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Brine Rejection

In this activity you can explore how the formation of ice on the surface of saltwater in Polar Regions affects the salinity of saltwater in a process referred to as “brine rejection”.  

To study the changes in the salinity of saltwater as surface ice forms you can:
1. Use a hydrometer to measure the specific gravity of tap water.

2. Make a saltwater solution.

3. Use a hydrometer to measure the specific gravity of the saltwater solution.

4. Put the saltwater solution into a freezer.

5. Wait for ice to form on the surface of the saltwater solution.

6. Remove the surface ice from saltwater.

7. Measure the specific gravity of saltwater after surface ice has been removed.

8. Measure the specific gravity of melted surface ice.
Materials for each team of students: 
· A hydrometer and a hydrometer tube  

· Foam cups to form double or triple insulated containers

· Tap water or distilled water
· Table salt  

· Tablespoon and two bowls

· Thermometer 

Hydrometers Measure Specific Gravity


Hydrometers indicate the specific gravity of a liquid (or a solution). If the specific gravity of liquid is 1.000, that means that the liquid has the same density as pure water when pure water is at a temperature of 4º Celsius.  A liquid (or solution) that is more dense than pure water 4º Celsius will have a specific gravity greater than 1.000.
Step One: Measure the Specific Gravity of Tap Water

1. Put tap water into a hydrometer tube until it is almost full.
2. Record the temperature of the tap water. You may also use distilled water.
3. Carefully lower the hydrometer into the tap water and gently release it so that is slowly sinks into the water. Be Careful: The hydrometer may break if it hits the bottom of the hydrometer tube.
4. You may need to add more water or clean up water that overflows.
5. Record the value for specific gravity of tap or distilled water. 

Question 1: Why might your tap water sample have a specific gravity that is not equal to exactly 1.000? 
   www.umassk12.net/ipy

A STEM ED Program at the University of Massachusetts, funded by the National Science Foundation and supported by the Climate System Research Center in conjunction with the International Polar Year 

[image: image1.png]


                             [image: image2.png]s



                                  [image: image3.png]CLIMATE SYSTEM
RESEARCH CENTER




Step Two: Make a Saltwater Solution

Option A: Make a saltwater solution that has approximately the same salinity as sea water in the Polar Regions.
1. Add two tablespoons of salt to 1000 mL of tap water or distilled water.
2. Stir the saltwater solution with the tablespoon to dissolve the salt. Do not use a thermometer to stir the solution.
Option B: Make a solution with the same salinity as sea water in the Polar Regions.


A 1000 gram sample of sea water in the Polar Regions typically contains 35 grams of dissolved salts. The salinity of sea water in Polar Regions can be expressed as 35 parts per thousand (ppt).  

1. Obtain a triple beam balance or electronic scale that has the capacity to measure the mass of a large beaker plus the mass of 1000 grams of a saltwater solution. 

2. Measure and record the mass of the large container.

3. Add approximately 600 grams of tap water to the container.

4. Measure 35 grams of salt.

5. Dissolve the 35 grams of salt in water.

6. Add more water to the container until the mass of just the saltwater solution is 1000 grams.

Step Three: Measure the Specific Gravity of the Saltwater Solution.

When salt is dissolved in water, the volume of the water does not change, but the mass of the solution increases.  That means that the density of a saltwater solution has a higher density and a greater density than water.

1. Put some of your saltwater solution into a hydrometer tube until it is almost full

2. Record the temperature of the saltwater.

3. Carefully lower the hydrometer into the saltwater and gently release it so that is slowly sinks into the saltwater solution.

4. Determine the specific gravity of the saltwater. 

Question 2: What was the specific gravity of your saltwater solution?
Steps Four and Five: Form “sea ice”.

The amount of sea ice increases in the Polar Regions as summer ends and as air temperatures decrease dramatically in the Polar Regions.  

To form sea ice on the surface of saltwater, you need to put your saltwater solution into containers that are insulated on the sides and bottom.
1. Each team of students need enough foam cups to make 4 sets of triple insulated containers.
2. Put saltwater into each of the each of the top foam cup in each set of cups.
3. Put the insulated containers of saltwater into a freezer. 

4. Leave the insulated container in the freezer until a few centimeters of sea ice forms on the surface of the saltwater. Your teacher will suggest the amount of time the insulated containers should be in the freezer. 

Question 3: Why was it important to use containers that were insulated on the sides and bottom?
Step Six: Separate the “sea ice” from the unfrozen saltwater

1. Remove the insulated containers from the freezer. 

2. Hold a foam cup containing sea ice over a container that will hold the unfrozen saltwater.
3. Carefully remove the solid sea ice and put that solid ice into another container so that the ice and the unfrozen saltwater do not mix together.
4. Let the unfrozen saltwater and the melting sea ice reach the same temperature as the original saltwater solution.  This may require a few hours. You may also propose a strategy for increasing the temperature of the unfrozen saltwater and melted sea ice and ask your teacher for approval to use that strategy.  
Steps Seven and Eight: Determine the specific gravity of the unfrozen saltwater and the melted sea ice.
1. Use a hydrometer to measure and record the specific gravity of the melted surface ice and the saltwater that did not freeze.

Clean-Up Procedures Include:
· Cleaning any area where salt or saltwater is on a work surface.

· Returning all materials to locations designated by your teacher.

Some More Questions:

Question 4: Why was it important to make your all of your specific gravity measurements at the same temperature? 

Question 5: What happened to the specific gravity of saltwater that did not freeze as surface ice formed?

Question 6: How can changes in the change in the data obtained with a hydrometer be an indication of a change in the density of saltwater? 

Question 7: How can changes in the specific gravity of saltwater be an indication of changes in the salinity of saltwater? 

Question 8: Why would the formation of sea ice in the Polar Regions cause the unfrozen saltwater to flow down to the sea floor?

Question 9: Why would the formation of sea ice result in a very slow downward movement of saltwater in the Polar Regions?
One Final Question: The term “brine” is a term that is often used to describe salt solutions. Pickles are small cucumbers that are in soaked a brine solution.  
Question 10: Why would polar scientists refer to the process of forming sea ice in the Polar Regions as “brine rejection”?

