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Purpose

This lab is designed to give you experience measuring salinity and experimenting with the physical properties of seawater.    This knowledge will be useful in helping you understand the chemical and physical characteristics of seawater, and provide a foundation for understanding ocean currents and the physical environment in which marine life exists.

Lab Objectives
· To determine the salinity of 3 saltwater samples of unknown concentrations.

· To determine the relative density of 4 water samples of undisclosed salinities.

· To determine how salinity and temperature vary with location, depth, and season for a portion of the ocean adjacent to western Oregon.
Materials

· Petri dish
· Digital scale
· Seawater of three different concentrations
· Freshwater
· 15 cm long glass tube
· Food coloring
· Four 50ml beakers
· 1 glass pipette with narrow neck
· Tongs
· Paper towels
Write up


Your final write-up for this lab should include this handout complete with all the data and sketches asked for in the instructions.  It should also include your responses to all follow up questions.
Background


Seawater is a fluid composed of pure water, dissolved salts, minute suspended solids, and atmospheric gases.  Much of physical oceanography is concerned with measuring and mapping the physical and chemical properties of this fluid.  By determining how these properties vary geographically and seasonally researchers have been able to determine how oceans circulate, how they maintain a relatively constant temperature, how sounds travel through them, and how freshwater and minerals can be extracted from seawater.    Chief among these properties is salinity, which is defined as the amount of dissolved solid found in a given volume of seawater.  The unit most often used by oceanographers for expressing salinity is parts per thousand (‰).    A salinity of 3 ‰ means that in 1,000 grams of seawater there are 3 grams of salt.  The world’s oceans have an average salinity of 35 ‰ and vary from less than 30‰ to over 45‰.  The three most common methods used for measuring this property are as follows:

· Evaporation:  The water in a given volume of seawater is boiled off leaving only the salts and suspended solids.   The weight of the remaining salt and solids is then divided by original weight of the seawater.  The chief advantage of this method is its simplicity.  Its major disadvantage is that the salts left over after evaporation are contaminated with solids such as particles of clay, plankton skeletons, and fish fecal pellets.

· Electric Conductivity:  Testing the amount of electric current that is able to pass through a sample of seawater.  Since saltwater conducts small electric currents and pure water does not, a high salinity seawater sample will conduct electricity more readily than low salinity sample will.   A device measure uses this principle to measure salinity is called a Salinometer.  It consists of a source of electric current like a battery, a meter for measuring the current, and a coil of wire.  Though they have limited accuracy, Salinometers measure salinity in situ.  This means that the meter can be placed into the ocean rather than having to retrieve samples to test  them in a lab.    

· Determining sample density - Density is defined as weight divided by volume.  If two substances have different densities, it means that equal volumes of each substance will have different weights.  If two liquids have different densities the lower density liquid will float on top of the higher density fluid.  If two samples of seawater have different salinities they will have different densities, as long as they have the same temperature.  Density is a function of both salinity and temperature (cold water is denser than warm water).
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Figure 1 -  Composition of seawater with a salinity of 35
Method


This lab is divided into three parts.  In the first part, you will be measuring the salinity of three saltwater samples via evaporation.  In the second, part, you will be determining relative salinity of the three samples by comparing their densities.  Finally, in the third part of the lab, you will be looking at variations in salinity and temperature for a section of coastal Oregon using a simulation of a research voyage.

Part 1 – Measuring salinity
· Weigh a clean, dry glass dish using a digital scale.

· Measure out a 40 ml portion of saltwater samples A, B, or C into the dish (your instructor will assign you a sample).

· Weigh the water and the dish.

· Calculate the weight of the saltwater in the dish by subtracting the weight of the clean, dry dish from the weight of the dish and the saltwater. 

· Place the dish on a hot plate set on medium heat.  Allow the water to evaporate from the dish until all but a thin film of water remains.

· Remove the dish from the hot plate and allow it to cool for approximately 2 minutes.

· If the water remaining in the dish does not totally evaporate, place the dish back on to hot plate for 30 seconds to a minute.  Repeat this procedure as many times as necessary. 

· Once all the water in the dish has evaporated, set it aside to cool for 5 minutes

· Weigh the Petri dish and the remaining salt. 

· Calculate the amount of salt in the dish by subtracting the weight of the clean, dry dish from the weight of the dish plus dried salt.

· Calculate the salinity of the original seawater sample using the following formula.

     Salinity (‰)  =  (weight of salt / weight of saltwater) x 1000

Table 1 – Data and calculations for your assigned sample

	Weight (g)

Dish
	Weight (g)

Dish + water
	Weight (g)

Water
	Weight (g)

Dish + salt
	Weight (g)

Salt
	Salinity

	
	
	
	
	
	


· Once you have calculated a salinity for your sample, post it to the course website.

· Record your salinity and the other salinities calculated by your classmates in table 2.  

· Once you have everyone’s data, calculate the average salinity for A, B, and C.

Table 2 – Salinity data for the entire lab section

	
	Sample A
	Sample B
	Sample C

	
	
	
	

	
	
	
	

	
	
	
	

	Average
	
	
	


Part 2 – Investigating the relationship of salinity to density

	· Measure out 50 ml portions of samples A, B, and C into three small beakers.   Make sure to write on the beaker what each sample is.  

· Fill a fourth beaker with tap water.  This will be sample D.

· Put one drop of food color into the each of the three beakers filled with saltwater samples.  Use a different color for each sample.

· Fill the pipette (a pipette looks like an eye dropper) half full of one of the samples.  Empty this into the glass tube with a cork base (Figure 2).

· Once you’ve finished rinse the pipette out with distilled water.

· Next, fill the pipette half full of another of the samples.  Gently squirt this into the glass tube.

· Again, rinse the pipette with distilled water.

· Repeat the past two steps for the third and fourth samples.
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Figure 2 – Cork and tube


Note:  You’ll be repeating these steps several times until you get a stable four-part column.  In other words if you put the samples in the right order they will stack up on top of each other and not mix after you’ve put them into the tube.  To accomplish this you need to put the densest sample in first and the least dense in last.  In this case the most saline sample has the highest density, while freshwater has the lowest density.  Since you don’t know the densities of samples A, B, and C this is why you will probably have to try constructing your saltwater column several times before you find a stable combination.   Record your trials and results in table 3.  Results are either stable or unstable.

Table 3 -  Data table for stacking order in the saltwater column.  

	Trial #
	Bottom
	
	
	Top
	Results

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	


Follow-up questions
1. In addition to salinity, what other property controls density?

2. Based on how you answered the last question, how could you make a saltwater column from four samples, all having the same salinity?

3. When would it be possible for a layer of saltwater to be on top of a layer of freshwater?  Why?

Part 3 – Salinity of the Pacific Ocean along the Oregon Coast
For this part of the lab you will use a computer program that simulates the voyage of a research vessel out into the Pacific Ocean.  The voyage begins on the Central Oregon coast and ends approximately 650 km due west of the port you set sail from.  Using the program you will stop at nine different sites to test the salinity and temperature of the surface seawater.  The program actually contains two possible voyages (summer and winter).  For this lab, select the winter voyage.  Record your data in table 4.  At your final site (site 9) you will send down a salinometer and temperature probe to depths of 50, 100, 200, 300, 1000, 2000, and 3000 meters to test the salinity and temperature of water at that depth.  Record this data in Table 5.

Table 4 – Data table for recording surface temperature and salinity.

	
	Site 1
	Site 2
	Site 3
	Site 4
	Site 5
	Site 6
	Site 7
	Site 8
	Site 9

	Temperature (°C)
	
	
	
	
	
	
	
	
	

	Salinity 

(‰)
	
	
	
	
	
	
	
	
	


Table 5 – Data table for recording temperature and salinity at various depths at site 9.

	
	0 m
	50 m
	100 m
	200 m
	300 m
	1000 m
	2000 m
	3000 m



	Temperature (°C)
	
	
	
	
	
	
	
	

	Salinity 

(‰)
	
	
	
	
	
	
	
	


Follow-up questions

1. What trend did you notice in the surface salinity as you sailed further out into the Pacific?  Explain what could have produced this change.  

2. What is the relationship between salinity and depth of the samples taken at site 9?
3. Where does the water column at site 9 undergo the greatest change in temperature?  Why is this happening?
4. Where in the water column is the densest water?  Why is its density so high?
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