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I. Abstract

Arsenic is an element known to pose health risks, and Sweet Home Oregon is relatively unique because of the fact that it is located in an area that seems to have elevated levels of it. In our study at Crescent Valley High School, our goal was to determine whether or not the portion of Ames Creek near certain parts of which have been found to have elevated arsenic levels, was the source of the arsenic around it. The study attempted to go about this by analyzing the arsenic level (in ppm) for a plant sample versus its proximity to the creek. The hope was that this study would tell us whether or not Ames Creek was or was not a source of the arsenic. If the plants (horsetails, in our case) showed a decrease in arsenic level as they were taken at greater distances from the creek, then this would suggest that Ames Creek was the source of arsenic in the area. The study was not able to conclude, with the limited sample – analyzing capacity, much on the matter, and only tentative suggestions were made. The data suggests that the distance from the creek did not affect the arsenic level in the horsetails, as no correlation seems to be present in the two variables, which would suggest that Ames Creek is not a source of arsenic if it has no effect. However, more samples are needed for a more defendable and supported conclusion. If any others wish to carry on this study, our group suggests taking a greater number of samples in more locations along Ames Creek. 

II. Introduction

The town of Sweet Home, in Linn County Oregon is unique in the aspect that is happens to be located in an area of high arsenic concentration, as documented in the USGS ground water study in the area and, more recently, studies by students at Crescent Valley High School. (USGS Arsenic Map, 2004) (Kirsch 2004). Arsenic is a known to be toxic, and is associated with some health risks. Arsenic is mainly exposed to humans when they ingest contaminated water or soil, or breathe air contaminated with the element. Arsenic is known to damage many tissues of the human body, including the nerves, stomach, intestines, and skin. Being exposed to low levels of arsenic can lead to nausea, vomiting, diarrhea, decreased blood cell production, abnormal heart rhythms, damage to blood vessels, and some nerve damage. High levels of inorganic arsenic in humans have been shown to increase the probability of contracting many kinds of cancers. Breathing high levels of inorganic arsenic can result in a sore throat, irritated lungs, and an increased risk of lung cancer. Ingesting high levels of inorganic arsenic increases the likelihood of contracting skin cancer and tumors in the bladder, kidneys, liver, and lungs. (Delta Institute, 2004).
The goal of the study was to discover the relationship between the arsenic level in plants and their proximity to Ames Creek in Sweet Home, Oregon. This was of interest because, to our knowledge, no one has come up with any conclusive data as to whether or not Ames Creek is the source of arsenic in the area. As many samples have shown, the arsenic levels of the soil surrounding Ames Creek are elevated, but the study here at Crescent Valley has of yet failed to come to a conclusion as to whether Ames Creek is actually a source of the arsenic found there or if Ames Creek just happens to flow through the vicinity.  

The plants tested in the study were horsetail, because they absorb arsenic from their surrounding area and are easy to handle. They are also abundant in Oregon’s moist areas, which includes the Sweet Home area. Hence, the question: “What is the relationship between the level of arsenic in a horsetail plant and its proximity to Ames Creek?” The study was preformed because it was felt that this information would help to indicate whether Ames Creek is a source of arsenic, or just happens to be located in an area that has elevated levels of arsenic. The research in the area that had been taken previously indicated that the area along Ames Creek did have these elevated arsenic levels, but because only one sample was taken at each site along the creek, it was felt that one was not able to draw any conclusions as to whether or not Ames Creek was actually the source. The study aimed to help draw some conclusions, or at least to indicate what the samples suggested on the matter, because the study hopefully would indicate whether or not the distance from Ames Creek had an effect on the level of arsenic on the plant samples. This data, in turn would help to aid our group and other groups towards reaching a conclusion as to whether Ames Creek was actually a source of arsenic or not.

This study would have value to those in the Sweet Home community as well as the scientific community, because this information would help in the discovery of what role that Ames Creek plays in the arsenic elevation, and this, in turn, would help people in Sweet Home, for example, to safely plan parks and construct buildings. If Ames Creek was indeed a source of arsenic, then the Sweet Home city planners would likely take this into account when planning where to begin any construction, as arsenic is a health risk to those who are exposed. We also thought that this information might be useful to farmers who plant crops in areas near Ames Creek. If the data collected in the study suggested that Ames Creek was a source, then we felt that farmers may have wanted to consider this when deciding where to plant their crops. If Ames Creek was a source, and their crops soaked up some of the arsenic, then their agricultural products that were grown near the stream may have a detrimental effect on those who ingested them, prompting some actions by farmers to prevent this.

In the study, our group expected to find that the proximity of the plants we sampled to Ames Creek did not correlate with their arsenic level. This was the expected finding because when samples had been taken in the past, there was a large variation on the elevation of the arsenic levels in the samples when compared to previous samples, even when they had been taken in precisely the same location. (Kirsch 2003). This suggests that the proximity to Ames Creek would not affect the level of arsenic in the samples. 
III. Materials

Shovels, Plastic bags, Markers, GPS, dehydrator, Tape measure (50 yards or more), Tools for preparing samples as outlined in the specific procedures above, Latex gloves, and a Notebook and writing utensil for recording sample and GPS data.

Supplied by CV: Sample bags, GPS, Tape measure, INAA Preparation Tools
IV. Methods 

1. First, travel to Ames Creek in Sweet Home, or another location in which the study is desired to be preformed. 

2. Lay out a tape measure from 0 yards, at the bank of the creek, to forty yards, in a straight line perpendicular to the creek.

3. Locate a spot on the creek that has a sufficient number of plants to support the study – horsetails at 0, 10, 20, 30, and 40 yards from the creek.

4. Record the GPS location of the spot. 

5. Put on sterile gloves to prevent contamination of the samples.

6. From each location of 0, 10, 20, 30, and 40 yards, take one entire horsetail plant (roots and all). The horsetail should measure from 18 – 28 inches (this is to assure that each plant is of comparable age).

7. After each plant has been uprooted, place it in an airtight bag with the sample ID written clearly on it with a permanent writing utensil. Each sample should be labeled according to its distance from the creek, so that sample # 01 would be at 0 yards from the creek, and sample # 02 would be 10 yards from the creek. If this is not done, it is unlikely that the order of the samples will be recalled.

8. Make sure that, when each series is done, that five samples have been taken (starting from each point on the bank). This is to ensure that you have enough samples for each starting point to facilitate a graph that will have more viable results. (Erhart, Teman).

9. In a notebook, record the sample IDs and the GPS location that corresponds to them. 

10. Repeat these steps for each point that you wish to sample along the creek.

11. When the sample have been brought back and the sample preparation procedures are completed, the kind and generous people at the OSU Reactor will use Neutron Activation Analysis to determine the arsenic level in each sample in ppm (parts per million).

12.  When this information gets back, it should be recorded on a notebook or chart. Then, it can be graphed or analyzed using other methods.  

V. Neutron Activation Analysis

When a neutron impacts the nucleus of an atom, a new nucleus is formed in an excited, or high energy, state. This energy is due to the binding energy of the neutron with the old nucleus. Because the nucleus wants to become more stable, it will usually step down into a more stable state by ridding itself of energy through the expulsion of high-energy particles. In some cases, the neutron colliding and bonding with the nucleus will cause an element to become radioactive, which would cause the nucleus to decay by emitting some form of radiation. The decay times of these isotopes can range from very small to incredibly large amounts of time. The half-life of Arsenic – 76, the isotope created when the stable Arsenic – 75 nuclei gains an electron, is about 26 hours. 

Neutron activation analysis is a method for finding the concentration of one or more elements in a sample object or material. First, the elements are made radioactive, and then the radioactive isotopes are identified through measurements of the particle (gamma rays) that they emit, as each element and isotope has a unique energy to give off to become stable (therefore a unique particle with a unique energy that it will give off). 

To use this method, the sample is irradiated by bombarding it with neutrons. After this step, the sample is allowed to decay until it is safe to handle. Immediately after irradiation, the samples can be dangerous, as they have just been irradiated. However, after waiting a certain time, the samples can be analyzed. This amount of time is determined by the half-lives of the sample involved. A half-life is the amount of time that it takes for a specific radioactive isotope to give off 50% of its energy associated with being radioactive and return to the normal state. For the sake of an example, say that an element has a half-life of 1 day. Immediately after being irradiated, the sample is completely radioactive. After 1 day, the sample is 50% radioactive, after 2 days, the sample is 25% radioactive, and so on. As said, the half-life of Arsenic – 76 is about 26 hours. 

After it is deemed safe, radiation-wise, the samples can then be analyzed by looking for the number of times the certain unique particle of each element hits a detector within a certain time frame. This is measured by a detector containing a germanium crystal. The crystal is a semi-conducting material, and when a gamma ray impacts the crystal, it sends a current down the potential difference across the germanium crystal and the connected conductor. The potential difference is supplied by the detector. So, what this setup does is convert the energy of the gamma ray into electrical energy, which the detector is able to measure. As each radioactive isotope emits a gamma ray with a different energy, the amount of an element present in the sample can be determined by counting the number of times each unique energy is induced on the conductor. A program working in tandem with the detector is then able to overlay the graph of the number of times each specific energy was seen with the known energy levels of each element. As some of the gamma particles bounce off of other obstacles, they may lose some energy. This would mean that the energy measured by the detector is not always exactly concurrent with the known energy of the particle. However, the program compensates for this by measuring under the peak where certain elements, such as Arsenic, are expected to be found. 

The fact that radioactive particles often bounce off of other particles can also be used to explain the Compton Effect. This is simply a phenomenon in which, under the peaks of certain elements, there is a large and solid area or energy counts all across the graph. This is commonly referred to as background noise, and is taken into account when the program analyzes the samples. Some of the gamma rays lose so much energy when they bounce off other objects that the detectors only see a small amount of the energy that they initially started off with. This makes for a portion of the graph that does not really give any information about the content of any element in the sample. So, this background noise is most often ignored as not much can usually be ascertained with it.

One of the few drawbacks to this method is that the lighter elements cannot be analyzed. This is due to the fact that the elements with smaller nuclei are not as able to take a neutron in if it impacts it compared to the heavier elements with larger nuclei. This makes accurately measuring the content of these elements in each sample difficult and prone to greater error, as the percentage of lighter nuclei that actually become irradiated is so much smaller.
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VI. Results

In our study, five samples were taken that were used in our study. These samples were all horsetails, taken from the bank of the creek (0 yards), and then from 10 yards, 20 yards, 30 yards, and 40 yards in a perpendicular line from the first sample. The sample at the bank had an arsenic content of .4 ppm, the sample at 10 yards had .2 ppm, the sample at 20 yards had 0 ppm, the sample at 30 yards had 0 ppm, and the sample at 40 yards had .34 ppm. In our study, we found that the arsenic level in the sample from 40 yards out contained more arsenic than the sample at 10 yards and almost as much as the sample at the bank of the creek. 
The arsenic level seemed to drop as samples were taken from farther away from the creek, but the horsetail taken from 40 yards away refuted that pattern. (See graph for visual representation – Appendix A).
VII. Discussion

A lessening horsetail arsenic level at greater distances from the creek was not supported in the data. In our study, the sample data instead suggested that the arsenic levels in horsetails did not seem to have any discernable relationship with their distances from the creek. The first four samples seemed to suggest that the arsenic level because lower the farther away, but the horsetail at 40 yards changes that, as the sample from 40 yards out contained more arsenic than the sample at 10 yards and almost as much as the sample at the bank of the creek. This would support our group hypothesis that the arsenic level in horsetails does not increase if they are closer to Ames Creek. 
The data seems to suggest that the arsenic level of horsetails is more or less randomly distributed, which would suggests that the horsetails were not greatly affected by Ames Creek. This, in turn, suggests that Ames Creek is not, in fact, a source of arsenic but instead happens to located in an area which contains high arsenic levels, which suggests that another source is behind this. However, our study is in need of many more samples on order to make batter conclusions on these matters.
The normal soil arsenic concentration in the earth’s crust is just about 1 ppm, so none of the arsenic found to reside in the horsetails would be poisonous to humans or other animals, as no horsetail was found to have a concentration over .4 ppm. However, this data does not mean that other plants or soils do not have high arsenic levels. 
Pinpointing the source of this arsenic would help members of the community to decide what actions to take on the matter. The question (still out there) of whether or not Ames Creek is actually a source of arsenic could potentially be of concern to many people in Sweet Home. City planners, for example, would want to take into account Ames Creek being a source of arsenic if it turned out to be, because arsenic poses a health risk. Similarly, farmers would need to know if their crops could soak up arsenic from Ames Creek if Ames Creek was the source of arsenic in the area, as their crops could potentially soak up arsenic and become a health risk to consumers. The question of whether Ames Creek is a source of arsenic could potentially be of importance to many in Sweet Home if it turned out that Ames Creek was a source.
To improve this study, we would gather more samples to facilitate a more solid conclusion on the relationship between Ames Creek and arsenic in plants, first of all. This would include, ideally, having more than one horsetail taken at each distance from the creek and testing in more locations along Ames Creek or other creeks in question. This would allow us to make more solid and defendable conclusions, instead of only the most basic and tentative. In our study, we only took five samples that we could use as data, one horsetail from each distance form the creek and only one sample location on the creek. 

A future study comparable to his one might also include analyzing different species of plants and soil samples to go along with the horsetail samples, to look for meaningful relationships between them and also to compare the distance from the creek vs. arsenic level distribution for each kind of sample. These conclusions about either plants or soil could also help to verify conclusions as to the other.

Some next logical steps on the horizon would be to sample near other sources to find other results as to sources of arsenic in other high arsenic areas in the region. Ames Creek, although a main focus of the Sweet Home Study is important; however, it cannot be the only focus. We feel that investigations should be made into other points of high arsenic in the Sweet Home area to determine the sources of these. Perhaps, comparing data obtained from each of these sources, patterns or conclusions can be analyzed to find the ultimate source behind the arsenic in the region, whether it is only individual streams or a geological occurrence in the area.
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