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Abstract

High arsenic levels were found near Sweet Home, Oregon. There are ongoing investigations looking into the source, distribution, and management of this arsenic. This report looked at the bedrock samples collected in 2002 to determine if there is a relationship between the concentration of arsenic and the concentration of other elements. This sample collection from 2002 had twenty-six bedrock samples analyzed for three compounds and twenty-eight elements. Samples and elements were eliminated due to insufficient information, leaving the test batch with thirteen samples and twenty-one elements including arsenic. The compounds were also eliminated for this study. Data was examined for correlations using (X, Y) plotting graphs, trendlines, standard deviation, and correlation coefficients. Using a standard deviation of .5 and examining the (X, Y) graphs, notable elements were cobalt, samarium, scandium, and ytterbium. Using the correlation coefficient, notable elements were lutetium, rubidium, scandium, and ytterbium. However, these correlations were negative. Although arsenic may have a possible relationship with cobalt, lutetium, rubidium, samarium, scandium, and/or ytterbium, no single element had a clear significant correlation with arsenic. It should be noted that scandium and ytterbium were noted for both criteria. Further testing with another correlating factor may yield a correlation between arsenic and either scandium or ytterbium.

Introduction

In 2001 nuclear physicist Erwin Schutford discovered unusually high levels of arsenic in fossilized wood found near Sweet Home, Oregon. Further investigation led Schutford to USGS studies of Willamette Basin ground water. These studies showed abnormally high levels of arsenic in ground water around Sweet Home. Schutford and Adam Kirsch, a CVHS science teacher, realized that manpower available in high school science classes could be used to further investigate the arsenic concentrations around Sweet Home.

My group was investigating bedrock samples from Sweet Home, Oregon, and the relationship between the level of concentration of arsenic and of other elements. We used data collected in the spring of 2002 by a previous class to draw our conclusions. There were twenty-six bedrock samples gathered and sent to the OSU Nuclear Reactor where neutron activation analysis took place. The analysis showed the concentration of the elements in the samples by parts per million.

The goal of my group’s study was to find a relationship between arsenic and another element in the bedrock. In my research I found that arsenic is seldom discovered in its elemental form. “More frequently it is a component of sulfidic ores, in which it occurs as metal arsenides, e.g., nickel diarsenide, cobalt diarsenide, nickel arsenide, cobalt arsenide sulfide, copper arsenide sulfide, and iron diarsenide.” (Chemistry of Arsenic, 1997).

We hoped to find a correlation between arsenic levels and a certain element. Currently there is no in-the-field method for detecting arsenic. It may be possible that another element could be more easily detected and could be used in field detection. If this other element is associated with arsenic, then it may be possible to use detection of this other element to discover concentrations of arsenic in the field rather than using a nuclear reactor in detection. This may provide a cheaper and/or more easily accessible method for detection.

There is presently no easy way to extract or cleanup the arsenic. It is possible that the arsenic levels would only stay high if another element is present and without that element the arsenic concentrations would decrease. Or, perhaps the other element could be combined with the arsenic and lead to easier extraction or cleanup.

Our study would help the community if we could find an easier detection method using another element. Not only would it be easier to have an in-the-field method, but also it would be easier to have the people in the community do their own detection. The people in the community have a greater incentive for discovering the arsenic and would probably rather do it themselves than relying upon others. Additionally, this other element might be used for ongoing monitoring of arsenic levels or provide a technique for removal.

Methods

1. Looked at “Project Number 1602” where samples from Sweet Home, Oregon, were analyzed at the Oregon State University Radiation Center in spring, 2002. (See http://www2.corvallis.k12.or.us/cvhs/science/1602report.xls.)

2. Got just the samples of bedrock from the Project Number 1602 list. (See Table 1.)

3. Looked at all the bedrock samples data looking for extremes or unusable data points.

4. Rejected the following samples:

	Sample Number
	Reason for Rejection

	U60201
	Unusually high cobalt (Co)

	U60207
	Unusually low zinc (Zn)

	U60213B
	Unusually low zinc (Zn) & nadium (Nd)

	U60216
	Unusually high arsenic levels

	U60219
	Lack of data

	U60221
	High chromium (Cr)

	U60234
	Low cesium (Ce)

	U60253
	Lack of data

	U60266
	Unusually high chromium (Cr)

	U60272
	Unusually high arsenic levels

	U60276
	Unusually high arsenic levels

	U60277
	Unusually high arsenic levels


5. Had sample size of 13.

6. Eliminated iron oxide (FeO), disodium oxide (Na2O), & dipotassium oxide (K2O) because they were compounds, not elements.

7. Rejected the following elements:

	Element
	Reason for Rejection

	Iridium (Ir)
	Data found in only 6 remaining samples

	Nickel (Ni)
	Data found in only 2 remaining samples

	Selenium (Se)
	Data found in only 6 remaining samples

	Strontium (Sr)
	No data found in any samples

	Tantalum (Ta)
	Data found in only 6 remaining samples

	Tungsten (W)
	Data found in only 7 remaining samples

	Zirconium (Zr)
	No data found in any samples


8. Created a new table containing only the 13 samples & only 21 elements. (See Table 2.)

9. Created an (X, Y) chart for arsenic and each of the other elements.

10. Added a linear trendline to see if there was a correlation between arsenic and the other element.

11. Added the slope equation.

12. Added a standard deviation for the trendline of .5 in both directions.

13. Studied the graphs of each element and arsenic looking for coordinates found between the upper and lower boundaries of the standard deviation. (See Graph Section 1.)

14. Found four elements with six or seven coordinates in the desired area.

15. These four elements look to have a better fit with arsenic along the trendline than other elements: scandium (Sc), samarium (Sm), cobalt (Co), & ytterbium (Yb). (See Graph Section 2.)

16. Found correlation coefficient for all 20 elements and arsenic. (See Graph Section 1, below each graph. Also see Table 3.)

17. Found four elements with an absolute correlation coefficient greater than 0.31. The correlations were all negative.

18. These four elements had the highest absolute correlation coefficients: scandium (Sc), lutetium (Lu), ytterbium (Yb), and rubidium (Rb).

19. These elements were notable either by fit along a trendline or by correlation coefficient: cobalt (Co), lutetium (Lu), rubidium (Rb), scandium (Sc), samarium(Sm), ytterbium (Yb).

Neutron Activation Analysis Description

Neutron Activation Analysis is a technique to analyze samples for quantities of unknown elements. The sample is bombarded with neutrons. The source of the neutrons can vary. In our project, we used data from samples that were bombarded with neutrons produced by the reactor at the Oregon State University Radiation Center.

When neutrons hit the nuclei of the elements within a sample, they produce a compound nucleus. This nucleus is in an excited state, and it emits a gamma ray to reduce the energy level of the nucleus. The compound nucleus is radioactive, and it decays into a product nucleus. The sample is allowed to decay for several days before counting, so that the radiation will not overwhelm the detector. All radioactive elements decay at a different rate, so the amount of time from the neutron bombardment to the counting will depend upon the element being sought. Then after the samples are removed from the reactor and allowed to decay for an appropriate time, they are taken to the counting machines which detect and plot the energy readings.

Because the decay is random, not all of the emitted particles reach the detector. However, enough particles reach the detector so as to achieve an accurate result. The decay energy is detected by the measuring device in the form of rays. The quantity and wave length of this energy determine the type of nucleus that was within the sample. The wave lengths are plotted upon a graph that shows the distribution and quantity of the various wave lengths from the sample. Where there are peaks, an individual element can be distinguished and quantified. 

A standard, with a sufficient mixture of known elements, is put through the reactor along with the sample. The concentration of the elements in the sample is obtained by comparing the readings from the sample with the readings from the standard. Because the elements emit radiation at known wave lengths, the individual elements can be identified by the peaks in the graph. The results will show the concentration in parts per million of elements contained in the samples.

For our project we are going to evaluate past years’ data from samples collected at Sweet Home that went through the nuclear reactor at OSU and were analyzed.

Results

Table 1 displays the original sample data. These are all twenty-six of the original bedrock sample data from the 2002 report. Testing was done for three compounds and twenty-eight elements. There are a number of places where the data is incomplete. Not all the samples have data. Not all the elements have data either. Table 2 shows the usable sample data. There are thirteen samples and twenty-one elements remaining. 

When there is an (X, Y) graph, a linear regression trendline can be plotted. This trendline shows a straight line through the (X, Y) coordinates. The line is created by measuring the distance between all the coordinates & drawing the line as the best fit among all the data points. The slope of the line describes the general direction of the coordinates. 

The smaller the interval measure in standard deviation, the more accurate the data points and the less confidence in the prediction. One standard deviation from the trendline indicates that 68% of the observations will be found in that area. A half standard deviation indicates that fewer observations will be found in that area. The probability that a data point will be found within .5 standard deviation is lower; thus if a high number of data points are found within this area the line is a better fit.

Graph Section 1 shows the relationship between arsenic and another element using (X, Y) coordinates as well as the trendline. In the graphs with the trendlines, we added .5 standard deviation upper and lower error margins. We then counted the number of plotted points within those y-error bars both above and below the trendline, so we could get an idea how closely the plotted points followed the trendlines. We found one element with seven points within that region and three with six points within that region. Given that the total number of points on each of these four graphs was thirteen points, there was barely a fifty percent correlation between the points and the trendlines. 

Graph Section 2 shows enlarged graphs of the four elements with the best fit with arsenic. They are scandium (Sc), samarium (Sm), cobalt (Co), and ytterbium (Yb).

“The correlation coefficient (r) indicates the extent to which the pairs of numbers for two variables lie on a straight line.” (Hopkins, 2000). The correlation coefficient must be between +1 and -1. A positive correlation coefficient is above zero, such as 0.7, and indicates an upward trend. A negative correlation coefficient, such as -0.7, would indicate a downward trend. “For perfect linearity, r = ±1. If there is no linear trend at all--for example, if there is a random scatter of points--the value of r is close to zero.” (Hopkins, 2000). “Correlations of less than 0.1 are as good as garbage. The correlation [used in the article], 0.9, is very strong. Correlations have to be this good before you can talk about accurately predicting the Y value from the X value.” (Hopkins, 2000).

Table 3 shows the correlation coefficients for all the elements’ relationship with arsenic. The highest correlation coefficients we found were -0.3894 for scandium (Sc),
-0.3771 for lutetium (Lu), -0.3135 for ytterbium (Yb), and -0.3122 for rubidium (Rb). The highest correlation coefficient that was positive was 0.2609 for lanthanum (La).

Table 4 shows the six elements that were noted for either their relationship to the trendline or their correlation coefficient or both. Cobalt (Co) and samarium (Sm) were chosen because of six data points within the .5 standard deviation. Lutetium (Lu) and rubidium (Rb) were chosen because of an absolute correlation coefficient greater than 0.31. Scandium (Sc) and ytterbium (Yb) were chosen because they met both criteria. 

Discussion

Using a standard deviation of .5 and examining the (X, Y) graphs, notable elements were cobalt, samarium, scandium, and ytterbium. Using the correlation coefficient, notable elements were lutetium, rubidium, scandium, and ytterbium. However, the correlation coefficients were negative. This shows that when arsenic is present, there are lower levels of these elements.

As separate methods of analysis, neither the standard deviation error bars on the trendlines nor the correlation coefficients were strong enough to predict the relationship between arsenic (As) and any other element. Despite their individual inaccuracies, both methods put scandium (Sc) and ytterbium (Yb) in the top four. It is possible, using a number of correlations that a relationship may be found between arsenic and either element. However, at least one other correlating factor would be necessary to find a definite relationship between arsenic and scandium or ytterbium.

Because of the low accuracy in using the trendline and the standard deviation, this data cannot accurately predict a relationship between arsenic and another element. The correlation coefficients were not high enough to be used effectively to predict the amount of arsenic and another element. Therefore, there is not enough data to form any relationship conclusions, except the absence of any obvious relationships.
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	Sample #
	 Bedrock 
	Bedrock
	Bedrock
	Bedrock
	 Bedrock 
	 Bedrock 
	 Bedrock 
	 Bedrock 
	 Bedrock 

	OSU #
	 U60201 
	U60205
	U60205a
	U60207
	 U60213a 
	 U60213B 
	 U60216 
	 U60219 
	 U60221 

	FeO (%)
	18.292383
	5.650090
	5.400963
	3.529237
	7.740298
	2.206448
	7.147587
	 
	16.568193

	Na2O (%)
	2.900945
	0.461355
	0.457589
	0.313715
	5.296043
	2.595569
	1.748785
	 
	3.345191

	K2O (%) 
	0.577231
	3.204452
	3.275243
	1.957308
	2.163933
	1.603148
	0.253246
	 
	0.976099

	Sc (ppm)
	49.532734
	22.452997
	22.125746
	10.106424
	9.323865
	3.930535
	21.605732
	 
	33.206993

	Cr (ppm)
	39.041370
	34.483757
	33.839737
	23.355639
	34.554485
	 
	59.286205
	 
	267.692261

	Co (ppm)
	62.358109
	6.261878
	6.134643
	8.929732
	13.508434
	3.647789
	24.165564
	 
	32.376530

	Ni (ppm)
	161.084732
	 
	 
	157.055817
	 
	 
	 
	 
	177.398895

	Zn (ppm)
	151.281387
	 
	123.613762
	19.386810
	82.896873
	44.998936
	181.670990
	 
	88.596588

	As (ppm)
	4.149738
	6.590330
	6.428155
	3.081283
	15.011052
	11.194717
	56.073189
	 
	18.736118

	Sb (ppm)
	0.819942
	4.263033
	4.335909
	1.626629
	2.863986
	0.729135
	1.937401
	 
	3.966370

	Se (ppm)
	0.135833
	0.205485
	0.224389
	0.051329
	 
	 
	 
	 
	0.108281

	Rb (ppm)
	15.071469
	113.612541
	128.403107
	70.623825
	72.329636
	14.364823
	 
	 
	34.175602

	Cs (ppm)
	1.534542
	7.476396
	7.853355
	4.184180
	5.673647
	2.706225
	 
	 
	1.999786

	Sr (ppm)
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Ba (ppm)
	1061.729370
	882.168945
	885.953186
	360.416168
	1217.607300
	679.352661
	346.317810
	 
	1532.135010

	La (ppm)
	24.752298
	20.574547
	20.316097
	10.143799
	31.085541
	15.926053
	6.240486
	 
	17.167824

	Ce (ppm)
	59.769398
	44.557999
	45.567783
	20.758833
	64.407288
	26.248457
	20.353590
	 
	40.214188

	Nd (ppm)
	43.535870
	24.642473
	17.954927
	11.387503
	28.076487
	1.597967
	 
	 
	21.293240

	Sm (ppm)
	7.354516
	4.183410
	4.137711
	2.377876
	4.874629
	2.103938
	2.380071
	 
	5.552134

	Eu ( ppm)
	2.282773
	1.063955
	0.973962
	0.718478
	1.255252
	0.367917
	0.753284
	 
	1.594587

	Tb (ppm)
	1.370775
	0.808496
	0.456332
	0.591218
	 
	0.546714
	1.840463
	 
	1.147597

	Yb (ppm)
	3.832036
	1.850794
	1.916125
	1.134378
	2.231973
	1.168991
	1.174522
	 
	3.345250

	Lu (ppm)
	0.579935
	0.319703
	0.337858
	0.189306
	0.321725
	0.176476
	0.211325
	 
	0.506624

	Zr (ppm)
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Hf (ppm)
	5.507246
	5.802399
	5.669004
	2.762715
	7.330522
	2.864502
	2.921167
	 
	5.325248

	Ta (ppm)
	1.032902
	 
	1.913012
	 
	 
	 
	 
	 
	 

	W (ppm)
	0.888547
	1.016681
	0.891392
	0.578298
	2.348912
	0.684044
	 
	 
	1.014193

	Th (ppm)
	3.571210
	5.884824
	5.543590
	2.868076
	6.705485
	3.717453
	 
	 
	2.790902

	U (ppm)
	1.266654
	1.978524
	1.914671
	1.146535
	2.899824
	0.613155
	0.467406
	 
	0.883439

	Au (ppm)
	0.009992
	0.035123
	0.032670
	0.005420
	0.023961
	 
	0.012410
	 
	0.008519

	Ir (ppm)
	 
	0.000000
	0.013461
	 
	0.025772
	 
	0.034755
	 
	 


	Sample #
	 Bedrock 
	 Bedrock 
	 Bedrock 
	 Bedrock 
	 Bedrock 
	 Bedrock 
	 Bedrock 
	 Bedrock 
	 Bedrock 

	OSU #
	 U60230 
	 U60234 
	 U60240 
	 U60248 
	 U60251 
	 U60253 
	 U60256 
	 U60266 
	 U60270 

	FeO (%)
	5.562877
	5.363590
	14.005627
	5.242672
	6.340480
	 
	7.749698
	7.895751
	6.472622

	Na2O (%)
	0.606100
	1.465820
	4.023645
	6.335932
	2.603442
	 
	1.623226
	3.836113
	2.411115

	K2O (%) 
	1.159450
	0.516025
	0.674737
	2.014923
	1.639895
	 
	1.111437
	0.729339
	2.396492

	Sc (ppm)
	19.621374
	20.256262
	41.979836
	22.174646
	22.748970
	 
	27.410635
	24.343679
	20.130043

	Cr (ppm)
	 
	32.031799
	17.527765
	5.483071
	 
	 
	58.124443
	277.109650
	 

	Co (ppm)
	12.503873
	20.265842
	36.543831
	5.182315
	5.787191
	 
	26.501581
	34.765736
	10.376307

	Ni (ppm)
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Zn (ppm)
	90.515411
	67.612183
	145.411636
	118.740059
	99.404388
	 
	73.889412
	93.653122
	120.915154

	As (ppm)
	9.501867
	1.081878
	5.573778
	0.910592
	2.320717
	 
	3.807745
	1.411251
	15.863373

	Sb (ppm)
	0.322181
	0.110067
	1.211595
	1.585067
	0.539665
	 
	0.425133
	0.263076
	0.593141

	Se (ppm)
	 
	 
	0.143590
	0.120312
	0.183115
	 
	 
	0.155109
	 

	Rb (ppm)
	22.998222
	 
	 
	55.368767
	101.874023
	 
	 
	29.237600
	32.846149

	Cs (ppm)
	1.440700
	 
	 
	1.147619
	3.581809
	 
	 
	1.069168
	1.037830

	Sr (ppm)
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Ba (ppm)
	306.542816
	135.468140
	524.888977
	523.636597
	585.776306
	 
	162.584274
	389.203430
	238.813187

	La (ppm)
	12.335737
	2.158684
	12.672854
	25.199041
	28.713718
	 
	4.721428
	16.047310
	6.983973

	Ce (ppm)
	26.638176
	4.109407
	33.170765
	54.492771
	53.753735
	 
	14.069839
	32.598461
	28.411949

	Nd (ppm)
	16.923948
	 
	25.456057
	25.675789
	51.692345
	 
	 
	17.563099
	 

	Sm (ppm)
	3.863822
	1.039835
	4.573724
	8.180395
	9.578102
	 
	1.855410
	4.072014
	2.421159

	Eu (ppm)
	0.989498
	0.548731
	1.600143
	1.913209
	2.358052
	 
	0.693532
	1.206621
	0.825993

	Tb (ppm)
	0.970724
	0.849714
	0.987553
	1.855162
	2.146575
	 
	 
	1.007888
	0.629908

	Yb (ppm)
	2.835792
	0.972770
	3.229826
	5.576572
	6.718693
	 
	1.563135
	1.793176
	2.834625

	Lu (ppm)
	0.400452
	0.161477
	0.464019
	0.862357
	1.014774
	 
	0.246539
	0.273247
	0.346273

	Zr (ppm)
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Hf (ppm)
	3.490545
	0.974680
	3.717934
	8.257986
	8.101411
	 
	1.188617
	4.092534
	3.785579

	Ta (ppm)
	 
	 
	 
	0.983272
	2.069408
	 
	 
	1.158791
	0.593593

	W (ppm)
	 
	0.926438
	 
	1.109580
	 
	 
	3.061148
	0.712831
	1.610717

	Th (ppm)
	2.892233
	 
	2.027402
	4.118431
	4.285292
	 
	0.736269
	2.346980
	1.580012

	U (ppm)
	1.051495
	 
	0.338169
	1.398609
	0.857572
	 
	 
	0.385057
	0.534960

	Au (ppm)
	0.012838
	 
	0.008423
	0.005860
	0.011516
	 
	0.006672
	0.005618
	0.022987

	Ir (ppm)
	0.017595
	 
	 
	 
	0.012360
	 
	 
	 
	 


	Sample #
	 Bedrock 
	 Bedrock 
	 Bedrock 
	 Bedrock 
	 Bedrock 
	 Bedrock 

	OSU #
	 U60271 
	 U60272 
	 U60276 
	 U60277 
	 U60283 
	 U60286 

	FeO (%)
	5.846984
	3.453772
	11.675264
	7.960083
	4.194026
	5.816230

	Na2O (%)
	0.479486
	0.675177
	0.134992
	0.185768
	0.660284
	3.116983

	K2O (%) 
	1.039315
	1.259064
	1.204782
	1.736891
	0.931037
	1.033160

	Sc (ppm)
	16.391233
	7.733046
	32.033089
	24.340940
	17.095142
	16.492573

	Cr (ppm)
	5.972559
	11.898591
	22.361710
	26.435968
	 
	22.996735

	Co (ppm)
	10.076887
	7.507055
	14.968996
	11.792685
	5.901745
	13.943796

	Ni (ppm)
	 
	 
	 
	 
	187.205261
	197.010574

	Zn (ppm)
	98.575592
	56.631355
	152.218658
	75.626633
	159.609955
	97.646591

	As (ppm)
	21.687124
	65.907234
	77.427597
	58.321041
	2.513481
	8.142610

	Sb (ppm)
	0.446279
	2.558683
	3.569753
	0.629798
	0.575651
	0.512646

	Se (ppm)
	 
	 
	0.141050
	 
	 
	 

	Rb (ppm)
	36.658546
	30.238840
	18.148176
	29.334196
	58.974720
	 

	Cs (ppm)
	0.906165
	0.688559
	1.057264
	0.926445
	1.301511
	 

	Sr (ppm)
	 
	 
	 
	 
	 
	 

	Ba (ppm)
	544.066162
	458.633636
	239.659775
	243.597214
	218.241028
	223.675385

	La (ppm)
	29.172773
	10.374429
	40.943420
	11.546371
	11.899209
	12.292129

	Ce (ppm)
	39.570080
	22.381462
	86.367973
	22.432018
	32.508080
	29.484884

	Nd (ppm)
	19.796766
	15.828197
	34.717976
	16.141872
	19.061838
	 

	Sm (ppm)
	5.886938
	3.176396
	6.819646
	3.547214
	3.579016
	3.428709

	Eu (ppm)
	1.274300
	0.872113
	1.933397
	1.200304
	1.053441
	1.001691

	Tb (ppm)
	1.312049
	0.773599
	1.107548
	0.534646
	0.997106
	0.644286

	Yb (ppm)
	3.094060
	1.691515
	5.778270
	2.587400
	2.788813
	1.879114

	Lu (ppm)
	0.479685
	0.275140
	0.930413
	0.369679
	0.414556
	0.302817

	Zr (ppm)
	 
	 
	 
	 
	 
	 

	Hf (ppm)
	3.978606
	2.321668
	8.852012
	3.233917
	2.287774
	3.550638

	Ta (ppm)
	0.523488
	 
	1.365315
	0.343569
	 
	 

	W (ppm)
	 
	0.518592
	1.475583
	0.831676
	 
	 

	Th (ppm)
	2.377298
	1.370293
	4.599161
	2.164946
	1.716300
	0.978160

	U (ppm)
	0.753816
	1.881092
	1.207154
	1.163137
	0.450190
	 

	Au (ppm)
	0.008502
	0.009110
	0.005175
	0.007518
	 
	0.006355

	Ir (ppm)
	 
	 
	0.011931
	 
	0.023089
	 


	Sample #
	Bedrock
	Bedrock
	 Bedrock 
	 Bedrock 
	 Bedrock 
	 Bedrock 
	 Bedrock 
	 Bedrock 
	 Bedrock 

	OSU #
	U60205
	U60205a
	 U60213a 
	 U60224 
	 U60230 
	 U60240 
	 U60248 
	 U60251 
	 U60256 

	As (ppm)
	6.590330
	6.428155
	15.011052
	2.586151
	9.501867
	5.573778
	0.910592
	2.320717
	3.807745

	Au (ppm)
	0.035123
	0.032670
	0.023961
	0.005730
	0.012838
	0.008423
	0.005860
	0.011516
	0.006672

	Ba (ppm)
	882.168945
	885.953186
	1217.607300
	241.410950
	306.542816
	524.888977
	523.636597
	585.776306
	162.584274

	Ce (ppm)
	44.557999
	45.567783
	64.407288
	27.422091
	26.638176
	33.170765
	54.492771
	53.753735
	14.069839

	Co (ppm)
	6.261878
	6.134643
	13.508434
	13.155013
	12.503873
	36.543831
	5.182315
	5.787191
	26.501581

	Cr (ppm)
	34.483757
	33.839737
	34.554485
	12.018336
	 
	17.527765
	5.483071
	 
	58.124443

	Cs (ppm)
	7.476396
	7.853355
	5.673647
	3.655243
	1.440700
	 
	1.147619
	3.581809
	 

	Eu (ppm)
	1.063955
	0.973962
	1.255252
	1.159525
	0.989498
	1.600143
	1.913209
	2.358052
	0.693532

	Hf (ppm)
	5.802399
	5.669004
	7.330522
	4.751986
	3.490545
	3.717934
	8.257986
	8.101411
	1.188617

	La (ppm)
	20.574547
	20.316097
	31.085541
	9.384892
	12.335737
	12.672854
	25.199041
	28.713718
	4.721428

	Lu (ppm)
	0.319703
	0.337858
	0.321725
	0.502197
	0.400452
	0.464019
	0.862357
	1.014774
	0.246539

	Nd (ppm)
	24.642473
	17.954927
	28.076487
	 
	16.923948
	25.456057
	25.675789
	51.692345
	 

	Rb (ppm)
	113.612541
	128.403107
	72.329636
	30.509529
	22.998222
	 
	55.368767
	101.874023
	 

	Sb (ppm)
	4.263033
	4.335909
	2.863986
	0.547700
	0.322181
	1.211595
	1.585067
	0.539665
	0.425133

	Sc (ppm)
	22.452997
	22.125746
	9.323865
	19.028770
	19.621374
	41.979836
	22.174646
	22.748970
	27.410635

	Sm (ppm)
	4.183410
	4.137711
	4.874629
	3.345681
	3.863822
	4.573724
	8.180395
	9.578102
	1.855410

	Tb (ppm)
	0.808496
	0.456332
	 
	0.573573
	0.970724
	0.987553
	1.855162
	2.146575
	 

	Th (ppm)
	5.884824
	5.543590
	6.705485
	2.576356
	2.892233
	2.027402
	4.118431
	4.285292
	0.736269

	U (ppm)
	1.978524
	1.914671
	2.899824
	0.551795
	1.051495
	0.338169
	1.398609
	0.857572
	 

	Yb (ppm)
	1.850794
	1.916125
	2.231973
	3.036476
	2.835792
	3.229826
	5.576572
	6.718693
	1.563135

	Zn (ppm)
	 
	123.613762
	82.896873
	69.391205
	90.515411
	145.411636
	118.740059
	99.404388
	73.889412


	Sample #
	 Bedrock 
	 Bedrock 
	 Bedrock 
	 Bedrock 

	OSU #
	 U60270 
	 U60271 
	 U60283 
	 U60286 

	As (ppm)
	15.863373
	21.687124
	2.513481
	8.142610

	Au (ppm)
	0.022987
	0.008502
	 
	0.006355

	Ba (ppm)
	238.813187
	544.066162
	218.241028
	223.675385

	Ce (ppm)
	28.411949
	39.570080
	32.508080
	29.484884

	Co (ppm)
	10.376307
	10.076887
	5.901745
	13.943796

	Cr (ppm)
	 
	5.972559
	 
	22.996735

	Cs (ppm)
	1.037830
	0.906165
	1.301511
	 

	Eu (ppm)
	0.825993
	1.274300
	1.053441
	1.001691

	Hf (ppm)
	3.785579
	3.978606
	2.287774
	3.550638

	La (ppm)
	6.983973
	29.172773
	11.899209
	12.292129

	Lu (ppm)
	0.346273
	0.479685
	0.414556
	0.302817

	Nd (ppm)
	 
	19.796766
	19.061838
	 

	Rb (ppm)
	32.846149
	36.658546
	58.974720
	 

	Sb (ppm)
	0.593141
	0.446279
	0.575651
	0.512646

	Sc (ppm)
	20.130043
	16.391233
	17.095142
	16.492573

	Sm (ppm)
	2.421159
	5.886938
	3.579016
	3.428709

	Tb (ppm)
	0.629908
	1.312049
	0.997106
	0.644286

	Th (ppm)
	1.580012
	2.377298
	1.716300
	0.978160

	U (ppm)
	0.534960
	0.753816
	0.450190
	 

	Yb (ppm)
	2.834625
	3.094060
	2.788813
	1.879114

	Zn (ppm)
	120.915154
	98.575592
	159.609955
	97.646591


TABLE 3

Correlation Coefficient and Absolute Value of Elements with Arsenic

	Element
	Correlation Coefficient

of the Element
	Absolute Value of

Correlation Coefficient

	Scandium (Sc) (ppm)
	-0.3894
	0.3894

	Lutetium (Lu) (ppm)
	-0.3771
	0.3771

	Ytterbium (Yb) (ppm)
	-0.3135
	0.3135

	Rubidium (Rb) (ppm)
	-0.3122
	0.3122

	Europium (Eu) ( ppm)
	-0.3070
	0.3070

	Neodymium (Nd) (ppm)
	-0.3061
	0.3061

	Lanthanum (La) (ppm)
	0.2609
	0.2609

	Barium (Ba) (ppm)
	0.2367
	0.2367

	Terbium (Tb) (ppm)
	-0.2234
	0.2234

	Gold (Au) (ppm)
	0.2156
	0.2156

	Samarium (Sm) (ppm)
	-0.1670
	0.1670

	Caesium (Cs) (ppm)
	-0.1588
	0.1588

	Uranium (U) (ppm)
	0.1550
	0.1550

	Zinc (Zn) (ppm)
	-0.1546
	0.1546

	Cromium (Cr) (ppm)
	-0.1488
	0.1488

	Hafnium (Hf) (ppm)
	-0.1103
	0.1103

	Cerium (Ce) (ppm)
	0.0808
	0.0808

	Thorium (Th) (ppm)
	0.0295
	0.0295

	Cobalt (Co) (ppm)
	-0.0252
	0.0252

	Antimony (Sb) (ppm)
	-0.0207
	0.0207


TABLE 4

Elements with a Possible Significant Relationship with Arsenic

	Element
	Highest number of (X,Y) coordinates within .5 standard deviation of trendline

(Graph Section 2)
	Absolute correlation coefficient of greater than .31 (Table 3)

	Cobalt (Co)
	Yes
	

	Lutetium (Lu)
	
	0.3771

	Rubidium (Rb)
	
	0.3122

	Samarium(Sm)
	Yes
	

	Scandium(Sc)
	Yes
	0.3894

	Ytterbium (Yb)
	Yes
	0.3135
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Graphs Showing the Relationship between Arsenic and another Element Using (X, Y) Coordinates

As well as the Trendline and .5 Standard Deviation Upper and Lower Error Margins
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Correlation Coefficient = 0.0808



Correlation Coefficient = -0.252
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Graphs Showing the Relationship between Arsenic and another Element Using (X, Y) Coordinates

As well as the Trendline and .5 Standard Deviation Upper and Lower Error Margins
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Correlation Coefficient = -0.1103
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Graphs Showing the Relationship between Arsenic and another Element Using (X, Y) Coordinates

As well as the Trendline and .5 Standard Deviation Upper and Lower Error Margins
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Correlation Coefficient = -0.0207


Correlation Coefficient = -0.3894
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Correlation Coefficient = -0.2234
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Correlation Coefficient = 0.0295



Correlation Coefficient = 0.1550
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Graphs Showing the Relationship between Arsenic and another Element Using (X, Y) Coordinates

As well as the Trendline and .5 Standard Deviation Upper and Lower Error Margins
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Correlation Coefficient = -0.3135


Correlation Coefficient = -0.1546
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Enlarged Graphs of Elements with the Best Fit with Arsenic
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Enlarged Graphs of Elements with the Best Fit with Arsenic
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