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I.  Abstract


In the Sweet Home area, abnormally large levels of arsenic have been found in the groundwater near Ames Creek. This can negatively affect the wildlife and people living in this area. Our study was taken to find out if there was a correlation between the arsenic levels in the sediment of Ames Creek and the arsenic levels in the water. We tested two sites from Ames Creek. For comparison we also tested two sites from Jackson Creek in Corvallis. At each site we took a sediment sample and a water sample. Our results showed that the arsenic levels of the sediment do have a correlation with the arsenic levels of the water. Further tests, with more samples, could verify our results. 

II.  Introduction


Arsenic in high levels is poisonous to humans. It increases the chance of developing cancer, and can lead to skin problems such as hyperkeratosis. Arsenic can also cause cardiovascular and nervous system problems that can even lead to death. (Arsenic Contamination)


A 1996 US Geological Survey and previous classes at Crescent Valley have shown that there are high levels of arsenic in the groundwater in and around Sweet Home, but they were unable to determine the source. We wanted to know if there was arsenic in surface water such as creeks and in creek sediments. Furthermore, we wanted to know if arsenic in creek water is coming from arsenic in the sediments. If this is true, then the elevated arsenic levels in Sweet Home might continue to increase and the sediments may need to be removed as soon as possible, before the environment of the area is greatly harmed. (Hinkle)


The original goal for our study was to measure arsenic in crayfish in Ames Creek. Complications, however, caused us to change our investigation. 


The goal of this study is to determine the correlation between arsenic in the sediment of a creek and the water of the creek. To accomplish our goal we measured the arsenic levels of the sediment and water from Ames Creek, and compared them to Jackson Creek. We took two different sediment samples from each creek, with a water sample from each of the sediment sample locations. We sent the sediment samples to be analyzed by neutron activation analysis (NAA) at the OSU reactor facility. We measured the arsenic levels of the water with a commercial kit. With this information, we compared the results from both creeks. Our study will be entered in a database, and further studies can use this information to continue to investigate whether arsenic is actually transferred from sediment to water.


We expected a positive correlation between arsenic in the sediment and in the creek. From the USGS Survey, we expected the amount of arsenic in Ames Creek to be greater than the arsenic count in Jackson Creek. We believed that the arsenic count in the water of Ames Creek would be a low amount, and not high enough to affect the wildlife that thrives in the creek’s environment.

III.  Materials and Methods


Materials needed:


Yogurt cups with lids (for soil samples), 4


Water bottles (for water samples), 4


GPS system


Markers


Tape


We began by finding two different locations at least 50 meters apart for our samples from each creek. From these locations we took both a sediment sample and a water sample. The sediment was taken approximately one meter away from shore, on the surface of the creek bed, and went in the yogurt cups. Water samples were put in a water bottle. The water was taken directly above where the sediment sample was taken. Both were labeled with the number of the location. After we acquired the water and sediment samples, we found the coordinates of the location with a GPS system. We wrote down the GPS coordinates and the sample numbers.


The sediment samples needed to be dried for the NAA process. We did this by transferring enough sediment to fill a numbered petri dish, and then placed this in a drying oven set to 105 degrees Celsius. They were dried for a minimum of 48 hours. A portion of the dried samples were then put into numbered vials for irradiation. Once the vials were prepared and filled, they were transported to the OSU nuclear reactor. They were lowered into the core of the reactor, where activated neutrons bombarded them. These neutrons excite elements in the samples, telling you what elements are in the samples and how much. This process is called Neutron Activation Analysis (or NAA).


To measure the arsenic count of the water samples, we used a commercial kit. Our kit’s instructions were fairly simple. We took a portion of the water (50 ml) and added an indicator solution. After a specified time the water turned a different color, and you compared this color to a graph that was included in the kit. The graph told you the amount of arsenic in the water in ppm.

IV.  NAA Description


Neutron Activation Analysis is a method used to find out the elemental composition of different material samples, without damaging the sample. NAA is capable of high-precision measurements of the amount of each element in a sample. The quantity of an element can be accurately measured to parts per million. One ppm is equivalent to 1 (g/g (1.0 x 10^-6 grams/gram). With special equipment, NAA can accurately measure element concentrations in parts per billion. One ppb is equal to 1 ng/g (1.0 x 10^-9 grams/gram).


On a molecular level, the atoms of the sample are hit by a neutron provided by the nuclear reactor. The neutrons are fired once the reactor has reached an energy level of 240kW. An atom within the sample combines with a neutron to form an excited nucleus. The atom is no longer stable, and becomes radioactive. Arsenic, at a stable state, has an atomic mass of 75. The radioactive isotope that is created in the NAA process has an atomic mass of 76, because of the additional neutron. The second law of thermodynamics states that energy will always move from an area of high concentration to an area of low concentration. An excited nucleus will therefore tend to become a more stable and less energetic state. A gamma ray is emitted from the excited nucleus, and the nucleus begins to decay. Now that the nucleus is radioactive, it emits delayed gamma rays and beta particles until it has reached a stable state. (INAA Process Summary)


Delayed gamma rays are pulses of electromagnetic energy released when the binding energy within the element is diminished. Each element releases a gamma ray of a specific magnitude. (Department of Radiochemistry) A gamma ray of a specific energy can always therefore be interpreted as coming from a particular element.
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After the sample has become radioactive, it is placed in a gamma ray detector (to be analyzed) surrounded by a lead bunker. The sample cannot immediately be analyzed, because it emits too much radiation. The lead bunker exists to block gamma rays from striking people around the analyzer. As the sample emits gamma rays from different elements, the detector senses these. The detector records these in a computer, where you can read the different energy levels of each gamma ray. With the computer program, the x-axis records the magnitude of the energy of received gamma rays. The y-axis records the amount of gamma rays received of a particular energy level. (Schutfort)

V.  Results
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The highest amount of arsenic was found in the sediment sample from Ames Creek. An error occurred in analyzing the second sediment sample from Ames Creek, preventing the reactor from analyzing the elements of the sample. The lowest amount of arsenic was found in the Jackson Creek water samples.


The first and second locations from Ames Creek and Jackson Creek were approximately 50 meters apart from each other. The sample from the more upstream location (number one in both cases) was located so that it was in shade from overhanging trees. The second locations were more in the open, with a few bushes nearby. We noticed that the soil from Jackson Creek was more like a clay type of sediment, whereas the sediment from Ames Creek was softer and almost sand-like.

VI.  Discussion


After looking at the data collected, we determined that our hypothesis was correct. There was a correlation between the arsenic in the sediment and in the water the amount of arsenic in the soil was approximately twice as large as that in the water. The higher amount of arsenic in the sediment at Ames Creek correlates with an increased amount of arsenic in the water. The increased amount of arsenic in the water is not endangering the wildlife that lives off of the creek, however. The results show, with the knowledge that a human can consume up to 150 micrograms for each kilogram of his mass (Arsenic: King of Poison), that the water is safe for wildlife and people around it.


The water did not absorb all of the arsenic from the sediment, but instead absorbed only a small portion of it. This is because water does not absorb a certain element away from a material, while leaving the rest of the material unharmed. Water must dissolve the sediment first, before any of the elements of the sediment can be transferred to the water. (Arsenic in Groundwater)


Our group faced some problems in our project. One was mentioned previously, that one of the sediment samples from Ames Creek had an error, and could not be analyzed. This valued could have affected the average count of arsenic in the sediment, changing the correlation between sediment and water. 


Unknown factors could have affected our investigation. The sediment samples from Ames Creek were a soft, almost sand-like type of soil. The sediment from Jackson Creek was more like a clay type of soil. These different qualities of the soil may mean that the sediment may have been able to hold different amounts of arsenic.


The biggest problem our group faced was that we had to change our question after collecting the samples. This caused us not to have a lot to work with, and forced us to create a question that can have a large number of variables. A more fitting way of getting data would be to use a more controlled environment. A batch of high arsenic soil could be placed in one container, while a low-arsenic soil could be placed in another. Each of these containers would need to have the same amount of soil. Then, an equal amount of water would be poured into each container and allowed to sit for a given amount of time. Once this was done, the water would be taken out and have the arsenic level measured. This would ensure that the arsenic was indeed coming from that particular soil, instead from upstream or a dying plant or animal.


If our investigation were to be continued, the obvious next steps to be taken would be to take more samples of arsenic levels in the sediment and water. Then, the goal would be to see if the arsenic of the soil is affecting the wildlife. Gathering population and health information of different animals over a long period of time could show that the arsenic is affecting them. This would help us get a stronger feeling of if the arsenic is affecting the wildlife. 
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