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ABSTRACT

This study assesses the relationship between freshwater snail population density and snail shell color variations in areas of elevated concentrations of arsenic in streambed soil in the Sweet Home, OR area. Previous studies show abnormal concentrations of arsenic in this region. Other studies suggest adverse affect arsenic can have on organisms, i.e. snails. These past experiments lead to the hypothesis that snail population will be adversely affected and shell color variation will directly correlate to arsenic concentration. Snail and soil samples were collected from three sites in the Sweet Home area. Snail samples were counted and observed and soil sampled were analyzed using INAA. The results suggest that there is a correlation between low population density of snails living in areas of high arsenic concentration. The results also suggest that there is no conclusive correlation between shell color variation and arsenic concentration variation.

INTRODUCTION


This study was conducted to evaluate the correlation between areas of high arsenic concentrations and population density and shell color of freshwater snails (genus Lamnaea) in the Sweet Home area. Using the results of this study and the results of past studies we can observe the adverse, or favorable, effects of abnormally high arsenic concentrations in the environment. 


The results of past arsenic testing in Sweet Home aided in picking three specific sites for collecting samples. The first site, Ames Creek, is considered the epicenter of high arsenic concentration in this area (Kirsch, 2003). The second and third sites, Santiam River and Quartzville Creek, were varying distances from the first site. In picking varying distances from the epicenter of high arsenic concentration an assumption was made that the varying distances would have varying arsenic concentrations. At each site the group collected data regarding snail population and arsenic concentration in streambed soil. Qualitative data regarding the color range the snails  was also taken. The amount of arsenic in the soil was determined by processing the samples in the Oregon State Nuclear Reactor using INAA (Instrumental Neutron Activation Analysis). The results of this study will be entered into a GIS system to aid in the investigation of arsenic and it’s characteristics. 


The U.S Geological Survey conducted the first investigation of the Sweet Home arsenic problem in 1996. Crescent Valley High School students continued this investigation in 2002. In the first study water samples were gathered and in the second study soil samples were taken. These studies led to the conclusion that there is abnormally high arsenic concentration in the Sweet Home area. According to the Oregon Department of Human Services, arsenic is an indestructible element that changes forms and is carried either through the air or water. High doses of arsenic have been shown to have adverse effects on humans. (Health Effects…, 2002) It is important to find out the specifics of these harmful effects. One step towards find this out is to study other biological creatures in this environment.


A laboratory study was performed in 2002 to test the effects of arsenic pentoxide and arsenic trioxide on pond snails  (Lymnaea emarginata) population. (Orme) When the snails were exposed to arsenic concentrations of 900-1000 (g/L the snails began to die. The results of this study suggest that high arsenic concentration correlates to population density of snails. Thusly, it was hypothesized that the population density of snails is adversely affected by abnormally high arsenic concentrations.


Although no studies have been performed examining arsenic concentration and snail shell color variation, Ellen Machala performed a study examining the relationship between food supply and environmental factors on salt water snail (Littorina obtusata) color variation. Machala suggested that the environment and diet of the snails affected the shell color, since the different conditions produced different colors varying from yellow, dark brown and olive green. (Machala, 2002) Machala’s conclusions that environmental factors affect shell color led to a hypothesis that the shell color of snails would have varying colors depending on the level of arsenic concentration. 


Results of this study will be very useful to future studies of high arsenic in the Sweet Home area and also the general understanding and effects of arsenic. The study of wildlife in Sweet Home is pivotal to understanding the consequence of humans living in an environment of high arsenic concentration. Local government can use the information from this study and future studies to solve the arsenic problem in their city.  The group expected to see a clear correlation between high arsenic levels and snail population and snail shell color variations. 

METHODS

Materials-

· GPS system

· 3 containers

· 3 Labeled Ziploc bags

· Trowel

· Digital camera


By using the mapped data of high arsenic concentrations from previous studies, three sites were chosen to collect samples from: Ames Creek, Santiam River and Quartzville Creek. Ames Creek is the epicenter of high arsenic concentration of Sweet Home. The other two sites were chosen for varying distances, and therefore varying levels of arsenic concentration. It is important to collect from diverse environments so that any patterns or correlations could be detected easily. 


Each site was divided into three sub-sites approximately 15 m away from each other with an approximate area of 1 m^2. Factors in choosing the sub-sites included shallow water (25-30 cm) with a fair amount of rocks. Snails are found on rocks. Population density was measure by picking up the rocks from the 1 m^2 sub-site and removing all the snails found, placing them in a container, counting them and photographing them. This procedure was completed two more times at each site. The average number of snails per site was then calculated.


Shell color variation was determined by looking at the color of the snail shells at the time of sample collection. The shell color was documented using a digital camera. This way we could verify with pictures any shell color variation. After the snails were counting and photographed they were returned to the water source.


To determine arsenic concentrations soil samples needed to be taken. Using a trowel, streambed soil samples were taken from each sub-site and combined into a single labeled bag (one bag per site). This procedure was done for Santiam River and Quartzville, however limitations on how many samples could be sent to the reactor forced the group to use streambed soil samples from another group. However, all the soil samples underwent the same procedure in preparation for INAA at the OSU Nuclear Reactor:

Sample Preparation Procedure

Drying

1. Put on a pair of latex gloves.

2. Select a sample 

3. Prepare the sample for drying.

4. If the sample is soil:  obtain a quantity that is representative of all material in the original sample bag.

5. Obtain a Petri dish.  Label the bottom of the Petri dish using a marker with your group number and the sample number (in red on the plastic bag).

6. Obtain the mass of the Petri dish.  Record this number.

7. Obtain the “wet” mass of your sample.  Record this number.

8. Place the sample in one of the two drying ovens.

Placing samples in small vials

1. Prepare 2/5 dram polyvial for irradiation. The vials are cut to length (11-12 mm). Remove plastic lip from lid. Save lid and container in separate boxes.

2. Weigh both container and lid on the balance. Record weight in lab book.

3. Carefully, fill about 250 to 500 mg of sample in the vial.

4. Place lid on vial.

5. Use ‘Dust-Blaster’ to remove particles from vial (hold away from any open sample containers!)

6. Place closed vial on balance and record gross weight.

7. Record mass. Use a calculator (or Excel) to obtain sample weight.

8. Clean the spatula with a KimWipe and acetone (avoid contact with acetone, as it is a carcinogen).

9. Seal the small vial using a soldering iron.

10. Proceed with next sample.

Placing small vials in larger vials

1. Two smaller vials will be placed in each larger vial, one on top of the other.

2. Two smaller vials with vegetation samples should be placed in the same larger vial.

Wear latex gloves throughout this procedure to avoid contamination of containers and samples.  DO NOT USE WATER TO CLEAN ANYTHING!

3. Obtain the mass of the dried bulk sample plus its drying dish.  Record this mass.

4. Prepare sample by grinding organic matter with the coffee grinder or using a mortar and pestle to break up rocks and soil to fine particles.

5. Trim off the tab connecting the lid to the small vial.

6. Obtain the mass of BOTH THE LID AND THE EMPTY SMALL VIAL.  Record the mass.

7. Carefully place between 250 and 1000 mg of ground sample into the small vial. Place lid on vial.

8. Use ‘Dust-Blaster’ to remove particles from vial (hold away from any open sample containers!)

9. Place closed vial on balance and measure mass of small vial + sample.  Record this mass.

10. Clean the spatula with a KimWipe and acetone.

11. Seal the lid to the small vial with a soldering iron.

12. Label the small vial as follows:

· On the bottom of the vial, write just the Sample Number -- "01".

13. Obtain the mass of BOTH THE LID AND THE EMPTY LARGE VIAL.  Record this mass.

14. Prepare a second sample.

WHEN YOU HAVE TWO SAMPLES IN SMALL VIALS:

15. Place the two samples within the large vial.  Record the number of the large vial as well as the two sample numbers you are placing within the larger vial and enter these numbers into the appropriate spreadsheet.  WE NEED TO KNOW WHICH SAMPLES ARE IN EACH LARGE VIAL!!  Close the large vial.

16. Label the large vial on the sides using the same notation you used for the small vial except vial numbers will range from 0 to 40. (Kirsch, 2003)

INAA: DESCRIPTION


The method used to analyze the soil samples was Instrumental Neutron Activation Analysis. This method utilizes a Nuclear Reactor and Germanium crystal to non-destructively determine the amount of an element in a substance.


After undergoing the above pre-INAA procedure the samples are placed in a reactor and the reactor sends out a barrage of neutrons resulting from the uranium fission in the reactor. The elements in the samples are exposed to the flux of these neutrons. The neutrons collide with the neutron of the element, which creates a complex nucleus. This complex nucleus creates an isotope of the element. The isotope will then radiate gamma rays in an attempt to reach a low energy state (2nd Law of Thermodynamics) Every element emits an unique gamma ray.


After the sample is irradiated it is taken out of the reactor and put in a lead box. The lead box protects the people counting the samples from being exposed to radiation. This is when the counting process begins. In order to calculate the magnitude and frequency of the emitted gamma rays a Germanium crystal is used. The germanium crystal is super-cooled to slow down the molecules within it. This gives more accurate readings. As the emitted gamma rays pass through the germanium crystal the molecules are excited which creates a voltage. Detectors measure this voltage frequency. (Like gamma rays each voltage is unique to a specific element).  

The sample is compared to a control sample, which has known element concentration. A ratio of the two compared samples is formulated to determine the unknown element concentration in the sample. This method was used to find the arsenic concentrations in our streambed soil samples.

RESULTS

Population Density:
Table 1-1
	site#
	Arsenic (ppm)
	Snails/m2
	Avg. snails

	 Ames Cr. 1
	11.4
	0
	0.3

	Ames Cr. 2
	11.4
	1
	0.3

	Ames Cr. 3
	11.4
	0
	0.3

	Quartzville Cr. 1
	3.8
	2
	1

	Quartzville Cr. 2
	3.8
	0
	1

	Quartzville Cr. 3
	3.8
	1
	1

	Santiam R. 1
	<1
	19
	23

	Santiam R. 2
	<1
	25
	23

	Santiam R. 3
	<1
	24
	23


This table shows both the on-location data of population density per sub-site and the calculated average population density( snails/m^2)  of each site. Under the “site #” column are the three sampling sites. Notice how there are three entries for each site. These represent the three sub-sites. Under the “Arsenic (ppm)” column are the results from the INAA of the streambed soil samples. The concentration of arsenic is given in parts per million (ppm).

The table shows that the area with the highest concentration of arsenic was Ames Creek, with 11.4 ppm and an average snail population density of 0.3 snails/m^2. Quartzville Creek had an arsenic concentration of 3.8 ppm with an average snail population of  3.8 snails/m^2. The last site, Santiam River, had trace amounts of arsenic in it’s streambed soil. This means that there wasn’t enough arsenic for the INAA process to be detected. This site, Santiam River, was also the site with the most snails: 23 snails/m^2.
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The graphs show the data both in raw and compiled form. The first graph, Population Density vs. Arsenic, is the raw data. Each point represents the sub-site samples. The compiled graph (Average Pop. Density vs. Arsenic) shows a clearer relationship between arsenic concentration and snail population density. This graph was made using a power fit function, a function often used when graphing populations. The “R^2” is the accuracy of our data to the power fit line. The accuracy of our data is 99.9%. 

Snail Shell Color 

To answer the question about shell color variation pictures were taken and shell color was documented. The table shows the qualitative data of shell color. At each sub-site the shell color was documented as the table shows. The color of the Ames Creek snail was black. The color of the Quartzville Creek snails was brown-black to dark-brown. The color of the Santiam River snails was dark brownish-black.

Table 1-2

	site#
	Arsenic (ppm)
	Colors

	ames1
	11.4
	N/A

	ames2
	11.4
	black

	ames3
	11.4
	N/A

	quartz1
	3.8
	lt. brown-black

	quartz2
	3.8
	N/A

	quartz3
	3.8
	dk. Brown

	sant1
	<1
	dk. brown-black

	sant2
	<1
	dk. brown-black

	sant3
	<1
	dk. brown-black
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DISCUSSION:

a.
The results of this our study suggest that the population density of freshwater snails may correlate to the arsenic concentration in the streambed soil. The data showed the site with the least number of snails, an average of 0.3 snails/m^2, had the highest arsenic concentration, 11.4 ppm. The site with the largest population density, 23 snails/m^2, had trace amounts of arsenic in the streambed soil. 


The resultant qualitative data from our study suggested no correlation between arsenic levels in streambed soil and shell color variation. As seen from Table 1-2 there are no apparent patterns in relation to the shell color. The qualitative data for this is inconclusive. 

In summary our study supported our hypothesis about the population density being adversely affected by high arsenic levels, however our study disproved our hypothesis that shell color would experience variations in areas of varying arsenic concentration levels. 

b.
As noted earlier in the paper studies have been done suggestive that elevated levels of arsenic is toxic to freshwater snails. Our study seems to support this previous study. Arsenic is a known poison. Therefore, the conclusion that elevated arsenic levels adversely affect snail population density, makes logical scientific sense.

 The hypothesis  regarding shell color variations was made using the information from Machala’s study of snail shell color being affected by it’s environment. However, Machala’s study does not include any elemental concentrations in the rocks. Machala’s study actually suggests that the color of the rocks, and the algae the snails consume, affect their color. Another study done in 2003 by Mark Rausher suggests that snail shell color variation is mainly a result of genetics. This could be a reason why there was no pattern or correlation to our qualitative data.

c.
Since our study suggested that snails exposed to elevated levels of arsenic didn’t thrive as much as snails that were not exposed, we can only conclude that other invertebrates and aquatic wildlife in these areas are affected also. 


Another conclusion that can be made is that concentration of arsenic in the snail is proportional to the arsenic concentration in the snail’s environment. Snails eat algae off the rocks they live on. (Machala, 2002) Therefore, it can be concluded that the algae will contain arsenic if it grows on rocks that are in areas of high arsenic. Thus, the snail will consume algae containing arsenic.

d.
One aspect of our experiment that could have potentially swayed our results is the possibility of different snail species and/or snail ages. In researching different species of freshwater snails in Fred G. Thompson’s “An Identification Manual For the Freshwater Snails of Florida” , it can be concluded that the snails found in Quartzville Creek, which were significantly different from the snails found at the other two sites, both in shape and size, are most likely a different species. 

NOTE ON PICTURES 1-3: These species are native to Florida. However, the shape and size difference is similar to the shape and size difference of the snails found in this study.

Picture 1-3:
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 Melanoides turricula 
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 Lioplax pilsbryi choctawhatchensis 


Another factor that may have swayed our results is the area we took snail samples from on Ames Creek. The group was limited in the area snail samples could be taken. Since the group used a soil sample another group collected, the snail sample had to be taken in a pre-determined area and the group providing the soil sample wasn’t aware that there need to be plenty of rocks to find snails. 

e.
Since our study suggested populations density of snails correlates to elevated levels of arsenic in streambed soil, then it can be logically concluded that other aquatic animals are adversely affected by these high levels of arsenic. Next steps would include conducting studies on other aquatic animals in the same sites, such as fish, crawfish, and various insects. 


Logically, if the wildlife of Sweet Home is harmfully affected by their arsenic enriched environment, then residents of Sweet Home, in one form or other, will be too.
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