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Abstract.  

According to fluorescence spectrometer measurements of samples taken from Ergene River 

which is contaminated from both natural and anthropogenic sources, the characterization of 

natural organic matter in river and identification of the anthropogenic pollution in the river 

can be detected in a range of excitation and emission matrix. The samples are taken from eight 

different points begins from the origin of the river to the other regions close to domestic and 

agricultural activities. As a result of EEM-PARAFAC modelling, two protein like components 

are detected which indicate anthropogenic activities. The fluorescence results are correlated 

with the values of specific ultraviolet absorbance at 254 nm (SUVA254) and spectral slope 

parameters (S275-295, S350-400 and SR) of the river water samples. In future studies, the 

fluorescence spectroscopy will be applied to the river water samples before and after 

photodegradation spiked with emerging contaminants (ECs) such as ciprofloxacin, 

clothianidin, imazamox, imidacloprid, tetracycline, triclosan.   

Keywords: fluorescence spectroscopy, EEM-PARAFAC, SUVA254, spectral slope parameter, 

emerging contaminants, river water 
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1. Introduction  

For the characterization of natural water samples dissolved organic matter (DOM) plays an 

important role since DOM constitutes a binding hotspot for contaminants. UV-vis 

spectroscopy can be used for the estimation of DOM. Chromophoric dissolved organic matter 

(CDOM) that is the light absorbing fraction of DOM pool can affect the optical properties of 

freshwater ecosystems [1]. This optically active fraction of DOM, CDOM can compete with 

the contaminants during the solar light driven fate process. In addition, this fraction can 

initiate photochemical mediated processes. 

Although the absorbance at single specific wavelength (e.g. 250, 254, 280 300 nm etc.) 

and/or absorption ratio at two different wavelengths (e.g. A250/A365 etc.) have been used to 

characterize CDOM, spectral slope parameters have been successfully employed to provide 

information on the properties and the origin of CDOM in the literature [2-4]. In this study, 

spectral slope (S) was calculated at two different wavelength ranges, namely 275-295 nm and 

350-400 nm (S275-295 and S350-400) since the greatest variations in S was detected in these 

wavelength ranges similar to the previous literature studies [5,6]. In addition to spectral slope 

parameters, specific ultraviolet absorbance (SUVA254) with fluorescence spectroscopy 

measurements was determined for each river water sample.  

 

2. Methods 

2.1. Sampling campaign 

River water samples were taken through the mainstream of Ergene River from its source to 

around Karamehmet on July 16th, 2019. Studied area is located in the northeastern of Thrace 

region where Ergene River stems in Saray and flow through Muratlı. The sampling locations 

of eight sampling points are shown on a map presented in Figure 1.  

 

 

 

 

 

 

 

 

 

 

 



 

44 

 

 

 

 

 

 

 

Figure 1:  Satellite map showing the sampling locations on Ergene River 

 

Sampling point 1 (S-1) is close to location where river stems; sampling point 2 (S-2) is 

surrounded agricultural fields;  sampling point 3 (S-3) is close to residential area; sampling 

point 4 (S-4) and 5 (S-5) are the locations before and after the discharging of wastewater 

treatment plant effluent, respectively; sampling point 6 (S-6) is the location where a tributary 

from agricultural area joins to main river; sampling point 7  (S-7) is junction of another 

tributary from rural area; sampling point 8 (S-8) is a representative location that receives 

domestic and agricultural wastewater. A close view of sampling locations on the satellite map 

is demonstrated in Figure 2.  

 

 

 

 



 

45 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2:  The satellite map of each sampling points 
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Water samples were taken at about 10-15 cm beneath of river surface with the help of a 

bucket. They were filled in 1 L Teflon capped glass bottles that were rinsed previously with 

river water. All the samples were stored in the dark and 4°C until the characterization studies 

and photolysis experiments.  

 

2.2.  Determination of optical properties 

Optical properties of river water samples were determined with UV-Vis absorption and 

fluorescence spectroscopy.  

UV-vis absorbance of river water samples filtered through 0.45 µm syringe filter 

(Millipore) was measured in a 1 cm quartz cuvette over 200 and 600 nm wavelength range 

with 4 nm increments against deionized water as blank on an ultraviolet-visible 

spectrophotometer (Unicam Helios Alpha). Samples were diluted if their DOC concentration 

was greater than 50 mg L-1.  

Absorbance units are converted to absorbance coefficients [4]: 

                    (1) 

where a(λ) is absorption coefficient (m-1) at wavelength λ, A(λ) is the absorbance at 

wavelength λ, and L is the path length (m-1). 

Fluorescence emission excitation matrices are recorded with each of eight river water 

samples diluted as needed in 1 cm quartz cuvettes using a Perkin Elmer LS 55 Fluorescence 

Spectrometer with a 230 voltage Xe lamp. The scanning ranges are 200-500 nm at nm 

intervals excitation, and 250-600 nm at nm intervals for emission with the scanning speed of 

400 nm min-1.  

The scan application mode of the instrument is selected as synchronized delta lambda. The 

length of emission and excitation slits are 10nm. Scan speed is 40 nm min-1. Delta lambda 

(Δλ) is 18 with the Δλ increment of 10 nm. Delay and delay before max are decided as 60 

with the scan number of 18. Raman and Rayleigh scatter effects, inner filtering effects, 

instrument specific variations are all corrected during data processing. The river water 

samples are filtrated with 0,45 µm filter before the measurements.  
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3.  Results 

3.1. UV-Vis spectra of the river water samples 

The evaluation of UV/Vis spectrum for the quantification of riverine CDOM has been 

studied in several studies in the literature [7,8]. In accordance to the previous studies, UV-Vis 

spectra of CDOM in each river water samples exhibited a typical trend of natural water and 

the absorbance decreases with increasing wavelength [4,9,10]. Due the overlaps of various 

chromophoric groups of water constituents, each spectrum is featureless in terms of well-

defined maxima. However, the absorbance values of different river water samples, especially 

at shorter wavelength of the spectrum are considerably different (Figure 3). The absorption 

rates of S-1, S-2 and S-3 at shorter  

wavelengths are relatively lower than those of the other samples. This result can be 

attributed to the higher agricultural and domestic inputs to the river at sampling sites of (S-4)-

(S-8).  

 

Figure 3:  UV-Vis absorbance spectrum of eight river water samples. 
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2.2.2. Spectral slope parameters 

Spectral slopes, S275-295 and S350-400, were calculated by using an exponential model given 

with equation 2 [4,11]: 

 

where   is the absorption coefficient at wavelength λ;  is the absorption 

coefficient at a reference wavelength λ0; S is the spectral slope parameter. 

MATLAB curve fitting toolbox (The MathWorks, 2018) was used for calculation spectral 

slope parameter by using fitted and exponential equation. The reference wavelength was 

determined by finding the best regression coefficient between fitted equations and 

experimental results.  

Subsequently, spectral slope ratio (SR) was calculated dividing S275-295 to S350-400 [1,4]: 

 

The S values together with correlation coefficients and SR for each river water samples are 

listed in Table 1. 

In literature, some hypotheses on the spectral parameters have been put forward and their 

validity is shown for different surface waters [3,4,6]. Increasing conjugation in the molecular 

structure of CDOM, which results in larger molecular size and weight with the broadening of 

absorption spectra towards visible region [5,12]. The higher absorption at longer wavelengths 

diminishes the values of S275-295. It was also suggested that S275-295 values greater than 0.015 

nm-1 refers to CDOM with low molecular weight [13]. Based on the literature hypotheses, it is 

suggested that the content of CDOM is composed of the substances with the high molecular 

weight.  
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Table 1:  Spectral slope parameters of the river water samples 

 

Sample S275-295 (nm-1) S350-400 (nm-1) SR 

S-1 0.009 (0.992) 0.018 (0.748) 0.502 

S-2 0.009 (0.976) 0.024 (0.933) 0.379 

S-3 0.008 (0.950) 0.008 (0.924) 0.933 

S-4 0.013 (0.989) 0.036 (0.721) 0.361 

S-5 0.005 (0.994) 0.022 (0.932) 0.239 

S-6 0.013 (0.988) 0.051 (0.834) 0.261 

S-7 0.015 (0.999) 0.035 (0.777) 0.420 

S-8 0.016 (0.986) 0.035 (0.810) 0.448 

S275-295, is also used to indicate the source of DOM in terms of aquatic or terrestrial origin 

[4,6,13,14] While the steeper value of S275-295 refers to autochthonous or aquatic source for 

DOM, lower value of S275-295 is associated with terrestrial based DOM [3,13,14]. According to 

Helms (2008), SR is also another indicator for the source of the CDOM in river water samples 

and a correlation was found between increasing SR and decreasing terrestrially originated 

CDOM content. The lower values of S275-295 compared to those of S350-400 and SR <1 indicated 

that CDOM of Ergene River in the study area has high molecular weight and terrestrially 

derived. 

2.2.3.  SUVA254 parameter 

In order to determine aromaticity content of CDOM in river water samples, specific UV 

absorbance at 254 nm wavelength named as SUVA254 parameter was calculated by 

normalizing the absorption coefficient to dissolved organic carbon (DOC) concentration 

[1,4,15]. 

 

 

where a254 is the absorbance coefficient at the wavelength of 254 nm wavelength and, DOC is 

the dissolved organic matter concentration of the river water samples. The calculated 

SUVA254 for each water samples are given in Table 2. 
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Table 2:  Specific UV absorbance of the river water samples. 

 

Sam

ple 

A254 a254 

(m-1) 

DOC (mg 

L-1) 

SUVA254 (L mg-1 

m-1) 

S-1 0.183 42.03

0 

4.415 9.520 

S-2 0.212 48.82

4 

5.803 8.414 

S-3 0.136 31.20

6 

4.644 6.720 

S-4 0.088 20.26

6 

4.712 4.300 

S-5 0.243 55.84

8 

4.524 12.345 

S-6 0.089 20.38

2 

4.712 4.326 

S-7 0.183 42.03

0 

4.620 9.097 

S-8 0.183 42.03

0 

3.909 10.752 

 

SUVA254 value of S-5 was different from the other river water samples. It is noteworthy that 

this situation is actually valid for S275-295 and SR values. It was mentioned that SUVA254 is 

proportional to aromacity but S275-295 and SR are inversely proportional to aromaticity [5]. The 

input of WWTP effluent to the river water can cause the formation of a complex matrix.  

2.2.4. Fluorescence spectra of river water samples 

The fluorescence spectra can also be used to estimate the sources of the CDOM found in 

river water samples. Fluorescence excitation-emission matrix (EEM) combined with parallel 

factor analysis (PARAFAC) would give distribution of all fluorescent components by 

identifying and characterizing them in a range of excitation and emission matrix. The 

fluorescent data of the river water samples were tested in PARAFAC modeling using DOM 

Fluor toolbox in MATLAB software (in the format of R2018a) [16,17,18] and the achieved 

results for S-1, S-4, S-5 and S-7 are given in Figure 3. 
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Figure 3:  PARAFAC Analysis of EEM of samples S-1 (a), S-4 (b), S-5 (c), and S-7 (d). Legends show intensity of 

emission at specific excitation wavelength. 

 

In literature, as a result of PARAFAC modeling two components termed B (fluorescence 

peaks at λEx/Em: 220-280 nm/300-302 nm) and T (fluorescence peaks at λEx/Em: 220-290 

nm/349-369 nm) have been identified and the correspondence of these components to 

tryptophan-like and tyrosine-like peak regions of EEM have been reported, respectively 

[3,13]. A strong fluorescent intensity of protein-like substances has been shown in the river 

water polluted by anthropogenic activities including domestic and others [3,13]. The 

fluorescence characterization of the river water samples has shown the presence of both 

protein-like fluorescent structures (Figure 3). However, a remarkable difference has been 

determined between the fluorescence intensity of S-1 and S-5. This result is in accordance 

with the values of SUVA254 and slope parameters.   
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5. Conclusion  

Ergene River is a significant water source for Thrace region. Although the major part of the 

Ergene River has “4th class” of water quality currently, it is used for different purposes. In 

order to study the contribution of agricultural and domestic inputs to the quality of the river 

water eight different sampling sites ((S-1)-(S-8)) in the study area where the river flows from 

the source to the point at a distance of 22 km were selected. PARAFAC modeling of 

fluorescent spectral data enabled the detection of tryptophan-like and tyrosine-like substances 

and the fluorescence intensity of protein-like groups between S-1 and S-5 was remarkable. 

Spectral properties of the river water at different sampling sites exhibited variations and 

overall results indicated that CDOM of the river in the study area has high molecular weight 

and terrestrially derived. 
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