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Aquatics Exam

May 18, 2010

This exam was designed to be thought provoking and challenging.  Answer all questions as completely and concisely as possible.  Provide sound rationale for each of your answers.  Answers that are not clearly explained will not receive full credit.  Good Luck!

Question #1 (20 points) – This is a multiple part question. Answer all parts for full credit.
Buffy Button’s life was nearly perfect before her pesky little brother, Trevor, insisted on testing her well.  Buffy lives in a cute little lime-colored cottage in downtown Limington, NH.  The cottage is located across from the Happy Valley Day Care and Juvenile Correction Center where she works as a therapist reprogramming delinquent three year olds.

Hiram’s Old Country Store abuts her property on one side.  She walks there to purchase groceries and junk food, and they have a gas pump where she can fuel her Prius.  On the other side is Bjorn’s Norwegian Laundry, and she regularly takes her professional clothing there for a proper dry cleaning.  Adolph’s Orchard abuts her property in the back, and old Adolph doesn’t seem to mind that she occasionally collects baskets of apples after midnight.

Buffy’s comfy life was ruined when Trevor showed her the test results.  Three compounds were listed as exceeding the New Hampshire Drinking Water Standards:

Table 1.  Buffy’s Well Test Results

	Contaminant
	Concentration in Buffy’s Well

	Tetrachloroethylene
	25  ppb

	Methyl tertiary butyl ether
	15 ppb 

	Arsenic
	11 ppb


Table 2.  Trevor’s Useful Information
	 
	Methyl tertiary butyl ether 
	Tetrachloroethylene 
	Arsenic

	molecular mass
	88.15 g/mol
	165.8 g/mol
	74.9 g/mol

	specific gravity
	0.7404
	1.622
	5.727

	solubility g/ 100 ml (20 °C)
	4.2
	0.015
	arsenic hydride = 7 arsenic oxide = 200  arsenic acid = 1700 

	common form
	colorless liquid
	colorless liquid
	solid/compounds

	melting point
	-109 °C
	-19 °C
	817 °C

	boiling point
	55.2 °C
	121.1 °C
	613 °C

	flash point
	-10 °C
	Not flammable
	Not flammable

	NH Drinking Water Standard
	13 ppb **
	5 ppb
	10 ppb


** A toxic level has not been determined, but concentrations above this level taste bad.

Using Trevor’s help from Table 2, and your vast knowledge of groundwater contamination, please answer Buffy’s five questions. (4 points each)
1. What is the most probable source of the Arsenic in my well?

a. Delinquent three year olds put it in the well after midnight.

b. Pesticides from Adolph’s Orchard.

c. Natural leaching from the soil in this part of New Hampshire.
d. Chemicals from Bjorn’s Norwegian Laundry
e. Could be (b) or (c).

2. What is the most probable source of Tetrachloroethylene?

a. Adolph’s Orchard

b. Hiram’s Old Country Store

c. Bjorn’s Norwegian Laundry

d. All of the above.

e. It’s got to be those pesky three year olds.

3. What is the most probable source of the Methyl tertiary butyl ether?

a. Adolph’s Orchard

b. Hiram’s Old Country Store

c. Bjorn’s Norwegian Laundry

d. All of the above.

e. It’s got to be those pesky three year olds.

4. Liquid contaminants that are not miscible in water are commonly referred to as Non-Aqueous Phase Liquids or NAPL.  NAPL that floats on water (e.g. motor oil) is called an LNAPL because it is lighter than water.  One that sinks is a DNAPL because it is denser than water.  DNAPL contamination is much harder to remediate than LNAPL contamination.  Which of my well contaminants is a DNAPL? 

a. Arsenic

b. Tetrachloroethylene

c. Methyl tertiary butyl ether

d. (b) and (c) are both DNAPL

e. None of the above.
Question 1 continued on next page …
5. When Groundwater concentrations of PERC exceed 80 ppb, The NH Department of Environmental Services requires indoor air sampling because at that level vapors escaping from the groundwater can accumulate in confined spaces.  One of your internet reading assignments included the following information: 

Breathing PERC for short periods of time can adversely affect the human nervous system.  Effects range from dizziness, fatigue, headaches and sweating to loss of coordination and unconsciousness.  Contact with PERC liquid or vapor irritates the skin, the eyes, the nose, and the throat.  These effects are not likely to occur at levels of PERC that are normally found in the environment.

Breathing [PERC] over longer periods of time can cause liver and kidney damage in humans.  Workers exposed repeatedly to large amounts of PERC in air can also experience memory loss and confusion. Laboratory studies show that PERC causes kidney and liver damage and cancer in animals exposed repeatedly by inhalation and by mouth.  Repeat exposure to large amounts of PERC in air may likewise cause cancer in humans.

What is another name for PERC?

a. Polychlorinated biphenyl

b. Tetrachloroethylene

c. Methyl tertiary butyl ether

d. Petroleum Emulsified Reactive Cleaner

Question #2 (20 points) – This is a multiple part question. Answer all parts for credit.
Groundwater by its very location is subjected to all kinds of contamination from land surface activities.  However, some are more damaging than others.

Part I (10 points)

Please view the river at the left of Visual A and answer the following:

1. Decide which source of contamination poses the greatest potential for contaminating local groundwater supplies.  Explain why. (4 points)
2. Which sources do you think are actually contaminating the river right now?   Name two. (2 points)
3. If you were to monitor the extent of damage to the groundwater, where would you site two monitoring stations?  Describe the locations in relation to the source of pollution.  (2 points)
4. For which likely contaminants would you sample and analyze?  Name two.  (2 points)
Part II (10 points)

On the river to the right in the diagram, there is a rain storm over its upper reaches.  Name five different types of contaminants that could enter the river due to the storm and identify the source. Don’t overlook what is already contained in the rain clouds.  (2 points each)
Question #3 (20 points) – This is a multiple part question. Answer all questions for full credit.
An extensive study is underway to assess the conditions of the two rivers in Visual A that include a host of physical, chemical and biological data.  The biological (macroinvertebrate) data have been analyzed and have been returned to you while the physical and chemical sampling results are pending.  Stream macroinvertebrates can be an effective means of assessing water quality.  As with any assessment tool, limitations also exist when using macroinvertebrates to interpret water quality.  Based only on the biological data, you are tasked with answering the following questions. 

1. List three advantages of using biological indicators to assess water quality.  (6 points)
2. List one possible limitation of using biological data to assess water quality conditions.  (2 points)
3. List two concepts that are important when attempting to interpret biological data. In other words, what features or conditions might be helpful in determining whether or not one macroinvertebrate sample is better or worse than another?  (4 points)
4. Review the two trays of macroinvertebrate data and determine whether one site is more impaired than the other based on the macroinvertebrate data. You should provide justification for your answer to receive credit.  (8 points)
Short Answer Questions (40 points) 
1. Water Quality (13 points)
a. The data below was collected at this site in May 2009.  Using the sampling equipment provided, collect additional data and write it in the open column below.  (3 points)
	Water quality testing parameter
	May 4, 2009
	May 18, 2010

	pH
	6.4
	

	Dissolved oxygen (mg/L)
	9.25
	

	Temperature
	14˚C
	


b. Now, discuss if any changes have occurred.  (6 points)
c. How would you rate the quality of this water?  (2 points)
d. List two other parameters you could test to verify your conclusion.  (2 points)
2. Using Visual B provided, identify the following:  (4 points)
How many streams flow into Crystal Lake (Gilmanton)? _______  
Is there an outlet?  _______  

3. Given the topographic map of Crystal Lake (Gilmanton), is Sunset Lake (Alton) in the Crystal Lake watershed?  (In other words, does Sunset Lake flow into Crystal Lake?)  (2 points)
4. Water is continually moving around, through, and above the Earth. It moves as water vapor, liquid water, and ice. It is constantly changing its form. Water on Earth is known by different terms, depending on where it is and where it came from. Meteoric water is water in circulation. Groundwater and surface water are two other main classifications of water. Define groundwater and surface water, including examples where both are commonly found. (4 points)
5. List three important functions that wetlands provide.  (6 points)
A)

B)

C)

6. Briefly describe one way that wetlands can maintain or improve water quality.  (2 points)
7. If a wetland has been negatively impacted, briefly describe one way it can be improved.  (2 points)
8.  Give one example of non-point source pollution and one of point source pollution.  Which is more difficult to control and why?  (5 points)
9. When precipitation reaches the land, some of it infiltrates into the ground and recharges groundwater. The amount of water reaching aquifers is reduced as New Hampshire has grown in population and infrastructure. What strategies are available to allow more precipitation to replenish groundwater supplies? (1 point)

a. Install porous pavement in streets and parking lots

b. Reduce ditching and draining in farm fields

c. Install green roofs, rain barrels and rain gardens

d. All of the above
10. How is climate change predicted to affect water supplies?  (1 point)
a. Higher air temperatures will decrease loss of water through evaporation.

b. Peak streamflow may move later in the year in areas with a lot of snow. 

c. The amount, form, and seasonal timing of precipitation are likely to change, causing more floods, drought and intense weather events.

d. Water use conflicts will decrease as flooding increases, because more water will be available to water users.

Here’s your chance to give us some feed back.  This is completely voluntary and does not count towards your final grade.  Don’t put your team number on this page!

How do you rate this exam? (check off the appropriate descriptor below)

Impossible
____





Difficult    
_____

Just Right  
_____

Too Easy   
_____

Other          
_____ (please elaborate)

If you’ve taken past Aquatics tests at Envirothon, was this test:
Better

_____
The Same
_____
Worse

_____
Good luck with the rest of the day!
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