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Correlation Between Fossil Type and Arsenic Concentration

This project compared the arsenic levels within samples of fossilized wood to the type of wood. Sweet Home, Oregon, an ideal site for high arsenic, was where samples of petrified wood and soil arsenic were collected. Using the Department of Energy’s ICP process to analyze to soil, it returned with a lack of arsenic in all samples. This insufficiency could not prove or disprove the hypothesis, leaving this study inconclusive.  Had the data been accurate, statistical methods would have been used to created lines of best fit with the correlation coefficient. These results would either prove or disprove the hypothesis.

Introduction

The goal of this study is to investigate for a correlation between fossil type and the level of arsenic in the fossil within Sweet Home, Oregon. The project’s main goal was to find the origin of the arsenic and how it was being transferred into the soil. Discovering whether a correlation between fossil type and arsenic in the fossil would allow us to clarify the origin of the arsenic. Since trees and other plants store arsenic in their bark and leaves, by finding out which types of fossils had high arsenic would allow the search for the origin with more precise means.

The problem of high arsenic levels started in 1962; the Oregon Water Recourse Department first found that there were high levels of arsenic concentrations in the ground water of Sweet Home, Oregon. This was followed by further investigations that confirmed there was an unnaturally high, but not toxically high, amount of arsenic in Sweet Home (Hinkle). According to the U.S. Environmental Protection Agency, the Maximum Contaminant Level (MCL) of arsenic that was safe is 50 micrograms per liter (Hinkle). Eight percent of the samples analyzed in 1996 had levels of arsenic exceeding the MCL. These levels of arsenic were usual so Crescent Valley students decided to investigate upon this matter. 

In order to execute this study, previous Crescent Valley groups found that fossils of petrified wood could be an excellent means of determining the origin of arsenic in the soil and ground water of Sweet Home, Oregon (Kirsch). Since arsenic and other elements tend to move from areas of high concentration into areas of low concentration in an attempt to create equilibrium, arsenic from the environment would have leached into the fossils.

Arsenic is a poisonous semi-metallic element found in the earth’s crust. It naturally occurs as a grayish-white metal-like substance, which is very poisonous and fatal in large doses. Exposure to high levels of inorganic arsenic, greater than 100 parts of arsenic per million parts of food or water (ppm) can be fatal (Val). Arsenic comes in two forms: organic and inorganic. It is the inorganic arsenic that creates these health risks. This is because inorganic arsenic is much more likely to accumulate in living tissues, where it interacts with cell enzymes and impairs metabolism (Lively). It damages many tissues including nerves, stomach and intestines and is a carcinogenic, or an element that causes cancer if breathed in the recipient’s lungs. History has shown that since the beginning of the Greeks, inorganic arsenic has been recognized and used as a human poison and several famous murders were held. This is mainly due to the reason that arsenic is an extremely toxic poison, yet colorless and odorless as well so this element was a natural choice for murderers and assassins. Inorganic arsenic is created when elemental arsenic combines with oxygen, chlorine and sulfur. This form of arsenic has been used as a poison in pesticides and herbicides, and was also used in the making CCA pressure treated wood, also known as a pressurized solution containing copper, chromates and arsenic. (Kamrin). From these artificial sources, arsenic gets put unnaturally into the environment. However, if a certain location was high in arsenic, it is doubtful to be artificial. “Every year, natural sources contribute about 1/3 of the total annual release of arsenic to the atmosphere, and most of this comes from volcanoes” (Where).

Over the past three years students from Crescent Valley High School have been carrying out experiments correlating the level of arsenic concentration in soil and rocks from Sweet Home to various other factors such as location, depth, and water. The only difference is that the only other aspect that makes Sweet Home unique has never been studied: fossils. This new experiment would bring new data and information about the arsenic levels to researches and scientists investigating the arsenic issue. To a scientist, proving a correlation between fossil type and arsenic concentration could determine what plants previously had a high amount of arsenic. If a relationship were found between the fossil type and the arsenic concentration, then scientists could use this data to trace back to the beginning of the plants with high arsenic to determine how the arsenic was injected within the plant’s system. They could also determine if the plant could naturally store a high amount of arsenic, reducing the arsenic in surrounding areas. The inhabitants of Sweet Home could then plant more of these plants to minimize arsenic in the soil and the water. Scientists can also use this data to determine a time in which arsenic was abundant. Certain types of trees are not native to Sweet Home, and data can be obtained to discover when they were introduced. If these non-native trees had little arsenic, and the native trees had arsenic, then a correlation can be determined (Kirsch).


The site that the fossil samples will be taken from was a clear-cut forest that was burned a few years ago. As a result, several species of ferns and blackberries were found growing from the debris. An abundance of tree trunks and branches were found scattered through the floor. Next to a creek, the terrain was hilly with many rocks on the ground with scarce vegetation. The only water the area received was the creek, a small creak that could be a tributary of Ames Creek. Therefore vegetation was much more common and abundant closer to the creek. 


A direct correlation between arsenic concentration and the type of fossil is expected from the experiment. Since arsenic has been discovered in Sweet Home, it is likely that the arsenic has been there for a long duration of time. As a result, fossils that are not native to Sweet Home are expected to have a lower arsenic level than that of native trees. This is because non-native fossils were exposed to arsenic for a shorter period of time after they arrived as driftwood from overseas, showing that the source of the arsenic is indigenous to Sweet Home (Where). Also, certain types of trees should have different abilities of absorbing arsenic due to their cell structure allowing each species of tree to be expected of having a pattern in the amount of arsenic it absorbs.

Materials
· One trowel or shovel

· Six plastic bags: 2 for fossils and 4 four soil samples

· Ruler: To measure the depth of the samples

· A GPS unit: to calculate the UTM coordinates

· A digital camera: for visual confirmation.

· A device that can analyze the samples for arsenic content such as a nuclear reactor

· A device that can perform thin slice preparation on fossils

Methods

Students collected fossil samples within the Sweet Home area around Ames Creek. One of the prime sites for fossils was it was by Mary’s Road or about one to two miles away from Ames Creek Road. This was an area rich with fossil and located within a clear-cut forest. Erwin G. Schutfort, a professor at Oregon State University was the main instructor at the moment, and guided us through the process of identifying and collecting fossils. The main types of fossils that were collected were fossilized wood, because they were the most abundant at the Sweet Home site. During sample collection, sample locations were recorded using a Global Positioning System or GPS. They were primarily recorded using Universal Transverse Mercator coordinates, otherwise known as UTMs because these coordinates were the most used and identifiable. Most samples were collected off the ground, close to a general location to ensure the purity of the experiment and a minimum of other variables would need to be accounted for. Soil samples were also taken from these sites to assist with other Crescent Valley High School’s student’s questions. Using a shovel or a trowel, soil was hoisted into two labeled gallon-sized zip-lock bags for each site. A total of two sites were taken, however, data from other groups will be used giving the project a more reliable conclusion. Instead of analyzing the samples using neutron activation analysis, which was the original idea, they would be analyzed at another facility with inductively coupled plasma spectrophotometer or infrared emission spectrophotometer or ICP and IR respectively instead. The data will be posted on the web for other scientist to view and to help future students with this project.

To prepare the samples for analysis, the soil was carefully taken from the bags and placed in petri dishes within a drying oven at 105( C. To prevent contamination, gloves were worn. The masses of the samples were recorded, both before the drying and after to determine the amount of liquids within the dish. The soil was then ground and for INAA, which were shipped to the lab for inductively coupled plasma spectrophotometer or infrared emission spectrophotometer analysis. In the process of ICP, a plasma flame heats the elements of a sample. In this procedure, light is released from the elements and the ICP can measure this light and determine what elements are located within the sample. For precise steps in the process of preparing samples for the ICP, refer to Appendix A.

In order to determine the type of fossil, thin slice preparation was used. This process uses a diamond saw, to cut a thin slice of the fossil about .08-.15 cm thick. Grind a flat petrographic slide with successive frits of 200, 400, and 600. Afterwards with a 600 grit, frost one side of the petrographic slide using a glass plate. Rinse the slice of the fossil and glue it to the glass. Grind the fossil on the glass plate until it turns transparent and then wash it again to avoid contamination. Add a small amount of epoxy to help visually, to the cover slip, and attach it to the piece of the fossil. Label the slide on the frosted edge of the slide. These slides are then sent to a private company with a lab for testing using ICP or IR to determine the amount of arsenic it contains.

Results

	Sample #
	Sample Type
	Sample Analyzed by ICP?
	Samples Analyzed by Reed College Reactor?
	Fossil Type

	124
	Fossil
	Yes
	n/a
	Deciduous

	128
	Fossil
	Yes
	Yes
	Unknown

	130
	Fossil
	Yes
	n/a
	Coniferous

	139
	Fossil
	Yes
	Yes
	Deciduous

	140
	Fossil
	Yes
	Yes
	Unknown

	141
	Fossil
	Yes
	Yes
	Decomposed

	142
	Fossil
	Yes
	Yes
	Deciduous

	143
	Fossil
	Yes
	Yes
	Decomposed

	144
	Fossil
	Yes
	Yes
	Unknown

	145
	Fossil
	Yes
	n/a
	Unknown

	146
	Fossil
	Yes
	Yes
	Deciduous

	148
	Fossil
	Yes
	n/a
	Sycamore (deciduous)

	150
	Fossil
	Yes
	Yes
	Coniferous

	202
	Fossil
	Yes
	n/a
	Decomposed

	203
	Fossil
	Yes
	n/a
	Deciduous

	204
	Fossil
	Yes
	n/a
	Unknown

	209
	Mixed Soil
	Yes
	n/a
	Coniferous


For the thin slice preparation, the results were disappointing. Despite having a variety of fossil types that could be identified, only seventeen samples were used. 17.6% of the samples received were wood from coniferous trees such as pines, spruces, and firs and another 35.2% were deciduous trees. The rest of the data was either unknown, or the fossilized wood was decomposed.

The data that was sent to the lab for the ICP process all returned with no arsenic concentration. Some samples have been sent to the Reed College Reactor for INAA testing, due back in late June 2004 as marked within the data table (Kirsch). If the data that is returned were accurate, it may be incorporated with the initial data and together may be plotted in a bar graph, showing the number of coniferous and deciduous trees there are for a certain range of arsenic. Tallying the numbers of coniferous and deciduous trees allows the total numbers of each type of fossilized wood to be taken, and with this information graph it using a scatter plot. With this scatter plot a best fit line would be made along with showing the r^2 value. If this r^2 value was between .8 and 1, it would show there was a very good correlation between these fossil type and arsenic level. As the r^2 value becomes smaller, it was show that the results were too random to have any correlation whatsoever. 

Discussion

Using the inductively coupled plasma spectrophotometer analysis returned values that had no arsenic at all. This would signify that either there was never any arsenic in Sweet Home, or there was a major error in either the preparation or the Department of Energy’s spectrometer. If the former were true, that would mean years of research were bogus, or the unlikely thought that all of the arsenic was removed from Sweet Home in half a year through another means like a flood. The fact that a flood was not apparent and disproving years of research seems unlikely gives strong evidence that the ICP process was flawed. A strong explanation for this disappointment was the ICP acid digestion process could not digest the arsenic since the arsenic was in a form that could not be digested (Kirsch). Another reason may be because the arsenic was heated to hot, causing it to evaporate as a gas, or if it was too cold, causing too many or few atoms to be ionized, changing the spectrum of light it would display (Kirsch). Another source of error may have occurred if the light spectra from the different elements were mixed, giving skewed results. Other explanations of the ICP fallibility were the need to calibrate the equipment with excessive precision. It is possible that the materials used to calibrate the ICP in the DOE was too old or had gone bad. This would cause the ICP to believe that a different spectrum of light corresponds to arsenic, which in turn would give us flawed and inaccurate data (Kirsch). 

Previous results using the INAA process at OSU’s nuclear reactor produced accurate results and only require the samples to be in powdered form without the acid digestion cycle. Also, the INAA provided trace amount of arsenic in nearly every sample, and others with high concentrations of arsenic (Kirsch). Also with the recent soil samples that had been sent to the Hewlett Packard lab received small trace amounts of arsenic, averaging about 19 parts per billion, but this is still greater than the ICP’s result of no arsenic. Therefore, the ICP process may not have digested the arsenic, or it is not accurate enough to detect such small portions of arsenic within the samples. As stated before, previous tests and Sweet Home history have shown that their community has an anomalously high level of arsenic (Kirsch).

Since all of the data received from the ICP returned with no arsenic, there is no way to draw any conclusions to this project until accurate data can be obtained. In order for a conclusion to be drawn, not only are more arsenic data needed, but also more fossil data. With only over half of the mere seventeen samples resulting in inconclusive procedures, more fossil data must be collected before the results may be considered accurate.

If the ICP process returned results that had indicated the presence of arsenic in the fossil samples or the INAA returns results with plausible arsenic data, it would be possible to find evidence that might suggest whether the source of arsenic is local, natural, and has been present before the trees where fossilized. If the fossilized samples of non-native trees had lower levels of arsenic then it would prove the hypothesis and confirm the correlation between fossil type and arsenic level. Unfortunately, lack of viable data prevents us from drawing any suitable conclusion.

Identifying the trees species to determine its indigenous location requires examining their fossils with microscopes after thin sectioning them, and grinding them until transparent. Once under the microscope, its possible to examine the cell structure and match those characteristics to a known tree type. If an identification of the type of tree was possible, a connection could be made between the arsenic levels in foreign fossilized tree samples versus native fossilized tree samples. Unfortunately, time was limited as well as the number of persons so only a few samples were completed, and of these samples, only a few were narrowed down to being coniferous or deciduous.


Overall, the design of this experiment was flawed in several ways. Besides having a deficit of useable data, the project lacked the time and resources to complete. There were several precision errors in the way the fossils were found. If we were truly studying the correlation between fossil type and arsenic level, we shouldn’t have other factors such as fossil depth or location distorting our data. When choosing fossils, it was a prime choice to pick the larger samples and ignore the smaller samples. If a tree’s system allowed its bark to remain stronger, then the pieces would be bigger, and since we were choosing large pieces, are data would be skewed. This topic in reality could also vary a lot because each individual tree when it was alive lived in a different type of environment. There are unknown attributes that may have impacted the tree, giving it either more arsenic or less, and it is nearly impossible to pinpoint these deviations. If fossils were collected were truly random and the circumstances in which the fossils were found were random as well, then our data would be more focused around our question, allowing us to conclude our results more efficiently and effectively.


After a correlation is determined within the type of fossil and the level of arsenic, the next step in continuing this research is to discover when each non-native plant with arsenic came to Sweet Home. With this information, the time of introduction could be determined to a rough degree of when the main portion of arsenic was introduced to the environment. Radioactive testing can also be done on the samples to receive a precise age of these fossils. This data can be compared to another topic such as fossil depth, to determine if the results were accurate with the approximate date in which the arsenic was present.
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Appendix A

SAMPLE PREPARATION FOR ICP SPECTROMETER

GRINDING / SCREENING PROCEDURE

FOSSILIZED WOOD SAMPLES:

1. Put on a pair of gloves.

2. Select a fossil.

3. With a rock hammer, break a piece of the fossil sample off.  RETURN THE REST OF THE SAMPLE TO ITS BAG AND RETURN THE BAG TO THE COUNTER.

4. Break the fossil piece into little pieces using the hammer, PVC pipe, and steel pieces.

5. Use a mortar and pestle to grind the fossil to as fine a powder as possible.

6. When you have over a gram of powder (check with a balance), sift the sample through the mesh screen.  MAKE SURE YOU HAVE WELL OVER A GRAM BEFORE WE CONTAMINATE A SCREEN!

7. Verify that the sample is at least one gram.

8. Place the screened sample into the container indicated by Mr. K.

9. LABEL THE CONTAINER WITH BOTH THE SAMPLE NUMBER AND THE GROUP NUMBER.

10. Clean all tools and the screen with alcohol and allow to dry before processing a second sample.

SOIL SAMPLES:

1. Put on a pair of gloves.

2. Select a dried sample that is either in a Petri dish or a plastic dip lock bag.

3. Use a mortar and pestle to grind the fossil to as fine a powder as possible.

4. When you have over a gram of powder (check with a balance), sift the sample through the mesh screen.  MAKE SURE YOU HAVE WELL OVER A GRAM BEFORE WE CONTAMINATE A SCREEN!

5. Verify that the sample is at least one gram.

6. Place the screened sample into the container indicated by Mr. K.

7. LABEL THE CONTAINER WITH BOTH THE SAMPLE NUMBER AND THE GROUP NUMBER.

8. Clean all tools and the screen with alcohol and allow all equipment to dry before processing a second sample.

Summary of soil sample preparation for ICP analysis

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 grams 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 to cool.







