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Abstract

Recent studies have demonstrated that many pharmaceuticals and personal care products (PPCPs) are incompletely removed in wastewater treatment systems. As a result, wastewater treatment plants serve as continuous sources of PPCPs into surface waters. Although PPCPs have been detected in surface, ground, and drinking waters, little information is available regarding their fate in aquatic systems. The target PPCP for this experiment is the antidepressant bupropion hydrochloride (Wellbutrin SR) which is the primary prescribed antidepressant in its class. Photolysis studies on Wellbutrin SR were conducted outside using natural sunlight as well as in the laboratory using simulated sunlight via a merry-go-round-reactor. The investigation used natural water collected from East Gemini Lake and buffered e-pure water to determine the dominant photodegradation mechanism in these systems. It was determined that Wellbutrin SR photodecomposed by both direct and indirect photolysis. Also, the photodecomposition via direct photolysis was determined to have a pH dependency. 
Introduction
Pharmaceuticals and personal care products (PPCPs) are an emerging class of aquatic contaminants that have been increasingly detected in field samples, primarily in and more recently, the United States.1 PPCPs are a class of chemicals that are continuously released into the environment through human activities, and, even though they have known biological effects, receive little attention. Most of these chemicals are introduced into the sewage system through their normal course of use. Once in the sewage system, many PPCPs are not completely removed at waste water treatment plants and thus, there is continuous introduction of these compounds into the environment. Because many of the pharmaceutical pollutants in surface waters have already eluded the rigorous biodegradation environment of wastewater treatment, photochemistry is expected to play a much larger role than biodegradation in sunlit waters. 1,10 Numerous PPCPs have been detected in both ground and surface waters throughout the United States and Europe.2,3 In 2000, 80 percent of streams sampled by the USGS showed evidence of drugs, hormones, steroids and personal care products.7
The main concern regarding PPCPs as pollutants is that their biological activity will lead to adverse effects on aquatic ecosystems. The ecological impact of PPCPs is presently uncertain, in part because the environmental persistence of nearly all of these compounds is not known. There are several indications that photochemical degradation may be a central factor in determining the environmental fate of PPCPs. Many of these compounds, including Wellbutrin SR (Figure 1), feature aromatic rings, heteroatoms, and other functional groups that can either absorb solar radiation or react with photogenerated transient species in natural waters (e.g., reactive oxygen species and photoexcited natural organic matter). 1,3


In addition to the undesirable effects on non-target aquatic organisms and damage to sensitive ecosystems, antibiotic drugs and antimicrobial agents in the environment may aid in the development of resistant bacteria. The lifetimes of the PPCPs in aquatic systems will partially determine the magnitude of the effects and potential threats to drinking water supplies.3 

Loss processes such as photolysis, therefore, will play an important role in the environmental impact of these compounds. The research objective of this study is to determine the importance of both direct photolysis and indirect photolysis mediated by hydroxyl radical and singlet oxygen as loss processes for a common PPCP (bupropion hydrochloride (Wellbutrin SR)). 3,6 
Wellbutrin SR (Figure 1) is an antidepressant that is prescribed in therapeutic doses of 200-400 mg per day (100-200 mg tablets; 2 doses per day) which is two times higher than the other widely prescribed antidepressants Paxil, Celexa, and Zoloft. Wellbutrin SR is the 3rd most common prescribed antidepressant by the SJU Pharmacy.8,9 The manufacture of Wellbutrin SR, GlaxoSmithKline, cites the fact that this antidepressant drug is dangerous for the environment because it is very toxic to aquatic organisms and may cause long-term adverse effects in the aquatic environment. Appropriate precautions are necessary in order to limit release of the compound into the environment because it is proven to be toxic to algae, Daphnid, and fish. Also, the MSDS information on Wellbutrin SR discloses that the drug contains an active pharmaceutical ingredient that has been shown to be chemically unstable in water when exposed to light; therefore, aqueous photolysis may be a significant depletion mechanism.9 Also, Wellbutrin SR contains an aromatic rings and heteroatoms which are two of many known structural features that can absorb solar radiation or react with photogenerated transient species in natural waters. 1
Figure 1: Structure of Wellbutrin SR (bupropion hydrochloride). 


General Procedure
The aqueous photochemistry of the pharmaceutical Wellbutrin SR in surface waters was investigated in purified (E-Pure) water and in East Gemini Lake Water. As a result, both direct photolysis indirect photolysis were studied to determine decomposition products. 

Experimental Procedure: Sample Preparation 

The e-pure water and East Gemini Lake Water were filtered using a motor powered filter system using 0.45µ and0.2µ filter paper. The Wellbutrin SR samples were dissolved in the filtered e-pure water (to test direct photolysis) and surface water (to test indirect photolysis) under infrared light to make a stock solutions of 10.8mM. A stock solution of 100mM PNA, p-nitroacetophenone actinometer, was also be made. The stock solutions were stored in amber bottles so no photodecomposition occured while sitting on the shelf. 

Experimental Procedure: Photolysis Preparation Setup
Quartz test tubes were used to run all of the photolysis experiments, as there will be less interaction of the sunlight with the surface. For outdoor photolysis, the test tubes were placed on a rack exposing them to sunlight at a 45° angle. The first set of quartz test tubes were covered in tin foil, to act as a control, and were filled with PNA and108mM Wellbutrin SR in pH3, pH6, pH9, and East Gemini Lake Water. The second set of quartz test tubes were run in triplicate fashion by filling the tubes with the same solutions as that of the dark samples. All samples were completely covered with tinfoil to insure that no interaction with light occurred before the experiment commenced.
Experimental Procedure: Photolysis and sampling 

Photolysis experiments were run outside of the Ardolf Science building on the loading dock and in the merry-go round reactor. In the latter, the samples were irradiated by a 450 W medium pressure Hg-vapor lamp (Ace Glass) controlled by an Ace Glass 7830 power supply. The lamp was encased in a quartz cooling well containing a continuous flow of cold tap water to help maintain constant temperature. Sampling occured at 0 min, 15 min, 30 min, 1 hr, 2 hrs, and 4 hrs. The samples were pipetted into labeled amber vials at their respective time intervals and capped for future analysis by HPLC. 

Experimental Procedure: Determination of decay
After a photolysis run has been completed, the samples were analyzed on the ThermoFinnigan Surveyor HPLC/UV-Vis Detector. The method for analyzing the photolyzed samples containing Wellbutrin SR included a Synergi 4μ MAX-RP 80A, 150 x 3.00mm 4μ micron column for the stationary phase and 20% HPLC Grade ACN: 80% pH 3 Formate buffer mobile phase. The HPLC was set at 0.5mL/min. flow rate, dual wavelength of 250 and 294 nm, and a run time of 8 minutes. The photolyzed PNA samples were analyzed using a Luna 5μ C18(2), 50 x 3.00mm 5μ micron column for the stationary phase and 50% HPLC Grade MeOH: 50%% pH5 buffer as the mobile phase. The HPLC was set at a 1.0mL/min. flow rate, dual wavelength of 254 and 313nm, and a run time of 1.75 minutes. After each of the samples had been analyzed by HPLC, the integration values were obtained and a decay curve was made by plotting area count vs. time. The curve provided the equation of decay as well as the R squared value. 
Results

It was determined that Wellbutrin photodecomposed by both direct and indirect photolysis. Indirect photolysis proved to be the more significant decomposition mechanism for the photodecomposition of Wellbutrin SR. Direct photolysis also showed a dependency on pH. 

Figure 2: The direct photolysis of Wellbutrin SR in pH 3 Formate Buffer. 
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Figure 3: Comparison of direct and indirect photolysis of Wellbutrin SR in pH 6 Annonium Acetate Buffer.
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Figure 4: Graph showing the pH dependency of the direct photodecomposition of Wellbutrin SR. 
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	Indoor Photolysis
	Outdoor Photolysis

	pH 3 Formate Buffer
	3.24
	8.31

	pH 6 Ammonium Acetate Buffer
	14.59
	24.07

	pH 9 Ethanolamine Buffer
	10.43
	21.04

	East Gemini Lake Water
	4.15
	4.70

	Actinometer- PNA
	0.22
	0.49


Table 1: Average half-lives given in hours for indoor photolysis and outdoor photolysis.

Discussion
There are two means of photodecomposition by which a PPCP can decompose, direct and indirect. Direct photolysis occurs when the sun’s photons directly interact with the PPCP, Wellbutrin SR, causing it to decompose into its respective decomposition products. Indirect photolysis occurs when the sun’s photons interact with dissolved organic molecules, such as hydroxyl radical or singlet oxygen, causing them to become reactive which in turn react with the PPCP, Wellbutrin SR, causing it to decompose.
In this study, it was determined that both direct and indirect photolysis degradation mechanisms were significant pathways in the photodecomposition of the PPCP Wellbutrin SR. The amount of direct photolysis in the pH 3, pH 6, and pH 9 buffered e-pure water was determined by analyzing samples by using HPLC (Figure 2). Also, the half-life of the compound in each of the buffered solutions was determined by using the slope of the linear decay (Table 1). The amount of indirect photolysis in East Gemini Lake Water was determined by analyzing samples by HPLC and then by using the slope of the linear decay to determine the half-life (Figure 3, Table 1). By comparing the half-lives of Wellbutrin by both direct and indirect photolysis, it was determined that the degradation mechanism of indirect photolysis played a more significant role. This is most likely a result of the plethora of dissolved organic molecules found in the East Gemini Lake Water. 
It was also determined that there was a pH dependency on the photodecomposition by direct photolysis (Figure 4). Wellbutrin SR decomposed the fastest in pH 3 Formate buffer, followed by pH 9 Ethanolamine buffer, and then by pH 6 Ammonium Acetate buffer (Table 1). It is hypothesized that Wellbutrin SR photodecomposed the fasted in pH 3 Formate buffer because of its acidic nature. The large concentration of H+ would lead to more possible decomposition mechanisms and loss processes than a nearly neutral pH 6 or pH 9 basic solutions (Figure 1).   

The differences seen between the half-lives of Wellbutrin SR in the indoor versus outdoor photolysis can be explained by taking the value of the PNA into consideration (Table 1). The value for the indoor half-life of PNA is a little more than half of that of the outdoor photolysis. When this is taken into consideration the differences between the decomposition are negligible. The samples decay at a much faster rate indoors because the samples are being continuously irradiated with a source of light whereas the samples outdoors have clouds that interfere with the amount of light that reaches the samples. Also, the samples indoors in the merry-go-round-reactor are about 6 inches from the source whereas outdoors the source is significantly further away. 

Conclusion
The results shown above show ample support that the compound Wellbutrin SR photodecomposes by both direct and indirect photolysis. It is also shown that there is a pH dependency for the decomposition of the PPCP by direct photolysis. Future analysis needs to be given to the photolysis mechanism of indirect photolysis. The first thing that needs to occur is to determine the dissolved organic molecules responsible for the decomposition. In addition, other natural water sources need to be explored to determine if the half-life of the compound varies from source to source. 
Also, the photodecomposition products of Wellbutrin need to be determined. From the HPLC chromatograms it has been determined that there are two possible photodecomposition products. These could be analyzed first by LCMS and MS/MS to determine the molecular weight. After determining the molecular weight of the products one would be able to hypothesize possible loss processes. The products should then be separated by using a fraction collector and analyzed by high field NMR. This will be essential in determining the actual decomposition products.

After the products have been determined the next step will be to analyze the products to establish whether or not they pose a potential threat to the aquatic ecosystem and human health. If the products pose a threat then it will have to be deduced at what concentrations the products can cause adverse effects. Lastly, the USGS will have to test numerous natural surface waters across the United States to determine the concentrations in which Wellbutrin SR is present.
The extent in which PPCPs are being released into the environment increases enormously from year to year as the American population becomes more dependant on these compounds. The government needs to take steps towards initiating ways to diminish their release into sensitive ecosystems. Waste water treatment plants either need to be designed to break down theses potential hazards or a new method of disposal need to be instilled. Investigation by environmental chemists into the photodecomposition of the infinite number of PPCPs is vital to both aquatic and human lives.
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