Lesson Title: Water Quality Parameters and Testing

Topic: To learn about the importance of water quality, what some water quality parameters are, how to test for the parameters and how all of it relates to chemistry

Content Level: High School Chemistry

Time: One class period to go over the water quality parameters and one class period to test water quality in various samples.

Materials: river water sample, thermometer, foam cups, mixing rod, pH probe, turbidity meter, 
Background: Students will have limited background knowledge of water quality.  One class period will be devoted to giving them the knowledge they need to complete the lab. 

Skills: Listening to new ideas, interacting with the teacher and college students, performing basic water quality tests and collecting data.  Being able to analyze the data and compare it with certain water quality standards.

Objectives: Students will first learn about why water quality is important. Then they will gain an understanding of pH, temperature, color, turbidity, conductivity and dissolved oxygen as they are related to water quality.  Students will apply this knowledge by testing different water samples.  These values will be compared with other water quality information throughout the region, nation or world.  Students will have a broad understanding of why we study water quality and how it relates to chemistry.

ND Standards Addressed:

12.7.1
Explain the impact of environmental laws and policies on the environment and society.

12.2.5 Use technology and mathematics to improve investigations and communications

12.2.4 Collect, organize, analyze, and use data to solve problems.



Chemical Properties
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You probably know water's chemical description is H2O. As the diagram to the left shows, that is one atom of oxygen bound to two atoms of hydrogen. The hydrogen atoms [image: image3.png]


are "attached" to one side of the oxygen atom, resulting in a water molecule having a positive charge on the side where the hydrogen atoms are and a negative charge on the other side, where the oxygen atom is. Since opposite electrical charges attract, water molecules tend to attract each other, making water kind of "sticky." As the right-side diagram shows, the side with the hydrogen atoms (positive charge) attracts the oxygen side (negative charge) of a different water molecule. (If the water molecule here looks familiar, remember that everyone's favorite mouse is mostly water, too).

All these water molecules attracting each other mean they tend to clump together. This is why water drops are, in fact, drops! If it wasn't for some of Earth's forces, such as gravity, a drop of water would be ball shaped – a perfect sphere. Even if it doesn't form a perfect sphere on Earth, we should be happy water is sticky.

 Physical Properties
· Water is unique in that it is the only natural substance that is found in all three states – liquid, solid (ice), and gas (steam) – at the temperatures normally found on Earth. Earth's water is constantly interacting, changing, and in movement.  Think of the water cycle.  Water evaporates off of the surface, out of lakes, rivers and ponds and is accumulated in the clouds.  Here it condenses and then precipitates (as rain, snow, hail, sleet etc); when it is back on the surface it accumulates in the lakes, river and on the surface, and the cycle continues. 
· Water freezes at 32o Fahrenheit (F) and boils at 212o F. In fact, water's freezing and boiling points are the baseline with which temperature is measured: 0o on the Celsius scale is water's freezing point, and 100o is water's boiling point. Water is unusual in that the solid form, ice, is less dense than the liquid form, which is why ice floats. 

· Water has a high specific heat index. This means that water can absorb a lot of heat before it begins to get hot. This is why water is valuable to industries and in your car's radiator as a coolant. The high specific heat index of water also helps regulate the rate at which air changes temperature, which is why the temperature change between seasons is gradual rather than sudden, especially near the oceans. 

· Water has a very high surface tension. In other words, water is sticky and elastic, and tends to clump together in drops rather than spread out in a thin film. Surface tension is responsible for capillary action, which allows water (and its dissolved substances) to move through the roots of plants and through the tiny blood vessels in our bodies.  You can demonstrate this by carefully putting water droplets onto a penny, to see how many you can get.
· Here's a quick rundown of some of water's properties: 
· Weight: 62.4 pounds per cubic foot at 32°F 
· Density: 1 gram per cubic centimeter (cc) at 39.2°F, 0.95865 gram per cc at 212°F 



Water Temperature

Water temperature is not only important to swimmers and fisherman, but also to industries and even fish and algae. A lot of water is used for cooling purposes in power plants that generate electricity. They need cool water to start with, and they generally release warmer water back to the environment. The temperature of the released water can affect downstream habitats. Temperature also can affect the ability of water to hold oxygen as well as the ability of organisms to resist certain pollutants.

Activity:  What will be the final temperature?

Materials: 

thermometer
Foam cups 
Hot water (not too hot) and cold water
Mixing rod

Procedures:

1. Put equal amount, slightly less than a half cup, of cold and hot water in two foam cups.

2. Measure the temperature of water in each cup and write them down.

3. Pour the cold water into the hot water and mix them up
4. Predict what will be the final temperature.

5. Measure the final temperature (don’t wait for too long before you do it).  Does it agree with your prediction (note this somewhere)?
6. Now try things differently. Mix a different amount of cold water with hot water and repeat Steps 2 to 5.  Record the volume each of hot and cold water.  How close are your predictions? Make sure you measure both the cold and hot water temperature before you mix them up each time because temperatures may change.
7. Try the following equation with your data

Final Temperature = 
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Where, 
V = volume of water




T = water temperature


The above equation is what water scientists and engineers use to predict how cooling water (with higher temperature) discharged may affect water temperature in a river or a lake. 

	
	Volume (hot)

(mL)
	Volume (cold)

(mL)
	T (prediction) °C
	T (actual) 

°C
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	Trial 2
	
	
	
	


pH

pH is a measure of how acidic/basic water is. The range goes from 0 - 14, with 7 being neutral. pHs of less than 7 indicate acidity, whereas a pH of greater than 7 indicates a base. pH is really a measure of the relative amount of free hydrogen (H+) and hydroxyl (OH-) ions in the water. Water that has more H+ ions is acidic, whereas water that has more OH- ions is basic. Since pH can be affected by chemicals in the water, pH is an important indicator of water that is changing chemically. pH is reported in "logarithmic units," like the Richter scale, which measures earthquakes. Each number represents a 10-fold change in the acidity/basicness of the water. Water with a pH of 5 is ten times more acidic than water having a pH of 6. 

Pollution can change water’s pH, which in turn can harm animals and plants living in the water. For instance, water coming out of an abandoned coal mine can have a pH of 2, which is very acidic and would definitely affect any fish crazy enough to try to live in it! By using the logarithm scale, this mine-drainage water would be 100,000 times more acidic than neutral water – so stay out of abandoned mines.

Activities:  Test pH of different solutions
Materials:

pH meter
Samples:  Tap water, river water, pop, bleach

Procedure:

1. Fill the sample names in the table below;
2. Predict the pH of the samples and write your them in Column 2 of the table;
3. Measure the pH with the CBL and write results in Column 3; 
4. Compare the results and discuss them with your friends; and

	Sample Name
	Your prediction of pH
	Measured pH

	
	
	

	
	
	

	
	
	

	
	
	


Turbidity
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Turbidity is the amount of particulate matter that is suspended in water. Turbidity measures the scattering effect that suspended solids have on light: the higher the intensity of scattered light, the higher the turbidity.  High turbidity can keep light from reaching plants and animals in the water body that need it to survive!  Material that causes water to be turbid includes:

· clay and silt 

· finely divided organic and inorganic matter 

· soluble colored organic compounds 

· plankton 

· microscopic organisms 

Turbidity makes the water cloudy or opaque. The picture to the right shows highly turbid water from a tributary (where construction was probably taking place) flowing into the less turbid water of the Chattahoochee River in Georgia. Turbidity is measured by shining a light through the water and is reported in nephelometric turbidity units (NTU). During periods of low flow, many rivers are a clear green color, and turbidities are low, usually less than 10 NTU. During a rainstorm, particles from the surrounding land are washed into the river making the water a muddy brown color, indicating water that has higher turbidity values. Also, during high flows, water velocities are faster and water volumes are higher, which can more easily stir up and suspend material from the stream bed, causing higher turbidities.
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Turbidity can be measured in the laboratory and also on-site in the river. A handheld turbidity meter (left-side picture) measures turbidity of a water sample. The meter is calibrated using standard samples from the meter manufacturer. The picture with the three glass vials shows turbidity standards of 5, 50, and 500 NTUs. Once the meter is calibrated to correctly read these standards, the turbidity of a [image: image6.jpg]


water sample can be taken.

Activities:  Water Turbidity Tests
Materials:
Turbidity meter


River water, tap water
Procedure:
Measure the turbidity of the sample and record the results.

	Sample
	Your prediction
	Turbidity reading (NTU)

	
	
	

	
	
	


Conductivity

Specific conductance is a measure of the ability of water to conduct an electrical current. It is highly dependent on the amount of dissolved solids (such as salt) in the water. Pure water, such as distilled water, will have a very low specific conductance, and sea water will have a high specific conductance. Rainwater often dissolves airborne gasses and airborne dust while it is in the air, and thus often has a higher specific conductance than distilled water. Specific conductance is an important water-quality measurement because it gives a good idea of the amount of dissolved material in the water. 

Probably in school you've done the experiment where you hook up a battery to a light bulb and run two wires from the battery into a beaker of water. When the wires are put into a beaker of distilled water, the light will not light. But, the bulb does light up when the beaker contains salt water (saline). In the saline water, the salt has dissolved, releasing free electrons, and the water will conduct an electrical current.

Color

Is your water safe to drink? Does it smell funny or is it cloudy or off-color?  The increase in the reported cases of chemical spills, leaking oil tanks, toxic waste sites, and pesticide use may make you wonder about the quality and safety of your water. What is in your water? Whether you get your water from a public or a privately-owned public water system, or your own well or spring, having a safe source of drinking water is vital to the health of you and your family.  

Changes in the appearance, taste, odor, and color may be your first evidence of a problem. Color in water can be caused by a number of contaminants such as iron which changes in the presence of oxygen to yellow or red sediment. Color from iron is referred to as "apparent color" rather than "true color". True color is distinguished from apparent color by filtering the sample.
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