Attachment To:

Is The Water Safe for Aquatic Life?
Curriculum created by Sue Habeck, Tacoma Community College
Student Worksheet

WATER QUALITY FACTORS 

Salinity (salt content) 

Salts are many different kinds of elements which consist of atoms with extra or fewer electrons which makes them positively or negatively charged.  

▪    What do you call an atom with extra or fewer electrons?    i_________ 
· The most common salts in the sea and in our bodies are 

 _____________ (Na+)    and _____________ (Cl-)

Salinity is very important to living things.  If an organism is adapted to freshwater and suddenly is immersed into saltwater, they will likely die. 

· What do you call it when water flows across a cell membrane?    o__________ 

It is estimated that the world’s rivers carry 4 billion tons of salts to the oceans per year.  The same amount is deposited on the seafloor, and so there is an equilibrium (www.palomar.edu/oceanography/salty_ocean.htm). 

The surface of the Pacific ocean off the coast of Washington has an average salinity of ~3.5% (also written as 35 parts per thousand (ppt) or 35 o/oo).

Salt water is denser than freshwater and so some bodies of water are fresh on top and salty at the bottom.

Temperature – 

· Heat is the energy created by moving atoms/molecules.  The faster the molecules, the                   (higher or lower?) the temperature.  

Even small changes in temperature can significantly affect some organisms because of their biochemistry and because of how temperature affects the water chemistry.  Some organisms are very tolerant of temperature changes (e.g. in tidepools).   

· What can you conclude from the data presented in the graph below?

Deep water temperature in the central Strait of Georgia, Puget Sound, from 1970-2004
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Analysis Source: D. Masson, Institute of Ocean Sciences, DFO, Canada.

graph taken from:  http://www.epa.gov/region10/psgb/indicators/marine_wq/what/index.htm

Dissolved Oxygen (DO)

During the growing season there is much sunlight and high populations of photosynthetic algae.  The waste product from photosynthesis is oxygen, thus you may expect to see higher levels of dissolved oxygen during the summer.

· Look at the graph below.  Is there more dissolved oxygen in the Green River (south King County) during the summer?  If not, offer a hypothesis about why not.

Graph of Dissolved Oxygen in Green River, historical until 2004

(from King County Department of Natural Resources and Parks

http://dnr.metrokc.gov/wlr/waterres/streamsdata/Conventional.aspx?Locator=0311)

The graph shows box plots.  The dotted line in the middle of the box is the average value and the top line is the maximum value ever obtained and bottom line the minimum value obtained.  The thin line that cuts straight across at about 9 mg/L is the WA Department of Ecology’s calculated limit of what is tolerable.
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pH (acidity)   Acidity refers to the proportion of  H+  (hydrogen ions) in the water.

 If you say “low pH” you are saying “high acidity” or anything with a pH lower than 7.  If you say “high pH” you mean all of the following things:  pH value above 7;  “low acidity”;  “alkaline”; or “basic”.

· What happens to a Hydrogen atom to make it become a H+?

· Besides referring to them as hydrogen ions (H+), what else can you call them? 

· When pure water is measured, there are 0.0000001 grams of H+ per liter, which is pH _____.  Pure water is said to be neutral because there is an equal number of H+ ions to OH- ions.

The pH scale is logarithmic.  Small changes in the pH scale mean big changes in the amount of H+ per liter.  Most living things are very sensitive to small changes in pH.  Unpolluted rainwater is slightly acidic (pH 5.6) because it reacts with CO2 molecules, forming carbonic acid.  Most freshwater streams and lakes around Puget Sound should be just below neutral (6.7-6.9).  Marine waters have pH values higher than neutral (slightly alkaline).
The graph below shows the pH of Little Moose Lake in New York State.  It shows the pH of the lake (3 meters deep) and the pH of an outlet  stream.
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· During which month did the Moose Lake water become most acidic?  

· Why might this month have been most acidic?

This snowmelt event killed over 50,000 newly hatched lake trout, perhaps because the acids caused aluminum to become soluble.   (www.elmhurst.edu/~chm/vchembook/191acidsnow.html

Carbon Dioxide (CO2)

· Carbon dioxide gas is released during several different metabolic processes such as anaerobic fermentation and aerobic c______________ r_____________ (hint: many bacteria, fungi, and mitochondria do this when burning sugar for energy)

· Carbon dioxide is taken in by plants, algae, and cyanobacteria when they p____________.  

It appears that some bodies of water are becoming more acidic because of increased atmospheric CO2.  The CO2 combines with water molecules to form carbonic acid.  The acid can damage the shells of organisms and can also cause metals to become soluble. 
Nitrates (NO3-)     Nitrates contain nitrogen atoms. 

· Nitrogen atoms are very important for organisms. Name some kinds of molecules in your body which have nitrogen atoms.

Nitrogen can be found in the air we breathe and dissolved in water.  But it is found as a molecule called N2 (two nitrogen atoms tripled bonded).  Most organisms cannot use the nitrogen atoms when they are bonded like this.   

· What kind of organism can break the triple bond of N2, and combine the nitrogen atoms with other atoms to create fertilizer? ________________

· What is this process called ? _____________ ___________________

· Nitrates are fertilizers.  Why is it bad to add too many fertilizers to a body of water?  (the answer has several steps!)

· This process of over-fertilizing a body of water is called “eu-_________________”. 

· What kinds of things can act like “fertilizers” aside from the fertilizers you add to your lawn and garden?

Phosphate, PO4- 
 Phosphates contain the element p__________.  This element is necessary in living things for DNA and the energy molecule called ATP.  It naturally occurs in some rocks, animal feces, and decaying carcasses.  It is usually scarce in ecosystems.  When humans add too much to a system, eutrophication occurs.  

· Look at the graph below. Hypothesize about what might have caused the spike during the fall/winter of 2006.

Graph of Phosphorus in Lake Washington near Renton  

(from King County Department of Natural Resources and Parks http://dnr.metrokc.gov/wlr/waterres/lakes/)  

The column lines correspond to Jan 1 of each year from 2000 until 2008.
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Fecal Coliform

Fecal matter from leaky sewage pipes, pets, waterfowl, etc. contains gut bacteria such as E. coli.  The bacteria can be used as an indicator of how much fecal matter is entering a body of water.  

· Look at the graph below.  Compare it with the phosphorus graph above.  The data was collected from the same spot.  See a similarity?

· Does this data support the hypothesis you offered above for the spike in phosphorus?  Explain/discuss.  If necessary, offer an alternative  hypothesis about what might have happened in Lake Washington the fall/winter of 2006 to result in high Phosphorus and fecal coliform. 
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