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Ocean Water

Ocean Water
If you were to view the planet Earth from space, you would see that most of its surface is covered by water. Most of this is ocean water that cannot be consumed. Why can’t ocean water be consumed? The reason is that ocean water contains large amounts of salt, which make it undrinkable. 

Salinity is a measurement of the saltiness or concentration of salt in water. Ocean water contains many different salts, but the most abundant is sodium chloride, also known as table salt. Sodium chloride makes up 86% of all the ions present in ocean water. Other salts that can be found in ocean water at significant levels are calcium chloride and magnesium chloride. 

Why is the ocean salty? When the earth was being formed, volcanoes ejected large amounts of lava and chemicals (including salts) into the oceans and atmosphere. Some of these salts dissolved in the water. Rain also washed salts from the land into the ocean. Over time the level of dissolved salts in the oceans increased to the level it is today. 

Solutions with high salinity contain a lot of dissolved solids, like salt, and they conduct electricity better. The average conductivity of ocean water due to these dissolved salts is 70 mS/cm. The unit mS/cm stands for millisiemens per centimeter and measures how well a material or fluid conducts electricity. Salinity in parts per thousand (ppt) is another way of describing how salty water is.

There are several factors that can increase or decrease ocean water salinity. At the polar regions, freezing of ocean water increases the salinity of the surrounding water. Evaporation in hot arid regions also increases the salinity. The Dead Sea, located in the Middle East, has a salinity nearly seven times that of most ocean water. At the ocean’s surface, rain, snow, and melting ice are all responsible for decreasing the salinity. As rivers enter the ocean, they carry large volumes of fresh water into the ocean, also causing the salinity to decrease.

In this experiment, you will use a Conductivity Probe to measure the conductivity of salt water. You will learn to convert conductivity values in millisiemens per centimeter (mS/cm) to salinity values in parts per thousand (ppt). In Part I, you will model the change in ocean conductivity due to evaporation during sunlight. In Part II, you will model the change in conductivity near the mouth of a freshwater river as it flows into an ocean.

OBJECTIVES

In this experiment, you will

· Measure the conductivity of a water sample using a Conductivity Probe.
· Determine the effect of evaporation on the conductivity of ocean water.
· Model the conductivity change when a freshwater river flows into an ocean.
· Calculate salinity changes.
MATERIALS

	computer
	1.5 L saltwater

	LEGO NXT Intelligent Brick
	1 L distilled water

	MINDSTORMS Edu NXT v2.0 software  
	ring stand and utility clamp

	Vernier NXT Sensor Adapter
	book (5–10 cm thick)

	Vernier Conductivity Probe
	masking tape

	NXT cable
	plastic tubing

	2 aluminum pans
	plastic syringe

	large plastic tub
	lamp with a 100 W bulb (or greater)

	medium plastic tub
	wash bottle filled with distilled water

	two 400 mL beakers
	waste cup


PRe-lab questions
1.
In Part I of this experiment, you will shine a light on an aluminum pan filled with saltwater. Another pan filled with saltwater will be kept out of the light. What do you predict will happen to the conductivity in each pan?
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Figure 1

2.
In Part II of this experiment, you will set up two tubs of water. The fresh water from the smaller tub will slowly flow into the larger tub with saltwater. What do you predict will happen to the conductivity in the larger tub?
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Figure 2

PROCEDURE

1.
Connect the sensor and the NXT.

a. Connect the Conductivity Probe to the Vernier NXT Sensor Adapter.
b. Make sure the switch on the Conductivity Sensor is set to the position labeled “20,000”.

c. Connect the Adapter to Port 1 on the NXT using a LEGO NXT cable
d. Make sure the NXT is connected to the computer (USB or Bluetooth) and turned on.
2.
Launch NXT 2.0 Programming.

3.
Prepare the program for conductivity data collection.
a. Click the Go button next to Start New Program.

b. Drag a Vernier Sensor Block from the Sensor palette to the programming area.

c. In the configuration panel at the lower-left side of the computer screen, select Vernier Conductivity 20K from the Sensor pull-down list. 

d. You should see live sensor readings displayed in the configuration panel. If the sensor reading is gray and not changing, the NXT is not communicating with the computer. Click on the NXT Window button at the top-left corner of the NXT Controller. If the NXT is not listed as Connected, you may need to check the power and connections and then select your NXT from the list presented. Once it is listed as Available, you can choose Connect.

4.
Obtain 250 mL of the saltwater provided by your teacher.

5.
Measure the initial conductivity of your saltwater.

a. Use a wash bottle filled with distilled water to thoroughly rinse the Conductivity Probe as shown by your teacher.

b. Lower the Conductivity Probe into the water sample until the hole in the probe end is completely submerged. Swirl the water around the probe briefly. Be careful not to damage the probe.

c. Note the conductivity reading in the digital display. When the reading stabilizes, record the conductivity value in your data table.
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Part I  Evaporation during Sunlight
Day 1

6.
Position 2 aluminum pans about 1 meter apart. Fill each pan with 250 mL of saltwater.

7.
Position a light bulb directly over one pan about 10 cm above the water surface as shown in Figure 1.

8.
Let both pans sit overnight.

Day 2

9.
Turn off the desk lamp and slide the pan out from under the light. Carefully pour the saltwater from the pan into a clean beaker. Label the beaker “Light.”


10.
Carefully pour the saltwater from the second pan into a second beaker. Label this beaker “No Light.”


11.
Repeat Steps 1–5 to measure the conductivity of the water in both beakers.

Part II  Freshwater Rivers

12.
Place a medium plastic tub on top of a book. Place a large plastic tub on the table next to it as shown in Figure 2.


13.
Pour 1 liter of tap water into the medium tub. Pour 1 liter of saltwater into the larger tub.


14.
Gather a piece of plastic tubing and a plastic syringe. Connect the syringe to one end of the tubing.


15.
Place the free end of the tubing under the water in the medium tub. Pull back the plunger of the syringe until you have drawn 5 mL of water into the syringe. Place the syringe under the water in the larger tub.


16.
Tape the tubing in place on the edges of the tubs with masking tape.


17.
Secure the Conductivity Probe to a ring stand using a test tube clamp as shown in Figure 4.
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Figure 4


18.
Position the Conductivity Probe in the larger tub so that it is 5 cm from the end of the tubing. Make sure the hole on the probe is fully submerged.


19.
Repeat Steps 1–2 to prepare the NXT for data collection.


20.
Start the Data Logger by clicking the Switch to NXT Data Logging button in the upper-left corner.


21.
Click the Go button next to Start New Experiment.

a. In the Experiment Configuration window, select Vernier Conductivity 20K by clicking on the pull-down list to the left of Port 1. (Notice the indicator box changes from gray to green.)

b. Adjust the Duration to 10 minutes. Notice the default unit is “seconds.” You must select “minutes” from the pull-down list.

c. Adjust the Rate to 1 sample per second.

d. Click the OK button.


22.
In order to conduct a long term experiment of this type, the NXT must remain on. To avoid having the NXT go to sleep, you must adjust the power setting on it.

a. Using the left or right button on the NXT, scroll through the menu options to Settings. Press the Enter button.

b. Scroll through the Settings options to Sleep. Press the Enter button.
c. Scroll through the Sleep options to Never. Press the Enter button.


23.
Click the Download and Run button to begin data collection.


24.
Carefully, under water, disconnect the syringe from the tubing. At this point, water should be flowing out of the medium tub and into the larger tub. The freshwater should be flowing into the tub filled with saltwater in much the same way that freshwater from a river flows into the ocean. Note: Do not move the probe or tubing during data collection.
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25.
When data collection is complete after 10 minutes, analyze the dataset.

a. Under the Analysis Tools Button, select Section Analysis.

b. Drag the left and right edges of the gray strip until it is as wide as the entire graph window.

c. Record the minimum and maximum conductivity values in your data table.

DATA AND OBSERVATIONS

	
	Pan 1
Light
	Pan 2
No Light
	Freshwater River

	
	Conductivity (mS/cm)
	Salinity (ppt)
	Conductivity(mS/cm)
	Salinity (ppt)
	Conductivity(mS/cm)
	Salinity (ppt)

	Initial 
	
	
	
	
	
	

	Final 
	
	
	
	
	
	

	Change
	
	
	
	
	
	


PROCESSING THE DATA

1.
As we mentioned in the introduction to this lab, the unit “salinity” is often used to describe ocean water. You can convert from conductivity in mS/cm to salinity in parts per thousand (ppt) using the equation: 2 mS/cm = 1 ppt. Convert the conductivity values inmS/cm in your data table to salinity values in ppt using the relationship.
2.
Calculate the change in salinity for each trial. Subtract the minimum salinity from the maximum salinity.
3.
Discuss how the salinity changed in Part I. Did you answer the Pre-Lab Question correctly?

4.
Discuss how the salinity changed in Part II. Did you answer the Pre-Lab Question correctly?

5.
Aquatic animals cannot survive in an environment where the salinity levels fluctuate greatly. Explain why the salinity levels in the ocean stay relatively constant.

6.
Provide a geographical example of the process that took place in Part I.

7.
Provide a geographical example of the process that took place in Part II.

EXTENSIONS

1.
Find a map of world-wide ocean salinities. Select two regions and explain why they are more or less saline than the 35 ppt average.

2.
Obtain some actual ocean water and test its salinity. Hint: It will have to be diluted first. Salt-water samples may exceed the high range of the Conductivity Probe. Seawater from the mid-Atlantic ocean has a conductivity value of 53mS/cm. Samples in this range will need to be diluted in order for them to be measured using the high range. For example, you can take a sample of ocean water, and dilute it to ¼ of its original concentrations by adding 100 mL of the salt-water sample to 300 mL of distilled water. This diluted sample can then be measured using the Conductivity Probe at the 20,000 setting. The conductivity value for the diluted sample is multiplied by a factor of 4 to obtain the conductivity value of the original sample. Hint:The published values of salinity in your area will likely be given in parts per thousand. You will need to convert your conductivity readings to salinity (ppt) values to compare your results to the published values.
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