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The Correlation between Iron Oxide and the Release of Arsenic in Water
Abstract

This experiment was done to test the correlation between iron oxide and the release of arsenic in water.  The results were intended to add to the knowledge of arsenic and it’s reactions with other substances and in order to aid areas with arsenic problems.  Past studies have shown that iron oxide may aid the release of arsenic in water, this experiment hypothesized similar results.  Soil samples were collected from an area in Sweet Home Oregon known to have high arsenic concentrations in the past.  Nineteen samples were collected from this area.  One sample was sent to an Inductively Coupled Plasma Emission Spectrophotometer (ICP) to determine the arsenic levels of the soil to be tested. The other eighteen were put into beakers with water and varying amounts of iron oxide.  After four days the resulting liquid was filtered off and tested using arsenic water test kits.  The levels of arsenic shown by the water test kits and the ICP showed no arsenic in the samples.  This could have been the result of a procedural flaw in one or both tests.  It is also possible that there was no arsenic in these areas, although unlikely.  This experiment should be executed again but with different, more reliable composition testing techniques.

Introduction


The object of this experiment was to test the relationship between iron oxide in soil and the release of naturally occurring arsenic from the soil into water.  To find this relationship, samples were taken from an area with naturally occurring arsenic.  These samples were then tested for a relationship by adding various amounts of iron oxide to the samples and using a titration system, running water through the samples.  The water resulting from this procedure was then analyzed for it’s arsenic levels and compared with control samples with no added iron oxide (with known natural amounts of iron oxide and arsenic).  This data will help aid the residences of areas with arsenic in the soil and other researchers to understand and study the release of arsenic into water.


The purpose of executing this experiment was to increase the scientific knowledge of the characteristics of arsenic and it’s interaction in soil with other compounds.  This is important because in areas with arsenic rich soil, such as in Sweet Home, Oregon (Hinkle; Polette, 1999) where the tested samples were collected, the arsenic from the soil somehow gets into the water supply, thus endangering the area’s inhabitants.  If the results show that there is a correlation between iron oxide and the release of arsenic into the water, this information may help bring about new techniques to hamper the release of arsenic into water.


A large-scale dissolution of arsenic into water could be disastrous and could possibly translate into contaminated wells and other water sources in towns.  Arsenic in drinking water is very dangerous because arsenic is such a poisonous element (U.S. 1993).  Ingestion of this metallic steely grayish, crystalline, element increases the risk of cancer, damages all organs and can cause death. (López, 2004).  The toxic risks of arsenic are too great to be overlooked when high levels are found in populated areas.  Studies like this help the scientific community come one step closer to safer water supplies.


There has been research previous to this study that has shown arsenic’s release from soil into water is aided by the presence of iron oxide.  From the scientific study “Distribution of Arsenic in Water and Streambed Sediments, Cook Inlet Basin, Alaska” those “conditions that favor the release of arsenic to ground water include the presence of iron oxide and sulfide minerals in aquifer materials, alkaline ground water (pH greater than 7 units), and presence of phosphate and organic carbon,” (Natural, 2001) it can be assumed that there is some type of relationship between the release of arsenic in water and iron oxide.  In another study, iron oxide-hydroxide coated surfaces seemed to be aiding the release of arsenic into water  (Reeve, Andrew).


The results of this study will prove important to the scientific community who is studying various interactions with and characteristics of arsenic.  Chemists might find the characteristics and chemical make-up of soil that will favor the release of arsenic and chemicals like it valuable in assessing chemical relationships.  In geology the results would be helpful to scientists interested in the interaction and cycle of various elements in the Earth and nature.  Finally, scientists who are working on devices and methods to filter out or collect the arsenic from water for cleaner drinking systems could benefit from the results of this research.


Average citizens and a variety of other non-scientific organizations could benefit from this research in the areas of health and commercial concerns.  First, with this knowledge, citizens would be able to make more informed decisions on the types of products they want to purchase to filter out arsenic from water and what soil conditions around their residences favor the release of arsenic.  Water companies that are concerned with drilling wells and city water sources could also find this information useful in order to assess the risks of setting up water sources in certain types of soil conditions.  Doubly, organizations concerned with existing water sources and well sites could find the results of this study useful in analyzing the long term and short term safety of arsenic contaminated areas.


We expected to find this study would reveal a trend that showed iron oxide aids the release of arsenic into water.  Past studies (Reeve, Andrew; National, 2001) concerning the relationship of iron oxide and the release of arsenic in water have all supported this hypothesis.  A study in Cooked Inlet Basin, Alaska (National, 2001) that also studied ground soil, had results that stated iron oxide “favor the release of arsenic to ground water.”  The study in Alaska and the experiment conducted in Sweet Home, Oregon, are very similar in nature, and thus lead one to believe that comparable results will occur.

Methods


Materials Already Accounted for:

· Shovel

· Five one-gallon freezer bags

· Ruler

· Coffee filters


Material the School Provides:

· 18 Beakers

· A mixing rod

· Distilled water around 36 liters

· A water drip mechanism that dispenses water slowly at a

constant rate

· Iron oxide to add to the soil in powder form

· Water Arsenic Test Kit

· Access to an Inductively Coupled Plasma Emission




 Spectrophotometer

Procedure

1. A region with known high soil concentrations of arsenic was chosen to take the samples from: Sweet Home, Oregon, down Ames Creek road.

2. A one-foot deep circle was dug at the sample site with a radius of three feet.  The resulting dirt from digging was placed next to the site so that it could be used to fill up the hole afterwards.  Collection occurred on March 11th, 2004.

3. From this new layer of soil in the dugout circle, 5 gallons of soil was collected and measured out using one-gallon plastic freezer bags.

4. The site was filled up with soil from the pile adjacent to the site (soil set aside from digging) to preserve the site and the surrounding environment.

5. All 5, one-gallon bags, were emptied together in a large bucket and stirred so as to have consistent soil throughout the experiment.

6. Eighteen, 200 gram soil samples were measured out of the newly mixed soil and deposited into 18 respective beakers (with 200 grams of soil in each).

7. 2.5 grams of powdered iron oxide was added to each of three beakers, and marked for their contents (grams of iron oxide).  This was repeated with 5, 7.5, 10 and 15 grams of iron oxide added resulting in six groups (including a three beaker group of 0 ml iron oxide) of varying amounts of iron oxide, each with three beakers with varying amounts of iron oxide.

8. Samples were separately poured into 18 different beakers

9. 200 ml of water was poured into each of the 18 beakers and stirred.

10.  All of the beakers were left to sit for four days.

11. Coffee filters were put over each of the 18 beakers and attached by putting a rubber band around each coffee filter on each beaker’s neck.

12.  These beakers were turned over allowing the filtered water to drip into an arsenic test kit bottle.

13.  The water was then tested for arsenic levels with an arsenic water test kit.

14. Soil samples from the original site were sent to an Inductively Coupled Plasma Emission Spectrophotometer to test for the arsenic and natural iron oxide levels in the sample soil after being digested in an acid digestion procedure (for details about the Inductively Coupled Plasma Emission Spectrophotometer and acid digestion processes see appendix).

Results


The results that the arsenic test kits provided were very consistent.  The levels of arsenic in the filtered off water all turned up to be zero.  The columns represent the ml of iron oxide added to each soil sample, each number below it is a different sample with the same amount of iron oxide
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All eighteen samples tested by the arsenic test kit did not display any sign of arsenic in the water.  The test strips (strips of paper with a reactive color-changing coating) did have small black specs on it but did not indicate any arsenic.  The arsenic levels do not increase or decrease but simply remain at 0 percent arsenic.  The trend shows that when the iron oxide levels rise the arsenic levels remain at zero.  A graph showing the averages of the three samples with the same amount of iron oxide reveals the same trend as easily seen in the chart, all arsenic levels remain at zero.


Also, the sample from the test site sent to the Inductively Coupled Plasma Emission Spectrophotometer returned a result of 0 for arsenic content (possibly flawed result, see discussion).  This result is significant because is supposed to show the original arsenic content of the soil used in the experiment.

Discussion

The results of this experiment were very peculiar because it was expected that there were at least some amounts of arsenic in the soil.  Since the ICP showed no arsenic in the original sample it would seem logical that no arsenic would turn up in the filtered water.  The information from the ICP has to be questioned though, a previous investigation showed that arsenic levels in Sweet Home Oregon were very high (Chambers, 2003).  It seems unlikely that the arsenic from the area that we collected had simply disappeared.


There seems to be a high probability that the results from the ICP are flawed.  The area where the samples were collected was believed to be in a high arsenic area.  Past studies have confirmed that the arsenic levels in Sweet Home Oregon are very high (Chambers, 2003).  It is strange to get a sample with no arsenic because the probability that the arsenic in this area has just “disappeared” seems very low.

Rather, more likely, the absence of arsenic is the result of a procedural flaw.  Before the sample was sent to the ICP an acid digestion had to be done on the sample to get it into the proper form (see index for reference).  The acid digestion includes heating and cooling stages, it is possible that arsenic was in one of its acidic forms and boiled off in one of the heating stages.  The acid digestion seems to be at fault, acid digestion was the single preparation used on the sample sent to the ICP.

The arsenic water test kits on the filtered water showed no arsenic as well.  If the ICP’s results showing no arsenic in-fact are NOT flawed, this would make perfect sense, there was no arsenic to begin with and therefore it would never leach into the water.  It is possible that the arsenic water test kits did not show results because of interference with other chemicals, such as sulfides.  The test strips of the arsenic water test kits had black specs on them, possibly the interfering substance.  Sulfides occur commonly in the environment, so this is real possibility.

Another possibility for the arsenic water test kits results could have been a procedural error as suspected with ICP.  The samples were allowed to sit for four days in a mixture of iron oxide and water, the arsenic could have evaporated off during this time.  The arsenic could have also bonded with different compounds making it undetectable.

In relation to the hypothesis, it is difficult to make any concrete assertions relating to any trends showing iron oxide aids the release of arsenic in water.  The lack of trusted data and simply the lack of any result other then zeros make it nearly impossible to whether conclude if my hypothesis was correct.  Either there was no arsenic in the samples or the testing was flawed and the arsenic did not show up.  Both cases do not allow any solid conclusions based on the hypothesis.

If this study were to be done again, different types of arsenic tests should be done on the samples.  Instead of using an ICP that requires an acid digestion of the sample, a neutron analysis test would be more fitting (this does not require any digestion, the samples are simply put in a reactor where they are tested for composition).

An investigation into the ICP acid digestion procedure to find out if it truly does remove arsenic would be beneficial in determining the reason why arsenic did not show up.  Doubly, another investigation should be done to determine if any substances that could cause the arsenic water test kits to return a zero are present in the soil sample (such as sulfides).  Ideally, in the future, the water samples should be dried and then sent to a reactor for neutron analysis to test for any arsenic opposed to the arsenic water test kits, which are not nearly as accurate.

Index

Inductively Coupled Plasma Emission Spectrophotometer (or ICP) – Tests the composition of samples by analyzing the light shone through an atomized sample.  The samples are digested with acid (see acid digestion) and then heated to 10,000 C where the atoms exist independently, when the light is shone through the sample, each different substance absorbs different wavelengths.  By analyzing which wavelengths are absorbed by different substances, the composition of the sample can be determined.

Procedure ICP acid digestion can be found at: http://www2.corvallis.k12.or.us/cvhs/science/SummaryOfICPsamplePrep.doc
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