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Abstract 
 This report studied the detection of optical brighteners in the Morte Femme peatland 

located in the Vosges mountains of France. Synchronous fluorescence scans of optical brightener 

solutions were used to generate fluorescent spectra before and after irradiation with UV light. Tests 

for pH, conductivity, DOC, ICP, ion chromatography, UV spectroscopy, and synchronous 

fluorescence spectroscopy were performed on field samples collected at various locations along 

the Morte Femme and its tributaries. Field samples were also irradiated with UV light, and the 

effects on their fluorescent intensity observed. A decrease in fluorescence intensity was observed 

at some sampling locations, and depending on the location this could be due to the presence of 

dissolved organic matter or optical brighteners. 
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Executive Summary 
Optical brighteners are fluorescent compounds that are commonly used by the textile and 

detergent industries to make white fibers appear brighter. They do this by emitting blue light 

between 400 and 440 nm in wavelength after excitation by UV light. The excitation with UV light 

causes optical brighteners to degrade which corresponds to a decrease in fluorescence. These 

properties were used to detect the presence of optical brighteners in the Morte Femme peatland. 

The Morte Femme peatland is located in the Vosges mountains in the Lorraine region of 

France. The peatland is located near the source of the Cleurie river, a small mountain river whose 

pollution levels researchers at the University of Lorraine have been monitoring since 2018. 

Upstream of the peatland there are several textile plants that each have their own wastewater 

treatment facilities. People living around the Morte Femme and the Cleurie have noticed strange 

colors in the water that may be attributed to optical brighteners or dyes used in the textile plants.  

Synchronous fluorescent spectroscopy was used to measure the fluorescent intensity of 

seven optical brightener solutions as well as field samples from the Morte Femme and its 

tributaries. Following an initial synchronous fluorescence scan, both the optical brighteners and 

the field samples were irradiated with UV light. If a decrease in fluorescence occurred after 

irradiation, then it was possible that there was an optical brightener present. However, in the field 

samples dissolved organic matter could also cause a decrease in fluorescence.  

Solutions of the optical brighteners were mixed at concentrations of 0.015 , 0.30 , and 

0.03 . The optical brighteners studied as part of this report were Tinopal DMA-X, Tinopal CBS-

X, Fluorescent Brightener 28, DAS, 4,4ô-bis(2-benzoxazolyl) stilbene, 4,4ô-diamino-2,2ô-

stilbenedisulfonic acid, and 2,5-bis(5-tert-butyl-benzoxazol-2-yl) thiophene. Synchronous 

fluorescent spectra were generated for each of these solutions using a Hitachi F-2500 Fluorescence 

Spectrophotometer and PMMA cuvettes. These spectra were generated using an excitation 

wavelength range of 230-600 nm and a difference of 50 nm between excitation and emission 

wavelengths. After the initial spectra were generated, the cuvettes were placed in a lab made box 

containing a mirror and a 15-W Vilbert Lourmat 115 L UV lamp where they were irradiated with 

UV light (365 nm) for 15 minutes. The fluorescent spectra of the irradiated samples were then 

compared to the initial spectra in order to determine if a decrease in fluorescence had occurred.  
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The fluorescent spectra of these optical brighteners were compared to those of field 

samples. Nine series of field samples were collected as part of this project. Eight of these series 

contained samples of approximately 12 sampling locations in the Morte Femme and its tributaries. 

The other series was made up of samples collected along the Cleurie river and its tributaries as 

well as the sites previously discussed. After collection these samples were stored at 4°C until they 

were able to be analyzed. Tests for pH, conductivity, dissolved organic carbon (DOC), ion 

chromatography, inductively coupled plasma mass spectroscopy (ICP), UV spectroscopy, and a 

synchronous fluorescence analysis were performed on each field sample that was collected. The 

fluorometric analysis performed on the field samples was exactly the same as that previously 

discussed for the optical brightener solutions. The spectra of the field samples and the optical 

brighteners were compared in an effort to detect the presence of optical brighteners. Additionally, 

excitation emission matrices were generated for three field samples as well as three optical 

brighteners. These provided a more detailed picture of the fluorescent spectra and were used to try 

and identify a specific optical brightener present in the field samples.  

As expected, the optical brightener solutions showed a decrease in fluorescent intensity 

after irradiation. However, not all the field samples followed this trend. The field samples across 

all the series were grouped by location for analysis. The Noir Rupt, Corsaire, 2a, 2b and T sampling 

locations showed a decrease in fluorescent intensity, but this decrease was likely due to dissolved 

organic matter rather than optical brighteners. Water at the Noir Rupt, Corsaire, 2a, and 2b 

sampling locations had little contact with humans before arriving at the sampling location thus it 

was unlikely that optical brighteners were present at these locations. Location T contained excess 

water from the peatland that percolated through the peat before arriving at the sampling location. 

Since peat is rich in organic matter, it makes sense that the degradation at this location was from 

organic matter rather than optical brighteners. Spectra generated from samples taken at locations 

6g, 6h, and 6d also showed a decrease in fluorescent intensity. However, as these sample locations 

had contact with industrial sectors it was possible that this decrease was due to the presence of 

optical brighteners. Rather than decreasing in fluorescent intensity following irradiation as 

expected, samples collected at locations 6e, 6f, step 3 aval, and 6 increased in fluorescence. While 

this was consistent with previous data collected by the University of Lorraine researchers, the 

reason for this trend is still unknown.  
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Excitation emission matrices were generated for samples collected at locations 6e, 6h, and 

T as part of the ninth data series. Matrices were also generated for Tinopal DMA-X, 4,4ô-bis(2-

benzoxazolyl) stilbene, and 2,5-bis(5-tert-butyl-benzoxazol-2-yl) thiophene. These field samples 

and optical brighteners were selected as they provided variety in fluorescent intensities and shapes 

of fluorescent spectra. The matrices of the field samples from locations 6e, and 6h had similar 

features as that of Tinopal DMA-X. However, the peaks of the field samples spanned a wider range 

of excitation wavelengths and had maximum intensities much lower than the peaks of Tinopal 

DMA-Xôs matrix. This could indicate that there was a mixture of optical brighteners or other 

fluorescent compounds present in the field samples. Sampling location Tôs matrix had a peak 

similar to that of locations 6e, and 6h but had a much higher fluorescent intensity. However, since 

location T was the old bed of the Cleurie river it was more likely that this peak was due to the 

presence of dissolved organic matter than optical brighteners.  
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Introduction  
 Optical brighteners are a class of chemicals used by the textile and detergent industries to 

make white fibers appear brighter. Their widespread use combined with their slow biodegradation 

has resulted in optical brighteners being found in many waterways (Hagedorn et al., 2005). 

However, optical brighteners do degrade when exposed to UV light. Thus, the presence of optical 

brighteners can be detected by comparing a fluorescent analysis of water samples before and after 

UV irradiation.  

The goal of this report was to provide evidence of optical brighteners in the Morte Femme 

peatland located in the Lorraine region of France. This was accomplished through the following 

objectives: 1) Create synchronous fluorescent spectra of seven commonly used optical brighteners, 

2) Collect water samples from various locations in the Morte Femme and its tributaries, 3) Conduct 

spectrometric characterization of collected water samples, and 4) Compare the fluorescent spectra 

of optical brighteners and water samples in an effort to determine if optical brighteners were 

present in the Morte Femme peatland.  
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Background 

Optical Brighteners 

Optical brighteners are fluorescent compounds that emit light in the blue range (400-440 nm) 

after excitation by UV light (360-365 nm) (Assad et al., 2014; Cao et al., 2009). Alternate names 

for optical brighteners include fluorescent whitening agents, and optical bleaches. The blue light 

that optical brighteners emit after UV excitation makes them appear whiter to the human eye. This 

combined with their water solubility and high affinity for binding to cellulose results in their use 

in the textile industry to mask the yellowing of cotton fabric (AVM Chemical Industries; Kramer 

et al., 1994).  

 In addition to their use in the textile industry, optical brighteners are frequently a 

component of laundry detergent. As a result, large quantities of optical brighteners are present in 

both domestic and industrial wastewater (Assad et al., 2014). Since optical brighteners are poorly 

biodegradable, they are often discharged into the wastewater receiving body where they absorb to 

particulate matter (Hagedorn et al., 2005). Once in surface waters they can be photochemically 

degraded, but may be hazardous to aquatic life (Gholami et al., 2016). While the main uses of 

optical brighteners are in textiles and detergents, they are also used in the paper, plastic, medical, 

chemical and cosmetic industries (Assad et al., 2014).  

 The structure of each optical brightener molecule determines how well and the pattern in 

which it will fluoresce. All optical brighteners are composed of highly substituted aromatic 

structures, and it is the double bonds that are activated by the UV light (Hagedorn et al., 2005; 

Gholami et al., 2016). This results in a decrease in fluorescent intensity after irradiation with UV 

light, so by analyzing fluorescence before and after UV exposure optical brighteners can be 

detected in stream samples (Pitterle and McGinnis-Carter, 2010).  

The optical brighteners studied in this report were Tinopal DMA-X, Tinopal CBS-X, 

Fluorescent Brightener 28, DAS, 4,4ô-bis(2-benzoxazolyl) stilbene, 4,4ô-diamino-2,2ô-

stilbenedisulfonic acid, and 2,5-bis(5-tert-butyl-benzoxazol-2-yl) thiophene. Structures of each of 

these compounds can be found in Figure 1 below.  
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Tinopal DMA-X 

 

 

4,4ô-diamino-2,2ô-stilbenedisulfonic acid 

 

Fluorescent Brightener 28 
 

Tinopal CBS-X 

 

 

4,4ô-bis(2-benzoxazolyl)stilbene 

 

 

2,5-bis(5-tert-butyl-benzoxazol-2-yl) thiophene 

 

 

DAS 

Figure 1: Structures of optical brighteners studied in this report 

Geography of the Area 

 This report focuses on the presence of optical brighteners in Morte Femme peatland. The 

Morte Femme is located in the Vosges mountains in the Lorraine region of France as seen in Figure 

2 below.  
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Figure 2: Location of Morte Femme peatland (Google Earth, n.d.) 

 The Morte Femme peatland is located near the source of a small mountain river, the 

Cleurie. Researchers at the University of Lorraine have been monitoring the pollution in the 

Cleurie River, its tributaries and the peatland since the summer of 2018 (Pons, 2020).  Just 

upstream from the peatland there are several textile plants as can be seen in Figure 3 where the 

blue marker represents the Morte Femme, orange line represents the Cleurie River, the purple and 

red lines represent the Noir Rupt and Corsaire tributaries, and the green markers represent the 

textile plants.  
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Figure 3: Morte Femme peatland and surrounding area (Google Earth, n.d.) 

 The textile plants in this area work mainly with cotton yarns, and each have their own water 

treatment facilities. In past years, people living around or visiting the peatland have noticed strange 

colors, an example of which is in 

 

Figure 4 below (Pons, 2020). These strange colors may be attributed to optical brighteners and 

dyes from the textile plants.  
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Figure 4: Artificial blue color observed in the peatland during field sampling on January 27 

 

Fluorescent Spectroscopy  

 In an effort to detect the presence of optical brighteners in Morte Femme, the field samples 

collected were analyzed using fluorescent spectroscopy. ñFluorescence is the property of some 

atoms and molecules to absorb light at a particular wavelength and to subsequently emit light of a 

longer wavelength after a brief intervalé (University of California Irvine).ò In the case of optical 

brighteners, they absorb UV light and emit blue light between 400 and 440 nm (Cao et al., 2009).  

At a molecular level, this process has three steps. In the first step, the molecule is excited by an 

incoming photon which results in it transitioning from the ground state to an excited state. Once 

in the excited state, the second step is the relaxation of the electrons to the lowest energy level. 

Finally, the electrons return to the ground state by emitting a longer wavelength photon (University 

of California Irvine). The longer wavelength photon is what is measured by the fluorescent 

spectrophotometer.  

In this study, synchronous fluorescence spectra were generated for each of the field 

samples. In synchronous fluorescence the excitation and emission monochromators are scanned 

simultaneously with a fixed wavelength difference between them (Pacheco and Bruzzone, 2013). 

The methodology section discusses the emission and excitation wavelengths as well as the 

wavelength difference that were used to generate the spectra in this report.  The spectra of the field 

samples were then compared to solutions of the seven optical brighteners previously mentioned in 












































































































































































