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The River Mile Essential Question

Subject:
Essential questions, questioning techniques, 
Education Standards:


Duration:








Location:


School Site/classroom

When:


Pre-visit

Grade:


3-12th


Objectives:
Students will be able to: a) identify The River Mile’s Essential Question, b) describe and identify what a watershed is,  c) discuss what simulateously use and protect means, and d) list ways watersheds are used and how we protect them.
Materials: 


Background:

Procedure:
The over guiding question for all interaction with the River Miles is:

How do we simultaneously use and protect our watershed?

The essential question for this site visit is:

How do relationships among components of an ecosystem in a watershed affect water quality? 

These questions are introduced before the first site visit and engage students in learning and exploring about: What is the difference between use and protect? What actions, events and things affect water?  What is a watershed? Students will observe your site and learn about what is at your site and consider how everything around them is interacting and affecting water.  Throughout the Inquiry Field Investigation Program your students will formulate questions about your River Mile which will direct future research.

Background Information:

Essential question: builds enduring meaning, directs toward critical thinking. Can be why or why not.  Constant learning.  Helps focus on goals. Adds personal actions.  Framework to raise more questions.  Logical path of investigation. Learner centered.  Allows for a lot of different outcomes. Opportunity to ask questions and transfer skills to more than one place and opportunity.  Open ended. Allows for good relating with standards and teachable moments.

Golden Gate National Recreation Area’s Recommended criteria for an essential question:

· It is clear, concise and compelling

· It reflects the essence of what you will study or explore.

· “Process” questions may provoke more dialog (“how” questions, rather than “what” questions).

· It applies to places beyond your program location.

· All audiences can contribute to the dialog prompted by the essential question

· It invites discussion that broadens your perspective.


How do we simultaneously use and protect our watershed?

· What is a watershed?

· What is the difference between use and protect?

· What actions, events and things affect water?




How do relationships among components of an ecosystem in a watershed affect water quality?
· What are the components?
What interactions are there?

· Mind Maps
Subject:


watersheds, connections,
Education Standards:

Duration:








Location:


School Site/classroom
When:


Pre- and post visit
Grade:




Objectives:
Students will be able to: a) ven diagram watershed related words 
Materials: paper, flipchart or board

Procedure:
1) Teach students how to do mind maps

a. Show several ways of doing them

b. Do a few practice ones as a group
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2) Using the following words have students create a mind map showing the connections between the words.  This is used as a pre-assessment and post assessment for the program.

Sun


Clouds


Rain

River


Plants


Animals

Soil


Mountains

3) Give students 15 minutes to create all the connections they can.  They must be able to explain their diagram. Have students turn them in.  Make copies of them and return them to the students.  
4) During the next class period have students present and explain their mind map. Discuss the Earth’s water cycle (also referred to as the hydrologic cycle).
Post Visit

1) Using the following words have students create a mind map showing the connections between the words.  This is used as the post-assessment to see what has changed in their connections.

Sun


Clouds


Rain

River


Plants


Animals

Soil


Mountains

2) Give students 15 minutes to create all the connections they can.  They must be able to explain their diagram.
3) Have students turn them in.  Make copies of them and return them to the students.  
4) During the next class period have students present and explain their mind map and discuss what they have learned about these connections.  What changes in their connections do they see from before their site visit to now?  What questions do they have about the water cycle at their assigned river mile
Habitat Discovery

Subject:

Education Standards:

Duration:

Location:


When:
 

Grade:


Objectives:
Students will be able to: a) identify 3 plants, 3 animals or animal signs, and 3 signs of human usage in the field area; b) write detailed description of each
Materials:
Clipboards, pencils, cameras, rulers, measuring tapes, crayons, markers, field guides, binoculars, loupe lenses, magnifying lenses, habitat Observation Sheet

Procedure:
Divide students into groups of 2-4.  Distribute clipboards, pencils and any other supplies desired.

Explain that students are to explore the field study area and find 3 different types of plants, 3 different examples of animal/animal evidence, 3 sings of human usage, and then create written descriptions and drawings in enough detail that another group can find and identify them.  You may pre-assign groups to ensure that plants and animal reports are not duplicated.

Each group is to record all questions they have about the site and their observations.  Later they will select a question from which they will create an investigative question.

Send students out into their area for 20-45 minutes.  Please remember not to pick any plants and if you pick something up to look at it, return it to where you picked it up.
When students return Have groups report what they found and see how many other groups found and described the same things.  If time allows have them exchange descriptions and try to find each other’s plants and animals (not the exact ones they used to describe, just that species).

Gather the group together and discuss:
1) Was it easy to find the plant, animal or animal evidence based on the description and drawing?  

2) What is the name of the plant, animal or animal evidence they drew and described?

3) Is it native to this area?  If not, brainstorm why it is where they found it?  

4) What do we use today to help us discover what different plants and animals are?
5) What additional information is needed to ensure you can find the plants and animals?

River and Shoreline Observation
Subject:

Education Standards:

Duration:

Location:


When:
 

Grade:


Objectives:
Students will be able to: a) recognize things that are similar and b) things that are different, c) do comparisons between different habitats
Materials: Clipboards, Binoculars, Cameras, pencils, habitat observation form

Procedure:
List similarities and differences between the shoreline, two sides of the river including the flora, fauna, landforms, etc.. Hypothesize possible causes for differences and provide reasons for the hypothesis.

Activity: Write, draw, photograph or otherwise record observed connections, similarities and the differences between the two banks of the river.  With a group of two or three, 1) brainstorm possible reasons for the differences and explain why that might be a good reason. 2) brainstorm how the connections and how they may interact with each other and cause and effect.  Share your reason with the full group when we join in a large group.
Assessment: Venn Diagram with the similarities and differences and at least five reasons (# based on age) why the differences might exist with a rationale for each reason. Mind map the connections.

River Mile Inquiry

Subject:
Scientific Field Investigations
Education Standards:

Duration:
3-12 hours
Location:
Assigned river mile
When:
 early in study of assigned river mile
Grade:
k-12

Objectives:
Students will be able to: a) formulate 3 different types of questions: descriptive, comparative and correlative, b) categorize questions
Materials: clipboards, pencils, scientific equipment as needed by students.

Procedure:
Have students select one of their questions created during the Habitat Observation and rewrite it into an investigative question—one that can be measured.

Some students/groups may not have something in which they are very interested.  Assist them by asking them questions about their interests and guide them to something that interests them.  
NOTE: not all investigations will have readily apparent relationships to water quality.  After the investigations you will lead them through a discussion about how it all is correlated.

Now have students decide what they would do to answer their question and design a field investigation to address the question.  Assist students with revising their question and enhancing its measurability.  

Now show students what is available for their use, or obtain the equipment and supplies needed for their field investigations.  Some equipment may be available from Lake Roosevelt NRA.

Assist students with questions they may have during their investigation, ensure their safety at all times and that all NPS rules and test safety procedures and protocols are followed at all times.  Otherwise let students conduct their investigation as they desire---no matter how valid or invalid it may be.  The point right now is not to get it right the first time, it is for students to discover the field investigation procedure.

Once all investigations are completed have student groups prepare a written and verbal report of their investigation.  These should include: investigative questions, procedures, results, what they learned, how well it worked, any conclusions and what they would do differently.  Give each group 5-10 minutes to report and 5-10 minutes for group discussion.
Once all reports are completed ask students if any of these questions/investigations deal with relationships between components of the ecosystem of Lake Roosevelt and the Columbia River watershed and how they might affect water quality (or shorter version: water quality). Have students discuss what they think is related and how.
Extension:
Watersheds and the Water Cycle

Subject:
Water, watersheds, 

Education Standards:

Duration:
Location:
School Site

When:
Pre-visit 

Grade:
3rd-12th

Objectives:
Students will be able to: a) understand the components of the water cycle b) familiar with the physical and human geography of the Columbia River and Lake Roosevelt watersheds. 

Materials:
—Copies of topographic maps that include your town or surrounding area

—A sandbox, playground or similar sandy area that can be manipulated into a watershed model 

—A garden hose and water supply

Vocabulary

Water cycle (or hydrologic cycle)

Solar energy

Evaporation





Transpiration

Precipitation





Infiltration

Permeability





Aquifer

Water table





Watershed

Topographic map

Procedures:
Group Activity: Constructing a Watershed and Observing the Water Cycle

Divide the class into groups of 3-4 students and give each group a topographic map of your local area. A topographic map is a map that uses contour lines to show land elevation. Topographic maps can display towns, forests, roads, railroads, land ownership, and watercourses. Try to make sure that each map contains at least one watershed. If your students have never used a topographic map before, it may be necessary to provide a brief explanation on how to interpret a topographic map.

Have each group take a few minutes to study their map. Then, have each group make a list of the landforms and human developments on their map. Finally, have each group count the number of separate watersheds that are represented on their map. Make certain that they realize that all of the watersheds on their map probably make up a portion of an even larger watershed.

After studying the topographic maps, provide each group with a copy of Figure 1-A (Appendix). This is a generalized drawing of the Lake Roosevelt watershed. Give the students two or three minutes to count the number of watersheds in this drawing. 

Now provide each group with a copy of Figure 1-B (Appendix). This figure is a photograph of a river system on the Arabian Peninsula in the country of Yemen. Each tiny finger of this river system is a separate watershed. Give the students 5 minutes to attempt to count the number of watersheds in the picture. There are actually over 1000 separate watersheds in this photo. Ask the students why they think this river system in Yemen is so branched while the Columbia River system is less branched?
Finally, take the students outside to a sandy area such as a playground. If a sandy area is not available, the activity can be done on a smaller scale inside with a bag of playground sand and a medium sized aquarium. Mark out some boundaries (a five-foot by five-foot square should suffice) and have the students construct their own watershed model out of sand and dirt using their hands or small trowels. Their construction should keep in mind that water must flow from high point to low point, that watersheds should be separated by divides and that tributary streams flow into larger rivers and ultimately into large bodies of water like lakes or oceans. 

Once the watershed model has been completed, use a garden hose to add water to the watershed (make sure to use a head on the hose that diffuses water to simulate

rain). The simulated precipitation should hit the divides between tributary watersheds first. Some will evaporate (invisible to the students) some will infiltrate into the soil and some will runoff into the tributary stream. 

Continue watering the tributaries until they are all flowing. The flow should continue down to a larger river, lake or ocean. If all of the water does not continue down to a larger collection area, then a closed basin has been created (a closed basin is a basin

without an outlet to the sea—the Great Basin is an example). 

Have the students compare their watershed to the Columbia River watershed.  How are they similar or different? List these on the board.
Have students describe in their journals 1) in general, the components of the water cycle, 2) What is a watershed? 3) What watershed do you live in? What watershed does that empty into? And 4) How does the water cycle relate to a watershed?

Background Information

In order for scientific investigators to understand the biology and chemistry that affect rivers, lakes and other bodies of water, they  must first understand the bigger picture of how water travels over and through a landscape. Bodies of water are affected by numerous atmospheric and environmental factors that can impact the biology, chemistry, abundance and distribution of water.  These collective factors are known as the water (or hydrologic) cycle. There are more than one trillion gallons of solid, liquid and gaseous water on earth. Of that trillion gallons, at any one time, a staggering 97.2% is found in oceans. Another 0.008%can be  found in inland seas and salt lakes. Thus, more than 97% of all of the earth’s water is salty and not readily drinkable. Ice caps and glaciers subsume more than 2% of the earth’s water. Groundwater, freshwater lakes and rivers, and gaseous water in the  atmosphere comprise less than 1% of the earth’s water (Table 1-A, Appendix B). If all of the liquid water on earth were poured on top of the United States, it would cover the land to a depth of 90 miles!

The water cycle is the endless circulation of water through the environment (Figures 1-B and 1-C, Appendix B). The cycle begins when solar energy (energy from the sun) excites water molecules. Depending upon the location of those excited water molecules, one of two things can occur. If the excited molecules are at the surface of a body of water, the molecules will evaporate into the atmosphere as the liquid transforms into a gas. Evaporation may occur in a body of water as large as a lake or ocean or as small as a puddle or droplet of sweat on the forehead of an athlete. If the excited molecules are held within the tissues of plants, transpiration occurs. Transpiration describes the evaporation of water from pores in the leaves of plants.

In its gaseous form, water accumulates into clouds. Precipitation occurs when water vapor accumulates around a small particle and falls to the earth as a either a solid or liquid (depending upon temperature). Upon returning to earth, water may follow one of many paths. It may evaporate once again and return to the atmosphere, it may collect in streams, rivers, ponds or lakes, it may flow across the land as runoff into a larger body of water like a lake or river, it may be consumed by living organisms like animals and plants or it may be soaked into the soil in a process called infiltration.  Regardless of the course the precipitated water takes, it will eventually evaporate or transpire back into the atmosphere.

Permeability is the ability of water to infiltrate into the soil. Permeability is dependent upon the physical composition of the soil. Soil composed of larger particles such as sand or gravel is more permeable than soil composed of small particles such as silt or clay.
Thus silty or clayey soils absorb less water and causes more runoff than sandy soil. Water that is able to infiltrate into the soil becomes part of a groundwater system that is held in an aquifer, which is a porous layer of rock or sediment that can retain water. The top layer of an aquifer is called the water table. Aquifers are usually deep within the earth but they are sometimes found close to the surface. When an aquifer reaches the surface, water is expelled in the form of a spring.

One of the most important functions of the water cycle is that it works as a highly efficient water filter. Chemicals or other  compounds that dissolve in water can be difficult to ‘un-dissolve.’ The water cycle quite elegantly and naturally removes impurities from water via evaporation and infiltration. When water evaporates, the bonds holding liquid water together are broken as water reverts to its molecular (gaseous) state.  Dissolved chemical impurities are held in water by similar bonds. Evaporation breaks these bonds and the chemicals are released. Evaporation will also filter larger, heavier particles from water. Water percolating through the soil cannot carry large particles as it travels. Thus, infiltration has a similar effect. Once water reaches the surface of the earth and is either consumed by plants or animals or becomes incorporated into a larger body of water such as a lake, ocean, river or stream, the water cycle can begin again. So long as there is surface water and solar energy, there is the raw material for the continuance of the water cycle.

The Columbia River and its Watershed

Whenever it precipitates from the atmosphere, some water permeates the ground and enters the aquifer and some water flows downhill over the land as runoff. This water collects in channels such as rivers or streams and continues moving from a high point to a low point. Eventually, water from streams and rivers will collect in larger bodies of water such as ponds, lakes or oceans.

A watershed is an area whose runoff feeds a particular stream. Watersheds are separated by areas of higher elevation than the stream channel called ridgelines or divides. They may be as small as a single mountain valley or as large as an entire drainage basin or even a continent. Near a divide, stream channels are narrow and contain fast moving water. As stream channels move further from a divide, the slope of the land decreases and the velocity of the water diminishes until the stream enters into a larger body of water. 

The Columbia River watershed drains a 259,000- square-mile basin that includes territory in seven states (Oregon, Washington, Idaho, Montana, Nevada, Wyoming, and Utah) and one Canadian province (British Columbia) (Figure 1-D, Appendix B). The Columbia River flows for more than 1,200 miles, from the base of the Canadian Rockies in southeastern British Columbia to the Pacific Ocean on the border of Washington and Oregon. Although humans have lived along the river for more than 10,000 years, modern engineering has dramatically altered the character of the Columbia. Some scientists believe that today the river is environmentally threatened and that drastic action should be taken to reverse the changes made during the last 150 years.

The Columbia originates in two lakes that lie between  the Continental Divide and Selkirk mountain ranges in British Columbia, Canada. It flows north for its first 200 miles, then it turns south and runs to the international border. Within the United States, the river courses southwest and skirts the Columbia Plateau’s massive lava flows, then it turns to the southeast, cutting a deep gorge in the volcanic sediments to its junction with the westward flowing Snake River. From its confluence with the Snake, the Columbia runs nearly due west to the Pacific Ocean. Fifteen percent of the basin—more than 39,000 square miles—lies in Canada. The largest of the river’s major tributaries is  the Snake River, itself more than 1,100 miles long. The Columbia River Basin includes a diverse ecology that ranges from temperate rain forests to semi-arid plateaus, with precipitation levels that range from 110 inches to 6 inches per year. Importantly, the Columbia is a snow-charged river that seasonally fluctuates in volume. Its annual average discharge is 160 million acre-feet of water, with the maximum volumes between April and September, and minimum volumes from December to February. From its source at 2,650 feet above sea level, the river drops an average of more than 2 feet per mile, but in some sections it falls nearly 5 feet per mile. The Columbia River Basin is the most dammed river system in the world. More than 400 dams—11 of which are on the main stem of the Columbia—and hundreds of structures on tributaries block river flows and tap a large portion of the Columbia’s electrical generating capacity: more than 21 million kilowatts. The dams create large reservoirs that provide flood control and water for a vast irrigation projects on the Columbia Plateau. A treaty with Canada in 1964 clarified

the amount of water storage and hydropower each  country would receive from the river.

Overuse of the waters of the Columbia has contributed significantly to steep declines and even extinctions of some historically strong anadromous fish runs. Between the 1860s and 1960s, commercial fisheries annually harvested millions of pounds of fish, particularly salmon. Since the early 1970s, the fish catch has dramatically declined, with hatchery-raised species making up more than 80 percent of commercially caught salmon in the Pacific Northwest. Fish hatcheries began operation in the Columbia Basin in the late 19th century and became a major response to salmon declines during the late 20th century. In 1992, the government

listed the native Snake River Sockeye salmon as endangered under the Endangered Species Act, and in 1998 Willamette steelhead joined the list of endangered fish.

As early as the 1870s, Columbia River water was used to irrigate agricultural land. During the 1930s and 1940s, however, the construction of the big dams, especially Grand Coulee Dam on the upper river and McNary Dam on the middle river, greatly increased irrigated agriculture on the Columbia Plateau. In 1948, the Columbia Basin Project began transporting Columbia River water by canal to more than 600,000 acres on farms in central Washington. Irrigated crops include alfalfa, potatoes, mint, beets, beans, orchard fruit and grapes, many of which are exported from Washington for profit. 

Recreation on the Columbia was as popular in the past as it is today. In the late 19th century steamboat excursions from Portland to the western end of the Columbia River Gorge were popular. Sport fishing, sailing, power boating, swimming, water skiing, canoeing, and other water sports have become commonplace on the river since World War II. Conservationists, including many hikers and outdoor enthusiasts, campaigned to preserve some of the scenic wonders of the Columbia River. Today, the Columbia River Gorge National Scenic Area, the Hanford Reach National Monument and Lake Roosevelt National Recreation Area provide recreational opportunities for visitors the world over. 

Dams, fishing, recreation, human settlement, timber extraction, mining and industry have all had positive and negative effects on the Columbia River system, its environment and its people. These effects will continue to impact this area and it is the job of scientists, concerned citizens and Floating Classroom students to monitor the changes brought about by these factors. 

Lake Water Chemistry


Subject:

Education Standards:

Duration:
Location:
School Site

When:
Pre-visit,  on-site
Grade:
3rd-12th

Objectives: 1) The student will know and understand how to collect 5 water quality tests using a testing meter and probe, 2) The student will understand what the 5 tests indicate about lake health, and 3) The student will understand 5 additional common water quality tests, what they are measuring and what the tests indicate about lake health. 
Vocabulary

Van Dorn horizontal sampler


Thermal pollution

Dissolved oxygen




Percent oxygen saturation

pH






Total alkalinity

Turbidity





Secchi disk

Conductivity





Orthophosphate

Ammonia nitrogen




Nitrates

Nitrites

Materials
YSI water Meter,  pH Probe, Collection bottle and pole, Record sheets: core parameters, water record sheet

Procedures
Pre-Visit

1. Ask students to list all the factors they can think of in an aquatic system (e.g., solar radiation, physical structure of the stream or lake, surrounding landscape, weather, and the properties of water itself).
2. Tell them they will be testing five of these factors that relate specifically to the water – pH, dissolved oxygen (DO), turbidity, conductivity and temperature.

3. Define each of these factors. Talk about why these factors are important in an aquatic ecosystem, what can naturally influence these factors, and what humans can do to influence these factors.

4. Explain to the students that they will be going out to the Columbia River (AKA Lake Roosevelt) to measure pH, DO, turbidity, conductivity and temperature using a YSI Meter just like scientists use.
At the site:

Note: See Data Collection Protocols for how to collect samples

During your first site visit the ranger will assist with conducting the water sampling.  On each of your current and future site visits you will collect one sample every ¼ mile  utilizing the protocol in the water quality procedures.

If you are collecting water samples and placing in a sampling bottle for additional tests, be sure to use a different sampling bottle for each location and rinse the sample collector with Distilled water after each sample collection.

At each of the 4 sample locations identify site with GPS Lat/Long on the data collection sheet.  Take a photograph of the site for documentation. Complete the general parameters sampling sheet for each site and the water record sheet.  Refer to the instructions on each sheet.  Additional information about safety, quality control and additional protocols is available in the appendix.
Applying the Data:

Compile the data collected by all groups onto the water sample data submission forms.  Follow instructions given during the Workshop.
Have the students compile and graph the data to demonstrate a particular pattern. For example:

· Create a time series graph to show changes in one factor over time.

· Create a graph comparing the results from different water sources or River Miles.
· Create a graph comparing the results from different teams and site visits.
· Create a graph that shows sample statistics (e.g., the mean and standard deviation or range of different student measurements).

· Create a graph that shows the relationship between different factors (e.g., samples at different times or from different sources).

Assessment

Hold a discussion about the data and what it means.  Ask students:

Why the core parameter information is of interest? And why would previous weather conditions be of interest when looking at water  conditions?

· Often it can take hours or days for the runoff from a storm or snowmelt to reach the water and travel down the river. Therefore, previous weather may be as important as today’s weather in explaining your results.
Discuss:

How does temperature affect the biological activity of a lake or river?

How does temperature relate to the dissolved oxygen content of a lake or river?

Next ask about the other information collected about the site.  How or why does it affect the water?
· Hot weather may result in extra snowmelt upstream and increase flows. Sunny  weather may increase photosynthesis at your site, and therefore increase dissolved oxygen and pH levels. Higher flows from storms or snowmelt may increase the turbidity in your stream.

· Soils in the watershed will affect the chemical composition of the runoff that reaches the body of water.

· Topography (the steepness of the land) will determine whether the stream is steep and fast or slow and wide, which will affect dissolved oxygen and temperature. 

· Vegetation along the stream provides shade and protects the banks from erosion.

· Land uses along the stream and in the watershed will determine what type of pollutants may enter the stream (e.g., sediment from agriculture or logging, metals and oils from roads, or fertilizers from golf courses).

Discuss variability in the data, or discuss why the measurements may be variable.

There is always natural variability in ecosystems (see the discussion question above). When we take measurements, we also introduce some variability due to differences in observers (eye sight, experience) and limitations of the equipment.
Discuss why the results might change under the following conditions. 

· seasons

· from year to year

· throughout the day
Additional topics for discussion:

· What does pH measure? Is rainwater basic, acidic or neutral? Why?

· What are some of the causes of increased turbidity in a body of water? What device is used to measure turbidity?

· Does pure, deionized water conduct electricity? Why?

· What are two chemical nutrients that plants and algae require to grow and metabolize?

· What are the three forms of nitrogen that plants can metabolize? Which form is most easily metabolized?

Background Information
How do we know if water we drink is safe? What kinds of chemicals are found in the water we swim in? How do we know if a watershed is as healthy today as it was 10 years ago? How can we make sure that our lakes, streams and reservoirs stay clean so that all plants, animals and people in the watershed can continue to use them? These are just a small sampling of the questions that can be answered through water quality sampling and testing.

Everything that humans and animals do affects our water, either positively or negatively. However, before we can identify the harm or help that human actions are causing, we must be able to demonstrate that a body of water is indeed impacted by a certain human activity. If a negative impact is detected, we must assess the degree of the damage, determine who or what is responsible and prepare a plan to repair that damage.  These actions hinge upon the collection of accurate water quality data. If tests demonstrate that a lake is healthy, then it becomes the duty of scientists, concerned citizens and Floating Classroom students to insure that the watershed remains healthy. If the chemical tests expose a concern about the water quality of a lake or river, it falls to scientists,   concerned citizens and Floating Classroom students to develop a hypothesis as to what has caused the problem and how that

cause can be minimized or eliminated. 

Water Sampling

Before any samples are collected, it is vital to record the many variables that can influence test results. Among these variables are the current weather conditions, time of year, time of day, and water elevation. It is extremely important to be careful and consistent in the methodology used to collect samples. It is also very important to remember that no one sample can represent the entire lake. Each test is just a snapshot of the water quality at that time. Thus, the most accurate data is an accumulation of many samples from a variety of locations, depths and times. One of the objectives of The River Mile program is to build up a large database of water quality ‘snapshots’ so that trends can be observed and understood.
There are many methods to collect water samples.  During The River Mile samples will be collect one of two ways: a Meter with probe taped to a pole OR a Meter with a sampling bottle attached to a pole.  In addition sampling bottles can be thrown, dipped or dropped into a body of water.  
If you will be taking samples from a boat or dock you would use a Van Dorn horizontal sampler. The sampler is a clear, plastic or glass tube on a length of rope that can be opened and closed at both ends. The ends are propped open like a mousetrap while the sampler is lowered to the desired depth. The line used to lower the sampler is marked in 1-meter sections and is equipped with a weight called a messenger. When the sampler reaches the desired depth, the messenger is released and when the messenger hits the sampler, the trap is sprung, the ends close, and the sampler can then be lifted to the surface with the sample water trapped within the tube. Sample water is then poured into a sample bottle and labeled.
Temperature and Temperature-Sensitive Tests

As mentioned, there are many things that influence test results and so it is important to understand what is being tested and how it influences the other tests.  Several tests must be conducted as soon as possible after a water sample is collected.  Temperature and temperature-sensitive tests are some of these.

Water temperature has a major influence on biological activity and growth. Temperature also has a direct effect upon many of the biological and chemical characteristics of a body of water. The rate of chemical reactions generally increases at higher temperatures, which can in turn increase biological activity like respiration and photosynthesis. Warmer temperatures increase respiration and photosynthesis and increases organisms’ sensitivity. Warmer water also increases the sensitivity of some organisms to pollution, parasites and diseases. Temperature changes will also affect the pH and dissolved oxygen levels in a body of water. 
A normal lake level temperature for Lake Roosevelt is approximately 17 degrees celcius.

Typically, the temperature of a body of water will change slower than the temperature of the air and land surrounding it. Thus, lake temperatures do not fluctuate daily the way air temperatures do. Water temperatures may artificially rise due to a number of factors which can collectively be called thermal pollution. 

Thermal pollution is the expulsion of warm or hot water into a natural body of water causing the temperature of the natural body of water to rise. Thermal pollution can result from industrial areas where water is used to cool machinery or make steam for power. It can even result from storm water running off warm streets, sidewalks and parking lots and into a lake.  People can also impact water temperature by cutting  down trees that shade a body of water. The resulting soil erosion will increase the temperature of water as well, since cloudy water absorbs more heat than clear water.

Oxygen dissolved in water is essential for the maintenance of healthy lakes and rivers. Scientists will often refer to water’s dissolved oxygen (or D.O.) content which, not surprisingly, is the amount of oxygen dissolved in water, typically measured in milligrams per liter. The presence of oxygen in water is a positive sign while the absence of oxygen often signals severe pollution. Most aquatic animals need oxygen to survive. 

Fish and some aquatic insects have gills to extract oxygen from the water. Different organisms, however, have different oxygen requirements. Trout, for example, need medium to high levels of dissolved oxygen to survive while carp and catfish can survive with lower levels of dissolved oxygen. Different kinds of macroinvertebrates also have variable oxygen requirements. 
Much of the dissolved oxygen in water comes from the atmosphere. Waves on lakes act to mix atmospheric oxygen into the water. Waterfalls, dam spillways and penstocks, and boat propellers will also churn up water and increase the dissolved oxygen level of a body of water. Algae and aquatic plants produce oxygen as a byproduct of photosynthesis. The more plant life in a lake, the greater the daily fluctuation in dissolved oxygen. This is because dissolved oxygen levels will rise during daylight hours when photosynthesis is occurring and oxygen is being produced. 

At night, the photosynthesis process stops and the respiration process begins. Plants then take in dissolved oxygen from the water. Thus, during the night, dissolved oxygen levels will decrease. 
Water temperature directly affects dissolved oxygen levels; oxygen is more soluble in cold water than in warm water. Hence, dissolved oxygen readings will likely be higher in the winter and spring when water temperatures are lower. Human activities may cause changes in an aquatic ecosystem which may in turn cause changes in dissolved oxygen concentrations. Runoff from areas with a build-up of organic wastes such as animal feces, failing to collect and compost or properly dispose of leaves that end up in steams or lakes, and runoff or groundwater leaching from urban and agricultural fertilizer application may stimulate algae and aquatic plant growth. As these plants die, they fall to the lake bottom to decompose. Bacterial breakdown of the organic matter uses dissolved oxygen.  The more organic matter there is to decompose, the more oxygen is required and the chances of oxygen depletion increase.  

Overall, dissolved oxygen content is one of the most important water quality indicators. If dissolved oxygen levels are consistently high, the water system is usually healthy.  A fairly normal level of dissolved oxygen would be 6.8-7.1 mg/liter.  

Scientists are also interested in the percent of oxygen saturation.  This tells us how full it is compared to what it can hold. Percent oxygen saturation is the percent of milligrams of oxygen gas dissolved in one liter of water at a given temperature compared with the maximum milligrams of oxygen gas that can dissolve in one liter of water at that same temperature.

Percent saturation is calculated using a graph that relates temperature to dissolved oxygen content. Thus, as temperature changes, the dissolved oxygen content and the percent saturation will change with it. For this reason, it is extremely important to test for temperature and dissolved oxygen immediately after removing a sample from a body of water as the temperature may fluctuate and skew the test results. 
pH

A water molecule is composed of a hydrogen ion (H+) and a hydroxyl ion (OH-). The pH is the concentration of unbonded hydrogen ions in a liquid. Every liquid has a pH value ranging from 1 to 14. Pure, deionized water has a pH of 7 (neutral). If a sample has more hydrogen ions than hydroxyl ions, it is acidic and has a pH less than 7. If a sample contains more hydroxyl ions than hydrogen ions, it is basic and has a pH greater than 7. Maintaining a balanced, healthy pH is extremely important to plant and animal life in a body of water. Most organisms have an ideal pH range in which they can live; an environment that is too acidic or basic will lead to that organism’s death. 

The pH scale is a logarithmic scale meaning that each one-unit change on the pH scale indicates a ten-fold change in the acidity or alkalinity of the sample. Thus, water with a pH of 5 is ten times more acidic than water with a pH of 6. Battery acid, lemon juice and cola are all acidic while ammonia, bleach, and Drain-o are all basic. Most lake and water bodies are slightly basic because they contain alkaline-based sediments. Rain water is usually acidic, ranging between 5.5 and 6.5, because natural and human caused nitrogen oxides and sulfur dioxides convert to nitric and sulfuric acids in the atmosphere. These trace acids then combine with  moisture in the atmosphere and fall to earth. Like dissolved oxygen, pH is dependent upon temperature and should be tested for immediately after collecting a sample from a body of water.

Non-Temperature Sensitive Tests

The total alkalinity of a fluid describes a fluid’s ability to resist changes in pH that could result from the addition of an acid or base. Thus, total alkalinity measures the buffering capacity of a fluid. Buffers minimize changes in the concentrations of hydrogen and hydroxyl ions. Most buffers are weak acids or weak bases that combine reversibly with hydrogen or hydroxyl ions to achieve a pH equilibrium. 

Turbidity is the measure of how much material or how many particles are suspended in water. Turbid water is cloudy while non-turbid water is very clear, though even the clearest lakes have some suspended particles. These particles can include soil and silt,

sewage, industrial waste, and microorganisms. The more suspended solids, the murkier the water will be  This affects the transmission of light. Suspended particles may be soil, silt, sewage, industrial waste, plankton and other microorganisms.  These particles may come from erosion by wind, water, ice, or the effects of humans (e.g., dumping).  The higher the turbidity of a body of water, the less likely it is to be able to support a variety of life forms.  Turbidity also affects temperature, as the suspended particles absorb heat from sunlight, which in turn causes oxygen levels to drop.

A number of factors can increase the level of water turbidity. Erosion by wind, water and ice may all increase solids in a river or lake. Increases in the populations of microorganisms can also increase turbidity. An influx of fertilizers may, in itself, increase turbidity or lead to an increase in microorganisms that will also increase turbidity.  Human activities such as dumping garbage and sewage as well as boat traffic will also have an effect. 
Turbidity is measured using a Secchi disk. A Secchi disk is a black and white plate on a rope. The disk is lowered into the water until it is no longer visible and the depth is recorded. Thus, when using the Secchi disk, depth is measured in meters as a unit of visibility.  The higher the reading the deeper sunlight can penetrate.  A normal depth for clarity is 8.5 meters.  A range of 4-8 meters is medium and less than 2 meters is considered eutrophic.

Conductivity is a convenient method of estimating the amount of dissolved ions or other solids that conduct electricity in a water sample. Pure, distilled water will not conduct any electricity. The ability of water to conduct electricity hinges upon the presence of ions and other particles. Samples with high conductivity readings usually contain dissolved ions such as chlorides, nitrates, orthophosphates, sodium, calcium, magnesium, iron and aluminum. Uncharged soluble organic materials such as oils, phenols, alcohol and sugar, can not carry a current and so are not measured by the conductivity meter. 
Conductivity is usually related to the chemical purity of water, the amount of dissolved ions in a solution, and salt concentrations. For example, a relatively pure river will have a conductivity reading of around 100-200 _S cm-1. A river or lake with a great deal of suspended solids (sediments, algae, zooplankton, and other organic material in water) may have a conductivity reading more than 1,000 _S cm-1. For example, Lake Roosevelt typically has a conductivity reading of 150-200 _S cm-1 while the Mississippi River or Colorado Rivers typically have a conductivity of 1500-3000 _S cm-1. 
Phosphorus is found naturally in aquatic systems; however, most is bound in particulate matter (algae, bacteria, and rock fragments). Phosphorus is often the least abundant element of the major nutrients required for plant metabolism and thus is typically the limiting factor in plant and algal growth. The most important form of phosphorus for plant nutrition is ionized inorganic phosphate (PO4 -3), also called orthophosphate. When algal cells die and decompose most of the phosphorus released is organic and must undergo bacterial degradation before being used by algae. When larger aquatic plants die they rapidly release phosphorus which is then utilized by bacteria and algae.

Inorganic phosphates from human activities such as sewage spills, industrial wastes, soil erosion, fertilizers, and, in the past, laundry detergents, contribute additional phosphorus into lakes and rivers. The introduction of excessive phosphates to the aquatic system will interrupt the balance of the natural concentration of nutrients causing an overabundance of algae and aquatic plants called an algal bloom. As phosphates are artificially introduced into an aquatic ecosystem such as a lake, rooted aquatic plants become more abundant. These plants, in turn, take up phosphorus from the bottom sediments and release it into the water during active growth and when they die they decompose. Eventually, lakes may fill with aquatic vegetation making swimming, boating and fishing less desirable. This massive growth of plants often causes lakes to become oxygen deficient.

Since plants and algae are so dependent upon phosphorus and incorporate it immediately into their tissues, the presence of phosphorus in a body of water in anything but trace levels is cause for concern. If there is too much phosphate in a body of water for all of the plants and algae in that body of water to incorporate into their tissues immediately, then a massive influx of phosphate has occurred. Forest fires and volcanic eruptions, both with the help of soil erosion, can naturally raise the phosphate level in a body of water while sewage spills and fertilizer runoff can unnaturally increase phosphate levels. Like water, phosphorus cycles through the ecosystem in a semi-predictable manner (Figure 2-A, Appendix B) 
Nitrogen gas (N2) is the most abundant gas in the Earth’s atmosphere (79%). However, this type of nitrogen is useless to plants. Only certain bacteria have the ability to utilize atmospheric nitrogen. These bacteria produce ammonia (NH3) which can be utilized by most plants. Ammonia, in turn, is also assimilated by other bacteria (called nitrifying bacteria) that produce nitrates (NO2 -) and nitrites (NO3 -) which can also be used by plants. Ammonia is the form of nitrogen most readily utilized by algae and aquatic plants, however, most ammonia is first metabolized by nitrifying bacteria which then excrete nitrate or nitrite. Nitrate and nitrite are then metabolized by plants and algae, but the nitrate/nitrite metabolism is much slower when compared to the metabolization of ammonia. Like water and phosphorus, nitrogen cycles through the ecosystem in a semi-predictable manner (Figure 2-B, Appendix B).

Nitrogen is an essential nutrient used by organisms to make proteins. Primary producers absorb nitrogen directly from the water or, in the case of some aquatic plants, absorb it through their roots. Natural inputs of nitrogen into an aquatic system include: nitrogen-fixing bacteria, aquatic organism excretion (animals), decomposition of organic matter, precipitation (nitrates in rainfall), erosion and groundwater. Human activity such as sewage leaks, runoff from residential and agricultural fertilizers, runoff from cattle grazing areas or feedlots and the improper disposal of plant debris (i.e. leaves and grass clippings from yards that are allowed to be washed into streams via storm drains) will also increase the nitrogen level in a body of water. 

Appendix
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Figure 1-B
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