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Arsenic Movement from Gold Deposits, Through Soil, Into Ground Water


The purpose of this investigation is to determine a correlation between possible Arsenic concentration in the Quartzville goldmine/creek area and the Arsenic present in the Sweet Home ground water and well water supply. This will test a few things. First, if there is Arsenic in the Quartzville area, second it will test whether or not Arsenic can be picked up from the soil into water, and then deposited at lower elevations, also tying into this is whether or not there is a correlation between elevation and amount of Arsenic in the soil due to gravity or water traveling downward. This will start a new branch of the Sweet Home investigation looking at Arsenic and Gold deposits. Thus far, the investigation has not yielded conclusionable data, but will, and then will allow for correlations to be observed by just putting in numbers, Showing that Arsenic originates in the goldmine’s proximal soil, and travels downstream via Quartzville Creek into Sweet Home’s ground water and well water supply.

Introduction-


The Goal of this study is to find out whether or not Quartzville Creek is transporting arsenic from Quartzville mine, to Sweet Home and into the well water supply. Our goals are: to establish whether or not the Quartzville mines have arsenic in the surrounding soil, to test the arsenic concentrations of soil along Quartzville Creek, and to determine if significant arsenic is being deposited downstream of the mines, through the water as a carrying agent.  After analyzing the samples for arsenic, and finding their elemental composition using an Inductively Coupled Plasma Emission 

Spectrophotometer (Chambers), our data will be entered into a GIS database to allow further studies to build on our research, and make advances in the field of arsenic’s movement through water.

Because arsenic is not only used in mining gold ore, but found in the ore itself, an area near a gold mine such as the area we are sampling is highly probable to have a natural arsenic content in the soil that is higher than the crustal average. Figuring on arsenic being present in the area’s soil already, our group plans to not only see if there is arsenic, but test the movement of arsenic through water. This is to see if Quartzville Creek may be a transporting vessel of arsenic, from the Quartzville mines to Sweet Home’s well water supply. 

By taking the three samples the way we planned, we then will test them for arsenic, and by doing so, hope to be able to make a connection between the Quartzville mine, Quartzville Creek, and Sweet Home’s Water supply. It is very possible that the Creek is transporting the arsenic; as read below, high levels of arsenic in groundwater occur when rocks of high arsenic levels are in proximity, and the groundwater level changes dramatically, allowing the arsenic to penetrate into the groundwater. Because Sweet Home is so spread out, especially from the one Quartzville Creek, it is a good hypothesis also that there are rock formations under the soil in Sweet Home that contain much natural Arsenic.

Arsenic tests have been done in Papua, New Guinea at a goldmine concerning water pollution. This mine uses sludging/smelting techniques, and “at the end of the stretch of river, average concentrations of arsenic, mercury and lead are 10, 13 and 16 times the respective pre-mine concentrations.” Arsenic is shown to travel large distances through water and have a major effect. It is possible then, that the natural arsenic around Quartzville could be traveling down the creek and into Sweet Home. 

The earth’s crust contains on average 2-5 ppm of arsenic, though some kinds of minerals have much higher concentrations of arsenic. Some examples of arsenic- containing minerals are arsenopyrite, realgar, orpiment, arsenolite. Some of these minerals can be found mixed in with gold ore. Weathering of these minerals will result in some arsenic leaching into water and air. Groundwater in contact with rocks that are high in arsenic may contain high concentrations of arsenic, a natural source of arsenic. Many of the world’s largest problem spots are due to naturally high levels of arsenic in groundwater.

Arsenic is a semi-metal, a member of the nitrogen family. It occurs naturally in the earth and in the seas. It is odorless and tasteless. Arsenic is an element (As) that occurs in the earth’s crust-rock, soil, all natural sources of exposure, or can be traced to deep water brines used to produce oil and natural gas. Consumption of food and water are the major sources of arsenic exposure for the majority of US citizens. People may also be exposed from industrial sources, as arsenic is used in semiconductor manufacturing, petroleum refining, wood preservatives, animal feed additives, and herbicides. 

Arsenic can combine with other elements to form inorganic and organic arsenicals. In general, inorganic derivatives are regarded as more toxic than the organic forms. While food contains both inorganic and organic arsenicals, primarily inorganic forms are present in water. Exposure to arsenic at high levels poses serious health effects as it is a known human carcinogen. In addition, it has been reported to affect the vascular system in humans and has been associated with the development of diabetes.

Because Arsenic poses such a health risk, especially if it is ingested in well water in large amounts, it is important to find the source of Sweet Home’s high Arsenic concentration. Once the source is found, it will be easier to possibly help or even eliminate the problem the community must face. By doing this study, our group will collect and analyze samples near the goldmine, hopefully connecting, or disconnecting the mines and the Arsenic in Sweet Home. This will allow the community of Sweet Home to decide if they want to pursue this problem and eventually get rid of the problem if possible.

From past studies, Arsenic is found to travel through water. Also, no samples have been taken previously in the Quartzville area, so it will be interesting once we get the samples back from analysis, to see whether or not there is even any Arsenic present. Our group expects to find evidence pointing to Arsenic travel from up higher in the Quartzville mine hills, down through the water, and into Sweet Home and its water supply. We will be testing Arsenic travel through water, with change in elevation, and investigate Arsenic with the goldmine sites.
Methods- 

  Gathering Samples-


Our group was assigned three soil samples. Because we are testing a correlation between Gold and Arsenic, the four of us decided to take our samples from the immediate area of the Quartzville mines. This was along Quartzville creek. The positions of where our group took samples were critical in order to test the Question we wanted to. Our first sample was taken at the foot of the creek in order to see the arsenic and gold deposits at the bank of the creek. This would allow us to compare it to our second sample, taken twenty yards away from the creek, and see if the arsenic content found in sample #1 was related to the surrounding soil, or if it had been deposited there be means of the creek. This would tell us a great deal with these two samples, and test our question of whether or not the arsenic moved noticeably from upriver even closer to the mines. Our third sample was taken downstream a few miles from the first two. The sample was also taken at the foot of the creek, close to the water to test whether or not the arsenic, if found, was deposited, and what the relation in amount was to the first two samples.


Although limited to only three samples, I believe, along with my group, that the placement we chose to take our samples is such that results we find may not lead to rock solid conclusions, but that we may find a correlation that can be tested using more samples and more effort placed on the mines as a source to Sweet Home’s high Arsenic groundwater content.  


To take the samples, first find a suitable place with enough soil(2 gallons), not a place with just rock that will prove impossible to gather soil for analysis. The first sample should be along Quartville Creek, right at the water level. Dig the first 14 or 15 cm off of the sample area, then gather two gallons of soil in zip-loc bags from that level of 15cm below the ground level. Take a picture of the sample site with a digital camera, to document site visually. Find and record GPS coordinates along with elevation of sample site. Lay one meter string in straight line pointing north-south, with the south end touching the flag (placed at center of sample for exact sample location) and take picture to document plant density. Fill in data sheets found in Appendix D of final write-up, with the rest of the information, such as fern density, slope of site, etc. After finishing gathering soil, replace top 15cm of topsoil into sample hole, and move to next sample. For sample number 2, move 20 yards away from the river. Again, take sample as cited for sample one, and document information on data sheet. For sample number 3, move downstream 2-3 miles and take sample in same place relative to creek as in sample number one. Once completed, take data sheets and enter the information on them into the classroom database, along with the pictures taken.

    Testing Data- 


Set up five beakers, each one labeled 1, 2, 3, 4, and 5 respectively. Rest a funnel on each of the beakers so it won’t tip over. Brace them if necessary. Place two coffee filters in each funnel. Place 100ml of soil into each funnel from each sample. Sample number 1 will be our groups #1, sample 2 as our groups #2, and sample 3 as our groups #3. Samples 4 and 5 will be gathered by other groups; choose one for sample #4 and one for sample #5. Pack soil firmly into bottom of funnel. Measure out 75ml of distilled water into 5 of the 6 remaining beakers. Pour the contents of each beaker simultaneously into each of the five funnels with soil in it. Allow 24 hours for water to run through filter and soil. After 24 hours, repercolate the water through each sample and give another 24 hours to completely permeate through the soil. Once finished, pour 50ml of distilled water into the last beaker. Set everything aside except for the six beakers now filled with fluid (5 from samples, 1 from distilled water). 

   Analyzing data (in class)-


Analyze each of the samples for arsenic, to test travel of arsenic through water. The sample of distilled water will be used as a control to check for accuracy. To test the samples, use a “Hach” brand, “EZ Arsenic Test Kit”. Inside are the instructions that provide the testing of arsenic content. Test each sample individually and record arsenic content. Complete all tests, and dispose of all sample fluids by safe means. 

 Analyzing samples (ICP)- Once all of the samples are collected, they are to be put though an Inductively Coupled Plasma-emission spectrophotometer(ICP). In order to do this, each sample must be put through a digestion process that will allow the Arsenic in the soil to come out of the soil, and into solution. This process is described in Appendix A.  Once the samples are analyzed using ICP, we will be able to compare the Hach test kit results with the actual results, testing our question of whether or not Arsenic travels through water. When the samples come back analyzed, we will also be able to see if Arsenic is present in the Quartzville sites, and compare it to the other areas around Sweet Home. 

Materials- 


Gathering Samples-

1-Shovel(digging soil)

1-Trowel(shoveling soil into bags)

6-One Gallon Zip-Lock Storage Bags (holding sample soil)

1-Ruler (measure distance from ground level to sample level)

1-One Meter Long String( used to document plant density)

1-GPS Receiver (used to document exact location of samples)

1-Digital Camera (used to document site, and plant density)

1-Permanent Marker (used to write on marker flags, and data sheets)

3-Flag Markers (used to mark sample locations)

3-Data Sheets ( used for data collection)


Experiment With Samples-



11-100ml Glass Beakers (used to catch runoff water)



  5-5in or 6in funnels (used to funnel runoff water into beakers)



  1-Gallon Distilled Water(used to run through soil to gather arsenic data)



10-Coffee Filter Paper Sheets (used to allow water to pass, but not soil)



  5-Soil samples ( 3 we took, plus 2 more high in arsenic)

Analyzing Experiment-


           Hach “EZ Arsenic Test Kit” (used to test Arsenic content after experiment)

Timeline-

March 11, 2004 – Field trip to Sweet Home and Quartzville Mine to collect samples

April 2, 2004 – Field trip to OSU Nuclear Reactor to learn about INAA and other nuclear                                              

  processes.

Data to be collected during Project- 

· Samples from Quartzville mining area

· Depth of soil sample

· Compositional elements of samples, mostly Arsenic and Gold, and amount of each(ICP)

· Final Arsenic count of water after being percolated through samples.

Results- 


All the samples that were taken this semester were digested in class using the ICP digestion process (Appendix A). They were then taken to the DOE (Department of Energy) and analyzed using the ICP process. The results came back as all of the samples reading zero. This was not acceptable data, because samples had never all come back as zero before. When this happened, the science classes chose to reanalyze the samples. This time, each place analyzing them would digest them so no class prep was needed in the digestion process. HP and the DOE both volunteered to analyze some samples. This time, HP brought back results that showed Arsenic concentrations. None of the samples chosen to be analyzed at HP were pertinent to our investigation, so our group has yet to find any information about the Arsenic concentration in the soil from the mine sites. 


Some results we did get though, was from sample number 1, we got a Hach test reading of 10 ppm. This was the only one of the six tests we did that yielded any readable amount after the water had been percolated through the soil. 


Once the other samples come back, we can compare them to the Hach tests for that sample, and draw conclusions or correlations about the question we are trying to answer.  Appendix B shows the sample information analyzed at HP.

Discussion- 


This was a difficult experiment to perform. Not only the getting samples, analyzing samples and testing the samples, but we tried many times to get the samples all analyzed, and were only successful to date with ten samples from HP giving data with positive numbers. None of the ten samples analyzed were involved in our experiment and therefore, the only positive evidence we have to draw conclusions with is the positive reading of sample number one with the Hach test kit.


This data suggests that the Arsenic is taken from the soil by the water, and transported through the water. This could be backed up more if we knew the concentration of Arsenic in the soil, but to have a positive number shows that there is some percolation of Arsenic going on. 


Out of the three things our group tested, (presence of Arsenic near Quartzville creek, transport of Arsenic through water, and elevation effects of Percolation) only one is able to be answered questioningly. The others are not able to be addressed yet, because there is no evidence to support a conclusion either way. I will conclude though, that water carries Arsenic, and can pick up Arsenic by traveling through Arsenic containing soil. 


Had we had numbers to put with our samples, I believe we would have found a presence of Arsenic, higher than the crustal average, in the area of Quartzville mines and creek, and that that would also show, when combined with our first conclusion, that the mines are a source of Sweet Home’s arsenic residence. When the samples come back, the samples given to our investigation will either show and Arsenic presence, or not, and if they do, it will show that the Quartzville area is an arsenic deposit. 


If  another study were to be done like this, I would say that more samples need to be collected from this area. Our group was allowed three samples and that was not enough to test the question we came up with and presented. Also, though it was under no ones control, to have reliable data is the most important part of this lab. No data would be better, because it would not lead to false conclusions. 


In this kind or study, the next step would be to test more samples from around the area, to make sure that the Arsenic presence is a geological formation with the gold mines, and not just random localized patches of Arsenic content. This is most important, and then also, building on the concept of travel through water, a group could further study that as a study by itself. Our group broke some ground in that no one had really explored this aspect of the Sweet Home project dealing with Arsenic, and now that some basic work has been done, more can follow in better organized and focused groups looking at only one aspect each. 
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