
MASTER'S THESIS

Fluorescence Spectrophotometer Analysis
During Spring Flood in Råne and Kalix

River

Johanna Elbert
Cecilia Hultin

2015

Master of Science in Engineering Technology
Natural Resources Engineering

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



i 

 

Thanks to, 

our examiner, Johan Ingri, without whom we would not have come across the opportunity to 

write this thesis. Thanks for giving us invaluable guidance in the finishing of the thesis and 

for always being a great inspirer within the area of geochemistry. 

our supervisors, Sarah Conrad and Susanne Bauer, for being great support during our practical 

and theoretical work. Thanks for shown patience and quick response in times of confusion 

while working with the thesis. 

Katarina Wortberg, for good company and helpful collaboration during work in the laboratory 

and the field. 

our families and friends, your love and support are and will always be important to us. 

Johanna, for giving me motivation and putting up with my weird humour, being with you is 

never dull. I must also say that our sense of humus is better than ever. 

Cecilia, for always being a supportive and encouraging friend. You are the best company on a 

rainy day of sampling. Together we have accomplished a lot and evidently, organic matter 

matters but friendship matters more! 

  



ii 

 

Preface 

This master thesis is an attempt to assess variations of fluorescent dissolved organic matter 

and thereby variations in presence of humic substances in two freshwater rivers during spring 

flood. It is also an attempt to investigate if and how brownification and absorption is related to 

fluorescence. A spectrophotometer is used to measure the fluorescence of unfiltered and 

filtered water samples from Kalix and Råne River. As far as what is known from previous 

studies in this area, this is the only fluorescence-based study made on unfiltered samples and 

filtered samples of 0.45, 0.22 and 0.025 µm. 

This thesis is the final 30 credits of a five-year Master Programme in Natural Resources 

Engineering at Luleå University of Technology, Luleå, Sweden. It comprises sample 

acquisition, data processing, result interpretation and a literature study around the subjects of 

brownification, absorption and at last but not least fluorescence.  

Delimitations  

The sampling period starts in February, and the last sampling occasion occurs in the end of 

May. Results from the spectrophotometer analysis on water samples from the estuaries 

collected 18-03-2014 – 20-03-2014 will not be processed, presented or discussed in this 

paper.  

Since the study only has access to a spectrophotometer which can measure fluorescence, it 

does not include any other method of spectrophotometer analysis. Measurements results in 

relative fluorescence intensity through single-scan emission spectra. Methods for data-

correction will not be applied, and no conversion will be carried out. Thus, only the raw data 

will be presented through figures and tables. Additionally, the water samples will not be 

further analysed for anything other than dissolved organic carbon. Filters will be saved and 

stored but not analysed within this study. 

Gap of knowledge 

As far as what is known from previous studies concerning fluorescence properties in natural 

waters, this is the only fluorescence-based study made on unfiltered samples and different 

filtrates, 0.45, 0.22 and 0.025 μm. Thereby, it seems unknown how fluorescence intensity 

varies between fractions of dissolved phase in natural waters. Through this study, it may be 

possible to fill this gap of knowledge by analyses of different filtrates. 

Division of responsibility 

As the two rivers’ catchment areas differ from each other, it is considered appropriate to 

distribute the interpretation work of this study between two persons. The analysis results from 

Kalix River are interpreted by Cecilia Hultin and the results from Råne River by Johanna 

Elbert. Choice of methodology is the same for investigating both Kalix and Råne River. This 

approach was decided together with the supervisor and examiner. The two authors agreed to 

further divide the work into two areas of responsibility – processing of literature and data 
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processing, with Johanna as primarily responsible for the first named area and Cecilia for the 

latter one. 

This study is carried out to provide more knowledge about possible differences between these 

rivers considering CDOM. Hence, the interpreted results are compared and discussed at the 

end of this report. The results of this study will also be a part of a doctoral thesis at the 

division of Geosciences and Environmental Engineering, Luleå University of Technology. 

Questions to process 

The intention of this study is to answer the following questions. 

Questions to be answered by the literature study: 

 What is brownification and how is it correlated to fluorescence measurements? 

 How can emission spectra obtained through fluorescence spectroscopy be interpreted 

and compared? 

Questions to be answered by the data collection and analysis of water aliquots: 

 How does the event of spring flood affect water properties considering water quality 

parameters, DOC and fluorescence intensity? 

 How is the fluorescence relative intensity changing with the different fractions in 

sample filtrate? 

 Is the method with F(355) N.Fl.U suggested by Hoge and Vodacek (1993) a good 

method for normalization? 

Our hypothesis is that the relative intensity (RI) of the fluorescence should increase during 

spring flood as the concentration of organic matter in the river waters is known to increase 

during this event. However, the RI should decrease internally with smaller filter size fraction 

for the samples, simply because the amount of organic matter decreases with extended 

filtration. Additionally, we expect that there are processes occurring in the water samples 

which can affect the fluorescence. Also, other components in the waters may contribute to or 

undermine fluorescence. 

 

 

Cecilia Hultin and Johanna Elbert 

Luleå, November 2014  
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Abstract 

The objectives of other studies within the subject of fluorescence of organic material do not 

investigate the distribution of fluorophores within the dissolved phase of natural waters. 

Hence, the aim with this thesis is to investigate variations in fluorescence intensity between 

fraction cut-offs of dissolved phase in two unregulated rivers. The rivers are located in 

Northern Sweden and are investigated before and during spring flood. During spring flood the 

discharge of the rivers strongly increases. About half of the yearly total discharge to the 

Bothnian Bay results from the spring flood. 

Over the sampling period (13-03-2014 – 28-05-2014) fluorescence data of 0.45, 0.22 and 

0.025 µm filtrates and unfiltered water of the two unregulated rivers are obtained together 

with DOC concentrations. Additionally, a method for normalization of fluorescence relative 

intensity is applied. 

Variations of DOC values and fluorescence relative intensity (RI) have similar variations in 

both rivers and the highest values for DOC and fluorescence RI were obtained at the start of 

spring flood. No significant changes in fluorescence RI comparing the unfiltered water and 

cut-off samples from the two rivers were observed. Ultrafiltered samples showed a distinct 

decrease in RI and watercolour. Consequently, colloids represent a significant part of the 

fluorescence and watercolour. 

Fluorescence relative intensity (RI) is not a direct measurement of watercolour or absorption. 

There is still no conventional method to convert fluorescence into information of light 

absorption for water samples. However, fluorescence measurement can be added to 

absorption and colour investigations to tell more about what type of organic matter colours 

the water and how the matter is transported and distributed. 

Future recommendation is to additionally generate excitation spectra through excitation 

single-scans before, during and after spring flood. In this way, one can observe what types of 

CDOM are present in the river water and if there are specific types dominating the 

fluorescence at different times and events. Other species of fluorophores contributing to the 

fluorescence of the river water may also be easier to detect with excitation scans. 

Synchronous scans can also tell more as well as an addition of absorption measurements.  

Keywords: Fluorescence, relative intensity, F(355) N.Fl.U, photospectroscopy, chromophoric 

dissolved organic matter, CDOM, unregulated rivers, humus, brownification, spring flood 

 

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

Technology (LTU), SE-97187 Luleå, Sweden 
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Sammanfattning 

Andra studier av fluorescens skapad av organiskt material synes inte ha som mål att behandla 

fördelningen av fluoroforer i löst fas i naturliga vatten. Därför är målet med denna 

examensuppsats att undersöka variationer i fluorescens mellan olika filtrat av vatten från två 

älvar. Älvarna är oreglerade och finns belägna i norra Sverige, undersökningen pågick före 

och under vårfloden. Vattenflödet ökar kraftigt under vårfloden i älvarna. Till Bottenviken 

kommer mer än hälften av den årliga vattenmängden under vårfloden. 

Under provtagningsperioden (2014-03-13 – 2014-05-28) producerades fluorescensdata med 

hjälp av fotospektroskopi från 0,45, 0,22 och 0,025 µm filtrat samt ofiltrerat vatten ifrån de 

två älvarna. Koncentrationen av löst organiska material undersöktes och en föreslagen 

normaliseringsmetod för fluorescensens relativa intensitet applicerades i också studien. 

Koncentrationsvariationer av DOC och fluorescensens relativa intensiteter (RI) varierar på 

liknande sätt i båda älvarna och det är vid vårflodsstarten som de högsta värdena för både 

DOC och RI erhölls. Inga signifikanta förändringar i RI sågs vid jämförelse av filtraten och 

ofiltrerat vatten från älvarna. Ultrafiltrerade prover uppvisade dock en distinkt minskning i 

både RI och vattenfärg i jämförelse mot de andra filtraten och ofiltrerat vatten. Därigenom 

verkar det som att kolloider står för en signifikant del av både fluorescens och vattenfärg. 

Litteraturstudien ledde till slutsatsen att fluorescensens relativa intensitet inte är en direkt 

mätning av vare sig färg eller absorption i vatten. Samt att det ännu inte finns någon 

konventionell konverteringsmetod mellan fluorescens och ljusabsorption för vatten. Tillägg 

av fluorescensmätning vid absorption- och färgundersökningar kan ge mer information om 

vilken typ av organiskt material som ger vattnet dess färg och hur materialet transporteras och 

sprids. 

För vidare studier rekommenderas skapandet av exciterings spektrum för undersökningar före, 

under och efter vårfloden. Med excitering genom singel scanning kan typ av CDOM i 

älvvattnet undersökas och information om specifika typer av CDOM, som dominerar 

fluorescensen vid olika tidpunkter och händelser, kan erhållas. Andra typer av fluoroforer som 

bidrar till älvvattnets fluorescens kan också vara enklare att urskilja med hjälp av 

exciteringsscanning. Mer information om det organiska materialet kan erhållas genom 

komplettering med synkroniserad scanning och absorptionsmätningar. 

 

Nyckelord: Fluorescens, relativ intensitet, F(355) N.Fl.U, fotospektroskopi, färgat löst 

organiskt material, CDOM, oreglerade älvar, humus, brunifiering, vårflod 

 

Institutionen för Samhällsbyggnad och Naturresurser, Luleå Tekniska Universitet (LTU), 

SE-97187 Luleå, Sverige  
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Abbreviations used 

Table 1. Used abbreviations and their acronyms 

Abbreviation Acronym 

CDOM Chromophoric dissolved organic matter 

DOC Dissolved organic carbon 

DOM Dissolved organic matter 

EEM Excitation - emission matrices 

EM Emission 

EX Excitation 

F(355) N.Fl.U. 
Normalized fluorescence units at excitation 

wavelength 355 nm 

H2SO4 Sulphuric acid 

HNO3 Nitric acid 

HS Humic substance 

LDO Liquid dissolved oxygen 

MQ water Milli-Q water 

OF Unfiltered 

PMT Photomultiplier tube 

POC Particulate organic carbon 

QS Quinine sulphate 

RI Relative intensity 

St. Dev Standard deviation 

TOC Total organic carbon 

WL Wavelength 
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1 Introduction 

Water is a powerful medium. It can virtually transform the landscape as it moves over and 

inside the earth’s crust, causing changes in the geology and biology on its way from the 

source to the ocean. These changes are reflected in the water’s chemical composition. Thus, 

humans can interpret the history of a water system by analysing the compounds of the water. 

The environment surrounding the water can provide us with clues about what chemical 

reactions may occur in the water, and additionally reveal some of the environmental effects of 

these chemical reactions. However, clues are not always so easy to understand, and there are 

areas within the earth’s water systems that are not fully understood, or maybe not even 

discovered, yet. Water is by far the most important transport medium in global (oceans, lakes, 

rivers etc.) as well as extremely local (plants, organisms, cells etc.) natural systems. Hence, 

water is essential to life on earth, and there is an ambition to understand the chemistry of 

natural water systems and also to understand how they are affected by anthropogenic 

activities.  

In recent years, it has been observed that the waters of the earth’s northern hemisphere have 

become more dark coloured. The phenomenon of increasing colour of natural waters is called 

brownification. There is a debate about the major reasons for brownification among scientists 

and specialists, as it has been suggested to derive from hydrological factors, rising climate 

temperature or changes in land-use (Tuvendal & Elmqvist, 2011; Kritzberg & Ekström, 

2012). One following question is if the rising temperatures are a result of the greenhouse 

effect and accordingly, if it is caused by mainly anthropogenic activities or if it is natural 

changes? (Temnerud, 2002) 

Whatever are the drivers behind the greenhouse effect, the scientists agree that increase in 

concentration of dissolved organic matter plays a great role in the increase of watercolour 

(Temnerud, 2002; Tuvendal & Elmqvist, 2011; Kritzberg & Ekström, 2012; Bauer & Ingri, 

2012). But not any compound in the DOC will have more influence on watercolour than the 

CDOM. Some components of dissolved organic matter are referred to as chromophoric or so-

called ”optically active”, which means that they absorbs and emits energy of wavelengths 

within the whole visual spectrum. This CDOM is also referred to as coloured DOM, yellow 

substance or gelbstoff (Hoge et al., 1993).  

The brownification has both biological and social effects as it undermines the water 

transparency and leads to a need for enhanced water treatment in the production of drinking 

water (Temnerud, 2002; Kritzberg & Ekström, 2012). 

It is observed that organic matter of terrestrial origin is the main factor behind brownification. 

However, organic matter alone cannot be ascribed the whole increase as it has been 

discovered that the enhancement of watercolour is larger than the increase of organic matter. 

This discovery implies that there ought to be another factor affecting the watercolour 

(Kritzberg & Ekström, 2012). Kritzberg and Ekström (2012) show that inter-annual variations 
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of watercolour in river water from Northern Sweden could theoretically be up to 74 % 

explained by iron. The variation of watercolour is also affected by the quality of organic 

matter (Kritzberg & Ekström, 2012). Additionally, Pennanen and Frisk (1984) and Maloney et 

al. (2005) show that a larger increase in watercolour has been obtained in the presence of 

complexes between organic matter and iron, than in the presence of organic matter only. Two 

other studies (Temnerud, 2002; Löfgren et al., 2003; Weyhenmeyer et al., 2014) also tell that 

iron has a contributing effect on watercolour. 

2 Methodology 

The methods for sampling, filtering and analysis are described in this section. 

2.1 Water acquisition and sampling – Rivers 

Plastic containers, buckets and a funnel are pre-washed with 1 M HNO3 before first sampling 

occasion. The containers are thenceforth rinsed with de-ionized water and dried between the 

sampling occasions. Sampling is carried out at one station in each river, approximately 28 km 

upstream from Kalix River mouth and 16 km upstream from Råne River mouth. For Kalix 

River, the sampling is carried out from a 10 m high bridge in Kamlunge, in Råne River the 

bridge is approximately 3 m high and located close to Orrbyn. For the sampling, a 5 L bucket 

and a rope are used. The samples are filled into acid-cleaned containers with a total volume of 

10 L. The containers are at every sampling occasion first rinsed with sample water. 

To obtain a time series over base flow and spring flood in both Kalix and Råne River a 

sampling plan is produced, which can be seen in table 5, APPENDIX I. Temperature, pH, 

specific conductivity and oxygen saturation (LDO) is measured in-situ at each sampling 

occasion using a multiparameter probe (Minisonde 5, OTT). The LDO measurement of the 

probe is calibrated using a barometer at the site. The measuring equipment consists of the 

probe connected to a hand unit. The probe is submerged in the river water, and values are read 

from the hand unit after about five minutes when the values are stabilised. At occasions when 

the probe is out of order, one DO200 from VWR to measure LDO and one HI991301 from 

Hanna Instruments to measure pH, conductivity and temperature are used for measurements 

of the water quality. The samples are brought back to the laboratory as soon as possible after 

the acquisition, where the filtration of the water is performed the same day. 

2.2 Water acquisition and sampling – Estuaries  

Samples are collected via tubing and a generator powered peristaltic pump, through a hand 

drilled hole in the ice. The water is sampled in sealable plastic containers of 5 and 10 L. 

Water quality parameters are measured directly at the sample location with the Minisonde 5, 

also through a drilled hole in the ice. The LDO measurement of the probe is calibrated using 

the local barometric pressure (measured with a barometer). 



8 

 

2.3 Membrane filtering 

To obtain four aliquots with different particle fractions from each river, the river samples are 

filtered through membranes filters (Merck Millipore) of 0.45, 0.22 and 0.025 µm. The fourth 

aliquot is taken as an unfiltered sample (Figure 1). 

 
Figure 1. Sub-sample acquisition from untreated river water 

 

The membrane filters are cleaned with a 5 % acetic acid for seven days and then rinsed with 

MQ water during seven days, or until the smell of acetic acid is gone. Filters are stored in a 

closed container covered with MQ water. 

Filter holders are thoroughly cleaned with MQ water (and dried in a fume-cupboard) after 

filtering. Acid-cleaning is not considered needed as this project does not focus on isotopes. 
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Acid is also avoided because it impairs plastic parts of the filter holder. Nets are cleaned with 

1 M of HNO3 overnight and then rinsed with MQ and dried (in a fume cupboard). The tubing 

is cleaned with 1 M of HNO3 for half an hour and then thoroughly rinsed and filled with MQ 

water for storage. 

Plastic filter holders (Geotech) and a net are used together with the membrane filter. The net 

is put on top of the membrane filter to prevent early clogging. The filter holder is then closed 

tightly. Sample water is pumped through the membrane filter using plastic tubing and a 

peristaltic pump. Tubing is connected from the water sample to a tap on the top of the filter 

holder. The filtrate comes out a tap at the bottom of the filter holder and is caught in a glass 

beaker, see figure 2. 

 
Figure 2. Some basic equipment for membrane filtering 

 

Water is pumped through the filters as much as possible. However, the filtering is stopped 

when the filter show signs of clogging. The amount of water through each filter is noted and 

the used filters are stored in petri dishes at -18 °C. Samples for analyses are taken while 

pumping with no defined time interval and transferred into acid-leached polyethylene bottles 

of 125 ml. 
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2.4 Particulate organic carbon and dissolved organic carbon 

A sample for analysis of the dissolved organic carbon content in the river waters is obtained 

from each unfiltered sample by filtering the water through a glass fibre filter, 25 mm in 

diameter and with a pore size of 0.7 μm (Whatman GF/F). The filters are pre-treated through 

heating. One filter is put in an HNO3 cleaned filter holder, and the river water is pressed 

through via an HNO3 cleaned plastic syringe. Water is pressed through the filters as much as 

possible. However, the filtering is stopped when the filter show signs of clogging. The amount 

of water through each filter is noted and the used filters are stored folded in packages of 

aluminium foil at -18 °C. 

2.5 Fluorescence analysis 

A Hitachi F7000 fluorescence spectrophotometer is used for the fluorescence analysis. The 

light source in this type of apparatus is a 150 W Xenon lamp. As sample container, 1 cm 

Quartz cells from Hellma are used. The measurements carried out are wavelength scans with 

the instrument setup as seen in table 2. 

Table 2. Setup parameters used for the wavelength scans on the Hitachi F7000 fluorescence 

spectrophotometer 

Parameter  Unit 

Scan mode Emission  

Data mode Fluorescence  

EX WL 355.0 nm 

EM Start WL 200.0 nm 

EM End WL 900.0 nm 

Scan speed 240 nm/min 

Delay 0.0 s 

EX Slit 5.0 nm 

EM Slit 5.0 nm 

PMT Voltage 400 V 

Response 2.0 (auto) s 

Replicates 3  

Cycle time 0 min 
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The sample water is made sure to have reached room temperature before measurement to 

remove temperature variances and avoid bubbles in the cell. To avoid contamination, MQ 

water and sample water is used to rinse the cell before and in-between measurement of 

samples. Obtained data are stored both electronically and partially analogue in a measurement 

protocol. In APPENDIX II, the layout for the analogue protocol can be found (in table 6). 

Hodge and Vodacek (1993) suggested a method of fluorescence normalization that can be 

used for comparison between different fluorescence spectrophotometers. This comparison is 

possible trough removal of analytical errors caused by the spectrophotometer. The method is 

called F(355) N.Fl.U. and uses, besides the water sample, 10 μg/L quinine sulphate (QS), 0.5 

M H2SO4 and distilled water with the fluorescence spectrophotometer set at an excitation 

wavelength of 355 nm. The values are after calculation presented as normalized fluorescence 

units at excitation wavelength 355 nm, (F(355) N.Fl.U.). As a normalization of data, this 

method is used in this report besides presentation of raw data. 

As the resulting emission scans will be quite large and include Rayleigh, Tyndall and Raman 

scatter it is appropriate to crop out parts that can disturb the interpretation. In Senesi et al. 

(1991) a wavelength span of 380-550 nm is used for examining different soil types and the 

humic substances included therein. This wavelength span of 380-550 nm will be used for 

presenting data in this report, although full spectra are being measured and stored as raw data 

in APPENDIX III. 

3 Theory 

This part provides the necessary information about the implemented methods and touched 

subjects of this thesis. 

3.1 Fluorescence  

When a molecule is exposed to an energy source, the electrons within (hvA) can be excited 

from an initial (S0) to a higher energy state (S1 or S2) (Figure 3).Under proper conditions, the 

electrons of the molecule will return to its initial electronic state by emitting heat or a certain 

quantity of energy in the form of photons (hvF). This is an effect of the ability of all chemical 

compounds to absorb and emit energy and is often explained with the help of a Jablonski 

diagram (Figure 3). However, the transition to a higher energy level only occur if the 

exposing energy is equivalent to the difference in energy between the initial and the higher 

energy state of the electrons. The excitation and emission energy are, therefore, characteristic 

for each molecular structure and can be referred to as the excitation and emission wavelengths 

of a molecule (FMRC, 1999). 
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Figure 3. A simplified Jablonski diagram (Lakowicz, 2006) 

 

The transmission from higher energy state to ground state within a chemical compound can 

cause emission of energy with wavelengths within the whole light spectra. The emitted light is 

constantly of lower energy, and hence, has a longer wavelength than the incident light. The 

phenomenon of light emission is called luminescence. Formally, the luminescence of a 

chemical compound is divided into the categories fluorescence and phosphorescence. The two 

categories differ in the nature of the excited state of the electrons. The lifetime of energy 

transmission for fluorescence is shorter than for phosphorescence, in which light is emitted 

from triplet excited states (Lakowicz, 2006). The fluorescence of a substance depends mainly 

on its molecular structure (Coble, 1995). 

The emission efficiencies of a fluorophore are, generally, wavelength independent as the 

amount of light absorbed proportionally determines the variations in fluorescence intensity of 

a fluorophore along its emission band. Additionally, the absorption spectrum of a fluorophore 

resembles the excitation spectrum of the same fluorophore only when the excitation spectrum 

is corrected for the intensity of the exciting light and detector response. However, this is more 

applicable to investigations of solutions of individual fluorescent compounds. It is far more 

complex to relate the absorption to an emission or excitation when the aim is to investigate a 

mixture of fluorophores and other light absorbing compounds (Zepp et al., 2004). 

The impact a mixture of components has on the fluorescence of a mixed solution 

consequently means that an emission, excitation or absorption spectrum, of such a solution, 

will be composed of the sum of the components’ fluorescent and absorptive properties. Thus, 

the spectrum generated by spectrometer analysis will become the sum of the spectrum given 

by the individual fluorescence of present fluorophores (Senesi, Miano, Provenzano and 

Brunetti, 1991). 
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3.2 Quantum yield and quenching 

Quantum yield is defined as the number of emitted photons relative to the number of absorbed 

photons. Thus, a substance with a high quantum yield will emit photons with higher 

efficiency than a substance with a lower quantum yield. More information about the emission 

properties of a substance is given by the lifetime of a fluorophore, which is “an average value 

of the time spent in the excited state” (FMRC, 1999). 

Losses of energy in the transition between the excited states will consequently decrease the 

intensity of fluorescence of a fluorophore and can be caused by a wide variety of processes. 

Energy can be lost between the states due to vibrations and release of heat within a molecule. 

In turn, the energy loss causes a difference between the exciting and emitting energy which is 

called the Stokes shift (FMRC, 1999). Quenching is the collective name for intermolecular 

reactions which lead to a difference between the excited and emitted energy. The molecules 

which interact with fluorophores are called quenchers. The interactions between a fluorophore 

and a quencher can for instance form complexes which are non-fluorescent (static quenching), 

or “steal” some of the energy from the transitions and by that decrease the intensity of 

fluorescence through so-called collisional quenching. Even high concentration of the 

fluorophore (dye concentrations) itself can cause quenching by the increased possibility of 

collision between the molecules. Oxygen is one example of a quencher which can collide with 

a fluorophore and cause collisional quenching. The Stern-Volmer constant, K, indicates the 

sensitivity of a fluorophore to a quencher (Lakowicz, 2006). 

A fluorophore’s sensitivity to a quencher varies depending upon in which form the 

fluorophore and quencher hold when introduced to each other. Hence, the sensitivity can, for 

instance, be determined by how the fluorophore is present in its solute. If a macromolecule 

embeds it, the fluorophore is more protected against quenchers that are soluble in water, and 

the value for K will be lower as the fluorophore is less sensitive to its environment. The 

opposite is then true for a fluorophore which is free in a solution or which is located on 

surfaces of molecules, for which the value for K will be higher (Lakowicz, 2006). 

There are also mechanisms outside the molecular stage which cause quenching. Other species 

which has the ability to absorb the excited energy can be present in the solution, and the 

attenuation of the incident light also is of significance (Lakowicz, 2006). 

In a solution, collisions and interactions between molecules occur all the time as a result of 

molecular motion. A fluorophore can as mentioned above be quenched by a collision or 

interaction with another molecule, which means that the excited fluorophore will return to its 

ground state without emitting a photon. This is possible because the lifetime of a fluorophore 

in its excited state is long enough for it to interact and collide with surrounding molecules. 

The energy absorbed by the fluorophore can, for example, be lowered when surrounding 

molecules reorient around it. Absorption, on the other hand, is said to be an instantaneous 

event and, therefore, is not affected by molecular motion. The absorbance spectrum will only 
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be affected by the solvent molecules directly adjacent to the fluorophore. This is the 

difference between the absorption and the emission event which makes emission spectra more 

sensitive to detect dynamic processes in solutions or macromolecules and according to 

Lakowicz (1999), absorption spectra “can only provide information on the average solvent 

shell adjacent to the fluorophore” (Lakowicz, 2006). 

3.3 Fluorescence spectrophotometer analysis 

In the fluorometer, a light source produces light photons with a large range of wavelengths. 

The light then passes through a (excitation) monochromator which filters the light, only 

allowing a pre-determined wavelength span to pass. Filtered light hits the sample and some of 

the photons are absorbed by the sample molecules which get excited. When the excited 

molecules go back to its ground state photons are emitted. The emitted light photons passes 

through a second (emission) monochromator located perpendicular against the pathway of the 

light source. This is to avoid photons going straight through the sample and still be considered 

as fluorescence. The second monochromator can be used either to create a wavelength scan or 

be set to a specific wavelength span depending on machine settings. From the second 

(emission) monochromator the photons goes into a photomultiplier tube which amplifies the 

signal and transforms it to an voltage proportional to the measured intensity, this is the 

fluorescent signal that is plotted by the machine’s software, often called the relative intensity 

(RI). A schematic explanation of a fluorometer can be seen in figure 4. 

 
Figure 4. Schematic setup of a fluorometer. The figure is created outlined after Figure 2-2 Top; FMRC 

(1999) 

 

Absorption and fluorescence have common characteristics but cannot be directly substituted 

for each other. The method of measuring absorption is a bit different from fluorescence. For 

instance the light source, sample and receiver are placed linearly. The absorption is measured 

as the difference between emitted light and received light. If the sample contains low amounts 

of absorbing particles the measurement becomes uncertain due to the small difference before 

and after the sample. Fluorometry is about 1,000 times more sensitive than absorption 

spectrophotometry. (FMRC, 1999) 



15 

 

3.4 Fluorescence data 

Fluorescence data can be obtained through two- or three-dimensional spectra. The two-

dimensional spectra are called emission scan or excitation scan, depending on whether the 

wavelength for emission or the excitation is selected to be fixed during the spectrometer 

analyse. The method of three-dimensional spectra is called EEMs (excitation – emission 

matrices) and is based on repeated generation of emission scans for a multiple number of 

wavelengths of excitation. The technique of applying EEM to fluorescence investigations 

provides very detailed information about the components within a sample. The information is 

so detailed, that it is possible to identify the fluorescent components in a sample of for 

instance natural water. This is one important feature which is not obtainable by interpretations 

of two-dimensional spectra (Coble, 1995). Zepp et al. (2004) state that the EEMs technique is 

frequently used in investigations to distinguish fluorophores in marine water and freshwater. 

Accordingly, more information about changes in fluorescent properties for DOM can be 

obtained with spectroscopy by measuring RI for variation in both excitation and emission. 

Additionally, absorbance spectra are also frequently added to the investigation of two- and 

three-dimensional spectra to gain more information about the types of fluorophores the 

samples contain. As a help in the interpretation of individual fluorophores, a fully corrected 

excitation spectra should have very little deviation from its absorbance spectra. Samples of 

natural DOM are mixtures of several fluorophores and other compounds. Some of the latter 

ones can absorb light but does not fluoresce, which can be seen in a comparison between 

excitation and absorption spectra of a natural water sample (Coble, 1995). 

However, according to Lakowicz (2006), the general approach to present fluorescence data is 

to produce two-dimensional emission spectra with the measured fluorescence intensity against 

spectra of wavelengths (nm) or wavenumber (cm
-1

). The chemical structure of fluorescent 

substances (fluorophores) and the solvents in which they are dissolved determines the 

appearance of the emission spectrum, which consequently can vary a lot. Some typical 

fluorophores are quinine, fluorescein, rhodamine B and acridine orange. Fluorescence has a 

significant attribute - it can be detected with very high sensitivity. This makes fluorophores 

useful as markers and tracers within many scientific study areas (Lakowicz, 2006). Organic 

compounds in solution have long been detected with help from sensitive detection of 

fluorophores through fluorescence spectroscopy (Zepp et al., 2004).  

3.5 Raman scatter 

Water molecules have an emission wavelength linear to the wavelength of excitation. 

Consequently, the fluorescence spectra for samples of i.e. natural freshwater will not only 

represent the fluorescence intensity of the fluorophores of interest but also scatter from the 

water in the sample solution. This scatter produced by water can be divided into two types – 

Rayleigh and Raman scatter. Both derive from interactions between the exciting light and 

water molecules. Rayleigh scatter is a direct reflection of the exciting light and thus occurs at 
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the same wavelength as the incident light, while the interactions causing Raman scatter 

generates a loss of energy which shifts the scatter to longer wavelengths. Rayleigh scatter also 

occur with lower energy at twice the wavelength of the exciting light. It is called second order 

Rayleigh peak. Tyndall is another scatter, which is generated by direct reflection from 

particulate matter in the sample. Tyndall scatter can be reduced if the sample is filtered 

through a 0.2 µm filter (Zepp et al., 2004). 

Scatter have larger impact on three-dimensional spectra (excitation – emission matrices), than 

on two-dimensional spectra (emission and excitation scans) and should be corrected for in 

order to be able to make better interpretations of the fluorescence spectra. The number of 

suggested correction methods is increasing. However, one frequently used method is the 

conventional correction through blank-subtraction. The method applies subtraction of the 

spectrum from a blank sample, of distilled water or MQ water, from the spectrum obtained by 

the sample solution (Zepp et al., 2004). 

Zepp et al. (2004) recommends their method to be applied in corrections for such scatter in 

excitation - emission matrices (EEMs). Their method is shown to generate much better 

corrections than the conventional and frequently used blank-subtraction procedure. 

3.6 Fluorescence of organic matter 

As previously mentioned, the fluorescence of a substance is mainly determined by its 

molecular form. Factors such as pH, metal ions, and the presence of other solutes also have an 

impact on the fluorescence by affecting the fluorescence intensity and quantum yield. 

Additionally, properties such as number of aromatic rings and conjugated bonds in a chain 

structure or presence of functional groups, such as carbonyl and hydroxyl groups, affect the 

fluorescence. Thus, the fluorescence can vary both between and within groups of organic 

matter. This is stated by Coble (1995) in a study about differences in fluorescence of marine 

versus terrestrial humic substances. 

3.7 CDOM 

As being said, the CDOM is the optically active part of organic matter and can absorb light 

over the whole light spectra. There exists no single wavelength for which all parts of the 

DOM pool will be optically active. CDOM is a complex mixture of species which allows it to 

emit light of the whole spectra via fluorescence. Accordingly, not all optical activity of 

CDOM does have a direct impact on the waters colour as the CDOM will also emit light that 

is not visible to the human eye (Hoge et al., 1993).  

The fluorescence of CDOM is especially stimulated by exposure of UV light. Within the 

oceans, CDOM is one of the strongest light-absorbing components and can therefore be a 

significant part of the ocean's total absorption of sunlight (Hoge et al., 1993). This feature of 

CDOM is very important for aquatic eco-systems as it protects phytoplankton from being 

damaged by UV-radiation. The light absorbing properties of CDOM also have an effect on the 
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photosynthesis in water, as some species of CDOM can absorb light radiation which activates 

photosynthesis five times better than phytoplankton (Xiao et al., 2013). 

An study by Cabaniss and Shuman (1987) shows that metals can affect the relative 

fluorescence intensity of DOM. Ferric iron Fe(III) and copper (Cu) can, even in small 

amounts (0.1-10 µM), lower the relative fluorescence intensities. In presence of such small 

amounts the change in relative fluorescence is moderate (1-15%). Addition of magnesium 

(Mg) can generate an increase in relative intensity (1-5%). None of these metals changed the 

shape of obtained spectra, but only affected the fluorescence intensities. Additionally, organic 

pollutants such as petroleum hydrocarbon and detergents can have significant effect on 

fluorescence readings (Cabaniss & Shuman, 1987). 

The increase in relative fluorescence intensity generated by Mg was also observed by Zepp et 

al. (2004). They found that the effect of Mg and hydroxide ions increased with increasing pH 

and salinity when freshwater reached an estuary. 

3.8 Humic Substances 

As mentioned, CDOM is a complex mixture of organic constitutes but it is much represented 

by chemical compounds called humic substances (HS) (e.g., Xiao et al., 2013). HS can vary 

from particle to colloid size (Gustafsson & Geschwend, 1997) and consist of organic 

compounds of carbon which mainly are residues from decomposition of dead plant- and 

animal parts. Humus is yellow to brown coloured and released when soil is drained with 

water, which hence is given the same colour as the substances. Humic substances are 

important because they provide a bioavailability and transport of organic matter as well as 

their properties as acids and bases are important for the acidity of rivers and lakes. The 

toxicity of heavy metals to flora and fauna can be reduced by presence of humic substances as 

the organic compounds are able to form complexes with these types of metals (Temnerud, 

2002; Löfgren et al., 2003). 

In an article written by Sensei et al. (1991) they tried to characterise and differentiate humic 

substances retrieved from different types of soils through fluorescence spectroscopy. They 

found out that origin and nature of the material has an impact on the appearance of the 

emission spectra. Thus making it possible classifying humic substances based on their 

fluorescence behaviour. 

4 Background 

The Kalix River and its catchment area are located in northern Sweden and it flows from the 

Kebnekaise massif in the Scandinavian Mountains to the Bothnian Bay outside the town of 

Kalix (Figure 5). The catchment area is 28,161.41 km
2
 and consists mainly of woodland, 

mires and alpine tundra (SMHI, VattenWebb, 2014). The river is defined as an alpine river, 

which means it has its origin in the mountains. The river is unregulated and protected against 
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hydropower development and is part of a large Natura 2000 area, which means it is a Swedish 

nature area decided as protection-worthy and is part of an EU network for environment 

protection. Water from several mines, both historical and active, are drained into the Kalix 

River system. These mines contribute with metals as well as nutrients, primarily nitrogen, to 

the water (Vattenmyndigheten Bottenviken, 2010). 

Råne River is defined as a boreal river as its origin is located in a forested area. The river 

flows through the water district Bottenviken in Norrbotten County in northern Sweden from 

southern Gällivare to its estuary in the Bothnian Bay. It has a length of 1,927.36 kilometres 

and the catchment area is 4,207.3 km
2
, which mainly consists of forest and mires (Figure 5) 

(Vattenmyndigheten Bottenviken, 2010). 

 
Figure 5. Map over Kalix River catchment area (dark grey) and Råne River catchment area (light grey) 

with their estuaries 
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There are few human activities, such as large-scale agriculture or industries, in Råne River’s 

catchment area and the river together with all of its tributaries is designated as Natura 2000 

areas. However, the water ministry of Norrbotten County has identified one area of 

contaminated land adjacent to Vuollerim (an urban area in Jokkmokks municipality in the 

North-western part of the catchment) in the catchment area. Also, some areas in the coastal 

parts of the catchment have activities which can pose as sources of pollutants 

(Vattenmyndigheten Bottenviken, 2008). 

4.1.1 Hydrology 

Kalix and Råne River represents two out of 36 main catchments which drain to the Bothnian 

Bay. The precipitation in the catchment areas of the two rivers is between 500 and 700 mm 

per year on the coastland and forested areas whilst 800-1,400 mm per year generally falls in 

the arctic areas. 

Figure 6 and 7 represents the monthly discharge between 2008 and 2012 for Kalix and Råne 

River respectively. Raw data are taken from the Swedish Meteorological and Hydrological 

Institute, SMHI. The annual spring flood in Kalix River is generally characterised by two 

distinct peaks, originating from snowmelt in the forested areas and in the alpine tundra. The 

first peak generally occurs between May and June followed closely by the second, which 

prolongs the high flow rate of the first peak as the snow melts in the mountains. If the 

snowmelt is fast in the forested areas, the peak from the snowmelt in the mountains will be 

clearly indicated in the discharge. Another peak can be observed during September to 

November and it is mainly due to higher precipitation. 

 
Figure 6. Monthly discharge in Kalix River during time period 2008-2012, data collected from SMHI 
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Råne River has its origin in forested areas only, which is indicated by only one distinct peak 

generally between May and June. Peaks due to increase in precipitation during autumn is 

observed in Råne River as well, which can be of similar magnitude to or larger than the spring 

flood. It is also shown that Råne River has a lower base flow compared to Kalix River and 

that the flood in Kalix River decrease during longer time. 

 
Figure 7. Monthly discharge in Råne River during time period 2008-2012, data collected from SMHI 

 

When the snow melts in the spring most of the yearly discharge occurs and drains the 

landscape and is brought to the Bothnian Bay by the rivers. The water during the spring flood 

represents more than half of the water fed to the river during the whole year. Consequently, 

this leads to an increase in the transport of organic matter and other components to the 

Bothnian Bay, while the contribution of the base flow has little impact on the transport. Thus, 

it is generally of more interest to study the water quality during spring flood (Bauer & Ingri, 

2012). Kalix and Råne River are not regulated for use of electric power plants, which is also a 

reason why the rivers are interesting to investigate. 

4.1.2 Geochemistry 

Bauer and Ingri (2012) have evaluated data from monitoring programs of water investigations 

in northern Sweden regarding transport of trace metals to the Bothnian Bay. Figures from 

their evaluation can here be used to show the observed behaviour of Kalix and Råne River 

regarding discharge and transport trends of organic carbon over a period of 15 years. 

The concentration of total organic carbon (TOC) is clearly higher in Råne River, but the 

concentration does not vary as much as for Kalix River where spring flood contributes with a 

significant increase. This is expected, since rivers with forested catchment areas only, so-

called boreal rivers, generally have a larger transport and concentrations of organic matter 
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than rivers with origins in mountain areas. An additional difference between Råne and Kalix 

Rivers is that most of the highest measured values for TOC coincide with the spring flood in 

Kalix River, while the higher TOC concentration values for Råne River have been measured 

both during spring flood and during autumn months with heavy precipitation. Both rivers 

reached concentrations of 12 mg/L at highest during the monitoring period (Figure 8). 

 
Figure 8. Monthly transport of TOC from monitoring programs during 1996 to 2011 for Kalix and Råne 

River (Bauer & Ingri, 2012) 

 

Despite of the increasing amount of water during spring flood and that main element 

concentrations decrease, no dilution regarding the concentration of trace metals can be 

observed. This implies that there are other specific sources for trace metals during spring 

flood. Sources of iron and manganese are terrestrial. Three sources have been identified which 

leads to increased concentrations of trace metals through interaction – re-suspension of 

sediment particles, water from mires and the riparian zone. Rock fragments, detrital particles, 

organic material and Fe-Mn-oxyhydroxides from the three sources work as transporters of 

trace metals and are mixed during the spring flood. Therefore, there is an increased transport 

during spring flood. 

The trace metal transport is dominated by iron. Compared to Kalix River, Råne River 

transports a relatively low amount of detrital particles. Most of the iron is instead transported 

by forming oxyhydroxides and complexes with organic material. Råne River together with the 

Sangis River shows the highest Fe and TOC concentrations of the Swedish contribution to the 

Bothnian Bay. The organic carbon can keep Fe and Al suspended in the water through 

complex binding. Dissolved organic colloids represent important surfaces for transport of 

cations, such as Fe(III)-ions, and trace metals. The review of the existing monitoring data has 
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shown that it is necessary to filter the samples. Filtration provides a better defined dissolved 

fraction and the filters can be saved for further analyses. 

To understand the process of brownification, it is of importance to analyse the particulate 

phase in these water systems and, therefore, important to save filters after filtration. The 

transport of trace metals and phosphor are mainly controlled by iron and manganese. Thus, it 

is especially significant to analyse the particle phase in order to investigate and understand 

changes in the transport of iron and manganese. Monitoring of the transports to the Bothnian 

Bay is important, as it is a part of the investigation of how the Bay is affected by the addition 

of elements and organic matter. It is today not fully studied how the Bothnian Bay is affected 

and why it undergoes an oligotrophication, while the Baltic Sea undergoes an increasing 

eutrophication. It is clear that the Bothnian Bay and Sea are important sinks for phosphor and 

that the sinks can be a result of phosphor-iron-photoreduction. However, it is not studied how 

sensitive these sinks are against changes in the environment (Bauer & Ingri, 2012). 

5 Results 

Results from the analyses on the river waters are presented in this section in the order of water 

quality and fluorescence results, first for Kalix River and then for Råne River. Three water 

samples from both rivers were ultrafiltered and analysed with the spectrophotometer. The 

results from the analyses on the ultrafiltered samples will not be presented in this section but 

are briefly discussed and can be found in APPENDIX III. The first sampling occasion 

(K1/R1_ABS14, 26-02-2014) is not presented, as this spectrophotometer analyse was carried 

out differently from later measurements. The samples were fridge-cold when analysed and 

bubbles were thus formed in the sample container. Gas formation can disturb fluorescence 

measurements and consequently, the following samples were analysed after have reached 

room temperature. The Quartz cell (sample container) broke while analysing the samples from 

sampling occasion K6/R6_ABS14 (29-04-2014). Thus, the container was replaced with 

another one of the same type and brand. The liquid dissolved oxygen (LDO) and specific 

conductivity was measured during the field measurement. However, due to problems with the 

equipment, the results are not presented. It is instead assumed that the LDO of the surface 

water is around 100% and the specific conductivity is disregarded. 

At Kalix River, the difference for water temperature and pH between the Minisonde 5 and the 

spare equipment were at a maximum magnitude of 1.23 and 0.48 units, respectively. The 

maximum differences at Råne River were 0.45 and 0.34, respectively. The differences are not 

considered to have any significant effect on the interpretation of the results. Hence, the results 

from the Minisonde 5 of these water quality parameters are presented for all sampling 

occasions apart from K4/R4, K5/R5, K6/R6 and K7/R7 when the Minisonde 5 was out of 

function. 
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Figure 9 shows the resulting emission spectrum with relative intensity (RI) of unfiltered 

sample water (OF), for sampling occasion R2_ABS14, over the wavelengths 200-900 nm. 

The first peak, at wavelength 357.8 nm, is a combination of Tyndall and Rayleigh scatter. The 

second peak located at wavelength 405 nm is Raman scatter. The broad third peak, roughly 

located around the wavelength 450 nm, is identified as a fluorescence signal caused by 

organic matter in the sample. The fourth peak is 2
nd

 order Rayleigh scatter, occurring around 

the wavelength 715 nm. Figure 9 and 10 of the emission spectra show that it is necessary to 

crop out Rayleigh and Tyndall scatter, to be able to interpret the intensities between 410 - 550 

nm. 

 
Figure 9. Emission wavelength spectrum over 200-900 nm preformed on OF water R2_ABS14 (13-03-

2014) 

 

Figure 10 is used to verify the identification of Raman scatter in the emission spectrum of 

figure 9. Figure 10 shows emission spectra of unfiltered sample water from Råne River (black 

line) and MQ water (grey line). Since Raman scatter is produced by water molecules only, the 

emission spectrum of MQ water does not reflect fluorescence of other components, compared 

to a sample of river water. This difference makes it possible to identify the florescence of 

water molecules in the spectrum of the unfiltered sample and thus, the peaks occurring at 400-

415 are identified as the Raman peak for water. 
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Figure 10. Emission spectra of unfiltered sample water from Råne River (black line) and MQ water (grey 

line). Both peaks at 400-415 are interpreted as the Raman peak for water 

To examine analytical variations of the fluorescence spectrophotometer between occasions of 

analysis, the standard deviation is calculated through spectrophotometer analyse on MQ water 

at the Raman peak (405 nm). MQ water is chosen for the standard deviation calculation 

because it is measured two times at each sampling occasion, according to the normalization 

procedure, and because MQ water fluoresces clearly at Raman peak. The result of these 

calculations is presented in figure 11. The standard deviation varies from 0.008 to 0.035. The 

highest standard deviation is calculated for the date when the sample container broke and was 

replaced mid-sampling (29-04-2014). After this sampling occasion, the standard deviation 

varies more than before. 

 
Figure 11. Standard deviation of MQ water at wavelength 405 nm 
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5.1 Kalix River - Water quality 

During the sampling period the temperature is as lowest 0.06 °C in the beginning of the 

sampling period. The highest temperature of 9.13 °C is measured during the last sampling 

occasion (K10_ABS14). Throughout the sampling period, the pH fluctuated with 6.19 as 

lowest and 6.94 as highest. According to discharge-data obtained from SMHI, the last 

sampling is done at the peak of spring flood. Change in watercolour is determined through 

visual inspection of the samples. There is a clear increase in watercolour during spring flood 

compared to the samples taken before spring flood. The colour decreases when the samples 

are filtered. A clear change in watercolour between 0.45 and 0.025 µm fractions can be 

observed. The most distinct change in colour is observed in the ultrafiltered samples, where 

no colour can be seen with the bare eye. Results on water quality parameters measured in 

Kalix River are compiled in table 3 and visualised in figure 12 and 13. 

Table 3. Kalix River water quality parameters result 

Date Sample Temperature pH DOC Discharge 

  °C  mg/L m³/s 

13-03-2014 K2_ABS14 0.08 6.49 3.35 99.4 

26-03-2014 K3_ABS14 0.06 6.56 3.85 88.1 

09-04-2014 K4_ABS14* 0.5 6.65 3.88 81.4 

23-04-2014 K5_ABS14* 0.7 6.49 4.30 213 

29-04-2014 K6_ABS14* 0.9 6.60 7.86 521 

07-05-2014 K7_ABS14* 1.4 6.19 8.18 460 

14-05-2014 K8_ABS14 2.99 6.94 7.44 492 

21-05-2014 K9_ABS14 7.27 6.80 7.26 836 

28-05-2014 K10_ABS14 9.13 6.75 7.16 1,230 

*Results from spare equipment 
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Over the period both water temperature and water discharge increase. Between March and 

April, the temperature increases by 0.82 °C and the discharge by 421.6 m³/s. In May, the 

increase is 7.73 °C and 770 m³/s, respectively (Figure 12). 

 
Figure 12. Water temperature (dashed line) and discharge (continuous line) before and during spring flood 

in Kalix River 

 

In figure 13, the DOC concentrations and discharge are plotted for the different sampling 

occasions. During spring flood, the DOC concentration (dashed line) is distinctly elevated and 

the discharge (continuous line) is more than double compared to the previous sampling 

occasions. 
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Figure 13. DOC (dashed line) and discharge (continuous line) before and during spring flood 

 

5.2 Kalix River - Fluorescence 

The fluorescence is presented as average values of fluorescence relative intensity (RI) 

calculated from three replicates. A local RI peak is observed around wavelength 445 to 455 

nm throughout the sampling period, and the Raman scatter is visible at the wavelength 405 

nm. The Raman scatter peak is less visible when the RI is elevated. The peak-value is as 

lowest (1.469) of the OF fraction at sampling occasion K2_ABS14 (Figure 14). The highest 

peak-value is 4.187 of the 0.22 µm fraction at sampling occasion K7_ABS14 (Figure 15). 
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Sampling occasions K2_ABS14 to K10_ABS14 are plotted in figure 16, showing DOC and 

average RI for the four aliquots OF (Figure 16A), 0.45µm (Figure 16B), 0.22 µm (Figure 

16C) and 0.025 µm (Figure 16D) over time. Each spectrum represents a wavelength span of 

380-550 nm. The DOC data are presented as a level, in mg/L. In the four aliquots, RI and 

DOC both have a distinct increase from 23-04-2014 to 29-04-2014 (K5_ABS14 – 

K6_ABS14). Simultaneously the discharge is more than doubled. 

 
Figure 16. Compilation of the sampling period 13-03-2014 – 28-05-2014 (K2_ABS14 – K10_ABS14) for 

water aliquots OF (A), 0.45µm (B), 0.22 µm (C) and 0.025 µm (D). Average values of fluorescence RI 

(light grey) over the wavelength span 380-550 nm and DOC (dark grey) are presented for each aliquot 
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A histogram containing average values of the triplicate RI peak-values from each analysis is 

presented below (Figure 17). The fractions of OF, 0.45 and 0.22 µm have the same relative 

order throughout the sampling period. Among them, 0.22 µm represents the highest average 

RI, followed by 0.45 µm and OF. The average RI peak-values of the 0.025 µm fraction vary 

more from the relative order and show no distinct relation to the other fractions. 

 
Figure 17. Average peak-values for fluorescence RI in samples from Kalix River. A comparison between 

OF samples and filtrates of 0.45, 0.22 and 0.025 µm and sampling occasions 

 

5.2.1 Normalization, F(355) N.Fl.U. 

As a normalization the F(355) method of N.Fl.U suggested by Hodge and Vodacek (1993) is 

used. The normalizations of the aliquots together with discharge are shown in figure 18. 

Except for the 0.025 µm filtrate, being somewhat below the others, the normalized values are 

stacked on top of each other. The F(355) N.Fl.U. increased during the sampling period for all 

aliquots. Between the first and second sampling occasion the F(355) N.Fl.U. values more than 

double, and this difference is the largest change in F(355) N.Fl.U. between sampling 

occasions. 
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Figure 18. F(355) N.Fl.U. for all water aliquots (OF, 0.45, 0.22 and 0.025 µm) plotted together with the 

discharge during the sampling period 13-03-2014 – 28-05-2014 (K2_ABS14 – K10_ABS14) 

 

The three ultrafiltered samples (one from each of three sampling occasions, K3, K9 and K10) 

show a distinct decrease in normalized RI, by more than half, compared to normalized sub-

samples of OF, 0.45, 0.22 and 0.025 fractions for the same sampling occasions. 

5.3 Råne River - Water quality 

The field and laboratory results of the water quality measurements before and during spring 

flood on the water from Råne River are presented both in table 4, figure 19 and 20 below. 

Table 4. Results of water quality parameters in Råne River 

Date Sample Temperature pH DOC Discharge 

  °C  mg/L m³/s 

13-03-2014 R2_ABS14 0.08 6.31  17.8 

26-03-2014 R3_ABS14 0.04 5.75 6.18 18.4 

09-04-2014 R4_ABS14* 0.1 6.08 5.47 16.9 

23-04-2014 R5_ABS14* 2.2 6.42 6.61 38.5 

29-04-2014 R6_ABS14* 2.3 6.3 7.10 102 

07-05-2014 R7_ABS14* 2.7 6.16 8.15 146 

14-05-2014 R8_ABS14 3.62 6.55 8.07 160 

21-05-2014 R9_ABS14 6.3 6.41 8.56 230 

28-05-2014 R10_ABS14 10.15 6.22 7.78 179 

*Results from spare equipment 
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The temperature increase during the sampling period from 0.08 to 10.15 °C, and the pH 

fluctuates between the lowest value of 5.75 to a higher value of 6.55. Concentrations of 

dissolved organic matter increase during the period from 5.47 to 8.56 mg/L. The discharge 

increases more drastically between April and May, and starts to decrease again at the end of 

May. The variations in watercolour of the samples are investigated with the bare eye. Samples 

from Råne River show a slight increase in watercolour for the unfiltered samples and the 0.45 

µm filters during spring flood, compared with samples taken before. The watercolour clearly 

decrease between the 0.45 and 0.025 µm fractions and the colour decrease even more clearly 

between the 0.025 µm fractions and the ultrafiltered samples. Changes in temperature (grey 

line), and discharge (black line) are presented together in figure 19 below, which shows that 

both parameters increase during the spring flood. 

 
Figure 19. Measured variations in water temperature (grey line) and discharge (black line) from March to 

end of May in Råne River 
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Figure 20 shows that the concentrations of DOC (grey line) mainly follow the changes in 

discharge (black line) during the investigated period. 

 
Figure 20. Measured variations in DOC concentration (grey line) and discharge (black line) from March 

to end of May in Råne River 

 

5.4 Råne River - Fluorescence 

Results from the spectrophotometric analysis are initially presented as emission spectra for 

wavelength span 380-550 nm (Figure 21-24). The fluorescence intensity is given as relative 

intensity (RI). The emission spectra are not corrected for Raman scatter. The results are 

thereafter presented in a histogram and a line chart (Figure 25 and 26). The presented RI-

values are averages of measured triplicates for each sample fraction at each sampled emission 

wavelength.  

Figure 21 represents compiled emission spectra for sampling occasion R2_ABS14. The 

highest relative intensities are obtained from the 0.22 µm filtrate followed by the 0.45 µm 

filtrate. The 0.025 µm filtrate shows the third highest relative intensities and a larger 

difference to the relative intensities of the two larger filtrates, with start at 420 nm. The 

highest intensity for the filtrates 0.22, 0.45 and 0.025 µm are 2.484, 2.407 and 2.271, 

respectively. The unfiltered water sample generates 2.197 as the highest RI and generates the 

lowest relative intensities compared to the other filtrates. 
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Figure 22 represents compiled emission spectra for sampling occasion R7_ABS14, which 

represents the samples that generate the highest relative intensities during the sampling 

period. The relative intensities are overall higher for all sample fractions compared to 

sampling occasion R2_ABS14. However, the differences in relative intensity between the 

sample fractions are of smaller magnitude compared to the differences shown in figure 21. 

The highest RI of 4.187 is still generated by the 0.22 µm filtrate. However, the 0.45 and 0.025 

µm filtrate follows more tightly with RI peak-values of 4.079 and 4.003 respectively. The 

highest RI for the unfiltered water is 3.884. 

The spectra of relative intensities generated during the sampling occasion with the highest 

discharge (R9_ABS14) are presented in figure 23. The relative intensities of the 0.45 µm 

filtrate are now much closer to the intensities of the 0.22 µm, which means RI values of 3.774 

and 3.777 respectively. The unfiltered water has an average peak-value of 3.632, which is 

lower relative intensity than the 0.45 and 0.22 µm filtrates. However, the unfiltered sample 

has a higher RI peak-value than the 0.025 µm filtrate with a peak-value of 3.566. 
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Emission spectra from fluorescence spectrophotometer analysis are presented together with 

the DOC concentration for the unfiltered and filtered samples in figure 24. The data are 

presented as a timeline in order to facilitate a visual comparison between the spectra. The x-

axis denotes the date of sampling and the emission spectra for each sample is shown for each 

sampling occasion. Each emission spectrum represents a wavelength span of 380-550 nm 

(wavelength numbers are not visible). The emission spectra show the average values of 

relative intensity (RI) for unfiltered samples and sample fractions of 0.45, 0.22 and 0.025 µm. 

The analysed DOC concentrations are presented as levels to expose possible connection to the 

variations in fluorescence on a secondary y-axis. The average values of RI initially increase 

and decrease at sampling occasion 09-04-2014 (R4_ABS14) for the unfiltered fraction. From 

this date on, the RI increases until 07-05-2014 (R7_ABS14) for all sample fractions. The 

discharge almost has a linear increase during this period (Figure 26) and the average peak-

values for RI fluctuate in conjunction with the changes in DOC concentrations. This does not 

apply to sampling occasion 21-05-2014, where the DOC increases in contrast to the decrease 

in RI. There is a distinct increase of the discharge between 14-05-2014 and 21-05-2014 

(Figure 26) which is responded to with a decrease in relative intensity. 
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Figure 24. Series of emission spectra over the sampling period 13-03-2014 to 28-05-2014 for samples of 

unfiltered water (A), 0.45 µm filtrate (B), 0.22 µm filtrate (C) and 0.025 µm filtrate (D) from Råne River 

(light grey). The results from DOC analysis over the period 26-03-2014 to 14-05-2014 are displayed as 

levels (dark grey) 
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Figure 25 shows the average peak-values for RI for all sampling occasions and sample 

fractions. The highest values of RI, for all fractions, are generated during the start of the 

spring flood 07-05-2014 (R7_ABS14) (Figure 25 and 26). The highest RI of 4.187 is 

represented by the 0.22 µm filtrate. The 0.45 and 0.025 µm filtrates generate relative 

intensities of 4.079 and 4.003, respectively. The unfiltered water shows a RI of 3.884. 

 
Figure 25. Average peak-values for relative intensity (RI) in samples from Råne River. A comparison 

between unfiltered samples and filtrates of 0.45, 0.22 and 0.025 µm and sampling occasions 

 

The wavelengths for the peak-values of RI during spring flood in Råne River vary between 

446.4 and 453.2 nm, and mainly increase with increasing peak-value. 

5.4.1 Normalization, F(355) N.Fl.U. 

The results from the normalization to fluorescence units for excitation wavelength 355 nm are 

presented together with the discharge for the same time period in figure 26. There is a main 

increase in normalized fluorescence for all fractions throughout the sampling period. The 

fluorescence of the two larger filtrates and unfiltered water conjugates with the fluctuations of 

the discharge only dissenting from this trend at two sampling occasions (09-04-2014 and 29-

04-2014), while the pattern of normalized fluorescence for fraction 0.025 µm is more 

irregular. 
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Figure 26. Calculated normalized fluorescence units (N.Fl.U.) for excitation wavelength 355 nm during 

sampling period 13-03-2014 to 28-05-2014 are displayed for unfiltered (dotted line) and filtered samples 

together with measured discharge (continuous black line). The grey continuous line, grey dashed line with 

triangle-points and grey dashed line with crosses represents 0.45, 0.22 and 0.025 µm filtrates respectively 

 

The three ultrafiltered samples (one from each of three sampling occasions, R3, R7 and R10) 

show a distinct decrease in normalized RI, by more than half, compared to normalized sub-

samples of OF, 0.45, 0.22 and 0.025 fractions for the same sampling occasions. 

6 Discussion 

The calculated standard deviations of the spectrophotometer measurements show that 

analytical errors originating from the spectrophotometer should not have significant effects on 

the RI results. 

It is understood that the fluorescence intensity is not a direct measurement of watercolour 

neither absorption. If intended to investigate variations in watercolour, absorption 

measurement serve as a better method. Higher relative fluorescence intensity is not a measure 

of higher absorption. This is instead an indication of high quantum efficiency at high RI. 

However, fluorescence measurement can be added to absorption investigations to tell more 

about the organic matter which colours the water. The observed increase of DOC implies an 

increase of DOM and thereby also CDOM. Consequently, there would be more of CDOM 

(e.g. humic substances) in the water and the colour would thus increase. The watercolour 
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should therefore also increase with increasing levels of DOC, which was observed during the 

sampling period.  

Smaller molecules of organic matter have a larger surface in contrast to volume compared to 

larger molecules. Accordingly, the fluorophoric parts of smaller molecules are more exposed 

to light. Hence, even if larger molecules have more fluorophoric parts they do not necessarily 

have higher quantum yield. On the contrary, larger parts can have less quantum efficiency 

than small molecules. With higher concentrations of DOC, there could also be a higher 

concentration of particles and organic constituents which absorb light but do not emit 

photons. Therefore, the fluctuations of DOC can not solely be ascribed to the changes in RI. A 

large ratio of CDOM compared to other non-fluorescent constituents in the water should lead 

to higher RI, unless the water contains significant concentrations of quenchers such as iron 

and copper ions. 

Considering what has been discussed above, the occurrence of quenching by collision ought 

to be greater and concentrations of other constituents be higher in the unfiltered samples 

compared to the other sample fractions. The 0.45 µm filtrate should have less collisions and 

smaller concentrations of other constituents, which would allow better quantum efficiency. 

The 0.22 µm filtrates are expected to have even less concentrations of other constituents and 

thereby even lower frequency of collision. Therefore the 0.22 µm fractions show higher 

relative intensities than both unfiltered samples and 0.45 µm filtrates. The 0.025 µm filtrate 

probably has the least occurrence of collision quenching and it should also contain least 

fluorophores. Additionally, the filtrate should only contain smaller sizes of CDOM and this 

could explain why the relative intensities of this fraction vary so much between the sampling 

occasions. 

According to the results from the fluorescence spectroscopy analysis, the 0.22 µm fraction 

seems to represent the highest ratio between CDOM and other non-fluorescent constituents. 

However, the fluorescence of the 0.22 µm filtrate can still be quenched by the presence of 

metal ions or changes in water quality, which of course is valid for all sample fractions. 

Consequently, ratios of CDOM and other constituents together with ratios between iron and 

CDOM should determine the quantum efficiencies of fluorescence. Oxygen can also quench 

the fluorescence and as the samples of surface water had LDO saturation up to 100%, there 

are good reasons to assume that the fluorescence of the samples could be significantly 

affected by oxygen. 

6.1 Kalix River 

As expected, the water temperature and discharge values coincide well in Kalix River during 

spring flood. The discharge to Kalix River increase when summer is approaching, as both air 

and water temperature rise and cause snow and ice to melt. 
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The DOC increases as the spring flood starts. A comparison between the DOC levels and 

values of RI show a similar pattern as for DOC and discharge. On the last two sampling 

occasions however, the discharge increases to its maximum while the RI somewhat decreases. 

DOC does not have its maximum concentration at the peak of spring flood, but follows the 

pattern of fluorescence RI. 

Over the period of sampling the RI peak-values of OF, 0.45 and 0.22 µm are following the 

same order with 0.22 as highest, 0.45 as second highest and OF as lowest. 0.025 µm is more 

irregular and it varies from sampling to sampling. There is an abrupt change in RI and DOC at 

the start of spring flood and here the highest values are registered for both DOC and 

fluorescence RI. A possible explanation to the abrupt increase in DOC and RI can be due to 

an intense rinsing of the riparian zone. The latter decrease in DOC and RI, when the discharge 

increases, can be caused by the second peak of spring flood originating from snowmelt in the 

mountains. 

6.2 Råne River 

Figure 19 and 20 show an expected correlation between sampling occasions, increased 

discharge and water quality parameters in Råne River. The concentrations of DOC show a 

moderate increase with increased discharge since the DOC concentrations should not be 

affected by dilution. Instead the DOC concentration increases when more melt water drains 

the soils of the catchment area. There are no significant variations in pH and the values are 

normal for freshwater of terrestrial origin. The discharge seems to have come intermittently 

during the spring as a result of an uneven snowmelt due to a milder winter. 

Regarding the differences between Figure 21, 22 and 23 there are several possible 

explanations. The organic matter in the 0.45 µm filtrate may be more fluorescent, as shown in 

figure 22, if the ratio of that fraction is increasing within the TOC concentration during higher 

discharge. Alternatively, the concentration of active fluorescent material is increased in the 

0.45 µm filtrate at this sampling occasion. Figure 23 could then suggest that the fluorescent 

organic material is mainly represented by organic compounds within the 0.45 µm filtrate 

during the highest discharge, as there is a decreased difference in intensity between the 0.45 

and 0.22 µm filtrates. The decrease in difference between the three filtrates with increasing 

discharge can also be a result of quenching due to higher ratio of iron complexes in the 0.22 

µm filtrate, as the iron concentrations are expected to increase during spring flood and form 

complexes with humic substances. 

A decrease in RI is observed for all fractions during the highest discharge 21-05-2014 (Figure 

25). This may be explained by an increased occurrence of collision quenching when the 

concentration of water compounds increase for all fractions. Additionally, increased 

concentrations of iron could decrease the fluorescence. Alternatively, the decrease is due to 

dilution of OM with higher discharge, but this is only applicable if the DOC concentration 

decreased with increasing discharge, which is not the case according to Figure 20. 
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6.3 The two rivers compared 

Fluorescence measurements in Kalix and Råne River show that the rivers do not have large 

differences in RI during the sampling period. However, a more distinct change in fluorescence 

RI can be seen in Kalix River at the beginning of spring flood. Råne River show a more even 

flow of organic material than Kalix River, since there are no abrupt changes in RI or DOC 

over the sampling period. The highest DOC levels and average maximum RI peak-values 

were measured when the discharge started to increase (start of spring flood) in both rivers. 

The high values of DOC and RI at this time during spring flood may indicate a flush effect, 

caused by an intense rinse of the riparian zone. 

The geological and hydrogeological differences of the catchment areas for Kalix and Råne 

River could imply molecular differences within present organic matter. The differences could 

also affect the composition and distribution of OM, which in turn affect the fluorescence 

relative intensity.  

Considering the histograms showing average peak-values for RI (Figure 17 and 25), the 

variation of RI between the fractions are smaller than the variation of RI between the sample 

occasions. Consequently, the concentration of fluorescent material is not affected by the 

membrane filtering as there is no difference in RI between the fractions. A clear difference in 

RI was only generated through ultrafiltration. The ultrafiltered samples also showed a distinct 

decrease in watercolour compared to the samples from membrane filtering. Hence, it seems 

that colloids represent a significant part of the fluorescence and watercolour. The smaller 

variations can also imply that the ratio between fluorescent, non-fluorescent and quenching 

material are similar between the filtrates from the membrane filtering. 

The normalized F(355) average values of RI for the ultrafiltered samples are clearly lower 

compared to all other aliquots of the river waters. This, together with the fact that the RI for 

the 0.025 µm samples did not differ much from the other aliquots, could imply that the water 

samples contain fluorophores which are mainly colloids. Hence, the CDOM could mainly be 

of colloid form. 

6.4 Reflections on selected methodology 

An evaluation of the chosen method led to some comments on what could have been done 

differently. 

All samples intended to be analysed by a spectrophotometer, should have reached room 

temperature before the performance. Bubbles were observed in the quartz cell with fridge cold 

samples after analyse, which may give false reading in the fluorescence data. 

Considering the effects of oxygen and salinity on fluorescence, more consistent LDO and 

salinity measurements could be carried out, to possibly receive a better interpretation of the 

fluorescence results. 
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It should be ensured that DOC samples are analysed during the whole sampling period, as it is 

very useful to be able to observe the variations in DOC in conjunction with the results of the 

fluorescence. Additionally, the sampling period should be extended to start more early and 

end later to ensure that the whole spring flood event is covered by the study. 

A risk analysis before start of sampling can be helpful, as sensitive equipment can be easily 

broken. The project can then in advance better ensure that the quality of spare equipment is 

equal to the standard equipment.  

6.4.1 Normalization F(355) N.Fl.U. 

An attempt to normalize the fluorescence relative intensity (RI), according to the method 

suggested by Hodge et al. (1993), is made in this study. According to our interpretation of this 

method, the unfiltered samples from Kalix and Råne River, for each sampling occasion, are 

first analysed with the spectrophotometer. Six peak-values for RI close to a wavelength of 445 

nm are obtained in total for each sampling occasion. The average of the wavelengths at these 

six peak-values is then identified and used in the normalization procedure. This is performed 

to obtain a wavelength which better represents the RI peak-values for each sampling occasion, 

rather than choosing the RI values at wavelength 445 nm as the RI peak-values is not 

necessarily at 445 nm. This is done, because all the samples from the two rivers are analysed 

in the same run of the spectrophotometer for each sampling occasion. In retrospect, this is not 

recommended to perform further because of possible differences between the rivers 

considering the locations of the peak-values on the wavelength band. The differences in 

fluorescence RI between the rivers can be attenuated by this procedure. It is instead 

suggested, that the samples from Kalix and Råne River should have individual analyses with 

an own procedure of normalization, as the wavelength for the maximum intensity around 445 

nm then will be more representative in the normalization for each river. When this is carried 

out right, the measured intensities for the river samples can be more accurately compared and 

a more accurate annual monitoring for fluorescence intensity for a river can be performed. 

Even though this method has not been frequently used, the method can still be used as a tool 

to visualise the changes in fluorescence. By using a diagram of the normalized fluorescence 

RI, variations in RI is better comparable to discharge for the rivers. Additionally, it provides a 

better way to overview variations for average peak-values than a histogram. 

6.4.2 EEM spectroscopy 

According to Coble (1995), many studies on fluorescence differentiation between marine and 

fresh water DOM are unsuccessful because of the difficulties to choose appropriate 

wavelength numbers for excitation and emission. Thus, Coble (1995) suggests that the EEMs 

method should be applied, because more information about changes in fluorescent properties 

for DOM can be obtained with spectroscopy by measuring RI for variation in both excitation 

and emission. With help of EEM spectroscopy, the absorption spectra of the mix of 

fluorophores in the sample DOM will be represented by the excitation spectra. This type of 
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spectroscopy provides more information about the properties of the fluorescent components of 

the organic matter in contrast to interpretation of emission spectra solely (Coble, 1995). 

7 Conclusions 

 No significant changes in fluorescence RI are observed comparing the samples of the 

two rivers.  

 Variations in DOC levels and fluorescence RI coincide in both rivers and the highest 

values for DOC and fluorescence RI is obtained at the start of spring flood. 

 The concentration of fluorescent material in the river waters is not affected by 

membrane filtering (0.45 to 0.025 µm). A clear difference in RI was generated through 

ultrafiltration. 

 Ultrafiltered samples show a distinct decrease in watercolour compared to samples 

from membrane filtering. 

 It seems that colloids represent a significant part of the fluorescence and watercolour. 

Our hypothesis was that fluorescence RI should increase during spring flood as the 

concentration of organic matter in the river waters is known to increase during this event. 

However, we also expected the RI to decrease internally with smaller filter size fraction for 

the samples, simply because the amount of organic matter decreases with extended filtration. 

Additionally, we expected that there are processes occurring in the water samples which can 

affect the fluorescence. We also expected that other components in the river water may 

contribute to or undermine fluorescence. The study showed that the fluorescence RI did, to 

some extent, increase during spring flood as the concentration of organic matter in the river 

water increased. However, fluorescence RI did not clearly decrease internally with smaller 

filter size for the samples. An exception was the clear decrease in RI for ultrafiltered water. 

We can not certainly state what processes or which components affect the fluorescence. 

However, the literature study can confirm that molecular size, molecule collision, presence of 

organic pollutants and metal ions can affect fluorescence. 

8 Future recommendations 

As a reference to further investigation on humic substance and its optical properties we 

recommend Coble and Brophy (1994), which have used optical properties to investigate the 

geochemistry of dissolved organic matter in coastal waters. 

Coble (1995) has suggested a method how to report fluorescence intensity in counts per 

second (cps). Converting RI to other units can make results from fluorescence spectroscopy 

easier to compare with results from other studies. Corrections for Raman and Rayleigh scatter 

should also be applied if comparisons are intended. 
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It may be useful to generate excitation spectra through excitation single-scans before, during 

and after spring flood. In this way, one can observe what types of CDOM are present in the 

river waters. It could also tell if there are specific types of CDOM dominating the 

fluorescence at different times and events. Other species of fluorophores contributing to 

fluorescence of river waters may also be easier detected with help from excitation scans. 

Synchronous scans can also tell more as well as an addition of absorption measurements. All 

studies have carried out additional absorption measurements, as there is still no conventional 

method to directly correlate the fluorescence to light absorption of water samples. 

Apparently, different spectrophotometers have different range in setting options and not all of 

them are suitable for all types of solutions. It could be necessary to change settings if the 

intentions are to analyse water of different compositions. It is important to learn more about 

and investigate how the spectrophotometric measurements are affected by the choice of 

settings. Differences in needed settings between different spectrophotometers can have more 

influence on the results than expected. Since the same spectrophotometer was used throughout 

the whole study and the setting were unchanged, our results can be compared internally. The 

results are however incomparable to other studies because of possible influences by 

differences in choice of spectrophotometer and settings. 

If it is sought to gain more information about the distribution of fractions of organic matter in 

the rivers, it is necessary to analyse the filters from the membrane filtering. An element scan 

on the water samples would also give more material to include in the interpretation of the 

fluorescence results. 

Fluorescence spectroscopy is frequently used to determine the origins of humic substances 

found in the oceans and to trace humic substances from source to ocean. One option could be 

to expand the fluorescence spectroscopy investigation so that it reaches in profiles from the 

river mouths to the estuaries and further out into the Bothnian Bay. If using equipment, that is 

well understood, and if methods for analysis are selected carefully, some answers may be 

received regarding the oligotrophication of the Bothnian Bay. 
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APPENDIX I 

Table 5. Sample plan for water quality parameters and water sampling 

Sampling 

date 

Sample ID Kalix 

River 

Sample ID Råne 

River 
Measurements 

26-02-2014 K1_ABS14 R1_ABS14 Water quality, barometric pressure 

13-03-2014 K2_ABS14 R2_ABS14 Water quality, barometric pressure 

26-03-2014 K3_ABS14 R3_ABS14 Water quality, barometric pressure 

09-04-2014 K4_ABS14 R4_ABS14 Water quality, barometric pressure 

23-04-2014 K5_ABS14 R5_ABS14 Water quality, barometric pressure 

29-04-2014 K6_ABS14 R6_ABS14 Water quality, barometric pressure 

07-05-2014 K7_ABS14 R7_ABS14 Water quality, barometric pressure 

14-05-2014 K8_ABS14 R8_ABS14 Water quality, barometric pressure 

21-05-2014 K9_ABS14 R9_ABS14 Water quality, barometric pressure 

28-05-2014 K10_ABS14 R10_ABS14 Water quality, barometric pressure 
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APPENDIX II 

Table 6. Fluorescence measurement protocol 

Date: 2014- Apex | Peak 405 nm nm 

 1 2 3 1 2 3 1 2 3 

Kalix             

OF             

0.45             

0.22             

0.025             

             

             

             

Råne             

OF             

0.45             

0.22             

0.025             

             

             

             

Standard values             

Sulphuric Acid             

MQ             

QS             

Sulphuric Acid             

MQ             

QS             

Operator: 
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APPENDIX III 

USB drive and CD with raw data 


