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Ekstrakt 
 The projects main goal is to find a new method for the determination of the total number of 

viable bacteria using the quanti-tray method. The quanti-tray method has been successfully used for 

the determination of E. Coli on water samples. The method represents a cheaper and faster option 

for a total viable bacteria analysis.   

 To analyze the method performance, the results were compared with methods already 

stablished and used, the plate count method and the most probable number (MPN) method. The 

experiments were carried out using marine samples, and samples from an aquaculture industry, 

provided by the company Bremnes Seashore AS in Trovåg. Among the samples analyzed, there 

were samples from different stages of a water purification process, using the Knutsen ballast water 

treatment system (KBAL). 

 During the development of the method, criteria such as the optimum incubation 

temperature and the time of incubation were determined. These factors were set based on the plate 

count results. The performance of the KBAL system was also evaluated. 
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Abstract 

In several industries, water analysis is fundamental for many process and for 

quality assurance. Among all test performed, the determination of the total number of 

viable bacteria is important. Technique such as the plate count method and the most 

probable number (MPN) have been used for many years, but is elaborate and time 

consuming. In an attempt to decrease the costs and make the analysis easier and quicker, 

the aim of this project was to develop a new method, using the quanti-tray technology, to 

improve the analysis for the total number of viable bacteria. The results using the new 

method were compared to the established methods (plate count and MPN). 

 The experiments were carried out using samples from marine environment as well 

as from an aquaculture company, Bremnes Seashore AS in Trovåg. Several samples were 

analyzed to look at the effect of the water treatment system used for water purification, the 

Knutsen ballast water treatment system (KBAL). 

 Results have revealed that the optimum incubation temperature for the 

samples was 22°C, the optimum temperature was determine using the plate count method. 

The optimum time of incubation varies with the different methods, but could not be 

determined for the quanti-tray method, since the result didn’t stabilize, not even in a period 

of 15 days. In summary, the quanti-tray method is promising, but needs further 

development. The main problems that needs to be solved is the difficulties with identifying 

the positive wells. 
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Sammendrag 

I mange industrier er vannanalyse viktig for ulike prosesser og også for 

kvalitetssikring. Blant de ulike testene som utføres, er bestemmelse av det totale antallet 

bakterier grunnleggende. Teknikker slik som utplating (plate count) og «most probable 

number» (MPN) har blitt utført i mange år, men er både arbeidskrevende og tar mye tid. I 

et forsøk på å senke kostnadene og gjøre slike analyser både raskere og enklere, er det i 

denne oppgaven utviklet en ny analysemetode basert på Quanti-tray teknologien. 

Resultatene fra bruk av denne nye metoden ble sammenlignet med de etablerte metodene 

(utplating og MPN). 

Flere forsøk ble utført på prøver fra både marine miljøer og fra et landbasert 

oppdrettsanlegg, Bremnes Seashore AS på Trovåg. Prøver fra dette anlegget ble analysert 

for å se på effekten av vannrensing ved bruk at Knutsen ballastvann rensesystem (KBAL). 

Resultatene fra metodeutviklingen viste at optimum inkubasjonstemperatur var 

22°C, dette basert på utplatings-metoden. Optimum inkubasjonstid varierte mellom de 

ulike metodene, men kunne ikke bestemmes for Quanti-tray metoden. Dette fordi antallet 

positive brønner ikke stabiliserte seg, ikke engang over en periode på 15 dager. 

Oppsummert er Quanti-tray metoden lovende, men krever videre utvikling. 

Hovedproblemet med metoden i dag er at det er vanskelig å identifisere hvilke brønner 

som er positive. 
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1. Introduction 

1.1 Marine environment 

The earth has 71% of its surface covered by oceans. Throughout centuries, human 

kind has been exploring the oceans, whether it was crossing it to conquer new lands, using 

as a resource for food, or for research. After all these years certain knowledge was 

obtained, but many mysteries still surround the dominant area of the planet in which we 

still rely on. Thousands of different species have the ocean as their natural habitat, from 

different types of fish and crustaceans all the way to thousands of microorganisms, among 

these, several different types of bacteria. These interactions have a direct impact on our 

lives, due to our dependence to the sea (Pinet, 2006). 

Open ocean present lower levels of nutrients than freshwater. The temperature is 

often cooler, and the salinity levels are higher. Therefore, it is stated that not all 

microorganisms can be found in both environments. The areas with the highest number of 

nutrients are located close to the shore. There are also extremophiles, that can live under 

unimageable conditions. An example of these creatures are microorganisms living in the 

deep sea, that are forced to face conditions such as low temperature, high pressure, a low 

number of nutrients and the lack of light in the deep sea, what makes photosynthesis 

impossible (Madigan, Martinko, Dunlap, Clark, 2007). There is an unimaginable number 

of microorganisms that might be in the oceans, once that only a very small percentage  

(1%) of all marine bacteria, for example, it is known. 

1.2 Aquaculture Industry 

As long as we know, the oceans have been a main source of food. Nowadays the 

oceans are also one of the most important providers of the food industry, with the 

aquaculture business, which in the past recent decades has been the one growing the most 

(Food and Agricultural Organization, 2010). The production of farmed fish increased the 

most, due to the decrease of fish stocks in the end of the 20th century. In the early 2000’s 

the production of farmed fish continued to grow, doubling in weight and increasing its 

importance in the global fish market. During this period more than 220 species of fish 

(finfish and shellfish) were farmed (Naylor et al, 2000). When fish are being farmed they 

are in a more controlled environment – specially in land-based facilities-, and the owner 
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can easily interfere in the production cycle, and as the stock is in a secluded space, the 

environment conditions can be controlled as well. This method presents a high productivity 

when there are no problems in the system. Conditions that can be controlled are e.g. the 

presence of predators, food supplies and the availability of nutrients (Naylor et al, 2000), 

and the quality of the water. Contamination in these systems can cause economic loss in a 

large scale, as has happened to Chile several times due to infectious agents. In Chilean 

farmed salmon at least 15 different infectious agents have been found. In Chile’s case, the 

agent to cause most of the problems in the industry history is the bacteria Piscirickettsia 

salmonis (Mardones et al, 2017), delaying this industry growth in the country. 

1.2.1 Fish Pathogens - Bacteria 

In Norway, the main fish produced is the Atlantic salmon (Salmo salar), and the 

country is both historically and currently the world’s main producer.  Norway is one of five 

countries in which salmon (Atlantic salmon or salmon trout) is largely produced: Norway, 

Chile, Scotland, Canada and Faroe Islands. Due to the increase of the aquaculture industry, 

the production of farmed salmon from 1980 to 2011 was huge and went from 12.000 tons 

to over 2,4 million tons. In Norway, the production from 1980 to 2012 went from 7.800 

tons to 1,2 million tons (Asche et al, 2013). In 2016, the number was even higher and 

1.233.619 tons of fish for food (not including hatcheries and fingerling) were produced in 

Norway. In the same year, 995.432 tons were exported, and 7.273 people were employed 

in the fish farming of salmon (Statistics sentralbyrå, 2017). 

One of the biggest challenges for the aquaculture industry is the control of the 

quality of the environment and avoid contagious agents. There are many different agents 

that can cause infections in fish, including e.g. the bacteria Yersinia ruckeri, Moritella 

viscosa, and Piscirickettsia salmonis.,  

 The Enteric redmouth disease (ERM) is caused by the bacteria Yersinia ruckeri, 

which affects several different species of fish, including Atlantic salmon and rainbow trout 

(Oncorhynchus mykiss). A method of precaution against contamination is vaccination 

(Shah et al, 2012).  

One of the main challenges in the production of salmon in the North Atlantic is the 

outbreaks of winter-ulcer, a cold-water associated ulcer. One of the microorganisms that 

can cause this disease is the bacteria Moritella viscosa, which is believed to be the main 

cause of the disease (Grove et al., 2010). This disease has been seen in Norway since the 
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late 1980s (Olsen et al., 2011), Iceland (Benediktsdóttir et al.,1998), in Scotland (Bruno et 

al., 1998; Laidler et al., 1999; Benediktsdóttir et al., 2000), in the Faroe Islands (Inger 

Dalsgaard pers. Comm; Grove et al., 2010) and in Canada (Whitman et al., 2000; Grove et 

al., 2010).  Even though there are effective vaccines available, winter-ulcer remains one of 

the main reasons for the loss of farmed salmon in Norway (Grove et al., 2010). 

Piscirickettsia salmonis the causer of Salmonid rickettsial septicemia (SRS), is one 

of the biggest problems in the salmon industry in Chile. This bacteria is responsible for 

50,5 to 97,2% of the total disease-related loss in the Chilean industry (Mardones et al, 

2017).  

All these pathogens can cause an impact whether in native marine environments or 

present in the aquaculture farms. They may cause both environmental and economic 

consequences. 

1.2.2 Challenges for land-based facilities versus marine sea cages 

In land-based aquaculture the fish remains in tanks were the water usually is 

collected from an external source and can be previously treated. Both fresh and sea water 

can be used, depending on the specie and/or the life-stage. So far, onshore aquaculture is 

still limited, due to the many challenges. Among the challenges is the change on water 

regimes, like lakes, that can end up disappearing (Brander, 2007). Although nowadays 

there are Recirculating Aquaculture Systems (RAS), as seen in figure 1, in which less 

water is required since the water is constantly treated and reused (AKVA Group, 2015). 

Other issues are the high cost for the implantation of an in-land structure, and all the other 

expenses that would come from it, like high energy consumption, water consumption and 

all the cost with the RAS system itself. 

The RAS consists of a system that allows the water from the fish water tank to go 

into treatment and then return to the fish tanks. The water goes through five different steps 

in the water purification. Initially the water passes a mechanical filter, to remove bigger 

particles, than it goes through the UV filter. Following there is a CO2 stripper, for CO2, 

sulfite and nitrogen. After these there is a bio filter and a Micro Particle fever.   
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Figure 1 - Illustration representing the RAS (Recirculating Aquaculture System) operation. The water from 

the fish tanks is treated with chemical filters, an UV filter and mechanical filters. The water can be reused 

(AKVA Group) 

Off-shore aquaculture facilities isolate the farmed fish from other species by the use 

of sea cages (figure 2), usually located near the shores, in fjords or between islands. These 

cages can have the shape of squares, rectangles – with sides from 20m to 40m and a depth 

of 20 to 35m -, or a circular shape – with a circumference that can vary from 90m to 157m 

and the depth of 15m to 48m. The capacity of the sea cage depends on the volume that it is 

between 20.000m3 and 80.000m3. Although the exposure suffered by the fish in sea cages 

is bigger, the initial cost is smaller, once that not such a huge infrastructure is needed, the 

same is valid when considering everyday costs. One of the main problems is the escapes 

from the cages, mainly caused by problems with equipment (Jensen et al., 2010). The 

number of escapes in Norway is one of the highest in the world. In the period between 

2010 and 2016 around 1,314 million Atlantic salmon escaped (Statistics sentralbyrå, 2017). 

But these escapes don’t cause only an economical problem, but environmental ones as 

well, considering the effect that these fish can have on wild species and on the environment 

itself (Jensen et al., 2010). When in sea cages the fish is very exposed, increasing the 

possibilities of infections. The production of fish inshore protects the animals from 

infection before being transferred to the sea. 
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Figure 2  – Circular sea cages in the sea (NOAA – National Oceanic and Atmospheric Administration). 

1.2.3 Water treatment 

Water treatment is an industry, not only for water consumption, but also for all the 

industries and products that depend on high quality water. In the company Knutsen OAS 

Shipping AS, the director Per Lothe was responsible for the development of a water 

treating system that does not rely on chemical and filtration. The system was originally 

designed for ship where the ballast water is treated before being discharged. This system 

has recently been designated to new industries, like the aquaculture industry, where the 

treatment can be used to ensure the quality of the water for the fish production. 

The Knutsen ballast water treatment system (KBAL) allows the purification of the 

water without using chemicals or filters. The technology relies on pressure difference and 

UV irradiation. When the water enters the system, it is pumped to a superior high of 13 

meters and then dropped to the ground, causing the pressure to drop and thus the particles 

and or cells present in the water to separate. Subsequently, the water passes through a UV 

chamber, which is an effective method for biological treatment. 

This system offers a stable and safe operation, and a minimum of maintenance 

since no filters cleaning or change is necessary. It also precludes the possibility of clogging 

and there is no need for back-flushing.   
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1.3 Bacteria 

According to phylogenetic distribution (figure 3), cells are categorized in three 

different groups, Prokaryotes, Archaea and Eukaryotes. Eukaryotic cells contain a nucleus 

with its deoxyribonucleic acid (DNA) (Madigan, Martinko, Dunlap, Clark, 2007), but also 

other cell components like the mitochondria, and on plant cells, chloroplasts (Schaechter, 

Ingraham, Neidhardt, 2006). On the contrary, bacteria are usually smaller and have a 

simple structure, compared to eukaryotic cells. Prokaryotes are also different in some 

biochemical aspects, like their ribosomes structures and their lipids compositions. Archaea 

present a different cell wall from bacteria. Their cell walls are composed by certain lipids – 

isoprenoids- and are linked to glycerol by an ether, what differ from bacteria that have the 

usual lipid bilayer that are linked to glycerol by an ester (Schaechter, Ingraham, Neidhardt, 

2006).  

 

Figure 3– Modern Phylogenetic Tree of Life dividing organisms in three domains (Wikimedia Commons – 

Public domain). 

Bacteria are unicellular microorganisms that, along with the class Archaea, form 

the two domains of the prokaryotes. Bacteria can be either heterotrophs (need an external 

source of nutrients for growth) or autotrophs (use CO2 as their carbon source and are able 

to produce everything needed for survival by themselves). Bacteria are founded anywhere 

on earth, be it on nature (water, soil, air) or at places created by humans (surfaces, water 
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conducts …). Certain types of bacteria can survive in extreme conditions like glaciers, or 

water with extremely high salt concentration, among other examples. Microorganisms that 

live in these conditions are called extremophiles (Madigan, Martinko, Dunlap, Clark, 

2007). 

Bacteria (figure 4) have a cell membrane, which is formed by a lipid bilayer. 

Bacteria possess a protective cell wall called peptidoglycan, composed of two sugar 

derivatives, N-acetylglucosamine (NAG) and N-acetylmuramic acid (NAM), and amino 

acid. Bacteria can be divided according to the gram staining of the peptidoglycan into two 

groups. Gram positive bacteria have a thick layer of peptidoglycan in the cell wall, 

protecting the membrane from the internal turgor pressure (the pressure cause on the cell 

membrane because of the plasma being pushed against it): Gram negative bacteria have a 

thin peptidoglycan layer, and the cell wall is surrounded by an outer membrane that is 

chemically different from other known membranes. Knowledge about these membranes is 

fundamental when working with microscopy (Schaechter, Ingraham, Neidhardt, 2006). 

 

Figure 4 - Illustration of the structure of a bacteria (Pearson Prentice Hall, Inc., 2008). 
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Bacteria can also present special external structures to cope with some specific 

environments, for example capsules. Flagella and pili are necessary for bacteria motility. 

Despite their ability to change in order to fit in their surroundings, bacteria possess optimal 

growth conditions controlled by different factors. Among those factors, temperature, 

oxygen availability, the pH and osmolarity are important for microbial growth. Optimal 

growth conditions can be determined for each cultivable bacteria. High variation in growth 

condition can be supported by some bacteria while some species need specific conditions 

for survival (Madigan, Martinko, Dunlap, Clark, 2007). 

There are many techniques to determine the number of bacteria in a sample, either 

for specific detection of one species or a total microbial count.  Depending on the origin of 

the sample, the number of bacteria can vary a lot. Water quality control is an example of 

analysis where it is important to determine total bacterial count but also to determine the 

presence of pathogens like coliform bacteria (fecal contamination).  

1.4 Analysis methods 

The total count of viable bacteria in a sample can be determined by different 

methods, such as plate count and the most probable number (MPN). These methods can 

also be used to enumerate a specific type of bacteria, like the identification of pathogenic 

Escherichia coli, however, in this project we focus on the total number of viable bacteria in 

a sample.  In this case, for total determination of aerobic microorganisms, once that these 

methods don’t involve the exclusion of oxygen, making the culture of anaerobic 

microorganisms possible. 

1.4.1 Plate count 

This method is also known as viable cell counting, only the cells that are able to 

multiply will form colonies, as seen on figure 5. Plate count is the reference method for 

total flora determination.  
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Figure 5 – A plate with colonies. In some parts the colonies have already gotten attached to each other and 

can no longer be counted. 

 The media in which the microorganisms will grow is a fundamental part of the 

method. In the plate count method, agar is used and the presence of nutrients allows the 

microorganisms to grow. This carbon source is of main importance once that the cells need 

the carbon to multiply. If the goal is the culture of one specific microorganism, a selective 

media (allows the growth of selected microorganisms) must be used and specific 

incubation conditions. If the point is the growth of all microorganisms possible in certain 

conditions, a non-selective media shall be used.  

 Despite being one of the most common methods, the plate count is not completely 

reliable once that only a fraction of the total number of bacteria can grow on a plate (for 

example marine bacteria). This phenomenon can be noticed when the plate count results 

are compared with microscopy analysis. Although this difference can rely on the fact that 

plate count only determines the number of viable bacteria while in microscopy such 

differentiation is not made. What affects the plate count efficiency is that a sample presents 

a huge variety of microorganisms, which may require different conditions and nutrients for 

growth when cultivated in a laboratory culture. 
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There are two techniques used in this case, the spread-plate method and the pour-

plate method, as seen in figure 6 below. In the spread-plate method, the sample is spread 

directly on top of the media with a sterile glass spreader. In the case of the pour-plate 

method, the sample is pipetted on the bottom of the plate and the media is poured on top. 

In this case, the sample must endure the higher temperatures, because the agar is going to 

be at a higher temperature in order to be in its liquid state, the microorganism present on 

the sample must not be affected by this increase in temperature. The pour plate method is 

used for drinking water analysis. 

 The colonies will have different appearance on culture plates. While the colonies 

from the spread-plate method will be all on top, the one from the pour-plate method will be 

all over the media. 

 

Figure 6 – Scheme of the plate count method, the spread-plate and the pour-plate technique (Brock Biology 

of Microorganisms, 2007). 

 Sometimes, due to the fact that the sample is unknown and there is no background 

information, the number of bacteria in a sample is unexpected, therefore, multiple dilutions 

must be made, so good results can be achieved. When more than one plate is prepared for 

the same sample but with different dilutions, the number of bacteria per 100 milliliters can 

be determined according to equation 1. 

                                                             Eq(1) 

 Where: 

 CFU  - the number of colony forming units; 
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 Dilution – the dilution used for each plate; 

 n – number of plates with different dilutions that were prepared. 

1.4.2 MPN 

The most probable number (MPN) method is based on the fact that microorganisms 

are randomly placed on a sample, therefore, it is assumed that there is no way to predict 

where the microorganisms are going to be present in a sample, the distribution is random 

(Toranzos, et al, 2007). This technique is performed by a series of dilutions of a given 

sample into tubes with liquid media, as seen on figure 7. Then it is determined whether the 

tube is positive, which means, if there was growth of bacteria.  

 

Figure 7 - Scheme explaining the MPN method for 5 dilutions. In the MPN method, the dilutions are done in 

broth. In the four first dilutions, growth is detected, therefore those are positives. In the last two dilutions no 

growth is observed, therefore those are negative tubes. The number of microorganisms is determined with a 

table, where the number of positive tubes for each dilution determines a combination of numbers that, 

through statistical work, determines the number of bacteria per mL. Depending on the dilutions used and the 

ones used in the table, corrections might be needed (Brock Biology of Microorganisms, 2007). 

Samples like food, wastewater, (Madigan, Martinko, Dunlap, Clark, 2007), 

freshwater, drinking water (Toranzos, et al, 2007), sludge (Danielson, Cooper, 2007), 

among others, can be analyzed with this method.  
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When a specific type of bacteria it is to be observed, this method can be used, but 

the procedure must include enrichment, isolation, and identification supplement 

(Danielson, Cooper, 2007). It can also be used to determine the presence of total coliforms 

(Toranzos, et al, 2007), or the total number of bacteria when a non-selective media is used. 

To target a specific organism selective media and temperature conditions are needed 

(Madigan, Martinko, Dunlap, Clark, 2007). The MPN method is based on probability 

statistics. For this method to be reliable, a certain accuracy is required. The number of 

parallel tubes per dilution should be chosen carefully. As the number of tubes is increased 

a better result can be achieved. The most common for the MPN method, is to use either 

three parallells or five parallells (Oblinger, Koburger, 1975). Using as an example with 

three parallels per dilution: In the first dilution (10-1), all three parallels are positive; in the 

second dilution (10-2) 2 out of 3; and in the third dilution (10-3) they are all negative. The 

number that one must recognize in the table is the combination 3-2-0. The MPN can be 

determined with the proper table, depending on the number of dilution used, as seen for 

three parallels per dilution in table 1. 

Table 1 – Table for the Most Probable Number method for three tubes (Bacteriological Analytical 

Manual – Blodgett, 2010) 

 

1.4.3 Quanti-tray system 

This innovative test has been used specially for the determination and enumeration 

of Escherichia coli in water samples. The method consists of adding a selective substrate, 
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Colilert-18, to the water, mixing, pouring this mixture in the quanti-tray and sealing it. 

After the incubation period, the presence of coliforms turns the sample yellow, due to the 

metabolization of ONPG (Colilert-18’s DST* nutrient indicator) by the β-galactosidase 

present in the coliforms, and the presence of E. coli turns the sample fluorescent under the 

UV light, because of the metabolization of another nutrient-indicator MUG, done by β-

galactosidase as well. This method is based on the Defined Substrate Technology (DST) by 

IDEXX Laboratories (Boubetra, et al, 2011).  

Using quanti-tray, the number of large wells and small wells that are positive, will 

be the basis for finding the total number of bacteria. Using the table for the quanti-tray 

method (figure 8), it is possible to find the number of bacteria per 100 milliliters. 

 

Figure 8 – Part of the quanti-tray table for the number of bacteria per 100mL. The number of large positive 

wells and the number of small positive wells are the information needed to determine in the table the number 

of bacteria per 100mL (IDEXX Laboratories). 

1.4.4 Microscopy 

Microscopy is used to determine the total number of bacteria in a sample. There is 

not distinction between live and dead organisms in this method, unless some type of stain 

is used to determine the condition or if the organisms are kept under observation. A DNA 

staining is usually used to detect total number of bacteria. For marine water analysis, 

staining with DAPI (figure 9) for bacteria (Porter; Feig, 1980) or SYBR green (figure 10) 

for bacteria and virus, is commonly used for microscopy observation.  

To facilitate the counting process when using microscopy with liquid samples, 

counting chambers can be used. On top of a glass slice it is placed a grid with squares of 

known area. The volume of sample on each square, although very small, it is known. Using 

the microscopy, the number of cells on the desired area can be counted. As all the factors 

are known, the number of cells per mL can be determined (Madigan, Martinko, Dunlap, 

Clark, 2007). 
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Figure 9 – Biofilm of Streptoccocus stained with DAPI (Helmholtz, 2018). 

 

 

Figure 10 – Staining done using SYBR green (Jef Fuhrman, 2013). 

 



15 

2. Materials and Methods 

2.1 Sampling 

 Water samples were collected in the cities of Haugesund (Kvalsvik and the city 

Harbour), Karmøy (Vikingstad), Tysvær (Førresfjord) and at the aquaculture farm from the 

company Bremnes Seashore AS, located in Trovåg, Vindafjord. All these locations are in 

the county of Rogaland, Norway, as show in Figure 11. At the aquaculture farm in Trovåg, 

5 different samples were collected. A sample from the processes water – from one of the 

tanks were the fish are kept during their growth period-, from waste water, and 3 samples 

from the KBAL system, one from the intake – depth of 80 meters-, one after the pressure 

vacuum reactor and one at the end of the treatment, after the UV chamber. The samples 

were collected accordingly with the company instructions. 

 

Figure 11 – Map with the location were the samples were collected, in the county of Rogaland, Norway. The 

sites were located at the cities of Haugesund, Karmøy, Tysvær and Vindasfjord. 

Samples from Haugesund, Karmøy and Tysvær were collected with a water 

sampler (capacity for 1,5L) at a depth of approximately 1m. Each sample was then 

transferred to two different glass bottles (VWR International, Radnor, Pennsylvania, USA), 

1L or 500mL, previously autoclaved. One of them was used for microbial analysis, and the 
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other one was used for temperature measurement at the collection site, and then 

discharged. Temperature for the samples are summarized in Table 2.  

Table 2 – Temperature and type of sample at each collection site. 

Location Temperature (ºC) Type 

Haugesund Harbour ≅ 5,1ºC Sea Water 

Førresfjord 3,6ºC Brackish Water 

Kvalsvik 6,0ºC Sea Water 

Vikingstad 6,0ºC Sea Water 

Treatment Sample (TS) Before Treatment 8,3ºC Sea Water 

Treatment Sample (TS) Before UV 8,7ºC Sea Water 

Treatment Sample (TS) End of Treatment 8,6ºC Sea Water 

Treatment Sample (TS) Process Water 7,5ºC Fresh Water 

Treatment Sample (TS) Waste Water ------- Fresh Water 

2.2 Plate Count 

Total marine and freshwater microbial flora was determined by plate counts. The 

plates were prepared using 40g of the media DifcoTM Tryptic Soy Agar (Becton, Dickinson 

and Company, Sparks, MD 21152 USA) for 1L of water. For the sea water samples, 20g of 

sodium chloride (Merck KGaA, 64271 Darmstadt, Germany) was added before the 

hardening of the media. Considering the number of bacteria that might be present in the 

sample, a dilution series was made (see supplement 1) mixing 9mL of artificial sea water 

or physiological water with 1 mL of sample. One hundred microliter of sample or dilution 

were plated in parallels of three. Samples were spread on plate using a Pasteur Pipette, all 

work was realized following the procedures to sterile work.  

To find the optimum temperature for growth and incubation time, sea water from 

Haugesund harbor was plated and incubated at 5ºC, 10ºC, 15ºC and 22ºC for 15 days, the 

temperature which presented the best result was used for later tests. Samples from 

Haugesund, Karmøy, Tysvær, and Vindafjord were incubated at 15 and 22 degrees for 7 

days. 

2.3 MPN 

 The traditional method for the MPN was made with four dilutions and three 

parallels. One milliliter of the sample was diluted in 9mL of BactoTM Tryptic Soy Broth 

(Becton, Dickinson and Company, Sparks, MD 21152 USA). The media was prepared with 

40g of the media for 1L of water. For the sea water samples, with 20g of Sodium Chloride 

(Merck KGaA, 64271 Darmstadt, Germany) was added in supplement.  
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A dilution series was made, and all the tubes were incubated at a temperature of 22ºC 

without stirring. Tube were incubated for 15 days and controlled for positives every day. 

The examination was made by eye. When growth was observed, tubes were considered 

positives, the ones that had no growth were considered negatives.  

By analyzing the positives and negatives, it is possible to observe in which dilutions there 

was growth and in how many parallels are positive. Out of all the dilutions, the sum of the 

positive parallels of three of them can be used in the table to find the number of bacteria 

per milliliter (bacteria ∙ mL-1). The results were determined accordingly with the table 1.  

2.4 Quanti-Tray 

The Quanti-Tray Sealer (figure 12) is used to seal the tray where the sample is kept. 

After the sealing the sample is divided in several wells and are isolated from each other.  

 In a case in which a dilution was not used, 99mL of BactoTM Tryptic Soy Broth 

(Becton, Dickinson and Company, Sparks, MD 21152 USA)- with or without salt, 

depending on the sample - is transferred to an autoclaved 250 mL glass bottle (VWR 

International, Radnor, Pennsylvania, USA), with 1 mL of the sample. The bottle was 

closed and mixed, to obtain a homogeneous solution. The solution was transferred to the 

tray (IDEXX Laboratories, Westbrook, Maine, USA), and sealed with a Quanti-Tray 2000 

(producer, country), Figure 2. The entire procedure was realized in sterile conditions. In 

case of dense sample, a dilution was used. After incubation, the wells on the tray must be 

observed. If any grown was perceived, whether it was a large well (a volume of 

approximately 1mL) or a small well (a volume around 100µL), the well was considered 

positive. The number of positive large wells and small wells was used to determine the 

number of bacteria per mL using table 1 in Attachments B. 
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Figure 12 – Quanti-tray Sealer, Quanti-tray Rubber Insert, and tray. Equipment used for the quanti-tray 

method. The tray is placed on the rubber insert, which passes inside the sealer at a high temperature, and ends 

up sealing the tray. 

2.5 Methods Comparison 

 The results of the samples from Bremnes Seashore AS incubated at 22°C and the 

samples from Vikingstad and Førresfjord incubated at the same temperature will be used 

for comparison. The methods are compared by comparing the average number of bacteria 

per 100 milliliter each day. Since the experiments were done using different methods, the 

error for each method was determined differently. For the plate count method, the error 

was determined by the standard deviation; and for the quanti-tray method it was considered 

an error of 5%. For the MPN, it was not used any method to see the method’s error. It was 

possible to use the confidence limits – showed on the MPN table – for the comparison, but 

due to the method itself, that consists of a series of dilutions, this confidence limit 

embraces a large range of number, therefore making it more difficult to observe other 

components of the graphics.  The quanti-tray manufacturer reported a 95 % confidence 

limit, but due to the lack of parallels when using this method, it was not possible to 

determine the numbers. 
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3. Results 

3.1 Development of method 

For the development of the new method using Quanti-tray 2000 to determine the 

total number of bacteria, the conditions in which the experiment is going to be executed 

must be well defined. Tests were run to determine various conditions, such as optimal 

temperature and time of incubation.  

3.1.1 Incubation temperature 

An experiment to find the optimal incubation temperature was carried out with 

marine water from Haugesund’s Harbour. The temperature of the water at sampling site 

was around 5°C. The temperatures chosen for testing were 5°C, 10°C, 15°C and 22°C. The 

method used to determine the temperature was the plate count using three dilutions, and 

the equation 1 was used to determine the total number of bacteria.  

 As showed in attachment A, table 1, most CFU were observed in samples grown at 

15°C and 22°C, with the maximum growth at 22°C.  

 A new experiment was done with samples from Førresfjorden and Kvalsvik, to see 

if the results would change when analyzing different samples. The results can be found in 

attachment A, table 22, and the raw data are included in table 23.  As shown, this 

experiment had similar results, however for both Førresfjorden and Kvalsvik, the 

maximum temperature for growth was at 15°C. 

3.1.2 Time of incubation  

To determine the optimum time of incubation – the shortest time the sample should 

remain incubated to achieve stagnated growth, samples were analyzed over a period of 

time, for some experiments as long as 15 days. During that period, results were analyzed 

every day for all three methods: the number of CFU for plate count, and the number of 

positive wells for the MPN method and Quanti-tray. This analysis was done using the 

samples from Førresfjorden and Kvalsvik. 

 As seen in attachment A, table 17, plate count for Førresfjorden 

(1.52*104bact/100mL +/- 6.60*103) and Kvalsvik (6.67*103bact/100mL +/- 5.19*103) at 

22°C, no further significant growth was observed after day 6. 
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 With the traditional MPN method, attachment A, table 19, there was a stagnation 

period observed after 3 days, but later there is an increase in the number of positive tubes.  

 The results for the Quanti-tray method are found in table 21. Growth stabilizes at 

day 11, however, a subsequent increase in growth is observed after day 13.  

Based on these results, the optimum time of incubation was 5 to 6 days for plate 

count, 3 to 4 days for MPN, and undetermined for quanti-tray, due to the lack of stability.  

3.2 Comparing methods 

 The first samples to be compared are the ones from Førresfjorden and Kvalsvik, 

both for the incubation time of 22°C, see figure 13 and 14. 

 

Figure 13 – Graphic for the sample from Førresfjorden with the average of the three sample and the errors for 

the plate count and the quanti-tray. Note: The MPN method, on day 1, is represented by an average of 

300bact/100mL, but the real result according to the table used is <300bact/100mL. 
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Figure 14 –Graphic for the sample from Kvalsvik with the average of the three sample and the errors for the 

plate count and the quanti-tray. 

 The samples from all the collecting sites from Bremnes Seashore AS – Trovåg are 

also being analyzed, see figure 15, 16, 17, 16, and 19. These samples are all incubated at 

22°C. 

 

Figure 15 – Graphic for the sample from Bremnes Seashore AS, before the KBAL system treatment, with the 

average of the three sample and the errors for the plate count and the quanti-tray. 
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Figure 16 – Graphic for the sample from Bremnes Seashore AS, before the water passes through the UV 

chamber, with the average of the three sample and the errors for the plate count and the quanti-tray. 

 

 

Figure 17 – Graphic for the sample from Bremnes Seashore AS, after the KBAL system treatment, with the 

average of the three sample and the errors for the plate count and the quanti-tray. Note: The MPN method for 

day 1 and 2 is <300bact/100mL, and all of the results for the Quanti-tray were <100bact/100mL. 
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Figure 18 – Graphic for the sample from Bremnes Seashore AS, from the process water, with the average of 

the three sample and the errors for the plate count and the quanti-tray. 

 

 

Figure 19 – Graphic for the sample from Bremnes Seashore AS, for waste water, with the average of the 

three sample and the errors for the plate count and the quanti-tray. Note: The MPN method from day 4 to day 

7 are >1100bact/100mL. 
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3.3 Applying methods 

3.3.1 Samples from marine environment 

The samples from Førresfjorden and Kvalsvik were incubated at 22°C with three 

parallels. For the plate count method, the result was (1.42*104bact/100mL +/- 5.89*103) 

for the sample from Førresfjorden and (6.67*103bact/100mL +/- 5.19*103) for Kvalsvik. 

These results are from day five, and all data from this experience can be found on table 17 

in Attachments A. Results from the incubation at 15°C and 22°C after two days of 

incubation are resumed in Attachement A, table  

 For the MPN method, the results from the samples kept at 22°C were, for 

Førresfjorden (2.40*104bact/100mL) and the same for Kvalsvik. This is the results after 3 

days the beginning of the experiment. The results with the data with all the dates can eb 

found at table 19 at Attachments A. 

 The results for the quanti-tray did not reach stability. The marine samples here were 

also incubated at a temperature of 22°C for a period of 15 days. By the end of the 

experiment, the sample from Førresfjorden presented a result of (3.31*103bact/100mL) and 

the sample from Kvalsvik presented (2.72*103bact/100mL). The results can be seen in 

table 21 from Attachments A. 

3.3.2 Samples from aquaculture industry 

The results for waste water, with the plate count method, incubated at 15°C was 

3,42E+09bact/10mL and for 22° was 4.05*109 bact/100mL +/- 7.55*108. For the process 

water kept at 15°C it was 1.73*107 bact/100mL and for 22°C it was 7.27*106bact/100mL 

+/- 9.90*106. The results for waste water and process water at 22°C can be seen in table 4 

and 15°C in table 6, both at Attachments A.  

For the samples at 22°C, although the value taken is not a stablished one, it is the one 

between two major variations, so it was used as an average due to the behavior of the plate 

count analysis with the sample. All the results are from day 5. 

 For the MPN method, the results for waste water were (>1.1*1010bact/100mL) for 

22°C and the same for 15°C. The results can be seen at the tables 9 and 10 in Attachments 

A. 

 Due to the lack of stability, quanti-tray is not going to be analyzed. 
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 For the samples before the KBAL system treatment, before the UV and by the end 

of the treatment, the results can be seen in the following tables 20, 21, and 22. 

 

Figure 20 – Graphic showing the results of the analysis, with the plate count method, from three different 

phases of the KBAL System with an incubation temperature of 22°C. 

 

Figure 21 – Graphic showing the results of the analysis, with the MPN method, from three different phases of 

the KBAL System with an incubation temperature of 22°C. Note: the result for the End of Treatment in the 2 

first days is <300. 
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Figure 22 – Graphic showing the results of the analysis, with the quanti-tray method, from three different 

phases of the KBAL System with an incubation temperature of 22°C. Note: All the results for End of 

Treatment are <100. 

4. Discussion 

When determining the incubation temperature, one should also take into 

consideration how cold the water sample initially was. Many bacteria that grow at high 

temperatures would be in a dormant state at 5°C. Therefore, the incubation temperature 

affects which bacteria that will grow.  It is possible that e.g. psychrophilic bacteria would 

not survive at 22°C. For these reasons, it is important to choose the optimum incubation 

temperature. The optimum temperature was decided based on the plate count results. The 

temperature in which more bacteria grew on the plates was chosen as the incubation 

temperature, in this case, 22°C. 

To determine the time of incubation, scenarios that can affect the sample for each 

method was considered. When working with the plate count method, the samples can’t be 

incubated for long periods since it is prone to contamination. For the MPN method, a 

delayed growth of bacteria can be occasioned by how low the concentration was, or it can 

be the result of contamination. In the case of the quanti-tray, the chance of contamination 

is very low due to the isolation of the sample by sealing the plates. The main problem with 

this method is the difficulty to define the positive wells. The changes with the sample 

inside the well when there is a sign of growth is very subtle and difficult to notice, unless it 

has been growing for quite a long period of time, what affects the efficacy of the method. 



27 

There are many doubts when determining whether or not that well is a positive, and for the 

small wells it is even harder. The optimum time of incubation is different for each method. 

A period of 5-6 days for the plate count, 3-4 days for the MPN, and an undetermined 

period for the quanti-tray, once that no stability was achieved. 

 An important difference between these three methods is the type of media being 

used. While the plate count uses a solid media, both the MPN and the quanti-tray method 

use a liquid media. The initial expectation is that due to that those two methods would 

present better results, once that the media used there is more similar to the natural 

environment of the samples. That has been proved not true. The plate count method 

showed stable results, and reliable numbers. While the results with the MPN present a very 

big range of numbers as a result, when considering its confidence limits, and the quanti-

tray method presented smaller numbers than the other methods. Although the results were 

similar, the quanti-tray was the one with the lowest results, but it was also the one that 

never reached stability. This leaves the possibility that, if incubated for a longer period of 

time, the results would be the same as the other methods, but this would make the method 

inefficient for taking too much time. The MPN method, in many cases presented results 

that were <100 or >1100 bact/100mL, not giving an exact number. If the dilutions for the 

MPN method had been chosen differently, the results would have been more certain, but it 

is a method that takes a lot of work, and when the work with unknown samples is often, it 

is not worth it spending long periods of time working on a huge number of dilution. In 

general, the most consistent method was the plate count, that achieved stabilization and it 

is able to provide reliable results.  When comparing the methods, in cases like before the 

treatment, and before the UV, the quanti-tray method presented results close to the plate 

count method. In the case of the end of treatment, the waste water and the process water 

some values can be considered the same but others no – as observed, for example on figure 

18 (for process water) on day 4, the error bars for each method don`t overlap each other. 

The problem to execute these comparisons in a better way is due to the simplification done 

to analyze the error on the quanty-tray method, and the problems with the method itself so 

far, that compromised the results. 

 Determining positive wells with the quanti-tray is complicated since it is difficult to 

detect by eye whether there is bacterial growth or not. This applies especially for the small 

wells. Of the three methods, the quanti-tray method was clearly the most difficult method 

to read the results, which could have impacted the results. To improve the methodology, 
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further research is needed. It is fundamental to develop a method in which the positive 

wells can be easily spotted, like in the analysis for E. coli with the quanti-tray. The IDEXX 

Laboratories, developers of the quanti-tray, already have a test for the analysis of 

heterotrophic microorganisms in water, the HPC (Heterotrophic Plate Count) for Quanti-

tray test, that uses the addition of a substrate to a 100mL of water, and this mixture is 

sealed in the quanti-tray. This method has been used for bottled water, therefore further 

research would be needed to guarantee that this method would be efficient for marine 

water, or if a new substrate should be founded. Other research line is the production of 

urease by bacteria under certain conditions (Balan S. et al., 2012), the possibility of 

detecting this urease would also be interesting in the development of a suitable substrate.  

 Previous studies have shown promising results to the use of the quanti-tray for the 

determination of coliform and E. coli on drinking water samples, once that the quanti-tray 

method was compared to the method described by the the International Standards 

Organization (ISO) 9308.1, a method used by the European Union Drinking Water 

Directive (EUDWD) (Niemela, et al., 2003). Although one study identified false-positives, 

meaning positives wells that did not contain coliforms (Sercu, et al, 2011). The presence of 

such nontarget bacteria would not be a problem for a method were the goal it is the 

determination of a total number of bacteria. 

Another challenge when using quanti-tray, was that trays with a high concentration 

of bacteria, production of gases was observed that caused the sealing of the plate to break 

(figure 23). In order to proceed with the experiment, the wells with the air production were 

punctured with a pipette and emptied. In this experiment, samples were observed over a 

period of 7 days. However, by optimizing the method so the incubation period is shorter, 

this would probably not be a problem. 
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Figure 23 At the A side the front of the tray and at B the back. It is possible to see in B that the gas 

production ruined the isolation between the wells and made the sample from different wells get in touch with 

each other, as seen in A. 

The samples from Bremnes Seashore AS – Trovåg, presented the expected results. 

The results from the process water and the waste water presented high number of bacteria 

per 100 milliliter, specially the waste water sample, what considering the origin of the 

sample was already expected. 

The results from the samples of the KBAL system were coherent with all methods. 

As represented in the figures 20, 21 and 22 and on the tables 3, 9 and 13 at Attachments A, 

for all three methods, the number of bacteria per 100mL decreased throughout the 

treatment, and the number of bacteria by the end was much smaller than the initial 

concentration, therefore, proving the system’s efficiency. 
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5. Conclusion 

 The quanti-tray method presented satisfactory results, although the method didn’t 

reach stability, overall the results proved that this method, if improved, can be used for the 

determination of the total number of bacteria for marine samples. However, improvement 

of the method is necessary due to the difficulties presented during the reading of the 

results. Therefore, further research is needed in order to make this method entirely reliable. 

The results also confirm the efficiency of the KBAL system, with all the three methods. 
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IV 

Attachments A 

 

Table 1: Results for plate count at different temperatures, divided by different temperatures and dilutions. Sample from Haugesund Harbor collected at 06/02/2018. 

PLATE COUNT – Temperature Determination 

  5°C 10°C 15°C 22°C 

Day 0,1 0,01 0,001 bac/100mL 0,1 0,01 0,001 bac/100mL 0,1 0,01 0,001 bac/100mL 0,1 0,01 0,001 bac/100mL 

1 0 0 0 0,00E+00 0 0 0 0,00E+00 2 0 0 1,80E+03 6 0 0 5,41E+03 

2 0 0 0 0,00E+00 1 0 0 9,01E+02 7 2 0 8,11E+03 12 0 0 1,08E+04 

3 4 0 0 3,60E+03 4 0 0 3,60E+03 11 2 0 1,17E+04 15 0 0 1,35E+04 

4 8 1 0 8,11E+03 7 0 0 6,31E+03 11 2 0 1,17E+04 17 0 0 1,53E+04 

5 10 1 0 9,91E+03 11 0 0 9,91E+03 11 2 0 1,17E+04 18 0 0 1,62E+04 

6 10 1 0 9,91E+03 11 0 0 9,91E+03 11 2 0 1,17E+04 18 2 0 1,80E+04 

 

Table 2: Results for quanti-tray at 15°C. Sample from Haugesund Harbor, collected at 06/02/2018. LW – Large Well. SW – Small well. U – The tray was placed with the 

wells up. D – The tray was placed with the wells down. 

QUANTI-TRAY 15°C 

  10^0 - U 10^0 - D 10^-2 - D 

Day LW SW bac/100mL LW SW bac/100mL LW SW bac/100mL 

1 0 0 <100 0 0 <100 0 0 <10000 

2 2 0 2,00E+02 4 2 6,20E+02 0 0 <10000 

3 6 0 6,30E+02 7 3 1,07E+03 0 0 <10000 

4 8 0 8,60E+02 9 3 1,31E+03 0 0 <10000 

5 8 0 8,60E+02 10 3 1,44E+03 0 0 <10000 

6 8 0 8,60E+02 11 3 1,56E+03 0 0 <10000 
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Table 3: Plate count of the Bremnes Shore AS KBAL system samples, kept at 22°C. 

Plate Count 22°C 

  Before Treatment Before UV End of Treatment 

Day 0,1 0,01 0,001 bac/100mL 0,1 0,01 0,001 0,0001 bac/100mL 0,1 0,01 bac/100mL 

1 24 1,5 0,5 2,34E+04 1 0 0 0 9,00E+02 0 0 0,00E+00 

2 42 3,5 1 4,19E+04 1 0 0 0 9,00E+02 0,5 0 4,55E+02 

3 43,5 3,5 1 4,32E+04 1 0 0 0 9,00E+02 1 0 9,09E+02 

4 43,5 3,5 1 4,32E+04 1 0 0 0 9,00E+02 1 0 9,09E+02 

5 44 3,5 1 4,37E+04 1 0,5 0 0 1,35E+03 1 0 9,09E+02 

6 44 3,5 1,5 4,41E+04 1 0,5 0 0 1,35E+03 1 0 9,09E+02 

7 45,5 3,5 1,5 4,55E+04 1 0,5 0 0 1,35E+03 1 0 9,09E+02 

 

 

Table 4:  Plate count of the Bremnes Shore AS process water and waste water samples, kept at 22°C. 

Plate Count 22°C 

  Process Water Waste Water 

Day 0,0001 0,00001 bac/100mL 0,000001 0,0000001 0,00000001 bac/100mL 

1 0 0 0,00E+00 23 0 0,5 2,12E+09 

2 1,5 0 1,36E+06 39,5 3 0,5 3,87E+09 

3 4 1 4,55E+06 40,5 3 0,5 3,96E+09 

4 4,5 1 5,00E+06 40,5 3 0,5 3,96E+09 

5 6 2 7,27E+06 41 3,5 0,5 4,05E+09 

6 8 2,5 9,55E+06 41,5 3,5 0,5 4,10E+09 

7 8 2,5 9,55E+06 41,5 3,5 0,5 4,10E+09 
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Table 5: Plate count of the Bremnes Shore AS KBAL system samples, kept at 15°C. 

Plate Count 15°C 

  Before Treatment Before UV End of Treatment 

Day 0,1 0,01 0,001 bac/100mL 0,1 0,01 0,001 0,0001 bac/100mL 0,1 0,01 bac/100mL 

1 Contaminated ---- 0 0 0 0 0,00E+00 0 0 0,00E+00 

2 Contaminated ---- 3 1 0 3 6,30E+03 0 0 0,00E+00 

3 Contaminated ---- 4 1 0 3 7,20E+03 0 0 0,00E+00 

4 Contaminated ---- 4 1 0 3 7,20E+03 0 0 0,00E+00 

5 Contaminated ---- 4 1 0 3 7,20E+03 0 0 0,00E+00 

6 Contaminated ---- 4 1 0 3 7,20E+03 0 0 0,00E+00 

7 Contaminated ---- 4 1 0 3 7,20E+03 0 0 0,00E+00 

 

Table 6:  Plate count of the Bremnes Shore AS process water and waste water samples, kept at 15°C. 

Plate Count 15°C 

  Process Water Waste Water 

Day 0,0001 0,00001 bac/100mL 0,000001 0,0000001 0,00000001 bac/100mL 

1 0 0 0,00E+00 0 0 0 0,00E+00 

2 1 1 1,82E+06 26 2 0 2,52E+09 

3 14 3 1,55E+07 32 3 0 3,15E+09 

4 14 4 1,64E+07 33 3 0 3,24E+09 

5 14 5 1,73E+07 35 3 0 3,42E+09 

6 14 5 1,73E+07 39 4 0 3,87E+09 

7 14 5 1,73E+07 39 4 0 3,87E+09 
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Table 7: Plate count raw data for Bremnes Shore AS samples at 22°C 

Plate Count 22°C 

  
 

Before Treatment Before UV End of Treatment Process Water Waste Water 

Days Parallels 0,1 0,01 0,001 0,1 0,01 0,001 0,0001 0,1 0,01 0,0001 0,00001 0,000001 0,0000001 0,00000001 

1 
#1 23 1 1 2 0 0 0 0 0 0 0 19 0 0 

#2 25 2 0 0 0 0 0 0 0 0 0 27 0 1 

2 
#1 29 4 1 2 0 0 0 0 0 0 0 36 0 0 

#2 55 3 1 0 0 0 0 1 0 3 0 43 6 1 

3 
#1 31 4 1 2 0 0 0 0 0 4 2 36 0 0 

#2 56 3 1 0 0 0 0 2 0 4 0 43 6 1 

4 
#1 31 4 1 2 0 0 0 0 0 4 2 38 0 0 

#2 56 3 1 0 0 0 0 2 0 5 0 43 6 1 

5 
#1 32 4 1 2 0 0 0 0 0 6 2 39 0 0 

#2 56 3 1 0 1 0 0 2 0 6 2 43 7 1 

6 
#1 32 4 1 2 0 0 0 0 0 8 2 40 0 0 

#2 56 3 2 0 1 0 0 2 0 8 3 43 7 1 

7 
#1 34 4 1 2 0 0 0 0 0 8 2 40 0 0 

#2 57 3 2 0 1 0 0 2 0 8 3 43 7 1 

 

Table 8: Plate count raw data for Bremnes Shore AS samples at 15°C 

Plate Count 15°C 

  Before Treatment Before UV End of Treatment Process Water Waste Water 

Days 0,1 0,01 0,001 0,1 0,01 0,001 0,0001 0,1 0,01 0,0001 0,00001 0,000001 0,0000001 0,00000001 

1 Contaminated 0 0 0 0 0 0 0 0 0 0 0 

2 Contaminated 3 1 0 3 0 0 1 1 26 2 0 

3 Contaminated 4 1 0 3 0 0 14 3 32 3 0 
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4 Contaminated 4 1 0 3 0 0 14 4 33 3 0 

5 Contaminated 4 1 0 3 0 0 14 5 35 3 0 

6 Contaminated 4 1 0 3 0 0 14 5 39 4 0 

7 Contaminated 4 1 0 3 0 0 14 5 39 4 0 

 

Table 9: Results for traditional MPN Methods for the Bremnes Shore AS samples at 22°C 

Traditional MPN  -  22°C - bac/100mL 

Day Before Treatment Before UV End of Treatment Process Water Waste Water 

1 2,30E+04 2,30E+03 <300 3,60E+04 2,30E+08 

2 2,40E+05 7,50E+03 <300 2,00E+05 2,40E+09 

3 4,60E+05 1,50E+04 3,60E+02 1,50E+06 >11000000000 

4 1,10E+06 4,60E+04 3,60E+02 4,60E+06 >11000000000 

5 1,10E+06 4,60E+04 3,60E+02 4,60E+06 >11000000000 

6 1,10E+06 4,60E+04 1,50E+03 1,10E+07 >11000000000 

7 1,10E+06 4,60E+04 1,50E+03 1,10E+07 >11000000000 

 

Table 10: Results for traditional MPN Methods for the Bremnes Shore AS samples at 15°C 

Traditional MPN  -  15°C - bac/100mL 

Day Before Treatment Before UV End of Treatment Process Water Waste Water 

1 <300 <300 <300 <30000 <30000000 

2 2,80E+04 9,20E+02 <300 <30000 4,30E+08 

3 1,50E+05 4,30E+03 <300 2,40E+06 1,10E+10 

4 4,60E+05 4,30E+03 <300 2,40E+06 >11000000000 

5 4,60E+05 9,30E+03 <300 2,40E+06 >11000000000 

6 >1100000 9,30E+03 <300 2,40E+06 >11000000000 

7 >1100000 9,30E+03 <300 2,40E+06 >11000000000 
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Table 11: Raw Data for traditional MPN Methods for the Bremnes Shore AS samples at 22°C 

Traditional MPN - 22°C 

  Before Treatment Before UV End of Treatment Process Water Waste Water 

Day 0,01 0,001 0,0001 0,1 0,01 0,001 0,1 0,01 0,001 0,001 0,0001 0,00001 0,000001 0,0000001 0,00000001 

1 3 0 0 3 0 0 0 0 0 1 0 0 3 0 0 

2 3 3 0 3 1 1 0 0 0 2 1 1 3 3 0 

3 3 3 1 3 2 1 1 0 0 3 2 1 3 3 3 

4 3 3 2 3 3 1 1 0 0 3 3 1 3 3 3 

5 3 3 2 3 3 1 1 0 0 3 3 1 3 3 3 

6 3 3 2 3 3 1 2 1 0 3 3 2 3 3 3 

7 3 3 2 3 3 1 2 1 0 3 3 2 3 3 3 

 

Table 12: Raw Data for traditional MPN Methods for the Bremnes Shore AS samples at 15°C 

Traditional MPN - 15°C 

  Before Treatment Before UV End of Treatment Process Water Waste Water 

Day 0,01 0,001 0,0001 0,1 0,01 0,001 0,1 0,01 0,001 0,001 0,0001 0,00001 0,000001 0,0000001 0,00000001 

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

2 2 2 1 0 0 0 0 0 0 0 0 0 3 1 0 

3 3 2 1 3 1 0 0 0 0 3 3 0 3 3 2 

4 3 3 1 3 1 0 0 0 0 3 3 0 3 3 3 

5 3 3 1 3 2 0 0 0 0 3 3 0 3 3 3 

6 3 3 3 3 2 0 0 0 0 3 3 0 3 3 3 

7 3 3 3 3 2 0 0 0 0 3 3 0 3 3 3 

 

Table 13: Results for the Quanti-Tray method for the Bremnes Shore AS KBAL system samples at 22°C. LW – Large Well. SW – Small Well. 
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Quanti-Tray 22°C - bac/100mL 

  Before Treatment Before UV End of Treatment 

Day LW SW bac/100mL LW SW bac/100mL LW SW bac/mL 

1 6 0 6,30E+02 1 0 1,00E+02 0 0 <100 

2 11 0 1,22E+03 1 0 1,00E+02 0 0 <100 

3 12 0 1,35E+03 1 0 1,00E+02 0 0 <100 

4 16 0 1,89E+03 2 0 2,00E+02 0 0 <100 

5 17 0 2,03E+03 2 0 2,00E+02 0 0 <100 

6 18 0 2,18E+03 3 0 3,10E+02 0 0 <100 

7 19 0 2,33E+03 4 0 4,10E+02 0 0 <100 

 

Table 14: Results for the Quanti-Tray method for the Bremnes Shore AS process and waste water samples at 22°C. LW – Large Well. SW – Small Well. 

Quanti-Tray 22°C - bac/100mL 

  Process Water 10^0 Process Water 10^-2 Waste Water 10^-1 Waste Water 10^-2 Waste Water 10^-4 

Day LW SW bac/100mL LW SW bac/100mL LW SW bac/100mL LW SW bac/100mL LW SW bac/100mL 

1 48 28 3,97E+04 0 0 <10000 49 48 >2419600 49 48 >24196000 45 17 1,67E+08 

2 49 30 6,13E+04 3 0 3,10E+04 49 48 >2419600 49 48 >24196000 49 45 1,73E+09 

3 49 32 6,87E+04 3 0 3,10E+04 49 48 >2419600 49 48 >24196000 49 47 2,42E+09 

4 49 32 6,87E+04 4 0 4,10E+04 49 48 >2419600 49 48 >24196000 49 47 2,42E+09 

5 49 32 6,87E+04 6 0 6,30E+04 49 48 >2419600 49 48 >24196000 49 47 2,42E+09 

6 49 36 8,66E+04 7 0 7,50E+04 49 48 >2419600 49 48 >24196000 49 47 2,42E+09 

7 49 36 8,66E+04 17 0 2,03E+05 49 48 >2419600 49 48 >24196000 49 47 2,42E+09 

 

Table 15: Results for the Quanti-Tray method for the Bremnes Shore AS KBAL system samples at 15°C. LW – Large Well. SW – Small Well. 

Quanti-Tray 15°C - bac/100mL 

  Before Treatment Before UV End of Treatment 
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Day LW SW bac/100mL LW SW bac/100mL LW SW bac/mL 

1 2 0 2,00E+02 6 1 7,40E+02 0 0 <100 

2 8 1 9,70E+02 7 1 8,50E+02 0 0 <100 

3 13 1 1,60E+03 8 1 9,70E+02 0 0 <100 

4 15 1 1,87E+03 8 1 9,70E+02 0 0 <100 

5 17 1 2,16E+03 8 1 9,70E+02 0 0 <100 

6 17 1 2,16E+03 8 1 9,70E+02 0 0 <100 

7 24 1 3,31E+03 8 1 9,70E+02 0 0 <100 

 

Table 16: Results for the Quanti-Tray method for the Bremnes Shore AS process and waste water samples at 15°C. LW – Large Well. SW – Small Well. 

Quanti-Tray 15°C - bac/100mL 

  Process Water 10^0 Process Water 10^-2 Waste Water 10^-1 Waste Water 10^-2 Waste Water 10^-4 

Day LW SW bac/100mL LW SW bac/100mL LW SW bac/100mL LW SW bac/100mL LW SW bac/100mL 

1 49 12 2,25E+04 0 0 <10000 49 48 >2419600 49 48 >24196000 0 0 <1000000 

2 49 22 3,87E+04 0 0 <10000 49 48 >2419600 49 48 >24196000 42 10 1,11E+08 

3 49 32 6,87E+04 0 0 <10000 49 48 >2419600 49 48 >24196000 46 10 1,47E+08 

4 49 32 6,87E+04 2 0 2,00E+04 49 48 >2419600 49 48 >24196000 49 11 2,14E+08 

5 49 32 6,87E+04 3 0 3,10E+04 49 48 >2419600 49 48 >24196000 49 11 2,14E+08 

6 49 34 7,70E+04 7 0 7,50E+04 49 48 >2419600 49 48 >24196000 49 34 7,70E+08 

7 49 35 8,10E+04 7 0 7,50E+04 49 48 >2419600 49 48 >24196000 49 34 7,70E+08 

 

Table 17: Results for the Plate Count method for the samples from Førresfjord and Kvalsvik at 22°C.  

Plate Count  22°C 

  Førresfjord Kvalsvik 

Day 0,1 0,01 bac/100mL 0,1 0,01 bac/100mL 

1 2,667 0 2,42E+03 2 0 1,82E+03 
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2 6,333 0,3333 6,06E+03 4,667 0 4,24E+03 

3 8,333 0,6667 8,18E+03 6 0 5,45E+03 

4 9,667 0,6667 9,39E+03 7 0 6,36E+03 

5 15 0,6667 1,42E+04 7,333 0 6,67E+03 

6 16 0,6667 1,52E+04 7,333 0 6,67E+03 

7 16 0,6667 1,52E+04 7,333 0 6,67E+03 

8 16 0,6667 1,52E+04 7,667 0 6,97E+03 

9 16,667 0,6667 1,58E+04 7,667 0 6,97E+03 

10 16,667 0,6667 1,58E+04 7,667 1 7,88E+03 

11 16,667 0,6667 1,58E+04 7,667 1,33 8,18E+03 

12 16,667 0,6667 1,58E+04 7,667 1,33 8,18E+03 

13 16,667 0,6667 1,58E+04 7,667 1,33 8,18E+03 

14 17,333 0,6667 1,64E+04 7,667 1,33 8,18E+03 

15 17,333 0,6667 1,64E+04 7,667 1,33 8,18E+03 

 

Table 18: Raw Data for the Plate Count method for the samples from Førresfjord and Kvalsvik at 22°C.  

Plate Count  22°C – Raw Data 

    Førresfjord Kvalsvik 

Day Parallel 0,1 0,01 Average 0,1 Average 0,01 0,1 0,01 Average 0,1 Average 0,01 

1 

#1 7 0 

2,6666667 0 

3 0 

2 0 #2 1 0 2 0 

#3 0 0 1 0 

2 

#1 9 1 

6,3333333 0,33333333 

3 0 

4,66666667 0 #2 7 0 5 0 

#3 3 0 6 0 

3 

#1 11 1 

8,3333333 0,66666667 

5 0 

6 0 #2 7 0 5 0 

#3 7 1 8 0 
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4 

#1 13 1 

9,6666667 0,66666667 

5 0 

7 0 #2 7 0 6 0 

#3 9 1 10 0 

5 

#1 23 1 

15 0,66666667 

5 0 

7,33333333 0 #2 10 0 7 0 

#3 12 1 10 0 

6 

#1 26 1 

16 0,66666667 

5 0 

7,33333333 0 #2 10 0 7 0 

#3 12 1 10 0 

7 

#1 26 1 

16 0,66666667 

5 0 

7,33333333 0 #2 10 0 7 0 

#3 12 1 10 0 

8 

#1 26 1 

16 0,66666667 

6 0 

7,66666667 0 #2 10 0 7 0 

#3 12 1 10 0 

9 

#1 27 1 

16,666667 0,66666667 

6 0 

7,66666667 0 #2 10 0 7 0 

#3 13 1 10 0 

10 

#1 27 1 

16,666667 0,66666667 

6 2 

7,66666667 1 #2 10 0 7 0 

#3 13 1 10 1 

11 

#1 27 1 

16,666667 0,66666667 

6 3 

7,66666667 1,333333333 #2 10 0 7 0 

#3 13 1 10 1 

12 

#1 27 1 

16,666667 0,66666667 

6 3 

7,66666667 1,333333333 #2 10 0 7 0 

#3 13 1 10 1 

13 
#1 27 1 

16,666667 0,66666667 
6 3 

7,66666667 1,333333333 
#2 10 0 7 0 



XIV 

#3 13 1 10 1 

14 

#1 29 1 

17,333333 0,66666667 

6 3 

7,66666667 1,333333333 #2 10 0 7 0 

#3 13 1 10 1 

15 

#1 29 1 

17,333333 0,66666667 

6 3 

7,66666667 1,333333333 #2 10 0 7 0 

#3 13 1 10 1 
 

Table 19: Results for the MPN method for the samples from Førresfjord and Kvalsvik at 22°C.  

Traditional MPN Method  22°C 

Day Førresfjord Kvalsvik 

1 <300 3,60E+02 

2 4,30E+03 9,30E+03 

3 2,40E+04 2,40E+04 

4 2,40E+04 2,40E+04 

5 2,40E+04 2,40E+04 

6 2,40E+04 2,40E+04 

7 4,60E+04 2,40E+04 

8 4,60E+04 2,40E+04 

9 4,60E+04 2,40E+04 

10 4,60E+04 2,40E+04 

11 4,60E+04 4,60E+04 

12 4,60E+04 4,60E+04 

13 4,60E+04 4,60E+04 

14 4,60E+04 4,60E+04 

15 4,60E+04 4,60E+04 
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Table 20: Raw Data for the MPN method for the samples from Førresfjord and Kvalsvik at 22°C.  

Traditional MPN - 22°C – Raw Data 

  Førresfjord Kvalsvik 

Day 0,1 0,01 0,001 0,1 0,01 0,001 

1 0 0 0 1 0 0 

2 3 1 0 3 2 0 

3 3 3 0 3 3 0 

4 3 3 0 3 3 0 

5 3 3 0 3 3 0 

6 3 3 0 3 3 0 

7 3 3 1 3 3 0 

8 3 3 1 3 3 0 

9 3 3 1 3 3 0 

10 3 3 1 3 3 0 

11 3 3 1 3 3 1 

12 3 3 1 3 3 1 

13 3 3 1 3 3 1 

14 3 3 1 3 3 1 

15 3 3 1 3 3 1 

 

Table 21: Results for the Quanti-Tray method for the samples from Førresfjord and Kvalsvik at 22°C. LW – Large Well. SW – Small Well. 

Quanti-Tray 22°C 

  Førresfjord Kvalsvik 

Day LW SW bac/100mL LW SW bac/100mL 
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1 0 0 <100 1 0 1,00E+02 

2 4 0 4,10E+02 2 2 4,10E+02 

3 7 0 7,50E+02 2 2 4,10E+02 

4 12 0 1,35E+03 6 2 8,40E+02 

5 15 0 1,75E+03 7 2 9,60E+02 

6 17 0 2,03E+03 7 2 9,60E+02 

7 18 0 2,18E+03 9 2 1,20E+03 

8 19 0 2,33E+03 11 2 1,45E+03 

9 20 0 2,49E+03 12 2 1,58E+03 

10 21 0 2,65E+03 12 2 1,58E+03 

11 21 1 2,79E+03 12 3 1,69E+03 

12 21 1 2,79E+03 12 3 1,69E+03 

13 21 1 2,79E+03 12 3 1,69E+03 

14 23 1 3,13E+03 16 3 2,26E+03 

15 24 1 3,31E+03 19 3 2,72E+03 

 

Table 22: Results for the Plate Count method for the samples from Førresfjord and Kvalsvik at 15°C and 22°C. 

Plate Count - bac/100mL 

  Førresfjord Kvalsvik 

Day 15°C 22°C 15°C 22°C 

1 4,00E+03 5,00E+03 2,00E+03 5,00E+03 

2 1,35E+04 1,00E+04 1,05E+04 8,50E+03 

3 1,80E+04 1,20E+04 1,65E+04 9,50E+03 

4 2,20E+04 1,45E+04 2,00E+04 9,50E+03 

5 2,40E+04 1,60E+04 2,30E+04 9,50E+03 

6 2,50E+04 1,60E+04 2,30E+04 9,50E+03 

7 2,50E+04 1,60E+04 2,40E+04 9,50E+03 

8 2,70E+04 1,65E+04 2,45E+04 9,50E+03 
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9 2,70E+04 1,65E+04 2,45E+04 9,50E+03 

10 2,75E+04 1,70E+04 2,45E+04 9,50E+03 

11 2,85E+04 1,70E+04 2,45E+04 9,50E+03 

12 2,85E+04 1,70E+04 2,45E+04 9,50E+03 

13 2,85E+04 1,70E+04 2,45E+04 9,50E+03 

14 2,90E+04 1,70E+04 2,45E+04 9,50E+03 

15 2,90E+04 1,70E+04 2,45E+04 9,50E+03 
Table 23: Raw Data for the Plate Count method for the samples from Førresfjord and Kvalsvik at 15°C and 22°C. 

Plate Count 

  Førresfjord Kvalsvik 

Days 0,1 - 15°C 0,1 - 22°C Average 15°C Average 22°C 0,1 - 15°C 0,1 - 22°C Average 15°C Average 22°C 

1 
4 7 

4 5 
0 6 

2 5 
4 3 4 4 

2 
15 12 

13,5 10 
7 8 

10,5 8,5 
12 8 14 9 

3 
19 14 

18 12 
13 10 

16,5 9,5 
17 10 20 9 

4 
26 18 

22 14,5 
15 10 

20 9,5 
18 11 25 9 

5 
30 20 

24 16 
19 10 

23 9,5 
18 12 27 9 

6 
31 20 

25 16 
19 10 

23 9,5 
19 12 27 9 

7 
31 20 

25 16 
21 10 

24 9,5 
19 12 27 9 

8 
33 20 

27 16,5 
22 10 

24,5 9,5 
21 13 27 9 

9 
33 20 

27 16,5 
22 10 

24,5 9,5 
21 13 27 9 
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10 
33 20 

27,5 17 
22 10 

24,5 9,5 
22 14 27 9 

11 
34 20 

28,5 17 
22 10 

24,5 9,5 
23 14 27 9 

12 
34 20 

28,5 17 
22 10 

24,5 9,5 
23 14 27 9 

13 
34 20 

29 17 
22 10 

24,5 9,5 
24 14 27 9 

14 
34 20 

29 17 
22 10 

24,5 9,5 
24 14 27 9 

15 
34 20 

29 17 
22 10 

24,5 9,5 
24 14 27 9 
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Attachments B 

Table 1: Table for the quanti-tray method (IDEXX Laboratories) 
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