TEACHER BACKGROUND

Teacher Background

Probably the most basic property of sea water is that it is salty. Of course there is
more than just sodium chloride in sea water. Sea water contains magnesium,
sulphur, calcium and potassium and many other elements -- even gold, but salt is
the principle ingredient.

Your students may be interested in where all that salt has come from. You may
want to ask them their ideas. Although a popular belief is that salt has washed
down from the continents over the lifetime of the earth, that is probably not the
case, since the ancient oceans were not much less salty than today’s oceans. One
currently accepted theory is that the ingredients in sea water are soluble minerals
which leach from the ocean crust plates between the time they emerge from
submarine spreading centers and return again into the mantle at subduction
zones. The fact that so much salt is present in sea water is explained by its very
high solubility in water.

The water in Puget Sound is not all equally salty. The rivers which drain into the
Sound contribute fresh water, while marine water enters the Sound through the
Strait of Juan De Fuca. Mixing occurs in many places, but in general, salinity
decreases somewhat as we move away from the Strait and into parts of the Sound
where major rivers empty.

Dissolved substances such as salt change the density of water. This property,
the water’s density, is termed specific gravity. The specific gravity of a liquid
determines whether an object will sink or float in it. A hydrometer is a common
tool used for measuring the specific gravity of a liquid by taking advantage this
principle. A hydrometer floats in the liquid at a depth determined by the density,
or specific gravity of the liquid. In this activity your students will make their own

hydrometers and use them to measure real and hypothetical water samples from
around the Sound.

Specific gravity is measured on a universal scale which can be used with any
liquid or solution. Since the specific gravity of sea water is determined almost
entirely by dissolved salt, it is sufficlent to use the term salinity rather than
specific gravity with your students, especially since the hydrometer scale which
records salinity is not the same as a hydrometer scale for specific gravity. They will
probably find measuring the salinity of water more meaningful in the present
context than measuring its specific gravity. The term specific gravity is not used in
the student text; however, you may certainly introduce this concept if you so
choose.
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TEACHER BACKGROUND

If you have never used a hydrometer before, spend some time becoming familiar
with one prior to this activity.

A hydrometer is read by placing it into in a transparent hydrometer cylinder (or
graduated cylinder) filled with the sample. The hydrometer must float free of the
sides of the cylinder for an accurate reading. Sight horizontally through the
cylinder to determine the level of the solution on the hydrometer scale.

It is also highly recommended that you practice putting together the test tube
hydrometer yourself before having your students make them.

Part 1 of this lesson involves assembling, "weighting," and calibrating the
hydrometers. Have your students work in pairs to construct one hydrometer
between them. Assembling the hydrometers is relatively simple, but weighting
them is somewhat more difficult. The students are asked to adjust the buoyancy
of their hydrometers by adding or removing weight so that water level falls along
the glass tube, both when floating in fresh water and in the highest salinity water
they will be measuring. They will discover, either conceptually or through trial an
error, that since objects float more deeply in fresh water than in salt water, the
water line must be fairly high along the hydrometer stem in fresh water for it to
still be on the scale in salt water.

Your students will need frequent access to both fresh and salt water for making
these adjustments. Set up at least four stations with two graduated cylinders
each, one with distilled water and one with water at 40% salinity. (This is more
commonly expressed as 40 %00 . See the materials list in the Lesson Plan for the
"I‘Cclpe".)

After the students have adjusted the weights of their hydrometers, they will
insert a paper salinity scale into their hydrometer so that standardized readings
are possible. You will find a master for the salinity scale at the end of the Lesson
Plan. Since this page already contains four copies of the scale, simply run off as

many pages as you need and cut the page into quarters on the lines indicated.
Your students can cut out the individual scales.

You may want to use fresh solutions in the cylinders for maximum accuracy as
your students begin calibrating their instruments.
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TEACHER BACKGROUND

This part of the activity requires especially careful attention and some patience.
Having the students use fine pencil rather than pen will enable them to make
corrections; however, you may want to have some extra salinity scales on hand for
students who need a spare.
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In Part 2, the students use their hydrometers to measure the salinity of six water
samples you provide. The samples used in this activity are not actual water
samples taken from the Sound, but are mixed ahead from salt and distilled water.
They are, however, approximations of surface salinities which might be recorded at
the locations they represent.

Mix the solutions at least a day before the activity to avoid having them only
partially dissolved on the day they are to be used. You may find it useful to mix
the solutions in containers other than the cylinders, leaving the cylinders free for
the hydrometer construction and calibration work. Transfer the solutions to
cylinders and label accordingly just before the students need them in Part 2.

You will discover that tall jars or graduated cylinders are important pieces of
equipment for this activity, since the students use them to float their hydrometers
for both Parts 1 and 2 of the lesson. They must be taller than the assembled
hydrometers themselves, and transparent to allow the hydrometers to be read by
sighting through them. At least six are essential to the activity, but more will give
you greater flexibility with your materials.
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LESSON PLAN

resson Flan ) , e
Salt Water/Fresh Water
Student Objectives

¢ Students will make "test-tube" hydrometers for measuring the salinity of water.

* In making and using these instruments, they will gain familiarity with the
buoyancy characteristics of objects in fresh and salt water.

* They will use their hydrometers to determine the salinity of several water samples
comparable to actual Puget Sound samples.

* They will be able to explain why the salinity of Puget Sound varies so much.

Materials:
¢ 15 test tubes,
¢ 15 1-hole stoppers to fit (#4)
* 15 pieces glass tubing, 4 mm ID, 12 cm in length, or
* 15 disposable pipettes, at least 10 cm in length
¢ small package plasticine clay
¢+ 2 Ibs. b-b’s or zinc-plated shot
* 15 salinity scales
* 4-15 pairs scissors (students can share) °
* 15 fine-pointed mechanical pencils
+ 8 tall plastic or glass jars, 10" high or more
* 3-4 plastic squirter bottles for distilled water
* 1 Laboratory Hydrometer R
* One copy per student, SALT WATER/FRESH WATER
* One copy per student, map: SALINITY AROUND THE SOUND

* One copy per student, data chart: SALINITY AT SELECTED PUGET SOUND
LOCATIONS

* 2 gallons or more tap water

* 2 gallons or more salt solution #1 (40 gm salt in 1,000 ml distilled water
* 2 gallons of distilled water

* 8 tablespoon measures

* 2 Ibs, salt

¢ 8 rulers for stirring salt into solution
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(materials cont.)
* 1 gallon each of the following salt solutions:
» Sample 1 (Cape Flattery), 32 gm salt in 1000 ml dist. water
* Sample 2 (Dungeness Spit), 26 gm salt in 1000 ml dist. water
* Sample 3 (Foulweather Bluff), 22 gm salt in 1000 ml dist. water
» Sample 4 (Shelton), 17 gm salt in 1000 ml dist. water
» Sample 5 (Skokomish River mouth), 10 gm salt in 1000 ml dist. water
* Sample 6 (Skokomish River, 1 mile upstream), 0 gm salt in 1000 ml
dist. water

Procedure:
Part 1: Making the Test Tube Hydrometer
1. Ask for your students’ ideas on how someone could measure the salinity of water.

You might see if any of them has had the experience of swimming in Great Salt
Lake. You can simulate this experience by having the students place a potato in a
gallon jar of water. Then gradually increase the water's salinity by stirring in salt.
Eventually the potato will bob to the surface. Discuss this phenomenon and their
explanations for it. You can explain that when salt or other substances dissolve in
the water, there is no increase in the water’s volume, but there is in the water’s
density. This change in density is what allows us to measure how much salt is
present.

Show them a laboratory hydrometer and demonstrate how to use it, by first
placing it in fresh water and then in salt water. (If you have done the "floating
potato” demonstration, put the hydrometer in this water.) Carefully model how to
use and read the hydrometer.

2. Explain that there is nothing mysterious about a hydrometer. It is simply an object
which floats in a solution but has a scale for recording exactly how high it floats.
Show them the materials they will have to work with, and challenge them to make
a working hydrometer from these things.

Here are three different approaches to choose from in introducing this task. Pick
the one which best suits your teaching style and the abilities of your students.

* You can pass out the instruction sheets and aterials to pairs of students and let
them work through the activity step by step.

* Before turning them loose with the materials you can have them help you go
through the process of making one. Put out the materials needed to make one
hydrometer but not the instruction sheet. Have the students figure out what you
should do at every step. This will involve them in actively thinking through how
the hydrometer needs to be put together to work, and at the same time it will help
them avoid some of the difficulties they may encounter in trying to do the activity
on their own.

* For gifted students, you can simply give them the materials without the
instruction sheets and challenge them figure out how to make working
hydrometers on their own! You will need to raise such questions as "How deep
should they float to be useful in both fresh water and salt water?", "What can we
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do so that all of our hydrometers give us the same the information?" and "What
substance could we use to give us a known reference salinity for our
hydrometers?” You could even challenge them to calibrate their own salinity
scales from blank paper strips by having them create standard reference
solutions.

Part 2: Testing the Water

1. Have your students continue working in pairs to solve a series of problems using
the hydrometers they have made. They will first measure the salinity of tap water
and then explore the effects of adding salt to the water. You will need to provide
each team with a tall container of tap water for the first problem. For the second
problem each team will also need two tablespoons of salt, a tablespoon measure
and a stirrer to mix the salt into the water.

2, You will then provide six unknown samples for them to test. Set up six test sta-
tions around the room so that the groups of students can move from station to sta-
tion, testing each sample. The students will record three trials at each station,
which they will then average to obtain their final figures.

3. After the students have determined the salinity of each of the solutions and
recorded the information on their data sheets, distribute the maps, SALINITY
AROUND THE SOUND. Have the students place the data for the six sites on these
maps.

4. Ask them if they can see any trends in these salinity measurements. Where is
salinity the highest? the lowest?

8. Now distribute the data chart, SALINITY AT SELECTED PUGET SOUND LOCA-

TIONS. Ask them to put the additional information from this chart in the correct
location on their maps, and then use the map to answer the questions which follow.

Answer Key:
Part 1. Making the Test Tube Hydrometer
1. A hydrometer will float higher in sait water,
2. O (ppt or parts per thousand)

3. In distilled water the hydrometer will sink to its deepest point (the water level will
be highest). This is the "zero point" on the salinity scale. All salt solutions will
cause the hydrometer to float higher, so the scale only needs to be labeled from O
downwards. The students should have discovered that the numbers running down
the scale represent positive salinity readings.

Part 2. Testing the Water
Problem 1:

a. Answers may vary.
b. Students’ hydrometers should record tap water as O ppt.

¢. Their hydrometers are not accurate enough to detect trace minerals in the water.
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Problem 2:
a. Answers may vary.

b. Your students’ readings will depend upon the volume of the tall jars they are
using. Students should have approximately the same readings if their jars are
identical.

¢. Students should be able to predict that salinity will double when the second
tablespoon of salt is added.

d. Answers may vary.

Problem 3:

a. Students’ results should approximate the following salinities, although you
should recognize that their instruments only have the accuracy to measure

gross overall trends.
Sample 1, Cape Flattery .....cccovvvvieivieieeceicreereeceenranes 32 ppt
Sample 2, Dungeness SPit .......c.ccceeiiveriiiinreniieniereennn 26 ppt
Sample 3, Foulweather Bluff ............ccccooivevveiiinvnnnennnnn. 22 ppt
Sample 4, Shelton .........ccovvviivririierinierreererrereereones 17 ppt
Sample 8, Skokomish River mouth .........cccooevveverennnnn. 10 ppt
Sample 6, Skokomish River, 1 mile upstream ............. O ppt

b. Their information should be correctly transferred to the map: SALINITY
AROUND THE SQUND.

¢. Students should recognize that salinity is decreasing along Hyak's route into the
Strait of Juan de Fuca and down Hood Canal.

Problem 4

a. Skagit Bay, Everett Harbor, Port Susan, Lake Washington, Skokomish River
mouth, and upstream Skokomish River

b. Cape Flattery, Neah Bay, Port Angeles, and Friday Harbor
¢. Salinity decreases moving south through Hood Canal.

d. Rivers flow into the Sound at many points, diluting the sea water with fresh
water. Parts of the Sound near river mouths, especially those furthest from the
ocean are lowest in salinity.

e. The biggest salinity change is between the river mouth and one mile upstream
on the river.

f. She would last feed near the mouth of Skokomish River.
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SALINITY AT SELECTED

PUGET SOUND LOCATIONS
Discovery Bay.......cccccceecevveeviecveeenee e 29
Dabob Bay ......cccccoeveeiiiciee e 27
Padilla Bay ........ccccevveereviririerricre e 27
Lo = To || = | — 20
Elliot Bay.......ccvveeicriceceeiceerecceecee e 29
Commencement Bay ..........cccceeevvvieeccnnennne 26
Admiralty Ineh. «ocsaams s 30
Carrnlet.....c.cooeeeeeeceeieeeeeeeeee e 29
Saratoga Passage ..........ccvveeereeceeeeneieecvnnnns 27
Colvos Passage.......ccccoveerveereeeerercneesnnnnnes 28
Lake Washington ...........cccoeeeeiriiiicciee e 0
Lake Cushman.........ccccecvveinceeceicceecceeeeen 0
San Juan Islands .........ccoceeveeeereeceeceeeeeee, 31
Lummi Istand........oociviieceeeees 31
Bainbridge Island..........ccccccceeeviieciiecnen, 29
Stillaguamish River Mouth.............ccecveuaee.. 15
Nisqually River Mouth.......0......ccccoieeeee 23
Dungeness River Mouth ...........ccccecuvruernnnn.. 30
Victoria Harbor ..........ccoccieiieeevieceeeee e 31

Olympia Harbor...........cocceeveveveeceeeeeeeeen. 25




SALINITY SCALES







