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ABSTRACT 

This study investigates the heavy metal (HM) mass balance within Ekeby Wastewater 

Treatment Plant (WWTP) in Eskilstuna, Sweden, and its upstream sewage network. The aim 

was to trace and connect sources of HM accumulated in sludge to assess and identify 

opportunities for reduction, as a foundation for compliance with the REVAQ certification, 

which is required for applying sludge as a fertilizer on arable land. The eight analyzed 

elements are Lead (Pb), Cadmium (Cd), Copper (Cu), Chromium (Cr), Silver (Ag), Zinc (Zn), 

and Mercury (Hg). As this is an empirical study, empirical pollution data were collected from 

official environmental reports of 17 industrial actors out of 220, alongside data from 

literature for the HM sources, households, and excessive water. These sources contribute to 

0.3%, 51.7%, and 14.7%, respectively, of the total HM mass flow of the incoming wastewater. 

Unidentified upstream sources, therefore, add up to 14.7% of incoming HM mass flow. The 

model was developed in excel and STAN (Substance Flow Analysis) software further 

revealing sludge HM composition from, households (51%), unidentified upstream sources 

(15%), excessive water (15%), organic waste (3%), internal unidentified sources (2%), and 

industry (0.3%). Cd, Cr, Ni, and Hg show over 50% of HM mass coming from unidentified 

sources. Cd was the only HM substantially exceeding the REVAQ thresholds, by over 100%, 

while the other analyzed HMs are below or near the threshold value. Cd is therefore the most 

critical HM to reduce in the sludge. The study further concludes that improved monitoring 

for both the upstream sewage network and within the WWTP will reduce unidentified mass, 

resulting in clearer opportunities and actions for minimizing HM in the sludge that supports 

the compliance of the REVAQ certification. 

Keywords: Heavy metals, wastewater treatment, mass balance, sludge quality, REVAQ, 

upstream pollution, environmental reports, flow analysis, sludge management 
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SUMMARY 

Sludge as a byproduct from wastewater treatment plants (WWTP) is used throughout the 

world as a fertilizer on airable land as a substitute for synthetic fertilizers. The reuse of sludge 

is a circular economy practice and a part of the sustainable development of WWTPs. The 

applying of sludge as a fertilizer gives the opportunity to recycle nutrients like phosphorus 

and nitrogen back into the agriculture. However, the sewage sludge also contains hazardous 

contaminants such as heavy metals (HMs) which are severe to health and the environment. 

To ensure a safe and sustainable practice of applying the sludge on arable land, sludge quality 

must be carefully monitored.  

This degree project is a case study at the WWTP Ekeby in Eskilstuna, Sweden with the aim 

and purpose to identify heavy metal sources accumulating in the sludge by conducting a mass 

balance. Ekeby WWTP aims to be certified according to REVAQ which is mandatory in 

Sweden to be able to let the sludge be used as a fertilizer. REVAQ certification is a demanding 

certification and comes with strict threshold values for heavy metals. The degree project will 

therefore work as a foundation for the certification. 

The project is delimited to the heavy metals, lead (Pb), cadmium (Cd), copper (Cu), 

chromium (Cr), nickel (Ni), silver (Ag), zinc (Zn), and mercury (Hg). The upstream 

investigation was conducted with a literature review identifying the largest sources of HM 

which is households, industries, and excessive water, where excessive water is the sum of 

stormwater run-off, groundwater infiltration and different undesired leakages. The 

investigation for sources within the industry sector was conducted by document review of 

environmental reports for all industrial actors connected to the sewage system. 

Environmental reports are official documents and was collected from the supervisory 

authority, Environmental Office in Eskilstuna. 

The investigation for households was relying on literature study and the investigation for 

excessive water was carried out by collecting official groundwater sample data within the 

municipality and literature-based stormwater run-off data. Leakages have a complex role 

within the excessive water and is not considered within the project. 

The mass flows from the identified sources was balanced towards the monitored incoming 

flow to the WWTP. From the upstream balance, a mass flow from unidentified sources could 

be revealed. 

The WWTP processes have been analyzed and mapped to understand any additional 

probable input sources of HM. The resulting mass balance equation within the WWTP 

consider the inflow and organic input against the effluent and sludge as output. The mass 

balance reveals an internal unidentified input/output for each one of the analyzed HMs. 

The result show the highest unidentified HM mass flows accumulating in the sludge, for Cr, 

Cu, and Ni where the three elements have approximately 50% of the mass flow from 

unidentified sources. Household contribution to HM mass in the sludge dominates for Cu, 

Ni, Zn where Cu and Zn usually are the biggest contributors to HM mass in common sewage 

sludge. Excessive water dominated the input to the sludge HM mass for Pb, Ag, and Hg. Cd 



 

 

and Cr have equal distribution between households and excessive water HM mass flow to the 

sludge. The industry sector is not mentioned dominating any of the mass flows of HM. The 

method of collecting data from the industry sector resulted in pollution data for 17 out of 220 

industrial actors and it is suggested in further work investigate upstream industry pollution 

with a substitute method such as water sampling. It is also assumed that further upstream 

investigation can reduce the mass flow from unidentified sources. 

As a conclusion, the WWTP stands against a major challenge connected to the REVAQ 

certification. Cd levels within the sludge are over 100% of the REVAQ threshold values but a 

successful reduction of the Cd levels is assumed to result in a reduction of Pb, Cu, Cr, Ni, Ag, 

Zn, and Hg that are already below or near the threshold values. However, to successfully 

reduce the HM mass flows, the flows must be identified. The findings of major unidentified 

sources give a solid indication of prioritizing upstream sampling to understand the sources 

further that gives a foundation for an upstream action plan. 
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1 INTRODUCTION 

Land application of sewage sludge is common in EU countries and the United States, and 

increasing demand for higher sludge quality is critical from a health aspect, but can also 

prevent circularity. With the opportunity to circulate valuable nutrients back to agriculture, 

the sludge application on arable land as a fertilizer comes with unwanted contamination of 

hazardous elements such as heavy metals (HM). Although circular economy practice is a 

sustainable idea, the sludge quality needs to be carefully monitored to minimize the negative 

impact of the HM contamination (Yesil et al., 2021, pp. 2-3). Investigating sources of 

pollution upstream that affect sludge quality is an important aspect within wastewater 

management; thus, the quality control and sustainability of the sludge (Lin et al., 2025, 

abstract).  

The relatively new concept of Water Resource Recovery Facility (WRRF) is adapted 

continuously and keeps on being regarded as a recovery facility rather than just Wastewater 

Treatment Plants (WWTP) (Solon et al., 2019, p. 1). The goal of wastewater treatment is no 

longer to only protect freshwater resources, but also to achieve the reuse of nutrients, organic 

matter, and water. Sludge, generated during municipal wastewater treatment, is rich in 

organic matter with high levels of nutrients  that should be circulated back into the loop (Aziz 

& Mustafa, 2021, p. 12). The goal of this project is to understand the mass flows of HM by 

conducting a mass balance for streams in a WWTP and the upstream sewage network. Within 

this case study, the WWTP is managed and owned by Eskilstuna Strängnäs Energi & Miljö 

(ESEM), and it is located in Eskilstuna, Sweden. The hypothesis before the investigation is 

that the balances will show an imbalance in terms of deviation, and the project will highlight 

where these deviations occur. The project has developed a steady-state mass balance model 

based on empirical data, modelling upstream heavy metal mass flow and the WWTP. 

1.1 Background 

To avoid soil and crops being contaminated with heavy metals, only certified sewage sludge 

can be used in agricultural lands in Sweden. The certification process is conducted through 

REVAQ(SPCR 167), with the purpose of continuous improvement of the quality of the sludge 

and systematically investigating wastewater pollution upstream. REVAQ certification also 

defines a set of threshold values for certain heavy metals in sewage sludge. (RISE, n.d.) 

  



 

2 

 

The development of REVAQ has brought the factor-ratio of mg Cd/kg P (mg Cadmium/kg 

Phosphorus) as an overall quality indicator. REVAQ includes this quality indicator to have a 

long-term sustainable goal to limit cadmium to agriculture, and it is an indicator competing 

with synthetic fertilizers. As agriculture already uses synthetic fertilizers with a Cd/P-ratio of 

7, and human activities introduce a ratio around 14, the long-term goal is 7 + 14 = 21 to 

slowly decrease new cadmium input to the system (Svenskt vatten, 2024, p. 5).  However, the 

use of wastewater sludge in agriculture has decreased with the increased concern about heavy 

metals in soil. Heavy metal limits have decreased since the introduction of the limits in 1993, 

and the continuous decrease of the limits has resulted in higher quality and less input of 

heavy metals to agricultural land (SOU, 2020, p. 85-94).  

Additionally, the trend from 2010 to 2016 shows a general decrease in heavy metal content in 

sewage sludge (SOU, 2020, p. 319). Although, Sylwan and Thorin (2021) states that elevated 

concentrations of heavy metals can be noted within the environment in general. 

Carvalho (2024) states that “our recent findings indicate that the heavy metal mass balances 

over the treatment process are not fully understood”.  

As the recovery of the high nutrient content of sewage sludge is constrained by the heavy 

metal concentrations (previously mentioned), increasing the knowledge of the metals mass 

balance within the wastewater treatment plants can be crucial to improve the recovery and 

reuse of valuable nutrients. 

According to the 2023 REVAQ report, Svenskt vatten (2024, p. 21) lead (Pb), cadmium (Cd), 

copper (Cu), Chromium (Cr), Mercury (Hg), Nickel (Ni), and Zinc (Zn) are the most 

hazardous heavy metals in the sludge, and regulations demand monitoring these in the 

sludge. These HMs are included in this project. However, REVAQ certification, as the most 

advanced investigation certification, investigates 60 additional elements that are of concern 

when sludge is applied to arable land. 

The critical sludge quality parameters according to Svenskt vatten (2025, p. 38) are 

presented in Table 1. Phosphorus is included due to its relevance through the quality 

indicator Cd/P-ratio. Silver is not considered to be one of the most hazardous heavy metals, 

but is included in this case study because it is a prioritized trace metal due to its high 

accumulation rate (Svenskt vatten, 2025, title 3.3.1.4 & appendix 5). 

Table 1 Critical quality parameters in sludge (Svenskt vatten, 2025, p. 38). Except for the hazardous metals 
mentioned earlier, the important nutrient P is included, and Ag is included as well. 

Element mg/kg TS 

Lead (Pb) 34.00 

Phosphorus (P) 30’000.00 

Cadmium (Cd) 0.70 

Copper (Cu) 410.00 

Chrome (Cr) 55.00 

Mercury (Hg) 0.75 

Nickel (Ni) 34.00 

Silver (Ag) 3.30 

Zinc (Zn) 820.00 
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Besides the critical values, REVAQ certification presents the threshold mass output of heavy 

metals per hectare of agricultural land the sludge is spread on shown in Table 2. 

Table 2 Threshold values for spreading heavy metals to agricultural land. The figures are based on 22 kg P/ha 
(Svenskt vatten, 2025, appendix 8). 

 2024 (g/ha) 2025 (g/ha) 2026 (g/ha) 2027 (g/ha) Goal (g/ha) 

Pb 25 25 25 25 25 

Cd 0.51 0.51 0.51 0.51 0.47 

Cu 300 300 300 300 300 

Cr 40 40 40 40 40 

Ni 25 25 25 25 25 

Ag 2.4 2.4 2.4 2.4 0.56 

Zn 600 600 600 600 600 

Hg 0.55 0.55 0.55 0.55 0.23 

1.2 Problem area 

Direct application of sludge as a fertilizer poses environmental and health risks in the sense 

that sewage sludge also holds HM and other contaminants. The Swedish Environmental 

Protection Agency’s (Swedish EPA) proposal for concentration limitations of HM is based on 

circular economy practices, where, in theory, input should be equal to output within the value 

chain (SOU, 2020, p. 308-309). As per today, the sludge from Ekeby WWTP (case study) 

ends up in a landfill due to the lack of certification, thus not contributing to circular economy 

practices for the sludge (EEM.se, 2023, sludge management). 

Swedish wastewater plants have limited removal of HM, thus limiting the recovery of 

nutrients by the use of sludge (Svenskt vatten, 2023, p. 11). To decrease HM in the influent, 

upstream investigation is required to understand the sources and act at the source. As per 

today, ESEM does not have an adequate understanding of the distribution of HM mass flow 

upstream nor the flow in the treatment (ESEM, Personal Communication, 2024-11-08). 

The first part of the project is the mass balance upstream from the WWTP. Sweden has an 

open database for actors’ pollution, “Swedish Pollutant Release and Transfer” but only 

includes larger actors. While Eskilstuna has over 200 actors with notifiable activities and 

permit requirements connected to Ekeby WWTP, the database only presents 11 of the actors 

(Swedish EPA, n.d.). This excludes data that requires manual investigation in official 

documents. Actors with wastewater pollution to the sewage system that are required to report 

data, report data to SMP (Swedish Environmental report Portal), but the database is 

restricted for official use. Literature review has shown that the common method is to use 

water sampling in the data collection of upstream sources. In this project, samples within the 

WWTP are financed, and official documentation, i.e., environmental reports, will work as an 

indicator to quantify the industry mass flow of HM upstream from the wastewater plant. The 

2023 REVAQ report from Svenskt vatten (2024, p. 14) highlights successful actions based on 

understanding of the distribution of pollutant contribution upstream, made with mass 

balance. 
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The second part of this project is mass balance within the actual treatment process. Where 

streams are analyzed to conduct a mass balance. The mass balance can give clear insights 

into how HM travels through the processes of the WWTP and has the potential to highlight 

where the elements leave the system. As HM in general affects the overall efficiency of the 

treatment, understanding the mass balance could contribute to efficiency improvement 

actions (Yoshidaa et al., 2013, p. 881). 

1.3 Previous relevant studies 

Tuci et al. (2024) evaluates HMs (lead (Pb), cadmium (Cd), nickel (Ni), arsenic (As), and tin 

(Sn)) in wastewater by using a mass balance method. The overall scope was to analyze the 

removal efficiency of heavy metals. The chosen HMs were relevant to their focus on 

wastewater from the textile industry. The study shows a significant and effective removal of 

the HMs. Even though this project does not specifically consider textile wastewater, the 

method of mass balance is relevant. 

Sylwan and Thorin (2021) review the removal of heavy metals in the primary treatment step 

of wastewater treatment process. Their review shows that sorption technologies within the 

primary stage of the treatment have the highest efficiency of HM removal. The HMs of 

concern are Cd, Chromium (Cr), Copper (Cu), Pb, Zinc (Zn) and Mercury (Hg). Silver (Ag) is 

also mentioned briefly, regarding its toxicity. Sylwan and Thorin (2021) also means that site-

specific investigations of heavy metal removal are needed due to variations site-to-site, this 

strengthens the importance of this project being an investigation on a single site. The method 

in the article of reviewing removal of heavy metals does not specifically bring relevance into 

mass balance methods, but the content and discussions where mass balance, removal and 

sludge are in focus, are highly relevant. 

Yoshidaa et al. (2013) used the mass balance method in a WWTP in Denmark, and the main 

limitation mentioned was the difficulty of tracking emissions in gaseous form. The author 

also mentions that internal recycling of reject water from dewatering back to the system can 

complicate the efficiencies of other removal techniques. Within the process, 12 sensors 

collected data for concentration and volume flow in specific areas of the process. Water 

sampling for HMs was made every other week. The treatment process is similar to the 

process related to this actual thesis, using waste-activated sludge process with a connected 

anaerobic digestion process. For the data analysis and substance analysis, the software 

STAN(Substance flow Analysis) model by Vienna University of Technology was used. The 

authors successfully conducted a mass balance of 24 out of 32 substances, but as mentioned, 

gas emissions contributed to major uncertainties. Cu, Cr, Pb, Cd, and Zn primarily ended up 

in the sludge, showing a higher accumulation in the sludge compared to the effluent, while Ni 

was equally distributed between the sludge output and the effluent, as seen in this project as 

well. 
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From the mass balance, Yoshidaa et al. (2013, p. 878) noticed a 6% loss of Hg in the 

anaerobic digestion, potentially volatilized and leaving with the biogas. 

Methods for upstream analysis within the wastewater system are commonly composed of 

water sampling (Foppe et al., 2021; Iloms et al., 2020; Yoon et al., 2014). As this contributes 

with direct data collected downstream from the actors, this project analyses data further 

upstream at the source of pollution. Due to the unavailability of physical water sampling in 

this project, the closest to the common method is simply to make use for each industry’s 

individual water sampling. 

An identified research gap would consider the reliability of using a documentation method 

rather than actual water sampling for the upstream analysis. This investigation clearly shows 

how the availability of official documentation can contribute to or be problematic for mass 

balancing. As Sylwan and Thorin (2021) discusses, site specific investigations are required as 

every site differ from one another. This type of investigation has not been done at the WWTP 

and the common procedure for ESEM is to follow concentrations rather than mass flow in 

the plant, which is dependent on both concentration and volumetric flow. 

1.4 Purpose/Aim 

The purpose of the thesis is to investigate and conduct a mass balance of HMs and connect it 

to the relevance of enhancing nutrient recovery with sludge. The investigation includes 

upstream sources of pollution, but also considers processes within the WWT to conduct the 

mass balance. The investigation will contribute to improvement opportunities for the actor, 

both external and internal, as the upstream investigation is a part of the REVAQ certification. 

Additionally, the mass balance within the plant aims to quantify mass flow streams 

throughout the treatment. 

1.5 Research questions 

The research questions for this degree project are the following: 

What are the primary upstream sources of the HMs in question within the wastewater 

system? 

What are the quantities of mass balance deviation between measurements and expectations 

(unidentified sources) within the wastewater system, and how does it affect the output 

related to sludge? 

What current and future challenges can be identified for the actor for using sewage sludge as 

a fertilizer, enhancing nutrient recovery? 
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1.6 Delimitation 

The study will be delimited to local data within the wastewater system of Eskilstuna Energi & 

Miljö, Ekeby wastewater treatment plant, official documentation, and literature. The 

delimited heavy metals are lead (Pb), cadmium (Cd), Copper (Cu), Chromium (Cr), Nickel 

(Ni), Silver (Ag), Zinc (Zn), and Mercury (Hg), with a focus on investigating challenges and 

opportunities for enhancing the recovery of sludge to agriculture (REVAQ). The project is 

delimited to bigger sources of pollution, quantifying big industries upstream from the 

WWTP, such as permit-required industries and industries with notifiable activities. The 

deviations between inlet data at the WWTP and defined sources of pollution will result in 

assumptions about other sources of pollution. The investigation covers the system from the 

effluent from WWTP to upstream sources of pollution. Actual and potential sources of 

pollution to effluent and sludge from the WWTP are investigated. As influent is monitored, 

the project will divide the mass balance between the treatment process in the WWTP and the 

upstream sewage network. 

The material balance formula “accumulation = input – output + generation - consumption” 

for the treatment process considers only the constructed wetland as accumulation within the 

system. Inputs are all incoming flows to the system. The output considers the overall effluent 

but also the dewatered sludge after anaerobic digestion. No consumption or generation is 

considered in this study due heavy metals being elements. However, the critical data for the 

study is from upstream sources to sludge output, and the balance reveals HMs ending up in 

the sludge and quantifies what is not ending up in the sludge. A simple schematic flow chart 

of the system boundaries is shown in Figure 1. 

 

Figure 1 Delimited mass flow analysis schematic of the WWTP. 1: flow from industries, 2: flow from households, 
3: flow from excessive water, 4: incoming flow to WWTP, E: export flow from the system 
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The upstream material balance formula considers input = output. The sum of the input to the 

sewage system ends up as input to the treatment plant. 

The excessive water is defined as leakage, drainage, groundwater infiltration and stormwater. 

Where proportions can be complex, only groundwater and stormwater pollution 

concentrations are considered. 

Within the project, the sewage network is not revealed to the author and further specific 

upstream sources and areas are therefore not analyzed. 

2 METHODOLOGY AND DATA SOURCES 

The degree project focuses on calculations and data collection, and is a case study at ESEM 

Ekeby WWTP. The calculation is based on empirical data and document analysis. Any 

identified gaps in measurements are identified, where assumptions and/or literature study 

fill the gap. Upstream work includes investigating upstream industries and areas. A study 

visit was done at the supervisory authority, the Environmental Office in Eskilstuna, 

extracting official documents of measurements for document analysis from their internal 

document handling system, Castor. The main tool for calculations is Excel, as it’s ideal for 

initial data handling and simple analysis. For overview of mass balance and clarity of flows, 

STAN (Substance flow Analysis) by Vienna University is used. MATLAB is used when data or 

correlations get complex. For visualization, Excel and MATLAB presents graphs and tables, 

STAN presents process schematics. 

The result is presented visually, geographically, showing where sources of pollution may be, 

together with quantitative analysis. Deviations are linked to the literature study to be able to 

identify probable sources. A steady-state mass balance model based on empirical data is 

developed upstream from the WWTP, and a second steady-state mass balance model is 

developed within the WWTP. 

Peer-reviewed articles were retrieved mainly from the databases Scopus, Science and Google 

Scholar using the keywords, wastewater treatment, heavy metals, heavy metal removal, 

sludge management, upstream pollution, cadmium, mass balance, mass flow, excessive 

water, household, industry wastewater, carwashes, stormwater run-off, Sweden, sewage 

system. The keywords were used iteratively in different combinations during the process of 

the degree project. Recent articles were the main scope of the literature study, and in 

addition to the database search, backward citation searching was made through relevant 

articles to find additional sources, but also to review referencing validity. 

Additional to peer-reviewed articles, the database Google was used to retrieve governmental 

reports and documents using the keywords, groundwater quality, stormwater quality, 

REVAQ, upstream analysis, household wastewater, wastewater sources. 
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2.1 Upstream sources of heavy metals 

To identify primary upstream sources, the literature review works as a foundation for 

probable sources of pollution. Pollution data from environmental reports for bigger industrial 

actors within the system, are input for upstream investigation. To cover the larger quantity of 

actors connected to the sewage system, official environmental reports were collected for 

actors with notifiable activities and permit requirements. As the latest environmental reports 

collected present figures from 2023, the data was analyzed towards production (WWTP) data 

for 2023 for relevant results. 

The influent wastewater at the WWTP is frequently monitored due to regulations, and the 

data collection originates from the WWTP where the total mass is covered within the inlet. 

The HM data of the inlet is based on monthly measurements and may not cover fluctuations, 

considering industry pollution might be higher during active hours. This project analyses 

data in an annual context to avoid the insecurity and fluctuations that daily and monthly 

figures can bring. 

2.1.1 Handling of data 

Household annual data is collected throughout literature and is handled as an annual mean 

in the mass balance. Literature data for stormwater run-off also considers an annual mean. 

For the groundwater, a mean for the year 2023 is considered within the mass balance, within 

4 points throughout the municipality. As the stormwater and groundwater are parts of the 

incoming excessive water, the excessive water is assumed to be 50% each, due to the 

unknown or uncertain proportion. Industry data, as mentioned, consider the total pollution 

of the year 2023 as an annual mean into the mass balance. 

2.1.2 Industry data availability constraints 

 

Before collecting data, it's known that actors with notifiable activities and permit 

requirements are not always required to report an environmental report and when an 

environmental report is available the actor can present limited to no substantial pollution to 

the sewage system, giving no further data. Another limitation is that actors do not report the 

type of pollution related to the thesis. The available yearly pollution analyzed and 

summarized from environmental reports was quantified towards the inlet data at the WWTP 

to understand the proportion of pollution available through environmental reports. 

2.2 Deviations in mass balance 

Before the collection of data, it is expected that identified sources of pollution will not add up 

to the total incoming mass of HMs in the inlet of the WWTP. These deviations are linked to 

the previously mentioned data collection of the influent. Data not available for upstream 

sources relies on assumptions based on literature study and internal (WWTP) assumptions. 
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Production data and measurements within the actual WWTP are also expected to contribute 

to deviations. This is quantified towards the actual influent/effluent content.  

This project is only financed with a small quantity of water samples by the WWTP owner. It is 

therefore critical that the available data covers the foundation of the mass balance. Any 

deviations or missing parameters relies on literature study, however, data from external 

sources and WWTP comes with limited accuracy for results as the data can vary from one site 

to another. 

2.3 Opportunities 

The quantification and results from the mass balance upstream of the WWTP give indications 

of known and unknown sources of pollution. The project quantifies opportunities to decrease 

HMs in sludge by actions both upstream and within the plant itself. Quantification of the 

mass balance within the plant was analyzed in STAN to simplify the overview of 

opportunities and how HM streams occur in the treatment system. 

2.4 Wastewater Treatment Plant 

The WWTP flow schematic was carefully mapped to understand the specific plant and 

treatment methods used. The opportunities for water sampling within the WWTP need to be 

understood to develop a water sampling plan. The water sampling is the foundation for a 

robust and detailed mass balance investigation, as HMs are not systematically analyzed 

throughout the system in the monitoring plan as per today.  

Input such as chemicals and external organic slurry input was investigated with general 

chemical input consumption and slurry analysis to make assumptions. As none of the 

additional inputs (such as chemicals and organic input) have been analyzed regarding HM by 

ESEM, the input HM concentrations are based on literature. 

The upstream analysis contributes with total input of HM ending up in the sludge. The 

proportion of HM input was then related to the sludge HM output to give an indication of 

sources and quantities of the HM in the sludge. 

Incoming and outgoing flow data as handled with a weighted average of 5 days, but monthly 

HM samples were quantified against the weighted average data for mass flow calculation. 

HM samples frequently present concentration values below the detection limit and therefore 

contribute to an interval in the result. 

2.4.1 Handling of data for incoming, outgoing and sludge output 

Monthly incoming and outgoing HM to/from the WWTP is input to the mass balance 

equation and a mean of 2022-2025 was considered. The monthly concentrations of HM was 
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multiplied with dynamic flow, for the mass flow calculation. The sludge HM output was 

calculated through concentrations and volumetric flow for the years 2023 and 2024 in the 

mass balance equation. 

2.4.2 Sludge and REVAQ 

REVAQ thresholds for sludge HM output was converted with consideration of the actor’s 

sludge composition and production for comparison purposes.  

2.5 Additional heavy metal samples for the case study 

A study visit to the WWTP was conducted to determine where HM analysis is available and 

not. The purpose of the study visit is also to understand system availability for further HM 

analysis within this project.  

A balance of economical aspect and benefit of HM analysis is needed before making bigger 

investments in analysis. Therefore, no additional samples are made upstream from the 

WWTP as the direct benefit is small from a few momentary samples. A total of five 

measurements at two different datapoints within the WWTP was however conducted. 

The samples were made as grab samples at data points F12 and F15 (Figure 5). Two samples 

were taken at F12 during the days 2025-03-11 and 2025-03-20. Three samples were taken 

during the days 2025-02-10, 2025-03-03, and 2025-03-12. The analysis method used 

internally at ESEM is ICP-MS (inductively Coupled Plasma Mass Spectrometry) with Helium 

KED (Kinetic Energy Discrimination) [SS-EN ISO 17294-2]. Microwave-assisted acid 

digestion [SS-EN ISO 15587] was used to prepare the samples, which included mixing the 

sample with nitric acid (HNO3) and heating with microwave energy. 
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3 THEORETICAL FRAMEWORK 

This section presents the foundation for the mass balance analysis and forms the foundation 

with theoretical concepts and system models. The section includes system theory, upstream 

heavy metal sources, and processes within the WWTP. 

3.1 System theory 

The law of conservation of mass states that material cannot disappear or be destroyed. 

Continuity occurs, and the expression can therefore also be called the continuity equation 

(Pedrizzetti, 2022, pp. 55-56). The studied system is considered an open flow system where 

the process interacts with the surroundings, i.e., input flow into the system boundaries and 

output flows from the system to the surroundings (Khandan, 2001, p. 20). 

As the system will consider multiple different metal mass balances in the system, the 

classification of algebraic equations is multiple linear equations and will result in one 

solution set (Khandan, 2001, p. 43). 

Conservation of mass formula: 

Equation 1 

∑ ṁin = ∑ ṁout 

Where, 

ṁin: 𝑀𝑎𝑠𝑠 𝑓𝑙𝑜𝑤 𝑜𝑓 𝑖𝑛𝑝𝑢𝑡 𝐻𝑀 𝑡𝑜 𝑡ℎ𝑒 𝑠𝑦𝑠𝑡𝑒𝑚 [
𝑘𝑔

𝑚3] 

ṁin: 𝑀𝑎𝑠𝑠 𝑓𝑙𝑜𝑤 𝑜𝑓 𝑜𝑢𝑡𝑝𝑢𝑡 𝐻𝑀 𝑓𝑟𝑜𝑚 𝑡ℎ𝑒 𝑠𝑦𝑠𝑡𝑒𝑚 [
𝑘𝑔

𝑚3] 

 

Material balance formula: 

Equation 2 

𝐴𝑐𝑐𝑢𝑚𝑢𝑙𝑎𝑡𝑖𝑜𝑛 = 𝑖𝑛𝑝𝑢𝑡 − 𝑜𝑢𝑡𝑝𝑢𝑡 + 𝑔𝑒𝑛𝑒𝑟𝑎𝑡𝑖𝑜𝑛 − 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 
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For simplification of the model, accumulation is only considered within the constructed 

wetland. As constructed wetlands are mainly used for water purification from pollutants with 

the help of physical, biological, and chemical processes (Gecheva et al., 2024). When 

accumulation occurs within the system, the steady-state assumption may not be valid for 

short term context but can be considered valid for this project given the focus on long-term 

inputs and outputs. Due to simplification purposes upstream, only input and output are 

considered for the upstream sewage system, as these are the critical parameters. Additionally, 

the output effluent is not considered a critical parameter as the project aims towards the 

output related to the sludge. Furthermore, Figure 2 shows a brief overview of the model 

within this degree project which results in a numerical model of the HM mass balance. 

 

Figure 2 Classification of model type for this study, picture based on (Khandan, 2001, figure 1.1) 

3.2 Upstream heavy metal sources 

Summarized sources upstream from the WWTP are based on Svenskt vatten (2019, p. 22-26) 

and presented in Table 3. 

Table 3 Probable sources of HM upstream Svenskt vatten (2019, p. 22-26). 

  Sources 

Pb Carwash, roads, floor cleaning, households 

Cd Carwash, roads, paint, households (food) 

Cu Carwash, roads, industry, corrosion of sewage pipes (mostly) 

Cr Carwash, roads, industry 

Ni Carwash, roads, industry 

Ag Households (clothes), industry (electrical components) 

Zn 
Carwash, roads, corrosive protected surfaces, households (food, 
hygiene products) 

Hg Dentistry, laboratory, industry (electrical components) 
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3.2.1 Excessive water 

Excessive water is unwanted water reaching the WWTP. This includes diffuse water input, 

such as precipitation and infiltration into the sewage system. The extraneous water also 

includes direct sources of input to the system, such as leakage or overflows (Molander, 2015, 

p. 1). Stormwater input is complex to quantify, and measurements are often site-specific and 

can therefore not be directly valid for another site. The stormwater quality is often based on 

models where simplifications for land characteristics occur, which affects the stormwater 

run-off quality (Swedish EPA, 2017, pp. 56-57).  

Clementson et al. (2020, p. 28) presents a mean value of excessive water to 20 different 

WWTP. It ranges from 20-70% of the total treated water and the mean and median value are 

43% and 44%, respectively. 

Ejhed et al. (2018, appendix 2) published a report on behalf of the Swedish EPA, where the 

author presents concentration data of stormwater with a focus on representing urban areas, 

not including industrial areas. The data is based on the Swedish EPAs’ screening database, 

where relevant data for this project is presented in Table 4. 

Table 4 Stormwater run-off HM concentration based on (Ejhed et al., 2018, appendix 2) 

Metal Mean (µg/L) Min (µg/L) 
Max 
(µg/L) 

Cd 0.041 0.005 0.088 

Ni 3.7 0.69 15 

Cu 8.7 1.7 23 

Cr 2.5 0.31 9.7 

Ag 0.392 0.018 1.9 

Hg 0.35 0.003 1.4 

Pb 4.5 0.29 26 

Zn 47 5.7 80 
 

3.2.2 Carwashes and workshops 

In Sweden in 2023, 15 296 184 carwashes were done in approved carwashes 

(Hållbarbiltvätt.se, 2024, p. 4). Eskilstuna municipality had 107 468 inhabitants in 2023 

(Eskilstuna municipality, 2024, table 1) and as Sweden had 10 551 707 inhabitants the same 

year (SCB, n.d.), Eskilstuna corresponds to approximately 1.02 % of the total population. 

Assumptions can therefore be made that Eskilstuna municipality should have 1.02% of 

15 296 184 carwashes, thus 156 000 carwashes per year. 
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It is shown in Lagerkvist (2004, pp. 3-5) that floor cleaning from 20 car workshops could 

contribute to around 0.3% Cd, 1.2% Zn, 1.5% Pb, 0.2% Ni, 0.5% Cr, and 0.6% Cu of the 

annual incoming HM, considering the incoming flow to Ekeby WWTP. 

However, the study is over 20 years old, but these figures can work as a potential pollution. 

The pollution depends on the handling of the polluted cleaning water. From a search in the 

local online directory service hitta.se (n.d.), well over 50 such workshops are registered in 

Eskilstuna. Additionally, a high quantity of small shops can be expected not to be searchable. 

 

3.2.3 Households 

A study by Gryaab (n.d.) at Ryaverket in Gothenburg, Sweden, where four 24-hour samples 

were collected throughout the year showed the following figures of household pollution. 

Figures are shown in Table 5. Where p*d = person*day for the upcoming tables. 

Table 5 Concentration of HM and P-tot for household wastewater to Ryaverket in Gothenburg (Gryaab, n.d., pp. 
9-10). 

 Pb Cd Cu Cr Ni Ag Zn Hg P-tot 

2006/2007 
[mg/(p*d)] 1 0.03 20 0.7 0.9   30 0.03 1.5 

2017/2018 
[mg/(p*d)] 0.4 0.02 20 0.5 0.7   30 0.01 1.1 

 

The study was based on 2 urban areas of 865 and 2708 inhabitants with an average flow rate 

of 210 l/(p*d) and 251 l/(p*d) year 2017/2018. 

Older figures from 2010-2013 presented by Eriksson and Lagerkvist (2015, p. 10) in 

Skarpnäck, Stockholm, show the following pollution from households at 235 l/(p*d). The 

samples were collected through weekly water samples each year, one in spring and one in the 

fall. Figures are shown in Table 6. 

Table 6 Concentration of HM and P-tot for household wastewater from Skarpnäck, Stockholm during the years 
2010-2013 (Eriksson & Lagerkvist, 2015, p. 8) 

 Pb Cd Cu Cr Ni Ag Zn Hg P-tot 

Average 
[mg/(p*d)] 0.59 0.023 12 0.28 0.71 0.07 24 0.009 1.05 

Median 
[mg/(p*d)] 0.48 0.021 12 0.29 0.68 0.06 25 0.006 1.07 

 

Eriksson and Lagerkvist (2015, p. 10) also means that using a ratio of mg metal/kg P 

normalizes the values for easier comparison between different wastewaters, and the ratios of 

the relevant HM are shown in Table 7. 
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Table 7 Normalized metal values through the metal/P ratio with the unit mg Metal/kg P (Eriksson & Lagerkvist, 
2015, p. 10) 

  Pb/P Cd/P Cu/P Cr/P Ni/P Ag/P Zn/P Hg/P 

Average 
[mg/kg] 579 22 11397 273 695 67 23118 9 

Median 
[mg/kg] 488 24 11280 277 627 53 23880 5.3 

 

In the year of 1995, Swedish EPA (1995) published a similar rule of thumb for household 

pollution to account for within calculations. Which are shown in Table 8. 

Table 8 The rule of thumb by the Swedish EPA for household pollution (Swedish EPA, 1995, p. 9) 

  Pb Cd Cu Cr Ni Ag Zn Hg P-tot 
Flow 
[l/(d*p)] 

mg/(p*d) <3 <0.6 <7.2 <5 <3.1 <0.003 <61 <0.07 2.1 200 
 

All concentrations in Table 8 are higher in the previously mentioned publications (Eriksson & 

Lagerkvist, 2015) and (Gryaab, n.d.) except for Ag. However, the mean flow of the 

publications can still be accurate for approximation purposes, and a comparison can be seen 

in Figure 3. 

 

Figure 3 Visual presentation of comparison, household HM concentration, and P-tot (Eriksson & Lagerkvist, 
2015; Gryaab, n.d.). 
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3.3 WWTP mass balance 

The following data points within a treatment process, like ESEM’s, have been used to 

compose a mass balance of heavy metals described in Yoshidaa et al. (2013). 

• Influent • Digested sludge 

• Influent to the aeration basin • Dewatered sludge 

• Effluent from WWTP • Dried sludge 

• Primary sludge • Ash from after incineration 

• Secondary sludge • Reject water after dewatering 

• Fats, oils, and grease 
 

 

Furthermore, Yoshidaa et al. (2013, Appendix A) shows significant mass flows of heavy 

metals in secondary sludge which in this case study is partially circulated back to the 

incoming sewage water before preliminary treatment and to primary treatment. The 

following numbers are mass of element in secondary sludge divided by mass of element in 

influent to the system. 

• Ag: 47% • Hg: 30% 

• As: No significant mass • Ni: 26% 

• Cd: 19.4% • Pb: 31% 

• Cr: 41% • Zn: 37% 

• Cu: 40%  
 

 

HM shows a trend to accumulate in the sludge rather than going to the effluent water. The 

removal rate of HM is directly proportional to the incoming wastewater concentration, 

considering Cd, Pb, Cu, and Zn. Potential removal efficiencies from influent to effluent can 

also be seen in conventional WWTP for the following HMs with increasing efficiency: Cd, Pb, 

Cu, Zn (Chipasa, 2003). 

3.4 Food slurry 

Food slurry is defined as kitchen waste, including industrial kitchen waste and restaurants, 

waste from grocery stores, and producers. The food slurry also includes waste from fat 

separators (Jones & Jonsson, 2018, p. 6). Different composition of organic waste is presented 

in Table 9. 
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Table 9 HM concentration in food slurry input to anaerobic digestion (AD) or digestate after AD. The last row 
presents average data from a large population of actors in Sweden, a report ordered and published by the 
Swedish EPA. It should represent the most accurate data for the food slurry input to the actor related to this 
report. 

Source 

Pb  
[mg/ 
kgDM] 

Cd 
[mg/ 
kgDM] 

Cu 
[mg/ 
kgDM] 

Cr 
[mg/ 
kgDM] 

Ni 
[mg/ 
kgDM] 

Ag 
[mg/ 
kgDM] 

Zn 
[mg/ 
kgDM] 

Hg 
[mg/ 
kgDM] 

DM 
[%] Comment 

(Persson, 
2019, p. VIII) <2 <0.2 17 4.2 2.1   57 <0.025     

(Golovko et 
al., 2022, p. 

5) 

2 0.35 100 8.2 7.2   540 <0.1 3.1 digestate 

2.7 0.34 41 13 11   180 <0.1 4 digestate 

7.4 0.37 67 20 15   220 <0.1 2.9 digestate 

(Kuppera et 
al., 2014, 
sup.info. 
table 4) 

19 0.13 31 11 9.5   76   50 Compost 

33 0.13 47 16 14   109   54 Compost 

30 0.025 86 23 12   153   54 Compost 

59 0.081 43 13 12   125   46 Compost 

66 0.1 60 21 17   193   58 Compost 

26 0.021 37 17 14   121   52 Compost 

54 0.34 71 25 21   193   55 Compost 

100 0.53 55 15 11   249   55 Compost 

(Jones & 
Jonsson, 

2018, p. 12) 

2.6 0.07 19.4 4.6 2.7 0.42 57.5 0.03 

  

Average 
incoming 
food slurry 
concentration 
in Sweden 

n=218 n=209 n=220 n=220 n=218 n=36 n=220 n=207   
Number of 
actors data 

 

3.5 Input chemicals in the wastewater treatment plant 

The following numbers are related to confidential data and sources, and product 

specifications cannot be presented further due to security considerations. 

Table 10 Chemical inputs to the WWTP 

Chemical Density Annual consumption 
(2023) 

Annual volume 
(2023) 

Ferrous Sulfate 1890 kg/m3 340 000 kg 180 

Ferric Chloride Solution 1400-1440 kg/m3 756 000-777 600 kg 525-555 

Co-polymer 800 kg/m3 19 000 kg 23.75 

Carbon Source 1200 kg/m3 167 600 kg 140 
 

Literature study of confidential product data sheets shows no heavy metal contamination. 
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3.6 Dewatered sludge 

For the density of dewatered sludge, Andreoli et al. (2007, pp. 5, 9) use 1000 kg/m3 and 1050 

kg/m3. 

4 CURRENT STUDY 

Ekeby WWTP is in Eskilstuna, Sweden, and an overview is shown in Figure 4. 

 

 

Figure 4 Location of Ekeby WWTP, where 4a is an overview of Sweden, 4b is an overview of Eskilstuna in 
relationship with nearby cities, 4c a close overview of the WWTP area (Google Earth, 2025). 

4.1 Data collection in the WWTP 

A study visit was made to the WWTP to discuss available data and to design the flow 

schematic of the WWTP, resulting in a simplistic overview schematic. Primary and secondary 

treatment stages have several stages, but are regarded as one process within this report and 

calculations. The schematic flow chart is shown in Figure 5 and critical flows for HM 

concentration in sludge are marked red. 
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Figure 5 Simplistic schematic flowchart of ESEM's WWTP. F=flow, I=Input (Import), E=Output (Export). 
Schematic made in STAN software. 

The available data for the treatment process is shown in Table 11 where concentrations of HM 

are analyzed monthly for F1, F4, F5 & F11.  

Table 11 Available data in WWTP 

Data point Available data 

F1 Volumetric flow, HM concentration 

F4 Volumetric flow, Cd & Ag concentration 

F5 Volumetric flow, HM concentration 

F6 Volumetric flow 

F11 Annual mass output, HM concentration, Dry 
matter 

F12 Volumetric flow 

F15 Volumetric flow 

F16 Annual mass input 2023 

F19+F20 Annual mass input 2023 

F21 Annual mass input 2023 

F22 Annual mass input 2023 

F25 Annual volumetric output 2023 
 

During the year 2023, the facility treated 19 320 815 m3 of wastewater (overview shown in 

Figure 6) and the average input for 2021-2025 is approximately 17 200 000 m3 for the raw 

data at F1 in the schematic flow chart Figure 5. 
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Figure 6 Overview of daily average incoming wastewater. 

To understand the relevance of the sludge quality, the actual sludge quality in relation to 

critical parameters within REVAQ is shown in Table 12. 

Table 12 Critical sludge concentration according to REVAQ and actual concentration based on 2023 figures. 

 Critical [mg/kg TS] 
(Svenskt vatten, 2025, 
p. 38) 

Sludge output [mg/kg 
TS] (ESEM, 
Environmental 
report, 2023) 

Lead (Pb) 34.00 24.00 

Phosphorus (P) 30 000.00 25 630.00 

Cadmium (Cd) 0.70 1.90 

Copper (Cu) 410.00 428.00 

Chrome (Cr) 55.00 46.00 

Mercury (Hg) 0.75 0.70 

Nickel (Ni) 34.00 34.00 

Silver (Ag) 3.30 1.90 

Zink (Zn) 820.00 575.00 

Cd/P-ratio 23.30 (calculated) 74.10 (calculated) 
 

4.1.1 Inflow and outflow analysis (F1 & F5) 

The raw data from the WWTP for inflow and outflow are the F1 and F5 flows in the schematic 

flow chart(Figure 5). Note that F0 is the actual inflow, but the data point available in the 

WWTP is F1. In Figure 7, the raw inflow data of wastewater is presented. 
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Figure 7 Raw data inflow and outflow 2021-01-22 to 2024-10-09. The trendline is shown in dots. 

The available data for outflow has a gap of 2 months after 2024-10-09. Inflow and outflow 

are therefore only analyzed before the gap. 

Analysis of inflow and outflow of a period from 2021 to 2024 shows outflow mean has a 

significantly higher flow than the input mean. Descriptive statistics of the different analyzed 

methods of data handling are shown in Table 13. 

Table 13 Descriptive statistics and an overview of different data handling methods of raw data. The weights of 
the weighted mean are  0.05; 0.25; 0.4; 0.25; 0.05. 

 Raw data Weighted mean 5-
day 

Moving average 
30-day 

IQR-method 

Deviation [m3/d] 2160 2124 2101 2591 

R^2 0.83 0.89 0.96 0.86 

Standard deviation 
inflow/outflow 

16323 14385 15173 13714 11126 10999 9861 10705 

 

Considering additional inputs such as precipitation, evaporation, sludge output, chemical 

inputs and slurry inputs, these inputs to the systems are not significant to the magnitude of 

deviation and is therefore not the reason for the magnitude of deviation. 

The 5-day weighted mean provides a strong relation in combination with lowering standard 

deviation, keeping the mean deviation of volumetric flow similar to the raw data. This 

indicates a strong relationship and a close match. For this project, the moving average, and 

the Interquartile range method (IQR method) might remove important data, as the data 

naturally fluctuates heavily. The IQR method is assumed to remove true variation as the 

deviation of input-output did not improve, while the moving average of 30 days oversmooths 

the variation. The weighted mean is assumed to balance smoothing, real variability 

preservation, and mass balance integrity and is therefore used for final mass balance analysis 

of the heavy metals in question. 
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4.1.2 Input chemicals (F16, F19-22) 

In the flow chart Figure 5 chemical input occurs in F16, 19, 20, and 21. 

Table 14 Input chemicals to Ekeby WWTP 

Chemical Consumption (2023) Year Annual volume (2023) 

Iron sulfate 340 000 kg 2023 180 m3 

Ferric Chloride Solution 756 000-777 600 kg 2023 525-555 m3 

Polymer 19 000 kg 2023 23.75 m3 

Carbon Source 167 600 kg 2023 140 m3 

Yearly average   883.75 m3 

Daily average   2.42 m3 
 

As the mean volumetric inflow is approximately 48000 m3/d, the accumulated chemical 

inputs are 0,005% of the annual volumetric flow. Additionally, from the literature study, the 

chemicals do not contribute to heavy metal input and these inputs can therefore be neglected 

in this study. 

4.1.3 Overflow volume output (F25) 

The overflow volume F25 is neglected in the mass balance due to its small impact. 

Table 15 Annual overflow volume from F25, critical for calculating F0. 

Total flow 2021-2025 [m3] Yearly average [m3] Daily average [m3] 

45 480 11 534 31.6 
 

4.1.4 Input precipitation and output evaporation 

The precipitation in the area is typically 400-600 mm annually (SMHI, n.d., 2nd subtitle). 

Precipitation is an input to the system boundaries before outflow. 

Equation 3 

𝐴𝑟𝑒𝑎 ∗ 𝑃𝑟𝑒𝑐𝑖𝑝𝑖𝑡𝑎𝑡𝑖𝑜𝑛 = 𝑉𝑜𝑙𝑢𝑚𝑒 

Example. 

Equation 4 

10′000𝑚2(1 ℎ𝑎) ∗ 0,4 𝑡𝑜 0,6 𝑚 = 4000𝑚3 𝑡𝑜 6000𝑚3 

The constructed wetland can be assumed to be the main area of consideration for collecting 

precipitation, quantity calculated in Table 16. 
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Table 16 Precipitation flow calculation 

Precipitation 400-600 mm 

Area of constructed wetland 28 ha (280 000 m2) 

Total additional input annually 112 000-168 000 m3 

Total daily input 307-460 m3 

Average daily input 383.5 m3 
 

Evaporation, on the other hand, is output from the system and the constructed wetland. 

Evaporation from water bodies tends to exceed potential evaporation due to the open water 

areas (Acreman et al., 2003, p. 20). In southern Sweden, the evaporation from such cases is 

450 mm/year (Thomeby, 1997, p. 306). This indicates that evaporation and precipitation 

might cancel each other out within the mass balance of water. Evaporation and precipitation 

effect on input and output of heavy metals are neglected. 

4.1.5 Input organic sludge to anaerobic digestion (F8) 

The input in the schematic flow chart Figure 5, F8 consists of food slurry, fat from fat 

separators, and industry ice cream slurry. No additional characteristics or HM concentration 

are present within ESEM for these inputs. Ice cream slurry is separated from the other food-

related inputs due to a direct input to the anaerobic digestion from a local ice cream 

manufacturer. The ice cream slurry input is, however, not substantial to the context and is 

neglected in the result.  

4.1.5.1. Fat from fat separators 

The input of fat from fat separators to the WWTP is shown in Table 17. 

Table 17 yearly average input from fat separators, for 2021 and 2022, the density is fixed and set to 800 kg/m3 

Yearly 
average 

Volume 
[m3] Mass [kg] 

Density 
[kg/m3] 

2021 1 586.0 1 268 800 800.0 

2022 1 379.4 1 103 520 800.0 

2023 1 415.0 1 092 800 772.3 

2024 1 595.8 1 343 800 842.1 

Mean 1 494.0 1 202 230 803.6 

Daily 
mean 4.1 3 294  

 

In Table 20, concentration of heavy metals for food slurry is presented. In these values, fat 

from fat separators is included and HM concentrations for the fat separators are thereby 

considered the same. No dry matter-% (DM) is provided from internal documentation but for 

the incoming food waste have DM of 10,2% and within this project, the DM for the mixture is 

assumed not to change. 
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The contribution of HM from fat is presented in Table 18. 

Table 18 Assumed contribution of HM from fat separators in a mixture of food waste and fat. Concentration 
source: (Jones & Jonsson, 2018, p. 12) 

 Pb Cd Cu Cr Ni Ag Zn Hg 

mg/kgDM 2.60 0.07 19.40 4.60 2.70 0.42 57.50 0.03 

input [kg] 0.62 0.05 14.53 3.45 2.02 0.31 43.07 0.02 
 

4.1.5.2. Food slurry 

 The food waste input to the WWTP is shown in Table 19. 

Table 19 Average food slurry input 

Year Volume [m3] Daily average volume [m3] 

2022 4 222 11.57 

2023 7 853 21.51 

2024 9 956 27.28 

Mean 7 344 20.12 
 

As the balance will be analyzed through annual mean, the HM input for food slurry is 

presented as such as well. 

Table 20 Food slurry HM input, concentration based on literature study. Concentration source: (Jones & 
Jonsson, 2018, p. 12) 

 Pb Cd Cu Cr Ni Ag Zn Hg 

mg/kgDM 2.60 0.07 19.40 4.60 2.70 0.42 57.50 0.03 

HM input [kg] 1.95 0.05 14.53 3.45 2.02 0.31 43.07 0.02 
 

Dry matter for the food slurry going into the anaerobic digestion is 10,2%. 

4.1.5.3. Ice cream slurry 

The input of ice cream slurry from the local ice cream manufacturer to the WWTP is shown in 

Table 21. 

Table 21 Yearly average ice cream slurry input 

 Year Volume [m3] 

2022 198 

2023 165 

2024 105 
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The low yearly volume combined with a lack of known characteristics results in neglection of 

the ice cream slurry as a HM contributor. 

4.1.6 Output sludge (F11) 

Yearly summary of output sludge F11 in schematic flow chart. The density is assumed to be 

water density based on the literature study. The analysis for the output dewatered sludge has 

available data for the years 2023 and 2024. The data set contains 31 samples for the two 

years and has concentrations for Pb, Cd, Cu, Cr, Ni, Ag, Zn, Hg analyzed together with the 

actual dry matter content in %. The flow, on the other hand, is presented as follows: 

 

Table 22 Annual dewatered sludge output after anaerobic digestion 

Year 2021 [kg] 2022 [kg] 2023 [kg] 2024 [kg] 
Average 
[kg] 

Daily 
average 
[kg] 

Daily 
volume 
[m3] 

Wet sludge 7 769 000 6 100 000 7 035 000 7 987 960 7 222 990 19 789 19.8 

Dry sludge 2 121 000 1 769 000 2 054 000 2 207 000 2 037 750 5 583 5.6 

Dry matter (TS) 
% 27.3 29.0 29.2 28.0 28.4 

  

 

 

Equation 5 

𝐶𝑚𝑒𝑡𝑎𝑙 [
𝑘𝑔

𝑘𝑔𝐷𝑀
] ∗ 𝑆𝑙𝑢𝑑𝑔𝑒𝑤𝑒𝑡 [

𝑘𝑔

𝑦𝑒𝑎𝑟
] ∗ 𝐷𝑀 [%] =

𝑘𝑔 𝑚𝑒𝑡𝑎𝑙

𝑦𝑒𝑎𝑟
 

Where, 

𝐶𝑚𝑒𝑡𝑎𝑙:  Metal concentration 

𝑆𝑙𝑢𝑑𝑔𝑒𝑤𝑒𝑡: Sludge before the dewatering process 

𝐷𝑀:  Dry matter 

Equation 5 results in the intermediate results of metal mass in sludge are shown in Figure 8. 
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Figure 8 Yearly metal mass output from dewatered sludge [kg/year] 

4.1.7 Net volumetric flow (F0 & F5) 

To balance the volumetric flows within the WWTP, the inputs and outputs in Table 23 are 

considered. 

Table 23 Summary of input and output flows to the WWT system 

Considered inputs Average flow [m3/d] Considered outputs Average flow [m3/d] 

Precipitation 307-460 Evaporation 450 

Food sludge 20.1 Sludge 5.6 

Fat from fat separators 4.1   

Chemicals 2.42   

Overflow 31.6   
 

Net input/output is shown in Table 24. 

Table 24 Total input and output flows to the WWT system 

 Input Output 

Total 365.2-518.2 m3 455.6 m3 

Difference interval -90.4 to 62.6 m3 
 

The difference between the additional inputs and outputs is not significant to the data set, 

and volumetric flow balance considering measurement uncertainty is not known, and the 

difference between inflow and outflow is well above 2000 m3/d. To calculate the real inflow 

F0, F0 = F1 - F15, and F1 is the data point for the raw data. The handled data is presented in 

Figure 9 as weighted average of five days. 
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Figure 9 The weighted average of 5 days for the true incoming calculated flow F0 and the total outflow F5. 
2021-01-22 to 2024-10-05 

The descriptive statistics of the data in Figure 9 is shown in Table 25. 

Table 25 Descriptive statistics of weighted average data 

 Inflow (F0) outflow (F5) 

n 1353 1353 

Mean 47271.3 49819,1 

Median 42856.5 46094,7 

Min 30488.4 26107,4 

Max 173818.2 104623,0 

St.dev. 15172.8 13714,3 

R^2 0.82 

4.1.8 HM sampling 

Available HM sampling points are available at the data points F1, F4, F5, F11(Figure 5) for 

HM concentration. Data sampling for F4 presents monthly samples of Cd and Ag with a 

consistency below the detection limit and does not bring direct value to the analysis. The 

following mass flow calculations are used for calculating mass flow from concentration, 

where the results are shown in Table 26. 
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Equation 6 

𝐶𝑚𝑒𝑡𝑎𝑙 [
𝑘𝑔

𝑙𝑖𝑡𝑒𝑟
] ∗ 1000 ∗ 𝐼𝑛𝑓𝑙𝑜𝑤 𝑓𝑙𝑜𝑤 [

𝑚3

𝑑𝑎𝑦
] ∗ 365 =

𝑘𝑔 𝑚𝑒𝑡𝑎𝑙 𝑖𝑛 𝑖𝑛𝑓𝑙𝑢𝑒𝑛𝑡

𝑦𝑒𝑎𝑟
 

Equation 7 

𝐶𝑚𝑒𝑡𝑎𝑙 [
𝑘𝑔

𝑙𝑖𝑡𝑒𝑟
] ∗ 1000 ∗ 𝐸𝑓𝑓𝑙𝑢𝑒𝑛𝑡 𝑓𝑙𝑜𝑤 [

𝑚3

𝑑𝑎𝑦
] ∗ 365 =

𝑘𝑔 𝑚𝑒𝑡𝑎𝑙 𝑖𝑛 𝑒𝑓𝑓𝑙𝑢𝑒𝑛𝑡

𝑦𝑒𝑎𝑟
 

Where, 

𝐶𝑚𝑒𝑡𝑎𝑙: 𝐶𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝑚𝑒𝑡𝑎𝑙 

 

Table 26 Yearly mean HM mass flow in WWTP. The data for F1 & F5  is presented in concentration*volumetric 
flow=mass flow. The data for F11 (sludge) is presented as (kgHM/kgTS)*(average yearly volumetric 
flow*TS%)=mass flow output. “low”: below detection limit = 0, “high”: below detection limit = detection limit. 

  
Pb 
[kg] 

Cd 
[kg] 

Cu 
[kg] 

Cr 
[kg] 

Ni 
[kg] 

Ag 
[kg] 

Zn 
[kg] 

Hg [kg] 
yearly 
mean   

WW [m3] 

Samples 
[n] 

Time 
frame 

[yymmdd] 

F1 
low 

67.0 2.8 1280.1 85.5 127.4 

3.6 

1682.5 

2.04 

20 167 190 26 
230123 

 to  
250210 F1 

high 
3.1 0.07 

F5 
low 

6.4 0.02 

104.3 

16.9 

67.8 

0.0 177.7 0.00 

19 741 680 26 
230123 

 to  
241202 

F5 
high 

7.5 0.60 19.6 2.0 180.7 1.97 

F11 48.0 2.9 841.1 91.5 69.1 3.6 1112.5 1.37 7 488 
21,  

22 Ag,  
27 Hg 

230331 
to 

241130 

Further detailed overview of each HM sample in F1 is present in Appendix 2. 

As the concentration measurements are monthly samples, the samples do not detect 

fluctuations and can contribute to false mass flows in calculations. The yearly mean in Table 

26 is therefore critical to adjust. Table 27 shows the deviation of the handled data against the 

sample data. 

Table 27 Comparison between F1 and F5 volumetric flow and methods of data handling 

 Yearly means for HM 
samples [m3] 

Actual yearly mean for the 
period [m3] 

Weighted yearly mean for 
the period [m3] 

F1 20 167 190 18 502 634 18 494 317 

F5 19 741 680 19 602 946 19 575 934 
 

The mass flow of HM may need adjustment to fit the respective weighted yearly mean by 

calculating an adjustment coefficient from Table 27. The adjustment coefficients for F1 and 

F5 are presented in Table 28.  

Equation 8 

1

𝑚̇𝑚𝑒𝑡𝑎𝑙 ∗
𝑊𝑒𝑖𝑔ℎ𝑡𝑒𝑑 𝑦𝑒𝑎𝑟𝑙𝑦 𝑚𝑒𝑎𝑛

𝑌𝑒𝑎𝑟𝑙𝑦 𝑚𝑒𝑎𝑛 𝑓𝑜𝑟 𝐻𝑀 𝑠𝑎𝑚𝑝𝑙𝑒𝑠

= 𝑎𝑑𝑗𝑢𝑠𝑡𝑚𝑒𝑛𝑡 𝑐𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡 
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Table 28 Adjustment coefficient for adjusting the HM mass flow from raw data to weighted data. 

 Adjustment coefficient 

F1 1.091 

F5 1.009 
 

The result before conducting the adjustment coefficient for F1 is shown in Figure 10. The 

adjustment coefficient of F5 is near 1, and can be neglected. However, within the mass 

balance it’s chosen not to include the adjustment factors, minimizing complexity and 

uncertainty. 

 

Figure 10 Annual incoming mass of metal to the WWTP based on F1 raw data. 

4.1.8.1. Additional HM samples for the case study 

Additional HM samples were done in the case study at data points F15 to calculate F0(Figure 

5). The sampling was made three times during one week and presented in Table 29. 

Table 29 Water samples for data point F15 

 Date 
Cr 

(ug/L) 
Ni 

(ug/L) 
Cu 

(mg/L) 
Zn 

(ug/L) 
Ag 

(ug/L) 
Cd 

(ug/L) 
Pb 

(ug/L) 

Sample 1 250303 20.511 21.050 0.335 712.351 0.513 0.530 49.206 

Sample 2 250210 1.077 1918.700 0.037 282.815 0.030 0.142 14.565 

Sample 3 250312 34.399 74.275 0.165 217.018 0.431 0.356 8.524 

 

Additional HM samples are done for F12 and presented in Table 30. 
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Table 30 Water samples for data point F12 

 Date 
Cr 

(ug/L) 
Ni 

(ug/L) 
Cu 

(mg/L) 
Zn 

(ug/L) 
Ag 

(ug/L) 
Cd 

(ug/L) 
Pb 

(ug/L) 

Sample 1 250311 77.4 74.4 1.5 1304 4.7 3.4 80 

Sample 2 250320 
62.1 61.1 1.2 1053 3.2 2.5 50 

4.2 Data collection upstream 

This section presents the data collection upstream in the case study for industries, 

households, and excessive water. 

4.2.1 Industries with data 

There are 220 industrial actors with notifiable activities connected to the sewage network. 

The study visit at the supervisory authority resulted in approximately 10% of 220 actors 

having available data in environmental reports regarding heavy metals in the sewage system. 

72% of the 10% available data from industrial actors comes from bigger carwashes. The 

quantity of actors with data alongside the total connected actors is shown in Figure 11. 

 

Figure 11 Total industries with available data for the HM to the sewage system. 

Additionally, the industrial actors with available data did not present all metals within the 

delimitation in all cases, as shown in Table 31 

Table 31 Number of available data points 

Industries Pb Cd Cu Cr Ni Ag Zn Hg 

A [n] 1 1 1 1 1 0 1 0 

B [n] 1 1 2 3 1 1 3 1 

C [n] 9 13 8 8 8 0 13 1 

tot 11 15 11 12 10 1 17 2 

A-industry B-industry C-industry

Tot industries 8 41 172

Total with data 1 3 13
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To validate the amount of available data, the availability is cross-checked with 2 persons at 

the Country administrative board in Södermanland and in Västmanland, who verify that 

there are no additional official data available (Britt Halling & Ulrika Schröder, Personal 

Communication, 2025-02-05). 

The total HM mass flow connected to the industrial actors with available data is shown in 

Figure 12, on a logarithmic scale for overview purposes. 

 

Figure 12 Annual mass flow of heavy metals from industries’ environmental reports. 

The resulting sum of the HM mass flow from all the industrial actors investigated is shown in 

Table 32. 

Table 32 Annual numerical mass flow of heavy metals from industries’ environmental reports. 

 Pb Cd Cu Cr Ni Ag Zn Hg 

Collected 
pollution 
data 
[kg/y] 0.039133 0.007585 1.606105 0.472239 0.534939 0.002053 6.3965 0.000101 

 

Additional analysis at the supervisory authority, the Environmental Office in Eskilstuna 

municipality, was not made for an overview of industrial actors without notifiable activities. 

But actors without notifiable activities could still cause significant pollution. For example, 

smaller car washes can wash up to 5000 cars per year and be classified as non-notifiable 

activities (Miljöprövningsförordning (2013:251), Ch. 23, 1 §). For this classification, data is 

generally not demanded by authority and therefore not within the delimitation. 

The WWTP assumes that all industrial actors connected to the plant account for 4300 person 

equivalents (PE), which results in 1,6% of the incoming flow to the WWTP, shown in  

Table 33. Incoming data from 2023 needs to be analyzed towards the upstream actors, due to 

the availability of industry data in environmental reports. 
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Table 33 Industry wastewater flow contribution to the sewage system based on the actor’s assumption of PE. 

Raw data flow 2023 [m3] 19320814.7 

Population [p] 96 613 

mean load [l/(pd)] 200 

Assumed total PE 4300 

Industries [m3/d] 313 900 

Output to sewage [%] 1.62 
 

This is cross-checked with the total output from the environmental report analysis, where the 

total output from the 17 actors is summarized. 

Table 34 Calculated PE based on analysis of 17 actors' environmental reports. 

Total output from 17 industries [m3] 173 939 

Output to sewage [%] 0.9 

Calculated PE 2383 
 

Left-hand circle diagram in Figure 13 shows the internal (ESEM) assumed flow from 

industries and comparison with the calculated flow. The right-hand circle diagram shows the 

total flow of the 17 industrial actors connected to the data collection from environmental 

reports. 

 

Figure 13 Visual overview of industry wastewater flow contribution to the sewage system based on the actor’s 
assumption of PE (to the left) and based on calculation in this project (to the right). Rest flow is defined as the 
total flow subtracted with the flow from industries. 
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4.2.2 Households 

The theoretical framework states that for the calculations, we are to use approximately 200 

liter/person and day for volumetric flow where the density is assumed to be near water 

density of 1000 kg/m3 (Swedish EPA, 1995, p. 9). Within the 2023 environmental report from 

the actor, a population of 96 613 is presented. 

Table 35 Household wastewater flow contribution 

Raw data flow 2023 
[m3] 19 320 814.7 

Population [p] 96 613 

mean load [l/(pd)] 200 

Households [m3/d] 70 52 749 

household [kg/d] 19 322 600 

household [kg/y] 7 052 749 000 
 

The household contribution of HM to the sewage system is based on the average presented 

below of Eriksson and Lagerkvist (2015, p. 8) and Gryaab (n.d., pp. 9-10) presented in Table 

6 and Table 7. 

Table 36 Average household output to the sewage system for 200 liters/(pd), and a population of 96613 people 

  Pb Cd Cu Cr Ni Ag Zn Hg 

Average output 
[mg/(p*d)] 0.44 0.021 16 0.395 0.69 0.03 27.5 0.008 

Total output 
[kg/year] 15.52 0.723 564.22 13.93 24.33 1.06 969.8 0.282 

 

4.2.3 Excessive water 

ESEM reports a 5-year mean for excessive water volume (2020-2024) to be 58% of the total 

incoming volume of wastewater. The proportion of excessive water is estimated by 

subtracting the incoming wastewater volume to the WWTP with the sold volume of drinking 

water, the difference is then divided by the incoming wastewater to the WWTP. The 

estimation is considered as total proportion of excessive water (ESEM, Personal 

Communication, 2025-05-20). 

Excessive water is the sum of drainage water, stormwater, groundwater, and leakage 

(Käppalaförbundet, n.d., figure 1). 

From Table 3, it is assumed that stormwater run-off contributes with the highest 

concentration of heavy metals, where the concentration is presented in Table 4. 
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Table 37 Stormwater run-off calculation assuming stormwater contributes to 100% of the excessive water. 

Metal 

HM mass 
flow 
[kg/y] 

influent 
WWTP 
[kg/y] 

stormwater/ 
influent 

Influent-
households-
industries [kg/y] 

Stormwater/rest 
HM 

Cd 0.41 2.78 14.8% 2.00 20.5% 

Ni 37.03 127.36 29.1% 102.42 36.2% 

Cu 87.06 1280.10 6.8% 687.64 12.7% 

Cr 25.02 85.50 29.3% 68.33 36.6% 

Ag 3.92 3.59 109.3% 2.48 158.1% 

Hg 3.50 2.04 171.4% 1.76 198.8% 

Pb 45.03 66.97 67.2% 46.41 97.0% 

Zn 470.34 1682.51 28.0% 646.25 72.8% 
 

As mentioned, the stormwater concentration is assumed to be the maximum concentration 

input to the excessive water compared to drainage, leakage, and groundwater. Considering 

that the Hg contribution is almost 200% of the incoming HM, a coefficient of 0,5 for the 

stormwater can be assumed to be maximum contribution from stormwater, i.e. stormwater is 

<50% of the excessive water and is decreasing with an increasing concentration for 

groundwater, drainage and leakage, illustrated in Figure 14. 

 

Figure 14 Decrease of stormwater contribution to excessive water with an increasing concentration of 
groundwater, drainage, and leakage. C1: Stormwater HM concentration, C2: Groundwater, drainage, and 
leakage HM concentration 

Groundwater quality at the WWTP location is not sampled and therefore not possible to 

analyze. However, four nearby areas can be analyzed, but all of them lack Ag sampling. 

Locations of the sampling points are shown in Figure 15 and the actual concentrations are 

shown in Table 38. 
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Figure 15 Map of groundwater sampling points analyzed, where the focal point of the red arrows is the location 
of the WWTP. 

Table 38 Groundwater HM concentration from nearby sampling points (SGU.se, n.d.). The mean groundwater 
concentration neglects Ni 21,8 µg/L and Zn 360 µg/L (marked red) due to being a major outlier. 

 

Station 
nystugan 
(191120) 

Station 
Eskilstuna 
2 (061023) 

Station 
Eskilstu
na 1 
(240925
) 

Station 
Storskola
ns 
källbrunn 
(170613) 

Stormwater 
concentrati
on (Table 

4) 

Mean 
groundwat
er 
concentrati
on 

Cd [µg/L] 0.155 0.005 0.043 0.17 0.041 0.093 

Ni [µg/L] 21.8 0.14 1.5 0.43 3.7 0.69 

Cu [µg/L] 1.82 0.36 3.5 0.83 8.7 1.63 

Cr [µg/L] 0.082 0.96 0.06 0.17 2.5 0.32 

Ag [µg/L]     0.392  

Hg [µg/L] 0.00014  0.00013  0.35 0.000135 

Pb [µg/L] 0.0325 0.02 0.34 0.54 4.5 0.23 

Zn [µg/L] 43.6 5.5 11 360 47 20 

distance from 
WWTP (km) 9.3 14.9 12.2 11.8  

 

 

From the concentration analysis for the groundwater, the groundwater might dilute the 

stormwater in all cases except for Cd. 

Still considering the stormwater to explain 100% of Hg as a maximum pollution contribution, 

the adjustment coefficient is: 
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Equation 9 

𝑅𝑒𝑠𝑡 𝑖𝑛𝑓𝑙𝑢𝑒𝑛𝑡 𝐻𝑔

(𝐶𝐻𝑔,𝑆𝑡𝑜𝑟𝑚𝑤𝑎𝑡𝑒𝑟 + 𝐶𝐻𝑔,𝐺𝑟𝑜𝑢𝑛𝑑𝑤𝑎𝑡𝑒𝑟) 𝑅𝑒𝑠𝑡 𝑓𝑙𝑜𝑤 
 

Where: 

𝐶𝐻𝑔,𝑆𝑡𝑜𝑟𝑚𝑤𝑎𝑡𝑒𝑟: 𝐶𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝐻𝑔 𝑖𝑛 𝑠𝑡𝑜𝑟𝑚𝑤𝑎𝑡𝑒𝑟 𝑟𝑢𝑛 − 𝑜𝑓𝑓 

𝐶𝐻𝑔,𝐺𝑟𝑜𝑢𝑛𝑑𝑤𝑎𝑡𝑒𝑟: 𝐶𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝐻𝑔 𝑖𝑛 𝑔𝑟𝑜𝑢𝑛𝑑𝑤𝑎𝑡𝑒𝑟 

 

Giving an adjustment factor of 0.503 for stormwater and 0.497 for groundwater. 

However, these can be highly inaccurate proportions due to the insufficient data from the 

industry sector seen in Table 31 where a total of two industrial actors present values for Hg. 

Adjustment factors will be more reliable if more data is collected. 

The mean concentration of stormwater and groundwater can be considered as other input 

data is insufficient, as shown in  

Table 39. Note that groundwater data is not available for Ag. 

Table 39 Mean of stormwater, groundwater, and combined mean. 

 

Mean 
stormwater 
[µg/L] 
(Table 4) 

Mean 
Groundwater 
[µg/L] (Table 

38) 
Mean Stormwater & 
Groundwater [µg/L] 

Mean HM mass flow 
[kg/y] 

Cd  0.041 0.093 0.067 0.72 

Ni 3.7 0.69 2.20 24.33 

Cu 8.7 1.63 5.16 564.22 

Cr 2.5 0.32 1.41 13.93 

Ag 0.39 0 0.20 1.06 

Hg 0.35 0.00014 0.18 0.28 

Pb 4.5 0.23 2.37 15.52 

Zn 47 20 33.52 969.75 

 

4.3 REVAQ threshold 

The threshold for REVAQ presented in Table 2 is converted to fit the actors’ numbers, so the 

total mass flow is based on the total phosphorus from the actor’s sludge. 

Equation 10 

𝑘𝑔𝑃
𝑘𝑔𝐷𝑀

∗ 𝑘𝑔𝐷𝑀

22 𝑘𝑔𝑃/ℎ𝑎
∗ 𝑡ℎ𝑟𝑒𝑠ℎ𝑜𝑙𝑑 (

𝑔

ℎ𝑎
) = 𝑔 𝑚𝑒𝑡𝑎𝑙/𝑦𝑒𝑎𝑟 
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5 RESULTS 

This chapter introduces the results of the project. 

5.1 Upstream analyzed industrial actors 

The data collected for the total mass of HM for upstream industrial actors accounts for 0.3% 

of the total incoming HM mass to the WWTP. It is important to note that this project only 

includes data from 17 industrial actors. 

In Figure 16 a visual presentation of the location of each industry with available data of HM 

output to the sewage system, as well as the location of the WWTP connected to the project. In 

the overview, the type of industry (A, B, or C) is identified. 

 

Figure 16 Map of the analyzed industries (A, B, and C industries). 

5.2 Upstream flow 

The results of the analyzed wastewater flow balance is presented in this section and as the 

delimitation only includes pollution data from upstream industries from the year 2023, this 

section is based on the incoming flow to the WWTP the same year. However, excessive water 

is a five-year mean value. 
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To visualize the actual flow of each upstream HM source, Figure 17 presents the proportion of 

the total incoming volumetric wastewater flow (weighted average F0) as a comparison 

between the calculated and assumed volumetric flow. The left-hand diagram is where the 

industry proportion is based on internal assumption by ESEM, and the right-hand diagram is 

calculated within this project. The assumption covers all industrial actors connected to the 

sewage network. Rest flow is the flow from unidentified sources. 

 

Figure 17 Wastewater contribution from approximate household pollution and the assumption made by ESEM 
of industry contribution, from all industrial actors connected to the sewage system (to the left). The 
approximate household pollution and the analyzed industry data from environmental reports from 17 industrial 
actors (to the right). 

5.3 Upstream HM contribution 

Upstream HM contribution only includes sources in the sewage network before the inlet of 

the WWTP. In Figure 18, stormwater and groundwater contribution of HM mass equals 

excessive water, but due to the unavailability of further characteristics of excessive water, 

stormwater and groundwater fully represent excessive water. The figure shows the 

contribution of each source to the incoming HM to the WWTP. The incoming HM in this case 

is based on F1 weighted average flow from 2023 to 2025-02-10 connected to the HM samples 

made and therefore represents a yearly average. However, for HM samples below the 

detection limit, the actual detection limit is presented in this case. Additionally, Figure 18 

includes the total sum of the delimited HM and is therefore for overview indication purposes. 
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Figure 18 Total HM mass contribution by source. 

As Figure 18 is an overview of the sum of all the HM, Table 40 presents detailed 

contributions from each identified source and per HM within this project. The contribution is 

divided into F1 and F0, where “high” indicates that HM samples below the detection limit are 

set to the detection limit, deliberately overestimating the HM concentration. On the other 

hand, “low” sets values below the detection limit equal to zero. F0 is based on calculations 

including the circulated flow F15, where Hg samples were not included; Hg contribution is 

not applicable. Note that “undefined” in Table 40 is the undefined upstream contribution in 

relation to the inflow to the WWTP. 

Table 40 HM mass contribution by source and metal. F1 and F0 are both considering the weighted average of 
raw data. 

 Pb Cd Cu Cr Ni Ag Zn Hg 

Industry contribution 

F1 high 
0.06% 0.30% 0.15% 0.61% 0.52% 

0.06% 
0.43% 

0.01% 

F1 low 0.06% 0.12% 

F0 high 
0.06% 0.31% 0.15% 0.64% 3.19% 

0.06% 
0.44% 

N/A 

F0 low 0.07% N/A 

Mean Stormwater. Groundwater contribution 

F1 high 
39.17% 26.72% 4.26% 17.94% 18.54% 

54.26% 
21.14% 

91.22% 

F1 low 61.30% 2061.56% 

F0 high 
41.62% 27.27% 4.36% 18.59% 114.22% 

54.99% 
21.96% 

N/A 

F0 low 62.24% N/A 

Household contribution 

F1 high 
25.66% 28.75% 46.56% 17.72% 20.53% 

29.26% 
61.11% 

14.69% 

F1 low 33.06% 331.96% 

F0 high 
27.27% 29.35% 47.60% 18.37% 126.52% 

29.66% 
63.50% N/A 

F0 low 33.57% 

Unidentified upstream 

F1 high 
35.11% 44.22% 49.03% 63.72% 60.41% 

16.42% 
17.33% 

-5.92% 

F1 low 5.57% 
-

2293.64% 

F0 high 
31.05% 43.08% 47.90% 62.40% 

-
143.93% 

15.30% 
14.10% N/A 

F0 low 4.13% 

33,29%

51,72%

14,68%

0,31%

HM mass contribution by source

Unidentified

Household contribution

Mean Stormwater,Groundwater

Industry contribution
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5.4 Sludge 

This section, further focusing on HM in sludge, takes unidentified total inputs and outputs 

internally within the WWTP. 

The overview of HM accumulation in the sludge is shown in Figure 19 where 71% of the total 

annual mass of HM is accumulated in the sludge based on the F1 weighted average for the 

sample period 230116-250210. The figure presents the total mass of all HM analyzed and 

shall therefore be seen as an indicator. The figure does not include downstream sources seen 

from the inlet, such as internal input within the WWTP. 

 

Figure 19 Total yearly HM [kg/year] of the influent to WWTP ending up in the sludge. 

Figure 20 shows an overview boxplot making it possible to analyze the variation of the 

samples in the inlet, sludge, and effluent. 

 

 

Figure 20 Box plot comparison of F1, F5 and F11(Figure 5) HM mass flows. The data is based on raw data. 

71%

29%

HM accumulation to sludge of sewage inlet

Sludge HM mass

Rest HM mass
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Further analyzing F0 and F1, how much of the incoming HM from the sewage system is 

accumulated in the sludge is shown in Figure 21. Incoming flows F1 and F0 are the weighted 

average of the HM sample period. This figure is relevant when compared to Figure 22. 

 

Figure 21 Proportion of mass in the influent that ends up in the sludge. Ni for F0 is neglected due to fluctuations 
in the F15 sample, and Hg was not analyzed in the F15 sample. F0 and F1 are based on weighted average raw 
data. 

Figure 22 includes the internal input of HM within the WWTP. In this case, the internal input 

of HM is identified as food waste and fat from fat separators. Unidentified internal input is 

not considered, which means Figure 22 show results for measured input and not mass 

balance-adjusted input. 

 

Figure 22 Proportion of HM mass accumulated in sludge, including both upstream and internal sources of HM 
mass. Ni for F0 is excluded due to the invalid water sampling, while Hg is not included in the sampling. 

Pb Cd Cu Cr Ni Ag Zn Hg

Sludge/F1 79,4% 114,7% 69,4% 116,4% 58,3% 99,8% 70,1% 71,4%

Sludge/F0 77,4% 105,7% 67,1% 110,6% 101,8% 68,6%
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However, Table 41 shows the balance of the system where unidentified quantities are the 

errors that balance the equation. The last two rows compare Figure 22 when including 

unidentified inputs/outputs. 

Table 41 Mass balance adjustments quantifying unidentified inputs and outputs in the internal process in the 
WWTP. 

 

Pb 
[kg/y] 

Cd 
[kg/y] 

Cu  
[kg/y] 

Cr 
[kg/y] 

Ni 
[kg/y] 

Ag 
[kg/y] 

Zn  
[kg/y] 

Hg 
[kg/y] 

Total input 59.47 2.53 1204.60 80.38 21.90 3.77 1584.10 1.03 

Total output 54.95 3.19 945.40 109.75 136.95 4.59 1291.73 2.36 

Unidentified upstream 
input 17.67 1.06 567.76 47.32 -27.68 0.34 215.30 -1.03 

Unidentified internal input -4.53 0.66 -259.21 29.37 115.05 0.82 -292.37 1.33 

Unidentified total 13.14 1.72 308.55 76.69 87.37 1.16 -77.07 0.29 

sludge/input (Figure 22) 81% 114% 70% 114% 316% 96% 70% 133% 

sludge/(input+unidentified 
internal input) 87% 90% 89% 83% 50% 79% 86% 58% 

 

Given the proportion of the total inputs accumulated in sludge and “Unidentified internal 

input”=0 if <0, as a negative input equals an actual output. 

Equation 11 

[𝑚̇𝑠𝑜𝑢𝑟𝑐𝑒 ∗ (1 −
−𝑈𝑛𝑑𝑒𝑓𝑖𝑛𝑒𝑑 𝑖𝑛𝑡𝑒𝑟𝑛𝑎𝑙 𝑖𝑛𝑝𝑢𝑡

𝑇𝑜𝑡𝑎𝑙 𝑢𝑛𝑖𝑑𝑒𝑛𝑡𝑖𝑓𝑖𝑒𝑑 𝑖𝑛𝑝𝑢𝑡
)] ∗

𝑆𝑙𝑢𝑑𝑔𝑒 𝑜𝑢𝑡𝑝𝑢𝑡𝑚𝑒𝑡𝑎𝑙

𝐴𝑙𝑙 𝑖𝑛𝑝𝑢𝑡𝑠
= 𝑆𝑙𝑢𝑑𝑔𝑒 𝑐𝑜𝑛𝑡𝑒𝑛𝑡𝑚𝑒𝑡𝑎𝑙 

Where: 

𝑚̇𝑠𝑜𝑢𝑟𝑐𝑒: 𝑀𝑎𝑠𝑠 𝑓𝑙𝑜𝑤 𝑜𝑓 𝑚𝑒𝑡𝑎𝑙 𝑓𝑟𝑜𝑚 𝑠𝑜𝑢𝑟𝑐𝑒 [
𝑘𝑔

𝑦𝑒𝑎𝑟
] 

Equation 11 generates the content in Figure 23 that shows the sludge composition by HM. 

However, as the complete flow within the system for each metal is unknown, the internal 

input of HM accumulating within the sludge is uncertain. Hg is the only HM where the 

sludge content exceeds the WWTP input. The data in Figure 23 concerning Hg is therefore 

adjusted, subtracting the upstream output proportionally distributed over the sources. 
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Figure 23 Sludge composition by source, Pb, Cd, Cu, Cr, Ni, Ag, Zn, and Hg 

Complementary presentation of Figure 23 is shown in  

 

Table 42 where the total mass of each HM from each identified source is shown. The 

accumulation is, however, excluding internal unidentified inputs or outputs in this content 

due to uncertainty, and over 100% indicates that more than the sum of incoming HM to the 

WWTP and food sludge is accumulated in the sludge. Therefore, an additional unidentified 

internal source is present. An assumption is made for the accumulation, it is proportionally 

distributed between the sources of HM. 
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Table 42 Annual sludge composition by source and HM. The accumulation is based on Figure 21. 

Sludge Pb [kg] Cd [kg] Cu [kg] Cr [kg] Ni [kg] Ag [kg] Zn [kg] Hg [kg] 

Accumulation [%] 76,1% 111,6% 68,3% 110,0% 57,1% 89,5% 67,7% 70,3% 

Total mass, metal 47,98 2,88 841,14 91,48 69,13 3,61 1112,51 1,37 

Industries 0,03 0,01 1,20 0,53 0,35 0,00 4,57 0,00 

Households 11,81 0,81 385,50 15,33 13,88 0,95 656,30 0,20 

Excessive water 18,03 0,75 35,31 15,51 12,53 1,76 227,00 1,23 

Food waste 1,48 0,06 9,93 3,79 1,15 0,28 29,15 0,02 

Fat separators 0,48 0,02 3,18 1,22 0,37 0,09 9,34 0,01 

Unidentified 
upstream source 16,16 1,24 406,02 55,10 40,84 0,53 186,14 -0,08 
 

Table 43 shows the proportion of each HM by source. Note that the proportions do not add 

up to 100% due to unidentified internal input/output. The unidentified internal input/output 

is shown in Table 41. 

Table 43 Composition of HM mass that is accumulated in the sludge, divided by type of HM and source. When 
excluding internal unidentified inputs/outputs. 

Sludge Pb Cd Cu Cr Ni Ag Zn Hg 

Total mass, metal 
[kg/year] 47.98 2.88 841.14 91.48 69.13 3.61 1112.51 1.37 

Industries 0.06% 0.26% 0.14% 0.53% 0.51% 0.05% 0.41% 0.01% 

Households 24.61% 25.07% 45.83% 15.23% 20.08% 26.25% 58.99% 14.47% 

Excessive water 37.57% 23.29% 4.20% 15.41% 18.13% 48.66% 20.40% 89.84% 

Food waste 3.09% 1.82% 1.18% 3.77% 1.67% 7.81% 2.62% 1.15% 

Fat separators 0.99% 0.58% 0.38% 1.21% 0.54% 2.50% 0.84% 0.37% 

Unidentified 33.68% 48.98% 48.27% 63.86% 59.08% 14.73% 16.73% -5.83% 
 

In the Background Table 2, certification thresholds for REVAQ were presented. In Table 44, 

these thresholds are converted with the case study findings. The table also presents the actual 

sludge HM mass output along with the proportion this output represents relative to the 2024 

REVAQ threshold. Years 2025-2027 are presented to show the planned trend of the 

threshold change. 
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Table 44 Converted threshold for mass flow, based on the actor’s total phosphorus output. The calculations are 
based on ESEM numbers from 2023, with the spread threshold presented in Table 2. 

 

2024 
[kg/y] 

2025 
[kg/y] 

2026 
[kg/y] 

2027 
[kg/y] 

Goal 
[kg/y] 

Actual output 
[kg/y] 

Actual/(2024 
kg/year) 

Pb 59.82 59.82 59.82 59.82 59.82 47.98 80.2% 

Cd 1.22 1.22 1.22 1.22 1.12 2.88 236.3% 

Cu 717.87 717.87 717.87 717.87 717.87 841.14 117.2% 

Cr 95.72 95.72 95.72 95.72 95.72 91.48 95.6% 

Ni 59.82 59.82 59.82 59.82 59.82 69.13 115.6% 

Ag 5.74 5.74 5.74 5.74 1.34 3.61 62.8% 

Zn 1435.75 1435.75 1435.75 1435.75 1435.75 1112.51 77.5% 

Hg 1.32 1.32 1.32 1.32 0.55 1.37 104.2% 

Cd/P-ratio 23.18 23.18 23.18 23.18 21.36 54.78  
 

The conventional way is to convert the concentration of heavy metal to grams/hectare. The 

method in Table 44 to convert the thresholds to kg/year gives indication of the real and 

actual load, considering mass flows. 

Table 45 shows the proportion of HM in sludge by source connected to the REVAQ threshold 

in Table 44. 

Table 45 Proportion of HM mass in sludge by source, connected to the REVAQ thresholds 2024. 

  Pb Cd Cu Cr Ni Ag Zn Hg 

REVAQ threshold 
2024 [kg/year] 59,82 1,22 717,87 95,72 59,82 5,74 1435,75 1,32 

Industries 0,0% 0,7% 0,2% 0,6% 0,6% 0,0% 0,3% 0,0% 

Households 19,7% 66,1% 53,7% 16,0% 23,2% 16,5% 45,7% 15,1% 

Excessive water 30,1% 61,5% 4,9% 16,2% 21,0% 30,6% 15,8% 93,6% 

Food waste 2,5% 4,8% 1,4% 4,0% 1,9% 4,9% 2,0% 1,2% 

Fat separators 0,8% 1,5% 0,4% 1,3% 0,6% 1,6% 0,7% 0,4% 

Unidentified 27,0% 101,7% 56,6% 57,6% 68,3% 9,2% 13,0% -6,1% 
 

5.5 Magnifying industrial heavy metals 

By magnifying (multiplying) industry contribution, it gives an indication of how a larger data 

set for industries can affect the balance and unidentified sources of HM pollution. By 

magnifying the collected industry contribution by 41.7, all HM except Hg are still positive 

values. Hg before magnifying was already negative. Zn was optimized to zero by magnifying 

the industry contribution, giving Figure 24. 
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Figure 24 Magnifying industry contribution. 

5.6 Mass balance of HM 

This section summarize the general mass balance equation for the degree project together 

with finalized visual overview HM mass flow analysis. Imbalance is shown as a “balance 

error”. 

Steady state mass balance equation from source to the effluent of the WWTP: 

Equation 12 & Equation 13 

 

𝑚̇𝑜𝑢𝑡 − 𝑚̇𝑖𝑛 = 0 but in practice  𝑚̇𝑜𝑢𝑡 − 𝑚̇𝑖𝑛 = 𝜀 

  

Equation 14 

(𝑚̇𝑒𝑓𝑓𝑙𝑢𝑒𝑛𝑡 + 𝑚̇𝑠𝑙𝑢𝑑𝑔𝑒) − 𝑚̇𝑖𝑛 = 𝜀 

Where, 

𝑚̇:   𝑀𝑎𝑠𝑠 𝑓𝑙𝑜𝑤 𝑜𝑓 𝐻𝑀 [
𝑘𝑔

𝑦𝑒𝑎𝑟
] 

In concentration*flow terms: 
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Equation 15 

[(𝐶𝑒𝑓𝑓𝑙𝑢𝑒𝑛𝑡 ∗ 𝑄𝑒𝑓𝑓𝑙𝑢𝑒𝑛𝑡) + (𝐶𝑠𝑙𝑢𝑑𝑔𝑒,𝑑𝑟𝑦 ∗ 𝑄𝑠𝑙𝑢𝑑𝑔𝑒,𝑤𝑒𝑡 ∗ 𝐷𝑀)] − 𝑚̇𝑖𝑛 = 𝜀𝑡𝑜𝑡𝑎𝑙 

Where, 

𝐶:       𝐶𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 [
𝑘𝑔

𝑚3] 

𝑄:      𝑉𝑜𝑙𝑢𝑚𝑒𝑡𝑟𝑖𝑐 𝑓𝑙𝑜𝑤 [
𝑚3

𝑦𝑒𝑎𝑟
] 

𝐷𝑀:  𝐷𝑟𝑦 𝑚𝑎𝑡𝑡𝑒𝑟 [%] 

𝜀𝑡𝑜𝑡𝑎𝑙:       𝑇𝑜𝑡𝑎𝑙 𝑒𝑟𝑟𝑜𝑟 [
𝑘𝑔

𝑦𝑒𝑎𝑟
] (= 𝜀𝑢𝑝𝑠𝑡𝑟𝑒𝑎𝑚 + 𝜀𝑖𝑛𝑡𝑒𝑟𝑛𝑎𝑙) 

Mass flow input is defined as: 

 

Equation 16 

𝑚̇𝑖𝑛 = 𝑚̇𝑖𝑛𝑑𝑢𝑠𝑡𝑟𝑦 + 𝑚̇𝑒𝑥𝑐.𝑤𝑎𝑡𝑒𝑟 + 𝑚̇𝑓.𝑠𝑙𝑢𝑟𝑟𝑦 + 𝑚̇ℎ𝑜𝑢𝑠𝑒ℎ𝑜𝑙𝑑𝑠 + 𝜀𝑡𝑜𝑡𝑎𝑙 

Where, 

𝑚̇𝑒𝑥𝑐.𝑤𝑎𝑡𝑒𝑟:   𝑀𝑎𝑠𝑠 𝑓𝑙𝑜𝑤 𝑜𝑓 𝐻𝑀 𝑓𝑜𝑟 𝑒𝑥𝑐𝑒𝑠𝑠𝑖𝑣𝑒 𝑤𝑎𝑡𝑒𝑟 

𝑚̇𝑓.𝑠𝑙𝑢𝑟𝑟𝑦:   𝑀𝑎𝑠𝑠 𝑓𝑙𝑜𝑤 𝑜𝑓 𝐻𝑀 𝑓𝑜𝑟 𝑓𝑜𝑜𝑑 𝑠𝑙𝑢𝑟𝑟𝑦 (𝑓𝑎𝑡 + 𝑓𝑜𝑜𝑑) 

In concentration*flow terms: 

Equation 17 

𝑚̇𝑖𝑛 = 𝐶𝑖𝑛𝑑𝑢𝑠𝑡𝑟𝑦 ∗ 𝑄𝑖𝑛𝑑𝑢𝑠𝑡𝑟𝑦 + 𝐶𝑒𝑥𝑐.𝑤𝑎𝑡𝑒𝑟 ∗ 𝑄𝑒𝑥𝑐.𝑤𝑎𝑡𝑒𝑟 + 𝐶𝑓.𝑠𝑙𝑢𝑟𝑟𝑦 ∗ 𝑄𝑓.𝑠𝑙𝑢𝑟𝑟𝑦 + 𝐶ℎ𝑜𝑢𝑠𝑒ℎ𝑜𝑙𝑑𝑠

∗ 𝑄ℎ𝑜𝑢𝑠𝑒ℎ𝑜𝑙𝑑𝑠 

Full equation: 

Equation 18 

[(𝐶𝑒𝑓𝑓𝑙𝑢𝑒𝑛𝑡 ∗ 𝑄𝑒𝑓𝑓𝑙𝑢𝑒𝑛𝑡) + (𝐶𝑠𝑙𝑢𝑑𝑔𝑒,𝑑𝑟𝑦 ∗ 𝑄𝑠𝑙𝑢𝑑𝑔𝑒,𝑤𝑒𝑡 ∗ 𝐷𝑀)]

− [(𝐶𝑖𝑛𝑑𝑢𝑠𝑡𝑟𝑦 ∗ 𝑄𝑖𝑛𝑑𝑢𝑠𝑡𝑟𝑦) + (𝐶𝑒𝑥𝑐.𝑤𝑎𝑡𝑒𝑟 ∗ 𝑄𝑒𝑥𝑐.𝑤𝑎𝑡𝑒𝑟) + (𝐶𝑓.𝑠𝑙𝑢𝑟𝑟𝑦 ∗ 𝑄𝑓.𝑠𝑙𝑢𝑟𝑟𝑦)

+ (𝐶ℎ𝑜𝑢𝑠𝑒ℎ𝑜𝑙𝑑𝑠 ∗ 𝑄ℎ𝑜𝑢𝑠𝑒ℎ𝑜𝑙𝑑𝑠)] = 𝜀𝑡𝑜𝑡𝑎𝑙 

Full equation from upstream sources to the inlet of the WWTP: 

Equation 19 

𝐹0,𝑤𝑒𝑖𝑔ℎ𝑡𝑒𝑑 − [(𝐶𝑖𝑛𝑑𝑢𝑠𝑡𝑟𝑦 ∗ 𝑄𝑖𝑛𝑑𝑢𝑠𝑡𝑟𝑦) + (𝐶𝑒𝑥𝑐.𝑤𝑎𝑡𝑒𝑟 ∗ 𝑄𝑒𝑥𝑐.𝑤𝑎𝑡𝑒𝑟) + (𝐶ℎ𝑜𝑢𝑠𝑒ℎ𝑜𝑙𝑑𝑠 ∗ 𝑄ℎ𝑜𝑢𝑠𝑒ℎ𝑜𝑙𝑑𝑠)] = 𝜀𝑢𝑝𝑠𝑡𝑟𝑒𝑎𝑚 

Where, 

𝐹0,𝑤𝑒𝑖𝑔ℎ𝑡𝑒𝑑 = 𝐹1,𝑤𝑒𝑖𝑔ℎ𝑡𝑒𝑑 − 𝐹15,𝑚𝑒𝑎𝑛  (Figure 5)  

𝐹0,𝑤𝑒𝑖𝑔ℎ𝑡𝑒𝑑:   5 𝑑𝑎𝑦 𝑤𝑒𝑖𝑔ℎ𝑡𝑒𝑑 𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑚𝑎𝑠𝑠 𝑓𝑙𝑜𝑤 𝑜𝑓 𝑖𝑛𝑐𝑜𝑚𝑖𝑛𝑔 𝐻𝑀 𝑡𝑜 𝑊𝑊𝑇𝑃 [
𝑘𝑔

𝑦𝑒𝑎𝑟
] 
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The full equation from the inlet to the outlet of the WWTP, where definitions of Fx can be 

seen in Figure 5: 

Equation 20 

[(𝐶𝑒𝑓𝑓𝑙𝑢𝑒𝑛𝑡 ∗ 𝑄𝑒𝑓𝑓𝑙𝑢𝑒𝑛𝑡) + (𝐶𝑠𝑙𝑢𝑑𝑔𝑒,𝑑𝑟𝑦 ∗ 𝑄𝑠𝑙𝑢𝑑𝑔𝑒,𝑤𝑒𝑡 ∗ 𝐷𝑀)] − [𝐹0,𝑤𝑒𝑖𝑔ℎ𝑡𝑒𝑑 + (𝐶𝑓.𝑠𝑙𝑢𝑟𝑟𝑦 ∗ 𝑄𝑓.𝑠𝑙𝑢𝑟𝑟𝑦)]

= 𝜀𝑖𝑛𝑡𝑒𝑟𝑛𝑎𝑙 

(𝐹5 + 𝐹11) − (𝐹0,𝑤𝑒𝑖𝑔ℎ𝑡𝑒𝑑 + 𝐹8) =  𝜀𝑖𝑛𝑡𝑒𝑟𝑛𝑎𝑙 

Numerical input in the balance for the sum of Pb, Cd, Cu, Cr, Ni, Ag, Zn, and Hg is shown in 

Figure 25. Further balance for each HM is visually shown in Appendix 1. 

 

 

Figure 25 Numerical input in the mass balance. Red shows the error/undefined mass input/output. I: import, E: 
export 
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6 DISCUSSION  

This section discusses methodology and the results from the case study. 

6.1 Upstream industries 

The investigation of environmental reports describing the discharge of HM from upstream 

industries only resulted in data collection from 17 industrial actors. These actors are the only 

actors with a legal requirement to report HM pollution to the sewage. It is assumed that other 

industrial actors still have a significant pollution to the sewage system regarding HM. This is 

a political balance between how many resources are demanded for companies with lower 

official pollution than the 17 that this project covers. Additionally, unofficial pollution could 

also mean significant pollution to the sewage, such as cases where highly concentrated 

wastewater is handled incorrectly due to expensive waste handling costs or similar. 

The method of data collection through environmental reports is insufficient in this case and 

leaves the result with major undefined sources of HM pollution. It is necessary to introduce 

sampling upstream to give a stronger foundation to a mass balance study like this one.  

Magnifying industrial HM mass flow (Figure 24) give a brief quantity indication for industry 

contribution if more industrial actors had been included in the data set. This magnification of 

industry pollution can potentially further explain the unidentified sources of HM mass flow, 

but the ratio between HM is, however, expected to be different. Different ratio is not captured 

by magnifying the collected pollution. The majority of the collected industrial HM mass flow 

is from car washes, and the ratio between HM can therefore cause inaccuracy of assumptions 

when magnifying. For example, Cu, Ag, and Hg are relatively low for the collected industry 

data, while they can be high for other types of industries. 

Furthermore, this project questions the validity of the internal assumption of total flow from 

industries to the sewage system due to the data collected from 17 industrial actors. These 

actors contribute to over 50% of the assumed total flow from all industrial actors connected 

to the sewage system. Despite the total quantity is unknown regarding industries connected 

to the sewage system, the 17 industrial actors are expected to contribute to a lower 

proportion. 

The assumption made by the author for upstream industries is that the year 2023 pollution 

figures are representative in the mass balance. As the input considers samples from 2023 and 

2024, upstream industries' pollution is put against a larger time frame. Appendix 2 shows 

concentration trends and flow trends for the incoming wastewater for the water samples in 

F1, considering that the flow has a decreasing trend. The mass flows in Appendix 2 consider 

the concentrations and the average yearly flow at the date of the sample. Most concentrations 

in Appendix 2 show a decreasing trend or stable trend over the time frame, but Ag 

concentration shows an increasing trend. The mass flow of Pb, Cd, Cu, Cr, Ni, Zn, and Hg all 

have a decreasing trend, while Ag has an increasing trend. Even though trends are not stable, 

the model can still be valid to be used. The result of this degree project is a momentary 
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overview and can work as a foundation for near future assumptions, as the proportions 

should slowly change over time. However, new additional inputs for specific HM from new 

sources, such as new industries, can have a substantial impact on the proportions of HM 

mass flow. Furthermore, the decreasing trend of total incoming wastewater does not reveal 

the whole picture, more samples need to be included for this trend analysis, as for the HM 

trends. 

Assumption connected to upstream industries by ESEM is the total flow from all industrial 

actors connected to the sewage system, which is 1.62% of the total incoming flow (Figure 13). 

Compared to the 0.9% (Figure 13) that accounts for a total of 17 industrial actors in 

Eskilstuna, the additional 0.72% should be considered as unrealistically low. ESEM does not 

have further background for the 1.62% (ESEM, Personal Communication, May 2025). 

6.2 Excessive water 

Excessive water in this project is delimited to include stormwater run-off and groundwater 

infiltration to the sewage network. ESEM approximates an excessive water quantity of 58% of 

the total annual incoming wastewater, which is high considering the mean throughout 

Sweden is 43% and the median is 44% (Clementson et al., 2020, p. 28). The method of using 

the mean of groundwater and stormwater concentration is not precise, but can give an 

indication. Foundation for any more precise approximation of the total excessive water 

concentration is lacking. By approximating the area of stormwater uptake, the stormwater 

proportion of the excessive water could be more precise and valid. As the sewage water 

network area is not revealed from ESEM, this is not possible. The method of collecting 

groundwater quality data includes nearby data points, but is not directly connected to the 

area of the sewage network. This lowers the validity, and it is suggested to include more local 

data for further validity. 

Leakage from the drinking water network is a part of excessive water as well and can mean a 

lower concentration of HM than is assumed in this project. However, the indication of 

excessive water contribution to HM mass flow can work as an indicator of the importance of 

more adequate data as a foundation for these approximations and assumptions. The result 

shows excessive water to be the biggest HM mass contributor for Pb, Cr, Ag, and Hg. 

Importantly to note is that the concentration of groundwater concerning Ag is deliberately set 

to zero, which in practice means that 50% of the excessive water has no Ag concentration. 

This could mean underestimating the Ag mass from excessive water. 

Overviews of total HM mass are presented in the results, but can give a false picture of 

priority, as the severity and thresholds are different for each HM, where Cu and Zn incoming 

mass dominate, which is normal. Cd is just 1.78 % points below the household contribution, 

and these sources contribute with almost 50%, together with 50% from unidentified sources. 

Svenskt vatten (2024, p.19) shows that REVAQ-certified WWTP eliminates Cd to a high 

extent from the excessive water source, meaning excessive water as a Cd source can be a 

“low-hanging fruit” and easy to argue for increased priority for upstream investigation and 
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investment. Importantly, Cd/P-ratio shown in Table 12 exceeds the REVAQ-threshold by 

over 3 times. 

Assumption by ESEM related to excessive water is mainly the proportion of excessive water 

of 58% as a 5-year mean that is applied in this project as well. This calculation of excessive 

water proportion is dependent on the difference between sold drinking water and incoming 

wastewater (ESEM, Personal Communication, May 2025). This assumes that all drinking 

water ends up as wastewater, which does not account for, for example, irrigation that might 

end up in a nearby lake or river. The figure might therefore actually be higher, 

underestimating the excessive water load.  

6.3 Cd/P-ratio 

Cd/P-ratio shown in Table 12 exceeds the REVAQ threshold by over 3 times. But the mean 

Cd/P-ratio shown in Table 44, show around 2 times the threshold together with over 230%. 

As the REVAQ-certification focuses on this key performance indicator, full priority should be 

given to Cd sources. Elimination of Cd sources is assumed to give lower HM mass input to 

the system in general, including the other HM considered in this project. 

6.4 Households 

The method of handling households’ pollution of HM to the system includes empirical data 

from two different areas in Sweden, in Gothenburg and Stockholm. As the areas are different 

and not closely located (400 km), they validate each other, and the mean output is assumed 

to be reasonable. However, the actual flow of 200 liters/person used in this project is just an 

approximation and a rule of thumb that can cause major differences when assumed for a 

bigger population. This must be considered when analyzing the result. 

The household contribution, from an overview perspective looking at the total mass by 

source, shows a contribution of over 50% of the total HM mass. However, as discussed 

previously, households have a high contribution to the HM, which are commonly high in 

sewage wastewater (Eriksson & Lagerkvist, 2015, p. 8) (Gryaab, n.d., pp. 9-10). Results in 

Table 43 show that household contribution to HM mass in the sludge dominates for Cd, Cu, 

Ni, Zn where Cu and Zn usually are the biggest contributors to HM mass in common sewage 

sludge. 

Ling et al. (2011, p. 2) and Sörme and Lagerkvist (2002, pp. 141-143) mean that the root 

cause for Pb, Cd, Cu and Zn in household wastewater is mainly plumbing related where 

fixtures and piping are the main cause of these HM in the wastewater. Furthermore Sörme 

and Lagerkvist (2002, pp. 141-143) mean that Cr in household wastewater is not fully 

understood but also discusses the high possibility of stainless steel surface HM emission can 

be a root cause, as well as the root cause for Ni in the household wastewater, WHO (2021, pp. 

6-8) validates this and mean that chromium-plated surfaces cause pollution for Cr and Ni. 
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One big root cause for Ag in household wastewater is simply from the treatment of 

sportswear, functioning as an odor-reducing element. When washed, 72% of the Ag is lost 

from the sportswear to the wastewater system (Svenskt vatten, 2018, p. 4). 

6.5 Food sludge 

Food sludge in this project is divided into food waste and fat from fat separators. The 

collected concentration data for food sludge includes both food waste and fat from fat 

separators but does not consider the proportions. As the concentration is based on dry 

matter, incorrect values can occur when using the concentration separately for food waste 

and fat, as the combined mixture can change the dry matter. The fractions are separate 

inputs to the WWTP in this project, where dry matter is defined for food waste but not for the 

fat, but the dry matter is set as the same for both fractions cause of no available 

characteristics. 

Additionally, the waste from ice cream industry is blindly neglected without any known 

characteristics, as it is not available. However, the quantity of mass is low and therefore it is 

valid to assume the effect to the balance is neglectable. 

6.6 Flow 0, 1, 5 and 15 

Flow 1 (F1) is the flow monitored by the WWTP but is located after a circulated flow F15 that 

is not monitored with regards to HM. F15 is only monitored with regards to volumetric flow 

which leaves insecurity of the validity of F1. However, this project included HM sampling of 

F15 that can only represent momentarily characteristics regarding HM. 

As the calculated actual inflow F0 is based on F15, it leaves uncertainty of F0’s validity as 

well. However, the results do not show significant differences between the analyses 

comparing F0 and F1, except for Ni due to extreme fluctuations and outliers in the HM 

sampling of F15. 

Additionally, concerning the validity of F1, the volumetric flow balance show errors. The 

inflow F1 and outflow after the constructed wetland F5 show F5 to have over 2000 m3/day 

additional flow compared to F1. This was not possible to explain during the project but could 

be due to measurement error. F5, on the other hand, is not a critical parameter for this 

project as it is located downstream from the sludge output. The adjustment coefficient 

calculated in 4.1.8 was chosen not to apply for the resulting mass balance due to minimizing 

complexity and altering the data set further. Not applying the adjustment coefficient but 

presenting the option shows transparency. Furthermore, monthly samples already contribute 

to approximations of the concentrations in the wastewater. 

The method of analyzing HM with the weighted average of F1 brought more realistic 

volumetric flows, considering the HM samples, which is critical to not over- or 

underestimating the concentrations. Short-term major fluctuations of flows can be assumed 
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to be natural for this process, since 58% of the incoming yearly flow comes from excessive 

water, it can be assumed to be highly driven by precipitation. That means it’s important how 

outliers and extreme peaks are handled. However, the method for handling HM samples in 

F1 only considered the actual five-day weighted average of that specific day, which can cause 

incorrect yearly mean values due to fluctuations between each sample. Sample frequency 

could be higher than one per 30 days as it is today, but it needs to be balanced with the 

benefit. 

The purpose of returning an activated sludge, such as F15, is to return microorganisms to 

increase the efficiency of flocculation and coagulation in the aeration basin. This process can 

increase the overall efficiency in the WWTP (W&WW, n.d., purpose of RAS). 

6.7 Unknown sources upstream 

This section discusses the unknown sources identified in this project and refers mainly to 

Table 40 and Table 43. 

6.7.1 Lead (Pb) 

Around 30-35% of the mass of lead is from unidentified sources and those sources could 

possibly be from incorrect handling of petrol, paint, electrical products and probably a 

substantial part from sedimentation in piping and floor cleaning water from industries. 

(Svenskt vatten, 2019, p. 23). As mentioned in 3.2.2 , a total of 20 car workshops could 

contribute to 1.5% of incoming Pb if floor cleaning water is not handled correctly (Lagerkvist, 

2004, pp. 3-5). As there are over car workshops in Eskilstuna, the potential for pollution is 

over 3%. 

6.7.2 Cadmium (Cd) 

Almost 45% of the total incoming Cd and almost 50% in the sludge are from unidentified 

sources in this degree project. Svenskt vatten (2019, p. 23) mean that sources are mainly 

from households, stormwater run-off, art organizations, sedimentation in piping, and car 

washes. Based on this, a substantial part of the unidentified sources could come from art 

organizations and sedimentation in piping, which are not defined in this project. 

As there are no exact data on art activities in Eskilstuna, the conclusion can be made that 

Eskilstuna has an active art community with galleries, institutions, workshops, and 

organizations (Eskilstuna kommun, 2020; Eskilstuna Makerspace, n.d.; Visiteskilstuna.se, 

n.d.). Floor cleaning in car workshops can additionally contribute to a potential pollution of 

over 0.6% (3.2.2)(Lagerkvist, 2004, pp. 3-5). 
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6.7.3 Copper (Cu) 

Almost 50% of the Cu is from unidentified sources. Within this project, based on the sources 

presented in Svenskt vatten (2019, p. 23), Cu from piping is likely a substantial part. The 

sewage network to Ekeby WWTP is over 600 km, and the drinking water piping system is 

almost 700 km (ESEM, 2025, table 1). Additionally, Svenskt vatten (2019, p. 23) mention 

circuit board manufacturers as a specific source of Cu pollution to sewage, and there is at 

least one such manufacturer in Eskilstuna. Additionally, car workshops have the potential to 

contribute over 1.2% (3.2.2) of the annual incoming Cu (Lagerkvist, 2004, pp. 3-5). 

6.7.4 Chromium (Cr) 

Cr within this project contributes to the highest proportion of unidentified sources, at over 

60%. The major source of chromium is generally from manufacturing industries (Svenskt 

vatten, 2019). Manufacturing industries are a probable high contributor of the unidentified 

sources in this project. This could argue for the still low proportion industry contributes with 

even though analyzing a magnitude of over 40 for the collected industrial actors where most 

are from car washes, seen in Figure 24 in Ch. 5.5. In the list of actors analyzed in this project, 

industrial actors connected to the sewage system with notifiable activities (A, B and C -

industries), 20% of 220 are such manufacturing industries. Three of these actors contribute 

to the HM pollution data included in this project. Additionally, floor cleaning water in car 

workshops has the potential to contribute to over 1% (3.2.2) of the total incoming Cr to the 

WWTP. 

6.7.5 Nickel (Ni) 

Ni often occurs with Cr (Svenskt vatten, 2019, p. 25). This section, therefore, refers to 6.7.4. 

But in addition to this, the potential pollution from floor cleaning water from car workshops 

is over 0.4% (3.2.2) annually. 

6.7.6 Silver (Ag) 

In this degree project, Ag sources are over 85% explained by households and excessive water, 

which only gives room for 15% unidentified sources. A major source that is not defined within 

the project is dentistry (Svenskt vatten, 2019, p. 25). Amneklev et al. (2014, table 4-1) Show 

that 5.6% and 0.7% of the silver mass coming into a WWTP in Stockholm, Sweden, comes 

from hospitals and dentistry, respectively. The article also shows a proportion of 42.5% 

coming from households, which is around 10% higher than the results of this project shown 

in Table 40. This could explain undefined sources even further, as hospitals and dentists are 

not investigated. 

Vården.se (n.d.) show there are at least 18 dental practices in the city, potentially 

contributing to Ag pollution. 
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6.7.7 Zinc (Zn) 

Zn has a small proportion of undefined sources in this project, at around 14-17%. Most is 

explained by household pollution, and according to Svenskt vatten (2019, p. 26), a majority 

comes from the transportation industry. Excessive water that includes stormwater run-off 

from roads do explain around 20% of the total incoming Zn, but the excessive water 

concentration is uncertain in this project and could underestimate the Zn contribution. Floor 

cleaning water has an additional pollution potential of over 2.4% (3.2.2) annually. 

6.7.8 Mercury (Hg) 

Hg have a negative undefined proportion of HM incoming mass. Furthermore, Hg are at low 

concentrations in the water samples and often below detection limit, resulting in high 

uncertainty. However, excessive water explain at a minimum of 91% when all concentration 

below detection limit is set to the limit value. As the uncertainty of excessive water is high, it 

can overestimate the Hg contribution. 

Even though the result shows a negative, undefined figure for Hg, potential sources for HM 

pollution are dentist practices and hospitals (Svenskt vatten, 2019, p. 24). (Region Sörmland, 

n.d.; Vården.se, n.d.) show there are at least 18 dental practices and one hospital in the city, 

potentially contributing to Hg pollution. 

6.8 Steady state and mass balance 

The method of assuming steady state comes with complexity if including constructed wetland 

that accumulates substantial volumes. However, the main results consider annual mass flows 

which is therefore assuming steady state. The steady state model should be considered a first 

step into developing a dynamic model and the steady state model also fits longer period of 

times, such as in this project where annual means are considered. When a dynamic model is 

developed, the timeframe can be shorter, giving further understanding of the system 

behavior. However, at this stage considering the data unavailability, data is insufficient to 

develop a dynamic model. 

The mass balance in the steady state model is straightforward, but when including the 

unidentified input/output internally, uncertainty is present. As the overall flow within the 

WWTP is not known for HM, the proportion of accumulation of this unidentified 

input/output to the sludge is not known. Assumptions have been made that all inputs have a 

proportional distribution of accumulation to the sludge. However, results excluding internal 

inputs/outputs are also present for further understanding. Lastly, both methods of 

presenting the results can be misleading until further analysis of flows is possible. 
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6.9 Future challenges and possibilities 

This section discusses challenges and possibilities, divided into upstream and WWTP. 

6.9.1 Upstream possibilities 

Since this degree project is limited due to the lack of data for upstream sources, the tracing of 

upstream pollution sources is limited. Upstream analysis of water quality is a major 

possibility for improvement for source indicators. One simple possibility is simple water 

samples, but fluctuations in concentrations are always a concern when water samples are 

made. Another solution could be implementing aquatic mosses and freshwater mussels to 

give indications of HM concentration in different upstream areas within the sewage network. 

Aquatic mosses and freshwater mussels accumulate HM and can be an effective investigation 

method for analyzing Cr, Ni, Pb, and Zn, but also Fe, Ca, K, and Mg (Mersch & Johansson, 

1993, p. 1) (Figueira & Ribeiro, 2005, p. 1).  

To get more input of HM pollution from industries, the number of identified car washes 

without notifiable activities (below 5000 car washes per year) can be retrieved from the 

environmental office in the municipality. An approximation of 2500 washes per year and car 

wash could then contribute to lower unidentified HM sources, but as this project is limited to 

industrial actors with notifiable activities, this approximation is not possible with the 

collected data. 

Assumptions and approximations can also be made for dentists, surface treatment, and art 

organizations (Cd) to further lower the unidentified HM sources (Olsson, 2018, pp. 14-18). 

Further, Olsson (2018, p. 14) uses an effective calculation tool including assumptions for 

several upstream sources with the possibility to include own measurement data. 

The unknown proportion in the excessive water could, as mentioned mean substantial 

differences for the approximate concentration and mass flow. Further physical analysis for 

quantifying and asses excessive water will contribute to more correct calculations. 

Quantification of mass flow is dependent on this data (Almeida et al., 2025). 

 

6.9.2 Upstream challenges 

Cadmium in the sludge is by far the one HM in this study that is critically exceeding the 

REVAQ thresholds (Table 44) and a decrease of over 100% is needed to comply with the 

certification. In this project, Cd is shown to accumulate in the sludge at a 100% rate, which 

means that incoming Cd must decrease or that the accumulation must decrease by internal 

actions within the WWTP. However, households contribute the highest proportion of Cd 

mass to the sludge and Schaefer et al. (2020, figure 3) show mitigation strategies on a policy 

level rather than a level at which ESEM can contribute, except for being REVAQ-certified to 

contribute to fertilizer management. Except for the households, excessive water contribute to 

over 20% of the incoming Cd but if ESEM accomplish a decrease from 58% of excessive water 

to 43% which is the mean inflow of excessive water, this mean a reduction of 4% of the 

cadmium mass flow and will therefore not contribute to a high benefit/cost when considering 
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Cd (Clementson et al., 2020, p. 28). Cadmium is high from unknown sources in this project, 

which is a critical factor to ease the compliance with REVAQ and the threshold values. 

However, with a successful decrease of Cd, other HM can be expected to follow.  

The increasing trend for Ag input mass flow needs to be carefully considered and as above 

48% is explained by excessive water, it gives a good indication how the work of lowering Ag 

input should be prioritized. 

6.9.3 Wastewater treatment plant possibilities 

The Cd/P ratio is around 100% higher than the threshold and the ratio can decrease by 

increasing the Phosphorus in the sludge. This is, however, related to the efficiency of the 

WWTP which is not within the scope of this project. 

Biochar made from sewage sludge has been shown to remove Cd, but also U (Uranium that is 

of concern within the WWTP but not within the project scope) (Kapnisti et al., 2025, p. 1). 

Considering Kapnisti et al. (2025, equation 1 & 2), the mass of BC3 biochar would add up to a 

total of over 90’000 tons/year to remove 50% of the Cd. This is approximately over 450’000 

tons of sludge mass, assuming a 20% pyrolysis yield based on Kapnisti et al. (2025, table 3). 

Additionally, this amount would also remove a substantial mass of uranium. Although the 

WWPT only produces around 4,5% of this mass, which questions the feasibility of this 

method. 

The chemical precipitation is assumed to work well for Cd accumulation in the sludge, but as 

this is the issue within this project. A pre sludge separation or similar process is a possibility 

to reduce the Cd within the sludge. 

Sludge treatment methods such as adsorption through nanofiltration membranes or 

graphene oxide/carbon nanotubes could be alternatives to remove the desired HM from the 

process. These methods are suitable for the selective removal of HM and particularly Cd 

(Hamid et al., 2024, pp. 319-323). These methods, as engineered absorbents, are reliable, but 

other potential sustainable and low-cost methods, such as biosorption, where biological 

material is used for binding HM, producing low amounts of additional sludge. However, this 

solution could be complex due to variability in performance, but with operational simplicity 

(Hamid et al., 2024, pp. 323-328).  
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7 CONCLUSIONS 

The WWTP stands against a major challenge as Cd levels within the sludge are over 100% of 

the threshold values for the REVAQ certification. Reduction of Cd mass flow into the WWTP 

assumes a reduction of Pb, Cu, Cr, Ni, Ag, Zn, and Hg that are already below or near the 

threshold values. However, the findings show a high quantity of unidentified sources, which 

pose a challenge in deciding potential actions upstream to prevent and reduce the incoming 

mass flow of HM. To meet and comply with REVAQ, priority is suggested for developing data 

collection methods and internal monitoring. Additionally, collecting data from 

environmental reports is not sufficient to find HM mass flow from the industry sector.  

The sources with the majority of HM mass flow to the sewage network are households and 

excessive water, having a mean contribution of 28.8% and 32.2% of the HM mass to 

dewatered sludge. Household HM input dominates Cd, Ni, and Zn contribution to the sludge 

of the identified sources. Excessive water HM input dominates Pb, Ag, and Hg in the sludge 

of the identified sources. Furthermore, unidentified upstream sources of Cd, Cu, Cr, and Ni 

mass contribute to a proportion of 49, 48, 64, and 59% to the sludge, respectively (Table 43). 

Where a substantial part is assumed to come from industrial actors for Cu, Cr, and Ni, and 

where Cd sources could be art organizations and/or piping sedimentation. The assumption of 

total flow from the industry sector made by ESEM is unrealistically low compared to the 

0.9% collected from 17 industrial actors within this project, the assumption is just above 

180% of the collected actors. 17 industrial actors in Eskilstuna present HM data in official 

documentation, which should be considered as insufficient for upstream analysis, given that 

0.31% of incoming HM mass to the WWTP is explained by the industry sector. The data 

collection of industrial contribution of HM mass flow is limited, and the true HM mass flow 

from the industry sector likely contributes significantly higher mass flow, considering 17 of 

220 industrial actors with notifiable activities are analyzed. 

Mass balance within this degree project is conducted successfully upstream regarding overall 

sources and highlights the quantity of unidentified sources. However, the literature of HM 

contribution from upstream sources needs validation, requiring internal measurements and 

investigations by ESEM. HM contribution from excessive water is highly uncertain 

considering the proportions of stormwater, groundwater, and leakage are not known, and 

this project only considers a mean of the literature-based stormwater pollution concentration 

and local groundwater samples. The closest data point for groundwater samples is over 9 km 

from the WWTP. 

The mass balance within the WWTP is straightforward for balancing the HM mass flow from 

inlet to sludge accumulation, but more data points are needed measuring HM concentration 

throughout the WWTP to understand further possibilities and challenges of the internal HM 

flows. The mass balance show critical deviations for Cr and Hg, and uncertainty for Cd and 

Ag. The uncertainty is the result of concentrations below detection limit. 

Lastly, analyzing official environmental reports captures an insufficient quantity of data to 

make conclusions upon. Analysis equipment is therefore critical to implement throughout the 

sewage network to localize specific sources of pollution. 
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8 SUGGESTIONS FOR FURTHER WORK 

This degree project presents a solid foundation for how to focus upstream investigations 

regarding heavy metals accumulating in sewage sludge. It shows indications of possible 

sources and connected quantities of mass flow. However, the project also gives clear insights 

of limitations where suggestion for further work can be summarized upon. 

The upstream monitoring is suggested to be developed, but this project lacks detail on where 

in the sewage network monitoring would be efficient. Therefore, it is suggested to further 

work on developing the plan of upstream monitoring, where and how it should be conducted. 

Suggestions are discussed regarding monitoring and samples with aquatic mosses and 

mussels that accumulate heavy metals over time in a cost-efficient way, but further 

investigation is needed to determine the most suitable method. 

As the current WWTP monitoring program lacks data points for heavy metal analysis in 

several critical flows to understand how heavy metals flow within the WWTP, this is 

suggested to investigate. An investigation must be conducted to determine the value of 

additional samples, where further understanding might or might not have an efficient cost-

to-value ratio. Considering REVAQ, the value for further understanding within the WWTP 

may not be of highest priority, but as shown in this degree project, there are unidentified 

sources of inputs/outputs of heavy metals internally within the WWTP that can be an actual 

source of the heavy metals accumulated in the sludge. 

As the excessive water is according to ESEM, 58% of the total incoming wastewater, 

development of the knowledge for the proportion of the sources, stormwater run-off, 

groundwater, and leakage, is critical. This project relies on literature concentrations of 

stormwater run-off that should be validated with local figures. Within this project, no insight 

into how the sewage network is spread has been included, and the possibilities of 

understanding groundwater infiltration are therefore limited. The data points of groundwater 

analysis are far from the WWTP, more local groundwater analysis is therefore suggested. 

Further a correlation analysis between precipitation and incoming wastewater can reveal the 

actual effect and proportion stormwater run-off is within the excessive water. 

Lastly, as the owner of the sewage network, a monitoring program demanding sewage load 

data for a high quantity of industrial actors with notifiable activities is suggested. This could 

support substantial accuracy for upstream investigation within the REVAQ compliance, 

considering the REVAQ demands are getting stricter. The monitoring program could also 

include heavy metal analysis demands for the sewage load, further increasing the accuracy 

and traceability of heavy metals upstream from the WWTP. Additionally, several REVAQ-

certified WWTPs have active cooperation with the local environmental supervisory authority 

concerning upstream investigation (Svenskt vatten, 2024, p. 25). Which is suggested in this 

case as well. 
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9 ETHICAL CONSIDERATIONS  

This project will not contribute to any changes to the wastewater system and therefore will 

not contribute to added pollution and environmental effects. The aim of the investigation is 

to contribute to the certification of using sewage sludge in agricultural land. The purpose is 

therefore to decrease the input of heavy metals and other severe elements to the local system 

by decreasing demand from external sources and increasing circularity of local sources. The 

resulting sludge can have worse quality than other conventional fertilizer sources, but 

REVAQ certification aims to lower pollution with time by circulation, which contributes to 

sustainability. Therefore, the aim is to minimize the risk to public health and heavy metal 

uptake with sustainable sludge handling. However, even though official documentation will 

serve as the documentation analysis, it will point out specific polluters and industrial actors 

of concern. With the risk of damaging the trademark of industries. However, specific 

industrial actors are not named, but the location presented can indicate which industrial 

actor is analyzed. Importantly, this risk comes with transparency standards of ethical writing, 

which is one important goal. Transparency is also achieved through clearly presenting the 

method used for various parts of the report and project, which data sources are used, and 

what assumptions have been made, and why. All external sources have been properly 

referenced according to APA7 standard to ensure traceability and give any reader the 

possibility to revise the results. Additionally, to APA7, page numbers or similar are included 

for each reference to further increase and ease the traceability. Peer-reviewed articles and 

government documents are included for critical information. 

No data within the data collection has been manipulated or falsified to fit the purpose of the 

project, ensuring academic integrity. 

Lastly, the project follows general research ethics. 
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APPENDIX 1: MASS BALANCE OF HM  

 

Figure 26 Mass balance for Pb 

 

Figure 27 Mass balance for Cd 
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Figure 28 Mass balance for Cr 

 

Figure 29 Mass balance for Cu 
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Figure 30 Mass balance for Ni 

 

Figure 31 Mass balance for Ag 
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Figure 32 Mass balance for Zn 

 

Figure 33 Mass balance for Hg 
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APPENDIX 2: CONCENTRATION TREND IN INCOMING 

FLOW TO WWTP FOR SAMPLING 

 

Figure 34 Total yearly flows for each sample in F1 

  

Figure 35 Samples for concentration (left), mass flow for each sample (right) 
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Figure 36 Samples for concentration (left), mass flow for each sample (right) 

  

Figure 37 Samples for concentration (left), mass flow for each sample (right) 
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Figure 38 Samples for concentration (left), mass flow for each sample (right) 

  

Figure 39 Samples for concentration (left), mass flow for each sample (right) 
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Figure 40 Samples for concentration (left), mass flow for each sample (right) 

  

Figure 41 Samples for concentration (left), mass flow for each sample (right) 
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Figure 42 Samples for concentration (left), mass flow for each sample (right) 
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