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ABSTRACT
In 2001 high concentrations of arsenic were discovered in fossilized wood near Sweet Home, Oregon.  Arsenic is found naturally in the upper crust of the soil in this area, as shown in previous sampling.  The average arsenic concentration for the Sweet Home area is 1.2 parts per million (ppm).  However, in 2001, arsenic was found in soil samples near Sweet Home at levels between 20-100 ppm.  Since that time, science classes at Crescent Valley High School in Corvallis, Oregon, have participated in numerous projects that focus on this issue.  The data collected has verified that there is an high arsenic content in and around the city of Sweet Home, Oregon.  

Based the information gathered by previous Crescent Valley classes, our student group from Mr. Kirsch’s physics class selected a question that had not previously been researched.  In 2002, one of the conclusions reached was that pressure-treated wood in the ground appears to contaminate adjacent soil (112.6 ppm vs. 3.9 ppm) (Kirsch’s Web Site).  Our team choose this question:  “How does the presence or absence of water in the soil affect the concentration of arsenic which leaches from a piece of pressure treated wood that is buried in the soil?”  We were interested in learning if water promoted the process of leeching more arsenic out of the piece of treated lumber.  We proposed to compare arsenic levels in moist soil and dry soil.  As a group we created an experiment comparing two tubs of soil that had pieces of pressure treated wood partially buried.  One was given water regularly while the other wasn’t.  The experiment lasted for 4 weeks and then we sent our samples to the Oregon State University Radiation Center. We postulated that the results would show that water affected the concentration of arsenic the soil surrounding the pressure treated wood. Our results, however, did not give a clear answer. This experiment should definitely be continued on in the near future because I believe that this experiment could provide information that the public would be able to use. 
INTRODUCTION

The goal of this project was to find out how water affects the concentration of arsenic over a certain distance from a piece of pressure treated wood, buried in the soil.  From previous group’s experiments, we knew that pressure treated wood contains arsenic and somehow the arsenic is transferred from the wood to the soil when it is placed in the ground. (Kirsch 2003) What we didn’t know was the rate at which this exchange or escape occurs and if water affects this rate. We knew we could find this rate by measuring the concentration of arsenic in the soil at various distances from the treated wood. By regularly pouring water on the soil surrounding pressure treated wood we set up a condition for analysis of leached arsenic. 


Since this question had not been previously studied by Crescent Valley students, we decided to set up an experiment designed to give new answers.  We collected samples regularly, and analyzed the samples using neutron activation analysis at the OSU reactor. (Kirsch 2003) With this information we were able to characterize the spread of arsenic due to water.

This study was performed in order to know two things: If water in the soil affects the concentration of arsenic over a certain distance, and if this concentration changes with passing time, what the rate of spread of arsenic? This information could be useful in many different ways.


“Arsenic has been recognized as a human poison since ancient times. Arsenic is a highly toxic, naturally occurring grayish-white metal-like material. Inorganic arsenic is created when elemental arsenic combines with oxygen, chlorine or sulfur. Inorganic arsenic has been used as a poison in pesticides and herbicides, and is still used in making CCA pressure treated wood, an extremely toxic poison.” (Martin, 2002) “CCA wood, also called pressure treated wood - is the green-tinged lumber sold in almost every home center and lumberyard in America. It has the indisputable benefit of being highly resistant to rot and insects. The lumber is treated with a pressurized solution containing Copper, Chromates and Arsenic, hence the name CCA lumber. It is sometimes sold under the brand name "Wolmanized" Lumber.” (Martin, 2002) This study was performed because the widespread usage of treated wood has raised questions about the potential risks associated with human exposure and environmental contamination. “In particular, CCA-treated lumbers used to construct raised garden beds have often been a source of concern for homeowners growing vegetables in those beds. The worry is due to lack of information regarding crop uptake of the elements in CCA, (i.e. copper, chromium, and Arsenic), which may leach from the wood into the garden soil.” (Alamgir, 2001) The possibility of arsenic leaching from the wood into the garden could be a serious health risk.  We want to know is if water will affect the leaching rate.


There have been other experiments just like ours, except their experiments did not involve water as a factor. The factors on the other experiments were: total As (ppm), distance from wood, and soil type. The objective of their experiment was to answer some of the questions that are often raised by homeowners about the safety of using CCA-treated wood for vegetable garden beds. (Alamgir, 2001) 

From these past studies, the distribution study confirms that CCA-treated wood in raised garden beds does leach Arsenic. Figure 1 shows that highest concentrations of Arsenic occur 0-1 inch from the treated wood, with a steady decline in concentration at greater distances. Greatest variability in Arsenic concentrations occurred at 0-1 inch from the wood. Arsenic concentrations differed significantly at different distances from the treated wood. Differences among individual beds were also significant. The results clearly show that the trend of high Arsenic concentration close to the wood and a decrease in concentration further away from the wood is consistent in all six sites. (Alamgir, 2001)


This other experiment was very interesting and could be a good resource for someone that was studying if different kinds of soil affected the concentration of arsenic from a piece of treated lumber. This study was taken on sites that had been stationary for 10 years. One thing we could say from their experiment is that it can be suggested to grow plants at least 15 inches away from the treated wood in raised garden beds to reduce accumulation of Arsenic in crops. (Alamgir, 2001)


I believe that our results will be very useful to community members who aren’t scientists. For example if we found that water did affect the concentration of the soil, and that it made more Arsenic leach into the soil, this would be very helpful. This would allow people to know that if Arsenic affected their plants in a negative way that they should plant gardens or waterbeds away from beds with treated lumber.

In my hypothesis, I expect to see a minor difference in the concentration between the beginning sample and the end sample. I believe that water will affects the concentration of Arsenic over a certain distance from a piece of pressure treated wood, buried in the soil. I think that water will raise the concentration level slightly.

Methods and Materials

Collect materials - The first step in setting up this lab is collecting the materials. You will need two tubs that are approximately 3 feet by 2 feet and about 6 inches tall. The volume should be around 12 gallons. Next, gather or buy topsoil. Make sure this soil is the same type, and if not mix it together thoroughly because you will be filling two tubs full with it. The total amount of soil needed will equal about 3 cubic feet. Next, acquire or buy a piece of treated wood. The size of the wood does not matter as long as you are able to cut it into 8 equal pieces. These pieces should be about 1inch by 1inch and about 1 foot long. The last material you will need will be a watering bucket. 
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Set aside original samples - An important part of this research will be to collect the original samples, before the pressure treated wood has contaminated any of the soil. These will be essential in the comparison between the beginning and end stages.

Set up experiment –Before the preparation, place the two plastic tubs by each other in an indoor space away from any possible unwanted water exposure. The preparation will start out with filling the two tubs with the soil. The soil should come to about an inch from the top. Next, dig 4 small holes in each tub. These should be evenly lined across the tub. Insert the 8 pieces of treated wood directly into the holes in the tub. Refill the holes to make the top surface smooth. Your two experiments should now be ready. 

Perform experiment – This experiment will take place in the following order. The first step will be to take the original sample. This should be taken from both tubs to provide the most accurate results. Next you will be allowed to add the water. Remember to only add water to one of the containers. In order to remember which tub is given water, stick a sticker on it that says “water”. Water will be added to the container twice a week. These two times should be spaced equally apart from each other. For example, you might try watering on Mondays and Thursdays. Don’t worry about needing to drain the water from the tubs, because it should be distributed evenly and also will dry as time passes. The amount of water that will be added is ½ of a gallon. This water should be spread equally across the 4 pieces of treated lumber. So the total amount of water added within the week should equal 1 gallon. 

The second part of the experiment will be taking the samples. These should be taken once a week. They should also be taken regularly and before a watering session, in order to avoid extra mass such as the water in the test. There will be 2 samples taken per week. One sample will be from the tub with water added to it and the other from the tub that is not given water. To prevent any inaccuracies from the sampling, take a little bit of soil from each piece of treated lumber. The samples should be taken about a centimeter from each piece of wood and then added together. For the second sample, do the same thing with the other tub. These samples should be about the size of a forth of a cup, and should be taken about near the surface of the soil. In addition, because the samples will make small holes in the surface of the soil, rotate around the pieces of wood when taking the samples. This experiment will occur for 4 weeks.  

Collecting Data- These samples will be used to determine the concentration of arsenic in the soil. They will be taken to the OSU reactor where they will use neutron activation analysis. This data will then be recorded and graphed. 

Data and Observations- With this data we will be able to classify and calculate the data needed to figure out if water does or does not affect the concentration of arsenic in soil. We will be able to compare the two experiments.

	Materials
	Provider

	2 Large Tubs
	The instructor

	2 Pieces of Treated Wood
	The instructor

	Soil
	The instructor

	A Water Pitcher
	The instructor


 NEUTRON ACTIVATION ANALYSIS DESCRIPTION

Neutron activation analysis, NAA, is a nuclear technique used to very accurately determine the concentration of elements in a sample. The particular advantage of this technique is that it does not destroy the sample. (Wikipedia)  NAA measures the concentration of a large number of elements in a single sample and can be applied to the analysis of a wide variety of sample types. NAA involves exposing the sample (along with prepared standards and appropriate quality control materials) to a field of neutrons. This exposure causes most of the elements within the sample to become radioactive. The energy of the radioactive emission allows identification of the elements and the intensity of emission is proportional to the mass of that element.

In the Sweet Home Project, Neutron Activation Analysis was used to measure the parts per million of arsenic in the samples gathered by students. Although students were not involved with the NAA process, they visited the Oregon State University’s Radiation Center and watched part of the process. Specialists at the radiation center performed the real irradiation process. High School students did participate in the counting process, however. From the process of NAA, our class was able to continue with our research and make conclusions about the data.

The Process: NAA involves exposing the sample to a field of neutrons. This exposure causes most of the elements within the sample to become radioactive. The energy of the radioactive emissions is proportional to the mass of that element.
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Pictured above to the left is an incident neutron particle within the nuclear reactor’s rotation specimen rack. Second to the left is a simple target nucleus, also within the nuclear reactor’s specimen rack. Once the reactor is activated and reaches 240kw, the incident neutron that is excited interacts with the simple target nucleus through non-elastic collision. They form an excited compound nucleus, which, for balance and stability, will immediately emit “prompt” gamma rays characteristic to its chemical composition. Once the prompt gamma ray particle leaves, a “radioactive Nucleus” is formed out of the unstable compound nucleus. The unstable radioactive nucleus then emits a delayed gamma ray specific to its chemical composition and a beta particle at a slower rate in order to decay; such half-lives last a wide range of time. The delayed gamma rays are usually the ones measured by NAA as their slow decay time allows for placement in a high purity detector, with a computer analyzer, located outside of the reactor. After emitting those particles the radioactive nucleus returns to it original balanced status. (INAA process summary)


Until the analysis from the computer, all of the above steps are not very useful. From the computer analysis, which is a program that counts samples, we can interpret each sample by looking at the peak area surrounding a particular gamma ray magnitude. The computer analyzes the gamma ray spectrum to determine the elements composition. After that, the reactor will prepare reports and send them back to the people.

RESULTS

The results show that over a four week period, that water does not affect the concentration of arsenic over a certain distance from a piece of pressure treated wood, buried in the soil. The results given back to my group from the reactor did not match my hypothesis earlier stated. Instead, the values waver between weeks. There were many outliers in the results. If perhaps we would just examine the first three weeks of the experiment and classify the last week as an outlier, the results would show that water does affect the transfer of arsenic into the soil making it have a higher concentration.
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DISCUSSSION

According to our data, we did not find a clear answer to our question. However, in my hypothesis I supposed that the difference in the concentration would not be noticeable at this stage of time. I felt that the experiment would need to be longer; maybe a yearlong experiment to get noticeable and clear results. In our case, the results do not suggest that water affects the concentration of arsenic. In our case it made the concentration increase and decrease. 


We received these results because of many things. One item was that our timeline was not long enough. In other research online about our topic, researches gave 1-10 years for their results. (Alamgir, 2001) We also received these results because there is error that was definitely present. I may have made mistakes while taking the samples and I know this is possible because my mother says that nobody is perfect.


Some other conclusions that could be made are that the leeching rate of arsenic is slower than other substances. We can also conclude that perhaps proteins will degrade over time thus causing the results to be altered while using arsenic.


My advise for a future class is that if you are testing something with time that you must start early in order to have better and a wide range of results. To improve our project it might have been beneficial to have more time because I would like to test the soil again to receive an average between my results thus making it more correct.  The information is very valuable so it would be a good idea to continue on the testing. Because it rains a lot in Oregon and people have gardens it would be important to test how far away treated lumber spreads. This would be important so people could know what a safe distance it is to plant radishes, carrots, etc so they won’t be digesting the arsenic.


There is so much that could be continued with this experiment. Because our results did not turn out as expected, I still have a lot of questions about our topic. One question that has been on my mind is when the Arsenic leeches out into the soil, that maybe it stays in the water and does not diffuse into the soil. If our study were to be continued it would be logical to start out where we left off. 
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