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The Effect of pH on the Transfer of Arsenic from Soil to Water 

Studies have shown high arsenic content in the soil in Sweet Home, Oregon, possibly up to 827 parts per million.  This study was conducted to determine if pH conditions affect the solubility of that arsenic by combining Sweet Home soil and liquids of acidic, neutral, and basic pHs.  The samples were then tested for arsenic content in the liquid using arsenic test kits.  The original soil samples were analyzed using an ICP, however the results were inconclusive and further study on this topic is necessary to make empirical conclusions.

Introduction


The goal of this study was to determine under what pH conditions arsenic most readily travels from soil to water using soil from various locations in Sweet Home, Oregon.  Soil samples had to be collected


Throughout the world, over one hundred million people are being adversely affected by the arsenic in their water source (Girard, 2000).  Arsenic in the human system is a cause of birth defects, cancer, and diabetes among other problems (Goetz, 1990).  Because of this danger, the US Environmental Protection Agency in 2001 lowered the acceptable limit of arsenic in drinking water from 50 micrograms per liter to 10 micrograms per liter (U.S. Geological Survey, 2003), while the World Health Organization standard remains at 50 micrograms per liter (Carlyle, 2002).  


In Sweet Home, Oregon, high arsenic concentrations have been found in the soil by Crescent Valley High School students in studies over the past three years.  The

average arsenic concentration in soil in Sweet Home from the Spring 2003 Crescent Valley study was 38.9 parts per million, with 78 samples.  Individual results ranged from 0.1 ppm to 576.32 ppm.  From the First Semester 2003-2004 CV study, the average arsenic content was 40.5 ppm, with 66 samples, and results ranging from 0 ppm to 827 ppm.  The standard level of arsenic in soil is 5,000 ppb (Habeck, 2004). 


In comparison to the EPA and WHO acceptable limits of arsenic in drinking water, one ppm is equal to one milligram of solute per liter of solution, and one ppb is equal to one microgram solute per liter of solution.  Considering the vast differences between the arsenic levels in Sweet Home soil and in arsenic regulations for drinking water, the potential value of this study for the residents of Sweet Home is to determine the behavior of one condition, pH, on the arsenic levels that can be transferred from soil to water in the Sweet Home environment.  


The research of F. Sanchez, A.C. Garrabrants, D.S. Kosson, and H. A. van der Sloot in their report titled “Protocols for Estimating Arsenic Leaching from Soils and Solidified Wastes” provided a starting point for a hypothesis on this particular Sweet Home study (2004).  In this report, as shown on the graph in Appendix II, the researchers found that untreated arsenic is more soluble at lower or higher pHs than it is in the neutral range.  
The hypothesis of this group, then, was that acidic or basic conditions, as opposed to neutral conditions, would increase the solubility of arsenic.

Methods

Materials:

Thirty 300 ml beakers

2.25 kg soil (75 g soil for each beaker)

Distilled water 

Sulfuric acid (amount and concentration unnecessary)

Sodium hydroxide (amount and concentration unnecessary)

Hach arsenic test kits

Triple beam balance

Lab Pro pH probe


Soil samples were collected from Sweet Home on March 11, 2004.  Crescent Valley students removed the soil for each sample from a random depth between 0 and 30 cm below ground and filled two plastic gallon bags.  Students then prepared the soil samples for ICP analysis at the Albany, Oregon, Department of Energy.  For preparation procedure, see Appendix 1.


ICP analysis is the use of an inductively coupled plasma emission spectrometer to produce spectral emissions that describe the concentrations of elements present in the sample.  An ICP works by creating Argon plasma from a flow of gas in a high-energy field, which can then reach a temperature of 10000K.  A mist from a liquid form of the sample to be analyzed is injected into the plasma, and the heat causes the chemical compounds in the sample to dissociate.  The component atoms absorb energy, which causes energy transitions and produces spectral emissions.  The ICP separates and analyzes the spectral lines, and relays the concentrations of each element present in the sample.


The first step in the procedures for this experiment was to use soil from one sample, then measure 75 g of soil to place into each of the thirty 300 ml beakers.  The soil sat at room temperature for 72 hours.  Then, for the first ten of the thirty samples, a 200 ml mixture of distilled water and sulfuric acid was combined in proportions to yield a 3.5 pH to create the acidic test conditions.  The pH was tested with a LabPro pH probe, and this mixture was recreated for each of the ten samples.  Each of these 200 ml mixtures was combined with a single 75 g of soil in one of the beakers.


The process for creating the neutral pH test conditions was to test 200 ml of distilled water with the LabPro pH probe to make sure the pH was neutral at 7.  Once this was verified, each of the ten soil-filled beakers received 200 ml of neutral water.  Finally, to create basic conditions, distilled water and sodium hydroxide were combined with the same method as for the acidic conditions, but the desired pH of these mixtures was 10.  The remaining 10 soil samples received their basic mixture.      


After sitting in room temperature for 24 hours, the pH in each of the samples was tested again using the LabPro pH probe, and the results were recorded.  The last step was to test the arsenic levels in the water mixtures.  The water in each of the beakers, which had separated from the mostly dissolved soil, was poured into individual Hach arsenic test kit bottles to determine the presence of arsenic in the water.  The procedures on the Hach test kits were then followed.    

Results


Two batches of soil samples were prepared for ICP analysis, once by Crescent Valley students and once by Albany Department of Energy employees.  The results from the ICP analysis both times indicated that there was no concentration of arsenic in the soil samples collected.  The group collected the following data regarding the pH of the soil-liquid mixtures as well as the presence of arsenic in the water separated from the soil after 24 hours.  

Results of pH probe and arsenic test kits in pH soil samples

	
	Data #
	Arsenic in soil
	pH of solution
	pH after
	Arsenic in Water

	Acidic
	1
	N/A
	3.5
	5.7
	0

	
	2
	N/A
	3.5
	5.8
	0

	
	3
	N/A
	3.5
	6
	0

	
	4
	N/A
	3.5
	6
	0

	
	5
	N/A
	3.5
	5.9
	0

	
	6
	N/A
	3.5
	5.8
	0

	
	7
	N/A
	3.5
	6.1
	0

	
	8
	N/A
	3.5
	5.8
	0

	
	9
	N/A
	3.5
	6
	0

	
	10
	N/A
	3.5
	6
	0

	Neutral
	11
	N/A
	7
	6.7
	0

	
	12
	N/A
	7
	6.8
	0

	
	13
	N/A
	7
	7
	0

	
	14
	N/A
	7
	6.9
	0

	
	15
	N/A
	7
	7
	0

	
	16
	N/A
	7
	6.8
	0

	
	17
	N/A
	7
	6.7
	0

	
	18
	N/A
	7
	7
	0

	
	19
	N/A
	7
	6.9
	0

	
	20
	N/A
	7
	7.1
	0

	Basic
	21
	N/A
	10
	8.3
	0

	
	22
	N/A
	10
	8.1
	0

	
	23
	N/A
	10
	8.3
	0

	
	24
	N/A
	10
	8.4
	0

	
	25
	N/A
	10
	8.2
	0

	
	26
	N/A
	10
	8.5
	0

	
	27
	N/A
	10
	8.3
	0

	
	28
	N/A
	10
	8.1
	0

	
	29
	N/A
	10
	8.1
	0

	
	30
	N/A
	10
	8.2
	0


Discussion

The first question of the group was whether or not to believe the data from the Albany ICP that indicated no arsenic in the Sweet Home soil.  This would have suggested that the studies of the past three years at Crescent Valley High School, using the process of neutron activation analysis, were false.  Since there was significant evidence to believe that Sweet Home does indeed have high arsenic levels, it was decided that some error was made in the use or preparation for the ICP analysis for the class samples as a whole.  However, it is possible that the soil sample used in the particular study simply did not contain any arsenic, despite efforts to take samples from known arsenic content areas.  This would make all of our data inconclusive.  The first conclusion then, was that a number of the soil samples collected on March 11, 2004 should be analyzed using the INAA method to compare results with the ICP analysis.

As far as the study of this group on how pH affects the solubility of arsenic, had atomic results been available as to the arsenic content of the soil, and had the Hach test kits indicated the presence of arsenic in the pH treated water, a scatter plot would have been made to represent the solubility of the arsenic and the pH of the test conditions, with solubility on the y-axis and pH on the x-axis.  

 Since the Hach test kits all indicated zero arsenic, and this appears to conflict with the study by F. Sanchez, A.C. Garrabrants, D.S. Kosson, and H. A. van der Sloot of Vanderbilt University on arsenic solubility as a function of pH, it is possible that the Hach test kits were sensitive to pH, and this altered the results, or that, again, no arsenic may have been in the sample used.  Perhaps before beginning this investigation, it would have been wise to use arsenic standards rather than the Sweet Home soil to explore if the pH was an actual factor in the results of the test kit.

In analyzing the data from the pH probe, it was noticed that the pH in the acidic soil-liquid mixtures increased after 24 hours, while the pH in the basic mixtures decreased after 24 hours.  Perhaps finding an explanation for this could be a possible area for future study.  For example, what is the pH range of the soil and what in the Sweet Home environment is causing this pH. 
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Appendix I:  Soil Preparation Procedure 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.
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Appendix II:  Research Supporting Investigation

Protocols for Estimating Arsenic Leaching from Soils and Solidified Wastes

F. Sanchez, A.C. Garrabrants, D.S. Kosson, H. A. van der Sloot
January 2004

http://www.epa.gov/ttbnrmrl/ArsenicPres/509.pdf 

(“S/S treated As soil,” the blue line on the graph, is “Stabilization/Solidification (S/S) with cement Portland.”  This study, however, is only interested in the “Untreated As soil” line on the graph)
