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ABSTRACT 

 

A new Ph.D research project was started early October into the Department of Civil, Environmental and 

Natural Resources Engineering at Luleå University of Technology (LTU) by Sarah CONRAD under the 

direction of Johan INGRI. The part of this project in which I participed was the determination of the 

concentration of Fe (II) by flow injection analysis using chemiluminescence in the Bothnia Bay. The 

missions were to handle the instrument and the software and to prepare also some sample standards for the 

calibration of the FIA. The stream water is first sampled and filtered. Then the water, containing either just 

the natural iron in the water or after addition of artificial iron, is analyzed by flow injection analysis in 

combination with luminol. The results are saved on the laptop and interpreted later. The experiments were 

performed on both the field and the laboratory of the University. 

 

Keywords:  Iron (II); Flow injection analysis (FIA); Luminol; Chemiluminescence; Phytoplankton;  

Lab View Software 
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INTRODUCTION 

 

Iron is present in very low concentration in seawater (0.05-2nM) while it is relatively 

abundant in the earth’s crust (5.6%) (Achterberg et al, 2001). The major sources of iron in 

stream and ocean waters are atmospheric, fluvial, hydrothermal and continental shelf, 

sedimentary regeneration (Elrod et al, 1991). The presentation of the characteristics of iron is 

based on the following articles: Achterberg et al, 2001; Nimick et al, 2011; Breithbarth et al, 

2009. 

Iron is necessary for the biosphere, being an active center of enzymes and being useful for 

electron transfer reactions. In mineral form, iron exists at the oxidation states Fe (II) and/or 

Fe (III). 

Its relationship with the phytoplankton is what interests us.  

 

Figure 1 shows a typical iron profile (Achterberg et al, 2001). 

 

Figure 1: Profile of dissolved iron in the North Pacific (data plotted from Moss Landing 

Marine Laboratories iron database http://www.mlml.calstate.edu/data/irondata.htm, 

In seawater, iron gets different forms dissolved or particulate iron fractions. The proportion of 

the iron phases varies and depends on the regions. For example, in coastal waters the 

particulate and colloidal forms predominate. The following figure shows a schematic diagram 

of biogeochemical iron cycling in ocean (Figure 2). 

 

http://www.mlml.calstate.edu/data/irondata.htm
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The iron is present in two oxidation states in the ocean: Fe (II) and Fe (III). They could form 

soluble inorganic and organics complexes, colloids, and particulate phases. 

 

The photochemistry of iron is complexe. Fe (III) is stable in seawater, whereas Fe (II) is 

transiently present due to photochemical reactions (Figure 3), (Raiswell, 2012). 

 

Figure 3: Schematic model for the formation of bioavailable Fe(II) by photochemical 

reduction of ligand complexed (L) and nanoparticulate (NP) Fe(III) (Raiswell, 2012) 

Figure 2: Schematic diagram of biogeochemical iron cycling in seawater (Achterberg et 

al, 2001) 
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Fe (II): Thermodically unstable in oxygenated waters and rapidly oxidized to Fe (III) with 

light sources. The half-live time are a few minutes at pH 8.2 (Elrod et al., 1991). Potential 

sources are photo reduction of Fe (III) in surface waters, atmospheric deposition and diffusion 

from sediments. 

76% of the total Fe (II) is present as a free hydrated form (Fe 
2+

) with the remaining fraction 

as FeCO3. There is also a hypothesis of complexation of Fe (II) by organic ligands to control 

the Fe (II) concentration in seawater.  

 

Fe (III): Oxidation state predominates in oxygenated waters; highly insoluble during the 

formation of oxyhydroxides.  

80-99% of the Fe (III) is complexed by organic ligands, the residual part is free hydrated 

(Fe
3+

) or inorganically complexed. 

The major part could be produced by iron limited phytoplankton or bacteria (Achterberg et al, 

2001).  Iron removal seems to be dominated by biological processes in surface waters as it is 

controlled by a nutrient-like distribution (Elrod et al, 1991). That leads to the assumption that 

iron is a required nutrient for phytoplankton growth. 

 

Diel biogeochemical processes (Figure 4) could explain the changes in aqueous chemistry 

(Nimick et al, 2011). 

 

 

Figure 4: Diagram showing key diel biogeochemical processes affecting aqueous chemistry of 

streams with neutral to alkaline pH (Nimick et al, 2011) 

 

Diel processes influenced the geochemistry of Fe in streams, including photoreduction of Fe
3+

 

to Fe
2+

, oxidation of Fe
2+

 to Fe
3+

, precipitation to hydrous ferric oxide. Photoreduction of 
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dissolved or colloidal iron to Fe
2+

 takes place during the photic period, the process works  best 

between a pH from 2 to 4. 

The concentration of Fe
2+

 every time of the day is controled by the balance between Fe3+ 

photoreduction and Fe
2+

 re-oxidation. In acidic streams, photoreduction is rapid during the 

day and at the contrary re-oxidation is relative slow (Nimick et al, 2011). 

 

The analysis will be focused on the Bothnia Bay which is characterized by very low plankton 

productivity. The relationship between iron and phytoplankton is knowed but unclear. 

A method for the determination of Fe (II) by chemiluminescence will be used to 

understand the variations of iron concentration with the help of an intrument named 

flow injection analysis (FIA).  

 

The objectives of this thesis are to lay the first stone in the determination of iron 

concentration in stream water of the Bothnia Bay.  The study includes the following parts: 

 Understand how the FIA is working and how to handle it 

 Create a manual for the FIA and the software 

 Realize some standards for the calibration of the FIA 

 Analyze the first results obtained 

 

Each part will be detailed in the same order as presented above. 
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1 History and theory about the Flow Injection Analysis (FIA)  

 

1.1 Definition 

 

Ruzicka and Hansen created the flow injection analysis (FIA) in 1975. 

 

How to repeat experiments without changing parameters as the material, the mechanical 

handling, batch operations? 

 

This question leads to the development of the FIA and allows us to use an automation of serial 

sample analysis (Figure 5).  

 

Figure 5: Comparison between manual and automated operations (a) Manual handling; (b) a 

discrete belt-type analyzer; (c) a continuous flow air-segmented analyzer, with a detail of the 

air and liquid segments, showing a mixing pattern that leads to homogenization of individual 

liquid segments (Ruzicka and Hansen, 1988) 
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Other advantages of FIA are small sample amounts needed and the steady state of volume and 

time. One of the most important things is the increased reproducibility for detectors and 

sensors used for FIA. 

The first definition given by Ruzicka and Hansen in 1975 was “a method based on injection 

of a liquid sample into a moving unsegmented continuous stream of a suitable liquid. The 

injected sample forms a zone, which is then transported toward a detector that continuously 

records the absorbance, electrode potential, or any other physical parameter, as it continuously 

changes as a result of the passage of the sample material through the flow cell”. This 

definition has been revised seven years after by Ruzicka and Hansen for the second edition to 

describe a technique for “information gathering from a concentration gradient formed from an 

injected, well-defined zone of a fluid, dispersed into a continuous unsegmented stream of a 

carrier”. Another definition was given by Fang (1995): “A flow analysis technique performed 

by reproducibility manipulating sample and reagent zones in a flow stream under 

thermodynamically non-equilibrated conditions.”  

Peter Croot developed a method to analyze the Fe (II) in polar waters (P. Croot et al, 2002). 

This method is quite the same as the one used by us to analyze the iron concentration in the 

Bothnia Bay. The measurement of Fe (II) has been studied by some researchers and it is quite 

difficult to measure it due to low concentrations (<1nM) and the possibility of redox reactions 

after sampling. 

Some hypotheses have been made to solve these oxidation troubles: 

- Lowering the pH by adding a buffer but risk of formation of Fe (II) because of a 

decrease in pH 

- Adding a reducing agent but risk of reduction of Fe (III) oxyhydroxides 

- Incorporation of a colorimetric reagent ferrozine but risk of direct reduction of Fe (III) 

by ferrozine. 

Peter Croot selected another method of enrichment by Fe (II) in water, the addition being 

considered as the initial iron source and use then the FIA by chemiluminescence to quantify 

the Fe (II). 

 

1.2 Principle 

 

FIA is a general solution-handling technique applicable to a variety of tasks ranging from pH 

to conductivity and colorimetric measurements, titrations or enzymatic assays. 

The concept of FIA depends of 3 combinations: reproducibility of sample injection volumes, 

control of sample dispersion and reproducibility timing of the injected sample across the flow 

system. The concept of dispersion is the central issue of FIA, controlled within space and 

time. 

During this process, the sample is injected into a continuous flow of reagent solution (carrier), 

dispersed and transported to the detector (Figure 6). This continuous flow approach is the 

most flexible way to perform the number of operations necessary in a chemical assay. FIA 

comprises a high sampling rate with a minimum sample and reagent consumption. 
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Figure 6: Flow chart of the FIA 

The FIA consists of the instrument itself, a pump to control the velocity and amount of sample 

and reagents trough the tubes, and a laptop to receive and process the data. A well-defined 

volume of a sample solution and reagent are injected into the carrier stream in a reproducible 

manner (injector port). The carrier is used to carry the reaction solution toward the detector. 

The detector sends the data via Bluetooth connection to the computer, where they are pictured 

as continuous graph (Figure 7).  

 

Figure 7: a) The simplest single-line FIA manifold utilizing a carrier stream of reagent; S is 

the injection port; D the flow cell and W the waste. (b) Analogue output has the form of a 

peak, the recording starting at S (time of injection t0). H is the peak height, W is the peak 

width at a selected level, A is the peak area, T the residence time corresponding to the peak 

height measurement and tb is the peak width at the baseline (Ruzicka and Hansen, 1988) 

The peak is the result of 2 kinetics processes: the physical process of zone dispersion and the 

chemical process due to reactions between sample and reactant.  

 

1.3 Chemical reaction and chemiluminescence 

 

The chemiluminescence is the emission of light following a chemical reaction which does not 

involve an increase of temperature. It could be defined as the production of electromagnetic 

radiation by a chemical reaction (Achterberg et al, 2001). Generally this chemiluminescence 

occurs when a highly oxidized molecule reacts with another molecule. In our case, the iron 
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changes its state by reaction with the luminol (5-amino-2,3-dihydro-1,4-phthalazinedione) 

from Fe (II) to Fe (III). Both luminol and Fe (II) are oxidized. 

Fe (II) can be present in seawater as the result of photochemical reaction, as it can be seen in 

Figure 8 (Pohl et al, 2012). 

 

 

Figure 8: Schematic diagram of iron cycling in the Baltic Sea (Pohl et al, 2012) 

Figure 9 shows the luminol oxidation. 

 

Figure 9: Reaction of the luminol oxidation 

 

Fe (II) oxidation takes part, due to the reaction with the atmospheric O2.  

2Fe
2+ 

+½ O2+2H
+
  2Fe

3+ 
+ H2O 
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The chemical reaction is taking place, while the sample is dispersing within the reagent.  

The analyte has to be converted to a compound measurable by the detector. Conditions for the 

reaction to take part are, that during the transport through the FIA channel the sample is mixed 

with reagent and a sufficient time is allowed for production of a desired compound in a 

detectable amount. 

 

1.4 Analysis of the dispersion 

 

The control of dispersion is the most important parameter to focus on. The degree of 

dispersion reproducibly is variable.  

The term dispersion coefficient defines the “ratio of concentration of sample material before 

and after the dispersion process has taken place in that element of fluid” (Ruzicka and 

Hansen, 1988) 

 It is important to know the dilution of the sample solution on its way toward the detector and 

the time between the sample injection and the result. 

 

 

Figure 10: Modes of mass transport through a tube (A.F. Danet, 2005) 

 

This type of dispersion is due to a laminar flow (Figure 10) which creates a parabolic velocity 

profile of the injected sample. The molecules near the tubes are retarded by friction while the 

molecules present in the center of the tube are free to move more rapidly. This effect is not 

desirable because it dilutes the sample. The diffusion has to be promoted by a slow rate of 

flow, small tubing diameters and the degree of coiling (to cause the sample and carrier mix).  

 

The formula is:  

D= 𝐶°/𝐶 with  D= dispersion coefficient (dimensionless value) 

C°= original concentration before dispersion 

C= concentration of the sample material in the dispersed 

fluid zone 

 

The typical dispersion of FIA system is shown in figure 11. 
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Figure 11: Typical dispersion processes of FIA system, (G. Supriyanto, 2005) 

 

Most of the time, the measurement of peak height is preferred, the formula is then: 

  D= 𝐻°/𝐻 with  H°= height of the initial sample 

     H= height of the diluted sample 

 

If it is the highest concentration, which is used for readout, the formula is: 

  D= 𝐶°/ 𝐶𝑚𝑎𝑥  Cmax= concentration of the solution at peak maximum 

 

Table 1: Classification of D values 

 D value Classification 

>10 High dispersion 

2-10 Medium dispersion 

<2 Low dispersion 

 

The parameters which influence the dispersion of the injected fluid zone are:  

 Sample volume 

 Flow rate of carrier 

 Geometrical dimensions, configuration of transport conduits 

 Pattern of flow segmentation in system with 2 immiscible phases 

 

The dispersion decreases with an increase of sample volume and according to Ruzicka and 

Hansen (1988), the dispersion decreases with a diminution of the flow rate. The flow rate 

should be known and stable; otherwise the response of the peak will not be the same if the 

flow is faster or slower. In that case the peak height will not give the same information about 

quantification (Table 1).  
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2 Presentation of the machine and its use 

 

2.1 The material 

 

The material is as follow: 

 Peristaltic pump to transport the carrier, the reagent and the sample through tubes of 

different diameter (different colors) (Figure 12), tubing: green-green with a diameter 

of 1.85 mm (MilliQ water carrier), grey-grey with a diameter of 1.30 mm (sample, 

luminol). The tubes having a larger diameter will have a greater flow velocity. 

 

 

Figure 12: Scheme of a peristaltic pump: (1) thermoplastic flexible tubes; (2) rotors; (3) 

rollers; (4) stoppers. The arrows indicate the sense of liquid circulation through the pump 

tube (A.F. Danet, 2005) 

Waterville analytical machine, with two position pumps used for introducing the carrier and 

the sample (Figure 13).  

 

 

 

 

 

Figure 13: FIA system with the laptop, the FIA machine, 

peristaltic pump and solutions (photo taken by Bartel, 

2013) 

Figure 14: Signal response 

(Ruzicka and Hansen, 1988) 
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 A reaction zone where takes place the reaction 

 Detector, here a photoluminescence detector. 

 

To have an appropriate result, T+tb has to be smaller than 30s (Figure 14). 

 

The general scheme of the experiment is as follow: 

Position A: 

We are just measuring the background which is a mixture of the reagent and the carrier 

(Figure 15) 

 

Figure 15: Scheme of FIA system in position A (Scheme realized by Bartel, 2013) 

 

Position B: 

The reaction is taking place. We observe a peak, witnessed of the chemiluminescence (Figure 

16). 

Figure 16: Scheme of the position B and the response (scheme realized by Bartel, 2013) 
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2.2 Solutions required 

 

Luminol: 

The luminol reagent is prepared in a brown, opaque bottle (1L).  

Luminol premix: 

 0.13 g Luminol 

 0.53 g K2CO3  

 10 mL MQ 

Then put the mix into the ultrasonic bath or shake it until no residual is left. 

Add consequently: 

 800 mL MQ water 

 40 mL Ammoniac conc. 25% NH3  

 Luminol premix 

Adjust the pH to 10.1 by adding HCl in maximum 1 mL steps under the fumehood. 

Dilute to 1 L with MQ water. 

 

Fe (II) Standards: 

Primary Fe (II) standard (50 mM) in 0.1 % HCl: 

 0.392 g NH4Fe(SO4)2  

 30 µL Q-HCl 

Fill up to 30 mL. 

 

Secondary Fe (II) standard I (50 µM): 

 50 µL primary Fe (II) standard (50 mM) 

 50 µL HCl 

Fill up to 50 mL. 

 

Secondary Fe (II) standard II (1 µM): 

 1 mL secondary Fe(II) standard II (50 µM)  

 49 mL MQ (no acid – needs to be prepared weekly) 

 

Recommendations: 

Always measure with a blank (MQ) 

Always start with the weakest concentration 

Clean the tubes after using with 0.01Mol HCl (both valve positions) 

 

2.3 Tutorial WA-Software 

 

2.3.1 Configurations  

 

1) Open the program Waterville Analytical Top from Lab View  

 

2) Choose the file WA Valve Com 13 (Com number is given by the computer for the 
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connection to the available connections)) 

 Then press Return to Wap Top 

3) Change Photon CTR to Com 24 (the same as before it could be another Com, depend 

on the Bluetooth connection) 

Change CW PMT to Com 24 (idem) 

Be sure to stay in the Photon CTR modul, when the measurements starts, otherwise there will 

be no signal.  

 

4) Choose function Photon Counter Control and press Execute 

5) Press CHANGE PARAMETERS button 

6) Parameters: Integration time = 40 msec and Press SET TO DEFAULT (Figure 17)  

 

 
 

 

Press DONE and CONFIRM 

 

7) Press COLLECT DATA a few times. A red line appears on the screen (Figure 18)  

 

Figure 18: Print screen of the signal control response (Bartel, 2013) 

Figure 17: Print screen of the parameters (Bartel, 2013) 
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Press Return  

2.3.2 Measurements 

 

The software offers two possibilities: Acquire data (once) and Acquire data (multi) 

 

 Acquire data (once) 

 

The experiment will be accomplished once. The parameters are: 

# of data = 300 

Load time = 40 

Sample rate = 5 pts/s 

 

Press Execute 

A window appears at the end of the measuring, save data 

 

 Acquire data (multi) 

 

The experiment will be accomplished defined times. The parameters are: 

# of data = 300 

Load time = 40 

Sample rate= 5 pts/s 

Press Execute 

A window comes up for a filename, save the data in an appropriate format. 

 

The measurements start, a window comes up; just press Return, the load time starts. 

You can repeat this schema until you stop it by Exit multi. 
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3 Experiment 

 

3.1 Areas of experiment 

 

3.1.1 Localizations 

 

Samples are taken in freshwater sources. 3 sampling sites have been defined in Northern 

Sweden (Figure 19). Holmsund (Luleå) and Kalix Älv are located in the Norrbotten County of 

Sweden and Umeå in the Västerbotten County.  

 

 
The Fe (II) measurements were executed in situ at all three sampling sites, due to the fast 

oxidation of iron.  

 

 

. 

 

Figure 19: Localization of the sampling areas, print screen from Google Map, (Bartel, 2013) 
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 Holmsund is located near the Luleå University of Technology (Figure 20).  

 

 

Figure 20: Red dot: Holmsund sampling site in Luleå, Norrbotten; black dot: Luleå, 

University of Technology. Print screen from Google Map (Bartel, 2013) 

The water is taken from a bridge. The time between the sampling and the measurement is 

around 15min.  

 

 Kalix Älv sampling site (Kamlunge) is located about 70 km NE of Luleå (Figure 21).  

 

 

Figure 21: Localization of Kalix Älv sampling site. Red dot: Kamlunge sampling site; black 

dot: Kalix. Print screen from Google Map (Bartel, 2013) 

The water is taken near the stream. The time between the sampling and the measurement is 

around 20 min. The working process should be as short as possible, to avoid the oxidation of 

iron. . 
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 Umeå is located 270 km south of Luleå (Figure 22), the sampling site is within the 

Krycklan catchment study area, which is 60 km N of Umeå.   

 

 

Figure 22: Localization of Umeå sampling site. Red dot: Krycklan sampling site. Print screen 

from Google Map (Bartel, 2013) 

At all sampling sites the Fe (II) was measured in situ, therefore in the back of a VW 

transporter a transportable laboratory was build up.  

 

3.2 Sampling protocol 

 

3.2.1 Required equipment 

 

 Fe (II) FIA 

 Small peristaltic Watson-Marlow pump  

 Laptop with the software (LabView) 

 Pumps for the stream water 

 Tubes for pumping 

 Generator (for the laptop, the FIA and the peristaltic pump) 

 Sampling bottles (5L) 

 Filters holders and filters (0,22 µm and 0.025 µnm) 

 Browns bottles with the reagent inside and L Teflon bottles for standards 

 For the calibration and all the parameters of the water: photometer, barometer, sonde 

(pH, conductivity, temperature, oxygen saturation) 

 Notebook  
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3.2.2 Sampling 

 

Before sampling the field lab in the van should be installed. The FIA and its equipment should 

be working before water sampling, due to the oxidation of the iron (Figure 23). The FIA 

should be consequently cleaned with acid and MQ water.  

 

 

Figure 23: Lab field into the van (photo taken by Bartel, 2013) 

The time of sampling is recorded for the calculation of the initial Fe (II) thus the whole 

process is timed to facilitate the use of data.The water was sampled via a peristaltic pump (in 

the winter) or via a bucket (summer sampling). The sampled water was stored in a 5 L 

container until further procedures. Most of the time, water was taken by pumps in Holmsund 

(Figure 24) and in a bucket in Kalix (Figure 25). The other advantage of filling a bucket is the 

speed of sampling; the iron has less time to oxidize.  
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Figure 25: Sampling water with bucket 

(photo taken by Bartel, 2013)  

 

The water is filtered consecutively through a 0.22 m and a 0.025 m membrane filter 

(Merck Millipore Ltd.). Afterwards the filtered water was stored in amber bottles to preserve 

the iron and to avoid the reduction. 50 mL of the filtered sample were analyzed in situ; to get 

the iron signal with the FIA.  The remaining water was used for standard calibrations 

(conferred 3.3 protocol standards calibration). 

Each filter size was measured 20 min to 30 min, which permits to get around 10 to 20 peaks. 

The results are saved on the laptop and a print screen of the curves is saved. 

 

Sampling in Holmsund: 

 

Holmsund sampling site was sampled four times between February and April 2013. This 

sampling site is about 2 km from the university and therefore a good place to make first 

tryouts. Due to the temperature (-20 to -10°C) the water was frozen in the tubes during the 

analyses in the field lab. Therefore the analyses were carried out in the laboratory at LTU.   

 

Sampling in Kalix: 

 

Kalix Älv was sampled during winter and during the spring flood. During winter, water was 

analyzed two times between February and April. During spring flood we focused on Kalix 

Älv for the measurements. The river should be sampled twice a week to measure the iron 

concentration. This experiment started at the end of April as soon as the ice melted. Due to 

certain dysfunctions of the FIA the schedule could not always be followed.  

For each field trip, the water was analyzed one time in situ, and then 24h later at the 

laboratory to see if there are any changes of iron concentration. 

  

Figure 24: Field instruments, water taken by 

pumps (photo taken by Bartel, 2013) 
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Sampling in Umeå: 

 

The sampling was based in the Krycklan catchment. It consists of a total drainage area of 

67km². We were invited there by the Riparian Observatory in the Krycklan Catchment.  

The Figure 26 shows the location of the sampling sites, where samples were taken. 

 

 

Figure 26: Map of location of the Krycklan catchment including the sampling sites (map 

given by the Riparian Observatory) 

Different location have been chosen to analyze the water. These sites are n°2, n°4, n°5, n°7 

and n°13, n°16 and n° 52  are not shown on the map.  

The water was sampled in small acid cleaned sample beaker and analyzed in situ. The 

samples were analyzed after 48 hours and 96 hours and were stored into the fridge (4°C) in 

the dark. 
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3.3 Protocol standards calibration 

 

For 50 mL of standard a certain amount of artificial iron need to be add.  

The following table (Table 2) shows each concentration of artificial iron we add to the water 

and the relative quantity of water which is needed. 

Table 2: Equivalence between concentration in iron in µL and nMol in x mL of MQ water 

Fe(II) Molarity Quantity of  

MQ water 

0 µL 0.0 nM 50 mL 

25 µL 0.5 nM 50 mL 

50 µL 1.0 nM 50 mL 

100 µL 2.0 nM 50 mL 

250 µL 5.0 nM 50 mL 

500 µL 10 nM 50 mL 

1 mL 20 nM 49 mL 

2 mL 40 nM 48 mL 

 

The time of adding the iron to the water should be noted. The FIA runs for 45s before the 

measurement of the signal starts. Each time a peak occurs, the time is noted to ease the 

calculation later. 

We made the standard for three kind of water (MQ water, sample water and tap water). Each 

standard runs through the FIA until 5 peaks are visible. The peaks should show a decrease in 

the height, what is equal to a decrease in Fe (II).  

 

FIA methods are very useful for water analysis. The process of sampling water from a stream, 

river, lake, or effluent provides the largest potential source of error in its chemical analysis. 

Continuous sampling would be required to obtain really representative measurements. 
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4 Results and discussion  

 

4.1  Standards results 

 

The standard measurements are necessary to calculate the initial concentration of the samples. 

MQ- water, tap water and sampled water are used for standard calibration. 

 

4.1.1 How to proceed 

 

All collected data of one calibration saved on the laptop should be combined in one excel file 

(Table 3). Various informations are added like the date of the measurement, the concentration 

of iron added in the water, the value of the peak, the peak time, etc. The peak time is taken 

manually at the beginning of each peak. As there is a loading time to refill the tubes by MQ 

water, we have to add this time (40 s). 

 

Table 3: Integration of all results in Excel file 

 
 

Then a curve is plotted for each concentration of iron content with the value of the peaks in 

function of the time (in seconds) (Figure 27). The more representative curve used for the 

calculation is the exponential curve. 

 

Sample No. Sample Info Conc. in nM Valve Position Peak Time Peak Peak start Peak end ?? ??

1159 09-01-13 Standard 2013-01-09 0,5 2 80 4643,8 2,03 44,52 740 69

1201 09-01-13 Standard 2013-01-09 0,5 2 170 2242,7 2,03 44,52 376 55

1202 09-01-13 Standard 2013-01-09 0,5 2 260 2347,7 2,03 44,52 328 57

1204 09-01-13 Standard 2013-01-09 0,5 2 350 1558,8 2,03 44,52 288 55

1207 09-01-13 Standard 2013-01-09 1 2 80 6121,4 2,03 44,52 1220 61

1209 09-01-13 Standard 2013-01-09 1 2 170 5233,6 2,03 44,52 624 56

1210 09-01-13 Standard 2013-01-09 1 2 260 3827,5 2,03 44,52 500 59

1212 09-01-13 Standard 2013-01-09 1 2 350 3490,6 2,03 44,52 420 54
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Figure 27: Curves of the peaks in function of the time in seconds 

 

After that, the linear equation  y=Ae
-Bx

 is used to read out the value at the intersection 

between the curve and the y-axis (at 0) and the following table is gnerated (Table 4).   

 

Table 4: Calculation using the linear equation in function of the concentration 

Conc. in nM  Intersection y-axis 

0.0 13918 

0.5 5373.7 

1.0 7330.9 

2.0 15467 

3.0 29037 

4.0 51984 

5.0 50626 

10.0 10474 

 

These data will be plotted like in Figure 28, concentration in nM versus the intersection at the 

y-axis. This graph will be the basis, to determine the concentration of iron content in water 

(Figure 28). The curve is based on the exponential curves. 

 

y = 5373.7e-0.0036x 
R2 = 0.8379 

y = 7330.9e-0.0022x 
R2 = 0.9608 
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Figure 28: Curve representative of the concentration of iron in water 

 

 

Figure 29: Theoretical curve explaining how to get the peak result 

This curve (Figure 29) is a theoretical curve to illustrate, how to get the initial concentration 

of iron. The curve will be extended until the intersection between the y-axis at 0.  
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The peak signal at this intersection is around 52000. This result is reported on the curve 

representative of the concentration of iron in water (Figure 30) and finally the initial 

concentration of iron in the analyzed water can be read out.  

 

 

Figure 30: Initial concentration of iron in water determined with the curve 

The following paragraphs present different kind of curves, which develop from the various 

waters. The exploitation of the curves has not been done yet due to some trouble with the 

instruments which cannot permit to have all the results for the different kind of concentration. 

 

4.1.2 MQ water 

CURVES: 

Table 5: MQ water curves in function of the iron concentration added 

0.0 nM 

 
0.5 nM 
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1.0 nM 

 
2.0 nM 

 
5.0 nM 

 
10 nM 

 
20 nM 

 
40 nM 

 
 

ANALYSIS: 

For the evaluation of the data, always the first peak was excluded from the results. At 0 nM 

the peak shows the signal of the luminol, which is low. The expectation of this standard 

calibration was a decrease of the artificial iron in the MQ water, due to the oxidation of Fe (II) 

to Fe (III). The increase of the peak height is yet not understandable for us.  
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CONCLUSION: 

The analysis with MQ water is not conclusive and would need to be redone. 

 

4.1.3 Tap water 

 

CURVES: 

The standard calibration with tap water was carried out over a longer time, to get more peaks 

and to see a decrease of the iron in the curves (Table 6).  

 

Table 6: Tap water curves in function of the iron concentration added 

O nM 

 
0.5 nM 

 
1.0 nM 

 
2.0 nM 

 
5.0 nM 

 
10 nM 
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20 nM 

 
40 nM 

 

 

ANALYSIS:  

Until 5.0 nM, the FIA doesn’t register the presence of iron. There is no peak visible 

corresponding to Fe (II). 

At 10 nM, the first peaks (the first four) show that iron is present in the solution. Afterwards 

the peaks are no longer visible due to the quick oxidation of Fe (II). 

20 nM and 40 nM are high enough concentrations to see a perfect decrease. 

 

CONCLUSION: 

 Before 5.0 nM, the experiment is not relevant. It could be due to a problem with the FIA or 

the iron concentration is so weak that the instrument couldn’t register the signal. 

In this case we can consider that 20 nM is a good start for standard calibration. 

 

4.1.4 Holmsund water 

 

CURVES: 

Table 7: Holmsund water curves in function of the iron concentration added 

0 nM 

 
0.5 nM 
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1.0 nM 

 
2.0 nM 

 
 

ANALYSIS: 

These standards calibration have been done during the winter. Due to some trouble with the 

FIA, the higher concentrations (5.0 nM, 10 nM, 20 nM and 40 nM) of a standard calibration 

were not accomplished.  

All signals show two peaks instead of one (Table 7). As the instrument has failed when it 

should measure the 5.0 nM solution, it is possible that the results are not good due to a 

dysfunction inside the FIA. 

 

CONCLUSION: 

We can’t conclude anything due to lack of valid informations.  

 

4.1.5 Kalix water 

 

CURVES: 

These standards experiment have been done during the spring flood (Table 8). After 

discussion with our colleagues in Kiel, we decided to change some concentrations of iron 

standards. 10 nM and 40 nM have been removed and 80nM has been added.  

Table 8: Kalix water curves in function of the iron concentration added 

0 nM 

 
1,0 nM 
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2,0 nM 

 
5,0 nM 

 
20 nM 

 
80 nM 

 
 

ANALYSIS: 

At 0 nM, we just see the peak of luminol as we expected. 

As usual, between 1.0 nM and 5.0 nM it is difficult to see a decrease of the curves. Without 

the exploitation of the results it is hard to say if there is attenuation.   

Since 20 nM, the reduction is well visible with good curves. 

 

CONCLUSION: 

As the peaks are higher than for 0 nM so we can say that some of iron are present in the 

solution, unfortunately the instrument seems not to be sensitive enough to measure 

concentrations before 20 nM. It is not obvious to say, if there is attenuation or not.  

 

 

GENERAL CONCLUSION: 

 

It was quite difficult to get good curves due to some dysfunctions with the FIA. But we can 

highlight the fact that before 20 nM, it is really difficult to see attenuation. It could be due of 2 

things: 

 The sensitivity of the instrument is not high enough to measure concentrations below 

20 nM.  

 The iron has already been oxidized and just luminol + Fe (III) + MQ water is 

measured.   



40 

 

Remark:  no standard calibration has been made for the samples from Umeå, because at this 

time it was not known that it is better to make standard calibrations with each water as a kind 

of ”background”. 

 

4.2 Experiment results 

 

4.2.1 How to proceed 

 

The data will be processed in the same way like for the standard calibration. Once the curve 

peaks in function of the time (sec) is plotted, the curve is continued until it crosses the y-axis 

and the value of the peak can be read out (Figure 29). 

Afterwards the proceeded standard curves are used for the evaluation of the initial 

concentration (Figure 30). 

 

In the following paragraph it will be focused on one significant field trip day for each area. 

More experiments were carried out during the master thesis. Not all data will be provided 

here.  

 

4.2.2 Holmsund 

 

This experiment has been realized on the 24
th

 of April 2013 during the morning. 

 

Table 9: Curves of Holmsund water analyzed in situ in function of the kind of filters  

0.22 µm 

 
0.025 µm 

 
 

It is for the filtered water to 0.22 µm and 0.025 µm; it is not visible if the peak witnessed the 

presence of iron. Between the time of sampling and the analysis of the water, less than 30 min 

elapsed. It is assumed that the oxidation of iron is really fast and that there is not more Fe (II) 

in the water sample.  
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4.2.3 Kalix 

 

This experiment was realized the 24
th

 of April 2013during the afternoon. 

 

Table 10: Curves of Kalix water analyzed in situ in function of the kind of filters 

0.22 µm 

 
0.025 µm 

 
 

For both signals, the value of the peaks is quite the same which means that filter the water 

does not change the result obtained with the FIA. 

But the results obtained with 0.22µm filtering water are not the one expected at the beginning. 

After letting running a long time, the decrease due to the oxidation is visible. 

In the case of 0.025µm filtering water, the decrease is well visible since the start.  

The 0.025µm filtering water has been analyzed into the FIA after the 0.25µm water so 25 min 

later. Perhaps this delay has been useful because there is only a decrease and no increase due 

to some effects unknown right now.  

Visible growths on the graph are due to the fact that the FIA is very sensitive to vibrations (for 

example walking inside the van or going inside or outside the van). They are only artefacts. 

Some experiments have been made later, during the month in the middle of spring flood, and 

it seems that the FIA could not measure the iron inside the water. The signals obtained showed 

only MQ water and luminol and no iron left into the water. Perhaps it is due to an extreme 

dilution of the water which cannot permit to measure the iron because the concentration is too 

low. 

 

4.2.4 Umeå 

 

The analysis will be focused on one station only, the others results being unusable or similar 

to this analysis. The station analyzed is the station 4. 

The water samples were not filtered because of lack of space during transport to the stations. 

This analysis have been conducted the 17
th

 of April and 48h and 96h later. 
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Table 11: Curves of Umeå water analyzed in situ and 48h and 96h later in the university 

laboratory  

 Station 4 

0h  

 

Non diluted 

 
Diluted  

 
48h later Non diluted 

 
Diluted  

 
96h later Non diluted 

 
diluted 

 
 

The first day the water was sampled, it was not possible to analyze the iron content directly 

because the concentration was too high. To have a good result, the water has been diluted 

1/10. Once diluted, a perfect signal is obtained with the decrease expected. 

48h later, the concentration of iron has decreased because the peak signal was visible with 

undiluted water. There is a kind of attenuation, not really visible on the print screen. 

96h later, iron is still present in the water because the peaks are bigger than just for the mix 
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luminol and water. As for the others, the signal was not the one expected because instead of 

attenuation, there was an increase of the peaks. 

The hypothesis for that increase could be: 

- The FIA doesn’t work well and presents some dysfunctions 

- Another element is measured instead of Fe (III) but it was not found yet. 

 

 

  

GENERAL CONCLUSION: 

 

In Umeå, the concentration of Iron (II) seems bigger than for the two other sample sites. It 

could be due to the geology and perhaps the organic matter which is  more present thank to 

the huge forests around and a climate less vigorous than in Lulea or Kalix.  

The results are not conclusive because most of the time the curves were not what we 

expected. It may be due to a malfunction of the FIA but also to the kind of water which is 

analysis. In comparison, the measurements into the sea (Bothnia Bay) were perfects with the 

same protocol and shortly after the last measurements in rivers. 
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CONCLUSION AND FURTHER WORK 

 

To resume, the master thesis was conducted in the Bothnia Bay between Kalix and Umea for 

5 months.  

This internship for the Division of Geosciences and Environmental Engineering LTU was 

really interesting because it combined two different kind of studies; one on the field with the 

sampling of water and the measurements in situ and the other one in the laboratory of the 

University of Technology of Lulea (LTU).  

 

Create a manual for the FIA and for the National Instrument Software and perform standard 

samples for the calibration oh the FIA were the two principal missions. The first one was well 

conducted and we learned a lot about this instrument. The second one was more difficult to 

establish because the FIA often didn’t work well. The curves expected are decreasing curves 

due to the oxidation of the Fe (II) in Fe (III) but sometimes the curves was increasing in 

function of the time. The solution at this trouble has not been found yet.    

 

It was really interesting to work in a clean laboratory and to handle of different chemicals and 

also to work in an international group research.  The part I prefered was working on the field, 

learning how to manage a field lab, to solve problems during field work (difficulties with the 

cold temperatures for example). As my initial formation is engineer geologist in mining 

exploration, I always tried to relate the results with what I had learned during my studies and 

to take advantage of my knowledge of geology, added value to my project. 

 

Further work 
 

Fe (II) and geochemistry analysis in the Bothnia Bay have to be continued as the results are 

not conclusive.  

During spring flood, it is necessary to make frequent sampling of Kalix Älv to see if there is a 

real variation of the iron concentration in stream water. 

After filtering, the filters have been stored to further analysis of iron isotopes. It is an added 

value to the results with the FIA. 

The collaboration with IFM Geomar in Kiel could be also interesting because it allows a 

comparison between our results and their results on the same sample. 
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