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SWEET HOME PROJECT:

THE CORRELATION OF ARSENIC CONCENTRATION BETWEEN FOSSILS AND SOIL

Abstract:


This study is one of many in the Sweet Home Project that looked at the relationship between arsenic levels in wood fossils found north of Sweet Home, Oregon, and the arsenic levels in soil around the wood fossils found in that location.  The samples were analyzed using an Inductively Coupled Plasma Spectrometer in the Albany DOE.  The results came back as zeros, and left the investigation inconclusive.  The samples were also analyzed using Thin-Section analysis, and the species of plants were identified.  The hypothesis of the experiment was not proved or disproved.  With valid results, many conclusions may have been drawn about the arsenic problem in Sweet Home, but due to the unsatisfying results, the study must be postponed.

Introduction:

The goal of this experiment is to find a correlation (if there is one present) between the arsenic content in fossils and dirt around the fossils through the analysis of fossils and sediment found in fossil fields in Sweet Home, Oregon.  The purpose if the study is to get a deeper understanding of the reason behind the high levels of arsenic found in the general Sweet Home area.  By understanding the trends between levels of arsenic in the fossils and the soil around the fossils in the environment, it is possible to estimate the time when the arsenic became a contaminant.  The arsenic levels are determined through the analysis of the fossils and soil samples using neutron activation at the Albany DOE.  Higher levels of arsenic in the fossils than in the soil mean that arsenic was introduced at high levels relatively far in the past.  Larger concentrations in the soil mean that the arsenic contamination is a more recent issue.  This will in turn help the general public because the knowledge gained by this experiment and many that may occur as a result of it, will be applicable in solving the arsenic problem.  By knowing the comparative duration of the arsenic contamination, it can be inferred that arsenic was introduced to the Sweet Home area ages ago, or perhaps recently.  This information can then be used to develop part of a resolution to the arsenic problem.

Arsenic is an element that is extremely poisonous if it enters the human body.  One tenth of a gram of arsenic accumulated for a two-month period of time can cause death (Yazzie 2004).  The drinking water limit for arsenic is 10 ppb, meaning that the arsenic levels found in Sweet Home were abnormal and hazardous.  Another problem with the arsenic is that when it interacts with zinc or certain fungi in the presence of any substance that is acidic, it turns into arsine gas, which is lethal.  Even as little as 3 ppm of arsine gas is harmful (Martin 2004).  If there is a lot of arsenic present in the fossils, and it has been present for a while, then any interaction with some liquid may have released arsine gas. As arsenic is a deadly element, the amount has to be kept to a minimum, therefore making the experiment important to the general Sweet Home population.


In 2001, high levels of arsenic were discovered in wood fossils (20-100 ppm) in the Sweet Home area through research conducted at Oregon State University (Kirsch 2004).  Further research was done, and arsenic was found in high concentration in soil found around rivers with fossilized wood in and around it.  Erwin Schutford conducted the research that led to the discovery of abnormal levels of arsenic.  In order to expand the research field, the experiment was conducted away from the river and in a fossil field to see if there was any correlation between the fossils and the soil.  The field chosen was several miles away from a body of water (the closest one being Ames Creek), and in a dry area with little vegetation.  The fossils in the field mostly contained fossilized wood, and the soil around them was reasonably dry.


The hypothesis for the experiment was that there would be more arsenic in the fossils than in the soil around the fossils because of the fact that the fossils have been in existence longer than the soil.  It was thought that the arsenic problem had existed for so long that the fossils would have a higher concentration due to their age than the sediment, which was relatively new and had not been as exposed to the arsenic.

Methods:

List of Materials: (not including analyzing material)

· 8 1-quart zip lock bags

· Handheld GPS

· Digital Camera

· Spade

· Pencil, permanent marker

· Masking tape

· Data and Sample-Labeling sheet

· 4 Pink Flags to mark Fossils

· 2 Orange Flags to mark soil samples

· 1 string, approximately 1 meter in length


Before leaving to the site, sample marker flags were labeled with different numbers in order to organize and identify the different samples.  Also, bags were marked; 4 of the 8 bags were marked with numbers corresponding to the pink flags.  Two of the unmarked bags were labeled with the same number corresponding to one of the orange flags.  The last two unmarked bags were labeled with the last unused orange flag.  All bag labeling was done by writing the number in permanent marker on masking tape, then placing the tape on the outside of the bags.


At the site, which was located around Sweet Home, near Holley, Oregon, exposed fossils were searched for.  Each of the first two fossils was placed in a separate bag and sealed tightly.  On the data and sample-labeling sheet, the number of the sample (found on the bag with the number corresponding to the pink flag it represents) was written down along with the GPS coordinates.  The sample site was marked with the pink flag that corresponded to the sample number of the sample site.


The other two fossil samples needed to be collected along with dirt samples.  In order to do this, the fossils were collected and identified by placing the fossil in the bag, recording the sample number and GPS coordinates, and marking the site with the corresponding pink flag.  In addition to this though, at each site two bags were filled with dirt around the fossil at a depth of approximately 15 cm using a spade.  The dirt from one of the sample sites was placed in two bags with the same number on it, and the corresponding orange flag was placed at the site of collection.  The other two bags were filled with soil approximately 15 cm deep at the other site, and they were marked with the other orange flag.


For each data sheet (1 per flag), the day and time was written.  Also the relative slope of the ground, the relative amount of vegetation in a 1-meter radius (this was done by counting the plants in a 1 meter radius of the site using a string tied to the center of the site and counting as the string was rotated around the vertex of the circle it made), and the relative amount of vegetation in the environment was recorded.  All this was written in addition to the sample number and GPS coordinates on the data sheet.  All writing on the data and sample-labeling sheet was done in pencil.


Lastly, two pictures were taken of each site; one was with a string pointing north from the center of the collection site, and one was without the string.  These pictures were all saved in a computer database for future reference.


On a later date, the samples were prepared for thin slice analyzing.  The fossils were first cut into thin sections (.08-.15 cm thick) using a diamond saw.  Then, several petrographic slides were obtained and ground with successive frits of 200, 400, and 600 grit.  Every time a switch was made from a coarser to finer grit, the coarser grit was washed off.  Then, a side of the petrographic slide was frosted using 600-grit and a glass slide.  The specimen was attached to the slide using thermal adhesive, and the number of the sample was written on the frosted side.  Once the specimen was attached firmly, it was ground down using 120-grit, then 600-grit.  The grinding went on until light passed through the fossil, so the fossil could be examined through a microscope.  At that point, the fossil was washed and set to dry (Enochs, DeWitt, Schutfort, Wampler 2004).


To prepare the fossils and soil for ICP analyzing was done using an acid digestion process (Appendix A).  ICP analyzing is done by heating a liquefied version of the sample under a plasma flame (10,000 degrees Celsius) and mixing the sample with argon gas to create ions.  The concentration of several elements on the table can be determined using a mass spectrometer that the atoms are forced into during the ICP processes.  The limit on Arsenic using ICP procedures is about 10 ppb (Kirsch 2004).


The work done to collect samples was completed over a period of 4 hours, during which all the information was collected, and the samples were brought back to Corvallis.  The work done to prepare the samples took place over the course of a week.  The ICP acid digestion was done manually, as was the thin section preparation.

Results:


The analysis exposed shocking results.  In contrary to previous experimentation, the ICP in the DOE showed that there was no arsenic in any of the samples.  Had the data been accurate, it would be possible to create a table comparing arsenic levels in soil and fossils near each other.  The difference in the levels of arsenic for corresponding soil and fossil samples could be used to find a range or constant percent or value, and could also end up showing the correlation between soil and fossils in the soil.  The correlation could be shown through the use of a best-fit curve (linear, exponential, or any other type), or through a scatter plot that only showed specific values and the impacts.  But, since there were no valid results, the correlation cannot be determined.  Figure I below shows the raw results for the fossils.

	Group #
	Sample #
	Sample Type
	Sample Analyzed by ICP?
	Fossil Type
	ICP Result     As (ppm) 238.204 nm


	2A
	124
	Fossil
	Yes
	Deciduous
	0

	3A
	128
	Fossil
	Yes
	Unknown
	0

	3A
	130
	Fossil
	Yes
	Coniferous
	0

	12A
	139
	Fossil
	Yes
	Deciduous
	0

	12A
	140
	Fossil
	Yes
	Unknown
	0

	12A
	141
	Fossil
	Yes
	Decomposed
	0

	12A
	142
	Fossil
	Yes
	Deciduous
	0

	13B
	143
	Fossil
	Yes
	Decomposed
	0

	13B
	144
	Fossil
	Yes
	Unknown
	0

	13B
	145
	Fossil
	Yes
	Unknown
	0

	14B
	148
	Fossil
	Yes
	Sycamore
	0

	14B
	150
	Fossil
	Yes
	Coniferous
	0

	6A
	202
	Fossil
	Yes
	Decomposed
	0

	6A
	203
	Fossil
	Yes
	Deciduous
	0


Figure I - Fossil Results

The results from the microscope species identification are accurate.  The fossil types were found to be a variety of different species.  Some were not determined, but if there were arsenic readings, then it would be possible to find a correlation between the fossil type and the amount of arsenic in the fossil.

Discussion:


As seen in the results, there is no possible way for a conclusion to be drawn answering the question this experiment was attempting to answer.  There are many reasons for this, and future studies conducted in Sweet Home may recognize the problems that have occurred in this study that caused the results to be inconclusive.

Due to the fact that the results from the Albany DOE ICP analysis were all zeros, there is definitely some concern about the validity of the results.  In past years, the OSU reactor has always found traces of Arsenic in the samples collected from various places in Sweet Home.  The samples collected and sent to the Albany ICP were collected from the same general locations (Ames Creek Road and Holley), but the results were zeros.  After the Albany ICP returned the results, another set of samples were prepared and sent to the reactor at Hewlett-Packard.  There, traces of arsenic were found in the samples (around 19-20 ppb on average).  This made it clear that there were faults in the processes used for the Albany ICP.  There are several possible explanations for this ranging from the processes used for acid digestion to malfunctions in the DOE itself.


In the past, samples have been analyzed in OSU in Corvallis, but this time they could not be because of technical issues in the reactor at OSU.  The previous samples that were analyzed using INAA at the reactor in OSU showed high levels of arsenic.  These samples were prepared using acid digestion, so the procedure has been proven to work.  Therefore, the flaw may have been in the process used to prepare the samples.  The flaw could have come from a variety of places.  The most probable type of error is human error, considering that high school students did the delicate preparation without much experience in sample preparation.  During the preparation, graduated cylinders and other inaccurate methods of measuring amounts of liquid were used.  This could have led to a shortage of important chemicals in all of the samples due to inaccurate measuring, or perhaps it could have led to an overdose of a certain liquid.  Both ways, the results could have been greatly influenced.


Also, the procedure called for the use of heat plates.  Due to the lack of funding in Corvallis, the plates were all different and emitted different levels of heat at different intervals.  The samples could not have been heated as much as they needed to be, causing a flaw in the sample preparation procedure, or on the other extreme the samples could have been overheated, causing elements to be lost due to evaporation or burning.


Besides the problems in the lab, there were possibilities of equipment malfunctions in the DOE itself.  The ICP is very delicate, and many things could go awry.  First, the calibration is extremely sensitive, meaning that if the tools were too old or perhaps slightly off, the whole ICP could be reading the wrong spectrum of light, and may not have recognized the Arsenic.  Also, the temperature of the ICP could have been different than what was necessary, and may have changed the entire spectrum of light.  There is also the chance that the operator of the ICP made an error in functioning the ICP, leading directly to incorrect results.


A final theory as to why there is no Arsenic found in the samples is that there may have been some event in nature that caused the Arsenic to disappear, or cause a shift in the placement of fossils.  This is highly unlikely due to the fact that there has not been any natural phenomenon powerful enough in the past several years to cause an elimination of all the arsenic in the whole Sweet Home area.


Using the results that are valid (the identified fossils), information can be gathered about the plants that were once existent in Sweet Home.  Fossils of plants indigenous to Sweet Home have been exposed to the Arsenic for a much longer period of time, meaning that they may have a larger amount of Arsenic in them.  Fossils that have arrived in Sweet Home from other places may have different levels of Arsenic due to the fact that they were not exposed to the Sweet Home Arsenic.  With results about the levels of Arsenic, it is possible to make a correlation between the types of fossils, the time they have been in Sweet Home, and the amount of Arsenic in the fossils.  Then, it will be possible to draw conclusions about the age of the Arsenic problem using the knowledge of indigenous plant fossils and the levels of arsenic in them compared to the non-indigenous fossils.


The possible future steps for the Sweet Home project are entirely dependent on the results that can be obtained about the levels of arsenic in the fossils.  As soon as those results can be used, then correlations can be made about several different aspects.  The next logical step to this specific experiment is to conclude the investigation and see if there truly is a relationship between the levels of Arsenic in the soil around fossils and the fossils themselves, because if there is, then it could mean that there is some arsenic transfer occurring between the fossil and the soil.  If there isn’t, then the fossils can be compared in a way to find out the age of the arsenic problem as described above.  The future of this investigation is entirely dependent on a reliable source of usable data.
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Appendix A:

ACID DIGESTION

1. Wash glassware

2. Rinse glassware with distilled water

3. Label beaker with group number and sample number

4. Determine mass of empty beaker and record

5. Tare balance and add 1.0 gram to 1.5 grams of soil sample to beaker.

6. Record mass of sample.

7. Add 10 ml dilute nitric acid (“DIL HNO3”)

8. Cover beaker with watch glass.

9. Record time and sample number.

10. Place beaker on hot plate.

11. Monitor sample to see that it does not boil

12. After 15 minutes, remove beaker from hot plate and place on lab bench to cool.

13. After beaker is cool, add 5 ml concentrated nitric acid (“conc HNO3)

14. Record time and sample number.

15. Return beaker to hot plate.

16. After 30 minutes, remove beaker from hot plate.

17. Add 5 ml concentrated nitric acid 

18. Record time and sample number

19. Return beaker to hot plate

20. After 30 minutes, remove beaker from hot plate.

HYDROGEN PEROXIDE DIGESTION

1. After the sample has cooled, add 2ml of distilled water to the beaker.

2. Add 3ml of 30% hydrogen peroxide (H2O2)

3. Cover the beaker with a watch glass and CAREFULLY heat the sample on a hot plate.  IF THE SAMPLE BEGINS TO EFFERVESCE (BUBBLE) ENOUGH THAT MATERIAL MAY BE LOST FROM THE BEAKER, REMOVE THE BEAKER FROM THE HEAT.

4. When the effervescence subsides, cool the beaker and repeat steps 1 – 3 above.

5. If the sample continues to effervesce strongly after adding the second 3 ml of hydrogen peroxide, steps 1 – 3 may be repeated again for a total of 9 ml of hydrogen peroxide added.  Do not add more than 9 ml hydrogen peroxide.

6. Allow the sample to cool.

FINAL ACID DIGESTION

1. To the cooled sample, add 10ml distilled water and 5 ml concentrated hydrochloric acid (HCL).

2. Place the sample on a hot plate and heat without boiling for 15 minutes.

Remove the sample from the heat and allow cooling.

