
Water Quality and Measuring the Health of 
Aquatic Ecosystems by C. Kohn, Waterford WI 

Name:          Hour  Date:       

Date Assignment is due:       Why late?         
   Day of Week Date     If your project was late, describe why 

How do we know if a body of water is healthy?  Sometimes, we can simply look at a pond, lake, river, or stream and see 

that something is wrong.  A bad odor, dead fish, or an inappropriate color can all be indicators of how unhealthy a body 

of water is. 

However, usually we can’t identify a problem in an aquatic ecosystem just by looking at it.  Threats to the health of an 

aquatic ecosystem can come from many sources. Sometimes this source is a natural disturbance.  For example, an 

exploding volcano will choke a river with dust, ash, and sulfur and there is little we can do about this kind of disturbance. 

More often than not, however, a disturbance to an aquatic ecosystem will be due to human activity.  Usually human-

created pollutants are the major disturbance to a lake, river, or stream.  These pollutants can be divided into two 

categories: 

1. Point Source Pollution – this is pollution that originates from a single source, such as a factory, failing sewage 

treatment plant, or a sewer pipe. 

2. Non-point Source Pollution – this is pollution that cannot be traced to a specific point because it comes from 

many individual places over a large, widespread area.  Agriculture is the largest source of non-point water 

pollution. Parking lots, suburban lawns, and roads also are common sources of non-point pollution. 

Often these sources of pollution are unknown and unseen – we 

cannot see, smell, or taste toxic levels of mercury, for example.  

Toxic pollutants are also a concern because of the process of 

biomagnification.   

Biomagnification is the process in which pollutants become more 

and more concentrated in living tissue.  This occurs because toxins 

will become stored in the bodily tissue of every organism that 

consumes it.  While a toxin will be absorbed in small amounts by 

phytoplankton and species at the bottom of the food chain, 

macroinvertebrates will eat large amounts of this phytoplankton. 

Small fish will eat large amounts of macroinvertebrates, and these 

small fish will be eaten by larger fish such as pike and 

muskellunge. 

In order for a pollutant to biomagnify, the following conditions 
must be met:  

1. The pollutant must be long-lived.  
2. The pollutant must be concentrated by the producers.  
3. The pollutant must be fat-soluble.  



 Each time a toxin goes up a level in the food chain, it becomes more and more concentrated in the tissues of living 

organisms.  Because humans are at the top of the food chain and live long lives, we are most susceptible to fat-soluble 

toxins.  These are toxins that are able to be stored for long periods of time in body fat and tissue.  This is also exactly 

why children and pregnant women are advised 

to minimize their consumption of large fish.   

Other toxins can be mutagenic and interfere 

with a living organism’s DNA.  DNA is basically 

the instruction manual for a living organism’s 

cells.  When a mutagenic pollutant is present, 

it can interfere with the instructions given by 

DNA, causing birth defects, cancer, and other 

adverse health effects.  

PCBs are one such pollutant.  PCBs, or 

Polychlorinated Biphenyl (PCB), are actually 

part of a wider range of chemicals known as 

chlorinated hydrocarbons1.   PCB’s were 

manufactured from 1929 until they were 

banned in 1979.  They were used because they 

were not flammable, were very chemically 

stable, did not melt easily, and were great 

insulators for electrical wiring.  They were 

widely used in paints, plastics, rubber products, dyes, and many other industrial applications. 

Despite being banned in 1979, PCBs still enter the environment due to improper disposal of old equipment, leaking 

hazardous waste sites, and the burning of wastes.  Once released, PCBs break down very slowly and are easily carried far 

distances by rain, snow, and water.  They are now found all over the world in varying amounts and can be absorbed by 

crops and aquatic organisms.  If ingested in high enough levels, PCBs can cause cancer, weaken the immune system, 

reduce birth weights, lower fertility, and cause neurological problems. PCB levels in top predators such as bald eagles, 

lake trout and humans can be millions of times those found in surface water. Because PCBs can be stored in body fat, 

they stay can build to harmful levels over time. 

Despite being banned 30 years ago, the impact of PCBs is still felt today.  As recently as October 19th, 2009, the 

Department of Justice halted the dredging of the Fox River in Green Bay to prevent the spread of PCBs. While the health 

concerns are obvious, there are other concerns.  If the Fox River cannot be dredged so that ships can easily pass 

through, it may seriously affect the 650 jobs and $75 million that shipping on this river directly contributes to the Green 

Bay area.   In addition, multiple lawsuits are pending between the paper companies who largely created the PCB 

problem and the US Army Corps of Engineers who spread the PCBs by dredging.  In the end, if an individual is not 

affected medically and physically by PCBs, they are certainly affected economically, and this is only one of many toxic 

and mutagenic water pollutants.  

Other toxic or mutagenic pollutants can be molecularly simpler, but just as deadly.  Lead, mercury, and heavy metals can 

all cause nervous problems, infertility, and birth defects and will bioaccumulate just like PCBs.  Hunters should never use 

                                                           
1
 Chlorinated hydrocarbons are found in many household items, including tires, tennis shoes, plastics, insecticides, and Teflon. CFCs, 

the aerosol ingredient that breaks down the ozone layer, also are hydrocarbons, as is DDT. Chlorinated hydrocarbons can be deadly 

pollutants and by comparison break down very slowly in the environment.  



lead-based ammunition, and lead sinkers should never be used by fishermen because of these concerns.  Even a small 

amount of lead will bioaccumulate over time.  

 However, a substance does not have to be toxic or mutagenic to be a pollutant.  Fertilizers are a major source of water  

pollution and are not nearly as toxic or mutagenic, if at all (depending on the level at which they exist).  Agricultural 

fertilizers are a concern because they can cause an ecological problem that other pollutants cannot – eutrophication.  

Eutrophication is the process in which a body of water becomes too low in oxygen because of too high levels of nitrogen 

and phosphate.   

To understand the process of how eutrophication reduces the health of an aquatic ecosystem, let’s consider it in a 

stepwise fashion.  

1. Excessive levels of nitrogen and phosphorus make their way into an aquatic ecosystem when they are washed 

off from fields and lawns by rainwater.   

2. This nitrogen and phosphorus work as fertilizers in the water just like they do on land.  This causes an explosion 

of plant growth, including algae.  

3. Algae forms a thick mat on the surface of the water.  Light cannot penetrate this mat of algae, and oxygen 

production is reduced by bottom-dwelling plants. 

4. Plants below the algae, as well as the algae, begin to die later in the season.  The decomposers that consume 

these dying plants consume large amounts of oxygen, which was already diminished by the lack of light-inducing 

photosynthesis.  

5. The low levels of oxygen reduce many kinds of desirable organisms, including gamefish and the 

macroinvertebrates they prey upon.  The balance of the food web is upset by the loss of these species. 

6. The remaining algal blooms produce toxins that reduce the quality and safety of the water.  

7. Algae that stays alive until the fall dies when the weather cools, increasing the nutrient content of the water as it 

dies, sinks, and decomposes at the bottom.  This also causes lakes and ponds to become shallower over time.  

8. The aquatic ecosystem becomes less and less suitable for native species; the risk of invasive species that can 

thrive in these conditions, including carp and invasive species of cattails, increases as native species decrease.  



So how do we know if a lake has become or will become eutrophic?  How would we know if toxins or mutagens are 

upsetting the energy flow and nutrient cycles of an aquatic ecosystem?  It is not usually readily evident, and lakes, rivers, 

and streams that seem fine on the surface may be collapsing without providing any visible signs.  

This makes water testing very crucial for preserving the health of gamefish and the aquatic ecosystem in general.  

Regular checks of several factors in a lake, river, or stream can allow us to identify threats and minimize their damage.  

Failure to do this could lead to the loss of native species and even the ecosystem itself. 

The first test we’d want to consider is the Macroinvertebrate test.  Macroinvertebrates are basically aquatic bugs.  These 

aquatic bugs are bioindicators, or organisms that provide a lot of information about the health of an aquatic ecosystem.  

Macroinvertebrates are excellent indicators of water quality because they cannot move to a new section of water if it 

becomes unsuitable for life.  Examples of macroinvertebrates include aquatic insects, snails, crayfish, and worms.  They 

typically live on the bottom of an aquatic ecosystem, and are often sampled by sifting a stream or lake bottom with a 

sieve or a filter.    

A major advantage of using macroinvertebrates as quality indicators is that they provide evidence of water quality over 

a long stretch of time.  While temperature, pH and other tests can fluctuate day to day and even hour to hour, 

macroinvertebrates show long-term trends in water quality.  The presence of a mixed population of macroinvertebrates 

indicates that water quality has been suitable for a while.  The absence of some macroinvertebrates may indicate that 

this body of water is not suitable for fish or other aquatic life.  While toxins and other pollutants may come and go from 

time to time, their impact on aquatic life will be most evident by analyzing how many and what kinds of 

macroinvertebrates there are in a stream or lake.   The disadvantage of macroinvertebrates is that they cannot tell us 

exactly what the cause of the problem may be, just that we have a problem.  

Macroinvertebrate testing can also be known as EPT Testing.  “EPT” stands for Ephemeroptera, Plecoptera, Trichoptera, 

three highly sensitive species otherwise known as mayflies, stoneflies, and caddisflies.  The higher the percentage of 

these pollution intolerant species, the better the water quality of the site due to the fact that they require cool, 

oxygenated water.  On the other hand, leeches, midges, worms, and black flies can handle a lot of pollution and will be 

found at higher concentrations in waters with poor quality.  We want to see lots of mayflies and stoneflies and relatively 

fewer leeches and blackflies.  

On the following page, you can see three different classes of macroinvertebrates.  While macroinvertebrates can tell us 

if an aquatic ecosystem is healthy, they cannot tell us exactly what is wrong. If we find very few pollution intolerant 

species, we must conduct further testing on specific factors to determine what the exact problem may be.  The tests we 

will consider are Nitrogen, Phosphorus, Dissolved Oxygen, pH, and Temperature.  More information about these specific 

tests is included at the end of this packet. 

Knowing exactly what is wrong with an aquatic ecosystem can help us to find the source of the problem.  High levels of 

toxic substances, mutagens, or heavy metals would indicate industrial pollution.  A factory may be leaking toxic 

chemicals into a river or stream and may not even know it.  On the other hand, high levels of nitrogen and phosphorus 

would more likely indicate that the problem is too much fertilizer on yards, fields, or both.   

The Clean Water Act (CWA) of 1972 was created to address these kinds of problems in surface water (groundwater is 

not covered by the CWA).  The CWA has changed since its passing into law.  Originally the CWA was created to achieve 

the broader goal of restoring and maintaining the chemical, physical, and biological integrity of the nation's waters so 

that they can support "the protection and propagation of fish, shellfish, and wildlife and recreation in and on the water."   



While chemical pollutants and point source polluters were the original target of the CWA, it has changed recently to 

focus on the overall health of all aquatic ecosystems regardless of how healthy or unhealthy they may be.  All factors 

that affect the health of aquatic ecosystems are now under increased scrutiny as the CWA changes to become more 

widespread in the goal to prevent the collapse of natural ecosystems below and above the waterline.    



Nitrogen is an element needed by all living plants and animals to build protein. It is most commonly found as N2, 

composing 78% of the air we breathe.  Blue-green algae can convert nitrogen from this form to NH3 (ammonia) and NO3 

(nitrate), which plants can take up via their roots for growth.  Manure is rich in nitrate and ammonia, and can cause 

eutrophication.  Excess nitrates can come from sewage, inadequate waste water treatment plants, and improperly 

functioning septic systems.  Other important sources include excessive fertilizer use (on fields and lawns) and improperly 

constructed barnyards and feedlots.  Water with high concentrations of nitrates can cause methemoglobinemia, or blue-

baby syndrome.  This condition results when nitrates prevent a baby’s blood from taking in oxygen, quickly causing 

death.   Phosphorus (or phosphates): phosphates are widely used in fertilizers, detergents, and municipal water 

systems.  Like nitrogen, phosphorus and phosphates can cause algal blooms and eutrophication.   

Dissolved Oxygen: like plants and animals on land, most aquatic plants and animals need oxygen for basic physiological 

processes.  Most oxygen in the water comes from the atmosphere and from photosynthesis by aquatic plants.  Lack of 

light, decreased water clarity and increased decomposition can all reduce levels of dissolved oxygen to critically low 

levels.   

pH is the measure of hydrogen ion concentrations.  It is measured on a scale from 0-14, and for every one unit change 

on a pH scale, there is a 10-fold change in how acidic or basic the sample is (e.g. a pH of 5 is ten times more acidic than a 

pH of 6).  Most organisms have adapted to life in water of a specific pH value.  pH levels can be lowered (become more 

acidic) by nitrogen oxide emissions and sulfur dioxide emissions from automobile and power-plant emissions.  These 

emissions usually enter aquatic ecosystems via acid rain.  Significant changes to a body of water’s pH may indicate that 

contaminants are being introduced.   

Temperature is the measure of degree heat.  Cool water can hold more oxygen than warm water because gases are 

more easily dissolved in cool water.  Thermal pollution is one of the most serious ways humans can affect water ecology.  

Thermal pollution is the increase in water temp caused by adding relatively warm water to a body of water from 

industry (e.g. power plants) or urban activities (e.g. run-off from sidewalks and streets).  Removing shoreline trees can 

also increase temperature by allowing direct sunlight to warm the water.  Soil erosion, which causes soil particles to 

enter the water, can also raise the temperature of the water; the sunlight is turned to heat when it hits the darker 

colored soil.   

As water temperature rises, 

oxygen levels usually 

decrease both because of a 

lowered ability of the water 

to hold oxygen and because 

of increased oxygen use by 

bacteria (decomposing 

bacteria are more active in 

warm water).  In addition to 

lowering oxygen levels, 

increased temperatures 

affect aquatic organisms 

because they are often 

adapted to a specific 

temperature range.   

  

Max oxygen the water can hold 

at the given temperature. 

Level at which aquatic life 

cannot be supported 

 

 



Questions to Test Your Understanding – 25 pts 

Name:          Hour  Date:       

Date Assignment is due:       Why late?         
   Day of Week Date     If your project was late, describe why 

1. What is the difference between Point Source and Nonpoint Source Pollution? 

 

 

 

2. A river shows signs of excessive levels of yard fertilizers.   

a. If the source of this fertilizer pollution was several yards, would this be Point or Nonpoint Pollution? 

 

b. If the source of this fertilizer pollution was a specific factory, would this be Point or Nonpoint Pollution? 

 

3. Children and pregnant women are advised not to eat large fish more than once per week.  The water these fish 

swim in is not excessively high in lead or mercury.  Explain why lead and mercury are still a concern; be sure to 

use and explain the term biomagnification in your explanation. 

 

 

 

 

 

4. What three things are necessary in order to a substance to bioaccumulate? 

 

i.  

 

ii.  

 

iii.  

 

5. (2 pts) What do mutagenic pollutants do that harms living species? (hint: what do mutagens interfere with?) 

 

 

a. What are 3 examples of problems can mutagenic pollutants create? 

i.  

ii.  

iii.  

6. What does PCB stand for?  Where did PCB’s come from? 

 

 

  



7. What are four reasons PCBs were widely used in manufacturing? 

i.  

 

ii.  

 

iii.  

 

iv.  

 

8. Why did the Dept. of Justice stop the dredging (deepening) of the Fox River in Green Bay?  Why is this a 

concern? 

 

 

 

9. What is Eutrophication? 

 

 

 

10. (4 pts) Rewrite the 8 steps of Eutrophication in your own words: 

i.  

 

ii.  

 

iii.   

 

iv.   

 

v.  

 

vi.  

 

vii.  

 

viii.  

 

11. (2 pts) What is the major advantage of using macroinvertebrates to test water quality? 

 

 

a. What is the major disadvantage of using macroinvertebrates? 

 

 

  



12. Stream A has Dragonflies, Mayflies, Stoneflies, Sowbugs, and Aquatic Earthworms. Stream B has Maggots, 

Dragonflies, Craneflies, Leeches, and Sowbugs.  Stream C has Sowbugs, Dragonflies, Aquatic Earthworms, 

Sowbugs, and Freshwater Clams.   

a. Which is the healthiest stream? 

 

b. Which is the least healthy? 

 

13. Which pollutant can cause Blue Baby Syndrome, where the blood cannot take up oxygen? 

 

14. If pH changes significantly in the course of a year, what might this indicate? 

 

 

15. What three factors can decrease levels of oxygen in the water? 

i.  

 

ii.  

 

iii.  

 

16. Which is better for a fish, cold water or warm water? Be sure to explain why.  (Hint: which has more oxygen?) 

 

 

 

17. How can soil runoff, or reduced water clarity, raise the water temperature? 

 

 

 

Use the graph below to answer the following questions. Oxygen concentrations are given in mg/L. 

18. What is the maximum dissolved oxygen possible at 50o F? 

 

 

19. What is the maximum dissolved oxygen possible at 60o F? 

 

 

20. What is the maximum dissolved oxygen 

possible at 80o F? 

 

 


