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Abstract

Although wood floor production does not use water in the production process, water consumption 
is related to cleaning and washing of floor and machineries in different steps of the process line, 
which generate a number of small flows that are highly polluted.

Besides this, the industry has a need to store large amounts of wood outside to be able to have 
continuity in the production. This takes up a lot of space outdoors and once it rains the water that 
has been in contact with wood, oil and metals forms stormwater, which transports pollutants.  

Stormwater has for a long time not been seen as a problem and has often been discharged into 
recipient water bodies without any treatment. During cold seasons, this also involves snowmelt that 
can transport high concentrations of different pollutants. 

This report describes the composition of process- and stormwater from a wood floor industry in 
Nybro, Sweden regarding parameters such as COD, phenol, tannin and lignin. The concentrations 
of phenols in the stormwater were found in a range considered toxic to marine life. 

Regarding the process water, high values was found for COD (Chemical Oxygen Demand) and for 
other substances and elements potentially toxic (e.g. formaldehyde, wood resins, detergents and 
metals).  If these waters are directly released to a sewage treatment plant without any pre-treatment 
process it can disturb the plant treatment efficiency; if released to a recipient water body, it can 
cause oxygen deficiency and consequently, death to marine life. 

The possibility of reducing the levels of pollutants through the use of electrocoagulation has been 
examined in this study. This has been done both for process water and stormwater from the wood 
floor industry. A 250 ml batch unit for electrocoagulation EC was setup with iron (Fe) and 
aluminium (Al) electrodes for treating process water and stormwater. The results show that the EC 
process can reduce COD concentration from stormwater at least 70%. On the other hand, less 
efficiency of EC for treating process water was observed. 

A method for simulating a snowmelt period in lab scale was also developed. Snow collected from a 
wood floor industry was melted according to real temperature and the quality of these samples has 
then been compared to on-site samples of stormwater





iii

Summary in Swedish
Även om trägolvsindustrin inte är en stor förbrukare av processvatten så används vatten vid 
rengöring av golv och maskiner under olika delar av produktionsprocessen, detta generar ett antal 
små flöden av väldigt förorenat vatten. Förutom detta så har man behov av att lagra stora mängder 
trävara utomhus för att kunna ha en kontinuerlig tillverkning. Detta är mycket platskrävande och 
leder till att det finns stora ytor där dagvatten som varit i kontakt med både trävaror, oljor, metaller 
samlas upp och leds bort från industrin. 

Detta examensarbete beskriver sammansättningen av process och dagvatten från en 
trädgolvsindustri i Nybro i Södra småland. De parametrar som undersökts är 
COD(kemisksyreförbrukning), fenol, tannin och lignin. Koncentrationen av fenoler i dagvattnet 
som behandlats i detta arbete är så höga att det kan vara toxiskt för marina organismer. 
Angående processvatten så har det visat sig ha väldigt höga halter av COD och andra potentiellt 
toxiska (t.ex. formaldehyd, trädkåda, rengöringsämnen och metaller) Om dessa vatten släpps ut 
utan någon förbehandling så kan de sänka effektiviteten vid ett reningsverk eller om de släpps ut 
direkt i ett vattendrag så kan de orsaka syrebrist som kan leda till att marina organismer dör.

Möjligheten att reducera halterna av föroreningar genom användning av elektrokoagulation har 
undersökts i denna studie. Detta har undersökts både för dag- och processvatten från 
trädgolvsindustrin.
Detta har gjorts i en 250 ml satsvis uppställning med järn(Fe) och aluminium (Al) elektroder både 
för process och dagvatten. Resultaten visar att för dagvattenrening så är reningsprocenten på de 
undersökta parametrarna minst 70 %. När det gäller processvatten så är dock reningsverkan 
avsevärt mindre. 

Utöver detta har en metod för att simulera en smältperiod för snö i labbmiljö utvecklats. 
Snö som samlats in på en trädgolv industri har smälts i labb enligt en verklig temperaturkurva, 
detta har jämförts med data från prover av dagvatten från samma period.

Preface
This study is part of a larger co-production project financed by KK-Stiftelsen and that has been 
carried out both by a group of companies in the wood sector and the Environmental Engineering 
Research group at the University of Kalmar. The original project called “Development of an 
integrated approach for industrial wastewater and stormwater management in the wood-industry 
sector” seeks for solutions economically attractive for small and middle sized companies. Even if 
the sponsor companies in this project are quite big, the solutions proposed shall be, in principle,
applicable to companies of every size. When the wood sector is discussed most people think of 
paper and pulp industry and this is also were most of the research regarding wastewater treatment
in the wood sector has been done. In this study electrocoagulation, which is a system that has 
shown effectiveness in experimental treatment of effluent from the pulp and paper mill industry is
explored on process water and stormwater from another section of the wood industry, the wood
floor manufacturing industry.
This report is an MSc degree thesis and the format is a standard academic report format.

Kalmar, January 2010

Henrik Hansson
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Terms and Acronyms
Al Aluminium

Fe Iron

Cl Chloride

H2 Hydrogen

OH- Hydroxide

COD Chemical oxygen demand

NO3N Nitrate-nitrogen

NH4N Ammonium-nitrogen

TN Total nitrogen

TPH Total Petroleum Hydrocarbons

BOD7 Biochemical oxygen demand in 7 days

TOC Total organic carbon

TSS Total suspended solids

TS Total solids

mA milli amperes

V Voltage

EC Electrocoagulation

EDTA Ethylenediaminetetraacetic acid

SEC Swedish environmental code

WFD EU Water framework directive

In-situ To handle something were it occurs

RT90 Coordinate system used for maps in Sweden

SMHI Swedish Meteorological and Hydrological Institute

bd below detection limit
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1. Introduction

Water is one of the world’s most precious resources; great care should be taken in conserving 
and not polluting aquatic ecosystems. Water is also a very important resource for industry and 
the development of society. Therefore, water should be utilized by society in the most 
responsible way possible.
In the modern world much of our cities and towns are covered with impermeable surfaces. 
This means that when it rains, varying amounts of water that cannot infiltrate through the soil 
runs off the surfaces towards collection systems and/or recipient water bodies. Most modern 
cities and towns have stormwater collection systems. These system are in most cases 
developed to handle the expected rainfall for the area, but not the higher flows that can be 
associated with snowmelt (Semádeni-Davies, 1999). In some rainfall events, snowmelt can 
generate high amounts of stormwater runoff that might last for several days. 

Electrocoagulation (EC) is a water cleaning technology that generates a flocking agent and
involves many chemical and physical phenomena that supply ions into contaminated water 
(Uğurul et al., 2008). The EC technology has been “rediscovered” a few times over the last 
century. Currently, it is having a renaissance as a treatment method  for waters from specific 
industries with high concentrations of  pollutants and  for wide range of pollutants 
(Uğurul et al., 2008).
An EC reactor is an electrolytic cell, usually with Aluminium (Al) or Iron (Fe) electrodes. 
When a current is passed through the anode, oxidation releases ions that enable flocking of 
the pollutants in the water. At the cathode, water is reduced to hydrogen gas (H2) and 
hydroxide (OH-). The hydrogen gas can in most cases help to lift the flocks to the water 
surface were they can easily be collected and removed. The treatment with electrocoagulation 
has been proven to be effective for removal of a wide range of pollutants 
(Holt, 2006 , Ugur et al., 2006). In large systems, the hydrogen gas may also be collected and 
used as a part of the systems power supply (Pablo et al., 2008), in a close-loop and energy 
saving approach.

In this study the possibility of handling some of the process waters onsite in a wood-floor 
industry is examined and for that, a small-scale EC-plant was specially designed and 
constructed. The possibility of using EC to cleanup stormwater from the site was also 
investigated. 
A method has also been developed that with relatively simple and low-cost materials can 
simulate a snowmelt period with multiple freezing periods and with warmer periods in 
between.
Both process water and stormwater were supplied by AB Gustaf Kährs in Nybro, southern 
Sweden. In 2008, Kährs produced approximately 6500 000 m2 of wood floor. 
There are a number of small volume process water flows generated in this production. These 
are cleaning waters from cleaning the factory floor and machine washing. These waters have a 
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very high concentration of pollutants as indicated by the very high COD levels of 
50 000 mg/L or more. 
These waters are currently discharged after some dilution with drinking water into the 
municipal sewage net for treatment at the municipal wastewater treatment plant (MWWTP). 
This plant is constructed to handle wastewater from households in Nybro and is under no 
obligation to accept industry wastewaters. Two flows of stormwater from Kährs have also 
been studied in this study. Although these waters do not have any high concentration of 
pollutants, on annual basis the runoff volumes are high which gives a considerable mass 
transport of pollutants out from the area. It was estimated that approximately 12 tons of COD 
is delivered to the recipients each year. This is roughly the same amount of COD as all of 
Nässjö municipality (29 000 inhabitants) releases into Emå river every year 
(Tholén and Envall, 1999).
Depending on how long snow is left before melting, a considerable amount of pollutants 
generated from atmospheric fallout, oil and chemical spills, etc, are accumulated. These 
pollutants are transferred to the melt water and into stormwater systems. In industrial areas, in 
particular, the accumulation of pollutants in the snow can be very high. In the case the 
snowmelt goes fast, a large release of pollutants might occur in a very short time
(Semádeni-Davies, 1999).
In a historical perspective the contribution to water pollution given by stormwater has not 
been been seen as important as the contribution from municipal wastewater and it has often 
been discharged without any treatment. Very little attention has been paid, in particular to 
industrial stormwater. 

This MSc report has been written as a sub-project which has been part of the research co-
production project at Linnaeus University called “Development of an integrated approach for 
industrial wastewater and stormwater management in the wood-industry sector”.  The main 
objective of the original project is to:

Develop an innovative and sustainable approach for an integrated management of 
industrial wastewater/stormwater prioritizing non-conventional and low-cost 
systems with focus on the investigation of biological filters and adsorption 
reactors having as adsorbents residues and by-products from the industries. 
(Hogland, 2009)

Considering this objective, EC will be considered in the non-conventional category. The goal 
of the study is to discover:

if Kährs in Nybro can take an active role in the treatment of stormwater and 
process water by  on-site reduction of the concentrations  of COD, phenol, tannin 
and lignin by electrocoagulation making these waters less harmful and foreseeing 
future changes in legislation in this area.

The environmental legislation is getting tougher as the EU Water Framework Directive gets 
adopted into the laws of the member states. A discussion about the effects of this and the 
some of the Swedish environmental codes are also presented in this study.
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2. Materials and Methods

2.1 Electrocoagulation
1. Electrocoagulation (EC) is a process involving many chemical and physical 

phenomena that use soluble electrodes to supply ions into contaminated water
(Uğurul et al., 2008). In an EC process, the coagulating ions are produced ‘in situ’ and 
there are three stages when coagulating ions are produced during the EC process
(Mohammad et al., 2004) Formation of  coagulants by oxidation of the anode;

2. Destabilization of pollutants;
3. Aggregation of the destabilized phases to form flocks.

The destabilization mechanism can be described as follows (Mohammad et al., 2004):

 Compression of the diffuse double layer around the charge species by interactions of 
ions generated by oxidation of the anode;

 Charge neutralization of the ions from the pollutants by ions from the anode that are 
produced by electrochemical dissolution;

 Flocks formed from coagulation can trap and bridge colloidal particles that still remain 
in the water.

The hydroxides provide active surfaces for the adsorption of the polluting species. 

The EC process has many reported advantages over conventional chemical dosing. Simple 
equipment, easy automation, no extra chemicals required and easy variation of the dose of 
coagulate by varying the current stand out are some of the largest advantages. A simple EC 
cell is made up of one anode and one cathode. When electrical power is supplied, the anode is
oxidised and the cathode undergoes reduction. The reaction that happens (Pablo et al., 2008)
is summarized here (M = Fe or Al):

 Anode
M(S) M3+ + 3e-

2H2O(l) O2+4H+ + 4e-

 Cathode
H2O + e- 1/2H2 + OH-

The metal ions generated at the anode immediately hydrolyse to either polymeric iron or to 
aluminium hydroxide. These are very good coagulation agents. Coagulation happens as the 
anode continually produces these polymeric hydroxides and these combined with negative 
particles that are carried towards the anode by electrophortic motion
(Mohammad et al., 2004).
There are two ways in which contaminants are treated in an EC cells. By chemical reactions 
and precipitation or by both physical and chemical attachment to colloidal materials that are 
generated by the erosion of the electrode. Contaminants can then be removed by electro-
flotation which is facilitated by the electrolysation of water. 
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This produces bubbles of H2 gas, which float to the surface and as they do it, they help to 
aggregate the flocks of pollutant, lifting them to the surface. Therefore, rather than adding 
chemicals, the coagulating agent are generated in-situ (Mohammad et al., 2004).

An EC cell is usually connected to a DC power supply and then a simple formula derived 
from Faraday’s can be used to get an idea of how much raw metal that is dissolved into to the 
wastewater stream. (Holt et al., 2004) The phenomenon is described by Equation 1 and 
illustrated by Figure 1:

Eq. 1

Where:

W = is the quantity of electrode 
material dissolved (g of M/cm2)

M = is the atomic weight 
of the electrode material

i = the current density (A/cm2)
t = the time in seconds
n= the number of electrons

transferred in the anodic dissolution
F = the Faraday’s constant, 96,486 C/mol

DC power supply

      250 ml cylinder

      Electrodes

     Contaminated water

      Magnetic stirring

Figure 1. Experimental setup of batch electrocoagulation reactor used in this study.

Experimental setup
The experiments were run in a 250 ml batch setup. See Figure 1. The transformation unit used 
was a Consort E132 and this unit also measured current and power. All experiments were 
conducted at room temperature and with a magnetic stirring at the speed of about 200 rpm.  
Fe or Al electrodes, 4 x 4 cm were used for all experiments. The distance between the 
electrodes was kept at 2 cm for all tests. Before using, every run the electrodes were washed 
thoroughly. All pH adjustments were done with HCl or NaOH. The experimental design was 
modelled after Uğurul et.al.(2008).
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2.1.1 Electro-Fenton oxidation
One experiment with Fenton oxidation was utilised. This is a process were hydrogen peroxide 
(H2O2) under acid conditions reacts with Fe from the electrode during the EC process to 
produce hydroxide radicals (HO·) (Andreja and Jana, 2004).These radicals react with almost 
every form of organic and inorganic solutes. The mechanism for the Fenton process is 
generally accepted to be:
Fe2+ + H2O2 Fe3+ + HO· + HO-

With the catalyst being regenerated through:
Fe3+ +H2O2 Fe2+ + HO2· + H+

The regeneration can also happen through reactions with organic radicals from the wastewater 
or another source:
RH + HO· R· + H2O
R· + Fe3+ R+ + Fe2+

R+ + HO- R-OH

2.1.2 Verification of setup 
Reduction of COD in water contaminated by milk is known to be effectively treatable with 
EC (Moreno-Casillas et al., 2007). Therefore, two tests were run to verify the setup of the 
reactor worked properly.  In the first test distilled water was contaminated with ink and then 
run in the reactor for 15 min at 12 V and around 120 mA.  In the second test, distilled water 
was contaminated with milk and two runs were done, being one at 30V and around 120 mA 
and one at 50V and around 120 mA. . Both tests were successful and confirmed that the 
reactor work well.

2.1.3 Process waters
The wastewater streams consisted of the cleaning water mixed with detergents that are used 
when different machines are cleaned and the rest or spill of compounds that stuck to these 
machine parts. This study is focused on three wastewater streams generated at different steps 
of the wood floor production: glue water, hardener water and lacquering water. If nothing else 
is written 0.8 g of NaCl/L of water was added to all the wastewaters to enhance conductivity 
before the EC process was started. 
COD values before each experiment can be seen in Table 1 A more complete characterisation 
of the process waters from multiple sampling events can be found in Appendix B. 
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Table 1. Setups used for EC experiments with different process water streams. 

No. Type of water Electrode
Initial 

pH
Time
(min)

Voltage (V) / 
Current (mA)

Initial COD
(mg/L)

1 Glue water Al 5.0 80 30/120 9840
2 Glue water Fe 5.0 80 30/120 9840
3 Hardener water Al 5.0 80 30/120 12840
4 Hardener water Fe 5.0 80 30/120 12840
5 Mix Hardener/Glue Al 8.0 80 25/120 9780
6 Mix Hardener/Glue Fe 8.0 80 25/120 9780
7 Mix Hardener/Glue Al 2.0 80 25/120 9780
8 Mix Hardener/Glue Fe 2.0 80 25/120 9780
9 Lacquering water Al 6.3 50 50/120 47840
10 Lacquering water Fe 6.3 50 50/120 47840
11 Lacquering water Al 2.7 50 50/120 47840
12 Lacquering water Fe 6.3 50 50/120 950
13 Pure Hardener Al 6.4 40 30/120 12000
14 Pure Hardener Al 3.2 40 30/120 12000
15 Pure Hardener Al 5.9 40 30/120 12000

*If nothing else is written, 0.8 g of NaCl/L of water was added. The water in experiments numbers 5 - 8 refers to 
the supernatant from when the hardener- and glue water are mixed 1/1 and left standing by approximately 24 
hours. For experiment number 11, 1670 mg/L of H2O2 was added before the test. For experiment number 12 the 
water was diluted 50 times before the test. In test 15 0.8 g of Na2SO4/L was added instead of NaCl.

2.1.4 Stormwater
Two flows of stormwater are examined in this study.  The stormwater generated from area 3 
(115000 m2, see Figure 2), which is the main stormwater outlet from Kährs being the major 
pollutant sources the traffic on the site (timber trucks, front loaders etc) and the handling and 
storage of the logs and wood material on the site. Although the concentration of analysed 
quality parameters shows that the stormwater leaving the area is not heavily contaminated, 
there is a high volume of stormwater generated annually. 
This stormwater has been sampled with an automatic sampler when pre-established values for 
rain and flow in the pipe are reached. Samples from an extended period of time approximately
1 year have been mixed in to a larger tank and are stored in a fridge. 

Area 5 is an area where Kalmar Energy stores oak wood chips. It is a significantly smaller 
area (6000 m2) compared to area 3, which generates runoff to this sampling point. However, 
according to studies carried out, this runoff is more heavily polluted, being the main pollutant 
source here, the oak wood chips that are stored in heaps, used for the district heat production. 
As shown in another examination paper (Svensson, 2009), which was developed parallel to 
this one, oak is a type of wood that releases large amounts of pollutants to the water compared 
to some other common types of three in Sweden.
This water is also sampled with an automatic sampler, but here the samples are taken when a 
certain depth of water is reached in an H-flume located at the discharge point from the area.
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The concentrations of the substances that were examined in this study before each experiment 
are shown in Table 2 together with the setup for the experiment. A more complete 
characterisation of the stormwater during almost 12 months of sampling can be found in 
Appendix B.

Table 2. Setups used for EC experiments with stormwater. 

No.
Type of 
water

Electrode
Initial

pH
Time
(min)

Voltage 
(V)/ 

Current 
(mA)

Initial
COD 

(mg/L)

Initial
phenol 
(mg/L)

Initial
tannin and 

Lignin 
(mg/L)

16 Area 3 Al 6.9 30 50/120 192 -- --
17 Area 3 Fe 6.9 30 50/120 192 -- --
18 Area 3 Al 6.9 30 12/120 166 -- --
19 Area 3 Al 6.9 30 4/70 166 -- --
20 Area 3 Al 7.1 30 14/70 150 1.87 7.56
21 Area 3 Al 7.1 30 5/20 150 1.87 7.56
22 Area 3 Al 7.1 30 1/5 150 1.87 7.56
23 Area 5 Al 4.2 60 19/70 2232 29.2 380
24 Area 5 Al 4.2 60 19/70 2232 29.2 380
25 Area 5 Al 4.2 60 5/20 2232 29.2 380

 For experiments number 16-19 0.8g of NaCl/L was added before the test. For experiment number 24 
the electrode was cleaned with distilled water every 10 minutes.

Figure 2. Aerial image from AB Gustaf Kähr facility in Nybro. Stormwater areas 3 and 5 position and 
size are shown.
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Figure 3. Aerial image from AB Gustaf Kähr facility in Nybro with the area in which the snow for 
this study was collected marked.

2.2 Characterization of snowmelt
For the experiment with snowmelt, new experimental design was needed. The reason for this 
is that no suitable experimental design within the budget and time could be found. In this 
experiment the temperature between the 22 Feb. -09 and the 27 Feb. -09 at AB Gustaf Kährs 
in Nybro (567493; 159226, RT90 coordinates) were simulated by replicating the highest and 
the lowest temperatures during these days and nights. The period was chosen because on-site 
samples had also been collected for this period. 
Temperature data from SMHI (Swedish Meteorological and Hydrological Institute) from 
Kosta (568403; 154700, RT90 coordinates) and from  Kalmar Airport (566776; 162883,
RT90 coordinates) for this period were used. These are the two closest located meterological 
stations that SMHI have nearby to Kährs. These two sites are very close to being located at  
the same distance from Kährs but in oposit directions. Both were chosen to simulate an avarge 
of the temperatures registered at these two stations during the event to be simulated. The 
temperatures that were  simulated can be seen in Appendix C. The only deviation from using 
the avarge from the measured values by SMHI was when the temperature droped below 0°C, 
when temperature 0°C was used in the test. Otherwise the closest tempature that the fridge 
could give to the mean temperature was set.

Collection of snow
The snow was collected as one large composite sample formed by subsamples from all over 
the wood storage area at Kährs. The collection area is show in Figure 3 The sample was
stored at -19°C until it was used in the experiment. The samples were taken on Jan 8th 2009.
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Experimental setup
A round container 60 cm high and 12 cm in diameter was filled with snow (Figure 4). The 
container was then placed in a fridge with the possibility to be set to the temperatures 2, 4, 5,
6°C. At the test points where 0°C were needed a large container was placed around the 
container with the snow and the space between was filled with ice filled bags, see figure 4. 
The temperature was changed every 6h. So every hour of melting in the fridge represented 
two hours of melt time in the real world. This was chosen after several experiments since this 
gave the most amount of melt water without running out of snow at the end of the experiment.

Melt water sampling
Water samples were taken at predetermined intervals. During higher temperatures the samples 
were taken more frequently. This was because there is some indication from the stormwater 
sampling on site that this is when the greatest release of pollutants is achieved. The sampling 
times can be seen in Appendix C.

Figure 4. Containers used for snowmelt. 1: outer container, 33 cm in diameter and 60 cm high. 2:
inner container, 12 cm in diameter and 60 cm high. 3: containers 1 and 2 together. 
The material is non-transparent plastic.

2.3 Chemical analyses
COD was analysed with Hach Lange cuvette test number LCK 114 and 314. The 
concentration of phenol was examined with Hach Lange cuvette test number LCK 345. This 
has required dilution in different degrees as these test have a range from 150-1000 mg/L for 
LCK 114 and 15-150 mg/L for LCK314 and 0.5 -5 mg/L for the LCK 345.

For the estimation of the concentration of tannin plus lignin the analyzing standard that was 
chosen was the ”Standard Methods for the Examination of Water and Wastewater, 5550”. 
This gives the concentration of both tannin and lignin as one value. Here there was also some 
dilution needed for some waters

All metal analyses in this study were done by Eurofins, an accredited laboratory, using “ 
Inductively coupled plasma mass spectrometry” or “Inductively coupled plasma atomic 
emission spectroscopy”. For more information about these methods see Eurofins (2009).

For the metal analysis the samples were collected in acid washed beakers and then transferred 
to acid washed sample tubes. They were stored in a fridge for approximately two weeks 
before being sent to Eurofins.
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3. Results

3.1 Process waters
The waters used in these test have a very high in COD value compared to most waters found 
in literature that have been treated with EC (Moreno-Casillas et al., 2007, Uğurul et al., 2008, 
Zaied and Bellakhal, 2008, Wang et al., 2008). The current used in the experiments was 
chosen based on the range that worked well for M.Uğurul et.al. (2008). The duration the 
experiments were long compared to other laboratory studies on EC. This was chosen because 
of the high COD values in the waters in this study. However, even with this setup the 
reduction achieved was very modest for the process waters. There is some reduction of COD 
in glue water, which motivated further experiments. 

Figure 5. Reduction of COD in glue water at 
30V and aprox 120 mA. Initial pH 5. 1/1 mix 
represents reduction in supernatant 24 hours after 
mixing hardener and glue water. Experiment No. 
1-2.

Figure 6. Reduction of COD in supernatant from 
mix of glue and hardener after 24 hours of 
settling. This was then run at 25V and aprox 120 
mA. Experiment No. 5-8.

But the supernatant from the flocks that are formed when glue and hardener is mixed achieved 
a 30% reduction without any energy consumption (Figure 5). Yet, no further reduction is seen 
when the supernatant from the mix is treated in the reactor (Figure 6). For the lacquering and 
hardener waters the reductions achieved are similar and not impressive, (Figures 7 and 8).

For one experiment with lacqueringwater the water was diluted 50 times with distilled water 
before being treated in the reactor. This was done to exclude the fact that the very high COD 
values can affect the EC process negatively, see Figure 9. 

The lacqueringwater was also tested with an electro-Fenton process. 1670 mg/L of H2O2 was 
added before treatment in the reactor, see Figure 9. None of these treatments had a significant 
effect on the reduction of the COD value.
To exclude more variables that might reduce the effectiveness of the process, pure hardener 
was treated in the rector. The pure hardener was first diluted 200 times with distilled water to 
achieve a similar COD value as the process waters. This excludes the effect from the cleaning 
agent in the process. 
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The test was also run with a different salt to exclude the formation of stable iron chloride 
(FeCl3). There was no improvement in the reductions from these tests, see Figure 10.

The pH chosen for the all the experiments with processwater are in the range that has been 
proven effective in literature. There is no great change in the effectiveness when the pH is 
altered within or outside what is common in other studies.

Figure 7. Reduction of COD in lacquering water 
at 50V and aprox 120 mA. Initial pH 6.3 
Experiment No 9-10.

Figure 8. Reduction of COD in hardener water 
at 30V and aprox 120 mA. Initial was pH 5.0. 
Experiment No. 3-4.

Figure 9. Reduction of COD in lacquering water at 
50V and aprox 120 mA. Fenton oxidation was run 
with 1670 mg/l H2O2, with Fe electrode, initial pH 
for the Fenton oxidation was pH 2.7. The dilute 50, 
lacquering water was diluted 50 times before being 
run in the reactor. pH 6.3. Al electrode was used. 
Experiment No. 11-12.

Figure 10. Reduction of COD in pure hardener 
at 30V aprox 120 mA. It was diluted 200 times 
before run in the reactor. Low pH, adjusted to 
pH 3.2. High pH adjusted to pH 6.4.  Both run 
with 0.8 g/L of NaCl. The Na2SO4 was run at an 
initial pH of 5.4 and with 0.8 g/l of Na2SO4. Al 
electrode was used. Experiment No. 13-15.
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3.2 Stormwater

3.2.1 Stormwater from area 3
The stormwater from area 3 was first run with NaCl added (Table 3). But considering the 
volume of water that would be treated it was considered not practical to add salt to this water. 
So, additional tests were run were the salt was excluded (Figures 11-13). For all the runs after 
the initial test with salt in the stormwater, the tests were only done with Al electrode as it 
appears to give the highest reduction. All experiments with stormwater proved a significantly 
higher reduction for all parameters then what was found in the process waters. 

Table 3. COD reduction with different runs in the reactor with stormwater from area 3. All runs in this 
table have 0.8 g/L of NaCl added before each run. Experiment No. 16-19.

50 V, 115-120 mA 12V, 115-120 mA 4V, 70 mA
Time(min) Fe electrode Al electrode Al electrode Al electrode

0 -- -- -- --
5 54% 50%
10 65% 60%
20
30 67% 76% 73% 71%

Figure 11.  Reduction of COD in stormwater from 
area 3 at 14V and aprox 70 mA. Initial pH 7.1. No 
salt added. Al electrodes were used. Tannin 
represents reduction of tannin and lignin as one 
value.  Experiment No. 20.

Figure 12.  Reduction of COD in stormwater 
from area 3 at 7V and aprox 20 mA. Initial pH 
7.1. No salt added. Al electrodes were used. 
Tannin represents reduction of tannin and 
lignin as one value.  Experiment No. 21.

Figure 13. Stormwater from area 3 at 1V and 
aprox 5 mA. Initial pH 7.1. No salt added. Al 
electrodes were used. Tannin represents reduction 
of tannin and lignin as one value.  Experiment No. 
22.
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3.2.2 Stormwater from area 5

The stormwater from area 5 gives a significantly higher pollutant load than the stormwater 
from area 3.  Although, the volume of water from area 5 is not as high as from area 3; it ishigh 
enough for making salt addition a non practical procedure. Therefore, all runs in the reactor 
with these waters were carried out without salt addition (Figures 14-16). With this water a 
decrease in the current from 70 mA to 20 mA seemed to have little effect on the COD 
removal efficiency, except for a reduction when it comes to tannins. There is a sludge build-
up on the electrode but it does not, over one run effect the reduction. For the stormwater no 
pH altering was considered because of the volume of water that would need to be treated. The 
initial pH of the water from area 5 is in the low range of what is found in literature, but as 
effective reduction of pollutants is achieved no other initial pH was tested.

Figure 14. Reduction of COD in stormwater 
from area 5 at 19V and aprox 70mA. Initial pH 
4.1. No salt added. Al electrodes were used. 
“Tannin” means reduction of tannin and lignin as 
one value. Experiment No. 23.

Figure 15. Reduction of COD in stormwater 
from area 5 at 19V and aprox 70mA. Initial pH 
4.1. No salt added.  In this run the electrodes 
were cleaned every 10 min because of a building 
up of sludge observed on the electrode. Al 
electrodes were used. “Tannin” means reduction 
of tannin and lignin as one value. Experiment No. 
24.

Figure 16. Reduction of COD in stormwater from area 5 at 5V and aprox 20mA. Initial pH 4.1. No 
salt added. Al electrodes were used. Tannin represents reduction  of tannin and lignin as one value. 
Experiment No. 25
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3.3 Characterization of snowmelt 
The qualitative characterization of the snowmelt shows that it has very few differences from 
the average values of stormwater from almost a whole year. The snow that was used in the 
experiment had fallen approximately 20 days before it was collected and stored in the freezer. 
There were large differences in different values during the melting process. What has not been 
seen in the lab simulation is any correlation between time or temperature and the 
concentration of the pollutants as seen in the on-site sampling. (Kaczala, 2009).

A complete list of all the samples and sampling points can be found in Appendix D.

4. Discussion

For the stormwater, the reduction of COD was better than the one obtained for process waters. 
The question that arises is how much of a reduction is needed before the stormwater can be 
discharged to the municipal stormwater/sewage net or to ditches? Differently from many 
countries where the threshold limits are established for all industries, regarding stormwater 
generated at industrial sites in Sweden, the threshold limits are decided by the local 
environmental authority after discussions with each industry; they give the plant or industry 
site the environmental permission. The limits chosen depends both on the activities at the 
industry and on the recipient. All water management in EU is now regulated in the Water 
Framework Directive (WFD). The main goal of the WFD is to achieve good water status for 
all surface waters and groundwater’s by 2015. From 2009 according to the WFD the 
authorities must make management plan for stormwater recipients and based on that, limits 
for stormwater discharge will be established.

According to Swedish legislation stormwater is to be considered as sewage, if it comes from 
an area covered by the detailed development plan. This includes industrial areas, according to 
the Swedish Environmental Code (SEC) chapter 9, 2§ point 3. 

So, what does it mean that stormwater is to be considered as sewage? Chapter 9 7§ of the SEC 
says that: sewages should be treated or cleaned to such a level that disadvantage does not pose 
risks to people’s health or the environment. For this purpose suitable treatment facilities or 
other facilities must be built and new technologies shall be developed and implemented. The 
release of sewage into surfacewater or into groundwater is considered as an environmentally 
hazardous activity.
This means that stormwater is only allowed to be discharged untreated if it is clear this can be 
done without risk to people’s health or to the environment. The board for environmental and 
health issue decides in what cases stormwater release can be a risk to people’s health or to the 
environment (SEC chapter 9 7§ and 12§) and if so, they can demand that steps are taken in 
accordance with ordinance about environmentally hazardous activities and  health protection, 
(1998:899). 
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From 2010,  all EU members should be sure that water is priced so that effective use of water
is ensured according to the WFD. This is in line with the principle of polluters pay that is in 
SEC chapter 2. This also indicates that as industries within the wood sector and other sectors 
applying for new or revising old permits can expect tougher demands on, among other things, 
the release of stormwater from their sites. The process of characterizing all waters for the 
WFD is now N ongoing project. The stormwater from area 3 is released into the S:t Sigfrids 
stream which has been characterized as a risk water (Vattenmyndigheten, 2009).

When the area 3 stormwater is cleaned using the EC process visually very clear water is 
produced. It also has very low concentrations of COD, phenols, lignin and tannin. With the 
reduction achieved with this treatment, the COD value is below what Kalmar Vatten releases 
into Kalmar Sound on a daily average from the MWWTP in Kalmar in 2007 (KalmarVatten, 
2007). 

This water from area 3 is water with a low pollutant load from the beginning, so is cleaning 
really needed? As written before, this is something that the local environmental authority will 
decide. One of the characteristics measured to control the status of a groundwater is dissolved 
oxygen, this means that COD and BOD are factors that industry’s can expect tighter 
restrictions and discharge limits on, such as threshold limit regarding annual pollutant loads 
(in terms of Kg of COD per year, for instance).  Considering the volume, it is reasonable to 
assume the need of some type of cleaning for this water. The advantage with an EC system 
would be that it is easy to maintain with the staff at Kährs. Besides, a very low retention time 
(30 min) has been proved to be effective in lab scale.  With some more work on the setup the 
power consumption could probably be reduced.  
Improvement in the reduction will probably be harder to get. A reduction of 85 % r in COD 
can be considered a very good result for an EC systems  (Moreno-Casillas et al., 2007).

The stormwater from area 5 will require further studies because it has 8-20 times higher 
concentration of pollutants than area 3. The levels of phenols in this water are in the range 
that has been shown to be toxic to freshwater invertebrates (Nehrenheim, 2008).This water 
runs into woodland and farming ditch for about 16 km before reaching the Ljungby river. The 
colour of the water is very black which will reduce photosynthesis in the river where it is 
released. These two factors alone are probably enough to consider it a risk for people’s health 
and for the environment.

The colour of this water is not improved with EC treatment. Here it would appear that even 
higher current than the one applied is needed to get further improvement in colour and 
pollution removal. It is likely that an increased reduction of tannins and lignin occur when the 
current was increased from 20mA and 70mA. It is probably possible to improve even more 
the reduction of tannin and lignin. This would also reduce the colour of the water and reduce 
COD. 

There is a heavy build up of sludge on the electrode during these runs, but removing the 
build-up during the run does not improve the performance. The levels of phenols are lowered 
to levels that are very close to levels that would be non-toxic to freshwater invertebrates. 
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The process waters are very complex and the characterization made is by no means complete, 
but  indicates the level of pollutants that requires chemical oxidation through the proxy 
indicator COD and shows the concentration for some important selected parameters. This 
incomplete characterization makes it hard to determine what compounds are resistant to 
electrocoagulation and what factors are preventing the process to develop further.
Some reasons can probably be excluded, among them the fact that very high COD values are 
the cause of the electrocoagulation inefficiency when treating process waters. This hypothesis 
was tested by diluting process water with distilled water. This dilution and consequent 
reduction of the initial COD gave no improvement in the COD reduction. This fact is also 
confirmed in literature (Holt, 2006 ). 
Both aluminium-chloride and iron-chloride are very stable compounds. To rule-out the 
hypothesis that the formation of these compounds is disturbing the process, a salt without Cl 
was tested with no improvement in the reduction of the COD. 

In literature one compound that is mentioned  as a problem for electrocoagulation process is 
EDTA (Moreno-Casillas et al., 2007). This can be a component in the cleaning agents used 
when washing machineries at Kährs. However, this does not seem to be the cause for the 
inefficiency, since no improvement was observed when pure diluted hardener was tested.

This does leave a lot of questions with no satisfactory answer about what is causing the poor
reduction results when treating process waters. Since negative or poor results are seldom 
published, this leads to the difficulty of finding in the literature information about for what 
compounds EC does not work. The few studies with negative results that have been published 
indicate that when problems occur and no reduction in COD or specific compounds is 
achieved, it can be related to soluble and miscible compounds that don’t react with the metal 
ions. In these cases some small reduction can be seen, as in the present study due to the fact 
that some soluble pollutants can be adsorbed or absorbed on the flocks that are created 
(Moreno-Casillas et al., 2007).

There are many different combinations of electrodes reported in literature. Fe and Al are 
almost always the first to be tried as these are cheap and easy to produce.  Here, maybe a 
more exotic material is needed. A combination of Fe and Al at the same time would be a 
natural continuation for tests. Beyond that, steel and graphite has worked well with 
wastewater from other wood industries (Athanasopoulos, 2001).

Besides the electrode material, more extensive tests with different initial pH values could be 
interesting, because this parameter has been proved to be important in previous studies, as, for 
instance, Moreno-Casillias et al. (2007). 

It should be highlighted that based on information gathered from the literature review, no 
study has an initial COD value as high as presented in this study.

Comparing EC with normal chemical dosing it has been reported that for treatment of 
wastewaters that requires low to medium current intensities, EC is significantly cheaper than 
chemical treatment. 
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When it comes to waters requiring higher operating current the cost is similar, although it is 
likely that EC still has lower operating cost if flotation is also taken into account (Pablo et al., 
2008). According to literature, at voltage up to 20 V and using Al electrodes the cost of the 
electrode is up to 80% of the cost. At higher currents the cost of the power can be almost 
equal to the cost of the Al electrodes (Donin et al., 1994). 

This study did not focus on relative costs of running an EC plant versus chemical treatment, 
as there are a large number of different setups with very different economical benefits and 
drawbacks for each one.  For the stormwater, the design of a treatment system would probably 
not need to be very complicated but for the process water it is likely that a more complex 
design would be required.

During this study not replicates of the exact setups were carried out. Instead, testing as many 
different setups as possible was prioritised. No considerable differences in the results between 
setups that are quite similar were found. Replicates in the future are most likely to give results 
close to those presented here. 

The snowmelt experiment showed that the snow collected varies in very few parameters 
compared to stormwater from the same area collected over almost one year. This can be 
related to the fact that most years there are several snowmelt periods during winter in the 
south of Sweden.
The highest COD values found during the snowmelt and the concentrations of other 
parameters were in the range were this water should be treated. Correlation between the 
conductivity and some other parameters has been found during on-site sampling of 
stormwater (Kaczala, 2009). Monitoring of the conductivity and a treatment solution for these 
peaks is something that should be investigated further in the future

5. Conclusions
There is a need of some type of treatment for the stormwater generated in two different 
studied areas at AB Gustaf Kährs in Nybro to reduce the load of COD discharged into 
recipient water bodies. An EC process was shown to be able to reduce pollutants in 
stormwater from AB Gustaf Kährs to over 70% without any need for initial pH adjustment.

At the currents tested in this study with Fe or Al electrodes EC treatment does not seem to be 
an effective way to reduce COD in process water streams, such as glue-hardener or lacquering
water from AB Gustaf Kährs in Nybro generated during cleaning and washing of machineries. 
Factors ruled out to as possible causes of these problems are: the cleaning agent in the waters 
(e.g. EDTA);the use of NaCl to enhance the conductivity; The very high initial COD value in 
the waters. Using H2O2 to enhance process does not improve reduction of COD in the waters. 
The possible presence of highly soluble/miscible compounds might be not affected by EC 
treatment, which could be the case of the tested process waters.

Pollutants transported by snowmelt generated during a lab scale simulation with composite 
snow samples collected from AB Gustaf Kährs in Nybro does not have any considerable 
difference compared to on-site samples of stormwater from the same place.
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Appendix A: A Background to the main parameters in this study

pH
pH is a measure of how acidly or alkaline a solution is. It is defined as the negative 
logarithmic value of the Hydrogen ion (H+) concentration.

Chemical Oxygen Demand
Chemical oxygen demand (COD) is a proxy indicator obtained by a method that determine
the amount of organic carbon, dissolved or suspended in water. This is an important factor 
to control before releasing a wastewater or stormwater to a river or to a MWWTP. The 
reason for this is that both directly and indirectly a high COD wastewater consume the 
available oxygen present in the ecosystem. Depending on the characteristics of the recipient 
water body, this can have drastic consequence for the biota. In a municipal wastewater 
treatment plant-MWWTP the demands for consumption of more oxygen will lead to more 
energy consumption in order to supply sufficient oxygen levels to the plant. Oxygen 
reduction to critical levels can in the worst case reduce the function of the biological 
treatment stage in the plant.

Although COD is not a specific compound, it is considered as a conventional pollutant
indicator under the federal Clean Water Act in USA (Moreno-Casillas et al., 2007). In Sweden,
it is very often a value that receives restrictions on when permits of discharge for different 
industries are given.
It’s often considered a good indicator of the degree of pollution in the effluent and of the 
potential environmental impact of the discharge of wastewater in bodies of water
(Moreno-Casillas et al., 2007).

Phenol
Phenols are a class of compounds that to a significant  part gives wood it’s characteristic 
smell (Samis et al., 1999). It has a common functional group which is the hydroxyl group 
attached to a benzene ring, which may be a single, isolated benzene ring or a part of a 
condensed ring structure (Abdullah and Nainggolan, 1991). 
Phenols are a natural protection against fungi and insect for trees. This defence works both 
in living and in dead wood (Samis et al., 1999). Since phenols are a natural part of wood,
they have always been present in our waterways. But in the modern society with large 
industrial wood storage areas were huge amounts of wood is stored for an extended period 
of time, there is the potential to get high levels of phenols into the local waterways
transported by stormwater runoff.
Studies on the effects of high concentrations of natural wood phenols are hard to find. It is 
known that the toxicity of phenols to freshwater invertebrates such as Daphnia magna vary 
from 7 to 200 mg/L, depending on the type of phenol and the recipient (Nehrenheim, 2008). 
Eleven phenols have been included in the list of priority pollutants by the U.S. Environmental 
Protection Agency (Abdullah and Nainggolan, 1991).
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Tannin
Tannin is a phenolic compound that is hard to define but P.J Horvath did it very well 
in his M.S. Thesis (Halvorson and Gonzalez, 2007):
Any phenolic compound of sufficiently high molecular weight containing sufficient hydroxyls and 
other suitable groups (i.e. carboxyls) to form effectively strong complexes with protein and other 
macromolecules under the particular environmental conditions being studied.
Tannins are mostly found in leaves, unripe fruits, and the bark of trees. The function is 
probably to discourage animal from grazing (John, 2008). Tannins may have more functions 
but considering there build up of phenols it does seem likely they have this as a main
function. Some tannins are used commercially to tan leather and in the making of ink.
As tannins are phenol-based polimers expressed in another way there will be many of same 
problems mentions about phenols. Specific for tannins are that there is the possibility of a 
black colouring on waters polluted with tannins which could inhibit photosynthesis
(Svensson, 2009).

Lignin
Lignin is an important factor for giving wood its structure and for the transportation of water 
high up in trees (Elizabeth and Robert, 2008). Lignin is one of the most persistent substance 
found in plants and can survive to be fossilised as wood stems. It is very large ridged 
structure of amorphous polimers of several hundred phenylpropane units (Abdullah and 
Nainggolan, 1991)  with a weight over 10000 u. 
The persistence makes lignin and the COD that it brings hard to decompose in biological 
systems. There is evidence that the derivatives from lignin can be hazardous to aquatic life 
(Netnapid et al., 2004) but the main problem with lignin from log yards is most likely to be 
the COD that it gives to the system that it is released in to. 
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Appendix B: Characterisation of storm- and process waters.
Table 4. Characterisation of process waters. For the lacquering water there is only one sample analyst. 

For the hardener and the glue water it’s an average of 5 samples 
(Laohaprapanon, 2009) Volume from Kaczala (2007).

Parameters
Lacquering 

water
Hardener

water SD
Glue 
water SD

pH 6.2 1.6 0.16 5.8 0.35

Conductivity (mS/cm) 2.3 24 8.5 840 380 µS/cm

COD mg/l O2 46 000 32 000 19 000 25 000 5 000

BOD7 (mg/l) 2 300 15 000 2 400 5 700 1 500

TOC (mg/l) 13 000 14 000 7 500 11 000 2 600

TN (mg/l) 13 5 200 5 400 7 400 4 000

NH4N (mg/l) 1.7 64 27 37 39

NO3N(mg/l) 4.0 23 33 110 55

TS (g/l) 9.1 59 40 25 14

TSS (g/l) 1.0 3.3 0.63 5.3 2.1

Colour (visible) Orange-Brown Black nv White nv

COD/TOC 3.6 2.3 0.29 2.4 0.85

Formaldehyde (mg/l) nv nv nv 2200 440

Volume/week 420 350 nv 500 nv

Table 5. Characterisation of the stormwater used in the tests (Kaczala, 2009).
Volume figures were taken from (Vinrot, 2007)

Area 3 - Aug 2008 to Apr 
09 Area 5- Jan 2008 to Apr 09

Unit N Mean SD N Mean SD
pH   pH unit 40 6.9 0.53 44 4.2 0.25

Conductivity mS/cm 40 0.40 0.18 44 0.38 0.08
Metals
Barium μg/L 23 50 32 nv nv nv

Chromium μg/L 23 2.2 3.0 nv nv nv

Copper μg/L 23 39 66 nv nv nv

Lead μg/L 23 10.0 7.8 nv nv nv

Vanadium μg/L 23 4.9 5.8 nv nv nv

Zinc μg/L 23 210 110 nv nv nv

Cobalt μg/L 23 0.34 0.77 nv nv nv

Organics
COD mg/l 40 180 180 44 1500 960

TSS mg/l 12 280 280 nv nv nv

TOC mg/l 12 18 16 nv nv nv

DOC mg/l 12 7.6 1.2 nv nv nv

TPH mg/l 23 320 730 nv nv nv

Tannins,  lignin mg/l 3 7.5 0.10 44 160 150

Phenols mg/l 3 1.9 0.01 44 28 23

Volume/year m3 nv 43000 nv nv 2800 nv
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Appendix C: Sampling points and temperatures during snowmelt

Figure 17. SMHI chart showing the average of the highest and the lowest temperature in Kalmar 
airport and Kosta at certain times.  The fridge chart shows the temperature in the fridge during the 
experiment.

Figure 18. Sampling points during the snowmelt simulation. Temperatures and the date that they 
accrued are shown in the figure.
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Appendix D: Raw data from snowmelt
Table 6. Results from the first snowmelt experiment.

No.
Experiment 

time

Set temp 
fridge, °C

Temp air, 
°C

Temp 
water, °C

pH
Conductivity, 

µS
COD, mg/l

Phenol, 
mg/l

Tannin and 
Lignin, mg/l

volume, ml

1 -4 4 -- -- -- -- -- -- -- --
2 0 4 3.8 4.5 -- -- -- -- -- --
3 1 4 4.1 4.6 -- -- -- -- -- --
4 2 4 4.3 4.4 -- -- -- -- -- --
5 6 0 3.0 4.6 6.9 140 55.0 1.3 -- 75
6 12 2 2.6 2.5 7.0 310 440 2.9 12 91
7 13 2 1.3 2.4 -- -- -- -- -- 28
8 14 2 1.7 3.6 7.1 370 260 -- 8.3 --
9 18 0 1.4 3.0 7.0 280 160 1.1 6.8 110

10 24 3 3.0 2.8 7.2 250 110 0.9 -- 26
11 25 3 4.6 4.0 7.0 210 110 -- -- 28
12 26 3 4.9 4.6 7.0 170 99.0 -- -- 33
13 30 0 4.1 4.7 6.9 370 82.0 0.6 5.1 120
14 36 5 2.7 3.3 7.1 210 150 0.8 -- 18
15 37 5 3.7 3.5 -- -- -- -- -- --
16 38 5 3.1 4.0 -- -- -- -- -- --
17 42 2 4.6 5.4 6.9 140 90.0 -- -- 8.0
18 48 4 1.2 3.0 6.8 160 110 -- -- 33
19 49 4 4.8 4.2 -- -- -- -- -- --
20 50 4 4.1 4.5 -- -- -- -- -- --
21 53 0 4.5 4.5 -- -- -- -- -- --
22 54 5 2.6 3.0 -- -- -- -- -- --
23 60 5 7.3 5.0 -- -- -- -- -- --
24 61 5 4.0 5.5 -- -- -- -- -- --
25 62 5 6.0 6.4 7.0 70.0 110 2.5 8.3 110
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Table 7. Results from the second snowmelt experiment.

No.
Experiment 

time

Set temp 
fridge, °C

Temp air, 
°C

Temp 
water, °C

pH
Conductivity, 

µS
COD, mg/l

Phenol, 
mg/l

Tannin and 
Lignin, mg/l

volume, ml

26 -4 4 -- -- -- -- -- -- -- --
27 0 4 4.3 4.0 -- -- -- -- -- --
28 1 4 4.2 4.3 -- -- -- -- -- --
29 2 4 4.0 4.1 -- -- -- -- -- --
30 6 0 5.3 5.0 7.2 1200 91.0 0.59 2.5 300.0
31 12 2 0.4 2.2 7.2 800 180 0.81 -- 67
32 13 2 0.9 2.6 7.1 650 220 -- -- 15
33 14 2 2.3 2.0 7.1 380 120 0.90 -- 13
34 18 0 1.0 2.0 7.1 360 430 1.6 6.1 42
35 24 3 2.5 2.0 7.1 660 160 0.87 -- 23
36 25 3 4.9 4.1 7.2 400 320 -- -- 5.0
37 26 3 3.4 4.7 -- -- -- -- -- 1.0
38 30 0 2.1 4.3 6.9 770 200 1.9 9.7 130
39 36 5 2.7 2.2 7.2 290 500 1.3 -- 23
40 37 5 6.0 4.8 7.4 150 410 -- -- 43
41 38 5 6.4 5.4 -- -- -- -- -- --
42 42 2 6.7 5.6 8.2 180 240 -- -- 9.0
43 48 4 2.3 2.1 8.8 470 190 -- 5.1 19
44 49 4 5.1 3.1 -- -- -- -- -- --
45 50 4 4.5 4.2 -- -- -- -- -- --
46 53 0 4.6 4.2 7.9 130 260 2.1 7.5 18
47 54 5 2.3 3.0 -- -- -- -- -- --
48 60 5 5.5 4.9 -- -- -- -- -- --
49 61 5 6.0 4.8 -- -- -- -- -- --
50 62 5 6.5 5.9 -- -- -- -- -- --
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Table 8. Results from the third snowmelt experiment.

No.
Experiment 

time in hours
Set temp 
fridge, °C

Temp air, 
°C

Temp 
water, °C

pH
Conductivity, 

µS
COD, mg/l

Phenol, 
mg/l

Tannin and 
Lignin, mg/l

volume, ml

51 -4 4 -- -- -- -- -- -- -- --
52 0 4 3.6 4.3 7.3 120 3.5 21 -- 28
53 1 4 3.9 4.1 -- -- 3.4 21 -- 36
54 2 4 4.2 4.8 7.1 350 19 110 6.2 43
55 6 0 4.1 4.2 6.9 410 53 320 15 280
56 12 2 0.3 2.3 7.1 300 42 250 19 20
57 13 2 2.6 2.2 -- -- -- -- -- --
58 14 2 0.6 2.1 -- -- -- -- -- --
59 18 0 3.3 2.6 7.6 430 44 260 -- 4
60 24 3 3.5 3.6 7.5 250 27 160 -- 8
61 25 3 3.6 3.7 -- -- -- -- -- --
62 26 3 4.3 4.1 7.6 190 29 170 16 110
63 30 0 -- -- -- -- -- -- -- --
64 36 5 2.1 2.9 6.8 130 17 100 16 68
65 37 5 6.3 4.1 6.1 84 11 66 -- 25
66 38 5 5.9 5.3 6.3 100 12 74 13 25
67 42 2 7.5 5.9 6.4 66 9.9 59 8.9 220
68 48 4 2.8 3.4 -- -- 12 73 11 28
69 49 4 4.1 4.0 -- -- -- -- -- --
70 50 4 4.3 4.2 -- -- -- -- -- --
71 53 0 3.2 4.3 -- -- -- -- -- --
72 54 5 2.4 2.0 -- -- -- -- -- --
73 60 5 6.0 5.6 -- -- -- -- -- --
74 61 5 5.5 5.2 -- -- -- -- -- --
75 62 5 -- -- -- -- -- -- -- --
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Table 9. Combined results for metals from all the snowmelt. Numbers of experiment is the same as in the tables 8-10. All values in mg/L.

No.
Arsenic

(As)
Barium 

(Ba)
Cadmium 

(Cd)
Cobalt (Co)

Chromium 
(Cr )

Copper 
(Cu)

Iron 
(Fe)

Mercury 
(Hg)

Nickel 
(Ni)

Lead 
(Pb)

Vanadium 
(V)

Zink 
(Zn)

6 0.00076 0.04 0.00032 0.0012 0.011 0.036 1.6 bd 0.0053 0.012 0.0018 0.18

9 0.00068 0.028 0.00011 bd 0.0074 0.017 0.66 bd 0.0036 0.006 0.00079 0.13

25 0.0016 0.11 0.00034 0.0036 0.012 0.034 8.9 0.0017 0.0071 0.039 0.011 0.18

30 0.0007 0.045 0.00016 0.0017 0.006 0.012 3.2 bd 0.0036 0.014 0.0039 0.056

38 bd 0.05 0.00025 0.0012 0.011 0.017 1.7 0.00059 0.0037 0.58 0.0024 0.11

55 0.0013 0.086 0.00021 0.0025 0.0096 0.03 4.3 bd 0.0061 0.03 0.0055 0.17

62 0.0019 0.1 0.00058 0.0041 0.011 0.055 9.2 bd 0.0093 0.42 0.011 0.34

64 0.0021 0.13 0.00031 0.0052 0.013 0.045 12 bd 0.011 0.064 0.014 0.19

67 0.00085 0.058 bd 0.0019 0.005 0.024 4.4 bd 0.0041 0.021 0.0058 0.073
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