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Abstract 

The presence of emergent pollutants in waters and wastewaters are an issue of 
increasing concern due to the risk they pose to human and environmental health. 
Cancer Photodynamic Therapy photosensitizers and their metabolites and 
photodegradation products are pharmaceutical substances that after treatment 
will be eliminated from the human body and will eventually reach water bodies.  
Porphyrins are well established PDT sensitizers and cyanine dyes are promising 
candidates for the same use. In that way it is important to know how those 
compounds degrade once they reach water bodies and to find efficient treatment 
methodologies in case they are persistent. In this paper the simulated solar light 
photodegradation of a porphyrin (Zinctetraphenylporphyrin) and of a cyanine 
dye (3,3´-diethylindocarbocyanine iodide) in water was investigated, in the 
absence and in the presence of the most used photocatalyst for semiconductor 
photocatalysis: Titanium dioxide (TiO2). We observed that the porphyrin  
(1x10-3M) did not undergo photodegradation in the absence of photocatalyst and 
that in its presence the photodegradation process was strongly promoted (60% 
photodegradation reached after 1 hour of irradiation with 0,01g of TiO2). The 
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cyanine dye (1x10-3M) suffered a photodegradation of about 20% even in the 
absence of TiO2 and reached 100% photodegradation in its presence.  
Keywords: emergent pollutants, wastewater treatments, Porphyrins, cyanine 
dyes, photodynamic therapy sensitizers (PDT), advanced oxidation processes 
(AOPs), heterogeneous photocatalysis, TiO2, solar photocatalysis. 

1 Introduction 

Nowadays wastewater may contain several different pharmaceuticals including 
antibiotics, hormones and other endocrine disruptors, chemotherapy and 
photodynamic therapy medicines, antipyretics, etc. Those are present in 
municipal sewage, largely as a result of human use and/or excretion. Much of the 
concern regarding the presence of these substances in wastewater and their 
persistence to wastewater treatment processes is because they may contribute to 
directly or indirectly affect the environmental and human health [1, 2]. For most 
of these substances their potential highly harmful effect on environmental and 
human health is just starting to be perceived, and the correct extension of their 
impacts is still far from being fully understood; reason why these substances are 
generically referred as emerging pollutants. Conventional water and wastewater 
treatment are inefficient for substantially removing many of them [1–3].  
     The photodegradation and mineralization of several emerging pollutants, 
namely different pharmaceuticals is currently been widely studied because of the 
danger their present or that of their residues in water bodies represent to the 
environment and also due to their highly recalcitrant character. Research has 
show that advanced oxidative processes, which generate very active oxidative 
species such as the hydroxyl radicals, are promising tools for the destruction of 
pharmaceuticals compounds [3–5]. While there appears to be no standard 
treatment for removal of all residual pharmaceuticals under conventional 
treatment processes, there is a strong opinion that advanced oxidation processes 
can be used for their effective removal [3–5].  
     The advanced oxidative processes (AOP´s) are an alternative treatment for 
wastewater containing persistent and biorecalcitrant pollutants [3 and references 
quoted there]. Fujitsu and Honda [6] discovery of the photoinduced water 
cleavage by titanium dioxide (TiO2) heterogeneous photocatalytic oxidation 
using the semiconductor as catalytic. The semiconductor TiO2 presented 
advantageous such as simplicity, low cost, high photochemical reactive, stability 
in aqueous systems and low environmental toxicity, while  promoting efficiently 
the degradation of very persistent target organic compounds and industrial 
effluents [7, 8]. 
     In recent few years the use of Porphyrins in biomedical applications increased 
exponentially. Porphyrins are structures that mimic naturally occurring 
compounds and promising candidates as fluorescent markers. This new field of 
use for porphyrins was partially steamed by their application as sensitizers in 
photodynamic therapy (PDT), exhibiting convenient absorption in the 
phototherapeutic window (~670 to 1100nm). Focus on all classes of NIR probes 
was mostly triggered by the development of reliable and inexpensive NIR 
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emitting laser diodes. The gallium-arsenic semiconductor laser (780–830nm) 
made these probes highly efficient absorbers, mainly for medical applications, as 
fluorescent NIR probes avoid interference with background fluorescence of 
biomolecules. NIR probes are also suitable for biological applications, since light 
of longer wavelengths penetrates the tissue more easily and without 
interferences, making them more attractive for in vivo measurements [9–12]. 
Although less used in PDT than porphyrins, several cyanine dyes emitting in the 
same region have been also recently reported as promising candidates for use as 
PDT sensitizers [13–15].  
     The aim of this work is to know how near infrared porphyrin and cyanine 
dyes fade after being discharged in wastewaters following their biomedical uses 
and investigate if advanced oxidative processes can be useful on promoting and 
accelerate their photodegradation on wastewaters. Titanium dioxide (TiO2) 
heterogeneous photocatalysis was the AOP treatment selected. Semiconductor 
photocatalysis by is an alternative method for conventional water and wastewater 
treatment technologies being able to mineralise to CO2 and H2O the most 
recalcitrant compounds. This methodology has the advantage that it can be 
sensitized by solar light what represents a major energy cost saving when 
developing a water and wastewater remediation treatment. TiO2 is a photostable, 
inexpensive and non toxic material. The most popular titanium dioxide used is 
P25 produced by Degussa Company [3].  

2 Experimental section 

2.1 Reagents and materials 

Zinctetraphenylporphyrin (ZnTPP) and 3,3’-diethylindocarbocyanine iodide 
were purchased from Aldrich in the highest purity available. 
     The photocatalyst used was titanium dioxide, Degussa P25 (80% anatase), is 
the most commonly used due to its high photoactivity when compared to other 
sources. This is due to its high surface area about 50 m2 to its crystalline complex 
microstructure and promotes better separation of inhibiting the loads 
recombination. All the other chemicals used in this study were obtained from 
Aldrich. We used bidistilled water prepared in the laboratory. 

2.2 Experimental procedure  

Fresh solutions were always prepared before used and diluted according to the 
requirements of the experiments. Photodegradations were performed with 50 ml 
of solutions prepared with the porphyrin and the cyanine in distilled water. 
Before irradiation each sample was placed in a static mixer, in the dark for 40 
minutes. Then the solutions were placed under irradiation, in static mixer, to 
keep the solution homogeneous.  
     For the study of the influence of TiO2 photocatalyst concentration of the 
photodegradation efficiency 50 ml of a 0,01 gL-1 dye solution of each of  
the studied dyes containing different concentrations of TiO2 (0, 1x10-3 and  
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1x10-2gL-1) were irradiated in the photoreactor described below for 300 min. 
Samples were collected at the times, 0, 15, 30, 45, 60, 90,120, 180 and 
300 minutes for analysis in UV-Visible. 
     The photodegradation of the samples of the porphyrins and cyanine dyes were 
evaluated spectrophotometrically measuring the maximum absorption at the 
corresponding wavelength of each dye (respectively λmax= 422nm for ZnTPP and 
λmax= 477nm for 3,3’-diethylindocarbocyanine iodide). A double beam UV-
Visible spectrophotometer (Cary 100 Bio) was used for spectrophotometric 
determinations of the absorption spectra of the dyes from 200-800 nm. Spectra of 
the dyes in water were recorded with 1 cm or 1 mm quartz cuvettes.  
     The samples were irradiated with a 125 Watts mercury vapour lamp (from 
Osram). In this type of commercial lamps, the filament is protected by a glass 
bulb that cuts all UV-A and UV-B radiation. The glass bulb presents a white 
colour due to the internal phosphor coating that improves the radiation of the 
lamp on the visible region. This type of lamps with glass bulb is appropriated to 
selectively illuminate and exclusively excite TiO2 band gap, avoiding direct 
photolysis of the dye molecules that could be simultaneously promoted if all the 
lamp emission profile was available.  
     The photoreactor were the samples undergo irradiation is composed by an 
elliptical cover that supports the irradiation source described above and of a base 
containing a magnetic stirrer, where the samples to be irradiated are placed in 
100 mL beakers. The light arising from the mercury lamp was measured at 
366 nm (the wavelength of TiO2 bandgap [3]) with the help of a Cole Parmer 
radiometer (series 9811-50) placed above the beaker with the sample to be 
irradiated. All samples were illuminated with an average irradiation power of 
2.7mW/cm2.   

3 Results and discussion 

3.1 Effect of TiO2 photocatalyst concentration on Porphyrin 
photodegradation 

Figure 1 displays the results of the photodegradation of ZnTPP in water.  
Figure 1a) present the results of the porphyrin irradiation in the absence of TiO2 
while Figure 1b) presents the results of the porphyrin irradiated with 0,01g  
of TiO2.  
     In Figure 1a) we can observe that ZnTPP in water doesn’t experiment any 
significant photodegradation during the 5hours irradiation period in the absence 
of the photocatalyst while in part b) of the same figure we see the porphyrin 
undergo a significant photodegradation in the same period. For a smaller amount 
of TiO2 added the photodegradation observed was much smaller.  
     Figure 2 displays the percentage photodegradation of the compound 
calculated as 

݊݋݅ݐܽ݀ܽݎ݃݁݀݋ݐ݋݄ܲ  ൌ ቀ
஺௕௦௜ି஺௕௦௙

஺௕௦௜
ቁ כ 100. 
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 a) 

 
 b) 

Figure 1: Ground state absorption spectra for Zinctetraphenylporphyrin in 
water (1x10-3M) under a 125 watt mercury vapour lamp irradiation 
over time. Spectra were register after 0, 14, 30, 45, 60, 90, 120, 180 
and 300 minutes of irradiation in a) without and b) with TiO2. 

     Contrarily to the commonly observed to several dyes [8] for this porphyrin in 
water the total photodegradation of the dye wasn’t reached in the total irradiation 
time. This is probably due to the fact that porphyrins are mostly insoluble in 
water. Even though it was possible to conclude that the efficiency of 
photocatalytic degradation of ZnTPP in water was clearly increased by the 
addition of photocatalyst and by increasing its amount. 
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Figure 2: Percentage photodegradation obtained for Zinctetraphenyl- 
porphyrin in water (1x10-3M) under a 125 watts mercury vapour 
lamp irradiation over time (respectively 0, 14, 30, 45, 60, 90, 120, 
180 and 300 minutes of irradiation without and with TiO2. 

3.2 Effect of TiO2 photocatalyst concentration on cyanine photodegradation 

Figure 3 displays the results of the photodegradation of 3,3’-diethyl-
indocarbocyanine iodide in water.  Figure 3a) presents the results of the cyanine 
irradiation in the absence of TiO2 while Figure 3b) presents the results of the 
cyanine irradiated with 0,01g of TiO2.  
     As can be seen from Figure 3a) this cyanine dye in water experiments some 
photodegradation even in the absence of titanium dioxide. The dye slowly loses 
its colour during the time of the experiment as shows the neat decrease of the 
maximum of the absorption spectrum of the cyanine in water after 5 hours of 
irradiation. When 1x10-2 gL-1 of TiO2 were added to the solution to be 
remediated, a much consistent and quick lost of colour can be observed. By the 
end of 300 minutes of irradiation, the typical visible absorption band of the 
cyanine dye disappeared completely. After treatment with the photocatalysts 
only their absorption bands in the UV region on the absorption spectra are still 
present. 
     Figure 4 displays the percentage photodegradation of the cyanine dye in water 
in the presence and in the absence of the photocatalyst. 
     From Figure 4 it can be observed that cyanine dye alone degraded around 
20% while in the presence of 0,01 g of TiO2 the degradation reached 100% in the 
300 minutes of degradation. In the remaining smaller concentrations of TiO2 

studied, it was found that the degradation was less efficient. 
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 a) 

 
  
 b) 

Figure 3: Ground state absorption spectra for 3,3̕-diethylindocarbocyanine 
iodide in water (1x10-3M) under 125 watt mercury vapour lamp 
irradiation over time. Spectra were register after 0, 14, 30, 45, 60, 
90, 120, 180 and 300 minutes of irradiation in a) without and 
b) with TiO2. 
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Figure 4: Percentage photodegradation obtained for 3,3´-
diethylindocarbocyanine iodide in water (1x10-3M) under a 125 
watts mercury vapour lamp irradiation over time (respectively 0, 
14, 30, 45, 60, 90, 120, 180 and 300 minutes of irradiation without 
and with TiO2. 

4 Conclusions 

In this study it was concluded that is possible to promote and increase the 
photodegradation rate of porphyrins and cyanine dyes in water through 
heterogeneous semiconductor photocatalysis. These two classes of dyes are 
sensitizers for photodynamic therapy of cancer and so after PDT cancer 
treatment these sensitizers and their photodegradation probes can reach water 
bodies. Zinctetraphenylphorpyrin did suffer significant photodegradation in the 
absence of a photocatalyst, but its presence definitely and efficiently promoted 
its substantial photodegradation. The studied cyanine dye experienced some 
photodegradation in the absence of photocatalyst and reached complete 
photodegradation in its presence during the time of the experiment. We can 
conclude that we successfully achieved the photodegradation of these two 
potential PDT agents in water and that the efficiency of the process is dependent 
of the irradiation time and on the amount of the photocatalyst used. This work 
demonstrates the possibility of using heterogeneous photocatalysis on the 
remediation of waste waters containing medicine residues from cancer PDT 
treatment. 
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