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Sammanfattning 

Kvaliteten på världarnas vattenresurser står inför nya utmaningar, till exempel detekterbara 
koncentrationer av olika spårföroreningar under termen mikroföroreningar släpps ut till vattendrag 
från både kommunala reningsverk och även från enskilda avlopp. Ett projekt som heter RedMic 
riktar sig för att identifiera och kvantifiera utsläpp av mikroföroreningar från enskilda avlopp som 
grund för att främja innovativ behandlingsteknik för att minska potentiella risker för grundvatten- 
och ytvattenförorening. Detta examensarbete innehåller två arbetsmoment i RedMic-projektet: ett 
kolonnförsök för att undersöka avskiljningsförmåga för mikroföroreningar hos 10 filter och en 
multikriterieanalys utförs för att bedöm om granulerat aktivt kol (GAC) eller ozon kan användas för 
enskilda avlopp. 

Baserat på reningsgraden av upplöst organiskt kol (DOC) av utvalda filter har två typer av aktivt kol 
minskat upp till 90% av DOC-koncentration i avloppsvatten. Dessutom har sex andra filter också en 
bra reningsgrad omkring 60% vid den andra provtagningen. Dock kommer all data detta arbete 
endast från första delen av projektet som fortsatte och de slutliga resultaten kommer att publiceras i 
andra artiklar. Två systemlösningar utvärderades med analys av flera kriterier: markbädd med 
antingen GAC-filtrering (1) eller med ozon (2). Systemlösning 1 bedöms att ha fördel gentemot 
system 2.  
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Abstract 

The quality of worlds’ water resources is facing new challenges, for instance detectable 
concentration of various trace contaminants under the term micropollutants is dis-charging into 
water bodies from both municipal wastewater treatment plants and from on-site wastewater 
facilities. A project called RedMic aim at identifying and quantifying emissions of micropollutants 
from on-site wastewater treatments as a basis for providing innovative treatment technologies to 
reduce potential risks for groundwater and surface water contamination. This thesis work deals with 
two of the work packages in the RedMic project: a column experiment to test the capability of 10 
adsorbents to re-move micropollutants and a multi-criteria analysis is conducted to evaluate if a 
filter composed of granulated activated carbon (GAC) or ozonation can be used for on-site 
wastewater treatment facilities. 

Based on the removal efficiency of dissolved organic carbon (DOC) of selected adsorbents, two types 
of activated carbon reduced up to 90% DOC concentration in the effluents. Moreover, six other 
adsorbents also showed good removal efficiency with around 60% in the second sampling. However, 
the data used in this thesis was only from the initial part of the experiment that continued and the 
final results will be published elsewhere.  Two system solutions were evaluated with multi-criteria 
analysis: sandbed filter with either GAC filtration (1) or with ozonation (2) System solution 1 was 
found to have advantage compared to system 2. 

Keywords 

Pharmaceuticals, column experiment, removal efficiency, absorbents 
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1. Introduction 

1.1 Background 

The continuous growth of world’s population has been causing large problems to water resources. 
Anthropogenic emissions from different sources are also becoming an increasing issue that should 
be taken proper care of. The quality of our water resources is partly affected by organic trace 
contaminants, which is commonly named as micropollutants (MPs) that through wastewater 
discharge constitute risks for aquatic ecosystems or human health yet with unknown consequences 
due to low concentrations (from ng/L to μg/L) (Forrez et al, 2011). 

As a primary source, effluents from municipal wastewater treatment plants (WWTPs) make the 
main contribution for loading MPs to water bodies. Studies regarding MP removals in municipal 
WWTPs have been paid attentions in recent years (Du et al, 2013). However, there are 
approximately 700 000 of Swedish households that are unable to be connected to such a WWTP 
and are instead established with on-site wastewater facilities (IVL, 2012).  Removal efficiency of 
conventional wastewater parameters (BOD, P and N) is significantly reduced when such facilities 
are not in their optimum conditions due to lack of maintenance (Du et al, 2013). Since the 
elimination efficiency of MPs and the conventional wastewater parameters is generally correlated, 
occurrence of MPs in wastewater effluents from on-site wastewater treatment facilities becomes an 
unavoidable problem to be solved (Matamoros et al, 2008 & Reungoat et al, 2010). 

Studies regarding effluent quality discharging from domestic WWTPs have been carried out since 
1900s, mainly in the US and Denmark. Un-fortunately, only a few studies were conducted to 
investigate the removal efficiency of MPs released from small-scale wastewater facilities. The 
composition of wastewaters discharging from small-scale wastewater facilities is believed to be quite 
similar with wastewaters discharging from large WWTPs since they both are domestic wastewaters. 
RedMic is a Swedish project aiming at identifying and quantifying emissions of micropollutants 
from on-site wastewater treatments as a basis for providing innovative treatment technologies to 
reduce potential risks for groundwater and surface water contamination. Some decision support 
system will also be performed regarding various perspectives in order to evaluate suggested 
technologies (RedMic, 2015). This thesis work takes part in the RedMic project both in a practical 
column experiment and a theoretical sustainability analysis. 

1.1.1 Infiltration 

In Sweden, the most commonly used on-site wastewater treatment systems (approximately 75%) are 
recognized to be combinations between a septic tank with infiltration or with sand bed systems 
(IVL, 2012). 

Infiltration is considered as the most frequently applied on-site wastewater treatment facility in 
Sweden. Effluents from septic tanks pass through the distribution well and enter infiltrations area 
through distribution conduits as illustrated in Figure 1. Existing soil layers are utilized to trap both 
nutrients and contaminants in wastewater. A bioactive mem-brane is formed successively by 
microorganisms, which biodegrade organic compounds and eliminate pathogens all the way down 
to the un-saturated zone (Naturvårdsverket, 2012). The largest concern of infiltration system is the 
uncontrollability of treatment performances and spreading of contaminants into groundwater. 
Therefore, a similar but adapted treatment system has also been applied in large scale when geo-
logical conditions are not suitable for an infiltration system in practice. 
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Figure 1 Principle sketch of infiltration system 

1.1.2 Sandbed filters 

The geological conditions and groundwater table are two main criteria for whether a sandbed filter 
system should be established instead of an infiltration system. In sandbed filters, sewage water is 
treated in a restricted volume filled of sand material. The sandbed filter facility in difference from 
infiltration is that treated wastewater from a sandbed filter is collected in an outlet pipe which leads 
to a drainage ditch, to a recipient e.g. surface water or sometimes ends into gravel bed of soil. In this 
way, the treated wastewater could be monitored and controlled. Re-placement or regeneration of 
the added filter material should be carried out when the removal capacity is reduced due to clogging 
of pores (Naturvårdsverket, 2012). 

 

Figure 2 Principle sketch of sandbed filter 

1.1.3 Micropollutants 

Micropollutants are considered difficult to be defined and classified due to the complexity and 
variety (Forrez et al, 2011). In general, the following groups of micropollutants been detected most 
frequently in wastewater, which then enter aquatic environments: pharmaceuticals, personal care 
products (PCPs) and household’s chemicals of different kinds (Luo et al, 2008). These compounds 
have some properties in common: they are artificial, can easily pass through conventional 
wastewater treatments since the systems are not designed for removal of micropollutants and some 
are biologically active in recipients (Forrez et al, 2011). However, lack of guidelines and standards 
for wastewater dis-charge regarding micropollutants makes it necessary for deeper research in this 
field. 

Table 1: Commonly used PPCPs in household 

Categories Compounds Functional class 
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Pharmaceuticals Acetaminophen An analgesic drug that is often used as pain killer 

 Ibuprofen A non-steroidal drug for treating pain, fever and 
inflammation 

 Carbamazepine Anticonvulsant 

 Trimethoprim An antibiotic mainly used in treatment of bladder infections 

 Caffeine Stimulant 

PCP Triclosan An antibacterial agent often found in personal care products 
such as soaps, detergents etc. 

 DEET The most active ingredient in insect repellents 

 Octocrylene An organic compound used in sunscreens and cosmetics 

 TCPP A chemical compound used in fire retardant and plasticizer 

 Diazinon A chemical compound used for pest control 

 

The amount of discharged micropollutants into aquatic systems is strongly correlated with the local 
consumption of PPCPs (Luo et al, 2008). Higher concentrations of these compounds might create 
larger risk for aquatic ecosystem. Except concentration level, the biodegradability of a certain 
compound determines how harmful the compound is. There-fore, the chemical structures need to 
be investigated in order to make a good selection of micropollutants. The university of Umeå and 
Uppsala are responsible for developing a selection method of micropollutants, which are 
investigated in the experiments of this thesis work. 

1.2 Objectives 

There are totally six work-packages (WP) in RedMic project and this study was involved in work-
package three and six. Since the thesis work comprises of various parts, each part has a specific goal 
to be achieved as following: 

 To investigate the selected filter materials (adsorbents) and test their ability to remove various 
wastewater parameters such as total phosphorus, ammonium, DOC and micropollutants. 
Physical characteristics as pH, conductivity and turbidity are also measured. 

 To evaluate with support from multi-criteria analysis if GAC filter and ozonation can be used 
for on-site wastewater treatment facilities. 
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2. Material and methods 

2.1 Column experiment 

2.1.1 Influent water and adsorbents 

The wastewater discharging from the sandbed filter of a small-scale wastewater facility located at 
Lovön, Ekerö Municipality, is used as column influent water. Low concentrations of micropollutants 
in raw wastewater make them hard to detect when analyzing. Therefore, spiking was carried out, 
which in the context implies addition of a micropollutant standard mix solution into the raw 
wastewater. Due to the collaboration with two other universities in RedMic project, the standard 
mix containing approximately 30 micropollutants was prepared and delivered by the responsible 
researchers from both Umeå University and Swedish University of Agriculture Sciences (SLU). 
Subgroups of micropollutants such as fragrances, UV stabilizers, food additives, detergent 
ingredients/surfactants, plastic/rubber additives, biocides and pharmaceuticals are included in the 
standard mix. The standard mix solution of micropollutants with various concentrations (in ng/L) 
was added to wastewater of 10 litres. The 10 selected filter materials are presented in Table 2 below: 

Table 2: Selected adsorbents with corresponding characteristics 

  Adsorbents Type of Material Main composition General uses 

1 Filtrasorb  
300C 

Charcoal 88% of C Granulated activated carbon are used 
for water purification and wastewater 

treatments 

2 Rådasand Quartz and 
feldspar 

SiO₂ A special sand type extracted from the 
Råda esker. Rådasand is wildly used in 

iron foundries, water purification, 
construction industry, heating plants and 

gritting 
3 Xylit By-product of 

brown coal 
production 

C Recently discovered material for water 
purification, excellent results in removing 

P and N 

4 Zeolite 
(mordenite) 

Amorphous 
volcanic glass 

SiO₂, CaO, MgO, 
Al₂O₃, Fe₂O₃, K₂O, 

Na₂O 

Generic applications are building 
industry, but also used as sorbent and 

molecular sieve 

5 Lignite Naturally 
compressed peat 

25-35% of C Most of the existing lignite are utilized for 
electricity production, other applications 
are generation of synthetic natural gas 

and also production of fertilizer 

6 Filtralite P Expanded clay SiO₂, CaO, MgO, 
Al₂O₃, Fe₂O₃, K₂O 

Filtralite_ P is specially designed to 
remove phosphorous and its uses are 
e.g. in natural filter beds for purification 

of domestic wastewater. 

7 Zugol Pine bark C It is used to clean up oil spills since the 
composition of zugol contributes to 
biodegradation of oil contaminants 

8 Sorbulite Tobermorite 
(Autoclaved 

aerated concrete) 

SiO₂, CaO, Al₂O₃, 
Fe₂O₃₂ 

Reduction of phosphorous in 
wastewater, also efficient in reducing 

odor and bacteria 
9 EA207 GAC 88% of C Granulated activated carbon are used 

for water purification and wastewater 
treatments 

10 Polonite Calcium silicate 
bedrock 

CaO, SiO₂, MgO, 
Al₂O₃, Fe₂O₃, K₂O, 

Na₂O 

Reduction of phosphorous in 
wastewater, also efficient in reducing 

odor and bacteria 
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Polonite, Sorbulite, Filtralite P and activated carbon (including EA 207 and Filtrasorb 300C with 
different particle size) are well-known adsorbents in wastewater treatments for efficient removal of 
phosphorous, organic compounds and pathogens. Therefore, they are prioritized candidates to be 
tested in the column experiment. However, some novel low-cost materials such as mordenite, 
lignite, zugol and xylit were also chosen since investigations of removing organic contaminants by 
these materials have been carried out in other studies with various results. The potential application 
of these materials should be considered. 

2.1.2 Set up and performance 

Plastic wastewater pipes made by Polypropylene (PP) with 48.2mm in inner diameter are tightly 
packed with selected filter materials of 10cm in height. Higher volume of packed material was not 
considered suitable since duration time of the column experiment only lasts for two weeks, which is 
rather short so the risk for not obtaining any breakthrough in-creases. There were totally 11 columns 
including 10 filled with filter materials and one blank column as reference. Influent water was 
pumped in-to columns through silicon tubes, which were also used for connections between 
columns and collecting vessels as illustrated in Figure 3. The numbering on columns in Figure 3 
corresponds with the sequence of ad-sorbents presented in Table 1. Two pumps are adjusted to 
generate constant equalized flow of 0.14 l/day per column through all columns. Satu-rated flow was 
applied to avoid preferential flow so the influent water gets contact with much specific area as 
possible between the grains. 

 

Figure 3 Schematic sketch of the experimental setup 

2.1.3 Sample analysis 

The column experiment started in the end of October in 2015 (2015-10-30) and ended in the middle 
of November. Outlet samples from 2015-11-09 (marked as “Sampling A”) and from 2015-11-19 
(marked as “Sampling B”) with corresponding inlet samples (both spiked and unspiked in 2015-10-
30 and 2015-11-10, respectively) have been collected and put in-to freezer for further measurements 
of both physical and chemical characteristics. The outlet samplings took place in the end of each 
week in order to record the dynamic changes in the adsorbents and whether any improvements or 
impairments can be observed within two weeks. Since this column experiment serves as a screening 
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step of subsequent pi-lot/field-experiment in RedMic-project, some of the selected adsorbents 
showing poor results in different parameters will be precluded for further investigations.  

Parameters such as pH, conductivity and turbidity are measured and compared between the two 
outlet samples. These physical measurements are directly associated with water quality. The pH 
value ranging from 0-14 measure acidity/alkalinity of a certain solution and 7 is considered neutral 
that often refers to distilled water. However, the optimum pH may differ depending on the 
conditions of water. Hence, a range of 6.5-9-5 is considered normal and extreme values might cause 
harmful effects to the environment and human health (WTO, 1996). The ionic content in water 
determines conductivity, which measures a solution’s ability to conduct electricity. Finally, turbidity 
refers to the amount of suspended particles that can be measured in a water sample.  

Furthermore, some chemical parameters such as ammonium (NH4-N), total phosphorus and total 
organic carbon (TOC) were analyzed to reveal the removal performance of different adsorbents. 
Ammonium (NH4-N) was measured with auto-analyzer after filtration of original water samples. 
Nitrogen exists in wastewater forming three different compounds: nitrite (NO2-N), nitrate (NO3-N) 
and ammonium (NH4-N). The obtained concentration of ammonium (NH4-N) represents only a 
tiny part of N in the samples. For analysis of total phosphorus, each sample of 10mL is added by 
100μL of sulphuric acid with 4 mol/L in concentration and 2mL of potassium persulfate. The 
samples were then autoclaved, providing high pressure and temperature to force all phosphorus to 
be soluble in water with help by addition of sulphuric acid. After auto-clave, the samples are 
filtrated into test tubes for analyses. A total organic car-bon analyzer TOC-L (SHIMADZU, Japan) 
was used to measure TOC concentrations in the collected samples. A solution of potassium hydro-
gen is prepared for dilution into six test tubes as standard solutions for calibration of the analyzer. 
The prepared standard solutions are used to adjust the interval the samples might vary within. Then 
10 ml of each sample was filtrated into a test tube for analysis. Actually, the obtained outcome 
reflects DOC concentration instead of TOC concentration since most of the suspended solids are 
separated after the filtration. 

Removal efficiency was calculated by the following equation: 

𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 𝑅𝑅𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑅𝑅𝑒𝑒𝑒𝑒𝑒𝑒 =
𝐶𝐶𝑖𝑖𝑖𝑖 − 𝐶𝐶𝑜𝑜𝑜𝑜𝑜𝑜

𝐶𝐶𝑖𝑖𝑖𝑖
 (%)                                                                                                                 ( 𝑅𝑅𝑒𝑒1) 

where C = concentration in mg/l. 

In order to measure removal efficiency of micropollutants, samples were sent to Umeå University 
and SLU (Uppsala) since they have the proper equipment for analysis. But unfortunately, the final 
results were not obtained due to time constraints of this thesis work. However, an estimated ranking 
was made among the adsorbents for how efficient they might remove the added micropollutants, 
mainly based on removal efficiencies of DOC since the correlation showed between them after 
spiking the wastewater samples. 

2.2 Multi-criteria analysis 

Sustainability has been considered as an important aspect when analyzing different projects and 
criteria for being sustainable varies depending on the type of project. Nevertheless, this concept 
should be applied to any infrastructural development projects since relevant dimensions such as 
economy, environment and socio-culture cannot be evaluated separately any more. Different type of 
tools and methodologies assessing sustainability has been developed in order to obtain a support or 
basis for decision making of infrastructural investments in various sectors. As an important 
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constituent in society, sustainability analysis has been applied on wastewater treatment systems to 
ensure the water quality of recipients. Multi-criteria analysis, one of the tools for sustainability 
analysis, will be carried out to assess novel treatment technologies (or new system solutions) with 
focus on small-scale wastewater facilities. 

2.2.1 System definition and boundaries 

On-site wastewater facilities can generally serve from one single house-hold up to dozens depending 
on their geographic location and people’s willingness to connect their sewer with neighbors. In 
order to simplify the analysis, the evaluation will base on single household equipped with on-site 
wastewater treatments in general without specified case studies. System boundaries are then 
defined as the whole chain of processes comprising in the facility from inlet to outlet (Figure 4). 

 

Figure 4 Definition of system boundaries of multi-criteria analysis for on-site wastewater facilities 

2.2.2 Selection of criteria 

The selection of sustainability indicators (criteria) plays an important role in the process since 
criteria should be selected in order to reflect sustain-ability in a context with small-scale wastewater 
treatment systems. Firstly, four categories of criteria have been determined: economic feasibility, 
health and hygiene, environmental parameters and socio-cultural aspects. Furthermore, under-
categories are discussed and selected with consideration to system scope and boundaries. A brief 
comment is given corresponding each criterion in Table 3. 

Table 3: Sustainability criteria for small-scale wastewater treatment solutions 

Criteria Comments 

Economic feasibility   

1. Life cycle costs Including costs for investment, installation and long-
term maintenance 

Health and hygiene   

2. Microbial risks Mainly refers to disinfection ability of treatments, i.e. 
removal efficiency of pathogens 

Environmental parameters   

3. Removal efficiency of oxygen consumption 
potential P, N and BOD 

4. Removal of micropollutants Organic and inorganic anthropogenic substances 

5. Potential for recycling of nutrients   
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6. Energy consumption   

7. Generation of by-products Chemical treatments sometimes create undesirable 
compounds during treatment processes 

8. Use of chemicals Use of chemicals at treatment facility that may 
increase risk for negative environmental impacts 

Socio-culture   

9. User-aspects User-friendliness 

10.  Organisation Expertise organization might be required to handle 
technical difficulties 

11.  Legislative aspects Possibilities on a practical and technical solution 
level to regulate and guide user based on legislation. 

 

Life cycle costs 

Any suggested technology or system solution requires an estimated budget during its life span for 
evaluation in practice. A life cycle cost in general includes investment of equipment, installation 
costs and cost for long-term maintenance. 

Microbial risks 

Since treated wastewater is usually discharged into surface water that eventually contributes for 
drinking water purposes, the wastewater effluent is for indirect portable use. For other cases if the 
effluent flows into drainage ditch, the risk for groundwater contamination increases if the removal 
of pathogens has not been efficient. Both concerns can result in negative consequences for human 
health due to contamination of drinking water resources. 

Removal efficiency of oxygen consumption potential 

In this criterion, nutrients and biological oxygen demand (BOD7) are included. As an integrated 
system, these conventional wastewater parameters are still considered as an essential factor for 
evaluation. 

Removal efficiency of micropollutants 

On-site wastewater facilities are originally designed and constructed to remove odor and pathogens, 
then in subsequent developments the con-trolling of eutrophication has eventually gained more 
attention due to in-creased emissions of nutrients into recipients have caused problems (IVL, 2012). 
Therefore, the commonly applied small-scale wastewater treatments are not adapted for removal of 
micropollutants. Since main properties of micropollutants, for instance man-made and persistent, 
differ from those conventional wastewater parameters, the removal efficiency of micropollutants is 
considered as a separated criterion to evaluate. 

Potential for recycling of nutrients 

The term “nutrients” in wastewater refers to phosphorus and nitrogen (P and N). As world’s 
population continues to grow in high speed, the predicted use of mineral fertilizer in agriculture is 
supposed to increase by 2.5-3% each year in the upcoming 5 years. Unfortunately, the main 
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constituent in fertilizers, phosphorus, is a non-renewable resource for utilization (IVL, 2012). Then 
recycling of nutrients from wastewater should be considered as a sustainability criterion.  

Energy consumption 

In this analysis, energy consumption mainly refers to the amount of electricity required to operate a 
treatment system and also the energy required to produce raw material for treatments, for instance 
the activated carbon. 

Use of chemicals 

One requirement for on-site wastewater facilities is that chemical-free treatments are preferred. 
This distinguishes on-site wastewater facilities from larger WWTPs, which are well equipped and 
have abilities to control and post-process the rest-products of chemicals. On the opposite, on-site 
wastewater treatments are often land-based facilities and can be located closely to groundwater or 
surface water resources. Therefore, the risk for causing harms to adjacent environment increases if 
remaining chemicals or rest-products are not handled with expertise. 

User-aspects 

As the first criterion of social-cultural aspect, user-friendliness plays an important role especially for 
on-site wastewater facilities, which might re-quire some degree of maintenance. Based on the 
complexity of a certain technology, user-friendliness refers firstly to as little contact with the 
facilities from users as possible, and secondly if maintenance is unavoidable, then the convenience 
of handling equipment reflects how user-friendly the system is.  

Organization 

When introducing the new technical solution systems, a certain level of expertise might be required 
depending on the complexity of corresponding treatment for both installation and operation. If this 
kind of expertise is unavailable locally, then organizations for building up competences to handle 
the equipment should be created. Otherwise the expertise can be obtained by import or training 
(Balkema et al, 2001).    

Legislative aspects 

New system solutions may bring possibilities on a practical and technical solution level to regulate 
and guide user based on legislation if potential risks exist due to application of some certain 
treatment technology. 

2.2.3 Selection of system solutions 

In this very early stage into work-package six of RedMic, two selected treatment systems will be 
evaluated and compared to each other. The se-lection of technologies is partly adapted to the chosen 
sustainability criteria. Both system solutions are comprised of a septic tank, a conventional sandbed 
filter and a complementary treatment: a compact filter with granular activated carbon or oxidation 
with ozone. 

Since micropollutants are very diverse in properties and persistent despite treatment, there is no 
any single treatment being able to remove micropollutants completely (LUO et al, 2014). Among the 
existing treatment technologies, those are promising in reduction of conventional wastewater 
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parameters (P, N and BOD) are believed to have good performance on micropollutants removal as 
well. Two treatment methods are selected based on their diversity in removal mechanisms: physical 
and chemical. One commonly applied physical treatment technique: GAC (granular activated 
carbon) is chosen due to its reliability in treating secondary effluent in WWTPs (LUO et al, 2014). 
Another selected complementary treatment is ozonation, which through powerful chemical 
oxidation decomposes most of the compounds and removes pathogens in the waste water (Hörsing 
et al, 2014 SVU). Both methods are widely used as tertiary treatments in large WWTPs. 

2.2.3.1 Sandbed filter + GAC (Granular activated carbon) 

GAC is an effective adsorbent to separate organic contaminants in both drinking water and 
secondary wastewater effluents. The large pore volumes of carbon provide great opportunities for 
the filter to trap organic compounds in wastewater through adsorption, a chemical process that 
molecules and particles attach to surface areas of solids. However, the wastewater composition 
influences GAC efficiency significantly, for in-stance higher DOC (dissolved organic compounds) 
concentration reduces the micropollutants removal by GAC since DOC has higher affinity to be 
bound to the specific areas on carbon surfaces than the micropollutants do (Altmann et al, 2013). 
Therefore, GAC filter is considered only suitable as a complementary treatment after the 
conventional sandbed fil-ter. 

The flowchart of system solution is illustrated as Figure 5. Wastewater in-fluent firstly enters a 
septic tank for sedimentation, in which most of the suspended solids are separated from liquid and 
remains as sludge. Wastewater continues to pass through a distribution well into a limited 
treatment area filled with compact sand filter. Then the treated wastewater is collected in a vessel, 
from which our additional treatment unit is conducted. In order to let treated wastewater flow 
through GAC filter to enhance removal efficiency of micropollutants, a pump to fed the filter is 
required. Effluent from sandbed filter is pumped through a com-pact GAC filter, which is placed in a 
dug well. Lastly, the secondary effluent either flows to drainage ditch or discharges to surface water. 

 

Figure 5 System solution 1: sandbed filter + GAC filter 

In order to conduct full-scale experiment in further investigation, as well as to estimate the life cycle 
costs, values of some important parameters have to be assumed. The typical surface load of a 
household is estimated to be 400 L/m2 per day. Therefore, a filter of 1*1*0.5m3 is chosen to treat 
the effluent from sandbed filter as a complementary treatment. An estimated price on carbon is 20 
SEK/kg (Stockholm Vatten, 2009). Some system characteristics are shown in Table 4. 

Table 4: Assumptions of parameter values with GAC filter 

Surface load Filter size Density Carbon price 

60 L/(m2*day) 1*1*0.5 m3 0.5 kg/L 20 SEK/kg 
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2.2.3.2 Sandbed filter + Ozonation 

Another promising technology commonly used in large WWTPs as tertiary treatment is ozonation. 
Performances of removing organic micropollutants by using ozonation have shown great results in 
various studies both in bench-and pilot-scale experiments (Hey et al, 2014). Micropollutants can 
react direct with ozone or with the hydroxyl (OH) radicals that can be produced when ozone is in 
contact with water at pH 7 or above. OH radicals attack organic micropollutants non-selectively 
with high degradation rate, which are the advantages compared to direct reaction with ozone (Hey 
et al, 2014). Furthermore, oxidation with ozone has powerful disinfecting effects that can indirectly 
benefit human health if recipient of effluent is utilized for drinking water purposes (LUO et al, 
2013).  

The system solution of alternative two is shown in Figure 6 below. Wastewater follows the same 
pattern from a septic tank to sandbed filter as in system solution 1. After the collecting vessel, 
treated wastewater enters an installed ozone generator that differs from system solution 1. In the 
ozone generator, persistent micropollutants can be oxidized efficiently and discharge into drainage 
ditch or into recipient water. Oxidation with ozone has a disadvantage when the processes do not 
occur completely, from which possible by-products of micropollutants are formed. However, the 
concentration of by-products is rather low and further investigations are still required to ensure the 
risk level of these by-products (LUO et al, 2013). 

 

Figure 6 System solution 2: sandbed filter + ozonation 

With an ozone generator installed, some related parameter values regarding generation of ozone 
have to be assumed. According to a report from The Swedish Water & Wastewater Association 
(SWWA), an ozone dos-age between 5-10 g/m3 has been proved to remove most of the 
pharmaceuticals of secondary effluent in several municipal wastewater treatment plants. However, 
the removal efficiency might vary depending both on the composition and pH-value of the treated 
wastewater. Wastewater with low pH and high DOC content requires higher ozone dosage to achieve 
the same removal efficiency (SWWA, 2014). 

Table 5: Assumptions of parameter values with ozonation 

Daily flow Ozone dosage Energy cost 

700L/day 5-10g/m3 8-16 kr/kg 

 

2.2.4 Grading of criteria 

After determination of criteria and system solutions, the next step is to rate each one of the criteria 
based on both of the system alternatives and to compare. Since the system solutions have not been 
able to be tested experimentally, our grading process basically refers to literatures and previous 
studies except life cycle cost, which is obtained by calculations. Therefore, deviations and 
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uncertainties might occur in the result of grading in this context. However, WP6 in RedMic will 
conduct further investigations to examine performances of the selected solutions. Furthermore, the 
outcome of multi-criteria analysis only supports decision-making in-stead of determining the 
decision-making. Before each criterion is rated, a grading scale and a reference system solution are 
introduced in order to make the grading understandable. 

2.2.4.1 Grading scale 

There are totally five steps in this grading scale, indicating how differently system solutions perform 
on the selected criteria. Table 6 below defines rating steps: 

Table 6: Rating steps with corresponding definition 

Rating step Definition 
5 Excellent 
4 Good 
3 Neutral 
2 Poor 
1 Very poor 

 

2.2.4.2 Reference system solution 

Since there is lack of precise data for grading, another alternative should be introduced as reference. 
A system comprised of a septic tank and a sandbed filter is considered suitable since the other two 
selected system solutions are both based on it. But the reference alternative differs from a null 
alternative that refers to none treatments are applied onsite. In this study, the grade for the 
reference alternative is predetermined to be 3 (neutral) in all criteria except “Potential for recycling 
of nutrients, in which the reference is graded with 0 since a conventional filter bed with sand or 
gravel does not contribute to any potential for recycling of phosphorous. 

Table 7: Pre-set grades for the reference solution (sandbed filter) 

 Comments 
Reference 

system 
(Grade) 

Economic feasibility     

1. Life cycle costs Including costs for investment, installation and long-term 
maintenance 3 

Health and hygiene    

2. Microbial risks Mainly refers to disinfection ability of treatments, i.e. 
removal efficiency of pathogens 3 

Environmental parameters    

3. Removal efficiency of oxygen 
consumption potential P, N and BOD 3 

4. Removal of micropollutants Organic and inorganic anthropogenic substances 3 

5. Potential for recycling of nutrients   0 

6. Energy consumption   3 
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7. Generation of by-products Chemical treatments sometimes create undesirable 
compounds during treatment processes 3 

8. Use of chemicals Use of chemicals at treatment facility that may increase 
risk for negative environmental impacts 3 

Socio-culture    

9. User-aspects User-friendliness 3 

10.  Organization Expertise organization might be required to handle 
technical difficulties 3 

11.  Legislative aspects Possibilities on a practical and technical solution level to 
regulate and guide user based on legislation. 3 

 

Life cycle costs 

In order to compare life cycle costs of the two selected system solutions, an investment calculation 
method named “equivalent annual cost” (EAC) is applied. Both investment costs and any future 
payments during its lifespan are included for calculation of the equivalent annual cost for a certain 
solution, which refers to the amount one household needs to pay with annuity loan from bank since 
the investment cost of the selected system solutions are rather high (Aniander et al, 2011).  

The formula for calculating annuity is: 

 𝐴𝐴𝑒𝑒𝑒𝑒𝐴𝐴𝑒𝑒𝐴𝐴𝑒𝑒 = 𝑁𝑁𝑁𝑁𝑁𝑁 ∗ 𝐴𝐴𝑁𝑁𝑁𝑁(𝑟𝑟%,𝑒𝑒 𝑒𝑒𝑅𝑅𝑅𝑅𝑟𝑟)                                                                                                                     (𝑅𝑅𝑒𝑒 2) 

Where                     

 𝐴𝐴𝑁𝑁𝑁𝑁 = 𝑟𝑟
1−(1+𝑟𝑟)−𝑛𝑛

                                                                                                                                                          (𝑅𝑅𝑒𝑒 3) 

NPV = Net Present Value 

ANN = present value of annuity factor  

r = interest rate  

n = economical lifespan                                                                                                      (Aniander et al, 
2011) 

Utilizing equation 2 and 3 the estimated annual cost of each alternative is calculated as the tables 
below: 

Table 8: Annual cost for system solution 1: sandbed filter + GAC filter 

 
Investment 

Investment 
Cost (SEK) 

Lifespan 
(year) 

Annuity 
Factor (r=3%) 

Annual cost 
(SEK) 

Sandbed filter+ septic tank 45000 20 0.0672 3024 
Well for GAC filter 7000 20 0.0672 470 

Pumpstation 13000 10 0.1172 1523 
Operation and maintenance  

GAC filter 5000 5  (r=0) 1000 
Sludge discharge  1388 
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Electricity (pumping) 100 
Operation/service 2800 

Total annuity  10305 
 

Table 9: Annual cost for system solution 2: sandbed filter + ozonation 

 
Investment 

Investment 
Cost (SEK) 

Lifespan 
(Year) 

Annuity 
Factor (r=3%) 

Annual cost 
(SEK) 

Sandbed filter+ septic tank 45000 20 0.0672 3024 
Well for ozone generator 

(Inclusive electricity) 
10000 10 0.1172 1172 

Ozone generator 13500 5  35 
Operation and maintenance    

Sludge discharge  1388 
Electricity  

(Ozone production) 
 

Operation/service 8000 
Total annuity  13619 

 

The investment costs and lifespan of each unit are based on empirical assumptions or prices of 
specific products as well as operational costs for keeping the plant in good condition. An interest 
rate of approximately 3% is assumed. Total annuity is then obtained by summing up annual cost of 
all elements required for such a facility. 

Microbial risks 

One of the most important parameters for assessing wastewater effluent quality is removal 
efficiency of pathogens, which can spread diseases through recipient water to end-users. The 
contagious microorganisms can be destroyed either by direct oxidation of ozone or reactions with 
OH-radicals produced when ozone decomposes (EPA, 1999).  

In the case of GAC, some pathogens might be attached to the large sur-face areas of carbon. 
Separation is the main mechanism, which compared with destruction of ozone seems less powerful. 

Removal of P, N and BOD 

A sandbed filter in generally good condition decomposes most organic contaminants and bacteria 
contained in untreated wastewater. The phosphorus and nitrogen removal in sandbeds is low or 
very low.  

Neither GAC nor ozonation enhances removal of phosphorus, nitrogen and BOD considerably 
compared to the reference system with sandbed filter. 

Removal of micropollutants 

Few studies regarding removal efficiency of micropollutants in small-scale wastewater facilities have 
been conducted. However, more researches concerning the same issue in large WWTPs can be 
found. Both activated carbon and ozone have been applied widely to treat secondary wastewater 
effluents and a direct comparison has been carried out to test their capability of removing 
micropollutants (Altmann et al, 2014).  

With high concentration of DOC in wastewater effluent, both powered activated carbon (PAC) and 
ozonation are proved to be suitable as post-treatment for micropollutant removal. The removal 
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efficiency revealed that two out of selected micropollutants were excellently removed by both 
treatment methods. Among the remaining micropollutants, adsorption on-to PAC provides more 
efficient removal of four micropollutants while one last micropollutants was reduced better with 
ozonation (Altmann et al, 2014).  

Potential for recycling of nutrients 

A common sandbed filter does not have potential for nutrient recycling due to the filter material 
itself. Therefore, the reference system was rated with the lowest score.  

Adding an advanced step after sandbed filter with GAC or ozonation does not contribute any 
advantages for this criterion since none of these treatments are utilized for removal of nutrients. 

Energy consumption  

For GAC filter it requires energy for production, regeneration and also disposal of carbon waste. 
Additionally, small amount of electricity should be considered for pumping wastewater through the 
filter.  

To run the system with ozonation the only energy required is ozone generation that supplies 
continuous ozone to treat the effluent from the sandbed filter. 

Generation of by-products 

When ozone doses increase, risk of formation of potential by-products is enhanced. However, none 
of any negative effects due to decomposition of ozone have been reported (Hörsing et al, 2014 SVU). 

Use of chemicals 

No chemicals are needed to generate any of the two system solutions. 

User-friendliness 

By adding a complementary treatment step, the difficulty of handling equipment such as pump or 
ozone generator increases, which makes the system less user-friendly compared to solely sandbed 
filter that runs with-out any electricity. 

Organization  

As mentioned earlier, ozonation is a rather complicated process and un-stable. Expertise is required 
in order to keep the treatment running safely. If ozonation becomes popular and accepted widely in 
small-scale wastewater facilities, there might create some organization that takes the responsibility 
to provide professional advices or services when problems occur. 

Legislative aspects 

Wastewater treated with ozone is still under discussion whether harmful or not. Further research 
should be conducted to ensure the water quality to recipient; otherwise there will be regulations to 
control ozone doses during treatment processes. 

2.2.5 Weighting process 
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Besides the researchers who are responsible for conducting the RedMic-project, there is also a 
reference group consisting of representatives from relevant stakeholders. They participate regularly 
in annual meetings to follow the project procedure and to express their opinion on the project. 
During the multi-criteria analysis in WP6, they are invited to participate in weighting of the eleven 
selected criteria anonymously.  

Every participant has 100 points in total to distribute arbitrary to the eleven selected criteria based 
on the importance they consider in a small-scale wastewater facility without any knowledge about 
the layout of the selected system solutions. The average weight is then calculated for each criterion.  

There are totally six representatives participated in the weighing process and the organizations they 
represent are Swedish Chemical Agency, Swedish Agency for Marine and Water Management, 
Avloppsguiden, Statistics Sweden, Swedish Environmental Protection Agency and The Municipality 
of Kungsälv. 

2.2.6 Final score 

When the weights of each criterion are obtained from stakeholders and the grades of both system 
solutions are determined, the total score for each system solution can be yielded. An equation below 
illustrates it is calculated: 

𝑇𝑇𝑅𝑅𝐴𝐴𝑅𝑅𝑅𝑅 𝑠𝑠𝑒𝑒𝑅𝑅𝑟𝑟𝑅𝑅 = �(𝑤𝑤𝑅𝑅𝑒𝑒𝑤𝑤ℎ𝐴𝐴 ∗ 𝑠𝑠𝑒𝑒𝑅𝑅𝑟𝑟𝑅𝑅 𝑒𝑒𝑅𝑅𝑟𝑟 𝑅𝑅𝑅𝑅𝑒𝑒ℎ 𝑒𝑒𝑟𝑟𝑒𝑒𝐴𝐴𝑅𝑅𝑟𝑟𝑒𝑒𝑅𝑅𝑒𝑒)                                                                                 (𝑅𝑅𝑒𝑒 4) 
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3. Results and discussion 

3.1 Column experiment 

3.1.1 pH 

Most of the measured pH values are around 8 except lignite (lower than 6) and Polonite (higher 
than 12) as seen in Figure 7. Low pH of effluent passing through lignite indicates high concentration 
of H+ ions that probably are dissociating humic acids from lignite. Polonite is an alkaline adsorbent, 
which makes it reasonable obtaining high pH in effluent samples. In overall, variation in pH are 
slight between samples from two dates and values get more stabilized around 8 in sample B, which 
means time is needed for the adsorbents to provide an optimum quality of effluents. However, 
sample B from lignite is more acid than sample A. More investigations and samples are required to 
obtain a final pH value of effluent from lignite. 

 

Figure 7 pH values for the selected adsorbents 

3.1.2 Conductivity 

In Figure 8 the measured conductivities are illustrated. Except lignite and Polonite, wastewater 
effluents infiltrated through all other adsorbents have conductivity around 1000μS. Also, the 
difference between two sampling dates are negligable. Higher conductivity in effluents from lignite 
and Polonite (especially Polonite) indicates that increasing ions are re-leased from these two 
adsorbents compared with others. Recalling the abnormal pH values in lignite and Polonite (acid 
and alkaline), which is caused by dissociated H+ and OH+ ions respectively. Increasing 
concentrations of these two ions in water contribute to enhanced conductivity. 
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Figure 8 Conductivity for the selected adsorbents 

3.1.3 Turbidity 

In Figure 9 below the turbidity of adsorbents are obtained. Turbidity is found to be rather high in 
samples coming from Zugol and Polonite, especially from Zugol, which can be observed with bare 
eyes through the sample of effluent. Higher turbidity in sample B than in sample A from Zugol 
indicates that particles continue to be washed out by filtrated effluent even after two weeks. 
Abnormal high turbidity in sample A from mordenite and lignite are observed, with large disparity 
from sample B. None reasonable explanations due to changes in adsorbents can be found. Hence, 
the solely possibilities might be man-made errors or errors in measuring equipment. 

 

Figure 9 Turbidity for the selected adsorbents 
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3.1.4 Total phosphorous 

The removal efficiency of total phosphorus by selected adsorbents is determined using eq1. As 
Figure 10 illustrates, Zugol, Sorbulite and Polonite have excellent performance on removing P, in 
which removal efficiency exceeds 90%. Lignite and filtralite P remove phosphorous in the interval 
70-80% (slight difference between two sampling dates).  Most of the adsorbents show higher 
removal efficiency in sampling B, indicating that optimum capacity is achieved after a certain time 
period. The one exception EA 207, one of the activated carbon, removes total P in sampling A twice 
as much as in sampling B. 

 

Figure 10 Removal efficiency of total phosphorous by selected adsorbents 

3.1.5 Ammonium 

All the adsorbents have reached 90% or more in removal efficiency of ammonium NH4-N by the 
second sampling (sampling B). The measured ammonium concentrations in the influents are 
insignificant (less than 5 mg/L), which might be the main reason behind extreme high removal 
efficiency of all the selected adsorbents. Furthermore, removal efficiency of ammonium is 
insufficient to represent adsorbents’ capacity to reduce N existing in wastewater. The concentrations 
of other two ions nitrate and nitrite containing N are not yet measured due to malfunction of auto-
analyzer. 
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Figure 11 Removal efficiency of ammonium by selected adsorbents 

3.1.6 TOC (DOC) 

The DOC concentrations are measured for both spiked and unspiked influents at 20151030 and 
20151110 (dates for inlet). The DOC concentrations containing in the two unspiked samples are 
below 10 mg/L while DOC contents in the spiked samples rised up to 400-500 mg/L. Obviously, the 
organic carbon present in the micropollutant standard mix con-tributes to the high level of DOC 
concentrations in spiked samples. Hence, the obtained removal efficiencies in this context reflect 
partly the ability of selected adsorbents to remove micropollutants. As illustrated in Figure 12, the 
two GAC filters: Fil-300C and EA 207 are most efficient (higher than 90%) in reducing DOC content 
in wastewater effluents. Thereafter, rådasand, xylit, mordenite, filtralite P, sorbulite and polonite 
achieved removal efficiency more than 50% after two weeks (sampling B). Lignite and zugol show 
poor results (less than 40%) in removal efficiency of DOC. However, adsorbents in the second 
sampling are more efficient in reducing DOC concentrations compared with sampling A in overall. 

 

Figure 12 Removal efficiency of DOC by selected adsorbents 
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3.1.7 Micropollutants 

Based on the DOC results, an approximate ranking of selected adsorbents is made on reducing 
capacity of micropollutants. Two GAC filters are assumed to be most efficient on removing the 
micropollutants. Then rådasand, xylit, mordenite, filtralite P, sorbulite and polonite share the 
second place direct after GAC. Since there are around 30 micropollutants included for analysis, an 
exact ranking is impossible to make. Some com-pounds have higher affinity to be bound to some 
certain adsorbents while some compounds are easier to be attached on other adsorbents de-pending 
on the chemical structure and characteristics of the compounds. But the detailed chemical 
structures and characteristics of selected micropollutants are not included in this work. At last, 
lignite and zugol will probably be less efficient on reducing micropollutants compared with other 
adsorbents.  

In search of novel technologies to enhance removal efficiency of micropollutants, many factors 
regarding economy and regulation should be considered. For larger WWTPs, activated carbon is an 
option of economical feasibility as advanced treatment step but quite costly for small-scale 
wastewater treatment facilities. Adsorbents with lower costs providing moderate results in reducing 
micropollutants are interesting to be tested in field. Furthermore, how much a certain 
micropollutant need to be re-moved is closely connected with the policies and regulations. 
Unfortunately, there are only 41 micropollutants being regulated by European legislation in the 
Water Framework Directive (WFD). This could be improved when negative consequences and 
occurrence of these contaminants are proved in more research studies (Forrez et al, 2011). Then 
analysis such as cost-benefit can be conducted to evaluate the possibility of applying different 
adsorbents. 

3.2 Multi-criteria analysis 

3.2.1 Weighting 

The final average weights for each criterion obtained from all participants in the reference group are 
shown in Table 10: 

Table 10: Average weights determined by representatives from various organizations 

Criteria Weights 
Interval 

Economic feasibility  
 

1.     Life cycle costs 12 
3-20 

Health and hygiene  
 

2.     Microbial risks 11 
9-15 

Environmental parameters  
 

3.     Removal efficiency of oxygen consumption potential 12 
 

9-20 

4.     Removal of micropollutants 12 9-20 

5.     Potential for recycling of nutrients 7 
0-15 

6.     Energy consumption 4 0-8 
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7.     Generation of by-products 7 
3-15 

8.     Use of chemicals 8 
3-15 

Socio-culture  
 

9.     User-aspects 13.5 
6-20 

10.   Organization 6 2-15 

11.   Legislative aspects 7.5 
6-10 

Total weights 100 

 

User-aspects get highest weight among other 10 criteria that indicates the importance of user-
friendliness in a small-scale wastewater treatment facility according to the reference group. This is 
also reasonable in a commercial perspective. Then economy, nutrients removal, MP removal and 
microbial risks are considered important factors. Interval of weighting reveals the largest diverse 
opinion appears in economic feasibility ranging from 3-20.   

According to Table 9, the four main-criteria are very unevenly weighted since environmental aspect 
contains six under-criteria while economy, hygiene and socio-culture consists only one or three 
under-criteria respectively. This problem occurred due to imprecise classification of criteria and 
more importantly lack of pre-weighting on main-criteria. There-fore, weighting in two steps: firstly 
main-criteria and secondly under-criteria is suggested to obtain more accurate results 

Unexpected high weights are distributed to removal of micropollutants in comparison with removal 
of nutrients, which is considered as the main function of any wastewater facility. The reason behind 
might also relate to lack of weighting on main-criteria. If the environmental aspect has limited 
weights to distribute, participants will probably be well thought out. Another factor affecting the 
weights for these two criteria might be the main topic of the RedMic-project, which misguides 
people a little bit so they somehow ignored the importance of removal of nutrients. 

Selection of criteria in this analysis refers only to a general situation with-out consideration of 
geographic location, sensitivity of recipients etc. Assessments might vary if the facility is located 
close to surface water for drinking water supply. In future research, case studies should be included 
to achieve more precise results in a real-world scenario. 

3.2.2 Grading 

Based on literature reviews, empirical assumptions and calculations, grades for two system 
solutions are summarized in Table 11 below in comparison with reference system: 

Table 11: Grades for all the selected criteria corresponding each system solution 

                                                             Grades 
        Criteria 

Sandfilter bed+ 
GAC filter 

Sandfilter bed+ 
Ozonation 

 
Sandfilter 

bed 
 

Economic feasibility    
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1.     Life cycle costs 2 1 3 

Health and hygiene    

2.     Microbial risks 4 5 3 

Environmental parameters    

3.    Removal efficiency of oxygen 
consumption potential 3 3 3 

4.     Removal of micropollutants 4 4 3 

5.     Potential for recycling of nutrients 1 1 1 

6.     Energy consumption 2 2 3 

7.     Generation of by-products 3 2 3 

8.     Use of chemicals 3 3 3 

Socio-culture    
9.     User-aspects 2 2 3 

10.   Organization 2 2 3 

11.   Legislative aspects 3 2 3 

 

3.2.3 Final score 

Using equation, the final score of all three system solutions are obtained and compared in Table 12: 

Table 12: Final score for both system solutions and the reference system 

  Weight Sandfilter bed+ 
GAC filter 

Sandfilter bed+ 
Ozone 

sandfilter 
bed 

Economic feasibility     

1.     Life cycle costs 12 24 12 36 

Health and hygiene     

2.     Microbial risks 11 44 55 33 

Environmental parameters     

3.     Removal efficiency of oxygen 
consumption potential 12 36 36 36 

4.     Removal of micropollutants 12 48 48 36 
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5.     Potential for recycling of 
nutrients 7 7 7 7 

6.     Energy consumption 4 8 8 12 

7.     Generation of by-products 7 21 14 21 

8.     Use of chemicals 8 24 24 24 

Socio-culture     

9.     User-aspects 13.5 27 27 40 

10.   Organization 6 12 12 18 

11.   Legislative aspects 7.5 23 15 22 

 

Sum of 
score 274 258 286 

 

Comparing the two investigated system solutions, higher score is obtained by system solution 1 with 
GAC filter as advanced treatment step. However, the reference system with solely sandbed filter gets 
highest score among the three system solutions. Criteria that mainly contribute to reference system 
with high score are life cycle costs, user-aspects and organization. The task is then to minimize the 
gap by reducing costs and developing technologies of the two investigated system solutions.  

Combining the column experiment and multi-criteria analysis, a system comprising sandbed filter 
and post-treatment of filter column seems to provide promising results. Challenge in latter 
investigations is to select the proper adsorbents with reasonable costs. More precise data for grading 
of the criteria is considered important since they could influence the final score. 
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4. Conclusion 

A better and more stabilized result are reached in the second sampling among the selected 
adsorbents during the two-week column experiment. Experiment with longer duration time and 
more frequent sampling is recommended in order to obtain stable results. The two types of activated 
carbon reduced DOC concentrations up to 90% while rådasand, xylit, mordenite, filtralite P, 
sorbulite and polonite have achieved 60% in removal efficiency of DOC. Then the ranking among 
selected adsorbents of removing micropollutants will be based on capability to reduce DOC contents 
in the spiked influent water.  

In the multi-criteria analysis, system solution 1 with GAC filtration results in higher score than 
system solution one with ozonation as advanced treatment step after sandbed filter. However, the 
reference system with solely sandbed filter obtained highest score among all the three systems. 
Improvements such as methodology in weighting system and literature data in grading could be 
done to obtain more precise results in the analysis, which serves as a firmer support for future 
decision making. 
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