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ABSTRACT 

Activated sludge is the beating heart of the biological wastewater treatment plant. Regarding 

increment in incoming BOD and COD load, it was necessary to find the desirable 

environmental condition for biological life to make sure effluent obtains components within 

the permitted value. 

This work has been done in Metsä Board packaging and folding boxboard mill’s industrial 

wastewater treatment plant, Simpele, Finland. It was found that pH value equal to 6.75 is the 

most favourable value suitable for bacteria to thrive and temperature in 33 °C in order to 

achieve moderated amount of filaments, worms and amoeba in parallel with maintaining 

optimum portions of rotifers, cilia and flagella. 

It was tried to evaluate the influent to be treated from the mill’s discharge to the discharge 

point to the water body or sludge to be treated and be used in power plant for heat recovery. 

It was discovered during the maintenance, bacteria become weaker and their quantity 

dramatically reduces as nutrient dosing ceases, and after resuming the production, bacterial 

life returns to the stable situation due to proper dosing and observations. 
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AOX            Adsorbable Organic Halogens 

BOD            Biological Oxygen Demand 

COD            Chemical Oxygen Demand 

DO               Dissolved Oxygen 

DS                Dry Solids 

IIM               Insoluble Inorganic Material 

F/M              Food to Mass Ratio 

IOM              Insoluble Organic Matter 

MLSS           Mixed liquor Suspended Solid 

MLVSS        Mixed Liquor Volatile Suspended Solids 

MCRM         Average time which microorganism remains in the activated sludge 

N                   Nitrogen 

NH3-N           Ammonia Nitrogen 

NH4-N           Ammonium Nitrogen 

NO2-N           Nitrite Nitrogen 

NO3-N           Nitrate Nitrogen 

P                    Phosphorus 

SIM               Soluble Inorganic Substance 

SOM              Soluble Organic Matter 

SRT               Solid Retention Time 

SS                  Solids content 

T                    Temperature  



 

 

TOC              Total Organic Carbon 

TSS               Total Suspended Solids 

WWT            Waste Water Treatment 

WWTP          Waste Water Treatment Plant 
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1  Introduction 

Activated sludge wastewater treatment is used for long and aeration basin is the most energy 

consuming part of the purification process. In this paper strived to collect and interpret most 

desirable environmental condition suiting biological life in activated sludge purification 

method to attain favourable effluent alongside with efficiency. Hence, various pH and 

temperature analyses have been investigated comparing two parallel purification lines. 

Additionally, pH and temperature’s interactions with other indicators as well as bacteria’s 

state are demonstrated to achieve better perspective on how to tackle sudden changes in 

BOD, COD, temperature and find the most suitable condition for desired microbial 

population. 

Activated sludge process is a treatment method comprised of various microorganisms 

responsible for changing in dissolved and colloidal particles into different end products such 

as gas, and protoplasm, which obtains greater density than water itself. Hence, gravity leads 

protoplasm to settle down and be removed eventually from the bottom of the settling reactor 

(Davis 2019). Diverse species are responsible for stabilization of the influent. Purification 

of water is not done till protoplasm exists in effluent. These species can be classified based 

on oxygen consumption, energy or carbon source, temperature etc. All species demand 

various conditions and food to grow and thrive. These vital nutrients required by 

microorganisms are such as nitrogen, carbon, phosphorous, sulfur, which are used in cellular 

to associate with oxygen fulfill the synthesis, and maintenance (Davis 2019). 

Macro nutrients, as mentioned like, carbon, phosphorous and nitrogen are needed to provide 

energy and create cells. Macro nutrients such as vitamins and trace elements. All of these 

requirements need to be maintained in a moist environment; hence proper pH, temperature 

and light can lead to bacterial growth (Davis 2019).  

Activated sludge is the most prevalent purification method used to treat both municipal and 

industrial WWTP. Initial model was declared in 1914 in England. Activated sludge 

purification consists of five assignments. Firstly suspension of flocs and oxygen in touch 

with microorganisms in the aeration pool. Secondly, production of protoplasm and gases 

regarding oxidation and biodegradation of solids and particulates. Thirdly, generating 

quality effluent by means of sedimentation of flocs and overflow of treated water. Fourthly, 
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recirculating these separated solids to the pool in which the sludge is being retained. Finally, 

discharging excess sludge to be treated for later usage (Jenkins 2014). 

Activated sludge process developed over time, initially started with total suspended solids 

and biodegradable oxygen demand removal in 1914. Later on nutrients removal such as 

nitrogen and phosphorous in 1960 and 70s respectively. Afterwards, sludge volume 

reduction, efficiency increment and energy to be wasted were studied (Jenkins 2014).  

The need for oxygen to be consumed by microorganisms was declared in 1884 by Dupre, 

and since that time developments to be met were reported, and finally in 1914 in Manchester, 

first time activated sludge was named and water treated with this method properly. These 

enhancements are going on even now. Approximate environmental characteristics for 

microbes to grow and thrive is obvious but due to alterations in flow, temperature, pH, BOD, 

COD and increment in filaments, it was strived in this paper to find the optimum condition 

for microorganisms to achieve efficient profile and include in quality effluent (Jenkins 

2014). 

The mill’s wastewater treatment to be evaluated is Metsä Board plug flow activated sludge 

located in Simpele, Finland. Influent flow to treat obtains 9000 to 13000 𝑚3 per day. 

Microorganisms such as, rotifers, cilia and flagella are the important elements in the 

activated sludge, carrying out the purification. In addition to mentioned bacteria, other 

species for e.g., filaments, worms, and amoebae which are also playing a role in purification 

when can be found in moderated amount. 

Relevant factors for biological life are well explained and discussed during the maintenance 

stop, different seasons as environmental factors that can influence on the effluent’s quality 

similarly with biological well-being. 

Additionally, 5 to 6 years historical data, comparing bacterial life regarding pH and 

temperature, in order to compare and achieve better perspective during longer time interval, 

with respect to different coagulants, seasons and volumes (of the basins). Besides, samples 

were taken and evaluated for 2 weeks at different temperatures and pH. 

Finally, data are demonstrated and proper conclusions for bacterial life are presented and 

concluded based on historical evaluation, maintenance, interviews with consulting 

companies, laboratory tests taking literature review into account. 
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1.1  Purpose 

Biological oxygen demand and chemical oxygen demand vary enormously during the year 

and seasons; it can be found in Fig. 1 as incoming loads. As it demonstrated in table.1, 

environmental permits are much lower on a monthly and yearly basis. However, the 

restrictions are not the only milestone to meet, but also alterations in BOD and COD require 

an appropriate environment for activated sludge to maintain efficient purification. In 

addition to BOD and COD alterations, pH and temperature also differ during the year and it 

can aggravate the environment for the microorganisms living in activated sludge and reduce 

the effluent’s quality. Sudden changes, will lead to reduction of useful microorganisms, and 

increment in undesired microorganisms, affecting sludge index, overflowing particles to the 

water body etc. therefore, it is highly required to investigate indicators such as temperature 

and pH for this specific purification system in order to cope with these alterations and strains. 

Also, it’s observed that filamentous bacteria have been increased during the last year which 

are not desirable in unmoderated quantities; see Fig. 39 and Fig. 40. 

Almost two centuries have passed from emerging the very first wastewater treatment which 

was designed by Robert Tom, Scotland, though since the 17th century observing 

microorganisms and particles in the water started to be known (Enzler 2022). Last 150 years 

wastewater collection and treatment intended in (Gerardi et al. 2007): 

1. Maintaining clean water for cities and treating industrial wastewater 

2. Improvement in effluent to be released to the water bodies 

3. In order to abate the widespread diseases derived from aquatic pollution. 

Operational conformity with regulations and restrictions, consequently, the production 

effluent generated by Metsä Board, Simpele’s mill is treated in such a way that the least 

possible load is placed on the water system, meeting the environmental requirements and 

efficient production. Regarding the wastewater treatment plant's operational scope, i.e., the 

treatment of factory process wastewater. Rainwater runoff, power plant condensate, and 

some seal water are dumped into the water system without being treated as they already do 

not contain any harm or chemical exposing the environment into danger according to the 

governments permission and legislation. The municipal waste water treatment plant treats 

the sanitary wastewater from the factory area. 
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This work demonstrates how Metsä Board, manufacturer of the folding boxboard company 

based in Simpele, is handling its industrial wastewater and evaluates possible strategies not 

only to improve the quality of water that is eventually discharged into the river but also to 

increase the capacity. The study is carried out in Finland; The evaluating approaches are 

based on Finnish and EU legislations. Different sections of the mill are interpreted in 

accordance with the local conditions and wastewater characteristics in order to avoid 

compromising water treatment plant operators, boilers where sludges derived from 

wastewater treatment plant will be burnt and aquatic life surrounding the mill eventually. 

Wastewater here is supposed to be an influent produced in the packaging industry and will 

be treated before releasing into the river. 

The WWT Operator stems from the people who have responsibility in WWT plant in order 

to control the clarification process of the water that will be finally released to the river. 

1.2  Simpele Metsä Board’s wastewater treatment plant 

The wastewater treatment plant at the Simpele’s Metsä Board factory treats its wastewater 

derived by the whole processes to make sure it isn't being released untreated into the water 

framework. 

The purification steps include influent screening and pumping to a treatment plant from a 

board mill; a safety pool (to be used if needed), pre-clarification, nutrient dosing, aeration, 

post-clarification, and return, and surplus sludge pumping. The sludge to be removed is 

incinerated at the power plant, ultimately as fuel. 

The purification process is biological at its core, which takes place in two parallel lines with 

different characteristics which will be joined together before discharge point. 

Figure 1 below represents incoming loads, particularly BOD and COD, during the past 6 

years. It can be interpreted as incoming load is increased slightly year after each other and 

the maximum amount repeatedly has been reported between September and March which is 

the colder portion of the year and is essential for bacterial life as low temperature will reduce 

biological activity and in contrast incoming load is being increased.  

 



15 

 

 

 

Figure 1. Incoming load during 6 year time interval in Metsä Board. 

 

Incoming flow from different sections of the mill comprising debarking and grinding (1800 

L/min), Board machine (6000 L/min) and power plant (1200 L/min) cohered approaching 

towards pre-clarifier with 3900 𝑚3 volumetric capacity which obtains input equal to 9000 

L/min (this value at the moment is about 8000 L/min). Wastewater flow will meet nutrient 

dosage facility which phosphorus (phosphoric acid) and urea (will be mixed with fresh 

water) and added to the flow. After nutrient dosing wastewater divides into 2 parallel 

streams, so called as line 1, and line 2, which differ in some aspects despite similarities that 

exist. Two streams will be directed into two rectangular aeration basins with capacities of 

7900 and 12000 𝑚3, respectively. Afterwards, streams meet two different types of post-

clarifiers in rectangular shape (3500 𝑚3) and circular (5660 𝑚3). Sludge handling basin also 

with 750 𝑚3 is located to recover the microorganisms to be used or to be directed towards 

dewatering facility and to be burned inside the powerplant parallel with biomass provided 

by grinding department of the mill. Treated water after post-clarifiers will merge together 

and be tested and the results will be recorded. Water discharged from the wastewater 

treatment plant to the water body possesses flow up to (9000 L/min in winter and 8200 outlet 

in summer). Output flow is larger due to melted snow from safety pool, urea, which is mixed 

with fresh water, and landfill’s effluent coming to Mesta’s WWTP. Coagulant to be used in 

the mill is alum (aluminium sulfate) and the pH is adjusted using NaOH (sodium hydroxide). 
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Sodium hypochlorite (NaClO) is added at the entrance of the water inlet to the mill in order 

to eliminate bacteria; hence the product will not carry any infection with itself. Other 

components to the wastewater comprise of starch, filler pigment, clay, broke fibre, 

ammonium sulfate (stabilizer), biocides, defoamer, and no polymers except for sludge 

flocculation to be burned in powerplant. As per below, the mill’s diagram is represented 

(Figure 2).  

 

 

Figure 2. Metsä Board’s WWTP based in Simpele. 

 

1.3  Finnish legislations related to industrial WWT 

The Centres for Economic Development, Transport and the Environment (ELY-Centres) are 

in charge of the government’s regional implementation and development matters obtaining 

subjective to develop and support economically, socially and ecologically sustainable 

wellbeing alongside other operators.  
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The environmental permit has declared that the waste water discharged into the water body 

must not contain substances dangerous to health or the environment in a harmful amount. 

The treated waste water or the waste water sent to the treatment plant must not contain 

substances hazardous to the water environment in table A of appendix 1 of the government 

decree on hazardous and harmful substances for the aquatic environment (1022/2006).  ELY-

centres is responsible for monitoring effluent is complying with the permit. The mercury 

content of waste water may be 5 g/l and the cadmium content may not exceed 10 g/l. 

The licensee must ensure that no toxic substances, oils or other substances enter the 

wastewater treatment plant in such a way that they significantly hinder the operation of the 

treatment plant, and that no oily or toxic wastewater from the sewer network or factory areas 

enters the soil, groundwater or waterways. 

As per shown in the Table 1, main characteristics of the discharged wastewater and limits 

can be found which mill is profoundly and successfully perform without any violations. 

 

Table 1. Environmental permits regarding effluent quality (Aluehallintovirasto 2011) 

Component Monthly permitted limit 

(Kg/day) 

Annual permitted limit  

(Kg/day) 

COD 2000 1500 

BOD (target limit) 200 150 

Phosphorus 6 5 

Nitrogen 60 45 

 

 

1.4  Structure of the work 

 

In this paper introduction has been mentioned as above. Wastewater treatment  plant of 

Metsä Board located in Simpele, Finland, carrying out the purification of 9 to 13 thousand 

cubic meters per day. The treatment process has been demonstrated and explained. The 

necessity of the work has been explained comprehensively and the results, solutions and 
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recommendations are established in the last chapter, which is the conclusion. Before 

conclusion, second chapter is about general purification process to be done in most of the 

wastewater treatment plants using activated sludge method to treat wastewater either in 

municipal wastewater treatment plant or industrial. Each reactor and unit is explained and 

demonstrated. Afterwards, in 3rd chapter, microbiological life regarding activated sludge is 

described in order to know which kind of species are evaluated and investigated in following 

chapters. Each species, and the category they are stemming from is well shown. Additionally 

their growth condition is mentioned. The 4th chapter elucidates information about desirable 

environments for microorganisms to grow and thrive. Various characteristics of wastewater 

are narrated and respectively, recommended situation from the literature review has been 

found.
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2  Purification process chain 

Unit operations are components that form a series of processes. Unit operations are usually 

divided on the basis of basic mechanisms (physical, chemical, and biological). Physical 

operations, such as landing, are based on the laws of physics. In chemical operations, such 

as precipitation, chemical reactions occur. Biological operations, in turn, use living microbes 

to decompose or transform contaminants in enzymatically catalysed chemical reactions. 

Because biological processes often involve chemical steps, the processes can also be called 

biochemical (Luhtaniemi 2017). 

 

 

Figure 3. Simplified process of activated sludge purification process. 

 

The main principle of the process is very similar to the municipal treatment plants. simple 

diagram of the treatment procedure is demonstrated in the Figure 3, there is pre-clarification 

instead of sand separation. The overall process includes screening, pre-clarification, safety 

pool, sludge basin, aeration pool, post-clarifier, sludge further processing. Most of the 

activated sludge is recycled back into the aeration pool. Prior to aeration, the effluent is 

neutralized to pH 6-8, usually with sodium hydroxide (NaOH) or sulfuric acid (H2SO4), and 
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the necessary nutrients are added (phosphorus compound as phosphoric acid and nitrogen as 

urea in a liquid form). The treated water can be taken back to the process or discharged into 

water bodies. Nutrients can be removed from the wastewater with solids, but a lot of fibre 

and bio-sludge is generated in the process. Sludges can be utilized as dried fuel, for example. 

In this work, the effect of temperature and pH on the activated sludge process in industrial 

wastewater treatment is investigated. A significant amount of environmentally harmful 

components end up in wastewater on both the municipal and industrial sides. Although the 

quality of wastewater varies greatly, the treatment processes are very similar. The overall 

process of wastewater treatment consists of mechanical, chemical and biological steps. 

Mechanical pre-treatments remove the largest solids and insolubles from the wastewater 

entering the plant. In the chemical stage, a precipitating chemical (coagulant) is added to the 

wastewater, after which the precipitated material is removed mechanically (primary sludge). 

The microbes living in the activated sludge process use the nutrients in the wastewater for 

growth and reproduction. In mechanical post-clarification, the sludge is settled to the bottom 

of the basin and the purified water is removed as an overflow. The sludge can be recycled 

back into the process or subjected to further biological treatments (bio-sludge) (Luhtaniemi 

2017). 

In the activated sludge process, it is important to consider the nutrient and oxygen 

requirements of the microbes. Wastewater is usually rich in the necessary nutrients, but 

oxygen must be added through aeration. Of the microbes, the aim is to favour flocculants in 

particular, which help to achieve good cleaning results. On the municipal side, the seasons 

and environmental conditions play a major role in cleaning results. Especially in winter, 

large discharges significantly cool the process, which slows down the activity of microbes. 

In industry, environmental conditions are mostly stable, flows tend to be warm and problem 

arises in summer time when effluent approaches to 40 °C or on the other hand during winter 

time, any maintenance shut down can eventuate either in considerable reduction of influent 

flow or its cessation leading to lowering the temperature (Luhtaniemi 2017). 

In a graphical analysis of the data collected from the example processes, it was found that 

pH and temperature had significant effects on the activated sludge process. It was found that 

in municipal wastewater treatment under winter conditions, the treatment results were worse 

than in summer in contrast to industrial wastewater treatment in summer time. The clearest 

results were obtained with DO, nitrogen concentrations and bacterial quantity and activity. 
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An increase in temperature reduces the DO and nitrogen concentrations but increases the 

COD concentration. The results obtained are also supported by previous studies. Based on 

the literature review and the results obtained, it can be stated that the activated sludge process 

can in principle be controlled in the desired direction by temperature, but its practical 

implementation is challenging and expensive. However, measurements may contain errors 

and disturbances that may affect the results. There are also not many recent studies available 

on the subject to generalize the results (Luhtaniemi 2017). 

2.1  Drainage of water to a treatment plant 

Wastewater flushing and transferring to the wastewater treatment plant is dealt with by the 

operators of the board machine. Assuming the wastewater stream digresses from the typical, 

the mass man will make a remedial move. Waste water influent is comprised of three 

streams, board machine, grinding and debarking mill and power plant. 

2.2  Mechanical process 

Mechanical cleaning separates solid materials such as sand, gravel, grease and other mixed 

waste from wastewater. Mixed waste is also called intermediate. In order for the water 

treatment to be as successful as possible and for the equipment to last, mechanical cleaning 

at the very beginning of the process is important. At the end of the mechanical purification, 

there is often a pre-clarification in which the finer solids are removed in order to reduce the 

load on the subsequent biological treatment. 

The aim is to eliminate pollution in the most efficient way and to reduce the amount of water 

treated. A large part of the insoluble material can be removed by gravity by a physical 

operation, settling, which is often the first unit operation in water purification. The excess in 

the settling pool contains, in addition to all the dissolved material, small insoluble matter. 

Both overflow and underflow need further processing, which are often biochemical 

operations. 
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2.3  Chemical process 

Wastewater is rich in suspended particles, bacteria or other metals in order to carry out 

coagulation and solid separation and removal takes place. In chemical treatment, phosphorus 

is precipitated into bio phosphorus by adding a coagulant to the wastewater, for example 

ferric sulfate (FeSO4) or aluminium sulfate (alum). The bio phosphorus sinks to the bottom 

of the settling basin, from which the sludge formed and the bio phosphorus bounds to it are 

collected for further processing. Chemicals are being used to adjust pH level in the waste 

water flow; this is important also for bacteria’s efficiency. Other well-known coagulants are 

mentioned as per in Table 2 (Luhtaniemi 2017). 

 

Table 2. Most known coagulants (Soukka 2021; Lapointe et al. 2021). 

Compound Description 

Aluminium sulfate Better performance in neutral pH and turbidity 

elimination 

Aluminium chlorohydrate Outperforms in higher pH 

Ferric chloride Better appliance in municipal and sulfurated 

influents to remove odour  

Ferric sulfate Outperforms in lower pH 

Ferrous sulfate Low sensitivity to pH 

Aluminium polymers Synthetic polyelectrolyte, big molecules 

Sodium aluminate Alkalinity augmentation, qualified effluent 

 

Above, various coagulants are illustrated, following with their required wastewater situation. 

Coagulation plays a significant role in primary clarifiers. Coagulation is responsible for 

neutralising particles; therefore particles will be able to attach to each other and be increased 

in size relative to wastewater indicators such as temperature. It happens due to neutralising 

negative charges by positive ones. Hence, depending on the field of the wastewater treatment 

plant, either industrial or municipal, and also tailored with wastewater characteristics, proper 

coagulant, sufficient dosage and influent’s measurements. Iron-based coagulants 

outperforms in pH level between 5 and 11, while aluminium-based coagulants are effective 

when influent is slightly acidic. Aluminium salts are being utilized to maintain effluent’s 

transparency, rapid flocculation, and sedimentation. It facilitates the treatment plant to 



23 

 

 

perform purification for greater flows. On another hand, iron-based coagulants are being 

used in more diverse pH levels, outperforming to purify oily influent and reduce metals such 

as cupper (Kemira 2022). 

2.4  Pre – clarifier 

In the pre-clarification basin, the solids settled down by means of gravity and mechanically 

separated from the incoming influent to the treatment plant. This fibrous sludge is then 

treated together with the removed bio-sludge discharging from the post-clarifier and aeration 

basins’ cycle. 

Prior to pre-clarifier, sodium hydroxide (NaOH) and a precipitating chemical (alum) is fed 

in, the feed of which usually requires only flow measurement and time, as the dosage varies 

considerably at different times of the day. In addition to flow data, measurements are 

required of the solids content of the primary sludge to be removed and the water fed to the 

activated sludge process. Alum obtains a lower pH and has acidity therefor sodium 

hydroxide, which is alkaline, should be utilized to make the pH stable. 

Primary clarifier plays a key role in eliminating settleable solids such as scum from floating 

solids and ease the rest of the purification steps; hence pre-clarifier can reduce significant 

force on wastewater treatment plant’s downstream. 

Influent coming to the WWTP enters the pre-clarification basin from the middle and spends 

hours there without any turbulence, so that sedimentation takes place and leaves this stage 

as an overflow to the sides. In Simpele, Metsä Board, influent which left pre-clarification 

basin heads toward the nutrient dosing comprises of two separated streams. 

Primary sludge from this point shall not be used to generate methane or compostate; it will 

blend in with removed bio-sludge and food residues to be burned in the powerplant as heat 

recovery. 

2.5  Nutrient dosing 

After pre-clarification pool, nutrient facility is a step where WWTP operators are responsible 

for nutrient addition to be carried out, resulting in making the flow ready for the biological 
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part of the wastewater treatment process. Nitrogen as urea and phosphorus from phosphoric 

acid are prerequisites for microbiological function. 

Heterotrophic bacteria living in the bio-sludge are supplied with nutrients and this condition 

leads to bacterial metabolism resulting in oxidizing organic matter left the pre-clarifier in 

presence of oxygen to final products which are new cells and carbon dioxide and water 

(Ahvenainen 2017).  

If necessary defoamer (used in debarking mill more often and before the aeration in nutrient 

dosing facility) might be used to manipulate foaming withinside the aeration pools. Dosing 

step plays a key role in terms of treatment’s efficiency. 

The application of nutrients is mostly performed with available nutrient compounds, 

preferably phosphoric acid and urea is always used as nitrogen supply in Simpele, Metsä 

Board. Phosphorus maintains energy for bacterial metabolism without extra decomposition. 

Phosphorus afterwards will be consumed by bacteria in aeration pool or secondary clarifier, 

though few amount comparing other industrial types will remain in effluent going to water 

system. Further explanations about nutrients can be found in the 4th chapter.  

Phosphorus and nitrogen should be dosed sufficiently, nutrient deficit leads to damage to 

biological population and activity resulting in improper purification and higher dose than 

standard level will end up with economical disadvantages due to costs of excess nutrients 

supplied, chemicals to precipitate surplus nutrients and undesirable effluent leaving to the 

water system which also brings penalties and restrictions. 

2.6  Aeration basin 

The effluent from a nutrient feed blending well is separated into two parallel aeration lines. 

Aeration lines are plug flow basins to which water is directed to the selectors at the 

beginning. The recovery sludge to be pumped from the post-clarification is fed into or past 

the selectors. The sludge-water mixture is aerated by two series of compressors to dissolve 

enough oxygen in the water for microbial activity. 

In this pool, oxygen will be consumed by aerobic microorganisms in addition to nutrients 

resulting in the production of water, carbon dioxide, and new cells as an end product. 
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Recycled bio-sludge will be pumped to the beginning point of this pool to enhance 

purification (Ahvenainen 2017). 

Biological life, nutrients and oxygen are key elements in this pool and environmental 

characteristics can influence its efficiency. Hence, microorganisms will efficiently purify 

diverse amounts of flow with lower risks of contaminants to the water bodies downstream. 

Various factors in aeration play key role such as bubble size according to our interviews in 

5th chapter and aeration places in this pool, for instance dissolving oxygen at the beginning 

of aeration pool can bring better effect as influent and bio-sludge concentration is higher at 

that point or even using propeller to break the oxygen column to distribute bubbles better 

and make them finer. Interviews also declared that aeration is the most energy consumptive 

sector of the bio-sludge purification method. 

2.7  Reservoir 

Wastewater that can come up with interruptions in biological treatment is intended to be 

discharged into a safety storage pool. Menaces such as: wastewater including chemical 

compounds that are hazardous to the plant's biological population and / or water, undesirable 

pH of wastewater, wastewater containing excessive amounts, heavy pulp or even high 

temperature influent during the summer time. 

Some of the wastewater coming to the treatment plant can be directed directly to the pool. 

Alternatively, part of the pre-clarification clarifier can be directed to safety storage. 

When possible, the wastewater discharged into the safety storage pool is pumped back to the 

wastewater treatment plant. 

2.8  Biological treatment 

Biological treatment utilizes microbes in wastewater. The water is aerated by introducing air 

into it in small bubbles, allowing microbes to grow and multiply. In the process, activated 

sludge is formed in which microbes consume the organic matter in the wastewater, releasing 

nitrogen into the air. In the activated sludge process, microbes need nitrogen to grow, most 

of which is released as a gas into the air as a result of microbial metabolism. Purification can 
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be continued, for example, with biological nitrogen filters to enhance nitrogen removal 

(Luhtaniemi 2017). 

2.8.1  Activated sludge method 

The activated sludge method includes an aeration pool (activated sludge pool), a clarification 

pool (settling pool) and a sludge return and removal system. The aim of the method is to 

decompose organic matter as quickly as possible. Figure 4 is a simplified schematic diagram 

of a water purification process using the activated sludge method, showing the conventional 

flow of the purification process. First, the water entering the plant passes through a flap 

where the largest particles are separated. After that, sand, gravel and other heavier particles 

settle to the bottom of the basin during sand separation. In sand separation, wastewater is 

aerated and grease and light solids rising to the surface can be scraped off. After sand 

separation, there may also be fine blasting and other clarification steps prior to the activated 

sludge process. The real core of wastewater treatment is biological treatment, the activated 

sludge process (Gray 2004). 
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Figure 4. Comprehensive scheme of the Metsä Board’s purification system. 

 

Activated sludge consists of microbes and other biomass, where living microorganisms 

utilize nutrients and organic compounds dissolved in the wastewater. In the activated sludge 

process, the dissolved nutrients are transferred inside the microbial cells. In this way, most 

of the oxygen-consuming organic compounds in water bodies can be removed. It is 

important to ensure an adequate oxygen content for the growth and survival of microbes. 

Dissolved oxygen is obtained in the activated sludge process by blowing air into the bottom 

of the activated sludge basin in small bubbles. Aeration also causes water to move, 

enhancing the oxygen uptake of microbes and their ability to bind contaminants. The sludge 

formed in the activated sludge process is further directed to a post-clarification basin, where 

the biomass is deposited at the bottom of the basin. Usually, part of the bio-sludge is returned 

to the beginning of the activated sludge basin. After post-clarification, the water is subjected 

to the necessary additional treatments before being discharged (Cheremisinoff 2002). 

In Figure 5, OUR oxygen uptake/respiration rate: indicates in oxygen to be consumed by 

activated sludge or microorganism per unit of time (Nielsen et al. 2006). 
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Figure 5. Oxygen uptake ratio- PH. (Nielsen et al. 2006) 

 

Microbes oxygenate organic matter in two ways, in biological oxidation and biosynthesis. If 

the amount of food in its organic form is limited, microorganisms receive energy through 

endogenous respiration (auto-oxidation). These processes are shown below as reaction 

equations (1), (2), and (3) (Gray 2004). 

2.8.1.1  Oxidation 

COHNS (Organic material) + 𝑂2 + Bacteria → 𝐶𝑂2 + 𝑁𝐻3 + Metabolites + Energy        (1) 

2.8.1.2  Biosynthesis 

COHNS (Organic material) + 𝑂2 + Bacteria  →  𝐶5𝐻7𝑁𝑂2 (solute)                 (2) 

2.8.1.3  Auto-oxidation 

𝐶5𝐻7𝑁𝑂2 (Bacteria) + 5 𝑂2  → 5 𝐶𝑂2 + 𝑁𝐻3 + 2 𝐻2𝑂 + Energy                   (3) 

Aerobic decomposition is a continuation of the activated sludge aeration process, where the 

sludge is continuously aerated for long periods of time. In it, microbes enter the stage of 
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endogenous respiration, where the materials they previously stored are oxidized to carbon 

dioxide, water, and ammonia. At the same time, the amount of biodegradable organic matter 

is reduced. As the digestion process progresses, ammonia is further converted to nitrate. 

Aerobic digestion produces a biologically stable end product that is suitable for further 

processing in various processes (Cheremisinoff 2002). 

2.8.2  Activated sludge handling 

Various factors affect the quality of activated sludge. Examination of the activated sludge 

process revealed that it is a biological purification process of water based on aerobic 

metabolism of microbes. The process takes place in an aeration pool, the conditions of which 

are adjusted to suit so that the microbial population can develop as long as oxygen, and 

nutrients are available. The biological transformation of the soluble material into a dense 

microbial mass substantially purifies the wastewater (Gray 2004). 

One of the usual problems biological reactors might encounter is bulking sludge due to 

environmental alterations of the aeration basin, resulting in Nocardia foam. This problem 

will be solved by providing proper environmental conditions for microorganisms. 

Interruptions to sedimentation can be faced due to bulking sludge. Therefore flocs will enter 

to next levels and leave the plant towards water streams and the reason is undesirable amount 

of filaments. Despite filaments acting as a backbone to collect flocs, excess amount and 

growth will bring purification to challenge and SS violation. Other reasons to encounter 

bulking sludge are slow collecting and transporting systems, insufficient amount of nutrients 

(nitrogen reduction lower than 𝐵𝑂𝐷5 ∶ 𝑁 than 20:1) and ammonia, insufficient oxygen and 

acidity (Figure 6) (Davis 2019). 
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Figure 6. Sludge treatment scheme in Metsä Board. 

 

In Simpele’s WWTP, MLSS from the aeration pool moves towards a post-clarifier and bio-

sludge will be settled at the dead bottom end of the basin. Most of this settled amount will 

be recirculated back to the corresponding aeration basin to achieve sufficient biological 

microorganisms to handle purification of influent. It should be mentioned that sludge obtains 

age after recirculation and excessive sludge age is not desirable and will bring consequences 

to the activated sludge purification system; hence surplus amount will be withdrawn. At this 

point terms such as sludge age or SRT which are well explained in 4th chapter will come into 

existence (Davis 2019). 

Primary sludge drained from pre-clarifier and bio-sludge from post-clarifiers will be joined 

and cohered together and be sent to the sludge basin; afterwards, sludge mixture will be 

stored in a tank in WWTP facility and conveyed to sludge treatment facility to confront heat 

recovery in boiler but prior to that step, polymers will be added so that better flocs achieved 

and mixed sludge moves towards dewatering filter press machine and blend with other wood 

residues and biofuels to be burned in powerplant. 

2.9  Post-clarifier 

The sludge-water mixture is released from the aeration pool to the post-clarification basins. 
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In the post-clarification basins, the sludge and particles settle to the bottom, from where it is 

collected and pumped to the return sludge wells. Most of the sludge from the return sludge 

wells is pumped back to the selector section of the aeration basins as a return, and a portion 

corresponding to the growth of the pool sludge is pumped out to the sludge concentrator. 

The treated wastewater overflows from the post-clarification basins to its lateral sides and is 

discharged into the water system. 

2.10  Process control and generated results 

The treatment plant operator adjusts the supply of nutrients in accordance with his 

instructions.  

In aeration, the sludge-water mixture (MLSS) is aerated, and the aeration power is regulated 

according to the aeration pool’s set oxygen content. The surplus amount of sludge is used to 

control the solids content of the aeration pools. 

The amount of sludge in the post-clarifiers is measured by sludge mattress measurements. 

The recovery sludge from post-clarification is fed to the aeration selectors, depending on the 

oxygen level in the selector section of the aeration basins. 

The amount and properties of the water flow discharged into the water body are monitored 

in accordance with the permit conditions. 

The operation of the wastewater treatment plant is supervised during the day by the operator 

of the wastewater treatment plant. Outside of working hours, the board machine operator 

supervises the operation. The control uses measurements and determinations made by the 

treatment plant operators and measurements made by the water laboratory. 

In the logbook and information system, the treatment plant operator must record his findings, 

measurement results, and measures. The findings of the laboratory's measurements are 

entered into the information system. 

The logbooks at the treatment plant are preserved for at least six years. For at least five years, 

the information in the information system has been active. 
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Mechanical preventive maintenance and online meter cleaning are performed by the 

treatment plant's operators. 

2.10.1  Operation amid emergency situation 

If the wastewater flow becomes irregular, corrective action will be taken by the WWTP 

operators. 

Waste water that could disrupt biological treatment should be routed to a safety basin 

wherever possible. 

The chemicals used are properly received and taken into account in terms of safety and 

environmental considerations. 

Disaster situations have been arranged and predicted in the factory area with plans in 

accordance with which operations are practiced every now and then. 
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3  Biology in wastewater 

The biological method using activated sludge relies on the application of living 

microorganisms. To comprehend the algorithm of the process and the elements that influence 

it, necessitates that we first grasp its biological logic. This section covers the fundamental 

characteristics of microorganisms found in biological processes (Figure 7) (Luhtaniemi 

2017).  

 

 

Figure 7. Biological characteristic of wastewater (Soukka, 2021) 

 

Algae, bacteria, fungi, protozoa and viruses are microorganisms existing in wastewater and 

naked eye is not able to observe them; hence microscope comes along and these creatures 

are called as microorganisms comprising of prokaryotes and eukaryotes. The simplest uni-

cell organisms are known as prokaryotes, which are smaller in dimensions made by plasmid, 

flagellum, cytoplasm, with no nucleus membrane or intracellular organs. Prokaryotes 

include bacteria and archaea varying each other due to DNA configuration, the cell’s wall 

and chemistry. Archaea’s tolerance to temperature, saline quality of the environment is 

discernible. Proteins in the cell membrane of prokaryotes take up and secrete substances, 

take care of cellular respiration, and communicate with the environment. Bacteria can move 

through lines (flagella) and catch each other through motifs. Other species such as fungi, 

protozoa, algae which are not simple in contrast with prokaryotes, are known as eukaryotes 

Biological 
Characteristics

BOD Microbial life

Bacteria
Parasitic 
Worms

Protozoa Algae Viruses
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made of nucleus, endoplasmic reticulum, mitochondrion required for respiration, golgi 

apparatus responsible for enzyme secretion, etc (Tchobanoglous et al. 2003) 

Viruses are intra-microorganism’s category which subcategorize corresponding to the 

infection, the cause to the host cell essentially require a host’s platform to maintain their 

demands to grow and reproduce themselves despite viruses include genetic information.  

 

Table 3. Microorganisms’ classification (Tchobanoglous et al. 2003) 

Cell Characteristic Prokaryote Eukaryote 

Phylogenetic group Bacteria, blue-green algae, 

archaea 

Single cell: algae, fungi, 

protozoan; multi cell: plants, 

animals 

Size Small, 0,2 - 3,0 μm 2-100 μm for single-cell 

organisms 

Cell wall Composed of peptidoglycan 

(bacteria), other polysaccharides, 

protein, glycoprotein (archaea) 

Absent in animals and most 

protozoan; present in plants, 

algae, fungi: usually 

polysaccharide  

Nuclear structure:  

Nuclear membrane Absent Present 

DNA Single molecular, Plasmids Several chromosomes 

Internal membrane Simple, limited Complex, endoplasmic 

reticulum, golgi, mitochondria; 

several present 

Membrane organelles Absent Several present 

Photosynthetic pigment Internal membranes; chloroplast 

absent 

In chloroplasts 

Respiratory system Part of cytoplasmic membrane mitochondria 
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As demonstrated in Table 3 key fundamental differentiations between prokaryotes and 

Eukaryotes. It can be found that eukaryotes are quite larger in dimensions and comprise a 

more complicated anatomy. Mitochondrion which is to be used as respiration organ, does 

exist in eukaryotes but it does not exist in prokaryotes, and though they are able to do 

photosynthesis, in contrast to algae prokaryotes don’t obtain chloroplast to perform 

photosynthesis. Figure 8 represents the structural differences between these two types of 

microorganisms. Taking a glance at the Figure 8, it can be concluded that prokaryotes are 

lacking nucleus, membrane-enclosed organelles, cell division, cellulose in walls, and histone 

proteins in addition to that cytoskeleton, chromosome, flagella and ribosome are smaller 

comparing with eukaryotes (Tchobanoglous et al. 2003). 

 

 

Figure 8. Cellular comparison between prokaryotes and eukaryotes (Laroussi et al. 2012) 

 

Researches have shown that according to RNA analysis, prokaryotes should be divided into 

two groups regarding their organism and genes; hence Figure 9 shall demonstrate a better 

classification. In this chapter biology of all these microorganisms has been studied. 
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Figure 9. Prokaryotes and eukaryotes subcategories (Lára 2022). 

 

As demonstrated above, a simplified classification of universal ancestors comprises of 

prokaryotes and eukaryotes can be found. Each of these two groups includes numerous 

species, and this division continues. Figure 10 has shown the next sub-division and it can be 

realized that most of the microbial species investigated in this work, who play a key role in 

wastewater purification, are originated from eukaryotes which mentioned formerly that are 

more complicated rather than prokaryotes. From those going to be investigated in the 

following chapters, rotifers and worms emanate from the animal kingdom, eukaryotes. 

 

 

Figure 10. Eukaryotes divides to the wider groups (Mountain empire community college 

2022a) 
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In a broader categorization above, it has been observed that eukaryotes comprised of three 

kingdoms; rotifers and worms are from a branch, and protozoa, another branch of the 

eukaryotes, is the one which includes all the other species to be evaluated. Other species 

were neglected in this study. 

 

 

Figure 11. Protozoa sub categories (Younis 2022) 

 

Protozoa, in a similar way to previous categories, are divided into smaller and more detailed 

groups of microorganisms. Figure 11 displays various types of protozoa. As mentioned, not 

all kinds are in the scope of the study and not affecting as much as the ones being introduced 

in this chapter. Those protozoa to be studied are flagella, amoeba, and cilia. Cilia are 

considered free cilia and stem cilia. 

3.1  Microbial species 

Selection is a frame that favours the growth of microbes in a particular species group. It is 

based on adequate species diversity and adaptation. Biological water treatment is mainly 

based on selection. The water entering biological treatment has such a wide range of different 

microbial species that biological treatment takes place almost by itself, even if more attention 
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is not paid to the prevailing conditions. However, the quality of the processing depends on 

the conditions that are created. 

One of the most important microbial types for the activated sludge process are flocculants 

and filamentous bacteria (filaments). The selection is intended to favour flock generators in 

particular in order to obtain a good cleaning result. Filamentous bacteria are often the cause 

of expansion sludge, which results in loose and poorly settling sludge. Expansion sludge also 

causes an increase in emissions (Figure 12). Filaments and flocculants compete for the same 

food. In general, the selection of microbes is easy, but the unknown and complex organic 

and organic compounds complicate it (Gray 2004). 

 

 

Figure 12. Biological condition regarding F/M ratio and SRT or sludge age (Ahvenainen 

2017) 

 

Heretofore various stages of wastewater treatment have been stated and well explained. 

Activated sludge comprises numerous species which formerly described their origination 

and classification. In this section microorganisms to be studied will be discussed in details 

to achieve a better understanding about the environment they require so that be able to 

interpret more profoundly and attain better conclusions. 
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3.1.1  Bacteria 

Enormous amounts of this species can be found in activated sludge wastewater treatment 

plants. Bacteria are prokaryotic organisms comprised of a single cell. The cell itself consists 

of carbohydrates, protein and cytoplasm, which includes DNA carrying multiplication data 

of the cell and RNA that is important in protein’s synthesis. Bacteria mostly reproduce by 

binary fission, budding, or sexually. (Tchobanoglous et al. 2003). 

Cells proliferate by means of growth and division Hence biomass increment will be 

conducted. The time interval from a cell division to another is called generation time, which 

is one of the main parameters representing biomass growth. Bacteria are being used to break 

down dissolved and suspended organic matter (Luhtaniemi 2017). No nucleus exists in 

bacteria’s structure as, varying in diverse size even though largest bacterium is smaller than 

the smallest eukaryote and the tiniest bacterium is larger than any virus (Lára 2022). 

3.1.2  Archaea 

Basic constituents are alike in bacteria; however, ribonucleic acid (RNA), cell material and 

cell walls are different. Archaea are refractory species against severe temperatures and 

chemicals; otherwise these species are located in the same category as bacteria does, which 

means extremophile prokaryotes. Archaea’s metabolism and typical size are pretty much 

alike bacteria (Figure 13). 

 

   

Figure 13. Photo and photomicrograph of tardigrade known as water bear 

(nationalgeographic 2022) 
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Archaea do not comprise of nuclei; it led archaeon to lie in a bacterium’s category at the 

beginning. But archaea’s iconic behaviour and features were found and classified them in 

another group of prokaryotes, counting: 

1. Cells’ membranes are made of special lipid which is unique in its own type. 

2. The ribosome’s configuration differs from bacteria and prokaryotes and bears a 

resemblance to eukaryotes. 

3. Eukaryotes and archaea possess similar DNA compared with bacteria. 

4. The composition of the cell’s wall (Lára 2022) 

3.1.3  Fungi 

Poly-cell or unicellular heterotrophic eukaryotes capable to reproduce in various ways. 

Fungus are bacteria’s competitors upon food and obviously bacteria can be found in larger 

amounts as they win the competition. Single-cellular fungi are called yeasts. Low pH, low 

nitrogen and moisture are desired conditions for fungi to grow. (Özen et al. 2012) 

Fungus is an organism, lacking the ability to move or make its own food. Saline environment 

or fresh water can be proper to thrive and to live in. Fungi might live as terrestrial or aquatic. 

Some of them feed themselves from dead organic material, while the rest can life inside or 

on another host. Aquatic fungi, found in activated sludge are momentous to wastewater 

treatment as they are responsible for biodegrading and nutrient recycling (Zhang et al. 2018). 

3.1.4  Protozoa  

Whole of the species we concern about in this work lie between various types of eukaryotes, 

belonging in to protozoa except only two categories that are still eukaryotes but aren’t 

protozoa, such as worms and rotifers, are intended to be studied in the following chapters 

comparing their activeness.  

The word ‘protozoa’ originates from Greek language, with meaning of ‘first animal' 

(Musculoskeletalkey 2022). Uni-cellular eukaryotic and heterotrophic organisms in diverse 

shapes and environments carrying out secondary wastewater precipitation including 
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amoebae capable of shifting shape, paramecium possesses fixed form, flagellates, ciliates 

and parasitic sporozoans. Protozoa are mostly aerobic and a minority of them are anaerobic. 

They can be found more when the DO level in the treatment’s plant is low. Protozoa consume 

bacteria, fungi, algae, and suspended organic matter (Henze et al. 1997). 

Breeding is through straightforward biogenetic cell division, binary fission, where two girl 

cells are shaped or numerous parting, in which numerous girl cells are shaped. Certain 

protozoa have complex life cycles including both agamic (schizogony) and reproductive 

propagation. A few protozoa are able to reproduce cysts that can resist and thrive within the 

environment. 

Protozoa are mostly known as animals regarding their ability to move and heterotrophy. Any 

living organ included in this group is called a protozoan. Protozoa are fundamentally critical 

biologically as key joins in nourishment chains. Protozoa possess a run of trophic levels. 

Protozoa are the foremost known microorganisms which are commonly and well-assessed 

in waste water treatment plants. Many scientists and professionals declare that these 

bacteria’s condition indicates in proficiency of the wastewater plant and their effect on the 

treatment features of those wastewater treatment plants (Elissen 2007). Part of the protozoa 

is demonstrated in Figure 14.  

 

 

Figure 14. Group of protozoa strains (Microbiology Survival 101 2022) 
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Regarding  the mobility of protozoa and the movement’s type, they can be classified as cilia, 

flagella or pseudopodia (amoeba) as it can be seen in Figure 14. However, animal like 

organisms like rotifers and worms also play a key role in some waste water treatments, which 

will be discussed perfectly in other sections. 

3.1.5  Rotifers 

Heterotrophic eukaryotes require oxygen to grow and reproduce, including cilia rotating and 

making rotifers able to move. Since these animals are capable of utilizing fine and organic 

matter in addition to flocculated bacteria. (Henze, 1997b). 

Rotifers are simple poly-cellular microorganisms as shown in Figure 15, which mostly live 

and thrive in fresh water rather than saltwater. Though rotifers are comprising of thousand 

cells, but they are as large as single-cell microorganisms. 

In order to distinguish rotifers, they possess wheel-like cilia on a side of their bodies. Cilia 

makes rotifers able to rotate or move so that it makes them able to devour the food. Part of 

rotifers spend their life sticking to a surface, meanwhile, other rotifers are able to swim in 

the environment utilizing their cilia (Mountain empire community college 2022b). 

 

   

Figure 15. Photomicrograph of different rotifers. 

 

Rotifers are extremely common aerobic microorganisms in WWTPs. They can stalk a 

surface or any waste by means of their tail. They can not only graze on microorganisms that 

are smaller than themselves. But they can also graze on either suspended particles or random 
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free-moving bacteria and organic compounds existing in the influent, which improves 

purification (Mountain empire community college 2022b). 

Rotifers are responsible for moving bacteria in waste water treatment plants and as they 

graze on SS through the influent, they help formation of flocs and precipitation. They 

indicate in stability of the sludge and treatment’s condition, also quality of being toxic and 

biological oxygen demand (Mountain empire community college 2022b). 

Activated sludge’s health can be evaluated by means of rotifers. Rotifers prey on filamentous 

microorganisms and enhance bulking. They can be observed in good quality activated sludge 

and prove if there is enough oxygen dissolved in the water or not. Another advantage of this 

species is that they biodegrade waste and stabilize it, enrich oxygen inside the flocs, and 

enhances nourishment. Besides, they can indicate in sludges age if it’s old, so that operators 

need to increase sludge output to reduce its age (Plum creek water reclamation authority 

2022). 

Rotifers obtain the state of cryptobiosis, which means they can resist in extremely 

inappropriate environmental situations. Rotifers can be classified in three classes: 

- Bdelloids  

- Monogononta 

- Simonides 

3.1.6  Algae 

Heavy growth of algae can result in eutrophication and can generate odours. Algae are either 

single cells or multiple, capable of making their own food via sunlight (autotrophic). Except 

cyanobacteria, algae are eukaryotes. Inside wastewater treatment pools, algae play a key role 

in releasing oxygen due to photosynthesis. (Henze 1997). 

3.1.7  Ciliate  

Ciliates are members of protozoa which classifies as eukaryotes. Cilia indicates a hair like 

organ distributed around its whole body which makes microorganisms able to move and find 
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and achieve its food by means of the current it made using rows of those cilia and food will 

be led to their mouth. 

In wastewater treatment plants, ciliates are able to perform significant roles such as 

providing stable conditions, grazing on various bacteria existing in wastewater and 

decomposing bulky solutions in influent. There is just one parasitized cilia reported that has 

a risk of intestinal disease to human beings. (Gerardi et al. 2007).  

 

 

Figure 16. Photomicrograph of free cilia. 

 

In this study ciliates were divided into two general groups as free ciliates (and crawling 

ciliates included) and stalked ciliates, and differences in their response to environmental 

harsh changes are recorded separately and demonstrated in the following chapters. Free 

ciliates can swim freely through the aquatic environment around them (Figure 16). In this 

category euplotes and paramecium are well-known. Other free ciliates obtain other types of 

cilia whose application is more similar to legs so that they can crawl around flocs. They 

mostly consume uni-cell microorganisms and bacteria. In a proper environment, thousands 

of their cells can be found in each ml of the sample. Toxic compounds and sudden changes 

in environment can be found by reduction in population of ciliates, in case of encysted or 

dead ciliates. They are capable of performing beneficially in reduction of total suspended 

solids and opacity improvement (Plum creek water reclamation authority 2022). 

Ciliates are more complicated compared to flagella and amoeba, as a sign of good activated 

sludge quality and young sludge age. Free ciliates can also represent us excessive amounts 
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of DO in the influent and numerous amount of bacteria living in the flow (Figure 17). Hence, 

dominancy of this species among other types can be interpreted as sludge is not in proper 

health. 

 

 

Figure 17. Stem cilia’s micrograph. 

 

Stalked ciliates same as another group (free cilia) prey on flocs conveyed by a row or rows 

of cilia around their mouths. In contrast to their name, they are able to swim freely; it can 

occur in case of deficit oxygen dissolved in influent. Stalked ciliates have more efficiency 

in collecting bacteria to feed on. High DO, proper population of bacteria and stable sludge 

condition provides a pleasant environment for them to thrive. 

3.1.8  Worms 

Annelida are complicated to handle in wastewater treatment; they can play a role in sludge 

reduction in wastewater treatment plants as they can freely swim inside the sludge. They 

might cause a reduction in chemical oxygen demand and bulky solutions in activated sludge. 

But excessive amounts of these worms are not beneficial at all for the purification and 

treatment process. In other studies, it was found that worms specially aeolosomatidae, live 

in optimum conditions when there is more than 2 mg of oxygen per litter of wastewater, 

approximately neutral pH, low ammonia concentration and temperature range between 15 

to 25 °C (Figure 18). Best sludge age is the time between their duplication period. 

Aeolosomatidae prey on algae, protozoa and bacteria (Elissen 2007). 
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Figure 18. Micrograph taken from aeolosoma. 

 

Nematodes can also be found in activated sludges which are old (Figure 19). They consume 

oxygen so wastewater influent consisting high dosage of dissolved oxygen could be an 

optimum environment for them to grow and reproduce. They live in various types of 

wastewater treatment plants. Nematodes excrete such compounds from themselves, which 

makes them able to attach to flocs so that they can feed without getting interrupted by the 

current.  

 

 

Figure 19. Photomicrograph captured from nematode. 

 

In case there are no worms, no matter aeolosomatidae or nematoda, it means that sludge is 

quite old or the wastewater is toxic. They can indicate sludge retention time, excessive 
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MLSS, low food compared with populations of microbes, and large MCRT. Worms not only 

enhance the nourishment recycling but also oxygen penetration to the flocs and subsequently 

decomposition of suspended solids (Environmental Leverage 2022). 

3.1.9  Filamentous bacteria 

These bacteria live in wastewater treatment plants. They can help the formation of flocs and 

can cause degradation of biological oxygen demands. Few numbers of filamentous bacteria 

is good, as it avoids breakage in flocs during transportation and aeration; but in case of 

increment in their amount, it might have subsequence. Filamentous are a type of fungi and 

bacteria, and lower amounts of them improve sedimentation. Larger amounts of these 

bacteria will lead to sedimentation interruptions, influencing sludge index, overflowing of 

suspended solids, and increase in demand in usage of polymers (Figure 20). 

Filamentous bacteria can initiate from poor waste water conditions such as insufficient D.O., 

low food compared with microbial population (F/M ratio), lack of nutrients such as nitrogen 

and phosphorous, low pH and sludge age (Environmental Leverage 2022). 

 

 

Figure 20. Captured photo from filaments and flocs attached to it under the microscope. 

 

Filamentous bacteria can cause foaming which will freeze in winter time. Excessive 

filamentous amounts will form bulky flocs and bulky flocs are able to overflow into the 

water bodies.  
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3.1.10  Flagella  

Flagellates are whip-like shaped protozoa or flagella. Flagella are responsible for this species 

mobility and movement. Numerous types of flagellates are harmful for human being as they 

can cause intestinal tract damage. 

Compared to other species flagellates are pretty much smaller; hence to observe them it 

needs to be equipped with a microscope capable of 40X (400 times) enlargement (Figure 

21). 

Flagellates prey on bacteria and solved organic matter. They are more abundant in and easier 

to be found in massive wastewater treatments. Excessive numbers of single-cell bacteria 

make them predominant in wastewater to be treated.  

Flagellates are able to worsen turbid discharge of wastewater caused by toxic violent in 

wastewater treatment. They can grow and thrive when infected sludge leads to anaerobic 

conditions through the aeration pool.  

 

   

Figure 21. Micrograph taken from flagella. (King County Wastewater 2017) 

 

Flagella’s existence in treatment systems represents high soluble biochemical requirements 

and organic compounds, while D.O. level is low. They can be investigated to understand if 

the water is engaged with chemical upset or if it’s getting recovered from this state. 
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3.1.11  Amoebae 

Amoeba is a single cell protozoan (Figure 22). They are able to change their shape from 

circle to oval. They move by means of pseudopodia, which means the cytoplasm moves 

outwards of the cell and the cell’s membrane stretches itself to reach that point. Their low 

speed of movement can make it difficult to distinguish them. They can be observed through 

start-ups, polluted influents, and massive plants (Gerardi et al. 2007).  

Amoebae can reproduce in various ways according to their own species. Temperature cannot 

interfere with their life specially as pathogenic amoebae can thrive in higher temperatures 

and sudden temperature alterations. Amoebae can adapt to the environment’s temperature 

easily and their cysts won’t damage easily (Biology dictionary 2019). 

 

 

Figure 22. Different amoebae in a micrograph. 

 

Amoebae are anaerobic protozoa and have no mitochondria. They can be parasites or free-

living. Amoebae feed on bacteria, algae and protozoa. They are almost capable of eating any 

organic matter in their environment. They feed themselves by extending their pseudopods 

around the prey, opening the membrane, and inserting the prey inside their membrane to be 

degraded by means of their enzymes. 
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3.2  Growth condition 

Live microbes can be detected in almost all conditions. Microbes living at 15-45 °C are 

mesophilic. Psychrophiles grow at 0-20 ° C and thermophiles at 45-80 °C. Those who 

tolerate alkaline conditions are called alkali and acidophiles living in an acidic environment. 

Those who thrive near the neutral acidity range (pH 7) are neutrophils. Of all the living 

organisms in nature, these different microbes are also the most diverse and dispersed in their 

nutritional needs. Some microbes get along with a few inorganic compounds, while others 

need complex organic compounds. All microbes need carbon and nitrogen (Mara et al. 

2003). 

The growth environment of biomass can be either oxygen (aerobic), anoxic (nitrate as an 

electron acceptor), or anaerobic (neither oxygen nor nitrate). Reactions under aerobic 

conditions include organic decomposition and nitrification (oxidation of ammonium 

nitrogen to nitrate). Under anoxic conditions in denitrification, nitrogen is removed by 

reducing nitrate to nitrogen gas. Digestion (decomposition of organic matter) is an anaerobic 

process (Luhtaniemi 2017). 

More than 95% of the dry weight of a cell consists of a few main elements, which are carbon 

(C), oxygen (O), hydrogen (H), sulfur (S), phosphorus (P), potassium (K), calcium (Ca), 

magnesium (Mg), and iron (Fe). All of these substances are needed in biosynthesis to form 

cell mass and as energy sources. Metabolism refers to the totality of the biochemical 

functions of microbes. There are two types of such activity, usually catalysed by enzymes: 

energy-producing and energy-using. 

In catabolic reactions, the breakdown of compounds produces energy and building blocks 

for the cell. The main source of energy is called the growth medium or carbon source. For 

example, glycolysis (the breakdown of glucose) is a major catabolic pathway. Through 

anabolic reactions, the microbe produces compounds needed for growth, such as proteins, 

nucleic acids, carbohydrates, and lipids. The energy required for anabolic reactions is 

obtained from the energy released from catabolic reactions (Mara et al. 2003). 

In an aerobic environment, microbes use molecular oxygen in the air as an electron acceptor. 

Aerobic processes generate water, carbon dioxide, and energy. In an anaerobic environment, 

the microbe cannot get all the energy out of the substrate and the substrate does not 
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decompose completely. The end product of anaerobic metabolism is the formation of 

substrate degradation products such as ethanol, acetone, or lactic acid. Compared to aerobic 

metabolism, less energy is also generated (Luhtaniemi 2017). 

Microbes have three essential nutritional needs: water, energy, and chemical compounds. 

Chemical energy sources and compounds must be soluble in water because it transports the 

compounds inside the microbial cells. In a cell, water is the solvent in which biochemical 

reactions take place. The chemical elements contained in the nutrients are necessary both for 

the synthesis of the cellular material and for the normal functioning of cellular components 

such as the enzyme. Microbes also need certain elements to grow. The most important 

elements for cell growth are C, N (nitrogen), H, O, S, and P (Mara et al. 2003). 

Carbon is one of the most important chemical factors for cell growth. Carbon forms the basis 

of three main classes of organic nutrients, which are carbohydrates, lipids, and proteins. 

These components provide energy for cell growth and act as building blocks for cellular 

material. Microbes that use organic compounds as their energy source are called 

heterotrophs. Microbes that use carbon dioxide as their carbon source are called autotrophs 

(Mara et al. 2003). 

Microbes use large amounts of macronutrients (C, H, N, S, and P). The trace elements K, 

Ca, Mg, Na (sodium) and Fe are needed in smaller amounts and much less trace elements. 

However, the amounts of elements used by a microbe do not correlate in terms of their 

importance, and even a very small amount of a particular substance may be necessary for 

cell growth and life (Mara et al. 2003). 

All microbes need nitrogen in some form. Many prokaryotes use inorganic nitrogen 

components such as nitrates, nitrites, and ammonium salts. Unlike eukaryotic cells, some 

bacteria can use atmospheric gaseous nitrogen in cell synthesis through a nitrogen fixation 

process. Certain microbes require organic nitrogen compounds, and some use nitrate as an 

alternative electron acceptor (Mara et al. 2003). 

Other essential nutritional factors include hydrogen, oxygen, sulfur, and phosphorus. 

Hydrogen and oxygen are components in many organic compounds. Therefore, requirements 

for carbon, hydrogen, and oxygen are often met together when organic compounds are 

available. Free oxygen is toxic to the most demanding bacteria and some sheets. Sulfur is 
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needed in amino acid syntheses. Phosphorus, on the other hand, is essential in the synthesis 

of nucleic acids and adenosine triphosphate (Mara et al. 2003). 

 

 

Figure 23. Cell growth culture. (Straube et al. 2016) 

 

Cells proliferate by division. As a result of cell growth and division biomass increases. From 

the point of view of bioprocesses, the most important parameters in biomass growth are the 

time between two cell divisions; i.e., the generation time, and the number of cell divisions 

per hour; i.e., the specific rate. Figure 23 represents the four main phases in biomass growth: 

the initial lag phase, the exponential growth phase, the stationary phase (growth arrest), and 

the cell death phase. In the trophophase, cell growth is in an active phase, with biomass 

growing and cellular metabolism being vigorous. In the idiophase, growth stops, for 

example, due to the depletion of an energy source (Luhtaniemi 2017). 

3.3  Wastewater’s component and objectives 

From a chemical point of view, wastewater contains (1) organic components such as 

carbohydrates, proteins and fats; (2) nitrogen, mainly in the form of ammonia; and (3) 

phosphorus, mostly in the form of phosphate. Wastewater also contains many other 

constituents in particulate or dissolved form, such as pathogens, plastics, sand, gravel, living 

organisms, and metals. 



53 

 

 

All of these components should be handled in a treatment plant, but not all are important for 

the design and modelling of a wastewater treatment plant. More attention will be paid to 

carbon, nitrogen and phosphorus-containing ingredients as they have the greatest impact on 

biological activity and water eutrophication. The basic parameters to be monitored are 

biological oxygen demand (BOD), total nitrogen, total phosphorus, chemical oxygen 

demand (COD), and suspended solids content (SS) (Luhtaniemi 2017). 

Wastewater impurities can be classified, for example, by physical properties (soluble or 

insoluble), chemical properties (organic or inorganic), microbial susceptibility 

(biodegradable or non-biodegradable), origin (biogenic or anthropogenic) and effects (toxic 

or non-toxic). Often an impurity has several different properties at the same time; for 

example, it may be soluble and biodegradable (Grady et al., 2011) 

The purpose of wastewater treatment is to remove contaminants from wastewater that can 

damage the aquatic environment when they enter it. As low levels of dissolved oxygen (DO) 

in water bodies have detrimental effects on aquatic organisms, the treatment of wastewater 

has focused on removing those contaminants that reduce the DO content in water bodies. 

These contaminants serve as a food source for aquatic microorganisms that are able to 

survive at lower DO concentrations than higher life forms. Most of the oxygen-intensive 

impurities are organic components, but ammonium nitrogen is an important inorganic 

example (Grady 2011b). 

When wastewater enters the water body, organic compounds stimulate the growth of 

heterotrophic organisms, which reduces the amount of dissolved oxygen in the water. In the 

presence of oxygen, nitrification organisms form nitrates from ammonia, which is toxic to 

fish and insects, for example. This causes an increasing need for oxygen. Depending on the 

amount of effluent discharged and the oxygen available, the water body may become 

deoxygenated, stopping the nitrification of ammonia to nitrate. As the organic energy from 

the wastewater runs out, the body of water recovers over time, becomes clearer, and becomes 

aerobic again. The remaining nutrients, together with sunlight, stimulate the growth of 

aquatic plants. The algae re-introduce the organic material into the water and the pollution 

cycle starts from the beginning. Only when nitrogen and phosphorus nutrients run out can 

the water body be called stable again in case of eutrophication. These factors form clear 

objectives for water treatment: 
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1) Reducing organically bound energy to a level where heterotrophic growth no longer 

occurs and thus preventing oxygen depletion. 

2) Oxidize ammonia to nitrate to reduce its toxicity and the effects of oxygen depletion. 

3) Reducing the amount of eutrophication agents such as ammonia, nitrate and especially 

phosphate to a level that limits the growth of photosynthetic microorganisms and further 

reduces their ability to sequester chemical energy from sunlight (Henze et al. 1997). 

 

 

Figure 24. Appropriate sludge age to achieve full nitrification regarding temperature 

(Henze et al. 1997) 

 

As expected from Figure 24, it can be found that at higher temperatures nitrification takes 

place fast and sludge age is not necessary to be high and each temperature reduces, 

nitrification slows down and higher sludge age is necessary. 



55 

 

 

4  Optimal operational environment for microbes 

4.1  Wastewater quality 

In addition to the nature of the water to be treated, the activated sludge process is affected 

by the environment, climate, and hydrological factors. The composition of the influent 

affects the biological activity and settling properties of the sludge flocs. In a conventional 

activated slurry, the BOD: N: P ratio is 100: 6: 1, which is required to maintain an optimal 

nutrient balance for the growth of heterotrophic microbes. Toxic or inhibitory agents affect 

the aerobic metabolism of heterotrophs. But because the system adapts to low concentrations 

over time, the activated sludge process can also be used to remove such contaminants from 

wastewater. The availability of nutrients, energy and substrate, as well as the creation of a 

suitable growth environment, are important factors in the process. Factors in the growth 

environment include temperature, pH, and pressure (Gray 2004). 

Wastewater treatment involves various aspects to be analysed and introduces different 

qualities of influent to be treated or facilities to be designed. These aspects can be biological 

which well-introduced in the previous chapter, physical and chemical which concerns better 

environment for microorganisms existing in activated sludge, who are responsible to 

biodegrade the organic material in influent so that achieving settleability in further processes 

which means better quality of effluent to the water bodies (Tchobanoglous et al. 2003). 

Wastewater factors are main indicators to find out how much polluted the influent is. It can 

be interpreted as no compliance to environmental restrictions in terms of physical, chemical 

and biological characteristics of influent to be treated. Wastewater to encounter treatment 

can vary due to its source; it can be municipal, industrial or agricultural. Pollution to the 

ocean, surface water, underground water and other water resources can be kept clean by 

treating these influents, which are mostly derived by means of human activity. In order to 

treat the wastewater properly, indicators come along to be analysed and evaluated. Hence, it 

can distribute a lot in designing facilities; reusable elements existing in wastewater can be 

found and treated properly; treatment’s efficiency can be achieved and impacts to the 

environment can be predicted and eliminated. Biological view of this paper was explained 
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completely in previous chapter and in this part, other characteristics and indicators shall be 

studied. 

 

Table 4. Optimal environmental condition discovered in previous studies. (Ahvenainen 

2017) 

 

 

Recent studies representing desirable condition for bacterial thrive in the Table 4, stating 

that pH range between 6 to 8 is optimal for bacterial growth and temperature from 15 to 35 

°C as a scope of this study and other indicators which are discussed and evaluated as 

following. 

The main physical feature of the wastewater is TS which is comprised of numerous matter 

within the solution. Wastewater obtains other features and characteristics for instance 

temperature, turbidity, odour conductivity and etc (Figure 25). Solids merged in the 

wastewater can be suspended solids, which filtration is the method to intercept them from 

TDS. Various solids exist and various methods to measure them and analyse them have been 

emerged (Tchobanoglous et al. 2003). 
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Figure 25. Physical characteristics of the wastewater (Soukka, 2021) 

 

Turbidity is a characteristic of wastewater evaluating transmission of the light inside the 

liquid in order to assess the effluent’s state regarding colloidal and residual matters. This 

characteristic might end up with uncertainty of the result with respect to light 

(Tchobanoglous et al. 2003). 

Another characteristic to be discussed is color, indicating or, better to say, describing the 

wastewater’s manner and quality. Anaerobic conditions in wastewater treatment system can 

cause dark colors in the wastewater, as raw wastewater is mostly light brown or grey. When 

it is being retained in anaerobic conditions for a long time, the color turns to a darker 

spectrum. Odor, conductivity and especially temperature, which are other indicators, are all 

originating from physical characteristics of the wastewater (Tchobanoglous et al. 2003). 
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Figure 26. Chemical characteristics of the wastewater. (School of PE 2018) 

 

PH stems from the potential of hydrogen, and is an indicator to be used for estimating 

hydrogen-ion concentration in water. PH is being calculated via a negative logarithmic 

formula of the hydrogen content. PH splits into three states, either it is acidic, neutral, or 

basic, ranging from 0 to 14. The neutral state obtains a value equal to 7; hence below it, 

accounts for the acidic characteristic and above 7 represents the basic condition (Figure 26). 

Alkalinity originates from the existence of hydroxide [𝑂𝐻−], carbonate [𝐶𝑂3
2−] and 

bicarbonate [𝐻𝐶𝑂3
2−] of components like magnesium, potassium or any other elements 

donating to the alkalinity. Alkalinity of a fluid avoids pH alterations by adding acids. 

Wastewater is mostly alkaline and it should be measured to find out in order to evaluate 

microbial and chemical treatment as well as nutrient dosing or removing based on the type 

of wastewater treatment. 

Chemical components existing in wastewater are being split into organics and inorganics. 

Inorganic component such as metals and organic material such as protein, carbohydrates, 

etc. There are more chemical characteristics well explained in this chapter, below. 
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4.2  Flow 

The objects to be measured, controlled and adjusted vary in different process solutions. 

Variations in the quantity and quality of wastewater entering treatment strongly affect the 

outcome of the treatment, which is why the main pumping stations and possible equalization 

basins must be taken into account when regulating the inflow. By adjusting the flows, the 

maximum capacity of the plant can be increased. It has been found that functioning 

equalization basins eliminate most of the plant control problems, while poorly functioning 

equalization basins can interfere with the operation of the process. Bioprocesses are sensitive 

to environmental load variations, which should be taken into account in the regulation of 

flows (Table 5) (Luhtaniemi 2017). 

The measurement methods commonly used in flow measurements are magnetic flow 

measurements and ultrasonic flow measurements. Magnetic measurement is suitable for 

pipeline measurements, but ultrasonic measurements are also possible from open channels. 

Ultrasonic measurement is preferred for larger tubes because the cost of the magnetic 

measurement method increases as the tube size increases. In Faraday-based magnetic flow 

measurement, flowing water acts as an electrically conductive conductor. Its speed 

determines the voltage generated in the magnetic field. The meter consists of a pair of 

electrodes and a magnet on opposite sides of the tube (Luhtaniemi 2017). 

 

Table 5. Flow speed and its aftereffect (Mountain empire community college 2022b) 

Flow and organic loading effects on protozoa proliferation 

Rapid flow 

rates 
Favour protozoa with short generation times: small flagellates and small ciliates 

Slow flow rates Favour protozoa with long generation times: crawling ciliates and stalked ciliates 

High organic 

loadings 

Decrease dissolved oxygen concentrations that favour protozoa that can survive 

anaerobic conditions: amoebae, flagellates and small ciliates 

Low organic 

loadings 

Permit high dissolved oxygen concentrations that favour strict aerobic protozoa: 

crawling ciliates and stalked ciliates  
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In the following, 14 months historical data of the Metsä Board waste water treatment plant 

has been drawn to help better interpretation of interrelations between flow and temperature 

during different seasons. 

 

 

Figure 27. Comparison in flow speed and its effect regarding past 14 months in first line. 

 

In the Figure 27 and 28, temperature alteration versus flow changes have been demonstrated, 

as the production process leads into high waste water temperature in contrast with municipal 

waste water treatment, figure can be interpreted as in packaging industry, flow change 

obtains direct relation with temperature changes meaning that the as flow increases in both 

summer and winter time, temperature arises relatively in contrast with municipal wastewater 

treatment as in winter water incoming to the treatment plant obtains lower temperature. 
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Figure 28. 14 months flow and temperature interaction in second line. 

 

4.3  Temperature 

One of the most important measurable parameters in biochemical processes is temperature. 

It affects the rate of chemical reaction, microbial metabolism, enzyme activity, and yield 

levels. Temperature affects both the activity of microbial metabolism and the transport of 

gases and the settling of solids in water. Biological activity increases with increasing 

temperature, but too high a temperature has the opposite effect. At low temperatures, 

bacterial activity is very slow and biological activity is low. Of the environmental factors 

influencing nitrification, temperature has the greatest effect. Partial nitrification to nitrite is 

often achieved at high temperatures, but has proven difficult at low temperatures. As 

temperature decreases, the oxidation of ammonia decreases (Tchobanogolous et al., 2003d). 

The optimum temperature for the nitrification process is 28-32 °C. On the municipal side, 

an increase in sludge temperature in summer increases metabolic activity. Although an 

increase in temperature improves the reduction of BOD in wastewater, in practice it leads to 

problems with increasing oxygen demand. In warm weather, there is also significantly more 

expansion sludge. The temperature can be used to explain the variation in the performance 

of the activated sludge system. It has been suggested that aeration pools should be larger for 

lower temperature processes and that the use of hot compressed air in aeration would lead to 
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better performance. Oxygen is only slightly soluble in water. Its saturated concentration at 

20 °C is 9.07 mg / l. Solubility decreases as water temperature increases, pressure decreases, 

or salinity increases. Temperature has been found to significantly affect the prevailing 

microbial population and its function (Gray 2004). 

The results of the study have shown that the rapid or slow variation of the temperature 

between 15-22 °C does not greatly affect the removal of nitrogen and phosphorus. However, 

at temperatures below 12 °C, biochemical reactions are clearly inhibited. The microbes take 

time to adapt to the new temperature, which slows down the phosphorus removal process, 

among other things. A sharp change in temperature also impairs the sludge's ability to settle. 

In a study investigating the effect of temperature on flocculation and settling of activated 

sludge, it was found that thermophilic sludge has a poorer ability to flocculate and settle. 

The thermophilic slurry was also more loosely bound (Shui et al 2012). 

In summer, the flocs are bigger and rounder and have less filaments and small particles. The 

cleaning effect is better in summer. Winter conditions improve the growth of filamentous 

bacteria, which impairs their cleaning results. Microbes work very slowly at low 

temperatures, so sludge ages must be higher and the treatment basins large enough. On the 

municipal side, large flow rates and precipitation tend to lower the process temperature, 

while on the industrial side warm wastewater flows have the opposite effect (Koivuranta et 

al. 2017). 

The increase in temperature in the pulp and paper mill wastewater treatment increases the 

solids content of the treated water and increases the residual COD content. Variation in 

temperature impairs the settling ability of the sludge. Excessively high temperatures have a 

negative effect on microbial activity, oxygen transfer, and sludge deposition properties 

(Martinez-Delgadillo et al. 2005; Morgan-Sagastume 2004). 

4.4  PH 

Alkalinity is used to examine the stability of the pH. Alkalinity is altered by any reaction 

that increases or decreases the number of protons. Too low a pH prevents nitrification and 

causes, among other things, expansion sludge. Alkalinity measurements can be used to 

estimate the required sodium hydroxide feed to change the pH. 

https://www.researchgate.net/scientific-contributions/SA-Martinez-Delgadillo-2104570148
https://www.researchgate.net/profile/Fernando-Morgan-Sagastume
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Figure 29. PH value and microbial growth rate (Henze et al. 1997) 

 

Usually, aerobic reactions are subjected to pH. Figure 29 demonstrates the curvature of pH 

incorporating biological growth in heterotrophic processes where the pH constant is equal 

to 200 (KpH=200). It can be found that low pH can interrupt the precipitation, resulting from 

nitrification or precipitation of phosphorus in pre-clarifier (Henze et al. 1997). 

4.5  Aeration & Oxygen 

The most commonly used methods for measuring the concentration of organic matter in the 

activated sludge process are biological oxygen demand BOD, organic carbon TOC, and 

chemical oxygen demand COD. The organic substance may be biodegradable or non-

degradable and soluble or insoluble. Nitrogen compounds in wastewater can also be divided 

into biodegradable and non-biodegradable. Non-biodegradable nitrogen compounds adhere 

to solid organic (non-degradable) matter, and non-biodegradable soluble compounds are part 

of the total nitrogen.  (Laukkanen 1990) 

The objects to be measured in the aeration pool are dissolved oxygen, aeration air flow, and 

aeration line pressure. Regardless of whether the biological process is controlled according 

to sludge concentration, load or age, sludge concentration should always be measured. The 

optimal sludge age varies depending on the conditions, so monitoring of temperature and 
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flow, for example, is also needed. Temperature monitoring is important for the control of 

aeration load and biological activity. Excessive residence times of the sludge are prevented 

by controlling the recovery ratio. By measurement, the concentration of organic matter in 

the effluent in the form of BOD or COD is monitored (Laukkanen 1990b) 

Besides, the fundamental performance of the activated sludge process is displacement and 

the movement of it through aeration. It should be noticed that increasing the air contributed 

to the water can enhance the biological process, but excessive amount of air might bring 

turbulences which are not desirable. Amount of oxygen needed differs with respect to sludge 

concentration and organic content (Henze et al. 1997). 

In the aeration pool proper amount of air is maintained in order to keep the sludge suspended 

and blended. This air is being contributed through diffusers from the bottom of the aeration 

basin, maintaining oxygen for biological thrive and reactions (Henze et al. 1997). 

Chemical engineers have been able to manipulate the natural process of self-cleaning. By 

providing ideal conditions and unlimited opportunities for microbial metabolism and 

growth, the biological process is accelerated and offers a variety of opportunities for water 

purification. In order to achieve significantly faster oxidation compared to the naturally 

occurring process, the aeration pool must have a much denser biomass (cells per unit 

volume). This leads to an increase in oxygen consumption, which must be fully covered so 

as not to limit microbial oxidation. This can be ensured by adding an air-into water interface. 

The water to be purified must be brought into contact with the excess oxygen and with the 

microbes for a sufficient time to bring the oxidation and removal of contaminants to the 

desired level. Care must also be taken to ensure that toxic substances and inhibitors do not 

reach harmful concentrations (Gray 2004). 

Dissolved oxygen helps protozoa and living microscopic aerobic creatures existing in the 

WWTP to breathe and perform their duty to biodegrade the organic suspended solids. 

Especially due to a change in temperature, dissolved oxygen will be reduced and chemical 

reactions and biological species consume more dissolved oxygen (Tchobanoglous et al. 

2003).  

In previous studies, the results obtained in the analysis were largely in line with the 

information available in the literature. However, process data always includes measurement 

errors, disturbances, and delays that can affect the results obtained. Biological processes are 
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also very complex, so interactions do not always appear as expected. The selected process 

data can also play a major role in the results. In this review, the aim has been to select the 

data in such a way that the interactions between the components under consideration are 

easily perceptible. In Figure 30, the correlation of DO with temperature was sensible. Based 

on the obtained results, it can be stated that by temperature control it is possible to control 

the activated sludge process in the desired direction. However, controlling the process by 

controlling the temperature is very challenging and expensive in practice (Luhtaniemi 2017). 

 

 

Figure 30. Correlation between temperature and dissolved oxygen (Luhtaniemi 2017) 

 

4.6  Flocculation 

An important factor in the activated sludge process is the flocculating nature of the microbial 

biomass. The flocs must be effective in capturing contaminants from the water and the 

separation in the settling basin must be rapid and efficient. Changes in process conditions 

can affect the operation of the flocs, which can interfere with the process in many ways. The 
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most common consequences are the formation of expansion sludge, a decrease in sludge 

settling capacity, and a decrease in biomass (Gray 2004). 

Flock is a complex biochemical unit. It can consist of several million heterotrophic microbes 

bound to each other. Under the microscope, separate microbial clumps, flocs of varying size 

and shape, can be detected in activated sludge. Good floc growth is important for a successful 

process because the rapid agglomeration of suspended and colloidal components into flocs 

immediately at the beginning of the activated sludge and water mixing phase results in a 

rapid reduction in wastewater BOD (Gray 2004). 

Cations such as calcium and magnesium significantly improve the settling properties of 

activated sludge. They also strengthen the bonds that make up the flocs. Ion exchange takes 

place in wastewater between flocs and cations. As flocs age, slower-growing autotrophs, 

such as nitrifying bacteria, stabilize. Therefore, sludge is an important factor in the overall 

efficiency of the process. The highly flocculating sludge is in a dynamic equilibrium, where 

the combination of flocs forms larger flocs and they decompose into smaller ones due to the 

stresses caused by the aeration system (Gray 2004). 

4.7  Sludge age 

The residence time of the sludge, i.e. the sludge time, affects the operation of the activated 

sludge flocs. The sludge volume can be calculated from the recovery ratio or sludge 

concentrations and its unit is the day. Sludge age is a functional factor that can be used to 

control the activity of a sludge. A low sludge age indicates that microbial growth is rapid 

and the sludge is likely to be used in rapid pre-treatments. A high sludge age (more than 15 

days) indicates a slow growth rate of microbes. Usually, the sludge age is 8-11 days respect 

to Simpele’s Metsä Board mill, when the settling properties are good.  (Idea: Sludge age and 

flow speed relation?) 
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4.8  Sludge treatment 

The sludge removed from the post-clarifiers is pumped/ directed to the return sludge wells. 

The aim is to keep the sludge mattresses as small as possible in order to avoid storing the 

sludge at the bottom of the post-clarifier. 

Wastewater treatment also involves the treatment of the sludge to be removed, the steps of 

which are the transfer of the concentrated sludge and the pre-clarification sludge to a mixing 

basin, pumping the sludge to a power plant, drying the sludge with a pre-sewage separator 

and filter belt press and incineration.  

Figure 31 shows the relationship between the proportion of bio-sludge and the temperature 

in the activated sludge process of a pulp mill in previous studies. It is clear from this that as 

the temperature decreases, the sludge content decreases (Luhtaniemi 2017).  

 

 

Figure 31. Sludge proportion regarding temperature (Luhtaniemi 2017) 
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4.9  BOD and COD 

Biological oxygen demand is a well-known parameter, indicating in DO used by the 

microorganisms to degrade organic matter and reflects the efficiency and stability in plant 

and if influent leaving to the water body is complying with restrictions or not. There are 

various organic components in wastewater, the total load of which is useful to express in the 

form of biological oxygen demand, or BOD. The higher the biological load on the water, the 

greater the final BOD value. 

The sludge content (MLSS) in the aeration pool is a rough measure of biomass. Normally, 

MLSS concentrations range from 1.5 to 8.0 mg / l. The MLSS concentration is adjusted by 

the amount of sludge. In theory, a higher MLSS concentration in the aeration pool guarantees 

a more efficient process, because then a higher biomass is utilizing the nutrients in the 

wastewater. However, high MLSS values limit the availability of oxygen and the deposition 

capacity to separate and recycle activated sludge (Gray 2004). 

BOD analysis are being performed to investigate probable amount of oxygen, to keep the 

organic matter in stable state, to study and calculate facilities and processes in WWTP, 

assessment in efficiency of the facilities and also to observe if the effluent leaving the plant 

to the water bodies are following the environmental permits (Tchobanoglous et al. 2003). 

Proper amount of oxygen leads to complete consumption of organic matter by biological 

organisms till the last piece in a way that initially part of the organic matter is oxidized to 

the final state so that energy be maintained for the cell and its synthesis (Figure 32). 

Meanwhile, part of the produced energy will be consumed in order to change the waste into 

new cell film and lastly, after the organic matter is totally consumed, new cell starts to use 

its cell tissue to gain energy for its thriving, which is known as endogenous respiration. In 

below these three stages are demonstrated (Tchobanoglous et al. 2003). 

Oxidation: 

COHNS+𝑂2 - bacteria →𝐶𝑂2  +𝐻2𝑂 + 𝑁𝐻3 + other end products + energy 

Synthesis: 

COHNS + 𝑂2 + bacteria – energy → 𝐶5𝐻7𝑁𝑂2 (New cell tissue) 

Endogenous respiration: 
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𝐶5𝐻7𝑁𝑂2 + 5𝑂2 → 5 𝐶𝑂2  + 𝑁𝐻3+ 2𝐻2𝑂 

In case oxygen is explicitly being consumed according to reactions above then, it’s called as 

ultimate biological oxygen demand despite organic compound is not stable yet. Stabilization 

is demonstrated below. 

 

 

Figure 32. Comparison of BOD (stabilization) regarding time (Spreling 2007) 

 

Chemical oxygen demand indicates in utilized 𝑂2, regarding decomposition of organic 

matter. Hence, similarly to BOD but not directly, COD also can indicate the amount of 

organic matter existing in the influent. COD has some advantages over BOD, as it takes 

fewer time to achieve the result (2-3 hours) that’s why it can be used to monitor the state of 

process; additionally nitrification and the oxygen required to oxidize nitrogen do not 

influence on COD result.  

It should be kept in mind that COD dedicates oxygen consumed to degrading not only the 

biodegradable portion of the organic matter but also to decomposing inert compounds 

(Figure 33). This analyse does not provide any time interval in which organic matter 

completely reaches to a stable state and oxidization of some inorganic compounds can affect 

the results (Spreling 2007). 
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Figure 33. COD classification (Kemira 2022) 

 

4.10  Nitrogen 

Nitrogen exists in nature as different compounds and it is while it can change into others 

encountering various reactions. In aquatic life nitrogen acts as a key parameter to handle and 

manage the aquatic pollution (Spreling 2007). 

Nitrogen is a crucial element for biological populations in wastewater treatment as a nutrient 

to be consumed by them. Hence, nitrification takes place and oxygen will be utilized by the 

bacteria which ends up with alkalinity reduction and in contrast to nitrification, throughout 

denitrification oxygen will be released. Also, it can play a key role in eutrophication control 

in water bodies or basins or affect the dissolved oxygen in the water. 

Total Kjeldahl Nitrogen (TKN) known as total nitrogen, indicates organic nitrogen which 

represents nitrogen compound in urea, and proteins, ammonia, nitrite and nitrate which are 

being consumed and produced during the three steps mentioned above in previous section. 

Nitrogen is a vital element in a microorganisms’ thriving (Spreling 2007). 

 

Nitrification is another type of oxidation through which ammonia turns into nitrite and 

consequently nitrate. Chemoautotroph biological organisms who take part in nitrification 

obtain carbon as an energy supply through 𝐶𝑂2 are responsible for oxidizing ammonia as 

reactions below: 
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𝑂2 + 𝑎𝑚𝑚𝑜𝑛𝑖𝑎 → 𝐻+ + 𝐻2𝑂 + 𝑛𝑖𝑡𝑟𝑖𝑡𝑒 + 𝑒𝑛𝑒𝑟𝑔𝑦 

𝑛𝑖𝑡𝑟𝑖𝑡𝑒 +  𝑂2 → nitrate + energy 

Denitrification takes place when nitrate transforms into nitrogen gas. 

 

Table 6. Proportion of free and ionised ammonia within total ammonia, as a function of pH 

and temperature (Davis 2019)  

 

 

 

Figure 34. Percentage of free ammonia (NH3) within total ammonia, as a function of pH 

and temperature (Davis 2019)  
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Figure 35. Epistyles and vorticella (Climate policy watcher 2022) 

 

In Figure 35 two types of stalked ciliates, epistyles and vorticella, who are in charge of 

performing nitrification in wastewater and soil, these species were introduced profoundly in 

previous chapters. Stalked cilia are comprised of a head, surrounded by cilia from the top 

side so that make the current or convey the bacteria and water into their mouth. But these 

cilia are not the only way to be used for feeding themselves. In addition, spring-like 

movements are also being performed by these species in order to maximize efficient 

nourishment (Climate Policy Watcher 2022). 

These branches of protozoa perform degradation of organic nitrogen combinations and urea 

decomposing ending up with ammonium ions and amino generation. 

It’s while nitrification is being done by other species as well, in fact enormous populations 

of microorganisms are able to perform nitrification. Majority of biological population 

contributing more in ammonium oxidization throughout the activated sludge encompasses 2 

kinds of nitrifying bacteria, nitrosomonas, and nitro bacteria. Discrepancy exists between 

these two sorts of bacteria, and it’s due to their performance as nitrosomonas is responsible 

to carry out degradation in which nitrites will be generated out of ammonia or ammonium 

ions and thereafter nitrobacteria generate nitrates from nitrite and this matter is being 

undergone significantly due to special enzymes these species possess. Hence, those part of 

nitro bacteria in charge of converting ammonium ions into nitrite are being called with 

nitroso- at the beginning, while other partition begins with nitro- who turns nitrite into nitrate 

functioning as nitrosomonas and nitro bacteria, respectively (Climate policy watcher 2022). 
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Nitrification to be attained by nitrification bacteria is thousand times more than other 

shacking microorganisms in aquatic life. Stalked cilia such as epistyles and vorticella 

execute lower rate of nitrification compared with nitrification bacteria and greater than any 

other living microorganism in wastewater treatment plant regardless of their capability but 

through their quantity (Climate Policy Watcher 2022). 

 

 

Figure 36. 14 months results of filaments’ change (lower graph) in comparison with 

nitrogen (upper graph). 

 

4.11  Phosphorus 

Industrial wastewater, especially those derived from forestry, often lack of sufficient amount 

of phosphorous. Hence, phosphoric acid is being augmented in order to fulfill the required 

phosphorous level in industrial wastewater treatment. Phosphorus demand emanates from 

energy required by biological organisms, providing species with energy to carry out 

metabolism, nurture their membrane, and deoxyribonucleic acid (Ahvenainen 2017). 

Wastewater contains large amounts of phosphate in contrast with phosphorus element which 

exists as phosphate ion through various chemical combinations. Orthophosphate (𝑃𝑂4
−3) is 

the most cardinal phosphate ion to be found in waste water suitable for metabolism 

undergone by microorganisms. As mentioned, various phosphate types exist in wastewater 

and every single kind obtains diverse contribution in sedimentation, adsorption and 

consumption by organisms. Hence, the proportion of phosphate and total phosphorus is a 

key indicator to assess the amount of eliminated phosphorus (Hamdan et al. 2019). 
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Figure 37. Filaments’ change (upper graph) comparing with phosphorus level (upper 

graph). 

 

4.12  Solids 

TS which is known as total solids meaning all the residues left after vaporization of the 

liquor, hence the whole types of compounds except dissolved gases, are included in the 

solids category. They can generally be divided into various types of classification. 

As a matter of size solids can be classified into suspended and dissolved solids. Regarding 

chemical features and properties solids will be divided into organic and inorganic solids or 

volatile and fixed solids, respectively, and according to settleability of these solids, they are 

either settleable or non-settleable. 

Suspended solids can reflect the context of various other indicators such as biological oxygen 

demand, chemical oxygen demand, phosphorus, etc. in contrast, soluble values of the 

mentioned indicators refer to dissolved solids. Dissolved solids is the term associated with 

solids smaller than 10−3µm, colloidal solids are solids larger than dissolved solids and 

smaller than 1 μm and larger solids are known as suspended solids. Chemically, 

classification of solids is in the way that in case solids encounter oxidation through 550 °C 

are being categorized as volatile (organic) and the remaining fraction is called fixed solids 

(non-volatile or fixed matter). 
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According to these features of solids, such as settleability, biodegradability, size, and so on, 

other indicators like BOD, COD, TOC and rest of the factors come along the assessment that 

are explained in previous segment at this chapter. 
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5  Methodology 

This chapter comprise of interviews have been done with consultation companies and key 

elements in Metsä group who obtain the expertise to get inspired by, afterwards historical 

data for past 5 years recorded in data centre of Metsä Board mill has been represented and 

respectively interpreted so that to achieve better insights and finally laboratory analyses have 

been carried out by the student to find the optimum temperature and pH for microbial thrive. 

Increment in incoming BOD and COD loads needed clearer vision about the temperature 

and pH range in which optimum purification can be accomplished. Environmental effects 

such as seasons and none-environmental elements like flow alteration could end up with 

elimination of some species in bacterial life encountering low effluent quality. 

5.1  Interviews 

Solid and practical perspective in treatment’s methodology highly demands consultation 

with professionals. Professionals and representatives from consultation companies 

elaborated in this chapter via separated interviews. The summary of these interviews are 

provided by their profession in below. 

Representative A and representative B from consultation company A 

Industrial paper board folding’s wastewater mostly contains less nutrients in comparison 

with municipal influent. We need to add nitrogen and phosphorus in the biological stage. 

Hard COD which is not degradable, so coagulant is vital for precipitation in pre-clarifier, 

hard COD such as lignin-based materials. All the substances under COD are organic. The 

biodegradable portion is almost the same as BOD.  

Readily, biodegradables are food for metabolism. Slowly biodegradable partially makes the 

surface of the cell. Non-biodegradables are fractionized into particulate and soluble; part of 

particulate form will go to WWTP with sludge and the soluble part is the one which is called 

COD that remains in the effluent after biological treatment and needs tertiary treatment such 

as aluminium-based product or ferrous-based product to precipitate the hard COD part to the 

soluble form (Figure 33). 
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In Simpele’s mill alum is being used in primary sedimentation. WWTP is responsible for 

handling hard COD and of course part of the COD is needed in the biological treatment 

section to be consumed. But mostly the food for microbes is being maintained from urea and 

phosphoric acid.  

COD is the amount of oxygen needed to break down the chemical compound, mainly carbon 

compounds, while BOD is the oxygen demand for biological breaking down these 

compounds.  

Electrocoagulation was discussed and discussion concluded in no usage of this method for 

wastewater from packaging, as this method outperforms in lower flow amounts and specific 

industries with high sensitivities. 

Also, it was discussed as we are inserting alum and sodium hydroxide at the same point, 

which order is better to add these compounds at which points, and the result was it’s better 

to have sodium hydroxide before alum. Typical precipitation for aluminium products is 

dependent on temperature. At pH 6, optimal precipitation can occur at 20 °C. Therefore, in 

case we insert aluminium sulfate first, pH drops, but if sodium hydroxide is used first, pH 

increases, and adding alum leads pH to the proper precipitation pH. Both are added before 

pre-clarifier, regardless of distance between these two inlet points for two chemicals, it’s 

crucial to achieve good mixing of sodium hydroxide and stable pH values. And in case the 

temperature is higher, a lower pH is demanded to enhance precipitation. So the theoretical 

pH for 40 degrees should be around 4.7.  

Sulfuric acid and sodium hydroxide are the chemicals which are cheap and available to 

handle the pH in the wastewater. Biological activity out of aeration should decrease the pH. 

 



78 

 

 

 

Figure 38. PH and temperature corelation 

 

According to Figure 38, in real life, the optimal pH for each temperature should be slightly 

higher than these theoretical values. Controlling the temperature is quite energy consuming, 

so other values should be set according to temperature.  

It was asked in case the temperature before aeration remains 26 °C, and in case ferric sulfate 

being used as coagulants, does it make foam situation better in pre-clarifier? And the answer 

was it can make more pH shock as ferric sulfate demands in lower pH to attain better 

precipitation, so this pH shock will provide more foam. Carbonate used in main board 

machine stems from calcium carbonate. It exists in influent as a soluble form to be treated 

in WWTP. When it meets the alum addition before the pre-clarifier and its pH reduces 

dramatically, foam will be generated from carbon dioxide bubbles. Suggested solution to 

remove the foam was defoamers, since even a slow reduction in pH can cause carbon dioxide 

generation as if pH approaches below 6.8 carbon dioxide generation is inevitable. Dosing 

point for defoamer to be added was discussed and result was same or almost near the point 

which alum is being added shall be selected; and water-based defoamer was the suggested 

one which also doesn’t need to be added in large amount. 

Another topic discussed with consultant company A, was about the effect of temperature on 

DO. They believed that lower temperatures like 25 or 30 degrees are not that much different 

in DO level but when the temperature reaches above 40 °C, then it might affect the biological 
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life as it will be evaluated in this work comprehensively, and results will be demonstrated in 

this very chapter. 

It was also mentioned by representative A, that the optimal temperature for bacteria is the 

temperature close to the human body, which is 37, as their activity is optimal. Therefore, 

biological organisms can survive in lower temperatures, but in theory optimal activity is at 

temperatures around 37 °C.  

Filamentous were put under investigation and the conclusion was that a low and moderated 

amount of them is quite helpful as they degrade COD, but larger amounts will lead to lower 

sedimentation.  

There should be diversity in wastewater biological life. If feeding remains the same and 

bacteria would be eliminated, same kind of bacteria would reproduce and grow once again. 

There is not much to do for bacterial species, but filamentous should be avoided though it is 

not easy and takes months and weeks. 

The post-clarifier’s shape is one of the questions that which shape has better performance if 

it is rectangular or circular, and regardless of the shape, capability of the clarifier is a point 

and its space shall be considered. 

The next topic was related to sludge retention time, and its calculation, which is explained 

in the 4th chapter comprehensively, including the formula and the figure. Once again, sludge 

from the pre-clarifier was discussed as it won’t be recirculated in the system but it will be 

dewatered and mixed with other biofuels to be burned in the powerplant for heat recovering. 

Therefore, pre-clarifiers will be excluded from the sludge retention time’s calculation. In 

case WWTP is suffering from enormous amount of worms’ quantity living in sludge, 

reducing sludge age might help. 

Calculation of water retention in pre-clarifier was practiced as formula in below: 

[Basin’s volume (m3)/Flow (m3/day)]*24 

It was declared by representative B, that bubble size in the aeration basin can affect the 

process, plays a huge role in transferring oxygen to the microbes specially in the first 

segment of the aeration, as it can have nearly zero oxygen from previous steps and it has the 

most biological activity since returned sludge also will be inserted in that very point. 
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Excess sludge from the aeration pool and post-clarifier will be added to the sludge removed 

away from the pre-clarifier. Afterwards it will be moved towards the filter press machine to 

be dewatered. It’s important to note that more the biological sludge share is attained in mixed 

sludge, the harder sludge dewatering will be. 

Final suggestion for improvement in wastewater treatment’s quality was online controlling 

in treatment system for instance online monitoring of alum addition as well as other 

indicators (Tchobanoglous et al. 2003; suez 2022; Hamdan et al. 2019; The waste water blog 

2016; Kemira 2022). 

Representative C from consulting company B 

It was discussed about using alum (aluminium sulfate), and optimal pH in pre-sedimentation, 

the suggested value for pH was decimals of 6, which are lower than 7 in case total solids 

removal is increased.  

Pre-sedimentation is known as a critical unit process as large amounts of suspended solids 

are incoming to the pre-clarifier, and after that biological step is known as an important role 

in wastewater treatment. Reasonable pH can lead waste water purification to the optimal 

state. Activated sludge process was discussed as the simplest and the most suitable process 

to treat the wastewater for pulp and paper mills or similar factories. 

Another subjective of this interview as concerning about activated sludge improvement 

resulting in amelioration of aeration in aeration basin, sludge age monitoring leading in 

better sedimentation, hence reasonable increment in sludge age will result in better 

sedimentation in post clarifier and better sedimentation. Low pH was known to be better for 

coagulation, so inserting two or more chemicals at the same point will reduce the processes 

efficiency. Few amounts of adding oxygen will reduce the amount of acid production and 

will solve foaming problem in pre-clarifier, which is the cheapest way as far as adding 

chemical is pricy due to massive amount of required chemical. In order to add oxygen in a 

pre-clarifier, it might be a good idea to recirculate water from aeration to a pre-clarifier. 

Reduction in retention time of influent in pre-clarifier can help as it is anaerobic digestion 

and it will lead to volatile acid generation. Hence, shorter retention time in pre-clarifier will 

provide better quality of wastewater, leading to next steps. Representative C, believes that 

40 °C is the maximum working temperature for the wastewater treatment operation; unlike, 

low temperature for instance 15 °C will affect biological life. It was also conversed that 
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swimming bacteria are a sign of suitable activated sludge and good quality of effluent. Lack 

of nutrients and oxygen can end up with an excess amount of amoeba and filaments. It was 

a guess to us that amoeba and filaments are pretty much good in surviving throughout 

temperature alterations, and representative C had the very same opinion about these species, 

as a result, free swimming bacteria are the first species to be eliminated in pH/temperature 

alterations or any toxic compounds. 

Nitrification is vital and in case it’s being attained, means that effluent is intact and not toxic 

compounds exist in influent as it can easily affect nitro bacteria. Then nitrate is another proof 

that our wastewater treatment is working properly, also in paper and cardboard mills and our 

own company which deals with similar influents. Nitrification is more taken into account as 

we lack nutrients and we don’t suffer from an excess amount of nitrogen. In contrast, if 

biological life is not suitable in activated sludge, effluent will contain ammonium.  

Excess biological sludge is conveyed to thickener so that the concentration of the sludge will 

be increased to 2 or 3 percent, then it will be pumped to the collection tank to be mixed with 

primary sludge. Afterwards, polymer or in some cases iron will be added so that better 

dewatering can be achieved. 

At the end it was discussed if aluminium and ferrous are toxic for the biological life, iron is 

not toxic and microbes need a moderate amount of iron to grow and aluminium in high 

concentration just can be dangerous which it can be observed from our biological diversity 

that they are working properly with current concentration. 

Expert A in wastewater treatment 

In this interview first, we talked about the permission, which includes nitrogen, phosphorus, 

biological oxygen and chemical oxygen demand in addition to solid emissions, AOX loads 

and heavy metals that should be monitored on a monthly basis. AOX is organic compounds 

deriving from bleaching process and since there is no AOX emission in Simpele Metsä 

Board company, there is no requirements for observation. Heavy metals are being reported 

annually. 

This expert believes that biological wastewater treatment plants are efficient in terms of 

energy usage and effluent quality. All indicators should be in good condition to claim the 

wastewater treatment plant is working properly. Hence, only based on bacteria, temperature 

or pH, a solid judgment can’t be obtained.  
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Flow and alteration of flow were noticed as an important parameter that can compromise the 

WWTP efficiency, temperature, and pH alterations. As well as other professionals, she 

counts flow as a key indicator playing a role in purification.  

Depending on the mill type, various measurements are being performed, in case of activated 

sludge; some will be undergone before aeration pool; some shall be done after and rest at the 

end of the purification, which is after secondary sedimentation before discharge. There are 

also some measurements to be done before pre-clarifier.  

Differences in wood also discussed, which might contain different organic compounds and 

nutrients between summer and winter, incoming to the treatment plant. In winter time wood 

should be defrosted, ending up in sludge increments and those contain BOD load requiring 

in more nutrients, while in summer time wood possesses more nutrients. 

Bacteria helpful to the treatment plant were mentioned as cilia and rotifers; in contrast 

amoeba and worms, in case they exist in excessive amount, shall bring problems and 

interrupt flocculation and sedimentation. Filaments were declared indicating in lack of 

sufficient oxygen and nutrients in addition to not optimal pH. Neutral pH was suggested for 

the aeration pool and sudden changes should be avoided. 

Optimal temperature, suitable for biological life mentioned in the range of maximum 38 °C 

and preferably not below 20. Same as pH, sudden alterations should be avoided. Retention 

time and sludge age were identified as indicators influencing sedimentation.  

Various toxicity tests are being performed every now and then. Chlorination and UV 

disinfection are not being used as our treatment plant is conventional and they have mostly 

municipal usages. Primary sludge can be utilized as fertilizer, but secondary sludge doesn’t 

seem to contain enough nutrients for agricultural purposes and is mostly being burned in 

incinerators.  

Big bubble size will be transferred easily to the air and smaller bubbles will be absorbed in 

the water and help biodegradation to be performed more efficiently. 

It was asked how the empty basin can be full of sludge after a few days, are we buying or 

importing some bacteria from any other place? And in answer, the water and sludge 

recirculation will assist in sludge forming and reproduction till we achieve the proper 

concentration. 
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Expert B in wastewater treatment 

Measurements take place at three points, incoming flow, after pre-clarifier and third after 

post-clarifier, and the rest of the measurements are being done in the laboratory. Some 

parameters like phosphorus and nitrogen are being measured in an online manner. 

Treatment is easier when temperature is not high and too low. 30-35 is a preferred 

temperature, so it was seen that wastewater treatment usually obtained a better situation in 

June, July and also September and October. Content and quality of the wood, phosphorus 

quality might be different in summer and winter time. 

Stable operation in mill results in stable and smooth treatment. Maintenance and starting/shut 

downs influence on effluent, more solid contents and pulps, chemicals will lead into the 

WWTP. Before alum, ferric sulfate has been used also for sludge treatment before filter press 

stage. During the last years, if it has been a difficult period, ferric sulfate has been used in 

the way of sludge coming back to aeration. 

In 2006 the capacity of board machine has increased and some water connections have been 

changed. In 2009 bleaching of the pulp was stopped; paper making was stopped in 2010. 

Second-board machine capacity increased in 2011 and these all made significant effects on 

the influent’s quality. Also, it was discussed that winter time could have been most 

problematic. 

 

5.2  Historical data 

In this work, data collected from the activated sludge processes of the Metsä Board treatment 

plant are utilized. In urban wastewater treatment, seasons and environmental conditions can 

play a major role in the outcome of the treatment process. In industry, environmental impacts 

and conditions can be more easily standardized. But flow rates, chemical composition, and 

especially temperatures can vary widely, although the greatest changes are sought to be 

compensated by safety basins. Based on the data collected from the processes, the effects of 

temperature variation on the activated sludge process were investigated in particular. 5 years 

data from the Simpele’s Metsä Board process for the time intervals from march 2017 to 
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march 2022 have been selected for graphical analysis so that the effects of the seasons, flow 

and temperature alterations can be observed. 

In this section, past 5 years record of the mill has been collected from the data centre for 

assessment to select better hypothesis about suitable environmental condition, in which 

microbial population can thrive and grow better and carry out purification more efficient and 

how alum performed over ferric sulfate which was being used time to time. The last time 

ferric sulfate was used was in February 2021 for a few weeks and results were not satisfying. 

The subjective of this section is to analyse how bacteria, mentioned in previous chapters, are 

responding to temperature and pH changes with respect to both treatment lines. 

 

 

Figure 39. Inverse effect of pH on filaments in first line. 

 

In the Figure 39 correlation between filaments situation and pH. PH tolerance ranges 

between 6.5 to approximately 8. It’s not possible to interpret bacterial populations just based 

on one indicator, regardless of other indicators. But considering the majority of responses 

mutual between different timings and seasons, a more comprehensive perspective can be 

found. The first line obtained both moderated and excess amounts of filaments at different 

pH values. It should be noted that historical data is not provided every day, but once every 

two or three days, and that the figure is drawn based on interpolation. It can be observed that 

while pH is above 6.5 and below 7, the filaments are in a moderated condition. 
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It can also be realized after 2022 filaments are increased, especially in first line, and it can 

be one of the effects of using aluminium sulfate. 

 

 

Figure 40. Inverse effect of pH on filaments in second line. 

 

PH alterations in second line responses similar to the first line, it can be perceived that neutral 

pH provides a better situation for filaments and an alkaline environment can cause either 

excessive filaments or a deficit value needed to support purification. 

 

 

Figure 41. Inverse relation of high temperature and filaments in first aeration line. 
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From the Figure 41 and Figure 42 that are illustrating the effect of temperature on filaments’ 

condition in first and second line respectively, it’s easily perceived or clearly understood that 

while temperature lower below 30°C, filaments are dramatically increasing and in contrast 

when temperatures reach 30°C filaments are being reduced to the moderated value. As a 

conclusion, it can be found that temperature and filaments are in an opposite relationship. 

These statements for the second line are more reasonable compared to the first line. At the 

end of 2021 filaments situation worsened and after that regarding usage of alum, it can be 

seen that filaments were escalated to higher levels. As a matter of fact, filaments are not 

dependent only and only on temperature, but also a combination of temperature with pH and 

flow and other factors are contributing to this matter. 

 

 

Figure 42. Inverse relation of filaments and temperature in aeration second line in this figure 

and aeration 1 it's obvious that below 30 degrees filaments increase with 4-5 days delay. 

 

A comparison between filaments’ situations among first and second lines is demonstrated in 

Figure 43. It’s worthwhile to remember the second line obtains a greater flow rate rather 

than the first line, however, possessing a larger aeration pool and post clarifier. It can be 

understood that filaments’ conditions are not desirable in comparison with the second line, 

although parameters are in a similar and relative manner. It also can be discovered that during 
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winter time filaments are increasing and in summer time a moderated amount can be found. 

Also, in summer 2021 filament situation is not favourable and it can be perceived that 

coagulant enhances filaments profile which in current year alum is being used. 

 

 

Figure 43. Filaments in both line during last 5 years. 

 

Figure 43 shows the filaments’ level during past 5 years in both lines; it can be seen that in 

2017 and 2018 the filaments’ level in second line is worse than in first line, and in contrast 

in 2021 and 2022 first line is found in worse condition respect to filaments. 

After discovering temperature effects on filaments, effects caused by pH and temperature 

alteration on other species have been traced and shown as following. In the Figure 44, 

different pH levels during similar time interval as mentioned above has been demonstrated 

regarding first line, and rotifers’ status can be described as when pH is below 7, rotifers are 

in sufficient amount and it’s while pH approaches above 7 and even exceeds to 7.5 rotifers 

reach to zero. 
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Figure 44. Rotifers correlation with pH in first line. 

 

The second line identical to the first line, represents similar results to pH variations; it can 

be realized from the Figure 45 that a pH status higher than 7 can eliminate rotifers and 

provide a moderated value of rotifers in the summer time. It should be considered that 

temperature also plays a key role in this matter.  Taking a glance at both lines, it can be seen 

that rotifers have been slightly reduced after alum utilization. 

 

 

Figure 45. Rotifers correlation with pH in second line. 
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As mentioned, temperature is an important indicator when it comes to assessing bacterial 

life and activity, in the below, temperature variation, and rotifers’ quantity is demonstrated 

to investigate rotifers’ state differences during longer time intervals. 

 

 

Figure 46. Rotifers correlation with temperature in first line.  

 

Taking a look at both lines in Figure 46 and Figure 47, it can be found that temperatures 

below 30 °C rotifers are not in a moderated amount anymore, which is not favourable. 

Sudden changes in temperature can affect the balance in rotifers’ population, as in both 

graphs, after each sudden temperature alteration, quantity of bacteria decreases while stable 

temperature or at least small variations can lead to bacterial improvement. 
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Figure 47. Temperature’s effect on rotifers in second line. 

 

Another species that is evaluated is flagella, which was previously explained 

comprehensively in the third chapter; in this section flagella’s interaction with temperature 

changes has been analysed and results are demonstrated in below. 

 

 

Figure 48. Temperature’s effect on flagella.  

 

0
0.5
1
1.5
2
2.5
3
3.5
4
4.5

0
5

10
15
20
25
30
35
40
45

3
/1

1
/2

0
1

7
 0

:0
0

5
/1

1
/2

0
1

7
 0

:0
0

7
/1

1
/2

0
1

7
 0

:0
0

9
/1

1
/2

0
1

7
 0

:0
0

1
1
/1

1
/2

0
1
7

 0
:0

0

1
/1

1
/2

0
1

8
 0

:0
0

3
/1

1
/2

0
1

8
 0

:0
0

5
/1

1
/2

0
1

8
 0

:0
0

7
/1

1
/2

0
1

8
 0

:0
0

9
/1

1
/2

0
1

8
 0

:0
0

1
1
/1

1
/2

0
1
8

 0
:0

0

1
/1

1
/2

0
1

9
 0

:0
0

3
/1

1
/2

0
1

9
 0

:0
0

5
/1

1
/2

0
1

9
 0

:0
0

7
/1

1
/2

0
1

9
 0

:0
0

9
/1

1
/2

0
1

9
 0

:0
0

1
1
/1

1
/2

0
1
9

 0
:0

0

1
/1

1
/2

0
2

0
 0

:0
0

3
/1

1
/2

0
2

0
 0

:0
0

5
/1

1
/2

0
2

0
 0

:0
0

7
/1

1
/2

0
2

0
 0

:0
0

9
/1

1
/2

0
2

0
 0

:0
0

1
1
/1

1
/2

0
2
0

 0
:0

0

1
/1

1
/2

0
2

1
 0

:0
0

3
/1

1
/2

0
2

1
 0

:0
0

5
/1

1
/2

0
2

1
 0

:0
0

7
/1

1
/2

0
2

1
 0

:0
0

9
/1

1
/2

0
2

1
 0

:0
0

1
1
/1

1
/2

0
2
1

 0
:0

0

1
/1

1
/2

0
2

2
 0

:0
0

Second Line

Rotifers Temperature C

0
0.5
1
1.5
2
2.5
3
3.5
4
4.5

0
5

10
15
20
25
30
35
40
45

3
/1

1
/2

0
1

7
 0

:0
0

5
/1

1
/2

0
1

7
 0

:0
0

7
/1

1
/2

0
1

7
 0

:0
0

9
/1

1
/2

0
1

7
 0

:0
0

1
1
/1

1
/2

0
1
7

 0
:0

0

1
/1

1
/2

0
1

8
 0

:0
0

3
/1

1
/2

0
1

8
 0

:0
0

5
/1

1
/2

0
1

8
 0

:0
0

7
/1

1
/2

0
1

8
 0

:0
0

9
/1

1
/2

0
1

8
 0

:0
0

1
1
/1

1
/2

0
1
8

 0
:0

0

1
/1

1
/2

0
1

9
 0

:0
0

3
/1

1
/2

0
1

9
 0

:0
0

5
/1

1
/2

0
1

9
 0

:0
0

7
/1

1
/2

0
1

9
 0

:0
0

9
/1

1
/2

0
1

9
 0

:0
0

1
1
/1

1
/2

0
1
9

 0
:0

0

1
/1

1
/2

0
2

0
 0

:0
0

3
/1

1
/2

0
2

0
 0

:0
0

5
/1

1
/2

0
2

0
 0

:0
0

7
/1

1
/2

0
2

0
 0

:0
0

9
/1

1
/2

0
2

0
 0

:0
0

1
1
/1

1
/2

0
2
0

 0
:0

0

1
/1

1
/2

0
2

1
 0

:0
0

3
/1

1
/2

0
2

1
 0

:0
0

5
/1

1
/2

0
2

1
 0

:0
0

7
/1

1
/2

0
2

1
 0

:0
0

9
/1

1
/2

0
2

1
 0

:0
0

1
1
/1

1
/2

0
2
1

 0
:0

0

1
/1

1
/2

0
2

2
 0

:0
0

First Line

Flagella Temperature C



91 

 

 

Flagella are one of those species which have significant influence on wastewater treatment 

purification in activated sludge method. Describing flagella’s interactions with temperature 

is a bit different with other species at this point out of their population. It can be found from 

both Figure 48 & Figure 49 that before 2022, when there was not constant usage of coagulant 

dosage, above 35°C flagella’s state is mostly towards reduction and elimination, while at 

temperatures below 35°C amount of them is moderated and desirable. Difference is in 

summer 2022 when alum has been used and by increasing the temperature flagella have also 

improved and this improvement was continued till temperature is going beyond 36°C. 

 

 

Figure 49. Flagella’s change regarding temperature in second line. 

 

Comparing both lines’ flagella status with respect to temperature, which almost has 

similarity during 5 past years, it can be seen that first two initial years flagella have had 

lowest amount overall, in 2029 situation enhanced and again till December 2021, situation 

worsened. From December 2021, situation slightly changed in both lines and overall level 

of flagella has been increased. One reason could be less pH alteration, as we will see in 

below, or alum utilization, but it can be interpreted that under 35°C flagella increase. 
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Figure 50. Flagella alteration due to various pH in first line. 

 

As mentioned in Figure 50, pH resonance has been reduced since September 2021; it can 

lead to bacterial levels enhancement. Still, flagella are not increased till temperature 

approaches 30°C. The overall amount of flagella in the first 3 months of 2022 is not the most 

value compared to previous years, so alum usage is not a case in the scope of flagella. Hence, 

pH from 6.75 to 7.25, cooperating with temperature about 30-35°C can result in flagella 

enhancement. 
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Figure 51. Flagella alteration due to various pH in second line. 

 

PH changes in the second line are parallel to the first line and no differences can be observed 

between them. But flagella is slightly different on these two lines. It can be seen that in the 

second line flagella have not been reduced as much as the reduction, observed in the first 

line. It can be understood that flagella is mostly controlled by temperature rather than pH. 

 

 

Figure 52. Temperature’s effect on free cilia in first line. 
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Free cilia are the next species to be evaluated regarding temperature and pH. From the Figure 

52 relating to the first line, it can be observed that above 35°C barely free cilia exceed the 

temperature curvature indicating that free cilia have reached their maximum amount. 

 

 

Figure 53. Temperature’s effect on free cilia in second line. 

 

Taking a look at Figure 53 same pattern is being discovered that free cilia are not interested 

in temperatures above 35°C; hence in both lines condition is compliant with another. No 

major changes can be detected due to alum utilization. 
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Figure 54. PH effect on flagella according to the first line. 

 

Surprisingly, at this point free cilia in first line obtain better value comparing with second 

line. It can be seen that lower pH maintains a better situation for free cilia to thrive; it can be 

found that pH levels below 7.5 and above the 6.5 provide a better condition for the 

microorganisms. 

 

 

Figure 55. PH effect on flagella according to the second line. 
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Stalked cilia alike free cilia are one of the cilia species contributing a significant share into 

the wastewater treatment. It can be said that similar to free cilia, stalked cilia are also more 

dependent on temperature rather than pH. 

 

 

Figure 56. Temperatures effect on stalked cilia according to first line. 

 

Figure 56 and Figure 57 demonstrate stalked cilia’s level on the right side of the graph and 

the temperature on the left hand side. A timeline is set on the horizontal line below of all the 

graphs in this chapter to highlight variations within 5 past years. Referring to the previous 

paragraph from both lines graph, it can be observed that stalked cilia did not reach to the 

maximum level unless the temperature reaches about 33°C. PH variations and their influence 

on stalked cilia are explained below. 
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Figure 57. Temperatures effect on stalked cilia according to first line. 

 

As seen in Figure 57, high and low temperatures reduce stalked cilia; these changes should 

be studied also regarding pH variations, regarding to the Figure 58, pH after May 2019 has 

lower alteration, and it can be a reason that afterwards stalked cilia obtained better quantity 

comparing before that date. It seems that at pH near 7, cilia are in a moderated situation and 

low pH, for instance 5.5-6 and higher values such as 7.5 lead to elimination of this species. 

 

 

Figure 58. PH effect on stalked cilia according to first line. 
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Second line Figure 59 similar to first line, has better condition after December 2021, which 

shows alum usage was beneficial. Surprisingly above pH equal to 7 stalked cilia can be 

observed in a good condition. This might mean that stalked cilia are better not to be 

compared by the pH, or maybe some errors might be included. 

 

 

Figure 59. PH effect on stalked cilia in second line. 

 

Another species to be studied is the amoeba, a microorganism, which has been studied in 

previous chapters. Amoeba is not as favourable as cilia and rotifers, but a few of them can 

be desirable. Hence, in explaining amoeba’s condition it is not tried to find the maximum as 

optimum amount here is meaning that its value is equal to 1 or 2, and 4 is completely 

unwelcome. 
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Figure 60. Temperature changes and amoeba correlation in first line. 

 

Briefly looking into Figure 60 and Figure 61, it can be quickly come to mind that higher 

temperatures above 30°C accomplished optimal conditions for this species, and it’s while 

when the temperature proceeds below 30°C with a short delay, amoebae increase to 

excessive amounts, which is not helpful. 

 

 

Figure 61. Temperature changes and amoeba correlation in second line. 
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Previously, temperature’s effect on amoebae was discussed. Below pH’s influence on this 

species will be considered. Before that it’s worthwhile to mention on 2017 and 2018, 

amoebae obtained the lowest value throughout the historical background. This value 

increased in 2019 and after that it has been reduced until today and it can be observed that 

first three months of 2022 moderated amount of amoebae have been found in both lines. It 

can be interpreted as lower tolerations in pH levels led amoebae to the moderated level.  

 

 

Figure 62. PH effect on amoebae level in first line. 

 

Both Figure 62 and Figure 63 represent that pH lower than 6.5, likewise higher than 7, leads 

to excessive and inimical amounts of this species. At this point and regarding both lines it 

can be conclude that amoebae are dependent on temperature and pH together as it was 

evaluated in the laboratory in next chapter, and their environment changed once regarding 

pH, and once upon the temperature and amoebae were the microorganisms not being 

reduced. 
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Figure 63. PH effect on amoebae level in second line. 

 

In the former chapters it was studied that worms are from the animal kingdom of eukaryotes, 

similar to rotifers but not as appreciated as rotifers. Moderate amount of worms indicates in 

healthy sludge condition, while excessive amount indicates in high sludge age and it 

interrupts flocculation and sedimentation. 

 

 

Figure 64. Temperature and worms interrelation regarding first line. 
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Figure 64 and Figure 65 alike previous comparison regarding pH as the following are 

demonstrated in shorter time-lines due to less data available compared to previous species. 

It’s not necessary to take a deep look into the interaction between temperature and worms in 

both lines as while temperature is proceeding above 30°C worms tend to eliminate and 

swiftly as temperature recedes below 30°C number of worms increases. 

 

 

Figure 65. Temperature and worms interrelation regarding second line. 

 

Sequels of temperature changes were studied, hence it’s noteworthy to consider the pHs’ 

differences and the consequences in the past 28 months. 
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Figure 66. PH effect on worms regarding first line. 

 

Looking at both Figure 66 and Figure 67 it has been represented that the worms are being 

reduced in first three months of the year compared to the same time on the previous year 

beside the pH was more desirable for worms to grow and it can be an advantage of using 

alum specially in the second line which is designed in below. Regarding pH, it is not an easy 

task to interpret the correlation between this species and pH level, but it can be declared that 

a pH value below 7 is desirable for worms. 
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Figure 67. PH effect on worms regarding second line. 

 

5.3  Laboratory analysis 

This subjective of this section is to investigate how the biological life responses to rapid 

alterations it has been encountered throughout diverse experiments bacteria are adoptable to 

slow variations in their environment hence in this work it was strived to find out sudden 

changes in pH and temperature and eventually its influence on biological life. Before diving 

into the depths of the analyses and obtained results, it should be declared how and based on 

what information this data has been provided. Ordinary process to assess daily information 

about bacteria needs an operator (in this work it has been done by publisher itself) in a way 

that two different marked vacuumed laboratory bottles have been used for each purification 

line. Samples were taken mostly in the morning and brought to the laboratory for further 

analyses. Laboratory works in room temperature, necessary training about bacterial life was 

held by the laboratory supervisors to make sure each category is well been familiarized so 

that analyses carried out precisely. Laboratory water-bath was being utilized in order to 

achieve higher temperatures and consequently samples became warm enough to be analysed 

under a microscope. In case temperature was demanded to be increased before investigation 

under microscope or it was not, prior to pouring sample drops on the slide; pH and 

temperature for every individual observation has been done by a probe capable of measuring 
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both parameters at the same time. Probe needed to be calibrated each morning to carry out 

analyses during the very same day with two different liquids obtaining different pH. A set 

of practical bacteria counting was held to make sure bacteria were being measured as they 

were supposed to. Hence, regarding mentioned procedure and after carrying out practical 

experiments following results have been achieved. 

Number of 13 samples have been collected every morning from the end of both aeration 

pools were usually samples are collected for laboratory tests. Among those, the 9th and 13th 

samples were not included in the first two tables below as they were analysed just once per 

day, and it was pointless to demonstrate what happens to each sample being out of the 

aeration pool in the laboratory environment for further analyses. As mentioned in previous 

chapters, it is known that lack of oxygen weakens the biological life in activated sludge 

slightly, and it can be found in both tables below that from 9 o’clock in the morning till 

afternoon, bacterial life become weaker and some types such as flagella, free cilia and stem 

cilia. 

It should be mentioned that experiments are done, in such a way that each species is being 

ranged from zero to four. If a sample contains from zero to 5 bacteria from any species, then 

it will be graded as 1, from five to ten is known as 2, between ten and twenty as 3; and a 

greater amount than twenty is recorded as 4. Investigations have been done with 100X and 

400X magnification. Below, the accumulated value of biological life is demonstrated. 
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Figure 68. Bacterial profile before and after maintenance, during the experimental day in 

first line 

 

In some experiments it can be found that surprisingly, bacteria are increasing in the last 

experiment of the day compared with morning measurements, and it might happen due to 

many reasons and interruption. Some of these bacteria are stronger to environmental changes 

such as filaments and amoebae, and some predators such as rotifers are able to feed 

themselves with dead smaller bacteria and reproduce, or even the fact that bacteria 

encountering undesired environment and due to metabolic reduction are able to maintain a 

seed bank to get along with the new environment. Eventually, a lack of oxygen and nutrients 

will lead the state of the sample towards a none-stable manner, which means some bacteria 

will dramatically be reduced regarding many factors. 
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Figure 69. Bacterial profile before and after maintenance, during the experimental day in 

second line 

 

Another set of experiments done under controlled situation not to exceed the desired 

temperature, samples as beakers were located in laboratory water bath and another beaker 

containing water, both placed in the water bath, each equipped with thermometers to measure 

the temperature constantly. Afterwards, samples were extracted, temperature and pH 

measured and recorded in the log book. In Table 7 results in microbiological life have been 

represented regarding temperature alteration from environmental temperature (or better to 

say, influent temperature derived from the mill in May) to 40°C. 

 

Table 7. First line’s temperature increment and bacterial condition. 

Temperature Rotifers Free Cilia Stem Cilia Flagella Amoeba Worms Filaments 

25.2 3 3 2 4 4 1 2 

26.2 4 4 4 4 4 1 2 

27.2 4 4 3 4 4 1 2 

28.2 3 4 3 4 4 1 2 

29.2 3 4 3 4 4 1 2 

30.1 4 4 4 4 4 2 2 

31 4 4 4 4 4 1 2 

32.4 4 4 3 4 4 1 2 

33.1 4 4 4 4 4 2 2 
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34.1 4 4 4 3 4 2 2 

35.2 4 4 3 3 4 1 2 

36.2 3 4 3 1 4 2 2 

37.4 3 4 3 2 4 1 2 

38.2 3 3 4 2 4 1 2 

39.4 3 3 3 1 4 1 2 

40 2 2 2 0 4 1 2 

 

In Table 7 and its corresponding Figure 70, temperature effect on bacterial populations 

existing in activated sludge is investigated. According to the graph in chapter 3.1. implying 

in ideal bacterial population. Desired population is when sample obtains majority of flagella, 

free and stalked cilia with minorities such as rotifers and amoebae, this is while at 40°C the 

state of bacterial life is vice versa, flagella are eliminated and both counted cilia categories 

are fewer than any other analysed temperatures, similar to the state in 25°C. Between these 

two mentioned temperatures, samples attained better quality, but it is not enough to know 

the best environment. In order to elaborate more, it should be mentioned that filaments 

remained the same throughout all tests, and the value was moderated as we studied in 

previous chapters; few numbers of filaments can bring advantages to floc formation. In first 

line flagella started to reduce above 33°C and it’s accepted till 38°C; previously, we found 

out that reduction also might happen due to lack of nutrients and anaerobic conditions. Next 

species in sensitivity are free & stalked cilia, observed in proper quantities between 26 and 

38°C, regardless of fluctuations that might be influenced by lack of oxygen. Rotifers are 

existing in excessive amounts below 36 degrees and between 36°C and 39°C the quantity is 

reasonable. As seen in previous tables regarding samples remaining out of the aeration pool 

for hours, it was seen that worms are increasing in anaerobic environment; hence in the graph 

70 it’s quite obvious that worms tend to grow to greater quantities, but temperature increment 

is a strong barrier. So far, the proper temperature generally can be suggested in the range 

from 28°C to 38°C. To find more precise temperature, rest of the tables should be described 

and well understood. 
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Figure 70.  Microbial profile in various temperatures regarding first line. 

 

In addition to measuring the quantity of microbiological life, it is worthwhile to take the 

activity of these species into consideration as well. Hence, another factor for some of these 

bacteria is specified. Not all the bacteria’s activities are taken into account, such as amoebae, 

worms and filaments regarding their lack of movement, or their lower importance in cases 

if they move, such as worms. Activity of the bacteria is ranged from zero to 3, respectively 

zero activity indicates in no movement, dead species, no current around bacteria’s cilia if 

existed, while 3 indicates in great livelihood, fast movement, mature bacteria and current 

made around species derived by their cilia’s rotation which could be seen under the 

microscope. It’s not obvious how activity might be effective, but it shouldn’t be worthless 

to qualify the quantity of bacteria measured previously. Table 8 indicates biological activity 

during temperature alterations. 

 

Table 8. Bacterial activity regarding various temperatures in first line. 

Temperature Rotifers’ Activity Free Cilia's Activity Stem Cilia's Activity Flagella's Activity 

25.2 2 2 2 1 

26.2 2 2 2 1 

2 5 . 2 2 6 . 2 2 7 . 2 2 8 . 2 2 9 . 2 3 0 . 1 3 1 3 2 . 4 3 3 . 1 3 4 . 1 3 5 . 2 3 6 . 2 3 7 . 4 3 8 . 2 3 9 . 4 4 0

3
4 4

3 3
4 4 4 4 4 4

3 3 3 3
2

3

4 4
4 4

4 4 4 4 4 4
4 4

3 3

2

2

4
3

3 3

4 4
3

4 4
3

3 3
4

3

2

4

4
4

4 4

4 4
4

4
3

3

1
2 2

1

0

4

4
4

4 4

4 4
4

4
4

4

4
4 4

4

4

1

1
1

1 1

2
1

1

2
2

1

2
1 1

1

1

2

2
2

2 2

2
2

2

2
2

2

2 2 2

2

2

FIRST LINE

Rotifers Free Cilia Stem Cilia Flagella Amoebae Worms Filaments



110 

 

 

27.2 2 2 2 2 

28.2 2 2 2 1 

29.2 2 2 2 1 

30.1 2 2 2 2 

31 2 2 2 2 

32.4 2 2 2 2 

33.1 3 2 3 2 

34.1 2 2 3 2 

35.2 2 2 2 1 

36.2 2 2 2 1 

37.4 2 2 2 1 

38.2 2 2 2 1 

39.4 2 2 2 1 

40 1 1 2 0 

 

Figure 71 is plotted based on Table 8 to obtain a better interpretation. Activity of four species 

distributing more in activated sludge to purification, are accumulated with each other and 

demonstrated. At temperatures above 38°C activities dramatically approach zero. It can be 

found that from 28 to 35°C activities in the first line are acceptable and the optimum amount 

is 33°C. 
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Figure 71. Bacterial activity regarding various temperatures in first line. 

 

Same procedure has been performed for the second line which obtains better situation 

regarding greater volumetric value of aeration basin and post clarifier, accordingly, nutrient 

dosing as well. Uniformly, as in previous tests, samples were taken from the end side of the 

aeration pool, and results put on record as Table 9. 

 

Table 9. Second line’s temperature increment and bacterial condition. 

Temperature Rotifers Free Cilia Stem Cilia Flagella Amoeba Worms Filaments 
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36.1 4 4 2 3 4 1 2 

37 4 4 3 3 4 1 2 

38 4 4 3 3 4 1 2 

0

2

4

6

8

10

12

FIRST LINE'S ACTIVITIES REGARDING 

TEMPERATURE

Rotifer's Activity Free Cilia's Activity

Stem Cilia's Activity Flagella's Activity



112 

 

 

39.1 4 4 3 2 4 1 2 

40.2 4 3 2 2 4 1 2 

 

As demonstrated in Figure 72, likewise first line, the second line is reacting to temperature 

alterations. Worms are less in this line as this line obtains better aeration and larger volume; 

otherwise, filaments and amoebae are not changing regarding temperature as well as rotifers 

which underwent reduction in first line’s tests. Free cilia are reduced above 39°C. Lower 

quantities of flagella can be observed above 38°C, the same as stem cilia at 39°C. In this 

line, optimum temperature might be known as 33 to 35°C. 

 

 

Figure 72. Microbial profile in various temperatures regarding second line. 

 

So far it was found that respecting temperature, at 33°C, first line better results were attained 

concerning bacterial quantity and activity; likewise in second line, bacterial population was 

in optimum manner. It’s time to assess activity on the second line. Table 10 is the statistic 

achieved for this matter. 
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Table 10. Bacterial activity regarding various temperatures in second line. 

Temperature Rotifers’ Activity free cilia's Activity Stem Cilia's Activity Flagella's Activity 

28.6 2 2 2 2 

29 3 2 2 2 

30.01 2 2 2 3 

31.3 2 2 2 2 

31.9 2 2 2 2 

33 2 2 2 2 

33.9 1 2 2 1 

34.9 1 2 2 1 

36.1 2 1 2 1 

37 1 1 2 1 

38 1 1 2 1 

39.1 1 1 1 1 

40.2 1 1 1 1 

 

Investigation of bacterial activity in the second line shows that an increment in temperature 

leads to activity reduction. 33°C found to be the last temperature at which bacteria have 

acceptable movement, size, cilia rotation in order to make current leading to fed themselves. 

After 33°C activities lessen and tend to zero. Hence, it can be declared that 33°C is the 

optimum temperature for both purification lines 37°C as the maximum after which treatment 

becomes depreciated. 
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Figure 73. Bacterial activity in second line regarding different temperatures. 

 

In this chapter favourable temperature for bacterial life was achieved; nevertheless even at 

optimum temperature, activated sludge can be diminished as well and it can happen due to 

adverse pH or nutrition level which will be discussed further in this very section. Table 11 

represents pH transformation from 5, which is the lowest experienced pH, to the 9 as the 

highest value. 
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Table 11. PH and Species quantity in First Line 

pH Rotifers Free Cilia Stem Cilia Flagella Amoeba Worms Filaments 

4.97 4 4 4 2 4 1 2 

5.46 4 4 4 3 4 1 2 

6.07 4 4 4 3 4 1 2 

6.55 4 4 4 4 4 1 2 

6.75 4 4 4 4 4 1 1 

7 4 4 4 3 4 2 2 

7.55 4 4 4 4 4 1 2 

7.91 4 4 4 3 4 1 2 

8.52 4 4 4 3 4 1 2 

9.05 3 3 3 3 4 1 1 

 

Figure 74 is sketched based on the data provided in Table 11; it can be interpreted that a pH 

value lower than 6.55 has caused a reduction in flagella’s quantity and above 7.55 flagella 

decreases, above pH equal to 8.5 cilia population becomes lower as well. 

 

 

Figure 74. Bacterial profile regarding pH alterations in first line. 
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Previous investigation in pH might discover and ascertain the pH range in which microbial 

population is more desirable. But it is worthwhile to take bacterial activity into account 

regarding both lines to recognize the optimum pH, for bacteria to grow and perform efficient 

purification in activated method. 

 

Table 12. PH alteration and biological activity in first line. 

pH Rotifers’ Activity Free Cilia's Activity Stem Cilia's Activity Flagella's activity 

4.97 2 3 2 1 

5.46 2 2 2 3 

6.07 2 2 2 2 

6.55 2 2 2 3 

6.75 2 2 2 2 

7 2 2 2 2 

7.55 2 2 2 2 

7.91 2 2 2 2 

8.52 2 1 2 1 

9.05 2 1 2 1 

 

Figure 75 is drawn for a better understanding of biological activity regarding pH conversion 

in the first line. To find out the general distribution of all species, data obtained from whole 

observations are accumulated and the Table 13 is obtained. As predicted before rotifers are 

not undergoing any changes as they are stronger than most of the other races. Interestingly, 

stem cilia also behaved similar to rotifers; therefore aggregated results differ in flagella and 

free cilia’s activity concluding in better performance in pH range from 6 to 8. More exact 

value will be recognized further after analysing the second line’s reaction to pH alterations. 
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Figure 75. PH alteration and biological activity in first line. 

 

As per below, obtained results regarding second line has been demonstrated. The second 

column from the right carries results for aeolosoma instead of worm category, and it’s due 

to no nematodes observed during analyses in second line samples. PH range converted as 

same as first line. 

 

Table 13. PH and Species quantity in Second Line 

pH Rotifers Free Cilia Stem Cilia Flagella Amoeba Aeolosoma Filaments 

5.01 4 3 4 2 4 1 2 

5.5 4 4 4 2 4 1 2 

5.99 4 4 4 3 4 1 2 

6.5 4 4 4 2 4 1 1 

6.74 4 4 4 3 4 1 1 

7.08 4 4 4 3 4 1 1 

7.53 4 4 4 3 4 1 1 

8.01 3 4 4 3 4 1 1 

8.55 4 4 3 3 4 2 1 

9 3 4 3 2 4 1 1 

 

Figure 76 indicates in a proper environment regarding pH, between 6.74 to 8, almost similar 

to first line’s results. In first line filaments were in minimum amount grading as 1, in pH 
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equal to 6,75. In second line also same value was obtained, so far it can be result in better 

biological population.  

 

 

Figure 76. Bacterial profile regarding pH alterations in second line. 

 

Also, first line discovered to obtain better performance in 6.55 which is near to 6.75. 

Therefore, evaluating the second line can lead to achieve better conclusions about pH level. 
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Table 14. PH alteration and biological activity in second line. 

pH Rotifers’ Activity Free Cilia's Activity Stem Cilia's Activity Flagella's activity 

5.01 2 1 2 1 

5.5 2 1 2 1 

5.99 2 1 2 1 

6.5 2 2 2 2 

6.74 2 2 2 2 

7.08 2 2 2 2 

7.53 2 2 2 2 

8.01 2 2 2 2 

8.55 2 1 1 2 

9 1 1 1 2 

 

PH diversion in second line, will make certainty if concluded pH value is proper or not. In 

Figure 77 it can be seen that biological activity in pH intervals starting from 6.5 to 8 is the 

maximum aggregated quality of bacteria. Regarding previous investigations mentioned 

above and taking both lines into account, it can be declared that favourable pH interval for 

biological life is from 6.55 to 7, despite in pH equal to 7 worms were increased in first line. 

 

 

Figure 77. PH alteration and biological activity in second line. 
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Finalizing assessment done so far, aggregated filaments in both lines are demonstrated in 

Figure 78 and it clearly shows that mentioned pH interval is aligned with the results from 

filaments and it can be concluded that pH equal to 6.75 is the optimum pH for biological life 

regarding sedimentation and favourable environment to thrive and perform purification 

process.   

 

 

Figure 78. Accumulative quantity of filaments in order to compare between both lines in 

different pH. 

 

Hitherto, everything was analysed in the scope of pH and temperature alterations, during the 

May, maintenance stop was scheduled and board machine stopped working for a week from 

7th to 13th. During the maintenance effluent discharged to the river was reduced and nutrient 

dosing ceased. In parallel with the dosing halt, influent flow reduced dramatically. In Figure 

79, flow and nutrient alterations effect is discovered. 
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Figure 79.  Effect of nutrient ceasing and flow reduction on rotifers in both lines. 

 

It can be observed that after 7th of May, rotifers in the second line dramatically increase and 

it can be caused by other species weakening and losing life leading to rotifers to graze on 

them and at the end of the maintenance week rotifers also dramatically decreased due to 

increased sludge age, other predators such as worms who are in the same category as rotifers 

and food will be reduced for both of these two species and after 13th of May dosing resumed 

and rotifers increased right after. 

 

 

Figure 80. Effect of nutrient ceasing and flow reduction on free cilia in both lines. 
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Figure 80 and Figure 81 illustrate the effect of pause/resume nutrient dosing and flow 

alterations in free cilia and stem cilia, respectively. Population in cilia changes in contrast to 

rotifers; these species reduce dramatically as they are indicators for proper situation in 

activated sludge. Hence flow reduction and sludge reduction leading in sludge age increment 

and lack of nutrients which ends up with weakening cilia is obviously visible from these 

figures, how they approach to zero and after resuming nutrition and turning situation to 

normal they become stronger, even bigger in size and fast in movements and currents they 

make by cilia around their mouth. 

 

 

Figure 81. Effect of nutrient ceasing and flow reduction on stem cilia in both lines. 

 

In Figure 82, the same effect recorded to the flagella, generally protozoa became smaller, 

slower and fewer due to nutrient pausing, and they got back on track. Flagella and free cilia 

reduction was greater in first line; therefor this result can be obtained that first line which is 

smaller, has shown more decency in nutrient dosing rather than second line when protozoa 

are being quantified. 

 

0

0.5

1

1.5

2

2.5

3

3.5

Flow & Nutrient effect on Stem-Cilia

Stem Cilia-1st Line Stem Cilia-2nd Line



123 

 

 

 

Figure 82. Effect of nutrient ceasing and flow reduction on flagella in both lines. 

 

Finally, yet importantly, filaments’ reaction to nutrient and flow alteration was assessed and 

the result are shown in Figure 83; it can be explicitly declared that low flow and nutrient 

stop worsened the filaments existing in the waste water influent to be purified, alike rotifers.  

 

 

Figure 83. Effect of nutrient ceasing and flow reduction on filaments in both lines. 
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6  conclusion 

In this work, different microorganisms playing a role in the activated sludge and contributing 

to the activated sludge were distinguished and comprehensively explained. Different steps 

of purification have been provided and described in details. Environmental indicators 

affecting microbial life to thrive and enhance the purification to be done on their own were 

studied and explained. Various industrial characteristics of wastewater treatment were 

recorded and have been written. 

After recognition of microorganisms having positive or negative influences on the 

wastewater effluent leaving to the water bodies after treatment process, various effects based 

on indicators such as temperature and pH, dissolved oxygen, biological oxygen demand and 

chemical oxygen demand were discussed and results have been recorded and represented. 

Numerous data as tables and graphs to provide better understanding and profound 

interpretation have been issued and located in this paper. This data has been provided from 

the data centre where all information is being collected and recorded in the mill’s history 

and evaluated afterwards in 5th chapter. 

Portion of the results were obtained by the student, based on the instructions provided by 

professional experts who work in the laboratory and operators responsible for wastewater 

treatment handling department. Samples have been collected on the daily basis and evaluated 

right after in laboratory under supervision of laboratory experts and calibrated instruments. 

Regarding packaging and folding boxboard, Metsä Board wastewater treatment plant 

required temperature and pH to obtain optimum condition for microorganisms for better 

purification was achieved as 33°C and 6.75 respectively. It was shown that after 35°C 

microorganisms encounter reduction and weakening leading into other predators graze on 

them and affect the effluent quality significantly. Similar to higher temperatures at lower 

temperatures, also similar impacts were observed.  

It should be noticed that various indicators contribute to the wastewater treatment, maybe 

not on the same scale, but it can interrupt the purification chain comprising of various 

indicators such as DO, nitrification, etc. 
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Various conditions of production in the mill were assessed including before maintenance 

and main machinery stops, meanwhile and afterwards. It was discovered during the 

maintenance while nutrients are nor dosing anymore regarding influent reduction, bacteria 

become smaller and weaker, no enough nutrients are provided for them and predators will 

graze on them, hence the bacterial population undergoes a big change and ends up in 

deviation from stable situation. 

It was tried to eliminate any human error or instrumental errors regarding sampling, 

observation under microscope, studying the microbial species, etc. by providing sufficient 

instructions and experts to evaluate the results beside historical review, which could be able 

to successfully support the discovered results but still, it should be mentioned that regarding 

minor errors as for any unpredicted factor out of the scope of the study, negligible uncertainty 

might exist. 

It should be considered that microorganisms thrive in various temperatures and 

environmental conditions if the condition change is smooth; in contrast, sudden changes 

result in deviation from stable bacterial populations ending up in low effluent quality. 

Furthermore, regarding the current situation of the wastewater treatment process in which 

NaOH and alum are being dosed in a near location before the pre-clarifier, it can be 

suggested to replace the point in which NaOH is being dosed to the location after pre-

clarifier. 

Another suggestion to improve bacterial quality in the initial anaerobic part of the 

purification that is pre-clarifier is to maintain oxygen inlet at the latest part of the influent 

pipe before pre-clarifier. This amount will enhance the bacteria and provide them few 

amount of oxygen so that they can thrive more during the retention time in the pre-clarifier 

and achieve better performance, which leads to reduction in foam generation and makes the 

rest of the treatment slightly easier. 

It was also found that aeration in the aeration pool is responsible not only to stirring the 

activated sludge and providing better exposure of solids and microbes but also it provides 

microbes sufficient oxygen to thrive and reproduce; therefore finer size of the bubbles can 

lead to better respiration of microorganisms and better exposure of oxygen within the 

mixture. It’s worthwhile to mention that air inlets can provide microorganisms with nitrogen 

existing in the air. 
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Providing a heat exchanger in the debarking mill which obtains high temperature can be 

advantageous method to increase the influent’s temperature in the winter time and reduce 

the temperature in winter. As reduction and increment of temperature with other sources 

consume enormous amount of energy heat exchanger seemed the best option. 

At the moment alum is being dosed regarding the flow portion and it might conclude in 

lacking or excessive amount of alum; hence providing proper measuring devices for alum 

and NaOH, dosing regarding BOD and COD will provide better quality of effluent from the 

pre-clarifier. 

As it was found that filaments reach undesired levels due to lack of nutrients, nutrient dosing 

should be measured and dosed regarding the incoming influent’s characteristics. Also, pH 

shock with respect to dosage of alum and NaOH is a main contributor to the existing foam 

in pre-clarifier. 
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