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Abstract


Pharmaceuticals and personal care products in our surface and ground water may pose a threat to the environment. Two pharmaceutical drugs that pose an interest are Ranitidine Hydrochloride and Cimetidine. Both of these compounds are gastrointestinal drugs. Recent studies have detected these two drugs in many different water sources. There many things that can happen to these drugs once in water. One possibility, that may play a significant role in the outcome of these pharmaceutical compounds, is undergoing photochemical processes. There are two different photochemical pathways that can lead to the photolysis of a compound. These two pathways are by direct or indirect photolysis.

Both Ranitidine Hydrochloride and Cimetidine decay by indirect photolysis. However, Ranitidine Hydrochloride also decays by direct photolysis whereas Cimetidine does not. In each case, the photochemical processes are of first-order rate decay. Research has shown that Ranitidine Hydrochloride has a half-life of about 45 minutes and Cimetidine has a half-life of about 30 hours. The half-lives of each compound vary in each water source. However, quantum yield calculations show that the amount of compound being photolyzed in each case is the same. Therefore, the photochemical fate of Ranitidine Hydrochloride and Cimetidine are the same irregardless of the water source. 
Introduction


Pharmaceuticals and personal care products, commonly known as PPCPs, are of an interest as possible pollutants in our environment. When somebody uses a PPCP, such as medication, not all of it is absorbed by the body. The unused portion is excreted through the body and ends up in a water treatment plant. This same issue is applicable for non consumables; when the unused portion is flushed down the drain. Recent studies have shown that many PPCPs that end up in water treatment plants are not completely removed during the treatment process. Hence, many untreated PPCPs are passing through water treatment plants ending up in surface and groundwater. 

It is believed that pharmaceuticals may pose a greater environmental threat than personal care products. This is due to the fact that they were designed with the intent to have physiological effects on humans or animals. Two widely used pharmaceutical drugs that may be of importance are Ranitidine Hydrochloride and Cimetidine. These two gastrointestinal drugs are produced under the trade names Zantac and Tagamet, respectively. 
Many things can happen to a pharmaceutical after it has been deposited in a water source. Recent studies have shown that photochemical processes may play a significant role in the outcome of pharmaceutical compounds. There are two different ways in which this can occur. The first way is by direct photolysis. This occurs when sunlight directly interacts with a compound causing it to decay into a different product or products. The second possibility is by indirect photolysis. The first step in indirect photolysis occurs when sunlight interacts with dissolved organics in the water source. This is followed by the interaction of the dissolved organics with the compound. The result is the formation a different product or products. 
Research at the University of Minnesota has determined that Ranitidine Hydrochloride degrades by direct photolysis whereas Cimetidine does not. Both Ranitidine Hydrochloride and Cimetidine decay by indirect photolysis. In all cases, the decay rate is first-order. It was also determined that singlet oxygen was the dissolved organic matter responsible for indirect photolysis. All studies used water from the Mississippi River.
It is pertinent to this research to determine the outcome of these two pharmaceutical drugs in a wide array of water sources. Each of the five water sources that were collected contained varying pH’s and different amounts of dissolved organic matter. The results regarding the interaction of the drugs within different water sources enabled the conclusion to be drawn that Ranitidine Hydrochloride and Cimetidine act the same in different water sources. The ultimate goal will be to determine what the products are and if they have potential to be harmful to our environment.      
General Procedure


The following chemicals were used during the duration of summer research: Cimetidine, Ranitidine Hydrochloride, Rose Bengal, N, N, 5-trimethylfurfurylamine, p-nitroanisole-pyridine, pH 3 Formate Buffer, pH 5 Acetate Buffer, pH 8 Borate Buffer, HPLC Grade Methanol, and E-Pure water. 
The following instruments were used: ThermoFinnigan Surveyor HPLC/UV-Vis Detector and an Ace Glass Photochemical Merry-Go-Round-Reactor.
Experimental Procedure


Water samples were collected from the Mississippi River, East Gemini Lake, St. John’s Bog, North Fork Coeur d’Alene River, and Coeur d’Alene Lake. The water samples were vacuum filtered successively using the following filter paper: Whatman brand paper 1, Whatman brand paper 42, Supelco brand .45 μm, and Supelco brand .2 μm. The filtered water was stored in a freezer.

Three photolysis experiments were run for each water sample. Each experiment had two quartz test tubes apiece for each of the following sample solutions: 10 μM Ranitidine Hydrochloride in deionized water, 100 μM Ranitidine Hydrochloride in deionized water, 10 μM Ranitidine Hydrochloride in water sample, 100 μM Cimetidine in water sample, and .1 μM PNA- 5mM Pyr. Also, there was one quartz test tube wrapped in tin foil for each of the above sample solutions. 


When the samples were photolyzed outside, they were placed on a test tube rack built to expose the samples to the sunlight at a 45° angle. When they were photolyzed inside on the merry-go-round-reactor, they were placed equidistant from one another and were continuously spun around the light source. For each photolysis experiment, 750 μL aliquots from each test tube was placed into an amber vial at time increments of 0, 15, 30, 60, 120, and 240 minutes. 

HPLC was used to determine how much Ranitidine Hydrochloride, Cimetidine, and PNA-Pyr was present in each sample. The Ranitidine Hydrochloride and Cimetidine samples were analyzed on a Supelco Discovery RP-Amide C16, 15 x 4.6mm, 5 μm particle size column. The mobile phase had a composition of 75:25 pH3 Formate Buffer: MeOH at a flow rate of 1.0 mL/min. Absorbance for Ranitidine Hydrochloride was set to 313 nm and absorbance for Cimetidine was set to 254 nm. The actinometer, PNA-Pyr, was analyzed on a Phenomenex Luna C18, 50 x 3.00mm, 5 μm particle size column. The mobile phase consisted of 50:50 pH5 Acetate Buffer: MeOH at a flow rate of 1.0 mL/min. Absorbance was monitored at 313 nm. 

To distinguish whether or not Cimetidine was decaying by act of singlet oxygen, FFA and Rose Bengal were employed. Two quartz test tubes were used apiece for each of the following: 100 μM Cimetidine, 400nM Rose Bengal in pH 8 Borate Buffer and 50 μM FFA and 400 nM Rose Bengal in pH 8 Borate Buffer. 

To determine how much Cimetidine and FFA was in each sample, HPLC was used. The Cimetidine with Rose Bengal samples were run using the same column and parameters described above. The FFA samples were run at the University of Minnesota using a Supelco Discovery RP-Amide C16, 150 x 4.6mm, 5 μm particle size column. The absorbance was monitored at 219 nm and the mobile phase consisted of 90:10 pH3 Phosphate Buffer: MeOH at a flow rate of 1.0 mL/min.
Discussion


The photochemical processes of Ranitidine Hydrochloride consisted of both direct and indirect pathways. Direct photolysis was confirmed by analyzing the compound in deionized water whereas indirect photolysis was established by analyzing the compound in different water samples. Also, by wrapping test tubes in tinfoil, it was determined that when Ranitidine Hydrochloride was not exposed to sunlight, no decay occurred. Data showed that the decay of Ranitidine Hydrochloride was first-order and slightly faster when it underwent indirect photolysis. Research at the University of Minnesota has shown that this slight difference can be attributed to singlet oxygen; a form of dissolved organic matter. 
My research has shown that Ranitidine Hydrochloride decays the fastest in Mississippi River water, followed by East Gemini Lake water, St. John’s Bog water, and North Fork Coeur d’Alene River/ Coeur d’Alene Lake tied for the slowest rate of decay. These decay rates correspond directly to the amount of dissolved organics found in each water sample. The amounts of dissolved organics in each water sample are as followed: 32.6, 12.98, 9.6, 1.3, and .9 mg/L respectively. Also, the pH of each water sample is inversely related to the rate of decay. The pHs for each water sample are: 8.34, 8.68, 9.26, 9.52, and 9.15 respectively. Although it appears that Ranitidine Hydrochloride acts differently during each photolysis experiment; this is not the case. 
To determine how much of the compound was photolyzed during each experiment one must employ the use of an actinometer. An actinometer, p-nitroanisole-pyridine, is a substance known to have first-order rate decay in sunlight. Since the actinometer’s rate constant is known, we can take its slope from each experiment and use it in quantum yield calculations. This calculation takes into account the amount of shielding occurring within each water sample and then uses this number to determine how much of the compound was photolyzed. In this case, the amount of Ranitidine Hydrochloride that was photolyzed in each separate experiment were all within .0001 of one another. So in the end, even though each photolysis experiment had different pHs, amounts of dissolved organic matter, and rate of decays; the overall outcome was the same.
Also, the decay rate of Ranitidine Hydrochloride by direct photolysis has slight concentration dependence. The two concentrations that were experimented with were 10 μM and 100 μM. The difference in time of the decay rate was approximately fifteen minutes in each case with the lower concentration decaying faster. This observation was not extensively studied further during this summer. However, it is believed that the rate difference can be attributed to something known as shielding. This would occur in the more highly concentrated solution. 
Cimetidine, on the other hand, only decays by indirect photolysis and also has no rate of decay in samples not exposed to sunlight. The rate of decay for Cimetidine in the five different water samples followed the same trend as Ranitidine Hydrochloride. Research at the University of Minnesota has shown that singlet oxygen is the dissolved organic matter causing Cimetidine’s decay. The rate of decay, about 30 hours, was significantly slower than the rate determined at the University of Minnesota. To determine whether or not Cimetidine was decaying by act of singlet oxygen, a singlet oxygen quencher was employed. However, the data obtained for the singlet oxygen quencher, N, N, 5-trimethylfurfurylamine, was not very useful. The peaks were split and smaller than normal. This could be due to the possibility of FFA binding to humic matter in the water sample. Unfortunately, this problem occurred at the end of summer research so this will have to be studied further at a latter time. 
Future Work


First of all, one will have to determine whether or not Cimetidine is decaying by singlet oxygen. If Cimetidine is decaying by singlet oxygen, as it did at the University of Minnesota, we can proceed to product determination. By analyzing the photolyzed model compounds, using LCMS and MS/MS, one will be able to determine what happens to the two compounds. After the products have been determined and analyzed we will be able to distinguish whether or not the products of the photolyzed compounds pose a threat to the environment. 

However, if Cimetidine does not appear to be decaying by singlet oxygen then two things may be possible. The first thing could be that the concentration of singlet oxygen in the water samples could be so low that Cimetidine is not able to experience decay. Or the other possibility could be that the Cimetidine sample used during experimentation may have been contaminated. If this is the case, the compound will have to be analyzed in order to determine what contaminated the sample and how. 
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