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Abstract 
 
Tjörn is a cluster of islands, located in Västra Götaland’s county, on the west coast of 
Sweden. A fishing industry called Kädesholmen Seafood AB is located at Kädesholmen, one 
of the larger islands of Tjörn. The industry produces different types of fish preserves. The 
resulting waste water is polluted with mostly nutrients and organic matter in high 
concentrations. In lack of other treatment alternatives, the waste water is collected and 
transported to Trollhättan for biological degradation. Sweco, a consulting company, has been 
working together with Klädesholmen Seafood AB to establish a local treatment alternative for 
the fishing industry’s waste water. The ambition is to find a pretreatment option that enables 
treatment of the waste water in the municipal waste water treatment plant at Tjörn. Currently 
a pretreatment system consisting of a flocculation step followed by a flotation step is 
investigated as a possibility. The system would reduce especially organic matter and nutrient 
content of the waste water, but also other contaminations to some extent.  
 
The subject of my master’s thesis was to perform a small scale investigation of the 
pretreatment alternative mentioned above. Waste water effluent collected from the industry 
was tested in combinations with three different flocculation chemicals; ferric chloride, 
Ekoflock 71 and Ekoflock 90, at different dosages and pH- levels. The aim was to obtain as 
high separation of contaminations from the water as possible. The flocculation results of each 
series were evaluated visually, according to a five grade scale. The test series with the most 
successful separation of sludge- and clear water phase were sampled for analysis. A limited 
physical and chemical characterization was performed at Halmstad University. The 
parameters analyzed were pH, conductivity and nutrients. The results were used for 
determining the success of the flocculation experiment. 
 
The flocculation experiment resulted in a discovery of a successful span for flocculation to 
occur, regarding both chemical dosage and pH- level. Ferric chloride proved to be more 
successful in separating the two phases (water- and sludge phase) from each other than the 
other two flocculation chemicals. The addition of chemicals caused a decrease in pH and 
therefore the addition of NaOH was needed to increase pH to a level beneficial for the 
reaction to occur. The analysis showed a decline of nutrients in the water, but not as much as 
anticipated. Little or no difference of conductivity was obtained and pH was low after 
flocculation, even with addition pH elevating substances during the flocculation.  
 
The conclusion; flocculation is a possible treatment option for the waste water. However, 
large amounts of flocculation chemicals are required and the reduction of pollutants is poor. A 
modification of the flocculation process or another form of treatment alternative is preferable.  
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1. Introduction  
 

1.1 Tjörn 
 
Tjörn is a county in Västra Götaland, in the south west of 
Sweden. The county consists of the main Island of Tjörn, 
where most of the county’s inhabitants are situated. In 
addition to the main island there are 1500 other, smaller 
islands. The majority of the smaller islands are very small 
and unpopulated. 
 
A new waste water treatment plant is planned on the main 
island, for treatment of the municipal waste water. Sweco is 
part of the planning and construction of this waste water 
plant. The plant is supposed to receive and treat the waste 
water of approximately 20, 000 inhabitants. 

                   Figure 1. The location of                 
                                                                                                                                  Tjörn’s  county. 
 
 

1.1.1 The Fishing industries 
 
Situated at one of the larger islands of Tjörn, Klädesholmen, is the fishing industry 
Klädesholmen Seafood AB. Klädesholmen Seafood AB is the result of a merger, that 
occurred during 2001. Three previously independent industries, PK konserver, Klockbojen 
and Bråse & Söner formed a collective operation. A fourth industry, ALAX, later became part 
of the conjoined industry (Klädesholmen Seafood AB, 2009).  
 
Klädesholmen Seafood AB refines and process pre- filleted Atlantic herring, and also to some 
extent, caviars and pates. The industry receives Atlantic herring, for their production, in big 
barrels. The fish is conserved in brine, which a very high salt content. The fish is then 
repackaged in smaller packing and in other, more flavoured brines (Walberg, 2010). The 
waste water produced from the industry has a high content of organic material, nitrogen and 
phosphorus (Klädesholmen Seafood AB, 2009). 
 

1.1.2 The waste water of the industries 
 
The waste water of the fishing industries can be divided into three fractions, with different 
levels of contamination. Depending on the level of contamination different treatment options 
are to be preferred.  
 
The most polluted fraction is the waste water derived from the fish preservation (Walberg, 
2010). This waste water is collected in two large tanks, containing 20 and 30 m3 respectively 
(Klädesholmen Seafood AB 2009). This fraction is then later transported to Trollhättan for 
biological treatment (Mattsson, 2010), in lack of other treatment options.  
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The second fraction is water that has been used to wash the previously mentioned tanks clean. 
This semi-contaminated water is treated on site with a fat separator. After purification the 
water is released into the sea (Walberg, 2010), causing a release of some pollutants to the sea 
(Klädesholmen Seafood AB, 2009).  
 
The third fraction of waste water is from the establishments of the industries is naturally 
already treated in the local waste water treatment plant, since this waste water fraction is of 
domestic nature.  
 
The fishing industry has been successful and sales are increasing, causing an increase of the 
production and the amount of produced waste water will follow as well (Klädesholmen 
Seafood AB, 2009). The combined amount of waste water for the three fishing industries was 
4320 m3 during the year of 2008 (Mattson et al, 2009). The production is uneven throughout 
the year, with peaks around holidays, causing an irregular amount of waste water.  
 
 

1.2 Sweco 
 
Sweco has been working, together with the fishing industries, during the last 25 years, trying 
to improve this waste water treatment. Their desire is to treat the water on site, in the future 
municipal waste water treatment plant on Tjörn, instead of the current conveyance. In order 
for this to be realized the waste water needs to undergo a pre- treatment. Several options have 
been discussed and the option of flocculation followed by flotation, before the entrance to the 
municipal treatment plant, is now under investigation (Walberg, 2010). 
 

1.2.1 Company background 
 
Sweco is an international consulting business, with offices in 11 countries around the world.  
Sweco’s ambition is to become the most respected and advanced company within their sector 
of expertise. Engineers, architects and environmental experts are all part of Sweco corporate 
group, offering consulting services in several different fields, with the continuous vision of 
developing a sustainable community.  
 
Assignments are usually divided into fractions, such as pilot studies, investigations, planning, 
designing, construction and project managing (Sweco, 2008), engaging several divisions of 
the company simultaneously.  
 
In Sweden the Sweco corporate group offers services in architecture, construction, 
installation, infrastructure, water and environment, project management, energy systems, 
geographic IT and manufacturing (Sweco, 2008). The Swedish offices are part of the leading 
sector of the group. From the Swedish offices are not only local projects managed, but also 
several international projects are under supervision from some of these offices as well. These 
continuous projects are for instance carried out in Eastern Europe, Africa, Asia, the Middle 
East and Latin America. 
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1.2.2 Environment 
 
Sweco Environmental is a subdivision of the Sweco Corporation. Actively working towards 
contributing to a sustainable development is part of the environmental policy. Most of 
Sweco’s projects effects both the society and the environment, to fulfil the aim of their policy 
is an opportunity as well as a responsibility. On the European market Sweco is leading in the 
field of environment and water treatment, focusing on efficient long- term utilisation of 
recourses.  
 
Most assignments are solutions for water supply and waste water treatment. Solid waste 
management and site remediation are common as well as environmental studies and 
environmental impact assessments. The Sweco Corporation is certified both according to ISO 
9001 and ISO 14001, the standards are used throughout their whole work process (Sweco, 
2008).  
 
 
 

2. Objective 
 
Klädesholmen Seafood AB is quite an unusual industry, and there are not many industries 
comparable to it. How to best treat the waste water deriving from the industry is difficult, 
since previous experience of suitable treatment options are limited.  
 
The objectives of my study are; to perform a literature review focusing on treatment of waste 
water, especially chemical treatments, and to perform a flocculation experiment to evaluate 
the removal efficiency.  
 
  
 

3. Waste water content 
 
The waste water produced at Klädesholmen contains high amounts of pollutants, amongst 
these nutrients. The water also has a very high salinity, which derives from the brine, in which 
the fish is delivered in to the fishing industries. Because of these factors the waste water can’t 
be treated in a municipal waste water treatment plant in its natural state (Dahlberg, 2010). The 
processes of a municipal waste water treatment are unable of processing these elevated levels 
of pollutants. In order to best treat the water it’s contaminations must be known, as well as the 
methods most efficient for their removal.  
 
 

3.1 Contaminations 
 
In Table 1, below, the pollutants of the three fishing industries are presented. Represented are 
the two least contaminated fractions, i.e. the waste water deriving from the establishments and 
the water that is purified and released to the ocean on site of the industry (Mattsson, et al, 
2009).  
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The values presented in Table 1 are a mean calculated from the total amounts divided with the 
average, annual flow of waste water from all three of the fishing industries. The calculated 
results presented in Table 1 are derived from the results found in Appendix 3, where a more 
complete and thorough analysis made for the industries’ waste water is presented. The results 
are from measurements the period of 2006 until 2009 (Mattson, et al, 2009).  
 
The pollutants of greatest concern are the organic matter and the nutrients present in the waste 
water, and are therefore also the components of greatest importance to remove.   
 

Table 1. Characteristics of the waste water from the fishing industries on  
           Klädesholmen.  
 
 kg/year mg/l 

BOD7 43 400 10 000 
COD 70 300 16 300 
Ptot 266 62 
Ntot 720 167 
Susp. matter 6 600 1 500 
TOC 21 000 4 900 
Fat 3 500 810 
Chloride 19 400 4 500 

 
   

 

3.2 Estimated removal 
 
How much of the pollutants that will be removed through the pre- treatment is uncertain since 
only estimations have been made. The amount of produced waste water during a day varies, 
therefore, two different flows have been used for estimation of the removal (Mattson, et al, 
2009), 40m3 of waste water per day and 60m3 per day. For estimation of the possible removal 
the two different flows were multiplied with the values in Table 1.  
 
The treatment facility, evaluated for implementation at the site, has been successfully used for 
different waste waters, both in Sweden and in other countries (Stigebrandt, 2008). According 
to the manufacturer the facility is supposed to be sufficient for treatment of waste water 
originating from most sources, including slaughterhouse byproducts, waste from dairy 
production as well as waste from different types of fishing industries.  
 
Some contaminations are expected to be more successfully removed than others (Stigebrandt, 
2008). The best results are expected to be obtained for fat, suspended matter and total 
phosphorus, results as good as 90% reduction are estimated to be possible. Also for BOD, 
COD and TOC a good reduction is expected. Up to 70 % is estimated to be removed through 
the purification process of the facility. How well nitrogen will be obtained by the treatment is 
difficult to estimate beforehand, without testing of the water.  
 
This nitrogen removal is depending on several environmental factors, such as for instance 
how much of the nitrogen that is present in particulate form. If approximately 70% of the 
nitrogen is in particulate form, the reduction is estimated to 50% (Mattson et al, 2009). The 
concentration of chlorides is not expected to be lowered by the flocculation treatment.  
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4. Waste water treatment  
 
There are different design options for the most common waste water treatment systems. Often 
are they composed in a similar manner, consisting of the same components for treatment, i.e. 
mechanical- biological- and chemical treatment.  
 
The first step is usually a mechanical filtration, for removal of coarse material in the waste 
water. Following the filtration is a biological step of treatment. This section of the purification 
process is performed by water living bacteria (Persson, 2005). The train of treatments is 
completed by chemical treatment, handling the contaminations still left in the waste water.  
 
Waste water deriving from industries has to be pre- treated by the industry before being 
released to a waste water treatment plant. Different pre-treatment steps, as well as post- 
treatment steps, can be added in order to improve the treatment for industrial waste water 
(Dahlberg, 2010).  
 
 

4.1 Pretreatment options 
 
Many of the contaminants of municipal waste water are present in the waste water of the 
fishing industries. The purification process of the waste water treatment plant alone would not 
be sufficient; the entry of the waste water could even be harmful to the plant. Therefore, the 
concentrations of pollutants need to be lowered. Also other contaminations, foreign to the 
municipal waste water, need to be excluded. 
 
The simplest way of pre- treating waste water is by mechanical treatment, some form of 
filtration of the coarser matter of the waste water (Persson, 2005), before letting the waste 
water enter the municipal treatment plant, which usually, in itself, has a mechanical treatment 
as first step of treatment. The waste water produced from the fishing industry is, however, too 
polluted for the choice of mechanical pre- treatment. Other or further pre- treatments are 
biological or chemical. Both methods provide benefits and disadvantages.  The success of 
either is determined by the origin of the waste water, which pollutants that are present and 
their concentrations (Persson, 2005).  
 

4.1.1 Biological treatment 
 
Biological treatment can offer many process options. It is an advantage for the biological 
treatment if the waste water coming into the system is homogenous (Persson, 2005). The 
process is complex and not always stable (Ni Bing- Jie et. al., 2009), therefore the obtained 
reduction can be difficult to predict and vary from one time to another. Other waste waters, 
similar to the fishing industries’, with a lot of nutrients present, are often successfully treated 
biologically.  
 
The waste water is currently treated through biological degradation, without any additional 
treatment steps, with poor results. The high levels of pollutants, as well as the salinity of the 
water are delaying and deteriorating the processes, making a biological pre- treatment 
difficult.  
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Phosphorus, for instance, is a component much desired to be excluded from the waste water, 
but the removal of phosphorus is much more complex and complicated than the removal of 
other substances, such as nitrogen and organic matter (Ni Bing- Jie et. al., 2009).  
 
Based on this, a biological pre- treatment is not to prefer. A chemical approach will offer 
more advantages for this level of pollution.  
 

4.1.2 Chemical treatment 
 
Some components present in waste water from heavy industries are stable and resistant to 
biological degradation (Yan long et. al., 2010). Examples of such waste waters are waste 
water from petroleum refineries and paper mills. The waste water from the fishing industry at 
Tjörn can also be classified into this category. Chemical treatment is more aggressive than 
biological treatment, and are therefore often more successful in treating more highly polluted 
waste waters. Chemical purification processes are very common in waste water treatment 
systems, not only for highly polluted waters. Additional steps of chemical treatment are also 
common as a pre- treatment step for highly polluted waste waters. Depending on the source of 
the waste water, the contaminations present in the water and the used treatment system, 
different chemical purification processes are to prefer (Persson, 2005).  
 
Among the most common chemical processes are precipitation, deposition and flocculation, 
but also chemical oxidation and reduction.  
 
The treatment suggested for Klädesholmen includes a flocculation step followed by a flotation 
step (Walberg, 2010). Due to the uncertainty of the contaminations’ behavior during pre- 
treatment steps, some preparatory testing is needed to select an appropriate flocculation 
chemical and its optimal dosage, in combination with finding an optimal pH for the reaction. 
  
 
 

5. The intended treatment method 
 
The treatment method selected for the fishing industry at Tjörn, consists of a flocculation step, 
for accumulation of the pollutants, followed by a flotation step, for the removal of the 
particles present in the waste water.   
 
 

5.1 Flocculation 
 
Chemical flocculation, or chemical precipitation, enables separation of suspended matter in 
waste waters. Even colloidal particles, too small for sedimentation, can be separated from the 
water (Persson, 2005). The disadvantage of the addition of chemicals to the treatment system 
is the high cost and the contamination obtained of the, from the flocculation process, formed 
sludge (Subramanian, et. al, 2010). Colloidal particles usually have a negative charge and 
repel each other and because of this the particles are never close enough for the van der 
Waal’s forces to work between them. Therefore the colloidal particles can never gather 
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together and form larger particle- complexes, enabling sedimentation (Persson, 2005), by 
destabilizing the colloidal particles this is prevented. Destabilization can be done in more than 
one way. Flocculation is one option. During the flocculation process a flocculation agent is 
added to the water. The positive ions of the salt attaches to the negative surfaces of the 
particles, making the charge of the particle neutral and enabling the van der Waal’s forces to 
form bigger particles. As flocculation agents, are positively charged, trivalent salts often used, 
such as ferric chloride, aluminum sulphate and aluminum chloride. Also more highly charged 
polyaluminum chloride products are used occasionally (Persson, 2005).    
 
Flocculation is an effective method for treating substances commonly present in waste water. 
COD, for instance, has successfully been removed from landfill leachate on experimental 
scale, using flocculation (Marañón, et al., 2010, Castrillón, et al., 2010).  
 
Depending on the type of waste water different flocculation agents are preferable. 
 
 

5.2 Flocculation chemicals 

5.2.1 Ferric chloride  
 
Ferric chloride (FeCl3) is often used as a flocculation agent. The chemical has a great capacity 
to bind particles and is therefore successfully used for the removal of suspended matter, for 
instance during treatment of waste water (Subramanian, et. al., 2010).  
 
Ferric chloride is a salt, when the substance is added and dissolved into water it becomes 
strongly acidic, as a result of the reaction of hydrolysis. The dissolved ions of iron react with 
the hydroxide and form complexes attracting other particulate matter in the water 
(Subramanian et. al., 2010). Especially for the removal of phosphorus, ferric chloride, along 
with ferrous sulphate (FeSO4), is a very commonly used substrate (Caravelli et. al., 2010). 
The decrease of dissolved oxygen due to the oxidation of Fe2+ related to the use of ferrous 
sulphate is a disadvantage, making ferric chloride the preferred precipitation chemical. Also 
for removal of other nutrients, such as nitrogen, is ferric chloride preferable. Organic matter, 
in the form of COD, can also successfully be removed from waste waters with ferric chloride 
(Shilpi et. al., 2010). Depending on the prevailing conditions for treatment and the type of 
waste water involved, the reduction will differ, but in general is a high reduction possible.  
 
The optimal pH for ferric chloride may vary to some extent, depending on the composition of 
the waste water and the pollutants present. The range, in which most of flocculation reactions 
with ferric chloride occurs, is approximately neutral, ranging from pH 5,0 and up to levels 
above 7,0. Ferric chloride has a very low pH and it will, when added, distinctly lower the pH 
of the waste water.  
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5.2.2 Ecoflock   
 
Ecoflock chemicals are poly aluminum chloride based substrates commonly used in water 
purification processes (Eka Chemicals AB, 2001), mostly used for treatment of municipal- 
and industrial waste water. There is a variety of Ecoflock chemicals, with slight composition 
variations, the different types of the chemical have been developed to cope with different 
types of waste waters more sufficiently.  
 
The most successful flocculation with the use of Ecoflock substrates is obtained between pH 
6,0 and 7,0 (Andersson, 2006). The exact pH giving the best result may vary slightly 
depending on the waste water treated. If the pH is below the optimum range, flocculation will 
occur and if the pH is above, the formed sludge phase may dissolve. The chemical is very pH- 
sensitive and it is important to have strict observation of pH levels during testing.  
 
 

5.3 Flotation 
  
Flotation is another process for separation of particles from waste water. There is no need of 
adding any chemical substrates, but the results can be improved by a coagulant aid. Treatment 
processes are often combined with-, or in a series of processes ending with flotation (Persson, 
2005). These processes are often dependent on addition of chemicals for better formations of 
compounds or for precipitation of contaminants.  
  
The process of flotation is similar to the one of sedimentation. Both processes take advantage 
of the difference in density between particles and surrounding fluid. In the flotation process 
small air bubbles are attached to the particles (Persson, 2005). The air- particle complex 
acquires a lower density than the surrounding liquid and therefore rises to the surface. The 
ability for the contamination particles to attach to the air bubbles, the air adhesion, is 
influenced by several physicochemical properties of the surface of the particles as well as 
hydrodynamic characteristics, such as flow rate, shape and size of particles and air bubbles 
(Gryachev, et al., 2010). A surface area of contaminants will gradually form on top, which 
later can be removed easily. The process is very energy demanding, because of the aeration, 
but it has the advantage of requiring a very limited space (Persson, 2005).  
 
The probability of adhesion and therefore also the achieved effect, is difficult to predict, even 
though there is an established correlation between the physicochemical characteristics of 
mineral surfaces and their flotation response (Gryachev, et al., 2010). The nature of the 
process for the particle to air appendix has not been well studied, resulting in the current 
uncertainties. The adhesion naturally varies depending on contaminations interaction with the 
flocculation chemical added to the reaction (Gryachev, et al., 2010). A greater correlation 
between these two gives a greater adhesion and therefore also a superior removal of 
contaminations. 
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6. Materials and Methods  
 

6.1 Literature research  
 
For the search of literature I used search words such as waste water treatment in combinations 
with other words related to the chemical treatment, such as flocculation, chemicals etc. Other 
search words were words related to fishing industries of a similar nature as the one in question 
at Klädesholmen.  
 
The database I mostly used for my search for literature was Web of Science, but I also used 
Science Direct and Springer Link as well. To find specific information regarding Sweco’s 
corporation and other smaller issues Google’s search base was used.  
 
 

6.2 Flocculation experiment 

6.2.1 Preparations  
 
Since PK is the largest of the three industries of Klädesholmen Seafood AB all samples were 
collected from their waste water effluent. It was important for the testing that the water was as 
homogeneous as possible during all test series. Therefore the water was collected from one of 
PK’s buffer tanks.  
 
An approximate time and date was set beforehand with the executive of Klädesholmen 
Seafood AB for the collection of waste water. A sample was taken from the buffer tank by 
one of the fishing industry’s staff members. The flocculation experiment was then performed 
in a small laboratory at the municipal treatment plant at Tjörn, located nearby the fishing 
industry.  
 
A laboratory description, presented in Appendix 1, was developed beforehand to provide 
consistency throughout the testing. During the testing the description was followed to the 
greatest extent possible, in order to obtain the most accurate end results. Some modifications 
of the description were made on site, because of unexpected behavior of the waste water 
during the testing. 
 

6.2.2 Execution of the experiment 
 
The testing was done with flocculation equipment supplied by Sweco. Other equipment 
needed for the experiment, such as jars for collection of water, filters, pipettes and so forth, 
was supplied by Halmstad University.  
 
The flocculator  had six beakers, to the lids of the beakers were electrical stirrers attached. 
The flocculator was controlled with a console table, both speed and duration for each of the 
stirrers could be controlled separately. The intention of the experiment was to enable a 
separation of the waste water as described in Figure 2, i.e. to separate the waste water into a 
clear water phase and a sludge phase.  
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Figure 2. Description of the desired result of the flocculation experiment. 
 
 
All six beakers were filled with one liter of waste water and the stirrers were placed into the 
beakers. The pace of the stirrers was adjusted beforehand, and stirring of the first beaker was 
started. For the first 30 seconds the stirring was violent. After 10 seconds of the flocculation 
chemical was added through a hole in the lid. Automatically, after the end of the 30 second 
interval, the pace slowed down, keeping a slower pace for 10 minutes. When the flocculation 
chemical was added to the first beaker the second stirrer was started. The same procedure was 
followed for the remaining beakers. After the completion of the stirring process the water was 
left to rest, in order for the sludge phase to settle. The sedimentation was supposed to be 
complete within 15 min, but because of the thick consistence of the waste water, longer 
sedimentation time was needed. Some were let to settle for as long as over an hour. The first 
observation of the flocculation was done visually according to a five grade scale. The higher 
the separation the higher grade the sample was given. 
 
Based on the visual observation the most successful series were chosen to proceed to analysis 
at the university. The chosen samples were filtered, since a better separation of the two phases 
was achieved through filtration. After filtration the water phase was easily collected in plastic 
jars. Immediately after collection of each sample the plastic jars were named and marked, to 
distinguish the content of the jars from each other. All tests performed were named, even if 
they were not chosen for analysis. The different tests were named by numbers, based on the 
test series followed by the batch number. The batch number referred to the different 
conditions tried during the series. Each series contained six beakers, therefore each serial 
number was divided into six batch numbers. More information regarding the contents of the 
jars was compiled in a register during the run of the experiment. This complete documentation 
is presented in Appendix 2. The parameters documented in the register are pH, concentration 
of flocculation chemicals and degree of flocculation.  
 
In Table 2, below, are only the samples chosen for analysis presented. In order to aid the 
identification of the samples in the report, these were renamed.  
 
The first four samples were given a high level of flocculation according to the visual 
observation. In between the four first and the last three, there were some combinations with 
very poor outcome. These were not collected for analysis. The bottom three samples of Table 
2 were given a medium mark on the visual flocculation scale, but were still above average, 
and were therefore collected for analysis. The samples collected from the flocculation 
experiments were immediately cooled and transported from Tjörn to Halmstad for analysis. 
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Table 2. Level of flocculation and change in pH for the samples collected for analysis.  
 
Sample name 
(analysis) 

Ferric chloride 
added(ml) 

Level of flocculation 
(visual observation) 

pH before 
flocculation 

pH after 
flocculation 

1 3 5 7.0 5.8 
2 3 5 8.0 6.4 
3 4 5 7.0 5.3 
4 4 5 8.0 5.9 
5 2 2.5 9.0 7.9 
6 2 2.5 7.0 6.1 
7 3 3 7.0 5.3 
 
 

6.2.3 Flocculation chemicals  
 
Three flocculation chemicals were tested, ferric chloride, Ecoflock 90 and Ecoflock 71. First 
the flocculation chemicals were tested at the waste waters natural pH level and in the same 
dosages, starting with very low dosages. An observation of the flocculation success of the 
different chemicals was made. The chemicals were then tested at a few different pH- levels, to 
find the optimum pH for flocculation to occur. A second observation was made. The most 
successful chemical was then tested even further at different dosages and pH-levels, to find 
the optimum range for the reaction to occur. 
 
Each test combination, of pH and flocculation chemical, was tested twice, in order to obtain a 
more reliable result and also for establishing a better understanding of the occurring 
flocculation reaction.  
 
 

6.3 Laboratory analysis  
 
The analysis was performed at the laboratory at Halmstad University, in collaboration with 
Per- Magnus Edhe. Laboratory analysis was performed both on, through the flocculation 
experiment, treated water and untreated water. By knowing the original concentration of 
contaminations in the water and the post-treatment concentrations the concentration of the 
sludge phase could be calculated. The calculations enabled, in their turn, an estimation of the 
obtained removal for the flocculation experiment.   
 
The pure waste water fraction was diluted before testing, because of its thick consistency and 
high particulate matter.  
 
The initial laboratory work was performed a few days after the collection of the samples, from 
the flocculation experiment, at the University. During the time between the collection of the 
samples and the performance of the analyses, the samples were kept frozen, to preserve the 
samples. The components present in the samples was expected to be effected by this. Since 
the greatest importance of the analysis was not precision as much as indication of the resulting 
behavior of the reactions from the laboratory testing that was performed on site at Tjörn, the 
results were considered sufficient for the occasion. Naturally, the results of the analysis 
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performed cannot be considered to be as reliable as the results received from an accredited 
laboratory, but still an indication good enough of the success of the flocculation experiment. 
 
Pollutants known to exist in the water were analyzed, focus was kept on nutrients. The 
examined parameters were: 
 

• Phosphorous 
• Nitrogen 
• pH 
• Conductivity 

 
Based on the results from the analysis, the most successful relationship for the flocculation 
could be determined further and more detailed than the previous visual estimation. The results 
of the analysis can also provide a basis for further evaluations of the treatment option of 
flocculation later on. 
 
For the analysis the samples were first prepared. The first attempt was conducted with 8 ml of 
each sample in concentrated form. Each sample was mixed together with 1,6 ml of different 
chemicals for the analysis of the two nutrient- parameters. For phosphorus K2S2O8 was used 
and for nitrogen a solution of K2S2O8, H3BO3 and NaOH was used. To the phosphorus 
samples was 1,0 ml of H2SO4  added before analysis. The only exception during the 
preparations was for the untreated waste water sample, which was diluted beforehand, with 7 
ml of water to 1 ml of the sample. The samples were first treated in an autoclave in order to 
destruct and prepare the samples for analysis (Simonsen, 2003). The nutrient content of the 
samples was then analyzed by Per- Magnus Edhe.  
 
After the first analysis it became clear that all of the samples needed to be diluted before 
analysis. Before the following analysis, the samples were therefore diluted 100- fold.  
 
To determine pH a pH meter was used and to determine conductivity a conductivity meter 
was used. The measurements were performed on undiluted waste water.   
 
 
 

7. Results and discussion 
 

7.1 Flocculation capacity  
 
The natural consistency of the waste water had no transparency, and bits of fish and spices 
from the production were floating on top. The water had a very distinguished smell of 
preserved fish. To make a visual estimation after flocculation was difficult because of this. 
 
During the first test- series little or no flocculation was obtained for either of the flocculation 
chemicals and no clear phase was visible. The amount of added chemical needed to be 
increased for the chemicals to be effective. During the first sets of testing it became clear that 
ferric chloride was the superior flocculation chemical. Even at very low dosages the chemical 
achieved a vague flocculation indication, this was not observed for the aluminum based 
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chemicals. As the dosages increased throughout the experiments the two substrates based on 
poly aluminum chloride still did not imply any separation of contaminations. Therefore, were 
the Ekoflock chemicals later excluded.  
 
Even at sufficient levels of chemicals, where a separation did occur, did the sludge phase not 
settle. Even when the sedimentation time was increased all samples still contained a thick, 
brown, viscous liquid. The clear water phase was visible just as shreds between large clouds 
of sludge phase. This made the separation of the water phase difficult, the most efficient 
method was filtration. After the filtration another visual estimation was also made and an 
example is shown in Figure 3.  
 

Figure 3. Visual sample of the test series collected for analysis.  The bottle on the left contains untreated waste 
water. The following bottles are the samples that were chosen for analysis during the flocculation experiment. 
 
 
After the filtration the difference was not very distinct between the samples, other than the 
difference between the untreated sample and the treated ones. Naturally, the color of the clear 
phases in the treated samples was affected by the amount of ferric chloride added. The higher 
dosage of ferric chloride added to the water the darker the color of the sample. 
 
 

7.2 pH 
 
All three of the flocculation chemicals had an optimum pH- level. This level may differ 
somewhat depending on the waste water used. For all three of the chemicals this range was 
near neutral pH, or somewhat below. The waste water had a very low natural pH, of 
approximately 4.3, therefore the pH had to be increased before the addition of chemicals.  
 
As shown in Table 3 the pH of the water was lowered by the reaction, because of the addition 
of the flocculation chemicals. The decrease in pH depended on the amount of added chemical 
and the pH of the water before addition of the chemical. The greatest flocculation occurred 
around pH 7.0. A moderation of pH to a neutral level gave an average pH- decrease to 4.5.   
 
pH was measured both on site, before and during the testing, and afterwards in connection 
with the analysis. Since the jars, containing both the untreated waste water and the samples, 
were all kept under identical conditions during the whole process no differences can have 
been caused between them. The temperature for the second pH- measurement was at room 
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temperature, approximately 20 oC. The temperature was approximately the same during the 
measurement done at Tjörn.  
 
The values for the pH measurement are presented in table 2 above, in chapter 6.2.2. 
Additional pH measurements for samples not analyzed are found in Appendix 2.  
 
 

7.3 Conductivity  
 
For the conductivity measurement identical conditions were kept for the samples, with a 
temperature of approximately 20 oC. This parameter was only measured at the time of the 
laboratory analysis, since the levels present in the water were too high to detect with the 
portable meter used at Tjörn. The results of the conductivity measurement are presented in 
Table 4, below. 
  
Table 4. Results from the conductivity measurements. 
 
Sample Conductivity (S/m) 
Waste water 110 
1 120 
2 110 
3 100 
5 90 
6 90 
7 601 
 
No decrease of conductivity could be detected as a result from the flocculation. The only 
sample with an obvious decrease was sample 7, the beforehand diluted sample.   
 
 

7.4 Nutrients  
 
Phosphorus and nitrogen are known to commonly occur in the waste water from the fishing 
industries. The two nutrients are also among the most important pollutants to remove from the 
waste water.  
 

7.4.1 Phosphorus 
 
The results from the phosphorus analysis are presented in Table 5. All of the samples show a 
reduction of phosphorus. The best result was achieved for sample 3, but good results were 
also obtained for sample 1 and 2. The reduction for sample 3 was 368 mg/, or a percentage of 
82 %. The lowest reduction was obtained for sample 7, the reduction was only 71 mg/l, much 
less than all the others. The average reduction of phosphorus was 236 mg/l, or 53 %.  
 

                                                 
1 Sample 7 was diluted before flocculation to equal amounts waste water and tap water. 
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The results are not consistent with the estimated result of reduction according to Sweco’s 
previous study, but not far from it. In percentage there is a good reduction of phosphorus, but 
the concentration measured in mg/l is still high for the treated waste water. Perhaps with 
further modification of the testing procedure the level can be reduced further.  
 
 
Table 5. Results from the analysis of phosphorus. The level of phosphorus before and after flocculation is    
              presented, the reduction is presented both in mg/l and in percentage. 
 
Sample Tot- P Initial 

(mg/l) 
Tot- P After treatment 
(mg/l) 

Reduction 
(mg/l) 

Reduction (%) 

1 448 122 326 73 
2 448 114 334 75 
3 448 80 368 82 
5 448 281 167 37 
6 448 296 152 34 
7 448 377 71 16 
 
 

7.4.2 Nitrogen 
 
In Table 6 all of the results from the analysis of nitrogen are presented. There is a reduction of 
nitrogen for almost all of the samples, but the average reduction is low. The highest 
percentage of reduction obtained was almost 20 %, which is far less than the anticipated 
reduction. The levels of nitrogen after flocculation are also high, as for phosphorus. The 
greatest reduction was obtained for sample 5, 375 mg/l or 19 %. Samples 2 and 6 also 
achieved a good reduction, in comparison to the rest of the samples.  
 
Sample 7 was reduced before flocculation to 50 % waste water and 50 % tap water. The test 
result for this sample was poor, indicating that the dilution was not in favor for the reduction. 
For sample 1 the measured level is even higher than for the original waste water. This result is 
highly doubtful since an increase of nitrogen should not be possible. The same sample showed 
an increase in conductivity. With two increasing parameters for the same test it is solid to say, 
that the error was with the sample, and not with the analysis. 
 
 
Table 6. Results from the nitrogen analysis. The level of nitrogen before flocculation and after is presented, as                    
              well as the reduction, presented both in the form of mg/l and in percentage.  
 
Sample Tot- N Initial  

(mg/l) 
Tot- N After treatment 
(mg/l) 

Reduction 
(mg/l) 

Reduction (%) 

1 2000 2059 +59 +3 
2 2000 1815 185 9 
3 2000 1857 143 7 
5 2000 1625 375 19 
6 2000 1815 185 9 
7 1000 1261 +261 +26 
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7.5 Reflections  
 
The planning of the thesis work, as well as the scheduling of the experiment, was very time 
consuming. In the end I had to cut down on time as much as possible, wherever it could be 
done, in order to keep the stationed time for the thesis work. The testing and the related 
literature research needed much time, but the most time consuming part was the preparations 
and the planning of the experiment and the analysis.  
 
I am aware of the importance of measuring parameters, such as COD, in this water, but there 
was neither time nor possibility for this, since all the analyses were done at Halmstad 
University. The accuracy of the analyses would have been better if performed by an 
accredited laboratory. Not to use an accredited laboratory was Sweco’s wish. The indication 
of the reduction capacity was more important than the accuracy of the laboratory work. 
Especially with the laboratory analysis in mind I think that this type of assignment would 
have been more adaptable for a larger thesis work, a thirty credit thesis. The final result would 
probably have been more complete and reliable in terms of additional testing and analysis.  
 
The waste water collected from the fishing industry was very concentrated and had a thick 
consistency. The natural pH was low, and in combination with the reduced effect of the 
flocculation chemicals the pH became too low for a good flocculation to occur. This was 
observed during the first test series, when no pH modifications were made. For a distinct 
separation between water- and sludge phase to occur pH had to be increased to at least 7.0. 
The process of raising the pH- level was complex and several ml of NaOH per liter of waste 
water was needed. After the experiment was finished, pH was measured again, and level was 
then back to near the original concentration. The reason for the lowered pH following the 
reaction was due to the large amounts of ferric chloride needed for a sufficient reaction to 
occur.  
 
The collected samples were kept frozen during the time between the collection and the 
analysis. Due to high concentrations of contaminations in the waste water the first analysis 
was inconclusive. After the first analysis the samples were not refrozen, but kept cooled in a 
refrigerator for a week, just in case more water would be needed for any complementary 
analysis. No damage should have emerged during this time for the samples, but there is no 
insurance of the fact. Some of the jars seemed to have produced some gas during this time, 
since the jars had obtained some bulging, which could be due to anaerobic degradation. 
 
Before the second analysis the samples were all diluted. The obtained results, after dilution, 
were still high for all samples and because of the extreme dilution some of the contaminations 
may have gone through the analysis undetected. The results are more suitable to be considered 
as minimum values. 
 
The values were overall high, for all parameters examined. Sample 1 even indicated higher 
levels both for the conductivity and for the nitrogen measurements. Therefore, the analysis of 
this sample is not reliable as neither of the parameters should increase. This is probably 
related to the high dilution of the sample. For no other sample this phenomenon was observed. 
The results from this sample should therefore be disregarded.  
 
The removal efficiency for some samples was better than for others, but still was not the 
expected removal efficiency. Continued testing and analyses are therefore needed.  
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8. Conclusions  
 
Before conducting the experiments most of the properties of the waste water were unknown, 
including how it would behave during testing and the amounts of chemicals needed for 
sufficient flocculation to be obtained. Therefore, the first attempts were done with low levels 
of flocculation chemicals, in hope of obtaining a successful flocculation with a limited 
amount of chemicals. However the end result of several test series was quite the opposite, a 
relatively high amount of flocculation chemicals was in fact needed. Only a slight indication 
of the flocculation chemical potential was indicated with the tests with low dosages. 
 
Naturally some uncertainties are added to the evaluation, due to some possible errors 
occurring during the flocculation experiment or the analysis. Therefore, the conclusion of the 
results is not absolutely certain.  
 
A reduction of both phosphorus and nitrogen was obtained through the flocculation, but the 
levels were still high after the procedure. This is especially of concern if the flow is taken into 
account. Then the amounts of nutrients released would be extremely high, regardless of which 
one of the two estimated flows that was used for calculation.  
 
The samples that had the greatest reduction of phosphorus were not the same ones that had the 
greatest reduction of nitrogen. This makes the determination of the optimal relation for 
flocculation of this water much more difficult, because reduction of one or the other 
parameter must, to some extent, be sacrificed. To remove both nitrogen and phosphorus 
sufficiently the treatment needs to be optimized for both nutrients, perhaps by a two step 
flocculation or an additional treatment step. If the reduction of organic matter had been 
analyzed, this would have been the determining factor, but since this was not a parameter 
possible to analyze during this thesis work, only an estimated range for successful reduction 
was possible.  
 
The visual observation indicated a very limited span for a sufficient flocculation to occur. 
This was between the dosages of 2 ml ferric chloride per liter waste water up to just above 4 
ml ferric chloride per liter waste water. At concentrations of 5ml of ferric chloride per liter 
waste water the success of the flocculation was again declining.  
 
The pH was lowered substantially during the reaction, because of the amount of added 
flocculation chemical. All three of the flocculation chemicals function best within a specific 
pH range. This was known before the flocculation and was confirmed during the testing. 
Below pH 7.0 and above pH 9.0 there was little or no flocculation. Based on this observation 
the pH was kept above 6.0 and below 9.0. Because of the added amount of ferric chloride the 
pH declined during the reaction, and pH was much lower after the reaction, nearly back to the 
original pH of the waste water. 
 
The conductivity was almost unchanged for the treated samples in comparison with the 
untreated water. Both before and after flocculation the conductivity levels were very high. 
The only conclusion possible to draw, based on the conductivity, is that the ionic content of 
the waste water was practically unchanged after flocculation. The obtained results would be 
improved by the addition of analysis of organic matter, and perhaps other parameters as well. 
The chloride content of the waste water might not be necessary to analyze, since this 
parameter is assumed not to be lowered by the flocculation treatment anyway.  
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Based on the results obtained it is possible to pre- treat the waste water with flocculation and, 
through this, obtain a reduction of the nutrients present in the waste water. The device 
intended for this pre- treatment has had good results for other waste waters with similar 
components. These good results were, however, not obtained during the testing of the fishing 
industry’s waste water.  
 
Large quantities of flocculation chemicals are needed if a good separation is to occur between 
the sludge phase and the clear phase. As estimated above 2-4 ml/l is the optimum range for 
the reaction, which is equal to 2-4 l/m3 waste water. Applied to the flow estimations in chapter 
5.2 the added amounts of chemicals would need to be 80 l/m3 waste water up to 240 l/m3 for a 
good flocculation to occur. In addition to the large amounts of flocculation chemicals added, 
some form of pH regulating compound is needed to increase the pH, since the natural pH of 
the waste water is too low.. To balance the addition of chemicals the added amounts of pH 
regulating substances would have to be large as well. Even still, with these adjustments, the 
reductions of nutrients were lower than predicted. Thus, the level of contaminations in the 
waste water was still high after the treatment.  
 
Regrettably it was not possible to analyse COD or BOD in these experiments. High removal 
of COD has been obtained for landfill leachate, using the same flocculation method 
(Marañón, et al., 2010, Castrillón, et al., 2010). There are similarities between the properties 
of the leachate and the studied waste water and a good reduction of COD should be possible.  
 
 
 

9. Suggestions for complementary research 
 

More testing is needed in order to be certain of the most optimal conditions for flocculation of 
this waste water. Hopefully the experiments and results obtained during my thesis work can 
serve as a starting point for has been a good start and has narrowed down the alternatives of 
which chemical to use, in what dosage and etc. However, a conclusion based on the results 
from this thesis is difficult to make, especially because of the difficulties and insecurity with 
the analysis. Perhaps another flocculation experiment is needed with focus on ferric chloride 
and combination of other factors to improve the results. Some factors that should be tried out 
further are: 
 

• Flocculation with a polymeric substance or other form of coagulation aid, in 
combination with both the ferric chloride and the two Ekoflock substances. This 
because the sludge phase does not settle, even after extended sedimentation time. 
Naturally the treatment costs will rise, but an improvement in settlement of the sludge 
phase may be worth it. 

 
• Filtration of the waste water sample before flocculation. By removing the largest 

components of the water beforehand, the separation between the two phases may be 
more distinct, creating a more obvious difference between a clear phase and a sludge 
phase, maybe also working as an easing factor for the flocculation. Better result might 
even be possible to obtain for the same experiments performed if the waste water 
undergoes a filtration beforehand.  

 



 23 

• Different dilution alternatives. Diluting the waste water, to some extent, before floccu-
lation may improve the results. Only one diluted test was performed during this 
testing. The result from one single test is not enough to confirm either a benefit or 
disadvantage for the dilution.  

 
• Extended testing of waste water from the fishing industry. This flocculation was only 

performed on one type of waste water substance. During different productions 
different waste waters are produced from the industry and testing all of these waste 
waters deriving from the fishing industry should be done, since the properties of the 
waters will most definitely differ. A flocculation treatment suitable for all of the 
produced waste water has to be obtained.  
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Appendix 1 
 
 

TEST IMPLEMENTATION  
 

• All six beakers were filled, with one litre waste water each.  
• The experiment was performed one beaker at a time. 

o The stirrer was started at maximum velocity. 
o After 10 seconds the flocculation chemical was added.  
o The stirrer continued at a lower speed for 10 minutes, to build up the 

flocculation. 
o The stirrer was lifted out of the beaker when the stirring had ended, the matter 

was left to settle.  
o The degree of sedimentation was noted. If a good sedimentation was achieved 

a sample was taken.  
  

 
The sedimentation capacity and the size of the flocculation achieved were noted visually. The 
evaluation was made according to a five grade scale, depending on the clearness of the clear 
phase of the water after the sedimentation time. Duplicates were made of each test compo-
sition to ensure a more reliable result.   
 
The testing was done for each of the three flocculation chemicals to determine which were 
most efficient. First without pH- changes, followed by some test- series with pH- 
modifications. When the most optimal chemical was found the ultimate pH was tested further. 
The pH- level was regulated with NaOH. After a good test series was developed the most 
successful results was sampled. 
 
The clear phase was sampled with a pipette and transferred into plastic jars. The jars were 
kept cooled from the time of the sampling and during transportation, then frozen until 
analysis.  
 
 
EQUIPMENT 
 
Flocculation equipment, chemicals, beakers, sodium hydroxide, lye, plastic jars, pipettes, 
filter, water carriers, plastic gloves, goggles etc. 
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