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Forensic Science Units
ENVIRONMENTAL FORENSICS: WATER
Teachers Guide and Lesson Plans
I.

Rationale
When pondering the subject of “Forensic Science”, most individuals will call to mind
events they have read about in the newspaper or seen on television shows like C.S. I. Las
Vegas. Criminal cases involving evidence such as blood spatter, fingerprints, or ballistics
come to mind readily as these are the events most frequently discussed in the media.
These are the topics of high profile cases. However, it is important to remember that the
“sciences” we are speaking of when using the term “forensic science” refer to many
more scientific disciplines than those mentioned above. In truth, any science can be
translated into a forensic science merely by applying its’ analytical findings to the law
written by a governing body. And it is therefore the goal of this curriculum module to
introduce students to science through the forensic investigative techniques with which
students might not be as familiar.
With these lessons, students will investigate the fundamental scientific concepts
behind the forensic evaluation of water. Students will identify characteristics in a given
set of data, construct qualitative observations, and place information into a
classification system. Students will gain experience using tools and instruments to collect
evidence and practice safety procedures in all activities. In addition, students will utilize
the scientific method to formulate a hypothesis, interpret data, and arrive at a
conclusion using their laboratory results.
We have designed these lesson plans to be easily modified as needed by the
teacher. It is our goal that teachers can choose to present all of the material in one
comprehensive package or just pull out specific activities/topics to use as mini-lessons.
In all of the activities, additional suggestions and time-saving tips are included at the
end.

II.

Objectives
A. Cognitive objectives:
Upon completion of this module, the student will be able to:
• understand terminology associated with water and vocabulary associated with
the investigative examinations thereof
• understand the processes by which water is cycled through the environment
• understand how water is formed chemically
• make visual observations of different samples of water
• discuss the validity of their hypothesis
• recognize conductivity as an indicator of total dissolved solids in the water
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•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

recognize water’s physical tendency to approach ambient temperature
regardless of initial temperature
understand Newton’s law of cooling and the principle of rate of change
recognize and utilize the term Total Dissolved Solids (TDS)
analyze and draw conclusions from differing TDS readings from water samples.
recognize and utilize the terms dissolved oxygen (DO), oxygen saturation, and
percent oxygen saturation.
analyze and draw conclusions from differing dissolved oxygen readings from
water samples.
recognize and utilize the term nitrates
analyze and draw conclusions from differing nitrate readings from water samples.
distinguish between temperature and thermal conductivity
classify materials based on thermal conductivity
make inferences about the rate of heat of transfer for different materials
recognize the relationship of thermal conductivity to total heat transferred
be introduced to and understand the pH scale
analyze and draw conclusions from differing pH readings from water samples.
Be introduced to and understand the inner-workings of the homemade gas
chromatograph (GC)
Be introduced to and understand the inner-workings of the homemade
spectrograph

B. Skills and Performance objectives:
Upon completion of this module, the student will be able to:
• Exhibit the proper safety procedures when working with pH buffer solutions and
spectrophotometers
• Demonstrate the correct procedure for using Vernier probes (example pH &
turbidity)
• Become proficient with Vernier and LoggerPro software
• Report data in an appropriate manner
• use technology to make quantitative observations
• investigate the levels of TDS in water samples
• investigate the levels of DO in water samples
• investigate the levels of nitrate ions in water samples
• investigate the levels of pH ions in water samples
• use homemade GC and spectrograph to analyze water samples with unknown
contaminates.
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WATER: We Talking About?
Student Activity Sheet

PRE-ACTIVITY
Individually, take a few minutes to think about “water”. What are all of the things that
come to mind when you think about “water”? Try to think of as many things as you can.
Write these down below.
WATER – “TAKE ONE”
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Okay, now that you have made your initial list, dig deeper. Here are some “mind jostling”
words to help you expand your first list:
processes, scientific phenomenon, facilities, states, organisms, structure, chemistry,
cycles, maintenance, nutrients, break-down, environment, collection, power,
storage, life.
Think about these words for a minute or two, ask yourself what they mean, and how they
might relate to water. Then brainstorm again all the things you can now say about water.
Write these additional thoughts in the following space provided.

WATER – “TAKE TWO”

GROUP DISCUSSION
After you have completed your revised list, share your ideas with your group members.
You will be presenting these to the class in a few moments during the class discussion.
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CLASS DISCUSSION
As the class is discussing the “Water: We Talking About” activity, please write down any
thoughts, concepts, ideas, etc, that you did not originally have on your own list.
Additional Ideas:
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WATER: We Talking About?
Teacher’s Guide

PRE-ACTIVITY
Individually, take a few minutes to think about “water”. What are all of the things that
come to mind when you think about “water”? Try to think of as many things as you can.
Write these down below.
WATER – “TAKE ONE”
With this first brainstorming session, we expect that the students will probably come up with
the more obvious, less in-depth answers. This is okay for this list!
The students might suggest things like:
•
•
•
•
•
•
•
•
•
•
•

we drink water
plants have to have it to survive
it is found in lakes, ponds, rivers, oceans, etc.
it is sold as a bottled product
it is clear or colorless
it falls as rain precipitation and other types of precipitation
it can be a solid, liquid or gas
It evaporates
Too much/not enough results in flooding, hurricanes, drought, etc.
You can dissolve substances in water
Other……..

Okay, now that you have made your initial list, dig deeper. Here are some “mind jostling”
words to help you expand your first list:
processes, scientific phenomenon, facilities, states, organisms, structure, chemistry,
cycles, maintenance, nutrients, break-down, environment, collection, power,
storage, life.
Think about these words for a minute or two, ask yourself what they mean, and how they
might relate to water. Then brainstorm again all the things you can now say about water.
Write these additional thoughts in the following space provided.
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WATER – “TAKE TWO”
With this second brainstorming session, we expect that the students will have put some
more thought into their list and should be able to provide some more in-depth answers.
Their answers may contain all or parts of the suggested bulleted answers below. They are
definitely not expected to know all of the following concepts. It is nice if a few of them are
mentioned though in the Class Discussion at the end.
The students might suggest things such as water:
•
•
•
•
•
•
•
•
•
•
•
•
•
•

•
•
•
•
•
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is non-living, but can contain living organisms such as microbes; bacteria,
fungi, etc.
can contain minerals, which refers to its hardness
can contain varying levels of acidity, has a pH; can be neutral with a pH =
7, or a little higher or lower depending on what is contained in the water
is a force in the process of erosion
is cycled through the Water or Hydrologic Cycle; precipitation,
condensation, evaporation, transpiration, run-off, groundwater,
percolation, accumulation, vapor transport
and light work together to create rainbows
can be used to power things with hydroelectricity; hydropower
contains varying degrees of sediment or other particles, causing the
property of turbidity
is made up of two hydrogen atoms and one oxygen atom
is polar
is cohesive and adhesive, and has surface tension
plays a huge role in the weather; cloud formation, humidity, etc.
has an insulating effect for the Earth
is a vehicle; it carries things, or substances, such as on the larger scale,
sediment and rocks in a river, seeds for flowering plants, dissolved nutrients,
etc; and on the smaller scale, it carries in the form of blood plasma, cells,
proteins such as antibodies, hormones, and enzymes needed for the body
to function
plays a huge role in metabolic reactions in an organism
must be treated chemically and physically for us to drink it
can be contaminated and therefore, again as a vehicle, spread disease
moves from one cell to the next through the process of OSMOSIS
un-pure water, that is water with ionic impurities, can conduct electricity
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GROUP DISCUSSION
After you have completed your revised list, share your ideas with your group members.
You will be presenting these to the class in a few moments during the class discussion.
At this point, have the students discuss their individual lists with the other members of their
lab groups, and mention that they will be sharing momentarily with the class.

CLASS DISCUSSION
After the students have had time to discuss with their groups, use the overhead, the white
board, etc, and ask for volunteers to share items from their first list. Tell the students they
may feel free to add items that they themselves may not have thought of to their own lists.
Then generate a discussion of how easier/harder it was to come up with items for their
second lists after being prompted with the “mind jostling” words. Ask for volunteers to
share from the second list.
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WATER: Some Cool Facts?
Teacher’s Guide

Read each of the following statements and answer the question to the best of your
ability – some of these may be tricky, so watch out:
•
•
•
•
•

•
•
•

•
•

•

Water is composed of Oxygen, Nitrogen, and Hydrogen. True or False?
o False – water is made up of only hydrogen and oxygen
Water contracts as it freezes. True or False?
o False – it actually expands by approximately 9%, becoming less dense,
and thereby allows it to float as a solid
How many gallons of water does it take to produce 1 serving of French Fries?
6 gallons, 16 gallons or 60 gallons?
o 6 Gallons!
More substances can be dissolved in sulfuric acid than in water. True or False?
o False – water is the Universal Solvent. It dissolves more substances than any
other chemical on Earth!
Rainwater is the PUREST form of water there is. True or False?
o False – Actually, distilled water is a purer form. Rainwater contains small
amounts of dissolved minerals blown into the air by winds, along with dust
particulates, and dissolved gases (acid rain). Rainwater is still considered to
be very clean, with these elements comprising only 1/100,000 of the weight
of rain.
Which is more BASIC (or less acidic)? Sea water or freshwater?
o Sea water is slightly more basic, with a pH of ~8.0, than natural freshwater,
which can run from ~6-8.
Raindrops are shaped like “teardrops”. True or False?
o False! Smaller raindrops tend to be more spherical in shape, while larger
ones approach a shape similar to a “hamburger bun”!
Water boils quicker in Denver, Colorado than at the beach. True or False?
o True! The higher the altitude, the lower air pressure and the boiling point of
water. Boiling point at SEA LEVEL = 212 degrees F; in Denver (Elevation
5000’) B.P. = 202.9 degrees F; at 10,000’, B.P. would be at around 193.7
degrees F.
How many gallons of water does it take to produce one gallon of milk? 65
gallons, 800 gallons, 1050 gallons?
o 65 Gallons!
We are currently drinking water that could contain molecules that Dinosaurs
drank. True or False?
o True! There is the same amount of water in the Earth’s “closed system” that
there was when Earth formed. It is just propelled through the Hydrologic
Cycle and through our water treatment facilities.
Ninety-seven percent of the Earth’s water is undrinkable. True or False?
o True! Most of Earth’s water is salty, or undrinkable due to contaminants
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•
•
•

•
•

•
•
•
•

In the United States, the daily home use of water per person averages about 50 –
100 gallons per day. True or False?
o True! Isn’t this a crazy figure?? That is a lot of water for one person!
How many gallons of water does it take to produce one serving of rice? 3 gallons,
17 gallons, or 35 gallons?
o 35 Gallons!
The human body only needs about 1 quart of water a day to be healthy. True or
False?
o False! It needs about 2.5 quarts to be healthy. 1 quart = .94 liters / 1 liter =
1.06 quarts)
Flushing a toilet requires 1-2 gallons of water. True or False?
o False! It takes anywhere from 2-8 gallons to flush a toilet! Wow!
Which takes more gallons of water – running a load of dishes in the dishwasher or
washing an average load by hand?
o On average, a dishwasher load requires anywhere from 9-12 gallons,
whereas hand washing the same load could take from 9-20 gallons!
Hmm….interesting!
One gallon of water weighs four pounds. True or False?
o False! It weighs EIGHT pounds!
How many gallons of water does it take to produce one car? 500 gallons, 5000
gallons, or 39,000 gallons?
o 39,000 Gallons! Can you believe this?
How many gallons of water does it take to produce ONE TINY LITTLE CHICKEN
EGG? 1 gallon, 45 gallons, or 120 gallons?
o 120 Gallons! Egg-actly where does all that water go?
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WATER: Some Cool Facts?
Student Activity Sheet

Read each of the following statements and answer the question to the best of your
ability – some of these may be tricky, so watch out:
•

Water is composed of Oxygen, Nitrogen, and Hydrogen. True or False?

•

Water contracts as it freezes. True or False?

•

How many gallons of water does it take to produce 1 serving of French Fries:
6 gallons, 16 gallons or 60 gallons?

•

More substances can be dissolved in sulfuric acid than in water. True or False?

•

Rainwater is the PUREST form of water there is. True or False?

•

Which is more BASIC (or less acidic)? Sea water or freshwater?

•

Raindrops are shaped like “teardrops”. True or False?

•

Water boils quicker in Denver, Colorado than at the beach. True or False?

•

How many gallons of water does it take to produce one gallon of milk? 65
gallons, 800 gallons, 1050 gallons?

•

We are currently drinking water that could contain molecules that Dinosaurs
drank. True or False?

•
•

Ninety-seven percent of the Earth’s water is undrinkable. True or False?

•

In the United States, the daily home use of water per person averages about 50 –
100 gallons per day. True or False?
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•

How many gallons of water does it take to produce one serving of rice? 3 gallons,
17 gallons, or 35 gallons?

•

The human body only needs about 1 quart of water a day to be healthy. True or
False?

•

Flushing a toilet requires 1-2 gallons of water. True or False?

•

Which takes more gallons of water – running a load of dishes in the dishwasher or
washing an average load by hand?

•

One gallon of water weighs four pounds. True or False?

•

How many gallons of water does it take to produce one car? 500 gallons, 5000
gallons, or 39,000 gallons?

•

How many gallons of water does it take to produce ONE TINY LITTLE CHICKEN
EGG? 1 gallon, 45 gallons, or 120 gallons?
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HEAT TRANSFER RATE—I’M GETTING COLD FEET!
Student Activity
PRE-ACTIVITY
Read the information and record your thoughts.
It is very early on a cold winter morning and the heating system had been turned down the
night before to conserve energy. The air temperature throughout the house is a cool 65˚ F . You
walk barefooted from your carpeted room, down the hall with a wooden floor, and then arrive in
the bathroom with a tile floor. Assume that the bathroom has no rugs and you are walking on the
tile itself.
1. Of the following conditions, choose the one that you think is the most correct.
I.

The carpet is warmer than the wood, which is warmer than the tile.

II. The carpet and wood are the same temperature but are warmer than the tile.
III. The carpet is warmer than the wood and tile, which are the same temperature.
IV. All are the same temperature.

2. Now write down your reasoning for why the answer you chose is the correct answer. Then
discuss your reasoning with your group.
.
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ACTIVITY: Temperature of different materials.
Materials
•

A carpet square/tile

•

A bathroom tile

•

A cookie sheet

•

An infrared thermometer (i.e. KINTREX IRT0421 about $45 at amazon.com)

Make sure that the materials have been exposed to the room temperature for an extended
period of time and have not been very close to or touching heat sources (hot plate,
humans). The materials should all be the same temperature, which you can verify with the
infrared thermometer.
Procedure
1.
2.
3.
4.

Measure and record the temperature of the carpet before placing a hand on it.
Measure and record the temperature of the hand before placing it on the carpet.
Hold hand on the carpet for 10 seconds.
Measure and record the temperature of the hand and carpet (where the hand was
placed) as soon as the hand is removed.
5. Have second person in the group repeat #1-4 with the tile.
6. Have a third person in the group repeat #1-4 with the cookie sheet.

Carpet
Temp

Hand 1
Temp

Tile
Temp

Hand 2
Temp

CookieSheet

Temp

Hand 3
Temp

Before
Touching

After
Touching
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Analysis
1) What was the relative temperature of the materials before touching them?

2) What was the relative temperature of the hand compared to a material?

3) According to your data give an explanation of what happened during the 10 seconds of
touching?

4) What was different about the final temperatures of each material?

5) Why does the metal feel colder than the carpet even if they are relatively the same?
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POST-ACTIVITY
Read the information and record your thoughts.
It is very early on a cold winter morning and the heating system was been turned down the night
before to conserve energy. The air temperature throughout the house is a cool 65˚ F . You walk
barefooted from your carpeted room, down the hall with a wooden floor, and then arrive in the
bathroom with a tile floor. Assume that the bathroom has no rugs and you are walking on the tile
itself.
1. Of the following conditions, choose the one that you think is the most correct.
I.

The carpet is warmer than the wood, which is warmer than the tile.

II. The carpet and wood are the same temperature but are warmer than the tile.
III. The carpet is warmer than the wood and tile, which are the same temperature.
IV. All are the same temperature.

2. Now write down your reasoning for why the answer you chose is the correct answer. Then
discuss your reasoning with your group.
.
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HEAT TRANSFER RATE—I’M GETTING COLD FEET!
Teacher’s Guide
Purpose/Objectives: Students will…
•

make inferences about the rate of heat transfer for different materials

•

classify materials based on thermal conductivity (k)

•

recognize the relationship of thermal conductivity (rate of heat transfer) to total heat
transferred.

•

distinguish between temperature and thermal conductivity

PRE-ACTIVITY
Have the students in groups discuss what the relative temperatures of a carpeted floor, a wood
floor, and a tile floor are on a cold winter morning before the heating system warms the house
back up.
Read the information and record your thoughts.
It is very early on a cold winter morning and the heating system had been turned down the
night before to conserve energy. The air temperature throughout the house is a cool 65˚ F . You
walk barefooted from your carpeted room, down the hall with a wooden floor, and then arrive in
the bathroom with a tile floor. Assume that the bathroom has no rugs and you are walking on the
tile itself.
1. Of the following conditions, choose the one that you think is the most correct.
I.

The carpet is warmer than the wood, which is warmer than the tile.

II. The carpet and wood are the same temperature but are warmer than the tile.
III. The carpet is warmer than the wood and tile, which are the same temperature.
IV. All are the same temperature.

2. Now write down your reasoning for why the answer you chose is the correct answer. Then
discuss your reasoning with your group.
Allow time for healthy debate to occur and then poll the class on which answer is correct.
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ACTIVITY: Temperature of different materials.
Materials
•

A carpet square/tile

•

A bathroom tile

•

A cookie sheet

•

An infrared thermometer (i.e. KINTREX IRT0421 about $45 at amazon.com)

Make sure that the materials have been exposed to the room temperature for an extended
period of time and have not been very close to or touching heat sources (hot plate,
humans). The materials should all be the same temperature, which you can verify with the
infrared thermometer.
Procedure
1.
2.
3.
4.

Measure and record the temperature of the carpet before placing a hand on it.
Measure and record the temperature of the hand before placing it on the carpet.
Hold hand on the carpet for 10 seconds.
Measure and record the temperature of the hand and carpet (where the hand was
placed) as soon as the hand is removed.
5. Have second person in the group repeat #1-4 with the tile.
6. Have a third person in the group repeat #1-4 with the cookie sheet.

Carpet
Temp

Hand 1
Temp

Tile
Temp

Hand 2
Temp

CookieSheet

Temp

Hand 3
Temp

Before
Touching

After
Touching

Analysis
1) What was the relative temperature of the materials before touching them?

Should be relatively the same.
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2) What was the relative temperature of the hand compared to a material?
The hand should be warmer than the material.

3) According to your data give an explanation of what happened during the 10 seconds of
touching?
Heat was transferred from the hand to the material

4) What was different about the final temperatures of each material?
The metal should be warmest followed by the tile and then the carpet.

5) Why does the metal feel colder than the carpet even if they are relatively the same?
Help the students arrive at the conclusion that metal and tile receives the energy
(heat) from the hand at a faster rate. This is referred to as thermal conductivity (k).

HAND OUT THE PREACTIVITY QUESTION AGAIN. Answer IV is the correct answer with the following
explanation. We are talking about the RATE of transfer not the amount transferred. The metal
cookie sheet has a thermal conductivity of 52 (if Steele) to 204 (if aluminum). Tile has a
conductivity of about 1.5 and carpet has a conductivity of 0.03–0.08. So even though the carpet
and tile are at the same temperature, let us assume 65˚ F and your foot is at 98˚ F, the tile will take
away heat from your feet over 175 times faster than carpet. Your foot gets colder on the tile than
on the carpet, not because the tile is colder but because it absorbs the heat from your foot much
quicker.
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Water: This is a Hot Topic!!
Student Activity
Purpose/Objectives: Students will…
•

be introduced to and become proficient with Vernier Software and
Temperature Probe

•

understand that the temperature of a sample of water will approach the value of the
ambient temperature regardless if its initial value is higher or lower than the ambient
temperature

•

be exposed to Newton’s Law of Cooling

•

be exposed to the principle of rate of change

Pre-Activity
Read each of the following questions. “Ponder” them for a short while, and then jot down your
answers. If you are unsure what the answer is, write down any thoughts you may have as we will
have a discussion with the class and you may be called on to share.
Question 1: What is energy?

Question 2: What is the difference between heat and temperature?

Question 3: Does “heat” move? If so, how does this happen?

Questions 4: How is temperature measured?
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Student Background Information
Heat and temperature are two totally different things, although they are directly and
proportionally related. Within a given substance or object at a certain time, molecules are
moving, or have energy of motion called kinetic energy, or KE. Temperature can be
defined as a measure of this internal kinetic energy of the molecules. Another way to think
about this is in terms of an object’s “hotness” or “coldness”. It is relative. If you hold an
object that you consider to be hot, then the average KE of the object’s molecules is greater
than the average KE of the molecules in your hand. Likewise, if you hold a colder object,
then the molecules in your hand have a greater KE than those of the colder object. The
object’s molecules might have a lot of kinetic energy at a certain point in time, which
means that the molecules are moving around a lot, and therefore the object is hot! Or,
possibly the object contains molecules that are not moving very much and have less kinetic
energy, and so the object is cold. The amount of average molecular energy can be
measured with an instrument called a thermometer.
Remember, in the “I’m Getting Cold Feet” activity, we learned that some materials accept
the KE of the molecules from a hotter material more quickly than others. (The tile and the
carpet were the same temperature initially. After a hand was touched to both surfaces,
the KE was then transferred from the hotter surface to the colder surface. The tile’s
molecules started moving faster, more quickly, than the carpet’s molecules, and therefore
received more energy more quickly than the carpet .As the energy is received by the tile
and the carpet, it is removed from they hand, and this results in the hand feeling cooler.
The hand will feel cooler on the tile than on the carpet. This transfer of molecular KE is
referred to as heat. Heat is a measure of how molecular kinetic energy flow or is transferred
from one system or object to another.
There are several different scales used to signify temperature. In the United States, most
individuals are familiar with the Fahrenheit temperature scale, which sets the freezing point
of water at 32° F and the boiling point at 212° F.
The Celsius scale, used by most other world countries, is different in that it has a boiling point
value of 100° C and freezing point of 0° C. It is much more scientific than the Fahrenheit
scale as it is broken down into an even 100 degrees.
Another unit commonly used in the scientific community is the Kelvin. It was named after Sir
William Thomson, Lord Kelvin of Scotland. This scale is interesting in that it does not have any
negative values for temperature, so the lowest value is referred to as Absolute Zero.
Absolute Zero is the lowest temperature at which an object can exist. Although he defined
this lower limit, Sir William claimed there is not an upper limit for temperature.
Another interesting note - the Kelvin scale shifts proportionally with the Celsius scale.
At 100° C, Kelvin is read at 373. At 0° C, Kelvin is read at 273, so both scales shift down by
the same amount; the starting point is just different. One unit less on the Celsius scale is
exactly equivalent to one unit less on the Kelvin scale. At 0 Kelvin, the Celsius scale would
read ~273.15 degrees C and the Fahrenheit scale would read-~523.67 degrees F.
*Question to Ponder…. How do thermometers actually work???
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Water: This is a Hot Topic!!
Teacher’s Guide
Purpose/Objectives: Students will…
•

be introduced to and become proficient with Vernier Software and
Temperature Probe

•

understand that the temperature of a sample of water will approach the value of the
ambient temperature regardless if its initial value is higher or lower than the ambient
temperature

•

be exposed to Newton’s Law of Cooling

•

be exposed to the principle of rate of change

Pre-Activity
In this pre-activity, the students will read and answer several questions related to
“temperature”. This activity will help to get the students thinking about “temperature” and
how it relates to other concepts or ideas. Encourage the students to write something down,
however brief, about each question and let them know there will be a class discussion at
which time they will be asked to share.
Read each of the following questions. “Ponder” them for a short while, and then jot down your
answers. If you are unsure what the answer is, write down any thoughts you may have as we will
have a discussion with the class and you may be called on to share.
Question 1: What is energy?

Question 2: What is the difference between heat and temperature?

Question 3: Does “heat” move? If so, how does this happen?

Questions 4: How is temperature measured?
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TEACHER DISCUSSION NOTES
Heat and temperature are two totally different things, although they are directly and
proportionally related. Within a given substance or object at a certain time, molecules are
moving, or have energy of motion called kinetic energy, or KE. Temperature can be
defined as a measure of this internal kinetic energy of the molecules. Another way to think
about this is in terms of an object’s “hotness” or “coldness”. It is relative. If you hold an
object that you consider to be hot, then the average KE of the object’s molecules is greater
than the average KE of the molecules in your hand. Likewise, if you hold a colder object,
then the molecules in your hand have a greater KE than those of the colder object. The
object’s molecules might have a lot of kinetic energy at a certain point in time, which
means that the molecules are moving around a lot, and therefore the object is hot! Or,
possibly the object contains molecules that are not moving very much and have less kinetic
energy, and so the object is cold. The amount of average molecular energy can be
measured with an instrument called a thermometer.
Remember, in the “I’m Getting Cold Feet” activity, we learned that some materials accept
the KE of the molecules from a hotter material more quickly than others. (The tile and the
carpet were the same temperature initially. After a hand was touched to both surfaces,
the KE was then transferred from the hotter surface to the colder surface. The tile’s
molecules started moving faster, more quickly, than the carpet’s molecules, and therefore
received more energy more quickly than the carpet .As the energy is received by the tile
and the carpet, it is removed from they hand, and this results in the hand feeling cooler.
The hand will feel cooler on the tile than on the carpet. This transfer of molecular KE is
referred to as heat. Heat is a measure of how molecular kinetic energy flow or is transferred
from one system or object to another.
There are several different scales used to signify temperature. In the United States, most
individuals are familiar with the Fahrenheit temperature scale, which sets the freezing point
of water at 32° F and the boiling point at 212° F.
The Celsius scale, used by most other world countries, is different in that it has a boiling point
value of 100° C and freezing point of 0° C. It is much more scientific than the Fahrenheit
scale as it is broken down into an even 100 degrees.
Another unit commonly used in the scientific community is the Kelvin. It was named after Sir
William Thomson, Lord Kelvin of Scotland. This scale is interesting in that it does not have any
negative values for temperature, so the lowest value is referred to as Absolute Zero.
Absolute Zero is the lowest temperature at which an object can exist. Although he defined
this lower limit, Sir William claimed there is not an upper limit for temperature.
Another interesting note - the Kelvin scale shifts proportionally with the Celsius scale.
At 100° C, Kelvin is read at 373. At 0° C, Kelvin is read at 273, so both scales shift down by
the same amount; the starting point is just different. One unit less on the Celsius scale is
exactly equivalent to one unit less on the Kelvin scale. At 0 Kelvin, the Celsius scale would
read ~273.15 degrees C and the Fahrenheit scale would read-~523.67 degrees F.
* An expansion idea…..how do thermometers actually work???
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Environmental Forensic Science: Water
Probing Temperature/ Practice with Vernier Probes
Student Activity
PURPOSE / OBJECTIVES: Students will…
•

be introduced to and become proficient with Vernier Software and
Temperature Probe

•

understand that the temperature of a sample of water will approach the value of the
ambient temperature regardless if its initial value is higher or lower than the ambient
temperature

•

be exposed to Newton’s Law of Cooling

•

be exposed to the principle of rate of change

INFORMATION
What does temperature have to do with Water Quality?
Temperature is a characteristic of water that can affect its overall quality. This can happen in a
variety of ways. In one example, that of cold-blooded organisms such as fish, an even minute
increase in temperature can cause stress for the aquatic organisms. As the temperature of water
increases, the capacity of the water sample to hold oxygen gas is decreased, and if this
decreased capacity state continues over an extended time, oxygen levels will go down in the
water. (Colder samples of water have a higher capacity to hold oxygen.) Depending on the
sensitivity of certain species to the change in temperature, we will see varying increases in the
metabolic rates of each species. As the metabolic rates increase, the organisms require more
oxygen to maintain homeostasis. This elevated requirement for oxygen by the fish, combined with
the lack of O2 in the water sample initiated by the temperature increase, compounds the overall
effect, and may result in a shorter lifespan for the organisms.

MATERIALS
3 Vernier Temperature Probes with 3 Go Link adapters (vernier.com) OR use Lab Pro / Lab Quest
Logger-Pro Computer software (vernier.com)
3 containers for water collection
3 Pyrex 250 ml. beakers
150 ml. of each sample of water already heated or cooled accordingly by teacher; Warm,
Normal, and Cool
thermostat in classroom for determining ambient air temperature
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ACTIVITY
1. Record the ambient temperature of the classroom here. ____________
2. Start Logger Pro software on your computer. Before moving on, be sure to SAVE the file
according to your teacher’s instructions.
3. Hook up probes/Go Links to USB ports.
4. On the top menu bar, go to Experiment and click on Data Collection. Change length to
twenty minutes and sampling rate at 60 samples per minute – one sample every second.
5. Label three beakers of water “Hot”, “Normal” and “Cool”. Place one probe in each
beaker.
6. Hit the green PLAY button.
7. Allow the set-up to run for the full twenty minutes.
8. SAVE the file.
9. Click the AUTOSCALE button (looks like a set of axes with a capital A).
10. Click on ANALYZE in the menu bar. Next click on CURVE FIT and it will prompt you to select a
column. Choose the Warm Water column first.
11. Click OK.
12. In the curve-fit window, scroll down under GENERAL EQUATION and select NATURAL
EXPONENT. (next to this choice you will see the formula A ∗ exp (-C ∗ t ) + B
13. Click TRY FIT button and select OK.
14. Repeat steps 10-13 for the Normal Water and Cool Water samples.
15. SAVE the file.
16. This completes the data collection portion of this exercise.
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BACKGROUND
Newton’s Law of Cooling:
The following is the equation for finding the temperature of a substance at a specific time when
the original temperature of that substance does not match the ambient (air) temperature.

where

= Temperature at a given time ʻtʼ
= Temperature of the environment (usually air)
= Temperature at time t=0
= current time
= rate of cooling constant
Even if you are not familiar with this equation, you probably are aware of an application of the
equation. Many crime scene investigations involve the discovery of a deceased individual.
Investigator can arrive at TOD, also referred to as Time of Death, using this equation. This equation
is analogous to the equation used in the Logger Pro Software to fit the curve (A ∗ exp (-C ∗ t ) + B)
We are able to calculate the variables listed above by using the auto-fit curve from the LoggerPro Software. On the computer screen you will see values listed as A, B and C.:


A=



B=



C= r
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CALCULATIONS
1. Using the ambient temperature you recorded at the beginning of the lab exercise,
compare this to the value of B in the AUTO-FIT window on the computer screen for the
warm water. Are the two values equal?

2. In the space below, calculate the percent difference between the known and computergenerated value of B.

(computer generated value for B – recorded ambient temperature)
_________________________________________________________________

X 100

recorded ambient temperature

3. Because the computer values A. B and C were generated by the auto best-fit curve we
should use this value for B instead of the recorded ambient temperature. So using the
computer generated value for B calculate
for the warm water.

4. Using the ambient temperature you recorded at the beginning of the lab exercise,
compare this to the value of B in the AUTO-FIT window on the computer screen for the cool
water. Are the two values equal?

5. In the space below, calculate the percent difference between the known and computergenerated value of B.
(computer generated value for B – recorded ambient temperature)
_________________________________________________________________

X 100

recorded ambient temperature
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6. Because the computer values A. B and C were generated by the auto best-fit curve we
should use this value for B instead of the recorded ambient temperature. So using the
computer generated value for B calculate
for the cool water.

7. Compare the C values for the cool and warm water samples. Find the percent difference
between these two values.
( value for warm C – value for cool C)
_____________________________________

X 100

average value for C
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Environmental Forensic Science: Water
Probing Temperature/ Practice with Vernier Probes
Teacher’s Guide
PURPOSE / OBJECTIVES: Students will…
•

be introduced to and become proficient with Vernier Software and
Temperature Probe

•

understand that the temperature of a sample of water will approach the value of the
ambient temperature regardless if its initial value is higher or lower than the ambient
temperature

•

be exposed to Newton’s Law of Cooling

•

be exposed to the principle of rate of change

INFORMATION
What does temperature have to do with Water Quality?
Temperature is a characteristic of water that can affect its overall quality. This can happen in a
variety of ways. In one example, that of cold-blooded organisms such as fish, an even minute
increase in temperature can cause stress for the aquatic organisms. As the temperature of water
increases, the capacity of the water sample to hold oxygen gas is decreased, and if this
decreased capacity state continues over an extended time, oxygen levels will go down in the
water. (Colder samples of water have a higher capacity to hold oxygen.) Depending on the
sensitivity of certain species to the change in temperature, we will see varying increases in the
metabolic rates of each species. As the metabolic rates increase, the organisms require more
oxygen to maintain homeostasis. This elevated requirement for oxygen by the fish, combined with
the lack of O2 in the water sample initiated by the temperature increase, compounds the overall
effect, and may result in a shorter lifespan for the organisms.
SET-UP
For this activity, you will need to have secured three water samples ahead of time, all from the
same source. One should be at room temperature, a second sample that has been cooled in the
refrigerator overnight, and a third sample that has been heated in microwave.
Suggestion: If your cooler sample is say, at 35° F, and room temperature is around 70° (a difference
of ~35° ), try to have a warmer sample with a temperature approximately 35° higher than room
temp.
The students will be collecting data for twenty minutes, and this would be a good time to have
another activity or discussion to fill the time.
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MATERIALS
3 Vernier Temperature Probes with 3 Go Link adapters (vernier.com) OR use Lab Pro / Lab Quest
Logger-Pro Computer software (vernier.com)
3 containers for water collection
3 Pyrex 250 ml. beakers
150 ml. of each sample of water already heated or cooled accordingly by teacher; Warm,
Normal, and Cool
thermostat in classroom for determining ambient air temperature
ACTIVITY
1. Record the ambient temperature of the classroom here. ____________
2. Start Logger Pro software on your computer. Before moving on, be sure to SAVE the file
according to your teacher’s instructions.
3. Hook up probes/Go Links to USB ports.
4. On the top menu bar, go to Experiment and click on Data Collection. Change length to
twenty minutes and sampling rate at 60 samples per minute – one sample every second.
5. Label three beakers of water “Hot”, “Normal” and “Cool”. Place one probe in each
beaker.
6. Hit the green PLAY button.
7. Allow the set-up to run for the full twenty minutes.
8. SAVE the file.
9. Click the AUTOSCALE button (looks like a set of axes with a capital A).
10. Click on ANALYZE in the menu bar. Next click on CURVE FIT and it will prompt you to select a
column. Choose the Warm Water column first.
11. Click OK.
12. In the curve-fit window, scroll down under GENERAL EQUATION and select NATURAL
EXPONENT. (next to this choice you will see the formula A ∗ exp (-C ∗ t ) + B
13. Click TRY FIT button and select OK.
14. Repeat steps 10-13 for the Normal Water and Cool Water samples.
15. SAVE the file.
16. This completes the data collection portion of this exercise.
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BACKGROUND
Newton’s Law of Cooling:
The following is the equation for finding the temperature of a substance at a specific time when
the original temperature of that substance does not match the ambient (air) temperature.

where

= Temperature at a given time ʻtʼ
= Temperature of the environment (usually air)
= Temperature at time t=0
= current time
= rate of cooling constant
Even if you are not familiar with this equation, you probably are aware of an application of the
equation. Many crime scene investigations involve the discovery of a deceased individual.
Investigator can arrive at TOD, also referred to as Time of Death, using this equation. This equation
is analogous to the equation used in the Logger Pro Software to fit the curve (A ∗ exp (-C ∗ t ) + B)
We are able to calculate the variables listed above by using the auto-fit curve from the LoggerPro Software. On the computer screen you will see values listed as A, B and C.:


A=



B=



C= r

OU RET 2009

-

3

Environmental Forensics: Water

CALCULATIONS
1. Using the ambient temperature you recorded at the beginning of the lab exercise,
compare this to the value of B in the AUTO-FIT window on the computer screen for the
warm water. Are the two values equal?
In all likelihood, these two values will not be exactly the same, but within 5-10%

2. In the space below, calculate the percent difference between the known and computergenerated value of B.
(computer generated value for B – recorded ambient temperature)
_________________________________________________________________

X 100

recorded ambient temperature

3. Because the computer values A. B and C were generated by the auto best-fit curve we
should use this value for B instead of the recorded ambient temperature. So using the
computer generated value for B calculate
for the warm water.

4. Using the ambient temperature you recorded at the beginning of the lab exercise,
compare this to the value of B in the AUTO-FIT window on the computer screen for the cool
water. Are the two values equal?
in all likelihood, these two values will not be exactly the same, but within 5-10%

5. In the space below, calculate the percent difference between the known and computergenerated value of B.
(computer generated value for B – recorded ambient temperature)
_________________________________________________________________

X 100

recorded ambient temperature
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6. Because the computer values A. B and C were generated by the auto best-fit curve we
should use this value for B instead of the recorded ambient temperature. So using the
computer generated value for B, calculate
for the cool water.

7. Compare the C values for the cool and warm water samples. Find the percent difference
between these two values.
(value for warm C – value for cool C)
_____________________________________

X 100

average value for C
Since neither value of C is known, we are using the average value for C. Discuss
that the value for C (or r) should be the same for all water samples exposed to air.
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Environmental Forensic Science: Water
Probing pH/ Not Just The Basics!!
Student Activity
PURPOSE / OBJECTIVES: Students will…
•

be introduced to and become proficient with Vernier Software and
pH Probe

•

be introduced to and understand the pH scale

•

analyze data and draw conclusions from differing pH readings from various water samples

INFORMATION
What is pH and what does it have to do with Water Quality?
First let’s talk about water. One water molecule is comprised of two hydrogen atoms and one
oxygen atom. One hydrogen atom exists as a HYDROGEN ION, H+, and the other hydrogen atom
and oxygen atom combine as one hydroxide ion, OH-. When talking about pH, we are actually
determining the relative concentrations of each of these ions. An acidic solution is one that
contains more H+ ions than OH- ions, whereas a basic solution is one with more OH- ions than H+
ions. If a substance is considered to be neutral, then the concentrations of both of these ions are
the same. The measurement scale runs from 0 to 14, with 0 representing the most acidic samples,
and 14 the most basic samples. A value of 7 indicates that the substance is neutral. Something
important to note – for each numerical value on the pH scale, the next higher number represents
a ten-fold increase in the concentration of OH- ions, making the substance more basic. Likewise,
each next lower number indicates a ten-fold decrease in the concentration of H+ ions, which
increases the substance’s acidity.
Although one might assume that drinking water would or should have a value of 7, it is pretty
common for it to be slightly basic, in the range of 7 to 8.5. This is actually caused by the presence
of more hard-water minerals. According to the EPA, the appropriate range for pH of drinking water
is 6.5 to 8.5. Even though it is ok to drink water with a lower pH in the 6.5 range, this added slight
acidity can sometimes cause corrosion to occur in the pipes that carry water. In some cases,
communities with slightly acidic water will add chemicals to the water supply to adjust the pH so
as to avoid the problems with corrosion.
So how does the pH of water affect its quality? Even minute changes in the pH of a body of water
can alter the environment enough to distress or even kill the aquatic organisms that inhabit that
body of water. Many aquatic organisms are highly sensitive to changes in the pH of the water.
Most aquatic organisms can survive quite well in an environment that resides in the 6.5 - 8.2 pH
range. Just reducing the pH to a value of 5.5 can lead to harmful problems such as death of
decomposing bacteria and plankton in the water. It can also cause certain metals normally
bound up in the sedimentary layer to be released in toxic quantities that can kill aquatic
organisms.
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What causes the pH of a body of water to change? One factor is rainfall. Rain usually has a pH
value of 5 to 6.5. It tends to be more acidic due to the presence of dissolved CO2, and pollutants
such as nitrogen oxides and sulfur dioxides. However, the pH of this same rainwater can be
changed as it flows over and through soil containing bicarbonate ions, HCO3-. These ions result
from limestone deposits in the soil. As the water mixes with the bicarbonate ions, the bicarbonate
ion picks up one hydrogen atom from the water, making H2CO3. (carbonic acid). This leaves one
hydroxide ion, OH-, which brings up the pH of the water, making it more basic. This tends to be why
lakes, and streams are basic. In regions where there is a high quantity of acid rain, however, there
might not be enough bicarbonate ion in the soil to generate the shift to a more basic pH.
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ACTIVITY: pH LEVELS OF VARIOUS WATER SOURCES
Materials
•

pH probe (vernier.com) with one of the following
o

Go-Link adapter

o

LabQuest

o

LabPro

•

Computer with Logger Pro Software (vernier.com)

•

One 250 mL beaker for each sample of water

•

Various samples of Water (at least 50 mL for each lab station)

Procedure –
1. Start Logger Pro Software on computer.
2. Connect pH probe to GO-Link and then to USB port on computer.
3. Use Save-As function to save file as per teacher instructions.
4. Calibrate pH Probe according to instructions that came with the probe or go to
http://www2.vernier.com/booklets/ph-bta.pdf to download.
5. Save file again.
6. Go to Experiment -> Data Collection in the menu and set the time to 10 seconds and set
the sample rate to 1 per second.
7. Place the probe into the water and very gently stir. Hit the green play button to take data.
8. Go to Experiment -> Store Latest Run
9. After a run is finished you can double click on the word “run 1” in the left hand data column
and change the title to a more appropriate one (i.e. Pond Water or Tap Water).
10. Save File.
11. You may repeat steps 7 to 10 for every water sample you have.
12. Click the Auto Scale button. This looks like two axes with a capital letter A.
13. Data values should be fairly stable. If not Go to Analyze -> Statistics and use the mean
value.
14. Save file and record data in table.
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pH Data Table
Sample Name 

pH
reading

Analysis:
1) Do any of your samples exceed the EPA limit of 6.5 to 8.5?

2) Analyze the different levels of pH in the various samples of water and give your possible
reasons for variations.

3) Write down observations that came up in the class discussion that you did not record in
number one that you find to be the most plausible.
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Environmental Forensic Science: Water
Probing pH/ Not Just The Basics!!
Teacher’s Guide
PURPOSE / OBJECTIVES: Students will…
•

be introduced to and become proficient with Vernier Software and
pH Probe

•

be introduced to and understand the pH scale

•

analyze data and draw conclusions from differing pH readings from various water samples

INFORMATION
What is pH and what does it have to do with Water Quality?
First let’s talk about water. One water molecule is comprised of two hydrogen atoms and one
oxygen atom. One hydrogen atom exists as a HYDROGEN ION, H+, and the other hydrogen atom
and oxygen atom combine as one hydroxide ion, OH-. When talking about pH, we are actually
determining the relative concentrations of each of these ions. An acidic solution is one that
contains more H+ ions than OH- ions, whereas a basic solution is one with more OH- ions than H+
ions. If a substance is considered to be neutral, then the concentrations of both of these ions are
the same. The measurement scale runs from 0 to 14, with 0 representing the most acidic samples,
and 14 the most basic samples. A value of 7 indicates that the substance is neutral. Something
important to note – for each numerical value on the pH scale, the next higher number represents
a ten-fold increase in the concentration of OH- ions, making the substance more basic. Likewise,
each next lower number indicates a ten-fold decrease in the concentration of H+ ions, which
increases the substance’s acidity.
Although one might assume that drinking water would or should have a value of 7, it is pretty
common for it to be slightly basic, in the range of 7 to 8.5. This is actually caused by the presence
of more hard-water minerals. According to the EPA, the appropriate range for pH of drinking water
is 6.5 to 8.5. Even though it is ok to drink water with a lower pH in the 6.5 range, this added slight
acidity can sometimes cause corrosion to occur in the pipes that carry water. In some cases,
communities with slightly acidic water will add chemicals to the water supply to adjust the pH so
as to avoid the problems with corrosion.
So how does the pH of water affect its quality? Even minute changes in the pH of a body of water
can alter the environment enough to distress or even kill the aquatic organisms that inhabit that
body of water. Many aquatic organisms are highly sensitive to changes in the pH of the water.
Most aquatic organisms can survive quite well in an environment that resides in the 6.5 - 8.2 pH
range. Just reducing the pH to a value of 5.5 can lead to harmful problems such as death of
decomposing bacteria and plankton in the water. It can also cause certain metals normally
bound up in the sedimentary layer to be released in toxic quantities that can kill aquatic
organisms.
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What causes the pH of a body of water to change? One factor is rainfall. Rain usually has a pH
value of 5 to 6.5. It tends to be more acidic due to the presence of dissolved CO2, and pollutants
such as nitrogen oxides and sulfur dioxides. However, the pH of this same rainwater can be
changed as it flows over and through soil containing bicarbonate ions, HCO3-. These ions result
from limestone deposits in the soil. As the water mixes with the bicarbonate ions, the bicarbonate
ion picks up one hydrogen atom from the water, making H2CO3. (carbonic acid). This leaves one
hydroxide ion, OH-, which brings up the pH of the water, making it more basic. This tends to be why
lakes, and streams are basic. In regions where there is a high quantity of acid rain, however, there
might not be enough bicarbonate ion in the soil to generate the shift to a more basic pH.
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ACTIVITY: pH LEVELS OF VARIOUS WATER SOURCES
Materials
•

pH probe (vernier.com) with one of the following
o

Go-Link adapter

o

LabQuest

o

LabPro

•

Computer with Logger Pro Software (vernier.com)

•

One 250 mL beaker for each sample of water

•

Various samples of Water (at least 50 mL for each lab station)

Procedure –
1. Start Logger Pro Software on computer.
2. Connect pH probe to GO-Link and then to USB port on computer.
3. Use Save-As function to save file as per teacher instructions.
4. Calibrate pH Probe according to instructions that came with the probe or go to
http://www2.vernier.com/booklets/ph-bta.pdf to download.
5. Save file again.
6. Go to Experiment -> Data Collection in the menu and set the time to 10 seconds and set
the sample rate to 1 per second.
7. Place the probe into the water and very gently stir. Hit the green play button to take data.
8. Go to Experiment -> Store Latest Run
9. After a run is finished you can double click on the word “run 1” in the left hand data column
and change the title to a more appropriate one (i.e. Pond Water or Tap Water).
10. Save File.
11. You may repeat steps 7 to 10 for every water sample you have.
12. Click the Auto Scale button. This looks like two axes with a capital letter A.
13. Data values should be fairly stable. If not Go to Analyze -> Statistics and use the mean
value.
14. Save file and record data in table.
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pH Data Table
Sample Name 

pH
reading

Analysis:
1) Do any of your samples exceed the EPA limit of 6.5 to 8.5?
Answers will vary.

2) Analyze the different levels of pH in the various samples of water and give your possible
reasons for variations.
Answers will vary. Students might suggest that there are more or less hard-water
minerals present in some of the samples; they might suggest that other variables such
as introduction of fertilizers to the water supply might make an impact....

3) Write down observations that came up in the class discussion that you did not record in
number one that you find to be the most plausible.
Answers will vary.
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Environmental Forensic Science: Water
Total Dissolved Solids—Ready, Set, Conduct!
Student Activity
Information
Water can have solids in two forms, suspended and dissolved. Dissolved solids (like salts) can pass
through a filter whereas suspended solids (like silt) cannot. Total dissolved solids (TDS) is found by
using a conductivity probe. Pure water does not conduct electricity. If solids become dissolved in
the pure water the ions formed (called electrolytes) allow the water to conduct electricity. The
conductivity probe measures how conductive the water is. The more solids that have been
dissolved in the water the higher its conductivity will be. TDS is measured in micro-siemens (µS) or in
mg/L.
However, TDS does not differentiate between types of dissolved solids. Thus, it is used primarily as a
watchdog measurement. That is, a measurement that shows when a change has occurred rather
than paying attention to what the specific level is. For instance, you measure the levels at five
places along a stream once a week. After rainfall all five levels are slightly higher. But, one time
you find really high levels at 3, 4, & 5 but normal levels at 1 & 2. You can conclude that there is a
contamination source somewhere between 2 and 3. If you have the time you might be able to
find out the specific cause by making measurements between 2 and 3 and finding a point source
of the pollution.
It can also be used as a “presumptive” test. That is, you test for high concentrations of dissolved
solids and if the levels are high enough to warrant further testing you can use a specific ion probe
for further investigation. High levels of TDS can cause problems. Direct problems are bad taste,
dehydrates animal skin, soaps are less effective and pipes can build up deposits. High TDS levels
can also alter the pH of the water, which can cause other problems as well.
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ACTIVITY: TOTAL DISSOLVED SOLIDS OF VARIOUS WATER SOURCES
Materials
•

Dissolved oxygen probe (vernier.com) with one of the following
1.

Go-Link adapter

2.

LabQuest

3.

LabPro

•

Computer with Logger Pro Software (vernier.com)

•

One 250 mL beaker for each sample of water

•

Various samples of Water (at least 150 mL for each lab station)

Procedure –
1. Start Logger Pro Software on computer.
2. Connect conductivity probe to GO-Link and then to USB port on computer.
3. Use Save-As function to save file as per teacher instructions.
4. Calibrate the conductivity probe according to instructions that came with the probe or go
to http://www2.vernier.com/booklets/con-bta.pdf to download.
5. Save file again.
6. Go to Experiment -> Data Collection in the menu and set the time to 10 seconds and set
the sample rate to 1 per second.
7. Place the probe into the water and very gentle stir. Hit the green play button to take data.
8. Go to Experiment -> Store Latest Run
9. After a run is finished you can double click on the word “run 1” in the left hand data column
and change the title to a more appropriate one (i.e. Pond Water or Tap Water).
10. Save File.
11. You may repeat steps 7 to 10 for every water sample you have.
12. Click the Auto Scale button. This looks like two axes with a capital letter A.
13. Data values should be fairly stable. If not Go to Analyze -> Statistics and use the mean
value.
14. Save file and record data in table.
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Conductivity Data Table
Sample Name 

Total Dissolved
Solids
µS

Analysis

1) Analyze the different levels of total dissolved solids in the various types of water and give
your possible reasons for variations.

2) Write down observations that came up in the class discussion that you did not record in
number one that you find to be the most plausible.

OU RET 2009

3

Environmental Forensics: Water

Environmental Forensic Science: Water
Total Dissolved Solids—Ready, Set, Conduct!
Teacher’s Guide
Purpose/Objectives: Students will…
•

recognize and utilize the term total dissolved solids.

•

investigate the levels of Total Dissolved Solids in water samples using Vernier probes.

•

analyze data and draw conclusions from differing Total Dissolved Solids readings from
various water samples.

Information
The following information is also included in the student version of the lab activity. You can read
through this material with them to give them background information before they begin their lab
activities.
Water can have solids in two forms, suspended and dissolved. Dissolved solids (like salts) can pass
through a filter whereas suspended solids (like silt) cannot. Total dissolved solids (TDS) is found by
using a conductivity probe. Pure water does not conduct electricity. If solids become dissolved in
the pure water the ions formed (called electrolytes) allow the water to conduct electricity. The
conductivity probe measures how conductive the water is. The more solids that have been
dissolved in the water the higher its conductivity will be. TDS is measured in micro-siemens (µS) or in
mg/L.
However, TDS does not differentiate between types of dissolved solids. Thus, it is used primarily as a
watchdog measurement. That is, a measurement that shows when a change has occurred rather
than paying attention to what the specific level is. For instance, you measure the levels at five
places along a stream once a week. After rainfall all five levels are slightly higher. But, one time
you find really high levels at 3, 4, & 5 but normal levels at 1 & 2. You can conclude that there is a
contamination source somewhere between 2 and 3. If you have the time you might be able to
find out the specific cause by making measurements between 2 and 3 and finding a point source
of the pollution.
It can also be used as a “presumptive” test. That is, you test for high concentrations of dissolved
solids and if the levels are high enough to warrant further testing you can use a specific ion probe
for further investigation. High levels of TDS can cause problems. Direct problems are bad taste,
dehydrates animal skin, soaps are less effective and pipes can build up deposits. High TDS levels
can also alter the pH of the water, which can cause other problems as well.
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ACTIVITY: TOTAL DISSOLVED SOLIDS OF VARIOUS WATER SOURCES
Materials
•

Dissolved oxygen probe (vernier.com) with one of the following
1.

Go-Link adapter

2.

LabQuest

3.

LabPro

•

Computer with Logger Pro Software (vernier.com)

•

One 250 mL beaker for each sample of water

•

Various samples of Water (at least 150 mL for each lab station)

Procedure –
1. Start Logger Pro Software on computer.
2. Connect conductivity probe to GO-Link and then to USB port on computer.
3. Use Save-As function to save file as per teacher instructions.
4. Calibrate the conductivity probe according to instructions that came with the probe or go
to http://www2.vernier.com/booklets/con-bta.pdf to download.
5. Save file again.
6. Go to Experiment -> Data Collection in the menu and set the time to 10 seconds and set
the sample rate to 1 per second.
7. Place the probe into the water and very gentle stir. Hit the green play button to take data.
8. Go to Experiment -> Store Latest Run
9. After a run is finished you can double click on the word “run 1” in the left hand data column
and change the title to a more appropriate one (i.e. Pond Water or Tap Water).
10. Save File.
11. You may repeat steps 7 to 10 for every water sample you have.
12. Click the Auto Scale button. This looks like two axes with a capital letter A.
13. Data values should be fairly stable. If not Go to Analyze -> Statistics and use the mean
value.
14. Save file and record data in table.
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Conductivity Data Table
Sample Name 

Total Dissolved
Solids
µS

Analysis
1) Analyze the different levels of total dissolved solids in the various types of water and give
your possible reasons for variations.
Tap water should have relativly low levels of TDS unless it was taken from an area with
“hard water”. Pools have relativly high levels of TDS because of the added chlorine
ions. Ponds and streams can vary depending on rainfall (acid rain and fertilizers in
runoff) and their polution levels. Then have the students share their information as a
class.

2) Write down observations that came up in the class discussion that you did not record in
number one that you find to be the most plausible.
Answers will vary.
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Water Saturation Chart.
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Analysis
1) What is the warmest temperature the water should be for the trout during the morning?
(Use a green pencil on the chart for this situation.)

2) What is the warmest temperature the water should be for the trout during the evening?
(Use a blue pencil on the chart for this situation.)

3) What is the warmest temperature the water should be for the catfish during the morning?
(Use a red pencil on the chart for this situation.)

4) What is the warmest temperature the water should be for the catfish during the evening?
(Use a orange pencil on the chart for this situation.)

5) Why do trout live in streams and rivers in the north of the US instead of ponds and lakes in
the south of the US?
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ACTIVITY TWO: DISSOLVED OXYGEN OF VARIOUS WATER SOURCES
Materials
•

Dissolved oxygen probe (vernier.com) with one of the following
1.

Go-Link adapter

2.

LabQuest

3.

LabPro

•

Computer with Logger Pro Software (vernier.com)

•

One 250 mL beaker for each sample of water

•

Various samples of Water (at least 150 mL for each lab station)

Background – It is important that all of the water samples are around the same temperature and
housed in the same type of containers. Temperature affects the amount of oxygen, and the area
of the water exposed to air affects the rate of diffusion, which will affect the oxygen levels too.
Do not shake up the samples, as this will aerate the sample.

Procedure –
1. Start Logger Pro Software on computer.
2. Connect dissolved oxygen probe to GO-Link and then to USB port on computer.
3. Use Save-As function to save file as per teacher instructions.
4. Calibrate Dissolved Oxygen Probe according to instructions that came with the probe or go
to http://www2.vernier.com/booklets/do-bta.pdf to download.
5. Save file again.
6. Go to Experiment -> Data Collection in the menu and set the time to 180 seconds and set
the sample rate to 1 per second.
7. Place the probe into the water and very gently stir. Hit the green play button to take data.
8. Go to Experiment -> Store Latest Run
9. After a run is finished you can double click on the word “run 1” in the left hand data column
and change the title to a more appropriate one (i.e. Pond Water or Tap Water).
10. Save File.
11. You may repeat steps 7 to 10 for every water sample you have.
12. Click the Auto Scale button. This looks like two axes with a capital letter A.
13. Data values should be fairly stable. If not Go to Analyze -> Statistics and use the mean
value.
14. Save file and record data in table.
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Dissolved Oxygen Data Table
Sample Name 

Dissolved Oxygen
mg/L

Temp
˚C
(if used)

Analysis

1) Analyze the different levels of oxygen in the various types of water and give your possible
reasons for variations.

2) Write down observations that came up in the class discussion that you did not record in
number one that you find to be the most plausible.
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Environmental Forensic Science: Water
Dissolved Oxygen—YA GOTTA BREATHE!
Student Activity
Information
Water can have different gases dissolved in them. Many types of aquatic life breathe one of the
dissolved gases, dissolved oxygen. For instance, even though a fish has no lungs, it still absorbs the
dissolved oxygen in the water through its gills. This process is about 85% efficient, but most types of
water have less than 5% of the available oxygen from the air above the water. So, the high
efficiency of the gills is necessary for the fish to survive. Human lungs are only 30%-40% efficient in
absorbing the oxygen in the air. Different fish require different amounts of oxygen.
The following definitions will help you understand what is being measured in the lab.
Dissolved Oxygen the amount of oxygen measured in water. It is normally measured in milligrams
per Liter, but this is also equivalent to parts per million (ppm).
Oxygen Saturation refers to the potential that a body of water has for holding oxygen, based
primarily on water temperature and altitude (air pressure). This is Independent of the amount of
oxygen that is in the water. It is just a measure of the potential amount of oxygen the water could
hold at a given temperature and pressure (altitude.)
Percent oxygen saturation – is the ratio of the actual dissolved oxygen measured and the oxygen
saturation (potential amount the water can hold). Knowing this can help determine if the water
has a surplus or deficit of oxygen. If there is a deficit it can mean that the aquatic life forms that
require oxygen can become stressed, become ill, or even die.
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PRE-ACTIVITY
Answer the following questions to the best of your knowledge.
1. From where does the water obtain oxygen or how can oxygen levels in a body of water
increase?

2. How can oxygen levels in a body of water decrease?

3. Hypothesize as to the relationship between Oxygen Saturation (the possible amount of
oxygen water can hold) and temperature and pressure.
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ACTIVITY ONE: TEMPERATURE VS. DISSOLVED OXYGEN
Materials
•

Ruler

•

Colored Pencils

•

Dissolved oxygen chart (on sheet)

Background – Assume that we have two species of fish. Trout requires 7.0 ppm (or mg/L) to remain
healthy and grow normally while a catfish only requires 4.0 ppm (or mg/L) for growth. When
water reaches 100% saturation the oxygen will “escape” as bubbles into the atmosphere. Also,
keep in mind that plants only produce oxygen in the presence of sunlight. So overnight the levels
of oxygen deplete because the fish are still respiring while the plants have quit producing until the
next morning. Assume that the plant life in the trout stream along with the agitation of the water
gets the saturation percentage to around a high of 80% during early evening and falls to a low of
70% in the early morning. Assume that the plants in the catfish pond get the saturation
percentage up to a high of around 70% during the early evening and goes to a low of 50% in the
early morning.
Procedure –
1. Use the chart on the next page to draw lines to find the temperatures asked for.
2. Place your ruler on the amount of dissolved oxygen required by the fish and line up the
saturation percentage for the question asked.
3. Draw a line with the appropriate colored pencil through the two points and extend the line
to the temperature portion of the chart.
4. You should have enough information to answer the questions.
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Water Saturation Chart.
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Analysis
1) What is the warmest temperature the water should be for the trout during the morning?
(Use a green pencil on the chart for this situation.)
Should be around 13˚ C to 14˚ C.

2) What is the warmest temperature the water should be for the trout during the evening?
(Use a blue pencil on the chart for this situation.)
Should be around 19˚ C to 20˚ C.

3) What is the warmest temperature the water should be for the catfish during the morning?
(Use a red pencil on the chart for this situation.)
Should be around 24˚ C.
4) What is the warmest temperature the water should be for the catfish during the evening?
(Use a orange pencil on the chart for this situation.)

Should be > 30˚ C. This is off of the chart but some students may try to extrapolate a
specific number.

5) Why do trout live in streams and rivers in the north of the US instead of ponds and lakes in
the south of the US?
Trout need cooler water because they require more oxygen. So this explains the
north part. Also streams and rivers get extra oxygen from the turbulance of the water
interacting with the air. Most ponds have very little turbulance and gets most of its oxygen
from plant life.
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ACTIVITY TWO: DISSOLVED OXYGEN OF VARIOUS WATER SOURCES
Materials
•

Dissolved oxygen probe (vernier.com) with one of the following
1.

Go-Link adapter

2.

LabQuest

3.

LabPro

•

Computer with Logger Pro Software (vernier.com)

•

One 250 mL beaker for each sample of water

•

Various samples of Water (at least 150 mL for each lab station)

Background – It is important that all of the water samples are around the same temperature and
housed in the same type of containers. Temperature affects the amount of oxygen, and the area
of the water exposed to air affects the rate of diffusion, which will affect the oxygen levels too.
Do not shake up the samples, as this will aerate the sample.

Procedure –
1. Start Logger Pro Software on computer.
2. Connect dissolved oxygen probe to GO-Link and then to USB port on computer.
3. Use Save-As function to save file as per teacher instructions.
4. Calibrate Dissolved Oxygen Probe according to instructions that came with the probe or go
to http://www2.vernier.com/booklets/do-bta.pdf to download.
5. Save file again.
6. Go to Experiment -> Data Collection in the menu and set the time to 180 seconds and set
the sample rate to 1 per second.
7. Place the probe into the water and very gently stir. Hit the green play button to take data.
8. Go to Experiment -> Store Latest Run
9. After a run is finished you can double click on the word “run 1” in the left hand data column
and change the title to a more appropriate one (i.e. Pond Water or Tap Water).
10. Save File.
11. You may repeat steps 7 to 10 for every water sample you have.
12. Click the Auto Scale button. This looks like two axes with a capital letter A.
13. Data values should be fairly stable. If not Go to Analyze -> Statistics and use the mean
value.
14. Save file and record data in table.
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Dissolved Oxygen Data Table
Sample Name 

Dissolved Oxygen
mg/L

Temp
˚C
(if used)
Analysis
1) Analyze the different levels of oxygen in the various types of water and give your possible
reasons for variations.
Tap water has air added to it because water tastes better when it has higher levels
of oxygen. If water came from a pond or creek in the morning the oxygen levels
could be depleted because of the low level of plant oxygen production along with
the continued resperation of aquatic animals over night.

2) Write down observations that came up in the class discussion that you did not record in
number one that you find to be the most plausible.
Answers will vary.
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Environmental Forensic Science: Water
Dissolved Oxygen—YA GOTTA BREATHE!
Teacher’s Guide
Purpose/Objectives: Students will…
•

recognize and utilize the terms dissolved oxygen, oxygen saturation, and percent oxygen
saturation.

•

investigate the levels of dissolved oxygen in water samples using Vernier probes.

•

analyze data and draw conclusions from differing oxygen levels from various water
samples.

Information
The following information is also included in the student version of the lab activity. You can read
through this material with them to give them background information before they begin their lab
activities.
Water can have different gases dissolved in them. Many types of aquatic life breathe one of the
dissolved gases, dissolved oxygen. For instance, even though a fish has no lungs, it still absorbs the
dissolved oxygen in the water through its gills. This process is about 85% efficient, but most types of
water have less than 5% of the available oxygen from the air above the water. So, the high
efficiency of the gills is necessary for the fish to survive. Human lungs are only 30%-40% efficient in
absorbing the oxygen in the air. Different fish require different amounts of oxygen.
The following definitions will help you understand what is being measured in the lab.
Dissolved Oxygen the amount of oxygen measured in water. It is normally measured in milligrams
per Liter, but this is also equivalent to parts per million (ppm).
Oxygen Saturation refers to the potential that a body of water has for holding oxygen, based
primarily on water temperature and altitude (air pressure). This is Independent of the amount of
oxygen that is in the water. It is just a measure of the potential amount of oxygen the water could
hold at a given temperature and pressure (altitude.)
Percent oxygen saturation – is the ratio of the actual dissolved oxygen measured and the oxygen
saturation (potential amount the water can hold). Knowing this can help determine if the water
has a surplus or deficit of oxygen. If there is a deficit it can mean that the aquatic life forms that
require oxygen can become stressed, become ill, or even die.
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PRE-ACTIVITY
Answer the following questions to the best of your knowledge.
1. From where does the water obtain oxygen or how can oxygen levels in a body of water
increase?
The oxygen in the water comes from two main sources. The first is diffusion from the
oxygen in the air. Water will absorb gases other than oxygen this way as well. If
there is water agitation or air turbulence the diffusion rate of oxygen into water
increases significantly. The second source of oxygen in water is from photosynthesis
of aquatic plant life.

2. How can oxygen levels in a body of water decrease?
The oxygen in a body of water can be depleted by two main sources. The first is
respiration of aquatic life such as fish. As the fish respire they consume the dissolved
oxygen available in the water. The second is the decomposition of organic mater in
the water.

3. Hypothesize as to the relationship between Oxygen Saturation (the possible amount of
oxygen water can hold) and temperature and pressure.
The lower temperature and the higher the pressure both increase oxygen saturation.
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ACTIVITY ONE: TEMPERATURE VS. DISSOLVED OXYGEN
Materials
•

Ruler

•

Colored Pencils

•

Dissolved oxygen chart (on sheet)

Background – Assume that we have two species of fish. Trout requires 7.0 ppm (or mg/L) to remain
healthy and grow normally while a catfish only requires 4.0 ppm (or mg/L) for growth. When
water reaches 100% saturation the oxygen will “escape” as bubbles into the atmosphere. Also,
keep in mind that plants only produce oxygen in the presence of sunlight. So overnight the levels
of oxygen deplete because the fish are still respiring while the plants have quit producing until the
next morning. Assume that the plant life in the trout stream along with the agitation of the water
gets the saturation percentage to around a high of 80% during early evening and falls to a low of
70% in the early morning. Assume that the plants in the catfish pond get the saturation
percentage up to a high of around 70% during the early evening and goes to a low of 50% in the
early morning.
Procedure –
1. Use the chart on the next page to draw lines to find the temperatures asked for.
2. Place your ruler on the amount of dissolved oxygen required by the fish and line up the
saturation percentage for the question asked.
3. Draw a line with the appropriate colored pencil through the two points and extend the line
to the temperature portion of the chart.
4. You should have enough information to answer the questions.
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Environmental Forensic Science: Water
Nitrates—If ionized fertilizer is delivered after business hours, the nitrate will be CHARGED.
Student Activity
Information
Nitrate can be expressed as NO3. The EPA standard for nitrates in drinking water is < 10 mg/L.
Nitrate is colorless, odorless, and tasteless compound that can be present in drinking water. Soil
naturally contains nitrogen and as bacteria decompose fertilizers, manures, or dead plants and
animals, nitrates will form. These nitrates can enter the groundwater supply naturally as rainwater
passes through soil. However, high yield farming requires large amounts of nitrogen. This type of
farming requires fertilizers, which have a high concentration of compounds that break down into
nitrates. Most of the time, the plants absorb these nitrates, but over-fertilization can lead to the
nitrates leeching into the groundwater supply. Also, if farmers do not properly contain the planting
area, the fertilizers can runoff after rainfall into streams and rivers.
High nitrate levels in water can cause methemoglobinemia or blue baby syndrome, a condition
found especially in infants less than six months of age. The stomach acid of an infant is not as
strong as in older children and adults. This causes an increase in bacteria that can readily convert
nitrate to nitrite (NO2).
Nitrite is absorbed in the blood, and hemoglobin (the oxygen-carrying component of blood) is
converted to methemoglobin. Methemoglobin does not carry oxygen efficiently. This results in a
reduced oxygen supply to vital tissues such as the brain. Methemoglobin in infant blood cannot
change back to hemoglobin, which normally occurs in adults. Severe methemoglobinemia can
result in brain damage and death. Animal studies show an increased risk of cancer when high
levels of nitrates are consumed over extended periods of time. However, all human studies thus
far have failed to show a conclusive link between increased nitrate consumption and cancer.
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ACTIVITY: NITRATE LEVELS OF VARIOUS WATER SOURCES
Materials
•

Nitrate probe (vernier.com) with one of the following
1.

Go-Link adapter

2.

LabQuest

3.

LabPro

•

Computer with Logger Pro Software (vernier.com)

•

One 250 mL beaker for each sample of water

•

Various samples of Water (at least 50 mL for each lab station)

Procedure –
1. Start Logger Pro Software on computer.
2. Connect Nitrate probe to GO-Link and then to USB port on computer.
3. Use Save-As function to save file as per teacher instructions.
4. Calibrate Nitrate Probe according to instructions that came with the probe or go to
http://www2.vernier.com/booklets/ise.pdf to download.
5. Save file again.
6. Go to Experiment -> Data Collection in the menu and set the time to 180 seconds and set
the sample rate to 1 per second.
7. Place the probe into the water and very gently stir. Hit the green play button to take data.
8. Go to Experiment -> Store Latest Run
9. After a run is finished you can double click on the word “run 1” in the left hand data column
and change the title to a more appropriate one (i.e. Pond Water or Tap Water).
10. Save File.
11. You may repeat steps 7 to 10 for every water sample you have.
12. Click the Auto Scale button. This looks like two axes with a capital letter A.
13. Data values should be fairly stable. If not Go to Analyze -> Statistics and use the mean
value.
14. Save file and record data in table.
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Nitrate Data Table
Sample Name 

Nitrate
mg/L

Analysis
1) Do any of your samples exceed the EPA limit of 10 mg/L?

2) Analyze the different levels of Nitrates in the various types of water and give your possible
reasons for variations.

3) Write down observations that came up in the class discussion that you did not record in
number one that you find to be the most plausible.
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Environmental Forensic Science: Water
Nitrates—If ionized fertilizer is delivered after business hours, the nitrate will be CHARGED.
Teacher’s Guide
Purpose/Objectives: Students will…
•

recognize and utilize the term Nitrate.

•

investigate the levels of Nitrate ions in water samples using Vernier probes.

•

analyze data and draw conclusions from differing nitrate readings from various water
samples.

Information
The following information is also included in the student version of the lab activity. You can read
through this material with them to give them background information before they begin their lab
activities.
Nitrate can be expressed as NO3. The EPA standard for nitrates in drinking water is < 10 mg/L.
Nitrate is colorless, odorless, and tasteless compound that can be present in drinking water. Soil
naturally contains nitrogen and as bacteria decompose fertilizers, manures, or dead plants and
animals, nitrates will form. These nitrates can enter the groundwater supply naturally as rainwater
passes through soil. However, high yield farming requires large amounts of nitrogen. This type of
farming requires fertilizers, which have a high concentration of compounds that break down into
nitrates. Most of the time, the plants absorb these nitrates, but over-fertilization can lead to the
nitrates leeching into the groundwater supply. Also, if farmers do not properly contain the planting
area, the fertilizers can runoff after rainfall into streams and rivers.
High nitrate levels in water can cause methemoglobinemia or blue baby syndrome, a condition
found especially in infants less than six months of age. The stomach acid of an infant is not as
strong as in older children and adults. This causes an increase in bacteria that can readily convert
nitrate to nitrite (NO2).
Nitrite is absorbed in the blood, and hemoglobin (the oxygen-carrying component of blood) is
converted to methemoglobin. Methemoglobin does not carry oxygen efficiently. This results in a
reduced oxygen supply to vital tissues such as the brain. Methemoglobin in infant blood cannot
change back to hemoglobin, which normally occurs in adults. Severe methemoglobinemia can
result in brain damage and death. Animal studies show an increased risk of cancer when high
levels of nitrates are consumed over extended periods of time. However, all human studies thus
far have failed to show a conclusive link between increased nitrate consumption and cancer.
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ACTIVITY: NITRATE LEVELS OF VARIOUS WATER SOURCES
Materials
•

Nitrate probe (vernier.com) with one of the following
1.

Go-Link adapter

2.

LabQuest

3.

LabPro

•

Computer with Logger Pro Software (vernier.com)

•

One 250 mL beaker for each sample of water

•

Various samples of Water (at least 50 mL for each lab station)

Procedure –
1. Start Logger Pro Software on computer.
2. Connect Nitrate probe to GO-Link and then to USB port on computer.
3. Use Save-As function to save file as per teacher instructions.
4. Calibrate Nitrate Probe according to instructions that came with the probe or go to
http://www2.vernier.com/booklets/ise.pdf to download.
5. Save file again.
6. Go to Experiment -> Data Collection in the menu and set the time to 180 seconds and set
the sample rate to 1 per second.
7. Place the probe into the water and very gently stir. Hit the green play button to take data.
8. Go to Experiment -> Store Latest Run
9. After a run is finished you can double click on the word “run 1” in the left hand data column
and change the title to a more appropriate one (i.e. Pond Water or Tap Water).
10. Save File.
11. You may repeat steps 7 to 10 for every water sample you have.
12. Click the Auto Scale button. This looks like two axes with a capital letter A.
13. Data values should be fairly stable. If not Go to Analyze -> Statistics and use the mean
value.
14. Save file and record data in table.
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Nitrate Data Table
Sample Name 

Nitrate
mg/L

Analysis
1) Do any of your samples exceed the EPA limit of 10 mg/L?

2) Analyze the different levels of Nitrates in the various types of water and give your possible
reasons for variations.
All drinking water should have less than 10 mg/L. However local streams can have
levels higher than that from lawn fertilizers or farming fertilizers if you are in a rual
area. Then have the students share their information as a class.

3) Write down observations that came up in the class discussion that you did not record in
number one that you find to be the most plausible.
Answers will vary.
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Environmental Forensic Science: Water
Turbidity—I Can See Clearly Now!
Student Activity
Information
Water can have solids in two forms, suspended and dissolved. Dissolved solids (like salts) can pass
through a filter whereas suspended solids (like silt) cannot. Suspended solids can have the effect
of making the water less clear. Turbidity is the measure of the cloudiness of a sample of water.
Some materials that can cause increased turbidity include clay, silt, finely divided organic and
inorganic matter, soluble colored organic compounds, plankton, and microscopic organisms.
The turbidity detector consists of an infrared (IR) Light Emitting Diode (LED) and an IR detector
placed 90˚ to the light source. The IR light scatters off of particles suspended in the water. The
more suspended particles there are the higher the amount of IR light is detected in the sensor. The
standard used by the Vernier turbidity sensor is the Nephelometric Turbidity Units or NTU. The prefix
“Nephel-“ means cloudy and the suffix “ometric” refers to measurement. So Nephelometric
literally means a measurement of cloudiness.
After rainfall, turbidity in bodies of water can increase because soil and other suspended particles
are picked up by the runoff that eventually makes it to the body of water. Low turbidity readings
for drinking water are desired for aesthetic and taste reasons. When water has a large amount of
such suspended particles, we lose our zest for it. While it may be safe to drink, it seems offensive.
Also it should be noted that water with a very low turbidity (crystal clear water) may not be safe to
drink. Only proper testing can determine the potability (drinkability) of water.
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ACTIVITY: TURBIDITY OF VARIOUS WATER SOURCES
Materials
•

Turbidity probe (vernier.com) with one of the following
1.

Go-Link adapter

2.

LabQuest

3.

LabPro

•

Computer with Logger Pro Software (vernier.com)

•

One 250 mL beaker for each sample of water

•

Various samples of Water (at least 50 mL for each lab station)

Procedure –
1. Start Logger Pro Software on computer.
2. Connect Turbidity probe to GO-Link and then to USB port on computer.
3. Use Save-As function to save file as per teacher instructions.
4. Calibrate the turbidity probe according to instructions that came with the probe or go to
http://www2.vernier.com/booklets/trb-bta.pdf to download.
5. Save file again.
6. Go to Experiment -> Data Collection in the menu and set the time to 180 seconds and set
the sample rate to 1 per second.
7. Always rinse the cuvette with deionized (DI) or distilled water after a sample of water has
been tested. Place the cuvette with the proper amount of the water sample into the sensor
after turning the sample over very gently five times. Hit the green play button to take data.
8. Go to Experiment -> Store Latest Run
9. After a run is finished you can double click on the word “run 1” in the left hand data column
and change the title to a more appropriate one (i.e. Pond Water or Tap Water).
10. Save File.
11. You may repeat steps 7 to 10 for every water sample you have.
12. Click the Auto Scale button. This looks like two axes with a capital letter A.
13. Data values should be fairly stable. If not Go to Analyze -> Statistics and use the mean
value.
14. Save file and record data in table.
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Turbidity Data Table
Sample Name 

Turbidity
NTU’s

Analysis
1) Analyze the different levels of Turbidity in the various types of water and give your possible
reasons for variations.

2) Write down observations that came up in the class discussion that you did not record in
number one that you find to be the most plausible.
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Environmental Forensic Science: Water
Turbidity—I Can See Clearly Now!
Teacher’s Guide
Purpose/Objectives: Students will…
•

recognize and utilize the term turbidity.

•

investigate the levels of Turbidity in water samples using Vernier probes.

•

analyze data and draw conclusions from differing Turbidity readings from various water
samples.

Information
The following information is also included in the student version of the lab activity. You can read
through this material with them to give them background information before they begin their lab
activities.
Water can have solids in two forms, suspended and dissolved. Dissolved solids (like salts) can pass
through a filter whereas suspended solids (like silt) cannot. Suspended solids can have the effect
of making the water less clear. Turbidity is the measure of the cloudiness of a sample of water.
Some materials that can cause increased turbidity include clay, silt, finely divided organic and
inorganic matter, soluble colored organic compounds, plankton, and microscopic organisms.
The turbidity detector consists of an infrared (IR) Light Emitting Diode (LED) and an IR detector
placed 90˚ to the light source. The IR light scatters off of particles suspended in the water. The
more suspended particles there are the higher the amount of IR light is detected in the sensor. The
standard used by the Vernier turbidity sensor is the Nephelometric Turbidity Units or NTU. The prefix
“Nephel-“ means cloudy and the suffix “ometric” refers to measurement. So Nephelometric
literally means a measurement of cloudiness.
After rainfall, turbidity in bodies of water can increase because soil and other suspended particles
are picked up by the runoff that eventually makes it to the body of water. Low turbidity readings
for drinking water are desired for aesthetic and taste reasons. When water has a large amount of
such suspended particles, we lose our zest for it. While it may be safe to drink, it seems offensive.
Also it should be noted that water with a very low turbidity (crystal clear water) may not be safe to
drink. Only proper testing can determine the potability (drinkability) of water.
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ACTIVITY: TURBIDITY OF VARIOUS WATER SOURCES
Materials
•

Turbidity probe (vernier.com) with one of the following
1.

Go-Link adapter

2.

LabQuest

3.

LabPro

•

Computer with Logger Pro Software (vernier.com)

•

One 250 mL beaker for each sample of water

•

Various samples of Water (at least 50 mL for each lab station)

Procedure –
1. Start Logger Pro Software on computer.
2. Connect Turbidity probe to GO-Link and then to USB port on computer.
3. Use Save-As function to save file as per teacher instructions.
4. Calibrate the turbidity probe according to instructions that came with the probe or go to
http://www2.vernier.com/booklets/trb-bta.pdf to download.
5. Save file again.
6. Go to Experiment -> Data Collection in the menu and set the time to 180 seconds and set
the sample rate to 1 per second.
7. Always rinse the cuvette with deionized (DI) or distilled water after a sample of water has
been tested. Place the cuvette with the proper amount of the water sample into the sensor
after turning the sample over very gently five times. Hit the green play button to take data.
8. Go to Experiment -> Store Latest Run
9. After a run is finished you can double click on the word “run 1” in the left hand data column
and change the title to a more appropriate one (i.e. Pond Water or Tap Water).
10. Save File.
11. You may repeat steps 7 to 10 for every water sample you have.
12. Click the Auto Scale button. This looks like two axes with a capital letter A.
13. Data values should be fairly stable. If not Go to Analyze -> Statistics and use the mean
value.
14. Save file and record data in table.
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Turbidity Data Table
Sample Name 

Turbidity
NTU’s

Analysis
1) Analyze the different levels of Turbidity in the various types of water and give your possible
reasons for variations.
Tap water should have relativly low levels of turbidity unless it was taken from an area
with “hard water”. Pools can have relatively high levels of tubidity if they are not
properly maintained. Ponds and streams can vary depending on rainfall (runoff) and
their polution levels. Then have the students share their information as a class.

2) Write down observations that came up in the class discussion that you did not record in
number one that you find to be the most plausible.
Answers will vary.
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Building a homemade gas chromatograph
Gas chromatography is a technique that is widely used by chemists to aid in the
identification and analysis of unknown chemical substances. You can bet that
every CSI lab in the country will have one (or more) gas chromatograph(s) on
site as well as most university chemistry departments (especially at major
research universities). Another good place to find a gas chromatograph (or a
GC as it is called in the chemistry business) is in your state health or
environmental quality department.
Coupled with a device called a mass spectrometer (called a MS or “mass
spec”), a good commercial combination GC/MS machine can identify virtually
any chemical or combination of chemicals known to exist on planet Earth!
But before you embark on your part of the project, perhaps it would be a good
idea to learn a little bit about the machine that you have been given the task to
build.
Chromatography is the use of a liquid or a gas to move a chemical substance
through a stationary medium called the stationary phase. As the gas or liquid
moves through the stationary phase, the liquid or gas being investigated is
separated into its chemical components. This technique was discovered in 1901
by the Russian Chemist Mikhail Tsvet when he used it to separate out plant
pigments. The first gas chromatograph was developed in London by a couple of
British chemists named A.J.P. Martin and A.T. James in 1950. They were able to
separate a mixture of fatty acids using their machine. Your machine will be able
to replicate the early GCs that were in use in the 1950s.
To build a gas chromatograph you will need a column, an inert material with
which to pack your column, an injection port, a carrier gas and a chemical
detector.
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The column:
The column of a gas chromatograph is simply a long pipe or tube. In a
commercial machine, the column is a very long very narrow tube, usually made
out of stainless steel. The column is heated which causes the chemicals to be
analyzed to vaporize. The column is packed with an inert material and the
carrier gas forces the chemical through the packing material which causes the
chemicals to separate. This separation results in the chemicals reaching the
detector at different times which aids in their identification.
You can build your column out of an old discarded burette or out of a short
piece of plumbing pipe. The machine we built here at OU has a column that
was made out of a scrap piece of stainless steel plumbing pipe that we found in
the corner of the (physics) department machine shop. Both ends of the column
will need a rubber stopper that has a hole in the middle of it. This will serve to
plug the column, and each stopper will have to be fitted with a hose barb.
Finally, you will need to place some glass wool in one end of the column, or
both ends if you intend to lay your column flat on your lab table. The glass wool
will prevent the packing material from spilling out onto your lab table, and goes
right inside the rubber stopper. When you finish building your column, you can
support it by hanging it off of a pair of ring stands using a pair of lab clamps to
hold it in place.
Packing your column:
Since a GC works by separating out a chemical in a packed column, you will
need an inert packing material. A box of Tide® laundry detergent makes a great
packing material. However, before you can use the detergent, you will have to
treat it to remove the moisture and perfume that it contains. Pour some of the
detergent in a shallow baking pan and heat it to 150°C (300°F) for a minimum of
four hours, and overnight if you can.
After the detergent has dried and cooled, (careful, hot glass looks exactly the
same as room temperature glass!) place a plug of glass wool into one end of
your column and then pour 18 inches or so of the detergent into your column (if
you are using a burette) or 12 inches or so of the detergent if you are using a
piece of plumbing pipe. The longer you make your column, the better your
separation will be, but remember, better separation comes with longer flow
times through the column.
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After you have packed your column, take a hose barb and insert it into a rubber
stopper and place one in each end of your column.
The injection port:
To build an injection port, you will need a pair matching brass shutoff valves,
a short piece of brass pipe with threads on each end (called a nipple), a brass T
fitting (called a T fitting because the pipe is in the shape of a T) special plumbing
tape called Teflon tape and two hose barbs. Make sure that all of your parts are
the same size and that the threads match!
Tape the threads of your nipple with Teflon tape (this helps to prevent leaks) and
screw one end of your nipple into one of the gas shutoff valves and screw the
other end into the other gas shutoff valve. Finally, screw a hose barb into each
side of the T fitting (once again, don’t forget the Teflon tape!) and screw the
middle of the T fitting into the bottom of one of one of your gas shutoff valves.
The hose barbs will each connect to a piece of rubber tubing. One end goes to
a natural gas tap, and the other end will go to the inlet side of your column.
When you want to inject a sample, simply leave the bottom valve shut, and
inject the sample into the upper valve. After the sample has been injected into
the upper valve, quickly close it so that it does not escape and then open the
bottom valve.
The carrier gas:
In a commercial machine, hydrogen or helium are usually used as carrier gasses
with helium being the preferred gas of choice. Chemists like to use helium,
because, being a noble gas, it is quite inert. In your machine, you will be using
natural gas out of a gas tap as your carrier gas. The natural gas will be
combusted (burned) in a Bunsen burner and you will detect the differences in
heat values as a function of time as your organic chemicals move out (or the
word a chemist would prefer to use is “elute”) of your column and are
combusted with the natural gas.
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A diagram of the injection port is provided below.

Figure 1
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The detector:
You will need two detectors to obtain data from your GC, one to acquire data
in the visible region and one to obtain data in the infrared region of the
electromagnetic spectrum.
Building the visible detector:
Organic compounds are compounds that contain carbon. For example,
gasoline is an organic compound as is alcohol, while water is not an organic
compound. Organic compounds that contain group VII elements (the
halogens) are called halogenated compounds. Halogenated organic
compounds can be detected with the aid of a Beilstein detector. The Beilstein
test is an old chemist’s trick to test for halogens. If a halogenated compound is
combusted in the presence of a copper wire, the resulting flame will glow a
bright green (for chlorine), blue green (bromine) or blue (iodine).
Take a ¾ inch schedule 40 (plumbing pipes come in various thicknesses called
“schedules”) copper T fitting and cut out a slot in the front of it. You can do this
with a pair of tin snips, or you can have your shop teacher do this for you. Next,
run a piece of coat hanger wire through the top of the pipe and hang it from an
iron ring suspended from a ring stand. Hang the T fitting so that the flame of
your Bunsen burner will fit inside the slot that you cut in the T fitting.
Next, obtain a gel filter. We used a gel filter from Lee Filters which is a company
that specializes in commercial lighting. http://www.leefiltersusa.com There are
other fine companies that sell gel filters; this is just the one we used. The filter that
you will need is their gel filter number 116.
Obtain a Vernier® light sensor and a Lab Quest data logger device.
Cut a small piece of your gel filter and take a piece of clear tape it to the front
of your light sensor. Plug your light sensor into your lab quest and place it about
6 inches from your Bunsen burner. Careful, not too close. You don’t want to fry
your light sensor! Try printing in the visible region with the gel filter and without it.
Building the infrared (IR) detector:
Before you can look for changes in the infrared region of the electromagnetic
spectrum, you will have to build a simple circuit called a “voltage divider
circuit.”
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A voltage divider circuit works by “dividing” the current from a known voltage
source across two resistors, one of which is fixed (and the value is known) and
another resistor which is a variable resistor. As the second resistor varies the flow
of the current from your voltage source will change across the two resistors.
Ohm’s Law then dictates that this change in current can be detected as a
change in voltage.
To build this circuit, you will need fourteen gauge wire, (approximately three feet
each of red and black and one foot of green) you will need a 6 volt lantern
battery, or better yet, a bench power supply, solder, electrical tape (or shrink
tubing), a circuit board (called a breadboard) a large value resistor to match
resistance value of your IR sensor, an IR sensor (called a “photodiode”), two
binding posts, and four banana plug receptacles and two male banana plug
posts. A digital VOM meter (called a “multimeter” in the electrical trades) is also
going to be very helpful here. The IR detector we used in building our project is a
part from Pacific Silicon Sensor Incorporated http://www.pacific-sensor.com/
out of California. The part number is PC 10-6RG850-TO5. Make sure that the
photodiode that you obtain will be able to “see” in the infrared region of the
electromagnetic spectrum and not the visible region!
A schematic diagram of the circuit that you will need to build is below.

Figure 2
Notes to accompany the schematic diagram:
The + twelve volts needs to be connected to the positive post of your battery (or
bench power supply) and the ground connects to the negative post of your
battery (or again the bench power supply). The + IR sensor needs to be
connected to the negative side of your IR sensor and the – IR sensor connects
to the positive side of your IR sensor. Finally, the + voltage detector needs to be
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connected to the + side of the Vernier® voltage probe and the – voltage
detector needs to be connected to the – side of the Vernier® voltage probe.
This will need to go to ground, which is the negative post of your bench power
supply. The voltage probe is then connected to the Vernier® Lab Quest® data
acquisition device.
In the diagram above, the colored dots on the wires represent a connection.
The colored dots on the end of the wires represent the binding posts. Also of
note, the resistor that we used (called a “shunt” resistor) had a value of 3 mega
ohms because this is the measured resistance across our IR sensor. Make sure
that the value of your shunt resistor matches the value of your IR detector. This
value can be measured using a good multimeter.
Finally, it is recommended that you use a good bench power supply as it will
give a more stable voltage reading than a battery will. However, if your school
does not have budget to buy a bench power supply, a six volt lantern battery
will do. Just remember that the battery voltage will begin to drop as the battery
becomes used up.
Using your new gas chromatograph:
To detect halogenated organic chemicals:
Set up a Bunsen burner on the floor of a ring stand and hang the Beilstein
detector from and iron ring so that it is hanging above the Bunsen burner. When
you hang the Beilstein detector from the iron ring, make sure that the copper
pipe is hanging from the ring stand so that the flame is inside the slot and visible
to you. Also, it is recommended that the Bunsen burner be placed on an
aluminum pie pan to catch the ashes from the Beilstein detector. If need be, just
take a pair of snips to cut a slot in the pie pan to accommodate the rubber
hose that is connected to the Bunsen burner.
Finally, you will need a device called a “flame arrestor.” No, this does not mean
that your local law enforcement people (or your friendly campus resource
officer) is gonna take your Bunsen burner flame to jail. A flame arrestor merely
stabilizes your Bunsen burner flame helping you obtain better results.
To build a flame arrestor, take a discarded soda can and cut the bottom off of it
with a pair of tin snips. Careful, the cut can will be sharp! Now, cut a pair of holes
in the very top of the can so that you can hang it above your Bunsen burner
flame and cut a slot in the front of the can so that the Bunsen burner flame will
be visible to you. Finally, hang the cut can from an iron ring at the top of your
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ring stand so that the flame can clearly be seen through the slot in the front of
the can. An old coat hanger wire will work great for this. Note: Make sure that
you are able Beilstein detector inside the can for the halogen test.

Obtain a Vernier® light senor from your teacher take a small piece of the green
gel filter to the front end of the sensor. Careful make sure that the tape does not
cover the front end of the sensor! Next, clamp the light sensor to a second sing
stand so that it is pointed toward the Bunsen burner and approximately six
inches from it. Careful, not too close. Your teacher is likely to become quite
unhappy with you if you fry the sensor in your Bunsen burner flame! Plug the
Vernier® light senor into the Vernier® Lab Quest® and set up the Lab Quest® to
obtain data. We would recommend a data logging interval of one second and
the data logging period to run for five minutes.
Obtain a small sample of your known organic chemicals from your teacher and
your unknown. The sample should be placed in a small (25 ml) Erlenmeyer flask
and the flasks should be have a rubber stopper inserted into the its top.
Shake your Erlenmeyer flask gently for about 10 seconds to force some of the
liquid into the vapor phase. Let your Erlenmeyer flask sit on your lab bench for a
minute or two to allow everything to settle a bit. Remove the rubber stopper and
take a syringe (sorry, your teacher will have removed the needles before hand)
and draw approximately 0.5 ml of vapor. Then quickly replace the rubber
stopper on your Erlenmeyer flask. Do not draw the liquid as that will flood your
column and will ruin your GC, forcing you to have to repack the column.
Also, do not intentionally inhale the organic vapors out of the Erlenmeyer flask
that your teacher just handed you. Most organic chemicals are toxic, especially
the halogenated organic ones. Finally, did you remember to wear your safety
glasses?
After you have made sure that both handles are in the “closed” position on the
injection port, light the Bunsen burner and adjust the flame. Be very careful with
this as others will be using their Bunsen burners and escaping natural gas from an
open injection port can cause an explosion! After you have the Bunsen burner
flame adjusted properly (ask your teacher if you have any questions on how to
do this), carefully open the top half of the injection port by rotating the handle.
Open the top half just enough so that the tip of the syringe just fits in it. Take your
syringe full of your known organic sample and depress the plunger and quickly
withdraw it from the injection port and immediately close the valve by rotating
the handle. Once you have made sure that both valves are in the closed
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position, open the handle on the lower valve and have one of your lab partners
start the Lab Quest® at the same instant that you opened the lower valve.
After the run, take your over to a PC that has the Logger Pro® software installed
on it and have the PC retrieve the data. If you have trouble with this, ask your
teacher. Next, open the data file that you just obtained and copy it to Excel.
From the Excel spreadsheet you can make a graph how your chemical eluted
from your GC’s column. The graph is called the “print” of your chemical and
each organic chemical has a unique “print” or “signature.”
To detect non halogenated organic chemicals:
Set up and calibrate the voltage probe on Lab Quest® using the instructions that
came with the device. This is an important step! Match the reading that the
Lab Quest® gives with the digital readout on your bench power supply.
If your school does not have a bench power supply, then you can use two
different batteries. Note: The batteries that you use for this MUST have different
voltages; say a six volt lantern battery and a “D” sized dry cell or alkaline
battery. Check the voltage of a battery against a good multimeter and then do
the same with the other battery, and then follow the same procedure that is
outlined above.
To detect non halogenated organic chemicals, remove the light sensor from the
Lab Quest® and remove the Beilstein detector from the ring stand. Use caution
here, a hot piece copper (or any metal for that matter) looks just the same as a
room temperature piece of metal. After you have made sure that the Beilstein
detector is cool to the touch, remove it and swap flame arrestors.
After you have removed the Beilstein detector from your ring stand and
changed out the flame arrestor, remove the light sensor from the Lab Quest®
and replace it with the Vernier® voltage probe. Hook up the voltage probe to
the voltage detector binding posts on the circuit board, hook up your six volt
lantern battery to the positive and negative (ground) posts on the circuit board
and hook up the IR sensor to the positive and negative IR binding posts.
Next, set the voltage control to zero on your bench power supply and turn it on.
Now, carefully turn the voltage knob until the digital readout (or on an older
machine the meter) reads five volts or so. Do not turn up the voltage on the
power supply above ten (10) volts as this will fry your Lab Quest® causing both
your teacher and your parents to become quite unhappy with you!
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Next, set up your Lab Quest® so that the machine reads +- 10 volts on the sensor
setting.
The rest of the procedure is the same as the procedure outlined to detect
halogenated organic chemicals.

Figure 3
Figure three shows the column that you will need to build for your project.
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