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Environmental Health 

Water Quality Science and Monitoring 

Lesson One – Water Quality and the Upper Kuskokwim River Watershed 

Activity 1 – Elder Talks About Water Quality in the Upper Kuskokwim                              

Activity 2 - Learn About the Animals in the Region that Depend upon Clean Water           

Activity 3 - Study Rocks in the Region that Affect Water Quality                                       

Activity 4 - Read the Articles from the Alaska – Yukon Magazine that Discuss Mining          

Activity 5 - Look up Your Region’s Alaska Department of Natural Resources Maps 

Lesson Two – The Natural Conditions of the Water in the Upper Kuskokwim Watershed  

Activity 1 - Elder Shares How People Kept the Water Clean in the Past                                

Activity 2. Select a Potential Reference Site for Sampling Natural Water Conditions              

Activity 3 - Collect Required Documentation that the Site is Suitable for Natural Conditions 

Sampling 

 

Kuskokwim River  

Photo by: Teresa Hanson 

Kuskokwim River 

Photo by Teresa Hanson 
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Lesson Three – Water Quality and its Effect on Subsistence Resources 

Activity 1: How Healthy is Your Lake?                                                                                  

Activity 2 - How Much Dissolved Oxygen Do Salmon Need to Stay Healthy?                     

Activity 3 –Elder Helps Students to Predict Dissolved Oxygen Levels in the River             

Activity 4 - Use Temperature to Solve Subsistence Fisheries Problems                                 

Activity 5 – Use the Health of Fish and Other Aquatic Life to Learn About the pH of the River.  

Activity 6 - Predict How Turbidity Affects the Fish in the River                                          

Activity 7 – How Does Nitrate/Nitrogen Impact Salmon Populations?                                 

Activity 8 - Is the Electrical Conductivity in the River Desirable for Fish?                            

Activity 9 – How Can Mining Affect Human Health and the Environment? 

Lesson Four – What Bugs Tell You About Your Water Quality 

Activity 1 - Elder Teaches Students How to Read the River 

Activity 2 - Acquire the Necessities for a Stream Habitat Walk                                            

Activity 3 - Stream Classification                                                                                            

Activity 4 - Take a Stream Habitat Walk 

 Lesson Five – Measuring Water Quality  

Activity 1 - Watch Tribal Waters: The Clean Water Act in Indian Country                                

Activity 2 - Compare a Place with Water to One Without Water                                                

Activity 3 – Learn About the River that Caught on Fire                                                         

Activity 4 - Study the Clean Water Act                                                                                   

Activity 5 – How the Clean Water Act Protects Water in the Community                             

Activity 6 – Attend College to Safeguard the Water in the Community                                 

Activity 7 - Identify the Parts of a Water Quality Meter                                                          

Activity 8 – Can Salmon Live in the River? 

Lesson Six – What is a Quality Assurance Project Plan?  

Activity 1 – Use Local Knowledge to Learn about the River                                                   

Activity 2 - Interview Elders about Changes in the Health of the River                                 

Activity 3 - Investigate Sources of Pollution in the Community                                             

Activity 4 -Write up a Summary of the Water Quality Testing Work                                     

Activity 5 – Choose Water Quality Testing Equipment                                                            

Activity 6 - Study a Generic QAPP 

Lesson 7-Take a Water Sample 

Activity 1 - Take Water Temperature                                                                                      

Activity 2 - Measure pH 
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Activity 3 - Simplistic Turbidity                                                                                        

Activity 4 - Make a Secchi Disk                                                                                        

Activity 5 - Graph Water Quality Results                                                                     

Activity 6 - Fill Out Chain-of-Custody Forms 

Lesson Eight – Gather the Data and Write the Report 

Activity 1 - Make Graphs on Excel                                                                                                       

Activity 2 - Graph Hypothetical Water Quality Data 

Additional Teacher Resources……………………. 
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Lesson One – Water Quality and the Upper Kuskokwim 

River Watershed 

Objectives: 

 Learn about the Upper Kuskokwim Watershed 

 Study the geology of the region 

 Understand the hydrology of the area 

 Become familiar with the Alaska State water quality standards 

 Explore how certain mining activities can harm the environment 

 Research past and present mining concerns for the area 

Resources and Materials: 

 Internet 

 Printer 

 Encyclopedias 

 Wikipedia for descriptions of rocks (www.wikipedia.org) 

 Alaska Yukon Magazine 1909, 1910, 1991 (See Appendices CD) 

 Topo maps from the Alaska Department of Natural Resources listing potential abandoned 

mining sites for the region (see lesson for the websites) 

 Innoko Wildlife Refuge Website (http://innoko.fws.gov) 

 Upper Kuskokwim website maps (see Appendices CD) 

 USGS Website to determine what minerals were mined in the abandoned mines 

http://tin.er.usgs.gov/ardf/find-ardf.php 

Teaching: 

Water, in all its forms, is a powerful source of erosion… the wind can do likewise. Different 

kinds of rocks are composed of different minerals. As rocks erode, their minerals are released 

into the river systems and into the air. The water cycle makes sure that they all eventually end up 

in the water by which we live. All of these factors affect the quality of the water that flows to us. 

The Upper Kuskokwim Region covers an area of about 6000 square miles, including a part of the 

Alaska Range, its bordering foothills, lowland, and another upland area with the Kuskokwim 

Mountains. This area is drained by the Upper Kuskokwim River which begins where the North 

and South Forks, and other tributaries, join together in the lowland area. The region is underlain 

with Sedimentary rocks (formed by deposits of sediments, usually in lakes and oceans) and 

http://www.wikipedia.org/
http://innoko.fws.gov/
http://tin.er.usgs.gov/ardf/find-ardf.php
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Igneous rocks (from volcanic sources deep within the earth) from different periods of time in 

geologic history. Most of the region, including much of the uplands and mountains, are covered 

with soil left from glaciers, windblown particles, permafrost freeze and thaw action, and deposits 

from river and water erosion. 

Over great periods of time the surface of the earth was uplifted, folded and twisted. Several 

periods of repeated glaciations occurred, carving canyons and valleys. The freeze and thaw 

action of the glaciers ground up rocks and created dirt. When they thawed, water flowed down 

from the area of the Alaska Range, eroding the surface of the earth.  Earthquakes did their job of 

changing the elevation of the ground. At least three such fault lines are still active the region, the 

Farewell fault at the north edge of the Alaska range and the Nixon Fork fault in the uplands. The 

Denali fault affects the Alaska Range. 

The outflow of sediment from the rising Alaska Range has pushed the Kuskokwim River to its 

present position along the northern edge of the lowlands. Two major periods of glaciations left 

behind moraines (piles of rubble created by the movement of the glaciers along the face of the 

earth.) These glaciers created the valleys of Big River, the Windy Fork and the South Fork of the 

Kuskokwim River. The wind blew for excessive periods of times and created the ancient sand 

dunes that lay northeast in the lowlands. 

Modern braided rivers that meander along the lowlands have formed narrow flood plains and 

large fans of deposits on the foothills. Tributary rivers in 

the lowlands have formed similar small fans after coming 

out of the foothills. Major rivers have formed two older 

flood plains in the lowlands, with widespread fans at the 

base of the uplands and cone shaped deposits at the base 

of the Alaska Range.      

          

 

Today there is a widespread cover of organic material, namely peat, which is building up 

throughout the lowlands, in parts of the foothills, and locally in the uplands. The peat lies under 

the muskeg at about 1 ½ to 3 feet. Peat also occurs in the bogs and small lakes, which are found 

throughout the region. Some of the streams and ox bow lakes are partially filled with this organic 

Looking down at the Upper Kuskokwim Valley     

Photo by Teresa Hanson 
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material, with a layer of silt lying over rubble and gravel. Most of them are sluggish and filled 

with vegetation. (Fernald, 1960:191-2).        

 

As the water flows through cracks and crevices, winds 

through hills and valleys, over rocks and seeping 

through muskeg, it picks up some of the chemicals and 

dirt that are naturally found in these places. The water 

carries them along as it flows down the course of the 

Upper Kuskokwim River system. 

Swift Fork of Kuskokwim River and the Village of Telida  

Photo by Teresa Hanson 

 

When we want to know the quality of the water that we live by, what are we looking for? The 

basic definition of water quality as defined by Wikipedia Dictionary: 

http://en.wikipedia.org/wiki/Water_quality     

Water quality is the physical, chemical and biological characteristics of water. Water quality 

measures the condition of water and compares it to the required needs of animals, fish, plants and 

human or purposes. It is used by the EPA or the State of Alaska and refers it to a set of standards 

they have come up with. The most common standards are used to assess water quality as it 

relates to drinking water, safety of human contact and for the health of ecosystems. 

http://creativecommons.org/licenses/by_sa/3.0/ 

These are the categories of water standards as listed by the State of Alaska. 
http://dec.alaska.gov/water/wqsar/wqs/pdfs/18_AAC_70%20_Amended_September_19_2009.pdf  

18 AAC 70.020. Protected water use classes and subclasses; water quality 

criteria; water quality standards table. (a) Classes and subclasses of use of the state's water 

protected by criteria set out under (b) of this section are: 

 

(1) Fresh Water 

 

(A) Water Supply 

(i) drinking, culinary, and food processing; 

(ii) agriculture, including irrigation and stock watering; 

(iii) aquaculture; 

(iv) industrial; 
 

http://en.wikipedia.org/wiki/Water_quality
http://en.wikipedia.org/wiki/Water
http://en.wikipedia.org/wiki/Drinking_water
http://en.wikipedia.org/wiki/Ecosystems
http://creativecommons.org/licenses/by_sa/3.0/
http://dec.alaska.gov/water/wqsar/wqs/pdfs/18_AAC_70%20_Amended_September_19_2009.pdf
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(B) Water Recreation 

(i) contact recreation; 

(ii) secondary recreation; 

 

(C) Growth and propagation of fish, shellfish, other aquatic life, and 

wildlife; and 

 

(2) Marine Water 

 

(A) Water Supply 

(i) aquaculture; 

(ii) seafood processing; 

(iii) industrial; 

 

(B) Water Recreation 

(i) contact recreation; 

(ii) secondary recreation; 

 

(C) Growth and propagation of fish, shellfish, other aquatic life, and 

wildlife; and 

 

(D) Harvesting for consumption of raw mollusks or other raw aquatic life. 

 

(b) Except as modified by or under 18 AAC 70.220 or 18 AAC 70.235, the water quality 

criteria set out in the following table, and in the Alaska Water Quality Criteria Manual 

for Toxic and Other Deleterious Organic and Inorganic Substances, dated December 12, 

2008 and adopted by reference, in combination with the classes and subclasses of water 

use set out in (a) of this section, constitute the water quality standards for a particular 

waterbody; the water quality standards regulate human activities that result in alterations 

to waters within the state's jurisdiction: 

 

For the purposes of the Upper Kuskokwim River region, we will only concern ourselves with the 

water quality standards found under; (1) Fresh water, A, B, C. 

 

Why do we want to know the quality of the water flowing in our rivers and seeping through our 

wetlands? It is because we drink the water, fish live in the water, animals drink the water and 

some live in the water. Some of the plants we eat grow in and near the water. We want to know 

what is going into us and what effect that can have on us and the food we subsist on. 

 

Naturally occurring rocks found in the Upper Kuskokwim region include: limestone; dolostone; 

argillite; chert; greywacke; shale; cinnabar; stibnite; realgar; orpiment; pyrite; and hematite. 
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These rocks erode as the waters affect them. Some of them release mercury, antimony and 

arsenic into the water.  Mining activities can make the situation worse by mining the rocks that 

create the hazardous elements that are released into our waters. Often times, miners use harsh 

chemicals to separate the ore from the other dirt that is not valuable. In times past, miners did not 

think about, nor did they care about what they might be doing to the land and waters. and how 

they could be affecting the future. Prospectors and miners have been in our region since late 

1890’s and early 1900’s.  The Takotna river region received the most attention of early 

prospectors. There have been successful mining operations on Moore Creek, Candle Creek and 

Nixon Fork. The mines located on Nixon Fork were the only hard rock mining operations in the 

entire Kuskokwim basin. See articles in Appendices CD. (Brown, 1985:111) 

 

Some mining concerns in our region that the State of Alaska has identified include the following 

mining activities, past and present. 

 

1) The Nixon Fork Mine is an existing underground lode gold mine located 32 miles northeast 

of McGrath, Alaska.  

2) Abandoned mines that can have water runoff that reaches the Upper Kuskokwim River and 

its’ tributaries.  

 A. Medfra region http://dnr.alaska.gov/mlw/mining/ardf50/MED.pdf  (4 or 5 sites) 

 B. McGrath region http://dnr.alaska.gov/mlw/mining/ardf50/MCG.pdf  (2 sites) 

 C. Takotna region http://dnr.alaska.gov/mlw/mining/ardf50/IDT.pdf (1 maybe 2 sites) 

 

 

 

 

 

 

 

 

 

http://dnr.alaska.gov/mlw/mining/ardf50/MED.pdf
http://dnr.alaska.gov/mlw/mining/ardf50/MCG.pdf
http://dnr.alaska.gov/mlw/mining/ardf50/IDT.pdf%20(1
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Lesson One Water Quality Activities 

Activity 1 – Elder Talks About Water Quality in the Upper Kuskokwim  

Objective: 

 Have an Elder talks with the students about water quality in the Upper Kuskokwim watershed 

Resources: 

 Elder who knows the history of the Upper Kuskokwim watershed. 

Procedures: 

1. The teacher invites an Elder to the classroom to talk about the Upper Kuskokwim Watershed 

and how the people keep it clean.  

2. The students brainstorm questions to ask the Elder about the importance of water and keeping 

it clean. Examples of questions:  

 What is the Upper Kuskokwim Watershed?  

 Where does the water that flows in the river come from?  

 Why is clean water important to the community?  

3. The teacher asks students to discuss what the Upper Kuskokwim Watershed is, why it is 

important to their families, and what they do to help keep it clean. 

4. When the Elder speaks to the class, the students listen respectfully to what he has to share and 

take brief notes in their learning logs.  

5. The teacher and students talk about Athabascan culture, beliefs, and values that the Elder 

shared with the students during his talk on water quality and the Upper Kuskokwim community.  

6. The students record their thoughts about what the Elder said in their journals.  

7. The students create a thank you note to send to the Elder to show their appreciation for the 

time they spent with them.  
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Activity 2 - Learn About the Animals in the Region that Depend upon Clean 

Water 

Objective: 

Tol earn about which organisms live in your region and their interaction with water 

Resources: 

 Internet 

 Printer 

 

Procedures:  

1. Go to the Innoko Wildlife Refuges’ website at http://innoko.fws.gov The website lists of 

all the life found in our waters, or using our waters. 

 

2. Click on “Habitat and Wildlife” and click on “Wildlife” You will see a list of 

organisms that live in the Innoko Wildlife Refuge. Since the refuge is very near the 

Upper Kuskokwim Region we will study the organisms that live in the refuge. There are 

four categories listed on the website: 

 

1. Alaska Reptiles & Amphibians  

2. Innoko Bird List  

3. Innoko Fish List  

4. Innoko Mammals List  

 

3. Click on each link and print each list. Each list is also included in the Appendices CD.  

 

For each category:  

1. Circle all the organisms that you are familiar with and occur in your region. 

2. On a clean sheet of paper, list the organisms you circled and give a brief description 

of how each organism interacts with the water.  

3. Highlight the ones that could be affected by toxic runoff from old mining sites. Be 

sure to take into account if an organism lives in the water, drinks from the water, or 

lives both on land and water. 

4. This is a good opportunity to look at the lifecycles of organisms, especially if you 

have amphibians and reptiles in your region. Questions for your students to ponder: 

 How dependent are all organisms on water?  

 How important do you think it is that the water is clean? 

 

 

http://innoko.fws.gov/
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Activity 3 - Study Rocks in the Region that Affect Water Quality 

Objective: 

To learn the names and properties of the rocks found in the region, and their erosional effects 

 
Resources: 

 
 Internet 

 Encyclopedias 

 Other Geological reference sources 

 

Procedures: 
 

1. Research the list of rocks, what they are used for, and if they are dangerous when they 

erode in the water system. www.wikipedia.org is also good reference site. 

 

2. Look up the word “toxins.” Ask you research each rock, find out if the rocks releases 

toxins into the water. 

 

A. Limestone;  

B. Dolostone;  

C. Argillite;  

D. Chert;  

E. Greywacke;  

F. Shale;  

G. Cinnabar;  

H. Stibnite;  

I. Realgar;  

J. Orpiment;  

K. Pyrite; and  

L. Hematite. 

3. Compare your findings with the students in your class. Do the waters in your region 

possible contain toxins? Record student answers. 

 

 

 

http://www.wikipedia.org/
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Activity 4 - Read the Articles from the Alaska – Yukon Magazine that Discuss 

Mining 

 
Objective: 

aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa
To begin to understand cross-cultural ways of thinking and outlooks 
 

Resources:  

 Locate the three Alaska Yukon articles from 1909, 1910 and 1911 that are in the 

Appendices CD 

Procedures: 

1. Read the articles to your students.  

2. Have the students take notes about how the prospector’s and seekers of fortune talked 

about our region.  

3. Compare what life was like for them at that time.  

4. Talk to your parents and Elders.  

 What was life like for them back during those times? 

 How different were the early prospector’s lives from your parents and Elders 

lives? 

Activity 5 - Look up Your Region’s Alaska Department of Natural Resources 

Maps  

Objectives: 

 To familiarize students with topographic maps 

 To encourage deductive thinking 

 To conduct scientific research on the internet  

 

Resources: 

Topographic Maps from Alaska Department of Natural Resources listing potential abandoned 

mining sites for your region. http://dnr.alaska.gov/mlw/mining/ardf50/index.htm  

Upper Kuskokwim website maps: 

 

 Medfra Region http://dnr.alaska.gov/mlw/mining/ardf50/MED.pdf   (4 or 5 sites) 

http://dnr.alaska.gov/mlw/mining/ardf50/index.htm
http://dnr.alaska.gov/mlw/mining/ardf50/MED.pdf
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 McGrath Region http://dnr.alaska.gov/mlw/mining/ardf50/MCG.pdf   (2 sites) 

 Iditarod (Takotna) Region http://dnr.alaska.gov/mlw/mining/ardf50/IDT.pdf  (1 maybe 2 

sites) 

 

These three maps are also included in the Appendices CD. 

 

Procedures: 

1. Look at the maps listed above  

2. Have students zoom into the maps and find the abandoned mine sites. They are in Red 

and other colors and have numbers associated with them. For example, MD077 is found 

on the Medfra map. 

 

3. Have students research the history of each abandoned site and determine what was mined 

from that area. Go to the USGS site http://tin.er.usgs.gov/ardf/find-ardf.php Type in the 

ID numbers from the topographic maps in the ID Number space and click “Search”. 

Scroll down a bit and click on the highlighted ID number. Read through the 

“commodities and mineralogy” listing of the minerals and scroll down for more 

descriptions of the mine and its’ location.        

                                

4. Identify which ones may have runoff that can drain into the Kuskokwim River, or one of 

its tributaries.                                                                                                                         

a                         

5. Ask students if they know anything about mining at these sites? What do their parents or 

Elders know?                                                                                                                           

a 

6. Is anyone aware of toxins entering the water from these sites? If so, then what signs have 

been/are seen? 

Save all materials for use later in the curriculum. 

 

 

 

 

 

 

http://dnr.alaska.gov/mlw/mining/ardf50/MCG.pdf
http://dnr.alaska.gov/mlw/mining/ardf50/IDT.pdf
http://tin.er.usgs.gov/ardf/find-ardf.php
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Lesson Two – The Natural Conditions of the Water in the 

Upper Kuskokwim Watershed 

Objectives: 

 To learn about natural water quality conditions 

 To study the factors that influence natural water quality conditions 

 To learn about the birds and wildlife that can contribute bacteria to the water 

 To gain a basic understanding of the bedrock geology that determines what minerals are 

found in the water 

 To become familiar with nutrients that can affect the water quality 

 To learn about the sediments that contain minerals that are transported by the water 

 To understand why a balanced supply of oxygen promotes healthy fish populations  

 To learn how to select a potential reference site for water sampling the natural conditions 

of water 

 To study how to collect the required documentation that your site is suitable for natural 

conditions sampling 

Resources and Materials: 

1. Personal and community knowledge of the land and water sources near you. 

2. Personal and community knowledge of history of possible land and water disruptions that 

could affect natural conditions testing. 

3. Source of information adapted from the State of Alaska Department of Environmental 

Conservation Division of Water Guidance for the Implementation of Natural Conditions-

Based water Quality Standards (Nov. 15, 2006) Source of information adapted from the 

State of Alaska Department of Environmental Conservation Division of Water Guidance 

for the Implementation of Natural Conditions-Based water Quality Standards (Nov. 15, 

2006)   

4. http://www.dggs.alaska.gov/webpubs/usgs/b/oversized/b1071gpt21.PDF  

5.  http://www.dggs.alaska.gov/webpubs/usgs/b/oversized/b1071gpt22.PDF (Both 

geophysical and hydrological maps are in the Appendices CD. 

5. http://ardf.wr.usgs.gov/ardf_data/Iditarod.pdf  

6. http://ardf.wr.usgs.gov/ardf_data/Medfra.pdf  

7. http://ardf.wr.usgs.gov/ardf_data/McGrath.pdf  (All three data files are in the Appendices 

CD.) 

8. http://www.dggs.alaska.gov/webpubs/usgs/b/text/b1071g.PDF (Fernald, A.T., 1960, 

Geomorphology of the upper Kuskokwim region, Alaska: U.S. Geological Survey 

Bulletin 1071-G, p. 191-279) Also in the Appendices CD  

9. http://www.nps.gov/dena/historyculture/upload/Dichinanek%20Hwtana.pdf (Collins, 

Raymond Lewis. Dickinanek’ Hwt’ana: A History of the People of the Upper 

Kuskokwim who Live in Nikolai and Telida. McGrath, AK: National Park Service, U.S. 

http://www.dggs.alaska.gov/webpubs/usgs/b/oversized/b1071gpt21.PDF
http://www.dggs.alaska.gov/webpubs/usgs/b/oversized/b1071gpt22.PDF
http://ardf.wr.usgs.gov/ardf_data/Iditarod.pdf
http://ardf.wr.usgs.gov/ardf_data/Medfra.pdf
http://ardf.wr.usgs.gov/ardf_data/McGrath.pdf
http://www.dggs.alaska.gov/webpubs/usgs/b/text/b1071g.PDF
http://www.nps.gov/dena/historyculture/upload/Dichinanek%20Hwtana.pdf
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Department of the Interior, Denali National Park and Preserve, 2000.) Also in the 

Appendices CD. 

10. http://www.commerce.state.ak.us/dca/commdb/CF_BLOCK.cfm?Comm_Boro_Name=T

elida&Data_Type=generalOverview&submit2=Get+Data  Or similar address for your 

area (State of Alaska Website) 

11. Tanana Chiefs Conference Vegetation coverage maps located in Appendix. 

12. Camera 

 

Teaching:  

To learn how safe our water is, we need to find out what is in the water in its natural condition. 

The State of Alaska’s definition of “Natural Condition” is as follows: 

“Natural Condition” is defined in the Water Quality Standard regulations 

(18 AAC 70.990(41)) as any physical, chemical, biological, or radiological 

condition existing in a waterbody before any human-caused influence on, 

discharge to, or addition of material to, the waterbody. (Alaska DEC 2006:1) 

In other words, it is how our water is before it reaches McGrath, Nikolai, Medfra and before it 

reaches Telida.  

By definition, the natural character and makeup of a water body are those not caused by human 

activities. Natural water quality is affected by local geophysical (the land and what it is made of), 

hydrological (how the water flows and what is eroded by it) and meteorological (climate and 

weather) processes, and wildlife. The natural condition standard provision applies to any 

parameter listed in 18 AAC 70.020(b), except as discussed below. The Alaska Department of 

Environmental Conservation believes that the natural condition provision would usually be 

determined by these factors: 

 

• Bacteria that comes from the waste of wildlife, including waterfowl, 

• Metals resulting from natural mineral deposits, 

• Nutrients that come from background soil, vegetation or wildlife sources, 

• Sediments from natural stream morphology processes or organic matter, 

• Temperature due to seasonal shifts and other natural processes, and 

http://www.commerce.state.ak.us/dca/commdb/CF_BLOCK.cfm?Comm_Boro_Name=Telida&Data_Type=generalOverview&submit2=Get+Data
http://www.commerce.state.ak.us/dca/commdb/CF_BLOCK.cfm?Comm_Boro_Name=Telida&Data_Type=generalOverview&submit2=Get+Data
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• Dissolved oxygen due to seasonal shifts and other natural processes. 

 

Natural condition-based standards are not fitting for human created substances that do not 

naturally exist in the environment. For example natural condition-based standards would not be 

appropriate for synthetic compounds that do not occur naturally such as polychlorinated 

biphenyls (PCBs found in plastics) or spilled oil or gas from our outboards (Alaska DEC 2006:2) 

Mt. Denali (Denaze) as seen from Telida 

Photo by Steven Nikolai Jr. 

 

Let’s look at each of the factors to see if we can figure out what we can expect to find in the 

natura Let’s look at each of the factors to see if we can figure out what we can expect to find in 

the natural condition of our water. 

Bacteria 

In the first lesson you looked at all the wildlife that is found in our area. Since we live in the 

migration routes of many bird species, waterfowl probably don’t leave a significant amount of 

waste in our water. Of greater concern would be wildlife that lives in the streams, lakes, ponds 

and rivers. Animals such as beaver and otters are contributors of bacteria, as are moose and other 

wildlife when they come to the water and drink. Bacteria in the water can be very harmful and 

cause disease. Giardia, or beaver fever, is caused by wildlife bacteria in the water. 
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Metals 

Metal that is found in the water comes from the rocks and minerals that the water erodes and 

flows over. Gaining a basic understanding of the bedrock geology of the region will help us to 

understand the minerals and metals in the water. The bedrock is what has been eroded and turned 

into rocks and gravel by several glacial periods of history. The region is underlain with several 

major fault lines. The resulting earthquakes have split, shifted, folded and uplifted the earth, 

releasing tons of sands and gravels. The waters and ocean that once covered the region deposited 

sediment which compressed into new types of rocks (sedimentary). The glaciers ground up them 

up and the earthquakes ripped them apart or smashed them together, releasing them into the 

water system. The land was uplifted by the smashing together of deep earth forces that caused 

some of the rock to get so hot and compressed that it changed forms and created new types of 

rocks (metamorphic). Ancient volcanic activity intruded hot molten lava into the bedrock, 

melting the rock it came in contact with, creating new minerals. When the lava cooled it created 

other new rocks (igneous). All of these processes created the minerals that have worked their 

way into the water, the streams, lakes and rivers. 

Many geologic studies were conducted in the state of Alaska back in the 1980’s. A study was 

done for the Kuskokwim Area Plan which covers an area of about 38,000 square miles which 

contains all, or part of four mining districts that “produced 2.5 million oz. of gold, several 

hundred thousand oz. of byproduct silver, over 40,000 flasks of mercury, nearly 270,000 tons of 

sand and gravel and minor amounts of tungsten, lead, zinc, copper, and bismuth” There were 33 

active gold and mercury mines operating in 1985. (Bundtzen 1986:1) 
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Kuskokwim Lowlands... Flood Plain deposits with meandering rivers, full of sand, silt, and organic 

materials.  Photo by Teresa Hanson 
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Geographic Sketch of Kuskokwim Planning Area (Bundtzen 1986:3) 
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Geologic Sketch of Kuskokwim Area Plan (Bundtzen 1986:5) 
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Generalized Examples Relating Mineral Terrains and Regional Geology to Deposit Types, 

Kuskokwim Area Plan. (Bundtzen 1986:20) 

 

 

Regional Geology Deposit Types Dominant Minerals 

Plutonic-Igneous Stockworks or disseminated 

porphyry, fracture fillings 

Copper, molybdenum, gold, 

silver, tungsten, tin, base 

metals, uranium, rare earths, 

platinum, bismuth 

 

Shales and Carbonates 

Sedimentary 

Replacement, syngenetic 

stratiform, veins  

Lead, zinc, silver, barite, 

phosphate, industrial grade 

limestone 

 

Coal Bearing Bedded, roll fronts Coal, Uranium 

Mixed Igneous and 

Sedimentary 

Stratiform, Veins: 

disseminated 

Copper, lead, zinc, uranium, 

gold, silver, tungsten, tin 

 

This simplistic chart shows us most of the minerals that we might expect to find in our natural water 

condition due to the geologic activities in the region. 

 

Other minerals listed in the study included: Vanadium; cobalt; nickel; cinnabar; mercury; and 

antimony. 

 

Nutrients  

A nutrient is a chemical that an organism needs to live and grow, or a substance used in an 

organism's metabolism which must be taken in from its environment. Nutrients found in our 

waters come from soil, vegetation or wildlife sources. They include chemicals like nitrogen, 

calcium, magnesium, boron, iron, phosphate, potash and manganese which are found in all living 

beings, as well as all plant life. Most soil is full of these nutrients. They become part of the soil 

when plants die and rot, wildfires, animal waste or decomposition, as well as the erosion of 

rocks, which creates soil and contains these chemicals. Many thousands of acres within and 

connected to the flood plains and lowland areas of the Upper Kuskokwim region are full of peat. 

Peat is an accumulation of partially decayed vegetation matter. Peat forms in wetland bogs and 

muskeg, and is full of nutrients. (Bundtzen, Kline 1986: 8) 
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Oversupply of plant nutrients in the environment can cause excessive plant and algae growth. An 

algal bloom can deplete the oxygen available for fish to breathe. Causes include water pollution 

from sewage or runoff. (Wikipedia) 

 

Sediments (Wikipedia) 

Sediment is naturally-occurring material that is broken down by processes of weathering and 

erosion, and is then moved by the wind, water, or ice, and/or by the force of gravity. 

Sediments are most often transported by water (fluvial processes), wind (aeolian processes) and 

glaciers. Beach sands and river channel deposits are examples of fluvial transport and deposition, 

though sediment also often settles out of slow-moving or standing water in lakes and oceans. 

Sand dunes and loess (windblown silt) are examples of aeolian transport and deposition. Glacial 

moraine deposits and till are ice transported sediments. 

Appel Mountain as seen from 

taking off out of McGrath. This 

mountain is the result of glacial 

moraine. 

Photo by Teresa Hanson 

 

 

 

A variety of sediments exist in the Kuskokwim Area Plan. They include glacial deposits in the 

western Alaska Range and isolated areas of the Kuskokwim Mts., ancient to recent stream 

deposits, loose bodies of sediment that have been deposited or built up at the bottom of a low-

grade slope or against a barrier on that slope, transported by gravity (colluvium). Landslides and 

talus units collect at the foot of a steep slopes or cliffs. A thick loess-vegetation layer covers the 

lowlands and lower altitudes of Kuskokwim Mts. Large fields of stabilized sand dunes cover 

about 1,000 sq. mi. in the northern portion of the lowland from Nikolai to McGrath. (Bundtzen, 

1986:2, 6)      
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Picture of sand dune looking north towards the Alaska Range flying from McGrath to Nikolai. 

     Photo by Teresa Hanson 

 

Sediments contain the minerals that are transported by the water ways.  

 

Many Alaskan water bodies will display large differences in natural conditions between the two 

seasons; winter – period of colder weather, which has lower flows and lower sediment loads, and 

summer – period of warmer weather, which has higher flows and higher sediment loads. (DEC 

Natural Condition – Based Water Quality Standards 2006: 22) 

 

Temperature 

If a natural condition changes a lot within the yearly cycle, the natural condition should be 

expressed differently for annual, seasonal, or shorter time periods to protect water quality. 

Shifts in water temperature affect the natural condition water quality. Factors that should be 

considered include: 

• High and low flows, 

• Seasonal changes in gaining or losing flow, 

• Seasonal changes in current patterns, 

• Seasonal thermal formation of water layers based on temperature in lakes and rivers, 

• Winter and summer conditions, 

• Ice coverage, and 

• Storm events.            

(DEC Natural Condition – Based Water Quality Standards 2006: 21-22) 
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Dissolved Oxygen   (Wikipedia) 

Dissolved Oxygen refers to the amount of oxygen dissolved in the soil or in water. Oxygenation 

is important to the ability of our water habitat to survive. Not enough oxygen can occur in bodies 

of water such as ponds, lakes and rivers, which decreases the presence of populations that need 

air in the water…like fish. A lack of oxygen can increase the population of organisms that do not 

need oxygen to survive like plants and some bacteria, resulting in fish kills and other bad events.  

A lack of oxygen tends to occur is slower moving water.  

There is a balance to the supply of oxygen that allows optimal growth and existence of healthy 

populations. Measuring how much oxygen is dissolved in the water will tell us how good our 

water habitat is for the existence and growth of desirable organisms! 
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Lesson Two - Water Quality Activities 

Activity 1 - Elder Shares How People Kept the Water Clean in the Past 

Objective: 

To learn how the people kept the water in its natural condition in the past 

Resources: 

 Elder who knows the history of water in the Upper Kuskokwim Region. 

Procedures:  

1. The teacher invites an Elder to share how the people kept the water in its natural condition in 

the past.  

2. The students brainstorm questions to ask the Elder about the importance of water and keeping 

it clean.  Examples of questions:  

 What does water in its natural state mean to the Elders? 

 What was the water quality like in the Upper Kuskokwim watershed in the past?  

 How did the people keep the water clean?  

3. The teacher asks students to discuss what water in its natural state means to them.  

4. When the Elder speaks to the class, the students listen respectfully to what he has to share and 

take brief notes in their learning logs.  

5. The teacher and students talk about Athabascan culture, beliefs, and values that the Elder 

shared with the students during his talk on water in its natural state and the Upper Kuskokwim 

community.  

6. The students record their thoughts about what the Elder said in their journals.  

7. The students create a thank you note to send to the Elder to show their appreciation for the 

time they spent with them.  
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Activity 2. Select a Potential Reference Site for Sampling Natural Water 

Conditions 

Objective: 

To learn how to select a site for natural water conditions testing 

Resources: 

 Personal and community knowledge of the land and water sources near you. 

 Personal and community knowledge of history of possible land and water disruptions that 

could affect natural conditions testing. 

 Source of information adapted from the State of Alaska Department of Environmental 

Conservation Division of Water Guidance for the Implementation of Natural Conditions-

Based water Quality Standards (Nov. 15, 2006) 

 

Procedures: 

1. Conduct a site reconnaissance of the waterbodies in your area. 

2. Select a waterbody within the watershed being tested. 

3. Criteria for selecting a site: 

 Somewhere where there have been no changes made to the water channel or 

habitat. 

 No history of logging, mining, etc. 

 No disturbance of the water channel or habitat upstream. For example, do not test 

downstream from an area where 4 wheelers have been driven through the creeks, 

streams, rivers, etc. 

 No sight of human disturbance of the soil anywhere upstream. 

 No place upstream where people routinely take water out of the water body. 

4. Talk your parents, Elders and other community members about where there is a place 

nearby that meets all the above requirements. 

 

Activity 3 - Collect Required Documentation that the Site is Suitable for Natural 

Conditions Sampling 

 

Objective: 

To research natural water quality conditions data that can be submitted to the State of Alaska 

 

Resources: 

1. Source of information adapted from the State of Alaska Department of Environmental 

Conservation Division of Water Guidance for the Implementation of Natural Conditions-

Based water Quality Standards (Nov. 15, 2006)   
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2. http://www.dggs.alaska.gov/webpubs/usgs/b/oversized/b1071gpt21.PDF  

http://www.dggs.alaska.gov/webpubs/usgs/b/oversized/b1071gpt22.PDF (Both geophysical 

and hydrological maps are located in Appendices CD) 

3. http://ardf.wr.usgs.gov/ardf_data/Iditarod.pdf  

http://ardf.wr.usgs.gov/ardf_data/Medfra.pdf  

http://ardf.wr.usgs.gov/ardf_data/McGrath.pdf  (All three data files are located in Appendices 

CD) 

4. http://www.dggs.alaska.gov/webpubs/usgs/b/text/b1071g.PDF (Fernald, A.T., 1960, 

Geomorphology of the upper Kuskokwim region, Alaska: U.S. Geological Survey Bulletin 

1071-G, p. 191-279) Also located in Appendices CD.  

5. http://www.nps.gov/dena/historyculture/upload/Dichinanek%20Hwtana.pdf (Collins, 

Raymond Lewis. Dickinanek’ Hwt’ana: A History of the People of the Upper Kuskokwim 

who Live in Nikolai and Telida. McGrath, AK: National Park Service, U.S. Department of 

the Interior, Denali National Park and Preserve, 2000.) Also in the Appendices CD. 

6. http://www.commerce.state.ak.us/dca/commdb/CF_BLOCK.cfm?Comm_Boro_Name=Telid

a&Data_Type=generalOverview&submit2=Get+Data  Or similar address for your area (State 

of Alaska Website) 

7. Tanana Chiefs Conference Vegetation coverage maps are in Appendices CD. 

8. Camera 

 

Procedures: 

1. Look at all the above resources and see what you can determine about your area of 

interest.  

 

2. The first set of maps gives you information on the geophysical and hydrological in your 

area.  

 

 Taking what you have learned about rocks in the first lesson, can you determine 

what is flowing into your area? 

 

 Where is the water flowing and what is it flowing through? 

3. The rest of the resources are provided for you to read through and look at. These are the 

documents the Alaska Department of Environmental Conservation (DEC) needs in order 

to ok a natural conditions site reference: (Natural Conditions Guide, 2006:10) 

 

• A map showing reference site(s) locations in relation to test site of interest,  

   along with available land cover information 

 

• Reference site and test site elevation, 

• Available geology and soil information for reference and test sites, 

• Photographs showing reference site riparian vegetation, waterbody size and     

  channel morphology 

 

http://www.dggs.alaska.gov/webpubs/usgs/b/oversized/b1071gpt21.PDF
http://www.dggs.alaska.gov/webpubs/usgs/b/oversized/b1071gpt22.PDF
http://ardf.wr.usgs.gov/ardf_data/Iditarod.pdf
http://ardf.wr.usgs.gov/ardf_data/Medfra.pdf
http://ardf.wr.usgs.gov/ardf_data/McGrath.pdf
http://www.dggs.alaska.gov/webpubs/usgs/b/text/b1071g.PDF
http://www.nps.gov/dena/historyculture/upload/Dichinanek%20Hwtana.pdf
http://www.commerce.state.ak.us/dca/commdb/CF_BLOCK.cfm?Comm_Boro_Name=Telida&Data_Type=generalOverview&submit2=Get+Data
http://www.commerce.state.ak.us/dca/commdb/CF_BLOCK.cfm?Comm_Boro_Name=Telida&Data_Type=generalOverview&submit2=Get+Data
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• Site reconnaissance survey data regarding presence of roads, any channel 

  modifications, outfalls, or other human-made structures, and 

 

• Records from relevant state or federal agencies indicating no known mining,     

  forestry, or other human activities upstream of the proposed reference site. 

 

4. Go through the materials and see it you can put together the documentation required by 

the DEC for your test site area. If you are not able to come up with enough information, 

Google your needs online and see if you can find the answers for yourself. 

 

5. Combine all your findings in a notebook or file folder for later use. Be sure to take lots of 

pictures. 
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Lesson Three – Water Quality and its Effect on Subsistence 

Resources 

Objectives: 

 To learn about baseline water quality monitoring 

 To learn about the following water quality parameters and how they affect subsistence 

resources 

o A. Dissolved Oxygen 

o Temperature 

o Ph 

o Turbidity 

o Nitrates 

o Conductivity 

Resources and Materials: 

1. Table-How Much Dissolved Oxygen is Available for Fish (End of lesson) 

2. Table-Showing the Effects of Dissolved Oxygen on Salmon and Other Aquatic Life (End 

of lesson) 

3. Table-Maximum Average Temperatures for Growth and Short Term Maximum 

Temperatures for Selected Fish (
0
C and 

0
F) (End of lesson) 

4. Table-pH Table (End of Lesson) 

5. Table-Is the Turbidity Impacting the Fish Populations (End of lesson)  

Teaching: 

3.1 Overview of Water Quality Monitoring 

Rivers are an excellent resource for taking “the pulse” or a reading of what is happening in a 

watershed. Measuring the chemistry of the water at any point in a river will give us the sum total 

of all natural processes and human activities that occur upstream. So now we need to learn how 

to monitor the water. (Shuster, 2008) 

The first question we have to ask is, “What is water quality monitoring?”  

 

According to the EPA, Water quality monitoring is the sampling and investigation of what is in the 

water and the conditions it is found in. These may include: 

 Introduced pollutants, such as pesticides, metals, and oil, 
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 Elements found naturally in water that can be affected by human sources, such as 

dissolved oxygen, bacteria, and nutrients. 
 

How much these elements can affect the surrounding environment and subsistence resources also 

depends on the pH of the water, whether it is acidic or alkaline, and the temperature of the water. The 

pH of the water can make some pollutants even more harmful or toxic. Water temperature can affect 

how much dissolved oxygen that can be contained in the water. Some forks of the Upper Kuskokwim 

River come directly from melting glaciers in the Alaska Range…that is some really cold water! 

(USEPA Volunteer Stream Monitoring Manual 1997: 125) 

 

The next question we ask is, “Why do we want to monitor the water?” 

According to the Kuskokwim River Watershed Council’s webpage: 

One of the most important aspects we need to take care of in a river is, of course, 

Water. 

In order to understand the river, and how future or current actions are affecting it, 

we need to acquire scientifically reliable data that will give us information 

regarding certain parameters that can tell us basic information about the health of 

the Kuskokwim and its tributaries. 

The same as when we go to the doctor we are checked about some vital signs 

(blood pressure, temperature, etc.) We need to do the same in the Kuskokwim. 

The acquisition of a reliable and consistent set of data will allow us to develop 

what's called "baseline" data. Parameters like pH, dissolved oxygen, temperature 

or turbidity, for example, will help us address future changes in the quality of the 

water. Also, knowing the concentration of chemical components like mercury, 

arsenic, nitrites or other heavy metals will allow us to know in a future if there is 

something going wrong in the river. (Kuskokwim River Watershed Council) 

To begin testing our waters for quality we need to establish baseline data for the river. So 

we need to ask the question, “What is baseline water quality monitoring?” 

Baseline water quality monitoring is simply documenting the current status of the water 

and using that information as the baseline for future monitoring efforts. Then the rate of 

change in the water system can be measured.   

There are several things to check out and do before you test the waters for a baseline 

testing: 
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 Find out what has already been done. The Kuskokwim River Watershed 

Council (KRWC) has worked with several tribes to take water samples. 

 Partner with existing program or start your own. We don’t have to start our own 

because there is water sampling work being done downriver. KRWC is collecting all the 

data for the river and is providing tribes with information on what needs testing and 

where.  

 Attend trainings whenever they are offered. 

 Choose site, frequency of sample, parameters to test. We have currently identified 10 

sites to test water on the Upper Kuskokwim River.   See map.  

 Acquire supplies for sampling. 

Collecting good water samples requires 

specialized equipment because they 

have to be sterile and must be taken a 

certain way. 

 Plan data storage/use. Samples 

are collected and sent off to a lab. They 

process and “read” the water sample. 

They can store the readings, the 

readings can be sent to the tribes and to 

the Kuskokwim River Watershed 

Council. KRWC can then put all the 

Upper Kuskokwim River data together 

with the data from the rest of the river 

system and get an accurate picture of 

what is going on throughout the Kuskokwim River Watershed. (Mackey, Leah: Power Point 

presentation, Alaska Forum on the Environment, February 2010) 

The final question we ask is, “What are we testing for and why?” Helen Traylor from 

Georgetown Tribal Council puts it like this:  

Collins 2000:10  
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The maintenance of a healthy river is of vital importance to the people of the Kuskokwim 

River.  Not only does the River provide a substantial portion of subsistence food, but it 

also nourishes plants and other wildlife that live in the Kuskokwim area. Due to the level 

of dependence of the subsistence way of life that many Kuskokwim River residents 

require, the quality of the River water affects every aspect of life – from drinking water to 

the health of the wildlife that they consume.   

With the impending development of the Donlin Creek gold mine and associated 

economic development in the middle Kuskokwim area, villages are beginning to perform 

water quality analyses at various points along the River and its tributaries.  The data 

being individually collected by Tribes is significant, however, most of this information is 

stored in filing cabinets and is not being used to its full potential. In order to gather this 

data into one location and view it as a collective, Georgetown Tribal Council (GTC) 

would like to create a GIS database and map that would insert these water quality testing 

sites and data onto an interactive map that would be uploaded onto the internet for use by 

a widespread population.   

The resulting collection of information can be used to track the changes that occur 

naturally in river habitats, as well as, tracking pollution and potentially determining its 

origination so that it can be corrected in a short time frame and limit the impact to the 

environment on which humans and wildlife depend.  The project has great future 

potential because it creates the framework for mapping all types of information villages, 

organizations and entities collect or currently have.  For instance, the map might 

eventually be used to track village profiles, environmental programs and projects, 

historical subsistence use areas, types of health issues or disease, and fish and wildlife 

populations.  (Personal Correspondence, Dec. 15, 2010) 

These are the water quality parameters that Georgetown is looking for: “We will be 

sampling for water temperature, dissolved oxygen, pH, and conductivity, nitrate-nitrogen, 

and turbidity.” They will also be looking for the GIS readings for each testing site. 

(Personal Correspondence, Dec. 15, 2010)  

3.2 Water Quality Parameters to be tested in the Upper Kuskokwim Region 

1. Dissolved Oxygen and Biochemical Oxygen Demand (USEPA Volunteer Stream Monitoring 

Manual 1997: 139) 

 

A stream or river system creates and uses oxygen. It gets oxygen from the atmosphere and from 

plants as a result of photosynthesis. Running water, because of its churning, dissolves more 

oxygen than still water, such as that in a lake behind a beaver dam. Fish and other aquatic 

animals, decomposition, and various chemical reactions use oxygen. Wastewater from sewage 

treatment plants often contains organic materials that are broken down by microorganisms, 
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which use oxygen in the process. Other sources of oxygen-using waste include storm water 

runoff from the land, landfills and failing septic systems. Oxygen is measured in its dissolved 

form as dissolved oxygen (DO). If more oxygen is used than is created, the dissolved oxygen 

(DO) levels decline and some sensitive animals may move away, weaken, or die. 

 

DO levels change seasonally and over a 24-hour period. They vary with water temperature and 

altitude. Cold water holds more oxygen than warm water and water holds less oxygen at higher 

altitudes (nearer to the Alaska Range). Aquatic animals are more defenseless when DO levels are 

lower in the early morning on hot summer days when stream flows are low, water temperatures 

are high, and aquatic plants have not been producing oxygen since sunset. 

The following chart displays different life functions that occur at different DO levels. 

 

I. SALMONID WATERS  Dissolved 
  A. Embryo and larval stages  Oxygen 
     No production impairment 11 

     Slight production impairment 9 

     Moderate production impairment 8 

     Severe production impairment 7 

     Limit to avoid acute mortality 6 

      
 

  B. Other life stages  
 

     No production impairment 8 

     Slight production impairment 6 

     Moderate production impairment 5 

     Severe production impairment 4 

     Limit to avoid acute mortality 3 

      
 

II. NON-SALMONID WATERS 
 

  A. Early life stages 
 

     No production impairment 6.5 

     Slight production impairment 5.5 

     Moderate production impairment 5 

     Severe production impairment 4.5 

     Limit to avoid acute mortality 4 

      
 

  B. Other life stages 
 

     No production impairment 6 

     Slight production impairment 5 

     Moderate production impairment 4 

     Severe production impairment 3.5 

     Limit to avoid acute mortality 3 
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III. INVERTEBRATES 

 
     No production impairment 8 

     Moderate production impairment 5 

     Limit to avoid acute mortality 4 

 

Table 1 Showing the Effects of Dissolved Oxygen on Salmon and Other Aquatic Life 
(Water on the Web) 

 

Broad whitefish, humpback whitefish, and least cisco overwinter in large rivers and usually enter 

freshwater tundra ponds and lakes during April or May after oxygen levels increase. Fish remain 

in these summer feeding areas until they migrate to fall spawning locations or until oxygen levels 

drop in fall or winter, forcing them back into the Kuskokwim River. (Harper, and others, 2009:4) 

 

2. Temperature (USEPA Volunteer Stream Monitoring Manual 1997: 147) 

 

The rate of change in all biological and chemical processes is affected by temperature. 

Organisms found in the water; from little tiny microbes, to fish, are dependent on certain 

temperature ranges for their best possible health. The best temperature for fish depends on the 

species: some survive best in colder water, while others like warmer water. Tiny macro 

invertebrates that live at the bottom of lakes and rivers are also sensitive to temperature and will 

move around to find their favorite temperature range. If the temperatures stay to high or too low 

for a long period of time, they can stress and die. Temperature is measured in either degrees 

Fahrenheit (F) or degrees Celsius (C). 

 

There are two kinds of limiting temperatures for fish, the highest temperature for short exposures 

and a weekly average temperature that is dependent on the time of year and the life cycle stage of 

the fish species. Reproductive stages (spawning and embryo development) are the most sensitive 

stages. Temperature affects the oxygen content of the water (oxygen levels become lower as 

temperature increases); the rate of photosynthesis by aquatic plants; the rates aquatic organisms 

grow, digest and reproduce; and the sensitivity of the organisms to toxic wastes, parasites, and 

diseases.  
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Table 2 Limiting Temperatures for Fish                                                                                 

(EPA Volunteer Stream Monitoring Manual) 

 

Causes of temperature change include weather, clearing land in and around the body of water, 

bodies of water confined by a barrier, such as a dam, colder water flowing into warmer water, 

and groundwater in flows to the stream. 

 

Temperature Effects on Salmon (Washington Dept. of Ecology) 

 

Salmonids (salmon, trout and char) need cool, well-oxygenated water to survive. The maximum 

temperature that salmonids can tolerate varies with species, stage of life (e.g., fry, fingerling or 

adult), earlier responses to changes in the environment, oxygen availability, length of warmer 

temperature, and the presence of pollutants. Juvenile and adult salmon like water that is 13-18º C 

(55-64º F). They will live in warmer water only if excess food is available. Water temperatures 
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of approximately 23-25º C (73-77º F) are deadly to salmon and genetic abnormalities or the 

death of salmonid eggs can occur in temperatures above 11º C (52º F). 

 

Many laboratory studies have shown that higher water temperatures can have a number of bad 

effects on salmonids. While laboratories cannot duplicate the complex situations that salmonids 

encounter in nature, they do offer a picture of some of the harmful effects of warm water on 

salmonids, including the following: 

a) Decreased supply levels of oxygen; 

b) Disruption to metabolism; 

c) Greater chance of being subject to toxins; 

d) Greater chance of being subject to disease; 

e) Greater chance of being caught by predators; 

f) Food supply decreases. 

 

3. pH (USEPA Volunteer Stream Monitoring Manual 1997: 151) 

 

pH is a term used to tell what the alkalinity or acidity of a substance is as ranked on a scale from 

1.0 to 14.0. Acidity increases as the pH gets lower. This drawing shows the pH of some common 

liquids. 

 

 
 

Table 3 PH of Some Common Liquids 

(EPA Volunteer Stream Monitoring Manual) 
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pH affects many chemical and biological processes in the water. For example, different 

organisms flourish within different ranges of pH. Most aquatic animals prefer a range of 6.5-8.0. 

When the pH of the stream is outside this range there is a reduction of the variety of life found in 

the water because it stresses the way most organisms function and reduces reproduction. Low pH 

can also allow toxic elements and compounds to become mobile or available to aquatic plants 

and animals and can be taken in or absorbed by them. This can produce conditions that are toxic 

to aquatic life, especially to sensitive species like rainbow trout. Changes in acidity can be 

caused by atmospheric deposition (acid rain), surrounding rock, and certain wastewater 

discharges. 

 

The chemical explanation for the pH scale is as follows:  

pH measures the logarithmic concentration of hydrogen (H+) and hydroxide (OH-) ions, 

which make up water (H+ + OH- = H2O). When both types of ions are in equal 

concentration, the pH is 7.0 or neutral. Below 7.0, the water is acidic (there are more 

hydrogen ions than hydroxide ions). When the pH is above 7.0, the water is alkaline, or 

basic (there are more hydroxide ions than hydrogen ions). Since the scale is logarithmic, 

a drop in the pH by 1.0 unit is equivalent to a 10-fold increase in acidity. So, a water 

sample with a pH of 5.0 is 10 times as acidic as one with a pH of 6.0, and pH 4.0 is 100 

times as acidic as pH 6.0. (EPA Volunteer Stream Monitoring Manual 1997: 151) 

 

 

4. Turbidity (USEPA Volunteer Stream Monitoring Manual 1997: 154) 

 

Turbidity is a measure of how clear the water is, and how much the material floating in water 

reduces the ability of light to pass through the water. Suspended materials include soil particles 

(clay, silt, and sand), algae, plankton, microbes, and other substances. These materials are 

typically in the size range of 0.004 mm (clay) to 1.0 mm (sand). Turbidity can affect the color of 

the water. 

 

Higher turbidity increases water temperatures because the suspended particles soak up more 

heat. This reduces the amount of dissolved oxygen (DO) because warm water holds less DO than 

cold. Higher turbidity also reduces the amount of light passing through the water, which reduces 

photosynthesis and the production of DO. 
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Suspended materials can clog fish gills, reducing the ability of the fish to fight disease, lowering 

growth rates, and affecting egg and larval development. As the particles settle, they can blanket 

the stream bottom, especially in slower waters, and smother fish eggs and the tiny macro 

invertebrates that live on the bottom. Sources of turbidity include: 

 Soil erosion; 

 Waste discharge; 

 Mining runoff; 

 Eroding stream banks; 

 Large numbers of bottom feeders which stir up bottom sediments; 

 Excessive algal growth. 

Turbidity can be useful as an indicator of the effects of runoff from mining, logging activity, and 

other sources. Turbidity often increases sharply during a rainfall. The flow of storm water runoff 

from solid surfaces rapidly increases stream velocity, which increases the erosion rates of stream 

banks and channels. Turbidity can also rise sharply during dry weather if earth-disturbing 

activities are occurring in or near a stream without erosion control practices in place. Older 

mining practices were very guilty of this. 

 

Regular monitoring of turbidity will notice trends that might show increasing erosion in the 

watershed. However, turbidity is closely related to stream flow and speed and should be 

connected with these factors. Comparisons of the change in turbidity over time, therefore, should 

be made at the same point at the same flow. 

 

5. Nitrates (USEPA Volunteer Stream Monitoring Manual 1997: 168) 

 

Nitrates are a form of nitrogen, which is found in several different forms in land and water 

ecosystems. These forms of nitrogen include ammonia (NH3), nitrates (NO3), and nitrites 

(NO2). Nitrates are necessary for plant life, but too much causes major water quality problems. 

Nitrates in excess amounts can speed up the growth and decomposition of oxygen, causing 

dramatic increases in aquatic plant growth and changes in the types of plants and animals that 

live in the stream. This, in turn, affects dissolved oxygen, temperature, and other indicators. Too 

many nitrates can cause hypoxia (low levels of dissolved oxygen) and can become toxic to 
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warm-blooded animals at higher concentrations (10 mg/L or higher) under certain conditions. 

The natural level of ammonia or nitrate in surface water is usually low (less than 1 mg/L); in the 

out flow of wastewater treatment plants, it can range up to 30 mg/L. 

 

Sources of nitrates include wastewater treatment plants, runoff from fertilized lands, failing on-

site septic systems, runoff from animal manure storage areas, and industrial discharges that 

contain corrosion inhibitors. 

 

Nitrates from land sources end up in rivers and streams more quickly than other nutrients 

because they dissolve in water more readily, which attract soil particles. As a result, nitrates 

serve as a better indicator of the possibility of a source of sewage or manure pollution during dry 

weather. 

 

6. Conductivity (USEPA Volunteer Stream Monitoring Manual 1997: 179) 

 

Conductivity refers to the water’s ability to carry an electrical charge or conduct electricity. It is 

affected by the presence of inorganic (non-living) dissolved solids like chloride, nitrate, sulfate, 

and phosphate anions (ions that carry a negative charge) or sodium, magnesium, calcium, iron, 

and aluminum cations (ions that carry a positive charge). Ions are a group of atoms that has 

developed an electrical charge by losing or gaining one or more electrons. Organic (living) 

compounds like oil, phenol, alcohol, and sugar do not conduct electrical currents very well and 

therefore have a low conductivity when in water. Conductivity is also affected by temperature: 

the warmer the water, the higher the conductivity. Therefore water is reported as conductivity at 

25 degrees Celsius (25 C). 

 

Conductivity in streams and rivers is affected by the geology of the area through which the water 

flows. Streams that run through areas with granite bedrock tend to have lower conductivity 

because granite is composed of non moving materials that do not ionize (dissolve into ionic 

components) when washed into the water. On the other hand, streams that run through areas with 

clay soils tend to have higher conductivity because of the presence of materials that ionize when 
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washed into the water. Ground water inflows can have the same effects depending on the 

bedrock they flow through. 

 

Discharges to streams can change the conductivity depending on their make-up. A failing sewage 

system would raise the conductivity because of the presence of chloride, phosphate, and nitrate; 

an oil spill would lower the conductivity. 

  

Conductivity is useful as a general measure of stream water quality. Each stream tends to have a 

relatively constant range of conductivity that, once established, can be used as a baseline for 

comparison with regular conductivity measurements. Significant changes in conductivity could 

then be an indicator that a discharge or some other source of pollution has entered a stream. 

 

3.3 The Problem with Metals  

The problem with metals is that they can accumulate in the body and stay there. Methyl mercury 

can accumulate in tissue and is the mercury species of greatest concern for biomagnification. 

Biomagnification is the growing concentration of something inside living things as it goes up 

levels in the food chain. As a result of biomagnification, creatures at the top of the food chain 

generally suffer greater harm from an environmental contaminant than those at lower levels. 

For example, something toxic, like mercury is absorbed by algae, erodes off of a cinnabar 

deposit, or sits at the bottom of a stream. Insect larvae and fish eggs can absorb that mercury. 

Fish eat lots of insect larvae and birds eat lots of fish eggs. Mercury does not naturally leave the 

digestive system so it stays in the body. As the creatures eat more, more mercury gathers in their 

bodies. Birds lay eggs that have mercury in them. Animals and birds eat fish that have mercury 

in them. People eat the birds, fish and animals that have mercury in them. As this process 

continues year after year, the concentration of the toxin is greatest in the people who are the final 

consumers at the top of the food chain. That is biomagnification or bioaccumulation. 

According to Don Wedll with the Association of Village Council Presidents, “Many of the 

mining activities that have occurred in the lower Kuskokwim in the turn of the 1900s have 

impacted the river, particularly the Red Devil mine. The Bureau of Land Management has been 
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holding meetings about the toxicity of game and berries in the region downriver.  (Personal 

Communication: 2011) 

For the purposes of the Upper Kuskokwim we are going to look at three possible, and highly 

probable metals that may be found in the water samples, and why they are not good for the 

habitation of fish and other wildlife…including us. 

Mercury – Mercury occurs in deposits as cinnabar. The red pigment vermilion can be made by 

using cinnabar. Cinnabar is highly toxic by breathing or swallowing the dust.  Mercury poisoning 

can also result from exposure to water soluble forms of mercury, breathing mercury vapor, or 

eating seafood contaminated with mercury. 

Mercury is used in thermometers, barometers, manometers (used to measure gas pressure), 

sphygmomanometers (used to measure blood pressure), float valves, some electrical switches, 

and other scientific apparatus, though concerns about the element's toxicity have led to mercury 

thermometers and sphygmomanometers being largely phased out in clinical environments in 

favor of alcohol-filled, digital, or thermostat-based instruments. It remains in use in scientific 

research applications and in the filling material for tooth cavities. It is used in lighting: electricity 

passed through mercury vapor in a phosphor tube produces short-wave ultraviolet light which 

then causes the phosphor to fluoresce, (fluorescent lights often found in schools) making visible 

light. 

Abandoned mercury mine processing sites often contain very hazardous waste piles of 

powdery cinnabar residues. Water run-off from such sites is a recognized source of 

ecological damage. (Wikipedia, 2012) 

Cinnabar was heavily mined in the White Mountain deposit south of McGrath and at Red 

Devil. (Bundtzen and others, 1986:12-14)  

Mercury concentrations have been tested at Red Devil and Crooked Creek. The Mercury 

concentrations in the water tested below the USEPA drinking-water criteria, but mercury at Red 

Devil Creek exceeded the concentration that may affect aquatic life. However, because its 
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discharge is small relative to that of the Kuskokwim River, Red Devil Creek does not increase 

the mercury concentration in the Kuskokwim River. (Wang, 1999: 31) 

An example of how big the problem can be is seen here from a Bureau of Land 

Management website about an environmental cleanup operation: 

The Red Devil Mine (RDM) is an abandoned cinnabar mine and mercury production 

facility in southwestern Alaska that is the subject of a number of major environmental 

restoration projects. The lands encompassing the mine are selected for conveyance to The 

Kuskokwim Corporation (surface estate) and the Calista Corporation (subsurface estate) 

as part of the Sleetmute Village Townsite selection under the Alaska Native Claims 

Settlement Act. BLM administers the lands and will be able to convey them after 

remediation is completed.  

BLM is working with the U.S. Environmental Protection Agency (EPA) and the Alaska 

Department of Environmental Conservation to investigate the extent of contamination 

and possible cleanup methods. BLM is coordinating with tribes, Native corporations, 

and local communities, including Sleetmute and Red Devil, to keep all parties informed. 

The mine is located on the south bank of the Kuskokwim River, approximately 1.5 miles 

upstream from the village of Red Devil and approximately 8 miles downstream from 

Sleetmute. The mine is accessed from the Kuskokwim River or by aircraft via the Red 

Devil airstrip. (Bureau of Land Management, “Red Devil Mine”) 

Arsenic – Arsenic occurs naturally in many minerals, usually with sulfur and metals, and 

also as a pure elemental crystal. The main use of metallic arsenic is for strengthening 

alloys of copper and especially leads (for example, in automotive batteries). 

A few species of bacteria are able to use arsenic compounds as in their digestion processes and 

are arsenic-tolerant. Arsenic is very poisonous to all life. Arsenic and its compounds, especially 

the trioxide, are used in the production of pesticides (treated wood products), herbicides, and 

insecticides. These applications are declining, however, as many of these compounds are being 

phased out. Naturally occurring arsenic compounds in drinking water remains a problem in many 

parts of the world. Many water supplies close to mines are contaminated by these poisons. 

(Wikipedia, 2012) 

Cadmium – Cadmium is a toxic mineral that is found in most zinc ores and is a 

byproduct of zinc production. It was used for a long time as a pigment and for corrosion 

resistant plating on steel while cadmium compounds were used to stabilize plastic. With 
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the exception of its use in nickel-cadmium batteries and cadmium telluride solar panels, 

the use of cadmium is generally decreasing in its other applications. (Wikipedia) 

Between 1898 –1985, 8700 lbs of zinc was mined from the McGrath region and 653 lbs 

was mined out of Flat in the Iditarod district. (Bundtzen, and others, 1986:9) 

The most dangerous form of occupational exposure to cadmium is inhalation of fine dust and 

fumes, or ingestion of highly soluble cadmium compounds. Inhalation of cadmium-containing 

fumes can result initially in metal fume fever but may progress to chemical pneumonitis, 

pulmonary edema, and death. 

Cadmium is also an environmental hazard. Human exposures to environmental cadmium are 

primarily the result of fossil fuel combustion, phosphate fertilizers, natural sources, iron and steel 

production, cement production, nonferrous metals production, and municipal solid waste 

incineration. There have been a few instances of general population toxicity as the result of long-

term exposure to cadmium in contaminated food and water. In the decades leading up to World 

War II, Japanese mining operations contaminated the Jinzu River with cadmium and traces of 

other toxic metals. As a consequence, cadmium accumulated in the rice crops growing along the 

riverbanks downstream of the mines. Some members of the local agricultural communities 

consuming contaminated rice developed itai-itai disease and renal abnormalities, including 

proteinuria and glucosuria. (Wikipedia, 2012) 
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Lesson Three - Water Quality Activities 

Activity 1: How Healthy is Your Lake? 

Objective: 

Understand what keeps a lake healthy 

Resources: 

 Hach Company’s Water University Website-Poster: How Healthy is This Lake? @ 

http://www.h2ou.com/h2lake.htm       

 Hach Company’s Water University Website Quiz: Healthy Lakes Quiz @ 

http://www.h2ou.com/h2q1q1.htm 

 Internet 

Procedures:  

1. The teacher tells the students that they are going to learn about a healthy lake. 

2. The teacher asks the students to go to the Hach Company’s Water University Website’s 

Healthy Lake Poster @  http://www.h2ou.com/h2lake.htm 

3.  The teacher to click on the links on the poster to learn about a healthy lake. 

4. Once the students are done, the teacher asks them to take the Healthy Lakes Quiz @ 

http://www.h2ou.com/h2q1q1.htmuiz   

Activity 2 - How Much Dissolved Oxygen Do Salmon Need to Stay Healthy?  
 

Objective: 

 

 Learn about dissolved oxygen and biochemical oxygen demand 

 Understand how the percentage of dissolved oxygen in water affects salmon and other 

aquatic life 

 Apply what is learned to solving subsistence resource problems 

 

Resources: 

 

 Table: Showing the Effects of Dissolved Oxygen on Salmon and Other Aquatic Life 

 Learning logs 

 

 

 

 

http://www.h2ou.com/h2lake.htm
http://www.h2ou.com/h2q1q1.htm
http://www.h2ou.com/h2lake.htm
http://www.h2ou.com/h2q1q1.htm
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Procedures: 

 

1. The teacher discusses the information on Dissolved Oxygen and Biochemical Oxygen 

Demand found in section 3.2 of this lesson. 

 

2. The teacher makes copies of the table “Showing the Effects of Dissolved Oxygen  

on Salmon and Other Aquatic Life  located in the Additional Teacher Resources page 173. 

 

 
 

I. SALMONID WATERS  Dissolved 
  A. Embryo and larval stages  Oxygen 
     No production impairment 11 

     Slight production impairment 9 

     Moderate production impairment 8 

     Severe production impairment 7 

     Limit to avoid acute mortality 6 

      
 

  B. Other life stages  
 

     No production impairment 8 

     Slight production impairment 6 

     Moderate production impairment 5 

     Severe production impairment 4 

     Limit to avoid acute mortality 3 

      
 

II. NON-SALMONID WATERS 
 

  A. Early life stages 
 

     No production impairment 6.5 

     Slight production impairment 5.5 

     Moderate production impairment 5 

     Severe production impairment 4.5 

     Limit to avoid acute mortality 4 

      
 

  B. Other life stages 
 

     No production impairment 6 

     Slight production impairment 5 

     Moderate production impairment 4 

     Severe production impairment 3.5 

     Limit to avoid acute mortality 3 

 
  

 
III. INVERTEBRATES 

 
     No production impairment 8 

     Moderate production impairment 5 

     Limit to avoid acute mortality 4 

 

Showing the Effects of Dissolved Oxygen on Salmon and Other Aquatic Life 
(Water on the Web)  
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Using water quality information to solve subsistence resource problems 

3. The teacher asks the students to answer the following questions about dissolved oxygen 

and how it affects subsistence based upon the teaching and the table. The students put the 

answers down in their learning logs.  

 

A. What is the highest percentage of dissolved oxygen required in the life of a salmon living 

in your river so that there will be no production impairment?  

 

a. What stage of life does the salmon need this highest percentage of dissolved 

oxygen? 

 

B. You are out testing the percentage of dissolved oxygen at the salmon spawning grounds. 

The water quality meter tells you there is only 6% dissolved oxygen in the water.  

 

a. Are the salmon that are in the embryo stage in danger there? Why?  

C. What is the highest percentage of dissolved oxygen required in the life of a non-salmon 

fish in your river so that there will be no production impairment?  

 

a. What stage of life does the non-salmon need this highest percentage of dissolved 

oxygen? 

 

D. You are out testing the percentage of dissolved oxygen in the river to see if it is the 

reason the Sheefish are not returning to their spawning grounds in the early fall. The 

water quality meter tells you that there is 4% dissolved oxygen in the water.  

 

a. Can you tell whether the percentage of dissolved oxygen is contributing to the 

reason the Sheefish are not returning? Why?  

 

E. The invertebrates in your river supply part of the food supply for the Whitefish that are 

living there. You notice that that you are not catching as many fish in the river as you 

used to. You test the dissolved oxygen and find out that it is 5%.  

 

a. What is happening to the invertebrate population because of the dissolved 

oxygen?  

 

Can it be contributing to the decline of the fish in the area? Why 

 

Activity 3. Elder Helps Students to Predict Dissolved Oxygen Levels in the River 

 
Objectives: 

 

 Elder and students forecast the levels of dissolved oxygen in the river 

 Predict how the level of dissolved oxygen will impact subsistence fisheries 
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Resources: 

 

 Elder familiar with the river 

 Table: “How Much Dissolved Oxygen is Available for the Fish?” 

 Learning logs 

 

Procedures: 

1. The teacher invites an Elder to take a walk with the students to predict dissolved oxygen levels 

in the river. 

2.aThe teacher discusses the information on Dissolved Oxygen and Biochemical Oxygen 

Demand found in section 3.2 of this lesson. 

 

3.aThe teacher makes copies of the table  “How Much Dissolved Oxygen is Available for the 

Fish” located in the Additional Teacher Resources page 174. He gives the table to the students so 

they can use it to record their observations of the natural conditions of the river. 
 
 

Natural Conditions that Contribute to the Amount of 
Dissolved Oxygen in the Water 

Season  Spring     Fall 

Water Flow   

How fast is the water flowing? Fast Slow 

Turbulence   

Wind Mixing Yes No 

Wave Action Yes No 

Turbulent flow over rocks or waterfall Yes No 

Plants   

Aquatics plants, algae, and 
phytoplankton 

Few Many 

Water Temperature Cold Warm 

Sediment Little  Lots 

Prediction: How much dissolved oxygen 
is available to the fish in the river? 

Little Lots 

 

How Much Dissolved Oxygen is Available for the Fish? 

 

5. The Elder, the teacher and the students walk down to the water to observe the natural 

conditions of the river that are contributing to the amount of dissolved oxygen in it. 

While the Elder is talking, the students listen respectfully to what he has to share and take 

brief notes in their learning logs. 

 

 The Elder and students examine the water flow, turbulence, plants, and water 

temperature in the river. 
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 The students mark down their observations on the table that the teacher has given 

them.  

 

  Teacher’s Questions: 

i. How much dissolved oxygen is in the water?  Is there a little or a lot based 

upon what you have observed?  

 

ii. How do you think the amount of dissolved oxygen in the water is affecting 

the fish that are living in there? 

 

6. Elder Observations: 

i. The Elder talks about what he has observed happening with different fish 

such as Salmon and Whitefish when the water is moving the:  

 

1. Fastest when it is flowing off the glaciers in the spring. 

2. Slowest when the river is at its low point in the fall. 

7. The Elder, teacher, and students return to the classroom. 

 

 

8.aThe teacher and students talk about Athabascan culture, beliefs, and values that the Elder 

shared about while they were talking about the natural conditions in the river. 

9. The students record their thoughts about what the Elder said in their journals.  

10. The students create a thank you note to send to the Elder to show their appreciation for the 

time they spent with them.  

 

Activity 4 - Use Temperature to Solve Subsistence Fisheries Problems 

Objectives: 

 Learn how temperature affects fish and other aquatic life living in the river 

 Apply what was learned about temperature to solving subsistence fisheries problems 

 

Resources: 

 Table: Limiting Temperatures for Fish 

 Learning logs 
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Procedures: 

 

1. The teacher discusses the information on Temperature found in teaching section 3.2. of 

the lesson. 

 

 

2. The teacher makes copies of the table “Limiting Temperatures for Fish” located in the 

Additional Teacher Resources page 175 and gives it to the students.  

 

 
 

Limiting Temperatures for Fish 
 

(EPA Volunteer Stream Monitoring Manual) 

 

 

Using water quality information to solve subsistence resource problems 

2. The teacher asks the students to answer the following questions about temperature and 

how it affects subsistence resources based upon the teaching and the table. The students 

put the answers down in their learning logs.  

 

A. General questions 

a. Name 3 species of fish in this table that like colder water. 
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i. Which species of fish likes the coldest water? 

b. Name 3 species of fish in this table that like warm water. 

i. Which species of fish likes the warmest water?    

c. Which species of fish in this table live in the region? 

d. Do the fish that live in the region like cold water or warm water? 

B. Climate change is causing an increase in the beaver population near your community. 

The Whitefish population that is in the lake that you fish in has been decreasing over the 

last several years. You notice that the beaver have built a dam across the lake. 

 

a. What may be happening to the water temperature in the lake?  

b. Can it be having an effect on the Whitefish population in the lake? Why?  

  

C. You are at the lake that you usually fish at during the summer. It has been an unusually 

hot week due to the changing climate. You find a number of Whitefish that have been 

killed in the water. There are no signs of recent human activity or predators.  

 

a. Can the temperature increase have caused the fish kill?   

b. What happened to the % of dissolved oxygen in the water as the temperature 

increased?  

 

c. Can the % of dissolved oxygen in the water have contributed to the fish kill? 

D. You have been measuring the temperature of the water over the past three years at the 

salmon spawning grounds when the fish are laying their eggs. The water temperature has 

been increasing due to climate change. During the first year it was 50 degrees, the second 

year 51 degrees, and the third year 52 degrees. Answer the following questions about 

what happened to the salmon fry that were developing in the eggs? 

 

a. Which year produced the healthiest salmon fry? 

b. What year produced less healthy salmon fry? 

c. Which year produced few or no salmon fry? 

 

E. You are out fishing and have caught three salmon. One of them looks normal, one looks 

underweight, and the other one has a disease.  

 

a. How can water temperature have contributed to the fact that two out of the three 

fish appear abnormal?  
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Activity 5 –Use the Health of Fish and Other Aquatic Life to Learn About the 

pH of the River 

 
Objectives: 

 

 Learn how pH affects fish and other aquatic life living in the river 

 Apply what was learned to predict the pH of the river based upon the health of the fish 

and other aquatic life living there (problem solving) 

 

Resources: 

 
 PH Table of Some Common Liquids 

 Learning logs 

 
Procedures: 

 

1. The teacher discusses the information on pH found in section 3.2 of the lesson. 

 

2. The teacher makes copies of the table “pH Table of Some Common Liquids located in 

the Additional Teacher Resources page 176. He gives it to the students and asks them to 

answer the following questions in their learning logs. 

 

 

 

 

PH Table of Some Common Liquids 

 

(EPA Volunteer Stream Monitoring Manual) 
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Using water quality information to solve subsistence resource problems 

 

1. The teacher asks the students to answer the following questions about pH and how it 

affects subsistence based upon the teaching and the table. The students put the answers 

down in their learning logs.  

 

General questions 

 

 

A. How pH affects subsistence resources 

 

a. Circle and label the pH range on the table that is best for aquatic animals 

b. Circle and label the basic pH range that reduces the variety of life found in the water 

because it stresses the way most organisms function and reduces reproduction. 

c. Circle the acidic pH range that allows toxic elements and compounds to become 

mobile or available to aquatic plant and animals and can be taken in or absorbed by 

them or makes it impossible for aquatic life to survive at all. 

B. You are water quality testing in two streams that empty into your river and want to 

predict what the pH will be depending on what you discover there: 

 

a. Stream 1: In this stream there are many healthy salmon fry and 

macroinvertebrates. What do you predict the pH range of the stream will be? 

 

b. Stream 2: In this stream, you find a pool with a dead rainbow trout in it and you 

do not see any signs of macroinvertebrates living there. When you look around, 

you discover a bunch of old batteries that are leaking acid (Hcl) into the water. 

What would you predict the pH range to be of the water in the pool? 

 

C. PH math 

a. A water sample in the river that flows through your community has a pH of 7.0 

and a water sample from the lake that is upriver has a pH of 8.0.  

 

i. How much more times is the water sample with a pH of 7.0 acidic than the 

water sample that has a pH of 8.0. 

 

a. A water sample in the river that flows that flows downriver from your community has 

a pH of 6.5 and a tributary that flows into it has a pH of 7.0  

 

i. How much more times is the water sample with a pH of 6.5 acidic than the 

water sample that has a pH of 7.0. 
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Activity 6 - Predict How Turbidity Affects the Fish in the River 

Objectives: 

 Learn how turbidity affects subsistence resources  

 Predict how the turbidity in the river is affecting subsistence resources 

 

Resources: 

 Elder who knows the history of the river 

 Table: “Is the Turbidity of the River Impacting the Fish Populations?” 

 Learning logs 
 

Procedures: 

 

1. The teacher discusses the information on turbidity found in section 3.2 of the lesson. 

 

2. The teacher makes copies of the table  “Is the Turbidity of the River Impacting the Fish 

Populations?” Fish” located in the Additional Teacher Resources page 177. He gives the 

table to the students so they can take it with them when they examine the river to predict how 

turbid the water is. 
 

 

Turbidity in the Water 
(Turbidity is a measure of how clear the water is) 

Season           Spring         Summer           Fall 

Water Flow   

How fast is the water flowing? Fast Slow 

Appearance    

What does it look like?  Clear  Muddy  

How much light can pass through? Yes No 

What is in the water?   

Amount of sediment particles Few Many 

Size of sediment particles Small  Large 

Aquatics plants, algae, and 
phytoplankton 

Little   Lots 

Water Temperature Cold Warm 

Prediction: Is the turbidity of the 
water possibly impacting the fish 
populations?  

Yes No  

 

Is the Turbidity of the River Impacting the Fish Population?  
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2. Elder, the teacher and the students walk down to the water to look at the river to see how 

turbid it is. While the Elder is talking, the students listen respectfully to what he has to 

share and take brief notes in their learning logs. 

 

a. The Elder and students look at the water flow, examine the appearance of the 

water, determine what is in it and determine whether the water temperature is hot 

or cold. 

 

b. The students mark down their observations on the table that the teacher has given 

them.  

 

c.  Teacher’s Questions: 

i. What is the measure of turbidity in the water based upon what you have 

observed? Is it high or low?  

 

ii. How is the turbidity affecting the water temperature, dissolved oxygen and 

photosynthesis?  

 

iii. Do you think the turbidity is high enough in the water to clog the fish 

gills? To affect the egg and larval development of the fish? 

 

iv. Is the water flowing slowly enough that the particles in the water can drop 

to the bottom and smother the fish eggs and invertebrates that live there? 

 

8. Elder’s Observations: 

The Elder talks about what he has observed happening with different fish such as Salmon and 

Whitefish when the turbidity in the water is high and low.  

9. The Elder, teacher and students return to the classroom. 

10. The teacher and students talk about Athabascan culture, beliefs, and values that the Elder 

shared about while they were talking about the natural conditions in the river. 

 

Activity 7- How Does Nitrate/Nitrogen Impact Salmon Populations? 

 

Objectives: 

 Learn how nitrate/nitrite affect subsistence resources 

 Learn what salmon can tell people about nitrate/nitrite readings in the river 

 

Resources: 

 Learning logs 
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Procedures: 

1. The teacher discusses the information on nitrate/nitrite found in section 3.2 of the lesson. 

2. Additional teaching information for the activity: 

According to Hach Water Company’s University, Nitrate-nitrogen levels below 90 mg/L and 

nitrite levels below 0.5 mg/L seem to have no effect on warm-water fish*, but salmon and 

other cold-water fish are more sensitive. The recommended nitrite minimum for salmon is 

0.06 mg/L. (Hach Water Company’s University. 2006. Important Water Quality Factors. 

http://www.h2ou.com/h2wtrqual.htm) 

Using water quality information to solve subsistence resource problems 

3. The teacher asks the students to answer the following questions about nitrate/nitrite and 

how it affects subsistence based upon the teachings. The students put the answers down in 

their learning logs.  

A. While you are doing water quality monitoring, you see many salmon swimming up the 

river to return to their spawning grounds.  

a. What can you expect the minimum nitrite to be in the river? 

b. When you reach the salmon spawning grounds by boat you see many salmon 

spawning there. You take a water quality test and get a reading of 12.0 mg/L for 

nitrate. 

c. Do you think your test results are accurate? Why or why not? 

B. Your community is concerned about the impact climate change may have on the nitrite 

levels in the river in the future. Scientists tell you that they expect the nitrite levels to reach 

0.5 mg/liter over the next 25 years.  

a. Will your grandchildren still be able to catch salmon in the river? Why or why 

not.  

C. Salmon require cold water temperatures with lots of dissolved oxygen in it in order to survive. 

As the nitrite levels increase in the water, the dissolved oxygen levels begin to drop due to an 

http://www.h2ou.com/h2wtrqual.htm
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increase in plants, biological activity, etc. Answer the following questions about the health of the 

salmon population as the nitrate levels change in the water: 

a. The nitrite levels increase slightly from 0.06 mg/L to 0.07 mg/L. The amount of 

dissolved oxygen that is available to the salmon drops slightly. 

i. Do you expect the salmon to be as healthy?  

b. The nitrite levels increase from 0.06 mg/L to 2.0 mg/L. The dissolved oxygen that is 

available to the salmon decreases dramatically.  

i. What do you expect to happen to the health of the salmon population? 

c. Will the salmon still be able to live in the river? 

Activity 8: Is the Electrical Conductivity in the River Desirable for Fish? 

 
Objectives: 

 Learn how conductivity affects subsistence resources 

 Figure out whether the conductivity in the river is desirable for fish (problem solving) 

 

Resources: 

 Table: Ranges of Conductivity for Fish 

 Learning logs 

 

Procedures: 

 

1. The teacher discusses the information on conductivity found in section 3.2 of the lesson. 

 

2. Additional information the students need to answer the questions below: 

 

 

 

 

 

Ranges of Conductivity for Fish 

“Electrical conductivity (EC) is a measure of how well a solution conducts electricity and is 

correlated with salt content. Conductivity is typically reported in units of mSiemens/cm 

(microsiemens per centimeter). Freshwater fish generally thrive over a wide range of electrical 



 58 

conductivity. Some minimum salt content is desirable to help fish maintain their osmotic 

balance” (Stone and Thomford, n.d.) For further information go to: University of Arkansas. 

Understanding Your Fish Pond Water Analysis Report. @  

www.uaex.edu/wneal/pond_management/pdf/FSA-9090.pdf 

 

3. The teacher makes copies of the table “Ranges of Conductivity for Fish” located in the 

Additional Teacher Resources page 174. He gives the table to the students so they can answer 

the questions below. 

 

Using water quality information to solve subsistence resource problems 

 

3. The teacher asks the students to answer the following questions about conductivity and 

how it affects subsistence based upon the teaching and the table. The students put the 

answers down in their learning logs.  

A. You take electrical conductivity (EC) readings in the river that is flowing through your 

community. Do you expect the EC to be higher or lower in each of the following 

situations?  

a. The river water is flowing through clay.             Higher    Lower 

b. The river is flowing through granite bedrock.     Higher Lower 

B. You take EC readings in three tributaries that are emptying into the river that flows 

through your region. Are the EC readings desirable or acceptable for the fish living in the 

water? 

a. Stream One: 1,500 uSiemens/cm    

b. Stream Two: 2,225 uSiemens/cm    

c. Stream Three: 1,250 uSiemens/cm    

Activity 9 – How can Mining Impact Human Health and the Environment? 

Objective: 

 Learn how mining can affect the environment over a long period of time 

 Understand how mining can contaminate subsistence resources 

 Consider how the contaminants from mines can impact human health 

 

Resources: 

http://www.uaex.edu/wneal/pond_management/pdf/FSA-9090.pdf
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 Red Devil Website: 

http://www.blm.gov/ak/st/en/fo/ado/hazardous_materials/red_devil_mine.html 

 
Procedures: 

 
1. The teacher discusses the teaching section 3.3 The problem with metals. 

2. Additional teaching information for the activity that talks about the potential long-term 

environmental effects from the metals mining and processing left behind after the Red 

Devil mine played out”  

“Less visible, but perhaps more impacting, is the potential long-term environmental 

effect metals mining and processing left behind after the mine played out. The primary 

metals of concern at the RDM include mercury, arsenic, antimony, and lead. The mining 

and processing of the ore (cinnabar) and the naturally metal-rich host rock resulted in 

large volumes of tailings with high metals content. Metals may leach from the tailings 

and enter ground and surface waters. Flooded underground mine works allow 

groundwater to come in contact with remaining ore and host rock, which in turn can then 

enter surface water and/or impact drinking water quality. The metals and their bio-

available decomposition products can bio-accumulate in the foodweb, potentially 

affecting human health and the environment.” 

http://www.blm.gov/ak/st/en/fo/ado/hazardous_materials/red_devil_mine.html 

 

3. The teacher has the students explore the Red Devil Mine Website at 

http://www.blm.gov/ak/st/en/fo/ado/hazardous_materials/red_devil_mine.html 

 

Using water quality information to solve subsistence resource problems 

 

4. The teacher asks the students to answer the questions about the problems with metals and 

how they affect subsistence resources based upon the teachings and the website. The 

students put the answers down in their learning logs.  

A. General Questions 

a. What are the primary metals of concern at the Red Devil Mine that can have an effect 

on the people’s subsistence resources?  

 

b. What created the tailings at the mine?  

c. Name one water source that the metals from the mine can leach into that will affect 

the fish living in the river.  

B .The area around Red Dog Mine has a rainy summer and the underground mine floods. The 

groundwater comes in contact with the remaining ore and host rock that is there and then 

flows into the river.  

http://www.blm.gov/ak/st/en/fo/ado/hazardous_materials/red_devil_mine.html
http://www.blm.gov/ak/st/en/fo/ado/hazardous_materials/red_devil_mine.html
http://www.blm.gov/ak/st/en/fo/ado/hazardous_materials/red_devil_mine.html
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a. Is the drinking water going to become contaminated? 

b. The metals can bio-accumulate in the food web that includes the fish the people 

eat.  

i. What is going to happen when the people eat the fish that the mercury has 

bio-accumulated in?  

 

c. If the metals leach into the river over a number of years will the people still be 

able to eat the fish? Why or why not? 
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Lesson Four – What Bugs Tell You About Your Water 

Quality 

Objectives: 

 To learn about biological monitoring 

 To study terms associated with biological monitoring (bethnic macroinvertebrate, riparian 

conditions etc.) 

 To understand why biological monitoring is important to the health of the river        

 To learn the steps involved with biological monitoring 

 To understand how to use the results from biological monitoring 

 To learn about the different kinds of macroinvertebrates (caddis flies, stone flies, etc.) 

that can be examined to monitor water quality 

 To identify the various habitats that macroinvertebrates live in 

 To study terms associated with macroinvertebrate habitat (riffle/cobble habitat, undercut 

banks/roots or vegetation, etc.) 

 To understand how varying flows and depths in the river create a variety of habitats for 

macroinvertebrates 

 To study terms associated with how the river flows (pool, riffle, etc.) 

 To understand how to collect macroinvertebrates from the different habitats 

 To learn how to sort, count, and identify macroinvertebrates 

Resources and Materials: 

1. Purchase the Streamkeeper’s Field Guide. Available on Amazon.com. 

2. Alaska Stream Team. Located in the Appendices CD. 

3. USGS Topographic map of your region. Can use the maps from earlier lessons. 

4. Volunteer Stream Monitoring: A Methods Manual 

 

Teaching: 

In the last lesson we learned about all the chemical and physical properties we want to test for in 

the waters of the Upper Kuskokwim Watershed. Now we want to learn about the critters that live 

in the waters and how they tell us the health of the Upper Kuskokwim watershed. When we use 

biological organisms to take a reading on the health of the water we call that “Biological 

Monitoring.” 

To carry out biological monitoring we will collect samples of biological beings and use them to 

decide the condition of a stream, and eventually the whole watershed. In wadable streams 
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(streams that can be easily walked across, with water no deeper than about thigh high), the three 

most common biological organisms studied are fish, algae, and macroinvertebrates. We will 

monitor the benthic (means they live on the bottom) macroinvertebrates (means they are big 

enough to see with your eyes and don’t have backbones). They are found in all types of running 

waters, from fast flowing mountain streams to slow moving muddy rivers. Macroinvertebrates 

found in the waters of our region are insects in their larval or nymph form. Most 

macroinvertebrates live most or part of their life cycle clinging to underwater rocks, logs, and 

vegetation. (USEPA Volunteer Stream Monitoring manual 1997: 47) 

 

Monitoring biological organisms, especially the benthic macroinvertebrates, will help provide a 

complete reading of our water quality. These organisms show the effects of physical habitat 

changes, exposure to toxins or other contaminations, and the collective impacts of these 

problems over their life cycle. (Alaska Stream Team, 2004:7) 

 

There are several reasons why macroinvertebrates are used for monitoring: 

 

• There are lots of them in most streams. 

• They can be collected quickly and easily. 

• They show collective impacts to a water system over an extended period of time. 

• They provide a link in the food chain between primary producers and fish. 

• They are a low-cost monitoring tool that anyone can use. 

 

It is also a great way for students and families to get a “hands-on” science experiment. The 

results can be read and used to find out the activities on stream and riparian conditions (what is 

sitting on or taking place along or near the bank of a river). These results also provide an 

excellent way to pick out water bodies that might need a closer look. (Alaska Stream Team, 2004:7) 

 

The basic principle behind the study of macroinvertebrates is that some are more sensitive to 

pollution than others. Therefore, if a stream site contains organisms that can tolerate pollution 

and the more pollution sensitive organisms are missing, a pollution problem is likely. For 

example, stonefly nymphs aquatic insects are very sensitive to most pollutants cannot survive if a 
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stream's dissolved oxygen falls below a certain level. If it is discovered that no stoneflies exist in 

a stream that used to support them, a guess might be that dissolved oxygen has fallen to a point 

that keeps stoneflies from reproducing or has killed them outright. 

 

There are advantages and disadvantages of biological monitoring. The advantage is that it tells us 

very clearly when the stream ecosystem has a problem, or is "sick," because of pollution or 

habitat loss. It makes sense that a stream full of many kinds of crawling and swimming "critters" 

is healthier than one without much life. The disadvantage is that it cannot definitively tell us why 

certain types of creatures are present or absent. In this case, the absence of stoneflies might be 

due to low dissolved oxygen. Why is that? Is the stream under oxygenated because it flows too 

slowly?  Or is it because pollutants in the stream are damaging water quality by using up the 

oxygen? The absence of stoneflies might also be due to other reasons like water temperatures are 

too high, habitat ruin such as excess sand or silt on the stream bottom that has ruined stonefly 

sheltering areas, or other conditions. Therefore a bioassessment (analyzing stream readings) 

should be added to the habitat and water quality readings in order to help explain the health of 

the stream, and eventually the watershed.  (USEPA Volunteer Stream Monitoring manual 1997: 47-48) 

 

Habitat, as it relates to the bioassessment, is defined as the “space occupied by living 

organisms.” In a stream, habitat for macroinvertebrates includes the rocks and sediments of the 

stream bottom, the plants in and around the stream, leaf litter and other decomposing organic 

material that falls into the stream, and submerged logs, sticks, and woody debris. 

Macroinvertebrates need the shelter and food these habitats provide and tend to congregate in 

areas that provide the best shelter, the most food, and the most dissolved oxygen. A habitat 

survey examines these aspects and rates the stream according to their quality. (USEPA Volunteer 

Stream Monitoring manual 1997: 47-48) 

 

Bioassessment results are usually reported as percent of streams in a watershed that are rated 

very good, good, or poor. Bioassessment is also used as an educational tool in citizen/volunteer 

monitoring programs to provide basic information about watershed health. Results can be used 

to: 

• Establish baseline characteristics 
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• Identify potential stressors to water quality 

• Target areas for more intensive testing efforts 

• Support land use planning and zoning management decisions 

• Identify areas that warrant special protection, restoration, or rehabilitation (Alaska Stream Team 

2004:8) 

 

For the purposes of the Upper Kuskokwim River watershed we will be monitoring 3 

macroinvertebrates:  (USEPA Volunteer Stream Monitoring manual 1997: 115) 

 

 

1. Stoneflies (Order: Plecoptera) 

 

 

 

2. Mayflies (Order:Ephemeroptera) 

 

 

 

 

3. Caddisflies (Order:Trichoptera)  

 

 

Stoneflies   (Wikipedia) 

Stoneflies have simple mouthparts with chewing mandibles or jaws, long, multi-segmented 

antennae, large compound eyes and two or three simple eyes. The legs are robust, with each 

ending in two claws. The abdomen is relatively soft, and may include remnants of nymphal gills 

even in the adult. Both nymphs and adults have long paired cerci (appendages) projecting from 

the tip of their abdomens. 

Stoneflies are generally not strong fliers, and some species are entirely wingless. A few wingless 

species are exclusively aquatic from birth to death. Some may also be fully aquatic for their 

entire life, but can leave the water to travel. 
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The females lay hundreds or even thousands of eggs in a ball which they initially carry about on 

their abdomen, and later deposit into the water. The eggs typically take two to three weeks to 

hatch, but some species eggs can remain dormant throughout a dry season, and hatching only 

when conditions are suitable.  

The nymphs are aquatic and live in the benthic zone of 

well-oxygenated lakes and streams. The nymphs resemble 

wingless adults, but often have external gills, which may 

be present on almost any part of the body. In addition, they 

can also breathe through the general body surface, and 

some even lack gills altogether. Most species are 

herbivorous (they eat plant material only) as nymphs, 

feeding on submerged leaves and benthic algae, but many 

are hunters of other aquatic arthropods.             Wikipedia  

The insects remain in the nymphal form for one to four years, depending on species, and undergo 

anything from 12 to 33 molts before emerging and becoming terrestrial as adults. The adults 

generally only survive for a few weeks, and emerge only during specific times of the year. Some 

do not feed at all, but those that do are herbivorous.  

Mayflies   (Wikipedia) 

Mayflies are aquatic insects whose immature stage (called 

"naiad" or, "nymph") usually lasts one year in freshwater. The 

adults live a short amount of time, from a few minutes to a 

few days depending on the species. Eggs are laid on the 

surface of lakes or streams, and sink to the bottom. Nymphs 

molt 20 to 30 times over a period of a few months up to a 

year, depending on the species. The nymphs live primarily in streams under 

rocks, decaying vegetation, or in the sediment. Few species live in lakes, but they 

are among the most common. Most species feed on algae or diatoms, but there 

are a few predatory species. The nymph stage may last from several months to 

several years, with a number of molts along the way. Most mayfly nymphs are 

distinctive in having seven pairs of gills on the dorsum (upper side) of the abdomen. In addition, 

most possess Wikipedia            three long cerci or tails at the end of their bodies. Some species have 

only two tails. In the last aquatic stage, dark wing pads are visible. Mayflies are unique among 

insects in that they molt one more time after growing functional wings. This last-but-one winged 

stage usually lives a very short time, often a matter of hours. Mayflies in this stage are a favorite 

food of many fish, and many fishing flies are modeled to resemble them.             
         

Caddisflies   (Wikipedia) 

Caddisflies are closely related to moths and butterflies. Caddisflies have aquatic larvae and are 

found in a wide variety of habitats such as streams, rivers, lakes, ponds, spring seeps, and 

temporary waters. The larvae of many species make protective cases of silk decorated with 

gravel, sand, twigs or other debris. 

http://en.wikipedia.org/wiki/File:SteinfliegenLarve2.JPG
http://upload.wikimedia.org/wikipedia/commons/d/da/Ephemeroptera-baetis-sp.gif
http://en.wikipedia.org/wiki/File:Baetis_tricaudatus_male_subimago_crop.jpg
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Caddisfly species can be found in all feeding guilds in stream habitats, with some species being 

predators, leaf shredders, algal grazers, and collectors of particles from the water column and the 

bottom. 

Caddisfly pupate in a cocoon spun from silk. Caddisflies which build the portable cases attach 

their case to some underwater object, seal the front and back against 

predation but still allow water flow, and grow within it. Once fully 

developed, most caddisflies cut through their cases with a special pair of 

mandibles, swim up to the water surface, cast off skin and their gills and 

mandibles, and emerge as fully formed adults. Many of them are able to 

fly immediately after breaking from their pupal skin.           Caddisfly larva emerging from  

            case made of plant material 

The adult stage of caddisflies, in most cases, is very short-lived, usually only 1–2 weeks, but can 

sometimes last for 2 months. Most adults are non-feeding and are equipped mainly to mate. Once 

mated, the female caddisfly will often lay eggs (enclosed in a gelatinous mass) by attaching them 

above or below the water surface. Eggs hatch in as little as three weeks. 

Caddisflies complete their life cycles in a single year. The general temperate-zone lifecycle 

pattern is one of larval feeding and growth in autumn, winter, and spring, with adults coming 

forth between late spring and early fall, although the adult activity of a few species peaks in the 

winter. Larvae are active in very cold water and can frequently be observed feeding under ice. 

Where to Look for Good Macroinvertebrate Collection Sites 

The first thing you do is look for wadable streams. The pictures provided give good ideas of 

where to collect for our region. 

 

 

Representative stream sites in the Tanana-Kuskokwim Lowlands ecoregion. 

(Rinella, 2009:6) 

http://en.wikipedia.org/wiki/File:Caddisfly_Larva.jpg
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Representative stream sites in the Yukon-Tanana Uplands ecoregion. 

(Rinella 2009: 6) 

Typically there are five areas of the stream to sample where macroinvertebrates live (habitat). 

From the habitat types identified below, select the areas that are the most common in the stream. 

Then you will be collecting a sample that is composed of “kicks or jabs” from these habitats. 

(For example, depending upon the stream you may collect 3 from the riffle/cobble and 2 from 

snag habitat in one stream and 3 from undercut banks and 2 from riffle/cobble in another 

stream.) The following descriptions can help you make your decision about the predominant 

habitat types: 

 

• Riffle/Cobble Habitat—fist-sized rocks on the bottom of a fast flowing stream. 

• Undercut banks/roots or vegetated bank margins—overhanging bank vegetation or 

submerged roots attached to the stream banks.  

• Snags—sticks or logs submerged underwater that are not recent downfall. 
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• Aquatic vegetation beds—areas of submerged vegetation.  (Alaska Stream Team 2004: 13) 

 

Varying flows and depths also create a variety of habitats for macroinvertebrates. Pools are deep 

with slow water. Riffles are shallow with fast, turbulent water running over rocks. Runs are deep 

with fast water and little or no turbulence. 

 

 

  Overview and cross sections of a pool, riffle, and run  
       (USEPA Volunteer Stream Monitoring Manual 1997: 56) 

 

Rapid Bioassessment using Macroinvertebrates 

Sample Collection 

 

A word of caution: Do not sample when the water is running high and fast. It may be dangerous 

and strong currents dislocate benthic (Bottom dwelling) organisms. Your results may not 

accurately reflect the quality of your site!  
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A team of two samplers outfitted with hip boots, long rubber gloves, and the D-net will collect a 

composite sample from five separate locations of the predominant habitats identified during the 

stream walk. (If riffle/cobble is your predominant habitat type and snag is your second most 

predominant habitat type, then you will collect three samples from the riffle/cobble habitat and 

two from snag habitat for a total of five.) A jab type of motion is used to collect the sample. The 

entire composite sample from the five sample locations is emptied into the bucket and is 

processed as one sample to represent your stream reach. (If you have collected a lot of debris, the 

net may need to be cleaned out in between the 5 samples.)  (Alaska Stream Team 2004: 15) 

 

 

 

 

 

 

 

 

 

 

 

 

Taking jabs from the bank. (Alaska Stream Team 2004: 14) 

 

The following describes how each habitat type is sampled using a D framed net.  

  

• Riffle/Cobble: Place the net in the stream with the water flowing into the net. One person 

should hold the net firmly in place on the stream bottom while the other person stands in front of 

the net. The person in front of the net dislodges the organisms from the rocks and substrate by 

picking up and rubbing the large rocks and moving these to the side and then stirring the smaller 

substrate underneath. Disturb the area 18 inches in front of the net and about 1.5 inches into the 

Stream bed for approximately 3 minutes. 

 

• Snag: Place the section of submerged wood into or in front of the net and rub off organisms 

from about 18 inches of the material for about 2 minutes. 
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• Undercut Banks: Approach the bank from downstream and jab the net vigorously along about 

18 inches of the bank with an upward motion to dislodge any organisms. The entire jab motion 

should occur underwater. Approximately 5 passes should be used to complete this jab. 

 

• Aquatic Vegetation Beds: Jab vigorously along about 18 inches of any vegetative beds with an 

upward motion of the net against or through the plant bed. This entire motion should occur 

underwater. Approximately 5 passes should be used to complete this jab. For younger groups, 

you may choose to use the kick net for sample collection. It is recommended that one sample be 

taken from two different riffle/cobble areas, preferably from the middle and edge of the stream. 

For variation, the kick net can be used to sample other habitats, such as the margins of weed-

beds and undercut banks. You will find the community of bugs in each of these habitats may be 

quite different than the other areas in the stream. (Alaska Stream Team 2004: 15-16) 

 

Sample Processing 

Samples should be processed in the field at the end of the sample collection. Some may contain a 

lot of leaves and rocks. A stir-and-pour technique is used to separate the insects and organic 

matter from the inorganic sand and rocks. After the entire composite sample is emptied into the 

bucket, stir it until the leaves and organic matter are suspended in the water. The floating organic 

matter can be visually inspected for insects and then placed back into the stream. 

 

Sorting, Identifying, and Counting 

Begin by removing the remaining leaves, twigs, and rocks from your sample. Look closely for 

bugs that are on stems of leaves, on twigs, and in cracks of rocks. Pick out all of the different 

types of organisms in the sample using the hand lens and forceps and transfer them to the ice 

cube trays. Group bugs by looking at the body shape and number of legs and tails. You may have 

several different types of each of the mayflies, caddisflies, and stoneflies. To assist in sorting into 

groups, you may also want to look carefully at the type of movement the bugs make. Many of 

these organisms are small and quick! An eyedropper or pipette may be useful to catch very small 

organisms. If you are having trouble catching some of the faster insects, try pouring some extra 

water into the pan. 
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Using the hand lens to separate the specimens by their physical differences. Again, the three 

most sensitive orders include mayflies (Ephemeroptera), stoneflies (Plecoptera), and caddisflies 

(Trichoptera). These are commonly referred to as EPT taxa. Each EPT group contains many 

species. These three groups are often considered the indicator species of stream health. Also 

separate other organisms into groups using physical characteristics (blackflies, worms, leeches, 

etc.) (Alaska Stream Team 2004: 16-17) 

 

Use the following general guidelines to differentiate the three main groups: 

 

• Mayfly nymphs wiggle back and forth when they move and have either two or three cerci or 

“tails.” They also have distinct gills on the lower abdomen. 

 

 

 

 

 

 

 

    (Alaska Stream Team 2004: 17) 

 

 

• Stonefly nymphs travel in a straight line, have only two cerci, have a smaller “neck” than 

mayflies, and generally have longer antennae. 
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    (Alaska Stream Team 2004: 17) 

 

• Caddisfly larvae are either in their little tube-shaped houses of leaves, twigs, or stone or they 

look like worms with heads and six jointed legs. 

 

 

 

 

 

 

 

 

 

     (Alaska Stream Team 2004: 17) 

 

 

If you have all three types of EPT bugs at your site, you probably have a very healthy site! It is 

important that you note the other organisms you discover in your sample.  
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Lesson Four- Water Quality Activities 

 

Activity 1 – Elder Teaches Students How to Read the River 
 

Objectives: 

 

 Elder teaches students how to read the river 

 Learn the difference between a pool, riffle, and a run 

 

Resources: 

 An Elder who can read how river flows. 

 Learning logs 

Procedures: 

1. The teacher invites an Elder to the classroom to teach the students how to read the river. 

2. The Elder, the teacher and the students walk down to the water to learn about how the river 

flows. 

 

 The Elder and students examine pools, riffles, and runs in the river. 

 

 The students draw the pictures of pool, riffles, and runs in their learning logs. 

 

 The Elder talks about the fish and aquatic life that lives in each of these parts of 

the river 

 

3. The Elder, teacher, and students return to the classroom. 

 

4. The teacher and students talk about Athabascan culture, beliefs, and values that the Elder 

shared about while they were talking about how to read the river. 

4.  

5. The students record their thoughts about what the Elder said in their journals.  

6. The students create a thank you note to send to the Elder to show their appreciation for the 

time they spent with them.  

Activity 2 - Acquire the Necessities for a Stream Habitat Walk 

Objective: 

 To teach participants how to prepare for a scientific excursion. 
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Resources: 

 Purchase the Streamkeeper’s Field Guide. Available on Amazon.com. 

Alaska Stream Team. Located in the Appendices CD. 

Procedures: 

1. Photocopy and laminate Streamkeepers’ Field Guide, pages 148 to 161. It would be good 

to color copy the pages for greater ease in identification of organisms. They list many 

more organisms beside the three we are looking for. This will enhance identification, 

charting and comparing them, etc. 

2. Access page 12 in the Alaska Stream Team located in the Appendices CD. Acquire the 

list of supplies and equipment that will be needed for the next activities. 

 

Activity 3 - Stream Classification 

Objective: 

 Participants will learn how to select streams for bioassessments 

Resources: 

 USGS Topographic map of your region. Can use the maps from earlier lessons. 

Volunteer Stream Monitoring: A Methods Manual 

 

Procedures: 

1. Select some steams in your area that are possible sites for bioassessment sites.  

2. Print out several copies of pgs. 57-62 of the Volunteer Stream Monitoring: A Methods 

Manual.  

3. Have the participants read through the pages, how would they classify the streams?   

4. Review Safety and stream etiquette from page 12 of the Alaska Stream Team located in 

the Appendices CD. 

 

Activity 4 - Take a Stream Habitat Walk 

Objective: 

 Participants will gain practice in scientific data collection and assessment. 

Resources: 

 Alaska Stream Team, pgs. 10-11, 18 

 GPS 
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 Topographic Maps 

 Equipment acquired from Activity #1 

 Camera 

  

Procedures: 

1. Take a Stream Habitat Walk, filling out the chart on pages 10-11 as best they can. 

2. Follow the instructions on page 18. If participants have trouble, read pages 13-17.  

3. Add charts to folders or binders. 
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Lesson Five – Measuring Water Quality  

Objectives: 

 To learn about surface water standards and guidance 

 To study water quality criteria that is listed under Section 304(a) of the Clean Water Act  

 To learn about water quality standards  

 To examine the Alaska water quality standards for pollutant and water use criteria      

 To study sampling measurements and equipment for on site water quality measurements 

Resources and Materials: 

1. Computer with Internet 

2. Map of the river 

3. Learning logs 

Teaching: 

I. Surface Water Standards and Guidance 

In case you are still wondering why we must take water quality tests of our water… it is required 

by Federal law. Our water is supposed to meet Section 304(a) (1) of the Clean Water Act that 

was passed in 1972. It required the development of criteria for measuring water quality that is 

based on the latest scientific knowledge. Section 304(a) also provides guidance to states and 

tribes in adopting water quality standards. 

The United States Environmental Protection Agency (EPA) was created under Section 304(a)(1) 

of the Clean Water Act to establish regulations and provide guidance to states, Indian tribes and 

U.S. territories. They ensure that standards and other measures are in place to protect human 

health and aquatic life in our nation’s lakes, rivers, streams and other surface waters.  

So that includes us in Alaska. We are required to meet the EPA’s water standards as close as 

humanly possible. Here is some basic information on the categories the EPA developed for their 

regulations as taken from their website: http://water.epa.gov/scitech/swguidance/standards/criteria/basic.cfm  

http://water.epa.gov/scitech/swguidance/standards/criteria/basic.cfm
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Glacial silt in the Kuskokwim River 

Photo by Teresa Hanson 

Water Quality Criteria 

Many types of microscopic plants and animals, such as plankton, water beetles, and insects that 

live in or on the water, serve as food for small fish. Small fish are eaten by larger fish which, in 

turn, are eaten by even larger fish. These large fish may become food for humans. All life along 

the food chain is dependent on the water environment and it is for this reason that the quality of 

the nation's surface waters must be protected. 

The Clean Water Act directs EPA to develop criteria for water quality that accurately reflect the 

latest scientific knowledge about the effects of pollutants on aquatic life and human health. In 

developing these criteria, EPA examines the effects of specific pollutants on plankton, fish, 

shellfish, wildlife, plant life, aesthetics, and recreation in any body of water. This includes 

specific information on the concentration and dispersal of pollutants through biological, physical, 

and chemical processes as well as the effects of pollutants on biological communities as a whole. 

States may use the criteria that are developed by EPA to help set water quality standards that 

protect the uses of their waters or they may develop their own water quality criteria. EPA 

publishes human health and aquatic life criteria and is currently developing sediment and 
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biological criteria. These criteria go together: each is designed to protect specific types of living 

organisms or ecological systems from the adverse effects of pollution. 

Human Health Criteria 

People can be exposed to water pollutants when they drink untreated surface water or eat fish, 

shellfish, or wildlife that have been contaminated by pollutants in surface waters. To reduce the 

risk to humans from these sources, EPA scientists research information to figure out what the 

level of intake of certain chemicals that probably won’t cause harm to human health. EPA 

publishes these levels as human health criteria that the states use, along with other information, 

to set allowable concentrations of pollutants in their water quality standards. In this way, EPA 

and the states work together to protect people from exposure to harmful pollutants in surface 

waters. 

Aquatic Life Criteria 

Aquatic life criteria provide protection for plants and animals that are found in surface waters. 

EPA develops these criteria and puts percentages or number limits on the amounts of chemicals 

that can be present in river, lake, or stream water without harm to aquatic life. Aquatic life 

criteria were planned to provide protection for both freshwater and saltwater aquatic organisms 

from the effects of acute (short term) and chronic (long term) exposure to harmful chemicals. 

Aquatic life criteria are based on toxicity information and are developed to protect aquatic 

organisms from death, slower growth, reduced reproduction, and the accumulation of harmful 

levels of toxic chemicals in their tissues that may badly affect consumers of such organisms. 

Sediment Quality Criteria Guidance 

In a healthy aquatic community, sediments provide a place to live for many living organisms. 

Worms, plants, and tiny micro-organisms that live in, or on the sediment, sustain the fish and 

shellfish that, in turn, nourish larger fish, wildlife, and man. 

Controlling the amount of pollutants in the sediment helps to protect bottom dwelling species 

and prevents harmful toxins from moving up the food chain and accumulating in the tissue of 
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animals at increasingly higher levels. This is really important at the lower levels of the food 

chain because the concentration of many pollutants may increase at each link in the food chain. 

A pollutant level in the sediment that does not harm snails of small fish may bioaccumulate in 

the food chain and become very harmful to larger fish, birds, mammals, wildlife, and people. 

EPA develops sediment quality criteria guidance on the concentrations or amounts of individual 

chemicals that can be present in river, lake, or stream sediments and still protect sediment-

dwelling organisms--and animals higher in the food chain--from the harmful effects of toxic 

pollutants. 

To understand why EP is developing water quality standards that will protect the health of the 

aquatic community in lakes and rivers. 

Biological Criteria 

A water body in its natural condition is free from the harmful effects of pollution, habitat loss, 

and other negative things. It will normally have a lot of natural plant variety and abundance of 

organisms. This biological integrity—or natural structure and function of aquatic life—can be 

very different in a variety of types of water bodies in different parts of the country. Because of 

this, EPA is developing methods that states can use to assess the biological integrity of their 

waters and, in so doing, set protective water quality standards. These methods will tell what 

scientific method is needed for figuring out a certain aquatic community's health and for 

maintaining the best conditions in various bodies of water. 

What are Water Quality Standards?  

Water quality standards are the foundation of the water quality-based control program mandated 

by the Clean Water Act. Water Quality Standards define the goals for a waterbody by 

designating its uses, setting criteria to protect those uses, and establishing provisions to protect 

water quality from pollutants. A water quality standard consists of four basic elements: 

http://water.epa.gov/scitech/swguidance/standards/about_index.cfm  

http://water.epa.gov/scitech/swguidance/standards/about_index.cfm


 80 

1. Designated Uses of the water body (e.g., recreation, water supply, aquatic life, agriculture), 

http://water.epa.gov/scitech/swguidance/standards/uses.cfm  

2.  Water Quality Criteria to protect designated uses (numeric pollutant concentrations and 

narrative requirements), http://water.epa.gov/scitech/swguidance/standards/crit.cfm   

3.   Antidegradation Policy to maintain and protect existing uses and high quality waters: 

http://water.epa.gov/scitech/swguidance/standards/adeg.cfm  

4.  General Policies addressing implementation issues (e.g., low flows, variances, mixing 

zones).  http://water.epa.gov/scitech/swguidance/standards/pol.cfm  

Alaska’s Water Standards 

Water Quality Standards for Designated Uses 

 

POLLUTANT & WATER USE CRITERIA 

 

(1) COLOR, FOR FRESH WATER USES (ADEC: 5) 

 
(C) Growth and Propagation of Fish, Shellfish, 

Other Aquatic Life, and Wildlife 

 

Color or apparent color may not reduce the depth 

of the compensation point for photosynthetic 

activity by more than 10% from the seasonally 

established norm for aquatic life. For all waters 

without a seasonally established norm for aquatic 

life, color or apparent color may not exceed 50 

color units or the natural condition, whichever is 

greater. 
 

 

(2) FECAL COLIFORM BACTERIA (FC), FOR FRESH WATER USES (ADEC: 5-6) 

 
(C) Growth and Propagation of Fish, Shellfish, 

Other Aquatic Life, and Wildlife 

Not applicable. 

 

 

(3) DISSOLVED GAS, FOR FRESH WATER USES (ADEC: 6-7) 

 
(C) Growth and Propagation of Fish, Shellfish, 

Other Aquatic Life, and Wildlife 

Dissolved Oxygen (D.O.) must be greater than 7 

mg/l in waters used by anadromous or resident fish. 

In no case may D.O. be less than 5 mg/l to a depth 

of 20 cm in the interstitial waters of gravel used by 

anadromous or resident fish for spawning (see note 

http://water.epa.gov/scitech/swguidance/standards/uses.cfm
http://water.epa.gov/scitech/swguidance/standards/crit.cfm
http://water.epa.gov/scitech/swguidance/standards/adeg.cfm
http://water.epa.gov/scitech/swguidance/standards/pol.cfm
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2). For waters not used by anadromous or resident 

fish, D.O. must be greater than or equal to 5 mg/l. 

In no case may D.O. be greater than 17 mg/l. The 

concentration of total  dissolved gas may not 

exceed 110% of saturation at any point of sample 

collection. 

 

(4) DISSOLVED INORGANIC SUBSTANCES, FOR FRESH WATER USES (ADEC: 7) 

 
(C) Growth and Propagation of Fish, Shellfish, 

Other Aquatic Life, and Wildlife 

Total Dissolved Solids (TDS) may not exceed 

1,000 mg/l. A concentration of TDS may not be 

present in water if that concentration causes or 

reasonably could be expected to cause an adverse 

effect to aquatic life. 

 

(5) PETROLEUM HYDROCARBONS, OILS AND GREASE, FOR FRESH WATER 

USES (ADEC: 7-8) 

 
(C) Growth and Propagation of Fish, Shellfish, 

Other Aquatic Life, and Wildlife 

Total aqueous hydrocarbons (TAqH) in the water 

column may not exceed 15 μg/l. Total aromatic 

hydrocarbons (TAH) in the water column may not 

exceed 10 μg/l. There may be no concentrations of 

petroleum hydrocarbons, animal fats, or vegetable 

oils in shoreline or bottom sediments that cause 

deleterious effects to aquatic life. Surface waters 

and adjoining shorelines must be virtually free 

from floating oil, film, sheen, or discoloration. 

 

(6) pH, FOR FRESH WATER USES (variation of pH for water naturally outside the 

specified range must be toward the range)  (ADEC: 8-9) 

 
(C) Growth and Propagation of Fish, Shellfish, 

Other Aquatic Life, and Wildlife 

May not be less than 6.5 or greater than 8.5. May 

not vary more than 0.5 pH unit from natural 

conditions. 

 

(7) RADIOACTIVITY, FOR FRESH WATER USES (ADEC: 9) 

 
(C) Growth and Propagation of Fish, Shellfish, 

Other Aquatic Life, and Wildlife 

May not exceed the concentrations specified in 

Table I of the Alaska Water Quality Criteria 
Manual for radioactive contaminants. 

Concentration factors for organisms involved may 

not exceed maximum permissible limits for specific 

radioisotopes and unidentified mixtures as 

established by 10 C.F.R. 20 

and National Bureau of Standards, Handbook 69. 
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(8) RESIDUES, FOR FRESH WATER USES: Floating solids, debris, sludge, deposits, 

foam, scum, or other residues (criteria are not applicable to groundwater) (ADEC: 9-10) 

 
(C) Growth and Propagation of Fish, Shellfish, 

Other Aquatic Life, and Wildlife 

May not, alone or in combination with other 

substances, be present in concentrations or amounts 

that: form objectionable deposits or result in 

undesirable or nuisance species. 

 

(9) SEDIMENT, FOR FRESH WATER USES (criteria are not applicable to groundwater) 
(ADEC: 10) 

 
(C) Growth and Propagation of Fish, Shellfish, 

Other Aquatic Life, and Wildlife 

The percent accumulation of fine sediment in the 

range of 0.1 mm to 4.0 mm in the gravel bed of 

waters used by anadromous or resident fish for 

spawning may not be increased more than 5% by 

weight above natural conditions (as shown from 

grain size accumulation graph). In no case may the 

0.1 mm to 4.0 mm fine sediment range in those 

gravel beds exceed a maximum of 30% by weight 

(as shown from grain size accumulation graph). In 

all other surface waters no sediment loads 

(suspended or deposited) that can cause adverse 

effects on aquatic animal or plant life, their 

reproduction or habitat may be present. 

 

 (10) TEMPERATURE, FOR FRESH WATER USES (ADEC: 11) 

 
(C) Growth and Propagation of Fish, Shellfish, 

Other Aquatic Life, and Wildlife 

May not exceed 20o C at any time. The following 

maximum temperatures may not be exceeded, 

where applicable: 

 

Migration routes 15o C 

Spawning areas 13o C 

Rearing areas 15o C 

Egg & fry incubation 13o C 

 

For all other waters, the weekly average 

temperature may not exceed site-specific 

requirements needed to preserve normal species 

diversity or to prevent appearance of nuisance 

organisms. 
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(11) TOXIC AND OTHER DELETERIOUS ORGANIC AND INORGANIC 

SUBSTANCES, FOR FRESH WATER USES (ADEC: 11-12) 

 
(C) Growth and Propagation of Fish, Shellfish, 

Other Aquatic Life, and Wildlife 
The concentration of substances in water may not 

exceed the numeric criteria for aquatic life for fresh 

water and human health for  consumption of 

aquatic organisms only shown in the Alaska Water 
Quality Criteria Manual, or any chronic and acute 

criteria established in this chapter, for a toxic 

pollutant of concern to protect sensitive and 

biologically important life stages of resident 

species of this state. There may be no 

concentrations of toxic substances in water or in 

shoreline or bottom sediments, that, singly or in 

combination, cause, or reasonably can be expected 

to cause, adverse effects on aquatic life or produce 

undesirable or nuisance aquatic life, except as 

authorized by this chapter. Substances may not be 

present in concentrations that individually or in 

combination impart undesirable odor or taste to fish 

or other aquatic organisms, as determined by either 

bioassay or organoleptic tests. 

 

(12) TURBIDITY, FOR FRESH WATER USES (criteria are not applicable to 

groundwater) (ADEC: 12-13) 

 
(C) Growth and Propagation of Fish, Shellfish, 

Other Aquatic Life, and Wildlife 

May not exceed 25 NTU above natural conditions. 

For all lake waters, may not exceed 5 NTU above 

natural conditions. 
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Water quality training on the Kuskokwim   

                                                                       Photo by Steven Nikolai Jr. 

 

II. Measuring Water Quality 

 

On Site Water Quality Measurements 

 

There are a number of parameters that can be measured at a water quality-sampling site. These 

include dissolved oxygen, temperature, and ph. The EPA Volunteer Stream Monitoring Manual 

explains sampling and equipment considerations for parameters that can be tested at the 

sampling site. This information will make excellent teaching materials for the class. We have 

listed the parameters and where they can be found in the EPA Volunteer Stream Monitoring 

Manual below: 

 

Sampling and Equipment Considerations for Measuring Water Quality Parameters 

 
1.  Dissolved Oxygen: (EPA Volunteer Stream Monitoring: 139-141)                                             

2. Temperature: (EPA Volunteer Stream Monitoring: 148)                                                            

3. PH: (EPA Volunteer Stream Monitoring: 151-152)                                                                    

4. Turbidity: (EPA Volunteer Stream Monitoring: 154-156) 

5. Nitrates: (EPA Volunteer Stream Monitoring: 168-170) 

6.   Conductivity: (EPA Volunteer Stream Monitoring: 180) 
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Lesson Five-Water Quality Activities 
 

The teacher will be using the video Tribal Waters: The Clean Water Act in Indian Country for 

these activities. This video presented from a tribal perspective explains the Clean Water Act, 

why it is important to monitor water quality, and sources of pollution in a way that is easy for the 

whole community to understand.   

Activity 1 –Watch Tribal Waters: The Clean Water Act in Indian Country  

Objectives: 

 Elders and students watch the video “Tribal Waters: The Clean Water Act in Indian 

Country” together                                                                                                                                    

 Elders and students discuss what they have learned about water quality from the video 

Resources: 

 Elders who would like to learn more about water quality.       

 The video “Tribal Waters: The Clean Water Act in Indian Country” 

Procedures: 

1. The teacher invites Elders and community members to the classroom to watch the video 

“Tribal Waters: The Clean Water Act in Indian Country” so they can learn about water 

quality monitoring and why it is important for a community. 

 

2. The Elders, community members and students view the video and then discuss what they 

thought about it. 

3. The students write a reaction paper about the video. 

Activity 2: Compare a Place Without Water to One with Water 

Objectives: 

 Watch the portion of the  “Tribal Waters: The Clean Water Act in Indian Country” video 

that compares a place without water to one that has abundant water. 

 Compare a place that does not have water with one that has abundant water 

 Write or draw about a place that does not have water and a place that has abundant water 

Resources: 

 The video “Tribal Waters: The Clean Water Act in Indian Country”                                    

Learning logs                                                                                                                             

Drawing paper and markers 
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Procedures: 

The teacher shows the students the portion of the “Tribal Waters: The Clean Water Act in Indian 

Country” that talks about comparing a place that does not have water with a place that has water. 

a. Where in the video: (1 second to 24 seconds) 

2. He asks the students to think about the following: 

a. Think about what a place without water looks like? 

b. Think about what a place with clean water looks like? 

c. Now compare the two places 

3. The students write about or draw what each of the places look like in their learning logs 

and think about the differences. 

 

4. The students share what they have written or drawn with the class.  

Activity 3 - Learn about the River that Caught on Fire 

Objectives: 

 Watch the portion of the  “Tribal Waters: The Clean Water Act in Indian Country” video 

that describes how the Cuyahoga River caught on fire 

 Understand how serious pollution can be for a river     

 Examine sources of pollution in the student’s community 

Resources: 

 The video “Tribal Waters: The Clean Water Act in Indian Country”  

 Learning logs                                                                                                                              

Procedures: 

1. The teacher shows the students the portion of the “Tribal Waters: The Clean Water 

Act in Indian Country” video that describes how the Cuyahoga River that caught on 

fire. 

a. Where in the video: (1 min: 2 sec to 1 min: 22 sec) 

2. The teacher asks the students to look at the picture to try to identify what sources may 

have caused the fire.  

 

3. He then shows the students the You Tube video called “Don’t Fall in the River” 

(www.youtube.com/watch?v=nlHiaZFvcXA) which describes how badly the 

Cuyahoga River was polluted.  

 

4. The teacher asks the students to think about the following questions: 
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a. Is it possible for the water in their community to become as polluted as the 

Cuyahoga River was back then? 

 

b. What could cause their river to become as polluted Cuyahoga River? 

i. Is there anything that they could dump in the river that would cause it to 

catch on fire? 

 

ii. Is there anything toxic that they could dump in their river that would harm 

the people and wildlife using it? 

 

c. How can they prevent this kind of pollution from happening in their community? 

Activity 4 - Study the Clean Water Act  

Objectives: 

 Watch the portion of the  “Tribal Waters: The Clean Water Act in Indian Country” video 

that discusses the Clean Water Act 

 Learn about the Clean Water Act 

Resources: 

 The video “Tribal Waters: The Clean Water Act in Indian Country”  

 Learning logs                                                                                                                              

Procedures: 

1. The teacher shows the students the portion of the “Tribal Waters: The Clean Water Act in 

Indian Country” talks about the basics of the Clean Water Act. 

 

a. Where in the video: (1 min: 23 sec to 5 min: 31 sec) 

2. The teacher asks the students the following questions about the information in the video 

and asks them to write the answers down in their learning logs. 

 

a. What kind of law was the Clean Water Act originally? 

b. Under the Clean Water Act, what two things did Congress want the Federal 

government to do against polluters? 

 

 What are the two plain language goals that the Clean Water Act sets forth for 

water? 

 

c. Why did the tribes feel it was their responsibility to regulate, monitor, and protect 

the waters on their land? 

d. What are the four sections of the Clean Water Act? 
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Activity 5 – How the Clean Water Act Protects Water in the Community 

Objectives:  

 Watch the portion of the  “Tribal Waters: The Clean Water Act in Indian Country” video 

that talks about water quality monitoring 

 Have Elders and students take a walk to the river to talk about how clean they want the 

water to be in their community 

Resources: 

 The video “Tribal Waters: The Clean Water Act in Indian Country”  

 Elder who knows about the water in the community 

Procedures: 

1. The teacher invites the Elders and community members to class to talk about how clean they 

want their water to be. 

 

2. The teacher shows the students the portion of the Tribal Waters: The Clean Water Act in 

Indian Country”, how it can help a tribe, and then discusses Section 106 of the Clean Water 

Act which addresses Water Quality Monitoring. 

3.  

a.  Where in the video: (5 min: 35 sec to 10 min: 12 sec) 

4. The Elder, teacher, and class take a walk to the water in their community. 

a. The teacher asks the Elder and students to talk about: 

i. How clean do you want your water? 

ii. How clean do you think it is now? 

4. When the Elder speaks to the class, the students listen respectfully to what he has to share and 

take brief notes in their learning logs. 

5. The Elder, community members, teacher and students return to class. 

5.aThe teacher and students talk about Athabascan culture, beliefs, and values that the Elder 

shared with the students during his talk on water in its natural state and the Upper Kuskokwim 

community.  

6.aThe students record their thoughts about what the Elder said in their journals.  

7. The students create a thank you note to send to the Elder to show their appreciation for the 

time they spent with them.  
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Activity 6 – Attend College to Safeguard the Water in the Community  

Objectives: 

 Watch the portion of the  “Tribal Waters: The Clean Water Act in Indian Country” video 

that community members receiving an education that will help keep the water clean in 

their community.  

 Learn why a water quality program works in a community 

 Look at Bristol Bay Campus’s Environmental Science program 

Resources: 

 The video “Tribal Waters: The Clean Water Act in Indian Country”  

 Learning logs 

 Internet 

Procedures: 

1. The teacher shows the students the portion of the “Tribal Waters: The Clean Water Act in 

Indian Country” video that talks about the commitment the community members have 

made to do the water quality testing including getting bachelor’s and master’s degrees in 

environmental science  

a. Where in the video: (10 min: 12 sec to 11 min: 18 sec) 

2. The teacher asks the students to three reasons the tribe’s water quality program in the 

video is working in their learning logs. 

3. The teacher explains that Bristol Bay campus has a certificate in Environmental Studies 

that the students may be interested in taking. The teacher has the students do the 

following: 

a.  Go to the Bristol Bay campus website and explore the homepage 

(http://www.uaf.edu/bbc/) 

b. Have the students read the UAF Bristol Bay Environmental Science Lab page 

http://www.uaf.edu/bbesl). The students write down in their learning logs why 

Bristol Bay is doing water quality monitoring and sampling. 

c. The students look at Environmental Certificate Studies program 

(http://www.uaf.edu/bbesl/academic-programs/). They download the PDF for the 

certificate and read it. 

http://www.uaf.edu/bbesl
http://www.uaf.edu/bbesl/academic-programs/
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d. The teacher asks the students: 

i. If there are there any courses they would be interested in taking? 

ii.  How could the water quality courses Bristol Bay offers help the 

community with water quality testing? 

Activity 7 - Identify the Parts of a Water Quality Testing Meter 

Objectives: 

 Watch the portion of the  “Tribal Waters: The Clean Water Act in Indian Country” video 

that talks about water quality monitoring shows a meter 

 Learn about a water quality meter 

 Label the parts of a water quality meter 

 Explore the Ben Meadows Equipment website to look at water quality meter 

Resources: 

 “Tribal Waters: The Clean Water Act in Indian Country” video 

 Parts of a water quality meter illustration to look at and label 

Procedures: 

1. The teacher shows the students the portion of the “Tribal Waters: The Clean Water Act in 

Indian Country” video that talks about water quality testing and shows a meter. 

a. Where in the video: (5 min: 35 sec to 9 min: 10 sec) 

2. The teacher makes copies of the following pictures of a water quality meter located in the 

Additional Teacher Resources page 179. He gives it to the students so they can label the parts of 

the meter. 
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Parts of a water quality meter labeled Parts of a water quality meter to label 

 

Information: There are many different kinds of water quality meters. The ones that are 

electronic and can measure one or more parameters at once such as dissolved oxygen, 

conductivity, temperature, and optional pH and ORP (connected with wastewater) readings 

generally look like the ones above. 

These are what each of the parts of a water quality meter do: 

A. Cable: connects the water quality probe to the case. 

B. Case: houses the electronics that shows the water quality readings on the screen. The 

batteries to run the meter are housed in the back of the case.  

C. Probe: takes the water quality readings. 

D. Screen: shows the water quality readings. 

E. Water quality readings on the screen: lets the sampler know what the dissolved 

oxygen, conductivity, temperature, and optional pH and orp (connected with wastewater) 

readings are at the water sampling site. 

1. The teacher explains what the purpose is for each of the water quality meter parts and 

asks the students to write down what each part is used for in their learning logs. 

2. The students label the numbered part on the water quality meter. 
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3. The teacher then divides the students into teams and asks them to go to the Ben Meadows 

catalog on the Internet (Benmeadow.com) and type in the word water quality meter in the 

search box.  

4.  

5. The teams look up water quality meters and find one that has the same parts as the YSI water 

quality meter. The teams draw a picture of the water quality meter that they have found in the 

catalog in their learning logs and label the parts. 

6. The teams talk about the different water quality meters that they have found with the class. 

Activity 8 – Can Salmon Live in This River? 

Objectives: 

 Watch the portion of the  “Tribal Waters: The Clean Water Act in Indian Country” video 

that talks about water quality standards. 

 Learn about the Alaska State Water Quality Standards 

 Have students work with two sets of hypothetical water quality readings to determine if 

salmon can live in the river 

 Resources: 

 The video “Tribal Waters: The Clean Water Act in Indian Country”  

 Water Quality Standard Sampling Table for Salmon  

 Learning logs 

Procedures: 

1. The teacher shows the students the portion of the “Tribal Waters: The Clean Water Act in 

Indian Country” video that talks about water quality standards. 

 

a. Where in the video: (11 min: 20 sec to 14 min: 39 sec) 

 

2. The teacher copies the Water Quality Standard Sampling Table page (See additional 

teacher resources) and gives a copy of it to the students. 
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Water Quality Standard Sampling Table for Salmon  

3. The teacher talks with the students about the teaching section in this lesson on “What are 

Water Quality Standards?” 

4. The students look over the Alaska State Water Quality Standards Table in the teaching 

section on “What are Water Quality Standards.” 

5. The teacher tells the students that they are going to work with water quality standards for 

salmon.  

6. The teacher explains the Water Quality Standard Sampling Table for Salmon that he has 

copied and given to the students: 

A. The water quality standard category:  Water Quality Standards are divided into 

categories because people test the water for different reasons. For example, the water 

can be tested to see if the salmon can grow and propagate in the river. The category 

for this is called Growth and Propagation of Fish, Shellfish, Other Aquatic Life, and 

Wildlife under the Alaska State Water Quality Standards. 

B. Parameter that is being tested: The parameters that you can test the water for 

include dissolved oxygen, pH, temperature, turbidity, etc.. This table works with 

dissolved oxygen, pH, and temperature. 

C. Test results for sampling site #: These are the test results that are taken at the 

sampling site. In this exercise, students will enter numbers from two sampling sites 
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into the table to see if the water at the sampling site meets the water quality standards 

for salmon. 

D. The water quality standard for salmon: This part of the table lists the water quality 

standards that have been set for salmon. These standards ensure that the salmon that 

are living in the river remain healthy. For example, the temperature may not exceed 

20
0 

C. at any time in the river. 

E. Does the parameter meet the Alaska state water quality standards? Yes/No: The 

students compare the test results that they are given from the sampling sites to the 

water quality standards in the table. The students put down whether the parameter do 

or do not meet the Alaska state water quality standard. 

7. The teacher asks the students to: 

a.  Enter the test results from Sampling Site 1and Sampling Site 2 into the Water 

Quality Sampling Table for Salmon that he has given to the students. 

b. To determine whether the test results meet the water quality standards for salmon 

c. To predict whether: 

i. Salmon can live at Sampling Site 1 based on the water quality results. 

(Why or why not?) 

ii. Salmon can live Salmon can live at Sampling Site 2 based on the water 

quality results. (Why or why not?) 

Test Results to Put in the Water Quality Sampling Table for Salmon 

Sampling Site 1 

D.O. in the river: 8 mg/liter 

D.O. at the spawning ground: 4mg/liter 

PH in the river: 5.5 

Temperature: 22
0
 C. 

Sampling Site 2 

D.O. in the river: 6 mg/liter 

D.O. at the spawning ground: 5 mg/liter 

PH in the river: 7.0 

Temperature: 22
0
 C
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The students look at the Alaska State Water Quality standards for Growth and Propagation of 

Fish, Shellfish, Other Aquatic Life, and Wildlife. 
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Lesson Six – What is a Quality Assurance Plan (QAPP)? 

 

 

The Kuskokwim River flows through many communities.                                                                                  

Photo by Teresa Hanson 

 

Teaching: 

A. What is a QAPP? 

A QAPP is an abbreviation or acronym for “Quality Assurance Project Plan.” Remember how 

we said that Federal law requires water quality testing? Well the QAPP is the document that 

serves as the tool for tribes to interact with the Federal law and governmental agencies. Is it is 

the plan of action that shows that the testing and other procedures are carried out by methods that 

meet the standards set up by Environmental Protection Agency (EPA). 

This document contains a several sets of information that tells everyone what you are going to do 

and how you are going to do it, and who you are sending the results to. More specifically it 

contains: 

 Includes a distribution list of who receives a copy; 

 Who the people are who are conducting the water quality testing and monitoring work; 
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 Outlines the monitoring work, including a description of the exact tests you will be 

taking; 

 Has to be turned in and approved by the EPA Region 10 office and the Alaska 

Department of Environmental Conservation (ADEC) before any work begins; 

 Describes the types of equipment that will be used to conduct the testing; 

 Includes the Standard Operating Procedures (SOP’s) as outlined up by EPA and ADEC, 

that must be followed to comply with their standards when taking the water quality tests; 

 Exact locations of your test sites and how often they will be tested; 

 Shows proof of testing and monitoring personnel’s trainings and recertifications. 

Once your QAPP has been submitted and approved by the EPA and ADEC, the actual water 

quality testing can begin. You have to pay close attention to the guidelines you included that 

were approved for your specific set of tests. This document has to be renewed every year, so if 

you have to do something different during the actual testing and monitoring, you add those 

revisions to your QAPP when you resubmit it the following year. (Chytlook: 8-11) 

So let’s start breaking this document apart and learn what it is all about. The first question should 

be, “what is quality assurance?” 

 

Testing the Kuskokwim River water   

                                                                               Photo by Steven Nikolai Jr. 
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Quality Assurance 

Quality Assurance (QA) generally refers to a broad plan for maintaining quality in all aspects of a 

program. This plan should describe how you will undertake your monitoring effort: proper 

documentation of all your procedures, training of volunteers, study design, data management and 

analysis, and specific quality control measures. (Volunteer Stream Monitoring: 131)  

So… what is quality control? 

 

Quality Control 

Quality Control (QC) consists of the steps you will take to determine the soundness of your specific 

sampling and analytical procedures. Quality assessment is your assessment of the overall precision 

and accuracy of your data, after you've run the analyses. (Volunteer Stream Monitoring: 131) 

B.  Why Does a Tribe Need to Write a QAPP? 

 

We write a QAPP because we have to, in order to comply with the EPA and ADEC. This 

document assures that we are following their steps, their standards, their methods when we take 

our water samples. And we have to have it approved before we can start monitoring our waters. 

 

 C.  How to Write a QAPP (Bogan, 2011) 

 

“Okay, so we know that there are many steps to go through in order to develop a QAPP, and 

sometimes it is difficult to know just where to begin- but not to worry! Some of the information 

needed for a QAPP is based on what you already know. Here are some helpful tips to get you 

started from Dan Bogan, University of Alaska Anchorage:  

 “Start by identifying your problem:  
 Is pollution a concern in your community?  
 Are you concerned about specific impacts in your environment and need 

some way to help answer community questions?    
 Do you need baseline information to determine the current natural 

conditions of your water resources and their surrounding areas?  

 Are you recognizing that the impacts are growing and you want to track 

changes over time? 
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 Do you want to establish background information for future data users, or 
for the use of future generations?  

 

 Document any available background information. This is a great way to incorporate    
 traditional wisdom and local knowledge. Surveys and interviews with people. 
 
 Speak with the Elders bout what types of changes they have seen throughout the years.       
 (Habitat, fish and wildlife changes.)  
 
 Talk to your community members about stories that have been shared.  

 
 Document their comments through surveys and interviews. 

  
 Collect pictures of the changes that have been seen. 

 
 Are there pictures of your area to help you describe the types of changes you've seen or 

heard about?  
 

 Is there any other background information, scientific or otherwise that you could 

document? 
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 Write up a. summary of the type of work you would like to perform (who, what, 

when and where?).  

 
- Who will participate 0n your team of water quality monitors?  
- What type(s) of monitoring will you use (physical, biological, and/or chemical?).  

* If chemical, what would you like to test for? (Go back to your problem  

   identification: Is there point source pollution to bal with, i.e.- oil spill, dumpsite,  
   mining development?)  
   

These are more technical questions and you will need to look at the list of Data  

  Objectives (DQO's) to help you decide what testing equipment to use. 
   DQO's as well as Standard Operating Procedures (SOP's) have been developed  

   by NA FWS and Cook Inlet Keepers to help guide you through the technical  
   side of QAPP. While SOP's are still in the submittal process for approval,  
    

DQO's are now available for your use!  
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 When will you conduct your monitoring events?  

 

 Annually - Used for habitat inventory  
 Monthly (a regularly scheduled event over a long period of time, generally 

many years)-  In the form of chemical analyses used for developing baseline 
information, which can  also be used by governmental agencies.  

 Seasonally (once in the spring, once in the fall) - used for biological monitoring  
a.k.a. - rapid bioassessment!  
 

 Where will you conduct your monitoring? Be sure to choose sites that are 
representative of the area to be monitored. We want to compare apples to apples, not 
apples to oranges!  

So there you have it. Keep in mind there are still more elements to be covered in writing your 
QAPP, but don't get discouraged! While this is a brief overview of how to start your QAPP, the 
questions here will help pull together the basic elements to get you headed in the right direction. 
Here are some encouraging tips:  

 Be patient. Development of QAPP takes time and a little research.  
 Educate yourself. Learn the terminology and definitions to help you better understand 

the process. (There's actually a glossary for this stuff!) Who knows, maybe you'll be 
just the person to help others learn about QAPP.  

 Keep your community involved as much as possible.  
 Don't be afraid to ask other Tribes, agencies, or organizations for ideas and advice!”  

 

o There are other sources of information to help you understand the QAPP process. 

Please visit these websites for more details: 

https://www.dec.state.ak.us/water/wqapp/qapp-generic.pdf   · PDF file 

 

www.epa.gov/r10earth/offices/oea/egaqar5.pfd  

www.epa.gov/r10earth/offices/oea/epaqag5.pfd “ 

 

In the set of activities for this lesson, the students will gather the background information that the 

tribal council can be used to develop a QAPP for water quality in the community.  

 

 

 

 

https://www.dec.state.ak.us/water/wqapp/qapp-generic.pdf
http://www.epa.gov/r10earth/offices/oea/egaqar5.pfd
http://www.epa.gov/r10earth/offices/oea/epaqag5.pfd
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Lesson Six- Water Quality Activities 

These activities are designed to give students a basic introduction to writing a QAPP. If you 

would like further information about QAPPs so that you can develop additional activities please 

refer to the Native to the Native American Fish and Wildlife Service QAPP in the Appendices 

CD.  

Activity 1 - Use Local Knowledge to Learn About the River 

(Can be used to help write QAPP background section) 

Objectives: 

 Use local knowledge to predict the natural conditions of the water in the community 

 Use local knowledge to help write the background for a Quality Assurance Project Plan 

Resources: 

 Camera 

 Learning logs 

 Computer 

Procedures: 

The teacher divides the students into teams and explains that they are going to be using local 

knowledge to predict the natural conditions of the water in the community.  

1. The teacher and the class take a walk to look at the body of water in their community.  

 

2. The teacher asks the students the following questions: 

a. Is the level of dissolved oxygen in it high or low?   
1. If it is spring and the water is running swiftly the dissolved oxygen is probably 

high. 
2. If it is fall and the river is barely running than the level of dissolved oxygen is 

probably lower than in the spring. 
 

b. Is the water cold or warm? 
1. If there are salmon or whitefish living in the river the water is cold.  
2. If there catfish the water is warm. 

 
c. What is the general pH range of the river 

3. If there are fish or macroinvertebrates living in the river the pH range is probably 
between 6.5-8.0. 



 103 

4. If there are no fish or macroinvertebrates living in the river the pH may not be 
within that range 
 

d. Is the water clear or turbid?  
1. Put water in a glass jar 

i. If the water is clear then it is not turbid. 
ii. If the water is muddy then it is turbid. 
 

e. Is the conductivity in the river higher or lower?  
 

1. If the water is running through granite it is higher 
2. If the water is running through clay it is lower. 

 
f. Is the level of nitrates high in the river 

1. How many plants are growing in the river 
i. If there are a normal of plants growing in the river than the nitrate 

level is probably normal. 
i. If there is an increase in plants growing in the river the nitrate level may 

be higher than usual. 
 

2. The teams write down the answers to the questions in their learning logs. 
  

3. They take pictures or create drawings that will help explain what they have found.  
 

4. The teams write a report of what they have found and illustrate it. Afterwards, they share 
their findings with the class. 

 

Activity 2 - Interview Elders about Changes in the Health of the River 

(Can be used to help write the QAPP background section) 

Objectives: 

 Survey Elders and community members about the changes they have seen in the area that 

can affect water quality 

Resources:  

 Elders and community members 

 Survey developed by students (optional) 

 Computer 

Procedures: 

The teacher works with the students to develop interview questions or surveys to learn what 

changes have occurred in the area during the years that can affect the water quality. 
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1. The teacher asks the students to brainstorm interview or survey questions such as: 

a. Have you seen any changes in the habitat during the year along the waterway? 

b. Have the fish populations increased, decreased or stayed the same during the 

years. If the fish populations have dropped, do you think something in the water is 

causing it? 

c. Is there a change in the wildlife that is using the water? Do you have any stories 

that you can share about the changes that have happened? 

2. The teacher and the students interview or survey Elders and community members about 

the changes they have seen. 

3. Additional ideas: 

a. The teacher works with the students to ask Elders and community members if 

they have pictures that will help show the changes in the area.   

b. The teacher works with the students to check with the Tribal Council and the 

environmental office to see if there is any other background information, 

scientific or otherwise that will help explain the changes that have taken place.  

Activity 3 - Investigate Sources of Pollution in the Community  

(Can be used to help write QAPP needs section) 

Objectives: 

Investigate sources of pollution in the community that can impact the water quality 

Resources: 

 Table: “Sources of Pollution that Affect Water Quality in the Community” 

 Learning logs 

Procedures: 

1. The teacher divides the students into teams and explains that they are going to be looking 

for sources of pollution that can be harming the health of the river flowing through the 

community. He copies the table “Sources of Pollution that Affect Water Quality in the 

Community”. See table at the end of the lesson. 

2. The teacher talks with them about the sources of pollution they will be looking for when 

they take a walk around the community. These sources include: 
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 Abandoned vehicles 

 Batteries 

 Chemicals 

 Fertilizers 

 Four Wheelers 

 Gasoline 

 Human Waste 

 Landfill 

 Metals 

 Oil Barrels or Cans 

 Old Four Wheelers 

 Old Snow Machines 

 Trash Bags 

 Other Pollutants

The teacher and the students take a walk through the community and look for sources of 

pollution. They fill out the following information on the table for each pollutant that they find: 

 Circle the name of the pollutant 

 Read about what the pollutant does 

 Do you want to take care of the pollution problem now? 

 Is the pollution problem growing? 

 Can you track the pollution changes over time? 

The teacher and teams return to the classroom. They work together to decide to which pollutants 

should be taken care of first.   

The teams write a report of what they have found and illustrate it. Afterwards, they share their 
findings with the class. 
 

Activity 4 - Write Up a Summary of the Water Quality Testing Work 

(Can be used to help write QAPP project organization, tasks, and sampling design sections) 

Objective: 

 Learn to write the project organization, tasks, and sampling design sections of the QAPP 

Resources: 

 Learning logs 

Procedures: 

1. The teacher divides the students into teams. He explains that they will be writing a 

summary of the work that they would like to have done under the QAPP. The summary will 

be based on the information they have obtained from doing the first three activities.  
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2. The teacher asks the students to answer the following questions that they will use to write 

the summary of the work that they would like to do: 

a. Who will participate on your team of water quality monitors? 

i. Who will take the tests? 

ii. Who will make sure the tests are taken right? 

iii. Who will drive the boat to the water sampling sites? 

 
b. What type (s) of water quality monitoring will you use (physical, biological, 

and/or chemical?). 
 

 
i. Physical monitoring is taking the tests for dissolved oxygen, pH, 

temperature, turbidity, conductivity and nitrate 
 

ii. Biological is the macroinvertebrate testing for caddisflies, mayflies and 
stoneflies. 
 

iii. Chemical is testing for contaminants in the water. Did the class find some 
point source pollution such as an oil spill, a landfill near the water, or 
mining being developed in the area that may be releasing oil, gasoline or 
heavy metals into the water. 
 

3. What time of the year will you monitor? 
 

a. Annually - Used for habitat inventory 
b. Monthly (a regularly scheduled event over a long period of time, generally many 

years)-  In the form of chemical analyses used for developing baseline 
information, which can  also be used by governmental agencies. 

 
c. Seasonally (once in the spring, once in the fall) - used for biological monitoring  

a.k.a. - rapid bioassessment!  
 

4. Where will you be taking the water samples from?      
 

a. Pick three places that you would like to take water samples from in the area 
 

b. “Make sure that the sites you pick give a good representation of the area that is 
being monitored. In other words-represent the area that is to be monitored. 

 
c. Be sure to choose sites that are representative of the area to be monitored. We 

want to compare apples to apples, not apples to oranges.” (Bogan, 2011) 
 
5. The students answer the questions in their learning logs.  
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6. Afterwards the teacher works with the students to write the summary of the work that 
they would like to do. 

 

Activity 5: Choose Water Quality Testing Equipment 

(Can be used to help write QAPP instrument section) 

Objectives: 

 Pick out the scientific instruments that will be used for the water quality monitoring. 

Resources:  

 Internet 

 Ben Meadows Online Catalog (Benmeadows.com) 

Procedures: 

1. The teacher divides the students into teams. He tells the students to go to the Ben 

Meadows Catalog and look up instruments to measure the following water quality 

parameters: 

a. Dissolved oxygen 

b. Temperature 

c. pH 

d. Turbidity 

e. Conductivity 

f. Nitrates 

The teacher explains that when a tribe or other organization is writing a QAPP they have to put 

in the name of the scientific instrument that they will be using to measure the water quality 

parameter and how they will go about using it. 

The teams: 

a. Pick out the instruments that they want to use to measure the water quality parameters 

and explain why the chose this instrument in their learning logs. 

 

b. Write a brief explanation of how they will use each instrument in their learning logs 

and share the information with the class.  
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Activity 6 -Study a Generic QAPP 

 

Objective: 

For participants to learn to collect data in a manner that is consistent with the requirements of the 

Water Programs Quality Assurance Management Plan and the Generic Quality Assurance 

Project Plan, Sampling and Analysis Activities developed by the Alaska DEC, Division of 

Water.  

Resources: 

http://www.dec.state.ak.us/water/wqapp/water_quality_management_plan.pdf   

http://www.dec.state.ak.us/water/wqapp/qapp‐generic.pdf  

 

Procedure: 

 

1. Read documents listed above to become familiar with QAPPS.  

 

 

 

 

 

 

 

http://www.dec.state.ak.us/water/wqapp/water_quality_management_plan.pdf
http://www.dec.state.ak.us/water/wqapp/qapp‐generic.pdf
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Lesson Seven – Take A Water Sample! 

Objectives 

 To know how to prepare for the water sampling project 

 To learn how to collect and analyze samples 

 To practice graphing water quality test results 

Resources and Materials 

 EPA Volunteer Stream Monitoring Manual 

 Water sampling team member list 

 Water sampling equipment and supplies checklist 

 First aid kit 

 Pre-filed water sampling checklist 

 Field folders 

 Map of the river 

 Equipment to take longitude and latitude 

 Screw top glass jar 

 pH kits 

 Thermometers 

 5 empty, clean plastic or glass jars with lids per student/participants 

 Secchi disks 

 Water bodies 

Teaching: 

Now that we have learned all about why we should sample our waters, let’s find out what is 

actually involved in taking a water sample. 
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EPA Volunteer Stream Manual  

TASK 1 – Preparing for a Water Sampling Project  

(EPA Volunteer Stream Manual Chapter 5.1) 

The first thing to do is to decide how the sample is going to be taken. Is it going to be taken in a 

wadeable stream? Off a dock? Off a boat? From the shore? Where it is taken will make a 

difference in the type of equipment you have to get to take the sample. There are three things that 

have to be decided before you set out to take a water sample. 

You have to decide how much of the watershed you can sample. Will you sample the water in 

one place only, 5 places? 10 places? Then you need to decide which sampling methods are to be 

used. Once you decide what methods you will use then you need to gather the necessary 

equipment and supplies that are needed. (US EPA Surface Water Sampling: 5) 

 

An important next step in planning is to put together the people who are needed to carry out the 

water sampling project. Once this is done then sit down with your team and decide who is going 

to do what on the project. Be sure to make a list for each member and make sure they each agree 

to their role in the sampling process. Take these lists out on the water sampling project in case 

there is a problem with an individual who isn’t doing their job. 

  

You will also need to either write a QAPP and have it authorized before you sample, or take your 

existing QAPP and make the necessary changes to it to include the water sampling project. These 
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must be sent to and approved by EPA and Alaska DEC done months in advance to ensure they 

are current before the project begins. You may also need to coordinate with staff of EPA or 

Alaska DEC for receiving samples and going through pro-per channels. Sometimes qualified 

consultants are needed in the field to train tribal members on how to do water samples. All these 

people must be coordinated before the beginning of your project. 

 

Next you will make a list of equipment, supplies and activities involved in the water sampling 

process. Most of the equipment required for a water sampling project can be found in a hardware 

stores or scientific supply houses. Some can be found around the house. 

Volunteer Stream Monitoring Manual has a sample list (p31) of some basic equipment that is 

used in a typical water sampling project. Not all of this list is required, but it will help you team 

be safe and effective. 

1. Boots or waders; life jackets if you are sampling by boat; 

2. Walking stick of known length for balance, probing, and measuring; 

3. Bright-colored snag- and thorn- resistant clothes; long sleeves and pants are best; 

4. Rubber gloves to guard against contamination; 

5. Insect repellent/sunscreen; 

6. Small first aid kit, flashlight, and extra batteries; 

7. Whistle to summon help in emergencies; 

8. Refreshments and drinking water; 

9. Clipboard, preferably with plastic cover; 

10. Several pencils; 

11. Tape measure; 

12. Thermometer; 

13. Field data sheet; 

14. Information sheet with safety instructions, site location information, and numbers to call 

in emergencies; 

15. Camera and film, to document particular conditions. 

Before selecting sites or making other preparations: (USGS National Field Manual: 16) 

 Be sure to understand why you are collecting the different types of data and the 

watershed location that each sample should represent. 

 

Benmeadows.com  
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 Review the study workplan, especially types of measurements and samples needed. 

 

 Check out the maps and river conditions, maybe even making a pre sampling trip to the 

potential sites.  

         

– Note conditions that could affect sampling operations (such as the seasonal high or low 

streamflow, access problems). 

 

– Examine the history and possible sources of contamination at the site, depending on the 

substance being identified, collected and measured in a chemical analysis. 

 

 Review site files and field folders. (Note site location, description and access, and review 

any previously collected physical, chemical, and biological data.) 

 

 Get current with training and the laboratory requirements connected with your data-

collection activities.  

 

Obtain necessary sampling and monitoring equipment. An example of a pre-sampling checklist 

is included on the following page,  
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(USGS National Field Manual: 18) 
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Once you have received your equipment be sure to decontaminate or pre-clean it, and make sure 

that it is in working order. 

 

Sample Containers 

Here is a chart on the minimum information required for sample containers:  

(USGS National Field Manual: 27) 
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Field Folders 

 

Field Folders contain certain important information that is needed for reference while at a surface 

water site. The field folder contains information needed by trained personnel to locate and safely 

collect and process water samples. You take the field folder along on each sampling trip. General 

contents of the field folder are listed on the field-folder checklist (fig. 1-2), but the folder should 

be adapted according to your specific study needs. (USGS National Field Manual: 26) 

 

 

(USGS National Field Manual: 28 
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Health and Safety Considerations (Volunteer Stream Monitoring: 28-29) 

 

Of absolute importance, in water sampling projects is the safety 

of the team members who are doing the various tasks. All team 

members should be trained in safety procedures and know how to 

get help if it is needed. Safety precautions can never be 

overemphasized. The following are some basic common sense 

safety rules.  

 

 

 

At the site: 

 

 Always monitor with at least one partner. Teams of three or four people are best.  

 

 Always travel on rivers with at least two boats. 

 

 Always let someone else know where you are, when you intend to return, and what 

to do if you don't come back at the appointed time.   

 

 Develop a safety plan. Find out the location and telephone number of the nearest 

telephone and write it down. Locate the nearest medical center and write down 

directions on how to get between the center and your site(s) so that you can direct 

emergency personnel. Have each member of the sampling team complete a 

medical form that includes emergency contacts, insurance information, and 

pertinent health information such as allergies, diabetes, epilepsy, etc. 

   

 Have a first aid kit handy (see box below). Know any important medical conditions 

of team members (e.g., heart conditions or allergic reactions to bee stings). It is 

best if at least one team member has first aid/CPR training. 

 

 Always pay attention to team members to make sure each one is doing all right. 

    

 Listen to weather reports. Never go sampling if severe weather is predicted or if a 

storm occurs while at the site. 

   

 Never wade in swift or high water. Do not monitor if the stream is at flood stage. 

If you drive, park in a safe location. Be sure your car doesn't pose a hazard to other 

drivers and that you don't block traffic. 

   

 Put your wallet and keys in a safe place, such as a watertight bag you keep in a 

pouch strapped to your waist. Without proper precautions, wallet and keys might 

end up downstream. 

   

Photo by Steven Nikolai Sr.  
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 Never cross private property without the permission of the landowner. Better yet, 

sample only at public access points such as bridge or road crossings or public 

parks.  

 

 Confirm that you are at the proper site location by checking maps, site 

descriptions, or directions. 

 

 Watch for irate dogs, farm animals, wildlife (particularly bears), and insects such 

as ticks, hornets, and wasps. Know what to do if you get bitten or stung. 

 

 Watch for types of vegetation in your area that can cause rashes and irritation like Devils 

Club. 

    

 Never drink the water in a stream. Assume it is unsafe to drink, and bring your 

own water from home. After monitoring, wash your hands with antibacterial soap. 

 

 Do not monitor if the stream is posted as unsafe for body contact. If the water 

appears to be severely polluted, contact your program coordinator. 

    

 Do not walk on unstable stream banks. 

Disturbing these banks can accelerate erosion 

and might prove dangerous if a bank collapses.  

Disturb streamside vegetation as little as 

possible.  

    

 Be very careful when walking in the stream 

itself. Rocky-bottom streams can be very 

slippery and can contain deep pools; muddy-

bottom streams might also prove treacherous in 

areas where mud, silt, or sand have accumulated in sink holes. If you must cross the 

stream, use a walking stick to steady yourself and to probe for deep water or muck. Your 

partner(s) should wait on dry land ready to assist you if you fall. Do not attempt to cross 

streams that are swift and above the knee in depth. Wear waders and rubber gloves in 

streams suspected of having significant pollution problems. 

    

 If you are sampling from a bridge, be wary of passing traffic. Never lean over bridge rails 

unless you are firmly anchored to the ground or the bridge with good hand/foot holds. 

 

 If at any time you feel uncomfortable about the condition of the stream or your 

surroundings, stop monitoring and leave the site at once. Your safety is more 

important than the data! 

   

 When using chemicals: 

Know your equipment, sampling instructions, and procedures before going out into 

the field. Prepare labels and clean equipment before you get started. 

Photo by Teresa Hanson  
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 Keep all equipment and chemicals away from small children. Many of the 

chemicals used in monitoring are poisonous. Tape the phone number of the local 

poison control center to your sampling kit. Carry along antidotes should you be in the 

wilderness and out of phone contact. 

 

 Avoid contact between chemical reagents and skin, eye, nose, and mouth. Never 

use your fingers to stopper a sample bottle (e.g., when you are shaking a solution). 

Wear safety goggles when performing any chemical test or handling preservatives. 

   

 Know chemical cleanup and disposal procedures. Wipe up all spills when they 

occur. Return all unused chemicals to your program coordinator for safe disposal. 

Close all containers tightly after use. Do not switch caps. 

  

 Know how to use and store chemicals. Do not expose chemicals or equipment to 

temperature extremes or long term direct sunshine. 
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First Aid Kit Contents List (Volunteer Stream Monitoring: p30) 

 

The minimum first aid kit should contain the following items: 

1. Telephone numbers of emergency personnel such as the police and ambulance service, if 

relevant to your area. 

2. Several band-aids for minor cuts. 

3. Antibacterial or alcohol wipes. 

4. First aid creme or ointment. 

5. Several gauze pads 3 or 4 inches square for deep wounds with excessive bleeding. 

6. Acetaminophen for relieving pain and reducing fever. 

7. A needle for removing splinters. 

8. A first aid manual which outlines diagnosis and treatment procedures. 
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9. A single-edged razor blade for minor surgery, cutting tape to size, and shaving hairy 

spots before taping.    

10. A 2-inch roll of gauze bandage for large cuts. 

11. A triangular bandage for large wounds. 

12. A large compress bandage to hold dressings in place. 

13. A 3-inch wide elastic bandage for sprains and applying pressure to bleeding wounds. 

14. If a participant is sensitive to bee stings, include their doctor-prescribed antihistamine. 

15. Be sure you have emergency telephone numbers, two way radios and medical 

information with you at the field site for everyone participating in field work (including 

the leader) in case there is an emergency. 

 

TASK 2: Identifying Sample Locations 

It is important for you to be able accurately locate your sampling points on a topographic, aerial 

or satellite map. Use a GPS to find the longitude and latitude at your sampling point. 
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Latitude and Longitude (Volunteer Stream Monitoring: p227) 

 

Latitude and longitude are defined and measured in degrees (°), minutes ('), and seconds (''). 

There are 60 seconds in a minute and 60 minutes in a degree of latitude and longitude. 

 

Latitude (lat) is the angular distance of a particular location north or south from the equator. 

Latitude lines are called parallels.  

 

Longitude (long) is the angular distance of a particular location east or west of some prime 

meridian (usually Greenwich, England). Longitude lines are called meridians. 
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Here is an example of latitude and longitude points plotted on a map from a water sampling 

project for the Tanana River conducted by the USGS between 2004-2006. 

 

(Moran:8)  

 

Use stakes, flags, or buoys to identify and mark all sampling locations. This is important as it 

ensures that the sampling points can be found again in the future. If necessary, your proposed 

sampling sites may be adjusted based onsite access, property boundaries, and surface 

obstructions encountered during the sampling process. (EPA: p5) 

 

TASK 3: Follow Quality Assurance/Quality Control Measures  

There are no specific quality assurance activities which apply to the completion of the above 

procedures. However, the following general QA/QC procedures apply:  
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 All data must be documented on field data sheets or within site logbooks. 

 All instrumentation must be operated in accordance with operating instructions as 

supplied by the manufacturer, unless otherwise specified in the work plan. Equipment 

checkout and calibration activities must occur prior to sampling/operation and they must 

be documented. (EPA: p10) 

 And you must follow the QA/QC measures that you have stated in your QAPP. 

 

TASK 4: How to Collect and Analyze Samples 
 

SAMPLE COLLECTION (EPA 1225: p7-9) 

 
In general, sample away from the stream bank in the main current. Never sample stagnant water. The 

outside curve of the stream is often a good place to sample, since the main current tends to hug this 

bank. In shallow stretches, carefully wade into the center current to collect the sample. 

A boat will be required for deep sites. Try to maneuver the boat into the center of the main current to 

collect the water sample. 

When collecting a water sample for analysis in the field or at the lab, follow the steps below. For  

Whirl-pak®   Bags 

1. Label the bag with the site number, date, and 

time.    

2. Tear off the top of the bag along the perforation 

above the wire tab just prior to sampling (Fig. 

5.1). Avoid touching the inside of the bag. If you 

accidentally touch the inside of the bag, us another 

one.                 

2. Wading. Try to disturb as little bottom 

sediments as possible. In any case, be careful not 

to collect water that contains bottom sediment. 

Stand facing upstream. Collect the water sample in 

front of you. 

Boat. Carefully reach over the side and collect the water sample on the upstream side of the boat. 

3. Hold the two white pull tabs in each hand and lower the bag into the water on your upstreamside 

with the opening facing upstream. Open the bag midway between the surface and the bottom by 

pulling the white pull tabs. The bag should begin to fill with water. You may need to "scoop"water 

into the bag by drawing it through the water upstream and away from you. Fill the bagno more than 

3/4 full! 

          EPA Volunteer Stream Manual  
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4. Lift the bag out of the water. Pour out excess water. Pull on the wire tabs to close the bag. 

Continue holding the wire tabs and flip the bag over at least 4-5 times quickly to seal the bag. Don't 

try to squeeze the air out of the top of the bag. Fold the ends of the wire tabs together at the top of the 

bag, being careful not to puncture the bag. Twist them together, forming a loop. 

5. Fill in the bag number and/or site number on the appropriate field data sheet. This is important! It 

is the only way the lab coordinator knows which bag goes with which site. 

6. If samples are to be analyzed in a lab, place the sample in the cooler with ice or cold packs. Take 

all samples to the lab. 

For Screw-cap Bottles To collect water samples using screw-cap sample bottles, use the following 

procedures (Fig. 5.2 and 5.3): 

1. Label the bottle with the site number, date, and time. 

2. Remove the cap from the bottle just before sampling. Avoid touching the inside of the bottle or the 

cap. If you accidentally touch the inside of the bottle, use another one. 

3. Wading. Try to disturb as little bottom sediment as possible. In any case, be careful not to collect 

water that has sediment from bottom disturbance. Stand facing upstream. Collect the water sample on 

your upstream side, in front of you. You may also tape your bottle to an extension pole to sample 

from deeper water.                                                                                                                              

Boat. Carefully reach over the side and collect the water sample on the upstream side of the boat. 

4. Hold the bottle near its base and plunge it (opening downward) below the water surface. If you are 

using an extension pole, remove the cap, turn the bottle upside down, and plunge it into the water, 

facing upstream. Collect a water sample 8 to 12 inches beneath the surface or mid-way between the 

surface and the bottom if the stream reach is shallow. 

5. Turn the bottle underwater into the current and away from you. In slow-moving stream reaches, 

push the bottle underneath the surface and away from you in an upstream direction. 

6.  Leave a 1-inch air space (Except for DO and BOD samples). Do not fill the bottle completely (so 

that the sample can be shaken just before analysis). Recap the bottle carefully, remembering not to 

touch the inside. 

7.  Fill in the bottle number and/or site number on the appropriate field data sheet. This is important 

because it tells the lab coordinator which bottle goes with which site. 

8. If the samples are to be analyzed in the lab, place them in the cooler for transport to the lab. 

 



 123 

 

EPA Volunteer Stream Manual  

1. 2. 

 

 

3.  
4.  

 

 

 

 

 

 

 

 

 

 



 124 

ANALYZING ONSITE SAMPLES 
 

 

 
                                    

Water Quality Test Kit 

                                                                              Benmeadows.com 

 

For each of the sampling parameters please refer to the following EPA PDF file (Volunteer 

Stream Monitoring) for the full write up. The pdf file is located in the Appendices CD or can be 

found at http://www.epa.gov/owow/monitoring/volunteer /stream/stream.pdf 

 

1. Dissolved Oxygen (EPA: p141-146) 

 
There are two methods for taking and analyzing Dissolved Oxygen samples, the Winkler Method or 

use a Dissolved Oxygen Meter and Probe.  

 

Please see pages 141-146 of the Volunteer Stream Manual for full methods and explanation. 

 

2. Temperature (EPA: p148-149) 

 

Temperature is measured in the stream with a thermometer or a meter. Alcohol-filled 

thermometers are preferred over mercury-filled because they are less hazardous if broken. 

Armored thermometers for field use can withstand more abuse than unprotected glass 

thermometers and are worth the additional expense. Meters for other tests, such as pH (acidity) 

or dissolved oxygen, also measure temperature and can be used instead of a thermometer. 

(EPA:148) 

 

Please see Pages 148-149 of the Volunteer Stream Manual for full methods and explanations. 

http://www.epa.gov/owow/monitoring/volunteer%20/stream/stream.pdf
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3. pH (EPA: p152-153) 

 

pH meters measure the electric potential (millivolts) across an electrode when immersed in 

water. This electric potential is a function of the hydrogen ion activity in the sample. Therefore, 

pH meters can display results in either millivolts (mV) or pH units. 

 

A pH meter consists of a potentiometer, which measures electric current; a glass electrode, which 

senses the electric potential where it meets the water sample; a reference electrode, which 

provides a constant electric potential; and a temperature compensating device, which adjusts the 

readings according to the temperature of the sample (since pH varies with temperature). The 

reference and glass electrodes are frequently combined into a single probe called a combination 

electrode. 

 

There is a wide variety of meters, but the most important part of the pH meter is the electrode. 

Buy a good, reliable electrode and follow the manufacturer's instructions for proper maintenance. 

Infrequently used or improperly maintained electrodes are subject to corrosion, which makes 

them highly inaccurate. 

 

pH "pocket pals" are electronic hand-held "pens" that are dipped in 

the water and provide a digital readout of the pH. They can be 

calibrated to one pH buffer (lab meters, on the other hand, can be 

calibrated to two or more buffer solutions and thus are more accurate 

over a wide range of pH measurements). 

 

Color comparators involve adding a reagent to the sample that colors 

the sample water. The intensity of the color is proportional to the pH of the sample. This color is 

then matched against a standard color chart. The color chart equates particular colors to 

associated pH values. The pH can be determined by matching the colors from the chart to the 

color of the sample. (EPA: p152) 

 

Please see Pages 152-153 of the Volunteer Stream Manual for full methods and explanations. 

4. Turbidity 

Benmeadows.com 
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Turbidity is generally measured by using a turbidity meter. You 

may also take samples to a lab for analysis. Another approach is 

to measure transparency (an integrated measure of light 

scattering and absorption) instead of turbidity. Water 

clarity/transparency can be measured using  Secchi disk or 

transparency tube. The Secchi disk can only be used in deep, 

slow moving rivers; the transparency tube, a comparatively new 

development, is gaining acceptance in programs around the 

country but is not yet in wide use (see Using a Secchi Disk or 

Tranparency Tube). (EPA: p156) 

 

Please see Pages 156-158 of the Volunteer Stream Manual for full methods and explanations. 

 

5. Nitrate 

 

A nitrate electrode (used with a meter) is similar in function to a dissolved oxygen meter. 

It consists of a probe with a sensor that measures nitrate activity in the water; this activity affects 

the electric potential of a solution in the probe. This change is then transmitted to the meter, 

which converts the electric signal to a scale that is read in millivolts. The millivolts are then 

converted to mg/L of nitrate by plotting them from a standard curve (see above). The accuracy of 

the electrode can be affected by high concentrations of chloride or bicarbonate ions in the sample 

water. Fluctuating pH levels can also affect the reading by the meter. (EPA: p170) 

 

Samples are analyzed by a cadmium reduction method with a spectrophotometer, or a 

cadmium reduction method with a color comparator. 

 

Please see Pages 170-175 of the Volunteer Stream Manual for full methods and explanations. 

6. Conductivity 

 

Conductivity is measured and analyzed with a probe and a meter in the field or Factory-

prepared Whirl-pak® bags. 

 

Please see Pages 181-182 of the Volunteer Stream Manual for full methods and explanations. 

 

 

Photo courtesy of U.S. Fish              

and Wildlife Service 
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TASK 5: Send the Water Samples to the Environmental Lab to be Analyzed 

 

Collecting lab metal samples from the water such as Mercury, Arsenic and Cadmium 

 

 

Sample Preservation, Containers, Handling, and Storage 

 

Once the sample taking process is over, you may have samples that cannot be 

analyzed in the field and must be sent to an environmental laboratory for 

analysis. 

 

Once samples have been collected, follow these procedures: 

 

1. Transfer the sample(s) into suitable labeled sample containers. 

2. Preserve the sample if appropriate, or use pre-preserved sample bottles. 

3. Cap the container, put it in a Ziploc plastic bag and place it on ice in a cooler. 

4. Record all pertinent data in the site logbook and on a field data sheet. 

5. Complete the chain of custody form. (See explanation below) 

6. Attach custody seals to the cooler prior to shipment. 

7. Decontaminate all sampling equipment prior to the collection of additional 

samples. (EPA:3) 

 

Chain-of-Custody Guidelines (EPA Chain-of Custody: p1) 

Many different people participate in the process of collecting, transporting, analyzing, and 

reporting on particular samples and data. Environmental professionals are aware that the test 

results from any samples handled may be used as evidence in future court cases. Imagine a 

courtroom situation where the chemist who analyzed the sample takes the witness stand and 

cannot state with certainty who has had access to the sample before s/he received it. To avoid 

such situations, you should maintain a chronological record of who has been in possession of the 

samples and what analyses have been performed on them. Following chain-of-custody 

procedures when handling samples and data helps provide assurance that they have not been 

tampered with. (Source of information EPA: p1) 

What is Chain of Custody? (EPA Chain-of Custody: p3) 

Chain of Custody is a legal term that refers to the ability to guarantee the identity and integrity of 

the sample or data you have collected, from the time it was collected through the reporting of the 

test results. Unfortunately many sampling projects can end up in the courtroom. Regulatory 

Microsoft.com 
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agencies collect many samples and much data on potentially polluting sites, not knowing which 

samples, data, and reports could become part of a legal or quasi-legal proceeding.  

For purposes of litigation, regulatory agencies must be able to prove 

the legal integrity of all samples and data introduced as evidence. This 

means it is necessary to have an accurate written record to track the 

possession, handling, and location of samples and data from collection 

through reporting. Verification of who has possessed the samples and 

data and where the samples have been is easier if you follow chain-of-

custody procedures.  

Since there is no way to know in advance which samples and data may be involved in litigation, 

you should always follow chain-of-custody procedures whenever samples and data are collected, 

transferred, stored, analyzed, or destroyed. Besides, it is good scientific practice to do so. A 

secure chain of custody, combined with the use of proper analytical methods and techniques, is 

necessary for a legally defensible reporting of the sample. (EPA: p3) 

When is Something in Your Custody? (EPA Chain-of Custody: p4) 

Samples and data are considered to be in your custody when: 

1. They are in your physical possession;  

2. They are in your view, after being in your physical possession;  

3. They are in your physical possession and then locked up so that tampering cannot occur;  

4. They are kept in a secured area, with access restricted to authorized personnel only. 

(EPA:4) 
  

Chain-of-Custody Guidelines (EPA Chain-of Custody: p5) 

 As you learn how to conduct chain-of-custody procedures, remember these general guidelines: 

1. Keep the number of people involved in collecting and handling samples and data to a 

minimum.  

2. Only allow people associated with the project to handle samples and data.  

3. Always document the transfer of samples and data from one person to another on chain-

of-custody forms.  

4. Always accompany samples and data with their chain-of-custody forms.  

Benmeadows.com 
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5. Give samples and data positive identification at all times that is legible and written with 

permanent ink. (EPA:5)                                                                                                  

Chain-of-custody procedures should be developed at your workplace if none have been 

established. 
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Lesson Seven- Water Quality Activities 

Activity 1 - Take Water Temperature                                                                                        

Objectives: 

 Learn how to determine water temperature 

 Understand how to deduce information from the water temperature 

Resources: 

 Thermometer 

 Notebook 

 Computer 

Procedures: 

1. Provide thermometers for each participant. 

2. Take the temperature of the water in several different places. Be sure to mark where 

you took the readings for future reference. 

3. Record your findings. 

4. Repeat this procedure at least five times over the course of the spring, summer and 

fall for a total of six readings. Be sure to take reading in the same spots each time. 

5. Record your findings on a graph.  

 Did the temperatures fluctuate over the course of time? 

 If so, by how many degrees? 

 Compare your readings with the information found in this lesson. 

 How are the water temperatures affecting the fish in your water bodies? 

 

Activity 2 -Measure pH 

Objectives: 

 Learn how to read pH strips 

 Understand what pH strips mean 

Resources: 

 pH test kit 
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 Notebook 

 Computer 

Procedures 

1. Give each student/participant an inexpensive pH test kit complete with collection 

bottle, strips or solution, and a color-coded pH reader. 

2. Each time a temperature reading is taken, have participant collect a sample of water 

in the collection bottle. Be sure that the bottle is clean to begin with and take the 

sample from under the water about 1 foot deep. 

3. Follow the directions that came with the pH test kit. Usually you will put one or two 

drops of solution into the bottle, or stick the strip into the bottle. Either way the color 

will change (on the strip or the water in the bottle). 

4. Compare the color against the pH color chart and determine what number pH it is. A 

reading of 0-6 is acidic water, 7 is neutral water, 8-14 is basic water.  

5. Chart your pH results with your water temperature results. 

 What is the average pH of your water? (average = add up the total of all 

numerical readings and divide by the number of times readings were taken.) 

 According to the information contained in this lesson, how is the pH affecting 

life in your waters? 

 

Activity 3 - Simplistic Turbidity 

Objective 

 Gain an idea of turbidity levels in water 

Resources 

 At least 5 empty, clean plastic or glass jars with lids per student/participant. 

 Ruler 

 Notebook 

 

Procedures: 

1. Each time a temperature and pH reading is taken, have the participant also take a 

turbidity sample. 
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2. Submerge the jar, without the lid, into the water about 1 foot deep. Fill up the jar 

and put the lid on it. 

3. After you get back from the waster sampling expedition, put the jar on a shelf or 

table…somewhere where it can sit and let the sediments settle to the bottom of the 

jar.  

4. After the sediments have settled to the bottom, take a ruler or some other tool for 

measuring, and measure the depth of the sediment on the bottom of the jar.  

5. Record your findings along with each of your temperature and pH findings. 

6. Turbidity is harder to measure, so in this simplistic method we are getting “a feel” 

for the amount of sediment organisms have to deal with in the water. 

7. Consider the fish and other organisms that live in the water full time.  

 Do you think they are having a hard time breathing?  

Or is it easy for them to breathe?  

 

Activity 4 - Make a Secchi Disk  

Objective: 

Participant learns to make a Secchi Disk 

Resources 

http://www.angfa.org.au/secchi.html   

http://www.secchidipin.org/makedisk.htm (Located in Appendices CD.) 

 

 

Procedures 

1. Print the instructions from the Appendices CD or from the online only source listed 

above. 

2. Get materials from store or use things found around the home or school that can be used 

in place of materials listed. 

3. Build Secchi Disk. 

4. Take it out into the waterbodies around you and take light/turbidity readings. 

 

 

http://www.angfa.org.au/secchi.html
http://www.secchidipin.org/makedisk.htm
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Activity 5 - Graph Water Quality Results 

Objective 

Practice graphing 

Resources 

Graphing paper 

Procedures: 

1. On separate pieces of graph paper, record all your readings in the following way: 

 Record Water temperatures in blue. Have the temperature variations listed 

vertically. Have the dates of the readings listed horizontally so that after 

you plot the six readings you have drawn a blue line on your graph paper. 

 Record pH readings in red. Have the pH numbers listed vertically. Have 

the dates of the readings listed horizontally so that after you plot the six 

readings you have drawn a red line on your graph paper. 

 Record the turbidity reading in brown. Have the dates of the readings 

listed horizontally so that after you plot the six readings you have drawn a 

brown line on your graph paper. 

2. Save your graphs in a folder or notebook for later usage.  

 
Activity 6 - Fill Out Chain-of-Custody Forms 

 
Objective 

 

Participants practice filling out forms. 

 

Resources 

 

EPA has provided Chain-of-Custody forms for a variety of sampling projects. You can go to 

http://www.epa.gov/apti/coc/Forms.html to download the appropriate form for your project. A 

set of forms is also enclosed in the Appendices CD. 

 

Procedures: 

 

1. Practice taking actual samples of the easiest things to sample like Temperature, pH or using 

the Secchi Disk or a jar to measure turbidity. 

 

http://www.epa.gov/apti/coc/Forms.html
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2. Print out a couple of chain of custody forms and have each student fill it out as the samples 

are passed around the classroom or as each of them take the samples themselves. Turbidity in 

a jar can be passed around the classroom and each student can give their determination on its 

rating and record it on their forms, etc. 
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Lesson Eight – Gather the Data and Write the Report 

 

 

Kuskokwim River  

Image Courtesy of the Kuskokwim River Watershed Council 

Objectives  

 Know how to manage water quality data 

 Identify organizations to send the data to 

 Learn how to present the data in charts and graphs 

 Understand how to display the data 

Resources and Materials  

1. Water Quality Data Table 

2. Microsoft Excel 

3. A computer 

4. Microsoft Excel 

5. Chart below 

 

Teaching: 

After you have completed the water sampling process, and have taken all your readings, it is time 

to make the results available to: the Tribal Council; The Kuskokwim Watershed Council; the 

Alaska Department of Environmental Conservation (ADEC); and the Environmental Protection 

Agency (EPA).  In order to do this we must manage the data we have gathered and put it into a 

format that is understandable and easy to access. Should our water testing results show 
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significance to the watershed we are working in, we also have to be able to present the results to 

the interested parties in a way that can be integrated with their data and make sense. 

Data Management (Information obtained from EPA 1997: p200) 

Before we sample the water, we need to already know where the information needs to go once 

we have finished, and what it should look like. Potential data users, like ADEC and EPA will 

already have a standard they want the data to come to them. They will be concerned about: 

 The procedures that were used to verify and check the raw data taken at the sampling site. 

 The databases and software used to manage the data and if it will merge with their 

databases and software. 

 The analytical procedures used to translate the raw data into findings and conclusions. Do 

the reasons stated in the findings make sense?  

 What the final reporting format looks like. Is it easily understandable? 

Data users will be glad to work with you and help you choose procedures and formats that will 

work with theirs. Whoever is responsible for collecting the data and putting it into a user friendly 

format should create and use a quality assurance/quality control plan that will reduce data 

collection errors. They will be responsible for removing data that does not meet the program's 

standards, and analyzing and presenting the results. This plan should name the key people and 

their responsibility for data management, data analysis, and list all the steps the program will 

take to handle the data.  
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(USGS Spatial Distribution of Chemical Constituents in the Kuskokwim River Alaska: 5) 

 

Be sure to budget enough money to cover all the tasks that must be performed to finish the data 

collection and results process. Be sure to recognize the people who produce the reports. 

So how do we begin?  

 

Managing Data (EPA 1997: pp202-204) 

The first responsibility of the personnel processing the data is to screen and review all the field 

data sheets that are filled out. This is what you should look for: 

 Are the field data sheets complete? 

 

If there are any sections of the sheet incomplete, find out why. All sheets should contain 

site location and GPS coordinates, name of the person sampling, date, time, and weather 

conditions. 

 

 Are all measurements reported in the correct units? 

 

Your data forms should contain any equations needed to convert measurements, and spell 

out what units should be used. Check the math. All field data sheets should be kept on 

file in case findings are brought into question sometime in the future. 
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 Are the results what you thought they would be, or are they really unusual? If unusual, 

are they still realistic? 

 

For example, can the kit or technique the sampler uses actually produce results like that? 

Does the sampler offer any possible explanations for the results (like the river at flood 

stage, a toxic mining runoff that is just discovered, etc.) or result information (like a fish 

kill has been noticed with the extremely low dissolved oxygen readings)? Also check for 

uniformity between similar parameters. For example, total dissolved solids and 

conductivity should follow together--if one goes up, so should the other. So should total 

solids and turbidity. 

   

 Are there findings that differ drastically from past data or other data from similar sites? 

(Called “Outliers”) 

 

Values that are off by a factor of 10 or 100 should be questioned. Follow up on any data 

that seems off. If you can't come up with a reason why the results are so unusual, but they 

are still within the area of possibility, you may want to mark the data as questionable. 

Ask another experienced person to sample that site as a backup until the reading are 

figured out, or work with the sampler to be sure that proper sampling and analytical 

protocols are being followed. 

 

Entering Data (EPA 1997: pp203-205) 

 

The next step is to enter your information into a database. There are many types of databases in 

the form of spreadsheets and mapping software. Many spreadsheet packages have graph making 

abilities so you can plot your data on a graph that you choose. If you have very large amounts of 

data then you will need to advance to a database software package. Watershed Councils and 

Tribal Corporations use the larger databases. All data can be translated to maps with the use of 

GPS coordinates which should always be taken at each sampling site. 

Once you decide what computer program to enter your data in, you can develop codes to make 

the data entering process more concise. For example, codes can be developed for sample sites, 

testing parameters and any other information that can be codified on your sampling sheets. For 

Example, The first sample taken at Spruce Creek in the Upper Kuskokwim could be codified as 

UK1-SC then the tests that were conducted could be DS for dissolved solids, TB for turbidity, 

etc. So one sample could be UK1-SC-DS, another UK1-HC-TB, etc. Another sample taken at 

West Fork could be UK2-WF, etc. Once you have your codes you can use them when entering 

them into a database.  
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Once you make your entries you will want to review it and make sure that the data has been 

entered correctly. There are no shortcuts here. The data has to carefully entered and checked 

before you can go any farther. Check again for anything that doesn’t look right. If you have 

taken more than one sampling at a certain site then compare them again, are they really 

different? If so can you explain why? Don’t ever remove data because it looks really 

inconsistent, find out why. Once you are satisfied that the information is correct it is time to 

generate reports.    

 

 

(USGS Spatial Distribution of Chemical Constituents in the Kuskokwim River Alaska: 15) 

Generating Reports (EPA 1997: pp210-213) 

Before you decide how to present your data in a report, you need to first consider who will be 

reading your reports. Reports that need to go to State and Federal water quality agencies, the 

local watershed council, regional Tribal Corporation and maybe the media (If something 

profound was discovered), you need to produce a professional report. Tribal councils, tribal 
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members and the general public do not require a professional report; instead it can be shorter and 

less technical. 

For professional reports you should include detailed information about: 

 The purpose of the study; 

 Who conducted it; 

 How it was funded; 

 The methods used; 

 The quality control measures taken; 

 Your interpretation of the results; 

 Your conclusions and recommendations; 

 Further questions that have arisen as a result of the study. 

 

The graphics, tables and maps should be complicated. Be sure to include the raw data in an 

appendix as well as describing any problems you discovered. 

A general report or “lay” report should keep the descriptions short and direct. You should not 

write in a technical style. Keep things descriptive and define terms and ideas that ordinary 

people, who do not partake in water sampling, will understand. The charts, graphs and maps 

should be simple and self-explanatory. This report should include a brief description of the 

program, the purpose of the water sampling, an explanation of the parameters, or things in the 

water that were tested, the location of sample sites, a brief summary of the results, and any 

recommendations that were made. 

Presenting the Data (EPA 1997: pp206-209) 

Whichever type of report you choose to create will determine how you will present your data. 

You will want to create graphs and charts no matter which report you create. How much 

information that gets put into the charts and graphs depends on the technical level of the report. 

Graphs and charts are wonderful for making sometimes 

complex data information easy to read and understand. 

There are three basic types of graphs that are commonly 

used to present water sampling data: 

 Bar graph 

 

Example of a Bar Graph displaying biological data 

(EPA: 2006) 
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 Line graph 

 Pie chart 

Bar Graph 

 

A bar graph uses columns with heights that represent the value of the data point for the parameter 

being plotted. 

 
        

Line Graph 

 

A line graph is constructed by connecting the data points 

with a line. It can be effectively used for depicting 

changes over time or space. This type of graph places 

more emphasis on trends and the relationship among data 

points and less emphasis on any particular data point. 

       
                            Example of a line graph showing  

                       trends in phosphorus data (EPA: 207) 

Pie Chart 

 

Pie charts are used to compare categories within the data set to the whole. The proportion of each 

category is represented by the size of the wedge. Pie charts are popular because they are simple 

and easy to read.            

 

A pie chart is good for showing summary 

statistics. You can input large amounts of data 

and it will be easy for the viewer to understand.  

 

 

 

Summary of water quality ratings for a creek (total # of sample stations =52)  (EPA 1997: 207) 

No matter which style of graph or chart you choose, there are seven rules you must follow: (EPA 

1997: 207) 

 Each graph should have a clear purpose.  

 

The graph should be easy to understand and should show a picture of the content of the 

text of a document or the script of a presentation. 

 

 The data points on a graph should be proportional to the actual values so as not to 

distort the meaning of the graph.  
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Labeling should be clear and accurate and the data values should be easily understood 

from the scales. Do not overcrowd the points or values along the axes. If there is a chance 

that it will not be understood, put a table of data along with the graph. 

    

 Keep it simple.  

 

The more complex the graph, the greater the possibility for misinterpretation. 

    

 Limit the number of elements.  

 

Pie charts should be limited to five or six wedges, the bars in a bar graph should fit easily, 

and the lines in a line graph should be limited to three or less. 

    

 Consider the proportions of the graph and expand the elements to fill the dimensions, 

thereby creating a balanced effect.  

 

Often, a horizontal format is more visually understandable and makes labeling easier. Try 

not to use abbreviations that are not obvious to someone who doesn’t know the program. 

    

 Create titles that are simple, yet effectively describes the information shown in the 

graph. 

 

 Use a legend if one is necessary to describe the categories within the graph.  

 

Accompanying captions may also be needed to provide an adequate description of the 

elements.  

 

Maps (EPA 1997: pp208-209) 

 

Another great way to display your data and findings is on a map. That way everyone can see 

where the samples were taken and what lies in the vicinity of the sample, be it a fork in the river, 

village, old town site, mining operation, etc. 

It is best to have two types of maps. One should be a working map with a lot of detail. The other 

should be used for display purposes. The working map should include important features such 

as: 

 Stream and its tributaries 

 Wetlands 

 Lakes and ponds 

 Manmade features such as roads, trail, runways, power lines, etc. 

 Some indication of land use patterns and vegetation. 
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The map should be of a scale large enough to add the location of sample sites. U.S. Geological 

Survey (USGS) 7.5 minute quads (scale of 1:24,000; 1 in. = 2,000 ft) are available with and 

without topographic contours (elevation markings). The USGS maps are particularly useful if 

your information will be incorporated into a geographic information system (GIS), since many of 

these systems use the USGS maps as base maps. 

 

The display map should be used when presenting your information at the council meeting or in 

reports. It should be simpler than the detail map and should only show the waterways, village 

locations and roads. It should also be detailed enough that you can accurately plot the sample 

sites and have space to write a bit about each site. 

 

Lesson Eight Activities 

 

Activity 1 - Making Graphs on Microsoft Excel 

Objective 

Participants will learn to transfer their chart data and input it into Excel to make graphs. 

Resources 

 Water Quality Data Table                                                                                                    

 Microsoft Excel 

 Computer 

 

Procedures: 

1. Open Microsoft Excel. 

2. Open the report of findings in the Appendices CD. 

3. Scroll down to the chart on page 2. 

4. As you scroll over the chart, a box will appear in the upper left corner of the chart. 

5. Click on the box and the whole chart will be highlighted. 

6. Right click and then click on copy. 

7. Go to Excel and highlight a section, 4 columns wide and 12 rows down. 
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8. Paste the copied chart to the Excel sheet. Adjust columns and rows to neatly and 

accurately display all information. 

9. Highlight the whole chart you just added to Excel. 

10. Go to the toolbar of Excel and click on Insert. 

11. Click on the Line graph, the Pie graph and the Bar graph. Play around with the charts and 

the data to see what all can be done with graphs. 

12. You will notice that the turbidity reading at the Northern Village site really skews the 

whole graph, making the other readings unreadable. You can expand the charts by pulling 

on the sides, top and bottom. 

13. Print a copy of each type of graph. Add these charts to your folder or notebook.  

14. You now have a complete folder or notebook of information to actually take valid water 

samples! 

 

Activity 2 - Graphing Hypothetical Data 

 

Objective 

Participants gain more practice creating graphs. 

Resources    

 Microsoft Excel 

 Chart below 

 

Procedure: 

1. Work with the chart on the following page. 

2. Replace the 1724 turbidity reading in the Telida Village column with a number that is 

closer to the other readings; say “50,” or another number of your choice. 

3. Follow the directions in Activity 1 to paste the chart to Excel and make line, pie, and bar 

graphs. 

4. Do the charts appear very differently from the charts in Activity 1? 

 Why is that? 

 Did you notice that the number 1724 is much larger than the other turbidity 

readings? 

 Can you figure out why that is?  (Hint, one is glacial fed, the other two are not) 
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 West Fork 

GPS- N- 630 34.544 

         W- 1530 30.137 

Spruce Creek 

GPS- N- 630 24.512 

         W- 1530 07.650 

Northern Village 

GPS- N- 630 22.996 

         W- 1530 17.145 

Water Flow (1’ 
Depth) 

1.26 ft/sec 0.90 ft/sec 1.57 ft/sec 

Temp (0C) 9.71 8.2 8.64 

Conductivity 
(us/cm) 

45 201 202 

Dissolved Oxygen 
(mg/L) 

10.55 9.77 10.12 

pH 5.25 6.14 6.61 

ORP  105.4 130.0 131.1 

Turbidity 20.9 4.13 1722 

Nitrogen (mg/L) 1.0 2.1  79.0 

Nitrate (mg/L) 0.0 0.0 0.0 

 

 

 

 

 

 

 

 

 

 

 

 


