
ZEMES DZĪĻU RESURSI UN TO IZPĒTE  

23 

 

Zaccone, C., Soler-Rovira, P., Plaza, C., Cocozza, C., Miano, T.M. (2009). Variability in As, 

Ca, Cr, K, Mn, Sr, and Ti concentrations among humic acids isolated from peat using NaOH, 

Na4P2O7 and NaOH+Na4P2O7 solutions. Journal of Hazardous Materials, 167(1/3), 987–994. 

Zaccone, C., Cocozza, C., Cheburkin, A.K., Shotyk, W., Miano, T.M. (2008). 

Distribution of As, Cr, Ni, Rb, Ti and Zr between peat and its humic fraction along an 

undisturbed ombrotrophic bog profile (NW Switzerland). Applied Geochemistry, 23, 25 – 33. 

Zaccone, C., Cocozza, C., Cheburkin, A. K., Shotyk, W., Miano, T. M. (2007). 

Enrichment and Depletion of Major and Trace Elements, and Radionuclides in Ombrotrophic 

Raw Peat and Corresponding Humic Acids. Geoderma, 141(3-4), 235-246 

Zaccone, C., Miano, T.M., Shotyk, W. (2007). Qualitative comparison between raw peat 

and related humic acids in an ombrotrophic bog profile. Organic Geochemistry, 38, 151-160 

Zhou, P., Yan, H., Gu, B. (2005). Competitive complexation of metal ions with humic 

substances. Chemosphere, 58, 1327 - 1337. 

 

 

THE COMPOSITION OF FEN PEAT HUMIC SUBSTANCES BY MEANS 

 OF 3D FLUORESCENCE SPECTROSCOPY WITH  

PARALLEL FACTOR MODELLING 

 

Jānis Krūmiņš, Māris Kļaviņš, Valdis Segliņš 

Faculty of Geography and Earth Sciences, University of Latvia,  

e-mail: krumins.janis@lu.lv, maris.klavins@lu.lv, valdis.seglins@lu.lv 

 

Annotation. The purpose of this study was to conduct a comprehensive structural characterization of fen 

peat humic substances by means of 3D fluorescence spectroscopy with parallel factor modelling. The fen 

peat profile (2.60 m) of Vīķu Bog, with known physico-chemical characteristics, was studied. Fluorescence 

spectra (EEM) of humic substances were recorded every 0.10 m of peat profile. EEM reflect significant 

changes in the decomposition of fen peat and in the formation of fulvic acids (a peak around 350/450 nm), 

both followed by changes in peat properties and depth. Parallel factor analysis identified a four-component 

model with well-extracted fingerprint regions, identifying the main constituents of fen peat humic 

substances: 1) phenolic groups, 2) chromophore groups with high carboxylic group content, 3) proteins and 

phytochlorin, and 4) polycyclic aromatics with fused benzene rings. Our study has shown that the use of 

parallel factor analysis on the fluorescence spectra allows processing organic samples with low 

concentration of humic substances; thereby enabling analysis of very sensitive data that otherwise would be 

lost during the analysis and lead to the misinterpretation of results. 
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Introduction 

Due to the decomposition process organic matter in fens has been transformed 

into more stable and complex macromolecules than it is in the mire vegetation (Wei 

et al. 2014). Moreover, the transformation of organic matter into fen peat has the direct 

impact on element cycle in environment and microbial activities within the peat profile 

(Cronan et al. 1992). Most of the organic matter in peat is constituted of humic 

substances (fulvic and humic acids), which basically is the result of degradation and 

polymerization of organic matter during the microbial, chemical and photochemical 

reactions (Pernet-Courdier et al. 2011). One of the most advanced and novel methods 
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for the determination and characterization of humic substances can be 3D fluorescence 

spectroscopy. This method can be used as a non-destructive tool to quantify the 

decomposition degree of organic matter of any kind, and it requires a small volume of 

aqueous sample at low concentration (Wei et al. 2014). 3D fluorescence spectroscopy 

provides an important information on the chemical nature of humic substances – on their 

position, shift and intensity of fluorescence peaks, – and all those data can be correlated 

to structural information, such as functional groups, polycondensation, aromaticity, 

heterogeneity and various dynamic properties related to their intramolecular and 

intermolecular interactions (Chen et al. 2003). All the information obtained from 3D 

fluorescence spectroscopy analysis can be used in parallel factor analysis (PARAFAC 

analysis), what is being used to determine the similarity between samples or groups of 

samples and allows evaluating particular structural components of humic substances. 

The objective of this study was to conduct a comprehensive structural characterization 

of fen peat humic substances. 

Materials and methods 

26 fen peat samples were extracted from a complete peat profile (every 0.10 m of 

a 2.60 m long peat profile) of Vīķu Mire in Western Latvia. The sampling was done in 

the central part of the mire, which is less affected by the adjacent area and where the 

most complete geological section can be found. 10 mg of peat powder were extracted 

with 50 ml of 8% NaOH solution for 24 h in a horizontal shaker at room temperature. 

The samples were filtered, removing any suspensions, and their pH was normalized to 7. 

Extracts of the samples were further used in 3D fluorescence spectroscopy analysis. 3D 

fluorescence spectroscopy analysis was performed using a TL spectrometer HORIBA 

Aqualog. Fluorescence spectra (EEM) were recorded at a 5 nm bandpass excitation in a 

clear quartz cuvette. EEMs were obtained by subsequently scanning the emission 

spectra from 250 to 600 nm at the 250 to 600 nm excitation wavelengths with 5 nm 

increments. PARAFAC analysis was performed using the MATLAB R2014a 

v. 5.3.0.532 software with DOMFluor and drEEM toolboxes (Murphy et al. 2013). 

 

Results and discussion 

Features of the fen peat botanical composition in different layers (Figure 1) 

determine the amount of organic matter in peat (in our study from 60 to 97%) and cause 

changes in the rate and intensity of decomposition and thereby also in the amount of 

humic substances and their fluorescent characteristics relative to peat profile depth. 

We have detected 2 general spectral peaks in EEMs of humic substances extracted 

from studied peat samples (Figure 2). The first peak was centred at the wavelength pair 

of 330–360/430–530 nm and it is related to fulvic acid-like compounds. The second 

peak had its own wavelength pair at 430-470/520-560 nm, which is associated with 

humic acid-like substances (Wei et al. 2014).  

All of the recorded humic substance EEMs, as seen, e.g., in samples 5 and 6 

(Figure 2); show a higher fluorescence intensity of fulvic acids at the range ~350/460 

nm, while the intensity of humic acids (~470/540 nm) is less pronounced. This can be 
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explained by the fact that humic acids, being highly condensed structures, have a weaker 

fluorescence signal than fulvic acids (chromophore groups with high phenolic group 

content). Further data analysis and validation confirmed that the 4-component model 

was reliable for studied fen peat humic substances, respectively – fen peat humic 

substances consist of 4 main components. 

Some of the fluorescence fractions cannot be identified from the raw EEM data; 

it is because of the signal overlap of individual organic compounds. This issue can be 

fixed with PARAFAC analysis (Zhu et al. 2014). It is for this reason that PARAFAC 

analysis was selected in our study to distinguish the peat-forming components 

(Figure 3). 

 
Figure 1. The botanical composition and decomposition degree of Vīķu Mire fen peat 

  



ZEMES DZĪĻU RESURSI UN TO IZPĒTE 

26 

 

 

 
Figure 2. Excitation-emission matrices of Vīķu Mire fen peat humic substances (0.40-

0.60 m) 

 

 
Figure 3. A decomposition of excitation-emission matrix of fen peat humic substances 

 

Figure 3 shows the fluorescence components and illustrates the area on EEM they 

have the main influence on. There were 4 components found, what were further denoted 

as Comp. 1, Comp. 2, Comp. 3 and Comp. 4. The fluorescence components were 

classified according to the previous studies (Stedmon and Bro 2008, Zhu et al. 2014), 

respectively – component 1 was classified as the phenolic group-containing structures; 

component 2 was classified as chromophore group with high carboxyl group content; 

component 3 was composed of proteins and phytochlorin; and component 4 was 

classified as polycyclic aromatics with fused benzene rings, although it had very weak 

total luminescence intensity. 

 

Conclusions 

Our study has shown that parallel factor analysis of 3D fluorescence spectra 

allows processing organic samples with low humic substance concentration. Therefore 

it is possible to analyze very sensitive data that otherwise can be lost, leading to 

misinterpretation of results. Our results have also shown that it is possible to apply a 4 

component/factor model to the studied fen peat humic substances: 1st, 2nd and 4th 
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component (the phenolic and carboxylic groups, and polycyclic aromatics) and the 3rd 

component (proteins and phytochlorin), what are main fen peat forming compounds. 
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Summary 

The purpose of this study was to conduct a comprehensive structural characterization of 

fen peat humic substances by means of 3D fluorescence spectroscopy with parallel factor 

modelling. The spectra of alkaline extracts reflect significant changes in degradation of peat 

organic matter and formation of fulvic acids followed by depth and changes in peat properties 

(a peak around 350/450 nm). Parallel factor analysis allowed the identification of a 4 component 

model with well-extracted fingerprint regions, identifying phenolic groups, chromophore 

groups with high carboxylic group content, proteins and phytochlorin and polycyclic aromatics 

with fused benzene rings. 
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