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Abstract


This report details a study concerning the dangerously high concentrations of arsenic in Sweethome, Oregon conducted by the 2003 AP Physics class of Crescent Valley High School.  Their hypothesis was that higher concentrations of arsenic existed in bedrock and soil as opposed to vegetation.  Also, that concluding evidence would provide the means to designate a smaller area of higher concentration, potentially leading to the origin of the arsenic.  Using the INAA process, the class was able to obtain the concentrations of arsenic in samples of soil, sediment, vegetation, and bedrock.  Low levels of arsenic in plant life were concurrent with the research of last year’s AP Physics class.  High levels of arsenic in soil and bedrock confirmed part of the group’s hypothesis.  The two mile stretch of Aimes Creek Rd., southeast of Sankey Park, contained higher average concentrations of arsenic than in Sankey Park.  Bedrock was not available for sampling at Sanky Park which could account for the lower average.

Introduction  


This investigation was performed in response to previous studies conducted in 1962, 1963, 1971, and in 1996 by the Oregon Water Recourse Department and the U.S. Geological Survey.  The 1996 study revealed poor quality ground water in the Willamette Basin, specifically Sweethome, Oregon, with respect to dangerously high concentrations of arsenic.  Arsenic contaminates regional aquifer systems and is associated with several negative effects on human health.  According to the U.S. Environmental Protection Agency, the drinking water Maximum Contaminant Level (MCL) is 50 micrograms per liter.  Eight percent of the samples analyzed in 1996 were found to contain levels of arsenic exceeding the MCL.  The concentrations of the 728 samples ranged from 1 to 2,000 micrograms per liter.  


All of the previous studies provided conclusive evidence that the ground water of the Willamette Basin was tainted with high levels of arsenic.  The results of the well water studies in 1962, 1963, and 1971 were confirmed by the results of the 1996 study.  These studies also concluded that the arsenic might have originated from several rock formations including the Fisher and Eugene formations.  The 2002 AP Physics class also found similar evidence confirming the hypothesis that the arsenic originated from the Fisher and Eugene formations.  The class found many samples of both bedrock and soil that were rich in arsenic, while vegetation samples of Douglas fir were not.  Soil and bedrock samples ranged from less than 1 to 143.3 parts per million.


The goal of the AP Physics class of 2003 was to take samples near the areas that the class of 2002 found to contain high levels of arsenic in an attempt to further pinpoint the source of the arsenic.  The 2003 class chose to analyze soil, bedrock and vegetation.  A wider variety of vegetation was sampled by the 2003 class so as to confirm the results of the 2002 class and to determine the effects of arsenic on plant life.  Although more vegetation was sampled, the majority of the samples consisted of soil and bedrock.  The class of 2003 hypothesized that the vegetation samples would contain lower levels of arsenic when compared to the soil and bedrock.  In addition, they speculated that the results would enable them to designate a smaller area of higher concentration, potentially leading to the origin of the arsenic.     

Materials and Methods

The class began the arsenic project by taking various samples in Sweethome, Oregon on April 27, 2003.  The materials used in this part of the study included augers, shovels, global positioning systems, rock hammers/ chisel, plastic bags, and many pens for labeling.  These instruments were used to take samples of rock, soil, sediment, and vegetation.  Soil and sediment were taken at a minimum of a one-foot depth while rock and vegetation were taken at surface level.  The samples were placed in individual plastic bags and labeled with the samples’ number and notes about the location and depth of the sample.  The GPS location for each sample was also recorded.  Samples were collected from two general areas in Sweethome: Sankey Park and two miles along Aimes Creek Road.  In Sankey Park samples were taken from various locations throughout the park including the adjacent Aimes Creek.  Along Aimes Creek Road, the class began sampling at the fossil outcropping and then proceeded about a mile north and south along the road from this point.
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        Figure 1

After sampling was completed, the vegetation was thoroughly washed to remove all dirt and particulate before being weighed for drying at Crescent Valley High School.  Sample preparation occurred between May 5 and May 7, 2003.  The rock, soil, and sediment were also weighed and placed in petri dishes for drying.  These drying dishes were labeled with the corresponding samples’ number from the plastic bags.  Remember, accurate labeling is imperative to the success of the study.  The petri dishes should be labeled both on the bottom and side of the dish with a line under numbers such as 81 or 18 which could be confused.  The ideal mass of the sample and the drying dish combined was 50 to 150 grams.  After drying the samples at 105 degrees Celsius from May 5 at 2:20 pm to May 7 at 7:30 am, the class used mortars and pestles to grind the samples into a fine particulate.  For the vegetation, a coffee grinder was used to accomplish this task.  Between samples, the mortar and pestle and coffee grinder were cleaned with acetone.  Next label small vials with the project number followed by the sample number on the

side and top of the vial.  Cut off the hinge of the lid with an exacto blade.  Fill the vials with 250 to 500 milligrams of the corresponding sample material and close the vial lid.  Next use a can of pressurized air to remove any residual particulate from the exterior of the vial.  When these steps have been completed, use a soddering iron to completely seal the lid to the body of the vial.  The class then put the small vials into one of 40 larger vials that were labeled with the project number and vial number, one through 40.  Next, the class sent the vials to Erwin, the nuclear chemist at OSU’s nuclear reactor, to begin the Instrumental Neutron Activation Analysis (INAA).


At the nuclear reactor, Erwin soddered shut the 40 large vials after performing a quality inspection of the class’ work.  He then lowered the samples into the core of the nuclear reactor with a fishing pole, and thus began the INAA process.  According to Micheal D. Gladscock of Missouri University Research Reactor, “Neutron Activation Analysis is a sensitive analytical technique useful for performing both qualitative and quantitative multi-element analysis of major, minor, and trace elements in samples from almost every conceivable field of scientific or technical interest (1).”  The apparatus used in the INAA process consists of a semiconductor detector made of a germanium crystal.  The detector is attached to a copper rod inside a chamber that is cooled to very low temperatures.  To cool the detector and de-excite the electrons, liquid nitrogen is used.  To transmit the amount of counts to the computer for interpretation, a voltage difference provides a current which sends this digital signal to the computer.  The apparatus detects the gamma rays of specific elements that help determine the concentration of these elements in the sample.  Each element is associated with a gamma ray of a specific energy level.  The energy level of the gamma ray associated with arsenic is 559.1 keV. 

 The number of counts picked up by the detector is associated with the emitted gamma rays; this number determines the concentration of the various elements in the sample.  The number of counts of each energy level are plotted on a graph where the x-axis depicts the energy level of the gamma ray and the y-axis depicts the number of counts.  The height of the peak is proportional to the concentration of the element in the sample.  Sometimes the peaks that the detector generates are slightly off from an element’s energy level.  This is why the area under the peak is used to lessen the margin of error when determining concentration levels.

Before this apparatus can be used to detect the concentration, the samples must be irradiated to become radioactive.  When a sample is radioactive, only then does it begin to decay and give off gamma rays.  To irradiate a sample, the nuclei of the sample are bombarded with neutrons.  The neutron and the nucleus meet in an inelastic collision and a compound nucleus is formed.  The compound nucleus exists in an excited state.   In an effort to regain stability, the compound nucleus gives off one or more prompt gamma rays.  The nucleus is now radioactive and begins to decay.  When decaying, now at a slower rate, the nucleus gives off delayed gamma rays and beta particles (2).  Refer to Figure 2 for an illustrated representation of this process (Fig 2). 
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Figure 2

After irradiation with a neutron flux of a level of 3x10^12 Neutrons/(centimeter squared per second), the samples must sit awhile before being analyzed to let the nuclides with shorted half-life times decay, which decreases background and gives a lower interference.  The half-life of Arsenic 76 is 26.3 hours (radioactive decay calculator, 1).  Erwin let the samples sit for three to four days before beginning to analyze, this is equivalent to three to four half-lives.  If the irradiated sample is allowed to “cool” for much longer than eight half-lives, the activity will be too low to acquire an accurate analysis of that element.  The varying wait times for each sample were taken into account in the following equations used to calculate the activity and arsenic concentrations (Fig 3 and 4).
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Figure 3
Figure 4


The equation in Figure 3 is used to calculate the activity, measured in gamma rays per unit time, of the sample.  The Greek letter, λ, is a constant that represents the half-life of the element being measured, in this case arsenic.  The half-life of arsenic is 26.3 hours.  This quantity of time is converted to seconds for use in this equation.  The N stands for the number of counts in the peak area.  The bracketed quantity in the denominator of the activity equation takes into account the decay that occurs during the analysis.  The term, e^ -λ(LT), is called the decay correction constant.  LT represents the live time.  Live time is the time that the detector is receiving gamma rays and is defined by the real time minus the dead time.  Real time is the total time that sample is inside the analyzing apparatus.  The dead time is defined as the time that the detector must wait to process a gamma ray before receiving another one.  The mass is represented by m and is measured in kilograms.  The final term in the equation, e^ λtdecay, takes into account the decay that has occurred between the time of irradiation and the commencement of the analysis.  For this experiment, t was two to four days.


The equation in Figure 4 is used to calculate the concentration of arsenic in the sample.  The activity of the sample, found with the equation in Figure 3, is the first term in the numerator.  The second term in the numerator of the equation represents the concentration of arsenic in the standard.  A standard is used as a means to compare the unknown concentration of a sample to a known concentration.  This helps to check the margin of error in the analytical process.  The standard used in this study was coal fly ash labeled as SRM 16338.  The arsenic concentration of the standard was 145 ppm.  The term in the denominator of the equation is the activity of the standard.
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        Figure 5
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        Figure 6


The graph in Figure 7 illustrates the location of the samples ranging from the area farthest north, Sankey Park, to the area farthest south, south of the fossil.  The samples within the four location groupings were not arranged in this same manner.  Instead, they are grouped by sample type for easier comparison within each grouping.  For all three graphs, soil and sediment samples were grouped together due to the minimal amount of sediment samples.

Discussion

The graph in Figure 6 suggests that the samples that are most likely to contain high concentrations of arsenic are, in descending order; bedrock, soil, and vegetation.  The fact that lower concentrations were found in plant life confirms the conclusions cited in the previous studies, specifically the study of the class of 2002.  Douglas fir and other various vegetation yielded low concentrations then as well.  The highest concentrations were found in the bedrock material.  This fact was anticipated by the class of 2003 based on the study from the previous year.  From this data, it could be inferred that the arsenic originates in the bedrock.  Broken down bedrock is a main component of the soil in Sweethome which could account for the high concentration in the soil samples.  This theory is concurrent with the ground water studies from earlier years.  Water leaks through the soil, picking up elements along the way, and ultimately contaminates the ground water of Sweethome.  Apparently, the plants that have been sampled thus far have absorbed minimal amounts of arsenic or have been immune to the affects of the element.  While relatively low levels of arsenic exist in the vegetation, they are still well above the crustal average.  When considering the average level of arsenic in the samples, the number of each type of sample must be taken into account.  There were 32 samples of soil, 3 samples of sediment, 15 samples of bedrock, and 30 samples of vegetation.  Soil and sediment were grouped together when the graphs were generated.  There were relatively few samples of bedrock, of which some were quite erratic.  One sample of over 500 ppms from south of the fossil outcrop brought up the bedrock average in that area significantly.  The scientific method advises that the more samples that make up the average, the more accurate the results.


The graph in Figure 7 depicts a low arsenic concentration in Sankey Park, while relatively high concentrations exist in the other three locations.  The low average level of arsenic at Sankey park could be accounted for because no bedrock samples were taken.  No outcroppings exist at the park, making the bedrock inaccessible to high school students.  While the highest average concentrations were found along Aimes Creek Rd., no conclusions can be drawn as to which portion of the road contained the highest concentration because the averages of the three sections were comparable.  No trend as to an increase or decrease of concentration in one particular direction can be derived from the data.  This fact suggests that a uniform distribution of arsenic exists in the exposed, rocky incline adjacent to Aimes Creek Rd.  The possibility that the rock formation along Aimes Creek Rd. is the source of Sweethome’s arsenic is not precluded.  However, this same bedrock that makes up the formation could also exist submerged under such areas as Sankey Park and the greater Sweethome region.  More extensive geological research would be imperative to further speculate on this theory.  Based on the data collected this year, the original hypothesis that this study would enable the class of 2003 to designate a smaller area of higher concentration has been proven correct.  Sankey Park, on average, had lower concentrations of arsenic than did Aimes Creek Rd.


Throughout the Crescent Valley arsenic study of 2003, several suggestions for future groups were formulated.  The study needs to be more controlled.  The same number and type of samples should be taken from all of the locations of interest.  Also, extensive geological background research should be conducted prior to selecting sampling locations.  It could be suggested that due to the apparent high concentrations of arsenic in bedrock, only bedrock samples should be taken next year if the same hypothesis is to be assumed.  The main rock formations in the Sweethome area, including the Fisher and Eugene formations, should be the main locations of interest in the study.  However, if further research concerning the nature of the interaction of plant life and arsenic is desired, it is recommended that control sample from an area of normal arsenic concentration be taken for comparison.
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