I. Abstract:

This study revolves around the ongoing problem of arsenic-contaminated ground water found in Sweet Home, Oregon. 

Our study was designed to identify any relationships between the level of arsenic contamination and the conductivity of the soil. In this study we found a slight, but statistically significant (Spearman’s ρ = -0.697, p < 0.05), negative correlation between the arsenic content of soil and the conductivity of dry soil. However, we were only able to analyze a small number of samples, and we have concerns about the accuracy of some of our experimental procedures.  As a result, we believe more data needs to be collected to come to a more complete understanding of this relationship.

II. Introduction.

A. 
Background information.
This study is a part of a larger study being conducted by the science department at Crescent Valley High School with the help of Oregon State University’s professors and radiation center. Naturally occurring arsenic appears in two stable forms either with yellow or metallic gray color. There are many other forms, but they are not considered stable. Over the years, arsenic has been used for many things. It is usually poisonous to humans in doses larger than 65 mg, given over time or all at once, so arsenic has a history of being used as a poison. In the past arsenic was considered an “ideal” poison because a very small dose is deadly, and there was no way to detect arsenic poisoning. Today it is possible to detect arsenic using Neutron Activation Analysis (See methods). Arsenic has been used in the manufacture of glass to eliminate impurities in iron compounds that would cause the glass to have a greenish tint. Arsenic has also been used in pressure treated wood to protect the wood against insect damage. Arsenic has been used as a pesticide because of the toxic affect on living things. Fumes containing arsenic are toxic to humans. (Britannica)

Sweet Home has had a recurring problem with arsenic contaminated ground water. There have been some tests on the arsenic contamination in wells in the Sweet Home area, but the results are inconclusive. It is important to have a more accurate idea of how widespread the contamination is and if the arsenic concentration is changing over time, to determine if the contamination is getting worse over time and how large of an area is affected by the arsenic. The overall goal of this project is to find how or why the water of Sweet Home is being contaminated and what can be done to prevent it.

Because arsenic is poisonous to humans, the high arsenic concentrations found in Sweet Home and the surrounding area has the potential to be life threatening. Very little is currently known about the possible implications for the animals and people living in areas with such a high concentration of arsenic, although drinking arsenic contaminated water is known to be harmful, sometimes deadly. All the drinking water at Sweet Home is treated to remove the arsenic. However, the effects of a prolonged exposure to arsenic through soil and water are unknown.   

B.
Purpose of our experiment:

Our group’s objective is to determine characteristics of soils that have a known arsenic concentration to facilitate the development of a field test. Our goal is to determine whether the conductivity of soil with high arsenic content differs from the conductivity of similar soil types without arsenic. Pure arsenic has an electrical conductivity level of 30.03 1/mohm-cm (Oct. 15, 2003, www.scescape.net). Achieving our goal will help find a way of identifying soil that has a high level of arsenic without using a nuclear reactor. If we are unable to find a relationship between the conductivity of soil and arsenic concentration, other groups can use this information to develop different tests that might accomplish this goal.

We are unsure what the difference in the conductivity of soil with high arsenic content is compared to uncontaminated soil. If there is a substantial difference, testing the conductivity of soil in the field may help to determine if there is a high concentration of arsenic in the soil. 

At this point in time we are only looking at the conductivity of soil. However, this experiment could potentially lead to the development of a test to see if bedrock has a high arsenic content as well. Bedrock appears to have a higher content of arsenic than soil, and, in general, the elements in bedrock are more uniformly distributed throughout a sample. Therefore, it might be more feasible to test different types of bedrock with and without a high arsenic composition. Then, by identifying the type of bedrock one could predict the amount arsenic in the sample based on the conductivity of the bedrock. To do this we would need to develop an equation that takes the thickness of the sample of bedrock being tested and the conductivity of that type of bedrock into account. 

C. 
Hypothesis:
Our hypothesis is that there would be a difference in the conductivity of soil with a high arsenic content as compared to soil without a noticeable arsenic content. We expected the dried soil to be less conductive compared to the conductivity after adding distilled water. We suspected that the differences in conductivity would be amplified after adding distilled water, and they would fall in the same relative order (the soil that has the lowest levels of conductivity would still have the lowest level of conductivity after water is added).

However, we believed it to be doubtful that, based on the conductivity of soil alone, we will be able to conclude whether or not there is a high probability that the soil has a high arsenic content. The reason we believed this was because there are numerous different substances that make up soil, all of which have different conductivities. For example, if the soil was composed largely of materials that conduct electricity well, the arsenic content will probably not be large enough to influence the conductivity significantly. The opposite is true also, if the soil is composed mainly of elements that do not conduct electricity well, the arsenic will probably not be an influencing factor.  However, it is also possible that arsenic is more commonly found with elements that are highly conductive or non-conductive. The conductivity of soil also changes depending on the water content, it is therefore difficult to judge how the arsenic content affects the conductivity of the soil. 

III. Methods and Materials:

Materials needed:

· Conductivity probe

· Distilled water (15 ml for each sample)

· Scale

· GPS unit

· Arsenic content and GPS coordinates from the Spring 2003 Sweet Home- Arsenic project

· Set of sieves

· Ten plastic containers

· Drying oven

· Thermometer

· Paper towels

· Ten soil samples collected from locations used in the Spring 2003 Sweet Home project

· Logger Pro program and equipment

· Zip lock bags

· Hand trowel

· Vials

· Soldering iron

· Dust-buster

· Mortar and pestle

With the assistance of a professor of wildlife ecology I collected ten soil samples from Sankey Park and along Ames Creek Road at the locations used in the spring 2003 project. Locations were located using the GPS system in Sweet Home on December 24, 2003.I estimated that the locations which I collected soil were within twenty meters of the points used in the Spring 2003 project. I collected about 750 milliliters of soil at each site using a hand trowel and placed it in a zip lock plastic bag. The soil was collected directly below the duff layer and any leaf litter was not collected. The soil was then stored in the bags until processed for drying. I labeled all of the samples before processing them. 

To prepare for the drying process, I loosely packed a portion of each soil sample into an individual 8 ounce plastic Tupperware container. Each container was then set in a drying oven on a paper towel labeled with the sample number. According to the thermometer placed in the oven, the oven temperature was 50° C. The samples were left in the oven for 24 hours. At 16, hours I took each sample out of the oven and crumbled the soil to prevent the samples from drying into hard clumps. After 24 hours, one of my partners and I took the samples out of the oven. We poured the soil samples through a series of sieves with mesh of different sizes placed over a paper towel. The top sieve had large holes that would filter out the rocks. Under that was another sieve, which collected the clumps of soil. The finer particles of soil would fall through both sieves and were used to measure the conductivity of the soil. If the amount of soil that fell through the mesh was less then 20.00 g, the larger clumps of soil found in the second sieve would be ground to a point where they could pass through the mesh, and then added to the other fine particles of soil. We used 20.00 g of soil, with an error of ± 0.02 g. 

The soil was then transported to school for analysis using a logger pro conductivity probe in conjunction with the logger pro computer software. Before collecting any data we calibrated the conductivity probe to distilled water as zero. The conductivity probe was set to read for levels of less then one thousand. We then proceeded to collect three measurements for each sample. The container the sample was in was shaken in an upright position vigorously to ensure the sample was well mixed. The lid was then taken off and the container tilted at an angle of 45° to allow the soil to collect in one area. The probe was inserted into the center of the area of soil at an angle parallel to the edge of the container, with the hole in the probe facing up, until the probe was covered with soil. The container was then gently moved from side to side to make sure the soil was inside the probe, and the conductivity was then measured by the computer. We decided to record the measurement after the reading had been constant for three to five seconds. After that, we took the probe out of the soil and the sample was shaken again and the following steps were repeated twice more for the same sample. Before using the probe to calculate the conductivity of a new sample, we removed any particles from previously used samples with a paper towel. We followed these procedures for all the samples. After the conductivity for all the dry samples had been recorded, we added fifteen milliliters of distilled water to each sample and repeated the steps using the wet samples.

We knew handling soil with a high arsenic content could cause rashes or other reactions, so we avoided direct contact with arsenic contaminated soil as much as possible. We were also careful not to swallow or otherwise ingest anything that may have come into contact with our samples, and washed our hands thoroughly after handling the samples

Neutron Activation Analysis:

To find the arsenic content in the soil, our class used the nuclear reactor at Oregon State University and used a process called Neutron Activation Analysis. This is a process where a small amount of the sample is placed in a nuclear reactor for several hours. During the time the sample is in the reactor, it is irradiated. When the nuclear reactor is operating, neutrons are released through fission. Some of the neutrons released run into the nucleus of the atoms in the sample, causing the atom to have more neutrons than the average atom. Changing the number of neutrons in an atom does not change what the element is. However, having the extra neutron and the energy that bound the neutron to the nucleus causes the atom to become unstable. The atom then decrease the amount of energy it has by releasing a gamma ray. Each element releases a slightly different gamma ray, so it is possible to measure the content of the sample by analyzing the proportion of gamma rays released by the sample. It is possible to compare the sample to standards that were irradiated at the same time. When the content of another sample is known before the sample is irradiated, the measures can be compared. This allows us to compare the levels of gamma rays released by the sample with a known content to the unknown content and the content of the unknown sample can be summarized by comparing the peaks left by the gamma rays. When looking between the peaks created by the gamma rays, there is a fairly consistent amount of gamma rays. This is known as “background noise” and is caused by the gamma rays that hit something, usually another atom, before being measured. This decreases the amount of energy the gamma ray has, so it is recorded having less energy then the original gamma ray that was released. It is also possible to use an equation to derive the content of the sample by using the data form the gamma ray peaks. 

We used the arsenic content data collected by Spring 2003 class as approximate values for our samples. To find the arsenic content, they used Neutron Activation Analysis as explained above. The samples were first dried in a drying oven and then ground using a mortar and pestle. The mass of a vial and the combined vial and soil sample were recorded. Between 250 and 1000 milligrams of the sample were placed in the vial, and all particles not belonging to the sample were removed using a dust-buster and the vials. The lids of the vials were sealed shut with a soldering iron. This was done to all the samples, and the samples were then sent to the reactor for irradiation and analysis.

Data Analysis:

We decided the most effective way to analyze the data would be to run a rank correlation test on the data. To do this we used the following equation, found in the book Practical Nonparametric Statistics on page 252:
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where ρ is the Spearman’s correlation  coefficient, R(Xi) is the rank of variable x, R(Yi) is the rank of variable y, and n is the number of samples.

To use this equation I input all the data into excel, and then found the mean for the conductivity of the soil with and without water. After ordering the data by conductivity, I gave each sample a rank from one to ten, one being the least and ten being the most, for both conductivity without water and conductivity with water. Then, using their rank, I used the above equation to calculate ρ. 

I subtracted the resulting number from 1, which gave a number between 1 and -1 to assess how much of a correlation our data showed. The closer ρ is to zero, the less of a correlation the data showed. Finally, we used Table A10 from the Practical Nonparametric Statistics book to discern whether or not the correlation was statistically significant. 

IV. Results:

Chart 1 includes the raw data we collected as well as the mean for the conductivity of the soil samples. Also included is the rank for each aspect measured. Chart 2 compares the means of conductivity to the arsenic content as well as the rank of each one. Looking at chart 2, the negative correlation between the dry sample conductivity and the arsenic content is apparent. When the arsenic content is rated one to ten, the conductivity of the dry soil samples generally proceeds from high to low.

Our data indicate that there was a statistically significant a negative correlation between the amount of arsenic in the sample and the conductivity of the soil. This indicates that, if the conductivity of the soil can be measured, there is a high probability that the amount of arsenic will be high if the conductivity of the soil is relatively low. If the conductivity is high there will be a relatively low amount of arsenic. Spearman’s ρ value was calculated to be -0.69697. According to Practical Nonparametric Statistics, this is statistically significant, and there is less then a 5 percent chance that this level of correlation would result from chance. Graph A compares the conductivity of the dry soil samples to the amount of arsenic in the soil samples. The trend line represents the correlation between the two. We derived the equation for this trend line to be y=-0.004x+13.778, where y is the conductivity of the dry soil sample and x is the arsenic content. 

There was no statistically significant correlation between the conductivity of soil with distilled water and arsenic. We found Spearman’s ρ to be -0.16364. A ρ value of 0 indicates no correlation, so there is almost no correlation between the conductivity of the wet soil samples and the arsenic content. Graph B compares the data we collected, the dashed line is the trend line for the data points. Because the line is almost horizontal this indicates a very small correlation. 

There was also no statistically significant correlation between the conductivity of the dry samples compared to the conductivity of the wet samples. We calculated Spearman’s ρ to be 0.30909. This shows more of a correlation then the conductivity of wet soil samples compared to the arsenic content, but not enough to be statistically significant. The data points are shown in graph C, the dashed trend line shows the correlation between the conductivity of the samples. [image: image2.emf]Graph A, Analyzing Negitive Correlation Between the Mein Conductivity and Arsenic Content of Dry Soil 
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 [image: image3.emf]Graph B, Compairinng the Conductivity of Wet Soil Samples to the Arsenic Content of the Samples.
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 [image: image4.emf]Graph C, Compairing Conductivity of Soil Samples When Wet to the Conductivity of the Soil Samples 
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	Chart 1
	
	Arsenic 
	 
	 
	Dry Sample Conductivity
	 
	Wet Sapmle Conductivity
	 

	sample
	site
	Concentration
	error
	rank
	1
	2
	3
	mean
	rank
	1
	2
	3
	mean
	rank

	46
	18
	41.9
	1.4
	6
	13.5
	13.51
	13.54
	13.517
	5
	45.7
	45.3
	44.9
	45.3
	1

	71
	27
	117.01
	2.8
	9
	13.61
	13.64
	13.65
	13.633
	6
	51.2
	51.3
	55.7
	52.733
	2

	25
	10
	0.52
	0.02
	2
	13.44
	13.47
	13.47
	13.46
	4
	54.1
	60.3
	64.7
	59.7
	3

	27
	11
	0.1
	0
	1
	13.89
	13.91
	13.9
	13.9
	9
	61.1
	63.1
	64.8
	63
	4

	74
	28
	142.02
	2.5
	10
	13.06
	13.01
	13.12
	13.063
	1
	72.2
	70
	71
	71.067
	5

	39
	15
	48.4
	1.1
	7
	13.33
	13.36
	13.41
	13.367
	3
	75.5
	79.8
	78.1
	77.8
	6

	54
	21
	97.3
	1.7
	8
	13.14
	13.2
	13.28
	13.207
	2
	83.4
	77.8
	80
	80.4
	7

	63
	23
	41.8
	1.1
	5
	13.69
	13.74
	13.74
	13.723
	7
	77.3
	81.7
	83
	80.667
	8

	29
	12
	1.14
	0.2
	3
	13.93
	13.93
	13.94
	13.933
	10
	85.4
	88.6
	88.4
	87.467
	9

	76
	30
	41.65
	1.8
	4
	13.8
	13.84
	13.87
	13.837
	8
	102.4
	97.9
	98.1
	99.467
	10


	Site number
	Arsenic concentration
	Mean for conductivity of dry soil samples
	Mean for conductivity of wet soil samples
	Rank of arsenic concentration
	Rank of dry soil conductivity 
	Rank of wet soil conductivity 

	11
	0.1
	13.9
	63
	1
	9
	4

	10
	0.52
	13.46
	59.7
	2
	4
	3

	12
	1.14
	13.933
	87.467
	3
	10
	9

	30
	41.65
	13.837
	99.467
	4
	8
	10

	23
	41.8
	13.723
	80.667
	5
	7
	8

	18
	41.9
	13.517
	45.3
	6
	5
	1

	15
	48.4
	13.367
	77.8
	7
	3
	6

	21
	97.3
	13.207
	80.4
	8
	2
	7

	27
	117.01
	13.633
	52.733
	9
	6
	2

	28
	142.02
	13.063
	71.067
	10
	1
	5


V. Discussion:

Given the data we collected, it is highly likely there is a negative correlation between the conductivity of soil and the amount of arsenic found in soil, which supports our hypothesis. Using the equation y=-0.004x+13.778 it would be possible to roughly predict the arsenic content of a soil sample. To come up with a more accurate equation, more data would need to be collected. None of our points are directly on the trend line shone on graph A, so we believe the equation would currently only work to roughly predict the arsenic content. 

However, we were surprised to find almost no correlation between the conductivity of wet soil compared to arsenic concentration as well as no almost no correlation between the conductivity of wet and dry soil samples. Out of all our hypotheses, we were the most confident that the latter would be a direct positive correlation. The absence of a correlation between the wet and dry conductivity levels indicates a possible error in our data. We think the distilled water should not have had as great of an effect on conductivity of the samples because there are no ions in distilled water. Even if the distilled water changed the conductivity of the soil samples, it should have done so in a uniformly, which still would have caused our data to show a direct correlation. 

One cause for the results our data gave us could include a real correlation between the conductivity of dry soil and the amount of arsenic found in the soil. Another possibility is our data was inaccurate. When we measured the conductivity of the dry soil we chose samples in a random order and recorded the data in that order. It should also be noted that when we measured the conductivity of the soil samples the conductivity showed a general trend of becoming greater over time. That is to say, the first sample we measured had the lowest conductivity and the last sample we measured had the highest levels of conductivity. We are not sure if this was a random occurrence or not, but we suspect it had something to do with the order in which we measured the samples. We did not think to re-test some of the early samples to see if our readings were consistent. It is possible there was a flaw in the tool we used to collect conductivity readings, or there was something in the system that caused the computer to miscalculate the conductivity. Also, we may have used the equipment incorrectly or misinterpreted what the computer was calculating. It is also possible that as we became more adept at using the conductivity probe we also began using the probe in such a way as to include more soil in the probe for the latter conductivity tests.  The numbers were relatively close together, so a small difference in the amount of soil could have had a large influence on the conductivity. If that was true, we only happened to test the samples in an order that had a statistically significant correlation to the arsenic content. 

Unfortunately, we did not record in which order we collected the data for the wet samples so it is impossible to tell if the same trend would have been seen for the wet sample data. We believe the conductivity readings for the wet samples may have been more accurate then the conductivity readings for the dry samples, although there was no statistically significant correlation to the arsenic content. Because the conductivity varied more it is less likely that a slight error in our conductivity readings influenced the data for the wet samples as much as in the dry samples. It is therefore possible that there is no correlation between the conductivity of dry soil and the arsenic content of the samples. 

To improve our project we could have taken more data using more soil samples. Also, we could have used more recent sample sites to ensure that the amount of arsenic in the soil was what we thought it was. It would have been helpful to collect the soil samples at the same time as the samples that were analyzed for arsenic content. Some studies show that the hand-held GPS devises can be up to twenty meters off in the coordinates. When I collected the samples for our group to analyze I was using a very accurate GPS device borrowed from Oregon State University, although we have no way of knowing how far off the initial coordinates were. We also encountered some difficulty because of cloud cover and under dense canopies and had to calculate from where the sample was taken. However, we do not think this was detrimental to the accuracy of our study because I was in the correct general location. I estimated that I was less then five meters off in my estimation of where the GPS coordinates were.  Also, soil type changes gradually so it is unlikely the arsenic content would vary greatly within a short distance.

We believe it is necessary for more data to be collected before any definite conclusions can be made. This is because we used a relatively small number of samples when we did our study, and not all of the results matched. The measures of the conductivity with and without water did not show a correlation, contrary to what we hypothesized. 

We experienced some difficulties before deciding to test for a correlation between arsenic and conductivity different concentrations of arsenic. Our project would have been carried out more effectively if my group had been more on top of things, and at times there were organizational problems. After reading information indicating that arsenic would combust when heated, our group intended to heat soil that contained varying amounts of arsenic. This reaction is, apparently, unique in the way the flames appear. We also read information suggesting that arsenic smells like garlic when this reaction takes place. However, we later found information indicating that breathing fumes with arsenic can be toxic to humans. Due to that as well as information identifying arsenic as having no smell, we became skeptical about the truth of the arsenic smelling like garlic. We then decided that, however interesting the results might be, we should choose a different topic. At that point we decided to compare the resistance of soil compared to the arsenic content. We ran into difficulties finding an accurate way to measure the resistance of the soil (all of the above are relevant for this study, we ended up substituting the conductivity probe for the multimeter). According to the first multimeter we attempted to use, the resistance of almost all the soil samples appeared to be greater than two million ohms, and we then tried using a different multimeter, and we had a greater level of success with that. However, we decided our results were not usable because of the variation in resistance. We recorded the highest and the lowest resistance over a period of ten seconds. The resistance fluctuated about ten ohms, an extreme fluctuation when taking into account the lowest resistance was ten ohms. We then decided to substitute the multimeter with a conductivity probe because we were able to get a stable reading using the conductivity probe.
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