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Because of the demands set by the environmental authorities and the legislation, a study of 

environmentally harmful and hazardous substances was carried out in the Rauma forest mill 

area and in the biological wastewater treatment plant during the spring 2018. The target of 

the study was to find out the total load of the harmful substances from forest industry pro-

cesses to wastewater and from the combined wastewater treatment plant to the ocean. In 

addition, the measured values were compared to the substances’ threshold values to find out, 

which of the pollutants are required to be reported forward and to be under control require-

ments also in the future. Based on the experimental part of the study, routines to measure 

environmentally harmful substances from wastewater were created for future measurements. 

 

The study included two-week sample collecting time in Rauma forest industry area and in 

the combined wastewater treatment plant. Another sampling was done to find out the most 

suitable stabilizing method for wastewater samples. Wastewater samples were sent to an 

external laboratory to be analyzed. The most suitable external laboratory was selected by 

putting the commercial laboratories out to a tender. In addition, also the analysis supply of 

the laboratories for environmentally harmful substances were charted. 

 

The results showed E-PRTR substances as As, Hg, Cd, Cr, Cu, Pb, Ni, Zn, total N, total P, 

TOC, PCDD/F, fluoride and chloride to be the E-PRTR substances, which are under the 

control requirement also in the future measurements. From priority substances, bronopol was 

not detected from any wastewater samples or sludge, so in the future, there should only be 

an obligation to keep a record of the used amounts of bronopol. 

 

The total reduction of chelating agent EDTA showed to be over 94 %, so at this moment, 

additional actions are not needed to reduce the amount of EDTA in wastewater. However, 

the use of biodegradable chelating agents or removing, recycling or recovering EDTA can 

be considered in the future. The best stabilization method for EDTA samples seemed to be 

stabilizing the wastewater samples with 37% formaldehyde. 
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Erilaisissa ympäristösäädöksissä ja Rauman yhteisjätevedenpuhdistamon ympäristöluvassa 

on määritelty mitattavaksi jätevedestä ympäristölle haitallisesti yhdisteet, kuten E-PRTR –

asetukseen ja vesipuitedirektiivin prioriteettilistaan kuuluvat yhdisteet sekä kelaatinmuodos-

tajat EDTA ja DTPA. Tämän tutkimuksen tavoitteena oli mitata nämä yhdisteet Rauman 

metsäteollisuusalueen eri jätevesivirroista yhteispuhdistamolla. Tutkimuksessa selvitettiin 

yhdisteiden pitoisuudet ja käyttäytyminen eri jätevesivirroissa sekä kokonaiskuormitus puh-

distamolta mereen. Ne yhdisteet, jotka ovat tarkkailun alla myös tulevaisuudessa, saatiin 

selville vertailemalla mitattuja pitoisuuksia yhdisteille asetettuihin raja-arvoihin. Yksi tär-

keimmistä tavoitteista tutkimuksessa oli luoda mittauksiin perustuen mittausrutiini yhdis-

teille. 

 

Kokeellinen osa suoritettiin keräilemällä jätevesinäytteitä kahden viikon ajan ja lähettämällä 

ne ulkoiselle laboratoriolle analysoitavaksi. Koska mukana oli myös yhdisteitä, joita ei olla 

puhdistamolla aikaisemmin mitattu, kartoitettiin laboratoriotarjonta kaikkien tutkimuksessa 

mukana olleiden yhdisteiden osalta. Sopivin laboratorio valittiin vertailemalla laboratorioi-

den tarjontaa ja analyysien hintoja. 

 

Tulokset osoittivat seuraavien E-PRTR –yhdisteiden olevan mittausvelvoitteen alla myös 

tulevaisuuden kartoituksissa: As, Hg, Cd, Cr, Cu, Pb, Ni, Zn, N, P, TOC, PCDD/F, fluoridi 

ja kloridi. Prioriteettiaineista mittausvelvoiteuhan alla ollutta bronopolia ei havaittu mistään 

jätevesi- eikä lietenäytteestä, joten bronopolilla ei pitäisi tulevaisuudessa olla kuin käyttö-

määrien kirjanpitovelvoite. 

 

Kokonaisreduktio kelaatinmuodostaja EDTA:lle oli yli 94%, joten ylimääräisiä toimenpi-

teitä määrän vähentämiseksi jätevedessä ei toistaiseksi tarvita. Mikäli tutkimusta halutaan 

jatkaa, voidaan harkita biohajoavia kelaatteja tai EDTA:n kierrätystä tai talteenottoa. Paras 

stabilointimenetelmä EDTA:ta sisältäville jätevesinäytteille oli kestävöinti formaldehydillä. 
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1. INTRODUCTION 

 

Environmental issues are becoming more and more important. Different environmental leg-

islations and regulations have been set to control pollutant releases from industrial processes 

and to prevent the damaging of the environment. The concern of released pollutants is con-

centrated especially to environmentally harmful and hazardous substances, which usually 

appear in trace levels, are slowly degradable and can bioaccumulate into environment. 

Most common sources for environmentally harmful and hazardous substances into industrial 

processes are raw material and process chemicals. By-products formed in the processes may 

also be harmful itself or react with other substances by forming the environmentally harmful 

substances. 

Wastewater treatment plants are considered as single point loads of the environmentally 

harmful and hazardous substances. Biological wastewater treatment plants are designed to 

remove solid substances and nutrients from wastewater, but removal of chemicals and by-

products formed in the industrial processes may be difficult. Consequently, environmentally 

harmful substances may pass the treatment process without removal. 

1.1 Background of the study 

 

Under the operation of UPM Rauma mill, the combined wastewater treatment plant treats 

wastewater from UPM paper mill, Metsä Fibre pulp mill and the city of Rauma containing 

also wastewater from HK Scan poultry plant. In the new environmental permit of the com-

bined wastewater treatment plant, demands to measure and analyze environmentally hazard-

ous and harmful substances are set for E-PRTR substances, priority substances and chelating 

agents. Finnish Centre for Economic Development, Transport and the Environment has also 

defined a method to evaluate, whether priority substances, which do not have a control re-

quirement yet, need to be included in the future to the environmental permit under the control 

requirement too. 

Based on the requirements set by the environmental authorities, there is a need for a study 

to find out the load of environmentally harmful substances from Rauma forest industry pro-

cesses and to find out what is the total load of the substances from the combined wastewater 
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treatment plant to the ocean when also municipal wastewater is led to the wastewater treat-

ment system. With the total loads, following issues are achieved: 

1. The contents and calculated released amounts are compared to threshold values set 

for the environmentally harmful substances. With the comparison, substances that 

need to be reported to the European pollutant and transfer register and for the envi-

ronmental authorities are found out.  

2. With the comparison, substances having a control requirement in the future are 

found out. 

3. By having information of possible sources of harmful substances to wastewater and 

the behavior of substances in different parts of the wastewater treatment process, 

possible methods to decrease the contents of substances can be considered. 

The second section of this study considers chelating agents EDTA and DTPA. The contents 

of EDTA and DTPA are measured and with the results, following is achieved: 

1. Mass balances of EDTA and DTPA can be calculated and their total reduction from 

processes to the combined wastewater treatment plant and further the reduction dur-

ing the wastewater treatment process can be found out. 

2. Based on the total reduction, it can be said whether there is a need for further actions 

to reduce the use of chelating agents. Possible actions to reduce the use of non-bio-

degradable chelating agents are also discussed. 

Because there hasn’t been earlier control requirement to measure chelating agents from 

wastewater, there is a lack of knowledge to measure them in the combined wastewater treat-

ment plant. In this study, the main target related to chelating agents is to create a routine to 

measure EDTA and DTPA from wastewater. Measurement routine is considering especially 

their sampling, stabilizing and storing. 

In the environmental permit, analysis of environmentally harmful and hazardous substances 

are defined to be analyzed by an external accredited and competent laboratory. That is why 

there is a need to find out the commercial laboratory supply in Finland for analysis needed 

in this study, but also in the future to measure harmful substances which most probably 

appear in wastewater from forest industry processes. In the experimental part of the work, 

laboratories are put out to a tender and the most suitable laboratory is selected to carry out 
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analysis. The possible co-operation in the future with a selected laboratory to carry out anal-

ysis of harmful substances from wastewater samples is discussed too.  

There is also a need to find out the potential of sludge formed in the biological wastewater 

treatment process to the further utilization. This concerns especially the environmentally 

harmful substances, which may attach to sludge and prevent the utilization of sludge for 

example as fertilizer. The contents of environmentally harmful substances are going to be 

analyzed from a sludge sample and compared to their limits defined in the legislation.   

The experimental study is carried out by having a two-week lasting sampling period and 

sending samples to the selected external laboratory. Because the load of harmful substances 

is wanted to be known from both of the mill areas and in different parts of the wastewater 

treatment process, samples are taken in different places as UPM paper mill, Metsä Fibre pulp 

mill and in the combined wastewater treatment plant. To get the right samples, the work 

requires to get familiar with forest industry processes. Also, the knowledge of common man-

ners in paper mill’s processes and mill environment is required to carry out sampling. In the 

experimental part, things having impact to sampling in the mill area and things should be 

taken into account also in the future sampling are discussed too. 
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2. FOREST INDUSTRY PROCESSES IN RAUMA  

 

Two forest industry operators are located in the city of Rauma. Forest industry complex is 

formed by UPM Rauma paper mill and Metsä Fibre pulp mill.  

2.1 UPM Rauma Paper Mill 

 

In UPM Rauma Paper mill, uncoated and coated paper for magazines and catalogues are 

produced in three paper machines PM1, PM2 and PM4. End products for PM1 and PM4 

lightweight coated (LWC) papers are usually advertising material, special magazines and 

sales catalogues. Super calendered (SC) paper produced in PM2 ends up to advertising ma-

terial and sales catalogues. (Rauma Mill presentation 2017). In the same mill area is also 

located RaumaCell, which produces high quality fluff pulp for hygiene products and napkins. 

(UPM RaumaCell 2018). UPM Rauma mill area is presented in Figure 1. 

 

Figure 1. Air view to the UPM Rauma Mill area. In the background of the picture locate Metsä 

Fibre Pulp Mill and Port of Rauma. (Rauma Mill presentation 2017). 

Pulping process in the mill is consisting of two-lined debarking plant, two grindings, and 

two thermo-mechanical pulp lines TMP3 and TMP4. (UPM, 2018a) In 2015, one of the 

TMP4 lines was reconstructed to chemi-thermomechanical pulp line (CTMP). (Environmen-

tal permit, 2016). 
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Electricity and process steam for the processes are produced in the bio power plant consisting 

of two boilers. The biopower plant is also producing electricity and district heat for the city 

of Rauma. (Biofore 2016). Most of the fuel for the bio power plant is consisting of sludge 

from the biological wastewater treatment plant, wood bark and logging residues. (Rauma 

Mill presentation 2017). 

Raw water for the processes is treated in the water supply plant located in the mill area. 

Wastewater from the processes is led to biological wastewater treatment plant, in which ac-

tivated sludge process treats contaminants before purified water is led to the ocean. Raw 

water treatment plant and biological wastewater treatment plant are both operated by the 

personnel of UPM. (Biofore 2016). 

All the processes in the mill area are carried out under pulp and paper BAT-document’s 

(Best available technique) instructions to follow emissions limits. Different observations and 

deviations in emissions are immediately reported to the system called Clean Run. (UPM, 

2018b). Furthermore, all the possible environmental risks are examined, and risk analysis 

have been made to prevent environmental damages. (UPM, 2018c). In addition, one of the 

most important themes in the mill is a process safety. Observation related to the safety issues 

is continuously made and reported lacks corrected. (UPM, 2018d). 

2.2 Metsä Fibre Pulp Mill 

 

In the Rauma pulp mill, elemental chlorine free (ECF) bleached softwood pulp is produced 

for magazine and specialty papers by the 650 000 t/a capacity. Pulp production process is 

consisting of a single process line. (Metsä Fibre, 2015a).  

The pulp mill gets its process water from the chemical raw water treatment plant of UPM 

mill area. Furthermore, effluents from the pulping process is led to the combined wastewater 

treatment plant. In the same effluent stream together with pulp mill wastewater is also 

wastewater from the tall oil products manufacturer Forchem. (Metsä Fibre, 2015a). 

In the pulping, most of the wood is used as raw material. Wood residues, as lignin, are ex-

cellent bioenergy sources to produce electricity and heat. In addition, environmental impacts 

are minimized by recovering cooking chemicals in the recovery boiler. Wastewater effluent 

volumes are also minimized by water circulations. (Metsä Fibre, 2015b). 
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3. WATER USAGE AND EMISSIONS TO WASTEWATER IN FOREST IN-

DUSTRY PROCESSES 

 

Water is one of the most important components in pulping and paper making and is used in 

large volumes. However, with effective water circulation solutions water consumption has 

decreased, and environmental impacts has become lower. (UPM, 2018e). In general, water 

consumption in paper industry has been reduced 2/3 from the water consumption back in the 

beginning of 21st century. By the intensification of water circulations and reducing the ef-

fluent volumes, the energy and chemical consumption in wastewater treatment plants have 

become lower too. (UPM, 2018f). In Figure 2, process water consumed in the UPM pulp and 

paper mills in 2008-2017 is showed. (UPM, 2018g). 

3.1 Water usage in mechanical pulping and paper making 

 

Water is used in several different steps in mechanical pulping and paper making processes. 

One essential task is to use water to transport fibers, dissolved compounds and heat. Water 

is an essential parameter in stock chemistry, because without water, cellulose molecules in 

fibers would not form hydrogen bonds. (Knowpap, 2016b) Water is also used in cleaning, 

for example to wash away chemical residues and dissolved compounds from pulp after per-

oxide bleaching in TMP. (Siirtola, 2016). Washing of wires and felts in paper machines is a 

water consuming factor too. (Metsäteollisuus, 2017). 

 

Figure 2. Consumed process water [million m3] per produced pulp and paper [million t] in the 

UPM pulp and paper mills. In the figure, green bar is for the amount of process 

water, yellow line for the pulp production and grey line for paper production. (UPM, 

2018g).  
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3.2 Water usage in chemical pulping 

 

Water is the most essential component in the chemical pulping processes. In the beginning 

of the process, debarking of the wood consumes water. In the cooking, chips are cooked in 

the white liquor and fibers are remained in water (Knowpulp, 2016). Washing of the pulp is 

done to remove black liquor formed in the cooking and to prevent cooking chemicals enter-

ing bleaching stage. (Metsä Fibre 2015c). In addition, cooling water is used to transfer heat 

in the process. (Knowpulp, 2016).  

The main water consuming process is the bleaching stage, in which the brightness of the 

pulp is increased with bleaching chemicals and residual lignin is removed. (Knowpulp, 

2016). Wastewater from the bleaching stage contains salts as chloride and potassium from 

the bleaching chemicals and can not be used in the water circulation as process water. These 

salts would accumulate in the water circulation being harmful in another process stages. 

(Knowpap, 2017).  Metsä Fibre pulp mill produces wastewater to the biological wastewater 

treatment plant about 30 000 - 40 000 m3/d. (Metsä Fibre 2015c). 

3.3 Composition of wastewater from pulp and paper mill processes 

 

In general, the most significant components in process effluents from pulp and paper mills 

are wood and its extractives as lignin, alcohols and starch. Part of chemicals and additives 

used in the processes are led into wastewaters too. (Ashrafi et al. 2015).  

In chemical pulping, major wastewater volume comes from the bleaching stage and depend-

ing on the used wood and the type of the bleaching process, compounds in wastewater vary. 

(Knowpulp, 2007b). In the Metsä Fibre Rauma mill, bleaching is a four-step ECF process in 

which alkaline and acidic bleaching stages vary. Bleaching chemical is chlorine dioxide, 

sodium hydroxide and sulphuric acid are used to set pH. (Metsä Fibre 2015c). Between the 

alkali and acidic bleaching stages, pulp is washed, and alkali and acidic wastewater are led 

to the wastewater treatment plant. (Knowpulp, 2007b). 

In paper making processes, the majority of wastewater consist of paper machine circulation 

overflows. (Knowpap, 2017). Wastewater from the paper machines are mainly fiber content 

wastewater, because there are separate treatment processes for wastewaters with high coat-

ing color content. For example, in PM1, a clarification unit is used to separate paste from 
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wastewater whereas in PM4 ultrafiltration is used before wastewater is led to wastewater 

drainage. (Environmental permit, 2016). 

In mechanical pulping and paper making, chemicals are relevant part of processes and should 

also be investigated when considering emissions to wastewaters. Chemicals can be divided 

to process chemicals and functional chemicals. Process chemicals are essential in paper mak-

ing process, functional chemicals on the other hand are used to rise up certain specific func-

tional properties of paper. (Finland’s environmental administration 2016). Chemical groups 

under process and functional chemicals in paper making processes are listed in Table 1. 

Table 1. Chemicals used in paper making processes can be divided to functional and process 

chemicals. (Finland’s environmental administration 2016). 

Functional chemicals  Process chemicals 

Polymer binders in paper coating Biocides / Biodispersants 

Coating additives Defoamers 

Chelating agents Flocculants & coagulants 

Colorants Retention / drainage aids 

Optical brighteners Fixatives 

Sizing agents Cleaners 

Wet and synthetic dry strength resins 

 

When examining emissions to wastewater from paper making processes, also chemicals used 

in mechanical pulping and especially in the bleaching stage should be studied. In the Rauma 

mill in TMP4, pulp is bleached with peroxide bleaching. Bleaching chemicals are then hy-

drogen peroxide H2O2, sodium hydroxide NaOH and sodium silicate Na2SiO3. Furthermore, 

chelating agent EDTA is used to bind harmful transition metal ions from the pulp. In TMP3, 

dithionite bleaching is used. EDTA is also used as pre-treatment method in TMP3 bleaching. 

(Siirtola, 2016).  

Tables 2 and 3 below list compounds usually occurring in wastewater effluent from pulp and 

paper mills. The compounds in Tables may also be compared to compounds being in 

wastewater treated in the combined wastewater treatment plant of the Rauma mill area. Ta-

bles only presents usually appearing compounds, not all the environmentally hazardous and 

harmful compounds which can appear and will be studied later in this thesis. 
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Table 2. Compounds usually appearing in wastewaters from different process stages of chem-

ical pulping process. (Pokhrel & Viraraghavan 2004, US EPA 1995, Knowpap 2017, 

Finland’s environmental administration 2016). 

Process stage (chemical pulping) Wastewater composition 

Wood preparation (de-barking, chip-

ping, chip washing) 

Bark, dirt, fibers, grit, suspended solids as fatty acids 

and resin acids 

Cooking Dissolved salts, COD, BOD, AOX, fatty acids, color, 

VOC’s as alcohols, phenols, acetone, chloroform. 

Pulp washing Suspended solids, BOD, COD, dark brown color 

Bleaching Fibers, salts, nitrogen, phosphorous, chlorate, chlo-

rinated substances, COD, AOX 

 

Table 3. Compounds usually appearing in wastewaters from different process stages of me-

chanical pulping and paper making. (US EPA 1995, Knowpap 2017, Finland’s en-

vironmental administration 2016). 

Process stage (mechanical pulping 

and paper making) 

Wastewater composition 

Wood preparation (de-barking, chip-

ping, chip washing) 

Bark, dirt, fibers, grit, suspended solids as fatty acids 

and resin acids 

Ground wood pulping (GW) Fibers, BOD, COD, P, N 

Thermomechanical pulping (TMP) Fibers, COD, BOD, P, N, AOX, suspended solids 

Chemi-thermomechanical pulping 

(CTMP) 

COD, BOD P, N, suspended solids, AOX, Sulphur 

Paper making Fibers and their fractions, coating chemicals, addi-

tives as fillers and coating pigments, COD, acetone, 

inorganic dyes 

 

All wastewater from the UPM mill area is led via wastewater drainage to the biological 

wastewater treatment plant. Different wastewater streams to this drainage are following: 

wastewaters from paper machines, wastewater from the barking plant and bio power plant, 

wastewaters from the laboratories, wastewater from the raw water treatment plant and 

wastewater from sanitary facilities. In addition, also excess water from the sludge compres-

sion in biological wastewater treatment plant is recycled back to the treatment process via 

the wastewater drainage. (Environmental permit, 2018). 



18 

 

In addition to process wastewaters, there are own canals for non-contaminated process cool-

ing waters which go straight to the ocean. Also storm waters from both of the mill areas are 

led to the canals. Online measurements and sampling are done from the canals to monitor 

the environmental loads. (Environmental permit, 2018).  
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4. WATER TREATMENT PROCESSES IN THE RAUMA MILL AREA 

 

There are two water treatment processes under the operation of UPM. Raw water used in the 

processes are treated chemically in the water supply plant located in the mill area. 

Wastewater from the processes are treated in the biological wastewater treatment plant. 

4.1 Chemical raw water treatment 

 

Raw water comes to the Rauma mill from the rivers Lapinjoki and Eurajoki. River water 

may contain components to be harmful in paper making processes, so quality of the water 

from these rivers is not good enough to be used straight to processes in the mill. Conse-

quently, water from the rivers are treated in the chemical water treatment process. (Quality 

guide for raw water treatment, 2015). The raw water treatment process is presented in Figure 

3 below. 

 

Figure 3. Chemical water treatment process in the Rauma Mill. The chemical treatment pro-

cess treats water for the paper making processes, RaumaCell and Metsä Fibre Pulp 

Mill. (Environmental permit, 2016). 
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Based on Figure 3, the raw water treatment is carried out in two-stage flotations. There are 

three simultaneous treatment lines. Ferric sulphate and polymer coagulant are used as pre-

cipitants. Sodium hydroxide is used for pH controlling. Flocculants formed in the flotation 

are raised up to the surface of flotation basins by air bubbles and removed as overflow. After 

the flotation stages, water is filtrated though a sand bed to remove smallest contaminants. 

Overflow from the flotation basins is led to the biological wastewater treatment plant. (Lem-

inen, 2015a) 

4.2 Combined wastewater treatment plant 

 

Biological wastewater treatment plant in the Rauma forest industry area is a combined 

wastewater treatment plant treating wastewaters from UPM Paper mill, Metsä Fibre Pulp 

mill and municipal wastewater from the city of Rauma. In the end of the year 2017, HK Scan 

poultry plant started production and wastewaters from the factory are nowadays also deliv-

ered to the combined treatment plant together with the Rauma city municipal wastewater. 

The combined wastewater treatment plant is a great example of persevering cooperator be-

tween industrial and public sector and many benefits can be reached both from the city of 

Rauma and industrial point of view. (Biofore 2016.) The combined wastewater treatment 

plant is showed in Figure 4 from air view. 
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Figure 4. Air view of the biological wastewater treatment plant. Behind the treatment plant 

locates Metsä Fibre pulp mill. (UPM Rauma Intranet 2018). 

Industrial sector consisting of UPM paper mill and Metsä Fibre pulp mill have their own 

advantages of the combined treatment plant. Wastewaters coming from both mills are very 

poor by their nutrients, so nutrients as phosphorus and nitrogen should be added into treat-

ment system to ascertain the functional ability of micro-organisms. Consequently, nutrient 

rich municipal wastewater is very valuable for the process and savings are reached, because 

the amount of added nutrients has become lower. (Kalske & Leminen 2018).  

Even though the combined wastewater treatment plant offers huge benefits for both public 

and industrial sectors, there might also be challenges. One challenge is related to sludge 

formed in conventional aerobic wastewater treatment process. Sludge is dewatered and 

burned in bioenergy plant located in the mill area. New approaches to exploit sludge are still 

needed. One solution would be to use it as fertilizer, but because of the legislation, harmful 

substances in conventional wastewater lower the potential to it. However, industrial 

wastewater may also include harmful substances binding to sludge, so the problem is not so 

unambiguous. Consequently, more studies are needed to determine the potential of sludge 

for further utilization. Harmful substances in sludge are considered later in this thesis. 

(Reilama 2018). 
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4.3 Biological wastewater treatment process 

 

Roughly described, the biological treatment process is consisting of one primary sedimenta-

tion tank, four cooling columns, one equalizing tank, two aeration basins and three secondary 

settling tanks. The treatment process is presented in Figure 5 below. 

 

Figure 5. Wastewater treatment process of the combined wastewater treatment plant. Figure 

is edited from the UPM presentation material (UPM Rauma Intranet 2018) 

As presented in Figure 5, wastewaters from forest industry comes straight to the screening 

and after screening to mechanical primary sedimentation. In this unit, solid suspension is 

removed from the water and lead to sludge compression stage. Excess water from the sludge 

compression is recycled back in the waste water stream at the beginning of the process. Mu-

nicipal wastewater from the city of Rauma goes straight to an aeration basin. (Leminen 

2015b) 

After the primary sedimentation, right pH is set by neutralizing wastewater. The target pH 

is around 7. At the same time, nutrients as phosphorous and ammonium are added if needed. 

Phosphorous is added as phosphorous acid and ammonium as urea. The target temperature 

in the aeration tank is around 34 degrees, so wastewater is led to equalizing tank via cooling 

columns to cool down wastewater if temperature of arriving wastewater is higher. Before 
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equalizing tank, there is also a possibility to lead wastewater to guard basin. This is done in 

cases wastewater contains substances to be harmful for microbes in the aeration basin. After 

wastewater has become back to normal, water from the guard basin can be recycled in a 

controlled way back in the beginning of the process. (Leminen 2015b) 

In the aeration basin, dissolved organic compounds are transformed into biomass under aer-

obic conditions. Also, nutrients as for example phosphorous and nitrogen are removed or 

transformed. Specific trace organic constituents and compounds are also removed. The re-

moval of dissolved organic substances and nutrients is based on the metabolism of micro-

organisms as bacteria, algae and fungi. (Samer, 2015).  

Influent arriving to the aeration basin is mixed with the activated sludge. Because the organic 

matter in wastewater can appear in very small particles, bacteria flocs come in contact with 

organic molecules and adsorb organic matter in larger particles. At the same time, micro-

organisms start their catabolism by energy production, which happens via oxidation-reduc-

tion reactions. The synthesis of new cell material happens via anabolism. (Davies 2005).  

Micro-organisms can be classified by their metabolism. The type of bacteria defines, which 

carbon sources micro-organisms use for their cell growth. Aerobic heterotrophs use organic 

carbon whereas aerobic autotrophs use carbon dioxide as carbon source. Energy sources for 

the micro-organisms are light or chemical oxidation. The metabolism of aerobic heterotrophs 

and autotrophs are shown in Figure 6. (Metcalf & Eddy 2003a). 

 

 

Figure 6. Metabolism of aerobic heterotrophs (on left side) as reduction of oxygen. Metab-

olism of aerobic autotrophs bacteria (on right side) is called denitrification. 

(Metcalf & Eddy 2003a). 
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There are certain parameters affecting to effectiveness of the treatment process. One of them 

is the amount of substrate, which control the yield of biomass. For example, in the case of 

aerobic treatment process, the biomass yield would be defined as following: (Metcalf & 

Eddy 2003a). 

Biomass yield Y = biomass produced (g) / COD or BOD removed (g) 

During the treatment process, substrate concentration begins to fall as the amount of pro-

duced biomass increases in the process. The ideal amount of influent BOD consumed at the 

end of the process is 90 - 95%. (Davies 2005). There is also a continuous oxygen demand in 

the activated sludge process to supply dissolved oxygen to micro-organisms and ensure the 

quality of effluent. Supplying compressed air to the system is still very energy intensive and 

constitutes most of the energy demand of the system. (Ozturk et al. 2016). The oxygen con-

sumption is depending on the reactor volume which on the other hand depends on the hy-

draulic residence time (HRT) and sludge retention time (SRT). (Dionisi et al. 2018). 

Environmental factors have huge effects especially to function of micro-organisms. Tem-

perature and pH are very important factors to take into consideration. For example, micro-

organisms have their specific optimum temperature and pH rates and radical changes in these 

may affect critically to the metabolic activity of micro-organisms and slows down the pro-

cess. In this way, temperature also affects to the sludge retention time (SRT) which tells the 

average time period sludge is remaining in the process and is a critical process parameter to 

design the activate sludge process. (Metcalf & Eddy 2003a). When considering nutrients, 

the ideal ratio for carbon to nitrogen to phosphorous (C:N:P ratio) is 100:5:1 in the aerobic 

treatment process. (Samer 2005). With the wrong nutrient dosage, the treatment efficiency 

decreases and sludge separation in the end of the treatment process is more problematic be-

cause the number of filamentous bacteria increases. (Yara 2018). However, the ratio between 

nutrients varies depending on the sludge retention time and other environmental conditions. 

(Metcalf & Eddy 2003a) 

Influent may also contain substances to be harmful to the activated sludge process. These 

substances are called as inhibiting compounds. Inhibiting compounds are problematic, be-

cause they slow down both the microbial growth and respiration of micro-organisms. (Ren, 

2004). The toxicity of inhibiting compounds is indicating as three different toxicity values 

EC50, EC20 and EC10 meaning the concentration which cause inhibition of 50%, 20% or 10% 
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or the micro-organisms’ respiration rate. (Davies 2005). Inhibiting compounds in paper mill 

wastewater can be for example antislime and dispersing agents. To prevent the access of 

inhibiting compounds to wastewater, it should be known whether there are some bigger dis-

charges coming from paper or pulp mill. In cases like this, the wastewater can be lead then 

to guard basin. (Leminen 2015c). 

After the aeration basin, wastewater is led to three parallel secondary settlings. Activated 

sludge formed in the aeration settle to the bottom of the settling tank while at the same time 

clear water flows at the top of the settling tank. Sludge from the settling tank is pumped back 

to aeration basin as return activated sludge. The excess sludge is dewatered by compression 

and burned in the biopower plant. (Leminen 2015b). 
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5. LEGISLATION AND REGULATIONS RELATED TO ENVIRONMEN-

TALLY HARMFUL SUBSTANCES 

 

More and more attention is paid to environmental issues. New studies relating to environ-

mentally hazardous and harmful substances are published and awareness of the substances’ 

amounts and behavior in the environment is increased because of developing monitoring, 

analytical methods and sampling techniques. Consequently, many international and national 

legislations and regulations are decreed to prevent and decrease emissions of environmen-

tally hazardous and harmful substances. (Sousa et al. 2017) 

According to Finnish environmental protection law (YSL 527/2014 6§), industrial operator 

has a requirement to account for the environmental impact and possible environmental risks 

of the operation. In addition, also the possible methods to decrease the environmental pollu-

tion need to be charted and considered. (FINLEX, 2014) 

In this chapter, legislation and regulations related to environmentally hazardous and harmful 

substances are presented. These legislations and regulations are divided in groups of BAT, 

POP-substances, priority substances and E-PRTR pollutants. These all need to be taken into 

account when considering environmental issues in the UPM Rauma mill and in the combined 

wastewater treatment plant. Some of the harmful substances may be included in several 

groups. 

5.1 BAT- Best Available Technique 

 

European Commission handles the information of best available techniques, which are used 

to achieve a good level of environmental protection by reducing and preventing the possible 

harmful environmental impacts of industrial processes. European Commission collects the 

information and publishes a reference document list called BREF. BREFs are based on the 

EU Industrial Emission Directive (Industrial Emissions Directive 2010/75/EU). There are 

own specific BAT-documents for each industrial sector in the European Union. The main 

fields in these documents are: (European Commission 2016a) 
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 Information of the main process techniques to reach applicability in the certain in-

dustrial sector 

 Monitoring of the processes 

 Consumption levels of resources in the certain industrial sector 

 Energy efficiencies of the processes 

 Aquatic and atmospheric emission levels, also levels for solid waste and waste min-

imisation 

 Information to decrease noise to acceptable levels 

 Information to increase safety and prevent accidents 

To get the environmental permit, industrial operators need to illustrate already in the apply-

ing part how the BAT is effectively used in the operator’s activity. Based on the BAT, thresh-

old values for example to aquatic and atmospheric emissions are defined in environmental 

permit. In Finland, best available techniques in different industrial sectors are reported by 

The Finnish Environment Institute SYKE which acts between industrial and environmental 

sectors. (Finland’s environmental administration 2016). 

There are several BAT conclusions related to the wastewater load and wastewater treatment 

of forest industry. The BAT conclusions are BAT5, BAT10, BAT19 and BAT40. BAT5 

describes the specific water consumption of a production plant, BAT10 on the other hand 

describes the methods and schedule of observation of pollutants from wastewater. BAT19 

defines the wastewater load from kraft pulp mill producing bleached pulp. Finally, BAT40 

gathers together the wastewater load from paper making and chemithermo mechanical pulp-

ing processes. With these BAT conclusions, limits for pollutants in wastewater can be set by 

basing on the production capacities. (Environmental permit for combined wastewater treat-

ment plant, 2018 & Suhr et al., 2015.) 

5.1.1 HAZBREF 

 

Even though the Industrial Emissions Directive and its reference documents BREFs contain 

directions to environmental permits, there is still an urgent need to enhance the knowledge 

of the use of environmentally hazardous substances in industrial processes. This is because 

industrial processes are probable sources of hazardous substances released to the environ-

ment and the specific knowledge of hazardous substances in process chemicals and their 
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environmental impacts are still quite unknown. Finnish Environment Institute has an ongo-

ing project called HAZBREF (Hazardous industrial chemicals in the IED BREFs) which aim 

is to increase the information of handling and especially reducing the use of hazardous sub-

stances in industrial processes. In addition, the project also supports the circular economy 

by providing more specific information of the hazardous substances and their obstacles for 

recycling of waste. There are for example European Pollutant and Release Register E-PRTR 

available (will be mentioned later), but the information in the E-PRTR is not systematically 

used in BREFs. So, one aim of the project is also to develop more systematic way to measure 

and handle information of hazardous substances into BREFs. (SYKE, 2017). 

After the HAZBREF project, the information of chemicals in BREFs will be better presented 

and environmental authorities and industrial operators in different industrial sectors have a 

better possibility to recognize hazardous substances and their risks to control them. The pro-

ject is done in cooperation with different countries as Finland, Estonia, Poland, Germany 

and Sweden. Furthermore, international organisations are also associated. For example, the 

European IPPC Bureau which coordinates and prepares BREF-documents and European 

Chemicals Agency ECHA which is a very useful operator when analysing chemicals used 

in industry, are working also in the project. (SYKE, 2017). 

Even though the HAZBREF-project does not contain in its case studies a factory from forest 

industry, it will still give information of the behaviour of hazardous components for example 

in the water environment. This will be used later in BREF-document for forest industry to 

clear the way to carry out measurements and reduction of environmentally hazardous and 

harmful substances in the processes and wastewater of forest industry. 

5.2 Persistent Organic Pollutants 

 

The worldwide legislation POP (Persistent organic pollutants) has been legislated by the 

international community in the Stockholm convention. The purpose of this convention is to 

make the participating governments agree to eliminate or at least reduce the production, use 

and release of the persistent organic pollutants. (EPA 2009). The chemicals end up under 

global concern and POP legislation because of their potential for persistence in environment 

and possibility for bioaccumulation. However, the main concern is still focused on their neg-

ative impacts as endocrine disruption and higher cancer risks to human and animal health. 

(WHO 2018). In wood manufacturing industry, used persistent organic pollutants are usually 
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PAHs (Polyaromatic hydrocarbons), PCBs (Polychlorinated biphenyls), dioxins and furans. 

(Saarinen et al. 2007). 

5.3 Environmentally harmful and hazardous substances as priority substances 

 

In the EU area, environmentally hazardous and harmful substances are listed as priority sub-

stances in the EU Water Framework Directive (WFD). (European Commission 2016b). Pri-

ority substances are also included in Finnish legislation. Finnish Government has made a 

decree VnA 1022/2006 on substances dangerous and harmful to the aquatic environment to 

protect and enhance the quality of sea areas. The aim of the regulation is also to eliminate 

leaching of hazardous and harmful substances into surface and forward to underground wa-

ters. Hazardous and harmful substances may also cause problems in sewerage plants and 

water supply operations, so preventing the access of the substances into these plants is also 

one goal of the decree. (Finlex 2015). The regulation includes Appendix 1 and its four Sec-

tions A, B, C and D in which: 

 Section A contains emission prohibition and all the substances restricted to be dis-

charged into surface waters and into a sewer in a water supply and sewerage plant. 

 Section B contains emission limit values to substances which are hazardous and 

harmful for aquatic environment. These values are presented in the environmental 

permit. Values in the environmental permit are based on the recommendations in 

BREFs. 

 Sections C2 and D contains environmental quality standards (EQS-values). EQS-

value tells the content of a substance present in the aquatic environment. When EQS-

value is smaller than defined, the chemical quality of water is good. Treated 

wastewaters do not have certain EQS-values, so the maximum emission limits to 

treated wastewater are set in appendix B. 

The list of harmful and hazardous substances is later updated in the directive 868/2010. 

(Ministry of the Environment, Finland 2006).  

In 2018, Finnish Centre for Economic Development, Transport and the Environment is mak-

ing a survey for industry operators to compare the substances mentioned in Sections C2 and 

D to the substances which may be included in the chemicals used in the industrial processes. 
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The aim of the project is to have more information to estimate pollution load to natural wa-

ters. In addition, the information got from the survey will also be used by environmental 

authors to estimate the future obligations in environmental licenses. (ELY, 2017) 

What it comes to harmful substances mentioned in Sections C2 and D, there is a certain 

method to estimate a need for control limits of the substances. Even though harmful sub-

stances are used in industrial processes, there would only be an obligation to keep record of 

the use of these substances. In this case, an observation of emissions is missed. Assessment 

method to report the certain substances mentioned in Sections C2 and D is presented below 

in Figure 7: (ELY, 2017) 

 

Figure 7.  Estimation method for the control limit of harmful substances mentioned in Appen-

dix 1 Section C2 and D. (ELY, 2017) 
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As can be seen from Figure 7, observation for the used amount of chemicals including harm-

ful substances and also measurements for the possible emissions of harmful substances are 

needed, if substance appears and are released from the processes to wastewater or drainage 

water discharge channel in remarkable amounts. (ELY, 2017). Based on the Finnish envi-

ronmental protection law (YSL 527/2014 62§), if the control requirement to a substance is 

set by environmental authorities, the sampling method and frequency will be defined in en-

vironmental permit. In addition, environmental license also contains instructions to value 

and provided results to authorities. If there will be an urge to change requirements due to the 

estimation method presented in Figure 7, there will be a right to change control requirement 

and set control of emissions based on the YSL 527/2014 65§ (FINLEX, 2014). 

In the UPM Rauma Mill, the request to report substances mentioned in Sections C2 and D 

was carried out by comparing chemicals including substances used in mechanical pulping 

and papermaking processes from the mill’s chemical list. The result of the comparing used 

chemicals to substances mentioned in Sections C2 and D are considered better in Chapter 

7.1.2 in which substances to be measured in this study are listed. 

5.4 The European Pollutant Release and Transfer register 

 

Europe-wide The European Pollutant Release and Transfer Register E-PRTR provides in-

formation about the pollutants released from industrial plants to water, air and lands. The 

transportation of wastes and wastewaters outside of industrial facilities is included in the 

register too. E-PRTR replaced the European Pollutant Emission Register EPER in 2007 be-

ing nowadays larger including over 30 000 industrial plants in European Union Member 

States and in Norway, Iceland, Liechtenstein, Serbia and Switzerland. (European Environ-

ment Agency 2018a). Paper and wood production and processing is one of the main indus-

trial sector reporting pollutants to E-PRTR. Also, metal and mineral industry, livestock pro-

duction and chemical industry report the information of their pollutants being released. E-

PRTR includes nowadays 91 different contaminants, which need to be reported. (European 

Environment Agency 2018b). By giving a public access to the register, the knowledge about 

environmental issues enhances. (Ympäristöhallinto 2015a.)  

European Commission has published a public guideline “The European PRTR Guidance 

Document” to give more information about E-PRTR. The document contains guidance to 

orders being set out in the E-PRTR Regulation. For example, guides to the various reporting 
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processes and pollutants to be reported are found there. (European Commission 2006). Pol-

lutants, which may appear in the processes of forest industry and are included in the guidance, 

are considered better in Chapters 5.3 and 7.1.1. 

In the E-PRTR Regulation, the threshold values (kg/a) for pollutants are set. Reporting about 

pollutants is required from industrial facility, if the threshold values are exceeded. Reporting 

about pollutants to E-PRTR is included to environmental license. For instance, in Finland, 

industrial facilities report first to the environmental authority which reports forward to E-

PRTR about the pollutants, which threshold values in the facility are exceeded. (Saarinen et 

al. 2007). Reporting was done before via Environment Administration’s VAHTI-system, but 

since January 2018, the reporting happens via YLVA-system. (Ympäristöhallinto 2018). Re-

porting happens in two parts: in short and long time periods. Short time period means re-

porting is usually done once in a month and the YLVA-system puts together these releases 

annually. Furthermore, a long-time reporting is done once in a year and contains all these 

releases that are not mentioned in short time reporting. (Ympäristöministeriö, 2017). Report-

ing route is presented in Figure 8 below.  
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Figure 8. Route to report pollutant releases to YLVA-system and further to the European Pol-

lutant Release and Transfer Register E-PRTR. (Saarinen et al. 2007, Ympäristöhal-

linto 2018)  

Operator is in charge to report to the environmental authority about the relevant data of E-

PRTR pollutants. In cases of troubles or exceptional situations in industrial processes, the 

data of releases needs also be included to the report. In the case of unclear situations in the 

reporting, the industrial facility decides together with environmental authority about the re-

leases to be reported. Pollutant releases are reported to the E-PRTR in unit kg/a. However, 

it is also important to take into account the untreated raw water taken to water treatment 

plant from a lake or a river for instance. Raw water may already contain contaminants as 

heavy metals or nutrients, so these should be eliminated so the real number of contaminants 

coming from the processes will be known. Nevertheless, eliminating of the contaminants is 

allowed only in cases when effluent from wastewater treatment process is led to the same 

ocean, lake or river where the raw water has been taken to processes. In addition, prerequisite 

to eliminate raw water contaminants is that results of the contents in both water streams are 

presented as trustworthy in both. (Saarinen et al. 2007). 

Industrial facilities have alternative ways to produce the information about pollutant dis-

charges. There are three different classes describing the way the information has been pro-

duced. These three classes M, C and E are described in Table 4 below. 
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Table 4.. Three different classes M, C and E are used to provide information of possible pol-

lutant discharges. (Saarinen et al. 2007). 

Class M Class C Class E 

Pollutant discharge is gathered 

via measurements and the an-

nual discharges base on the re-

sults of the measurements. 

Pollution discharge basis on 

the calculations made in the in-

dustrial facility  calculations 

are done for example by using 

the knowledge of mass and 

material balances. 

Non-standardized methods as 

estimations or singular exami-

nation results are used to pro-

duce the information about 

pollutant discharges. 

 

According to current permit, analysis of E-PRTR substances are made every fifth year. In-

termediate years between the analysis are calculated using the measured contents of sub-

stances and annual values of wastewater stream volumes. However, in the new environmen-

tal permit for the combined wastewater treatment plant, analysis is potentially required to 

made for E-PRTR pollutants every year from one-week collection sample. (Environmental 

permit for combined wastewater treatment plant, 2018). Even though the combined 

wastewater treatment plant treats wastewater from several operators, E-PRTR substances are 

measured as a total value of a treatment plant, not from every arriving wastewater streams. 

This is because especially wastewater streams from pulp and paper mill can not be divided 

to separate streams. For example, wastewater stream from UPM mill area contains also pre-

cipitates from raw water treatment plant and excess water from sludge compression stages. 

Part of wastewater from Metsä Fibre mill area is also circulated in the site of paper mill to 

heat recovery and lead to the wastewater treatment plant via UPM wastewater stream. To 

sum up, the whole combined wastewater treatment plant functions as an integrate between 

the two mill areas. (Kuormitus ja käyttötarkkailusuunnitelma, 2018).  
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6. ENVIRONMENTALLY HAZARDOUS AND HARMFUL SUBSTANCES  

 

Environmentally hazardous and harmful substances end up to the oceans. Because of the 

properties of slow degradability and bioaccumulation to marine species, environmentally 

hazardous and harmful substances stay in the marine ecosystems and may be enriched in the 

food chain. By these properties, marine species are also exposed to the toxicity of the sub-

stances. (Mehtonen et al. 2018). 

Environmentally harmful and hazardous substances originate either from the chemicals or 

by-products formed in industrial processes. (Mehtonen et al. 2018). The most significant 

sources for the harmful substances to the environment are single point loads from industry 

plants, municipal wastewater treatment plants and households. Secondly, different occa-

sional accidents for example in the marine areas may increase the environmental loading of 

harmful substances by releasing chemicals to the environment. Furthermore, transboundary 

pollution from other areas to the oceans may be one source of harmful substances. 

(Ympäristöhallinto, 2015b). Over the years, environmentally harmful substances may also 

accumulate to sediments and being released from the sediments to the environment. (Anttila-

Huhtinen 2018). 

As mentioned, wastewater treatment plants may be considered as single point loads of harm-

ful substances especially if the plants are treating wastewater also from industrial plants. 

Conventional activated sludge processes are normally designed to remove solid substances 

and nutrients from wastewater, so the treatment of chemicals and different by-products from 

industrial processes may be challenging. (Ympäristöhallinto, 2015b). 

While studying environmentally harmful and hazardous substances and their releases to the 

environment, different features of the substances need to be taken into account. Even though 

the amount (e.g. kg/a) of the substance released is an important factor, the most important is 

to know whether the substance is slowly degradable or totally persistent in the environment. 

This is because even with small releases, slowly degradable compounds may have environ-

mental impacts to ecosystems. Furthermore, the purpose of the use of chemicals mainly de-

fines, how the substances may function in the nature. (Ympäristöhallinto, 2015b). 

In this section, environmentally hazardous and harmful substances possibly originated from 

the forest industry processes are investigated. The substance or substance groups are heavy 



36 

 

metals, complexing agents, E-PRTR substances and bronopol. Also, the behavior of envi-

ronmentally harmful and hazardous substances in biological wastewater treatment processes 

are investigated. 

6.1 Heavy metals 

 

Heavy metals are occurring in the environment naturally and most of them are important to 

physiological and biochemical reactions in animal bodies and plants. For example, metals as 

manganese, zinc, nickel and copper plays as cofactors important roles for many enzymes 

and proteins. However, there are also heavy metals being not so important in biological re-

actions. Metals as aluminum, chromium, arsenic, cadmium, mercury and lead have instead 

toxic effects toward species. (Chen et al. 2016.) The industrial and agricultural activity dur-

ing the centuries have affected the unnatural releasing of heavy metals from the soil and rock. 

Because of the wide distribution, heavy metals are under public concern. (Tchounwou et al. 

2012). Heavy metals being useful in biological reactions are also harmful in high amounts. 

This is because useful heavy metals are required to biological reactions only in trace levels. 

(Chen et al. 2016.) 

Because of the non-degradable properties, heavy metals tend to accumulate to soils and sed-

iments. Bioaccumulation to marine organisms and plants happens too and, in this way, heavy 

metals become richer in the food chain causing harmful effects also to humans. Because of 

the accumulation and toxic properties, heavy metals are considered to environmentally 

harmful and hazardous substances being threat to public health (Coelho et al. 2018). There 

are various toxic effects of heavy metals towards biological systems. Part of the effects are 

still unknown, and more research is still done to find out them. Most of the toxic effects 

towards biological systems are related to the damaging of cellular organelles. Heavy metals 

expose to DNA damages and changes in the conformational functions, which may cause 

carcinogenic actions. (Tchounwou et al. 2012). 

Biological, physical and chemical factors affect to the toxicity and availability of heavy met-

als. This means for example how heavy metals act between phases and transport inside to 

organisms having in the same time toxic effects. (Coelho et al. 2018). For example, the bio-

availability of heavy metals is controlled by physical factors such as temperature. 

(Tchounwou et al. 2012). In addition, also organic carbon content of the soil and pH affect 

to bioavailability of heavy metals. (Römkens et al. 20019). On the other hand, biological 
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factors as specie characteristics and biochemical adaptation define how heavy metals affect 

to different species. Complexation kinetics, thermodynamic equilibrium and lipid solubility 

are for example the chemical factors. (Tchounwou et al. 2012). 

To consider heavy metals in forest industry, there are several different sources of heavy 

metals to enter to forest industry processes. The most typical way to enter processes are via 

raw material wood. Wood may contain natural heavy metals accumulated from soil. The 

other way to enter processes are via raw water. In addition, process waters may also contain 

metals from the pipelines dissolved by the corrosion. If the process chemicals contain heavy 

metals, chemicals may also be one source to metals too. (Knowpap, 2016a). 

In Table 5 below, contents of heavy metals in three different cases are listed. In the Ala-

kangas (2000) report, heavy metal contents in wood used as fuel are listed. However, these 

contents include also contents in roots, needles, branch and bark, so the values are not com-

parable to contents which may appear in forest industry where only trunk tree is used. In the 

study of  Harju et al. (1997), heavy metal contents in spruce were measured near metal fac-

tory in Harjavalta and also in Merimasku, which is located far away from the metal factory. 

As can be seen, also the location of wood for example near industry may have an effect to 

heavy metal contents in wood. Contents were measured from tree trunk. 

Table 5. Different heavy metal contents in three different cases. In the first column, contents 

in wood fuel are listed, two following columns list the effect of the location of wood 

to heavy metal content in trunk. All the contents are reported as mg/kg.  

Heavy metal 

Wood used as fuel 

(Alakangas, 2000) 

Spruce in Merimasku 

(Harju et al. 1997) 

Spruce in Harjavalta 

(Harju et al. 1997) 

Arsenic As 0.04-0.4     

Cadmium Cd 0.1-0.4    

Chromium Cr 1.2     

Copper Cu 0.6-6 0.74 1.27 

Mercury Hg 0.01-0.02     

Lead Pb 0.6-14 0.28 0.29 

Nickel Ni   0.15 0.32 

Zinc Zn 5.0-40 6.36 10.62 
 

A very good example of heavy metals presence in forest industry processes is a VTT’s (1998) 

study of heavy metal concentrations in sulphite pulp mill. The aim of the study was to find 

out the circulation flows of heavy metals in the processes and to point the most significant 
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sources of heavy metals to the process. The main heavy metals studied were aluminum, cal-

cium, cadmium, chromium, lead and mercury. The results showed the source for metals as 

lead and cadmium to be wood chips in which the cadmium content was 90 - 141 µg/kg and 

the lead content 229 - 339 µg/kg. Metals as Cd and Pb also became richer in soda recovery 

boiler. (VTT, 1998).  

Keitaanniemi (1979) has studied entering of metals as calsium Ca, magnesium Mg, silica Si, 

aluminium Al, manganese Mn, natrium Na and ferrous Fe to the processes of kraft pulp mill. 

The study was made by having measurements in four different kraft pulp mills in Finland. 

The study showed the main sources for metals to be wood as a raw material, but also raw 

water and some process chemicals. Average values for metals entering to the processes of 

kraft pulp mills were following: 

Table 6. Average value (kg per ton of non-bleached, unscreened pulp) of metals entering to 

kraft pulp mills processes in four different kraft pulp mill. (Keitaanniemi, 1979). 

Metal Amount [kg/t] 

Ca 16 

Si 1.3 

K 1.2 

Mg 0.5 

Mn 0.2 

Fe 0.1 

Al 0.1 

 

In the Keitaanniemi (1979) study, amounts of metals entered to the processes varied quite a 

lot between different kraft pulp mills and were depending also on the amounts of raw mate-

rial used. The behaviour of metals in the processes were depending on the amount of metal 

entering to the processes as well as chemical and physical features of metal and compounds 

metals formed. These features were for example the metal solubility, volatility and reactivity. 

(Keitaanniemi, 1979). 

Keitaanniemi’s study also showed metals to enter to effluents from bleaching processes. Ta-

ble 7 lists the amounts (kg/ADt) of metals in the effluent of two bleaching processes using 

pine as a raw material: 
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Table 7. Loading [kg/ADt] to effluent from two bleaching processes of kraft pulp mills. The 

raw material used in the pulping processes was pine.  

Metal  Load to effluent [kg/ADt] 

Ca 0.97 

Si 0.22 

K 0.2 

Mg 0.34 

Mn 0.06 

Fe 0.03 

Al 0.03 

 

In addition to Table 7, BREF for pulp and paper industry lists typical metals and their 

amounts entering to effluents from kraft pulping processes where pulp is bleached or un-

bleached. These metals listed in Table 8 are also included to this study. 

Table 8. Typical loads [kg/ADt] of metals entering to effluents from kraft pulp mills. (Suhr 

et al. 2015). 

Metal  Load [kg/ADt] unbleached pulp Load [kg/ADt] bleached pulp 

Pb 0.0003 0.0004 

Ni 0.0004 0.0009 

Cd 0.00003 0.0001 

Cu 0.0005 0.001 

Zn 0.005 0.015 

Cr 0.0002 0.0007 

 

In the combined wastewater treatment plant, wastewater from paper making and pulping 

contains heavy metals too. The total load from the combined wastewater treatment plant to 

the ocean is calculated as a sum of load from wastewater effluent and UPM drainage water 

discharge channel. The total load [kg/a] of the metals arsenic, mercury, cadmium, chromium, 

copper, lead, nickel and zinc in 2017 was following:  
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Figure 9. Metal load to the ocean from the Rauma mill area in 2017. Total load is calculated 

as a sum of a load from the combined wastewater treatment plant and UPM drain-

age water discharge channel. Load from Metsä Fibre drainage discharge channel is 

included already to the stream from the wastewater plant. Mercury Hg has not ex-

ceeded its LOQ-value. (UPM wastewater measurements, 2017). 

 

6.2 Chelating agents 

 

Chelating agents or complexing agents are substances used in many industrial processes to 

bind metal ions and decrease the activity of transition metals. They are especially important 

in the bleaching processes of pulp and paper industry to enable the function of oxygen-based 

bleaching chemicals. Without the use of chelating agents, uncomplexed transition metal ions 

as Fe, Cu and Mn would work as a catalyst and cause the degradation of oxygen-based 

bleaching chemicals during bleaching. (Sillanpää & Pirkanniemi, 2001). In addition, without 

removal of heavy metals, also quickened post-yellowing of paper and bad odour and taste in 

board packages may occur. (Knowpap, 2016a). 

Chelating agents are usually added straight to pulp or water circulation before bleaching. 

However, in cases the highest brightness of the pulp needs to be achieved, part of the dosage 

is added in a bleaching stage. The dosage varies between 0.1 - 0.5 % of pulp, but is depending 

on the amount of heavy metals. Since chelating agents and metals have formed complexes, 

these exit from the processes via wastewater filtrate. (Knowpap, 2016a). 

The function of chelating agents is based on their ability to form complexes with transition 

metal ions. In usual, these complexes are highly stable, but there are factors as pH and the 
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type of metal that have an influence on the stability. The stability of a complexes is depend-

ing on the equilibrium value called complex formation constant. The bigger the value is, the 

more stable is the formatted complex. For metals, complex formation constant can be defined 

with Equation 1: (Pirkanniemi 2007). 

𝐾 =
[MeL]

[Me][L]
        (1) 

where 

[Me]  is concentration of metal ion 

[L]  is concentration of ligand 

[MeL]  is concentration of metal complex 

 

Two main chelating agents as ethylene diamine-tetra acetic acid EDTA and diethylene tri-

amine-penta acetic acid DTPA are used in bleaching processes. (Knowpap, 2016a). Chemi-

cal structure of both substances is presented in Figure 10: 

 

Figure 10. EDTA and DTPA are most commonly used chelating agents in pulp and paper in-

dustry. On the left side is a free charge of substances, on the right side metal com-

plexes (Nörtemann 1998). 
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In UPM Rauma mill, chemical agent is used in the bleaching processes. Chelating agent used 

contains only EDTA, not DTPA. (Raw material reports 2014-2018). Generally speaking, 

even though the only chelating agent used in a paper mill would be EDTA, also DTPA and/or 

NTA can appear in wastewater if recycled paper is added to pulp. 

In worldwide, there are also other applications for chelating agents than use in the forest 

industry. Table 9 lists the applications in other industrial sectors in which chelating agents 

are used to achieve benefits: 

Table 9. The use of chelating agents in different fields of industry to enhance the processes 

or end product (Dow Chelating agents, 2018). 

Industry sector and applications Typical use of chelating agents 

Pharmaceuticals Drug stabilization, antioxidation 

Metal industry Cleaning for metals, preparing surface of metals 

Agriculture Use as a micronutrient to bring trace amounts of 

metal ions for plants metabolism 

Textile industry Better the bleaching by complexing with metal ions 

harmful for hydrogen peroxide, stabilizes the dye 

shade 

Oilfield industry In the production, by inactivating metal ions cause 

the prevention of metal ions precipitation and plug-

ging of pipes 

Personal care products and cosmetic in-

dustry 

In creams and lotions, increase the stability of water 

soluble ingredients 

 

There are many features of chelating agents EDTA and DTPA which make them to be envi-

ronmentally harmful compounds. First, their biodegradability in traditional biological 

wastewater treatment processes is low and they are poor to be adsorbed to sludge. That is 

why chelating agents may pass the biological wastewater treatment system and be released 

to environment. (Knepper, 2003). Secondly, chelating agents may remobilize metals from 

sediments in which metals have been adsorbed. Because chelating agents contain nitrogen, 

they are also considered to increase the nitrogen load to wastewater if degraded. (Pirkan-

niemi, 2007). There are also studies reporting the toxicity of chelating agents for micro-

organisms. For example, Pessala et al. (2004) have studied the toxicity of pulp and paper 

mill effluents. The study showed the water toxicity being mainly from organic compounds. 

However, increase in EDTA content showed also increasing toxicity. (Pessala et al. 2004). 

Nevertheless, it can be summarized uncomplexed chelating agents still being less toxic than 
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their complexes with metals. On the contrary, metal complexes are also less toxic than what 

metals would be alone in the environment. (Pirkanniemi, 2007). 

Because of being environmentally harmful compounds, the aim is to try to replace chelating 

agents EDTA and DTPA with alternative and more biodegradable chelating agents. For ex-

ample, chelating agents as Iminodi-succinic acid (IDS) and N-bis-dicarboxyethoxy-ethyl as-

partic acid (AES) have been reported to be more biodegradable than EDTA and DTPA. (Suhr 

et al., 2015). In addition, low-nitrogen complexing agents N-bis[2(1,2-dicarboxyeth-

oxy)ethyl]asparticacid and N-bis[2(1,2-dicarboxyethoxy)ethyl]glycine has been also consid-

ered and their features have been modelled. Low-nitrogen complexing agents have also some 

promising properties, they for example form very stable complexes with manganese. These 

complexes have been reported to be more stable under strong oxidants than Mn-EDTA or 

Mn-DTPA complexes. (Metsärinne et al. 2005). However, the alternative chelating agents 

aren’t yet in use in industrial scale processes. One reason is the economic aspect. The unit 

price of biodegradable chelating agents is reported to be higher than the unit price of EDTA 

and DTPA. In addition, even though the biodegradable chelating agents would be effective 

to form stable complexes, they usually are very highly specific. To remove many different 

metals from the bleaching, different biodegradable complexing agents would be then needed. 

As a conclusion, the co-operation between industrial sector and chelating agent’s suppliers 

still continues. (Suhr et al., 2015) 

When considering the possible environmental effects of chelating agents used in papermak-

ing processes, comprehensive knowledge of the degradation of chelating agents should be 

known. This means to know the degradation of EDTA and DTPA in the wastewater treat-

ment plant but also the possible degradation of EDTA and DTPA during processes in the 

different process conditions. (Suhr et al., 2015). Talka et al. (2000) have studied the stability 

of EDTA and DTPA during the bleaching with different bleaching chemicals as hydrogen 

peroxide and dithionite. The study was carried out in a laboratory scale. The results showed 

both EDTA and DTPA to degrade during bleaching due to the effect of bleaching chemicals. 

Reduction rates were calculated by measuring the EDTA and DTPA content before and after 

bleaching. The reduction rates (%) for EDTA and DTPA were following: 
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Table 10. Reduction rates of EDTA and DTPA in the lab scale bleaching with two different 

bleaching chemicals. (Talka et al. 2000).  

 NA2S2O4 H2O2 

EDTA 14.8% 70.8% 

DTPA 70.1% 89.8% 

 

Based on the Talka et al. (2000) laboratory scale results, degradation of chelating agents may 

assumed also happen in some levels in the industrial scale processes. Nevertheless, there are 

reverse results reported of the degradation of EDTA in the bleaching. In the Rämö & Sillan-

pää (2000) pilot-plant study, degradation of EDTA in the hydrogen peroxide bleaching was 

very poor, with an average residual of EDTA being 94% and the lowest residual value 79%. 

So only few percent of EDTA was degraded in their study. Degradation of chelating agents 

in wastewater of pulp and paper mills are considered deeper in Chapter 5.5. 

Because of being environmentally harmful substances, there are control requirements to 

measure chelating agents mentioned in the BREF of forest industry. According to BAT con-

clude 10, EDTA and DTPA should be measured once a month from a weekly composite 

sample if they are in use. (Suhr et al. 2015). Based on the BAT conclude 10, the same re-

quirement is also set in the environmental permit of the combined wastewater treatment plant. 

There are not any threshold values for chelating agents set in the BREF, but it has been 

determined in BAT conclude 3 that in the case of lower than 70% degradation of chelating 

agents, there is a need for process optimization to decrease the consumption and pollution 

load of chelating agents. (Suhr et al. 2015). 

6.3 E-PRTR substances 

 

As mentioned in Chapter 4.4, the list of E-PRTR substances defined by European Environ-

ment Agency contains 91 substances to be reported if their threshold values exceed. (Euro-

pean Environment Agency 2018b). However, in this study it is important to focus on the 

substances that appear especially in the wastewater of pulp and paper making. 

Saarinen et al. (2007) have written a guideline for reporting E-PRTR pollutants present in 

the processes of forest industry. The guideline provides own substance lists for every sector 

as pulp, paper and plywood industry. These lists contain E-PRTR substances that most likely 

are present in the wastewater of certain industry and which would exceed their limits of 
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quantification. Substances in the lists are selected based on the earlier measurements made 

in production plants of different industrial sectors. (Saarinen et al. 2007). Substances in the 

list for paper and board industry are presented in Table 11 below. 

Table 11. Most likely appearing E-PRTR substances in wastewater of paper and board indus-

try. The list is presented in the Saarinen et al. (2007) guide and the substances in it 

are selected based to the earlier studies made in Finnish paper and board mills. If the 

threshold values in wastewater exceed, substance need to be reported to E-PRTR. 

 

E-PRTR pollutant 

Threshold value for re-

leases to water (kg/year) 

Total nitrogen 50 000 

Total phosphorus 5000 

Arsenic and compounds (As) 5 

Cadmium and compounds (Cd) 5 

Chromium and compounds (Cr) 50 

Copper and compounds (Cu) 50 

Mercury and compounds (Hg) 1 

Nickel and compounds (Ni) 20 

Lead and compounds (Pb) 20 

Zinc and compounds (Zn) 100 

Halogenated organic compounds 

(AOX) 

1000 

Total organic carbon (TOC) as total 

C or COD/3 

50 000 

 

As can be seen from Table 11, most of the substances defined to appear in the wastewater of 

paper and board industry are heavy metals, which were studied better in Chapters 5.1 and 

5.5.1. However, because the combined wastewater treatment plant in Rauma treats 

wastewater also from Metsä Fibre pulp mill, possible pollutants in the pulp mill wastewater 

should also be taken into account. In the Saarinen et al. (2007) guide, also a list for pollutants 

present in wastewater of pulp mill is presented. In this list, all the parameters are the same 

as in Table 12, but chlorides as total Cl can be added. Chlorides threshold value is 2 million 

kg/year. (Saarinen et al. 2007). 

Table 12 presents typical sources of E-PRTR pollutants mentioned above. Also, their harm-

ful impacts, which make them as environmentally harmful substances, are listed. 
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Table 12. Sources of different environmentally harmful pollutants to forest industry processes 

and to wastewater treatment plant. Harmful impacts of pollutants to environment are 

presented too. (Antikainen et al., 2004 Swedish environmental protection agency, 

2009, Metsäteollisuus 2013, Suhr et al., 2015). 

Pollutants Sources of pollutants Harmful impacts to environment 

Nitrogen Wood as raw material, process 

chemicals, chemicals used in 

wwtp, municipal wastewater 

Eutrophication of water environment 

Phosphorous Wood as raw material, municipal 

wastewater 

Eutrophication of water environment 

AOX Use of chlorine and chlorinated 

compounds in bleaching  these 

compounds react with organic 

matter  chlorinated organic sub-

stances are formed 

Adsordable organic halides can inhibit 

the microbial growth of organisms and 

bioaccumulate to environment 

TOC All the organic substances formed 

in the processes 

When substances degrade, oxygen is 

consumed  oxygen depletion may 

appear, and visible water contamina-

tion may occur by organic substances. 

Chloride Cl The use of chloride derivate 

chemicals especially in chemical 

pulping 

In high levels, can be harmful to living 

organisms 

 

In Table 13 below, typical contents of nitrogen and phosphorus in different wood species 

are listed. 

Table 13.  Average contents [%] of nitrogen N and phosphorous P in wood and bark with pine, 

spruce and birch (Antikainen et al., 2004). 

Wood  

N% in 

bark 

N% in 

wood 

P% in 

bark 

P% in 

wood 

Pine pulpwood 0.4 0.06 0.06 0.0055 

Spruce pulpwood 0.48 0.08 0.055 0.01 

Birch pulpwood 0.47 0.08 0.05 0.01 

 

In the environmental permit of the combined wastewater treatment plant, different E-PRTR 

substances are defined to be measured from wastewater effluent as a control for pollution 
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load. These substances are considered better in the experimental part and also included in 

this study.  

6.4 Bronopol 

 

Bronopol (2-bromo-2notropropane-1,3diol) is one of the substances used in paper manufac-

turing in biocides, dispersing agents, stearates and anti-foaming agents. Bronopol is listed as 

priority substance in the EU Water Framework Directive Appendix D (CAS number 52-51-

7). (Karvonen et al. 2012). UPM concern has also the list of prohibited and avoidable sub-

stances, in which bronopol is listed. (UPM 2017). However, the use of bronopol is still al-

lowed, because any substitute less environmentally hazardous and harmful chemicals are not 

available thus far. That is why bronopol is also listed in the Finnish Safety and Chemicals 

Agency (TUKES) list of allowed chemicals in the field of antislime agents. (TUKES 2017). 

Bronopol is classified as environmentally harmful and hazardous substance because of its 

very toxic and persistent (vTP) properties. (Ojanen 2006). European Chemicals Bureau have 

a technical guidance document (TGD) on risk assessment in which also bronopol is pre-

sented. The risk assessment basis not only to modeling but also to measured and reported 

amounts of disinfectants. Modeling part in the risk assessment is consisting of four different 

parts: evaluation of the amounts of disinfectants released from industry, behavior of disin-

fectant in wastewater treatment process, behavior of disinfectant in the environment and the 

possible risks which would come up if substance occurs in the level of EQS-value. However, 

it is important to remember the modeling is only made for municipal wastewater treatment 

process, so there are differences compared to industrial wastewater treatment plants. Based 

on the risk assessment made of bronopol, following arguments can be presented: (Ojanen 

2006 & TGD 2003) 

 Pulp and paper industry seem to be the most significant source of bronopol. 

 In wastewater treatment process, bronopol can be divided for different phases as fol-

lowing: 100% in water, 0% in the air and 0% in sludge. Based on the evaluation, 

bronopol is only presented in the wastewater during and after the purification process. 

There are certain factors affecting to how bronopol is led to wastewater from paper making 

processes. The most important factor is a retention factor. Retention factor tells, how big part 

of applied chemicals is retained in paper and not ending up in wastewater. Environmental 

threats are lower, when retention factor is higher. Retention factor together with the 
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knowledge of biodegradability of bronopol also gives information to estimate, how much 

bronopol will possibly be released from the wastewater treatment plant. (Finland’s environ-

mental administration, 2016). 

European chemical agency ECHA has listed the use of bronopol in different areas. In addi-

tion to use in biocides in forest industry, bronopol is used in worldwide in cosmetics and 

products for personal care, in cleaning products, in laboratory chemicals and in plant protec-

tion products. Annually bronopol is evaluated to be manufactured in the economic area of 

Europe from 100 to 1000 tonnes per year. (ECHA, 2018). 

6.5 Treatment of wastewater containing environmentally harmful substances 

 

In the biological wastewater treatment process, environmentally hazardous and harmful sub-

stances behave in three different ways. Substances can evaporate from the process, be at-

tached to sludge or transform biologically or chemically. (Metcalf & Eddy 20013). Vieno 

(2014) has summarized how the harmful substances may behave during the wastewater treat-

ment. This is presented in Figure 11.  

 

Figure 11. Environmentally harmful substances have different routes to degrade or exist from 

the wastewater treatment system. (Edited from Vieno, 2014). 
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As seen in Figure 11, attachment to sludge happens via absorption or adsorption. Absorption 

is the mechanism when examining fat-soluble, electrically neutral component and the func-

tional groups of the component reacts with cell walls and fat molecules of micro-organisms. 

Adsorption happens, when a component is water-soluble and positively charged and reacts 

with the negatively charged surfaces of micro-organisms. On the other hand, also desorption 

may happen which cause detaching of the component from the sludge. In the case a harmful 

compound attaches to sludge, parameters as water solubility (mg/l) and fat solubility (logKow) 

of the compound defines the method of attachment. In general, a parameter called adsorption 

constant Kd. can be used to evaluate whether a parameter will attach to sludge or not. (Vieno, 

2014).                                                                                                                                              

There are certain factors affecting to pollutant attachment to sludge. Banihashemi & Droste 

(2014) for example have investigated sludge retention time (SRT) having a huge effect to 

the effectiveness of sludge attachment. They noticed the highest sorption rates for SRT of 

10 days. This is a consequence of changes in the biomass morphology during the treatment 

process. (Banihashemi & Droste 2014). Furthermore, pH of the solution is also an important 

factor changing the surface charge and functional groups of micro-organisms. The lower pH 

is, the more positive is the charge of pollutant and pollutant will attach better to negatively 

charged sludge. (Devi & Saroha 2017). Merrikhpour and Jalali (2012) have reported the 

effects of changes in pollutant and adsorbent concentrations. By increasing the adsorbent 

dose, the adsorption performance consequently increases because more adsorption area is 

available. On the other hand, the adsorption capacity decreases by increasing the pollutant 

concentration. (Merrikhpour & Jalali 2012).  

Evaporation is a typical way especially for volatile organic compounds (VOCs) to exit from 

wastewater treatment system. (Metcalf & Eddy, 2003b). Padalkar & Kumar (2018) have 

studied VOCs removal mechanisms from industrial wastewater in the municipal treatment 

plant. The results showed highest removal rates of volatilization to be in stripping and pri-

mary sedimentation. In the aeration pond, volatilization also happened but the main removal 

rate of VOC’s was still biodegradation due to micro-organisms. However, temperature de-

pended Henry’s constant defines how well a compound will evaporate from the system. (Pa-

dalkar & Kumar 2018). For example, Henry’s constant being 2*10-4 - 2*10-5 atm x m3mol 

(T=20°C) a compound can be considered to evaporate. (Vieno, 2014). 



50 

 

Chemical conversion is not the typical way to degrade environmentally harmful compounds. 

These compounds are usually degraded by biological conversion. (Vieno, 2014). In the bio-

logical conversion during activated sludge process, there are two ways to degrade harmful 

compounds. In the first way, a compound to be degraded is serving micro-organisms straight 

as a growth substrate. In the second way, the degradation happens by cometabolic degrada-

tion. In cometabolic degradation of a harmful compound, a harmful compound does not in-

volve to metabolism of micro-organisms. Micro-organisms degrade some other compound 

and get the energy from it. However, in the same time, micro-organisms produce enzymes, 

which also degrade harmful compounds. To sum up, in cometabolism, harmful compounds 

will degrade because of enzymes, but micro-organisms use another energy source. (Metcalf 

& Eddy 2003a).  

Because environmentally harmful substances usually appear in wastewater treatment pro-

cesses in very low concentrations as µg/l or ng/l, the biotransformation of these substances 

does not produce energy enough to the growth of micro-organisms. That is why the degra-

dation of environmentally substances usually occurs by cometabolism. (Alvarino et al. 

(2018). A very good example of enzymes degrading environmentally harmful compounds is 

ammonium monoxygenase enzyme AMO. Fernandez et al. (2012) have studied cometabo-

lism of environmentally harmful compounds with this enzyme. Enzyme is produced by ni-

trifying bacteria. The results of the study showed nitrifying circumstances to enhance the 

degradability of harmful compounds. (Fernandez et al. 2012). 

6.5.1 Heavy metal behavior in wastewater 

 

Heavy metal removal from wastewater in the activated sludge process happens usually by 

biosorption when micro-organisms in the system form complexes with metal ions. Biosorp-

tion is based on the negatively charged surfaces of micro-organisms and positively charged 

metal ions. (Metcalf & Eddy, 2003a). In some cases, heavy metals can also be removed from 

wastewater by precipitation. Pagnatelli et al. (2009) have studied the removal of cadmium 

(Cd) and lead (Pb) by activated sludge process. The results showed cadmium to be bio-

sorpted but, mainly part of lead precipitated as hydroxide (Pb(OH)2) already at low total 

metal concentration. However, part of lead still biosorpted from the system. (Pagnatelli et al. 

2009). As mentioned before, pH is a very important factor in adsorption. Hammaini et al. 

(2007) have done a research of heavy metal adsorption in different pH values. The study 
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showed biosorption capacity to be highest in pH range 4 - 6. Metal uptakes in different pH 

for cadmium, copper, nickel, lead and zinc is presented in Figure 12. (Hammaini et al. 2007). 

 

Figure 12. Biosorption by activated sludge with five different metals in different pH values. 

(Hammaini et al. 2007). 

 

6.5.2 Behavior of chelating agents in wastewater 

 

In a case of chelating agents EDTA and DTPA, there are various theories of their degradation 

in the wastewater treatment plant. Some sources reveal chelating agents passing the activate 

sludge system without removal. (Knepper, 2003). On the other hand, there are also sources 

to claim chelating agents to be degraded by micro-organisms in biological wastewater treat-

ment processes.  

In the biological wastewater treatment process, process conditions are the most important 

parameters to define whether the biodegradability of chelating agents is possible. Sludge 

retention time (SRT) is one of these parameters. Studies have revealed SRT more than 20 

days is needed to degrade EDTA. However, SRT being so long, predators consuming essen-

tial bacteria in the sludge start to growth. Also, EDTA removal with SRT >12 days have 

been reported. Nevertheless, in this case, pH was an essential factor too to reach lower SRT’s. 

Instead of acidic or neutral conditions, alkaline conditions may increase the biodegradation 

of chelating agents. (Sillanpää & Pirkanniemi 2001). For example, van Ginkel et al. (1996) 

have studied the effect on pH to biodegradation of EDTA in the activated sludge. In the 

study, pH 6.5 and 8.5 were tested. Results showed that pH >8, almost complete degradation 

of EDTA was achieved (91 - 95% removal). It was suggested, that under alkaline conditions, 

micro-organisms start to use EDTA as energy and carbon source. In the same study, closed 
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bottle –test was also used to demonstrate the BOD removal and to proof EDTA to degrade 

biologically by micro-organisms. (van Ginkel et al. 1996). 

There aren’t certain degradation rates for DTPA and EDTA, but it can be assumed chelating 

agents to degrade only partially forming intermediate products. Because chelating agents 

can be assumed to be dissolved in water, also the intermediate products are water soluble 

and rise the organic loading and organic nitrogen content of the water. Part of the interme-

diates can also be as non-biodegradable as the original EDTA and DTPA and that’s why end 

up to environment through wastewater treatment process. Intermediate products may also 

have an ability to form complexes with metal ions. (Pirkanniemi, 2007). 

6.5.3 Behavior of bronopol in wastewater  

 

The aim of the literature part concerning bronopol was to find information about concentra-

tions and behavior of bronopol especially in wastewater of paper industry before and after a 

biological wastewater treatment process. However, lack of information was notable and con-

sequently, there were not studies recording bronopol contents in influents or effluents. There 

are still studies made of bronopol contents in surface waters in 2007 - 2012. They have been 

recorded to a control database called HERTTA. (Ympäristöministeriö, 2014). The results 

showed following: 

Table 14. Recorded results of studies made of the occurrence of bronopol in surface waters. 

Results are found in HERTTA database. (Ympäristöministeriö, 2014). 

Amount of sampling 

points 

Amount of results LOQ for bronopol 

[µg/l] 

Amount of results 

exceeding LOQ 

37 521 0.2 0 

 

As can be seen from Table 14, bronopol has not exceeded its LOQ in any of these studies. 

The biggest reason to that is the quick degradation of bronopol by hydrolysis in water. In 

addition, bronopol does not accumulate to sediments either. (Londesborough, 2005).  

Bronopol can degrade in water in several pathways producing different intermediate prod-

ucts. Cui et al. (2011) have studied degradation of bronopol in natural waters and the persis-

tency and toxicity of the transformation products. Transformation products in the study are 

resented in Figure 13: 
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Figure 13. Bronopol (2-Bromo-2-nitro-1,3-propanediol) can degrade in water to different trans-

formation products. (Cui et al. (2011). 

 

Cui et al. (2011) study showed bronopol to be very labile compound and the degradation to 

happen via hydrolysis. Also light fastened the reaction, so photolysis can assume to degrade 

bronopol too. (Cui et al. 2011). Also temperature over 45 °C and rising pH increases the 

decomposition of bronopol (Legin, 1996). In spite of the fact that bronopol degraded in nat-

ural water very quickly, the persistency and toxicity of degradation products were much 

higher than with original bronopol. (Cui et al. 2011). 

6.6 Future challenges related to environmentally harmful substances 

 

Even though the knowledge related to harmful and hazardous substances has been developed 

and legislations have been set to prevent and reduce the amounts released to waters, there 

are still challenges to overcome. Sousa et al. (2017) have been pondered the main future 

challenges related to environmentally harmful and hazardous substances. One challenge is 

related to analytical and sampling methods. Even though there are many standards related to 

them, measurements made in different studies have quite a large scale of different methods 

and instrumentals. In this way, the results of the studies are not always comparable and more 
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uniform methods to analyse different chemical compositions are needed so that the results 

can be used to develop the processes. 

One of the main challenges is to consider the knowledge gap on how the harmful compounds 

act during wastewater treatment. Mostly the studies are concentrated to measure concentra-

tions of compounds before and after a wastewater treatment process, but there are certain 

uncertainties and lack of the knowledge whether compounds decrease or reacts with other 

compounds in wastewater. In addition, also the knowledge related to possible degradation 

products and their environmental harmfulness should be better known. In the future, more 

studies and modelling are needed to find out the kinetics of the compounds having risks 

toward ecosystems and human health. (Petrie et al. 2014). 

By improving analysing methods, also the awareness of already known environmentally 

harmful and hazardous substances will increase. The most important thing is still remember 

not only to study these substances better, but also work to find new harmful substances that 

are not considered to be so harmful. A very good example of these kind of substances are 

microplastics, which would also be one of the components measured from the combined 

wastewater treatment plant in this study. 

Microplastics are plastic pieces with a diameter smaller than 5 mm. Few years ago, micro-

plastics were used as scrubbers in cosmetic products as face creams and toothpastes. Nowa-

days, analysing methods are capable to give information of microplastics’ tendency to be a 

threat toward ecosystems and human health. In addition, different sources of microplastics 

as car tires and synthetic clothes are recognized. Many countries have declined the use of 

microplastics in cosmetic products because of their small size, long life time, tendency to 

bioaccumulation and adsorption of harmful substances as PCBs and harmful bacteria. 

(Sharna & Chatterjee 2017). There is quite less information available of the microplastics’ 

tendency to act in biological wastewater treatment processes. However, it is known that usu-

ally microplastics attach to sludge composed in biological treatment processes. (Fjäder et al. 

2018). However, despite the high retention capacity (99%) of microplastics in biological 

wastewater treatment process, WWTPs are still a remarkable source of microplastics be-

cause of huge effluent discharge volumes. In addition, if sludge containing microplastics are 

used as fertilizer, microplastics can bioaccumulate in environment. (Talvitie et al. 2017). In 

March 2018, commercial laboratories did not have offer for available analysing methods to 

measure microplastics from wastewater and sludge. 
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There are also challenges related to new purification methods. New efficient treatment meth-

ods are generated to remove substances at very low concentrations, but the problem is to get 

them integrated to already existing processes in conventional treatment plants with as small 

additional costs as possible. (Soursa et al. 2017). There are many studies related to removal 

the hazardous and harmful substances from wastewater and in many cases, it is possible to 

remove these substances after conventional treatment. However, removal of each substances 

would need different processes, which are also very expensive and energy-intensive. (Toi-

vikko 2008). In addition, emission limits for environmentally harmful substances become 

tighter all the time, so in the future, it should be considered whether adding a new water 

treatment unit after conventional treatment process would be a solution. Before that, it should 

also be considered whether the functionability of already existing processes would be inten-

sified somehow. (Toivakainen 2018). Financial support and more studies related to new pu-

rification methods and their integration to existing processes are still needed. (Soursa et al. 

2017) 
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7. METHODS TO REACH HIGH-QUALITY ANALYTICAL DATA IN 

WASTEWATER ANALYSIS 

 

The target of measuring environmentally hazardous and harmful substances from 

wastewater is to reach reliable and high-quality analytical data which can be used to analyse 

their behaviour in wastewater. Even though analytical results can never be absolutely right, 

efforts to reach as small uncertainty as possible can be made. (Nordtest, 1986). There are 

many issues to be considered before starting experimental part of this work. Important issues 

to be taken into account before sampling and analysing environmentally hazardous and 

harmful substances from wastewater are listed in Näykki et al. (2013) guide and presented 

in Figure 14 below. 

 

Figure 14. To get high-quality data is a sum of many issues which need to be considered before 

starting measurements. (Modified from Näykki et al. 2013). 

In this study, samples are going to be sent to an external laboratory, so part of these issues 

are required from a laboratory. However, issues related to sampling as sampling equipment, 

representative sampling circumstances, pretreatment of samples and transporting them are 

under mill’s responsibility. In this Chapter, important issues related to quantification limits 

of substances, sampling and parameters needed in analysing substances are dealt with. 
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7.1 Important terms  

 

There are three different terms to be used when talking analysing: 

1. Limit of detection LOD is the lowest detectable value that in a specified level of 

confidence can be detected from a zero sample (Näykki et al. 2013) 

 

2. Limit of quantification LOQ is a concentration limit of quantitative determination 

which usually can have a measurement uncertainty. With environmentally hazardous 

and harmful substances, the maximum LOQ is 30 % of substance’s EQS-value. In 

addition, in this case the maximum measurement uncertainty is 50 %. (Karvonen et 

al. 2012) 

 

3. Measurement uncertainty is a very important part of the result, tells the size of the 

error measurement might have. Measurement definition is given together with LOQ. 

(Nordtest 2012). External factors as sampling and environmental circumstances af-

fects to measurement uncertainty. (Näykki et al. 2013). 

LOQ depends on the type of water. For example, comparison between natural water and 

wastewater shows substances usually having in wastewaters bigger concentrations. However, 

the target to measure substances from wastewater is to measure them in the level they can 

be detected and reported to the E-PRTR if their threshold values are exceeded. That is the 

reason LOQs need to be low enough. Low LOQs are also demanded to measure substances 

from wastewater in the cases of high volume wastewater streams. With high volume 

wastewater stream and inaccurate LOQs, pollutant loads can be bigger than they really are. 

(Näykki et al. 2013). 

Low LOQ values are also needed to give more specific information to the evaluation for the 

condition of natural waters. This is because usually concentrations under LOQ are rejected 

and the possibility to get reliable information turns down. With LOQ low enough, develop-

ment trend of pollutants in natural waters can be better monitored. Nevertheless, measuring 

more and more low concentrations, contaminations and uncertainty factors are going be 

more affective factors to results. Thus, as mentioned before, requirements for high-quality 

sampling, pretreatment, transport, storing and handling are required to get as precise analyt-

ical data as possible. (Kyröläinen & Aaltonen 2009). 

In some cases, measured concentration of a substance is under its LOQ. There are some 

unclarities related to instructions to follow in situations like this. One option is presented in 

Näykki et al. (2016) guide: Calculating average values for pollutants, which are under their 

LOQs, used value for calculations is a half of substance’s LOQ. All in all, this method is in 
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some cases problematic. With high volume wastewater streams, calculated annual amounts 

of substances will be bigger if a value “half of substance’s LOQ rounds up a real value. 

Therefore, substances may exceed their threshold values and being reported forward even 

though their amounts would in reality be smaller. In cases like this, the information used to 

estimate the condition of natural waters is distorted. However, Saarinen et al. (2007) have 

proposed another option: In their guide, instruction is to report substances under their LOQs 

as ND-value and also to mention a measuring method. In this way, information of the sub-

stance is not available, but distorted information is still avoided. 

There are also important things related to measurement uncertainty. To start with, measure-

ment uncertainties are important to be taken into account when examining whether harmful 

substances exceed their threshold values. Test results may vary depending decision to in-

clude measurement uncertainty to result. There are different guides to inform how to operate 

in situations, where substance appears near its threshold value. Figure 15 below from the 

Eurachem & Citac (2011) guide demonstrates well how result may vary with measurement 

uncertainties.  

 

Figure 15. Four different cases that may appear when a substance is near its threshold value and 

measurement uncertainties are included to a result. (Eurachem & Citac 2011). 

As can be seen in Figure 15, cases i and iv are clear to determine: the result has been clearly 

under or above control limit, so adding of the uncertainty value does not change the situation. 

However, cases ii and iii are trickier. In both cases, results have differed from the control 

limit only a bit and adding of the uncertainty value does not tell if the value is clearly under 

or above control limit. (Eurachem & Citac 2011). In these situations, one solution would be 
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to determine acceptance and rejection zones, which are called as “decision rules”. Figure 16 

is illustrative picture of the meaning of these zones to making a decision of acceptable results. 

(Eurachem & Citac 2007). 

 

Figure 16. A schema to determine, which results are acceptable to use. An area “g” between ac-

ceptance and rejection zone is called a guard band. (Eurachem & Citac 2007) 

As can be seen in Figure 16, there are a line between acceptance and rejection zones. This 

line is called a decision limit and results under in this limit in acceptance zone are acceptable. 

This area is also called as a guard band g. On the contrary, results over decision limit in a 

rejection zone are rejected and not usable. The schema from Eurachem & Citac (2007) is to 

determine an upper limit of a result and its usability when determining harmful substances 

from wastewater. There are many ways to determine a decision limit between acceptance 

and rejection zones. The most common way is to compare results including uncertainty to 

an upper limit of a substance. If the result with its uncertainty exceed the limit completely, 

then the result is rejected. For example, comparing cases in Figure 16, only a case i would 

be rejected in this method. However, the more specified and complicated ways to determine 

a decision limit and a guard band are used basing on different calculations of uncertainties. 

(Eurachem & Citac 2007).  

7.2 Sampling and pretreatment of samples 

 

Preparation and handling of a sample is important to take into consideration before sampling. 

With right preparation and handling, the risk of contamination of a sample is prevented. In 

this thesis, wastewater samples are going to be sent to an external laboratory for analysis and 

assumption is to get comprehensive instructions from a laboratory to prepare and handle 

wastewater samples. In this section, some common instructions of sampling are still inves-

tigated. 
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The most important part of sampling is to get an extensive sample, which represent the cir-

cumstances as well as possible. (Karvonen et al. 2012). For example, in this thesis, a small 

wastewater sample represents a huge amount of wastewater. That is why a composite sample 

needs to contain wastewater from different moments and represent for instance different 

operating time ratio of processes for a given time period. In addition, this is also a reason to 

favor a composite sample instead of a random sample. 

After sampling, an important issue is to verify a stability of a sample. This is because com-

ponents in a sample continue their biological and chemical transitions and the target is to 

analyze these components from a sample in a moment a sample is taken. Extending a stabil-

ity of a sample is then done by changing pH or temperature of a sample, freeze a sample, 

add chemical to a sample and/or keep a sample in a dark bottle away from the effect of 

sunlight. However, the way to extend a stability of a sample depends on compounds to be 

analyzed. (Näykki et al. 2016). Stabilizing methods are considered in the experimental part 

of this study better. 
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EXPERIMENTAL PART 

 

In the experimental part, a survey to measure from wastewater environmentally hazardous 

and harmful substances which may originate from processes of chemical and mechanical 

pulping and papermaking is made. The target is to choose essential contaminants to be meas-

ured. In addition, sampling points and methods to measure compounds from certain 

wastewater streams to get reliably results are considered. Wastewater samples will be ana-

lyzed in an external laboratory to find out the possible contents of substances present in 

wastewater. 

Because the combined wastewater treatment plant also treats wastewater from Metsä Fibre 

pulp mill and the city of Rauma, the target is to chart the different wastewater streams to get 

a whole picture of a pollutant load and the possible sources of pollutants. Examining differ-

ent wastewater streams in the combined wastewater treatment plant also gives information 

of the behavior and possible degradation of contaminants.  

What it comes to commercial laboratory service supply, availability of the analyses what 

different laboratories provide in Finland is charted. This can be utilized also in the future if 

contaminants are going to be measured from wastewater in the combined wastewater treat-

ment plant. 
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8. REASEARCH METHODS 

 

In this part, different environmentally harmful and hazardous compounds are considered and 

decisions, which of the compounds are needed to be measured in different wastewater 

streams, are made. Sampling methods and sampling points are listed too. Invite tender for 

commercial laboratories is also presented and arguments affecting to the selection of a la-

boratory are listed. 

8.1 Substances to be measured 

 

In 2014, a survey of E-PRTR substances was made in UPM Rauma Mill together with an 

external laboratory. The study covered all the E-PRTR substances, which may appear in 

wastewater from pulp and paper manufacturing mills. Results of the study made in 2014 can 

be used as a background material for this study to estimate essential E-PRTR parameters to 

be measured this time. Nevertheless, important literature sources and their proposals for E-

PRTR substances to be measured are also included. 

In addition to E-PRTR substances, other environmentally harmful substances are also con-

sidered to be measured in this study. Selection of the substances is based on the literature 

sources and control requirements set by environmental authorities. 

8.1.1 Selection of E-PRTR substances 

 

When considering E-PRTR substances to be measured in this study, following arguments 

need to be taken into account: 

 What would be extension of the study 

 E-PRTR substances that are set under control requirement by environmental author-

ities  Industrial operators have responsibility to report about these pollutants 

 Comparison to the study made in 2014: what were the relevant substances that ex-

ceeded their threshold values? On the contrary, what are the substances that will not 

be reasonable to be measured this time? 

 Different guidelines listing the certain substances that appear in wastewaters of paper 

industry 
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 Possibility of laboratories to measure different E-PRTR substances: do laboratories 

have accredited analysing methods and would the limits of quantification for sub-

stances to be low enough. 

 Costs of the measurements: is it reasonable to pay for analysis of substances that 

most likely do not appear in wastewater of paper or pulp mill or appear in so small 

concentrations that threshold values or even quantification limits won’t be exceeded. 

What it comes to extension of the study, one option would be to carry out measurements in 

this thesis in the same extension as in 2014. Consequently, comparison between two broad 

studies would be made. However, the study made in 2014 indicated that most of the sub-

stances did not exceed their limits of quantification and were not relevant. Furthermore, be-

cause of the wide extension of the study and expensive analysis made back then, the costs 

were significant. These are the reasons why the target is to find out more relevant E-PRTR 

substances that most likely appear in wastewater samples and are under control to be reported. 

As mentioned in Chapter 5.3, Saarinen et al. (2007) have written a guideline for reporting 

E-PRTR pollutants present in the processes of forest industry. This guideline’s list of paper 

and pulp industry is used as a background to select relevant E-PRTR substances to be meas-

ured in this study. 

Three different selection criteria can be determined for selecting the E-PRTR substances to 

this study. If an E-PRTR substance qualifies one or more of these criteria, it will be selected 

to be measured in the study. 

These criteria are: 

1. Substance is mentioned in Saarinen et al. (2007) guideline 

2. Substance is mentioned in different guidelines of environmentally harmful and haz-

ardous substances and also used in the Rauma mill according to mill’s chemical list 

3. Substance should be measured from wastewater according to the environmental per-

mit 

In the study made in 2014, there were few substances or substance groups exceeding their 

limits of quantification in most of the water samples and which are not mentioned in the 

Saarinen et al. (2007) guide. The substances and substance groups were:  

 



64 

 

 PCDD & PCDF (dioxins and furans) 

 Polycyclic aromatic hydrocarbons (PAHs) 

 Trichloromethane (chloroform)  

 Organotin compounds 

 Chlorides (Cl) 

 Fluorides (F) 

There is a control requirement in the environmental permit of the combined wastewater treat-

ment plant to measure PCDD/F and PAHs from wastewater annually. (Environmental li-

cense for combined treatment plant, 2018). Based on the commitment, PCDD/F and PAHs 

are measured also in this study. According to Ojanen (2005) guide, industrial chemicals do 

not contain PCDD/F, but the generation of PCDD/F is possible in industrial processes and 

combustion when chloride and organic substances react in certain circumstances. (Ojanen 

2005). Polycyclic aromatic hydrocarbons are generated in combustion processes as well and 

can end up to wastewater treatment plant together with washing water from the boilers. 

(Mannio et al. 2011).  

In the environmental permit for the combined wastewater treatment plant, a control require-

ment is set to measure annually substances, which total load to the ocean in effluent and 

drainage water discharge channels from the UPM and Metsä Fibre mill areas exceed 10% of 

their E-PRTR threshold values. Based on the requirement, loads (kg/a) were calculated to 

substances, which exceeded their limit of quantification in the study made in 2014. Based 

on the calculations, three substances as fluorides (F), chlorides (Cl) and trichloromethane 

(chloroform) are selected to be measured also in this study. Organotin compounds exceeded 

their LOQ’s in some samples but did not exceed 10% of the threshold value. That is why 

organotin compounds are rejected out of the study.  
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To sum up, all the E-PRTR substances to be studied in this study are listed in Table 15.  

Table 15. 16 E-PRTR substances that are selected to be measured in this study. 12 of the sub-

stances are selected from the Saarinen et al. (2007) guide. PAH’s, PCDD/F, Cl, F 

and trichloromethane need to be measured according to the environmental permit. 

Recommended LOQ’s based on literature are also listed. 

 

E-PRTR pollutant 

Threshold value for re-

leases to water 

(kg/year) (European 

Commission 2006) 

Recom-

mended 

quantification 

limits from 

the literature 

(Näykki et al. 

2016) 

Total nitrogen 50 000 200 µg/l 

Total phosphorus 5000 10 µg/l 

Arsenic and compounds (As) 5 1 µg/l 

Cadmium and compounds (Cd) 5 0.1 µg/l 

Chromium and compounds (Cr) 50 0.5 µg/l 

Copper and compounds (Cu) 50 0.5 µg/l 

Mercury and compounds (Hg) 1 0.001 µg/l 

Nickel and compounds (Ni) 20 0.5 µg/l 

Lead and compounds (Pb) 20 0.5 µg/l 

Zinc and compounds (Zn) 100 5 µg/l 

Halogenated organic compounds (AOX) 1000 10 µg/l 

Total organic carbon (TOC) as total C or 

COD/3 

50 000 2 mg/l 

Chlorides as total (Cl) 2 million 2 mg/l 

Fluorides as total (F) 2000 1 mg/l 

Polycyclic aromatic hydrocarbons PAHs 5 - 

PCDD/F 0.0001 - 

Thrichloromethane (chloroform) 10 - 
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8.1.2 Selection of other substances 

 

The target of the study is to measure all the relevant environmentally harmful substances, 

that have a possibility to appear in the combined wastewater treatment plant. That means 

also other substances apart from E-PRTR substances should be considered. Priority sub-

stances mentioned in Chapter 4 is one of the important groups to be considered. 

Ojanen (2005) has listed priority substances used in pulp and paper industry. Based on the 

document, there are three different substances to be considered also in this study. These 

substances are: 

 Nonylphenol and its ethoxylates 

 (Benzothiazol-2-ylthio)methyl thiocyanate (TCMTB) 

 Bronopol (2-bromo-2-nitropropane-1,3-diol) 

In addition, as mentioned before in Chapter 4.3, Finnish Centre for Economic Development, 

Transport and the Environment has carried out a survey of priority substances mentioned in 

Appendix 1 sections C2 and D. Substances mentioned in the Ojanen (2005) document are 

included also in these lists. Rauma mill has a chemical list, where all the used priority sub-

stances are listed. By comparing priority substances used in the Rauma Mill to the substances 

in sections C2 and D, only one substance bronopol came out. (Chemical list 2018). In the 

environmental permit, environmental authority has also pointed out of the use of bronopol. 

That is why bronopol will be measured from wastewater in this study. (Environmental permit 

2016). 

Mehtonen et al. (2018) have written about pollutants, which are especially harmful in marine 

ecosystems. Because the guide is published in 2018, it lists those components that are under 

concern and also possible to be under more intensive observation in the future. Treated 

wastewater from the combined wastewater treatment plant goes straight to the Bothnia sea, 

so in the future, there might be obligations to observe these pollutants if these will be found 

from wastewater. These harmful pollutants in the Mehtonen et al. (2018) article are organotin 

compounds, brominated diphenyl ethers (PBDE), nonylphenyl and its ethoxylates, pharma-

ceutical compounds, phthalates as DEHP, hexabromocyclododecane (HBCD), chlorinated 

paraffins (SCCP) and PFOS substances as perfluorooctanesulfonic acid. However, there is a 
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reason to reject these substances out of the study because of their unusual use in forest in-

dustry. Therefore, according to mill’s chemical list, chemicals including these substances 

are not in use in UPM Rauma mill either. 

Additionally to E-PRTR substances and bronopol, environmentally harmful and hazardous 

substances mentioned in BREF of pulp and paper industry need to be considered. These 

substances are for example slowly biodegradable complexing agents as EDTA and DTPA. 

There are recommendations in forest industry’s BREF to find out the possible amounts of 

complexing agents that are possible load to receiving water. (Suhr et al., 2015). Based on 

these recommendations, EDTA and DTPA are included to the study. 

8.2 Selection of the laboratory 

 

One part of the study is also to chart the availability of analysis which commercial laborato-

ries have provide. The aim is to find and select a laboratory, which in a best way offers 

analysis to be made in this study and which could also be used in the future. In this part, 

different criteria related to laboratories are listed and arguments in the decision making con-

sidered. 

8.2.1 Demands for the laboratories 

 

There are quality standards related to measuring of chemical substances. In Finland, labora-

tories analysing environmentally hazardous and harmful substances should have the accred-

itation EN ISO/IEC 17025 from Finnish Accreditation Service (FINAS). (Londesborough 

2008). By the accreditation, competence and reliability of a laboratory has been determined 

based to the international criteria. (Finas 2016).  

Methods used in measurements and analysing should be validate by standards. What it 

comes to uncertainties of measurements, the maximum uncertainty is 50% determined by 

the EQS concentration level. Maximum limit of quantification of a substance is 1/3 of sub-

stance’s EQS-value. However, in the situations where accredited laboratories are not avail-

able, measurements should be based on the BAT-documents. (Londesborough 2008). 

In this thesis, a starting point was to find an accredited laboratory to carry out analysis of 

environmentally hazardous and harmful substances. Expectations for a laboratory was also 
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that they have low limits of quantification, which would still be realistic in wastewater ma-

trixes. Furthermore, the more laboratory has standardized analysis s to carry out, the better.  

8.2.2 Tender for laboratories 

 

Selection of a laboratory was carried out by putting laboratories out to tender. The whole 

process started by reading up on laboratories. The laboratories were selected to tender if their 

website included information of their ability to analyze industrial wastewater and harmful 

compounds. 

An email describing the study and need for different analysis were sent to 8 commercial 

laboratories in Finland. The message sent for laboratories included two different sections. In 

a first section, E-PRTR substances to be measured were described. Sampling points were 

divided in two packages: a smaller package included 7 sampling points and a larger package 

10 sampling points. The aim of dividing sampling points into two different size packages 

was to know, whether the laboratories would provide lower-cost analysis when the amount 

of sampling points would be bigger. The amount of E-PRTR substances to be measured was 

a same in both packages and it was said bronopol to be measured from the same sampling 

points with E-PRTR substances. In a second section, a need for analysis of chelating agents 

EDTA and DTPA was described. Sampling points informed to be 3 - 5 for chelating agents. 

Analysis of substances from a sludge sample was asked to be attach to tender separately. 

In the message, practice related to sampling was also described. Some laboratories usually 

have an accredited person, who would come to mill area to take samples. However, the aim 

of the sampling was to collect samples for 1 - 2 weeks, so wastewater samples should be 

collected by our own. In the message, laboratories were also asked to describe their analysing 

methods (standardized methods) for different substances. Limits of quantification and un-

certainties related to analysis were asked to be described too. Because the planning of sam-

pling was ongoing in the same when putting laboratories out to tender, information related 

to sampling methods were asked from laboratories. This included for example pre-treatment 

methods and suitable conditions and materials for collecting and storing the samples during 

sample collection period. 
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There were few criteria affecting to the selection on a laboratory. These criteria are listed 

below: 

1) Laboratory provide all the analysis needed in the study. Sludge sample analysis 

contributes to the selection 

2) Most of the analysis are standardized and LOQ’s for the substances are low 

enough even though wastewater matrixes 

3) Costs of the analysis 

4) Time needed for analysis and practicalities related to the project 

5) Laboratory’s potential to co-operation in the future  

Based on the criteria 1, Table 16 summarises analysis laboratories provide for E-PRTR sub-

stances, chelating agents and bronopol. Also, a possibility to analyse sludge sample is taken 

into account. As can be seen from Table 16, all laboratories apart from laboratory G do 

environmental analysis for industrial sector. Almost all the laboratories had analysis for E-

PRTR substances as heavy metals, phosphorus, nitrogen, chlorides, fluorides and TOC. 

However, only laboratories A, B and H had analysis for E-PRTR substances as PAH, 

PCDD/F, AOX and trichloromethane. The lack of availability of analysis related to chelating 

agents and bronopol was notable. The same three laboratories as mentioned above have only 

analysis for them. Laboratory H had analysis only for EDTA, not for DTPA. Chelating 

agents can not be analysed from sludge by any laboratories. 

Table 16. Availability of wastewater and sludge analysis what 8 commercial laboratories in 

Finland have provide. Information is based on the answers from laboratories. X in a 

box means an analysis to be possible, - on the other hand means a laboratory does 

not have an analysis or there is a lack related to information of an analysis.  

Laboratory Environmental 

analytic ser-

vices 

E-PRTR 

substances 

Chelating 

agents 

Bronopol Sludge 

sample 

A X X X5) X4) X7) 

B X X - - - 

C X X X2)5) X2)4) X3) 

D X X - - - 

E X X - - X3) 

F X X1) - - - 

G - - - - - 

H X X X6) X4) - 

1) Without AOX, 2) Subcontracting, 3) Only E-PRTR analysis from sludge, 4) Doesn’t include 

analysis for degradation products, 5) Analysis outside Finland, 6) Analysis only for EDTA, 

not DTPA 7) Without analysis for chelating agents 
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Based on the criteria, the most suitable commercial laboratory to carry out analysis in this 

study is laboratory A, because it has all the analysis which are needed in the study. Even 

though laboratory B provided the same analysis, the costs were still higher, because it pro-

vides analysis for chelating agents, bronopol and part of the E-PRTR as subcontracting. 

When compared laboratory H to laboratory A, the difference between these two laboratories 

was that laboratory H can’t analyse DTPA. 

There are several conclusions to be made of the laboratory analysis that different laboratories 

are providing. First of all, any of the laboratories do not have “custom-made” package of 

analysis for forest industry. For example, there are the certain E-PRTR substances, which 

are in different publications defined to be measured from forest industry’s wastewater. In 

this time, any of the laboratories did not have any comments for which E-PRTR substances 

would be good to measure, if an environmental study of these substances is going to be made. 

The second conclusion is related to costs of analysis. Any of the laboratories did not have 

lower price for analysis if the amount of sampling points was bigger. 

What it comes to analysis of chelating agents, the chelating agent supplier was also contacted. 

The purpose of contacting the company was to chart whether they provide analysis for che-

lating agents. From the company, it was answered them not doing regular analysis from 

wastewater for their customers, but maybe have their laboratory service available for short 

projects. 

8.3 Sampling 

 

The purpose of sampling is to have a reliable data, which represent the behaviour and possi-

ble degradation of environmentally harmful compounds in different wastewater streams and 

in the combined wastewater treatment plant. Because in this study, area for sampling is very 

large covering two mill areas and the biological wastewater treatment plant, sampling points 

and methods need to be considered carefully to monitor all the relevant sources and degra-

dation paths of the harmful substances. 

8.3.1 Sampling points 

 

In a case of E-PRTR substances and bronopol, the final number of sampling points ended up 

to be 9. The sampling points are presented in Table 17. Because UPM mill area and Metsä 
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Fibre mill area consist of several sampling points, they are presented more precisely in Ta-

bles 18 and 19. Tables 17, 18 and 19 also include considerations related to sampling points. 

Some sampling points have a water sample collector, which collects water from a stream 24 

hour. A sample taken from the collector represents then a whole day. Sample taken without 

the collector is taken as a random sample. 

Table 17. Nine sampling points for the measurements of E-PRTR substances and bronopol 

covering two mill areas and the biological wastewater treatment plant. 

Sampling point Comments 

Chemically treated raw water Sample taken before return stream from paper 

making processes. Sample taken at random 

UPM mill area Consists of several sampling points, see Table 

18 

Metsä Fibre mill area Consists of several sampling points, see Table 

19 

UPM drainage water discharge channel Sample taken from a water sample collector 

Metsä Fibre drainage water discharge channel Sample taken from a water sample collector 

Municipal ww from the city of Rauma (+HK 

Scan) 

Sample taken at random 

Excess water from primary sedimentation tank Sample taken at random 

Effluent from the wastewater treatment plant Sample taken from a water sample collector 

Sludge sample Sample taken at random from a compression 

stage of biosludge 

 

Table 18. UPM mill area sampling point divided in eight different sampling points consisting 

of wastewaters from paper machines and mechanical pulping processes. 

UPM mill area sampling points Comments 

Process water from PM 1 Sample taken from a water sample collector 

Process water from PM 2 Sample taken from a water sample collector 

Process water from PM 4 Sample taken from a water sample collector 

Process water from grinding 1 Sample taken at random 

Process water from grinding 2 Sample taken at random 

Process water from TMP 3-4 Sample taken at random 

TMP 4 wastewater canal Sample taken from a water sample collector 

Wastewater from barking plant Sample taken from a water sample collector 
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Table 19. Metsä Fibre mill area sampling point divided in three different wastewater streams. 

Metsä Fibre mill area sampling points Comments 

Alkaline wastewater Sample taken from a water sample collector 

Acidic wastewater Sample taken from a water sample collector 

Wastewater from pressure-water drainage Sample taken from a water sample collector 

 

Sampling points for chelating agents are listed in Table 20. UPM mill area is divided to the 

same sampling points as presented in Table 18. The only exception is a sludge sample, which 

is not measured in a case of chelating agents. 

Table 20. Four different sampling points to determine chelating agents from wastewater. 

Sampling point Comments 

UPM mill area Table 21 sampling points expect sludge sample 

Wastewater stream coming to the ww treat-

ment plant (before primary sedimentation) 

Sample taken from a water sample collector 

Excess water from primary sedimentation tank Sample taken at random 

Effluent from the wastewater treatment plant Sample taken from a water sample collector 

 

Raw water as a sample is important to analyze, because a load of E-PRTR substances exist-

ing already in natural water can be reported. Especially, heavy metals can lead to processes 

via raw water. In a case of chelating agents, raw water is not analyzed, because all the che-

lating agent load is assumed to originate from processes.  

Wastewater streams from the UPM mill area are considered as one sum sample. This is be-

cause water circulations in the processes are quite complicated and division of pollutant 

loads between paper machines, TMP stages and grinding stages would be hard to do. The 

same purpose is also to combine samples from Metsä Fibre mill area to one sum sample. In 

the wastewater plant is also located a sample collector collecting sample from a stream com-

ing from UPM mill area. However, this sample can not be used in this case, when the loading 

of pollutants from the UPM processes needs to be known. This is because the drainage com-

ing from UPM mill area contains also precipitates from raw water treatment plant. In addi-

tion, excess water from sludge compression is also recycled to this drainage. Part of process 

water from Metsä Fibre pulp mill is also recycled in the area of UPM to heat recovery and 

then lead to the wastewater treatment plant via UPM drainage. That is the reason to collect 



73 

 

separately samples from the wastewater drainages of different process stages in the UPM 

mill area. UPM mill area sum sample is important to be included to the study, because for 

example in the BREF’s of forest industry, mass balances for chelating agents in the 

wastewater treatment plant starts already from the process stages. (Suhr et al. 2015). 

Drainage water discharge channels from both mill areas are important to take into account, 

because the total pollutant load to the ocean is calculated from these two streams and effluent 

from wastewater treatment process. Chelating agents will not be measured from the drainage 

water discharge channels.  

The aim of the measurements is to model the possible removal of pollutants from wastewater 

in the combined wastewater treatment plant. That is why excess water from the primary 

sedimentation tank is a sampling point for all the E-PRTR substances, bronopol and chelat-

ing agents. Wastewater stream coming to the treatment plant (before primary sedimentation) 

is another sampling point for chelating agents. With these sampling points, removal of pol-

lutant before activated sludge tank is modelled. Municipal wastewater is measured too to 

find out the E-PRTR load coming from that stream. Chelating agents are assumed to origin 

from industrial processes, not from the municipal wastewater. However, the most important 

sampling point for all the pollutants is still an effluent stream from the treatment process. 

From this stream, possible load of pollutants after the treatment process is measured.  

By having a sludge sample included into the study, mass balances for pollutants in the bio-

logical wastewater treatment process can be calculated and the possible pollutants’ attach-

ment to sludge found out. Sludge sample is taken as a random sample collecting sludge from 

all the three screw press and combining the samples to one sample. A random sample instead 

of a collection sample from a sampling time is taken, because sludge would not last in a 

refrigerator for two weeks and putting sludge for a freezer, water content of sludge would 

decrease. 

8.3.2 Sampling methods 

 

In the environmental permit of the combined wastewater treatment plant, E-PRTR sub-

stances and chelating agents are defined to be analyzed from a sample being collected for 

one week. However in this study, collection time for samples needed to be lengthened be-

cause of the large volumes of samples needed by the laboratory. Another reason to lengthen 

the collection time for samples was that water sample collectors in sampling points have a 
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limited capacity to collect water. Waste water samples are also needed in the laboratory of 

UPM to analyze different parameters daily, so all the water from sample collectors can not 

be used in this study. The needed daily volumes of wastewater samples were calculated by 

having a ratio number for each stream based on the average flows (m3/d) of wastewater 

streams in March 2018. By having a sample volume needed by the laboratory and infor-

mation of which pollutants are going to be measured on each wastewater stream, the evalu-

ated needed daily sample volume could be calculated. Daily sample volumes were possible 

to collect, when collection times for each sample points were as showed in Table 21. There 

was also a little volume of extra wastewater added to the needed volumes in a case of some-

thing unexpected happens during the sampling. Collection of samples was carried out on 5. 

- 18.4.2018. 

Table 21. Collection time for each sampling points to reach the volumes of wastewater needed 

in the analysis of pollutants. 

Sampling point Time needed for 

collection (d) 

Chemically treated raw water 10 

Municipal ww from the city of Rauma (+HK 

Scan) 

14 

Wastewater stream coming to the ww treat-

ment plant 

14 

Excess water from primary sedimentation 

tank 

14 

Effluent from the wastewater treatment plant 14 

UPM drainage water discharge channel 14 

Metsä Fibre drainage water discharge chan-

nel 

14 

UPM mill area (sum sample) 10 

Metsä Fibre mill area (sum sample) 14 

 

Sample bottles for each analysis were send from the laboratory. Some of the pollutants can 

be analyzed from a same sample, so that simplifies the sampling process and lowers the 
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needed sample volumes. Volumes for different samples and pollutants analyzed from a same 

sample are presented in Table 22: 

Table 22. Pollutants to be analysed from a same sample. Also sample volumes as ml are pre-

sented. 

Sample Sample volume (ml) 

TOC, tot-P, tot-N, F, Cl 500 

Bronopol  500 

Metals 100 

AOX 500 

PCDD/F 1000 

PAH-16 1000 

Trichloromethane (as VOC) 100 

Chelating agents EDTA & DTPA 1000 

 

Collection of samples was integrated in most of the sampling points to the normal daily 

sample collection by operators. When considering UPM mill area samples, part of the nor-

mal daily samples from paper machines and TMP4 could be used in this study. However, 

extra TMP 3 - 4 sample was asked to be sent daily for ten days. The amount of a sample 

from barking plant was asked to be bigger so that there is enough water for UPM laboratory 

and to this study. The samples from grinding 1 and 2 were the tricky ones, especially in the 

case of grinding 2, because it usually operates only in a night time. The solution was to leave 

an empty bottle for an operator in a night shift so that he will take a sample during grinding 

2 operation time and put that on a refrigerator. During a study, grinding 1 operated daily 

time, so sample was taken by our own.  

Because the operating time of grindings were occasional, there would be situations in which 

a sample could not be taken because of the standing of grinding stage. It was decided be-

forehand that in situations like this, an extra sample would be taken in the next day when 

grinding stage is operating again. This was because the aim of the sampling was to get a 

sample during operation. Samples apart from grinding 2 and barking plant were combined 

daily to a proportional 1 L UPM area collection sample based on the stream flows (m3/d) 

and frozen. Sample from grinding 2 was frozen on its own because of the occasional opera-

tion times. Sample from a barking plant was got only twice in a week, so that was frozen 

also on its own and combined to UPM mill area sample later. 
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There were also things to be taken into account with the samples from UPM mill area. Be-

cause the sampling was wanted to represent the processes of mechanical pulping and pa-

permaking properly, the aim was to place sampling collection time to a period, in which as 

many paper grades as possible were manufactured. This managed very well and representa-

tive samples were taken. 

Samples from Metsä Fibre mill area as from drainage water discharge channel, alkaline and 

acidic wastewater and wastewater from pressure-water drainage were collected by their op-

erators during the whole sampling time. Daily samples were frozen in their laboratory. It 

was agreed with the laboratory of Metsä Fibre that they will take the samples out from the 

freezer in the same morning the samples would pick up to the UPM, where collection sam-

ples would be made. 

Samples from the combined wastewater treatment plant were taken by the operators every 

morning for 14 days. It was agreed to take samples to 1 L plastic bottles, which were marked 

and left to the laboratory of raw water treatment plant. Samples from UPM drainage water 

discharge channel were taken only twice a week, so the bigger plastic bottle (2 L) was used. 

Because space of the freezer is limited, samples from two days were combined to an one 1 

L plastic bottle based on the stream flows (m3/d). Combination was done instantly after the 

sample taking in day 2. Day 1 sample was kept in a refrigerator until combination. In a case 

day 1 sample was taken on Friday, it was frozen right away instead of keeping it in a refrig-

erator until Monday.  

All the samples were kept in a freezer until the day before combination. In a combination 

day, samples were melted, and bottles were still “cool”. In the sample combination, all the 

samples collected from the same sampling points were combined based on the volumes of 

stream flows (m3/d). Depending on the wastewater needed, the volume of combination var-

ied between 2 - 6 L. Combination was mixed extremely well and wastewater bottled to ana-

lyzing bottles. Analyzing bottles was kept one night in a refrigerator until sending them to 

the laboratory.  

After the first study, it was decided to continue studies especially related to the pretreatment 

methods of chelating agent samples. With the pretreatment, the stability of a sample by slow-

ing down a biological degradation is achieved. Because in the first study the only pretreat-

ment method used was freezing, also pre-treatment by adding formaldehyde needed to be 
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tested. Testing the effect of a pre-treatment method was made by taking double samples as 

random samples from the same streams as mentioned in Table 20. The only exception was 

that UPM area sum sample was covered with UPM area sample, which also includes water 

from raw water treatment plant, Metsä Fibre processes and sludge compression. This was 

done, because UPM area sample can be taken as a random sample better. To get the UPM 

area sum sample, the different samples from paper machines and mechanical pulping stage 

would have been needed. Because the only purpose of the second study was to compare the 

stabilization methods, there was not a sense to start collecting samples from the whole mill 

area. 

First part of the samples was pre-treated by freezing them immediately after sampling. Sam-

ples were sent as frozen to the laboratory. Second part of the samples was pre-treated by 

adding them 37% formaldehyde immediately after sampling. The ratio to add formaldehyde 

was 1 ml formaldehyde to 100 ml water. Samples stabilized with formaldehyde were diluted 

with ionized water to a different content than samples stabilized by freezing. This was be-

cause two exactly same samples did not want to be send to the laboratory. Sampling bottles 

including formaldehyde were kept in a refrigerator before sending them. All the samples 

were taken 15.6 and sent to the laboratory 18.6.  

As mentioned in Chapter 7.2.2, chelating agent supplier have their laboratory services avail-

able for short projects. However, the answer from the supplier came too late for actual re-

search, so collection samples were not sent for them. Instead sending the collection samples, 

it was decided to take same samples as taken for the study of the effect of the pre-treatment 

method. In total, three similar samples as random samples were taken. Because the supplier 

had an opportunity to analyze the samples on week 29, the samples were put to a freezer and 

sent frozen. By having the results also from these analysis, some comparison between the 

frozen samples can be made.  
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9. RESULTS 

 

Results from the sampling of environmentally hazardous and harmful substances from 

wastewater carried out in 5. - 18.4.2018 are presented in this section. Furthermore, results 

from random sampling made in 15.6.2018 to test the effect of the pre-treatment method to a 

sample are also considered. 

Results are divided to cover chelating agents, E-PRTR substances and bronopol. Mass bal-

ances of the substances in the combined wastewater treatment plant are presented. Based on 

the mass balances, reduction of the substances during the biological wastewater treatment 

process are showed. With these, the behaviour of the substances in the treatment process can 

be known and the current total load of the substances to the ocean find out.  

Results from the analytical data are used to compare the total load of environmentally harm-

ful substances from the combined wastewater treatment plant to the threshold values and 

EQS -values set by the environmental authorities and legislation. With this comparison, sub-

stances to be measured from the combined wastewater treatment plant in the future are also 

defined.  

Analyzing result of a substance under its LOQ is considered in the chapter 6.1 and based on 

the facts in the chapter, it was decided beforehand, that if a result of analysing substance is 

under its LOQ, result is marked as ND. That is why for example in a case of results from 

analysis of PCDD/F substances, only lower bound values are used even though there are 

results also from middle bound (results calculated using a half of LOQ) and upper bound 

(results calculated using LOQ) values. 

9.1 Comparison of the total loads to threshold values 

 

Annual total load from Rauma forest mill area to the ocean is presented in Equation 2: 

Total load to the ocean (kg/a) = Wastewater effluent from the combined wastewater 

treatment plant (kg/a) + UPM drainage water discharge channel (kg/a) (2) 

Because Metsä Fibre drainage water discharge channel converges to effluent from the com-

bined wastewater treatment plant, results analyzed from the effluent contain already contents 

of the pollutants in the MF drainage discharge channel. 
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In Table 23 below, contents of the substances (mg/l) or (µg/l) have been calculated with the 

volumes of wastewater streams (m3/d) to describe the annual load (kg/a). The volumes of 

wastewater streams are average values from the sampling days on the sample collection time 

in 5. - 18.4.2018. These average values have been multiplied to yearly volumes. 

Table 23. Annual total load (kg/a) to the ocean from the Rauma forestry mill area calculated 

by as a sum of effluent from the combined wastewater treatment plant and UPM 

drainage water discharge channel. The total load value is calculated for all the E-

PRTR substances included in this study. 

Pollutant 

Effluent from the wwtp 

[kg/a] 

UPM drainage water dis-

charge channel [kg/a] Total load [kg/a] 

Arsenic As ND ND ND 

Mercury Hg ND ND ND 

Cadmium Cd 33.9 ND 33.9 

Chromium Cr ND ND ND 

Copper Cu 310.3 1.0 311.3 

Lead Pb ND ND ND 

Nickel Ni 455.0 1.2 456.3 

Zinc Zn 5377.8 5.6 5383.4 

Nitrogen N 111692.3 362.6 112054.9 

Phosphorous P 11996.6 15.3 12011.9 

PAH-16 ND 0.006 0.006 

TOC 5791451.4 1732.5 5793183.9 

Trichloromethane ND ND ND 

PCDD/F ND ND ND 

Fluoride 15719.7 64.5 15784.1 

Chloride 7032476.6 5036.3 7037513.0 

 

Table 24 lists threshold values (kg/a) for E-PRTR –pollutants. If the threshold values exceed, 

pollutant need to be reported to E-PRTR. As mentioned earlier, it is defined in the environ-

mental permit of the combined wastewater treatment plant (2018), that pollutant will have a 

control requirement in the future, if 10% of the threshold value is exceeded. 
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Table 24. Total load [kg/a] from the combined wastewater treatment plant compared to 10% 

of the pollutant’s threshold value. 

Pollutant 

Total load 

[kg/a] 

Threshold value 

[kg/a] 

10% of the value 

[kg/a] 

Arsenic As ND 5 0.5 

Mercury Hg ND 1 0.1 

Cadmium Cd 33.9 5 0.5 

Chromium Cr ND 50 5 

Copper Cu 311 50 5 

Lead Pb ND 20 2 

Nickel Ni 456 20 2 

Zinc Zn 5383 100 10 

Nitrogen N 112055 50 000 5000 

Phosphorous P 12012 5 000 500 

PAH-16 0.006 5 0.5 

TOC 5793184 50 000 5000 

Trichloromethane ND 10 1 

PCDD/F ND 0.0001 0.00001 

Fluoride 15784 2000 200 

Chloride 7037513 2 000 000 200000 

 

PAH-16 is calculated as a sum parameter of different substances. However, PAH-16 sub-

stance list includes also substances which are E-PRTR pollutants by their own. These pollu-

tants and their threshold values are listed in Table 25 below. 

Table 25. Substances, that are included in PAH-16 sum parameter and also being E-PRTR 

substance by their own. Threshold values and 10% of threshold values are also listed 

for these substances.  

Pollutant 

Effluent from 

the wwtp [kg/a] 

UPM drainage 

water discharge 

channel [kg/a] Total load [kg/a] 

Threshold value 

[kg/a] 

10% of the 

value [kg/a] 

PAH-16 ND 0.006 0.006 5 0.5 

Anthracene ND ND ND 1 0.1 

Benzo(g,h,i)perylene ND 0.0004 0.0004 1 0.1 

Fluoranthene ND 0.001 0.001 1 0.1 

Fluorene ND ND ND No value No value 

Naphthalene ND 0.003 0.003 10 1 
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As mentioned in Chapter 4.4, raw water may contain contaminants as heavy metals and/or 

nutrients. The load of pollutants coming with raw water to processes is presented in Table 

26 below. The total load from the Rauma forest industry area to the ocean after taking off 

the load of raw water is also presented in Table.  

Table 26. Pollutant load present in the raw water. The total load to the ocean is calculated by 

deducting the raw water load from the total load analysed from the wastewater sam-

ples in the study. 

Pollutant 

Total load 

[kg/a] 

Pollutant in raw 

water [kg/a] 

Total load after 

raw water [kg/a] 

Arsenic As ND ND ND 

Mercury Hg ND ND ND 

Cadmium Cd 33.9 ND 33.9 

Chromium Cr ND ND ND 

Copper Cu 311.3 216.2 95.1 

Lead Pb ND ND ND 

Nickel Ni 456.3 499.0 -43.9 

Zinc Zn 5383.4 1164.3 4213.5 

Nitrogen N 112054.9 74846.3 37208.6 

Phosphorous P 12011.9 2744.4 9267.5 

PAH-16 ND 0.6 -0.6 

TOC 5793183.9 540556.5 5252627.4 

Trichloro-

methane ND ND ND 

PCDD/F ND ND ND 

Fluoride 15784.1 14137.6 1646.5 

Chloride 7037513.0 403338.3 6634174.7 

 

In addition to E-PRTR substances and their annually threshold values (kg/a), the EU Water 

Framework Directive (WFD) defines threshold values and EQS-values for priority sub-

stances. The values are defined as µg/l. In the WFD Appendix 1 Section B is defined thresh-

old values for cadmium and mercury. The values and cadmium and mercury contents ana-

lyzed in this study are presented in Table 27 below. Because the WFD does not include 

values for the treated wastewater, EQS-values presented in this study are for sea water. 
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Table 27. Measured contents for cadmium and mercury in effluent from the combined 

wastewater treatment plant, UPM drainage water discharge channel and Metsä Fibre 

drainage water discharge channel. The threshold values mentioned in Table are set 

in WFD Appendix 1 Section B. Total load is a sum of effluent from wwtp and UPM 

discharge drainage channel. MF drainage water discharge channel is already in-

cluded in the effluent but is now presented as separate. 

Pollutant 

Threshold value 

in part B [µg/l] 

Effluent from 

wwtp [µg/l] 

UPM drainage wa-

ter discharge chan-

nel [µg/l] 

MF drainage water 

discharge channel 

[µg/l] 

Cadmium Cd 10 0.82 ND 7.3 

Mercury Hg 5 ND ND ND 

 

According to the UPM Rauma mill chemical list, the only substance appearing in the chem-

icals used in the UPM Rauma mill and also listed in the WFD Appendix 1 Section D is 

bronopol. Table 28 shows the bronopol content and EQS-value defined in the part D. Brono-

pol content in sludge was < 0.05 mg/kgka. 

Table 28. Bronopol contents and its EQS –value defined in the WFD appendix 1 part D. The 

only EQS-value for bronopol being defined is AA-value, which means annual aver-

age value.  

Pollutant 

EQS-value in 

part D [µg/l] 

 Effluent from wwtp 

[µg/l] 

UPM drainage water 

discharge channel 

[µg/l] 

MF drainage water 

discharge channel 

[µg/l] 

Bronopol 0.4 ND ND ND 

 

Table 29 below presents all the substances being analyzed in this study and listed also in the 

WFD Appendix 1 Section C2. PCDD/F are also these substances, but not listed in the table, 

because any of them did not exceed their LOQ -value (20 pg/l) in any wastewater stream 

going to the ocean. Most of the substances is included in PAH-16 group but are listed sepa-

rately in Section C2.  
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Table 29. Substances defined in the WFD Appendix 1 Section C2 and measured in this study. 

EQS-value is defined as threshold limit value for the substances. Empty holes in the 

table describe that substance is in the list in Section C2, but no EQS-value is not 

defined.  

Pollutant 

EQS-value in 

part C2 [µg/l] 

 Effluent from 

wwtp [µg/l] 

UPM drainage water 

discharge channel 

[µg/l] 

MF drainage water 

discharge channel 

[µg/l] 

Cadmium Cd 0.6 0.8 ND 7.3 

Mercury Hg 0.07 ND ND ND 

Nickel Ni 0.07 11 6.1 11 

Lead Pb 14 ND ND 5.5 

Anthracene 0.1 ND ND 0.005 

Benzo(a)pyrene 0.027 ND 0.0012 0.012 

Benzo(g,h,i)perylene 0.00082 ND 0.002 0.01 

Fluoranthene 0.12 ND 0.005 ND 

Indeno(1,2,3-cd)py-

rene   ND 0.001 0.003 

Naphthalene 130 ND 0.014 ND 

Trichloromethane   ND ND ND 

 

As mentioned before, MF drainage water discharge channel values are already included in 

the wwtp effluent values. As can be seen from Table 32, in the case of some substances, 

analysed value is in effluent ND even though in MF drainage water discharge channel the 

values have exceeded its LOQ-value. However, it has been checked, that in these cases value 

in MF drainage water discharge channel will decrease under substance’s LOQ value when 

volume of wastewater stream of MF drainage water discharge channel will dilute to volume 

of effluent. 

Sludge sample taken randomly combining sludge from three different sludge compression 

stages was also analysed. However, because sludge sample has been taken in the compres-

sion stages and not after the whole excess water is removed from sludge, these results contain 

also contents of substances appearing in water and which would normally be recycled back 

to the UPM area wastewater stream. This is because sludge contains both water and solid 

matter, and these measurements included sludge having dry content 25%. To sum up, if the 

real content of substances in solid matter would want to be known, then also contents of 

substances in excess water from sludge compression stage should be analyzed and based on 

the dry content ratio, the content of substances would be calculated. To sum up, contents of 

harmful substances are in reality smaller than the results from this study show. Table 30 

below lists the amounts of substances in sludge. Exact limit values for harmful substances 
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in sludge haven’t been set, but if sludge is used as fertilizer, the Decree 539/2006 concerning 

fertilizer products sets limit values for metals. For organic substances, limit values are not 

set. (Salminen, 2013) 

Table 30. Contents for the substances in sludge measured in this study. Maximum allowed 

values for substances in sludge when sludge is used as fertilizer are also presented.  

Pollutant Allowed content in 

sludge (mg/kgka) 

Content in sludge 

in the study 

(mg/kgka) 

Arsenic As 25 3.2 

Cadmium Cd 1.5 0.8 

Chromium Cr 300 25 

Copper Cu 600 23 

Mercury Hg 1.0 0.3 

Nickel Ni 100 15 

Lead Pb 100 12 

Zinc Zn 1500 89 

 

9.2 Reduction of E-PRTR substances  

 

Reduction of E-PRTR substances was calculated from their mass balances using the results 

of analysis in both of mill areas and the combined wastewater treatment plant. 

In Figure 17 below, simplified mass balance of E-PRTR substances is shown. 

 

Figure 17. Simplified situation for calculating E-PRTR substances’ mass balances in the com-

bined wastewater treatment plant. Meanings are: 1. Load from forest industry to 

wwtp 2. The load after primary sedimentation 3. Load from municipal wastewater 

4. Retained amount in the treatment process 5. Load from wwtp to the ocean 

The total load of E-PRTR substances to the combined wastewater treatment plant is calcu-

lated as following: 

Total load to wwtp [kg/d] = Load from UPM mill area [kg/d] + Load from MF mill 

area [kg/d] + Load from municipal ww [kg/d]     (3) 



85 

 

Because the measured load from the stream to the ocean contains also load from Metsä Fibre 

drainage water discharge channel, the real load from wwtp is calculated as following: 

Load from wwtp to the ocean [kg/d] = Measured load from stream to the ocean [kg/d] 

– Load from MF drainage discharge channel [kg/d]    (4) 

Retention of a substance in the ww treatment process is calculated as following: 

Retention [%] = Total load to wwtp [kg/d] - Load from wwtp to the ocean [kg/d] / 

Total load to wwtp [kg/d] * 100 %      (5) 

As seen from Figure 17 above, there are not separate measurements for retention of a sub-

stance to sludge in the primary sedimentation and the final sedimentation, even though the 

content of a substance is analyzed from excess water in the primary sedimentation. That is 

why retention to sludge in both of these process steps is considered as one unit. 

Retention of E-PRTR substances in the combined wastewater treatment plant are presented 

in Table 31. Mercury, PAH-16 and PCDD/F were not detected in any of the coming 

wastewater stream and effluent from the wwtp, so they are marked as ND. On the contrary, 

if there have been contents measured in the incoming wastewater stream, but the content has 

been under its LOQ in the effluent, then retention % is 100%. In addition, it should be noted 

that the total load of Nitrogen N and Phosphorous P do not contain the amounts which have 

been added to the treatment process as nutrients. That is why the real loads are in reality 

bigger than have been marked to the table 31 now. Consequently, the real retentions of Ni-

trogen and Phosphorous are in reality bigger too. 
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Table 31. Total load to the combined wastewater treatment plant and load to the ocean. Reten-

tion % describes how much the treatment process have reduced the amount of pol-

lutants from incoming load. 

Pollutant 

Total load [kg/d] to 

wwtp 

Load from wwtp 

[kg/d] Retention % 

Arsenic As 0.18 ND 100.0 

Mercury Hg ND ND   

Cadmium Cd 0.11 0.07 37.7 

Chromium Cr 0.88 ND 100.0 

Copper Cu 1.76 0.82 53.1 

Lead Pb 0.33 ND 100.0 

Nickel Ni 1.31 1.21 7.5 

Zinc Zn 18.55 14.23 23.3 

Nitrogen N 1381.07 300.29 78.3 

Phosphorous P 192.67 32.09 83.3 

TOC 59397.05 15823.31 73.4 

Trichloromethane 0.51 ND 100.0 

Fluoride F 27.83 41.89 -50.5 

Chloride Cl 13959.01 19115.85 -36.9 

PAH-16 ND ND  

PCDD/F ND ND  
    

 

In Figure 18 below, loads of the E-PRTR substances measured in this study are presented in 

the different wastewater streams and in the effluent leaving the wwtp. UPM area and MF 

area sum samples are the load to wwtp before primary sedimentation and load from primary 

sedimentation and municipal wastewater forms the load to aeration. Loads from MF and 

UPM drainage water discharge channels are included to the charts below too. 
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Figure 18. Sources of measured E-PRTR substances to the combined wastewater treatment 

plant and in the primary sedimentation and wwtp effluent. Also loads from both of 

the drainage discharge channels are recorded. 

 

In Table 32 below, amounts of substances attached to sludge are presented and compared to 

the amounts retained during the wastewater treatment process.  

Table 32. Retained amounts of substances [kg/d] in the wastewater treatment process and 

amounts [kg/d] measured in sludge. There were not results for substances as phos-

phorous and chloride from sludge. 

Pollutant Retention from ww [kg/d] Amount in sludge [kg/d] 

Arsenic As 0.18 0.37 

Mercury Hg 0.00 0.04 

Cadmium Cd 0.04 0.10 

Chromium Cr 0.88 2.93 

Copper Cu 0.93 2.69 

Lead Pb 0.33 1.41 

Nickel Ni 0.10 1.75 

Zinc Zn 4.32 10.39 

Nitrogen N 1080.78 3165.63 

TOC 43573.74 46710.00 

Trichloromethane 0.51 ND 

PAH-16 ND 0.08 

PCDD/F ND ND 

Fluoride -14.06 ND 
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9.3 Reduction of chelating agents 

 

The study of chelating agents was made in two sections. In the first section, samples were 

collected for two weeks and EDTA and DTPA were analyzed. With the results, mass bal-

ances of chelating agents and reduction rates in the different parts of the wastewater treat-

ment process were calculated. In the second section, different stabilization methods to de-

crease the biodegradability of chelating agents in the wastewater samples was studied by 

taking random samples. 

Figure 19 presents the simplified situation of calculating mass balances for chelating agents. 

 

Figure 19. Simplified situation for calculating chelating agents’ mass balances in the combined 

wastewater treatment plant. Meanings are: 1. Total load to wwtp 2. The load after 

primary sedimentation 3. Total load to the ocean 4. Retained amount in the treatment 

process 

As can be seen in Figure 19, first retaining of chelating agents may happen already in the 

primary sedimentation, but the final retaining is in the last stage, which contains aeration 

and final sedimentation. Figure 19 does not present the load from excess water from the 

sludge compression stage, that is recycled to the beginning of the process. This is because 

chelating contents from the recycled water was not measured. However, the stream 

“wastewater coming to wwtp” contains contents from recycled water.  

Via mass balances, the total retention of chelating agents in the wastewater treatment process 

is calculated as following: 

Total retention [kg/d] = Total load to the wwtp [kg/d] – total load to the ocean[kg/d] 

(6) 
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In Table 33, contents of EDTA and DTPA are presented in the different sampling points.  

Table 33. Analysed contents of chelating agents EDTA and DTPA from the composite samples col-

lected for 14 days.  

Chelating 

agent Unit 

UPM area sum 

sample Ww coming to wwtp 

Ww from primary 

sedimentation 

Effluent 

from 

wwtp 

EDTA µg/l 19 000 4900 8800 2500 

DTPA µg/l < 50 < 50 < 50 < 50 

 

In Table 34 below, daily total loads of chelating agents as kilograms are calculated. Mass 

balances of chelating agents are calculated using these numbers. 

Table 34. Daily total loads of chelating agents [kg/d] calculated by using the analysed contents [µg/l] 

and average daily stream volumes [m3/d]. 

Chelating 

agent Unit  

UPM area sum 

sample  Ww coming to wwtp 

Ww from primary 

sedimentation 

Effluent 

from 

wwtp 

EDTA kg/d 586.6 458.0 822.4 283.3 

DTPA kg/d ND ND ND ND 

 

Total retention of chelating agents is calculated to Table 35 below. Because DTPA in this 

study was in all the samples under its LOQ, retention is only calculated for EDTA. Three 

different retentions are calculated depending on the value, which is used as total load of 

EDTA. Three different values can be used as total loads. These are the amount of EDTA 

used in the processes during sampling time, the amount measured in the coming wastewater 

stream and the amount measured in the UPM area sum sample. Both ww coming to wwtp 

and UPM area sum sample are included because as can be seen from Table 35, calculated 

amount as kg/d is smaller for wastewater coming to the wwtp than for UPM area sum sample, 

even though in reality it should be bigger, because recycled water from sludge compression 

stage is included in wastewater stream coming to the wwtp. So in this case it should be noted, 

that one of the calculated amounts of EDTA is probably wrong and that is why both values 

are used to calculate the retention of EDTA. 
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Table 35. EDTA retention calculated with three different values of EDTA load [kg/d] when 

the load to the ocean from the combined wastewater treatment plant was 283.34 

[kg/d] during the sampling time.  

  Retention % 

EDTA used in the 

UPM processes 94.9 

EDTA in the UPM 

area sum sample 51.7 

EDTA in ww stream 

coming to wwtp 38.1 

 

9.3.1 Results from different stabilization methods 

 

The study about the effect of a stabilization method was done by stabilizing the same samples 

with two different methods. First part of the samples was stabilized by freezing them and the 

other by adding 37% formaldehyde with ratio 1ml formaldehyde to 100 ml water. In addition, 

samples stabilized with formaldehyde are also diluted to lower contents, because two exactly 

same samples did not want to be sent to the laboratory. The contents of chelating agents in 

both of these samples are presented in Table 36 below.  

Table 36. Comparison of the effect of two different stabilization methods to EDTA and DTPA 

contents [µg/l] in four different wastewater samples. Diluted samples are calculated 

back to their original contents.  

Sampling point and stabilizing 

method 

EDTA 

(µg/l) DTPA (µg/l) 

UPM area, frozen 25000 35 

UPM area, formaldehyde 26667 24 

Wastewater to wwtp, frozen 16000 26 

Wastewater to wwtp, formalde-

hyde 17333 23 

Wastewater from primary sedi-

mentation, frozen 15000 24 

Wastewater from primary sedi-

mentation, formaldehyde 14667 16 

Effluent from wwtp, frozen 2800 11 

Effluent from wwtp, formalde-

hyde 2400 <10 

 

As can be seen from Table 36, there is not any definite way to say which one of the stabili-

zation methods is better. For example, when considering the UPM area sample, stabilizing 

with formaldehyde seems to be more effective for EDTA than freezing, but on the contrary, 

stabilizing by freezing is more effective for DTPA than EDTA in the same sampling point. 
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Similarly, with samples taken from the wastewater stream arriving to the wastewater treat-

ment plant. However, with samples taken from primary sedimentation and wastewater efflu-

ent stream, stabilizing by freezing seems to be more effective for EDTA, but by freezing 

more effective to DTPA. In a case of sample taken from wastewater effluent and stabilized 

by formaldehyde, DTPA content has decreased under its LOQ. This is most likely because 

samples stabilized with formaldehyde were diluted with ionized water and the content in a 

frozen sample has also been near its LOQ already. 

Stabilizing by freezing is better in all cases for DTPA and the biggest differences was 

achieved with samples from UPM area and primary sedimentation, percentual differences 

being 45.8% and 50% and but in a case of EDTA, the method does not have so big effect. 

The biggest difference between the stabilization methods with EDTA was with sample taken 

from wastewater effluent, when sample stabilized with by freezing has the difference of 16.7% 

to a sample stabilized with formaldehyde. 
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10. DISCUSSION 

 

In this part, discussion about the results of this study are made. In addition, based on the 

results and methods in this study, recommendations for the future relating to environmen-

tally harmful and hazardous substances and their measurements from wastewater are pro-

posed. 

10.1 Substances under control in the future 

 

When comparing E-PRTR substances and their threshold values to the results of this study, 

it can be noticed that cadmium, copper, nickel and zinc are the metals exceeding their thresh-

old values. Metals as arsenic, chromium, mercury and lead did not exceed their LOQ-values 

at all, so they are noticed in this study as ND. When taking into account the load from raw 

water, cadmium, copper and zinc exceed their threshold values, but the load of nickel turns 

out to be negative. 

In addition to metals, other substances as nitrogen, phosphorous, TOC, chloride and fluoride 

exceed their threshold values. Trichloromethane, PAH-16 and PCDD/F are the substances / 

substance groups which do not exceed their threshold values or even 10% of the threshold 

values. After taking off the load from raw water, nitrogen and fluoride turned out to be under 

their threshold values. However, nitrogen and fluoride still exceeded 10% of their threshold 

values. Other substances as phosphorous, TOC and chloride exceeded their threshold values 

despite taking off the load from raw water. Table 37 below summarizes the E-PRTR sub-

stances to be reported forward in 2018: 

Table 37. Substances to be reported in 2018 to E-PRTR according the results from this study. 

Pollutant To be noted 

Cadmium Cd   

Copper Cu   

Nickel Ni 

After taking off raw water load does not exceed 

threshold value 

Zinc Zn   

Nitrogen N   

Phosphorous P   

TOC   

Chloride Cl   

Fluoride F 

After taking off raw water load does not exceed 

threshold value 
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Comparing of the results of this study to the E-PRTR analysis made in 2014 is presented in 

Table 38. When considering the E-PRTR reported forward in 2014 and in 2018, there are 

differences. As can be seen from the table, in 2014 metals as As, Hg, Cr and Pb were reported 

forward and in 2018, their LOQ-values did not exceed so no contents were detected. In ad-

dition, PAH-16 and trichloromethane were also reported because their threshold values were 

exceeded, but in 2018, trichloromethane was noted as ND and PAH-16 did not exceed 

threshold value. To consider results from other side of view, in 2018 total loads of TOC and 

fluoride have been remarkable bigger than in 2014. However, the differences may also ap-

pear from sampling and raw water load. In the case of metals, also raw material wood and 

metals in it can change the values. Changes in the processes after 2014 is that one of the 

TMP 4 lines was changed to production line of CTMP. In addition, in 2017, the combined 

wastewater treatment plant started to treat wastewater from HK Scan poultry plant.  

Table 38. Total load of E-PRTR substances in 2014 and 2018, when wider studies about the 

E-PRTR substances have been made. Total loads in 2015, 2016, and 2017 have been 

calculated by using the results from 2014 and volume of wastewater stream moni-

tored in every year. Load from raw water has not been taken off from these results 

and total loads consist of load from effluent and UPM drainage water discharge 

channel. 

Pollutant 
Total load in 2014 

[kg/a] 

Total load in 2018 

[kg/a] 

Threshold value 

[kg/a] 

Arsenic As 36.8 ND 5 

Mercury Hg 46.9 ND 1 

Cadmium Cd 24.0 33.9 5 

Chromium Cr 73.8 ND 50 

Copper Cu 308.2 311.3 50 

Lead Pb 46.9 ND 20 

Nickel Ni 536.5 456.3 20 

Zinc Zn 4616.0 5383.4 100 

Nitrogen N 126 509 112 055 50 000 

Phosphorous P 15 477 12 012 5 000 

PAH-16 4.9 0.006 5 

TOC 3 990 260 5 793 184 50 000 

Trichloromethane 22.3 ND 10 

PCDD/F ND ND 0,0001 

Fluoride 7142 15 784 2000 

Chloride 7 901 270 7 037 513 2 000 000 

 

 



96 

 

As defined in the environmental permit of the combined wastewater treatment plant, E-

PRTR substances exceeding 10% of their threshold value need to be analyzed also in the 

next year E-PRTR measurements. Based on the permit, fluoride is a substance that needs to 

be analyzed also in next year. Even though fluoride does not exceed its threshold value after 

taking off the raw water load, 10% of the threshold value still exceeds. Trichloromethane is 

a substance which according to the results of this study, does not need to be analyzed in next 

year E-PRTR measurements, because it did not exceed its threshold value or 10% of that. 

In the environmental permit is also defined to measure PAH-16 and PCDD/F even though 

their load to the ocean did not exceed their threshold values. Metals as arsenic, chromium, 

mercury, and lead are these kinds of substances too. AOX is also a substance to be measured 

according to the permit. In this study, AOX was a substance to be analyzed, but because of 

the problems in the laboratory, results from AOX analyses were missing. Table 39 summa-

rizes all the E-PRTR substances or substance groups to be analyzed in next year: 

Table 39. E-PRTR substances to be analysed next year from one week collection sample. T-

value means threshold value. 

Pollutant  Reason to be analysed next year 

Arsenic As Defined in the environmental permit 

Mercury Hg Defined in the environmental permit 

Cadmium Cd 

Defined in the environmental permit, t-value ex-

ceeded 

Chromium Cr Defined in the environmental permit 

Copper Cu 

Defined in the environmental permit, t-value ex-

ceeded 

Lead Pb Defined in the environmental permit 

Nickel Ni Defined in the environmental permit 

Zinc Zn 

Defined in the environmental permit, t-value ex-

ceeded 

Nitrogen N 

Defined in the environmental permit, t-value ex-

ceeded 

Phosphorous P 

Defined in the environmental permit, t-value ex-

ceeded 

PAH-16 Defined in the environmental permit 

TOC 

Defined in the environmental permit, t-value ex-

ceeded 

PCDD/F Defined in the environmental permit 

Fluoride 10% of t-value exceeded 

Chloride 

Defined in the environmental permit, t-value ex-

ceeded 
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When concerning priority substances listed in the WFD Appendix 1, it should be noted that 

limit values are defined only for sea water, not for effluent from wastewater treatment plant. 

If the limit values for substances are set, they are defined in the environmental permit like 

for CODcr, total suspended solids, total nitrogen, total phosphorous and AOX have been 

done. 

In the WFD Appendix 1 Section B are defined limit values for cadmium and mercury. As 

can be seen from Table 27, both of the substances are under defined limit values. When 

comparing cadmium content for Appendix 1 Section C2 EQS-values, the content exceeds its 

EQS-value. However, the real comparable value to compare cadmium content to EQS-value 

would be, if cadmium content is measured from seawater near effluent output. The same 

issue is in the cases of nickel and benzo(g,h,i)perylene. Their EQS-values are exceeded in 

this comparison, but if further and more specific measurements are wanted to be done, the 

real comparable content would be to measure contents from seawater. To point out, 

benzo(g,h,i)perylene content is from UPM drainage water discharge channel, so not from 

processes. When concerning the future measurements, all the three substances cadmium, 

nickel ad benzo(g,h,i)perylene (as included in substance group PAH-16) are defined in the 

environmental permit to be analysed annually from water streams going to the ocean.  

According to the results, bronopol was not detected in any wastewater streams which are 

coming to the combined wastewater treatment plant or from sludge sample either. Conse-

quently, bronopol was not detected from wastewater effluent either. Based on the results, 

bronopol is assumed to decompose in water environment. In addition, the degradation prod-

ucts are not analysed and there are not commercial analysing methods in Finland available 

to analyse them. 

When using the chart (in Chapter 4.3) to evaluate the possible control requirement for prior-

ity substances, there should not be a control requirement for bronopol in the UPM Rauma 

mill. This is because even though bronopol is used in the processes and it has a possibility 

to go in receiving water, there are not any detected contents of bronopol in any of the 

wastewater streams. To sum up, there should only be an obligation to record the used 

amounts of bronopol, which is done already.  
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To consider the possible alternative utilization of sludge, further more exact measurements 

need to be done about environmentally harmful substances. Metal contents presented in Ta-

ble 30, contains the contents also from excess water and by mistake, contents of excess water 

were not analyzed. So, if the real content of substances in sludge want to be known, then the 

contents in excess water need to be measured and calculated by ratio of dry solid in sludge.  

To find out the utilization potential of sludge especially as fertilizer, several analyses should 

be made in the future. First of all, sludge analysis to find out the potential of sludge as ferti-

lizer is done with different extraction method than analysis for industry. For example in this 

study, the extraction was done by aqua regia, but in some analysis, nitric acid is used as 

extractor when analyzing sludge. Secondly, analysis of soluble phosphorous and nitrogen 

are important. In addition, potassium K, magnesium Mg and calcium Ca are important pa-

rameters when considering sludge as fertilizer and should also be measured. (Mantsinen, 

2018).  

Microplastics are very problematic in sludge. If sludge is used as fertilizer, it is possible then 

to release microplastics to environment. Even though harmful substances as metals have 

their limit values in sludge fertilizer, organic substances as microplastics do not have any 

limits. (Setälä et al., 2017). Because the combined wastewater treatment plant treats munic-

ipal wastewater from the city of Rauma, there are a possibility of sludge to contain also 

microplastics. Talvitie et al. (2017) have made a study about micropollutants in Helsinki 

Viikinmäki wastewater treatment plant.  Results of the study showed 99% of the microplas-

tics to retain into sludge. Even though major part (98%) of wastewater coming to Viikinmäki 

treatment plant is municipal wastewater and only 2% to be from industry, (Viikonmäen jä-

tevedenpuhdistamon ympäristölupahakemus, 2013) the combined wastewater treatment 

plant in Rauma can be assumed to retain microplastics to sludge as well. 

10.2 Discussion about E-PRTR –substances 

 

One aim of the study was to find out the behavior of substances by measuring contents from 

sludge and comparing the amounts retained during the treatment process to the amounts 

attached to sludge. In this way, it would have been known whether a substance will degrade 

due the activity of micro-organisms or attach to sludge. However, with all the substances 

except trichloromethane and fluoride, the results showed the amount in sludge to be much 

higher than the amount retained from the process, which is very unreliable. To consider the 
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possible reasons for this, it can be noted that the retained amount is probably higher than is 

calculated. This is because the retained amount is got as remainder from total load to wwtp 

and load in effluent. Because total load does not contain precipitants from raw water treat-

ment plant and flue gas scrubber water from the biopower plant, then the retained amount is 

smaller too. In addition, as mentioned earlier, also the excess water from the sludge com-

pression stage should have been measured to find out the real content of substances in it, 

because the content measured included now 75% of contents from excess water. Also the 

volume of excess water should have known. To get the results, contents measured from sam-

pling point after primary sedimentation were used to evaluate the possible contents in sludge, 

but this was not right enough. Samples were also randomly taken and there was no longer 

collection period. However, it can be concluded, that if the contents of substances are meas-

ured from sludge, attachment to sludge is happened in some level. 

The results showed retention of heavy metals to vary. As, Cr and Pb seemed to be retained 

from wastewater completely but for example, retention for Ni and Zn was low. Results can 

be compared to the results in Vieno’s (2014) study about harmful substances in Finnish 

wastewater treatment plants. In Vieno’s study, retention of Ni was considered to be 9%, 

which corresponds to retention of Ni 7.5% in this study well. In Vieno’s study, no reason to 

bad retention of nickel was not found, but it was considered that chemical coagulants, which 

are used to precipitate phosphorous, may increase the nickel content and have an effect to 

results. Differences in retentions between the studies was found with cadmium. In Vieno’s 

study, retention for Cd was 81% but, in this study, retention was only 37.7%. Retention for 

lead in Vieno’s study was proposed to be 89% which is smaller than in this study, where Pb 

noticed to be retained completely.  

As considered in the Vieno’s study, heavy metals don’t degrade by the activity if micro-

organisms because they usually attach to sludge. In this study, results showed heavy metals 

to retain to sludge too. Based on this study, it can not be said why the retention of heavy 

metals from wastewater to sludge is different. One reason would be that because of the pres-

ence of EDTA, metals forms different kinds of chelants, which affect to metals’ attachment 

to sludge. (Jean et al., 2007). However, it can be considered whether there would be a need 

to intensify the retention of those heavy metals, which show poor retention rates and exceed 

their set threshold limits. These heavy metals are nickel, cadmium, zinc and copper.  
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To consider the solution to intensify metal removal in the combined wwtp, one solution 

would be to add physical treatment method. For example, chemical precipitation, adsorption 

with low costs adsorbents, electrodialysis, photocatalysis and membrane filtration are all the 

methods reported with effective heavy metal removal from wastewater. However, the terms 

to physical treatment method are that the method is easily integrated to existing process with 

low investment costs and can be used in industrial scale with large volumes of wastewater. 

Also operational costs should be low and daily operation simple. There are also some limi-

tations to the method, because method should not have any inhibiting effects to the treatment 

of other substances from wastewater. Wastewater from forest industry processes has high 

organic load, so this should also be considered when choosing the possible physical method. 

Organic load may affect fouling of the method because of larger organic solid particles in 

the water, which may make process more difficult to operate and add operational costs. 

(Barakat, 2010).  

To consider the sources of heavy metals to the wwtp, assumption as sources of heavy metals 

were forest industry processes. At first, the aim was to find out the total mass balance of 

heavy metals starting from the raw material to the UPM processes. Because heavy metal 

contents were not analyzed from raw material wood in this study, the idea to get the more 

specific mass balance was to use the typical heavy metal contents reported from wood in the 

literature. However, reliable studies which would list heavy metal contents in spruce trunk 

trees were not found from the literature. The only studies found were listing heavy metal 

contents in all the parts of tree or from areas, in which trees may have been polluted by near 

industry. So, if in the future more specific studies about sources of metals to the processes 

are going to be made, then analysis of contents in trees to be used should be analyzed. 

The results still show the wastewater from MF and UPM mill areas to be the main sources 

for all the metals except mercury. To generalize, amounts of heavy metals from UPM mill 

area are higher than from MF mill, but cadmium is the only exception, which amount from 

MF mill area is higher. With heavy metals as arsenic, chromium, copper, lead, nickel and 

zinc, there is also load from municipal wastewater. To sum up, there is not a need for exact 

distribution between sources of pollutants, because the combined wastewater treatment plant 

acts as a complex to treat wastewater from all the sources.  
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There are cases, in which the load of a substance is higher after the primary sedimentation 

than the load to the combined wastewater treatment plant. For example, in the case of mer-

cury Hg, there were not contents to be detected in any of the coming wastewater stream, but 

after the primary sedimentation, the amount was 0.013 kg/d. In addition, with Cu, Pb, Ni, 

TOC, fluoride and chloride the load to the primary sedimentation was lower than the amount 

after the primary sedimentation. Of course, there is always a possibility to mistakes during 

sampling and analyzing, but this can be partly explained that contents of precipitants from 

the raw water treatment plant aren’t included to the load to the wwtp. What it comes to the 

load from the raw water treatment plant, it was decided not to add the load to the total load 

to the wwtp, because part of the load measured from raw water is already included to the 

load from paper machines. 

To consider other parameters, it can be seen that PCDD/F substances are not detected in any 

of the measured wastewater streams. It was decided to use lower bound values to calculate 

sum parameter, so consequently, no balance was calculated. The same thing was with PAH-

16 sum parameter. Contents of PAH-16 substances were not detected to calculate the mass 

balance in the wttp. The only contents were detected in the both drainage water discharge 

channels from mill areas, especially from MF drainage water discharge channel. However, 

the load from MF drainage discharge channel has been low enough that when diluting the 

content for wastewater stream going to the ocean, no contents of PAH-16 substances were 

found. PAH-16 substances has been detected still from the sludge sample, so it can be as-

sumed PAH-16 substances to be in wastewater in very low contents and attach to sludge so 

that contents from sludge can be determined. 

Results of analysis of trichloromethane showed the only source to be MF processes as can 

be assumed, because the main path to trichloromethane formation is being a by-product from 

delignification in chemical pulping processes. (McCulloch, 2003). The retention of tri-

chloromethane has happened already in the primary sedimentation, but the final retention 

has been in the aeration and final sedimentation, because no content of trichloromethane was 

found from effluent. Because no content of trichloromethane was found from sludge either, 

the results support the theory presented by McCulloch (2003) that because trichloromethane 

has low water solubility and high vapor pressure, it probably evaporates into atmosphere. 

Mass balances of both chloride and fluoride show the retention in wttp to be negative. Load 

from UPM and MF mill areas are already smaller than chloride ad fluoride load from primary 
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sedimentation. Retention of chloride and fluoride are not happened either in the aeration and 

primary sedimentation, because the load in effluent is higher than the load from primary 

sedimentation and municipal wastewater. This can also be seen from the sludge content, 

fluoride was not detected from sludge either. One possible reason to higher fluoride and 

chloride amounts after primary sedimentation is that precipitants from raw water treatment 

plant increase amounts. Higher amounts in effluent on the other hand tell about bad degra-

dation too. In addition, there are studies reporting of inhibiting properties of both chloride 

and fluoride to biological wastewater treatment system. For example, Ochoa-Herrera et al. 

(2009) have reported fluoride to inhibit function of micro-organisms and nitrification. Skais-

giriene et al. (2010) on the other hand have reported chloride with contents of 400 mg/l 

already to inhibit micro-organisms in biological wastewater treatment process. To sum up, 

addition of physical pretreatment method suitable for metal, fluoride and chloride removal 

would be considered.  

10.3 Discussion about chelating agents 

 

There were quite a lot of unclarities related to the results of chelating agent contents. First 

of all, mass balance of EDTA showed the amount of EDTA in the UPM area sum sample to 

be much bigger what it was in the wastewater stream coming to the wastewater treatment 

plant. However, ww stream coming to wwtp includes wastewater from UPM mill area and 

also recycled water from sludge compression stage, so the assumption was that the amount 

of EDTA would be bigger in that stream. The results show now the amount of EDTA to 

decrease over 20% (~120 kg/d) during the wastewater goes from the mill area to the 

wastewater treatment plant even though there is not any treatment stage in this path. 

When considering the amount of EDTA used in the processes and the amount of EDTA 

going from the UPM mill area to the wastewater treatment plant, there was a difference 

between them. There was not information available of EDTA’s possible retention to paper, 

but because of being totally miscible to water (Dow Chemical company, 2009), EDTA can 

be assumed to be in the water phase and not to exit from the processes in some other way 

than in wastewater. One possible reason to EDTA degradation would be its degradation dur-

ing bleaching process due to bleaching chemicals. As mentioned already in the literature part, 

Talka et al. (2000) have reported in their laboratory scale experiments EDTA reduction to 

be 14.8% with dithionite bleaching and 70.8% with hydrogen peroxide bleaching. However, 
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even though reduction of EDTA has happened especially in the hydrogen peroxide bleaching 

and Talka et al. (2000) study would support results from the study in this thesis, Talka et al. 

experiment was made in the laboratory scale and the results are in that way only approximate.  

To sum up, results of this study made in April 2018 show most of EDTA to degrade before 

going to wastewater from different process stages. Of course, there is a possibility to have 

EDTA degraded in the wastewater samples before they were analyzed, which would cause 

the results of degradation of EDTA before wastewater treatment process. This is because 

with the 14 days sampling time and for practical reasons, the samples were frozen and melted 

before making the composite samples. Then the samples were frozen again and send to the 

laboratory. In addition, the results from the laboratory took more time than was agreed, so it 

is possible, that samples have been stored in a refrigerator longer time that was expected and 

degradation of EDTA has happened resulting the lower contents than in the reality would be. 

However, if the degradation of EDTA between its proportioning and leaching to wastewater 

are needed to be measured more precisely, samples are needed from every wastewater stream 

which exit from paper machines and mechanical pulping stages because of the water circu-

lation in the mill. However, as a difference to this study, stabilization of daily composite 

samples should be considered to do some other way than freezing them to avoid the supple-

mentary melting. Stabilization of samples containing chelating agents are considered better 

later in this chapter. 

When considering the EDTA behavior during the wastewater treatment process, the results 

from primary sedimentation can not be utilized in a reliable way. This is because results 

show the amount of EDTA to increase in the primary sedimentation as over ~350 kg/d. 

However, the increase amount of EDTA may occur for example the faults during sampling 

or analyzing.  

As considered in the literature part, there are many assumptions of EDTA to behave in the 

biological wastewater treatment process. There are possibilities to EDTA to degrade by the 

activity of micro-organisms or pass the activated sludge system without any removal. When 

comparing the amount of EDTA measured from the UPM area sum sample to the amount 

degraded during the wastewater treatment process, the degradation of EDTA seems to be 

51.7%. This degradation corresponds well to the reported EDTA degradation in the aerobic 

activated sludge process. For example, as studied in the Virtapohja & Alen (1997) study, the 
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average biodegradation of EDTA in the aerobic wwtp under alkaline conditions (pH 8 - 9) 

reported to be 50%. In their study, with pH 7 EDTA degradation was only 10%. 

If the amount in ww going to wwtp are used as load, the EDTA degradation in the wwtp is 

38.1%. Consequently, it should be discussing, which of the EDTA values are more repre-

sentative to be considered as load to wastewater treatment plant. In this study, UPM area 

sum sample is consisting of daily composite samples, so in theory, there are more possibili-

ties for mistakes during sampling with the UPM area sum sample. All in all, if considering 

as EDTA load the amount of EDTA used in the processes, the total degradation of EDTA 

from proportion to wastewater effluent is 94.9%. 

As mentioned in Chapter 5.2, BAT 3 conclude defines that with over 70% degradation of 

chelating agents no additional actions to the processes are needed. 70% degradation is de-

fined to be in wastewater treatment plant or process. So based on the BAT 3 conclude and 

results from this study, no additional actions to the processes in the UPM Rauma mill are 

required at this point, because results show EDTA degradation to be already as total 94.9%. 

In this study, the total load of chelating agent to the ocean was measured, but the possible 

contents of chelating agents in the ocean were not measured. Accordingly, if studies related 

to environmental load are wanted to continue further, one option would be to take sample 

from the ocean near the output of effluent from the wastewater treatment plant. 

Because there were unclarities related to the results and possible degradation of chelating 

agents in the wastewater samples may have happened, more studies are recommended to 

verify results from this study. Suggestion of the best stabilization method is considered later 

in this section, so with right sampling and sample stabilization, reliable results are achieved. 

If further measurements of chelating agents show that actions to decrease the load of chelat-

ing agents are needed, the possible way is to start the use of biodegradable chelating agents. 

However in this situation, tests about the use of biodegradable chelating agents are needed 

to find out their possible effects to bleaching and brightness of pulp. In order to have benefits 

about the use of biodegradable chelating agents, their level of biodegradation should be more 

than 70 - 80 %. (Suhr et al. 2015) Also economy aspects should be considered by comparing 

the prices of biodegradable chelating agents to EDTA. There can be also external costs by 

testing biodegradable chelating agents. Biodegradable chelating agents seem to also increase 

the nitrogen content more than EDTA and DTPA when degrading, so it should be considered 



105 

 

whether there are more drawbacks with higher nitrogen content or the use of EDTA. (Gil 

Membrado, 2018). It is also unclear whether the degradation of chelating agents release sol-

uble nitrogen or total nitrogen. However, integrating biodegradable chelating agents to the 

processes requires charting the commercial supply from chelating agents and co-operation 

with suppliers to find the most suitable product to be used. All in all, if the total degradation 

in wastewater of biodegradable chelating agents in the UPM Rauma mill is wanted to find 

out, this study and methods used are an excellent background for it. 

In addition to biodegradable chelating agents, there are also other methods to carry out and 

integrate to present processes. For example, Pirkanniemi et al. (2007) have suggested Fen-

ton’s reagent as advanced oxidation process to be suitable and worth of more studying to 

pretreat EDTA from wastewater of integrated paper and pulp mill before wastewater treat-

ment plant. With molecular ratio H2O2:Fe2+:EDTA being 70:2:1 and temperature 60 °C, pH 

4 and degradation time 3 min, degradation of EDTA showed to be over 90%. The method 

would be suitable to locate before wastewater treatment plant, because by degradation of 

EDTA the nutrient nitrogen content would increase and this could be use as nutrient for 

micro-organisms together with nutrient coming from the municipal wastewater. However, 

investment plans and more studies are both needed before considering this method as a pre-

treatment method to the combined wastewater treatment plant. 

10.3.2 The best stabilization method 

 

The results from the study of stabilization methods showed wastewater to contain contents 

of DTPA, even though the only chelating agents used in the UPM Rauma mill is EDTA. In 

addition, chelating agent is not in use in Metsä Fibre pulp mill so wastewater streams from 

MF mill area should not contain chelating agents. (Metsä Fibre, 2015c). However, contents 

of DTPA in the original study were all under LOQ (< 50 µg/l). This is probably because the 

laboratory had misunderstanding related to analysis of DTPA and they didn’t start to analyze 

DTPA in the same time with EDTA. After pointing the laboratory about missing DTPA 

results, DTPA analysis were started almost a month after samples had arrived to the labora-

tory. Because the samples were stabilized by freezing and melted in the laboratory for EDTA 

analysis, the samples have been stored in a refrigerator and most likely DTPA has degraded 

under its LOQ. In addition, because samples were melted once already in the Rauma mill to 

do the composite sample, degradation of DTPA may have already happened. 
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Most likely, contents of DTPA from wastewater were possible to detect because any com-

posite was not made, and frozen samples were sent straight to the laboratory. In addition, 

analysis of chelating agents was started right away.  

The reason to detect DTPA from the random samples even though DTPA is not in use in the 

Rauma paper mill is that waste paper from UPM Kaipola paper machine 7 is in use, when 

paper grade NatGeo 5090 is produced in the Rauma mill. Paper grade NatGeo 5090 contains 

recycled fiber approximately 5%. Samples to stabilization study were taken on 15.6 and the 

closest time when NatGeo 5090 was produced was 10.6. However, even though waste paper 

from PM7 is primarily used when producing NatGeo 5090, depending on the situation, waste 

paper can be used at some another time too. (Stål, 2018). Because Kaipola PM 7 uses as raw 

material recycled fiber, DTPA can be discharged into Rauma mill processes. 

In the environmental permit of the combined wastewater treatment plant it has been defined, 

that chelating agents EDTA and DTPA should be analyzed once a month, if they are in use. 

However, DTPA is not a process chemical, so there are unclarities whether DTPA needs to 

be analyzed from wastewater like EDTA even though it is possible for DTPA to get into 

wastewater. Consequently, more studies are needed to find out the real source of DTPA and 

regularity and amounts of it. Nevertheless, it should be noted that analysis of EDTA contains 

for a same price analysis for DTPA too, so any extra analysis to analyze DTPA contents do 

not have to be made.  

When considering the results from studying the method of stabilization the samples, stabili-

zation by freezing the samples seemed to decrease the degradation of DTPA in the samples 

better. However, the better stabilization method varied between sampling points in EDTA 

analysis, so based on the results of the study, one of the stabilization methods over another 

for EDTA can not be decided. The main result, was however, that especially in the case of 

EDTA analysis, differences between stabilization methods do not seem to cause big differ-

ences in EDTA contents. The differences between percentual contents of EDTA and DTPA 

with different stabilization methods may come from the different degradation rates of EDTA 

and DTPA.  

Means et al. (1980) have studied the biological and non-biological degradation of chelating 

agents. Their study showed the relative degradation rate of DTPA to be higher in short term 

and long-term analysis than degradation of EDTA. (Means et at, 1980). This would also 
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explain why the differences between results of sampling methods with DTPA are relatively 

bigger than with EDTA. To speculate, if stabilization by freezing is for example more effec-

tive to decrease degradation of chelating agents than formaldehyde, the DTPA results show 

that faster than the results of EDTA. However, Means et al. (1980) study shows the degra-

dation of DTPA mainly be due to photolysis and the biological degradation rate to be almost 

the same for both DTPA and EDTA, though. So, if the samples have not been in contact 

with light, then the degradation rate should be almost the same for both samples. In addition, 

because stabilization with formaldehyde was better in two samples of EDTA, the theory 

based on the different degradation rates and freezing the samples as better stabilization 

method may not be the right one.  
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Table 40 below describes the pros and cons for both stabilization methods. Practicality and 

suitability of a stabilizing methods are considered in the UPM Rauma mill point of view: 

Table 40. Pros and cons listed for both formaldehyde and freezing as stabilizing methods to 

stabilize chelating agents wastewater samples after sampling in.  

Stabilization by formaldehyde Stabilization by freezing 

+ The laboratory recommended to use formal-

dehyde as stabilizing method for ww samples 

+ Effective method to stabilize DTPA 

+After adding formaldehyde, samples are stabi-

lized for the whole time before analysis (com-

pare to freezing) 

+No safety risks with hazardous chemicals 

+If a laboratory doesn’t have a possibility to 

start analysis immediately, samples stabilized 

with formaldehyde can be stored in a refrigera-

tor 

+Time for treatment the samples in the sam-

pling day is not needed 

+Composite sample can be done taking samples 

straight from a refrigerator  temperature of 

samples does not rise 

-Space required from a freezer  e.g. in the la-

boratory of raw water treatment plant, space in 

the freezer limited 

+Composite sample can be sent in a same day 

than it has been made from daily samples 

-Samples need to cool before freezing  degra-

dation of chelating agent starts already 

-Hazardous chemical: Safety risks when han-

dling  handling in the closed hood with 

gloves 

-Before making the collection sample, samples 

need to melt  possible biodegradation may 

happen when the temperature of a sample rises 

-Time needed already in the sampling day to 

treat a sample 

-In the melting, degradation may happen via 

photolysis if samples are not kept away from 

light 

-Not suitable method for long time collection 

periods (>2 weeks) still suitable for one-week 

collection time 

-After making a composite sample, at least one 

night is required to freeze a sample again a 

sample can’t be sent in a same day 

-Samples can be stabilized with formaldehyde 

only ~1 month 

-When a sample arrive to a laboratory, analysis 

should be start immediately  this isn’t always 

possible in practise 
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Based on the pros and cons presented in Table 40 above, formaldehyde is in practice more 

suitable method to stabilize samples than freezing them. The main reason to prefer formal-

dehyde is because by freezing, there would be occasional periods when the temperature of a 

sample will rise and degradation of chelating agents in the sample may occur. In addition, 

even though formaldehyde can not be used for long time sample collection periods, for one 

week collection time and time needed for analyzing the sample formaldehyde is suitable. 

Besides, if a laboratory does not have a possibility to start analyzing the sample immediately, 

the sample can be stored in a refrigerator without degradation of chelating agents in the 

sample. The same thing is, if the sample need to be analyzed over again if results contain 

mistakes. So to sum up, stabilizing with formaldehyde gives to whole chain from UPM 

Rauma to the laboratory better possibilities to reach reliable results. 

Even though the study about the stabilization methods showed freezing to be better stabili-

zation for DTPA, it should be taken into account that in the study, no collection sample was 

made, so sample did not melt and was sent as frozen to the laboratory. So the real effect of 

melting to chelating agents is unknown, even though chelating agents should not be so tem-

perature dependent. (DOW Chemical company, 2009). If considering the issue in the study 

where 2 week collection sample was made, DTPA contents were not in the sample at all. So 

it is possible, that the melting of samples two times before analyzing them would cause the 

degradation of chelating agents. Another reason why freezing is not suitable method to sta-

bilize samples is that melting the samples before making the collection sample is usually 

done by having water bottles in room temperature. Consequently, being at room temperature 

under visible light in a transparent plastic bottle, also degradation by photolysis may occur.  

All in all, there are more uncertainties related to stabilization by freezing than with formal-

dehyde. However, if the effect of melting and changings in temperature would need to be 

tested, then samples should be frozen after sampling, melted, frozen again and then sent to 

the laboratory. Comparing to samples stabilized with formaldehyde would be done by keep-

ing samples including formaldehyde in a refrigerator whole this time and sent to the labora-

tory together with frozen samples. 

As mentioned in Chapter 7.3.2, frozen samples similar with samples used in the stabilization 

study, were send to chelating agent supplier to be analyzed. As can be seen from Table 41, 

there were quite big differences between the results. It can not be said which of the results 

are more reliable, but the differences between the results and survey made of chelating agent 
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analysis’ supply demonstrate that there are uncertainties and a need for development related 

to the analysis of chelating agents. Because in the BREF of forest industry, analysis of che-

lating agents are required and probably this is defined in the environmental permit in all the 

paper mills in Finland in the future, there is an urgent demand to carry out analysis of che-

lating agents with routine. 

Table 41. Results for EDTA and DTPA [mg/l] from two similar samples taken from four sam-

pling points at the same time. Samples were analysed in two different laboratories 1 

and 2. 

 

Sampling point EDTA 1 [mg/l] EDTA 2 [mg/l] DTPA 1 [mg/l] DTPA 2 [mg/l] 

UPM area 25.0 49.5 0.035 ND 

Wastewater to 

wwtp 16.0 59.5 0.026 ND 

Ww from primary 

sedimentation 15.0 46.9 0.024 ND 

Effluent from 

wwtp 2.8 22.6 0.011 ND 

 

10.4 Recommendations to sampling in the future 

 

According to this study, following recommendations for routines of sampling and pretreat-

ment of wastewater samples can be made to have reliable results from analysis of chelating 

agents. Sampling is done every day for 7 days. Sample is taken from wastewater effluent 

from the sample collector by mixing water well in the sample collector first. The needed 

sample volume is 250 ml. Sample is taken to a plastic bottle. Instruction of sampling need 

to be shared with daytime operators in the raw water treatment plant, but also for operator 

working on weekend, because samples are taken also on Saturday and Sunday. 

Right after sampling in the laboratory of raw water treatment plant, formaldehyde is added 

to the sample. The ratio of formaldehyde to the sample is 1 ml of formaldehyde to 100 ml 

water. With 250 ml sample, 2.5 ml formaldehyde is added with a micropipette. After adding 

formaldehyde, water is mixed and put to a refrigerator. This is repeated in every 7 days for 

all the samples collected. Samples collected are stored in a refrigerator. 

After 7 days sampling, one composite sample is made. The volume of the composite sample 

is ~ 1000 ml. The composite sample is made to 1000 ml plastic bottle sent from the labora-

tory. The composite sample is made by calculating the needed sample volumes with ratios 
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of volumes of effluent streams from every sampling day. After wastewater from all the daily 

samples are added with ratio, the composite sample bottle is closed and mixed well. The 

composite sample is stored in a refrigerator until it will be sent to the laboratory. 

Because in UPM Rauma mill, one-week sampling time is from Tuesday to Tuesday, the best 

day to do the composite sample is right after final sampling on Tuesday. The sample taken 

on last sampling day Tuesday is still stabilized with formaldehyde. By sending the composite 

sample to the laboratory in the beginning of a work week, they will have time in the labora-

tory to analyse the sample before weekend. That is why the composite sample is sent to the 

laboratory on Tuesday afternoon. When sending the composite sample, it has to be packed 

well with coolers to a cool box. Before sending the sample, it is very important to mention 

for the laboratory, that the sample is stabilized with formaldehyde. 

The only problematic issue is related to sampling on weekend. The problem is that an oper-

ator working on Saturday and Sunday should stabilize samples after sampling. To sum up, 

there should be then specific instructions for an operator to add formaldehyde and also to 

put the samples after stabilizing them to a refrigerator. 

Because anything can happen during stabilizing and storing the samples, as a precaution 

wastewater can be taken from a sample collector more than 250 ml. However, in the stabili-

zation the ratio of formaldehyde to wastewater should be considered. For example, if sample 

bottles fall, extra wastewater would then be available.  

When adding formaldehyde to wastewater, extreme caution is needed. Handling of formal-

dehyde needs to be done in a close hood. Gloves and cover glass are essential to wear. Extra 

attention is also needed when handling wastewater samples, which contain formaldehyde 

already. Based on this, also the composite sample should be done in a close hood. 

The same instructions for sampling as for chelating agents can be used, but the amount of 

daily sample taken from the sample collector varies how much wastewater is needed for E-

PRTR analyses. Another difference for sampling E-PRTR substances in the future is to take 

samples also from raw water. In this way, the data of pollution load coming with raw water 

is recorded. 

However, if further studies are needed to test the effect of stabilizing for different E-PRTR 

substances, the same study as recommended for chelating agents can be made. Even though 

there are given proposals to measure substances in the future only from wwtp effluent, the 
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sampling methods and routines made in the experimental part of this study can also be used 

if the total loads from the UPM mill area are needed, because in that way, samples are sys-

tematically got from all the sampling places needed. To conclude shortly sampling made in 

this study, the most important things to consider before sampling in the UPM mill area are 

following: 

 The best sampling period is including a wide spectrum of different paper grades 

 Sampling period is depending on the volume of wastewater needed for analysis. An 

ideal sampling period would be one week because samples can be stabilized with 

formaldehyde then. 

 If a daily composite sample from samples collected from the mill area is made, then 

samples from grinding stages are good to add separately after the whole sampling 

time. This is because both grinding 1 and 2 have an irregular operation time and a 

composite sample can not always have samples from these days. So samples from 

both grinding 1 and 2 should be taken separately. 

 Because sampling needs to be integrated with normal sampling routines, separate 

samples are needed also from barking plant. Sampling times from barking plant are 

only twice a week (On Monday and Thursday) 

 Work safety during sampling: the most problematic sampling place is in grinding 2. 

Water valve is locating up in the ceiling, and water from the valve is very hot. The 

best solution is to add a hose to the valve during sampling time to avoid climbing up 

to take a sample. 

 Additional samples are needed from grinding 1 and 2 and TMP 4. Samples from 

paper machines and TMP 3 - 4 are got from daily samples. In this case, personnel on 

the laboratory should be informed not to pour the samples away before samples for 

the study are taken. 
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11. CONCLUSIONS 

 

With this study made in spring 2018, demands related to measurements set by the environ-

mental authorities and the legislations were fulfilled by measuring environmentally hazard-

ous and harmful substances as E-PRTR substances, chelating agents and priority substances 

in the combined wastewater treatment plant in Rauma. 

To carry out wastewater analysis, the biggest commercial laboratories in Finland were put 

out to the tender. In general, commercial analysis supply for E-PRTR substances seems to 

be wide. On the other hand, the lack of commercial analysis for chelating agents EDTA and 

DTPA and for bronopol was notable. In addition, especially results in EDTA analysis 

showed quite big variation. Because in the near future, there will be a demand for forest 

industry to measure from wastewater especially chelating agents, more commercial analysis 

and measurement routines for chelating agents are needed. 

Even though the total reduction of EDTA showed high retention rates (> 94 %), more studies 

and repetitions in analysis are needed to confirm the results. This is because mass balances 

of EDTA in different stages of the biological wastewater treatment process showed quite 

unreliable results. Even though this study complete its targets to find out the behavior and 

retention of chelating agents, there are still forward questions open and need to be answered. 

For example, according to the results of this study, it can not be said whether the degradation 

of chelating agents increases the nitrogen content in wastewater and if so, which nitrogen 

content will possibly increase, the soluble nitrogen or the total nitrogen in wastewater. Be-

cause it is known, that at this moment biodegradable chelating agents increase the nitrogen 

content more than non-degradable chelating agents, it should be find out whether there 

would be problems with nitrogen contents if the non-degradable chelating agents will be in 

the future replaced with biodegradable chelating agents. However, the methods used in sam-

pling in this study can be utilized in the future, if chelating agent contents will be measured 

from different process stages. 

Because the measurement routines and most suitable stabilizing method, addition of 37% 

formaldehyde, were found out for chelating agents in this study, more reliable measurements 

of chelating agents can be done in the future in UPM Rauma paper mill. By using findings 

from this study, studies related to possible degradation methods, recovery and recycling of 

non-degradable chelating agents can be continued as future projects. Routines created in this 
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study can also be used to find out, why contents of DTPA were found from wastewater even 

though the only used chelating agent in paper mill’s processes is EDTA. 

With the measurements of E-PRTR substances and comparison of the calculated amounts to 

the threshold values of substances, it was noted the main reason to include most of the E-

PRTR substances also to future wastewater analysis to be the demand set in the environmen-

tal permit. Only fluoride F was a substance, which is not defined in the environmental permit 

to be measured, but according to this study, needs to be measured in the future because of 

its 10 % exceeding of its threshold value.  

Even though the excess water from sludge compression was not measured, the results of this 

study can approximately point out most of the heavy metals to attach to sludge during the 

wastewater treatment process. However, with the results of this study can not be said, why 

the retention to sludge varies with different heavy metals and which would be the techniques 

to better the attachment of heavy metals from water phase to sludge. To sum up, more studies 

are needed to find out, whether for example the presence of EDTA defines how different 

heavy metals attach to sludge. 

This study showed that there should not be any future control requirements for bronopol, 

because any contents of bronopol were not found from wastewater. Based on this study, it 

can not be said whether the possible degradation products of bronopol are present in 

wastewater. However, to study this, the development of analyzing methods and more deeper 

knowledge about the behavior of bronopol in wastewater are needed. 

Based on this study, there should not be obstacles to further utilization of sludge formed in 

the biological wastewater treatment plant because of the harmful substances as heavy metals 

in sludge. However, the measurements made in this study offer only a starting point for 

further studies to find out the real potential of sludge to utilization. In future studies related 

to sludge, it would be also good to include analysis of micropollutants. This, however, needs 

still the development of analyzing methods. 
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