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Abstract: This investigation is to find out whether there is a relationship between the uptake of arsenic in two common Willamette Valley plants called black seeded simpson lettuce and bean bush snap. This investigation was performed by obtaining arsenic laced soil and growing lettuce and beans in the soil.  Then analyze the affects of the arsenic on the plants using neutron activation analysis. There are distinct relationships between the levels of arsenic that were in the soil and how well the plants grew although there were some limitations and probable error. This study suggests that not only does bean bush snap have the capability to absorb arsenic but also suffer adverse affects in growth. 
Introduction: The goal of this study is to observe the uptake of arsenic in lettuce (Black Seeded Simpson) and bean plants (Bean Bush Snap) when planted in arsenic laced soil. Our first goal is to identify a relationship of any negative or positive affect on these two common Willamette Valley plants which, are used for eating by people and native rodents such as squirrels and rabbits (answerbag.com). Our other goal is to see if any arsenic is absorbed into the plant and how this may affect the users of the plant and soil. We accomplish this goal by putting these samples through neutron activation analysis at the Oregon State University nuclear reactor. Then document the results and conclusions for future research purposes.

This study was chosen because the results that would yield would greatly benefit the Sweet Home community. These common Willamette Valley plants could have an environmental impact for the worse but also may be useful in absorbing arsenic from areas of soil with high arsenic concentrations. Especially if there is an area of high arsenic concentrations near a water source. Since both humans and animals commonly use these plants for food, this investigation could potentially provide evidence that arsenic has adverse affects on plants that are consumed by both people and animals. Because arsenic is very poisonous when consumed in large amounts by humans and animals this study can provide very valuable information about the effects that might yield from these plants when grown in arsenic.

Although there has been previous scientific research in arsenic uptake none have been conducted by previous Sweet Home to this specificity. That is another reason why this investigation is worthwhile. Other previous research of arsenic affects on plants (specifically ferns) suggests that arsenic has affects on both plant health and population. It is known that plants absorb arsenic through their roots.  They can absorb the arsenic from either the soil or from the water in the soil (Peryea, 1999).  Different plants absorb different amounts of arsenic, so our investigation uses two different types of plants.  Studies have shown that different plants react differently to arsenic.  Arsenic has been found to even cause a plant to die. (Peryea, 1999). The affect that arsenic has on a plant can often be determined by how big and long the roots grow. In most cases of naturally occurring arsenic in the soil a majority of the arsenic is in the top soil and plants who’s roots don’t grow very deep will absorb what is typically on the top soil. So most of the time plants with roots that don’t leech deep into the ground absorb arsenic better. (Peryea)

Not all plants are harmed by arsenic.  According to studies from some scientists in Florida, a fern (Pretis vittata) can absorb large amounts of arsenic from surrounding soil and ground water without experiencing any negative affects from the arsenic. (http://www.sciteclibrary.com/eng/catalog/pages/1057.html, 2001)  

It is hypothesized that the plants planted in the soil with a higher concentration of arsenic would not grow as well as the plants planted in the soil with lower levels of arsenic.  This is hypothesized because of past studies showing that plants in soil with high concentrations of arsenic don’t grow as well. (Peryea, 1999)

The answer that we conclude with can have an incredible impact and be very valuable to scientists who work with arsenic in the environment. Arsenic does occur naturally in soil but because of human activity arsenic has become more common in soil and can pose bigger threats to human health and agriculture (Peryea 1999). Because of the threats that arsenic poses this information can be used to help determine how arsenic affects these plants as well as other similar plants. It may also be very helpful not only to scientists but to communities with high arsenic concentrations or arsenic concentrations near water sources because these plants could have the potential to absorb arsenic from the soil in order to lower arsenic levels and keep water arsenic free. Although Arsenic that is in soil may have a fairly high concentration the amount in the soil can be 10 to 1000 times greater then the amount in the plant, that is if the plant absorbs arsenic at all.

Based on this background research our hypothesis is that the plants grown in the higher arsenic concentration soils will not grow as well as those that grown in lower arsenic levels or the ones that don’t grow in any arsenic. The lettuce plants will especially have a much harder time growing in the arsenic soils because according to prior research conducted by the Washington State University extension service because the lettuce roots will not be able to leech deep into the ground where arsenic is typically less prevalent.

Methods:

Materials

· Planter boxes

· Bean and Lettuce seeds

· Plastic bags

· Soldering Iron

· Paper towels

· Heavy books

· Electronic scale

· Scotch tape

· 6-2 dram vials 

· 6 .8 dram vials

· 4 different levels of arsenic contaminated soil

· 1 bag of general brand potting soil

· 1 bag of wood chips

After planter boxes are built potting soil can be purchased at any local home and garden center.  Along with purchasing the soil seeds can be purchased.  The seeds that were purchased were Black Seeded Simpson Lettuce and Bush Snap Beans.  If these seeds are not available any fast growing lettuce and bean plants can be substituted.  


Soil from Sweet Home was collected previously to this study.  The soil that was used for this study came from the CV Science department.  This soil was already analyzed for arsenic content.  Four different bags of soil that had different levels of arsenic were chosen for this study.  A General brand type potting soil was used and some wood chips were added to some of this potting soil for another type of soil to be used for the experiment.  


Each type of soil is to be put into two separate boxes filling up twelve boxes.  Soils should be labeled so you know what you’re planting in.  The lettuce can be directly seeded into the soil one-quarter inch deep and one seed every eighth of an inch.  The beans need to be germinated for a week before seed into the soil.  Germination of the beans is very simple: take a shallow plastic container or glass/ceramic dish, and cover the bottom with cotton balls. Wet the cotton well, and add beans, pretty dense, about 1 cm each from other. Keep wet (not floating) and at a temperature a little bit warmer than room temperature.  It is best to germinate them at home in a warm room. In a week or less, the beans sprouts will be about one inch long and can be planted into soil.


The lettuce was watered every other day and once the beans were transplanted into the soil they were watered the same amount.  The planter boxes were placed near a window that would allow some sunlight.  It is key to note that the plants were planted in the winter and the plants were chosen for the season.  The time of the experiment should affect the type of seeds you choose and the way they need to be grown.


The plants can be grown for any amount of time before extraction and put through the INAA process. But once the plants are grown to the specific needs of the investigators they must be cleaned, dried and weighed. In order to clean them you must pinch the roots of the plant and gently stroke the dirt off the roots. Do this to all of the plants. The reason why you must do this is because you are going to test the plant for arsenic and you don’t want any soil to be tested with the plant. Once all the plants are clean they are ready to be weighed. Before weighing the plants take the bean plants and cut the roots from the rest of the plant separating the roots from the rest of the plant. Weigh each plants individual roots and record the weight in the data table column with the arsenic type the plant grew in and the fresh column. All of this is just for the bean plant. With the rest of the bean plant weigh it and then put the data in the data table corresponding to the bean plant and the fresh column. All the weights are written in grams. With the lettuce take five lettuce strands from each soil type and clean them. Weigh the five strands of lettuce from each soil type in a group. Record the weights of the five strands from each soil type in the data table corresponding to the soil type and the fresh column under lettuce. Once all the plants have been weighed and the data has been placed in the appropriate data tables place each plant grown in a specific soil in a plastic bag to let them dry over the period of two days. Be sure to label the bags corresponding to the plant that is in it and the soil type. Once all plants are in the bags place a flat heavy book on top of the bag to help get rid of the moisture in the plant. This is important because when the plant goes in for INAA you want to test for the plant and not the water in the plant. After a few days of waiting for the plants to dry you need to remove the plants and weigh them second time. Carefully remove the plants from the bags and carefully re-weigh each of the samples. Be gentle so that you do not damage or remove any appendages from the plan, when the plants are dry they may break easier and that may cause some inconsistencies in the weights. After weighing each plant you must then place each sample in its own vial. You must reserve a 2 dram vial and a .8 dram vial for each plant. The 2 dram vial is for the stalk and the .8 dram vial is for placing the roots in. You will need to fold the stalks to fit them in the vial so that you do not cram them in. If you proceed in pushing the stalks in too hard then you may end up squeezing some of the remaining water out or damaging the plants in a way that might affect the results of the experiment. Once each of the samples has been re-weighed then place all of the samples into bags labeled with the correct sample I.D. Then you deliver the samples to the reactor for Instrumental Neutron Activation Analysis (INAA).


After the lettuce has been dried and flattened they are ready for preparation for the INAA.  First 3 ten by ten cm. pieces of paper towels were cut.  A line was drawn down the center to separate the types of lettuce.  Then the lettuce was placed on the paper towel and taped down.  The type of soil that the lettuce was grown in should label the paper towels.  This can just be written on the paper towels.  Next the paper towels can be placed in plastic bags and sealed by dragging the soldering iron around the bag to seal the plastic.


Below is an example of what your table should look like for the data. This table is to be used to document the weights and amounts of water taken in. In the fresh column you log the weights of the fresh plants (before they are dried). For each box there should be two different numbers; there should be a number for mass of the roots and for the mass of the stalks. Place the roots mass in the box first and then place the mass of the stalk after. Once you have the beans done you must proceed in doing the same with the lettuce. When documenting the mass of the lettuce you can’t measure the roots due to them being virtually non-existent at young stages hence you should have one number in each mass column.
	Sample ID

	
	Fresh   [g]
	Dried [g]

	GS
	
	

	GSW
	
	

	SH-1
	
	

	SH-2
	
	

	SH-3
	
	

	SH-4
	
	

	Sample ID

	
	Fresh   [g]
	Dried [g]

	GS
	
	

	GSW
	
	

	SH-1
	
	

	SH-2
	
	

	SH-3
	
	

	SH-4
	
	


Neutron Activation Analysis: 


When it comes to neutron activation analysis there is qualitative and quantitative analysis of bulk elements. There is a sample element that when irradiated a neutron is fired into the nuclei of the sample. After the neutron is absorbed a gamma ray is emitted and what is left over is an unstable element that decays immediately. The left over residue is a radioactive nucleus that releases a delayed gamma ray and a stable nucleus.
[image: image1.png]Target
Nucleus

Incident %
Nt M - \
R i

® Beta

Prompt
Gamma ray / Particle

Radioactive

Nucleus
ES Product
e, Nucleus
o
Compound Delayed

Nucleus Gamma ray




Through neutron activation analysis radioactive isotopes are created. Radioactive isotopes have the same number of protons but have a different atomic mass due to the incident neutron. Because there are multiple isotopes for different elements and they all react differently when hit by an incident neutron, different elements will emit different gamma rays with different energy levels. This makes it very easy to identify certain elements in an irradiated sample. The source of the neutrons that are fired into the target nucleus is from a sample uranium 235. In order to distinguish one element from another you will need to identify its energy level. To identify the energy level germanium is used as the sensor because it is both a conductor and non-conductor. The germanium is hit with the gamma ray and a computer detects the level of energy and can identify what element it is. 
In order to calculate the concentration in a sample there is a specific formula that involves the sample counts per second/mg, standard cps/mg, standard concentration, and sample concentration. The equation is set up as follows:
sample cps/mg   =  sample concentration

 standard cps/mg  =  standard concentration

Knowing any three of the four variables you are able to find the missing one which in this investigations case is sample concentration.
Results:
     Sample ID          Type                     ID               Mass (mg)       As (ppm)        As (mg)            EOB Date          Cnt Date       cps@559keV
[image: image2.png]NIST1633a___ [Standard __|NIST1633a 22530] _ 145.000] 0032669  14-Jan-D5] | 26-Jan-05 291
1 Plants Gs 2064.00 0.001] 0.000001]  20-Jan05] | 24-Jant| 0.3
P2 Plants GW 3227.00 0.002] 0.000007] _ 20-Jan05] | 25 Jan08| 0.07
= Plants SH-133) 669.00 0003 0.000007] _ 20-Jan05] | 25 Jan08| 001
P-4 Plants SH3 (34) 1033.00] 0003 0.000004] _ 20-Jan05] | 25 Jan0| 013
P& Plants SH-4 (35) 2649.00 0.004] _0.000003] _ 20-Jan05] | 25 Jan0| 073
P56 Plants SH-2 (55) 2603.00 0.017] 0.000043] _20-Jan-05] | 25-Jani05] 0.15)






The growth of plants in potting soil (GS & GSW) was very good averaging a mass of 2640.5 mg and containing little arsenic. The plants which grew in the soil containing high levels of arsenic (SH-33 & SH-34) had the poorest growth, but when compared to potting soil it had greater arsenic levels in both parts per million and arsenic mass. The plants that grew in soil containing low levels of arsenic (SH-35 & SH-56) didn’t quite have as great of an average mass then the potting soil falling short at an average of 2576 mg. Strangely it had the highest levels of arsenic in parts per million (.0105ppm avg.) and arsenic mass (.000026 mg avg.). Only SH-56 had significantly higher numbers of arsenic in the plant.
 Sample ID          Type                     ID               Mass (mg)       As (ppm)        As (mg)            EOB Date          Cnt Date       cps@559keV
[image: image3.png]NIST1633a__[Standard __ [NISTIE33a 22530[ 145000 0.032669]  14-Jan05] | 25-Jan(5 1.07]
51 Roots Gs 310.00 0.475] 0.000103] _ 20-Jan05] | 24-Jant| 042
52 Roots GW 363.00 0501] 0.000195] _ 20-Jan05] | 25 Jan08| 048
53 Roots SH-133) 200.00 0513 0.000248] _ 20-Jan 05| | 25 Jan08| 036
54 Roots SH3 (34) 643.00 0802 0.000214] _ 20-Jan05] | 25 Jan0| 053
55 Roots SH-4 (35) 173.00] 1.128] 0.000306] _ 20-Jan05[ | 25-Jan5 1.24)
56 Roots SH-2 (55) 427.00) 2.100]_0.000741] _ 20-Jan-05] | 25-Jan05] 0.34)






The roots of both potting soil plants are in the median of the growth range, but consist of the least amount of arsenic on the average in both p.p.m (.488ppm) and arsenic mass (.000149). The roots of the plants that grew in high levels of arsenic grew the best but contained less arsenic then the low arsenic level plants which had the worse growth but most absorbed arsenic averaging a significantly high 1.614 p.p.m of arsenic.
Discussion: 


The results of this investigation suggest that although black bush snap bean plants can indeed absorb some low levels of arsenic through the roots and into the rest of the plant. The results also suggest that the plants and roots that had the least amount of plant or root mass ended up having the highest levels of arsenic in them. This helps suggest that arsenic has a negative affect on the plant growth of this specific plant. According to previous research conducted by other Crescent Valley High School Sweet Home projects, arsenic has negative affects on native shrubbery and rubis ursinus another Willamette Valley plant. Another study conducted by the Washington State University crop and soil sciences field also suggests that arsenic is very lethal to legumes. A legume is a nitrogen bearing plant. Some of the more common legumes are peas, clover, soybeans, and beans. Because the bean bush snap is a bean that falls under the legume category this research provides good evidence that suggests that the negative effects on the plants and roots that grew in the arsenic laced soil is attributed to the arsenic from which prior research suggests that arsenic has negative effects on this type of plant.


Interestingly the amount of arsenic in the soil didn’t show any pattern relating to the amount absorbed by the plants or roots except for the ground soils which always averaged the least amount of arsenic in both arsenic mass and parts per million. Why it is that the plants and roots that grew the poorest contained the most arsenic instead of the plants and roots in the soil with the highest arsenic is hard to explain. One solution could be that the plants in the low arsenic level soil may have slowly absorbed arsenic over the period of time gathering arsenic but not any acute amounts to stunt the growth. On the other hand the plants that grew in the high level of arsenic had absorbed higher acute levels of arsenic which slowed its growing process and couldn’t keep absorbing arsenic. Another reason that helps support this is that humans and other animals can take in low levels of arsenic over a period of time and suffers no side affects but when an acute level is absorbed then negative effects are suffered by the consumer. A study by the United States Environmental Protection Agency suggests that long term exposure to arsenic can be hazardous to human and plant health although arsenic is naturally found in plants and humans. The study showed that of 36 people who had arsenic related sickness half of those people who ingested more then 25 to 50 micrograms a day [µg/d] suffered heavy symptoms. These people had also ingested high levels of arsenic in a short amount of time. But when there are acute ingestions or long term exposures to arsenic on both animals and plants the consequences tend to be negative. This side affects range from sickness in plants and humans to chronic illness and disorders, and even death. The only other explanation that could explain why the plants did what they did was that the soils provided may have been misreported by previous Sweet Home projects or there were differences in the nutrition levels of the soil although all of the soils except the ground soil  were from the same area.


The hypothesis stated in the background research proved to be somewhat correct. The plants that did grow in the soils containing higher levels of arsenic grew the poorest because evidence found through this investigation and previous investigations suggest that arsenic is the cause for the negative effects on the roots and plants. But the hypothesis doesn’t hold 100% true. Some plants and roots that grew in the soil containing high levels of arsenic grew fairly well but ended up absorbing little arsenic.

Another conclusion that can be found through this investigation is that the amount of arsenic in the soil doesn’t affect the bean bush snap as much as the amount it actually absorbs. According to the evidence already provided this amount has to be an acute high amount of arsenic for any real negative effect to be felt by the plant.


Unfortunately the lettuce suffered technical difficulties when being irradiated due to moisture still in the sample. Because of this no accurate results could be yielded from the sample and that part of the investigation did not come out. 


If this study were to be duplicated the person to do so would need to dry the lettuce samples for a greater amount of time so that part of the investigation could be complete. They should also test a greater number of plants and do it over a longer period of time so the results could be much more accurate and provide better evidence. If the investigation were to continue the next steps would be to see if arsenic had the same effects on related plants. If this was so then it would help suggests that arsenic really does have negative effects on this type of plant. 


The uncertainty of this investigation is whether the soils had similar nutrition. There is also uncertainty about the counting process whether the counts came directly from the plants or roots or if it came from soil residue that may have been left on the plant.
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