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Transportation of Arsenic into the Sweet Home, Oregon Area

Abstract:

In 1999 the United States Geological Survey created a report on the presence of arsenic in the groundwater of the Willamette Basin.  Most areas had low arsenic levels, but Sweet Home, Oregon, had dangerously high arsenic levels.  Crescent Valley High School science classes began researching possible sources of this arsenic in 2002.  This investigation is one of Crescent Valley’s investigations of arsenic.  Its purpose was to discover whether or not the arsenic came from Quartzville, an abandoned gold mine 22 miles east of Sweet Home.  It also was intended to discover if the arsenic travels from high elevations to low elevations, and if the arsenic travels downstream.  The samples of arsenic were analyzed using the Inductively Coupled Plasma Emission Spectrophotometer (ICP) method.  All samples were found to have arsenic levels of zero.  This was the first time the ICP method was used in Crescent Valley’s series of investigations, and the previously used method, Instrumental Neutron Activation Analysis, will be used this summer to discover if the results of zero were correct.  When those results are measured, higher levels of arsenic at higher elevations would indicate that it was transported from higher to lower elevations, high levels near running water would indicate that it was transported by water, and high levels in Quartzville would indicate that it came from Quartzville.

Introduction:  

The goal of this investigation was to identify whether or not there is a correlation between the arsenic concentration in the soil at the Quartzville Mine area and the arsenic concentration in the soil in Sweet Home.  In addition, it was intended to discover whether or not there is a correlation between arsenic concentration and elevation, and whether or not there is a correlation between arsenic concentration and the presence of running water.


Sweet Home, Oregon, is the site of an unusually large quantity of arsenic.  Arsenic is generally found in groundwater in very small quantities.  The groundwater in Sweet Home contains quantities greater than the “…U.S. Environmental Protection Agency (USEPA) current drinking water Maximum Contaminant Level (MCL) of 50 µg/L (micrograms per liter).” (Hinkle)  Arsenic is poison, so high levels are quite worrisome.  The Sweet Home project was initiated to learn about the high arsenic levels in order to help the people of Sweet Home do something about it.


One of the studies on the arsenic levels in Sweet Home from First Semester of this year, Mapping Arsenic Concentration in Sweet Home, Oregon by Shannon McDowell, states that arsenic levels were higher at lower elevations.  McDowell stated that this could be due to erosion, but does not explore this in great detail.  The intent of this study was, among other things, to compare the elevation of samples to their arsenic levels, and identify if there is a connection.


An important factor in identifying how the arsenic is transported is finding from where it is transported.  Arsenic is often found near gold mines.  This occurs because some gold mining processes involve the use of arsenic, and arsenic often forms compounds with gold, so where gold forms, arsenic is likely to form as well.  About 22 miles east of Sweet Home is the site of an old mine along Quartzville Road.


The town of Quartzville originated after gold was discovered in the area in 1848.  The first legal claim was “...established ... on September 5, 1863.” (Quartzville Recreation Corridor)  There were around 500 claims by 1869. (Carey, 57)  The inhabitants left in 1869 and 1870 when they realized that Quartzville was not an especially profitable mining site.  William B. Lawler attempted to revive the mine in the late 1890s, but he closed his mines in 1897 when it became apparent that there was no more gold to mine.  Now, little remains of the mine or the town except for a U.S. Forest Service marker near the Quartzville site.  However, the former presence of a mine proves that there was gold in Quartzville.  As gold and arsenic are often found together, there is probably arsenic there as well.


Another possibility that makes it likely for the arsenic in Sweet Home to have come from the Quartzville area is the proximity of the Cascade Mountains.  Quartzville, just to the east of Sweet Home, is in the foothills of the Cascades.  The significance of this lies in the fact that arsenic is often released into the atmosphere by volcanic activity.  “Arsenic is released into the atmosphere primarily as As2O3 and exists mainly adsorbed on particulate matter.  These particles are dispersed by the wind and are returned to the earth by wet or dry deposition.” (Ng, 2)  The peaks in the Cascades, though some are dormant and the rest are extinct, are volcanoes.  At one time, many of them did erupt, releasing arsenic into the atmosphere.  Quartzville is closer to the mountains than is Sweet Home, so there would be higher concentrations of volcanic arsenic there than in Sweet Home.


Quartzville Road travels east of Sweet Home along Quartzville Creek.  “Arsenic is mainly transported in the environment by water.” (Arsenic, 14)  Quartzville Creek does flow downhill in the direction of Sweet Home, so if the arsenic is transported by water, Quartzville Creek is a likely location for it to have come from.  According to the U.S. Geological Survey Statistical summaries of streamflow data in Oregon, the average rate at which the water flowed down Quartzville Creek from 1966 until 1987 was 674 ft3/sec. (Wellman, 232)  The lowest rate over this period was 14 ft3/sec in August of 1973 and the highest was 22,400 ft3/sec on January 20, 1972. (Wellman, 232)  The charts indicate fairly constant flow within the seasons.  This U.S. Geological Survey data shows that Quartzville Creek regularly has ample water flow, and therefore, arsenic could be transported to Sweet Home from the Quartzville Mine Area.


Any correlation found between arsenic levels in Sweet Home and arsenic levels along Quartzville Creek could be useful to scientists in the future.  If there was a correlation between the creek and the arsenic or between the elevation and the arsenic, scientists could use these findings to verify any such correlations they find.  Also, future studies could build off of this study.  If there was no correlation, other people doing similar studies may choose not to test the same things because they see that this study found no correlation.  


This investigation will be useful to the people of Sweet Home because the purpose of the Sweet Home project was to learn about the arsenic in Sweet Home.  If the source of the arsenic was found, the people of Sweet Home may be able to do something about it.  If the arsenic came from Quartzville, city planners would be able to avoid putting important water facilities on the eastern side of town, or perhaps they could renovate existing water facilities so that arsenic cannot be transferred into them.  Schools and neighborhood associations could also take precautions about water supplies.


The hypothesis of this investigation was that since arsenic is often found where gold is found, arsenic came to Sweet Home from Quartzville Creek.  High levels of arsenic were expected along Quartzville Creek because of the presence of gold in the area.  In addition the expectation was to see a direct correlation between elevation and arsenic because of erosion, and between water flow and arsenic because arsenic is often transported by water.

Methods:

For taking samples:

1. Label three flags with different numbers.  Each number should correspond to a site.

2. Tear three pieces of printer paper in half.  Write each of the numbers from the flags on two half-sheets of paper.

3. Choose a spot along Quartzville Creek at the Miner’s Meadow picnic area to take a soil sample from.

4. Using a GPS locator, find the UTM Northing, the UTM Easting, and the elevation.

5. Dig a hole with a 30 centimeter radius.

6. Collect two gallon bags full of soil.  Make sure the soil is all from the same level in the ground, which should be between zero and thirty centimeters below ground level.  Record the depth of the hole.  

7. Take a photo of the general site with a digital camera.  Hold one of the slips of paper bearing the site number so that the number is visible in the photo.

8. Place a piece of paper bearing the number of the site in each bag so the numbers are visible.  Also label the bags with that number.

9. Replace the soil in the site so that the site looks like it has not been disturbed.

10. Place the flag with the number of the site on it at the position of the site so it is firmly in the ground.

11. Note the presence of running water nearby and the elevation of the location relative to the geography around it.  (Is it on a hill, and where on the hill is it?)

12. Repeat steps 3-11 for two additional sites.  The second site should be in the meadow, up the hill from the creek.  The third site should be along the creek, downstream at the Yellowbottom Recreation Site.

For finding the arsenic levels:

For finding the exact levels of arsenic, use the ICP (Inductively Coupled Plasma Emission Spectrophotometer) method.  To analyze samples using this method, several steps are involved.  First, the soil samples are dried.  Then the soil is ground so that it can be sifted through a very fine mesh.  Two grams of soil are needed.  The soil is then combined with acid and heated several times.  Finally, the soil samples are contained in liquid samples.  Refer to Appendix B. for the complete preparation procedure.  These samples are then tested for arsenic.  When they are tested, first they are heated to 10,000º Celsius.  At this temperature they are sprayed into argon gas.  They are atomized and ionized, and then forced through a quadropole mass spectrometer.  This measures the atomic light spectra and in so doing measures the quantities of each element in the sample.  

For the Hach test:

1. Identify five soil samples to do Hach tests on.  Hach tests measure approximate arsenic levels in water, so this is a good test to identify how well water transports the arsenic from the soil.

2. Pour 100 milliliters of distilled water into a 100 milliliter graduated cylinder.

3. Measure out 100 milliliters of soil from one of the five samples into a beaker.

4. Place a funnel over a clean beaker so that the contents of the funnel will fall into the beaker.

5. Place a piece of filter paper in the funnel.

6. Place the soil on top of the filter paper.

7. Pour the water into the funnel.  Wait until very little water is still going through, and put the funnel on top of another beaker.  Pour the same water through the funnel a second time.

8. Using the water that has been run through the soil, measure the arsenic level with the Hach EZ Arsenic Test Kit.  Follow the procedure in the kit.

9. Record the arsenic level for that sample, and repeat steps 2-8 for the four other samples. 

10. Also do the Hach test on one sample of pure distilled water as a control.

List of Materials:

(Supplies for Hach test are provided by the CVHS Science Department)

For taking samples:

1 shovel

1 trowel

6 one gallon zipper bags

1 ruler

1 GPS locator

1 digital camera

1 sharpie

3 flags

3 pieces of printer paper

For the Hach test:

5 soil samples (100 milliliters of soil each) 

5 five inch diameter funnels

5 pieces of filter paper 

1 Hach kit

1 gallon distilled water

11 one hundred milliliter beakers 

1 one hundred milliliter graduated cylinder

Results:
Refer to Appendix A for the raw data.

In this investigation, all of the arsenic values were measured as zeros using the ICP method.  The samples will be analyzed at a later date by the Instrumental Neutron Activation
Analysis (INAA) method.  If at that time the arsenic is measured at levels other than zero, a graph should be made comparing arsenic to elevation.  It would contain data from the table of raw data (Appendix A).  On the graph, elevation would be on the independent axis (the x-axis) and arsenic levels would be on the dependent, or y, axis.  The data would be made into a scatter plot, and a fit line would be created for it.  Excel’s correlation coefficient would be used.  This coefficient measures how close the correlation is.  Zero means no correlation.  One means a perfect correlation.  Based on this, a correlation or lack thereof between arsenic and elevation could be identified.  Another graph should be made comparing the presence of running water (x-axis) to the arsenic level (y-axis).  A correlation for this graph would be found in the same fashion as the correlation for the other graph.

The results of the Hach test were varied.  The arsenic levels for three of the samples were zero, and the results for the other two were 25 ppb (parts per billion), and 100 ppb.  The limit for safe arsenic levels is 50 ppb (1 ppb = 1 μg/L), so the 100 ppb was higher than normal.

	Hach test results

	# of Beakers
	Sample #
	Arsenic

	1
	1      
	0 ppb

	2
	20
	25 ppb

	3
	27
	0 ppb

	4
	28
	0 ppb

	5
	29
	100 ppb

	6
	Control
	0 ppb


Discussion:

When the data came back from this study, nearly all of the samples had arsenic levels of zero.  Some of these samples came from areas that had been previously sampled.  One sample in particular had some arsenic, but not an unusually high quantity, and it came from nearly the same area as another sample that had a very high arsenic level. 


One difference between this investigation and the previous ones is the type of analysis used.  Usually, the samples from Sweet Home are taken to the nuclear reactor at Oregon State University for INAA analysis.  This time, the reactor was closed for maintenance.  The samples were sent to the Department of Energy (DOE).  The DOE uses a different form of analysis, ICP, which involves digesting the samples in acid.  When samples were measured at the reactor, there were unusually high levels of arsenic in them.  When they were measured at the DOE, very little arsenic was found.  The results indicating a lack of arsenic are surprising because previous soil samples from Sweet Home had high levels of arsenic, and because two of our samples had arsenic when tested with the Hach kits.  Also, ten samples were sent to Hewlett Packard, and six of the ten were found to have arsenic. (Appendix B.)  One of these, #17, was also measured by the DOE.  The DOE said that #17 had no arsenic.  This seriously calls into question the validity of all of the DOE’s results.


There are several possible reasons for what happened.  First, it is possible that the INAA tests were faulty.  This is unlikely because INAA is a procedure that has never shown itself to be faulty in the past.  It is also possible that the ICP tests were faulty.  ICP is a much newer procedure than INAA, and perhaps is faulty.  It is also possible that neither the INAA tests nor the ICP tests were faulty.  Another possibility is that the form of arsenic found in the soil in Sweet Home cannot be picked up by ICP.  The ICP method requires acid digestion, and it is possible that the arsenic remained solid in the solution and could not be measured.  Also, the ICP preparation involved boiling the acid solutions, and some forms of arsenic have boiling points below the boiling point of the acid.  The arsenic could have evaporated then.  It could also have evaporated without boiling because some molecules are able to evaporate without reaching boiling temperatures.  These issues about the arsenic disappearing would not have happened with the INAA because the soil does not need to change forms in order to be tested.  There are three other possible reasons for the incompatibilities in the results.  It is highly unlikely, but perhaps the arsenic levels in the samples taken this semester were different from the arsenic levels in samples taken nearby because of variability in arsenic levels in the same area.  It is also possible that there was arsenic, but it simply disappeared.  The final possible problem is human error.  Perhaps someone, at some point in the process, managed to mistakenly alter all of the results.


If the results had come back with arsenic, the validity of this investigation’s hypothesis could have been proven.  The hypothesis would have probably been correct if higher arsenic levels were found at lower elevations.  If there were progressively higher arsenic levels at progressively lower elevations, then most likely the arsenic moved downward.  In that case, probably the arsenic started out at a high elevation and slowly filtered downward.  If there were high levels of arsenic all at one elevation or all in one area, there probably is no correlation.  Also, if higher arsenic levels were found near running water, this would probably prove the portion of the hypothesis stating that the arsenic is transported by running water.  And the remaining portion of our hypothesis, that the arsenic came from the Quartzville gold mine area, would be proven if there were high arsenic levels in Quartzville that were progressively smaller the farther away they were from Sweet Home.

Some of the Hach test results did find arsenic.  Sample #20 had 25 ppb, which is half of the maximum safe amount, 50 ppb.  This is not an extraordinarily high arsenic level, but sample #29, which came from Quartzville, had 100 ppb.  This indicates that there are high arsenic levels in Quartzville, and future study in this area would most likely be helpful.

For future study, future researchers should investigate whether or not the results from the INAA analysis indicate that elevation, running water, and/or the gold mine indicate that the hypothesis of this investigation was correct.  They should do this by creating the graphs suggested in the results section of this report.
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Appendix A.: Raw data for arsenic levels of samples at various elevations in Sweet Home from DOE

	Sample #
	Sample Type
	ICP Result    As (mg/kg) 193.696 nm
	Sample Depth (cm)
	UTM Northing (NAD 27) - Meters
	UTM Easting (NAD 27) - Meters
	UTM Northing (NAD 83 Oregon State) - Feet
	UTM Easting (NAD 83 Oregon State) - Feet

	1
	Soil
	0
	22.5
	4913669
	524265
	265080
	7622213

	3
	Soil
	0
	15
	4914133
	523641
	268617
	7625817

	5
	Soil
	0
	20
	4910549
	519757
	257253
	7612712

	8
	Soil
	0
	13
	4912938
	522601
	264802
	7622284

	9
	Soil
	
	5
	4913001
	522575
	265011
	7622205

	11
	Soil
	0
	8
	Lat:44 20.984
	Lon:122 35.576
	

	12
	Soil
	0
	17
	Lat:44 20.984
	Lon:122 35.576
	
	

	
	
	
	
	
	
	
	

	17
	Soil
	0
	3
	4914184
	524005
	268747
	7627016

	18
	Soil
	0
	18
	4912352
	527010
	262433
	7636688

	19
	Soil
	0
	20
	4913197
	522525
	265659
	7622061

	20
	Soil
	0
	5
	4912958
	522554
	264872
	7622132

	27
	Soil
	0
	15
	4936919
	5515534
	check data
	check data

	28
	Soil
	0
	6
	4936911
	551551
	340509
	7719681

	29
	Soil
	0
	
	4937265
	549823
	341845
	7714048

	34
	Soil
	0
	11
	49113259
	522481
	check data
	check data

	37
	Soil
	0
	15
	4913226
	522483
	265759
	7621926

	40
	Soil
	0
	5
	4913385
	525980
	265926
	7633414

	
	
	
	 
	 
	
	
	

	Sample #
	Elevation
	Elevation units
	Running Water (yes/no)
	Slope (Flat / Medium / Steep)
	Notes

	1
	442
	ft
	n
	m
	Flat, swampy, grassy area 

	3
	646
	ft
	y
	
	creek nearby 

	5
	736
	ft
	n
	m
	

	8
	971
	ft
	n
	m
	

	9
	957
	ft
	n
	m
	

	11
	131.2
	ft
	n
	f
	

	12
	108.24
	ft
	
	f
	

	17
	
	
	n
	m
	trees

	18
	1062.72
	ft
	n
	f
	

	19
	3116
	ft
	n
	f
	bumpy area

	20
	1,034
	ft
	n
	m
	

	27
	1460
	ft
	y
	m
	very sandy, wet soil

	28
	1468
	ft
	n
	f
	flat, meadowy area, creek 30 m away

	29
	1325
	ft
	n
	f/m
	

	34
	937
	ft
	n
	f
	

	37
	932
	ft
	n
	f
	

	40
	877
	ft
	n
	s
	very “clay-like soil

	
	
	 
	 
	
	 

	Sample #
	Site Location

	1
	Across street from a hill that was clearcut of trees.  West from a small stream. 

	
	.3 miles from the 30 mph snake road sign.

	3
	address 42424, go a tenth of a mile from mailbox, flag will be on right

	5
	.25 mile off main road

	8
	ina clearing about a five min walk through the forest from road

	9
	about a 4 min walk from road

	11
	along side of willie creek road

	12
	apr. 15 yrds from road

	17
	

	18
	20 feet off the gravel road

	19
	2 miles up Turbine Rd, 100 meters west of 1079, up dirt road on the right

	20
	2 miles up Turbine rd, 75 meters before address 1079, up a road with a gate, 

	
	a quarter mile in the old growth

	27
	Quartzville Rd, at the Miner's Meadow campsite, down by the creek 

	
	(past the chain link fence and around area with picnic tables)

	28
	Same campsite as #27, to the side of the path with picnic benches beyond the chain link 

	
	fence, 20 m to the right of the end of the path, in the grass

	29
	At the Yellow Bottom Rec site, on Quartzville Rd.  Down the steps to the intersection with 

	
	another path.  Turn right onto the path go about 5 m, the site is on the left of the path.

	34
	Accessroad next to telephone pole #PPL1401PPL 082900, immediately to the right.

	37
	50 ft straight up the road, then turn right and go 50 ft

	40
	down a gravel road located about 1/2 mile past Chandler ranch.  Past a gate.


Appendix B.: HP Results

	Sample #
	Arsenic Content

μg/g

	153
	19 ppm*

	17
	24 ppm

	35
	6.6 ppm

	36
	3.8 ppm

	37
	6.1 ppm

	PS
	3.3 ppm


Appendix C.: Summary of soil sample preparation for ICP analysis

ACID DIGESTION

1. Wash glassware

2. Rinse glassware with distilled water

3. Label beaker with group number and sample number

4. Determine mass of empty beaker and record

5. Tare balance and add 1.0 grams to 1.5 grams of soil sample to beaker.

6. Record mass of sample.

7. Add 10 ml dilute nitric acid (“DIL HNO3”)

8. Cover beaker with watch glass.

9. Record time and sample number.

10. Place beaker on hot plate.

11. Monitor sample to see that it does not boil

12. After 15 minutes, remove beaker from hot plate and place on lab bench to cool.

13. After beaker is cool, add 5 ml concentrated nitric acid (“conc HNO3)

14. Record time and sample number.

15. Return beaker to hot plate.

16. After 30 minutes, remove beaker from hot plate.

17. Add 5 ml concentrated nitric acid 

18. Record time and sample number

19. Return beaker to hot plate

20. After 30 minutes, remove beaker from hot plate.

HYDROGEN PEROXIDE DIGESTION

1. After the sample has cooled, add 2ml of distilled water to the beaker.

2. Add 3ml of 30% hydrogen peroxide (H2O2)

3. Cover the beaker with a watch glass and CAREFULLY heat the sample on a hot plate.  IF THE SAMPLE BEGINS TO EFFERVESCE (BUBBLE) ENOUGH THAT MATERIAL MAY BE  LOST FROM THE BEAKER, REMOVE THE BEAKER FROM THE HEAT.

4. When the effervescence subsides, cool the beaker and repeat steps 1 – 3 above.

5. If the sample continues to effervesce strongly after adding the second 3 ml of hydrogen peroxide, steps 1 – 3 may be repeated again for a total of 9 ml of hydrogen peroxide added.  Do not add more than 9 ml hydrogen peroxide.

6. Allow the sample to cool.

FINAL ACID DIGESTION

1. To the cooled sample, add 10ml distilled water and 5 ml concentrated hydrochloric acid (HCL).

2. Place the sample on a hot plate and heat without boiling for 15 minutes.

3. Remove the sample from the heat and allow to cool.

