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Abstract 
 
Rivers have been playing most important role as fresh water source and medium of nutrient 
transportation from terrestrial to aquatic ecosystem. Inorganic form of nutrients (DSi, DIN 
and DIP) are plant available mostly control the productivity of aquatic ecosystem. Transfer of 
these nutrients in higher concentrations cause harmful eutrophication in receiving water body. 
Study of dissolved inorganic nutrients concentrations in 12 Swedish rivers of different basin 
characteristics demonstrated both similar and varying behaviour from river to river and from 
season to season depending on catchment hydrology; land use and geology. Highest 
concentration did not coincide with the highest runoff. High DSi concentration observed in 
the unperturbed rivers however, high DIN and DIP concentration observed in agriculture 
dominated river followed by river basin dominated by industrial and urban activities. DSi and 
DIN concentration observed high in winter and decreased through spring to reach lowest in 
summer. DIP concentration although found low in summer but high concentration observed in 
early spring and early autumn. Rivers with low average runoff positively correlated with DSi 
and DIN concentration however, DIP demonstrated weak correlation. 
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1 Introduction 
 
Rivers have always been one of the most important freshwater resources and most 
developmental activities are depended upon the availability of fresh water. Fresh water is 
being used in multiple purposes of development like in agriculture, industry, transportation, 
aquaculture, public water supply etc. However, since earlier, rivers have also been used for 
cleaning and dumping of various development activities. Huge loads of waste from industries, 
domestic sewage, agricultural activities and managed forests, as well as natural background 
losses and atmospheric deposition discharge into rivers, resulting in large scale deterioration 
of the water quality. The growing problem of degradation of river ecosystem has necessitated 
the monitoring of water quality of various rivers all over the world to evaluate their 
production capacity, utility potential and to plan restorative measures.  
 
Rivers play important role in worldwide delivery of nutrients from terrestrial ecosystem to the 
coastal water which causes higher nutrient concentrations and subsequent harmful 
eutrophication problems in the aquatic ecosystem (Nixon, 1996). The water quality of natural 
rivers depends on the character of the upstream of the drainage basin, which profoundly 
influences the chemistry of water mainly through the anthropogenic activities .The worldwide 
growth in population and resulted increased demand for water, energy and land use 
exacerbated the situation. Excessive landscape disturbance by human activities at the 
catchment areas alter the rates of weathering, leaching and erosion by removing vegetative 
cover, exposing soil, and increasing water runoff velocity. Agricultural chemicals, urban 
wastewater, industrial waste, emissions from vehicles, fossil fuel-burning electric apparatus 
and other sources produce a variety of compounds that affect water chemistry by discharging 
nutrients such as nitrogen and phosphorous .  
 
Nitrogen, phosphorous and silica are the three important elements (nutrients) most likely to 
control the productive function of aquatic ecosystems. Various climatological and 
anthropogenic factors by controlling water discharge govern the flux and hence concentrations 
of nutrients in the water body. Variations observed in river flows depend on the precipitation 
in its reception areas which depend on seasonal cycle of the year. After entrance in the 
drainage basin, the part of the water which does not go back to atmosphere through 
evapotranspiration can reach the aquatic system by overland, through and groundwater base 
flow. In its pathway from land to the river through the soil-rock complex carries everything 
that can be mobilized by its physical or chemical action, including the soluble and particulate 
products which is the result of interaction with the organisms (Silva et al., 2001). 
 
Rivers along the Baltic Sea by discharging nutrients and other chemical elements from their 
basin deteriorated the water quality to a grater extent. During the second half of the last 
century nitrogen and phosphorous load in the Baltic Sea increased four and eight times 
respectively due to increased population, agricultural and industrial activities in the drainage 
area (Larsson et al.,1985 ).These increased nutrients load deteriorated the water quality by 
increasing algal bloom, lowering light penetration, transformed benthic zone anoxic and 
lifeless (SIBER, 2002).While loads N and P increased but Si decreased which changed the 
phytoplankton composition of the water body (Danielsson et al., 2006). Two possible causes 
of DSi decrement are the rapid sinking of diatoms after the blooms and increase retention time 
of the water in the regulated water (SIBER, 2002). 
 
Anthropogenic activities at the catchment area tend to increase the discharge of N and P but 
reduce the supply of Si to the sea, which by altering concentration and the ratio of nutrients 
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may cause the shift of primary producer of the aquatic ecosystem from diatom to non-diatom 
species (Hecky and Kilham, 1988). The sources N, P and Si and their fate during travel from 
sources to the sea vary significantly with climate, hydrological regime and anthropogenic 
activities in the watershed (Billen and Garnier, 2007),causing the concentrations of nutrients 
to vary considerably from year to year and even from season to season. During the periods of 
high runoff nutrients are abundantly leached from soil increasing the loads and hence 
concentrations originating from diffuse sources and natural leaching. DIN usually increases 
during the early spring season from snowmelt runoff from watershed which cause spring 
bloom in most water body. Concentrations normally decrease during summer season as 
nutrients are taken up by phytoplankton and ultimately deposited to the bottom after death. 
 
1.1 Aim of the study 
 
Aim of this present study is to observe– 
How concentrations of nutrients varied within a year due to change in hydrological regime 
with seasons -winter, spring, summer and autumn. 
It will enable us to know how climatological factors by controlling hydrological regime 
control the nutrient concentration in different rivers, and to predict how the concentrations of 
these nutrients may change as functions of runoff and seasons. 
Long term variation in concentrations of dissolved inorganic nutrients (DSi, DIN and DIP) in 
12 Swedish rivers and its relation with runoff for the periods of 1985 to 2005. Study of long 
term variation in nutrient concentration of river would enable us to know concentration of 
which nutrient element increasing or decreasing with time and how it relates with runoff 
variation. 
 
1.2 Objective of the study 
 
Objective of this study is to observe how dissolved inorganic nutrient concentrations (DSi, 
DIN and DIP) of twelve Swedish rivers of different basin characteristics, ranging from 
pristine river in north to agriculture dominated southern changing with time. And to which 
extent concentrations of the DSi, DIN and DIP controlled by the runoff which is also function 
of various climatological factors like- seasons. 
How different land use, population density, weathering rate and geological factors of the 
basins determining specific leakage of nutrients element control the relation between runoff 
and concentration. 
 
2. Background 
 
Various studies (e.g. Beaulac and Reckhow, 1982; Frink, 1991; Jordan et al., 1997) have 
showed that land use strongly influence the nutrient discharges from land to the river. 
Differences in geological and climatic condition also control the nutrient discharge. Uses of 
fertilizers in intensive agriculture and urbanisation due to increased population resulted in 
increased sewage emission and use of detergents which increased the concentrations of 
dissolved nitrogen (N) and phosphorous (P) in the most of the world river over the last several 
decades.  
  
Loss of nitrogen and phosphorus from land is one of the major problems affecting water 
quality of Swedish river and resulting in eutrophication of the surrounding seas (Brandt and 
Ejhed, 2003). This problem is more pronounced in the agriculture-dominated southern part of 
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the country than the north where nutrient leaching from arable land is the main diffuse 
contributor to rivers comprises 97% of N and 90% of P and in central part the corresponding 
figures have been estimated to be 60–70% for N and P (Brandt and Ejhed, 2003).Use of 
fertilizer in Swedish agriculture, especially phosphorous, was doubled from 1920-1970 which 
increased phosphorous discharge to the water body to a greater extent (SEPA, 2002). Various 
farm facilities like dairies, as well as from scattered rural households whose wastewater is not 
connected to sewerage line or not processed by tertiary treatment facilities also contributing 
phosphorous to the nearby rivers and lakes. Although various activities and regulations, 
including tax on fertilizer use have again been brought down to the pervious level however, 
stored phosphorous in arable land remain undiminished.  
 
Extent of nutrient export from catchment area to river controlled mainly by the amount of 
water discharge, which is a function of climate, water retention capacity of soils, geologic 
structure and topographic relief of the basin. Before reaching nutrient at the mouth of the river 
there are a complex function of various physical, chemical and biological processes take place 
in the upstream basin and its way to river mouth. Processes like denitrification, assimilation 
by algae and aquatic macrophytes, adsorption onto stream bed sediments and sedimentation 
determine the loss of nutrients in the surface water during transport. Rivers in turn supply 
nutrients to the coastal seas which is most important parts of the world’s ecosystem and 
despite their small areas found valuable than open ocean and terrestrial system mostly due to 
the having capacity of storage and recycling of nutrients (Jickell, 1998). Nutrient input to the 
coastal zone via rivers increased by a factor of 2 to 3 globally due to the anthropogenic 
activities over the watershed and regions like northern Europe and parts of northern America 
showed much larger increase than the global (Duce et al., 1991). 
 
Inputs of N, P and Si by river and eutrophication of coastal water are inter-related. Due to 
changes in the riverine inflow of nutrients the frequency of eutrophication events has 
increased in various coastal water over the last decades. Evidence of such bloom of noxious 
phytoplankton observed in the Dutch Wadden Sea (Smayda, 1990) and hypoxia reported in 
river dominant coastal water like Chesapeake Bay (Officer et al., 1984) and some areas of the 
Baltic Sea (Andersson & Rydberg, 1988). 
 
Transportation of nutrients from sources through the river controlled by the various human 
induced activities in its way to coastal water. Presence of dams along the river affects the 
transportation of nutrients by causing artificial lake affect (Humborg et al., 1997). As the 
number of dams increasing worldwide for electricity generation or protection from flood, 
transportation of sediment hence transportation of phosphorous and silica to the coastal water 
are decreasing (Halim, 1991). Basins of the northern Sweden rivers are sparsely populated and 
agriculture activities almost absent or very low but dams are the most obvious human impact 
which decreased DSi discharge. Dams on Lule river for electricity generation has increased Si 
retention rate by 698 tonnes/year which resulted in increased diatom production in Störa 
Lulevatten and this increased retention corresponds to a reduction in the Si transport to the 
Gulf of Bothnia by 2%(Drugge, 2003). In Danube River damming caused as high as 50% 
reduction of DSi concentrations (Humborg et al., 1997). 
 
Phosphorous species which is carried by the rivers to the coastal water are mostly in 
particulate form (Howarth et al., 1996; Froehlich, 1988) also affected by the retention process 
way to the sea. Besides artificial lake affect of dams, presence of  lakes along the river basin 
cause low riverine load compare to the other basin not having lakes in its drainage basin 
(Grimvall & Stålnacke, 2001). In Sweden and Finland a large number of lakes in the 
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catchment area of river play an important role in trapping phosphorous, (Stålnacke and 
Grimvall, 1999). Effects of presence of lakes and reservoirs on the catchment area studied by 
Conely et al. (2000) and found that DSi concentrations decrease with increased percentage of 
lakes and reservoirs. They found river with less than 2% lakes and reservoir showed 
concentration 4592 µg/l where as the river having more than 10% lake and reservoirs along 
the catchment area averaged 1288 µg/l Study of Dalälven river where sampling taken from 
western branch at Mockfjörd and eastern branch at Gråda, western branch which does not pass 
through any major lakes nitrate concentrations found low during the summer seasons. But at 
the eastern branch which passes through the lake Siljan found high concentration in summer 
(Stålnacke, 1996) upward trend at the downstream of the lakes due to decreased point source 
emission of phosphorous to the lakes. According to Ahl (1990) reduced phosphorus emission 
to Lake Väneren caused lowering the biological uptake and retention of nitrogen in the lake. 
 
Long term trend study of nutrient concentration of various rivers of the world showed 
increasing trend of nitrate, phosphate, and decreasing trend for silica. In some rivers 
concentrations of some element increased two to six degrees which also altered the nutrient 
composition. In Sweden point source nitrate loads from industrial sources, pulp industries 
alone contributed with 50% of the emissions to rivers (SEPA, 1997). Atmospheric deposition 
of nitrate began to increase from 1950’s and peaked in 1980’s due to increasing emission 
from cars, industries and power generation plant (SEPA 1997). Increasing trend of nitrate 
concentrations in Swedish rivers was first reported in early 1970’s. Later some other studies 
also indicated that saturation of forest ecosystem has further increased the loads of nitrate 
especially in the rivers of southern Sweden (Stålnacke, 1991).  For reduction of the nutrients 
loads by the rivers around the Baltic efforts have been taken by the countries during 1970’s 
and 1980’s (Löwgren, 2002). Lowering of leaching from agricultural land and point sources 
did not show any change in riverine input of nitrogen to the Baltic Sea (Stålnacke and 
Grimvall, 1999). 
 
Study of long term changes in nutrient concentration showed different pattern in different 
river of the world. Hayashi et al.(2004) studied the decreasing trend of water discharge of 
Yellow river to Bohai Bay and its effect on dissolved inorganic nitrogen and dissolved 
inorganic phosphorous between 1980 to 1990. Where DIN concentration increased but DIP 
concentration decreased and thus shifted Bohai Bay from N to P limiting. In Scheldt River  
(Soetaert et al., 2006) annual average concentrations of DIN ,DIP and DSi concentrations  
increased until 1970s after that time concentrations started to decline  at the rate of 42µg/l, 9.3 
µg/l and 16.8 µg/l /year and concentration followed positive correlation with water discharge. 
 
The Redfield ratio or atomic composition of phytoplankton close to C:N:Si:P = 105:16:15:1 at 
maximum growth rate (Walve, 2002) .The relative shortage in relation to Redfield is 
interpreted as indication of potential limitation by that nutrient (Forsberg et al., 1978). For the 
growth of different algal species quantity and chemical forms of nutrients vary from spices to 
species (BOING). Supply ratios of nutrients from sources and requirement for different 
species are an important regulatory factor (Sommer, 1989). If nutrients supply changes with 
its ratio then some species can take the advantage where as other fail to survive in changed 
nutrients concentrations (BOING). Sommer (1989) in his laboratory experiment observed that 
if N: P ratio is low cyanobacteria can dominate but high Si: P ratio favour diatom. Flagellates 
and cyanobacteria can dominate even in low growth rate due to having some special 
characteristics like motility, low rate of sedimentation and grazing resistance (Walve, 2002) 
 

Seasonal variation in concentration and loading nutrients also observed in various river of the 
world. Mississippi River which brings nutrients to the Gulf found high primary production 
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during February to July (Justic et al., 1993). However, hypoxia observed during the summer 
due to decomposition of organic matter accumulated during spring phytoplankton bloom 
(Qureshi, 1995). Seasonal variation in nutrient (DIP and DIN) loads observed in the 
Bangpakong estuary, Thailand ( Buranapratheprat et al.,2002) where high loading observed in 
September and concentration did not coincide with loading .High concentration found few 
months before the high loading in September which was mostly due to seasonal variations in 
residence times and loadings. Nutrient concentrations of Bandon River, southwest Ireland, 
showed temporal and spatial variation. In case of Nitrate highest concentrations 1694 µg/l 
observed in winter (November) at the upstream and lowest 3.22 µg/l in summer at the mouth 
of the estuary. Phosphate and DSi concentration also followed same seasonal variation and 
concentrations both nutrients found as low as 0.28 µg/l at the river mouth in summer (in 
August and July respectively). These changes in concentrations with time and space alter the 
Redfield ratio (N: P) which was higher at the upstream but decreased to 10 at the river mouth 
(Muylaert, 1999). 
 
Nutrient concentrations of Boise River from 1989 to 1999 showed variation between upstream 
and downstream. Concentrations of total P found 100µg/l at near diversion dam to 1300 µg/l 
at other part of the river. Concentration also followed seasonal pattern with low 
concentrations in winter when water flow was low. DIP which comprises 75% to 80% of the 
total P also followed similar pattern with respect to locations and flow condition (IDEQ, 
2001). 
 
2.1 Nutrient introduction to aquatic ecosystem 
 
Nutrients enter to the aquatic ecosystem through various processes; combination of chemical 
and physical processes with water movement determines the introduction of nutrients to the 
water body. As nutrients remain in different chemical forms, the various processes of water 
transport provide a range of impacts on nutrient transfer.  Introduction to the water body occur 
mainly through precipitation, groundwater flow and surface water runoff. 
 
Anthropogenic sources like intensive agricultural, urban sewerage and livestock sewage bring 
a large quantity of nutrient to aquatic environment. Soil erosion is the most important 
mechanism which transfers nutrients like nitrogen and phosphorous from terrestrial 
environment to aquatic environment. Cultivation, overgrazing and clear cutting also 
accelerates the rate of nutrient transfer (Dugdale et al., 1998). Vertical movement of nutrient 
from agricultural and other places where nutrient level is high through leaching transport 
soluble nutrients from surface soil profile to ground water and then laterally transfer to lakes, 
rivers and oceans. 
 
Atmospheric input of nutrients specially nitrogen which mostly increase due to human 
activities. Input by this way through wet and dry deposition of elements which liberated to the 
atmosphere through burning of fossil fuel, intensive agricultural and from farming practices 
like poultry, dairy and pig farming. Biological process like N fixation by phytoplankton also 
brings atmospheric nitrogen to the aquatic ecosystem. Lateral water flow also brings 
organisms from one ecosystem to another ecosystem and organisms facing mortality release 
nutrient to that ecosystem.  
 
Weathering from geological sources, although this process is slow and transfer very small 
quantities but play vital role in sustaining important nutrient element like P, Fe and Si in 
natural ecosystem(Dugdale et al.,1998). Flux through weathering processes depend on nature 
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and composition of bed rocks and its interaction with climatological factors. Usually 
weathering rate decrease with age of weathering surface but acid deposition from 
anthropogenic sources accelerate weathering rate. 
 
2.2 Problems of nutrient over enrichment and composition change 
 
Coastal waters are the most important and productive and economically vital ecosystem for 
any country however, it is the most heavily loaded ecosystem of the Earth. Activities in 
catchment area produce large quantities of nutrients which exported finally to the coastal 
water by rivers and streams. Concentrations of nutrients are usually higher at the mouth of the 
river (estuary) where mixing of fresh and saline water take place and movement is low and 
water is rich in various organisms. Most of the estuaries are now a days showing 
eutrophication with some variation in scale, intensity and impact (Bricker et al., 1999). Water 
exchange rate with open ocean is important factor in maintaining the ecosystem quality. Low 
exchange with open ocean increase the residence time of water as well as nutrient which make 
the coastal water vulnerable, Baltic Sea is one of the examples of such areas.  
 
Primary productivity of any water body depends on various factors like availability of light, 
nutrients, grazing, mortality and other physical factors. Interplay among these factors will 
determine how the water body responds to the nutrient loadings. Although productivity of any 
ecosystem mostly controlled by the nutrient, excess or lack of one or more nutrient element 
can adversely affect the aquatic ecosystem. Usually phytoplankton blooms occur only when 
plankton turnover time is shorter than the water residence time. If water residence time less 
than turnover time of phytoplankton then there is less possibility to be eutrophied. In some 
ecosystem moderate nutrient loading can be beneficial as increased primary production lead to 
increased fish production and harvest (Nixon, 1996). Other ecosystem like coral reefs can be 
damaged even small increase in nutrient loading. 
  
Nutrient from watershed bring various element at various ratio which ultimately change the 
nutrient concentrations and ratio of the receiving water body. Changed concentrations and 
ratios of nutrients due to the discharge from watershed affect the biodiversity of that water by 
promoting some species over other species. Ratio and concentrations change cause both 
economic and non economic loss like eutrophication and associated anoxia, hypoxia and dead 
bottom, loss of fishery resources, change in trophic and ecological structure, loss of 
biodiversity and impact the aesthetic use of water body.  
 
2.3 Sources of nutrients 
 
Nutrients discharged to the rivers from various sources with in the catchment areas of the 
rivers. Sources include industries, municipal waste water treatment plants, rural scattered 
dwellings and losses from agriculture fields, managed forests, atmospheric deposition as well 
as natural background losses. All these sources are mainly divided into point and non-point 
sources. Of them although, point sources are comparatively easy to control but diffuse  
sources is difficult to both identify and quantify  especially which are widespread and  
development of  solutions for control measures also complicated. Among the various diffuse 
sources agriculture has long been a major source of nutrients all over the world. Nutrients are 
mainly derived from fertilisers used in agricultural field and, as well as effluent from huge 
pig, dairy farms and agro-industrial units. Nutrients discharge from non-point source starts 
usually with precipitation. During the period of high runoff leaching rate becomes high. When 
the resulting runoff of precipitation moves over and through the soil, it picks up and carries 
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away natural and anthropogenic nutrients, finally transporting them to streams, rivers, 
wetlands, lakes, and even to ground water. Lack of appropriate agricultural practices in some 
areas have polluted rivers and groundwater, to a greater extent by increasing soil erosion. 
Nowadays, many wetlands have been drained, and converted into cropland which also 
aggravated nutrient concentrations in many water bodies.  
 
Globally, about 40 percent of the inorganic nitrogen fertilizer applied to agricultural fields is 
volatilized as ammonia and lost to the atmosphere, either directly from fertilizer or from 
animal wastes. Combustion of fossil fuels, like coal and gasoline also transfer nitrogen to the 
atmosphere. Local contributions also come from evaporative losses of nitrogen in the vicinity 
of open-air manure and from cattle farming. This nitrogen later deposited onto the landscape 
as dry pollutants or acid rain (Howarth et al., 2000).  
 
Pollution Load compilations-4 by Helsinki Commission(2004) reported that diffuse source, 
mainly agriculture discharge 60% of waterborne nitrogen and 50% of phosphorous to the 
Baltic Sea. Although improved waste water treatment in industry and municipal waste water 
treatment plants have reduced from the point sources between 1985- 2004 but reduction from 
diffuse sources did not fulfil the target (HELCOM, 2005). In different countries various 
environmental laws are imposed to control point sources, which have resulted in reductions 
from point sources like industries and from the wastewater treatment plants. Although 
violations occur, in most cases, the legislation has had a positive influence on preventing or 
limiting contaminants from entering water systems.  
 
2.3.1 Phosphorous 
 
Phosphorus is the eleventh-most abundant mineral in the earth's crust and has no gaseous 
state. The natural background levels of total phosphorus are generally less than 30µg/l. The 
natural levels of orthophosphate usually range from 5µg/l to 50 µg/l (Dunne and Leopold, 
1978). Natural inorganic phosphorus deposits occur primarily as phosphate in the mineral 
apatite which found in igneous, metamorphic, and sedimentary rocks. When released into the 
environment, phosphate transformed to orthophosphate depending on the pH of the 
surrounding soil (Osmond et al., 1995). 
 
In case of point sources, sewage system provides most of the available phosphorus to surface 
water bodies and agriculture source is the largest diffuse source.  Nowadays, introduction of 
sewage and industrial waste water treatment reduced emission form the point sources to a 
great extent. Usually during treatment of sewage primary treatment removes only 10% of the 
phosphorus in the waste; secondary treatment removes an additional 30%.  Tertiary treatment 
which includes chemical precipitation and biological treatment remove additional 
phosphorous from waste water.  
 
Phosphate in soil is not readily available for uptake and it is rapidly immobilized as calcium 
or iron phosphates. Most of the phosphorus in soils is adsorbed to soil particles or 
incorporated into organic matter (Smith, 1990). Phosphorus travel to surface water attached to 
particles of soil or manure eroded by water and also can dissolve into runoff water as it passes 
over the surface of the agricultural field (Lory, 2007). 
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Figure1. Schematic representation of the phosphorus cycle (Source: www.lenntech.com) 
 
In freshwater and marine water systems phosphorous exists in two forms- particulate and 
dissolved. The organic and inorganic particulate and soluble forms of phosphorus undergo 
continuous transformations through the food web. The dissolved phosphorus is first 
assimilated by phytoplankton and transformed to organic phosphorus. Phytoplankton is then 
ingested by zooplankton or detritivores. Zooplankton excretes more than 50% of the organic 
phosphate as inorganic P. This released inorganic P again rapidly assimilated by 
phytoplankton (Smith, 1994). Lakes and reservoir sediments serve as phosphorus sinks. When 
phosphorous containing particle settle down to the bottom due to bioturbation and chemical 
change in bottom water a portion of phosphorus back to the water column (Osmond, 1995).  
 
2.3.2 Nitrogen 
 
Nitrogen is present almost everywhere in air, water, soil, rocks, plants and animals. It is 
present in different forms and continually changing its molecular form and also moving from 
one place to another. This process of change and movement is taken place in a cycle which is 
known as. Nitrogen cycle and controls nitrogen exchange within and among living organisms 
on the Earth's surface and with the atmosphere. The geologic and soil material, which is least 
active zone of nitrogen exchange, contains 98 percent of the total amount of nitrogen on the 
planet (Seelig and Nowatzki, 2001). Among all atmospheric gases, nitrogen alone makes up 
78% of total gas. Plants can take nitrogen when it is in the form of nitrate and ammonium 
only. Nitrogen cycle consists of four stages, three stages-fixation, ammonification, and 
nitrification-convert gaseous nitrogen into plant usable chemical forms. Where as, 
denitrification act reversely and converts fixed nitrogen back to the gaseous state (Smith, 
1994). 
 
Among the various non-point sources, agricultural activities discharge large amount of nitrate 
to the water body. Other diffuse sources are livestock excrement from pastures, rangeland, 
feedlots, uncontrolled manure storage, irrigation return flows and decomposed plant debris. 
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Nitrogenous fertilizer used on lawn and garden also contribute some extent.  Point sources are 
industrial use of nitrogen in manufacturing processes release nitrate in the effluent water. 
Nitrate is used in meat curing, production of fertilizer, heat-transfer fluid, explosives, glass, 
and heat-storage medium for solar-heating applications (Kubek et al., 1990). 
 

 
Figure 2.Nitrogen cycle (source: physicalgeography.net) 

 
The combustion of fossil fuels in vehicle, power generation plant, industrial and agricultural 
emission of nitrogen containing gases, aerosols, and air-borne particles contribute to the 
atmospheric nitrogen load.  Atmospheric deposition (wet and dry) of nitrogen in water bodies 
constitutes a large portion of total nitrogen inputs to the water body. Deposition of total 
nitrogen on estuarine and marine water is usually higher than the inputs to freshwater systems 
(Seelig and Nowatzki, 2001). 
 
2.3.3 Silica 
 
Silica (Si) is the second most abundant element on Earth and is a major element in most 
bedrocks of the crust (Wedepohl, 1969). Silicon cycle is linked strongly with the carbon cycle 
through the activities of diatoms in primary productivity (Berner et al., 1983; Smetacek, 
1998). Global greenhouse effect also strongly influenced by the rate of silica weathering and 
deposition of biogenic silica in marine sediments (Smetacek, 1999; Raven and Waite, 2004).It 
is found in a water body in the forms of dissolved silica and in particulate matter. Dissolved 
silica is bio-available for the aquatic organisms. Diatoms, radiolaria and siliceous sponges 
take up DSi to build their frustules or skeleton, which is deposited as biogenic silica (BSi).  
 
DSi discharged to the water body mainly from diffuse sources which depend on basin 
lithology. Biogeochemical cycling of Si through terrestrial ecosystems also significantly 
affects DSi in rivers (Alexandre et al., 1997). Dissolved silica concentration in rivers depends 
upon   various factors like chemical weathering, the interaction of the hydrological cycle with 
soils, biological uptake and dissolution on land and in surface waters (Conley, 2002). 
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Weathering rates are controlled by the interactions of climate, geology and vegetation 
(Berner, 1992). 
Particulate biogenic silica in the form of phytoliths eroded from soils may also represent 
diffuse inputs of dissolved silica (Garnier et al., 2002). A very small portion of dissolved and 
amorphous silica discharged to the water body from point sources like – detergents, paper 
production process and in sewage inputs (Clark et al., 1992). 
 
3. Data materials and methods 
 
3.1 Sources of Data 
 
Monthly nutrients data of the rivers have been retrieved from the database of Department of 
Environmental Assessment at the Swedish University of Agricultural Sciences, SLU, 
(http://www.slu.se). Regular monitoring of nutrients and other major constituents in Swedish 
rivers began in 1965 and in the early 1970’s a National Monitoring Programme (PMK) 
covering all major Swedish rivers was established. Since then the core of the programme has 
remained practically unchanged. Data on water chemistry and vegetation cover collected 
within the frame of the integrated monitoring in Sweden. 
 
The water samples were collected monthly at the major river mouths, except some smaller 
rivers in areas dominated by agricultural activities where samples are taken every second 
week. It should be mentioned here that all water samples were taken at a depth of 0.5 m. The 
samples are taken directly into the bottles to avoid contamination and sent directly to SLU lab 
where they are analysed according to standard methods. Details analytical methods of DIN, 
DIP and DSi are available on- 
http://info1.ma.slu.se/ma/www_ma.acgi$Analysis?ID=AnalysisList  
Monthly runoff data were retrieved from the Swedish Meteorological and Hydrological 
Institute (SMHI). 
 
3.2 Stepwise regression method 
 
Stepwise method combines both forward and backward procedures which is better in the 
exploratory phase of research or for purposes of pure prediction than theory testing (Menard, 
1995). Due to intercorrelations, the variance explained by certain variables will change when 
new variables enter to the equation. Sometimes a variable that qualified to enter losses some 
of its predictive validity when other variables enter to the model. In this method  the most 
correlated independent selected first, remove the variance in the dependent, then select the 
second independent variable which most correlates with the remaining variance in the 
dependent, and continue until selection of an additional independent does not increase the R-
squared by a significant amount (usually significance = .05). Each independent variable is 
entered in sequence and its value assessed. If addition of the variable contributes to the model 
then it is retained, but all other variables in the model are then re-evaluated to see if they are 
still contributing to the improvement of the model. If independent variables no longer 
contribute significantly they are removed. Thus, this method ensure end up with the smallest 
possible set of independent variables included in model. 
 
The purpose of a multiple regression is to find equation, which best predict the concentrations 
of the inorganic nutrients for each river as a linear function of the independent variables. The 
model will help to predict concentrations of inorganic nutrients as a function of runoff and 
seasons. 
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The goodness-of-fit of the multiple regression models was evaluated by the adjusted RPP

2
PP-value, 

which is the approximation of the coefficient of determination adjusted for the number of 
added predictor variables. The level of significance was set to 5%. 

Inorganic 
nutrients=b BB0BB+b BB1BB*runoff+bBB2BB*ZBB1 BB+b BB3BB*ZBB2 BB+b BB4BB*ZBB3 BB+bBB5BB*runoff*ZBB1 BB+b6*runoff*ZBB2BB+b7*runoff*ZBB3 

Where, 
Inorganic nutrients (DSi, DIN or DIP) concentrations are the dependent variables 
b B0 B = Intercept 
b1= coefficient for runoff 
b2= coefficient for the winter season (ZB1B), ZB1 B=1, if winter 
                                                                 ZB1 B=0, otherwise 
bBB3 BB= coefficient for the spring season (ZBB2BB), ZBB2 BB=1, if spring 
                                                                   ZBB2 BB=0, otherwise 
bBB4 BB= coefficient for the summer season (ZBB3BB), ZBB3 BB=1, if summer 
                                                                       ZBB3 BB=0, otherwise 
bBB5 BB= coefficient for the interaction of runoff and winter 
bBB6 BB= coefficient for the interaction of runoff and spring 
bBB7 BB= coefficient for the interaction of runoff and summer 

3.3 Correlation method  

The correlation is one of the most common and most useful statistics that describes the degree 

of relationship between two variables.  In Pearson's product-moment correlation coefficient 

two variables -average dissolved inorganic nutrients (DSi, DIN and DIP) concentration and 

average runoff were used to determine the relation between runoff and concentration of the 

studied rivers. For conducting significance test level of significance was fixed to α=0.05The 

Pearson’s correlation coefficient formula is- 

 

The key to the formula is its numerator, the sum of the products of the deviations.  
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4. General characteristics of the studied rivers and their 
catchments 
 
The 12 studied rivers are located all over Sweden (Figure1) .These rivers drain a great variety 
of catchments, ranging from almost pristine areas in northern Sweden to intensively 
agriculture areas in the south. In the northern Sweden river catchments population density is 
very sparse, <3 inhabitants/km2 (Humborg et al., 2003). The runoff in the rivers of this part is 
characterised by a pronounced peak during snowmelt (Bergström, 1993).Hydrological 
regulations, i.e. construction of river dams for power generation are the main human impact 
within these river systems (Humborg et al.,2001). Construction of dams for hydropower 
generation in northern part also resulted in high discharge in winter and low discharge in other 
time of the year (Bergström et al., 2001). Majorities of the northern and mid Swedish rivers 
are regulated to reduce peak flows, and natural lakes are present in practically all most all 
drainage basins (Bergström et al., 2001). Southern Sweden (46% of Sweden's total area) is the 
home to most of the population, agricultural lands, and industries. This part also embraces the 
country's large cities and metropolitan areas. The specific runoff varies a great deal from north 
to south as 200 mm/year in south eastern Sweden to more than 1500 mm /year in the 
mountains in northern Sweden (SMHI, 1994). 
 
Kalixälven 
Kalix River is the one of the four major and unregulated rivers in the northern Sweden, 
discharging in the Gulf of Bothnia near the southeast of Kalix. It is a sparsely populated basin 
(2 inhabitants/km2) of 23600 km2 (Humborg et al., 2003) and land covered mainly by 
coniferous forests (55 - 65%), peat lands (between 16 and 20%); lakes cover 4% of the area 
and less than 1% is farmland (Hjort, 1971). Average annual precipitation ranges from 472 - 
848 mm (SMHI, 1995) and discharge 289 m3/s (SMHI, 2003). Spring snowmelt is the major 
event in the water discharge. Snow consists 40 -50% of the yearly precipitation in the 
catchment, and a large quantity of water is discharged during snowmelt at relatively low air 
temperatures. Most of the snow in the woodland melts in mid-May and from mountains 
maximum melt water discharge usually in June (Ingri et al., 2005). 
 
Piteälven 
Piteälven is a river in northern Sweden, flowing through the Norrbotten County. It belongs to 
Swedish alpine rivers, and drains into the northern part of the Gulf of Bothnia. The river is 
mostly unregulated with a degree of development for hydroelectric power of 4 percent. 
Catchment area of the river is 11 285.3 km2 (SMHI, 2003), total length is about 340 km 
(Melin, 1970) and lake area consists of 8.7% of the catchment (SMHI, 2002).Population 
density 1 inhabitant/km2 (Humborg et al., 2003). Runoff of the Piteälven mainly comes from 
snowmelt and summer rains but is, to a minor extent, also due to glacier melt. The annual 
variations in discharge are great, with a marked high-water period in July, produced primarily 
by snowmelt (Melin, 1970). Mean annual precipitation reaches more than 1000 mm in the 
western mountain ranges, but towards the east decreases to 500 mm due to rain shadow effect 
(Wallen, 1951).  
 
Umeälven 
One of the main rivers of the northern Sweden with a catchment area of 26,499 km2 , length 
470 km and population density 1 inhabitant / km2 (Humborg et al., 2003). Rivers empties into 
the Gulf of Bothnia near the city of Umeå.  Average water discharge 450 m3/s and total 
discharge at river mouth 14.2 km3/year (Kempe et al., 2000). It is a regulated river with an 
electricity generation potential of 8.4TWh. (www.umeriver.com). 
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Figure 3: Showing sampling site of the studied rivers (Source:www.slu.se) 
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Figure 4: Map showing land use of the study area 
(Source: http://maps.grida.no/baltic/) 
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Figure 5.Map showing population density of the study area 
(Source: http://maps.grida.no/baltic/) 
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Lögdeälven  
Lögdeälven is a mountainous river; with catchment area of 1610 km2 and length 200 km. 
Water discharge at river mouth is 18 m3/s (NE.se). Lake area consists of 5 % of the basin 
(SMHI, 2002). 
 
Gideälven 
Gideälven is a  forest dominated river of mid Norrland with catchment area of 3430 km2and 
length 224 km. Lake consists 5% of the total basin area (SMHI, 2002).Average water 
discharge is 38 m3/s (Ne.se). 
 
Ångermanälven 
One of the longest river with a total length 490 km and contain large volumes of water. It is a 
regulated river with an electricity generation potential of 7.1TWh.Total catchment area of 
31,890 km2 with lake area of 9.2% and annual discharge at river mouth 490 m3/s (SMHI, 
2002).Origin of this river is the mid Scandinavian mountain range, southern part of the 
Swedish Lappland. Ångerman river ended up in the Baltic Sea near the Kramfors town. 
Population density 1 inhabitant/ km2 (Humborg et al., 2003). 
 
Indalsälven  
Indalsälven is one of Sweden's longest rivers with a total length of 430 km. Total catchment 
area is 25760.7 km2 and lake area 9.9 % of the catchment (SMHI, 2002). It is a regulated river 
with an electricity generation potential of 8.3TWh.Main tributaries are Kallströmmen, 
Långan, Hårkan and Ammerån. Average water discharge at river mouth 460 m3/s (NE.se). 
Population density 1 inhabitants/ km2 (Humborg et al., 2003). 
  
Dalälven 
Dalälven is the third longest river of the Sweden with a length of 520 km and catchment area 
of 29 908 km2 (Humborg et al., 2003). It originates from central Sweden, flows from the north 
of the Dalarna and discharge into the sea in northern Upland. Average water discharge at river 
mouth is 379 m3/s and population density of the basin is 1 inhabitant/ km2 (Humborg et al., 
2003). Northern part of this river divided into two branches: Österdalälven and 
Västerdalälven. It is highly regulated for hydropower generation with a capacity of 3.7 TWh 
and total discharge at river mouth 11.7K m3/year (Kempe et al., 2000).  
 
Gavleån:  
Total catchment area 2311.9 km2 and lake covers 9.5% of the basin (SMHI, 2002). River runs 
from large lake to Gavle bight through Gavle. Average and highest water discharge of this 
river is 21 m3/s and 250 m3/s respectively (NE.se). Highest water discharge usually observed 
during the month of April and May when snowmelt. Different industries and municipality use 
river water for different purposes and discharge again after use and treating at treatment plant. 
 
Norrström 
Norrström river basin covers an area of 22,638.8 km2 and length 300 km. Lakes area 
including two large lakes; Mälaren, and Hjälmaren consists 15.4% of the basin area (SMHI, 
2002). Total population of this river basin is approximately 1.7million (Hannerz, 2002). 
Forests and mires are dominating land types which cover about 70%, agriculture areas 
covering approximately 20% of the area. The influence suburbs of Stockholm have spread to 
more than 100 km from the city and many industries have settled around the Lake Mälaren.  
However, some parts of the catchment is  covered by heavily exploited agricultural areas, 
which is also a reason for supplying nutrients to the inland coastal Swedish waters (Darracq et 
al.,2003).  Average water discharge at the river mouth is 166 m3/s (NE.se). 
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Motalaström  
Catchment area of Motalaström is 15,384 km2 which drains the second largest lake Vättern 
into the Baltic Sea at Norrköping and total lakes area is 20.6% of the basin area (SMHI, 
2002). Length of the river is 100 km and average water discharge at river mouth is 100 m3/s 
(NE.se).  The river basin is used for various purposes: large plains mainly used for intensive 
agriculture and for meat production. Forested regions with diversified farming and forestry 
and coastal regions with decreasing fishery activities and increasing tourist activities 
(Löwgren, 2002). 
 
Emån 
The Emån River is 220 km long situated in south-eastern Sweden with a catchment area of 
4 440.9 km2 with a population of about100, 000(SMHI, 2002). Average annual precipitation is 
450mm in the eastern part to 800 mm in the western part of the catchment and spring floods 
occur almost every year. The water discharge varies between a maximum of 232 m3/s to less 
than 7 m3/s (Eman.se). Major land uses are  81 % forest, dominated by pine and spruce, 8 % 
fields mainly used for production of potatoes, cereals, and fodder,4% pasture land and 6.5% 
lakes(SMHI,2002). 

5. Results 
 
5.1 Descriptive statistics 
 
Rivers Ångermanälven, Indalsälven and Umeälven carried higher average monthly runoff 
than the other river (Table1). River Lögdeälven and Gavleån, on the other hand, had very low 
monthly average runoff of 0.0548 km3 and 0.0553 km3 respectively. Usually rivers with low 
runoff demonstrated high DSi concentration e.g. Lögdeälven and Gideälven. Specific leakage 
of DSi found high in river Logdeälven, Kalixälven and Piteälven and low in Norrström and 
Motalaström. 
Rivers of the southern Sweden showed high DIN and DIP concentration. Among the southern 
river high concentrations of DIN concentration found in Emån and Motalaström. Specific 
leakage of DIN observed high in Emån, Gavleån and Motalaström and low in Gideälven and 
Lögdeälven. In case of DIP high concentration observed in Norrström and Motalaström. 
Specific leakage of DIP found high in Norrström, Motalaström and Lögdeälven and low in 
Emån and Umeälven. 
River Kalixälven is exceptional among the northern river where DSi, DIN and DIP 
concentration found high compare to other rivers in the area. High DSi concentrations 
observed in the rivers of the northern Sweden however, among the southern rivers Emån 
showed high DSi concentration. 
Specific runoff- observed high in Indalsälven, Umeälven and in Ångermanälven and low in 
Motalaström and Emån, Moderate specific runoff found in Kalixälven, Lögdeälven and 
Dalälven (Table1)Specific leakage of DIN and DIP among the rivers varied three degree of 
magnitude. In case of DIN specific leakage observed 0.0197x103 kg/km2 /year in Gideälven 
and in Emån it was 0.0638x103 kg/km2 /year.  Specific leakage of DIP observed 0.7294 
kg/km2 /year in Emån and in Norrström it was 3.1847 kg/km2 /year. In case of DSi specific 
leakage varied 11 degree of magnitude among the studied rivers. In Norrström leakage found 
0.1148x103kg/km2 /year where as in Lögdeälven it was 1.3126x103kg/km2/year
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Table 1: Mean monthly runoff, DSi, DIN and DIP concentrations and yearly specific runoff and nutrients leakage of 12 Swedish rivers from 1984 to 2005(runoff    

1985 to 2000). 
 
 
 
Name of 
River  

 
Monthly 
Runoff 
(km3) 

 
Catchment 
area 
(km2) 

 
Specific 
runoff 
(10-4 km3   

/km2/yr) 

 
DSi  
Conc. 
(µg/l) 

 
DSi  
Load  
(103 kg/yr) 

 
DSi 
Leakage 
(103 kg/ 
km2 /yr ) 

 
DIN 
Conc. 
(µg/l) 

 
DIN 
Load  
(103 

kg/yr) 

 
DIN  
Leakage 
(103 kg/ 
km2 /yr) 

 
DIP 
Conc. 
(µg/l) 

 
DIP 
Load  
(103 kg/yr) 

  
DIP  
Leakage 
(kg/km2/yr) 

Kalixälven         0.8456 23600 4.2995 2648.27 26871.25 1.1386 107.24 1088.13 0.0461 4.65 47.18 1.9990

Piteälven        0.4960 11285 5.2743 2070.79 12325.34 1.0921 48.43 288.26 0.0255 2.93 17.44 1.5453

Umeälven         1.2684 26499 5.7439 1310.62 19948.37 0.7528 43.24 658.13 0.0248 2.19 33.33 1.2579

Lögdeälven           0.0548 1610 4.0845 3212.40 2113.25 1.3126 54.59 35.91 0.0223 4.98 3.28 2.0348

Gideälven          0.1032 3430 3.6105 2667.29 3303.49 0.9631 54.56 67.57 0.0197 4.03 4.99 1.4551

Ångermanälven             1.4598 31890 5.4931 1280.45 22430.41 0.7035 50.84 890.59 0.0279 2.08 36.44 1.1426

Indalsälven          1.2696 25761 5.9141 1167.09 17780.29 0.6904 92.80 1413.78 0.0549 1.79 27.27 1.0586

Gavleån           0.0553 2312 2.8702 1473.03 976.80 0.4245 209.01 138.60 0.0599 4.45 2.95 1.2763

Dalälven        1.0096 29908 4.0508 1771.08 21457.41 0.7174 121.16 1467.91 0.0491 3.26 39.50 1.3206

Norrström           0.4307 22639 2.2830 502.95 2599.45 0.1148 216.17 1117.25 0.0491 13.95 72.10 3.1847

Motalaström           0.2374 15384 1.8518 627.75 1788.65 0.1163 289.66 825.32 0.0536 11.16 31.80 2.0670

Emån     0.0755 4410 2.0544 2366.84 2144.64 0.4863 310.69 281.52 0.0638 3.55 3.22 0.7294
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 5.1.1 Yearly variation in nutrient concentration  
 
During the study period (1985-2005) concentrations of nutrients in rivers demonstrated lots of 
fluctuations. Rivers of the northern Sweden showed almost similar fluctuation pattern for all 
the nutrients elements. However, rivers of the south did not demonstrate any similar pattern of 
fluctuation tendency. 

For DSi concentrations rivers of the northern and mid Sweden (Kalixälven, Piteälven, 
Umeälven, Lögdeälven, Gideälven, Ångermanälven, Indalsälven, Gavleån and Dalälven) 
demonstrated high concentrations during the period of 1991-1995, followed by low 
concentrations during 1995-1997. Southern rivers Norrström, Motalaström and Emån had 
high concentration during 1997-1999.Yearly average DSi concentrations in rivers of the mid 
and southern Sweden (Dalälven, Norrström, Motalaström and Emån) showed significant 
strong positive correlation (p=0.01) with yearly average runoff (Fig.6j-6l). Yearly average 
DSi concentration in most of the northern river did not show any significant correlation with 
runoff however, Piteälven, Ångermanälven and Gavleån showed positive correlation 
(Appendix A). 
 
With some fluctuations among the different years most of the northern rivers showed 
decreasing trend of yearly average DIN concentrations. Gavleån and Dalälven showed 
increasing trends from 1997. In case of Norrström although decreasing trend were found till 
1997 where after an increasing trend was observed till 2000. Motalaström and Emån did not 
show any clear trend as lots of fluctuations were  observed during the study period however, 
the lowest concentrations of DIN were observed in 1987.Yearly average DIN concentration in 
northern and mid Sweden rivers showed very weak and insignificant correlation with yearly 
average runoff. Two southern rivers Motalaström and Emån showed significant positive 
correlation (p= 0.01) with runoff (Appendix A). 
 

In case of DIP concentrations, the rivers of the northern Sweden (Kalixälven, Piteälven, 
Umeälven, Lögdeälven and Gideälven) showed almost same fluctuation tendency during the 
study period. DIP concentrations of these rivers increased form 1985 till 1993 and from then 
showed decreasing trend and reached lowest concentrations during the period of 1999-2000. 
Ångermanälven, Indalsälven, Gavleån and Dalälven demonstrated the same trends: from 1991 
the concentrations increased sharply until they peaked in 1994 and from this point decreased 
till 1997 when reached their minimum value. Yearly average DIP concentration in southern 
rivers Norrström and Motalaström showed lots of fluctuation among the different year (8j-8k) 
and Emån river demonstrated an increasing trend from beginning of the study period onward. 
Correlation between yearly average DIP concentration and runoff found weak negative 
correlation for most of the rivers. Only Kalixälven, Umeälven, Ångermanälven and Norrström 
showed very weak positive correlation (Appendix A). 
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Figure 6 :( a-l) Showing yearly variation in DSi (mg/l) concentration with runoff (107m3 -109m3). 
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Figure 7 :( a-l) Showing yearly variation in DIN concentration (µg/l) with runoff (106m3 -107m3). 
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Figure 8(a-l) Showing yearly variation in DIP concentrations (µg/l) with runoff (107m3 -109m3) 
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5.1.2 Monthly variation in nutrient concentrations 
 
DSi concentrations found high in most of the northern and mid Sweden rivers in March and 
April. Exception observed in Ångermanälven, Indalsälven and Umeälven where high 
concentrations were found in May. Most of the northern rivers demonstrated low 
concentrations during the month of July to September however, Indalsälven from August–
October. Two southern rivers Motalaström and Emån showed high concentration during the 
month of February. The rivers of mid and southern Sweden showed low concentration from 
June; mid Sweden rivers (Gavleån, Dalälven and Norrström) showed low concentrations till 
August however, southern rivers till September. Among the studied rivers overall high 
concentrations of DSi observed mostly in northern rivers Lögdeälven, Gideälven Kalixälven, 
and in one southern river Emån, where concentrations were 3.21 mg/l, 2.67 mg/l, 2.65mg/l, 
and 2.37 mg/l respectively. Low concentration in southern river Norrström and Motalaström 
which were 0.50 mg/l and 0.63 mg/l respectively. Monthly average DSi concentration of north 
most river of the study showed significant negative correlation (p=0.01) with runoff. Among 
the northern rivers, Ångermanälven, Indalsälven and Gavleån showed positive correlation. 
Southern rivers (Norrström, Motalaström and Emån) showed strong positive correlation 
(p=0.01) with monthly average runoff (Appendix B). Umeälven and Dalälven did not show 
any significant correlation between runoff and DSi concentration. 
 
DIN concentrations peaked in March and April in most of the rivers except the southern river 
Norrström and Emån which are peaked in earlier February - March. Four northern most rivers 
showed low concentrations during the month of June-September and southern river in August-
September. High concentration of DIN observed in all of the southern rivers (Emån and 
Motalaström,) and in mid Sweden river (Dalälven) which were 310.69 µg/l, 289.66 µg/l and 
216.17 µg/l respectively. North most river Kalixälven (107.24 µg/l) however showed high 
concentration among the northern rivers.  Low concentrations were observed in Umeälven and 
Piteälven which is 43.24µg/l and 48.43µg/l respectively. For all most all of the river DIN 
concentrations sharply decreased from their peak concentrations. Correlation between 
monthly average runoff and DIN concentration of the north most rivers showed significant 
strong negative correlation. However, for other northern rivers correlation found weak 
negative. Mid and southern Sweden rivers showed significant strong positive correlation 
(p=0.01) with runoff (Appendix B). 
 
DIP concentrations showed lots of fluctuations within a year. Most of the northern rivers 
showed peak concentrations in April-May and low concentration in June-September. Southern 
rivers (Motalaström and Emån) showed high concentration in October-December and low 
during May-September. Mid Sweden river Norrström showed high and low concentration 
during period of August-November and May-July respectively. Norrström (13.95 µg/l) and 
Motalaström (11.16µg/l) and northern Sweden river Kalixälven (4.65 µg/l) showed higher 
concentration among the studied rivers.The low concentration was observed in the river 
Indalsälven (1.79 µg/l). Monthly average DIP concentration of Ångermanälven, Indalsälven 
and Emån showed significant and strong positive correlation with runoff. Lödgeälven, 
Umeälven and Gavleån showed weak positive correlation and remaining rivers showed weak 
negative correlation with monthly average runoff (Appendix B). 
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Figure 9 :( a-l) Showing monthly DSi concentrations variation in studied rivers. 
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Figure 10 :( a-l) Showing monthly DIN concentrations variation in studied rivers. 
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Figure 11 :( a-l) Showing monthly DIP concentrations variation in studied rivers. 
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Figure 12 :(a-l) Showing monthly runoff (109m3) variation in studied rivers. 
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5.2 Regression analysis 
 
Regression analyses were performed for each nutrient and river separately. Four seasons were 
used: winter, spring, summer and autumn.  The seasons are divided into various ranges of 
months depending on river.  The duration of seasons differ from north to south Sweden due to 
climatological difference. In the river basin of northern Sweden winter is longer than in the 
mid and southern part. On the other hand spring and autumn are longer in mid and southern 
Sweden than the north. For each dependent variable (DIN, DSi and DIP) a stepwise of 
forward regression analysis based on the linear least square method was carried out with 
runoff and seasons as independent variables. The results are reported in Table 2, Table 3 and 
Table 4. 
 

Table 2. Showing coefficients of regression model for DSi concentrations and RPP

2 
PBPB(adj) BB valueBB 

(n.s. =non-significant, α=0.05). 
 
 

Season River Intercept Runoff 
Winter    Spring Summer 

Runoff
*winter 

Runoff 
*spring 

  Runoff 
*spring 

RPP

2
PP 

(adj.) 
Kalixälven 2.77 n.s. 0.90 -0.54 -1.18 n.s. -0.58 n.s. .71 
Piteälven 2.69 -0.69 n.s. n.s. -1.00 n.s. n.s. 0.27 .46 
Umeälven 1.18 0.20 n.s. n.s. -.40 n.s. n.s. n.s. .24 
Lögeälven 3.06 n.s. 0.37 -0.22 n.s. -0.51 n.s. n.s. .35 
Gideälven 2.48 n.s. 0.45 n.s. -0.22 -0.58 n.s. 0.20 .42 
Ångermanälven 1.05 0.21 n.s. n.s. -0.18 n.s. n.s. n.s. .18 
Indalsälven 0.71 0.18 n.s. n.s. n.s. n.s. n.s. n.s. .15 
Gavleån 0.96 6.31 0.87 n.s. -0.54 n.s. n.s. n.s. .56 
Dalälven 1.59 0.30 0.57 -0.24 -0.82 n.s. n.s. 0.17 .61 
Norrström 0.40 n.s. 0.29 n.s. -0.13 n.s. 0.16 n.s. .34 
Motalaström 0.13 1.78 0.32 n.s. -0.26 n.s. 0.12 -0.22 .55 
Emån 1.33 15.02 0.73 -0.28 -0.41 -0.69 -0.45 n.s. .70 
 
 
The variable runoff was not statistically significant for the four rivers (Kalixälven, 
Lögdeälven Gideälven and Norrström). The coefficients for the dummy variable winter are 
usually higher than for other dummy variables. Except the river Lögdeälven and Indalsälven 
the variable summer showed a negative coefficient. The variable spring is found insignificant 
for most of the rivers except for the rivers Kalixälven, Lögdeälven, Dalälven and Emån. 
Interaction variables found non- significant for most of the rivers. Interaction variable of 
runoff and spring was significant for the three south most rivers. Model explained 15-71% of 
variability of DSi concentration among the studied rivers. Most variation explained for the 
rivers of north most (Kalixälven) and southern rivers (Emån and Motalaström) however less 
explained for the other northern rivers. 
 
The coefficient for runoff was high for the southern rivers, especially the river Motalaström, 
Emån and mid Sweden river Gavleån and Dalälven (Table 3). For the northern rivers DIN 
concentrations did not show statistically significant result with runoff. The coefficient for 
winter was high for almost all rivers than the coefficient of other seasons. Coefficient for the 
summer was found negative for all rivers, except Motalaström.   
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Table 3.Showing coefficients of regression model for DIN concentrations and RPP

2 
PBPB(adj) BBvalue 

(n.s. =non-significant, α=0.05). 
 

Season  Name of river Intercept Runoff 
Winter Spring Summer 

Runoff* 
winter 

Runoff* 
spring 

Runoff* 
summer 

RPP

2
PP 

(adj.) 
Kalixälven 59.50 n.s. n.s. n.s. -35.72 -176.42 n.s. n.s. .75 
Piteälven 35.64 n.s. 48.46 n.s. -23.83 n.s. n.s. n.s. .37 
Umeälven 35.89 n.s. 37.18 n.s. -20.17 n.s. n.s. n.s. .62 
Lögdeälven 45.15 n.s. 37.02 n.s. -19.95 n.s. n.s. n.s. .52 
Gideälven 55.07 n.s. 28.96 -20.11 -25.91 n.s. n.s. n.s. .49 
Ångermanälven 34.09 5.95 36.82 16.86 -18.78 n.s. -12.30 n.s. .64 
Indalsälven 96.75 n.s. 18.58 n.s. -29.01 n.s. n.s. n.s. .47 
Gavleån 141.11 768.73 96.17 47.98 -108.31 -44.19 n.s. n.s. .49 
Dalälven 95.11 15.71 90.25 n.s. -80.73 n.s. n.s. n.s. .62 
Norrström 232.73 n.s. 75.27 -56.63 -83.13 n.s. 68.97 65.54 .40 
Motalaström 17.27 520.43 231.61 295.92 n.s. 64.67 94.10 n.s. .73 
Emån 282.91 416.40 107.25 n.s. -110.47 n.s. 37.28 n.s. .58 
 
 
For the most rivers the interaction variables were not significant. Interaction variable of runoff 
and spring found significant for three south most rivers and interaction variable of runoff and 
summer found significant for only Norrström. 
Model explained 37-75% of DIN concentration variability. Variability explained much for the 
north most and southern river. 
 

Table 4.Showing coefficients of regression model for DIP concentrations and RPP

2 
PBPB(adj) BBvalue 

(n.s. = non-significant, α=0.05). 
 

season  Name of river Intercept Runoff 
Winter Spring Summer 

Run* 
winter 

Run* 
spring 

Run* 
summer 

RPP

2
PP 

(adj.) 
Kalixälven 4.83 n.s. n.s. n.s. -2.10 n.s. n.s. n.s. .08 
Umeälven 1.31 0.62 n.s. n.s. n.s. n.s. n.s. n.s. .06 
Lögdeälven 4.07 n.s. n.s. n.s. n.s. n.s. 0.59 n.s. .04 
Gideälven 3.00 n.s. 3.82 n.s. n.s. 3.67 n.s. n.s. .17 
Ångermanälven 0.77 0.75 n.s. n.s. n.s. -1.09 n.s. n.s. .09 
Indalsälven 1.92 n.s. -0.41 n.s. n.s. n.s. n.s. 0.25 .04 
Norrström 15.63 n.s. n.s. -7.86 n.s. n.s. n.s. n.s. .08 
Motalaström 18.87 n.s. -6.25 -13.71 -10.40 n.s. n.s. n.s. .40 
Emån 2.27 7.13 0.64 n.s. n.s. n.s. n.s. n.s. .13 
 
Variable runoff was significant for the river Umeälven, Ångermanälven and Emån. Variables 
winter explained the variability in DIP concentration in Gideälven, Indalsälven, Motalaström 
and Emån and spring Norrström and Motalaström. Interaction variables also found non- 
significant for most of the rivers. The model explained 40% of DIP concentrations variability 
in Motalaström, for other rivers it was less than 20% 

The regression line depicts the best prediction of the dependent variable given the independent 
variables. But it is rarely predict perfectly. The variation observed around the fitted regression 
line (Appendix C). Deviation of a particular point from the regression line is residual value. 
There are various statistical tools used for regression model validation like statistic but 
different types of plot s of residuals from a fitted model provide information regarding 
different aspect of the model. Graphical methods have an advantage over numerical method as 
they can readily illustrate the complex aspects of relationship between the data and the model. 
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6 Discussion  
 
Variations of nutrients concentrations with discharge imply that the dissolved nutrients 
concentrations reflect hydrological and chemical processes of the catchment (Mulholland et 
al., 1990). Rate of water discharge may change the nutrients concentrations in different 
seasons by various ways like-dilution, leaching of fertilizers from terrestrial environment after 
precipitation, or increased land erosion. Temporal and spatial variation in nutrients 
concentration can be driven by both external load and internal processing (Lampman et al., 
1999). Inputs from non-point sources generally increase with discharges which result in 
seasonal variability in nutrient transport.  
 
The concentrations of dissolved inorganic nutrients in runoff showed different patterns. Some 
nutrient element (DSi) decline during the periods of high discharge while others increase in 
concentration or remain unchanged. The specific pattern varies from catchment to catchment, 
amount of runoff and from period of the year. Specific leakage of nutrients elements which 
varied from catchment to catchment due to difference in land use, population density and 
other geological factors also play important role in relation between the concentrations of 
nutrients and runoff. 
 
6.1 Dissolved Silica (DSi) 
 
Dissolved silica concentrations in river water depend on chemical weathering, hydrological 
cycle in the basin, biological process and dissolution on land and in water (Derry et al., 2001). 
Rate of chemical weathering controlled by complex interaction of climate, geology and 
biology. A recent study reported that terrestrial biogeochemical cycle significantly affected 
the flux of silica in river water (Conely, 2002). 
 
Temporal patterns in silica concentrations of the studied river water showed a strong seasonal 
dependence, similar to other studies e.g. Probst (2001). Rivers of the northern and mid 
Sweden showed high concentrations of DSi during the late winter and early spring season and 
concentration decreased through spring to summer. Regression model (Table 2) showed for 
most of the northern river runoff was not significant however, for the south most rivers and a 
mid Sweden river (Gavleån) with low average runoff was significant.  
 
High concentration in winter may be due to low temperature of water body and lack of 
sunlight which is not favourable for the growth of phytoplankton (Schloss et al., 2002). 
During winter water come to river from ground water as temperature is very low in this sub 
arctic environment (Humborg et al., 2006). Usually DSi concentration in ground water is 
higher than the surface water where percolation through soils increases weathering reactions 
(Drever, 1997). Silica transportation to the river through ground water is controlled by 
seasonal recharge and solubility, solubility usually increases with temperature (Probst, 2001). 
Quantity of precipitation received by drainage basin due to seasonal variation and residence 
time of ground water also influence silica concentration.   
 
After winter the concentrations tend to decrease in spring as during this season temperature, 
sunlight, other required nutrients and all other factors required for diatom growth are 
favourable. Kennedy (1971) explained that, in most cases, dilution and biological uptake by 
diatoms are the cause of low concentration of dissolved silica in river water. Adsorption of 
silica on suspended particles could also possibly remove silica from solution in the presence 
of electrolytes (Bien et al., 1958). Increased runoff, due to higher precipitation recharge of 
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ground water system gets less time to interact with rocks and sediment also resulting lower 
concentration in ground and river water (Probst, 2001). 
 
There are low concentrations in summer as DSi is used up by the phytoplankton during their 
growing period in spring. The process of production, transport and dilution of silica within a 
catchment can be used to explain the causes of variation in silica concentrations in rivers due 
to the seasonal difference in runoff regime (Sigelo et al., 2002).  
 
Silica dissolution from quartz and silicate minerals varies reasonably, and as this process is 
very slow, part of the reason for the low concentrations in natural waters is the slowness of the 
dissolution process. During the autumn, there was apparent increase in silica concentrations 
that may be due to  a surplus of dissolved silica relative to other nutrients (Sigelo et al., 2002) 
or decomposed inorganic silica back to the upper layer due to vertical movement caused by 
cooling of surface layer(Harashima, 2005).  
 
In the southern and mid Sweden yearly average temperature is high, the river runoff is low 
and there is more arable land compare to the northern part. Higher average temperature and 
arable land by increasing tillage may enhance the weathering rate of silica (Conely et al., 
2000) this may cause a positive correlation with runoff. Some northern river with low runoff 
and less regulation were found positively correlated with runoff, where low runoff did not 
cause any dilution affect and less regulation caused lower rate of retention. Characteristics of 
bed rock geology of the catchment is also an  important factor for the DSi concentration of the 
river, usually high concentrations observed in a basin with basic volcanic bed rock (Humborg 
et al, 2006). Difference in soil type and presence of  H+  ion in soil may also increase the DSi 
concentrations by influencing weathering rate (Land et al., 1998). In northern Sweden rivers 
runoff is high and mostly regulated; high runoff and retention cause dilution of silica upstream 
of the dams. Semhi et al., (2000) observed a weak correlation between DSi concentration and 
water discharge from the Garonne river basin, France.   
 
In this study rivers of the southern Sweden, like Norrström and Motalaström showed low DSi 
concentrations although the runoff was moderate in quantity. Low concentrations in these 
rivers can be explained as basin of Norrström river drains large city which bring large 
quantities of phosphate. As fresh water body are P limited high P concentration in water 
course lead high deposition of DSi by diatom production. Runoff from both the rivers comes 
through lakes. Rivers with lakes outflow were found to have low DSi concentrations in 
previous study of Sweden and other part of the world (Schelske, 1985; Conely et al., 2000) 
where in-lake processes influence diatom growth and subsequent burial of diatom in the 
sediment with long residence time (Hecky et al., 1988). On the other hand high DSi 
concentration found in the free flowing northern rivers (Lögdeälven, Gideälven and 
Kalixälven) and one agricultural dominated Emån river. It has been observed that DSi 
weathering is much lower in the regulated boreal river system (Humborg et al., 2002). 
Hydrological alteration due to dams decrease weathering rate of silica by inundation of 
vegetation, loss of soil and underground channelling which prevent interaction of surface 
water with vegetated soil and ground water (Humborg et al., 2006). Comparison of discharge 
weighted annual DSi concentration of unperturbed Kalixälven and dammed Luleälven showed 
concentration in former observed twice as the latter and yield was only 40% in the dammed 
river than the free flowing Kalixälven (Humborg et al., 2006). 
 
Among the rivers runoff of Lögdeälven and Emån was very low compare to other studied 
rivers. Local geology, weathering rate of these basin or other co variable may be the cause of 
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this higher concentration with low runoff. Conely et al., (2000) found a weak but significant 
correlation (r2=.18, p<0.05) between the percentage of cropland in the catchment and 
concentrations of DSi which can explain high concentration in agriculture dominated Emån 
river. Terrestrial vegetation forming phytoliths add significant amount of Biogenic silica 
(BSi) to the soil (Conely, 2002) and solubility of amorphous silica is five times faster than the 
mineral silicate (Hurd, 1983). Changes in agricultural practice and soil erosion increase 
mobilization of amorphous soil silica to aquatic environment (Hartmann & Kempe, 2005; 
Humborg et al., 2006).  
 
Monthly average DSi concentration in north most rivers showed negative correlation with 
runoff due to high runoff from basin during the months of increased precipitation. Although 
specific leakage of DSi in this part of the river found high compare to other river however 
higher specific runoff may be the possible cause of negative correlation with runoff.  Some 
northern rivers with low runoff showed positive correlations which may be due to low runoff 
prevent dilution affect. River of the southern river showed positive relation as specific runoff 
is low compare to northern rivers.  
Type of soil present in the basin also an important factor that influence the weathering rate of 
DSi, like presence of pyretic soil, which by releasing sulphuric acid enhances the weathering 
rate of DSi as can be observed in a tributary to Lake Hjälmaren where high concentrations 
DSi have been reported due to presence of acid pyretic soils (Conely et al., 2000). 
 
6.2 Dissolved Inorganic Nitrogen (DIN) 
 
DIN concentrations varied markedly among the studied rivers and showed a high variability 
over time. Concentrations increased from north to south and patterns varied depending on 
seasons and runoff conditions. The spatial and temporal variations in the studied river water 
DIN concentrations can be attributed to various catchment characteristics like soil type, 
topography, land use, point source and hydrological regime which control the transport and 
storage of DIN (Lepistö, 1995).  
 
In general, losses of nitrogen correspond with variation in runoff (Stålnacke etal., 1999) as 
nitrate is highly soluble relative to other nutrients. As a result, the concentration of nitrate 
simply increases as water flow increases (Hill et al., 1999). No such correlation was found for 
the rivers considered. Positive relationship between monthly average DIN concentration and 
runoff was observed for the river of mid and southern Sweden. The positive correlation of 
DIN concentrations with water discharge during the season of peak water flow can be 
considered that the NO3 supply accumulated near the soil surface was quickly depleted in 
response to the runoff. This characteristic behaviour, termed the ‘flushing effect’, has been 
observed by Murdoch and Stoddard (1992). Arheimer (1998) explained the flushing effect by 
the fact that usually nutrients are more available in the lower parts of a catchment from where 
water can easily access to the river and consequently has a quick response to river flow 
generation. Specific leakage of the southern river observed high and specific runoff was low 
which prevent dilution. Opposite relation observed for the northern rivers where high specific 
runoff and low specific leakage may be the plausible cause of negative correlation between 
runoff and DIN concentration. 
 
Relationship between NO3 concentration -runoff and NO3 flux-runoff were examined for one 
European river Zwalm catchment, Belgium and found a positive correlation between NO3 
concentration and runoff (Herpe & Troch, 2000). Some rivers of this study exerted different 
average monthly concentration pattern with runoff (Table 1). Like in Umeälven and 
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Ångermanälven where average monthly runoff was high compared to other studied rivers but 
DIN concentration observed low which contradicts with the concentration-runoff relation 
found in Zwalm river. Land use practice may be the cause of such relationship. In case of 
Emån and Gavleån, where average monthly runoff was markedly low, but DIN concentration 
found high compare to other studied rivers. Low DIN concentrations with high runoff or high 
concentrations with low runoff can be explained by the land use pattern of that catchment. 
Substantial variation in N losses may occur in two catchment with same runoff quantity due to 
the fact of having different types of soil and cropping pattern (Vagstad et al., 2004). 
 
Usually the catchment where agricultural activities are intensive and manage forestry are 
practiced even low runoff would lead to high amount of dissolve nitrate to receiving water 
bodies. On the other hand, the catchment where agricultural and forest activities are not 
intensive or even absent, higher runoff would not be able to contribute to concentration 
increase; instead concentrations may decrease due to dilution effect. Negative correlation 
between runoff and DIN concentration observed in northern rivers where agricultural 
activities are less or absent along with high average runoff may cause dilution. In this part 
precipitation through rain or snowmelt, bringing water from the upper parts of the catchment 
which is mostly mountainous. Water with low NO3 concentrations from the upper parts of the 
catchment will dilute the river NO3 concentration (Probst, 1985). River retention and removal 
also reduce the role of upstream sources (Tonderski et al., 1997), which may be the cause of 
weak and insignificant correlation with runoff. 
 
Regarding seasonal variation of DIN concentrations northern rivers peaked in March and 
April. However, southern river Norrström and Emån earlier in February. Delay in northern 
Sweden rivers may be due to climatological factors as average temperature of north is much 
lower than mid and south Sweden and temperature remains low for a longer period which 
delays snowmelt. 
 
Regression model (Table 3) predicted high concentration in winter, a decrease in spring and 
reached lowest concentration in summer. For the northern river runoff was not significant. 
However, for agriculture dominated Emån, Motalaström and Gavleån runoff played 
significant role in DIN concentration. For the river Norrström runoff was not significant as 
from this river basin DIN mostly coming from point sources. Nitrate loading is usually found 
high in late winter and early spring due to soil-water recharge in autumn and winter, and N 
mineralization increases when soil drying is following by re-wetting (Tranter et al., 1992). 
The highest surface water NO3 concentrations and loadings from snow-covered forested 
watersheds occur during moderate to high flow caused by snowmelt in winter and spring as 
solutes stored in snow packs are released during melting (Tranter et al., 1992).Nitrification in 
unfrozen soils  also can contribute significant amounts of NO3 (Peters & Leavesley, 1995). In 
spring when all other physico-chemical conditions are favourable for growth a large amount 
of nitrate utilized when biological uptake is greatest which ultimately lower DIN 
concentrations. Low concentrations during the summer due to biological uptake in spring and 
lack of leaching being the most apparent reasons for low concentrations (Tonderski et al., 
1997). 
 
Long term pattern in DIN concentration of the northern river showed considerable decline 
over the last several years. Rivers of this part drains forested area and there are almost no 
intensive agricultural activities. In forested basins, plants are taking more nutrients during 
their early to mid-stages of growth that result in subsequent decreases in nutrient leaching 
from soil (Heathwaite et al., 1996). The high values of DIN concentrations observed in the 
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river of southern and mid Sweden as a result of intensive agricultural activities in this part of 
the country. Strong relation between agricultural land and nitrate concentration observed in 
previous study of Sweden and Finland (Pitkänen, 1986) and in other country (Jordan et al, 
1997). Among the southern rivers basin of Motalaström and Emån are agriculture dominated 
which discharge high nitrate to these rivers. A study of total N concentration and river flow in 
Motalaström during the period of 1969-84 showed that total N concentration increased with 
increased water flow (Karlsson et al., 1988).  
 
6.3 Dissolved Inorganic Phosphate (DIP) 
 
In the arable land of Sweden during the period of 1953-1995 a surplus of 400 to 1800 kg 
P/hectare was added which accumulated in the soil profile (Andersson et al., 1998) with 
highest surplus found agriculture and animal production dominant areas. However, due to 
various preventive measures the surplus phosphorous has now decreased on average 3 kg 
P/hectare/ year (Official Statistics Sweden, 2002). DIP concentrations increased till 1994 for 
most of the studied rivers and then decreased which may be due to decrease in fertilizers use 
caused by various abatement activities taken by government (Swedish Agricultural Board, 
2006). Agricultural dominated Emån river was an exception where DIP concentration 
increased all over the study period.  
 
In agricultural runoff phosphorous exists as some soluble inorganic phosphate combined with 
organic and inorganic colloidal particles. Soluble inorganic phosphorous come from applied 
fertilizers or from mineralization of organic compound (Heathwaite, 1996). Phosphorous 
transport by river is controlled by the process of sedimentation and resuspension rather than 
runoff quantity or temperature making the phosphorous source apportionment much more 
uncertain (Tonderski et al., 1997). Phosphate also comes from natural background source and 
it is vary from basin to basin depending on quantity of forest land, agricultural land, swamp 
area and basin geomorphology (Sileika et al., 2001)  
 
Monthly average DIP concentration of Ångermanälven, Indalsälven and Emån was significant 
and positively correlated with runoff, as also observed in other river like in Loire river, France 
(Köhler, 2006). Phosphate usually correlates positively with runoff   as soil-P increases the 
particulate and dissolved forms of P along with runoff (Pote et al., 1996).  P behaves 
differently than N and DSi. As observed in rivers with moderate and low specific leakage with 
high to low specific runoff showed positive relation between DIP concentration and runoff. 
Internal load from the river may also be the cause of such positive relation. Ulén et al. (2004) 
found high total P concentrations in the surface water of a catchment characterized by clay 
soil. Phosphorus transported from agricultural land through flash losses of soluble phosphorus 
soon after application of fertilizer or manure, slow-leak losses of soluble phosphorus, or 
erosion events (Wiederholt & Johnson, 2005). Artificial fertilizers and manure have a higher 
concentration of soluble phosphorous than soil. Precipitation after application of fertilizers 
brings high concentrations of phosphorous to the aquatic system.  

Soil characteristics like Fe, pH and oxygen content of soil also play important role in DIP 
concentration (Smith et al., 2003) which may cause of weak relation of DIP concentration with 
runoff in other rivers. Sileika et al., (2002) studied Nevezis river of Lithuania and Lampman et al., 
(1999) Hudson river. Neither of them found any correlation between runoff, total P concentration 
and weather temperature. Phosphate runoff depends on factors like natural background pollution, 
agricultural activity, industrial and household effluents contribution etc. (USGS, 2001). Settling 
down of phosphate particles on the river bed or utilization by algae also decline phosphate 
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concentrations. Unlike other nutrients phosphorus is particle reactive (Howarth et al., 1995), 
so contribution of run-off from agricultural sources in increasing DIP concentration less 
important because some of the phosphorus is retained within the soil due to affinity to particle 
(Hessen, 1999). Presence of wetlands or buffer strips also significantly influence the transfer 
of particulate phosphorus to the surface water (Vought et al., 1995). 

Among the studied rivers high concentrations are observed in southern river Norrström and 
Motalaström. Southern part is comparatively densely populated, intensive cultivation and 
urban waste disposal and industrial activities have enhanced the transport of phosphate from 
terrestrial to aquatic environments. As a consequence of these activities, supply of phosphate 
as well as concentrations of phosphorous in rivers has increased (Smith et al., 1987). 
Norrström river showed high concentration during the period of low runoff as large quantities 
of phosphate coming from point sources of the Stockholm and its suburban areas. Among the 
northern rivers Kalixälven showed high concentration as this river is free flowing where the 
absence of dams did not cause loss of phosphate by retention process. 
 
Dissolved inorganic phosphorus was regressed against runoff, and four seasons (Table 4). But 
model can not explained well for any of the rivers as we got very low adjusted R2 .Variable 
like natural background pollution, agricultural, urban and industrial activity, soil 
characteristics and basin geomorphology may play important role in river DIP concentration. 
P differs from other nutrients element as it is almost entirely associated with soil particles so 
not readily found as dissolved form. Particle size of soil is also an important factor in the 
phosphate transportation as fine particles can hold more P and soil erosion transport finer 
particles than the coarse particles causing sediment enriched with phosphorous. 
 
6.4 Differences and similarities 
 
Concentration of nutrients elements demonstrated both similar and varying behaviour from 
river to river and from season to season depending on hydrological regime, land use and 
geology of the catchment. The river which showed highest concentration did not contain the 
highest runoff. High DSi concentration observed in the unperturbed northern rivers however, 
high DIN concentration observed in agriculture dominated river followed by river basin 
dominated by industrial and urban activities. River basin dominated by urban and industrial 
activities showed high DIP concentration than the basin dominated by other activities.  
 
Among the nutrients element DSi concentration demonstrated concentration gradients from 
north to south. North unperturbed rivers showed high concentration than the agriculture, urban 
and industrial dominated southern rivers. In case of DIN concentrations gradients seen 
opposite to the DSi concentration. DIP concentration did not show any north to south 
gradients 
 
In case of seasonal variation DSi and DIN concentration observed high in winter and 
decreased through spring to summer. Unfavourable condition for biological uptake by 
plankton and water with high DSi concentration discharged from ground water is the plausible 
cause of high concentration during winter. High DIN concentration in winter as soil water 
recharge in autumn and   early winter and increased mineralization due to soil drying followed 
by re-wetting. Melting of snow release large amount of NO3 stored in snow pack also 
contributed high DIN concentration. High concentration of DIP varied from river to river, 
some rivers peaked during early spring and other during autumn. River which drains urban 
and industrial areas peaked in late summer and early autumn when runoff is low, which means 
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nutrients discharging from point sources. Behaviour of DIP varies with other nutrient 
elements as DIP is particle reactive and contribution from ground water is negligible. 
 
DSi and DIN concentrations in most southern river significantly and positively related with 
runoff. For northern rivers this relationship was negative. In case of DIP concentration except 
three rivers most of the rivers showed negative and insignificant relation with runoff. 
 
7. Conclusion 
 
 Among the studied rivers high concentration of DSi observed in the unperturbed rivers of 
northern Sweden and in agriculture dominated southern river Emån. High DIN concentration 
observed in agriculture dominated southern river followed by river basin dominated by 
industrial and urban activities. River basin of the mid and south Sweden dominated by urban 
and industrial activities showed high DIP.  Kalixälven was exceptional where DIN and DIP 
concentration found higher among the northern rivers.  
 
Monthly average DSi and DIN concentration in north most river showed negative correlation 
with runoff as agricultural activities are absent or very low and high runoff from mountainous 
basin during the months of increased precipitation cause dilution. Some northern rivers with 
low runoff showed positive correlations with DSi where specific leakage was high but low 
runoff prevent dilution affect and same positive relation also observed for southern rivers. 
Type of soil, land use and weathering rate of the basin also an important factor influence DSi 
and DIN concentration. Phosphorus behaves differently from other nutrients as it is particle 
reactive and mostly come from point sources, DIP positively correlated with runoff for very 
few rivers. 
 
DSi and DIN concentration showed almost same seasonal variation. High during winter when 
uptake by organisms is less due to unfavorable condition for growth. Concentrations tend to 
decrease during growing season spring and reached low in summer. Seasonal variation in DIP 
differed from river to river, high concentrations ranging from early spring to early autumn. 
But in most rivers low concentration observed during summer. 
 
DSi, DIN and DIP were regressed against runoff and four seasons. Model explained 15-71% 
and 37-75% of concentration variability of DSi and DIN respectively. But model can not 
explained well for DIP concentration in rivers as we got very low R2(ad.) Variable like natural 
background pollution, agricultural, urban and industrial activity, soil characteristics and basin 
geomorphology may play important role in river DIP concentration. 
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Appendix A: Correlation between yearly average runoff and inorganic nutrients (DSi, DIN and DIP). 
 
Name of river DSi DIN DIP 
Kalixälven .457 –.128 .076 
Piteälven .692(**) .197 -. 005 
Umeälven .430 .295 .091 
Lögdeälven .323 .002 -. 270 
Gideälven .439 – . 381 -. 143 
Ångermanälven .502(*) .084 .256 
Indalsälven .437 .060 -. 100 
Gavleån .543(*) .146 -. 311 
Dalälven .658(**) .188 -. 062 
Norrström .740(**) .486 .019 
Motalaström .730(**) .841(**) -. 280 
Emån .638(**) .704(**) -. 025 
** Correlation is significant at the 0.01 level (2-tailed). 
*Correlation is significant at the 0.05 level (2-tailed). 
 
 
 
 
Appendix B: Correlation between monthly average runoff and inorganic nutrients (DSi, DIN and DIP). 
 

Name of river DSi DIN DIP 
Kalixälven -.748(**) -,638(*) -,234 
Piteälven -.732(**) -.685(*) -.249 
Umeälven .039 -.763(**) .507 
Lögdeälven -.631(*) -.377 .264 
Gideälven -.469 -.312 -.262 
Ångermanälven .581(*) -.373 .702(*) 
Indalsälven .731(**) -.006 .655(*) 
Gavleån .683(*) .855(**) .488 
Dalälven .090 .013 -.060 
Norrström .820(**) .812(**) -.130 
Motalaström .917(**) .904(**) -.124 
Emån .916(**) .934(**) .854(**) 
** Correlation is significant at the 0.01 level (2-tailed). 
*Correlation is significant at the 0.05 level (2-tailed). 
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Appendix C: Graph showing residual analysis of DSi 
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Appendix D: Graph showing residual analysis of DIN 
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Appendix E: Graph showing residual analysis of DIP 
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