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Abstract

The purpose of this study was to discover a possible source of high arsenic content in Sweet Home, Oregon.  Data that were collected in Spring 2002 by previous AP Physics student suggest that areas along Ames Creek contain high arsenic concentration.  Based on this information, this study focused on examining arsenic concentrations in various samples collected along Ames Creek.  Samples that were collected for this research include bedrock, soil, sediment, horsetail, fern, grass, weed, tree stump, Douglas Fir needles and pinecones, and miscellaneous plants.  A total of seventy-seven samples were collected along in Sweet Home with at least a 50-yard difference each sampling site.  Samples were analyzed using Instrumental Neutron Activation Analysis (INAA) at Oregon State University’s Radiation Center. Crescent Valley High School Spring 2003 AP Physics students collected and prepared samples for the INAA and counting process.   Results showed that there is a high concentration of arsenic in Sweet Home, particularly along Ames Creek Road in far South East Sweet Home.  The results also suggest further study in this area, particularly of bedrock, which showed the highest arsenic concentration.

Introduction

Excessive amounts of arsenic have been widely detected in ground water in the Willamette Basin exceeding the U.S. Environmental Protection Agency (USEPA) current drinking water Maximum Contaminant Level (MCL) of 50 µg/L (micrograms per liter).  Arsenic is known as a dangerous toxin to the human body. Unhealthy levels of arsenic results in lesions, tumors, and even death.  According to Stephen R. Hinkle and Danial J. Polette’s report, Arsenic in Ground Water of the Willamette Basin, Oregon, Sweet Home area wells show high readings in arsenic content.  With this knowledge, in the year 2002, AP Physics students from Crescent Valley High School were involved in a study to discover more about the source and at-risk locations within Sweet Home, Oregon.  This year, 2003, a new class of AP Physics students from Crescent Valley High School continued researching this subject to come close to pinpointing the source of high arsenic content in Sweet Home area.  

Students from 2003 AP physics class chose sampling sites and sample types based on results that last year’s students had acquired.  Since last year’s samples from Ames Creek area contained the highest amount of arsenic, this year students focused on sampling along Ames Creek.  Students also chose to focus on Sankey Park, primarily because it was public property that they would have access to, but also with the hope that it would either provide a greater overall view of arsenic throughout Sweet Home or prove to be rich in arsenic.  Samples were also chosen based on last year’s data.  Comparing arsenic content in different sample types, it was observable that the order of containing high content of arsenic was the following: sediment (38.04%), fossilized wood (29.38%), bedrock (21.67%), soil (10.56%), and Douglas Fir (0.35%).  It is shown that Douglas Fir needles are not good samples that display high arsenic concentrations.

Therefore, it was decided in class that collection samples would focus on sediments, bedrock, soil and fossilized wood (if it is available).  After deciding to collect samples including bedrock, soil, sediment, and less vegetation, student went to Sweet Home and collected about 80 samples from sites that were about 50 yards apart (as visible on figure 14).  Since INAA was used to analyze the samples, and the Oregon State University’s nuclear reactor cannot examine wet samples, water samples could not be taken.

Actual samples that were collected from Sweet Home did not follow prior plans of focusing on finding many bedrock and sediment samples.  It was difficult to focus on bedrock because it was not available for collection in all areas. Ultimately , a soil sample was collected at each site, many plant samples were collected, bedrock samples were taken wherever possible, and other samples of interest (bedrock/soil mixes) were taken.  The array of collected samples is shown in Figure 2.  

Based on last year’s data, which displayed high arsenic contents in fossilized woods, bedrocks and sediments, it is presumable that high arsenic content has resulted from natural sources.  Taking into account geography of Willamette Basin including the Sweet Home area had abundant quantities of volcanic glass that contain arsenic, it is possible to hypothesize bedrock samples will contain the most arsenic, and that the results derived from the study of the bedrock could help to narrow down the area of study so that it would eventually be possible (in future years) to discover the root of the high arsenic levels, such as a rock formation high in arsenic.

Materials and Methods

Items Used:

For Sample Collection—rock hammers, Ziploc bags, augers, shovels, buckets, GPS coordinate tracker, maps, sharpies, pen, paper, and laptop.

For Sample Preparation—plastic gloves, electronic scales, petri dishes, coffee grinder, pestle and mortar, compressed air, acetone, 105 °C oven, soldering irons, small and big plastic vials, pens, paper, sharpies, and laptop.

Dates: 

Samples were collected from Sweet Home area on April 27, 2003.

Samples were prepared in CVHS chemistry lab from April 29, 2003 to May 2, 2003.

Sample drying was initiated at 2:20 p.m. on May 5, 2003.

Sample drying was completed at 7:30 a.m. on May 7, 2003.

Samples were irradiated May 12, 2003.

Samples were counted from May 15, 2003 to May 16, 2003.

Sample Collection and Preparation:


Within the locations that had been agreed on by the class, samples were collected approximately every fifty yards.  Samples were collected along Ames creek. Descriptions of the sites where samples were collected are shown in Figure 1.  Exact GPS coordinates of these sites are displayed in Figure 3.  The numbers of samples collected from each site are as follows (Figure 1): 

	Sites
	Number of Samples

	Sankey Park along Ames Creek bank
	2

	Sankey Park along Ames Creek island
	2

	Sankey Park along Ames Creek
	14

	Tributary—rocky area
	1

	Ames Creek bank
	3

	Hill—wooded area
	2

	Up on the hillside of Sankey Park
	1

	Along Ames Creek Rd. by vans
	1

	Along Ames Creek Rd. hillside
	2

	Along Ames Creek Rd. fossil outcrop
	5

	Along Ames Creek Rd. South of fossil
	21

	Along Ames Creek Rd. North of fossil
	23

	Total
	77

	Figure 1


Samples that were taken from sites in Figure 1. are the following:

	Samples Types
	Number of Samples

	Soil
	32

	Sediment
	2

	Bedrock
	15

	Perrinial Corn
	2

	Smilo Grass
	1

	Horse Tail
	2

	Myraid Leaf
	1

	Water-feather
	1

	Plantain-leaved sedge
	1

	Gray's Sedge
	2

	Cattail
	3

	Grass
	3

	Fern
	3

	Douglas Fir & Pinecone 
	1

	Weed
	1

	Tree stump
	1

	Miscellaneous plants
	8

	Total
	77 (+ 2 Soil/Bedrock)

	Figure 2


	Sample #
	Site #
	Site Description
	Sample Type
	GPS Coordinates for Latitude
	GPS Coordinates for Longitude

	1
	1
	Sankey Park - along Ames Creek bank
	Soil 
	44-23.667'N
	122-43.664'W

	2
	1
	Sankey Park - along Ames Creek 
	Plant
	44-23.674'N
	122-43.668'W

	3
	1
	Sankey Park - along Ames Creek 
	Plant
	44-23.674'N
	122-43.668'W

	5
	2
	Sankey Park - along Ames Creek
	Soil 
	44-23.570'N
	122-43.484'W

	6
	2
	Sankey Park - along Ames Creek
	Sediment
	44-23.570'N
	122-43.484'W

	7
	3
	Sankey Park - along Ames Creek
	Soil 
	44-23.580'N
	122-43.490'W

	8
	3
	Sankey Park - along Ames Creek
	Plant 
	44-23.580'N
	122-43.490'W

	9
	4
	Tributary - rocky area
	Soil 
	44-23.565'N
	122-43.497'W

	11
	5
	Sankey Park - along Ames Creek
	Soil  
	44-32.582'N
	122-43.518'W

	12
	5
	Sankey Park - along Ames Creek
	Plant 
	44-23.582'N
	122-43.518'W

	13
	6
	Sankey Park - along Ames Creek island
	Soil 
	44-23.696'N
	122-43.620'W

	14
	6
	Sankey Park - along Ames Creek island
	Plant
	44-23.696'N
	122-43.620'W

	15
	6
	Sankey Park - along Ames Creek bank
	Plant
	44-23.696'N
	122-43.620'W

	17
	7
	Ames Creek bank
	Soil 
	44-23.674'N
	122-43.585'W

	18
	7
	Ames Creek bank
	Sediment
	44-23.674'N
	122-43.585'W

	19
	7
	Ames Creek bank
	Plant 
	44-23.674'N
	122-43.585'W

	20
	8
	Sankey Park - along Ames Creek
	Plant
	

	21
	9
	Sankey Park - along Ames Creek
	Soil 
	44-23.603'N
	122-43.550'W

	22
	9
	Sankey Park - along Ames Creek
	Plant 
	44-23.603'N
	122-43.550'W

	24
	9
	Sankey Park - along Ames Creek
	Plant
	44-23.603'N
	122-43.550'W

	25
	10
	Sankey Park - along Ames Creek
	Soil 
	44-23.630'N
	122-43.552'W

	26
	10
	Sankey Park - along Ames Creek
	Plant
	44-23.630'N
	122-43.552'W

	27
	11
	Hill - wooded area
	Soil  
	44-23.569'N
	122-43.547'W

	28
	11
	Hill - wooded area
	Plant 
	44-23.569'N
	122-43.547'W

	29
	12
	Up on the hillside of Sankey Park
	Soil 
	44-23.585'N
	122-43.618'W

	30
	13
	along Ames Creek Rd. by vans
	Bedrock
	44-23.032'N
	122-42.262'W

	31
	13
	along Ames Creek Rd. - hillside
	Soil 
	44-23.032'N
	122-42.262'W

	32
	13
	along Ames Creek Rd. - hillside
	Plant
	44-23.032'N
	122-42.262'W

	33
	14
	along Ames Creek Rd. - fossil outcrop 
	Plant
	44-23.032'N
	122-42.366'W

	34
	14
	along Ames Creek Rd. - fossil outcrop 
	Plant
	44-23.032'N
	122-42.366'W

	35
	14
	along Ames Creek Rd. - fossil outcrop 
	Bedrock
	44-23.032'N
	122-42.366'W

	36
	14
	along Ames Creek Rd. - fossil outcrop 
	Soil  
	44-23.032'N
	122-42.366'W

	37
	14
	along Ames Creek Rd. - fossil outcrop 
	Bedrock
	44-23.032'N
	122-42.366'W

	38
	15
	along Ames Creek Rd., S. of fossil 
	Plant
	44-23.048'N
	122-42.310'W

	39
	15
	along Ames Creek Rd., S. of fossil 
	Soil
	44-23.048'N
	122-42.310'W

	40
	16
	along Ames Creek Rd., S. of fossil 
	Bedrock
	44-23.002'N
	122-42.211'W

	41
	16
	along Ames Creek Rd., S. of fossil 
	Soil / Bedrock
	44-23.002'N
	122-42.211'W

	42
	16
	along Ames Creek Rd., S. of fossil 
	Plant
	44-23.002'N
	122-42.211'W

	43
	17
	along Ames Creek Rd., S. of fossil 
	Bedrock
	44-22.984'N
	122-42.191'W

	44
	17
	along Ames Creek Rd., S. of fossil 
	Soil / Bedrock
	33-22.984'N
	122-42.191'W

	45
	17
	along Ames Creek Rd., S. of fossil 
	Plant
	44-22.984'N
	122-42.191'W

	46
	18
	along Ames Creek Rd., S. of fossil 
	Soil
	44-22.938'N
	122-42.139'W

	47
	18
	along Ames Creek Rd., S. of fossil 
	Plant
	44-22.938'N
	122-42.139'W

	48
	19
	along Ames Creek Rd., S. of fossil 
	Soil
	44-22.802'N
	122-42.071'W

	49
	19
	along Ames Creek Rd., S. of fossil 
	Plant
	44-22.802'N
	122-42.071'W

	50
	19
	along Ames Creek Rd., S. of fossil 
	Plant
	44-22.802'N
	122-42.071'W

	52
	20
	along Ames Creek Rd., N of fossil
	Soil
	44-23.082'N
	122-42.399'W

	53
	21
	along Ames Creek Rd., N of fossil
	Bedrock
	44-23.107'N
	122-42.439'W

	54
	21
	along Ames Creek Rd., N of fossil
	Soil
	44-23.107'N
	122-42.439'W

	55
	21
	along Ames Creek Rd., N of fossil
	Plant
	44-23.107'N
	122-42.439'W

	56
	22
	along Ames Creek Rd., N of fossil
	Bedrock
	44-23.125'N
	122-42.461'W

	57
	22
	along Ames Creek Rd., N of fossil
	Plant
	44-23.125'N
	122-42.461'W

	58
	22
	along Ames Creek Rd., N of fossil
	Bedrock
	44-23.125'N
	122-42.461'W

	59
	22
	along Ames Creek Rd., N of fossil
	Soil
	44-23.125'N
	122-42.461'W

	60
	23
	along Ames Creek Rd., N of fossil
	Bedrock
	44-23.153'N
	122-42.508'W

	61
	23
	along Ames Creek Rd., N of fossil
	Plant
	44-23.153'N
	122-42.508'W

	62
	23
	along Ames Creek Rd., N of fossil
	Bedrock
	44-23.153'N
	122-42.508'W

	63
	23
	along Ames Creek Rd., N of fossil
	Soil
	44-23.153'N
	122-42.508'W

	64
	24
	along Ames Creek Rd., N of fossil
	Bedrock
	44-23.183'N
	122-42.550'W

	65
	24
	along Ames Creek Rd., N of fossil
	Plant
	44-23.183'N
	122-42.550'W

	66
	24
	along Ames Creek Rd., N of fossil
	Soil
	44-23.183'N
	122-42.550'W

	67
	25
	along Ames Creek Rd., N of fossil
	Soil
	44-23.215'N
	122-42.593'W

	68
	25
	along Ames Creek Rd., N of fossil
	Plant
	44-23.215'N
	122-42.593'W

	69
	26
	along Ames Creek Rd., N of fossil
	Soil
	44-23.248'N
	122-42.637'W

	70
	26
	along Ames Creek Rd., N of fossil
	Plant
	44-23.248'N
	122-42.637'W

	71
	27
	along Ames Creek Rd., N of fossil
	Soil
	44-23.275'N
	122-42.673'W

	72
	27
	along Ames Creek Rd., N of fossil
	Plant
	44-23.275'N
	122-42.673'W

	73
	28
	along Ames Creek Rd., N of fossil
	Bedrock
	44-23.312'N
	122-42.726'W

	74
	28
	along Ames Creek Rd., N of fossil
	Soil
	44-23.312'N
	122-42.726'W

	75
	29
	along Ames Creek Rd., S of fossil
	Soil
	44-23.342'N
	122-42.778'W

	76
	30
	along Ames Creek Rd., S of fossil
	Soil
	44-22.664'N
	122-41.933'W

	77
	30
	along Ames Creek Rd., S of fossil
	Plant
	44-22.664'N
	122-41.933'W

	78
	30
	along Ames Creek Rd., S of fossil
	Soil
	44-22.664'N
	122-41.933'W

	79
	31
	along Ames Creek Rd., S of fossil
	Plant
	44-22.655'N
	122-41.897'W

	80
	31
	along Ames Creek Rd., S of fossil on top of clear cut
	Bedrock
	44-22.655'N
	122-41.897'W

	81
	31
	along Ames Creek Rd., S of fossilon top of clear cut corner
	Soil
	44-22.655'N
	122-41.897'W

	82
	32
	along Ames Creek Rd., S of fossil
	Soil
	44-22.711'N
	122-41.722'W

	83
	
	along Ames Creek in Sankey Park-Erwin
	Fossilized Wood

	Figure 3



Soils were collected at different depth using augers and shovels.  Samples that were collected were placed in Ziploc bags and numerically labeled.  GPS coordinates, site descriptions, and sample types were entered in the laptop.  

After the samples were taken, they were prepared for drying.  The purpose of drying samples was to avoid any interference of light elements with the analysis of samples. A portion from each sample was placed in a petri dish that was labeled with the sample’s number.  To avoid the possibility of the dried sample representing only a small portion of the collected sample, petri dish were filled with matter from various parts within the sample.  Large bedrock fragment had to be reduced to smaller pieces to facilitate drying.  Samples were handled with plastic gloves to reduce contamination.  Two sets of weights were entered into the computer: the weight of the petri dish itself and that of the petri dish and contained sample.  Weights were all measured with an electronic scale.  All the samples were then placed in the oven to be dried at 105 degrees C for approximately 40 hours.  

After the drying process was completed, samples were prepared for the irradiation process.  Again, samples were handled with plastic gloves. Plant samples were ground to powder.  Bedrock samples were ground down with mortar and pestles.  About half a gram of each sample was placed in a plastic vial which was labeled with its sample number.  The caps of the vials were sealed.  To make sure that no vials are contaminated, the surface of each vial was cleaned with compressed air.  Throughout this process, 3 sets of weights were measured: petri dish with dried sample, empty vial, and vial containing dried sample.  These data were entered into the computer.  Each small vial was paired with another sample and placed into a larger vial which was capped but not sealed.  These vials were sent to Oregon Sate University’s Radiation Center for the irradiation process.

INAA and Counting process:


Instrumental Neutron Activation Analysis, INAA, was used to determine the parts per million of arsenic in samples.  The principle involved in INAA includes irradiating samples with neutrons in a nuclear reactor and measuring gamma rays emitted by decaying radionuclides with semiconductor radiation detectors.  In this study, nuclear reactor and counting devices at Oregon State University’s Radiation Center were used.  Samples that were sealed in plastic vials, in this case 77 samples, were subjected to the INAA process.  On May 9, 2003, samples were sent to Oregon State University’s Radiation Center.  Along with the samples, coal fly ash, a control with known content of arsenic, was irradiated.  Since high school students were not allowed to be involved in operating the reactor, the irradiation process was done by staffs at Oregon State University’s Radiation Center.  High school students were involved in the counting process.  

INAA Process:
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The INAA process begins with neutrons bombarding target samples to convert stable isotopes in samples to radioactive isotopes.  To start this process, the reactor’s pilot source is activated by the removal of the protective plate that separates it from the fuel rods.  The pilot source is fueled with naturally radioactive isotopes of osmium and beryllium.  This source of original neutrons triggers the first fission reactions as they provide neutrons that would cause elements in the fuel rods unstable.  The fuel rods contain uranium and zirconium hydride that are arrayed in a circular grid.  A graphite ring that reflects neutrons back into the core surrounds the reactor core in order to keep the neutrons inside the core.  The core is placed near the bottom of a 6.71 m deep tank of water that is covered by a concrete monolith.  The concrete monolith acts a as radiation shield and provides structural support.  

[image: image5.wmf] 

As the elements in the primary fuel cells are activated, loose neutrons in the fuel rods travels outside of the fuel rods. The components of the fuel cells are composed of 92 percent of zirconium hydride and 8 percent of uranium 235 and uranium 238.  The eight percent of uranium is enriched with uranium 235 to contain 7 percent uranium 235, which is more unstable and prone to nuclear fission than uranium 238.  The loose neutrons from the fuel rods are absorbed by uranium 235, creating uranium 236.  The uranium 236 nucleus contains extra internal energy from the absorbed neutron, and elongates its shape from increased motion of individual nucleons.  When nucleus elongation occurs as in Fig. 4-(c), the attraction of two ends is weakened by excessively separated distance while the electric repulsive force becomes predominant.  As a result, the nucleus divides in two, such as in Fig. 4-(d).  

  This separation creates two nucleus N1 and N2, which are called fission fragments.  In the process of separation, two or three neutrons are given off as well.  These neutrons are then used to cause additional fissions, and create a chain reaction as in Fig. 5.  
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Once the fissioned uranium provides enough neutrons, the neutrons that are generated in the reactor are absorbed by arsenic-75 in samples (Fig.6).  Arsenic-75 then turns into arsenic-76.  The latter is a radionuclide which emits gamma rays at 555 keV energy.  The rate at which these gamma rays are emitted from the nuclide is measured.  This rate is proportional to the amount or the number of atoms of arsenic in the sample.  Since the samples that have been irradiated emit too much radiation, they must be set aside for a certain time period.  In this study, the samples were placed in the nuclear reactor on May 12, 2003.  The counting was started on May 15, 2003.  The reduced radiation can be determined according to the half-life of the element that is focused.  

The Counting Process:


The rate of the gamma rays that are emitted from the nuclide is measured by a high purity germanium gamma ray detector.  Gamma rays with high voltage pass through the germanium crystal as each 2.3 eV in the germanium sends an electron down to the computer.  The germanium crystal acts as a diode conducting in only one direction with a potential difference of 2000V.  The function of the diode is to prevent electrons from flowing in a wrong direction.  The electrons that pass the crystal are amplified twice before they reach the computer.  The computer receives a signal with a strength that depends on the number of electrons at that energy level.  A chart is produced from signals with the number of gamma rays on the vertical axis and the energy of the ray along the horizontal axis (figure 7).
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Since the detector cannot read several different rays hitting at the same time, after each signal, there is a pause of about 0.6 microsecond before it can count another signal.  This time varies and is called dead time.  To take dead time into consideration and make sure that each sample was counted for the same amount of time, the counting process continues for 20 minutes of live time for each sample.  The live time is the period when the detector actually absorbs electrons.  The real time includes the dead time of the sample; therefore, the real time elapsed for counting is different for each sample, and is over 20 minutes.  The distance that the irradiated sample was placed from the detector is called the shelf distance.  This distance determines the number of particle counts that could be taken in a given time.  The greater the shelf distance, the greater than chance of disturbance of the gamma rays, and the less likely they are to hit the detector.  Because four detectors were used in this study, possibly leading to discrepancies regarding shelf distances, four standards must be measured in each detector.


On the computer chart, background radiation is also present.  Therefore, when finding the elemental composition from counting gamma rays, background radiation should be subtracted from the gamma rays above the range of energies associated with the element.  The area under the peaks is proportional to the concentration of arsenic in the sample.  The counting should be performed on the standard.  This measurement functions as reference point which displays the amount of gamma rays produced from arsenic.  


Final results that show arsenic concentration of each sample were calculated with a two sets of functions: 
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Function 1 calculates the activity of arsenic in each sample.   
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Since the amount of arsenic in the standard is known, based on the relationship (Concentration of arsenic in sample) / (Concentration of arsenic in standard) = (Activity of sample) / (Activity of standard), function 2 gives the concentration of arsenic in each sample. 

Results

[image: image10.wmf] 

[image: image13.wmf]Std

As

Std

Smp

As

Smp

A

C

A

C

×

=


[image: image2.emf]122-41.8'W

122-42.1'W

122-42.4'W

122-42.7'W

44-22.5'N

44-22.7'N

44-22.9'N

44-23.1'N

44-23.3'N

0

100

200

300

400

500

600

parts per million

Latitude

Longitude

Approximate Arsenic Consentration in Bedrock

500-600

400-500

300-400

200-300

100-200

0-100


[image: image11.png]Target
Nucleus

Incident %
Nt M - \
R i

® Beta

Prompt
Gamma ray / Particle

Radioactive

Nucleus
ES Product
e, Nucleus
o
Compound Delayed

Nucleus Gamma ray




[image: image3.emf]122-41.8'W

122-42.3'W

122-42.8'W

122-43.3'W

44-22.6'N

44-22.8'N

44-23.0'N

44-23.2'N

44-23.4'N

44-23.6'N

0

2

4

6

8

10

12

14

16

18

20

parts per million

Latitude

Longitude

Approximate Arsenic Concentration in Sediment

18-20

16-18

14-16

12-14

10-12

8-10

6-8

4-6

2-4

0-2


[image: image12.png]Counts

200000

100000

50000

20000

10000

5000
0

200

400
Energy (keV)

600

800




[image: image4.emf]122-41.8'W

122-42.3'W

122-42.8'W

122-43.3'W

44-22.6'N

44-22.8'N

44-23.0'N

44-23.2'N

44-23.4'N

44-23.6'N

0

2

4

6

8

10

12

14

16

parts per million

Latitude

Longitude

Approximate Arsenic Concentration in Plants

14-16

12-14

10-12

8-10

6-8

4-6

2-4

0-2


Discussion

Analysis of Results

Results of this study show that Sweet Home does in fact have a high occurrence of arsenic. The worldwide average concentration of arsenic is 5 parts per million (ppm)—the results of the Sweet Home study showed an average of 52.1 ppm over all collected samples. This is over 10 times the worldwide average. (n.b.: the worldwide average of 5 ppm is in reference to soil; however, the average arsenic content in other materials (such as water and food) is at less than 40 parts per billion. Therefore, this approximation is most likely an over-estimate and the actual number of the worldwide average arsenic concentration may be closer to 2 ppm.)


Bedrock was undoubtedly the best source of arsenic of those sampled, with an average of 117.0 ppm. Following was soil/bedrock mixes (average 73.5 ppm), soil (average 38.9 ppm), sediment (average 14.2 ppm), and finally plant matter (average 3.6 ppm).


Although bedrock was the most arsenic-rich source, it was also difficult to collect; therefore it was not collected at all sources. It is unreliable for use in this study because it cannot be used to create an overall image of the arsenic concentration in the areas studied.


Soil/bedrock mixed samples were collected only at two sites, making them useless in this study because it cannot give an overall view of arsenic levels in Sweet Home. The same can be said for sediment samples, also collected only at two sites. Furthermore, sediment samples show no outstanding concentration of arsenic, promoting no further study of this sample type.


All plant samples showed a low concentration of arsenic, an average of only 3.6 ppm. Furthermore, it is difficult (without further study) to determine how reliably these plants represent the flora of Sweet Home. A number of different plants were collected at the different sites. It is not known if some of these plants collect arsenic while others do not, and as one plant type was not collected at all sites, it is impossible to determine even the distribution in arsenic concentration of a single plant type. In short, the results for arsenic concentration in plants are unreliable and cannot be used in this study.


With bedrock, soil/bedrock, sediment, and plant samples eliminated, it follows that soil samples should be the focus of the 2002-2003 Sweet Home Arsenic study results. Soil samples were collected at all sites. Although soil did not show an arsenic concentration as high as bedrock or soil/bedrock mixes, the concentration was relatively high, ranging up to 97.3 ppm. Furthermore, as figure 14 shows, plotting soil samples on a map creates a fairly detailed, clear overview of arsenic concentrations throughout the selected parts of Sweet Home.


Samples were collected in two general areas: around Sankey Park in near South East Sweet Home, and along Ames Creek Road in far South East Sweet Home. These two areas were chosen because they showed high concentrations of arsenic in previous studies, and that proves true one again in the 2002-2003 study, particularly in the area around Ames Creek Road.


In the area around Sankey Part, arsenic concentration in soil samples ranged between 0.1 and 32.5 ppm, averaging 12.9 ppm. There appears to be no defined center of arsenic concentration, but this may be due to a limited sample area, as sites were confined by the paramenters of public land. It is also possible that Sankey Park has no central hot spot at all and that the high arsenic concentration is the area is only the average concentration across Sweet Home.


The Ames Creak Road samples show a much higher concentration of arsenic and a much more obvious “center.” The range of arsenic concentration in soil samples is from 3.8 to 142.0 ppm, with an average of 54.9 ppm (remember, the worldwide average is approximately 2-5 ppm). The center of the concentration appears to be in the general center of the sample area.


When compared against other sample types, the conclusions drawn from the soil samples appear to be true. Figures 11 and 13 show a major peak in arsenic concentration around the same area that figure 14 shows a concentration. (It should be noted when looking at figures 11 though 13 that, where no data was taken, the computer assumes a “zero” value, although it is very likely that this assumed value is inaccurate. Therefore, it is very likely that a peak in the graph does not mark the only high level of arsenic in the area, only the highest of those tested.) Although bedrock and plant samples were both dismissed earlier as an unreliable way of finding hot spots, they can still be used to verify the existence of an area of a high concentration of arsenic, as they do in the results of this study.

Future Study

The 2002-2003 Arsenic study shows, as have previous results, that the highest concentration of arsenic in Sweet Home is found in the bedrock. Furthermore, it is theoretically possible that bedrock is the source of the arsenic: high arsenic level in Sweet Home may be the result of a rock formation that was rich in arsenic that has since leaked into the soil and sediment, and even been absorbed by plants. This theory is further supported by the 2002-2003 results: the second-highest concentration of arsenic was found in soil/bedrock mixes, and the next-highest in soil, suggesting that bedrock is the source and that it is the bedrock that lead to high arsenic concentrations in other sample types.


With this in mind, it may be wise to concentrate future study on bedrock. It may even be possible to use analyzed bedrocks samples in order to prove the above stated hypothesis (that bedrock is the source of the high arsenic concentration in Sweet Home). If future studies of arsenic in Sweet Home concentrate solely on bedrock samples, it may eventually be possible to isolate a single high-arsenic rock formation, if such a formation exists.


It may be desirable to study a wider area around Sankey Park in order to determine whether the lack of “central hotspot” there is due to a high arsenic concentration throughout Sweet Home, or simply because the entire Sankey Park area is the hotspot, although a (relatively) low one.


Conversely, it may be wise to contain study to the Ames Creek Road Area, where very high arsenic levels have already been located, and to study the area both on a wider scale (to determine how far this hot spot stretches) and in depth (to find the center or centers of the hot spot). This plan—to constrict the sample area to the Ames Creek Road area—may be easier and more efficient to implement because it would allow for both depth and wide range study of the area with a fairly high confidence of promising results. Study of the Sankey Park area, however, may cause a drain on resources if run at the same time as an Ames Creek Road study, and may provide little useful data even if it is run on its own.


Therefore, in ideal circumstances, further study of arsenic in Sweet Home will concentrate on the Ames Creek Road area, both expanding the surveyed area in order to discover how far the hot spot reaches, and taking more samples more often in order to gain a better understanding of the dynamics of the region.


This plan, does, of course, have drawbacks, the most major being the difficulty of collecting bedrock. Bedrock was not collected at every site in the 2002-2003 study because it was not possible to collect at all sites. Without the proper equipment, we are not able to dig down far enough to sample bedrock, and must instead search for areas where bedrock is exposed. Overall, this makes the collection difficult. Another problem lies in access to the land: if we are not able to access or travel to a site we will not be able to collect samples there. Therefore, in order to execute the above-listed plan, we will need to obtain permission sample sites on private land and also be willing to go off road to reach these sites.


Despite these drawbacks, the above listed plan is still the best way to discover more about the source of arsenic in Sweet Home in the shortest time possible.


It may also prove worthwhile to research around sites that showed an exceedingly high arsenic concentration in the results of the 2002-2003 study. For example: the bedrock sample taken at 44-22.984'N, 122-42.191'W showing a concentration of 576.3 ppm as well as the bedrock samples at 44-23.107'N, 122-42.439'W and 44-23.125'N, 122-42.461'W showing concentrations of 148.6 and 275.4 ppm respectively and the soil samples taken at 44-23.275'N, 122-42.673'W and at 44-23.107'N, 122-42.439'W with concentrations of 117.0 and 97.3 ppm receptively. Further study at these sites may lead to discoveries of areas of very high arsenic concentration (possibly leading to the discovery of the source of the arsenic) or reveal a rouge result, preventing future errors.


Alongside these possible plans for future investigation, further improvements can be made to the sampling process, specifically in the care taken during processing of samples. Work in large groups is difficult, and so great care should be taken to make sure that all weights, sample number, sample sources, and other pieces of data are recorded. The drying, grinding, and vial-filling process should be closely controlled in order to prevent the contamination of samples and successive contamination of results.


Other small improvements to be made include: more descriptive written descriptions of site locations in order to make rough estimations on maps possible; improved class-wide/community-wide involvement in the study in order to allow for a better exchange of ideas and information.
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