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1. Introduction   

  

White colour in commercial products is related to purity and cleanliness. Optical Brighteners (OBs) are 

widely used in industry to improve whiteness in materials. These are applied commonly in textile, detergent, 

paper and plastic products, among others. OBs are colourless fluorescent dyes and in solution are invisible 

to the human eye. When these compounds are exposed to solar light, they absorb the light near-ultraviolet 

range and re-emit most of this light in the blue range as visible fluorescence (Image 1). The unsightly 

yellowing materials absorb more light in blue region of visible spectrum. OBs are effective at making up 

for this imperfection in white products and give the illusion of been whitener [1] [2]. In the same way, 

coloured materials tend to appear brighter [3]. In base of the chemical structure, the OBs can be derivatives 

of stilbene, benzoxazole, coumarin, pyrazolines, among many others. Nearly 80% of all OBs are derived 

from stilbene, structure characterized by central ethene double bond with a phenyl group on both carbon 

atoms [4].   

  

  
  

Textile materials, natural and synthetic, are not completely white and usually have a yellow hue. This 

brownish colour in cotton fibres is related to natural impurities, like residues of cotton flowers. In textile 

industry, fibres are bleached to make them pure and eliminate this unwanted yellowish. During bleaching, 

impurities are destroyed or decoloured by oxidation or reduction [3]. But even bleached fabrics remain a 

slight yellow colour and may diminish their aesthetic appeal. To avoid this defect, fluorescent OBs are 

employed to get a bright white [4].  

  

Textile and laundry sectors are some of the greatest generators of wastewater with OBs. Also this kind of 

substances are present in domestic wastewaters [2]. In these sectors the majority of OBs are used on cotton 

fabrics [1] but the washing fastness of OBs is not very good in cellulosic materials [4], as most of them can 

be lost during washing processes. The resulting effluent can be more or less harmful to the environment 

because some OBs are potentially carcinogenic and mutagenic and in high concentrations can have impact 

in aquatic organisms [5]. The textile wastewaters usually are associated with high concentration of salts, 



and optical whitening processes are not an exception due that electrolyte have beneficial effect on the OBs 

sorption [1].   

  

This work is focused on evaluating the effect of the OBs in bacterial activity of biological wastewater 

treatment plants. In order to obtain information related to the growth of the biomass and the degradation of 

the substrate, respiration rate (RR) was monitored in a semi-continuous mode [6] by means of an electrolytic 

respirometer.   

  

Activated sludge process is one of the most employed methods to treat domestic and industrial wastewater 

and is considered an environmentally friendly method. This is highly recommended to remove organic 

pollutants at low cost. In these systems respirometry is a fundamental tool for the control of biochemical 

processes and usually is employed to design biological treatment plants. This respirometric technic allows 

to know if a sample is biodegradable and is useful to determine whether there are affectations to the 

microorganisms [6] [7]. However, some types of textile dyes have a very low degradation ratio and can be 

partially removed by adsorption in the sludge, therefore low biodegradability or non-biodegradable 

substances must be removed by using a tertiary treatment [7].  

  

  

2. Experimental   

  

Two OBs stilbene derivates were selected:  

- Leucophor PC (L-PC), a diaminostilbenedisulphonic acid derivate with Cas. Nr. 3426-43-5 

(Image 2).  

Data and purchase options about this product can be easily to found on multiple websites.   

- Goldblanc BHA (BHA), a stilbenedisulfonic acid derivate, which was provided by Golden 

Technology and is currently used in textile industry. It was not possible to obtain more information 

beyond data provided by the manufacturer. For this product the full chemical composition and structure 

has not been published.   

  
  

Both OBs samples were tested in solution at variable concentrations. OBs solutions were prepared with 

distilled water and homogenized by magnetic stirring at room temperature. All water samples were adjusted 

to pH 7. Microbial metabolism was monitored by electrolytic respirometer Bioscience Inc. BI2000. 

Electrolyte respirator used was mainly composed of multiple module reactors, where the sample with the 

necessary nutrients and the inoculum was placed. Each reactor integrated a trap with alkali, 45% KOH 

solution, that absorb the CO2 produced by microorganisms in the decomposition of organic matter. Also an 

electrolytic cell was attached, loaded with H2SO4 1 N. Working as a pressure sensor it detects the pressure 

changes and produces oxygen to supplement the oxygen consumed (Image 3). Respirometric test was 

performed with continuous magnetic stirring in a thermostatic bath at 20º C [8].   

   

Inoculum in this study was bacterial aggregates Bioscience Inc. MICROCAT (SX-XP-HX) 100 mg/L, a 

specialized bioformula for wastewater biological plants [6]. This inoculum was used instead of activated 



sludge inoculum and provide a good indication of the biodegradability of industrial waters. These 

microorganisms mixture may be more sensitive to toxic or inhibitory substances than an adapted sludge 

inoculum [6].   

Synthetic solutions at 400 ppm of both OBs were tested. This is the maximum concentration normally 

recommended [9]. For these samples, bacterial metabolism was monitored up to 180 hrs.   

  

  
  

3. Results and Discussion   

  

Respirometric rates of BHA and L-PC solutions (mg O2/L) at 400 ppm are shown in image 4. It can be seen 

that respiration rate in BHA remained initially close to the blank, but after about 150 h its degradation rate 

becomes lower. In other hand, L-PC was less biodegradable than the blank from the starting of the test and 

it decreases the microbiological activity along the whole experiment (180 hrs).   

  

  
  

Biological activity is proportional to RR, so a drop or absence of respiration rate is indicative of an inhibition 

or toxicity [6]. Moreover, when the respiration rate is similar to the blank, it indicates that the nutrients of 

the wastewater were fully degraded, and only the recalcitrant compounds remained in the reactor [7].  

  

BHA was less harmful to the microbiological activity than L-PC. This product is a newer commercial 

product than L-PC whitener. It makes sense that many dye and reagent manufacturers seek to develop less 



and less harmful products. However, nowadays, many products that could have an impact on biological 

activity, as L-PC, are distributed and used in the industry. In this work hazard of spills or accumulation of 

this fluorescent colourless dyes in biological activity were not studied. Thus, the effect of higher 

concentrations was not tested.   

  

The effect of OB in biological activity is variable en each case, This behaviour can be attributed to the 

diversity of the functional groups present on the benzene rings on the stilbene of each of the compounds, 

which is in accordance to published studies [11]. In base of this, it can be stated that the effect of OBs on 

biological activity can be more or less harmful depending on the type of stilbene derivate substances.  

  

4. Conclusions   

  

It has been demonstrated that respirometry is a fundamental tool for the control of OBs behaviour in the 

activated sludge biological treatments. Respirometric test allows monitor continuously the performance of 

bacterial activity This study is indicative that the OBs can have a significant impact on respirometric rate, 

being its effect variable for each OB composition. The optical whitening wastewater effluents can be 

harmful to the biological systems treatment because of the residual OB used in these whitening textile 

processes.   
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