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Abstract:


The residents of Sweet Home, Oregon, have had arsenic problems in their water for several years. Different Crescent Valley High School students have conducted many different experiments to try to help determine where the problem might be originating, and how the problem may be fixed. Yet it appears as though no one has done a study on whether or not arsenic is more prominent in igneous rocks as opposed to sedimentary rocks. 

Our research dealt with this problem. We tried to determine if arsenic was concentrated in one type of rock more than another, or if it seemed to be about the same. We collected information from last year’s research, and collected some samples of our own. Sending our samples to the nuclear reactor at Oregon State University to be analyzed, we were expecting there to be more arsenic in the igneous rock samples and we were correct in our hypothesis. We expected natural processes in the environment to skew the arsenic readings. Sedimentary rocks have been exposed to the elements more than igneous rocks, and therefore have probably had their arsenic washed or blown away at some point. Even though the average arsenic levels for the igneous rocks were higher, we discarded the idea that arsenic was more prominent in them, because the averages weren’t significantly elevated.

We also discovered the averages of our results were much higher than recorded in 2002. We attributed this to the fact that those students did not know where to focus their search, and collected many rocks that were too far away from the main target area. 

As we compared how similar the arsenic levels were in both the igneous rocks found deep in the earth and the sedimentary rocks that have been exposed for quite some time, we concluded it is highly unlikely the arsenic problem is present because of human activity; the arsenic is a naturally occurring problem.

Introduction


The town of Sweet Home, Oregon, has had an arsenic problem for several years and CVHS students have spent a lot of energy investigating the solution. Arsenic is a poisonous element that can cause health problems and even death during prolonged exposure to a large enough amount of it. Ten parts per million is a safe amount of arsenic in water, yet as that number increases, and the water is drunk over an extended period of time, the health risks become great for anyone drinking the infected water regularly. Cases have also been reported about small amounts of Arsenic becoming airborne in a small area and causing illness and death. 

Yet in the past arsenic has been used for many different things, such as an ingredient for green paint, pressure treated wood, and as a poison used as a murder weapon. No one realized that the arsenic in small amounts, over a prolonged amount of time, could become lethal.

Our research team questioned whether or not arsenic is more prominent in igneous or sedimentary rocks. If there is a correlation between rock type and arsenic concentration, conclusions can be drawn as to where the arsenic is coming from, and if there might be a solution to this problem. My hypothesis at the start of the project was that the levels of arsenic would be higher in the igneous rock. I thought this because I knew the sedimentary rocks would have been exposed to the elements for quite some time, and that sedimentary rocks would have taken a severe beating over the years. Wind, rain, snow, waterways, and human activity could help to destroy the arsenic content of the rock. If this is the case, areas with a lot of sedimentary rock would be the likely origin, even though it might appear not to be, because of the lower arsenic levels. Yet because the arsenic has been beaten out of the rocks themselves, the arsenic would then travel into the dirt, and into the water. High arsenic in rocks is not in and of itself a health risk to most people; it is the arsenic that then gets transferred into the water people drink that is the problem.

Methods:


The objective of this investigation was to find the correlation between rock types and the amount of arsenic in them. To do this, we had planned to use information from samples taken last year, and to collect at least forty samples of our own. Because of time constraints, collecting that many of our own samples was not possible, but forty updated samples would have been an important asset in this project.


When we got to the area of Sweet Home designated as having the highest arsenic concentration, we went as a group to collect five samples from bedrock along a bank about fifteen feet from the road. All rock samples we collected were exposed bedrock, nothing was underground or protected from the elements. We chipped off pieces of rock about the size of a baseball, and put each of them in individual plastic bags. We then labeled them according to when they were collected, and the coordinates at which they were found. We also recorded the orientation of the rock slab by dip and direction. Every site was marked by a pink flag, which included the same information written on the label of the plastic bag containing that site’s sample.


After our samples had been collected, we carried them back to Corvallis to be held until we took them to OSU to be analyzed by Neutron Activation Analysis. We recorded every step from the planning, to the collecting, to the results that were found by NAA.

Neutron Activation Analysis Description:


Neutron Activation Analysis (NAA) is how we were able to determine the amount of arsenic in the rock samples collected. NAA offers sensitivities that other methods cannot compare to offering multi-element qualitative and quantitative analysis. Although nuclear physics is a subject most people think is impossible for the average person to understand, it is a rather simple process.


When a neutron interacts with the target nucleus, a compound nucleus forms in an excited state. This happens because of the binding energy of the neutron with the nucleus. The compound nucleus will then almost instantaneously decay into a more stable form through the emission of one or more gamma rays. It will also produce a radioactive nucleus that also decays by emission of delayed gamma rays, at a rate according to the element’s half-life. Half lives can vary between milliseconds and thousands of years, depending on the element. The measurement of these half lives is the method to which our measurements were taken.


These measurements were taken using solid-state detectors and computerized data processing. Using this technique, instrumental neutron activation analysis, we were able to know how much of almost any element was in our samples. The irradiated samples were put into a case of lead brick, several bricks thick, and a detector was placed on top to count the amount of gamma rays striking it.


To calculate the concentration, in parts per million, in the unknown sample, a standard with a known amount of the target element was irradiated in the reactor with the unknown sample. The equation   
Results:

	
	Igneous
	Sedimentary

	Average
	87.419
	67.01


2002 Data

	Sample #
	Rock Type
	PPM

	5
	Sedimentary
	6.4

	21
	Igneous
	18.7

	34
	Igneous
	1.1

	51
	Sedimentary
	2.3

	56
	Igneous
	3.8

	66
	Igneous
	1.4

	70
	Igneous
	15.9

	71
	Sedimentary
	21.7

	76
	Sedimentary
	77.4

	83
	Sedimentary
	2.5


2003 Data

	Sample #
	Rock Type
	PPM

	1
	Sedimentary
	273.4

	2
	Sedimentary
	156.1

	3
	Sedimentary
	83.8

	4
	Sedimentary
	38.6

	5
	Sedimentary
	3.4

	6
	Igneous
	587.7

	7
	Igneous
	152.2

	8
	Igneous
	48.8

	9
	Igneous
	40.1

	10
	Igneous
	8.7
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As the graphs and charts show, the average amount of arsenic was higher in the igneous rocks than in the sedimentary. This was expected, as the sedimentary rocks have been exposed to the elements more than the igneous rocks. Many different amounts of arsenic were found in different rocks of the same type.


All our data was collected from the past year’s information, and one day spent in Sweet Home, Oregon, collecting some of our own samples. The weather conditions on this day were rainy, and about 40 degrees Fahrenheit. We collected our samples using rock hammers, and stored them in individual plastic bags until they were analyzed by NAA. Data was then received from the reactor, in parts per million.

Discussion:


In conclusion, my hypothesis was correct in saying that the igneous rocks would have a higher arsenic concentration than the sedimentary rocks. The combined data from 2002-2003 and our personal collections of rock samples indicate the igneous rocks had an average concentration of 87.419 parts per million. The sedimentary rocks had an average of 67.010 parts per million.


There is one probable reason for why these results were obtained. Because sedimentary rocks have been exposed to outside forces such as water, wind, fire, and gravity itself, the arsenic may have been absorbed from the rocks. The arsenic could easily be absorbed by water that may have been around the rock and removed from our spectrum of research. Because many, smaller sedimentary rocks add up to a bigger surface area than one solid slate of igneous rock, a large portion of lost arsenic could be from this area. Igneous rocks tend to be protected and are found in bigger chunks than their sedimentary counterparts, so more arsenic can be trapped inside the rock, protected from anything that would remove the arsenic from the rock.


Our analysis of the data leads us to conclude the arsenic problem in Sweet Home is very likely to be coming from areas with a large quantity of sedimentary rock. If we accept the theory that the arsenic on average is originally distributed evenly between igneous and sedimentary rocks, then the arsenic in the sedimentary rocks had to go somewhere. Either it underwent a chemical reaction and changed form, or it was washed away by some outside force, such as water. Considering unusual levels of arsenic has been found in the groundwater, it can be concluded that the arsenic is being leeched from the sedimentary rocks into the water underground and in the creeks themselves.


To verify this theory though, much more time needs to be dedicated to the project. Multiple sample analysis from the same spot at different times need to be taken to see if the elements washing away the arsenic are responsible for the problem. Many more samples would have to be taken to assist the accuracy of the data, considering the data represented completely different ends of the chart. Some samples were shown to have as little as one or two parts per million, a completely harmless amount. Other samples, however, showed levels of arsenic that would worry anyone with a general knowledge of the poisonous element. Research about the volcanic activity around the area might have been helpful, to determine when and where the rock originally came from. More samples over a longer amount of time is the main and most vital way improve upon this experiment.


The next step for this research project would be to continue collecting samples and to determine what the difference is between the rock samples that have a large gap in arsenic concentration. Hopefully, if more samples were collected, a more consistent arsenic amount would be found in the two types of rocks. Research into disruptive activities in the area, such as construction or floods in the past hundred years, should also be considered to determine where and how the arsenic has been removed, or even placed by unnatural sources.
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