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Abstract: 
This report concerns the study of the high levels of arsenic in Sweet Home, Oregon, performed by a group of students from the 2003-2004 Physics and Field Biology class of Crescent Valley High School.  The group’s study was focused on finding out if there was a relationship between the levels of arsenic in the soil compared to the density of horsetail in the surrounding area.  Their hypothesis was that the areas with a low density of horsetail had a higher level of arsenic in the soil because arsenic is poisonous to many plants.  In order to perform this study samples were taken along Ames Creek Road in Sweet Home, Oregon.  The samples were then prepared for analysis of arsenic levels using Instrumental Neutron Activation Analysis at the Oregon State nuclear reactor.  The results showed that the high density of horsetail contained high levels of arsenic, and the sites with low and medium density had lower levels, but the low density had a higher level than the medium density.  Based on the results it was concluded that horsetail lives in areas of high arsenic levels.  Although, this study needs to undergo more testing.   
Introduction: 


The goal of this study was to find if there was a relationship between the levels of arsenic in the soil compared to the density of horsetail in a specific area.  This study will take place in Sweet Home, Oregon, in the forest surrounding it.  


Our goals were to find patches of horsetail, each containing different densities of the plant; collect soil samples within these patches, and analyze the samples for levels of arsenic using the neutron activation analysis at the Oregon State University reactor.  By performing this experiment we wanted to determine if Horsetail can be used as an indicator of high arsenic levels in the soil it is in and around.  


Arsenic is a very toxic element, and it can be very harmful to humans if they ingest or absorb 65mg or more of it (“Arsenic,” 1996).  Horsetail contains about 0.12 ppm of arsenic in both the body of the plant and its roots (“Equisetum Hymemale L”).  This is a very low level of arsenic as in comparison to the Earth’s crust which is about 1.5 ppm, which is also very low (Emsley, 1999).  It is poisonous to many plants, but there are many aquatic plants that can survive in areas of high arsenic levels, and they can also help remove it (“Arsenic Removal”…,” 2003).   


“ Horsetail is part of the genus Equisetum family and it is related to ferns (Rook, 2002).  It is green, hollow, stands upright, and it has a cylindrical shaft that looks like it is jointed.  The leaves of Horsetail are very small, like pine needles.  Horsetail is common in Europe, Asia, and North America (Rook).  The habitat of horsetail is moist areas, such as meadows, along roadsides, ditches, stream banks, near swamps, and near railroad embankments (“Field Horsetail Scouringrush,” 2003),” Rob Schlegel.    


If there is a relationship between arsenic levels in the soil compared to the density of horsetail, then this information could be very helpful in many ways.  If horsetail is attracted to areas of high arsenic levels, then people looking for areas to build homes or wells would know to stay away from areas with horsetail.  It could also be helpful to farmers in helping them find safe areas to plant their crops.  This information could also help scientists because if horsetail is attracted to arsenic, then plants with similar characteristics to horsetail may also be attracted to it.  


This information could be helpful to the people of Sweet Home because arsenic is very poisonous, and over a long period of low exposure to it it can cause cancer in humans (“Arsenic,” 2002).  This could be very harmful to the people in Sweet Home because of the health risk of exposure to the arsenic.  If horsetail is attracted to soil that has a high level of arsenic, it would be useful information to the people of Sweet Home to avoid exposure to these areas because of the danger of it.    


Hypothesis: The prediction was that horsetail would not be able to survive in soil with high arsenic levels.  Arsenic is very strong and toxic to both plants and animals (“Arsenic,” 1996).  Since it is so toxic, horsetail probably isn’t able to survive in soil with high arsenic levels.  If there is an area with very high levels of arsenic, then the plant would absorb the arsenic, which would probably kill it.  So, it was expected to see a lower plant density in high-arsenic containing soils.  

Methods: 


First, we will find areas of horsetail, near a moist area, which may be near a roadside, ditch, or stream bank (“Field Horsetail Scouringrush,” 2003).  There will be six different research sites and three different kinds of research sites.  Two will contain a high density of horsetail, which is an average of six plants per square meter.  Two sites will have a moderate density, which is an average of one to five plants per square meter.  The last two sites will have a very contain almost no horsetail at all.  The soil in the sites with no horsetail must have the same conditions that of the soil that horsetail grows, which is wet and damp soil.  This is so our results will be accurate when we compare the soil samples from areas of high and moderate density to the soil of no horsetail.  We will take an estimated eye count to figure out how many plants will be in the one by one meter squared area.  This is the “visual estimation” method (“3 Vegetation,” 2003).  These classifications were based on personal observations of the plant in the wild.   

Process for collecting samples:
1) Travel to the region that samples are to be taken from.

2) Choose a site to gather soil samples from.

3) Identify each new site with a number, never reusing any numbers in the same experiment.  

For soil samples: use augur to drill into the ground and pull up soil, no deeper than 6 in.  
4) Place the collected sample in plastic bag and seal the bag.

5) Mark the plastic bag with the number of the site and a sample number.

6) Take a GPS reading at the location of the sample’s origin.

7) Record the sample’s site number, sample number, and GPS coordinates.

8) Repeat steps 4-8 for any number of samples from the current location.

10.)  Repeat steps 2-9 for any number of sites that for the region.  

Process for preparing soil samples:

1.) Transfer a sufficient (approx. 500g) amount of soil in a mortar and pestle.

2.) Grind any inconsistencies (clumps, small rocks) in the soil into a fine dust.  
3) When all plant samples have been ground up, place all of the petri-dishes in a drying oven set 105 degrees Celsius.


4) Allow drying to take place for a minimum of 48 hours.  
Once all of the plant, rock, and soil samples have completed the drying process, they must be placed in sealed vials for placement in the nuclear reactor 
(www.geocities.com/adam_kirsch/samplepreparationprocedureforINAA.htm, 2003).  

Each site will be a five by five meter grid.  Using the “line transect” method, each five by five meter grid will be divided into 25 sections, each having an area of one square meter. (Shelton, 1997).  To identify each section, each meter on the X-axis of the grid will be labeled A, B, C, D, and E, and each meter of the Y-axis grid will be labeled 1, 2, 3, 4, and 5 (Shelton).  Each section will have a letter/number coordinate, such as “B4.” We will use spray paint to show the lines separating each section.  Next to each section on the X-axis and Y-axis we will mark it with spray paint with A, B, C, etc. on the X-axis, and 1, 2, 3, etc.  on the Y-axis.     


Then, to find the amount of arsenic in the soil compared to the density of the horsetail in a specific area, we will take four random samples of soil from each five by five meter grid (Shelton).  Some samples will come from areas in the grid both near and far from the horsetail.  There must be at least one sample very near the plants of horsetail themselves.  We will put each sample in a plastic bag and it will be labeled with the letter/ number coordinate it came from.  There will be a total of 24 samples.  Then we will mix the four samples from each five by five meter grid together to get an average consistency of the soil.  So, we will then have a total of six soil samples.  Each sample will be of one cup and the soil will have been taken no farther than six inches from the surface.  The samples will be sent to Oregon State University where the soil will be tested for arsenic levels using the neuron activation analysis using their nuclear reactor.  Then, we will record the results of the arsenic levels in each sample and compare the number of plants per meter to the level of arsenic in the soil to draw a conclusion about our research.   

Materials Needed:

GPS consol: Supplier unknown

Meter Stick: Carol

Augur: Supplier Unknown

Ruler: A.J.  

24 Zip Lock Bags: Nolan

Measuring Cup for Soil Sampling: Rob

Spray Paint to Mark Grid Lines: A.J.  

Paper and Pen to Record Data: Nolan

Petri Dishes: Supplier Unknown

Mortar: Supplier Unknown

Pestle: Supplier Unknown


First, areas of horsetail needed to be found.  Horsetail lives near moist areas, which may be near a roadside, ditch, or stream bank (“Field Horsetail Scouringrush,” 2003).  There were three different research sites.  Each one was measured two yards by two yards.  The density of the horsetail was determined once the site was found.  The classifications for density were either high, medium, or low.  The scale that was used was high density had an average of six plants per square meter.  Medium density had an average of one to five plants per square meter.  Low density had almost no horsetail at all.  The soil in the site with low density had the same conditions as the soil in the sites with horsetail, which was wet and damp soil.  This was so the results would be accurate when they were compared to the other soil samples.  An estimated eye count was taken to figure out how many plants were in the two by two yard area.  This is the “visual estimation” method (“3 Vegetation” 2003).  The density at each site was recorded on the data sheets.  These classifications were based on personal observations of the plant in the wild.  

Process for collecting samples:
1.  Traveled to the region that samples were taken from.

2.  Choose a site to gather soil samples from.
3.  Identified each new site with a number, never reusing any numbers in the same experiment, for example, site 1, site 2, site 3, etc.   
For soil samples: used trowel to drill into the ground and pull up soil, no deeper than 3 in.  4.  Placed the collected sample in plastic bag and sealed the bag.
5.  Marked the plastic bag with the number of the site and a sample number.
6.  Took a GPS reading at the location of the sample’s origin.
7.  Recorded the sample’s site number, sample number, and GPS coordinates.
8.  Repeated steps 4-7 for any number of samples from the current location.
9.   Repeated steps 2-8 for any number of sites for that the region.  

Process for preparing soil samples:
1.  Transfered a sufficient (approx. 500g) amount of soil in a mortar and pestle.
2.  Grinded any inconsistencies (clumps, small rocks) in the soil into a fine dust.
3.  When all plant samples were ground up, placed all of the petri-dishes in a drying oven set 105 degrees Celsius.
4.  Allowed drying to take place for a minimum of 48 hours.
Once all of the soil samples have completed the drying process, they must were placed in sealed vials for placement in the nuclear reactor (www.geocities.com/adam_kirsch/samplepreparationprocedureforINAA.htm, 2003).  


To find the amount of arsenic in the soil compared to the density of the horsetail in a specific area, we four samples were taken at each site.  Each site was a two by two yard grid.  The points at which to take the samples from were measured 30 cm. towards the center of the grid from each corner of the grid.  At each of those points a sample was taken, and the soil was dug no deeper than three inches from the surface.  Then the four samples from each site were mixed together to get an average consistency of the soil from each site.  There were a total of three soil samples, one from each site.  Then one cup of soil was taken from each of the three sites and they were put into three different bags.  Each bag was labeled with the site number and sample number.  They were then prepared for drying, and then they were prepared to be sent to Oregon State University where the soil was tested for arsenic levels using the instrumental neutron activation analysis using their nuclear reactor.  Then, the results of the arsenic levels in each sample were recorded.  The arsenic results were compared to the density of the horsetail in the site it was from.  From here a conclusion was drawn about the investigation.  
Materials Needed:

GPS consol: School

Yard Stick: Carol

Trowel: School

Ruler: Carol

24 Zip Lock Bags: Carol

Measuring Cup for Soil Sampling: Carol

Data Sheets to Record Data: School

Petri Dishes: School

Mortar: School

Pestle: School

Nuetron Activation Analysis Description: 

To analyze the samples the vials of the samples are put into the core of the nuclear reactor using a fishing pole, which begins INAA (“Allen” 2003).  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.”  To start INAA the nucleus of the samples are bombarded with neutrons from the nuclear reactor.  There is then an elastic collision between the nucleus and the neutrons, which causes a compound nucleus to be formed.  This nucleus is excited.  Arsenic has a stable atomic mass of 75.  During neutron bombardment As-76 is created because a neutron is added to the nucleus, which becomes excited.  Since the nucleus is excited it is unstable and must become stable.  A gamma ray is emitted and the nucleus begins to decay.  Now the nucleus is radioactive so it emits delayed gamma rays and beta particles (“Rudolph” 2003).  
The samples are then taken from the reactor to be analyzed.  The half life of As-76 is 26.3 hours (“Rudolph” 2003).  The samples are then analyzed within three to four days because after eight days the radioactivity will start to go away, so it becomes undetectable (“Allen” 2003).  A gamma ray detector is used to analyze the elements in each sample.  A ‘bunker’ contains the detecting equipment, which is a super-cooled semi-conducting germanium crystal apparatus (“Rudolph” 2003).  Liquid nitrogen is spread over the detector to make the semi-conducting properties of the germanium greater and to make the error made by molecular movement of the crystal not as great (“Rudolph” 2003).  The sample emits gamma rays, and these rays go through the germanium crystal.  Each ray has a magnitude that creates voltage across the germanium crystal (“Rudolph” 2003).  Each gamma ray that goes through the crystal of the germanium excites electrons in the germanium.  That creates a voltage across the crystal.  The voltage is amplified by electronic equipment, and then is analyzed by a multi-channel processor (“Rudolph” 2003).  The data is sent to a computer, which is analyzed by the computer.  Then the data is graphed.  The x-axis represents the energy level the gamma rays are emitted at and the y-axis represents the number of counts of the gamma ray.  If a peak is created, that represents the number of counts of a gamma ray at a certain energy level, which is the amount of an element in that sample.  Counting the gamma rays happens during a “dead time” and a “live time” (“Rudolph” 2003).  “Live time” is when the computer is receiving and recording the data from the multi-channel processor (“Rudolph” 2003).  “Dead time” is when the data is plotted (“Rudolph” 2003).  

Then the amount of arsenic in the sample is calculated.  The first equation is used to determine the activity of the sample.  It is measured in gamma rays per unit time (“Allen” 2003).  The symbol, λ, is a constant that represents the half-life of the element being measured, which is measured is seconds.  The N represents the number of counts in the peak on the graph.  The symbols that are in brackets represent the decay of the element when it is analyzed, which is called the decay correction constant.  LT is the live time.  The mass is represented by m and is measured in kilograms.  The term, e^ λtdecay, represents the decay that has taken place between irradiation of the sample and the end of the analysis (“Allen” 2003).  

The second equation is used to figure out the amount of arsenic in the sample.  The activity of the sample is the first term.  The second term in the numerator represents the concentration of arsenic in the standard.  “A standard is used to compare the unknown concentration of a sample to a known concentration,” Allen.  This is helpful in finding the amount of error during the analysis.  The term, A    , represents the activity of the standard (“Allen” 2003).  
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Results: 


The horsetail that had a density of high had a high arsenic level in the soil compared to the crust average.  The low and medium sites had a lower level of arsenic, but their levels do not coincide with each other.  The site with low density had a higher arsenic level than the site with medium density.  Although, all of the sites had a higher level of arsenic than the crust average.  Characteristics about the sites were that the site with a density of high had rocky soil, partial shade, and blackberry and wild grass as surrounding vegetation.  The site with low density had rocky and muddy soil, full exposure to the sun, and a little bit of wild grass in the surrounding area.  The site with medium density had clay-like soil.  It had full exposure to the sun and there wasn’t much vegetation surrounding it except for some clovers.  

There weren’t any day to day observations related to this investigation.  The observations associated with this investigation were the results of the arsenic levels and the levels of other elements.  The activities associated with this investigation were collecting samples, preparing the samples for the nuclear reactor, sending them to the nuclear reactor, and then viewing the results of the arsenic levels in each sample.  There was an observation that was made about other elements in the samples.  The level of strontium in each sample was very high compared to the crust average.  (See graphs and tables).  
	Density
	Arsenic Level
	Strontium
	Sun
	Soil
	Vegetation

	High
	30.5ppm
	2543ppm
	Partial
	Rocky
	Blackberry/Wild Grass

	Medium
	2.8ppm
	1187ppm
	Full
	Muddy/Clay-like
	Small amount of clovers

	Low
	9.8ppm
	1048ppm
	Full
	Rocky/muddy
	Small amount of wild grass

	Crust Average
	1.5ppm
	370ppm
	
	
	

	
	
	
	
	Density
	GPS Coordinates

	
	
	
	
	High
	E523689 N4914357

	
	
	
	
	Medium
	E524144 N4913634

	
	
	
	
	Low
	E523694 N4914294


Discussion: 

According to the results the hypothesis is wrong.  The area with a high density of horsetail had a higher arsenic level than the areas with low and medium density.  Even though the site with a low density of horsetail had a higher level of arsenic than the site with a medium density it has still been concluded that horsetail lives in areas with high arsenic levels.  The reason is the site with a high density had a very high level of arsenic and was able to survive in it, so it is apparent that horsetail can and does live in areas with high arsenic levels.  In a way the site with high density canceled out the results of the other two sites because its level of arsenic was so extraordinary compared to them.  It was twice as much as the other two sites combined.  The results from the best fit line graph confirm the results that horsetail lives in areas with high arsenic levels.  The line means that as the density of horsetail increases the arsenic level increases.  According to the R the results were within about 53% of the trend of the line, which is a pretty good correlation.  If more samples were taken and plotted on the graph they should line up with the trend line, or at least be close to it.  The graph shows that as the density of horsetail increases the level of arsenic in the soil increases, which means that arsenic lives in areas of high arsenic levels because as the density of the plant increases the amount of arsenic in the soil increases.  So, the results support the conclusion that horsetail lives in areas of high arsenic levels.  

One reason why the results turned out the way they did was because horsetail may be attracted to arsenic.   Horsetail contains about 0.12 ppm of arsenic in both the body of the plant and its roots (“Equisetum Hymemale L”).  Since horsetail naturally contains arsenic this may be an indication that it needs to live in soil with high arsenic levels in order to survive.  Arsenic may be an essential nutrient to its living environment, which means that horsetail is attracted to areas of high arsenic levels.  



There is another reason why the results have turned out the way they did.  There may be a relation to aquatic plants.  Aquatic plants absorb arsenic and can contain up to 3000 ppm of arsenic (“Arsenic Removal” 2003).  That means that aquatic plants live in areas of high arsenic levels.  Even though horsetail isn’t an aquatic plant it does live in moist and damp areas near stream banks, which is near the areas that aquatic plants live in (“Field Horsetail Scouringrush,” 2003).  Since arsenic lives near areas that contain aquatic plants that could be the reason why horsetail lives in areas of high arsenic.   

There may have been other factors of why the results turned out the way they did.  The horsetail with a high density, which was the horsetail with a high arsenic level, was surrounded by blackberry and a lot of wild grass.  Those plants may have affected the arsenic level.  Those plants may naturally live in high arsenic levels or be attracted to it, and that may be why the site with high density had a much higher arsenic level than the rest of the areas.  Although, arsenic is poisonous to many plants, and the horsetail survived in it (“Arsenic Removal”…,” 2003).  That may be an indication that horsetail has a high tolerance for arsenic, which means that horsetail can live in areas with high arsenic levels.  Even though, the blackberry or the wild grass may have affected the level of arsenic in that sample, which may have altered the results.  

Something else that was found in looking over the results was that the samples contained a high level of strontium.  The crustal average of strontium is 370 ppm (Emsley 1999).  The levels were 2543 ppm for high density, 1187 ppm for medium density, and 1048 ppm for low density.  This may be an indication that strontium could have some affect on the arsenic content in the soil.  It could also mean that horsetail needs strontium to survive.  It may be an essential nutrient to the growth of horsetail.  

If this experiment were to be duplicated it would be important to analyze more samples.  In this experiment only three samples were analyzed.  It is hard to draw conclusions about the results when there are only three samples of each density because there are no other results to compare them with.  It would be ideal if there were three samples of each density in order to see if there are trends or patterns in the arsenic levels.  If there were more samples analyzed it would be possible to draw a more affirmative conclusion about this study.  There would be more support to either confirm or deny if there is a correlation between the levels of arsenic compared to the density of horsetail.   

The next logical steps are to take more samples.  There were only three samples analyzed in this study so it is hard to draw a conclusion about this study.  Something else that could be studied is if strontium has a relationship with horsetail.  There was a very high level of strontium in each sample, so this may be an indication that there is a relationship between horsetail and strontium.  Testing the health of horsetail may also be something else that could be studied.  To test the health there could be a study to see how well horsetail grows in relation to the levels of arsenic in the soil.  Test the density and lifetime of horsetail in different arsenic levels.  Something else that could be studied is to determine if horsetail needs arsenic to survive, or, why horsetail lives in areas with high arsenic levels.     
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