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Abstract


Many previous studies of the Sweet Home area have shown that unusually high arsenic concentrations potentially make living there dangerous to one’s health.  The physics classes of Mr. Kirsch and the Biology classes of Mr. Bregar are trying to investigate these high levels of arsenic.  This group is one of many groups conducting experiments using Neutron Activation Analysis to find out more about arsenic concentrations in Sweet Home.  This group’s part in this large investigation was to find the correlation between types of rock and their average arsenic concentrations.  The investigation’s results would aid in the study of arsenic in the Sweet Home area.  On this thought the quest to find results and find out what part they would play in this investigation began.

Introduction

The goal of this study is to find a relationship between different types of rock and the presence of arsenic in each type.  The secondary goals were for the group members to learn concise differences between different kinds of rock. The original plan was to travel Sweet Home but it was deemed unnecessary.  Rock samples from last year’s classes were used to explore the question.  These samples were analyzed using Neutron Activation Analysis.  This process allows a person to view the concentration of arsenic in each sample.  The relationships found between different kinds of rocks and their arsenic contents could be useful in further investigations.  The original plan was to investigate the concentrations of different kinds of rocks in the Sweet Home area. However, there was not enough time to do this.  The final steps of the investigation were to organize the results on a table where the data could be viewed easily and help draw conclusions. The investigation also performed because if a certain type of rock had a relatively large arsenic concentration, research into the geology of the rock type could lead to further discoveries.  For example, knowledge of how the rock type is created in nature could aid investigations with the goal of finding the source of the arsenic.  

The goal of this study is to gain knowledge of what kind of rock holds higher amounts of arsenic and why.  If a relationship between a certain kind of rock and the amount of arsenic it contains in parts per million exists, that information could be analyzed to gain insight into the situation in Sweet Home.

Geologists have already documented different types of rock and this information will be useful.  Students have already made studies of arsenic concentration in Sweet Home and that information was used to aid the investigation.  If we found a rock that has certain qualities that would cause it to have a certain arsenic level, this information could prove useful.  This quote from an NECB study, a company that explores methods of sanitizing water, shows that the type of rock has a relationship with arsenic concentrations: “Arsenic concentrations are higher in water from wells in metamorphosed variably calcareous marine sediments than in water from wells in igneous and other metamorphic rocks.” (MacRae, Jean, NECB website)  USGS (United States Geological Survey) has also undergone a study about arsenic concentration in New Hampshire that agrees with the previous statement.  An excerpt from their study is as follows: 

“Concentrations of arsenic in water from public-supply wells in metasedimentary bedrock units that contain slightly to moderately calcareous and calcsilicate rocks (lithogeochemical group Mc) [the arsenic levels] were significantly higher than the concentrations in five other groups of bedrock units in the study unit… Arsenic concentrations in ground water were the lowest in the metasedimentary rocks that are characterized as variably sulfidic (group Ms). Generally, concentrations of arsenic were low in water from bedrock wells in the 

felsic igneous rocks (group I).”  (Foster, Debra, 02/14/2000, USGS website).  

These studies deal with sedimentary rocks and that is especially useful because most of the samples for the investigation are sedimentary rocks.
The answer to the question would be useful to scientists.  Scientists could further the study and maybe find out if the physical properties of a type of rock pertain to its ability to hold a certain amount of arsenic.  Geologists who have an understanding of the Sweet Home area could find out the concentration of different types of rock in the Sweet Home area and what instances in Sweet Home’s history may give a reason why a certain type of rock is there.  For example, volcanic activity or an ocean that use to be there might explain the presence of certain types of rocks.  Rocks with high arsenic levels can contaminate ground water.  This is a major problem with aquifers as they extract water from deep within the earth.  Knowledge of where arsenic will be found will help in protecting Sweet Home’s ground water in the future.

People who aren’t scientists would also find the information useful.  City planners could take into consideration the idea that some rocks are more dangerous than others in terms of arsenic concentration.  City planners might also want to keep public water away from rocks that are high in arsenic.  Other schools could also have the opportunity to further this study and thus educate their students.  I’m sure that knowing the rocks in the Sweet Home area and their tendencies to contain different types of arsenic will prove useful to many.  

Hypothesis: Sedimentary rocks contain more arsenic than other kinds of rocks in the Sweet Home area.  Previous studies have shown this correlation between rocks and arsenic concentrations in other regions. (USGS and NECB examples stated previously.)

Materials and Methods
Materials


Steel nail (for checking hardness of rock samples)


 Dissecting microscope (for analyzing rock samples)


 Latex gloves (for handling samples)


 Rock samples from 2002-2003 AP Physics investigations

     Methods

1) Because of restrictions on the amounts of samples to be sent to the Nuclear Reactor at OSU and the availability of previous classes’ rock samples, rock samples were used that were already analyzed using the Neutron Activation Analysis.  Rock samples 30, 40, 53, 60, 64, 71, 73, 80 were used from the investigation of the spring of 2003.  All these samples are of exposed rock or rock found not lower than one foot in the ground.

2) All the rock samples from the spring of 2003 investigation were found in a box in Mr. Kirsch’s closet.  

3) The eight samples on a tabletop were organized according to the visual likeness between each rock.  There were four groups of rock types.  

4) Some rock samples were covered in soil so we washed off the soil with a damp cloth.

5) Then the samples were analyzed, handled with latex gloves, viewed under the dissecting microscope at x2 and x10, and scraped with the steel nail to check to see if sand could be scraped from the samples.  Using the rock-identifying table, the rock groups were found to be Sandstone Sedimentary (5 samples), Breccia Sedimentary (1 sample), Quartzite-Metamorphic (1 sample), Basalt-Igneous (1 sample).

6) To identify the rocks a system found on the http://www.lethsd.ab.ca /mmh/grade3c/Gr3Web/rocks_miner/indentify_rocks/identify_rocks1.htm website was used. The stated website has a very useful step-by-step guide to identifying rocks.  It had questions like “are there layers, if so go to step 4, if not go to step 7,” and so on.

7) The samples were then organized based on the samples’ GPS location, rock type, and arsenic concentration onto a table for easier evaluation.

Description Neutron Activation Analysis


Neutron Activation Analysis is an accurate method of measuring the concentrations of different elements in a sample of a material. The NAA process is very sensitive and can measure samples of as small as a nanogram. The NAA method is based around the detection and measurement of gamma rays emitted from radioactive isotopes produced in the sample upon irradiation with neutrons. The samples are irradiated in a nuclear reactor with one sample that has known elemental concentrations. The sample with known concentrations of elements is the basis for measuring the amount of certain elements in the other samples Neutrons are absorbed in the nuclei of individual atoms. When these radioactive isotopes begin to decay, they give off gamma rays.  Released gamma rays are unique to each element. This emitted radiation is a 'fingerprint' of the element, and the amount of radiation given off at certain energy is indicates the amount of the element present in the sample. From this analysis, a computer connected to the machine analyzing the sample can show the results of the analysis. 

The sample, along with appropriate standards and blanks, is placed near the core of the reactor and irradiated for a predetermined length of time. While it is in the reactor, it is exposed to a high intensity neutron field. If a neutron approaches the nucleus of an atom, it may be absorbed. This will always happen after a certain amount of time.  When this happens, the element will become a different isotope of the same element. This "new" isotope is almost always unstable (radioactive) and usually decays by emitting a gamma ray(s). 
  The sample is then pulled out of the reactor and then it is allowed to decay for a predetermined length of time appropriate to the radioactive half-life of the indicators for the elements being determined.
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This diagram, from the college of engineering of the University of Wisconsin shows the process of irradiating a sample in the Nuclear Reactor.  The detector than uses sensors to pick up the elements’ unique gamma ray emissions.  The following diagram shows sample readout a computer hooked up to a detector might show. 
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This picture is also from the University of Wisconsin

The position of each peak shows the energy of the gamma ray (identifying the element), and the area under the peak is proportional to its concentration. Final results are obtained after allowing for detector efficiency, decay time, size of the sample, and counting, and irradiation times. 

Results


The results show the correlation between the types of rock and arsenic concentrations.  Our results suggest Sandstone-sedimentary rocks, on average, contain more arsenic than any of the other samples (87.396).  The results appear in the following table.

	Arsenic in Bedrock Data Sheet 
	
	
	

	Reactor Sample #
	Arsenic Concentration (ppm)
	Rock Type
	GPS Location

	30
	41.2
	Sandstone-Sedimentary 
	44-23.032'N; 122-42.262'W

	40
	83.1
	Sandstone-Sedimentary 
	44-23.032'N;122-42.211'W

	53
	148.57
	Sandstone-Sedimentary 
	44-23.107'N; 122-42.439'W

	60
	84.6
	Breccia- Sedimentary
	44-23.157'N; 122-42.508'W

	64
	53.5
	Quartzite-Metamorphic
	44-23.183'N; 122-42.550'W

	71
	117.01
	Sandstone-Sedimentary 
	 

	73
	47.1
	Sandstone-Sedimentary 
	44-23.312'N; 122.42.726'W

	80
	7.8
	Basalt-Igneous
	44-22.655'N; 122-41.897'W

	
	
	
	


The following chart illustrates the findings in a more aesthetic format. 
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It is unfortunate that most of the samples were of sandstone-sedimentary rock.  Once the results were organized we were able to draw the conclusions.

Discussion


The hypothesis was correct.  Sedimentary rock, on average, had a higher arsenic concentration than the other types of rocks.  On average, sandstone sedimentary had an arsenic concentration of 87.396.  The rock type that has the second highest arsenic rating is Breccia- Sedimentary with an arsenic parts per million of 84.6.  Therefore, according to the results, all the sedimentary rocks have a much higher arsenic concentration than the other rocks we tested.  After sedimentary rock, quartzite metamorphic has the next highest arsenic concentration of 53.5.  However, 53.5 ppm is considerably lower than the 87.396 ppm for sandstone.  This agrees with the results that the NECB and USGS studies achieved (studies were previously discussed in the introduction).


Even though the results are not foolproof as there was only 1 sample for three of the rock types, scientific reasoning can justify the results that were achieved. Is is unclear, however, what the source for sandstone in Sweet Home is.  Sandstone is a rock that can be made from a variety of different materials.  Some of the minerals and rocks sandstone is made out of can contain harmful amounts of arsenic.  Because water can simply soak straight through sandstone, the sandstone can deposit arsenic into drinking water very easily.  One such occurrence where sandstone caused arsenic to be deposited into drinking water is in East Central Wisconsin.  In the sandstone that makes up this area in Wisconsin, is a material called pyrite.  Pyrite in its pure form is a bright brassy color and is a compound of mostly iron and sulfur.  Pyrite has the chemical habit of picking up arsenic atoms and replacing sulfur atoms with arsenic atoms.  It could have been deposited into the sandstone when metal-bearing liquids flowed through the area in the past.  By the time sandstone is exposed to the surface the pyrite has usually decomposed into hematite.  However, underneath the surface pyrite can break down and release arsenic into underground water sources (Arsenic and Old Sandstone). If hematite could be detected at the surface, investigations could be launched to look for pyrite underground.  Pyrite in the sandstone is one possible reason for the high arsenic concentrations in Sweet Home.  However, Pyrite is not the only material that makes up sandstone that could cause arsenic concentrations in drinking water. Other such minerals and compounds that can contain high arsenic concentrations are arsenides, sulfides, sulfosalts, secondary Fe- and Mn-oxyhydroxides, pyrrhotite, löllingite, realgar, cobaltite, arsenopyrite, cobaltian arsenopyrite, and tennantite.  All of these can be transported by water and become part of the area’s sandstone (Geologic Sources of Arsenic in Coastal Maine).


A couple other conclusions can be made beyond testing our original hypothesis given our data and our experiences.  Because of the samples low arsenic content, basalt igneous rock is a relatively safe rock to draw water from.  Also, because of sandstone’s high arsenic concentration, whenever water is drawn out of sandstone in Sweet Home, it will need to be treated for arsenic.  I will not try to draw any other conclusions from our data as the samples could prove to not represent the actual situation in Sweet Home due to our low number of rock samples.


Other groups should investigate rocks deeper than a foot deep into the ground as they may be made up of different elements.  Other groups could also try to find concentrations of different kinds of rocks in the Sweet Home area.  Other groups should also try and get more rock samples so more conclusive results can be achieved.  If another group were to perform this same study, they should try to get equal numbers of samples of each type of rock.  This way the data will be more even.  This investigation was important and satisfactory, but there are better ways of carrying it out.


Next steps would be to try and test rocks in the Sweet Home area for the presence of the above-mentioned minerals and compounds that could contain arsenic.  I am uncertain about the concentration of sandstone in the Sweet Home area and that information would prove very useful.  If there was a large amount of sandstone in the Sweet Home area, it could explain the high arsenic concentrations.  Finding out the concentrations of different rocks in Sweet Home is one of the most important next steps.  Low concentrations of sandstone could eliminate the possibility of arsenic containing sandstone being the cause of the high arsenic concentrations in Sweet Home.  Therefore the results in this study rely on information regarding the concentrations of different kinds of rocks in Sweet Home.  This investigation of Sweet Home’s rocks is vital to our main goal and should be expanded upon. 
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		Arsenic in Bedrock Data Sheet

		Reactor Sample #		Arsenic Concentration (ppm)		Rock Type		GPS Location

		30		41.2		Sandstone-Sedimentary		44-23.032'N; 122-42.262'W

		40		83.1		Sandstone-Sedimentary		44-23.032'N;122-42.211'W

		53		148.57		Sandstone-Sedimentary		44-23.107'N; 122-42.439'W

		60		84.6		Breccia- Sedimentary		44-23.157'N; 122-42.508'W

		64		53.5		Quartzite-Metamorphic		44-23.183'N; 122-42.550'W

		71		117.01		Sandstone-Sedimentary

		73		47.1		Sandstone-Sedimentary		44-23.312'N; 122.42.726'W

		80		7.8		Basalt-Igneous		44-22.655'N; 122-41.897'W

		Reactor Sample #		Site Description

		30		Along Ames Creek Rd. by vans

		40		Along Ames Creek Rd. S. of fossil

		53		Along Ames Creek Rd. N. of fossil

		60		Along Ames Creek Rd., N of fossil

		64		Along Ames Creek Rd., N of fossil

		71		Along Ames Creek Rd., N of fossil

		73		Along Ames Creek Rd., N of fossil

		80		Along Ames Creek Rd., S of fossil on top

		Rock Type		Arsenic Concentration (ppm)

		Sandstone-Sedimentary		41.2

		Sandstone-Sedimentary		83.1

		Sandstone-Sedimentary		148.57

		Breccia- Sedimentary		84.6

		Quartzite-Metamorphic		53.5

		Sandstone-Sedimentary		117.01

		Sandstone-Sedimentary		47.1

		Basalt-Igneous		7.8

		Rock Type		Arsenic Concentration (ppm)

		Sandstone-Sedimentary		41.2

		Sandstone-Sedimentary		83.1

		Sandstone-Sedimentary		148.57

		Sandstone-Sedimentary		117.01

		Sandstone-Sedimentary		47.1

		Averagre Sandstone		87.396

		Basalt-Igneous		7.8

		Breccia- Sedimentary		84.6

		Quartzite-Metamorphic		53.5
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