Heavy Metals Aquatic Environments
	Abstract
You might know that lead can be toxic, and that you can get lead poisoning from eating or inhaling old paint dust. Lead is called a heavy metal, and there are other sources of heavy metals that can be toxic, too. Silver, copper, mercury, nickel, cadmium, arsenic, and chromium are all heavy metals that can be toxic in certain environments. In this experiment, find out if one common heavy metal, copper, can be toxic to an aquatic environment. 

Objective
In this experiment you will test the effects of the heavy metal copper (Cu) on an aquatic environment containing snails and plants.

Introduction
You might know that lead can be toxic, and that you can get lead poisoning from eating or inhaling old paint dust. Lead is called a heavy metal, and there are other sources of heavy metals that can be toxic, too. Silver, copper, mercury, nickel, cadmium, arsenic, and chromium are all heavy metals that can be toxic in certain environments.

"Toxic metals, including "heavy metals," are individual metals and metal compounds that have been shown to negatively affect people's health. In very small amounts many of these metals are necessary to support life. However, in larger amounts, they become toxic. They may build up in biological systems and become a significant health hazard." (OSHA, 2004)

In this science fair project, you will find out if one common heavy metal, copper (Cu), can be toxic to an aquatic environment. You will use copper because it is one of the heavy metals that is easy to find and it is not very toxic to humans. You will use copper sulfate as a source of copper that is soluble, meaning it will dissolve, or turn into a solution, when mixed with water. 

The amount of an ion in solution is often measured in parts per million (ppm). This means that if there is 1 ppm ion in solution, then there is 1 milligram (mg) of the ion present in each liter (L) of solution. Heavy metals release free ions in solution that are very potent, and can cause an effect at very low doses.

In this project, a good range of concentrations to test your copper solutions at is 0 ppm (no copper sulfate added) to 0.4 ppm (with increments of 0.1 ppm). These are very low concentrations so it takes some careful planning to make the solutions. We will show you here how to make a copper ion solution with the lowest ion concentration you will be testing: 0.1 ppm. 

Making a copper sulfate solution with a concentration of 0.1 ppm means that you will need 0.1 mg of the copper sulfate in one liter of water. However, it is very difficult to measure 0.1 mg. To give some perspective, a new U.S. dollar bill weighs 1 g. If a dollar bill were cut into 1,000 pieces, each piece would weigh 1 mg. If each of those pieces were further cut into ten pieces, cutting the dollar bill into a total of 10,000 pieces, then each piece would weigh 0.1 mg. This is the amount of copper sulfate needed in one liter of water to make a 0.1 ppm solution. It should now be clear why it would be hard to accurately weigh out something this small!

This is why we need another way to make a copper solution with a concentration of 0.1 ppm. Specifically, you will be making a solution that is at a much higher concentration than you will be testing, called a stock solution, and then you will be diluting the stock solution to create the concentrations you want to test. 

First, 1 gram (g) of copper sulfate will be weighed out and mixed with 2 liters (L) of water. This can be written as: 

1 g copper sulfate
2 L water 

This means that 0.5 g (or 500 mg) of copper sulfate will be dissolved into 1 L of water, creating a copper solution with a concentration of 500 ppm. How are we going to decrease the concentration even more? We can take one drop of this solution and dilute it with more water. One drop of water is about 20 milliliters (mL). Knowing this, we can figure out how much copper sulfate will be in one drop of water using the following calculation:

(

1 g copper sulfate
2 L water 

)   (

1 L water
1000 ml water 

)   (

1 ml water
20 drops water 

)   =   ( 

.000025 g copper sulfate
1 drop water 

)

This tells us that there is 0.000025 grams (which equals 0.025 mg) of copper sulfate in one drop of water. This means that four drops of water have 0.1 mg of copper sulfate. Because a 0.1 ppm solution is 0.1 mg dissolved in 1 L water, if we mix four drops of the 500 ppm copper sulfate solution (0.1 mg) with 1 L of water, we will have a copper sulfate solution with a concentration of 0.1 ppm.

The 0.1 ppm copper sulfate solution will be the lowest concentration of copper that you will test in your experimental aquatic environments. You will add increasing amounts of copper (by adding additional drops) to the experimental environments to test effects of increased concentrations of copper. After each experimental environment has had copper added to it, you will add a number of aquatic organisms, specifically duckweed and snails, to each environment. How will adding copper affect the organisms in each environment?

Terms, Concepts, and Questions to Start Background Research
To do this type of experiment you should know what the following terms mean. Have an adult help you search the internet, or take you to your local library to find out more!

· heavy metals and their sources 

· copper (coins, pipes, wiring, fungicide, pesticide) 

· lead (old paint, fishing weights) 

· nickel (coins, batteries) 

· mercury (thermometers, fluorescent light tubes) 

· arsenic (pesticides and rodenticides) 

· cadmium (batteries) 

· chromium (chrome plating, batteries, toner, paint) 

· environmental toxicity 

· aquatic environments 

· soluble 

· insoluble 

· solution 

· parts per million (ppm) 

· concentrations 

· stock solution 

Questions

· How will soluble copper affect an aquatic ecosystem? 

· Will all of the organisms be affected similarly or differently? 

· How much copper will cause an effect? 


