RASs can not only reduce water consumption (Verdegem, Bosma, & 

Verreth, 2006), but also achieve a better environmental control on the aquaculture 

system (Ebeling & Timmons, 2012). However, most of the water treatment in RASs 

cannot achieve an “overall reduction in discharge”, the waste materials are only 

relocated (Piedrahita, 2003). So, the effluent from RASs are generally high 

concentrated with waste materials. The waste components (constituents) are often 

divided into organic matters, TSS, nutrients etc. (Piedrahita, 2003).  

Fish laboratory of Norwegian University of Life Sciences (NMBU) has 3 effluent 

water flows, overflow, backwashing of drum filter and tank flushing. Fish lab is 

required to pump all effluent water to municipal water treatment plant. However, the 

water quality of main effluent water (overflow) is equal to system water. Pump the 

cleaner overflow water with highly concentrated backwashing of drum filter and tank 

flushing might be inefficient and unnecessary. The objective of this study is to know 

the water quality of main effluent water (overflow) by measuring TN, TP, TSS and 

COD to know the concentration of nutrients, TSS and organic matters.   
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2. Literature review 

2.1 The introduction of aquaculture effluent 

The environmental concerns about aquaculture has been concluded as water pollution, 

destruction of sensitive aquatic habitat and agriculture land, negative impact of 

non-native species escape, disease spreading and salinization of water and land 

(Claude E Boyd, 2003). Effluent water is one of the most important consideration in 

the environmental impact of aquaculture.  

Effluent water from aquaculture could cause negative impact to receiving water 

environment. One of the most common negative influence is eutrophication pollution 

result due to the high level of nutrient such as nitrogen, phosphorous compounds and 

carbon-based organic matters in the aquaculture effluent water. The high nutrient 

level can cause the blooms of phytoplankton in receiving water. The bacterial 

degradation of large amount of dead phytoplankton would consumes the oxygen in 

the water, which can cause the hypoxia of fish (Goldburg, Fund, & Triplett, 1997). 

Furthermore, there are many potential risks to human health should also be considered 

in aquaculture practices: antibiotic residues, antibiotic-resistant bacteria, metals, 

persistent organic pollutants etc. (Sapkota et al., 2008). 

The main content that caused the environmental problem were identified as chemicals, 

biological pollutants and nutrient waste. Specifically, the waste material in 

aquaculture effluent water were also summarized as the following categories: 

dissolved and particulate organic matter, TSS, nutrients and some specific compounds 

(Crites & Technobanoglous, 1998; Piedrahita, 2003). These pollutants are mainly 

from uneaten feed, metabolic wastes, chemicals and therapeutics during aquaculture 

operation (Ackefors & Enell, 1990; Braaten, 1992).  
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2.2 The main content of aquaculture effluent 

2.2.1 Nutrient waste 

Not all of the nutrient in the feed can be used by fish because the limited digestion of 

fish (Amirkolaie, 2005). These uneaten and undigested nutrients is the main source of 

aquaculture nutrient waste. Feed conversion ratios (FCR) can be used to determined 

nutrient discharge from fish farm, good management to access maximum growth rate 

and minimum FCR to control the discharge of nutrient (Einen, Holmefjord, Åsgård, & 

Talbot, 1995).  

Nitrogen and phosphorus was the main nutrient components in aquaculture effluent. 

The nutrient retention and excretion are various from different species and feed is 

showed in table 1 (Piedrahita, 2003).  

Numerous of study indicated that most N is excreted in the dissolved form and most P 

is in particulate form (Bureau & Cho, 1999; Skonberg, Yogev, Hardy, & Dong, 1997; 

Sugiura, Raboy, Young, Dong, & Hardy, 1999). Furthermore, van Rijn (2013) has 

concluded from several studies about different species fish that 60-90% of nitrogen 

waste is dissolved in the water. And 25-85% of phosphorus is excreted in the fecal 

waste. One study (Dalsgaard, Larsen, & Pedersen, 2015) on rainbow trout Nitrogen 

waste has indicated that 81.6% of TN waste was dissolved nitrogen.  

Table 1: Nutrients excretion and retention rates (as percentages of the constituent 

present in the feed consumed) in different species (Piedrahita, 2003) 
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Phosphorus (P) waste is a major concern in aquaculture (Bureau & Cho, 1999). The 

reason is that phosphorus is the limiting nutrient for the growth of aquatic plants in 

fresh water, high level of phosphorus could result in eutrophication and algal bloom 

(Talbot & Hole, 1994). Dissolved phosphorus could be taken up rapidly (within 

minutes) by Bacteria and phytoplankton (Levine, Stainton, & Schindler, 1986) 

Short-term leaching rates of P from feeds and feces were reported by Phillips et al 

(Phillips, Clarke, & Mowat, 1993). They reported that up to 10% of TP may be 

leached from feces and feed in a 30m deep water column. Higher leaching rates was 

showed in feces compared with feed in this study. 

The nutrient waste can be reduced by improvement of diet formulation. A review 

concluded that Nitrogen waste could be controlled by reducing digestible protein to 

digestible energy rate and Phosphorus waste could be reduced through by increase the 

digestible phosphorus content of phosphorus (C. Y. Cho & Bureau, 2001). 

2.2.2 Particle waste 

Solids can not only clog the gills of fish but also provide habitat for micro-organisms. 

Accumulation of suspended solids has significant negative impact on nitrification 

activity, which can reduce the TAN removal in the system (Andersson, Aspegren, 

Parker, & Lutz, 1994; Michaud, Blancheton, Bruni, & Piedrahita, 2006). 

There are many factors affect the solids in culture water: type of fish, feeding factor, 

feed management, variation in solid load and flow management (Shulin Chen, 

Timmons, Aneshansley, & Bisogni, 1993). Different type of fish has different feeding 

ability, which can lead to different amount of uneaten feed. Factor of feed is also 

important, good feed can produce less uneaten feed. Feeding in good quality can 

improve the efficiency of nutrient utilization. For example, improved modern diet 

formulations could produce less than 150 kg solid waste for one metric ton of 

salmonid fish production (C Young Cho & Bureau, 1997).  
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One study (Shulin Chen et al., 1993) about suspended solids characteristic showed an 

average particle weight of 10.6*10-7 mg constituted 40-70% of TSS by weight. More 

than 95% of suspended solids in RAS was in low diameter (<20μm). The possible 

factors can affect particle size distribution has been identified: feed pellet integrity, 

dust content and physical characteristic and daily management such as tank washing 

(Kelly, Bergheim, & Stellwagen, 1997; Patterson, Watts, & Timmons, 1999). 

However, the particle size distribution was not directly affected by feed regime in 

flow through system. The water could be break down by turbulence in the system. For 

example, a waterfall at end of fish farm has been reported can reduce the particle size 

and higher removal performance in drum filter after removing the water fall (Brinker 

& Rösch, 2005). Furthermore, biofilter used in aquaculture system can also affect the 

particle distribution. A study (Fernandes, Pedersen, & Pedersen, 2017) showed a 10% 

reduction of particle concentration, particle surface area and particle volume in water 

sample through FBBR. One the other hand a 10% increase of total particle area and 

particle concentration was showed in water through MBBR, but on effect on particle 

volume. In other words, MBBR can increase number of fine particles but cannot 

remove particles. That might because the particle disintegration result from vigorous 

aeration and mixing process in the moving bed. On the other hand, FBBR can reduce 

particle concentration, particle surface area and particle volume. Because the fixed 

bed can catch the solid in the water. 

A review (C. Y. Cho & Bureau, 2001) about formulation strategies and feeding 

system to reduce excretory and feed wastes indicate that reduction of solid waste can 

be achieved by careful selection of the ingredients and the nutrient balance of the 

feed. 

2.3 Effluent regulation 

Environmental regulations for aquaculture effluent varies greatly from country to 

country. It might because of the various differences in environment, aquaculture 
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technology, species and the water quality of the natural water bodies.  Most of 

legislation for the aquaculture effluent control in land-based farms still obey the rule 

from a Germany review (Asbjorn Bergheim & Brinker, 2003; Rosenthal, 1994).    

Asbjorn Bergheim and Brinker (2003) reviewed the environmental regulation of 

several countries in EU (Germany, Denmark and UK) and Norway. the Denmark 

regulation has been described that required suspended solids less than 3 mg/l, TP less 

than 0.05 mg/l, TN less than 0.6 mg/l, BOD5 less than 1mg/l and the oxygen 

saturation should be more than 60% saturation. The regulation also includes a rule for 

sampling and feed composition, which required nitrogen less than 9% and phosphorus 

less than 1% in feed (Rosenthal, 1994).  

Although the regulation of aquaculture effluent depends on different situation. There 

was still some suggestion for aquaculture effluent concentration can be found (Table 2 

and Table 3). A target standard was reported that TP should be less than 0.3mg/l, 

TAN and TSS should be less than 3mg/l and 50mg/l (C. E. Boyd & Gautier, 2000). 

The maximum concentration for TN, TP, TSS and BOD5 has been suggested at 10 

mg/l, 2 mg/l, 50 mg/l and 50 mg/l respectively. 

Table 2: A suggestion for aquaculture effluent concentration (C. E. Boyd & Gautier, 

2000) 

Variable Initial standard Target standard 

pH (standard units) 6.0–9.5 6.0–9.0 

Total suspended solids (mg/l) 100 or less 50 or less 

Total phosphorus (mg/l) 0.5 or less 0.3 or less 

Total ammonia nitrogen (mg/l) 5 or less 3 or less 

5-Day biochemical oxygen demand 

(mg/l) 

50 or less 30 or less 

Dissolved oxygen (mg/l) 4 or more 5 or more 
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Table 3: A suggestion concentration from International Finance Corporation 

(International Finance Corporation, 2007) 

Parameter/pollutant Maximum value 

pH 6 to 9 

BOD5 50 mg/l 

Oil and grease 10 mg/l 

Total suspended solids 50 mg/l 

Total phosphorus 2 mg/l 

Total nitrogen 10 mg/l 

2.4 Water treatment in RAS 

In indoor RAS system, the effluent treatment is often achieved within the 

recirculating loop. In RAS system, the basic treatments are ammonia removal, particle 

removal.  Typical Recirculating aquaculture system (RAS) include waste solids 

removal, Ammonia and nitrite nitrogen control, dissolved gas management, and 

disinfection (Losordo, Masser, & Rakocy, 2000). 

2.4.1 Ammonia removal 

Biofilters 

There are many methods could be utilized to remove ammonia nitrogen from water. 

Biological filtration is the widely used in RAS for ammonia nitrogen removal which 

can use nitrifying bacteria to oxidize ammonia into nitrate. 

There are several types of biofilter to remove the ammonia nitrogen. Rotating 

biological contactor (RBC), tricking filters, expandable media filters, fluidized bed 

filters and mixed bed reactors have been used in RAS (Losordo et al., 2000). A review 

article (Crab, Avnimelech, Defoirdt, Bossier, & Verstraete, 2007) compared rotating 

biological contactors, trickling filters, bead filters and fluidized sand biofilters in RAS 

(Table 4). Rotating can achieve the highest TAN areal removal rate with highest while 

fluidized sand biofilter had the lowest removal rate with lowest cost. 

RBC are widely used in aquaculture water treatment as biofilter (Brazil, 2006).  The 

rotating biological contactor has low head requirements to move water through the 

https://www.sciencedirect.com/science/article/pii/S004484860300471X#BIB20
https://www.sciencedirect.com/science/article/pii/S004484860300471X#BIB20
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vessel. This advantage implies passive aeration and carbon dioxide removal, and low 

chance of clogging. 

Table 4: General overview of the average TAN areal removal rate for frequently used 

biofilters in aquaculture systems (Crab, Avnimelech, Defoirdt, Bossier, & Verstraete, 

2005) 

Biofilter 

type 

Average TAN 

areal removal 

rate 

Cost References 

(g 

TAN/m2 day) 

(Euro/kg year) 

Rotating 

biological 

contactor 

0.19–0.79 1.143 Miller and Libey, 1985; Brazil, 

2006 

Trickling 

filter 

0.24–0.64 1.036 Kamstra et al., 1998; Schnel et 

al., 2002; Eding et al., 2006; 

Lyssenko and Wheaton, 2006  

Bead filter 0.30–0.60 0.503 Greiner and Timmons, 1998; 

Timmons et al., 2006a  

Fluidized 

sand 

biofilter 

0.24 0.198 Miller and Libey, 1985; 

Timmons and Summerfelt, 1998  

 

Moving bed biofilters or moving bed biofilm reactor(MBBR) are quite popular in 

RAS. Timothy (Pfeiffer & Wills, 2011) has evaluated three types of plastic media in 

MBBR, the highest percent of TAN removal was 12.3% and 14.4% in different feed 

loads. MBBR was developed in Norway in the late 1980s and early 1990s (Odegaard, 

Rusten, & Siljudalen, 1999; Ødegaard, Rusten, & Westrum, 1994). MBBR is widely 

used in municipal and industrial waste water treatment. Application of MBBR in 

aquaculture has been successful in Atlantic salmon smolt production, brown trout, 

arctic char juveniles productions and etc. (Rusten, Eikebrokk, Ulgenes, & Lygren, 

2006). The TAN removal rate of MBBR influenced by many factors such as 

temperature, organic loading, dissolved oxygen, TAN concentration, pH and 

alkalinity (Rusten et al., 2006). The advantage of MBBR are continuously operating 

https://www.sciencedirect.com/science/article/pii/S0044848607004176#bib73
https://www.sciencedirect.com/science/article/pii/S0044848607004176#bib73
https://www.sciencedirect.com/science/article/pii/S0044848607004176#bib57
https://www.sciencedirect.com/science/article/pii/S0044848607004176#bib57
https://www.sciencedirect.com/science/article/pii/S0044848607004176#bib57
https://www.sciencedirect.com/science/article/pii/S0044848607004176#bib40
https://www.sciencedirect.com/science/article/pii/S0044848607004176#bib40
https://www.sciencedirect.com/science/article/pii/S0044848607004176#bib73
https://www.sciencedirect.com/science/article/pii/S0044848607004176#bib73
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(no need for backwashing), no-clog biofilm, low head loss and high specific biofilm 

surface. The capacity of MBBR could be adjusted by degree of filling, maximum 

filling degree is around 70% (Ødegaard et al., 1994). 

Anaerobic ammonium-oxidizing (Anammox) technology is a new technology which 

can transform TAN directly to nitrogen gas (Gut, Płaza, Trela, Hultman, & Bosander, 

2006).   

Nitrification process 

There are two forms ammonia: NH3 and NH4+ (Ionized ammonia and unionized 

ammonia). The sum of the two forms called total ammonium nitrogen (TAN). The 

maximum safe concentration of un-ionized ammonia is unknown, but in many cases, 

it is not close to the 0.0125 mg/L value commonly accepted by fish culturists (Meade, 

1985). Ionized ammonia and unionized ammonia are in equilibrium depending on the 

pH and the temperature (Timmons, Ebeling, Wheaton, Summerfelt, & Vinci, 2002). 

Both ionized ammonia and unionized ammonia may be toxic to fish. Unionized 

ammonia is more toxic form (Körner, Das, Veenstra, & Vermaat, 2001). 

Nitrification was widely applied to control the amount of ammonia in RAS. The 

process of nitrification could be concluded as follow: 

Ionized ammonia(NH4
+) oxidized into nitrite(NO2

-) by autotrophic bacteria, 

Nitrosomonas is the most important autotrophic bacteria 1). Nitrite is then oxidized to 

the much less toxic nitrate(NO3
-) by several other bacteria, the most important of 

which is Nitrobacteria 2) (USEPA, 1984; WPCF, 1983). 

NH4+ + 1.5O2 → 2H+ + H2O + NO2
-   1) 

NO2
- +0.5 O2 → NO3

-               2)  

The complete nitrification process can be express as:  

NH4+ + 1.83O2 + 1.98HCO3
- → 0.021C5H7O2N + 1.041H2O + 0.98NO3

- + 

1.88H2CO3
-                       3) 
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The factors that affect nitrification 

Nitrification in the bacterial film of the biofilter is affected by a variety of parameters 

such as substrate and dissolved oxygen concentrations, organic matter, temperature, 

pH, alkalinity, salinity and turbulence level (Shulin Chen, Ling, & Blancheton, 2006). 

The growth of bacteria depend on the nutrient in the water. The most frequent limiting 

factor for heterotrophic bacteria has been indenticated to be carbon, whereas nitrogen 

and are seldom limiting (Leonard, Guiraud, Gasset, Cailleres, & Blancheton, 2002). 

The competition from heterotrophic bacteria is an important consideration in biofilter 

design and management. Heterotrophic bacteria (HB) have competition with 

autotrophic nitrifying bacteria (AB) for oxygen and space. Moreover, the by-products 

of metabolic of HB may cause the diseases of fish (Leonard et al., 2002; Nogueira, 

Melo, Purkhold, Wuertz, & Wagner, 2002). And the negative impact from 

heterotrophic bacteria should be controlled for a higher nitrification efficiency.  

The most possible important factor to control heterotrophic bacteria population is the 

quantity of feces reaching the biofilter. So, the possible solution to control the 

population of heterotrophic bacteria is remove the feces as more as possible. Because 

the dissolved organic carbon (DOC) was not the limiting factor for HB growth 

(Leonard et al., 2002).    

The organic carbon/inorganic nitrogen (C/N) ratio shows the availability and 

competition of organic carbon and ammonia in the water. Generally, heterotrophic 

bacteria out-compete nitrifying bacteria for oxygen and space when the C/N ratio is 

high. The occasion AB can out-compete HB is that the C/N ration is relative low in 

the biofilter water environment. However, the critical C/N ratio affecting the 

nitrification rate varies among systems and is related to the characteristics of the 

organic carbon available. One study for submerged biofilter found that TAN removal 

rate at 0.5 C/N ratio was 30% lower than that C/N ratio at 0 (Michaud et al., 2006). 

Another experiment on fixed film biofilter showed similar result, solution with C/N = 

1.0 or 2.0 resulted in approximately a 70% reduction of TAN removal rate as 



 14   

compared with the solution with C/N = 0 and have similar inorganic nitrogen amount. 

Moreover, one research demonstrated that extension of hydraulic retention time in 

biofilter with nitrification and organic carbon removal may not be effective (Nogueira 

et al., 2002). 

Denitrification 

Nitrate concerntration could be high in RAS when the recirculating degree was high. 

Nitrate is less toxic than nitrite. But in certain occasion, nitrate can be toxic to fishes. 

The toxicity of nitrate have been reported in variance, maximum concentration in 

freshwater was reported at 96hLC50s >1000mg/l nitrate nitrogen (Colt, 2006). The 

nitrate toxicity for marine species has been tested (Pierce, Weeks, & Prappas, 1993). 

Marine white spot disease has been linked to nitrate concentrations above 30 mg 

nitrogen per liter (Burgess, 1995). Denitrification process is a traditional way to 

reduce nitrogen pollution in agricultural, domestic and industrial wastewater streams 

that threaten eutrophication of surface waters. By means of denitrification, oxidized 

inorganic nitrogen compounds, such as nitrite and nitrate are reduced to elemental 

nitrogen (N2). The process is conducted by facultative anaerobic microorganisms 

with electron donors derived from either organic (heterotrophic denitrification) or 

inorganic sources (autotrophic denitrification). Due to the low efficiency in removal 

and high cost, the application of anaerobic denitrification is not wide in aquaculture 

water treatment. Generally, the nitrate in RAS system are removed by water exchange 

(Christianson, Lepine, Tsukuda, Saito, & Summerfelt, 2015; Menasveta et al., 2001; 

Singer, Parnes, Gross, Sagi, & Brenner, 2008; Zhu et al., 2015). 

2.4.2 Particle management  

The solids removal is to remove solids in high flow and low concentration 

aquaculture waste water. Many methods can be used to remove particles, but the size 

of the removed particles varies (Figure 1). The sedimentation can only remove solids 

size >100μm, tube settle can remove solids size >75μm and rotating micro screen can 
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remove the solids > 30μm. The largest removal method was media filter, which can 

remove solids size >15μm.  

Mechanical filtration is widely used to remove the solids waste. The advantage is that 

minimal space was used to remove particles. Typical mechanical filter used in 

aquaculture are drum filter, disk filter and inclined belt filter (Timmons et al., 2002). 

All these three filters use microscreen to remove solids. Particle with size that larger 

than mesh size of screen could be removed by physical restriction when water go 

through the microscreen. The mesh size of filters determined the size of particle that 

can be removed. However, smaller size solids can also be captured when several 

small size particle bridges together (Ebeling & Timmons, 2012).  

Twarowska, Westerman, and Losordo (1997) reported a 41% suspended solids 

removal efficiency on a rotating drum filter with 60 μm screen mesh size.  

The mesh size is not as small as possible in practical treatment, because too small 

mesh size can limit water quality by breaking down large particles. Drum filter have 

been indicated that could result in the fine particles (<20 μm) dominates (Shulin Chen 

et al., 1993). Another reason is the higher investment and low and cost are caused by 

larger pressure loss and more frequently backwashing (Cripps & Bergheim, 2000; 

Dolan, Oliver, Murphy, & O'Hehir, 2011).  

The removal of solids can also reduce the particle-bond nutrients and organic matters. 

One study (Sindilariu, Brinker, & Reiter, 2009) has analyzed treat efficiency of two 

drum filters with 80μm and 63μm mesh size in a partial aquaculture reuse system 

showed that both two microgreens had a statistical significant treatment effect on 

particulate matter TSS, BOD5, COD and TP. An average treatment efficiency of 

60-μm mesh size drum filter has been reported: SS (67–97%), TP (21–86%) and TN 

(4–89%) (Cripps & Bergheim, 2000). However, mechanical filtration has low 

efficiency in the reduction of dissolved nutrients (Cao et al., 2007; Schulz, Gelbrecht, 

& Rennert, 2003). A removal of 95.8-97.3% TSS, 64.1-73.8% of COD, 49%-68.5% 



 16   

of TP and 20.6%-41.8% TN was reported in another study (Schulz et al., 2003). In 

addition, Continuous backwashing can be used to ensures an unblocked screen to 

achieve a maximum flow rates (Dolan et al., 2011). 

 

Figure 1: Particle removal in different removal methods (St Chen, Stechey, & Malone, 

1994; Cripps & Bergheim, 2000) 

2.4.3 Disinfection 

In RAS, particle removal could reduce the organic load such as TSS, BOD and COD 

in the water but pathogenic and other micro-organisms cannot be removed efficiently 

(Hassen et al., 2000). Ozone are mainly used in RAS to disinfect, remove organic 

carbon for improving water quality. The advantage is that ozonation has rapid 

reaction and few harmful reaction by-products. In addition, the end-product is oxygen 

which can supply supersaturated levels of dissolved oxygen that will increase the 

culture tank carrying capacity (S. T. Summerfelt, 2003). Ultraviolet (UV) irradiation 

is considered as a credible alternative to chemical disinfection, because of the UV 

irradiation does not produce toxic by-products (Hassen et al., 2000). In RAS, UV 

irradiation can be used to destroy ozone residual and to denature the DNA of 

microorganisms to make them die or lose their function (Rodriguez & Gagnon, 1991) 
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Ozone residuals are destroyed at UV light wavelengths ranging from 250 to 260 nm, 

while microorganism inactivation can be achieved at UV wavelengths ranging from 

100 to 400 nm, although a wavelength of 254 nm is most effective.  

2.5 Alternative treatment methods 

There are some techniques for treating effluent water from aquaculture system. For 

example, using the food crops to clean aquaculture effluents. It requires the plants to 

remove nutrients to low levels without a reduction in productivity and quality. 

Treatment of fishery effluent using hydroponic crop production represents a 

potentially profitable secondary enterprise for the aquaculture producer (Adler, 

Harper, Takeda, Wade, & Summerfelt, 2000). A pilot unit was constructed in the 

existing wastewater treatment plant at El Mansoura governorate located in north 

Egypt. The optimum dose of coagulants used in the combined unit gives removal 

efficiencies for COD, BOD, and TP as 65%, 55%, and 83%, respectively (Ismail, 

Fawzy, Abdel-Monem, Mahmoud, & El-Halwany, 2012). 

Constructed wet land are wildly used in treatment of aquaculture effluents. This 

treatment method showed good performance on the nutrient fractions containing 

particulate matter (Schulz et al., 2003; Sindilariu, Schulz, & Reiter, 2007; S. T. 

Summerfelt, Adler, Glenn, & Kretschmann, 1999). One study (S. T. Summerfelt et al., 

1999) reported that in vertical flow and horizontal flow wetlands removed 98% and 

96% TSS, 91 and 72% total COD, and 81and 30% dissolved COD. Both types of 

wetland cell removed most (82-93%) of TKN, phosphorus and dissolved phosphate.  
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3. Fish laboratory in NMBU 

3.1 Location of fish laboratory in NMBU 

The study site was in fish laboratory of Norwegian University of Life Sciences 

(NMBU). The fish laboratory has three fresh water RAS for treating the water. 

3.2 Water treatment system of fish laboratory in NMBU 

There are two main parts: fish tank and water treatment. The water in the fish tank 

will flow to the water treatment units then pump back to fish tank. 

The water treatment system includes drum filter, MBBR, fixed bed and UV treatment 

unit. This system is to remove the particle, ammonia and micro-organism of the outlet 

water from fish tank to make water can be reused.  

The model of RAS is showed in figure 2 and figure 3. Water from fish tank treated by 

the Drum filter, MBBR 1and 2 and Fixed bed in turn. Water flow in drum filter was 

from the top to bottom. Water in MBBR was up flow and in fixed bed was down 

flow.  

 

Figure 2: The model of RAS in fish laboratory of NMBU( Sterner AS) 

https://www.smarter.com/no/web?q=Sterner+AS&qo=relatedSearchNarrow&o=759219&l=dir
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Figure 3: The water flow model of RAS 

The volume of each chamber in RAS 1and 2 is showed in figure 4, the volume of 

drum filter was 2.4 m3, the volume of biofilter chamber 1 and chamber 2 was 1.8m2 

and 1.6m2 respectively, and the fixed bed volume was 1.8m2. The whole volume of 

one treatment unit was 10.3 m3. The volume of each chamber in RAS 3 is showed in 

figure 5, the volume of drum filter was 2.4 m3, the volume of biofilter chamber 1 and 

chamber 2 was 0.9 m2 and 0.7m2 respectively, and the fixed bed volume was 1.8m2
. 

The difference between RAS 1, RAS 2 and RAS 3 in volume was that RAS 1and 2 

has about 2 times larger volume for MBBR.   

 

Figure 4: The volume of RAS1 and 2 
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Figure 5: The volume of RAS 3 

3.2.1 Drum filter 

Water from fish tank mix with the new inlet water and then flow into the water 

treatment unit from drum filter. Drum filter is one type of mechanical filter. The 

function is to remove the organic particles inside the RAS system by the screen, 

which can secure a low and stable concentration of organic matter for keeping the 

biofilter have an optimal performance. The removed particle discharged by 

back-flushing water of drum filter.  

The water filtered by a 40µm-mesh drum filter (NP Innovation AB, F802) before 

going to the biofilter.  

Well-designed filter can remove 60-80 percent of organic matter such as BOD5. 

Transmission is also important, because turbulence can help to preserve organic 

matters. 

3.2.2 MBBR (Moving Bed Biofilm Reactor) 

In RAS system, the function of the biofilter is nitrification, which can remove 

ammonia. Nitrification process can oxidize the ammonia into nitrate. Nitrifying 

bacteria were established on the filter media and growing in the biofilm. And it shows 

in both water and filter media. Denitrification are used in high intensity RAS to 

remove nitrate. 
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In fish laboratory, moving bed biofilter are used, which were heavily aerated by air 

pump to provide air for the bacteria growing. Furthermore, there are 2MBBR 

chambers (1.8m3 and 1.6m3) in one RAS. Both chambers were fill with two type of 

filter medias: Mutag Biochip™ (Umwelttechnologie AG, Germany) (Figure 6) and 

RK Bioelements (RK Plast A/S, Skive, Denmark) (Figure 7). The bacteria 

Nitrosomonas established biofilm on the filter medias. The MBBR only function with 

nitrification, nitrate controlled by water exchange. 

Mutag BioChip ™ is sheet and round. Because of its fine pore structure in the surface, 

active growth area is more than 3000 m²/m³. These chips provide an optimal condition 

for the bacteria. 

 

Figure 6: Mutag BioChip ™  

 

Figure 7: RK BioElements Light  

As showed in table 5, RK BioElements Light have a density of 0.93 g/cm3 can be 

used in the moving bed biofilter. In addition, the specific surface area is 750 m² per 

m³ and the volume weight is 158 kg/m3. 

 

 

 

 



 22   

Table 5: Technical specifications for RK (RK Plast A/S, Skive, Denmark) 

Volume weight (kg/m3) 158 

Number (pcs/m3) 255.000 

Specific surface area (m2/m3) 750 

3.2.3 Fixed bed  

After the MBBR treatment, the water flows into the fixed bed biofilm reactor which is 

filled with filter media (RK BioElements Heavy). The fixed bed is one kind of 

down-flow fixed-bed. The aim of the fixed bed is to remove the peeled biofilm and 

particles. Water from MBBR flow from top of fixed bed chamber to the bottom. Filter 

media can catch the fine particles and peeled biofilm efficiently. 

RK BioElements Heavy have a density of 1.20 g/cm3 and are used primarily in 

"down-flow fixed-bed" filters.  

Table 6: Technical specifications for RK BioElement Heavy (RK Plast A/S, Skive, 

Denmark) 

Volume weight (kg/m3) 210 

Number (stk/m3) 255.000 

Specific surface area (m2/m3) 750 

3.2.4 Aeration  

After fixed bed, water flows to a single chamber for aeration. The aim is effective 

convection of water.  

3.2.5 Pump chamber 

Pump chamber (Figure 8) located after the aeration chamber. There are two ways that 

water can flow out of the treatment unit. Water flow in this chamber is up-flow. Most 

of water can be pump out from the bottom of the chamber and a small percent of 

water goes to out from overflow pipe (main effluent). 
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Figure 8: The model of pump chamber (Sterner AS) 

3.2.6 The UV treatment 

Water was pumped into UV reactor (WEDECO BX80e FAN) after fixed bed (Figure 

9). The UV reactor can kill the micro-organisms by disrupt their DNA structure. The 

aim is to control the micro-organisms and Pathogens.  

Table 7 shows the specification of the UV reactor. Maximum flow rate, minimum UV 

dose, reactor volume and etc. was list on the table to show the capacity of this reactor. 

Parameters can be read on a monitor connected to UV (Figure 10). 

After the treatment of UV reactor, water will be pump to the fish tank. 
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Table 7: Technical specifications for UV reactor (WEDECO BX80e FAN) 

Max. flow rate 30m3/h 

Min. UV dose 400J/m2 

Min. UV transmission 50% 

Operating pressure 0-16bar 

Water temperature +5-45 

Reactor volume 51 liters 

Rating 65 

 

 

Figure 9: UV reactor (WEDECO BX80e FAN) 
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Figure 10: Screen of UV reactor (WEDECO BX80e FAN) 

3.3 Effluent water and license  

There are 3 types of effluent water flow in fish lab (Figure 11): 

1. Main effluent water: discharged in the end of RAS as overflow.  

2. Back-flushing water from the drum filter.  

3. Tank flushing water 

 

Figure 11: Three types of effluent in fish-lab 

Fish laboratory in NMBU has license A A 0001 (appendix 1). This license 

requires fish-lab to transport all the effluent water to municipal waste water treatment 

plant. It costs around 20nok to treat 1m2 water and around 240000nok per year. This 

is expensive and means a lot for the fish labs economy.  
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4. Materials and methods 

4.1 Routine records during the experiment period 

The fish tanks were regularly cleaned by brushing and flushing during the routine 

work of fish lab. The average tank flushing flow was 1.2 l/min.  

The average system data was from the routine record of fish lab. Total biomass, daily 

feeding and water flow during the experimental period was showed in table 8. In the 

period of experiment 1, the average total biomass was 405 kg, the average daily 

feeding was 8.1 kg, the average total flow was 730 l/min, the average make up flow 

was 18 l/min and the average back flushing flow was 0.7 l/min. In experiment 2, the 

average total biomass was 380 kg, the average daily feeding was 5.8 kg, the average 

total flow was 650 l/min, the average make up flow was 16 l/min and the average 

back flushing flow was 0.6 l/min.  

Obviously, there are more fish in fish-lab during experiment 1 than that During 

experiment 2. It is reasonable that more feed consumption and higher water flow in 

the system. In addition, the recirculation degree for the sum of three RAS during the 

experiment was calculated as follow: 

𝑅𝑒𝑐𝑖𝑟𝑐𝑢𝑙𝑎𝑡𝑖𝑜𝑛 𝑑𝑒𝑔𝑟𝑒𝑒 = (𝑇𝑜𝑡𝑎𝑙 𝑓𝑙𝑜𝑤 − 𝑀𝑎𝑘𝑒 𝑢𝑝 𝑓𝑙𝑜𝑤)/(𝑇𝑜𝑡𝑎𝑙 𝑓𝑙𝑜𝑤) 

Substituting the corresponding value into the formula gives the result that 

recirculation degree during experiment 1 was 97.534% and the degree during 

experiment 2 was 97.538%. So, the average recirculation degree of two experiment 

was 97.536%. 

Main effluent flow from fish lab of NMBU was calculated as follow: 

𝐌𝐚𝐢𝐧 𝐞𝐟𝐟𝐥𝐮𝐞𝐧𝐭 𝐟𝐥𝐨𝐰

= 𝐌𝐚𝐤𝐞 𝐮𝐩 𝐟𝐥𝐨𝐰 − 𝐁𝐚𝐜𝐤𝐟𝐥𝐮𝐰𝐬𝐡 𝐟𝐥𝐨𝐰 − 𝐓𝐚𝐧𝐤 𝐟𝐥𝐮𝐬𝐡𝐢𝐧𝐠 𝐟𝐥𝐨𝐰 
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In experiment 1, the make-up water flow was 18 l/min, backflush flow of drum filters 

was 0.7 l/min and tank flushing flow were 1.2 l/min. These number were average data 

for period 14th January to 18th January, and these number were the sum of three RASs. 

So, the effluent flow was 16.1 l/min (966 l/h, 23184 liter/day) 

In experiment 2, the make-up water flow was 16 l/ min, backflush flow of drum filters 

was 0.6 l/min and tank flushing flow were 1.2 l/min. These number were average data 

for period 10th February to 15th January, and these number were the sum of three 

RASs. So, the effluent flow was 14.2 l/min (852 l/h, 20448 liter/day)  

The feed used in fish lab were various due to the different feed are used for different 

experiment. But, the percentages of phosphorous and nitrogen by weight could be 

assumed as 1.2% and 6.5%, respectively. The feed composition was showed in table 

9.  

Table 8: Average system data for period 14.01-18.01 and 10.02-15.02 (The sum of 

three RAS system). 

 Experiment 1 Experiment 2 Mean 

Total biomass 405 kg 380 kg 392.5 kg 

Daily feeding  8.1 kg 5.8 kg 6.95 kg 

Total flow  730 l/min 650 l/min 690 l/min 

Make-up water  18 l/min 16 l/min 17 l/min 

Backflush of drum filters 0.7 l/min 0.6 l/min 0.65 l/min 

Flushing fish tank flow 1.2 l/min 1.2 l/min 1.2 l/min 
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Table 9: Feed consumption 

Year Feed amount (kg) 

2016 1325 

2017 1450 

4.2 Sampling of water 

There were 2 experiments in this study: 

Experiment 1 (Jan.18): Samples was taken every 2 hours from 9:00 to 19:00, the TN, 

TP, TSS and COD was measured after sampling. Every parameters were measured 

with 3 replicates per sample. 

Experiment2 (Feb.15): The repetition of experiment 1.   

After the treatment of RAS, the treated water was divided into two parts. Most of the 

water were transferred to UV treatment unit and then pumped to fish tank. The rest 

water was the main effluent water, which was connected with the pipe to municipal 

plants. The main effluent water is difficult to collect because the water was pumped to 

municipal plant. Hence, water samples were taken from outlet of UV treatment unit 

(Figure 12). The aim of this study is to analyze the main effluent water quality in fish 

lab. The water sample was taken from 3 sampling sites by a 1liter measuring cup 

(Figure 13). In experiment 1, 1.5L water samples were taken from samplings, and mix 

in a 5L container (Figure 14) to get a 4.5L mixed water sample. In experiment 2, 

water samples were mix in two 5L container to get 9L (4.5L per container) mixed 

sample by the same way as experiment1. Because the TSS measurement in 

experiment 1 cost 1L water per test and in experiment 2 cost 2L water per 

measurement.  

The 3 sites were from different RAS system:  

⚫ Site1: Overflow of RAS1, at end of UV. 
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⚫ Site2: Overflow of RAS2, at end of UV. 

⚫ Site3: Overflow of RAS3, at end of UV 

Samples were taken after the water flowing out for a while to remove the solid 

accumulated in the outlet when it takes off. The 5L container and measuring cup was 

washed by the water from UV. And the water samples were mixed well before every 

single measurement. 

 

Figure 12: The end of UV, sampling site 
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Figure 13: 1liter measuring cup          

 

Figure 14: 5 liters container 

4.3 Measuring of water flow 

The water flow was measured in every sampling day. The make up flow was 

measured directly by flowmeter. The average water flow of drum filter back-flushing 

water is measured by collecting the back-flushing water in an outlet pipe (Figure 15) 

by a graduated bucket (Figure 16) in a certain time (1 hour). The tank flushing water 

flow was average number from routine record of fish lab. 

Figure 15: Outlet pipe of drum 

filter  

Figure 16: Graduated bucket   
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4.4 Measurement of TN, TP, COD and TSS 

TN, TP ad COD were analyzed immediately after sampling. All these three 

parameters determination were measured by Spectroquant® Photometer NOVA 

60(Merck KGaA, Darmstadt, Germany) (Figure 17) following the standard procedure 

(appendix 2, 3 and 4) on three different test kits. During these three measurements, 

two thermo-reactors (Figure 18) is required to heat the cells at a certain temperature 

for a certain time in guidance of the standard procedure. COD measurement required 

148°C for 2 hours, TN and TP measurement need 100°C (120°C) for 1hour and 

0.5hour respectively. Other equipment was also necessarily used during analyzing 

period, including pipettes, test-tube racks (Figure 19), gloves etc. In addition, the 

standard test kit for TN is determined by measuring the parameters ammonium, nitrite 

and nitrate nitrogen. The organic nitrogen requires the additional decomposition of the 

sample. Therefore, organic nitrogen was not measured in this study.  

 

 

Figure 17: Photometer NOVA 60     

 

Figure 18: Thermoreactor CR 3200 
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Figure 19: Pipettes and test-tube rack  

According to documents given by the producer of test kits, all measurements had 

technical accuracy and measuring range (Table 10). 

Table 10: Standard accuracy of a measurement for three water parameters (mg/l) 

(Merck KGaA, Darmstadt, Germany 

Test kits TP TN COD 

Measuring range 0.05-5 0.050-15.0 4-40 

Accuracy of measurement Max.±0.08 Max.±0.50 Max.±1.5 

TSS was measured by the standard method (Federation & Association, 2005). A 

well-mixed sample is filtered through a weighed standard glass-fiber filter, the residue 

retained on the filter is dried to a constant weight at 103 to 105 degrees. The increase 

in the weight of the filter represents the total suspended solids. The filter paper in this 

study was glass microfiber filter (Whatman®, grade GF/A) with diameter 47 mm 

(Figure 21). The water sample was filtered by vacuum filter (Figure 22) and weighed 

by a moisture analyzer (Figure 20). 
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Figure 20: Moisture Analyzer       

 

Figure 21: Microfiber filter 

 

 

Figure 22: Filter with vacuum gas pump 
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5. Result and discussion  

5.1 Water quality variation through the day 

5.1.1 The result of experiment 1 

After taking six sample from 09:00 to 18:00 with three repetitions per sample at 

January 18th2018. The result with average number and standard deviation of four 

parameters were expressed in table 11 to show the water quality of main effluent 

water from fish lab. All results of TN, TP and COD were in the measuring range and 

accuracy according to standard accuracy of a measurement (See table 10). 

The TN concentration was 4.40±0.35 mg/l (9:00), 6.07±0.12 mg/l (11:00), 5.73±0.25 

mg/l (13:00), 5.80±0.10 mg/l (15:00), 5.90±0.36 mg/l (17:00) and 5.67±0.12 mg/l 

(19:00) respectively. The average TN of these 6 samples was 5.59±0.60 mg/l. The 

concentration of TN at 9:00 was obviously lower than the other results. Then the 

number increased to 6.07 at 11:00, which is highest in these 6 results. The amount 

stayed nearly stable around from 13:00 to 17:00. 

The TP concentration was 0.197±0.006 mg/l (9:00), 0.203±0.006 mg/l (11:00), 

0.203±0.006 mg/l (13:00), 0.207±0.006 mg/l (15:00), 0.213±0.023 mg/l (17:00) and 

0.233±0.006 mg/l (19:00) respectively. The average TP of these 6 samples was 

0.21±0.015 mg/l. The concentration of TP was staying in a low level during the 

experiment period compared with other parameters. As showed in table 11, the 

highest concentration was 0.233 mg/l at 19:00 while the lowest concentration was 

0.197 mg/l at 9:00.  

The result of COD was 17.43±0.55 mg/l (9:00), 18.17±0.59 mg/l (11:00), 18.27±0.59 

mg/l (13:00), 17.67±0.67 mg/l (15:00), 11.87±1.21 mg/l (17:00) and 12.80±0.28 mg/l 

(19:00) respectively. The average COD of these 6 samples was 16.03±2.75 mg/l. The 

concentration from 9:00 to 15:00 was nearly stable. However, after 15:00, the number 

of COD concentration drop from 17.67 (15:00) to 11.87(17:00), and then increased to 

12.80(19:00).  
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The TSS concentration was 0.33±0.58 mg/l (9:00), 0.67±0.58 mg/l (11:00), 1.33±0.58 

mg/l (13:00), 0.33±0.58 mg/l (15:00), 0.33±0.58 mg/l (17:00) and 0.67±0.58 mg/l 

(19:00) respectively. The weight of suspended solids was stable, and the 

concentration in 13:00 was higher than other time points. 

The water quality during the experiment was quite stable in terms of TN and TP. The 

standard deviations were around 10 percent of average numbers. Regarding of COD, 

the concentration at 17:00 and 19:00 was much lower than another sample. By 

analyzing the variation of these six samples, the main effluent variation through the 

day can be roughly inferred that TN and TP concentration is in a quite stable state and 

the standard deviation is at a lower level. These two parameters were lower at 9:00, 

this might be affected by routine tank flushing in the morning. The standard deviation 

of TSS was very high, this probably because of the inconsistent distribution of TSS in 

the water in small quantities. TSS content was so low that it was difficult to get 

accurate concentration. 

Table 11: The TN, TP, TSS and COD concentration of water samples in experiment 1 

Time TN (mg/l）a TP (mg/l）a COD (mg/l）a TSS (mg/l）a 

9:00 4.40 ± 0.35 0.197 ± 0.006 17.43 ± 0.55 0.33 ± 0.58 

11:00 6.07 ± 0.12 0.203 ± 0.006 18.17 ± 0.59 0.67 ± 0.58 

13:00 5.73 ± 0.25 0.203 ± 0.006 18.27 ± 0.59 1.33 ± 0.58 

15:00 5.80 ± 0.10 0.207 ± 0.006 17.67 ± 0.67 0.33 ± 0.58 

17:00 5.90 ± 0.36 0.213 ± 0.023 11.87 ± 1.21 0.33 ± 0.58 

19:00 5.67 ± 0.12 0.233 ± 0.006 12.80 ± 0.28 0.67 ± 0.58 

Average value b  5.59 ± 0.60 0.210 ± 0.015 16.03 ± 2.75 0.61 ± 0.61 

a: Mean ± Standard deviation (mg/l) 

b: The average value was calculated from all of the replicates in the 6 samples during 

the experiment 1. 

5.1.2 The result of experiment 2  

The experiment 2 was repetition of experiment 1. The date was February 15th2018. 

All the measurement was same except suspended solids (2L water was filtered in one 

measurement). The water samples were taken at 9:00, 11:00, 13:00, 15:00, 17:00 and 

19:00. The result of four parameters was showed as mean number and standard 
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deviation in table 12 to show the water quality variance during 9:00 to 19:00. All the 

results of measurement of TN, TP and COD were in the measuring range and 

accuracy according to standard accuracy of a measurement (See table 10). 

The TN concentration was expressed at 5.00±0.36 mg/l (9:00), 4.33±1.68 mg/l 

(11:00), 4.97 mg/l±0.76 (13:00), 5.43±0.23 mg/l (15:00), 5.57±0.25 mg/l (17:00) and 

5.90±0.35 mg/l (19:00) respectively. The average TN concentration of these 6 

samples was 5.20±0.82 mg/l. The concentration of TN was varied from 4.33 mg/l to 

5.90 mg/l (11:00 and 19:00) in these samples. Three replicates in TN at 11:00 were 

5.4 mg/l, 5.2 mg/l and 2.4 mg/l. One of the results was 2.4 mg/l, which is 2 times 

smaller than another two repetitions. This number resulted in larger standard deviation 

at 11:00. So, this repetition was reasonable to be remove out of the analysis. If only 

consider two repetitions at 9:00, the average number will be 5.3 mg/l and the variance 

of theses 6 sample will be 0.1.  

The average TP concentration was 0.157±0.006 mg/l (9:00), 0.157±0.006 mg/l 

(11:00), 0.147±0.006 mg/l (13:00), 0.150±0.000 mg/l (15:00),0.153±0.006 mg/l 

(17:00) and 0.153±0.000 mg/l (19:00) respectively. The average TP concentration of 

these 6 samples was 0.152±0.005 mg/l. The TP concentration was stable during the 

experiment period. 

The result of COD was 5.53±0.67 mg/l (9:00), 5.80±0.10 mg/l (11:00), 6.03±0.35 

mg/l (13:00), 6.03±0.49 mg/l (15:00), 5.93±0.50 mg/l (17:00) and 5.20±0.29 mg/l 

(19:00) respectively. In addition, the average COD of these 6 samples was 5.83±0.42 

mg/l.  

The result of TSS measurement was 0.33±0.29 mg/l (9:00), 0.67±0.29 mg/l (11:00), 

0.17±0.29 mg/l (13:00), 0.50±0.50 mg/l (15:00),0.33±0.29 mg/l (17:00) and 

0.83±0.76 mg/l (19:00) respectively. The average TSS concentration of these 6 

samples was 0.47±0.44 mg/l. 
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Compare with experiment 1, smaller variation through the day was showed in 

experiment 2. After removing the abnormal replicate of TN at 11:00, TN, TP and 

COD were in a stable state, the variation among the samples was small. Concentration 

about TSS was discussed in experiment 1 that it was difficult to get high accuracy 

concentration in low TSS concentration. Combining the results of two experiments, it 

can be inferred that the main effluent water quality of fish lab was stable through day. 

The average concentration of all replicates for TN, TP, COD and TSS could be regard 

as the average value of the whole day. 

Table 12: The TN, TP, TSS and COD concentration of water samples in experiment 2 

 

TN (mg/l) TP(mg/l) COD(mg/l) TSS(mg/l) 

9:00 5.00 ± 0.36 0.157 ± 0.006 5.53 ± 0.67 0.33 ± 0.29 

11:00 4.33 ± 1.68 0.157 ± 0.006 5.80 ± 0.10 0.67 ± 0.29 

13:00 4.97 ± 0.76 0.147 ± 0.006 6.03 ± 0.35 0.17 ± 0.29 

15:00 5.43 ± 0.23 0.150 ± 0.000 6.03 ± 0.49 0.50 ± 0.50 

17:00 5.57 ± 0.25 0.153 ± 0.006 5.93 ± 0.50 0.33 ± 0.29 

19:00 5.90 ± 0.35 0.150 ± 0.000 5.63 ± 0.29 0.83 ± 0.29 

Average value a 5.20 ± 0.82 0.152 ± 0.005 5.83 ± 0.42 0.47 ± 0.44 

a: Mean ± Standard deviation (mg/l) 

b: The average value was calculated from all of the replicates in the 6 samples during 

the experiment 2. 

5.2 The effluent water quality comparison of experiment 1 and experiment 2 

As showed in Figure 23, TN concentration in experiment 1 was higher than 

experiment 2, at 11:00, 13:00, 15:00 and 17:00, but lower than experiment at 9:00 and 

19:00. The average concentration experiment 1 was 5.59 mg/l while the concentration 

of experiment 2 was 5.2 mg/l. It is reasonable that experiment 1 had a higher 

concentration in TN because of higher feed amount and biomass. However, 

experiment 1 had about 40% higher feed amount than experiment 2 (8.1kg in 

experiment1 and 5.8kg in experiment2). The reason might be different nutrient 

concentration in the feed, the feed used in experiment 1 may have lower concentration 

of TN.  
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The TP concentration in experiment 1 was around 33% higher than that in experiment 

2 while 40% higher feeding amount was added. It may also because of the higher feed 

amount and biomass. 

The COD concentration in experiment1 was 3 times higher than experiment 2 at 9:00, 

11:00 and 13:00 and 2 times higher than experiment 2 at 15:00 and 17:00. The reason 

of large difference at only 40% more feeding amount could be one feed experiment 

was running in one of the RASs in fish lab during experiment 1, the feed in this 

experiment were easier to be dissolved. The fixed bed of RAS 3 was cleaned at 17th 

January, which could be another reason for the much higher COD concentration in 

experiment 1 (Hansen, 2018). 

Regarding for TSS, experiment 1 has the same concentration as experiment 2 at 9:00, 

11:00 and 17:00. The TSS concentration in experiment 1 was higher than experiment 

2 at 13:00 while the concentration was lower at 15:00 and 19:00. The average 

concentration in experiment 1 are a bit higher than experiment 2.  
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Figure 23: The comparison of TN, TP, TSS and COD concentration in experiment1 and 

experiment2 at different time. 

5.3 Estimated discharge amount from fish laboratory 

The amount of constituents discharged with the main effluent was showed in table 13. 

The number was calculated from average number of parameters produced by 1kg feed 

and the feed consumption per year. In experiment 1, around 0.016 kg TN was 

produced per kg feed supplied, while slightly more TN (0.018 kg) was produced in 

experiment 2. Similarly, more TSS was generated in experiment 2 (0.00175kg) than 

in experiment 1 (0.00166kg). On the other hand, slightly less TP was produced in 

experiment 2 than experiment 1, which were 0.00054 kg and 0.00060kg respectively. 

The amount of COD in effluent was over 2 times higher in experiment1 than in 

expriment2, which was0.46kg and 0.021kg respectively per kg feed. The constituents 

amount provided by inlet flow were assumed as 0, because the amount of inlet flow 

only occupied about 2.5% of total flow and the concentration of constituents is very 

low (Hansen, 2018). To know the effluent loading (constituents discharged per kg fish 

production) from fish lab, FCR was assumed as 1.25. The hypothetical effluent 

loading would be 25% higher than the amount of constituent’s amount produced by 1 

kg feed. This amount is in range of that Norwegian RAS effluent loading that reported 

by Asbjørn Bergheim (2013). The average of discharge of TN, TP, TSS and COD was 

estimated at 0.12kg/day, 0.004 kg/day, 0.012kg/day and 0.245kg/day, respectively. 

And the amount discharged by 1 kg biomass for TN, TP, TSS and COD was 300.03 

mg/day, 10.1 mg/day, 30.2 mg/day and 615 mg/day, respectively. 
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Table 13: The estimate amount of TN, TP, TSS and COD produced in fish lab per day 

 

The amount discharged (kg/day) 

 

Experiment 1a Experiment 2a Averaged 

COD 0.37172 0.11917 0.24544 

TN 0.12971 0.10633 0.11802 

TP 0.00486 0.00311 0.00398 

TSS 0.01417 0.00966 0.01191 

 

The amount produced per kg feed supplied (kg) 

 

Experiment 1b Experiment 2b Averaged 

COD 0.04589 0.02055 0.03322 

TN 0.01601 0.01833 0.01717 

TP 0.00060 0.00054 0.00057 

TSS 0.00175 0.00166 0.00171 

 

The amount produced by 1kg biomass (mg/day) 

 

Experiment 1c Experiment 2c Averaged 

COD 917.81900 313.59579 615.70739 

TN 320.25090 279.81474 300.03282 

TP 11.98953 8.19116 10.09034 

TSS 34.98272 25.41053 30.19662 

a: The discharge amount per day (kg/day) = average concentration (mg/l) * effluent 

amount (l/day) *1000000 (mg/kg) 

b: The amount produced by 1kg feed supplied (kg/kg) = (discharge amount per day 

(kg/day)) / (feed supplied per day (kg/day)) 

c: The amount produced by 1kg biomass (kg/(kg*day)) = ((discharge amount per day 

(kg/day) / (total biomass(kg))/1000000 

 

Furthermore, the amount of feed consumption per year was 1325 kg in 2016 and 

1450kg in 2017. Based on the feed consumption per year and the average amount of 

constituent in main effluent water produced by 1 kg feed, a predicted TN, TP, TSS 

and COD discharge amount was calculated. The predicted amount discharge per year 

was 23.82kg TN, 0.791kg TP, 2.37kg TSS and 46.09kg COD (Table 14).   
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Table 14: The estimate amount of TN, TP, TSS and COD discharged with main effluent 

per year based on the amount produced by 1 kg feed supply 

Parameters Amount(kg) 2016a Amount(kg) 2017a Predicted 

amount(kg)b 

COD 44.0165 48.169 46.09275 

TN 22.75025 24.8965 23.82338 

TP 0.75525 0.8265 0.790875 

TSS 2.259125 2.47225 2.365688 

a: The discharge amount was calculated as: The amount produced by 1kg feed 

supplied (kg)* The feed consumption per year (kg). 

b: The predicted amount was the average amount of 2016 and 2017.  

5.4 The evaluation of TN, TP, COD and TSS concentration from effluent water 

The average concentration of COD, TN, TP and SS during the day is showed in table 

15. The average concentrations were calculated based on concentrations in 

experiment 1 and experiment 2. These average number were regard as the average of 

the whole day.  

The average concentration of TN was 5.59 ±0.60 mg/l and 5.2 ±0.55 mg/l, in 

experiment 1 and 2 respectively. The TN concentration was lower than the 

hypothetical effluent nitrogen concentration of fully recirculating system without 

treatment, and a bit lower than the hypothetical effluent nitrogen concentration for 

partial reuse system that calculated by Piedrahita (2003). It is reasonable that the TN 

concentration of main effluent is lower than the hypothetical concentration without 

treatment even the hypothetical concentration was calculated from different FCR and 

feed content, because the main effluent water was treated by RAS in fish lab and the 

water quality is good enough to be reused in aquaculture system. In fish lab, the 

reduction of TN is mainly achieved by solids removal. However, most of TN is in 

dissolved form (Bureau & Cho, 1999; Skonberg et al., 1997; Sugiura et al., 1999). 

Therefore, TN can be accumulated in RASs in forms of nitrate nitrogen. The TN 
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concentration was low compared with two RASs described by Martins, Pistrin, Ende, 

Eding, and Verreth (2009). This may because of lower biomass loading and feed 

loading of fish lab.  

The TP concentration in fish lab was in a low level (0.21 mg/l and 0.152 mg/l in 

experiment 1 and 2), which was much lower than the hypothetical effluent 

phosphorus concentration (Piedrahita, 2003). Most of TP was in particulate form (van 

Rijn, 2013), which can be removed efficiently by microscreen of drum filter 

(Sindilariu et al., 2009). Therefore, the leftover TP in main effluent was mostly in 

forms of dissolved phosphorus (usually as orthophosphate) that from feed leaching 

and excretion. Orthophosphates is the form of phosphorus that is most readily utilized 

by biota (Phytoplankton and bacteria) (Claude E Boyd & Musig, 1981). Although the 

TP concentration was at a low level, the environmental impact still needs to be 

considered because the phosphorus is the limiting nutrient for growth of 

phytoplankton in fresh water (Talbot & Hole, 1994).  

Although both TN and TP in fish lab were concentrated, the concentration was still in 

range suggested by International Finance Corporation (2007) and C. E. Boyd and 

Gautier (2000), and also lower than the outlet concentration of one intensive 

flow-through system with biofilter reported by Asbjorn Bergheim and Brinker (2003). 

Daily feed amount was 8.1 kg and 5.8 kg during period of experiment 1 and 2. 

Percentages of nitrogen in the feed was assumed to be 6.5% as the commercial feed. 

Percentages of TP in the feed was assumed to be 1.2% due to the various feed utilized 

in fish lab for different experiment. This percentage was higher than typical dietary 

phosphorus requirements in most fish and crustacean feeds (0.3-0.8%) (Peñaflorida, 

1999). The percentage of TN and TP left in the main effluent water from 1kg feed 

was calculated at 24.6% and 5% in experiment1, 28.2 % and 4.5% in experiment 2 

and 26.4% and 4.75% in average. This percentage means around 26.4% of nitrogen 

and 4.75% of phosphorus in 1kg feed were discharged with main effluent water from 

RAS. The percentage of TN was higher than TP, because of most of Nitrogen waste 

https://www.sciencedirect.com/science/article/pii/S004484860300471X#BIB20
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was dissolved nitrogen which cannot be removed by RASs (Dalsgaard et al., 2015; 

van Rijn, 2013). Furthermore, the nitrification in MBBR cannot remove the dissolved 

TN. It is reasonable that a higher percentage of TN left in the main effluent water. The 

percentage for TP is in the range 0 to 62% (the percentage of dissolved P in 1 kg feed 

consumed), this percentage of N is less than the range 37% to 72% (the percentage of 

dissolved N in 1 kg feed consumed) that reported by Piedrahita (2003).  

The COD concentration is the parameter to see how much oxygen consumed to 

chemical oxidize the organic compounds in the main effluent water (Kim et al., 2001).   

The high level of organic matter can consume the dissolved oxygen in the receiving 

water bodies and could cause the negative impact on environment (Goldburg et al., 

1997). The average concentration of COD in fish lab was 16.03 mg/l in experiment 1 

and 5.83 mg/l in experiment 2. The COD concentration was in a low level compare 

with the effluent from flow through systems and RASs (Asbjorn Bergheim & Brinker, 

2003; Suhr & Pedersen, 2010; Suresh & Lin, 1992).  

A large percentage of TSS was removed by the 40μm mesh size drum filter in the 

system. That is the reason why the TSS concentration in main effluent was 0.61 mg/l 

and 0.472 mg/l which was in a very low level (Asbjorn Bergheim & Brinker, 2003; 

Piedrahita, 2003; S. T. Summerfelt et al., 1999). Moreover, the TSS had a similar 

concentration with make up water reported by R. C. Summerfelt and Penne (2005) 

In addition, the TP concentration was in a normal range, while the TN concentration 

was much higher and TSS concentration was much lower, after comparing with the 

Norwegian flow through farms (Asbjorn Bergheim & Brinker, 2003). The lower TSS 

concentration is easy to explain by great solid removal in RAS of fish lab. Even 

higher percent of TP was removed with TSS, the concentration of TP was similar with 

flow through system. The higher TN and TP in fish lab may be resulted from 

accumulation in RAS. In addition, the TN and TP concentration is still much higher 

than the strict Danish environmental regulation (Asbjorn Bergheim & Brinker, 2003). 
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However, removal of nutrients in low concentration would require high cost and 

investment. The method that use the food crops to clean effluents could be a possible 

solution to reduce the TN and TP in the main effluent water (Adler et al., 2000). 

Table 15: The average concentration of experiment 1 and experiment2 

 Experiment 1 a Experiment 2 a Average number b 

COD (mg/l) 16.03 ±2.75 5.83 ±0.42 10.93 

TN (mg/l) 5.59 ±0.60 5.2 ±0.82 5.395 

TP (mg/l) 0.21 ±0.015 0.152 ±0.005 0.181 

TSS (mg/l) 0.61 ±0.61 0.472 ±0.44 0.541 

a: Mean ± standard deviation, calculated from all measurements in experiment 1 and 

2. 

b: The average number was calculated from mean of experiment 1and 2. 

5.5 The evaluation of the effluent water quality from NMBU fish laboratory 

5.5.1 Water quality compare with old fish-lab 

Compared with old fish-lab, the new fish-lab has better capacity in effluent treatment.  

The quantity amount of constituents in main effluent produced by 1kg feed in old fish 

lab is much higher than new fish lab. As showed in Figure 24, the amount of COD 

from 1kg feed in old fish lab was almost 3 times than that in new fish lab. TP was 5 

times more in old fish lab than new lab. And the performance of TN has 50% higher 

amount in old fish-lab. This indicates that new fish lab has better design than old one. 

For example, new fish-lab has a fixed bed after MBBR, the new fish lab may have 

higher capacity due to larger volume in RAS (3 RAS in new fish-lab compare with 1 

RAS in old fish-lab).  

The average TP concentration in fish lab was lower than that in old fish lab. However, 

the number of TN and COD was higher. That could because of the different 

recirculation. Recirculation degree in old fish-lab has been calculated at 94%. And the 

degree in new fish-lab during the experiment period was around 97.5%. Furthermore, 



 45   

old fish lab has higher amount of effluent. The volume of overflow from RAS was 34 

m3/day in old fish-lab and around 21.8 m3/day (during experiment period), even there 

were more fish in new lab.  

The estimated discharge of COD, TN, TP and TSS was 46.10kg, 23.82kg, 0.79kg and 

2.37 kg per year. The amount in old fish-lab was much higher at same feed 

consumption, which means that if the feed consumption is the same, old fish-lab 

would discharge more pollutants. 

Table 16: COD, TN, TP and SS in main effluent produced by 1kg feed in old and new 

fish lab. 

 New fish lab Old fish lab a 

COD (kg) 0.0332 0.0883 

TN (kg) 0.0172 0.0287 

TP (kg) 0.00057 0.00327 

TSS (kg) 0.00171 / 

a: From Tran (2014) 

 

Figure 24: COD, TN, TP and SS in main effluent produced by 1kg feed in old and new 

fish lab. The amount of constituents in old fish lab was showed as blue and new fish lab 

was white. 

5.5.3 Water quality compared with outlet of municipal plant 

The license requires fish lab to pump all of the effluent water to the municipal plant. 

However, the main effluent water of fish lab has much lower concentration of TN, TP 
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and COD compared with the outlet of municipal waste water treatment plant (Søndre 

Follo). The concentration of TN, TP and COD was 41.57mg/l, 0.3mg/l and 10.93mg/l 

in the outlet water of Søndre Follo (Table 17), which was around 7.7 times higher in 

TN concentration, around 66 percent higher in TP concentration and almost 8 times 

higher in COD than main effluent water concentration of fish lab (Figure 25). 

The main effluent pumped to and treated in Søndre Follo could not improve the water 

quality. By contrast, the main effluent water could dilute the backwashing water from 

drum filter and tank flushing water, which with high sludge and pollutants 

concentration (Shulin Chen, Coffin, & Malone, 1997). The treatment efficiency of 

municipal plants may be reduced. 

The pumping of main effluent would also raise the pressure of pipe lines due to the 

limitation and high investment of new pipe lines. Pipes should be given priority to 

more polluted wastewater.   

Table 17: The comparison between main effluent water of fish lab and outlet water of 

Søndre Follo in TN, TP and COD 

 Søndre Follo Fish lab 

TP (mg/l) 0.3 0.181 

TN (mg/l) 41.57 5.395 

COD (mg/l) 82 10.93 
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Figure 25: The comparison of water quality between Søndre Follo outlet water and 

main effluent water of fish lab. Søndre Follo showed around 7.7 times higher TN 

concentration, around 66 percent higher TP concentration and almost 8 times higher 

COD than effluent water of fish lab. 

5.5.2 Water quality compare with receiving water body 

One possible solution is to set the main effluent water to the lake in the close area 

called Årungen through the small steam “Brønnerudbekken”. As showed in Table 18, 

The water average TP concentration was 0.065 mg/l in this steam. This steam 

draining 400000m3 water with 26kg phosphorus into Årungen per year (Borch, Yri, 

Løvstad, & Turtumøygard, 2007). In addition, Brønnerudbekken was the water steam 

with lowest phosphorus concentration in all steams draining into Årungen.  

Assuming discharge all the main effluent water into Brønnerudbekken, the 

concentration of phosphorus in Brønnerudbekken would not change much. 

Discharging 7962 m3 effluent water with 0.790875kg phosphorus into 

Brønnerudbekken would only increase the average TP from 0.065 mg/l to 0.06567 

mg/l. The change of TP in Brønnerudbekken would not be obvious. The change in 

Årungen would be less obvious. The TP discharge to Årungen with steam draining 

will be increased with 0.025%. Therefore, new fish lab will apply for license for 

release main effluent water directly into Årungen through Brønnerudbekken could be 

a possible solution.  
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Table 18: Steams draining of Årungen and water and TP concentration (Borch et al., 

2007) 

Locality Discharge (mill 

m3/year) 

Average TP (μg/l) Kg P/year 

Bølstadbekken 12.2 115 1430 

Storgrava 4 138 552 

Smedbølbekken 3.5 85 298 

Vollebekken 1 437 437 

Norderåsbekken 1.3 158 205 

Brønnerudbekken 0.4 65 26 

Others 2 100 200 

Sum 24.4  3121 

 

Table 19: The comparison between Brønnerudbekken and fish lab 

 Brønnerudbekken Fish lab 

Discharge (mill m3/year) 0.4 0.007 

Average TP (μg/l) 65 181 

Kg P/year 26 0.79 
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6. Conclusion  

The water quality of the main effluent water in fish laboratory have been measured in 

concentration of TP, TN, TSS and COD. The result showed that the average TN, TP, 

TSS and COD concentration at January 18th was 5.59 mg/l, 0.21 mg/l, 0.61 mg/l and 

16.03mg/l respectively. The TN, TP, TSS and COD concentration at February 15th 

was 5.2 mg/l, 0.152 mg/l, 0.472 mg/l and 5.83mg/l. These concentrations were in a 

low level as the culturing water. Based on the result of measurement, the amount of 

TN, TP, TSS and COD produced by 1kg feed supplied was 17.17 g, 0.56 g, 1.71 g and 

33.2 g, respectively. In addition, the amount of TN, TP, TSS and COD discharged 

with main effluent water was estimated at 23.9 kg, 0.79 kg, 2.37 kg and 46.1 kg when 

1387 kg feed was consumed.  

Compared with the outlet water of municipal waste treatment plant in the 4 

parameters that was measured in this study, the water quality in main effluent water of 

fish lab was better. This means the treatment in Søndre Follo could not improve the 

water quality of the main effluent water from fish lab. By contrast, it will load the 

municipal plant with water that is cleaner than the outlet. One possible solution is to 

set the effluent water to lake in close area called Årungen. The amount of TP 

discharge to Årungen with stream will be increased with 0.025%.  
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8. Appendix 

Appendix 1: license of fish laboratory of NMBU  
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Appendix 2 : The operation of COD test kits 

 

Appendix 3: The operation of TN test kits 
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Appendix 4: The operation of TP test kits 

 

 



  


