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Abstract: Conventional wastewater treatment is challenging in the Arctic region due to the cold climate and 
scattered population. Thus, no wastewater treatment plant exists in Greenland and raw wastewater is 
discharged directly to nearby waterbodies without treatment. We investigated the efficiency of physico-
chemical wastewater treatment, in Kangerlussuaq, Greenland. Raw wastewater from Kangerlussuaq was 
treated by chemical coagulation and UV disinfection. By applying 7.5 mg Al/L polyaluminium chloride 
(PAX XL100), 73% of turbidity and 28% phosphate was removed from raw wastewater. E. coli and 
Enterococcus were removed by 4 and 2.5 log, respectively, when UV irradiation of 0.70 kWh/m3 was applied 
to coagulated wastewater. Furthermore, coagulated raw wastewater in Denmark, which has a chemical quality 
similar to Greenlandic wastewater, was disinfected by peracetic acid or UV irradiation. Removal of 
heterotrophic bacteria by applying 6 mg/L and 12 mg/L peracetic acid was 2.8 and 3.1 log, respectively. 
Similarly, removal of heterotrophic bacteria by applying 0.21 kWh/m3 and 2.10 kWh/m3 for UV irradiation 
was 2.1 and greater than 4 log, respectively. Physico-chemical treatment of raw wastewater followed by UV 
irradiation and/or peracetic acid disinfection showed the potential for treatment of arctic wastewater. 
 
KEY WORDS: coagulation, poly aluminum chloride, wastewater, disinfection, Peracetic acid, UV irradiation, 
arctic. 

1 Introduction 

Wastewater treatment plants are designed to protect the human health, environment and water resources by 
removing harmful and hazardous chemicals and bacteria from wastewater. In Greenland and many other 
arctic locations, neither industrial nor domestic wastewater is treated before it is discharged to the recipients, 
which in most cases is the sea (Gunnarsdóttir et al., 2013). Discharge of untreated wastewater may deteriorate 
the quality of receiving surface waters, since raw wastewater contains a variable mixture of various 
pathogenic organisms, pollutants, cysts, suspended solids, chemicals and floatable materials. 
According to a report from the Danish EPA (Danish Environmental Protection Agency, 2005)  organic matter 
and nutrients disposed of with blackwater to the recipients, are not of great concern in Greenland 
due  to  low  population density and large receiving water bodies. However, in the case of poor water 
exchange, those substances can lower the quality of the marine environment and lead to eutrophication. 
Furthermore, pathogens can affect human health and when wastewater brings visible floating items in the 
vicinity of domestic areas, it may impact general life quality and also tourists experiences in the otherwise 
pristine country. Finally the lack of treatment may cause a potential risk towards the fishing industry due to 
the impacts on the receiving aqueous environment.  
 
 
The Arctic has unique environmental and infrastructural conditions; therefore, construction of conventional 
wastewater treatment plants poses several challenges: a treatment facility, cannot be constructed with open 
basins due to the risk of freezing of the water during winter time;  and even during periods without freezing, 
low average temperatures would result in significantly increased retention times and thus, basin sizes due to 
low biological and chemical treatment activity (Gunnarsdóttir et al., 2013). Thus, the successful solution 
should require little space in order to be contained in a structure protecting form the ambient conditions at 
lowest possible construction costs, and in addition be simple and easy to maintain for the locals in the small 
communities.  
 
A main purpose of wastewater disinfection is to eliminate or inactivate disease causing microorganisms such 
as bacteria and viruses to protect the public health and environment. An ideal disinfectant should efficiently 
remove maximum pathogenic microorganisms without generating toxic and undesirable by-products and it 
should be inexpensive and technologically compatible (Tchobanoglous et al., 2003). Hypochlorite and 
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chlorine dioxide are well known disinfectants used in the water industries (White, 2010), which could be used 
to reduce contamination by microorganisms from wastewater, but the by-products of these are of 
environmental concern (Bayo et al., 2009; Hrudey and Charrois, 2012; Nurizzo et al., 2005; Svecevicius et 
al., 2005; Watson et al., 2012). Ozone is a very efficient disinfectant; however, the sophisticated technology 
to generate ozone makes it unsuitable for disinfection of wastewater in the Arctic region.    
Organic peroxide, peracetic acid (PAA) is a strong disinfectant with a wide spectrum of antimicrobial 
activity, which was introduced to wastewater treatment approximately 30 years ago (Antonelli et al., 2006; 
Baldry, 1983; Falsanisi et al., 2006; Kitis, 2004; Koivunen and Heinonen-Tanski, 2005; Luukkonen et al., 
2015) and recently it has been used to disinfect combined sewer overflows (Chhetri et al., 2016, 2014). 
Commercial PAA is available as an acidic quaternary equilibrium mixture of PAA, hydrogen peroxide, acetic 
acid, and water:  
 

CH3COOH + H2O2⇌CH3CO3H + H2O    (equation 1) 
 
The residues after PAA use are acetic acid, hydrogen peroxide, and water. Acetic acid is further biodegraded 
to carbon dioxide, whilst hydrogen peroxide degrades to oxygen and water; neither of which are considered 
toxic to aquatic life (Liberti and Notarnicola, 1999). 
UV irradiation is an effective disinfectant used in water industry since it kills the bacteria by damaging the 
DNA of bacteria. Furthermore, it shows high effectiveness in reducing bacterial resistance to chemical 
disinfection. UV disinfection does not produce toxic by-products compared to chemical disinfectants such as 
chlorine and chlorine dioxide (Svecevicius et al., 2005; USEPA, 1999; White, 2010). The effectiveness of a 
UV disinfection system depends on the characteristics of the wastewater, the intensity of UV radiation, the 
amount of time the microorganisms are exposed to the radiation, and the reactor configuration (USEPA, 
1999). Generally disinfection systems based on UV lamps are made with the UV lamp being submerged in 
the water in a flow through reaction tank, with the lamp being separated from the water by a quarts sleeve. 
For water that has a high tendency to foul the quarts sleeve, a special reactor configuration known as a non-
contact UV disinfection system, in which the  UV radiation source  is placed  above the wastewater stream, 
exists (Tchobanoglous et al., 2003; USEPA, 1999). However, from mathematical model simulations, Kim et 
al. (2011) have shown that non-contact UV systems require a 2.5 times more powerful UV lamp than the 
conventional submerged type UV system. Considering the costs of regular cleaning and maintenance of a 
conventional submerged UV system in a small to middle scale wastewater treatment plant, a non-contact UV 
disinfection system may, however, be preferred in remote locations. Furthermore, many of the towns in 
Greenland are supplied by hydropower from reservoirs with higher capacity than presently needed, thus the 
additional energy could be sustainably supplied at low additional cost for the society. 
  
The efficiency of disinfection can be increased if wastewater is pretreated by physical and/or chemical 
processes, such as chemical coagulation. The primary purpose of coagulation is to reduce suspended solids 
and any contaminants associated with them. Chemical coagulation is the process of the formation of flocs 
(large particles) from finely divided and destabilized particles. Suspended solids and other pollutants from 
wastewater can be removed by chemical coagulation, followed by lamella clarification; and the process is 
considered an essential component of wastewater treatment (Tchobanoglous et al., 2003). Chemical 
coagulation has been used extensively to remove suspended solids, heavy metals, COD and phosphate from 
wastewater and combined sewer overflows (Delporte et al., 1995; El Samrani et al., 2008; Gasperi et al., 
2012; Jolis and Ahmad, 2004; Plum, 1998).  
 
To our knowledge, there are no studies available concerning chemical coagulation and disinfection of 
wastewater in Greenland. Moreover, the municipality of Qeqqata in central-western Greenland decided to 
investigate the possibility of establishing a sewage treatment plant in Kangerlussuaq. This research 
investigates the possibility of implementing cheap and simple solutions for sewage treatment in Greenland 
and other arctic regions like Alaska and Canada. 
 
The aim of this study was to examine the performance of chemical coagulation followed by disinfection of 
arctic domestic wastewater with the overall goal to achieve a satisfactory quality for discharge without 
negative impact on the marine environment or human health risk. The investigated methods were UV 
irradiation and peracetic acid disinfection with and without prior chemical coagulation. For UV irradiation a 
non-contact UV disinfection system was tested to avoid fouling of the UV lamp by adhesion of fats and 
particles from the wastewater. This study also documents the degradation kinetics of PAA in wastewater after 
chemical coagulation. 
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2 Materials and methods 

2.1 Chemicals 
ABTS (2,2″-azino-bis [3-ethylbenzothiazoline-6-sulfonic acid] diammonium salt), sodium thiosulphate, and 
catalase from bovine liver (2000–5000 units/mg protein) were all purchased from Sigma-Aldrich (Brøndby, 
Denmark). All chemicals were of reagent grade. PAA (CAS no: 79-21-0) solution containing 30–40% w/w of 
technical grade disinfectant was supplied by Sigma-Aldrich (Brøndby, Denmark). PAX XL 100 solution 
containing 9.3 % w/v Al with basicity 43±2% was supplied from Kemira Water Denmark (Copenhagen, 
Denmark). 
 
2.2 Analysis 
Turbidity was measured using a Wissenschaftlich-Technische Werkstätten (WTW) turbidity meter as 
nephelometric turbidity units (NTU). Phosphate, and suspended solids were determined according to standard 
methods (APHA, 2012) and using Hach Lange test kits in the laboratory at Department of Environmental 
Engineering, Technical University of Denmark. PAA concentration was analyzed using the colorimetric 
method described by (Chhetri et al., 2014) based on selective oxidation of ABTS by PAA without 
interference from hydrogen peroxide. 
 
Samples microbial analysis were processed within 2 h after collection. Residues of PAA were neutralized in 
laboratory experiments by adding 100 mg/L sodium thiosulphate to destroy PAA, followed by 50 mg/L 
catalase to destroy hydrogen peroxide (Wagner et al., 2002). E. coli was enumerated using Colilert-18 
methods and Enterococcus were enumerated using the Enterolert methods from IDEXX (IDEXX laboratories, 
Maine, United States), as described by Chhetri et al. (Chhetri et al., 2014). Heterotrophic microorganisms 
were enumerated by using direct plate count method as described in the standard methods (APHA, 2012). 
 
2.3 Experimental water treatment procedures 
2.3.1 Coagulation-flocculation test  
To find the optimal dose of the coagulant poly aluminum chloride (PAX XL100), a jar test was done. In the 
jar test, the coagulation process was simulated at batch scale, where a coagulant is added to destabilize the 
colloidal particles in wastewaters to form flocs. In short, equal volumes (1L) of the raw wastewater was 
placed into five beakers, and mixed for one minute by rapid mixing of 120 rpm. Different concentrations of 
coagulant (3.5, 5.0, 7.5, 10.0, 12.5 mg Al/L) was added to each beaker and rapidly mixed for 1 additional 
minute. The speed was reduced to the minimum of 20 rpm for 7 min, to keep floc particles uniformly 
suspended. After the slow mixing period the paddles were removed and developed flocs were left to settle for 
15 minutes. During settling, turbidity was measured after 5, 10, and 15 minutes from the supernatant 
withdrawn from about 25 mm below the surface of each beaker. After sedimentation, the supernatant was 
decanted carefully. For each sample, phosphate was measured before chemical coagulation and after 15 
minutes of settling to assess removal. The most effective dose observed in these jar tests (i.e. inducing the 
greatest decrease in turbidity) was then employed to the raw wastewater. 
 
2.3.2 PAA disinfection 
From the stock solution, a working solution of 1 g/L PAA was made, which was quantified daily by dilution 
of subsamples to 2 mg/L and analyzed using the colorimetric method described by (Chhetri et al., 2014) based 
on selective oxidation of ABTS by PAA without interference from hydrogen peroxide. In the experiments, 
three doses of PAA of 2, 6 and 12 mg/L were applied to disinfect coagulated wastewater. Concentration 
profiles of PAA were observed for 60 min and residual PAA was neutralized by adding sodium thiosulphate 
and catalase as described in section 2.2 and samples were processed for heterotrophic microorganism 
enumeration. 
 
2.3.3 UV disinfection 
In the experiments, three 7W low pressure UV lamps were placed above the water surface to direct the UV 
radiation on the flowing wastewater (Figure 1). Both raw wastewater and coagulated wastewater were 
disinfected by UV irradiation by pumping a sample to an aluminum tray (length 36 cm width 10 cm), placed 
in a cabin mounted with the UV lamps, allowed to flow over it, and collected on the other end in a glass 
beaker (Figure 1). The width and height of the disinfection chamber was 40 cm and 6 cm. The distance from 
the UV lamp to the wastewater stream was 5 cm and the depth of the wastewater stream in the aluminum tray 
was 0.3 cm. Experiments were conducted with four different doses of UV radiation controlled by shifting the 
flow speed of the wastewater stream controlled by a digital dosing pump Grundfos DME 150-4. The UV 
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irradiation dose (kWh/m3) was calculated by dividing the energy used by the UV lamps by the volumetric 
flow of the wastewater in the disinfection chamber.  

 
Figure 1: Schematic diagram of non-contact UV disinfection setup used for experiments. 

Several experiments were performed in Denmark and Greenland and an overview of experiments performed 
are presented in table 1. 
 
Table 1: Overview of experiments performed in Denmark and Greenland 

DK I DK II GL I GL II 
pH, turbidity, COD, 

PO4
3-, NH4-N 

pH, turbidity, COD, 
PO4

3-, NH4-N 
pH, turbidity,  PO4

3-, 
NH4-N, conductivity 

pH, turbidity, PO4
3-, 

NH4-N, conductivity 
Coagulation Coagulation Coagulation Coagulation 

PAA disinfection - - - 
UV disinfection UV disinfection UV disinfection UV disinfection 

 
2.4 Sample collection and performed experiments 
This study was conducted in batch scale in two countries: Denmark and Greenland, two experiments were 
conducted in each country. Experiments in Denmark were conducted to optimize the coagulation and 
disinfection methods for wastewater treatment in Greenland and experiments in Greenland were conducted to 
study the feasibility of coagulation and disinfection. For the experiments in Denmark, raw wastewater was 
collected on 16th and 18th of June 2015 from the inlet to Lundtofte wastewater treatment plant, Lundtofte, 
Denmark and transported to the DTU Environment laboratory within half an hour after collection. 
Conductivity, pH, phosphate, NO3, NO2, total nitrogen, and turbidity were analyzed upon arrival. 

For the experiments in Greenland, raw wastewater was collected on 8th and 10th of August 2015 from 
manholes approximately 50 m from the end of the wastewater discharge pipe in Kangerlussuaq. The 
Kangerlussuaq settlement is located in the Qeqqata municipality, Greenland, and has approximately 540 
inhabitants, hosts the international airport and, as the only settlement in Greenland has a sewered network, 
discharging untreated wastewater into the Kangerlussuaq Fjord from two outlets. This makes Kangerlussuaq a 
good pilot test location for the implementation of wastewater treatment compared to the other settlements. 
Chemical parameters, such as pH, conductivity, phosphate, NO3, NO2, total nitrogen, and turbidity, were 
analyzed upon arrival to the laboratory in the KISS center, Kangerlussuaq. Chemical oxygen demand (COD) 
and NH4 were analyzed in the DTU Environment laboratory, using frozen samples shipped from 
Kangerlussuaq. 

In the first experiment in Denmark (DK I), raw wastewater collected from Lundtofte wastewater treatment 
plant was coagulated by employing jar tests using different concentrations of PAX XL 100 as described above 
in section 2.3.1 The coagulated wastewater was disinfected by applying PAA (2, 6 and 12 mg/L) to study the 
disinfection efficiency and concentration profiles. In the second experiment in Denmark (DK II), raw 
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wastewater was coagulated by applying a higher PAX XL 100 dose (46.5 mg Al/L) to observe the maximal 
removal of turbidity, phosphate, COD and pH by applying an excessive coagulant. Coagulated wastewater 
was disinfected by applying four doses (0.21, 0.30, 0.53 and 2.10 kW/m3) of UV irradiation by changing the 
flow of wastewater in the UV chamber. Heterotrophic microorganisms were enumerated from the coagulated 
wastewater before and after UV disinfection.  
 
Two experiments were made in Greenland based on the experimental results from Denmark. In the first 
experiment (GL I), collected raw wastewater was coagulated as mentioned above in section 2.3.1. Turbidity 
and phosphate were measured before and after chemical coagulation to assess removal. The most effective 
dose observed from coagulation was then employed to the raw wastewater. The coagulated wastewater was 
disinfected by applying four doses (0.18, 0.23, 0.35 and 0.70 kW/m3) of UV irradiation and samples were 
processed for E. coli and Enterococcus enumeration as described above in section 2.2. In the second 
experiment (GL II), wastewater coagulated with 7.5 mg Al/L PAX XL 100 was disinfected by applying the 
same dose of UV irradiation as applied in the first experiment in Greenland. E. coli and Enterococcus were 
enumerated from coagulated and disinfected wastewater to assess removal. Experiments could not be 
performed using PAA for disinfection in Greenland due to the temporary problem of having the chemical 
delivered to Greenland. 
 

3 Results and discussion 

3.1 Chemical characteristics of wastewater before and after coagulation 
Chemical characteristics of raw wastewater from Denmark and Greenland are presented in Table 1. The 
turbidity of Danish wastewater was higher than Greenlandic wastewater, but the levels of ortho-phosphate in 
Danish wastewater were lower than in Greenlandic wastewater. However, chemical quality of single samples 
of wastewater from Denmark and Greenland cannot be expected to be comparable as quality of wastewater 
changes frequently due to the loading rate which varies at different times of the day.  

 
Figure 2: Effect of coagulant (PAX XL100) in Jar test on turbidity and phosphate concentrations of raw wastewater 
from Denmark I (graph A & C) and Greenland I (graph B & D). Phosphate removal from coagulated samples were 
measured after 15 min of sedimentation time in Jar test. T-bars in graph A & B indicate range of measured values with 
turbidity. N.A stands for not analyzed. 

Experiment DK I was done to optimize the coagulant dose for coagulation of wastewater which was later 
used for the disinfection experiment. For this, raw wastewater was coagulated using a traditional jar test and 
the results are presented in Figure 2 A & C. Turbidity was reduced to 0.7 NTU from 151 NTU by applying 5 
mg Al/L with 15 mins of sedimentation, whilst use of doses greater than 5 mg Al/L did not show any 
improvements (Figure 2). Similarly, phosphate was reduced to 2.1 mg/L from 4.8 mg/L in samples coagulated 
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with 5 mg Al/L. Based on turbidity removal 5 mg Al/L was selected as an optimal coagulant dose with 15 
min sedimentation time. In experiment DK II, a high coagulant dose (46.5 mg Al/L) was applied to the raw 
wastewater to investigate the removal efficiency of turbidity and phosphate. Turbidity was reduced from 225 
NTU to 1.1 NTU and phosphate was removed from 6.5 mg/L to 1.1 mg/L (Table 2).  
 
Table 2: Main characteristics of raw and coagulated wastewater from Lundtofte WWTP, Denmark and WW discharge 
outlet pipe, Greenland 

N.A=Not analyzed 
1 PAX XL 100: 5 mg Al/L, 15 min sedimentation time 
2 PAX XL 100: 46.5 mg Al/L, 15 min sedimentation time 
3 PAX XL 100: 7.5 mg Al/L, 15 min sedimentation time 
 
For the experiment GL I, samples were collected after a rainy night. Due to the low turbidity it was suspected 
that a greater part of the discharged water came from a tank at the airport, intended for collecting the rainfall 
from the airport apron. An experiment was performed to optimize the coagulant dose (Figure 2 B & D) as 
mentioned in section 2.3.1. The raw wastewater was coagulated by applying 7.5 mg Al/L PAX XL 100 with 
15 min sedimentation time, optimized coagulant dose, and, based on the results presented in Table 2, the 
removals of turbidity and ortho-phosphate were 73% and 28%, respectively.  
  
For the experiment GL II, raw wastewater was coagulated by applying optimal dose of coagulant, (7.5 mg 
Al/L PAX XL 100), and turbidity and phosphate removal results are presented in table 2. Removal of 
phosphate was greater than 66% and turbidity was 89%. Phosphate measurements below 5 mg/L were 
uncertain since the measuring range of the phosphate kit was 5-60 mg/L.  
 

3.2 Concentration profile of PAA 
PAA degradation in coagulated wastewater was observed by applying different concentrations of PAA and 
observing concentrations for up to 60 min. An apparent high initial consumption of PAA was observed in all 
samples (Figure 3) with initial consumption of PAA increasing with increased nominal PAA dose. Thus, the 
initial consumption of PAA was 4.4 mg/L when 12 mg/L PAA was used; whereas the initial consumption was 
observed as 2.9 mg/L by applying the 6 mg/L of PAA to disinfect the wastewater pretreated with the chemical 
coagulation (5 mg Al/L; 15 min sedimentation time) (Figure 3) in experiment DK I. First order degradation 
kinetics did not fit the observed data, due to the considerable initial consumption of oxidants. To address the 
initial consumption of PAA, a modified first order kinetics expression was applied (Antonelli et al., 2006; 
Chhetri et al., 2016; Falsanisi et al., 2006) to model the concentration profile of PAA in wastewater effluents, 
including a parameter describing initial oxidant consumption as described by Haas and Finch (Haas and 
Finch, 2001): 

𝐶𝐶𝑡𝑡 = (𝐶𝐶0 − 𝐶𝐶𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖) × 𝑒𝑒−𝑘𝑘𝑘𝑘      (equation 2) 

 Denmark Greenland 
 DK I DK II GL I GL II 

Parameter Raw 
WW 

After 
coagulation1 

Raw 
WW 

After 
coagulation2 

Raw 
WW 

After 
coagulation3 

Raw 
WW 

After 
coagulation3 

pH 7.9 7.6 7.9 7.0 8.1 7.7 7.7 7.1 
Turbidity 

(NTU) 
1 151 2 0.7 

225 1.1 42.4 11.4 97.7 10.4 

COD (mg/L) 268 69.5 563 133 N.A N.A N.A N.A 

PO4 3-(mg/L) 4.8 2.1 6.5 0.3 13.2 9.5 14.2 <5 

NH4 -
N (mg/L) 

42.3 40 60.2 N.A N.A N.A N.A N.A 

Conductivity 
(µs/cm) 

N.A N.A N.A N.A 637 670 515 484 
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Rapid degradation of PAA was observed in the wastewater pretreated by PAX XL 100 and almost all PAA 
was degraded within 60 min except for the highest dose of 12 mg/L PAA. We previously observed rapid 
degradation of PAA in combined sewer overflow, however, only when it was not pretreated with PAX XL 
100 (Chhetri et al., 2016). High initial consumption and faster degradation of PAA was observed in the 
current study and this might be due to the reaction of PAA with organic matter in the coagulated wastewater. 

 

Figure 3: Concentration profile of different levels of PAA in the coagulated wastewater until 60. Curve was fitted 
using modified first order degradation kinetics using Equation 2. 
 

3.3 Disinfection efficiency 
During coagulation of raw wastewater, in addition to suspended solids, other contaminants and bacteria 
associated with suspended solids are also removed. Removal of bacteria from wastewater was dependent on 
the coagulant dose applied, removal of heterotrophic bacteria was 2.5 log when the high coagulant dose (46.5 
mg Al/L) was applied whilst removal of heterotrophic bacteria was 0.6 log when the low coagulant dose (7.5 
mg Al/L) was applied to wastewater in the coagulation experiment. Removal of bacteria was not sufficient by 
coagulation alone to protect the surface water from containing unacceptable high concentrations of 
pathogenic bacteria.  
 
Results of microbial analysis after experiment DK I, where PAA was used as disinfectant are presented in 
Figure 4 A. The initial concentrations of heterotrophic bacteria were measured as 107.6 CFU/ml, whilst 
observed concentrations after disinfection with 6 mg/L and 12 mg/L PAA with 60 min contact time were 104.8 
CFU /ml and 104.5 CFU /ml, respectively. However, the observed concentration of heterotrophic bacteria was 
107.1 CFU /mL after disinfection with 2 mg/L PAA due to the rapid consumption of PAA in the coagulated 
wastewater (Figure 3). PAA showed promising results for removal of heterotrophic bacteria from coagulated 
wastewater compare to the removal of Enterococcus (2.2 log) from PAX XL 100 pre-treated combined sewer 
overflows (diluted wastewater by rain water) disinfected by 6 mg/L PAA at 60 min of contact time (Chhetri et 
al., 2016).  
 
The results of UV treatment of Danish wastewater are shown in figure 4B. The initial concentration of 
heterotrophic bacteria in the raw wastewater was 107,9 CFU/mL, which was reduced to 105,4 CFU/mL when it 
was coagulated (46.5 mg AL/L PAX XL 100; sedimentation time 15 min). By the higher UV dose (2.10 
kWh/m3) complete removal of heterotrophic bacteria (<1CFU/mL) was achieved from coagulated wastewater, 
whilst by applying the lowest UV dose (0.21 kWh/m3) studied the heterotrophic bacteria were reduced from 
105,8 CFU/mL to 103,2 CFU/mL. From the Greenlandic wastewater (Figures 4 C & D) the removal of E. coli 
was 0.6 log and no reduction on Enterococcus was observed by coagulation. When the highest UV dose 
studied (0.70 kWh/m3) was applied, the removal of E. coli and Enterococcus from coagulated wastewater was 
4.1 and 2.5 logs respectively; for the raw wastewater the results were 2.7 and 2.6 logs respectively. The final 
concentration of E. coli and Enterococcus after coagulation and UV disinfection (0.70 kWh/m3) met 
microbial criteria for recreational purposes as described in EU bathing water directives (500 MPN E. coli and 
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200 MPN Enterococcus per 100 mL of water) (Directive 2006/7/EC, 2006). In both experiments, higher 
removal of E. coli and Enterococcus was achieved by UV disinfection when samples were pretreated with 
chemical coagulation (Figure 4) whereas removal of E. coli and Enterococcus from raw wastewater by UV 
disinfection was not sufficient to achieve good microbial water quality as described in EU bathing water 
directives. In this study, the removal of E. coli from chemically coagulated wastewater by non-contact UV 
disinfection was higher than what was obtained in another study by a conventional submerged UV system to 
disinfect biologically treated wastewater (De Sanctis et al., 2016). Thus the non-contact UV disinfection 
showed potent results on removal of bacteria from wastewater in small arctic communities where biological 
treatment is not feasible and maintenance operations should be reduced, despite the higher energy costs. 

 
Figure 4: A) Removal of heterotrophic bacteria from raw wastewater treated with chemical coagulation and PAA 
disinfection from experiment DK I, B) removal of heterotrophic bacteria from raw wastewater treated with chemical 
coagulation and UV irradiation from experiment DK II, C, D, E & F) removal of E. coli and Enterococcus from raw 
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wastewater treated with chemical coagulation and UV irradiation from experiments GL I (C, D) and II (E, F). Numbers 
above bars in the graphs represent the log10 removal of microorganisms after chemical coagulation and disinfection. 
Log reduction on UV irradiation was calculated from ‘’after coagulation’’ bar. 

4 Conclusion 

Heterotrophic bacteria, E. coli and Enterococcus can be removed from raw wastewater by combination of 
chemical coagulation followed by either chemical disinfection by PAA or by non-contact UV irradiation, 
while non-contact UV irradiation of raw wastewater is not sufficient on its own. Complete bacteria removal 
was reached by combination of PAX XL100 and UV disinfection at a high dose (2.10 kWh/m3). Furthermore, 
optimized coagulation dose effectively removed the suspended solids and chemical contaminants associated 
with it.  

In summary, a combined treatment of chemical coagulation and non-contact UV irradiation or PAA 
disinfection offers a logistically feasible solution for small arctic settlements, capable of significantly 
mitigating negative effects of wastewater on receiving surface waters bodies and human health. Thus, this 
method could be a possible solution for the wastewater treatment in Kangerlussuaq and other settlements in 
the Arctic region. 
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