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Abstract

It is now evident that the arsenic concentration in the ground water of areas around Sweet Home is well above normal.  While these unsafe levels of arsenic pose no immediate threat to the well being of Sweet Home residents, Crescent Valley High School’s AP Physics class working in conjunction with an Oregon State University volunteer, has decided to investigate any possible source of this increase in arsenic.  The following report further explains the purpose of the project, the procedure the class used to gather data, and finally speculates that the high arsenic levels originate from natural geological sources, most likely volcanic rock.

Introduction

This study was assigned to Mr. Kirsch’s AP Physics class of 2003 with the intent of furthering the general understanding of arsenic concentrations in Sweet Home, Oregon.  The high arsenic levels exist in other areas of the Willamette Basin as well, as described in Hinkle’s article (1999), but the focus of our class was to help find the source of the arsenic in the groundwater of Sweet Home.  These arsenic levels exceed minimum health standards, often exceeding 10ug/L, and even 50ug/L.  This poses a serious cancer risk for those who might ingest this arsenic.


To prepare for the study, the class was assigned Hinkle’s article (1999), which provided a basic background of data collected.  The article did not, however, offer any definite conclusions as to the sources of arsenic, or the methods of transfer that occur, as far as geochemical processes are concerned.  This ensured that the study would be open to interpretation in any way the data would allow.  Thus the students would be the primary driving force behind data collection, refinement, processing, and interpretation.  In addition, the class was allowed to choose how they would carry out their experiment.


Given data from the previous year, the class decided to focus on the area around Ames Creek that seemed to have the highest concentrations of arsenic.  Samples were taken and analyzed through Instrumental Neutron Activation Analysis.  Data was then analyzed and reports made by student groups.  No hypotheses were made regarding the study due to the scarcity of known information regarding the region and the topic of arsenic.

Materials and Methods

The first step towards obtaining samples that we could analyze for high arsenic began with the preparation for the trip to Sweet Home.  In order to gather the most useful data possible, we familiarized ourselves with maps of the area, information about the aquifers, and the equipment that we would need during our expedition.  During our sample gathering outing, we used a global positioning system to pinpoint the exact location of our samples.  We also used a laptop computer to record the location and type of samples and provided further documentation of the trip with a digital camera.  


Students took the 84 samples from a variety of locations along Ames Creek including in Sankey Park, by Ames Creek Road, and the bank of Ames Creek.  In addition to spreading out the locations where the students gathered samples from, they tried to find locations where they could take a rock, soil, and vegetation sample all within a close vicinity of each other.  Using picks, shovels, and augurs samples were deracinated, chipped off or dug up from around two feet below the ground and placed into bags and taken back to Crescent Valley High School for the next phase.  


Before the samples could undergo the radiation process that would eventually reveal their arsenic content, the class had to prepare them for the reactor.  All students who handled samples were required to wear latex gloves so as to prevent any contamination of the samples.  With this safety precaution observed, students began transferring portions of the samples into individual drying dishes.  Soil samples were simply moved into the dishes with a micro spatula while bedrock and plant samples involved more preparation.  Students wearing safety goggles broke the bedrock into smaller chunks and then further ground the chunks using a mortar and pestle.  Students were careful to include the roots, stem, and leaves with each plant sample.  During this process, we recorded the mass of each drying dish with and without the sample contents.


After 48 hours, the samples had dried enough that we could move onto the next step which involved grinding the dried remains into a fine powder and placing them into carefully labeled vials.  Students ground up each sample with a coffee grinder and put 250 to 500 milligrams of the powder into a small 2/5 dram polyvial about 11-12 millimeters long.  Again a student recorded the mass of each vial and lid with and without the sample material so that the spreadsheet application that the data is entered into can calculate the sample mass.  With the plastic lip removed from the lid and the lid secured onto the vial, students used a ‘Dust Blaster’ to clean the outside.  With this done, the vials were sealed with a soldering iron so that no openings existed in the vial.  Another important precaution we took was to carefully clean the tools we used so that we did not have any cross contamination.  With all of the samples in the small vials, we then paired similar type samples such as vegetation with another vegetation and a soil vial with another soil vial into larger vials.  Once Erwin had inspected the seals on the vials and then sealed the larger vials in the same manner, the samples were ready for Instrumental Neutron Activation Analysis.


Neutron Activation Analysis involves neutrons created by the fission reaction from the fuel rods shooting out at the material in question so that when it performs an inelastic collision with the nucleus of an atom, the nucleus becomes excited and lets of energy in the form of gamma rays and changes into a more stable nucleus (Glascock, 2003).  Many times this change yields a radioactive nucleus which also decays with a certain frequency of gamma rays.  Because each radionuclide emits a gamma radiation of a certain wavelength or energy, a peak in the gamma-spectrum at a certain energy will determine the element present in the substance (Glasscock, 2003).  


To begin this process Erwin lowered 79 of our samples into the reactor along with one control sample that has a known concentration of arsenic so that we can compare the concentration of arsenic in our samples.  This control was coal fly ash.  The samples were then irradiated for one hour in the reactor.  The neutron flux of the reactor during this time was 3x1012 neutrons per cm2 per second.  Once these samples were irradiated, they were removed from the reactor.  They were then put into lead radiation containment boxes with gamma radiation detectors.  These detectors work by inducing and amplifying a current every time three gamma rays pass through the detector.  The gamma rays produce a current, through magnetic flux, and the current is amplified by the detector.  If the current is of a minimum strength, it passes through a germanium semiconductor, and is converted into a voltage.  These voltages have certain analog frequencies that are indicative of different decaying isotopes.  The analog voltage frequencies are then converted to digital signals and interpreted by a computer.  The computer program that counts these digital signals then counts the different decay frequencies that are occurring, and the amount of gamma rays emitted.  The computer then uses this data to determine the amount of each element that is decaying.  This data can be seen along a spectrum which shows the recurrences of different decay frequencies and the quantities of their decay.  The spectrum is essentially an area graph with different frequencies along the X-axis representing elements and the Y-axis representing the quantity of the element in the sample.  Simply put, for every gamma ray signal it received, the computer just placed a mark in the column corresponding to the frequency of that gamma ray.  This data was then used by the class to draw any conclusions they might find about the arsenic levels in Sweet Home.

Results

The highest concentrations of arsenic were discovered along Ames Creek Road.  The eight highest recorded levels of arsenic (the top 10 percent of the samples) were all found along the road, near Ames Creek, in a topographic depression.  This concentration of samples can be scene on the map in figure 1.  All of the samples that did contain above what is considered a safe level of arsenic concentration were overwhelmingly comprised of bedrock and soil samples.  It is also interesting to note that all of the samples that did not contain high levels of arsenic with only one exception were plant samples.  Only one soil sample contained a normal level of arsenic concentration.  Figure 2 separates the samples with high levels of arsenic from those with normal levels and gives the type, origin, and arsenic concentration of the samples to better illustrate the major differences the data shows between the samples with various concentration levels.
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The eight samples with the highest recorded levels of arsenic are represented by the red circles (fig. 1).

	
	
	                          Above Average Concentration
	
	

	
	
	
	
	

	Sample #
	Site #
	Site Description
	Sample Type
	Concentration (ug/L)

	1
	1
	Sankey Park - along Ames Creek bank
	Soil - 2ft down (est.)
	3.45

	5
	2
	Sankey Park - along Ames Creek
	Soil - 2.5ft down (est.)
	15.2

	6
	2
	Sankey Park - along Ames Creek
	Sediment
	3.72

	7
	3
	Sankey Park - along Ames Creek
	Soil - 2ft down (est.)
	13.35

	9
	4
	Tributary - rocky area
	Soil - .5ft down (est.)
	6.27

	11
	5
	Sankey Park - along Ames Creek
	Soil - 
	10.31

	13
	6
	Sankey Park - along Ames Creek island
	Soil - 1ft. Down (est.)
	9.92

	17
	7
	Ames Creek bank
	Soil 2ft down (est.)
	2.61

	18
	7
	Ames Creek bank
	Sediment 1ft creek bt.
	9

	21
	9
	Sankey Park - along Ames Creek
	Soil - .75ft down (est.)
	5.18

	25
	10
	Sankey Park - along Ames Creek
	Soil - 1.5ft down (est.)
	5.68

	27
	11
	Hill - wooded area
	Soil - 
	3.59

	29
	12
	Up on the hillside of Sankey Park
	Soil .5ft down (est.)
	4.97

	30
	13
	along Ames Creek Rd. by vans
	Bedrock
	14.42

	31
	13
	along Ames Creek Rd. - hillside
	Soil - 1ft. Deep (est.)
	15.98

	32
	13
	along Ames Creek Rd. - hillside
	Plant
	2.82

	35
	14
	along Ames Creek Rd. - fossil outcrop 
	Bedrock
	2.41

	36
	14
	along Ames Creek Rd. - fossil outcrop 
	Soil - 
	7.75

	37
	14
	along Ames Creek Rd. - fossil outcrop 
	Bedrock
	4.77

	38
	15
	along Ames Creek Rd., S. of fossil 
	Plant
	0.13

	39
	15
	along Ames Creek Rd., S. of fossil 
	Soil - 7in deep (est.)
	16.94

	40
	16
	along Ames Creek Rd., S. of fossil 
	Bedrock
	17.29

	41
	16
	along Ames Creek Rd., S. of fossil 
	Soil / Bedrock
	17.21

	43
	17
	along Ames Creek Rd., S. of fossil 
	Bedrock
	111

	44
	17
	along Ames Creek Rd., S. of fossil 
	Soil / Bedrock
	64.38

	46
	18
	along Ames Creek Rd., S. of fossil 
	Soil
	14.65

	48
	19
	along Ames Creek Rd., S. of fossil 
	Soil / Mud
	7.7

	52
	20
	along Ames Creek Rd., N of fossil
	Soil
	21.74

	53
	21
	along Ames Creek Rd., N of fossil
	Bedrock
	28.61

	54
	21
	along Ames Creek Rd., N of fossil
	Soil
	20.26

	55
	21
	along Ames Creek Rd., N of fossil
	Plant / Sword Fern
	5.46

	56
	22
	along Ames Creek Rd., N of fossil
	Bedrock
	29.33

	58
	22
	along Ames Creek Rd., N of fossil
	Bedrock
	57.28

	59
	22
	along Ames Creek Rd., N of fossil
	Soil
	10.97

	60
	23
	along Ames Creek Rd., N of fossil
	Bedrock
	29.57

	62
	23
	along Ames Creek Rd., N of fossil
	Bedrock
	31.87

	63
	23
	along Ames Creek Rd., N of fossil
	Soil
	8.7

	64
	24
	along Ames Creek Rd., N of fossil
	Bedrock
	18.69

	65
	24
	along Ames Creek Rd., N of fossil
	Plant / Grass
	8.08

	66
	24
	along Ames Creek Rd., N of fossil
	Soil
	15.81

	67
	25
	along Ames Creek Rd., N of fossil
	Soil
	9.78

	69
	26
	along Ames Creek Rd., N of fossil
	Soil
	80.53

	71
	27
	along Ames Creek Rd., N of fossil
	Soil
	22.54

	73
	28
	along Ames Creek Rd., N of fossil
	Bedrock
	47.09

	74
	28
	along Ames Creek Rd., N of fossil
	Soil
	27.35

	75
	29
	along Ames Creek Rd., S of fossil
	Soil
	26.32

	76
	30
	along Ames Creek Rd., S of fossil
	Soil
	8.02

	78
	30
	along Ames Creek Rd., S of fossil
	Soil
	9.53

	80
	31
	along Ames Creek Rd., S of fossil on top of clear cut
	Bedrock
	2.74

	82
	32
	along Ames Creek Rd., S of fossil
	Soil
	4.7

	83
	 
	along Ames Creek in Sankey Park-Erwin
	Fossilized Wood
	13.21

	
	
	
	
	

	
	
	
	
	

	
	
	                       Normal Levels of Concentration
	
	

	
	
	
	
	

	Sample #
	Site #
	Site Description
	Sample Type
	Concentration (ug/L)

	2
	1
	Sankey Park - along Ames Creek 
	Misc. vegetation
	0.53

	3
	1
	Sankey Park - along Ames Creek 
	Doug Fir, pine cone
	0.68

	8
	3
	Sankey Park - along Ames Creek
	Plant 
	0.05

	12
	5
	Sankey Park - along Ames Creek
	Plant 
	0.29

	14
	6
	Sankey Park - along Ames Creek island
	Plant - Cattail
	0.68

	15
	6
	Sankey Park - along Ames Creek bank
	Grass
	1.52

	19
	7
	Ames Creek bank
	Plant - weed
	0.19

	20
	8
	Sankey Park - along Ames Creek
	Tree stump
	0.11

	22
	9
	Sankey Park - along Ames Creek
	Plant 
	0.37

	24
	9
	Sankey Park - along Ames Creek
	Sword fern
	0.1

	26
	10
	Sankey Park - along Ames Creek
	Plant
	0.11

	28
	11
	Hill - wooded area
	Plant 
	0.22

	33
	14
	along Ames Creek Rd. - fossil outcrop 
	Plant
	0.34

	34
	14
	along Ames Creek Rd. - fossil outcrop 
	Plant
	0.047

	42
	16
	along Ames Creek Rd., S. of fossil 
	Cattail / Plant
	0.03

	45
	17
	along Ames Creek Rd., S. of fossil 
	Cattail / Plant
	0.04

	47
	18
	along Ames Creek Rd., S. of fossil 
	Cattail / Plant
	0.08

	49
	19
	along Ames Creek Rd., S. of fossil 
	Cattail / Plant
	0.2

	50
	19
	along Ames Creek Rd., S. of fossil 
	Big Plant
	0.05

	57
	22
	along Ames Creek Rd., N of fossil
	Plant / Grass
	0.07

	61
	23
	along Ames Creek Rd., N of fossil
	Plant / Cattail
	0.19

	68
	25
	along Ames Creek Rd., N of fossil
	Plant / Grass
	0.27

	70
	26
	along Ames Creek Rd., N of fossil
	Plant / Grass
	1.29

	72
	27
	along Ames Creek Rd., N of fossil
	Plant / Grass
	0.5

	77
	30
	along Ames Creek Rd., S of fossil
	Plant / Cattail
	0.18

	79
	31
	along Ames Creek Rd., S of fossil
	Plant / Fern
	0.02

	81
	31
	along Ames Creek Rd., S of fossilon top of clear cut corner
	Soil / Rock
	0.79


Sample data separated into sections of high and low levels of arsenic concentration (fig. 2)

Discussion


We found that the top arsenic concentrations were found in primarily bedrock samples, within a topographic depression.  These samples had dangerously high arsenic concentrations, all over 50ug/L and posed a definite cancer threat if the arsenic were ever to be ingested.  Given the nature of this data, and the fact that the highest arsenic concentrations were all found near one another, several conclusions may be safely drawn out.  The first scenario consists of the idea that industrial contaminants are to blame for the arsenic levels around the creek.  It may be possible that mining chemicals or pesticides were once dropped in the areas surrounding the depression.  These contaminants, containing arsenic, probably did not sink to the depth of an aquifer, but rather ran down the hills into the depression over time.  The arsenic may not have been able to contaminate groundwater, as Hinkle (1999) indicated, but it could possibly mix with bedrock only a few feet below topsoil.  Thus all the arsenic from past industrial contamination around Ames Creek could have slowly flowed into the depression where it now can be found in bedrock and soil samples.


A second interpretation of the data collected better fits Hinkle’s (1999) assumptions regarding the sources of arsenic.  These views are also reflected by the Oregon Water Resources Department (2002).  Essentially this interpretation supports the idea that arsenic levels originate from natural geological sources due to the nature of the area’s aquifer.  The area’s aquifer is very diverse in composition, including volcanic and marine sediment, and has been fused together over many years.  It may be logical to assume that this geological fusion bonded arsenic from volcanic rock with marine sediments that run through the aquifer.  The aquifer of the region is also susceptible to water level changes, and thus drastic pH and chemical concentration changes.  This would explain for the variability of samples that Hinkle (1999) experienced and documented in his article.  Thus, although no specifics are known or can be assumed, it might be a good guess to conclude that geochemical processes caused by rock composition are the cause of high arsenic levels.  Since all water runs from high pressure to low pressure areas, it would be logical to assume that arsenic concentrations in the hills surrounding Ames Creek, originating from volcanic rock, found their way into the aquifer and down into the depression where the high concentrations of arsenic were found.


The aquifer theory is fairly sound, given that arsenic levels seem to be staying high, indicating an abundant source.  Aquifers only travel a matter of feet per year, and the Sweet Home aquifer system has a high rate of storage.  This could show that arsenic gets stored in vast quantities and then slowly travels through an area, giving that area high arsenic concentrations over a large period of time.  Furthermore, the composition of volcanic rock and marine sediment is probably what composes most of the bedrock that was used for samples.  It would seem that natural causes are behind the high concentrations of arsenic in the region.


Still, no definite evidence has been collected regarding this theory.  If the hills around Ames Creek actually do contain arsenic, then other depressions around them might also have high arsenic concentrations.  Also, little data has been gathered regarding the geochemical processes that occur during the bonding and release of arsenic.  It is known that there seems to be a strong correlation between alkaline soil, high pH balance, and iron oxides.  Also, alluvial sedimentary deposits seem to correlate with high levels of arsenic.  Studies regarding these chemical bonds, and the levels of iron oxides, pH, and alluvial deposits should all be done to find controls that may indicate arsenic levels in an area.


One last theory worth proposing is that the aquifer in the region has lost equilibrium due to past or present use.  The fractures in the bedrock layer that transport water are largely interconnected.  Thus, if a large well is used, the result would be a large decrease in water levels throughout the aquifer.  It could be possible that original arsenic concentrations were not extreme at all until they became condensed in a decreasing amount of water.  The aquifer fracture may have even dried out and collapsed, creating an area with high concentrations of arsenic in the bedrock and soil around it.  Again, further studies would have to be done to ascertain the breadth and capacity of the aquifer in the area, in order to confirm this theory.
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