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Abstract: 


	The carcinogen and toxic poison Arsenic has been found in abnormally 


	high concentrations around Sweet Home, Oregon.  One possible method 


	for reducing the high levels of Arsenic is through the relatively new 


	method of bioremediation.  Bioremediation is the process by which a 


	biological organism solves an environmental problems.  Many organisms 


	have been discovered to have the ability to bioremediate, including worms, 	bacteria, and plants.  One type of plant, the Chinese brake fern, has been 


	known to absorb startling amounts of arsenic with harm to itself.  Based 


	on this discovery, this study was conducted to determine if another type 


	of the fern, the sword fern, which commonly grows in Sweet Home, 


	Oregon, also has the ability to bioremediate.  The investigation was focused


	 more on determining if a correlation existed between the arsenic levels in the 


	fern and the arsenic levels in the soil surrounding it.  Soil and fern samples 


	were collected from two sites of high, medium, and low arsenic.  These 


	samples were irradiated using Neutron Activation Analysis, and the results 


	were examined.  No correlation was found, but other conclusions were drawn 	from this study.  





Introduction:  


	The goal of this study was to compare arsenic levels in the soil and arsenic concentrations in sword ferns growing in Sweet Home, Oregon, through an investigation of the question what correlation, if any, was there between arsenic levels in the soil and arsenic levels in sword ferns growing in Sweet Home, Oregon.  This was accomplished through the use of the nuclear reactor at Oregon State University; samples of sword ferns and the soil around it taken from areas of high, medium, and low arsenic levels were prepared and analyzed using Neutron Activation Analysis.


	This study was done with the original intent of determining if there are plants in Sweet Home, Oregon that could bioremediate the soil and reduce arsenic levels.  An interesting and environmentally safe way to reduce arsenic levels would be through bioremediation.  Bioremediation is the process by which an biological organism solves a environmental problem (Yu, 2003).  There are some biological organisms, such as some kinds of bacteria, fungi, plants, and animals, that perform bioremediation naturally.  For example, scientists have discovered that the bacterium, Anthrobacteria, can be used to clean soil of pesticide residue (Yu, 2003).  Also, the White Hot Fungi has been discovered as being very effective at bioremediating soil of a wide range of soil pollutants (Yu, 2003).  Although some organisms have been discovered to bioremediate naturally, much of the research and information regarding bioremediation is connected to genetically engineered organisms.  Bioremediation with genetically engineered organisms can clean up pollutants from the air, soil, and water (Shmaefasky).  


	Although bioremediation is relatively new, it has been successfully used in the past.  Bioremediation has been used at more than 400 cleanup sites in the United States (Shmaefasky).  One case where bioremediation was used successfully was for the crude oil spill in Minnesota.  In 1979 in Bemidiji, Minnesota, an oil spill occurred when a pipeline carrying crude oil suddenly exploded.  An enormous amount of oil was spilled and due to this, there was a rapid release of toxic chemicals.  Bioremediation occurred naturally over a couple of years as the microbial population worked to stop the contaminated ground water (Yu, 2003).   


	Bioremediation has many advantages, for example, the use of bioremediation decreases the amount of exposure of a worker to a harmful contaminant, it can be done on site with a minimal use of space and equipment, and it is one of the cheapest methods for removing harmful materials (Yu, 2003).  In fact, Bioremediation can be about 80 to 90 percent cheaper than other clean up techniques (Shmaefasky).  Bioremediation is also advantageous because it utilizes natural processes and instead of moving the harmful material from one area to another, bioremediation transforms the contaminant.  However, despite these advantages, there are also some potential problems and disadvantages to bioremediation.  They include issues such as it is unknown how long it takes for materials to be bioremediated and these things can vary from site to site, and another concern is that not all organic compounds are biodegradable and therefore bioremediation cannot always be used (Yu, 2003).  


	However, due to some background research, bioremediation at first appeared to be a very promising method for reducing the high levels of arsenic in the soil around Sweet Home, Oregon.  Plants that bioremediate draw up the pollutant from the soil into their fronds and safely store the pollutant there until the plant is harvested.  Also, some background research uncovered the discovery regarding brake ferns reducing arsenic levels in soil.  According to Mark Cheater of National Wildlife, "Scientists recently learned that brake ferns can absorb arsenic from contaminated soil and accumulate the deadly substance in their fronds without any harm to the plant (Cheater, 2001)."  The brake fern, whose scientific name is Pteris vittata, was discovered to take up extraordinary amounts of arsenic and still thrive at the University of Florida in 2001 by a group of scientists lead by Dr. Lena Ma.  According to Dr. Lena Ma, "It looks lush green," and she also commented that "when I take people to my greenhouse to look at a fern with 8,000 parts per million of arsenic, they can't image it's toxic waste (Donn, 2001)." There are many other virtues of brake ferns as well, such as the fact that they are hardy, they grow quickly, and they are easy to propagate.  Due to this research, the focus of this study centered on ferns.    From the background research, it became apparent that there are many, many different types of ferns.  However, the three most common types are the bracken fern, the sword fern, and the oak fern (Pojar, 1994).  The sword fern was chosen to become the focus of this project because sword ferns are very common in Sweet Home, Oregon.    


	For this study it was hypothesized that a correlation between the arsenic levels in the fern and in the soil around it.  If this was true, then the correlation will indicate that the fern absorbs some of the arsenic from the soil, and therefore reduces the arsenic level in the soil.  This was a plausible hypothesis because the brake fern is known for being able to absorb arsenic (Donn, 2001).  Since brake ferns have the ability to bioremediate its surrounding soil and take up arsenic, then perhaps there are other ferns who are able to bioremediate as well.  Since plants absorbed many of the things that are in the soil that surround it, it seems that as they absorb the other things in the soil, they would also absorb the arsenic in the soil.  Utilizing pumps is one technique for cleaning, and plants act like a pump when they absorb things through there roots (1997).  Also, plants can develop a tolerance for metals over time.  This is their way of adapting, and it is now believed that the metal absorbed into the plants is helping to keep certain insects and fungal diseases from eating their leaves.  One type of plant that comfortably grew in metal enriched soil was the wild herb Alpine pennycress, which is also known as Thlaspi caerulescens.  The wild herb Alpine pennycress flourished in zinc and nickel rich soils (1997).  Possibly some of the ferns in Sweet Home, Oregon have also adapted to the arsenic in the level, like some plants have adapted to high levels of metal around them.  Since these ferns have been growing in Sweet Home, Oregon, for quite a while, and Sweet Home, Oregon, has been having this arsenic problem for quite a while, there has been time for the ferns to adapt to the high arsenic levels in the soil.  One way the ferns adapt to the high arsenic levels is to draw it up and contain it in the plant itself.  Therefore, I think the correlation we find will suggest that the fern might be absorbing some of the arsenic from the soil into itself and therefore slowly and minutely reducing the arsenic level in the soil.  





Methods: 


	To perform this study, the following list of materials will be needed: 


maps of Sweet Home: provided by school and student


GPS: provided by school


scissors: provided by student


plastic bags: provided by student 


trowel or other such scooping device: provided by school


rulers: provided by student 


plant identification book: provided by school 


petri dishes: provided by school


latex gloves: provided by school


mortar and pestle: provided by school


dryer: provided by school


nuclear reactor: provided by Oregon State University





	The first task was to determine type of fern this study will focus on.  This was done by examining past studies and completing additional investigations to determine a specific fern that is commonly found in Sweet Home, Oregon.  The final type of fern chosen for this study was the sword fern.  After the type of fern for this study was chosen, the next task consisted of choosing the areas from which to collect samples.  The original proposal called for fifteen sample sites total: five areas of high arsenic, five areas of medium arsenic, and five areas of low arsenic.  However, upon receiving new information and limitations, it became clear that our total number of sample sites would have to be reduced to six: two areas of high arsenic, two areas of medium arsenic, and two areas of low arsenic.  These six sites were determined with the help of various maps of Sweet Home and old information from past groups.  Upon looking back at old information from previous studies, two sites of high arsenic levels, two sites of medium arsenic levels, and two sites of low arsenic levels were determined for use in this study.  These six sites were mostly picked for their accessibility and their probability of containing sword ferns.  After the six sites were picked, a trip to Sweet Home was taken and samples were collected.  


	After reaching one of the sites in Sweet Home, a fern sample and a soil sample were both collected.  To collect samples from the fern, scissors were used to collect two leaves from the sword fern, and these two leaves were taken from opposite sides of the fern.  Taking a whole leaf of the fern will insure us that the sample is an average of the arsenic level in the plant.  Then we placed this fern sample in a plastic bag.  Next at this same site we also collected a soil sample.  The soil samples were collected within a one foot radius of the plant, and to do this a trowel was used.  To collect the soil samples the trowel was used to dig fifteen centimeters below the surface of the soil, and large scoops of soil was then collected and placed in a plastic bag.  This was the soil sample, and the soil sample was obtained fifteen centimeters deep to ensure that the soil sample accurately represented the soil and the soil content that the fern resides in.  Once we had filled a plastic bag will soil from the one foot radius of the fern, we will mix the bag up.  This will ensure that we have a homogenous sample of the soil surrounding the sword fern.  


	After the samples were collected, they were prepared to be sent to the nuclear reactor at Oregon State University for Neutron Activation Analysis.  To first step in sample preparation was to dry the samples.  Latex gloves were required and donned from the beginning; this is very important because the chemicals on a person's bare hands could contaminate the sample and make the analysis inadequate.  After the latex gloves were donned,a sample of the soil is placed on a petri dish and clearly label with a pen.  The plant samples had to washed thorough first to remove traces of mud or dirt.  Next they were also placed in a labeled petri dish.  The masses of these "wet" samples were recorded; these samples are considered "wet" because they have not been dried yet.  These samples were then placed in the dryer to properly dry.  After the samples dried, their masses were recorded.  Next a mortar and pestle was used to ground up organic materials, such as the plant samples.  250 to 1,000 milligrams of a sample was placed into a special vial that was to be sent to the nuclear reactor.  The masses of these vials were carefully measured and recorded, and these vials were also very carefully labeled.  


	These samples were then taken to Oregon State University where they were irradiated and then analyzed using Neutron Activation Analysis.  After the samples were irradiated, they were placed into gamma ray detectors to determine the elements and other components in each sample.  After each sample had been analyzed, the results were announced and comparisons were made.  A correlation between the arsenic levels in the soil and in the fern was attempted to be found, and conclusions were drawn.  





Neutron Activation Analysis Description:  


	The analysis of the samples of this study is all done through Neutron Activation


Analysis or NAA.  Neutron Activation Analysis is done through the nuclear reactor at Oregon State University.  Oregon State University is one of about twenty university reactors in the United States which has a nuclear reactor, and due to this, it is frequently busy irradiating and analyzing samples for people and projects all over the country.  The nuclear reactor at Oregon State University uses Uranium-235 as its fuel, and since this reactor is only a university reactor instead of a reactor used for power, it has to replace its fuel on about every 72 years.  Besides fuel, a nuclear reactor in general needs a moderator.  A moderator slows down the neutrons, or otherwise they will be absorbed by the Uranium used as fuel.  Common moderators are graphite, H2O (light water), and D2O (heavy water).  The nuclear reactor at Oregon State University basically makes and uses neutrons to analyze samples, hence the name Neutron Activation Analysis.  As the samples go into the reactor, they become exposed to the neutrons, and when a neutron hits the nucleus of the samples, particles are emitted and an analysis can be made.  Boron is used to help control the nuclear reactions by absorbing neutrons that are shot out during a nuclear reaction.  The boron resides in long tubes that are along the outside of the nuclear reactor.  The nuclear reactor is also encased in graphite.  The graphite also absorbs any stray neutrons.  


	During Neutron Activation Analysis a neutron gets excited and starts to run around very quickly.  Eventually it runs into a target nucleus.  The target nucleus then becomes a compound nucleus because the neutron has joined in.  However, the nucleus is unstable and so a particle has to be emitted.  Generally this is a beta particle accompanied by a gamma ray.  The residual nucleus is the nucleus that is left over.  An example of this is arsenic.  When a neutron runs into an Arsenic-75 nucleus, the emitted particle is a gamma ray, and the residual nucleus is is Selenium-76.   The following is a pictorial example of this process.  





�





The emitted particle and gamma ray are used to analyze the sample, and scientists using Neutron Activation Analysis are looking for the particle emission and the gamma rays released as energy.  


	As the gamma ray is released, it reacts with matter and there are three possible interactions.  The first is the Photoelectric Effect, which is when a low energy gamma ray ejects an electron from its orbit.  The second type of interaction is the Compton Effect, which is when the gamma ray ejects an electron and scatters with lower energy.  Another type of interaction is the Pair Production in which higher energy gamma rays (such as gamma rays with an energy greater than 1.02 MeV) produces positrons and electrons when interacting with atomic electrons and these particles are emitted at 180 degrees of each other (interview: E. Schutfort, personal communication, December 2, 2003).  


	Neutron Activation Analysis is an analytical technique that examines the gamma rays released and can determine the major, minor, and trace elements in the compositions of samples.  Some of the sample characteristics Neutron Activation Analysis is hindered by is the mass of a sample, the size of a sample, the physical form of a sample (gas is generally harder and can present more of a problem then solids), and the chemical form of a solid.  Once a sample has been placed in a nuclear reactor, the reactor spins.  This is done so that the samples are given equal amounts of radiation because not all the fuel slots are filled with radioactive fuel.  After the sample has been irradiated in the reactor it is left alone to cool for awhile before it is moved to the counting room.  In the counting room there are four gamma ray detectors hooked up to one main computer which counts the gamma rays being released.  The computer runs a program written by Dr. Schutfort, and during this process, the computer counts the activity of the samples graphs them into bell curves.  As the graphing continues a background begins to develop.  This background is the background elements that is present in most things and does not present new analysis.  This background looks similar to a horizontal line.  As the graphing continues, peaks begin to develop.  These peaks stand out against the background.  These peaks contain greater concentrations of elements, and these peaks can be used to analyze and determine what a sample is composed of.  By clicking on the peaks, information is given regarding the peak, such as what the peak is composed of.  Through this, the composition of a sample can be known.  However, before the composition of a sample can be known, it must be run against a standard.  A standard has a known activity and a known mass.  Using this standard against a sample of a known mass, then the concentration of the sample can be calculated and, therefore, its composition known.  Dr. Schutfort has set the computer so that each batch of samples takes approximately thirty minutes to count.  However, the computer program could count longer, and it also has the option of counting for a shorter period of time.  However, the percent error with a shorter period of time is greater because the overall number of counts is lower.  The longer the time that is given for counting reduces the percent error; however, it is important to realize that time is often limited.  Therefore, the time period of one count varies depending on how much percent error can be tolerated.  At the end of each count the program automatically saves it and four more samples are placed in the four detectors to be counted and the process starts again.    





Results:  


	


Sample Site�
Arsenic in Soil Sample�
Arsenic in Plant Sample�
�
High arsenic�
43.7 ppm�
0.3 ppm�
�
High arsenic�
36.7 ppm�
0.4 ppm�
�
Medium arsenic�
31.4 ppm�
negligible�
�
Medium arsenic�
8.1 ppm�
negligible�
�
Low arsenic�
Sample Lost�
negligible�
�
Low arsenic�
Sample Lost�
negligible�
�
�








After visiting Sweet Home and obtaining the samples, the samples were prepared and sent off to the nuclear reactor to be irradiated and analyzed.  The results of the analysis of the samples from the nuclear reactor are organized in the above table.  As it is apparent, some pieces of information are missing.  The soil samples from the areas of low arsenic did not make it to the nuclear reactor.  Also,  the plant samples from the medium arsenic levels and the low arsenic levels are considered negligible because the level of arsenic found in those samples was extremely low.  Also, as apparent from the numbers in the above table, the first medium arsenic level site appears to have a rather high level of arsenic in the soil; this affects the conclusions that can be drawn from this study.  It is also apparent from observing the table that in the high arsenic level sites as the arsenic level in the soil decreases, it appears that the arsenic level in the soil increases.  This is very peculiar, especially because in the medium arsenic level sites as the arsenic in the soil decreases, the arsenic level in the plant samples are so low that they are negligible.  


	To aid this study in drawing conclusions, the above graph of the data was drawn.  The above graph gives a clear, visual representation of the table and, therefore, of the results of this study.  It becomes apparent that the arsenic levels of soil samples in high level sites were very high, and the arsenic level of one medium level soil sample site also contained a high concentration of arsenic.  The second medium level soil sample site appears to be more correct.  This is most likely an error that occurred during the site selection process; most likely the maps and information from previous studies was misread or mislabeled.  Due to the graph, it is also very apparent that there was a much greater concentration of arsenic in the soil samples and not very much arsenic in the fern samples.  Also, it can be observed that as the arsenic levels in the soil samples decrease from the high arsenic level sites to the medium arsenic level sites, the arsenic levels in the plant samples first increase and then become so low that they are negligible.  It would have been interesting to have the results of the low level soil sample site to compare the results.





Discussion:  


	The goal of this study was to determine what correlation, if any, was there between the arsenic levels in the soil and arsenic levels in sword ferns growing in Sweet Home, Oregon.  It was hypothesized that a correlation would exist which would indicate that the sword fern was taking up small levels of the arsenic in the surrounding soil.  This was a plausible hypothesis due to background research.  Bioremediation is a useful method for cleaning up environment hazards, and it has been successfully used in the past.  Many types of organisms have been discovered to have the ability to bioremediate, including ferns.  Brake ferns were discovered in 2001 to take in arsenic by a team of scientist lead by Dr. Lena Ma, making them "the first plant ever found to 'hyper-accumulate' arsenic-- a carcinogenic trace element often used as an herbicide (2000)."  According to Dr. Lena Ma's research, arsenic in the brake ferns fronds have reached 22,630 parts per million, which means 2.3% of the plant was composed of arsenic  (2000).  Due to this, it seemed plausible that another type of fern would have similar qualities and also be able to take up some of the arsenic from its surrounding soil, and therefore, it was hypothesized that a clear correlation between the arsenic levels in sword ferns and the arsenic level in its surrounding soil did exist.  However, due to the results, it appears the hypothesis is incorrect.  It is difficult to find any correlation between the arsenic levels in the sword fern and the arsenic levels in the soil surrounding it.  This becomes very obvious from the graph shown above.  The arsenic level for the soil sample in the first high level site is very high while it is very low for the plant sample.  However, in the second high level arsenic site, the arsenic level in the soil sample decreased, the arsenic level in the plant increased by a little bit.  However, in the next group, the medium arsenic level sites, the arsenic level in the soil samples continued to decrease, but the arsenic levels in the plant samples became negligible.  It becomes quite apparent that there is no correlation between the arsenic levels in sword ferns growing in Sweet Home, Oregon, and the arsenic levels in the soil surrounding those ferns.  


	The results of the study was rather puzzling.  However, after further research, there are many reasons this study did not yield the expected results.  According to Dr. Erwin Schutfort organic materials, such as ferns, generally do not take in inorganic materials, such as arsenic (interview: E. Schutfort, personal communication, January 21, 2004).  He stated that the arsenic levels that were detected in the plant samples was most likely not due to the plants bioremediating.  Rather, Dr. Schutfort hypothesized that the arsenic detected was most likely from something similar to dust from the high arsenic soil blown onto the leaves of the plant.  This hypothesis is very plausible because only the high arsenic level sites where the soil seems to have a high concentration of arsenic yield plant samples with detectable levels of arsenic.  It would make sense that these arsenic readings are from dust from the high arsenic level soil, rather than from the plant taking in the arsenic.  This would also account for the other sites, the medium arsenic level site and the low arsenic level sites, which had negligible amounts of arsenic detected through Neutron Activation Analysis.  Negligible amounts of the arsenic was detected because the sword fern was not bioremediating and taking in arsenic.  Dr. Schutfort also performed some calculations which concluded that if the sword fern in the second high arsenic level site was bioremediating, then at the rate it is going, it would take it approximately 367 years to bioremediate the soil surrounding it to a safe level.  For these calculations, Dr. Schutfort divided the corresponding arsenic levels in the soil with the arsenic in the fern and found percentage p.  Next he subtracted the arsenic levels in the from from the corresponding arsenic levels in the soil and found a number, n.  He then used the number, n, to find the corresponding arsenic levels in the plant after one year by multiplying the percentage, p, found earlier to the number n, and this equals x.  Then he subtracted n from x and this is the new level of arsenic in the soil after one year.  He continued to do this, and after many calculations concluded that in about 367 years the level of arsenic in the soil would be down to a safe level.  Therefore, even if the sword fern was able to bioremediate and take in the arsenic, it would take too long for bioremediation with sword ferns in Sweet Home to be plausible method of reducing the levels of arsenic.  Also, according to David Salt, a biochemist who specializes in pollution-absorbing plants at Northern Arizona University, "She [Dr. Lena Ma] got incredibly lucky.  She happened to pick the fourteen and found one good one (Donn, 2001)."  Dr. Salt is speaking in reference to Dr. Lena Ma's discovery of the brake fern and its amazing ability to soak up arsenic.  Since the discovery was a rare,unexpected, and rather fortunate chance, it does not seem very plausible that another type of fern with the same incredible arsenic soaking abilities would be discovered soon.  Due to this, the conclusion drawn from this study is that there is no correlation between the arsenic levels in the soil and sword ferns in Sweet Home, Oregon.  The data collected that shows levels of arsenic in plant samples is most likely due to an external method rather than an internal method.  In other words, the arsenic detected was most likely not soaked up by the fern, but due to wind and dust the arsenic must have resided on the external parts of the fern.  This would also account for the results which showed that most of plant samples had negligible amounts of arsenic; this is because, as Dr. Schutfort mentioned, organic materials generally do not take in inorganic materials.     


	Aside from concluding that there is no correlation between the arsenic levels in the soil and the arsenic levels in sword ferns in Sweet Home, Oregon, several other conclusions were also made.  From this study it can be concluded that bioremediation with sword ferns in not plausible for Sweet Home, Oregon.  If sword ferns do bioremediate, it would take too long for the sword fern to bioremediate the arsenic in Sweet Home, Oregon.  Also, bioremediation with sword ferns does not seem to be possible method of reducing harmful arsenic levels since sword ferns do not appear to bioremediate and take up arsenic from its surrounding soil.  However, from background research, bioremediation is still one possible means of a solution for Sweet Home.  Other organisms, such as bacteria, also display the ability to bioremediate.  Also, the brake fern is a known plant which will bioremediate and take up large amounts of arsenic without any harm to itself.  The research regarding brake ferns and their astonishing ability to take up high levels of arsenic can still be used as one possible means of reducing the arsenic levels in Sweet Home.  


	There are many things that could have been done differently to make this study more efficient.  It would be important to check to make sure that the high arsenic level sites, medium level arsenic sites, and low arsenic level sites were indeed sites of those respective arsenic levels.  It would also have been helpful if all of the samples have been irradiated and analyzed because then more general conclusions could have been made.  It would also be important to realize the other factors for how arsenic could be detected in a plant sample.  Therefore next time when collecting samples, it would be helpful to note and observe the areas where the samples are coming from, such as if they are high traffic areas.  It is also very beneficial to talk to others, for example other groups conducting similar studies or even other scientist who can shed light and provide insightful information which can deter or lead the study in a new and more fruitful direction. 


	If this study was continued, there are many next steps that could be taken.  Bioremediation regarding different organisms other than plants could be investigated.  Other animals, such as worms, have been known to bioremediate, and bacteria is another known organism which has the ability to bioremediate.  Studies regarding those organisms might prove fruitful.  However, since the brake fern is known to bioremediate arsenic, an investigation regarding the plausibility of planting brake ferns in Sweet Home, Oregon, would prove to be interesting.  However, unlike many other types of ferns, brake ferns prefer the sun and sunny weather.  That could be a potential problem in Oregon.  Bioremediation offers many possible next steps for another investigation.   	 
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