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ABSTRACT 

Advances in fluorescence spectroscopy provide an alternative to traditional approaches for 

characterizing aquatic DNOM. It is within this context that we discuss the use of fluorescence 

spectroscopy to provide a novel approach to understanding the physicochemical 

characteristics of DNOM. 

 

Our first objective was to evaluate fluorescence spectra of humic acids isolated from raw 

water sources and for a set of reverse osmosis (RO) isolated and freeze dried DNOM samples 

collected in end-member environments, representative of the range of precursor source of 

organic matter. These ends members are areas where DNOM is considered as  microbially or 

terrestrial derived humic acids, originated from decomposition and leaching of plants and 

soils organic matter. 

 

We study the fluorescence properties of humic acids from both water samples receiving 

predominantly microbial sources of organic matter with the exception of Scotland, in the 

Scottish Water Burcrook Reservoir, which receives predominantly terrestrial sources of 

organic matter due to their fluorescence index values that are closer to 1.4 rather than to 1.8, 

which is considered as microbial sources of organic matter. 

 

Our second objective was to examine the fluorescence of these water samples from end-

member source areas, to see whether the characteristics of the fluorescence spectra were 

discernible. Furthermore, we identified distinctive fluorophores in both water samples 

analysed during different seasons using excitation-emission (EEM) counter plots. 
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EEM: excitation emission matrices; 
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FI: Fluorescence index;
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β:α: Freshness 

index; 
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λ: wavelengths; 
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 RO: reverse osmosis. 
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1. INTRODUCTION 

 

Background 

Primary production of biomass by autotrophs provides a continuously renewed supply of 

organic matter to the earth’s soils and surface water. The principal components of this primary 

production are the building blocks of living organisms such as lipids, proteins, carbohydrates, 

lignin etc (Perdue 2009). After senescence and death of living cells almost all of these 

biomolecules are mineralized back to carbon dioxide and water through heterotrophic 

respiration activity and abiotic chemical reactions such as photo-oxidation. Still, less than 1% 

of the photosynthetically fixed organic carbon is accumulated for relatively long periods of 

time in the soil, sediments and natural waters (Perdue 2009). This material is referred to as 

Natural Organic Matter (NOM). This matter, continue to be gradually degraded and is slowly 

transformed (Perdue 2009). The NOM is therefore a heterogeneous mixture of organic 

compounds derived from partial decomposition and oxidation of biotic matter as well as 

recombination of the decomposition products (Thurman 1985; Al Reasi et al., 2011). 

Humic substances, constituting a significant fraction of NOM, are considered as relatively 

degradation-resistant polyelectrolytic macromolecules of undefined structure ranging in size 

from a few hundred to a few thousand Dalton (Choudhry 1984). The fulvic fraction, 

constituting the second largest moiety of NOM, consists of structurally more simple 

compounds like carbohydrates, proteins, peptides, amino acids, fats, resins and other low 

molecular weight (LMW) organic substances (Choudhry 1984; Stevenson 1994). Organic 

matter in soil water and freshwaters exists as dissolved molecules, colloids, and particles. It is 

appropriate to regard these distinctions dynamic, however, because organic matter can be 

inter-converted between these forms by dissolution
1
 or dissociation

2
 and precipitation

3
, 

sorption
4 
and desorption 

5 
,  aggregation 

6 
 and disaggregation 

7 
(Perdue 2003). 

_________________________ 

1 
Dissolution: It is the process when many compounds dissolve in water to form aqueous solutions. When this occurs the ionic compound 

dissociates into separate cations and anions. 
 

2 
Dissociation: Describes the process by which an ionic compound is separated into its component ions. For example, when calcium 

chloride is mixed with water, the resulting solution contains calcium ions and chloride ions.  
CaCl2 (s) Ca

2+
 (aq) + 2Cl

- 

 

3 
Precipitation: When ions in a solution combine to form a solid, this reaction is known as precipitation. 

Mg
2+

 (aq)+2OH
-
 (aq) Mg (OH)2 (s) 

 
4 

Sorption: It is a physical and chemical process by which one substance becomes attached to another. There are three kind of sorption; 
absorption, adsorption and ion exchange.  
 
5 

Desorption:  Is a phenomenon whereby a substance is released from or through a surface. The process is the opposite of sorption.  
 
6
Aggregation: Refers to the formation of clusters in a colloidal suspension and represents the most frequent mechanism leading to 

destabilization of colloidal systems. During this process, particles dispersed in the liquid phase stick to each other, and spontaneously form 
irregular particle cluster flocs, or aggregates. This phenomenon is also referred to as coagulation or flocculation and such suspension is also 
called unstable. 

 
7
Disaggregation:A division or breaking up into constituent parts, particularly the analytic disassembly of categories which have been 

aggregated or lumped together. 
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Dissolved Natural Organic Matter (DNOM) is operationally defined as the fraction of NOM 

in solution not retained by 0.45µm membrane filter. Concentrations levels and 

physicochemical properties of DNOM vary significantly in space and over time. On average 

roughly 50% of DNOM is carbon; the other main constituents are oxygen, hydrogen, nitrogen 

and sulphur (Schnitzer 1972; Thurman 1985). The concentration of DNOM is approximated 

by measuring the concentration of dissolved organic carbon (DOC) or UV absorbency. 

DNOM contains a variety of functional sites such as carboxylic, alcoholic and phenolic 

groups (Dubach 1964). The DNOM is therefore a ubiquitous complexing agent of heavy 

metals and its lipophilic moieties absorb persistent organic pollutants (POPs) (Tipping 2002; 

Al Reasi et al., 2011). DNOM increases therefore the mobility of heavy metals and organic 

contaminants by complexation and sorption, respectively, and thereby increase the loading of 

micro-pollutants from soils to surface waters. 

DNOM in aquatic systems is characterized by source or origin and classified as either 

allochthonous, coming from the terrigenous watershed, or autochthonous, derived within the 

aqueous lake itself. Allochthonous DNOM is thus produced on land and then washed into the 

water body (Thurman 1985;  Abbt Braun 1999; Tipping 2002;  Al Reasi et al., 2011), whereas 

autochthonous DNOM is generated within the water column by microorganisms such as algae 

and bacteria (McKnight et al., 2001;  Al Reasi et al., 2011). 

In general, the humic fraction of DNOM tends to be darker in colour, while autochthonous 

DNOM is much lighter. Due to their absorbance in the visible region, water sample 

containing high concentration of humic matter are usually yellow to brown in colour, which is 

undesirable to tap water consumers. In addition to colour, DNOM in raw water sources may 

generate unpleasant taste and odour to the tap water and give rise to toxic halo-organic 

disinfection by products (DBP) during the treatment process. Moreover, the DNOM leads to 

bacterial growth and thereby, causes fouling in the water distribution network. 

The removal of DNOM has been a major research interest for conventional water treatments. 

The number of studies related to DNOM have increased due to increases over the last 20 

years in colour and concentration of DNOM in surface water in large parts of Scandinavia, 

Northern UK and north-eastern US (Skjelkvåle  2003). 

Waterworks, which need to remove the content of DNOM in their raw water, are now 

required to step up their measures to remove more DNOM in order to adapt to the increased 

levels of DNOM in the raw water sources. This generates a need for investing in new 

technology for DNOM removal and optimization of existing methods. The main question the 

water works are posing is whether this increase will continue or not, and how the 

physicochemical characteristics of DNOM will change in the future.  

Main knowledge gaps lie also in the relationship between DNOM characteristics and the 

treatability. Moreover, there is a need for simple DNOM quality proxies and predictors for 

use in water sources (Al Reasi et al., 2011). 
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Aim of the Undergraduate Assignment 

The objective of this Undergraduate research assignment, which is an integral part of the 

research project NOMiNOR
1
, is to assess the characteristics of DNOM in water samples 

collected during autumn and winter from different raw water sources for drinking water in the 

Nordic countries and Scotland as well as on a set of reverse osmosis (RO) isolated and freeze 

dried DNOM samples sampled in different water sources in the southern part of Norway 

(Gjessing et al., 1999).  

Spectroscopy is a commonly used analytical technique to study the physicochemical 

characteristics of DNOM. DNOM and related materials absorb UV and visible light over a 

wavelength rage of ~250-800 nm and emit fluorescent light at wavelengths somewhat longer 

that the incident light (Senesi et al., 1989; Perdue 2003). Especially the acquisition and 

interpretation of the three-dimensional excitation-emission matrices (EEM) of the material is 

becoming a commonly used characterization method. EEM, which comprise fluorescence 

signals at several thousand pairs of excitation/emission wavelengths (Ex/Em) for each sample, 

provide plenty of information about composition, origin and processing of DNOM and have 

therefore been widely used to characterize DNOM in soils, water and freshwaters (Yang et al., 

2015). 

This research assignment is applying EEM in order to analyse the variation of 

physicochemical qualities of DNOM in raw water samples sources for drinking water in the 

Nordic countries and Scotland. In addition, a set of reverse osmosis (RO) isolated and freeze 

dried reference DNOM samples will be characterized. These materials will be used to assess 

the analytical precision and accuracy, and to relate empirically the measured proxies to more 

specific parameters of the DNOM derived by more sophisticated analytical methods. The 

reference samples are isolated from three different water sources in the southern part of 

Norway.  The nature of the corresponding catchments differ, however, all samples were from 

areas with no influence of agriculture or local industry (Gjessing et al., 1999). These reference 

materials have previously been thoroughly characterized in the NOM-Typing project 

(Gjessing et al., 1999). 

A main aspect of this study is to review the extensive scientific literature on the theoretical 

foundation of the research field based on the fluorescence of DNOM. Moreover, EEM is 

applied in studying the physicochemical properties of DNOM in the collected raw water 

samples as well as reference materials. Waterworks use UV radiation to remove DNOM and 

for disinfection. In addition this study therefore looks at what changes this UV light induces 

on the specific optical properties of the DNOM from the raw water sources and the isolated 

samples. This will also provide information on the differences in the DNOM between the sites 

in reactivity by photo-oxidation and possible explain some of the seasonal variations. The 

characterization of DNOM will be approached by means of EEM using fluorescence index (FI) 

and freshness (β:α). 

_________________________ 

1
NOMiNOR project homepage: < http://vannforsk.no/nominor/ > 
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The FI in filtered whole water samples in field studies may augment the interpretation of 

dissolved organic carbon (DOC) sources for understanding carbon cycling in aquatic 

ecosystems (McKnight et al., 2001).  

 

2. THEORY 

2.1 Fluorescence characterization of DNOM 

Fluorescence characterization of DNOM provides reliable information about the source, redox 

state, and biological reactivity of DNOM (Fellman et al., 2010; Mladenov et al., 2010). 

Several studies have found that DNOM fluorescence characteristics vary dramatically, both 

temporally and spatially, over a range of physical and ecological conditions present at 

different sites (Jaffe et al., 2008;  Fellman et al., 2010). 

This undergraduate assignment has therefore focused on the application of fluorescence in a 

selection of raw water samples as well as on a set of RO isolated samples, from the 

NOMiNOR and NOM-Typing projects respectively. 

Fluorescence spectroscopy is the measurement of emission of light by a substance that 

absorbs radiation. Fluorescence occurs when an electron in an atom or molecule is excited to 

an upper energy state by adsorption of energy in electromagnetic radiation. Subsequently the 

excited molecule may return to its ground state by emission of light or by various other 

radiationless processes. The light that is emitted is known as fluorescence (Van Cleave 2011). 

This mechanism is generically illustrated by Figure 1 (appendices). Fluorescence has been 

used to identify a broad range of natural and anthropogenic organic compounds in freshwater 

ecosystems (Fellman et al., 2010). Using fluorescence spectroscopy as an analytical method, 

EEM spectra are obtained by recording the spectrum of emitted light over UV-VIS spectre of 

wavelengths at the same range of fixed excitation wavelengths (λex). The excitation and 

emission wavelengths at which fluorescence occurs are characteristics to specific molecular 

structures (Fellman et al., 2010).  

The physical and chemical characteristics of the water samples can strongly influence the 

quantum yield
 8 

of a fluorescent molecule through perturbation of energy levels or 

enhancement of radiationless deactivation. There are therefore a number of factors that 

interfere in the fluorescence measurements, such as temperature (Baker 2005), oxygen 

concentration (Fulton et al., 2004) , extremes of pH (Mobed et al., 1996) and the presence of 

other solutes (particularly heavy metals).  

_________________________ 

8 
The quantum yield (Φ) : Is the number of times a specific event occurs per photon absorbed by the system    

   𝜱 =
#   𝒑𝒉𝒐𝒕𝒐𝒏𝒔  𝒆𝒎𝒊𝒕𝒕𝒆𝒅

#  𝒑𝒉𝒐𝒕𝒐𝒏𝒔  𝒂𝒃𝒔𝒐𝒓𝒃𝒆𝒅
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2.2Molecular structure and fluorescence spectroscopy of DNOM. 

Organic compounds that absorb light are known as chromophores, whereas those that re-emit 

light are known as fluorophores (Mopper 1996). DNOM is fluorescent under both (UV) and 

visible (VIS) light. Characterization of DNOM by means of fluorescence does not provide 

definite information on the chemical structure of DNOM or the concentration of organic 

compounds. What fluorescence tells us is the content of fluorophore moieties of the DNOM, 

such as lignin, tannins, polyphenols, and melanins. These aromatic compounds are usually 

responsible for the bulk of humic DNOM fluorescence in natural waters (Green and Blough, 

1994; Del Vecchio and Blough, 2004; Fellman et al., 2010). Quinone moieties have also been 

suggested to contribute to humic DNOM fluorescence and research has shown that > 50% of 

DNOM fluorescence is potentially due to such structures (Cory and McKnight, 2005). 

Although the exact chemical compounds responsible for DNOM fluorescence are still 

undefined. 

Fluorescence is thus predominantly a property of aromatic compounds due to their 

conjugation double bound. The ratio of fluorescing molecules to the total number of excited 

species has been found to increase with the number of aromatic rings (Skoog 1985), the 

degree of condensation and structural rigidity. The specific fluorescence intensity (sFi) 

decreases with increasing molecular size. Generally the effect of substituents are that meta-

directing groups reduce fluorescence whereas ortho-para-directing groups enhance it (Senesi 

1990). A blue shift in emission maxima (emission at shorter wavelengths) can be caused by 

decrease in the number of aromatic rings, or a reduction of conjugated bonds in a chain 

structure (Coble 1996; Fellman et al., 2010). 

While single excitation, emission spectra are generally featureless, the EEM spectra allow 

higher selectivity and present superior sensitivity compared to absorption methods (Miano 

and Senesi, 1992). 
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Fellman et al. (2010) identifies five primary peaks: humic-like peaks A, C and M and protein-

like peaks B and T (Fig. 1; Table 1) which are linked to ecologically meaningful 

characteristics of DNOM.  

 

 

 

 

Figure 1.Typical EEMs of raw (a) and treated (b) waters, with the position of the five primary 

fluorescence peaks A, C, M, B, and the Tin optical space. Fluorescence intensities are in 

Raman units. From: Modified from (Yang et al., 2015). 

Peaks at longer emission wavelengths (referred to as “red shifted”) and with broad emission 

maxima contain relatively more conjugated fluorescence molecules. Peaks A and C are 

examples of such fluorophores. These compounds are mainly derived from vascular plants, i.e. 

mainly of terrestrial origin. The compounds are aromatic, highly conjugated, and likely 

represent the higher-molecular-weight fraction of the DOM pool (Coble et al., 1998). Peak M 

(Figure 1) is slightly “blue shifted” because it exhibits emission at shorter wavelengths (370-

430 nm). These fluorophores are thus less aromatic and of lower molecular weight that peaks 

A and C. Peak M was originally used as a marker for autochthonous DNOM because it was 

thought to be derived exclusively from marine planktonic production. More recent studies 

have nevertheless also identified this peak in terrestrial environments (Stedmon and Markager, 

2005). Still, differences in the contribution of these humic-like fluorescence groups can be 

used to distinguish between terrigenous (derived from higher plant material) and 

autochthonous DOM (produced within the aquatic environment). 

The protein-like components (B & T; Figure 1) are either tyrosine or tryptophan-like 

fluorescence components (see Table 1). These compounds are amino acids which are free, 

bound in proteins, or associated with high-molecular-weight DNOM. The relative amounts of 

these protein-like components are used as indicator of biologic activity, DNOM 

bioavailability, cycling of DNOM, and water quality. 
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The group of peaks with Humic-like components are composed of a set of compounds 

referred to as Ultraviolet A (UVA) humic-like peak M or, UVC-humic like (peaks A & C), 

(see table 1). These compounds exhibit emission at longer wavelengths (i.e. red shifted). They 

are thus to be aromatic compounds which, contain many conjugated fluorescent molecules.   

 

Table 1.Summary of commonly observed natural fluorescence peaks of aquatic DNOM (Fellman et al., 2010). 

Component Excitation and 

emission 

maxima (nm) 

Peak name Probable source Description 

Tyrosine-like ex 270-275, em 

304-312 

B Terrestrial, 

Autochthonous, 

Microbial. 

Amino acids, free or bound in proteins, 

fluorescence resembles free tyrosine. 

May indicate more degraded peptide 

material. 

Tryptophan-like ex  270-280  
(< 240), em 

330- 368 

B,T Terrestrial, 
Autochthonous, 

Microbial. 

Amino acids, free or bound in proteins, 
fluorescence resembles free tryptophan. 

May indicate intact proteins or less 

degraded peptide material 

Ultraviolet A 

(UVA) Humic-like 

ex 290-325 

(<250), em 370-

430 

M Terrestrial, 

Autochthonous, 

Microbial. 

Low molecular weight. 

Common in marine environments. 

Associated with biological activity. 

Found in wastewater, wetland, and 

agricultural environments. 

UVC Humic-like ex <260, em 

448-480 

A Terrestrial. High molecular weight and aromatic 

humic. 

Widespread, but highest in wetlands and 

forested environments. 

UVC Humic-like ex 320-360, em 

420-460 

C Terrestrial. High molecular-weight humic. 

Widespread, but highest in wetlands and 
forest environments. 

Unknown ex 280, em 370   Autochthonous Vary labile. 

Associated with freshly produced DOM. 
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2.3 Fluorescence indexes of DNOM 

Interpreting the more than 10.000 wavelength-dependent fluorescence intensity data points 

represented in EEMs poses a significant challenge (Chen et al., 2003). Moreover, there is a 

need to parametrize numerically the relevant key features of the EEM spectra, by means of 

indexes, in order to empirically assess similarities and differences between the studied DNOM 

materials. 

Fluorescence, freshness and humification indexes are three fluorescence spectroscopy indexes 

commonly used to study DNOM properties (Coble et al., 1996; Parlanti et al., 2000; 

McKnight et al., 2001) based on EEM. These indexes use ratios of fluorescence intensity in 

different regions of the EEM to provide information about the source, degree of humification, 

and relative contribution of recently produced (fresh) to structurally complex and aromatic 

DNOM (refractory).  

The fluorescence index (FI) is calculated as the ratio of emission intensity wavelengths at 470 

nm and 520 nm at fixed excitation wavelength of 370 nm (Eqn.1) according to Cory and 

McKnight (2005) (Fellman et al., 2010) 

 

𝐹𝐼 =
𝐼(370:470)

𝐼(370:520)
                   Eqn.1 

 

Where I denotes the fluorescence at (excitation: emission) wavelengths in nm. It therefore 

indirectly provides information about the source (i.e. aromatic allochthonous material derived 

from terrestrial higher plants material or more aliphatic autochthonous aquatic material from 

microbial production). The FI of water samples may thus augment the interpretation of 

DNOM sources (McKnight et al., 2001). 

Terrestrial derived DNOM from lignin-degradation (terrigenous) have values of 

approximately 1,4 , whereas microbial derived autochthonous DNOM is assigned higher 

values close to 1,8 (McKnight et al., 2001). The measured FI along terrestrial flow paths 

indicated that DNOM became increasingly characterized by microbial derived carbon  with 

longer residence time (Johnson et al., 2011). 

 

 

 

 

 



11 
 

The Freshness index (β:α) is calculated as the ratio of emission intensity at λem at  380 nm 

divided by the emission intensity maximum observed between 420 and 435 nm at a fixed 

excitation  at 310 nm (Parlanti et al., 2000; Wilson and Xenopoulos, 2009; Fellman et al. 

2010). According to Eqn.2. 

 

β:α =
I(310: 380)

I(310: 420−435)
              Eqn.2 

 

The Freshness index (β:α) is related to the size and age of the material. Fluorescence λem at 

380 nm (i.e.β) represents more recently derived DOM (i.e peak M in Figure 1),  whereas 

fluorescence at λemat 420-435 nm (i.e.α), represent more decomposed  DOM (i.e.peak C in 

Figure 1) (Fellman et al., 2010). 
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3. MATERIALS AND METODS 

 

3.1 Study sites 

 

 

Figure 2. Locations of water sources sampled and analysed in this study. Main picture: Raw 

water sources: Svartediket in Bergenvann and Langavatnet IVAR in Norway. Bolmen of 

Sydvattenin Sweden, Paijanne HSY in Finland and BurnCrooks Reservoir from the Scottish 

water in Scotland. Lower right corner: Site sampling of reference material where only the 

isolated freeze dried samples from Birkenes, Hellerudmyra and Trehørningen were analysed. 

 

 

 

 

 

 

 

 

 



13 
 

 

3.2 Sample analysis 

 

The 5 raw water samples and 3 reference samples have been analysed in regards to their 

spectrophotometric qualities. A Cary Eclipse fluorescence instrument form Agilant 

Technologies (Figure 5 Appendices) fitted with a well plate reader was used for the 

fluorescence measurements. 

All samples from the NOMiNOR
1
 and dissolved RO reference materials were transferred with 

a pipette onto a 96 well plate Agilant Technologies (Part no. 6610022300) (volume 300 µl) 

(Figure 6 Appendices) in the spots (C1-C9, D1-D9 and E1-E9), respectively for the 

NOMiNOR
1
 samples and in the spots (A1-A3,B1-B3 and C1-C3) for the isolated and freeze 

dried DNOM samples for the NOM-Typing project, all of them were measured per triplicate. 

The samples were measured four times in the fluorescence spectrometer instrument, to 

calculate the Fluorescence and freshness index. 

1. FI 370 ex/470 em  

2. FI 370 ex/520 em 

3. β:α 310 ex/380 em 

4.β: α 310 ex/(425) em and  β: α 310 ex/(430) em 

Within the emission range λem 420-435 nm (see Eqn.2) the highest emission intensity peak for 

the drinking raw water samples analysed was found at 425 nm (i.e.α) (Figure 7 Appendices), 

whereas the highest emission intensity peak for RO isolated samples was found at 430 nm. 

The emission intensity at this wavelength was therefore used to calculate the freshness index. 
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4. RESULTS 

4.1 Measurements of  Fluorescence and Freshness indexes. 

 

Table 2 Fluorescence and freshness indexes measurements for DNOM in raw drinking water samples for the 

NOMiNOR project. 

Sample Date Season Fluorescence 

index  

             FI 

Standard  

Deviation              

 STD 

Freshness 

index 

          β:α 

Standard  

Deviation 

        STD  

Sydvatten-
Bolmen, Småland  

 

09/09/2014 

 

Autumn 

 

 

1,70 

 

0,02 

 

0,06 

 

0,01 

 

10/11/2014 

 

Winter 

 

1,67 

 

0,01 

 

0,06 

 

0,01 

Scottish Water-
Burncroocks 
Reservoir 

 
08/09/2014 

 
Autumn 

 

 
1,55 

 
0,04 

 
0,05 

 
0,02 

 

10/11/2014 

 

   Winter 

 

 

1,46 

 

0,01 

 

0,08 

 

0,00 

HSY-Lake Paijanne 
 

 

01/09/2014 

 

 Autumn 

 

 

1,77 

 

0,12 

 

0,05 

 

0,02 

 

17/11/2014 

 

Winter 

 

 

1,80 

 

0,07 

 

0,06 

 

0,00 

Bergen Vann-
Svartediket 
 
 
 

 

26/08/2014 

 

Autumn 

 

 

1,78 

 

0,03 

 

0,04 

 

0,02 

 

27/10/2014 

 

Winter 

 

1,74 

 

0,00 

 

0,04 

 

0,03 

IVAR Langvatn, 
Algård Gjesdal  

 

13/10/2014 

 

 Winter 

 

1,86 

 

0,06 

 

0,04 

 

0,02 

 

Table 2 Fluorescence and freshness indexes measurements for the isolated freeze dried DNOM samples for the NOMiNIC 

project. 

Sample Fluorescence 

index  

             FI 

Standard  

Deviation              

       STD 

Freshness index 

          β:α 

Standard  

Deviation 

        STD  

Birkenes 
 

 

1,80 

 

0,02 

 

0,04 

 

0,00 

Hellerudmyra  

1,68 

 

0,05 

 

0,03 

 

0,02 

Trehørningen 
 

 

1,74 

 

0,02 

 

0,03 

 

0,01 
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4.2 Excitation-emission matrices (EEMS) contour plots.  

EEMs Contour plots for drinking raw water sources 

 

Plot 1 EEM for Scottish Water-Burncroocks Reservoir (autumn).   Plot 2  EEM for Scottish Water Burncroocks Reservoir (winter).   

 

        Plot 3 EEM for HSY-Lake Paijanne (autumn).                                   Plot 4 EEM  for HSY-Lake Paijanne (winter). 

 

 

 

 

 

 

 



16 
 

 

 

       Plot 5 EEM for IVAR Langvatn, AlgårdGjesdal (winter)                   Plot 6 EEM for the blank sample
3
. 

 

 

 

 

 

 

 

 

_____________________________ 

Contour plots of the EEM data were made by use of Stanford Graphics software. The 

intensity values from the 380 nm scan were adjusted by substracting the intensity of the blank 
3 
(see Plot 6 of EEM blank sample). 

EEM is made to analyse and understand the variation of DNOM qualities in raw water 

samples, as well as in a set of isolated freeze and dried DNOM  samples with no influence of 

agriclture or local industry. EEM spectra are obtained by recording the spectrum of emitted 

light over UV-VIS spectre to the range of a fixed λ excitation wavelegths ranged from 280 to 

380 which aims at finding the highest emission intensity peak (see EEMs graph 1-9 in 

appendices section)  

3
EEM Contour Plot number 6 for the blank sample was measured in order to correct sample 

blank values from corrected data for the humic acids and solutions. 
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EEMs contour plots for isolated freeze dried DNOM samples from the southern part of 

Norway. 

 

Plot 7 EEM for Birkenes catchment (BIR)                                                     Plot 8 EEM for Helerudmyra catchment (HEO) 

 

Plot 9 EEM for Trehorningen lake (TRE) 

 

Before making all the EEMs contour plots,by use of Stanford Graphics software, we can see 

from where all the data were collected more accurately (see in the appendixsection the scan of 

emission over a range of excitation wavelegths ranged between (280-380 nm) and a range of 

emission wavelegth within (400-550 nm).  EEMis used to identify fluorophores in both fulvic 

and humic acids (see EEMs graphs 1-9 in the appendices section) 
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5. DISCUSSION OF THE RESULTS. 

Fluorescence and Freshness Index 

In Table 2, the fluorescence index for DNOM in raw water sources range between 1,86 and 

1,46. Water sources with values within 1,67-1,86 are considered as microbially derived humic 

acids. This is the case for, Sydvatten-Bolmen, HSY (Lake Paijanne), Bergen Vann 

(Svartediket), IVAR (Langvatn, AlgårdGjesdal). Along different season, we cannot appreciate 

a remarkable increase or decrease in the FI values because these values keep more or less 

constant but they tend to increase a little bit in autumn rather than in winter. 

On the other hand, the fluorescence index for Scottish-Water (Burncroocks Reservoir) 

presents the lowest fluorescence index, in both seasons with values of 1,55 and 1,46 for 

winter and autumn, respectively. This means that DNOM in the Scottish-Water Burncroocks 

Reservoir is predominantly derived from terrestrial sources of organic matter, whereas 

autochthonous microbially derived humic acids is the main source of DNOM in the other 

studied sites for the raw water samples, as well as for the isolated freeze dried DNOM 

samples in the three water sources analyzed, which present values ranging between 1.80 and 

1.68. This implies that these catchments receive also predominantly microbial sources of 

organic matter. 

In general, it is possible to say that all the water sources, with the exception of Scotland 

Reservoir, present similar physicochemical characteristics to each other. Microbially derived 

humic acids normally contain less content of aromatic compounds, such as carbon in a 

percentage of approximately (12-17%) of the total carbon in DNOM and contain higher 

amount of nitrogen.  Terrestrial humic acids, as the case of Scotland, contain higher amount 

of aromatic carbon in a percentage of around (25-30%) of the total carbon, reflecting the 

contribution of lignin degradation to their formation but lower amount of nitrogen related to 

microbial derived humic acids. Because of their low aromacity, microbial derived humic acids 

absorb less visible radiation than terrestrial humic acids which present higher aromaticity.  

The freshness index presents values within 0,4 and 0,8 for all the water source sampled. 

Higher values of β:α indicate more recently derived DNOM, whereas lower values indicate 

more decomposed DNOM. Therefore, allochthonous derived humic matter for Scottish Water 

Reservoir presents the higher β:α index with a value of 0,8 in winter, compared with the rest 

of the  samples, and therefore has the younger and fresher organic material. In contrast, the 

isolated freeze dried NOM samples analyzed in the southern part of Norway show the lowest 

values for the β:α index ranging within 0,3 and 04, indicating a more structurally complex and 

aromatic DNOM, much older and decomposed than the rest of raw water sources receiving 

organic matter mainly for microbial sources. 
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Fluorescence excitation-emission matrices of isolated humic acids 

The EEMs for humic substances in 9 studied water samples, (see plots in the results section, 

and graphs in the appendices), are mostly considered as microbial derived humic acids based 

on their fluorescence index values. They thus present similar spectra (as we can see in plots 3-

9 in the results section).Terrestrial derived humic substances present an emission maximum 

peak at much longer wavelengths than microbial humic acids. The terrestrial derived humic 

matter from the Scotland Reservoir was therefore not expected to present similar spectra to 

the microbial derived humic acids. Nevertheless, the terrestrial derived humic matter in 

Scotland Reservoir presents an emission peak that occurs at longer emission wavelengths than 

microbial, though the difference is practically inappreciable. Moreover, it is worth mentioning 

that those water sources mainly compound of microbial humic acids but with lower FI, as is 

the case of Hellerudmyra, which shows the lowest FI for the all the isolated freeze dried 

DNOM samples, also presents an emission peak that occurs at longer emission wavelengths 

than the rest of microbial derived humic acids samples. 

Microbial and terrestrial derived humic compounds in the raw water sources present 

fluorophores with an emission peak ranging between 425 and 475 nm and an excitation within 

the range of 310 and 345 nm (see EEM counter plots in the results and EEM graphs in the 

appendices). Because of these excitation-emission values, the fluorophores observed are 

considered as UVC humic-like (according to Table 1 of commonly observed natural 

fluorescence peaks of aquatic DNOM). 

Peaks with longer emission λ, as is the case of Scotland Reservoir and Hellerudmyra, (are 

referred to as red shifted) and with a broad emission maxima contain relatively more 

conjugated fluorescence molecules and these compounds are aromatic, highly conjugated and 

likely represent the higher-molecular-weight  fraction of the DOM pool.  

The UVC humic-like fluorophores found in Sydvatten-Bolmen, Birkenes and Trehørningen 

were slightly blue shifted because they exhibits emission at shorter λ within the range of (310-

330 nm) compared to the rest of the samples. These fluorophores are less aromatic and 

present lower molecular weight compounds. 
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6. CONCLUSION 

Excitation-emission matrices (EEM) is a useful and promising technique to study 

physicochemical characteristics of DNOM. The constancy of the fluorescence spectra could 

be used to justify an assumption that there were no major shifts in the physicochemical 

properties of  humic acids  in water sources or in the isolated freezer dried NOM samples, 

despite of presenting different sources of organic matter. Almost all the samples analyzed 

receiving predominanly microbial sources of organic matter so they present physicochemical 

characteristic similar to each other such as,  low aromaticity and absorptivity and high 

nitrogen content. On the other hand, we found that Scotland Burcrook Reservoir receives 

predominanly terrestrial sources of organic matter. Consequently; higher aromaticity, 

absorptivity and  lower nitrogen content showing also the most recently derived and fresher 

DNOM because of its freshness index value, which is the highest one. Therefore, humic 

substances in Scotland Burcrook Reservoir are considered as the most recently and freshest 

material.   

The peak emission intensity occurs at a slightly lower wavelegths for the drinking raw water 

samples and for the isolated reference materials where DNOM is derived from microbial 

organic matter. That means that the finding that microbially derived humic acids had emission 

maxima at lower wavelegths than terrestrial derived humic acids was confirmed. Microbially 

derived humic acids, presented an emission maxima  between 410 and 470 nm, whereas 

terrestrial had emission maxima ocurring at higher waveleght within then range of 450-475  

nm.  
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Appendices 

 

Figure 1 Generic model of the Fluorescence mechanism (Van Cleave 2011). 

 

 

 

Figure 2. Locations of water sources sampled and analysed in this study. Main picture: Raw water sources: 

Svartediket in Bergenvann and Langavatnet IVAR in Norway. Bolmen Sydvatten in Sweden, Paijanne HSY in 

Finland and Burn Crooks Reservoir from Scottish water in Scotland. Lower right corner: Site sampling for the 

isolated freeze dried NOM samples from the NOMiNIC- Typing Project in the southern part of Norway. 
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Figure 3Nine drinking raw water samples. 

 

 

 

Figure 4Cary Eclipse Fluorescence Instrument from Agilante Technologies, were the samples were inserted in order to 

measure their fluorescence to calculate the freshness and the fluorescence indexes. 
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Figure 5 well plate reader with the triplicate samples from C1-C9, D1-D9 and E1-D9, respectively for the drinking raw water 

samples and   for the isolated freeze and dried DNOM samples in the spot  (A1-A3, B1-B3 and C1-C3)  respectively (They 

were measured in different days) 

 

 

 

Figure 6 Forth measure to calculate the highest peak of emission intensity for the freshness index calclutaion. 
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Table: 1 Fluorescence index calculations for drinking raw water samples. 

 

Run:1 FI 
370/ 470         

 

Run:2 FI 
370/ 520     

                  

Sample Number Fluorescence FI Average SD Sample Number Fluorescence 

E1 1 16,68 1,702388     E1 1 9,798 

C1 1 16,871 1,677872     C1 1 10,055 

D1 1 17,113 1,72719 1,702483 0,024659 D1 1 9,908 

D2 2 16,216 1,677633     D2 2 9,666 

C2 2 16,364 1,651761     C2 2 9,907 

E2 2 16,638 1,674685 1,668027 0,014163 E2 2 9,935 

D3 3 15,08 1,50499     D3 3 10,02 

C3 3 15,471 1,55832     C3 3 9,928 

E3 3 15,799 1,575803 1,546371 0,036888 E3 3 10,026 

C4 4 13,727 1,461252     C4 4 9,394 

E4 4 13,855 1,467846     E4 4 9,439 

D4 4 14,154 1,45378 1,460959 0,007038 D4 4 9,736 

C5 5 15,814 1,641308     C5 5 9,635 

E5 5 16,024 1,838036     E5 5 8,718 

D5 5 16,658 1,843311 1,774218 0,115134 D5 5 9,037 

C6 6 15,596 1,73135     C6 6 9,008 

D6 6 15,766 1,864916     D6 6 8,454 

E6 6 15,94 1,790408 1,795558 0,066932 E6 6 8,903 

E7 7 15,324 1,806649     E7 7 8,482 

C7 7 15,711 1,753264     C7 7 8,961 

D7 7 15,767 1,778166 1,77936 0,026713 D7 7 8,867 

E8 8 15,221 1,746329     E8 8 8,716 

D8 8 15,494 1,740117     D8 8 8,904 

C8 8 15,529 1,743069 1,743171 0,003107 C8 8 8,909 

E9 9 15,028 1,920266     E9 9 7,826 

C9 9 15,122 1,808852     C9 9 8,36 

D9 9 15,227 1,864683 1,8646 0,055707 D9 9 8,166 
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Table: 2 Freshness index calculations for drinking raw water samples. 

 

 

 

 

 

 

 

 

Run:3 
β:α 
310/380           

Run:4 
β:α 
310/425     

Sample Number Fluorescence β:α Average SD Sample Number Fluorescence 

E1 1 0,483 0,058     E1 1 8,333 

C1 1 0,5502 0,069     C1 1 7,921 

D1 1 0,4984 0,063 0,063427 0,00577 D1 1 7,929 

D2 2 0,5628 0,073     D2 2 7,729 

C2 2 0,3906 0,048     C2 2 8,218 

E2 2 0,4956 0,062 0,060861 0,012699 E2 2 7,963 

D3 3 0,4886 0,073     D3 3 6,733 

C3 3 0,28 0,040     C3 3 6,991 

E3 3 0,3402 0,050 0,054251 0,016645 E3 3 6,786 

C4 4 0,4732 0,081     C4 4 5,854 

E4 4 0,4466 0,074     E4 4 6,007 

D4 4 0,4718 0,083 0,079419 0,004534 D4 4 5,679 

C5 5 0,2576 0,037     C5 5 7,044 

E5 5 0,469 0,068     E5 5 6,885 

D5 5 0,329 0,045 0,049876 0,016344 D5 5 7,321 

C6 6 0,4256 0,062     C6 6 6,886 

D6 6 0,4396 0,062     D6 6 7,082 

E6 6 0,378 0,056 0,059839 0,003641 E6 6 6,794 

E7 7 0,0938 0,019     E7 7 4,914 

C7 7 0,2002 0,041     C7 7 4,88 

D7 7 0,2464 0,048 0,036155 0,015227 D7 7 5,096 

E8 8 0,0644 0,013     E8 8 5,059 

D8 8 0,1666 0,033     D8 8 5,062 

C8 8 0,3192 0,063 0,036271 0,025387 C8 8 5,053 

E9 9 0,1806 0,042     E9 9 4,277 

C9 9 0,2646 0,066     C9 9 4,033 

D9 9 0,0952 0,022 0,043391 0,021659 D9 9 4,262 
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Table: 3 Fluorescence index calculations for the isolated freeze and dried DNOM samples. 

 

Run:1 FI 
370/ 470         

 

Run:2 FI 
370/ 520     

                  

Sample Number Fluorescence FI Average SD Sample Number Fluorescence 

A1 1 16,664 1,78415     A1 1 9,34 

A2 1 16,251 1,82125     A2 1 8,923 

A3 1 16,455 1,80606 1,80382 0,01865 A3 1 9,111 

B1 2 16,151 1,64873     B1 2 9,796 

B2 2 17,219 1,7414     B2 2 9,888 

B3 2 16,245 1,65546 1,68186 0,05167 B3 2 9,813 

C1 3 15,728 1,72003     C1 3 9,144 

C2 3 15,032 1,74689     C2 3 8,605 

C3 3 15,67 1,75103 1,73932 0,01683 C3 3 8,949 

 

Table: 4 Freshness index calculations for the isolated freeze dried DNOM samples. 

 

 

 

 

 

 

 

 

Run:3 
β:α 
310/380           

Run:4 
β:α 
310/430     

Sample Number Fluorescence β:α Average SD Sample Number Fluorescence 

A1 1 0,148 0,032     A1 1 4,569 

A2 1 0,145 0,030     A2 1 4,788 

A3 1 0,192 0,041 0,03472 0,00596 A3 1 4,627 

B1 2 0,182 0,036     B1 2 5,05 

B2 2 0,055 0,011     B2 2 4,856 

B3 2 0,26 0,053 0,03345 0,02096 B3 2 4,904 

C1 3 0,157 0,032     C1 3 4,921 

C2 3 0,075 0,015     C2 3 4,919 

C3 3 0,22 0,042 0,02989 0,01375 C3 3 5,174 
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Excitation Emission matrices (EEMs)  for  drinking raw water samples at fixed excitation 

wavelegths, which correspond with the counter plots show in the result section. 

EEM 1 (Plot 1) Scottish Water-Burncroocks Reservoir (autumn)                   EEM 2 (Plot 2)Scottish Water-Burncroocks Reservoir (winter)               

 

 

EEM  3 (Plot 3) for HSY-Lake Paijanne (autumn).                                          EEM 4 (Plot 4) for HSY-lake Paijanne (winter). 

 

 

 

 

Graph 5 (Plot5) for IVAR Langvantn, Algård Gjesdal (autumn/winter)            Graph 6 (Plot 6) for Row water sample 

 



31 
 

 

Emission-Excitation matrices  (EEM) for the isolated freeze dried DNOM samples at a fixed 

excitation wavelegths, which correspond with the counter plots show in the result section. 

 

 EEM 7 (Plot 7) for Birkenes catchment (BIR)                                                     EEM 8 (Plot 8) for Helerudmyra catchment (HEO) 

 

EEM 9 (Plot 9) Trehorningen lake (TRE) 
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