
MASTER'S THESIS

Biogeochemical Effects of Particle Filters
in Forest Drainge Ditches

Annika Vesterlund Rönnebro

Master of Science in Engineering Technology
Global resources

Luleå University of Technology
Department of Civil, Environmental and Natural Resources Engineering



EXAMENSARBETE 
 

Biogeochemical effects of particle filters in 
forest drainage ditches 

 

 

 
 
 
 
 

Annika Vesterlund Rönnebro 

 



 2

Förord  
 

Detta examensarbete har genomförts som avslutande del i utbildningen till civilingenjör 
inom Arena Jordens resurser med inriktningen Mark och vatten vid Luleå Tekniska 
Universitet (LTU). Examensarbetet har jag utfört på avdelningen för Tillämpad geologi som 
Research Trainee vid LTU. Research Trainee studierna sträcker sig över ett år, där halva tiden 
är beräknad till examensarbetet och andra halvan till forskarförberedande kurser.  

 
Jag vill tacka min handledare Frauke Ecke på avdelningen för Tillämpad geologi, för all 

den handledning och hjälp som hon har bistått mig under arbetets gång. Jag vill också tacka 
Fredrik Nordblad på avdelningen för Tillämpad geologi för hjälp med mycket praktiska saker 
kring provtagningarna. Sedan vill jag också tacka alla er andra som på ett eller annat sätt har 
hjälpt mig med mitt examensarbete, markägaren, vägföreningen, ni på Skogsstyrelsen (Luleå, 
Tärendö, Pajala), på laboratorierna och på Luleå Tekniska Universitet. Sen måste jag även 
tacka min familj, man och tre barn som stöttat mig under arbetets gång och som assisterat mig 
vid provtagningar och suttit i bilen som björnvakt medan mamma har tagit prover. 

 
 
 
Annika Vesterlund Rönnebro 

 



 3

Sammanfattning 
 

I Sverige och Finland är stora skogsarealer dikade för att höja skogsproduktiviteten. Mer 
än 1,5 miljoner ha är dikade med en totallängd av ca 220 000 km diken i Sverige de senaste 
100 åren. Skogsdikningen leder bland annat till att mineraler och humus eroderar från 
dikeskanterna och transporteras med vattnet i diket. Detta leder antagligen till att 
livsbetingelserna i dikena och vidare i bäckar och åar försvåras på grund av grumlighet och 
beläggningar på botten. 

För att förebygga detta har Skogsstyrelsen genomfört försök med att bygga slamfällor. 
Slamfällornas effekter på vattenkvalitén har dock inte studerats än. Sker dikningen i 
sulfidjordar längs landhöjningskusten finns även risk för försurning, vilket potentiellt kan leda 
till att metaller lakar ut. Syftet med projektet var att undersöka a) om slamfällorna förbättrar 
vattenkvalitén i dikena och b) skogsdikningens effekt på vattenkvalitén i områden med 
sulfidjordar. 

Undersökningarna genomfördes i ett dike i Alvik utanför Luleå med delvis sulfidjordar i 
avrinningsområdet under maj till november 2007, samt vid ett tillfälle (oktober 2007) i tre 
diken i trakterna kring Tärendö. I Alvik minskade endast det suspenderade materialet 
signifikant efter den andra av två slamfällor. Halterna av alla andra undersökta ämnen var 
oförändrade. Det fanns ingen skillnad på vattennivån i diket före och efter slamfällorna, vilket 
mest troligt tyder på att slamfällorna var för löst packade. I dikena i Tärendö var det inte 
möjligt att utröna slamfällornas effekt. I ett dike var bägge slamfällorna översvämmade, i det 
andra diket var två av tre slamfällor översvämmade och i det tredje diket var flödet för lågt. 
Utifrån denna undersökning är det svårt att säga vilken nytta slamfällorna utgör. 
Slamfällornas konstruktion är avgörande för deras funktion. I Alvik verkar slamfällorna vara 
för glest konstruerade och i Tärendö alltför underdimensionerade för att fungera bra. 
Sulfidjordspåverkan var dock mycket stor i diket i Alvik. pH var som lägst under maj månad 
(medel 4,5), samtidigt var svavel- och metallkoncentrationerna höga (S medel 17 mg/l, Al 
medel 2464 µg/l och Zn medel 41 µg/l). Under sommaren (juni-september) ökade pH och 
svavel- och metallkoncentrationerna sjönk (pH medel 6.20, S medel 10 mg/l, Al medel 950 
µg/l och Zn medel 15 µg/l). I november vände trenden och pH sjönk och svavel- och 
metallkoncentrationerna ökade igen med delvis de högsta uppmätta halterna som följd (pH 
medel 4,8, S medel 24 mg/l, Al medel 2880 µg/l och Zn medel 47 µg/l). pH var signifikant 
negativt korrelerad med svavel och med många metaller (Al, Cd, Co, Mg, Mn, Ni and Zn). 
Svavel och dessa metaller var också signifikant korrelerade med varandra. Detta tyder på att 
det sker en sulfidoxidation i jorden, som påverkar geokemin i dikesvattnet. Efter dikning 
sjunker grundvattennivån och sulfidjorden oxideras. Vid oxidationen frigörs bland annat 
vätejoner och metalljoner, som lakar ut när jorden åter blir mättad med smältvatten eller efter 
kraftiga regn. I och med detta kommer pH att sjunka och ytterligare metalljoner kommer att 
lakas ut ur jorden. Utlakningen och transorten av metaller från diket i Alvik uppskattades som 
stort. Transporten av S i november var ca 11 kg/dygn. Medeltransporten av svavel under året 
var ca 2200 kg S/år från diket i Alvik. Transporten av metaller i november i Alvik var t.ex. för 
Al ca 1 kg/dygn, för Zn 22 g/dygn och för Cd 64 mg/dygn. Resultaten indikerar att 
skogsdikning i områden med sulfidjordar bör undvikas.  
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Summary 
 
 

In Sweden and in Finland large forest areas have been ditched to increase forest 
productivity. In Sweden more than 1.5 million ha forest have been ditched with a total length 
of about 220 000 km ditches for the last 100 years. Forest drainage ditching results in the 
erosion of minerals and humus from the ditch slopes and further transport of the eroded 
material with the ditch water. This probably affects the biological and ecological conditions in 
the ditches and brooks due to increased turbidity and sedimentation. Such adverse effects can 
potentially be prevented by particle filters. In 2005-2007, the Swedish Forestry Board built ca 
80 particle filters in Northern Sweden. The effects of these particle filters on water quality are 
however unknown. If ditching is done in acid sulphate soils in areas of for example isostatic 
land uplift there is also a risk of acidification, which potentially can lead to leakage of metals. 
The aim of the study was to evaluate if particle filters in forest drainage ditches improve water 
quality.  

The study was performed in a ditch in Alvik, Luleå municipality, during May to 
November 2007 and in three ditches in Tärendö, Pajala municipality in October 2007. The 
Alvik catchment is characterized by sulphide soils. In Alvik, only suspended material 
decreased significantly after the second particle filter during the study period. All other 
investigated elements were unaffected by the particle filters. There were no differences in the 
water levels before and after the particle filters, which indicates that the particle filters were 
too loosely packed. The effect of the ditches in Tärendö was difficult to assess. In one ditch 
both of the particle filters were flooded and in another ditch, two of three particle filters were 
flooded. In the third ditch there was almost no flow. On the basis of this study it is hard to say 
which benefit the particle filters constitute. The construction of the particle filters seams to be 
critical for their function. In Alvik, the particle filters probably were too loosely packed and in 
Tärendö the particle filters were too small for working satisfactorily. 

The influence of the acid sulphate soil was significant in the Alvik ditch. The pH was 
lowest during May (mean 4.5), at the same time sulphur and metal concentrations were high 
(S mean 17 mg/l, Al mean 2464 µg/l and Zn mean 41 µg/l). During summer (June-September) 
the pH increased and sulphur and metal concentrations decreased (pH mean 6.2, S mean 10 
mg/l, Al mean 950 µg/l and Zn mean 15 µg/l). In November the trend reversed again, pH 
decreased and sulphur and metal concentrations increased again to the highest values for some 
elements (pH mean 4.8, S mean 24 mg/l, Al mean 2880 µg/l and Zn mean 47 µg/l). pH was 
significantly negatively correlated with S and with several metals (Al, Cd, Co, Mg, Mn, Ni 
and Zn). Sulphur and the metals were significantly correlated to each other. These results 
suggest that sulphate oxidation occurred in the soil which affected the geochemistry in the 
ditch water. After drainage ditching the groundwater level sinks and the sulphate soils are 
oxidised. After oxidation, hydrogen ions and metal ions leach from the soils when the soils 
again are saturated by melt water. Because of this, the pH will decrease and further metal ions 
are leaching from the soils. The leaching and transport of metals from the ditch in Alvik was 
significant. The transport of S in November was estimated to be ca. 11 kg/day. The annual 
average transport of S was ca. 2200 kg/year from the ditch in Alvik. The transport of metals in 
November in Alvik was for Al ca. 1 kg/day, for Zn 22 g/day and for Cd 64 mg/day. The 
results suggest that drainage ditching in areas containing acid sulphate soils should be 
avoided.  
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Introduction  
Drainage ditching for increasing forest productivity has been done on a large scale in 

Sweden. Forest drainage ditching started in Sweden in the middle of 1800th century, but 
became a common forest management practice first at about the turn of the century. In 1933 
drainage ditching cumulated the first time with 9 350 km ditches (Ahlbäck 1979) 
corresponding to 56 000 ha drained forest that year (Lundin 1994). During the Second World 
War there were almost no drainage activities, but they started again slowly afterwards. At that 
time the diggings started with tractors with scoops, before the diggings had been done by 
hand (Ahlbäck 1979). The next peak of drainage in Sweden was in 1984 when almost 70 000 
ha were drained in that year. After 1986 there was a rapid decline in drainage ditching 
(Lundin 1994). In Sweden 1.5 million ha have been drained for forestry with 220 000 km 
ditches between the years 1873-1975 (Ahlbäck 1979). In comparison, in Finland almost 6 
million ha has been drainage ditched of peatlands and paludifying mineral sites for forestry 
purposes (Joensuu et al. 2002). The total length of ditches in Finland is approximately 1.5 
million km (Åström et al, 2001a). 
 

After drainage ditching, soil erosion increases in the catchments. The amount of 
suspended material increases in ditches and streams, especially in short-term (Tossavainen 
1991; Ahtiainen 1992; Vouri and Joensuu 1996; Manninen 1998; Joensuu et al. 1999; Prévost 
et al. 1999; Åström et al. 2001a; 2001b) and is explained by the physical mobilisation of 
mineral particulates and organic material exposed on the ditch slopes and from upper peat 
layers. The increase of suspended material could be over 200-fold (Ahtiainen 1992; Prévost et 
al. 1999). Negative effects of soil transportation are an increase in sedimentation in the 
brooks, which potentially affects the ecological/biological conditions in the brooks. This is 
especially harmful for vulnerable species like mussels and salmon trout. Mossdwelling 
macroinvertebrates in the stream Pajuluoma in western Finland were lower in abundance and 
experienced lower species number after ditching (Vouri and Joensuu 1996). In Finland, the 
release of macronutrients (total-P, PO4-P, total-N, NO3-N, NH4-N) and Fe from the ditch 
slopes increased after ditching (Ahtiainen 1992; Manninen 1998) and after ditching during 
floods (Vouri and Joensuu 1996). Also the concentrations of cations (Na, Mg, Ca) increased 
in the ditches and brooks after ditching (Manninen 1998; Prévost et al. 1999; Åström et al. 
2001a; 2001b; Joensuu et al. 2002). The annual runoff in the peatland drainage area increased 
by 10 % and the discharge in mineral soil drainage areas increased in two catchments with 50 
% and 80 %, respectively, compared with forested undrained areas (Lundin 1994). Also the 
peak flows increased by 70-200 % after drainage (Lundin 1994). The mean daily summer 
stream flow increased after ditching with 25 % (Prévost et al. 1999). Joensuu et al. (1999) and 
Åström et al. (2001a; 2001b) did not detect any significant effects on the discharge after 
drainage ditching. 
 

To decrease water flow velocity and increase sedimentation or filtration in Finland, 
particle filters, sedimentation ponds (Joensuu et al. 1999), sedimentation basins (Manninen 
1998) or sedimentation pits (Åström et al. 2001a; 2001b), of varying size and form were built. 
Joensuu et al. (1999) studied the effects of peatland forest ditching and ditch cleaning on 
suspended solids in runoff in 37 ditches with sedimentation ponds in Finland 1-3 years after 
ditching. In half of the sedimentation ponds, concentrations of suspended material were 
reduced. The magnitude of the increase of suspended material depended on the size of the 
area of ditch network, maintenance and also on the prevailing soil type on the ditch bottoms. 
In areas with coarse-textured subsoils, the increases were in general detected during digging, 
immediately after digging or during high flow periods (Joensuu et al. 1999). In these ditches 
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the sedimentation ponds significantly reduced suspended material. In areas with fine-textured 
(clay and silt) subsolis, the concentrations of suspended material were constantly higher after 
ditch maintenance whereas the reduction of suspended material in the sedimentation ponds 
was negligible. In areas with compact till or poorly decomposed deep peat as subsoil, the 
increases of suspended material concentrations were generally small (Joensuu et al. 1999). 
Manninen (1998) found effects of the sedimentation basin only directly after ditching. Åström 
et al. (2001b) argued that the sedimentation pits and basins probably removed a considerable 
part of the suspended material.  
 

Acid sulphate soils are formed on fine-grained sulphides-bearing marine and lacustrine 
sediments and are covering large areas along the Baltic costs of Sweden and Finland 
(Sohlenius and Öborn 2004; Åström 2001). Due to the increase in drainage ditching and 
isostatic land uplift, the sediments are oxidized, resulting in development of acid soils (Deng 
et al. 1998; Åström 1998; 2001; Erixon 2004). The main streams and estuaries can be affected 
by acids and metals from the leaching sediments that in turn can cause regional metal 
pollution and acidification (Deng et al. 1998). 

As long as the sulphate soils are saturated with water no oxidation occurs, but if the 
groundwater level sinks, by for example drainage ditching, oxygen diffuses into the sulphate 
soils and initiates oxidation processes. The most common sulphate soil is containing pyrite 
(FeS2) and during oxidizing sulphuric acid is formed. When oxidations occur in the deeper 
soil layers where the natural buffering processes are quit slow, even small amounts of pyrite 
can have evident influence on the geochemistry of the goundwater by decreasing the pH 
(Warfvinge 1997). In the southern Sweden, pyrite (FeS2) is the most common sulphide. In 
northern Sweden a large extent of iron sulphides is dominated by FeS that oxidizes rapidly in 
contact with oxygen (Sohlenius et al. 2004). 
 

The hydrogeochemical behaviour for SO4
2- and the trace elements in the acid sulphate 

soil is according to Åström (2001) composed of four components: (1) In summer, low ground-
water table favours oxidation in the soils. (2) In autumn, during heavy rainfalls, rainwater 
soaks into soils, mobilizes and leaches SO4

2--, H3O
+ and trace elements from the soil into the 

surface water. (3) In early summer, the abundance in soluble weathering products is low. (4) 
During low flow (baseflow), the runoff is low, resulting in low element concentrations in the 
stream. The main reason to the increase of metals and decrease of pH, alkalinity, total-P, 
colour and COD in Holmsundet, a small stream near Luleå, coastal northern Sweden, is 
according to Erixon (2004) the weather-generated sulphide oxidations. Low amounts of 
precipitation generate low groundwater-levels in the catchments, which increase the oxidation 
in the sulphate soils and the leaching of sulphuric acid and metals from the soil-waters 
(Erixon 2004). The metals can be leached during the sulphide oxidation and/or by weathering 
due to the decrease of pH. The impact of the weather-generated sulphide oxidation on water 
quality changes annually, depending mainly on precipitation and groundwater-levels. The 
weather-generated sulphide oxidation was suggested to cause mass fish kill and unusually 
high water transparency during certain years (Erixon 2004).  

 
Many of the metal concentrations increase in fractions of clay compared with sand and 

silt fractions (Deng et al. 1998). Between the compared size fractions, the surface area 
increased about a factor of 105. The phyllosilicates include most metals that are of 
environmental concern and are easily chemically and physically weathered. Cr, Co, Ni and Cu 
are strongly enriched in clay fractions and have high affinity to the phyllosilicates, but also 
sand and silt fractions are important metal carriers due to the low clay content in sediments 
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(median =17%) (Deng et al. 1998). The trace element content in sulphuric clay sediments are 
not found to be higher than in clays without iron sulphides, but the leaching of Cd and Ni are 
intense and also Cd, Ni, Mn, Co, Zn and Cu are mobilised from acid sulphate soils (e.g. 
Åström 2001). Some metals are mobilised after oxidation of the soil, but the increased 
weathering due to the low pH are the most important mobilisation factor in the soils 
(Sohlenius and Öborn 2004). In a leaching test on sulphide-bearing fine-grained sediments 
Åström (1998) found that on oxidation of the sediments the proportions released of Co, Mn, 
and Ni were high and intermediate of Cu. The amount of release of the metals is controlled 
by: a) pH-level drop during oxidation (Al, Cu, Cr, V), b) availability of the metal sulphides in 
the sediment (Ni, Co) and c) availability of metal sulphides and metals adsorbed on sediment 
compounds (ion-exchange) (Åström 1998). Roos and Åström (2006) made a meta-study on 47 
rivers discharging into Gulf of Bothnia (and a few into Golf of Finland) in Sweden and 
Finland, to compare metal concentrations and to obtain how much these rivers are affected by 
leaching from acid sulphate soils. An area in central-western Finland had highly elevated 
metal concentrations (Cd, Ni, Zn) caused by acid sulphate soil leaching. Also other metals 
that are not abundantly leached from acid sulphate soils, had overall higher concentrations in 
the Finnish rivers compared with the Swedish rivers. In Roos and Åström’s (2005) study of 
21 rivers in western central Finland, the impact of acid sulphate soils and the changes in water 
quality were determined. Of 35 elements that were determined in river water, 24 were 
abundantly leached from the acid sulphate soils and 11 of these were potentially toxic metals 
(Al, Be, Cd, Co, Cu, Mn, Ni, Th, Tl, U and Zn). In the estuary of Vörå River in western 
Finland, Nordmyr et al. (2008) found that the top layers of the sediment had elevated metal 
concentrations, with up to 100 times higher than the median background concentrations. The 
Vörå River catchment consists of acid sulphate soils.  
 

The biological effects of acidification of waters include loss of fish populations, 
decreasing biodiversity and community changes in stream waters. Acidification affects 
juveniles and adults (e.g. fishes), larvae and eggs and the abundance of zooplankton 
decreases, which is the main food item for several fish species. When pH decreases, Al3+ 
concentrations increase and bind to fish gills (Warfvinge 1997).   
 

The loads of acidity and potentially toxic metals in the surface water in Rintala area, 
mid-western Finland, that originated from acid sulphate soils, is according to Österholm et al. 
(2005) in conflict with the EU Water Framework Directive (European Union 2000). Roos and 
Åström (2006) urge for thorough planning of all sorts of drainage operations in landscapes 
containing acid sulphate soils, because of the high concentrations of Cd, Ni and Zn that are 
leaching to rivers from drainage areas.  
 

In Tärendö, northern Sweden, the Swedish Forest Agency has built about 80 particle 
filters since 2005 in ditches that lead from drainage areas to brooks. There have not been any 
investigations of how and if the particle filters in Tärendö are affecting water quality. It is 
unclear if they affect the geochemistry in the ditches and if they decrease suspended material, 
metals, nutrition elements and organic carbon from the water. The Swedish Forest Agency has 
also built some particle filters in the area close to Luleå and Boden, northern Sweden, in 2006. 
The here presented study was performed in a ditch in Alvik, northwest from Luleå and also in 
three ditches in the Tärendö area.  
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The aim of the study was twofold: 
 
 To evaluate if particle filters in forest ditches improve water quality in recipients.  
 To investigate how the acid sulphate soil in Alvik affects the geochemistry in the ditch 

water. 
 
To obtain the aim, I focussed on five research questions: 
 

 Does the concentration of suspended material in the ditch water decrease after the 
particle filters? 

 Do some of the metal concentrations decrease in the ditch water after the particle 
filters?  

 How do the particle filters affect the nutrition elements and pH? 
 Does the pH in the ditch affected by acidic soils vary seasonally? 
 Do the metal concentrations in this ditch co-vary with pH? 
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Methods 

Study areas 
Sampling was performed in forest drainage ditches in the county of Norrbotten, northern 

Sweden. I studied water quality in one ditch near Alvik, about 30 km from Luleå and in three 
ditches near Tärendö, 10-30 km from Tärendö (Figure 1). The ditches are located in 
catchments that were drainage-ditched to increase forest productivity. The area in Alvik was 
ditched 1972-1974 and the areas in Tärendö were ditched between 1973 and 1979. In the 
studied ditches the Swedish Forest Agency built two or three particle filters in series in the 
ditches that lead out from the drainage-ditched areas, before they entering recipients.  

 
 
 

 
 
Figure 1. Location for the samplings sites. Torne River, Merasjoki and Särkijoki near Tärendö and Alvik near 
Luleå. 
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Alvik  
 

The study was performed 7 km northwest of Alvik near Luleå in the county of 
Norrbotten (65°34’13, 21°38’14) (Figure 2a and 2b). Quaternary deposits geology in the 
studied catchment was dominated by till and peat deposits, but also acid sulphate soils which 
originated from sulphide-rich marine sediments such as silt and clay occurred close to the 
sampling site, within the drainage-ditched area (SGU 1994) (Figure 3).  
 

Figure 2a and 2b. The particle filter upstream in Alvik, during flood 20070510 (left) and during normal 
conditions 20070530 (right). 
 
 

  
 

Figure 3. Quaternary deposits geology map (SGU 1994) for the Alvik catchment. The blue areas are till, brown 
areas are peat, light brown areas are peat periodically water filled, yellow areas and dots are marine sediments 
such as silt and clay, red areas are exposed bedrock, purple areas are drumlins and orange areas are raised beach 
sediments. The red mark in the middle was the sampling point. 
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Tärendö 
 

Two ditches discharged into the brooks Särkijoki (Figure 4a, b) and Merasjoki (Figure 
5a and 5b) and one ditch discharged into the Torne River (Figure 6a, b) (exact positions in 
Appendix I, see also Figure 1). The catchments of the ditches are mostly dominated by till and 
peatland, but in Merasjoki also silt occurred (Fromm 1961). 

   Figure 4a and 4b. The flooded particle filters in the ditch discharging into Särkijoki.  
 

  Figure 5a and 5b. The particle filters in the ditch discharging into Merasjoki. Note that there was almost no 
discharge.  
 

   Figure 6a and 6b. The particle filters in the ditch discharging into Torne River. Two of three particle filters 
were flooded.  
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Particle filters 
 

In Alvik the three studied particle filters were built in the late autumn of 2006. In 
Tärendö the Swedish Forest Agency built about 80 particle filters since 2005. The particle 
filters in the ditches at Särkijoki were built in 2005, Merasjoki in 2006 and Torne River in 
2007. The particle filters resembled wooden boxes that were built of logs (max diameter 10 
cm), woody debris (branches and twigs of spruce and/or pine) and mosses. The logs were 
driven into the ground in two parallel lines about 120 cm from each other across the ditch 
(Figure 7). The filters were filled with woody debris that was densely layered with mosses. 
The filters were covered with a layer of logs.  
 

 
Figure 7. Particle filter in Alvik. 

 

Water sampling and analyses 
 

The sampling in the ditches comprised in situ water measurements with a probe and 
water sampling for further analyses in laboratories. In Alvik, I started sampling 2 May 2007. 
The first week, I sampled each day with the probe and took water samples for analysis of 
colour. The next four weeks, I sampled each Monday, Wednesday and Friday. Water samples 
for analysis of metals and suspended material were taken weekly in May and for TOC (total 
organic carbon), total-N and total-P I took biweekly samples in May. DOC (dissolved organic 
carbon), NO3-N+NO2-N and NH4-N were sampled once in May. From June to November I 
sampled monthly (except October) all water quality variables. In the area near Tärendö I took 
samples once in each of the three ditches 22-24 October 2007. 
 

With the probe, I measured in situ pH, conductivity, temperature, TDS (total dissolved 
solids) and redox potential. The probe measurements in Alvik, except the one in November, 
were done with a Hydrolab Minisonde with Surveyor 4 (Figure 8). The measurements in 
Tärendö and the November measurement in Alvik were done with a Hydrolab MS5 
Multiprobe with Surveyor 4a. 
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Figure 8. Illustration of in situ water sampling with the probe in Alvik.  
 
 

From the water samples, the following variables were analysed by laboratories: trace 
elements (Ca, Fe, K, Mg, Na, S, Si, Al, 

 As, Ba, Cd, Co, Cr, Cu, Hg, Mn, Mo, Ni, P, Pb, Sr, Zn), suspended material, TOC, 
DOC and macronutrients (tot-P, tot-N, NO3-N+NO2-N, NH4-N) for all samples. Also 
alkalinity and chlorophyll a for the samples from Tärendö were analysed by a laboratory. I 
took the water samples unfiltered directly into plastic bottles that I received from the 
laboratories. The bottles were handled with plastic gloves during sampling and rinsed with 
ditch water from the site prior to the sampling (Figure 9).  
 

 
Figure 9. Water sampling. 
 

After each sampling in Alvik, the water samples for trace elements and suspended 
material were stored in the refrigerator to the next day before delivery to the laboratory ALS 
Scandinavia AB in Luleå. The water samples for TOC, DOC and macronutrients were stored 
in the freezer before they were sent in cool bags to the laboratory ALcontrol Laboratories AB 
in Umeå. Except once, the sampling in November, these samples were sent non-frozen in cool 
bags with a lorry that took the samples during the night to another laboratory, Eurofins Steins 
Laboratorium AB in Kalmar/Jönköping in south Sweden. The water samples for colour were 
stored in refrigerator until I analyzed them at the university. The water samples from Tärendö 
were stored cold to the next morning, when they were sent by bus to Luleå. The water 
samples for analysis of trace elements and suspended material were taken to the laboratory in 
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Luleå. The water samples for TOC, DOC, chlorophyll and macronutrients were sent in cool 
bags with a lorry that took the samples to the laboratory in south Sweden during the night. 
The water samples for colour were stored cold until they were measured.  
 

The analyses of trace elements and suspended material (SS EN 872:2005 edition 2) were 
performed by ALS Scandinavia AB in Luleå. Ca, Fe, K, Mg, Na, S, Si, Al, Mn and Sr were 
determined by atomic emission spectroscopy with inductively coupled plasma as excitation 
source (ICP-AES), EPA-methods (modified) 200.7. As, Ba, Cd, Co, Cr, Cu, Mo, Ni, P, Pb 
and Zn were determined with inductively coupled plasma sector field mass spectrometry 
(ICP-SFMS) 200.8. The analysis of Hg was done with atomic fluorescence spectrometry by 
SS-EN 13506 (modified). The samples were acidified with 1 ml suprapur HNO3 per 100 ml 
sample prior analysis. All three laboratories are accredited by SWEDAC and used methods 
for analysis according to the Swedish Standards (Appendix II). Colour was analysed at Luleå 
University of Technology with a colour meter Lovibond Daylight 2000 Unit. 

 
To compare the values of pH and the metal concentrations in the acid sulphate soils, I 

calculated the mean of three replicates of each water quality variable for each sampling 
occasion (n=3). The mean for May was based on five sampling occasions and three replicates 
(n=15). In summer, the mean was calculated from four sampling occasions (June, July, 
August and September) and three replicates each (n=12) and in November there was one 
sampling occasion and replicates (n=3). 

 

Sludge sampling and analyses  
 

In Tärendö, I took sludge samples from the particle filters. The sludge samples were 
taken with a plastic spoon from the particle filters into plastic pots received from the 
laboratory. The sludge samples were stored at +4 °C until they were brought to the laboratory 
five to seven days after the sampling. Metals and metal oxides were analysed by ALS 
Scandinavia AB in Luleå. Prior analysis, the samples were prepared and digested at the 
laboratory. They were dried at 50 °C and ground. Before analysis of the elements As, Cd, Cu, 
Co, Hg, Ni, Pb and S, the samples were dissolved in 5 ml concentrated HNO3 and 0.5 ml 
H2O2 in closed teflon vessels in the microwave oven. The elemental concentrations were 
corrected for moisture content (determined after drying an aliquot of the sample in 105°C). 
Before analysis of the elements Si, Al, Ca, Fe, K, Mg, Mn, Na, P, Ti, Ba, Be, Cr, La, Mo, Nb, 
Sc, Sn, Sr, V, W, Y, Zn and Zr, a 0.125 g dried sample was melt with 0.375 g LiBO2 and then 
dissolved in HNO3. As, Cd, Co, Cu, Hg, Ni and Pb were determined with inductively coupled 
plasma sector field mass spectrometry (ICP-SFMS) 200.8. The analyses were determined by 
atomic emission spectroscopy with inductively coupled plasma as excitation source (ICP-
AES), EPA-methods (modified) 200.7 for Si, Al, Ca, Fe, K, Mg, Mn, Na, P, Ti, Ba, Be, Cr, 
La, Mo, Nb, Sc, Sn, Sr, V, W, Y, Zr, S and Zn. TS (total solids) were determined by SS 02 81 
13-1 and LOI (loss on ignition) was determined by ALS own method at 1000 °C. The 
laboratories are accredited for As, Cd, Co, Cu, Hg, Ni, Pb, Zn, TS and LOI.  

 

Measurement of discharge 
 

Discharge was measured in two different ways, a) with a V-notch weir and b) with a 
current meter. The weir was made of a sheet metal that was pressed down in the bottom mud 
across the ditch and all leaks were stopped. In the top of the sheet there was cut off a “V”, so 



 16

that the water only could pass through the “V”. After the water level has been stabilised, the 
water flux was measured by taking the time with a stopwatch for the water to fill up a known 
size of a can. The average of ten measurements was used. In Alvik, the V-notch weir was 
used two times to measure the discharge, but the third time the discharge was to big to use it.  

The current meter was used once in Alvik and in the ditches that lead to Särkijoki and 
Torne River. In the ditch that leads to Merasjoki the discharge was too small to use the current 
meter. The ditch cross-section was divided into equal wide sections. The current meter was 
placed in the centre of each section at a depth of 0.6 × d (d=total depth) from the surface and 
the velocities was measured. The discharge for each section was determined by multiplying 
the velocity with the area by following equation: 

 
 

i
ii

ii dxxvq 




  

2
1   (Equation 1) 

 
where qi is the discharge of segment i, vi is the mean velocity of segment i, xi+1 is the distance 
from the ditch bank to the far side of segment i, xi is the distance from the ditch bank to the 
near side of segment i and di is the depth of segment i. For the total stream discharge, the 
individual sub-section discharges were summed up. 
 

Statistical analyses  
 
The Wilcoxon matched pairs test was used to compare the median of two dependent samples 
(Sokal &Rohlf 1995). I compared the samples before and after the particle filters in Alvik 
during the whole sampling period. The Spearman Rank Correlation Coefficient was used to 
test the significance of correlations between elements in the water samples from Alvik (Sokal 
&Rohlf 1995). The three samples from each sampling (before, between and after the particle 
filters) were used as replicates due to non-significant differences between the filters (see 
Results). For all statistical analyses, I applied a level of significance of P < 0.05. However, 
the significance level (α) of all correlation coefficients was adjusted (α′) for the number of 
correlations performed (k) with the Bonferroni method (Sokal &Rohlf 1995) according to 
(α′=α/k) (Equation 2). 

Delimitation 
 

One task of the study was to investigate if and how the particle filters affect the 
geochemistry in the ditch waters. In the results, I presented elements that showed effects or 
trends that could depend on the particle filters (suspended material, TOC, DOC, pH, Mo, Fe, 
Al, Cr, Cu, Mn, Ni, Pb, Zn, tot-P, tot-N, NO3-N, NH3-NH4-N and discharge). Other elements 
and parameters were measured but not presented in the results (Ca, K, Mg, Na, S, Si, As, Ba, 
Cd, Co, Hg, P, Sr, colour, conductivity, temperature, TDS, redox and from the ditches in 
Tärendö also alkalinity and chlorophyll a). For the sludge samples, I focused on elements that 
possibly showed effects on the ditch waters (Al, Fe, Cr, Cu, Mn and Zn). Other elements in 
the sludge were measured but not presented in the results (As, Cd, Co, Hg, Ni, Pb, S, Si, Ca, 
K, Mg, Na, P, Ti, Ba, Be, La, Mo, Nb, Sc, Sn, Sr, V, W, Y and Zr). The other part of the study 
was to investigate the influence of acid sulphate soils on ditchwater. I focused on elements 
that could affect or be affected by the geochemistry of the acid sulphate soils or elements that 
showed some effects or trends (pH, S, Al, As, Cd, Co, Fe, Mg, Mn, Ni, Zn, TOC, DOC, 
colour, conductivity, suspended material). The values are presented in Appendix III-V.  
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Results 

Particle filters 

Water analyses 
Alvik 

The flow was 2.5 l/s on 18 July, 0.9 l/s on 12 August and 5.3 l/s on 7 November. 
 In Alvik, the concentration of suspended material decreased after the second particle filter 
downstream, except three times when the values were equal or almost equal before and after 
the second particle filter. After the first particle filter downstream the suspended material 
concentration increased during the four first measurements in May during snowmelt and flood 
period and also in the September measurement. The highest decrease and increase of 
suspended material was during the first sampling 2 May, when the concentration of suspended 
material increased from 13 mg/l to 27 mg/l after the first particle filter and then decreased 15 
mg/l to 12 mg/l after the second particle filter (Figure 10). The decreases after the second 
particle filter were significant (Wilcoxon matched pairs test; n = 10, T = 1.00, Z = 2.55 and P 
<0.01).  
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Figure 10. Concentration of suspended material in the ditch in Alvik, measured before, between and after the 
particle filters. 
 

TOC varied marginally and decreased after the first particle filter during the sampling in 
May to July by 1-2 mg/l but increased or was equal after the second particle filter (Figure 11). 
The decrease after the first particle filter was significant (Wilcoxon matched pairs test; n = 8, 
T = 0.00, Z = 2.02 and P <0.05).   
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Figure 11. TOC concentration in the ditch in Alvik, measured before, between and after the particle filters. 
 

The pH differed generally at most with 0.1 units before and after the particle filters, 
except once when pH increased after the first particle filter from 4.71 to 4.84 and after the 
second particle filter from 4.84 to 5.18 (Figure 12). The changes after the second particle filter 
compared to the first particle filter were not significant (Wilcoxon matched pairs test; n = 24, 
T = 75.50, Z = 1.10 and P >0.05).   
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Figure 12. pH in the ditch in Alvik, measured before, between and after the particle filters. 
 

The metal concentrations showed minor changes before and after the two particle filters. 
For Al, As, Ni and Mo there were mainly marginal decreases of the concentrations in many of 
the measurements after the particle filters, and only Mo decreased significantly. Mo decreased 
significantly after the first particle filter and also after both of the particle filters (Wilcoxon 
matched pairs test; after first particle filter: n = 10, T = 5.00, Z = 2.29, P <0.05, after both 
particle filters: n = 10, T = 3.00, Z = 2.50 and P < 0.01). Mo decreased at most with 0.097 µg/l 
from 0.873 µg/l to 0.776 µg/l after the first particle filter and then increased at most at the 
same sampling occasion with 0.084 µg/l from 0.776 µg/l to 0.860 µg/l after the second 
particle filter (Figure 13). At all sampling occasions the differences for Mo were smaller than 
the accuracy (± 0.137 µg/l for 0.873 µg/l). The maximum decrease over both particle filters 
was 0.077 µg/l and the second biggest 0.033 µg/l.  
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Figure 13. Mo concentration in the ditch in Alvik, measured before, between and after the particle filters. 
 
Särkijoki 

The flow was 14 l/s. In the ditch that leads to Särkijoki, the concentration of suspended 
material increased about 3.5 times from 4.4 mg/l before the particle filters, via 4.2 mg/l 
between the particle filters to 15 mg/l after the two particle filters. Also some metal 
concentrations increased after the second particle filters: Fe increased from 3.4 to 5.7 mg/l, Al 
increased from 15.8 to 21 µg/l, Zn increased from 4.9 to 9.5 µg/l and Cr increased from 0.36 
to 0.47 µg/l (Figure 14).  

Figure 14. a) Concentrations of suspended material and Fe, b) concentrations of Al and Zn and c) concentration 
of Cr from the ditch that lead to Särkijoki. 
 
There were marginal increases in the concentrations of TOC and DOC after the second 
particle filter. TOC increased from 8.2 to 8.7 mg/l and DOC increased from 6.8 to 7.5 mg/l 
(Figure 19). NH3+NH4-N increased after the first particle filter from 0.057 to 0.072 mg/l. 
Total-N and NO3-N were highest between the two particle filters (Figure 15). The pH 
increased from 5.7 to 5.8 and to 6.0 respectively.  
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Figure 15. a) Concentration of DOC and TOC, b) NH3+NH4-N and NO3-N and c) total-N from the ditch that 
lead to Särkijoki. 
 
Merasjoki 

In the ditch running into Merasjoki the discharge was too small to measure it. The 
suspended material concentration decreased from 93 mg/l before the two particle filters to 3 
mg/l after the particle filters. Some of the metal concentrations decreased, for example Fe 
from 2.1 to 1.3 mg/l, Cu from 0.20 to 0.14 µg/l, Ni from 0.16 to 0.12 µg/l and Pb from 0.034 
to 0.010 µg/l whereas Cr increased from 0.16 to 0.24 µg/l after the particle filters (Figure 16). 

 
Figure 16. a) Concentrations of suspended material and iron, b) concentrations of chrome, cupper, nickel and 
lead from the ditch that lead to Merasjoki. 
 
 
While TOC decreased from 70 to 12 mg/l, DOC was unaffected by the particle filter (Figure 
17a). Tot-P decreased from 0.084 to 0.007 mg/l and tot-N from 0.49 to 0.36 mg/l but NO3-N 

a)             b)                    c) 

Särkijoki

0

0,01

0,02

0,03

0,04

0,05

0,06

0,07

0,08

NH3+NH4-N NO3-N

m
g

/l

Before

Between

After

Särkijoki

0

0,05

0,1

0,15

0,2

0,25

0,3

0,35

0,4

0,45

Total-N

m
g

/l

Before

Between

After

Särkijoki

0

1

2

3

4

5

6

7

8

9

10

DOC TOC

m
g
/l

Before

Between

After

 

a)           b) 

Merasjoki

0

0,05

0,1

0,15

0,2

0,25

Cr Cu Ni Pb

µg
/l Before

After

Merasjoki

0

10

20

30

40

50

60

70

80

90

100

Susp Fe

Before

After



 21

increased from 0.06 to 0.08 mg/l after the particle filters (Figure 21). The pH was almost 
constant (6.5 before and 6.6 after the particle filter).  

 
Figure 17.  a) Concentration of DOC and TOC, b) concentration of NO3-Nand total-P, c) concentration of total-
N from the ditch that lead to Merasjoki. 
 
 
 
Torne River 

In the ditch running into Torne River the flow was 79 l/s. There were only marginal 
variations in concentrations of Al, Mn, Cr and Cu (Figure 18). The pH increased from 5.94 to 
6.35. 

 
Figure 18. a) Concentrations of aluminium and manganese, b) concentrations of chrome and cupper from the 
ditch that lead to Torne River. 
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Sludge  
Särkijoki 

The five sludge samples had a mean concentration of Fe 350400 mg/kg TS (Fig. 19), Al 
3030 mg/kg TS (Fig. 20), Mn 630 mg/kg TS, Cr 38 mg/kg TS (Fig. 21), Cu 2 mg/kg TS (Fig. 
21) and Zn 64 mg/kg TS (Fig. 21). Average LOI was 39 % TS and mean TS was 1.8 %.  
 
Merasjoki 

One sludge sample was taken from one particle filterand the metal concentrations were, 
Fe 180000 mg/kg TS (Fig. 19), Al 1670 mg/kg TS (Fig. 20), Mn 4950 mg/kg TS, Cr <10 
mg/kg TS (Fig. 21), Cu 3 mg/kg TS (Fig. 21) and Zn 43 mg/kg TS (Fig. 21). LOI was 59 % 
TS and TS was 2.9 %.  
 
Torne River 

The three sludge samples had a mean concentration of Fe 96100 mg/kg TS (Fig. 19), Al 
39400 mg/kg TS (Fig. 20), Mn 1930 mg/kg TS, Cr 62 mg/kg TS (Fig. 21), Cu 22 mg/kg TS 
(Fig. 21) and Zn 42 mg/kg TS (Fig. 21). The average LOI was 34 % TS and average TS was 
1.7 %.  
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Figure 19. Iron concentration in the sludge from particle filters, S1-S5 sludge samples from Särkijoki, M sludge 
sample from Merasjoki and T1-T3 sludge samples from Torne River. 
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Sludge from particle filters Al
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Figure 20. Aluminium concentration in the sludge from particle filters, S1-S5 sludge samples from Särkijoki, M 
sludge sample from Merasjoki and T1-T3 sludge samples from Torne River. 
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Figure 21. Chrome, cupper and zinc concentration in the sludge from particle filters, S1-S5 sludge samples from 
Särkijoki, M sludge sample from Merasjoki and T1-T3 sludge samples from Torne River. 
 
 

Acid sulphate soils 
In the ditch in Alvik there were low values of pH, high concentrations of sulphur and 

high concentrations of many metals. The lowest pH coincided with the highest concentrations 
of sulphur and several metals and they occurred during May and at the measurement in 
November. The mean pH in May was 4.49 (range 4.12-5.18) (n=15), and increased in summer 
to mean pH of 6.20 (range 6.09-6.30) (n=12). In November, the mean pH decreased to 4.75 
(range 4.70-4.82) (n=3). The concentration of S varied from 17 mg/l (range 14.3-20.6) in May 
to about 10 mg/l (range 9.05-11.8 mg/l) in summer and increased again in November to 24 
mg/l (Figure 22). The pH was significantly negatively correlated with S (rs = -0.65) (Table 1). 
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Sulphur and pH in Alvik
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Figure 22. Concentration of S and pH as a function of time in the Alvik ditch.  
 

The Al concentration varied from 2464 µg/l (range 2190-2700 µg/l) as mean in May to 
about 950 µg/l (range 741-1110 µg/l) in summer and increased in November to 2880 µg/l 
(range 2820-2930 µg/l) (Fig. 23). The pH was significantly negatively correlated with Al (rs = 
-0.57) (Table 1). 
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Figure 23. Concentration of Al and pH as a function of time in the Alvik ditch. 
 

Other metals that showed similar temporal patterns as S and Al were Zn, Cd, Co, Ni, Mn 
and Mg. Their concentrations were high during May, decreased in the summer and increased 
to their highest concentrations in November (Figure 24). There were highly significant 
correlations between sulphur and several metals (Al, Cd, Co, Mg, Mn, Ni and Zn (rs = 0.94, 
0.76, 0.94, 0.91, 0.85, 0.97 and 0.96, respectively) and also among the metals (Figure 24, 
Table 1). The pH was also significantly negatively correlated with all these metals except Fe 
(Table 1).The concentration of Zn varied from 41 µg/l as mean in May to about 15 µg/l in 
summer and increased in November to 47 µg/l (Figure 24).  
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S, Co, Ni, Zn in Alvik
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Figure 24. Concentration of sulphur, cobalt, nickel and zinc concentrations, as a function of time in the Alvik 
ditch. 
 

All metals did not behave as those described above. Fe and As increased during the 
summer to their highest concentrations in August, Fe (4.7 mg/l) and As (1.2 µg/l), when also 
TOC (26 mg/l), DOC (21 mg/l), macronutrients and colour showed maximum concentrations 
and the discharge was at minimum (0.9 l/s) (Figure 25). The pH was highly correlated with Fe 
(rs = 0.80) (Table 1).  
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Figure 25. Concentrations of Fe, As, TOC and DOC as a function of time in the Alvik ditch. 
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Table 1. Spearman Rank Order correlation coefficients between Al, As, Cd, Co, Fe, Mg, Mn, Ni, S, Zn, and pH 
in the ditch water in Alvik (n=30). Significant correlations (Bonferroni adjusted, see Methods) are marked in 
bold. 

 Water quality variables 

 Al Cd Co Mg Mn Ni Zn Fe As pH 
S 0.94 0,76 0.94 0.91 0.85 0.97 0.96 -0.44 -0.67 -0.65 
Al  0.78 0.96 0.87 0.91 0.96 0.93 -0.38 -0.72 -0.57 
Cd   0.78 0.63 0.71 0.76 0.78 -0.64 -0.84 -0.76 
Co    0.88 0.89 0.98 0.95 -0.39 -0.72 -0.60 
Mg     0.75 0.90 0.86 -0.11 -0.50 -0.43 
Mn      0.87 0.85 -0.39 -0.71 -0.64 
Ni       0.98 -0.40 -0.68 -0.61 
Zn        -0.45 -0.67 -0.67 
Fe         0.74 0.80 
As          0.69 

 
Dissolved elements in ditch water can be transported over long distances if pH remains 

low and if there is enough flow in the ditch. In November, the flow in Alvik was 5.3 l/s, 
which was about normal flow. In the high-flow events during snowmelt in May the flow was 
higher but unfortunately not possible to measure. In November, S concentration was 24 mg/l. 
The transport of S in November was hence ~11 kg/day. In August when the flow was as low 
as 0.9 l/s and the S concentration was low (11 mg/l), transport of S was ~855 g/day. The mean 
of six months S concentration in Alvik was 14 mg/l and the normal flow was about 5 l/s, 
resulting in a transport of about 2200 kg S/year from the ditch in Alvik. The transport of other 
trace elements from the ditch in Alvik in November was for Al (2880 µg/l) 1.3 kg/day, for Zn 
(47µg/l) 22 g/day and for Cd (0.141µg/l) 64 mg/day. 
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Discussion 

Particle Filters 
Alvik 

The geochemistry of the ditchwater in Alvik was only marginally affected by the 
particle filters. Significant effects were only measured for suspended material, TOC and Mo. 
The suspended material decreased after the second particle filter significantly. The increase of 
suspended material after the first particle filter in May, probably depended on the temporary 
water flow into the ditch between the particle filters during the snowmelt and flood period 
(Figure 2). The decrease of TOC in Alvik after the first particle filter was significantly, at 
most TOC decreased with 2 mg/l (from 18 to 16 mg/l), but the analytical error for TOC could 
vary between 10-35 %. When taken this into account it is not possible to state that TOC 
decreased. Also for Mo in Alvik the potential analytical (± 0.137 µg/l) was larger than the 
maximal observed decrease (0.077 µg/l). 

There were no differences in the water level before and after the particle filters. This 
strongly suggests that the particle filters were too loosely packed to affect the 
biogeochemistry of the ditch water. 
 
Särkijoki 

In the ditch that leads to Särkijoki suspended material increased 3.5 times, some metal 
concentrations increased, Fe (70 %), Al (30 %), Zn (90 %) and Cr (30 %) and also DOC and 
TOC increased in the water after the second particle filter. Of these elements only Cr 
increased after the first particle filter (25 %). The five sludge samples from the particle filters 
had high concentrations of the metals Fe, Al, Zn and Cr (Figure 19, 20 and 21). At the 
sampling occasion the particle filters were flooded and aggregated sludge particles floated in 
the water. Because of the flood, these aggregations were not stopped by the particle filters. 
Instead they flowed over and beside of the particle filters. After the second particle filter there 
was a waterfall of about a half of a meter. The water flowed over and beside the particle filter 
down to the ditch and the ditch got also narrower after the second particle filter. This resulted 
in increased water turbulence, which might have dissolved the aggregated particles, which in 
turn probably lead to an increase in the concentrations of suspended material, Fe, Al, Zn, Cr, 
DOC and TOC in the ditchwater after the second particle filter. If the particle filters would 
have entirely covered the cross section of the ditch, probably the coagulations had been 
stopped by the particle filters.  

Because of the flood it was impossible to investigate the effect of the particle filters on 
the geochemistry of the ditch water. 
 
Merasjoki 

In the ditch that leads to Merasjoki the suspended material decreased ~30-fold, total-P 
decreased ~12-fold, TOC decreased five times, also Fe, Cu, Ni, Pb and total-N decreased with 
25-60 % (Figure 16 and 17). There was almost no discharge in the ditch (<0.1 l/s). Upstream 
the first particle filter, the water level was about 10-15 cm and there was much organic matter 
in the upper sediment and in the water. Therefore, it was hard to take the samples without 
contaminating the sample with organic matter. Downstream the second particle filter, the 
water run slowly into a small rivulet. I took the samples directly from the rivulet before the 
water reached the pool of water. The decrease of suspended material, total-P and TOC and the 
decrease of total-N might be explained by the high amount of organic matter in the water 
before the particle filters. Cu, Ni and Pb (and other metals) are known to bind to organic 
matter (Appelo and Postma 2005; SEPA 2007). Fe was probably in large extent bound as iron 
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oxides/hydroxides, which also adsorb metals as Cu, Ni and Pb (Appelo and Postma 2005; 
SEPA 2007). For that reason the decrease of these elements might also be explained by the 
high amount of organic matter in the water before the particle filters. The only elements that 
increased after the particle filters were Cr and NO3-N (33 and 25 % respectively).  

The discharge of the ditch running to Merasjoki was too small to make any conclusion 
concerning the ability of the particle filters to improve water quality. 
 
Torne River 
The concentration of all elements varied marginally in the ditch running to Torne River. The 
variations were smaller than the analytical errors of the elements. Two of the three particle 
filters were flooded, including the surrounding mire; the third particle filter downstream was 
not flooded.  
 

The concentration of suspended material was considerable smaller in a stream in Finland 
after drainage ditching, than in other streams in artificially drained catchments in Finland, 
which by Åström et al. (2001:b) indicated that the 18 sedimentation pits and six basins that 
were built in that stream removed a considerable amount of particulates. Manninen (1998) did 
not detect any apparent effect on the removal of nutrients and solids from water in his 
investigation in a Finnish drainage areaexcept just after ditching when 20 % of total solids and 
17% total-P were removed. This was probably due to that ditching was done on peatland, 
which has more hardly precipitated mineral solids (finer material. Sedimentation ponds are 
insufficient to protect biodiversity when draining easily eroding lands with finer matter (i.e. 
clay) (Vuori and Joensuu 1995). In Finland, concentrations of suspended solids were reduced 
in only half of the sedimentation ponds (40 to 500 m3) from 37 catchments (Joensuu et. al 
1999). The significant correlation between accumulation and pond size indicated that the 
ponds were too small. The average decrease of suspended material was from 46 to 37 mg/l, 
but the variation was large from a reduction of 157 mg/l to an increase of 41 mg/l. In most 
catchments with coarse- or medium-textured subsoils, the function of the ponds was 
satisfactorily regarding the reduction of suspended solids, but in catchments with fine textured 
(silt and clay) subsoils, the effect of the sedimentation ponds were negligible (Joensuu et. al 
1999). 
 

The size of the sedimentation basins and the size of the particles in the suspended 
material, determines how effective the removal of suspended material is in the sedimentation 
basins. In Alvik, the particle filters were probably too small and the catchment drains were 
partly located in clay soils (finer material). These aspects can probably affect the 
sedimentation of particles in the particle filters in the ditch in Alvik. However, the main cause 
of the poor efficiency of the particle filters is probably due to their construction. The non-
difference in water level before and after the particle filters indicates that the particle filters 
were too loosely packed. Thus the particle filters did neither decrease the water velocity nor 
increase sedimentation. The particle filters in the area of Tärendö were flooded in one ditch. 
In another ditch two of three particle filters were flooded, and in the third ditch there was 
almost no discharge. Therefore, also in the Torne river ditch, it was not possible to evaluate 
the effectiveness of the particle filters in reducing e.g. suspended material in ditch water.   
 

Acid sulphate soils 
The catchment in Alvik consists partly of acid sulphate soils that originate from 

sulphide-rich marine sediments (SGU 1994). When this area was ditched in the 1970s, the 
groundwater level decreased and the sulphate soil was oxidized. In Alvik, I measured low pH-
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values and high concentrations of sulphur and aluminium and also high concentrations of 
other metals during May (average pH 4.5, S 17 mg/l, Al 2464 µg/l) and in November (pH 4.7, 
S 24 mg/l, Al 2880 µg/l). During summer, the average pH was 6.2, and average 
concentrations were 10 mg/l and 950 µg/l for S and Al, respectively. The pH was significantly 
negatively correlated to S, Al, Cd, Co, Mn, Ni and Zn (Table 1). These metals were also 
significantly correlated to each other (Tabel 1). 
  

Åström (2001) described similar hydrogeochemical behaviour between SO4
2- and several 

metals (Al, Cd, Co, Cu, Mn, Ni, U, Zn) by an annual hydrological/soil-geochemical cycle 
with 4 components. (1) In summer, increasing temperatures and low groundwater table result 
in oxidation of the sulphides to sulphuric acid, resulting in production of acidity and alteration 
of soil minerals, which results in an overall release in the soils of SO4

2-, H3O
+ and trace 

elements. (2) In autumn during heavy rainfalls, rainwater soaks into the acid sulphate soils, 
mobilizes and dissolves the weathering products and drains them away from the soil, resulting 
in an increase of SO4

2-, H3O
+ and trace elements in the surface water. (3) In early summer 

(June), the abundance of soluble weathering products is not high in the acid sulphate soils due 
to that leaching occurred during high flows in autumn and/or spring (snowmelt), only small 
amounts are formed in early summer. (4) Low flow (baseflow), in acid sulphate soils the 
runoff is low compared to areas covered with other sediments, resulting in low element 
concentrations in the stream. These components seem to correspond also for the ditch in 
Alvik, with the maximum concentrations for many of the metals in autumn (2) and high 
concentrations also during snowmelt in May, much lower concentrations in June (3) and 
during the summer (1). During low flow (4) in winter there has not been any sampling in 
Alvik. Erixon (2004) described the seasonal variation as weather generated sulphide 
oxidations, depending on the changes of the groundwater level, which varies depending on the 
precipitation amounts. Years/seasons with low precipitation lower the groundwater level and 
the sulphate soils are oxidized. When the soil is saturated again with water, the sulphuric acid 
will decrease the pH in the groundwater, which is transported to the brooks. The metal 
concentrations will increase in the water depending either on the release of metals during the 
oxidation of the sulphate soils, and/or on increased weathering due to the decreased pH 
(Erixon 2004). In the upper sediments of acid sulphate soils Sohlenius and Öborn (2004) 
detected low concentrations of S, which coincided with low pH (3.9-4.5). This indicated that 
sulphides were oxidized to sulphate, which in turn was leached from the sediment (Sohlenius 
and Öborn 2004). Deeper down in the sediment profile both pH and S concentrations 
increased (Sohlenius and Öborn 2004). 

 
In a study in the Baltic coasts of Sweden and Finland Sohlenius and Öborn (2004) found 

that the Sulphide-containing clays that are not oxidized and sulphide-free clays in 
neighbouring areas have the same content of Cu, Mn, Co, Ni and Cd. The increase of leaching 
of metals from acid sulphate soils and/or sediments are shown in several studies: For Ni, Zn 
and Cd (Roos and Åström 2006); during oxidation of the sediments release of Ni, Co, Mn and 
Cu (Åström 1998); mobilization from sediments of Cd, Ni, Mn, Co, Zn and Cu (Sohlenius 
and Öborn 2004); elevated concentrations in the upper section of sediment cores of Al, Cd, 
Co, Cu, Mn, Ni and Zn (Nordmyr et al. 2008); increasing influence of acid sulphate soils 
increased Al, Cd, Co, Cu, Mn, Ni, Se, U, Zn, Cr and Tl in the water (Åström 2001); 
significantly higher concentrations than in the reference streams of SO4

2-, Al, Ca, Cd, Co, Cu, 
F, Mn, Ni, Pb, Se, Sr and Zn (Österholm et al. 2005); abundantly leached from acid sulphate 
soils of Al, B, Be Cd, Co, Cu, Li, Mn, Ni, S, Si, Th, Tl, U and Zn (Roos and Åström 2005).  
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The natural pristine concentrations of Zn and Cd in Swedish minor watercourses are 
<1.0 µg/l and <0.002 µg/l, respectively (SEPA 2000). In my study, high concentration of S 
and the metals Al, Cd, Co, Mg, Mn, Ni and Zn coincided with low pH in Alvik indicating the 
influence of acid sulphate soils. The Zn and Cd concentrations in the ditch in Alvik exceeded 
the threshold concentrations that may affect reproduction or survival of species. In water, the 
critical concentration for Zn is 20 µg/l and for Cd 0.1 µg/l (SEPA 2000). In Alvik, these 
concentrations were exceeded in May (mean Zn 41.05 µg/l and mean Cd 0.17 µg/l) and 
November (Zn 47.23 µg/l). How much of the increase is due to the release of metals during 
the oxidation or due to increased weathering caused by decreasing pH is not possible to 
conclude in this study and needs further investigation. 
 

Fe is not abundantly mobilized and leached from the acid sulphate soils (Åström 1998; 
Sohlenius and Öborn 2004; Roos and Åström 2005; Roos and Åström 2006; Nordmyr et al. 
2008). Other metals that Roos and Åström (2005) found immobile in acid sulphate soils were 
As, Ba, Bi, Cr, Pb, Sb and V. In Alvik Fe, As, Ba and Pb appeared to be immobilized from 
the acid sulphate soils. As is associated with particulate/colloidal Fe-oxyhydroxides (Ingri 
1996; Åström 2001). Åström (2001) found that As did not follow the variations of pH, TOC 
or Fe, but in Alvik As followed them very close with high correlations (Table 1). Sohlenius 
and Öborn (2004) detected that Fe, Mo and Cu first have been weathered and then been bound 
in oxides that are formed in the acid sulphate soils, decreasing their mobility. Fe re-
precipitates along semi-oxic cracks in the soil and in the drains (Sohlenius et al. 2004). In the 
Kalix River, Ingri (1996) detected that Fe concentrations in the forest areas were highest 
during snowmelt (May). According to Ingri (1996) about 96 % of the dissolved phase (< 0.45 
µm) of Fe consisted of small particles, small colloidal Fe-oxyhydroxides and/or complex-
bound colloidal organic compounds. When draining trough peat areas, Fe probably complex-
binds with organic compounds. After snowmelt, the concentrations of Fe decreased and then 
started to increase again slowly during the rest of the year (Ingri 1996). In Alvik, the Fe 
concentrations were low during the samplings in May (snowmelt) and increased during the 
summer, with the highest concentration in August, when also TOC and DOC had their highest 
concentrations and discharge was at minimum.  
 

In headwaters, pH is mainly controlled by organic acids (humic compounds) (Ingri 
1996; Åström and Spiro 2005). In the Kalix River, TOC consists mainly of humic compounds 
(drained from peat layers) and is strongly correlated with pH (Ingri 1996). When TOC 
concentrations increased in the Kalix River in spring, the pH decreased and vice versa in 
summer (Ingri 1996). Åström and Spiro (2005) found that in high-flow events in acid sulphate 
soils, water was decoloured, showed low pH, strongly elevated metal fluxes, TOC decreased 
and humic-rich flocks were visible. The flocculation was a result of interaction with high-
valence cations that were leached from the acid sulphate soils. At low-flow events, the acid 
sulphate soil impact was small, resulting in increased TOC concentrations and pH and no 
flocculation occurred. When flow increases, the hydrogen ion concentrations increase in 
water, from both humus rich forest soils and acid sulphate soils (Roos and Åström 2005). 
During low-flow events, algal growth is abundant and cause carbon dioxide uptake during 
photosynthesis, which might result in increased pH. Roos and Åström (2005) therefore 
suggest that the acid sulphate soils “have a smaller effect on pH than on many other elements” 
in river waters. Forest drainage can also result in increased pH (Manninen 1998; Prévost  et 
al. 1999; Åström et al. 2001a;2001b). One explanation is that hydrogen ions derived from 
dissociation of organic acids, are neutralised by cation exchange on clay minerals and 
oxyhydroxides in the exposed till horizon (Åström et al. 2001a). During high-flow events 
(May) in Alvik, pH was low and TOC concentrations and colour at moderate level. During 
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low-flow (June-September), pH increased and TOC concentrations and colour showed 
maximum concentrations in August. The correlation between pH and TOC in Alvik was the 
opposite of that in Kalix River, which is a headwater. The correlation between pH, TOC and 
colour in Alvik was similar to the investigation of Roos and Åström (2005), but no 
flocculation occurred in the ditch in Alvik. In Alvik there were probably not enough till 
horizons of the ditch slopes to neutralise the impact of the acid sulphate soils. It is hard to 
determine the main pH-controller in my study. Probably both the oxidation of the sulphides 
and the organic acids in humic compounds together decreased pH. This might even amplify 
the pH decrease, because the dissociation of the organic acids occurs at low pH (pKa between 
4 and 5), by release of the hydrogen ion (Ingri 1996).  
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Conclusions 
 

The study shows that, probably due to inefficient construction, the particle filters did not 
decrease the concentrations of any elements. Only suspended material decreased significantly 
after the second particle filter in Alvik. The decrease is probably highest for coarse suspended 
material, which is transported in the ditch during the flood in May, when mineral particles and 
humus particles are released from the ground and the ditch slopes. In November the 
suspended material concentrations were quite high and were equal at all sampling points 
(before, between and after the particle filters). In November, the ditch was also partly ice 
covered. At this sampling occasion finer suspended material probably predominated and was 
not trapped by the particle filters. To determine the function of particle filters, further 
investigations must be done on the geochemistry in other ditches with particle filters. 
  

The acid sulphate soil in Alvik had a major effect on the geochemistry in the ditch. 
During spring (snowmelt and flood) the water was acid and leached high concentrations of 
metals. During low flow in summer, the pH increased and the metal concentrations decreased. 
During this period, the sulphate soils were probably oxidised. During autumn, when 
precipitation increased, the soils were saturated and leached sulphuric acid and metals. In 
Alvik the pH was significantly negatively correlated to sulphur and several metals, and 
sulphur and the metals were significantly correlated to each other. In November, 11 kg/day 
sulphate and 1.3 kg/day Al were transported from the small ditch in Alvik. Estimated, this 
results in up to about 2000 kg S/year that are transported from the ditch. 

 
There is potentially an increasing, but so far almost neglected problem with acidification 

and metal pollution of ditches, brooks and sediments due to drainage ditching in acid sulphate 
soils along rising seashores at the Golf of Bothnia. Such ditching might result in adverse 
ecological effects and needs hence further investigations. Until the ecological effects are fully 
investigated and understood, drainage ditching in acid sulphate soils should be avoided. 
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Appendix  
 

Coordinates for the sampling sites 
 
Alvik  65°34’13, 21°38’14 
 
Särkijoki  67°03’32, 22°37’54 
 
Merasjoki  67°25’55, 22°21’48 
 
Torne River  67°27’49, 22°25’34 
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Appendix 
 

Analytical methods 
 
ALS Scandinavia AB in Luleå 
Described in the report. 
 
ALcontrol Laboratories AB in Umeå 
 
TOC and DOC by SS-EN 1484 
Phosphor, P-tot by ISO 15681/SS 028127 
Nitrogen, N-tot by SS 13395/SS 028131 
Ammoniacal-nitrogen, NH4-N by SS-EN ISO 11732 mod. 
Nitrate-nitrogen and nitrite-nitrogen, NO3-N + NO2-N by SS-EN ISO 13395 mod. 
 
 
Eurofins Steins Laboratorium AB in Kalmar/Jönköping 
 
TOC and DOC by SM 17 5310C 
Phosphor, P-tot by DSENI 6878 Auto 
Nitrogen, N-tot by DSENI 11905 Auto 
Sum of ammonia and ammoniacal-nitrogen, NH3 + NH4-N by DS/EN ISO11732m 
Nitrate-nitrogen, NO3-N and nitrite-nitrogen, NO2-N by DS/EN I 13395-1 
Alkalinity total by SS EN 9963-1:1 
Chlorophyll A by SS 028170 
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Appendix  
 

Biogeochemistry of water samples from Alvik 

 
Before = the sample was taken before the water flow reaches the particle filters 
Between = the sample was taken between two particle filters 
After = the sample was taken after the particle filters   
 
 
Date  Susp 

mg/l 
Ca 
mg/l 

Fe 
mg/l 

K 
mg/l 

Mg 
mg/l 

Na 
mg/l 

S 
mg/l 

Si 
mg/l 

20070502 Before 13 9,69 1,59 0,874 3,96 4,11 17,8 7,16
20070502 Between 27 9,65 1,57 0,776 3,87 4,02 17,3 7,14
20070502 After 12 9,71 1,59 0,789 3,92 3,99 17,7 7,19

     
20070507 Before 12 10,2 1,48 0,865 4,1 4,37 18,6 7,71
20070507 Between 16 10,3 1,51 0,842 4,14 4,38 18,8 7,82
20070507 After 12 10,4 1,51 0,796 4,27 4,44 19,3 7,86

     
20070514 Before 4,6 8,29 1,46 0,628 3,22 3,54 15,1 6,82
20070514 Between 12 8,65 1,5 0,724 3,39 3,7 15,8 7,09
20070514 After 4,9 7,84 1,37 0,675 3,07 3,33 14,3 6,42

     
20070521 Before 2,4 8,07 1,27 0,744 3,1 3,58 14,4 6,88
20070521 Between 3,3 8,15 1,25 0,729 3,11 3,59 14,6 6,94
20070521 After 2,8 8,08 1,24 0,729 3,11 3,54 14,5 6,86
          
20070528 Before 6,5 10,9 1,52 0,868 4,13 4,76 19,8 8,56
20070528 Between 6,4 10,4 1,43 0,84 3,97 4,59 20,6 8,56
20070528 After 6,5 10,9 1,49 0,839 4,18 4,79 20,5 8,64
          
20070627 Before 14 9,01 3,1 1,64 3,18 11,8 11,5 11,5
20070627 Between 14 8,98 3,15 1,59 3,18 11,8 11,6 11,5
20070627 After 5,7 8,97 2,98 1,62 3,22 11,8 11,8 11,7
          
20070718 Before 11 9,08 3,15 1,38 2,92 8,17 9,39 11,1
20070718 Between 5,2 9,01 3,18 1,32 2,91 8,05 9,36 11,1
20070718 After 4,1 8,93 3,12 1,48 2,91 8,21 9,14 10,8
          
20070812 Before 6,8 10,1 4,6 1,59 3,37 10,3 11 11,2
20070812 Between 4,9 10,2 4,7 1,6 3,41 10,4 11,1 11,4
20070812 After 4,7 10,1 4,7 1,64 3,37 10,3 11 11,2
          
20070910 Before 3 9,05 2,68 1,31 3,04 8,65 9,65 11,1
20070910 Between 4,3 8,37 2,57 1,24 2,81 8,04 9,05 10,5
20070910 After 3,2 8,96 2,69 1,28 3,02 8,59 9,84 11,2
          
20071107 Before 12 13,4 2,93 1,14 5,41 7,5 23,8 13,4
20071107 Between 12 13,6 3,02 1,19 5,53 7,74 24,1 13,7
20071107 After 12 13,6 3,04 1,1 5,52 7,83 24,3 13,6
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Date  Al 

µg/l 
As 
µg/l 

Ba 
µg/l 

Cd 
µg/l 

Co 
µg/l 

Cr 
µg/l 

Cu 
µg/l 

Hg 
µg/l 

20070502 Before 2650 0,438 12 0,175 9,57 0,79 2,73  <0,002
20070502 Between 2620 0,447 11,9 0,185 9,86 0,75 2,85  <0,002
20070502 After 2630 0,444 13,1 0,179 9,3 0,774 2,51  <0,002

     
20070507 Before 2660 0,404 12,9 0,168 10,6 0,893 2,88  <0,002
20070507 Between 2690 0,43 13,4 0,189 10,2 0,845 2,75  <0,002
20070507 After 2700 0,419 13,2 0,178 10,7 0,91 2,74 0,0029

     
20070514 Before 2320 0,498 11,2 0,144 8,02 0,951 2,76 0,0035
20070514 Between 2460 0,499 12 0,163 7,8 0,898 2,66 0,003
20070514 After 2230 0,472 10,7 0,16 8,34 0,904 2,77 0,0024

     
20070521 Before 2220 0,571 12,3 0,166 7,56 0,832 2,77 0,0034
20070521 Between 2200 0,6 12,7 0,167 7,53 0,854 2,63 0,0041
20070521 After 2190 0,535 12,1 0,152 7,44 0,817 2,76 0,0032
          
20070528 Before 2490 0,511 14,3 0,176 8,83 0,793 2,66 0,0033
20070528 Between 2420 0,478 13,3 0,175 9,97 0,88 2,74 0,0036
20070528 After 2480 0,474 14,3 0,183 9,67 0,786 2,7 0,0032
          
20070627 Before 1110 0,695 9,93 0,0719 3,19 0,724 1,88  <0,002
20070627 Between 1060 0,616 9,63 0,0755 3,37 0,751 2,34 0,0026
20070627 After 1060 0,716 9,86 0,0681 3,03 0,732 2,08 0,0026
          
20070718 Before 982 0,752 10,4 0,055 3,2 0,789 1,98 0,0037
20070718 Between 974 0,718 9,95 0,0473 3,02 0,6 2,2 0,005
20070718 After 886 0,686 9,92 0,0545 3,02 0,53 2,01 0,0035
          
20070812 Before 1020 1,12 15,2 0,0685 3,24 0,834 3,12 0,0042
20070812 Between 1000 1,22 13,5 0,0513 3,3 0,965 3,23 0,0037
20070812 After 929 0,841 14,9 0,0593 3,31 1,01 3,09 0,0034
          
20070910 Before 805 0,6 10,4 0,0337 2,35 0,745 1,23 0,0032
20070910 Between 741 0,702 9,77 0,0342 2,31 0,712 1,28 0,0031
20070910 After 792 0,686 9,35 0,0358 2,23 0,734 1,18 0,0035
          
20071107 Before 2820 0,596 15,9 0,138 10,3 1,04 2,15 0,0026
20071107 Between 2900 0,571 16,1 0,142 11 0,967 2,29 0,0026
20071107 After 2930 0,628 16,7 0,144 10,8 0,928 2,4 0,0027
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Date  Mn 

µg/l 
Mo 
µg/l 

Ni 
µg/l 

P 
µg/l 

Pb 
µg/l 

Sr 
µg/l 

Zn 
µg/l 

20070502 Before 452 0,166 10,3 14,5 0,185 69 41,3
20070502 Between 448 0,149 11 15,9 0,201 67,6 43,9
20070502 After 454 0,148 10,3 15,5 0,19 67,7 38,7

    
20070507 Before 437 0,142 12,3 15,5 0,18 72,6 47,1
20070507 Between 446 0,145 11,5 15,1 0,172 72,2 46,4
20070507 After 447 0,158 11,6 15,3 0,179 73,5 45,6

    
20070514 Before 340 0,145 9,3 16,8 0,215 60,7 36,5
20070514 Between 356 0,125 9,28 15,5 0,203 63,8 33,7
20070514 After 321 0,112 9,25 15,4 0,203 57,6 34,8

    
20070521 Before 319 0,138 9,22 12,4 0,233 61,1 36,9
20070521 Between 319 0,148 9,09 13,2 0,185 61,5 37,4
20070521 After 318 0,133 9,09 12,9 0,184 61,1 36,5
         
20070528 Before 432 0,184 11,2 14,2 0,163 79,6 44,1
20070528 Between 418 0,176 12,2 15,3 0,162 76 47,2
20070528 After 434 0,164 11,5 13,4 0,158 79,9 45,7
         
20070627 Before 137 0,873 7,32 17,5 0,804 65,8 17,4
20070627 Between 140 0,776 7,22 17,8 0,182 65,7 17,8
20070627 After 141 0,86 6,96 17,6 0,155 65,8 18,8
         
20070718 Before 185 0,717 6,46 19,2 0,195 67,8 15,4
20070718 Between 185 0,67 6,08 19,8 0,19 67,3 14,6
20070718 After 183 0,64 5,68 18,7 0,193 67,1 14,2
         
20070812 Before 149 0,692 7 21,5 0,42 73,1 15
20070812 Between 146 0,64 7,57 22,5 0,37 73,5 19,2
20070812 After 141 0,66 6,87 21,7 0,37 73 15
         
20070910 Before 149 0,493 4,73 16,8 0,123 64,1 12,8
20070910 Between 138 0,471 4,79 16,5 0,113 59,3 10,4
20070910 After 147 0,476 4,82 17,3 0,106 63,9 11,7
         
20071107 Before 511 0,223 12,4 12,3 0,193 91,7 47,2
20071107 Between 524 0,215 13,3 13 0,218 93,3 46,6
20071107 After 525 0,205 13,3 13,2 0,221 94 47,9
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Date  pH SpCond 

µS/cm 
TDS 
g/l 

ORP 
mV 

Temp 
°C 

Colour 
mg Pt/l 

20070502 Before 4,44 139,9 0,0895 332 2,52  
20070502 Between 4,47 140,7 0,09 334 2,49  
20070502 After 4,48 141,4 0,0905 336 2,47  

        
20070507 Before 4,68 150,1 0,0961 294 4,71 150
20070507 Between 4,66 149,8 0,0959 288 4,67 150
20070507 After 4,62 149,1 0,0954 277 4,61 150

        
20070514 Before 4,71 117,1 0,0749 296 3,53 160
20070514 Between 4,84 118,7 0,0759 291 3,5 160
20070514 After 5,18 118 0,0755 283 3,48 160

        
20070521 Before 4,15 115,5 0,0739 276 8,3 160
20070521 Between 4,12 117,5 0,075 274 8,28 160
20070521 After 4,15 117,6 0,0753 278 8,3 160

        
20070528 Before 4,31 152 0,097 280 9,28 140
20070528 Between 4,29 151,7 0,097 279 9,25 140
20070528 After 4,29 153,2 0,0983 277 9,22 140

        
20070627 Before 6,3 134,4 0,086 257 10,88 200
20070627 Between 6,27 135,5 0,0867 257 10,94 250
20070627 After 6,27 134,2 0,0859 257 11 200

        
20070718 Before 6,26 107,2 0,0686 252 13,95 200
20070718 Between 6,22 107,5 0,0688 252 13,98 200
20070718 After 6,27 107,3 0,0687 251 14,01 200

        
20070812 Before 6,16 131,5 0,084 316 13,69 250
20070812 Between 6,16 130,8 0,0837 316 13,69 250
20070812 After 6,16 131 0,0838 317 13,73 250

        
20070910 Before 6,12 119,5 0,0765 329 6,89 200
20070910 Between 6,11 119,7 0,0766 328 6,86 200
20070910 After 6,09 119,4 0,0764 329 6,83 175

        
20071107 Before 4,7 138,7 0,0887 503 -0,16 150
20071107 Between 4,74 137,8 0,0882 502 -0,15 150
20071107 After 4,82 137,8 0,0882 498 -0,15 150
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Date  NH4-N 

mg/l 
NO3+NO2 
mg/l 

TOT-N 
mg/l 

TOT-P 
mg/l 

TOC 
mg/l 

DOC 
mg/l 

20070502 Before       
20070502 Between       
20070502 After       

        
20070507 Before   0,39 0,009 18  
20070507 Between   0,39 0,01 16  
20070507 After   0,41 0,011 17  

        
20070514 Before 0,026 0,025 0,39 0,009 18 15
20070514 Between 0,026 0,025 0,39 0,01 16 15
20070514 After 0,026 0,025 0,39 0,009 17 14

        
20070521 Before       
20070521 Between       
20070521 After       

        
20070528 Before   0,37 0,008 18  
20070528 Between   0,41 0,008 17  
20070528 After   0,38 0,007 17  

        
20070627 Before 0,011 0,021 0,42 0,012 21 17
20070627 Between 0,011 0,02 0,4 0,013 20 17
20070627 After 0,011 0,021 0,41 0,011 20 16

        
20070718 Before 0,017 0,027 0,45 0,012 21 17
20070718 Between 0,017 0,028 0,44 0,013 19 17
20070718 After 0,017 0,026 0,46 0,013 21 17

        
20070812 Before 0,056 0,049 0,47 0,017 26 21
20070812 Between 0,057 0,048 0,52 0,015 26 20
20070812 After 0,058 0,049 0,5 0,016 26 20

        
20070910 Before 0,01 0,033 0,36 0,035 17 16
20070910 Between 0,008 0,033 0,37 0,034 17 16
20070910 After 0,008 0,033 0,37 0,033 19 16

        
*20071107 Before 0,064 0,059 0,5 0,014 21 12
*20071107 Between 0,058 0,062 0,52 0,015 21 12
*20071107 After 0,065 0,059 0,51 0,014 21 12
 
* = Analysis done in another laboratory, NH4-N is NH4-N+NH3, NO3+NO2 is only NO3.  
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Appendix V 
 

Biogeochemistry of water samples from the tree ditches in Tärendö 
 
Sampling sites 
S stands for Särkijoki 
T stands for Torne River 
M stands for Merasjoki 
before = the sample was taken before the water flow reaches the particle filters 
between = the sample was taken between two particle filters 
after = the sample was taken after the particle filters   
 
 Susp 

mg/l 
Ca 
mg/l 

Fe 
mg/l 

K 
mg/l 

Mg 
mg/l 

Na 
mg/l 

S 
mg/l 

Si 
mg/l 

S before 4,4 3,11 3,30 0,4 0,795 1,21 0,19 3,95
S between 4,2 3,08 3,42 0,4 0,789 1,19 0,20 3,95
S after 15 3,15 5,72 0,4 0,798 1,20 0,24 4,02
T before <2 3,93 1,01 0,4 1,31 1,24 0,54 4,29
T after <2 3,94 0,95 0,4 1,30 1,23 0,49 4,21
M before 93 18,1 2,13 1,1 3,29 2,57 3,39 5,80
M after 3 17,1 1,30 1,1 3,25 2,49 3,06 5,69
 
 
 Al 

µg/l 
As 
µg/l 

Ba 
µg/l 

Cd 
µg/l 

Co 
µg/l 

Cr 
µg/l 

Cu 
µg/l 

Hg 
µg/l 

S before 16,5    <0,1 10,3 0,004 0,112 0,281    <0,1  <0,002
S between 15,8 0,201 9,8 0,003 0,107 0,357    <0,1  <0,002
S after 21    <0,1 10,4 0,007 0,125 0,474    <0,1 0,0026
T before 23    <0,1 7,1  <0,002 0,072 0,188 0,30  <0,002
T after 24,9    <0,1 7,8  <0,002 0,070 0,213 0,28  <0,002
M before 32,6    <0,2 32,4 0,003 0,124 0,157 0,20  <0,002
M after 26,3    <0,1 25,8 0,002 0,110 0,236 0,14  <0,002
 
 
 Mn 

µg/l 
Mo 
µg/l 

Ni 
µg/l 

P 
µg/l 

Pb 
µg/l 

Sr 
µg/l 

Zn 
µg/l 

S before 30,8   <0,05 0,077 16,5 0,0492 11,1 4,87
S between 28,1   <0,05 0,078 16,1 0,0519 11 4,88
S after 31,4   <0,05 0,086 19,5 0,0692 11,3 9,47
T before 13,9   <0,05 0,218 2,89 0,0172 15,2 1,26
T after 12,1   <0,05 0,217 3,04 0,0170 15 1,09
M before 42,5 0,208 0,165 5,77 0,0339 165 0,818
M after 47,9 0,186 0,117 4,68 0,0101 151 0,709
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 pH SpCond 
µS/cm 

TDS 
g/l 

ORP 
mV 

Temp 
°C 

S before 5,68 22,3 0,014 355 2,22
S between 5,79 22,3 0,014 358 2,22
S after 6,05 22,1 0,014 329 2,22
T before 5,94 25,4 0,016 386 1,09
T after 6,35 25,4 0,016 369 1,12
M before 6,51 98,8 0,063 329 0,63
M after 6,57 90,6 0,058 321 0,57

 
 
 Alkalinity 

mg 
HCO3/l 

Chloro-
phyll A  
µg/l 

NH3+NH4-
N 
mg/l 

NO3-N 
Mg/l 

Total-N
mg/l 

Total-
P 
mg/l 

DOC 
mg/l 

TOC 
mg/l 

Colour
mg 
Pt/l 

S before 13,7 <1 0,057 0,016 0,34 0,02 7 8,2 125
S between 14,2 3 0,072 0,025 0,39 0,021 6,8 8,2 125
S after 13,6 2 0,072 0,018 0,34 0,023 7,5 8,7 125
T before 18,5 <1 0,039 0,019 0,24 <0,005 6,5 7 60
T after 18 <1 0,032 0,017 0,23 0,006 6,4 7 55
M before 47,8 40 0,014 0,060 0,49 0,084 11 70 125
M after 46,8 <1 0,014 0,079 0,36 0,007 12 12 125
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Appendix V 
 

Biogeochemistry of sludge samples from particle filters in Tärendö 
 
Sampling sites 
S stands for Särkijoki 
T stands for Torne River 
M stands for Merasjoki 
   
 
 
 LOI 

% TS 
TS 
% 

Al 
mg/kg TS

As 
mg/kg TS

Ba 
mg/kg TS

Be 
mg/kg TS

Ca 
mg/kg TS 

Cd 
mg/kg TS

S1 41 2,8 1970 1,72 114    <0,6 5880 0,0305
S2 39 1,3 3090 1,87 140    <0,6 7140 0,0216
S3 38,8 1,5 3070 1,76 135 0,732 6990 0,0149
S4 39,1 2 4050 1,89 158    <0,6 8010 0,0362
S5 39 1,4 2970 1,94 161 1,07 7940 0,0336
M 58,7 2,9 1670 0,822 438    <0,6 26000 0,0893
T1 25,9 2,5 51000 0,579 488 1,24 21900 0,0732
T2 40,6 0,6 32100 0,951 387 0,778 17900 0,0478
T3 36,8 1,9 35200 0,826 404 1,01 18500 0,0363
  
 Co 

mg/kg 
TS 

Cr 
mg/kg 
TS 

Cu 
mg/kg 
TS 

Fe 
mg/kg 
TS 

Hg 
mg/kg 
TS 

K 
mg/kg 
TS 

La 
mg/kg 
TS 

Mg 
mg/kg 
TS 

S1 2,67 38,2 1,33 366000   <0,04 535 10,8 623
S2 3,71 42,3 1,48 364000   <0,04 927 16,8 1010
S3 2,85 37 1,49 354000   <0,04 887 8,1 962
S4 2,95 31,5 3,50 332000   <0,04 1140 17,5 1200
S5 2,57 39,2 1,48 336000   <0,05 852 20,9 1010
M 9,48     <10 3,04 180000 0,051 579      <6 1600
T1 11 74,4 23,4 69400 0,0517 13700 27,9 12000
T2 20,3 61,7 25,7 119000 0,125 10100 29,8 8450
T3 11,6 49,8 16,4 100000 0,0492 10900 20,9 8370
 
 Mn 

mg/kg 
TS 

Mo 
mg/kg 
TS 

Na 
mg/kg 
TS 

Nb 
mg/kg 
TS 

Ni 
mg/kg 
TS 

P 
mg/kg 
TS 

Pb 
mg/kg 
TS 

S 
mg/kg 
TS 

Sc 
mg/kg 
TS 

S1 404 7,6 705 6,77 1,81 1180 0,526 1460      <1
S2 1010      <6 1020      <6 1,8 1520 0,868 1490      <1
S3 544      <6 1010      <6 1,93 1290 0,692 1470      <1
S4 627      <6 1420      <6 2,02 1580 0,894 1510      <1
S5 565      <6 938      <6 1,67 1800 0,872 1410      <1
M 4950      <6 306      <6 2,24 640 1,37 2920      <1
T1 1440      <6 21100      <6 15,9 1000 3,74 1260 12
T2 2360      <6 12700      <6 22,8 978 5,37 1870 8,44
T3 1980      <6 14300      <6 13,7 961 3,11 1770 8,86
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 Si 
mg/kg 
TS 

Sn 
mg/kg 
TS 

Sr 
mg/kg 
TS 

Ti 
mg/kg 
TS 

V 
mg/kg 
TS 

W 
mg/kg 
TS 

Y 
mg/kg 
TS 

Zn 
mg/kg 
TS 

Zr 
mg/kg 
TS 

S1 18600     <30 30,4 156 42,1     <60 2,77 61,8 19,4
S2 20200     <30 39,3 270 103     <60 5,07 64,8 17,5
S3 20900     <20 38,2 293 82,6     <60 5,56 62,8 30,2
S4 23400     <20 46,3 387 105     <60 6,38 65,3 51,8
S5 19400     <30 44 263 133     <60 7,05 66,3 20,9
M 11900     <20 335 42,6 6,25     <60      <2 42,6 3,61
T1 206000     <20 205 4210 69     <60 21,2 39,1 217
T2 137000     <30 143 2820 52,4     <60 16 45,2 154
T3 152000     <20 155 3110 52,5     <60 17 41,6 184
 
 
 


