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*Abstract
Chemistry 6A was especially interested in chemistry of testing for arsenic-tainted groundwater. Also, we thought that it might help people in Sweet Home because their well water is tainted with arsenic which could cause a cancer or other serious diseases. Based on our research on filtering arsenic we decided to utilize aluminum and iron power to remove arsenic from arsenic tainted underground water from Sweet Home, Oregon. We collected our samples from Mr. Jacobson's well and tested it using five different methods to remove arsenic from water: one with only iron powder with a filter paper; one with only aluminum powder with filter paper; one with both iron and aluminum with filter paper; one without any chemicals with filter paper; one without anything. We ran the arsenic-tainted water through paper filters and tested the level of arsenic in the filtered water using the special water test kit. We were not able to utilize Neutron Activation Analysis in our lab since we were dealing with water. Through several experiments, we found out that paper filters contain some components which interfere with the arsenic test kit; in fact they raised the arsenic level. We wanted to find out exactly what the paper filters made of but we could not find out. We concluded that the iron powder worked the best.

*Introduction
Which method(s) should be used with aluminum and iron to remove arsenic from water? Or which element(s) are/is most effective in arsenic removal?

The goal of our project was to find an effective way to filter arsenic from the groundwater in Sweet Home, Oregon using iron and aluminum powders. Based on past research on arsenic in water and information from Mr. Kirsch, we were able to identify the site of arsenic-tainted well water in Sweet Home and collect samples.

Arsenic, in the form of a complex-bound ion which leaked out of natural resins (a viscous substance of plant origin) and minerals into groundwater, can contaminate drinking water supplies (Waton, 1998). People in such areas like Bangladesh, Argentina, Brazil, Chile, Hungary, Mexico, Taiwan (Province of China), Thailand, Viet  Nam, and the eastern areas of India in Bengal are suffering from arsenic poisoning (WHO, 2001). Especially Bangladesh was severely being poisoned by drinking well water. Water from groundwater and wells in these countries contain more than 50 parts per billion(ppb) which is relatively high compared to the International Standards of 10 ppb (PEA). Much medical research has found that the long-term contamination of arsenic can cause skin cancer as well as the cancers of the bladder, kidney and lung, and diseases of the blood vessels of the legs and feet, and possibly diabetes, high blood pressure and reproductive disorders (Zanc, 1999).

There has been a lot of research on arsenic filtering and Professor Nikolaos Nikolaidis of the Department of Civil and Enviromental Engineering at University of Connecticut successfully filtered arsenic from water. His filter contained iron filings and sand, which removed arsenic completely (CNN, 1998). Also, the Environmental Protection Agency found that iron and aluminum can filter arsenic-tainted water (EPA, 2002). Based on two pieces of research, our group decided that we would test both iron and aluminum to separate arsenic from groundwater.

This study on filtering arsenic-tainted water is very important because people consume water everyday and arsenic-tainted water causes serious problems such as cancer. This is not just happening in other countries, but also happening in Sweet Home, Oregon. If we could develop a way to use iron and aluminum to remove arsenic from arsenic-tainted water, it would be helpful to the people in Sweet Home.

-Hypothesis

We thought that the most effective way to remove arsenic from tainted water would be by using paper filters with iron powder poured into them. There has been a successful experiment removing arsenic from water this way in the past. However, this experiment also used sand in the filter, so we might not have gotten the same results as this experiment. We might have found a better way to separate arsenic from water. We thought that the concentration of arsenic in water would be lower after we filtered it with the iron powder. The water would still contain dangerous concentrations of arsenic but this would be an effective first step in the purification process of arsenic-tainted water.

*Methods

We used ten 150 ml beakers to run through the arsenic-tainted water using two funnels, two ring stands, and six paper filters (11cm in diameter) manufactured by Whatman (regular ones that are used in science class). We also had a bottle of iron powder and one of aluminum powder. We used 7 grams of both iron and aluminum. We put the powders in a small plastic bottle and we used an electric balance to measure the exact amount of iron and aluminum powders. Also, we had three bottles of arsenic-contaminated groundwater from Sweet Home which we collected on our field trip. Each bottle contained roughly three liters of water but we only used half of one bottle. We used a water test kit that we ordered through Mr. Kirsch. It was called Hach EZ Arsenic Test Kit and it tests the arsenic level in water. It contained two bottles with flip top caps in which we could place a paper strip, many of which showed the level of arsenic in the filtered water after the test. Also, we used two regents, which were included in the water test kit for testing.


First, we prepared all our materials. Using Dove liquid soap and paper towels, we cleaned all our beakers, funnels, and plastic bottles to make sure they did not contain any kind of chemicals that might skew our results. Then, we put funnels with paper filters on the ring stands. We did four tests total, but could only do two tests at the same time since the water test kit had only two plastic bottles. We carefully measured the amount of each powder to 4.5 grams using the electric balance and put it in the paper filters. We tested the arsenic-tainted water from Sweet Home so that we would know the level of arsenic before the test. Then we did four different tests using 50 ml of tainted water for each test: One with only iron powder (4.582 grams), one with only aluminum powder (4.443 grams), one with both chemicals (total of 4.415 grams), and one without any chemicals. We tested them in the order that they are listed. We used the arsenic water kit to measure the level of arsenic in the filtered water. First, we labeled the paper strips. After labeling them, we placed those paper strips in the plastic caps. Then we put the water into bottles for four different tests. It took us 20 minutes each to test them. After the tests, we recorded the results and cleaned the instruments.

*Neutron Activation Analysis



We visited the Radiation Center twice this semester to learn about the process of irradiation for our project. A customer requests analysis of a material and sends samples. The Radiation Center irradiates samples in a reactor with neutrons. The samples were counted with a radiation detector. Elemental composition was determined by analyzing gamma ray spectrum. Finally, results were prepared and sent to a customer. The following is a more detailed description of how samples are irradiated.


Neutron activation analysis of a sample starts with heating neutrons to convert stable isotopes to radioactive isotopes. For example, natural sodium (23Na) is turned into radioactive sodium (24Na). After heating neutrons, the sample is analyzed using a gamma ray detector system (Radiation, 2003). While the sample is being analyzed, the radioisotopes generated during the irradiation decay cause the release of energy (Radiation, 2003). The released energies during decay are often in the form of gamma radiation (Radiation, 2003). For example, when 24Na decays to stable 24Mg, gamma rays have energies of 1368.53 and 2754.09 Kev (kilo-electron volts). Their energies can be transformed to an electrical signal that is processed as a count in an energy spectrum when these gamma rays enter a suitable detector. The gathering of gamma counts will produce a curve, the region of which is proportional to the radioactivity of the characteristic radionuclide.


Unfortunately, our lab did not require any process of irradiation. Instead of soil, our investigation utilized water which cannot be analyzed in Neutron Activation Analysis. We used a water testing kit for arsenic water. Refer to the Methods and Materials section for more information on the water testing kit and how we utilized it in our lab.

*Results
	

	Arsenic Level (ppb)

	Well Water
	50

	Filtered Well Water
	100

	Aluminum-filtered
	250

	Iron-filtered
	25

	Iron + Aluminum
	75

	Average
	100
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We had total of five different tests. The well water from Mr. Jacobson in Sweet Home contained arsenic level of 50 ppb. However, after we filtered well water using the paper filter, we got a level of 100 ppb. Then Aluminum-filtered water which is supposed to have lower arsenic level according to our research contained 250 ppb. When we just used iron to filter the groundwater from Sweet Home, it contained 25 ppb after purification. Although iron decreased the level of arsenic in water, its level increased again when we utilized both iron and aluminum. Iron-filtered water contained the least arsenic in it and Aluminum filtered water contained the most arsenic. We wanted to test iron twice to verify our results but we had failed due to technical difficulty; one of our group members did not place the paper strip on right place. We also wanted to verify all of our tests but it would have taken too long (20 minutes each) and we had limited amounts of paper strips and reagents to test arsenic-tainted water. The average of arsenic level was 100 ppb which is higher than the original arsenic-tainted groundwater from Sweet Home. Overall we produced more arsenic than we removed.

*Discussion
Our hypothesis was basically correct because iron powder removed the most arsenic from water. Arsenic-tainted water contained 50 ppb of arsenic before filtering but after filtering it with iron powder, there were 20 ppb of arsenic. However, there were some unpredicted results. Arsenic-tainted water contained 50 ppb, but when we just ran the water through the plain paper filter, the filtered water contained 100 ppb, which is 50 ppb more than before filtering. We thought that this was because there were some interfering materials in the paper filter that could be detected by the arsenic water test kit. There is a list of chemicals that can disturb the process including, sulfide, selenium, antimony, tellurium, and acidity. Our results consistently showed that the paper filter contained interfering material since there were 250 ppb in aluminum filtered water. It was very unpredictable. Since iron-filtered water contained only 20 ppb, it’s possible that the iron removed more arsenic (or other chemicals) than our results have shown because the paper filter added more interfering substances.

Other research has shown that the iron removal process consistently achieves lower levels of arsenic concentration. (Consistently achieved less than 5 ug/L in the purified water) (ORD, 2002). We believe that the arsenic was associated with the oxidized iron particles present in the source water (ORD, 2002). It is most likely that arsenic particles adhere to iron particles. (e.g. arsenic attached to iron particles.)

We tested both iron and aluminum, but our hypothesis said that the iron-filtered water would work the best because there was more past research on filtering using iron. Our experiment proved that aluminum does not filter arsenic from water. In fact, it raised arsenic level in the water. The groundwater from Sweet Home contained 50 ppb of arsenic but aluminum-filtered water contained 250 ppb of arsenic. From our conclusion, we were able to state that the aluminum is not very good substance to filter arsenic from water. 

We were somewhat successful in removing arsenic from water, but there were aspects that we did not understand especially about the paper filter. We wanted to call the manufacturer to find out what the paper filter is made of. However, the paper filter box contained neither a list of chemicals used to make the paper filter nor a phone number of the company. So if we could do further research on our experiment, we would like to find out what the paper filter is made of, so that we could have had firmer conclusion. Also, we would verify the iron-filtered water so our results are more accurate. To even further, we could design a better filter instead of using a regular funnel and the paper filters.
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