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What we are going to talk about 



Water quality testing is an important part of environmental monitoring. When water 
quality is poor, it affects not only aquatic life, but the entire ecosystem surrounding it. 
 
Water quality monitoring can help researchers predict and learn from natural 
processes in the environment and determine human impacts on an ecosystem. 
 
Measurements can also assist in restoration projects and ensure environmental  
standards are being met.  
 
 
The most common standards used to assess water quality relate to health 
of ecosystems, safety of human contact and drinking water. 

Why do we care about water quality and data? 



The complexity of water quality as a subject is reflected in the many types of 
measurements of water quality indicators.  
 
The most accurate measurements of water quality are made on-site, because 
water exists in equilibrium with its surroundings.  
 
Measurements commonly made on-site and in direct contact with the water 
source in question include temperature, pH, dissolved 
oxygen, conductivity, turbidity, and Secchi disk depth. 
 
 
 More complex measurements are often made in a laboratory,  requiring a water 
sample to be collected, preserved, transported, and analyzed at another 
location 



Freshwater environmental quality parameters are the natural and man-
made chemical, biological and microbiological characteristics 
of rivers, lakes and ground-waters, the ways they are measured and the ways that they 
change.  
 
The values or concentrations attributed to such parameters can be used to describe the 
pollution status of an environment, its biotic status or to predict the likelihood or 
otherwise of a particular organisms being present.  
 
Monitoring of environmental quality parameters is a key activity in managing the 
environment, restoring polluted environments and anticipating the effects of man-
made changes on the environment. 
 
Freshwater environmental quality parameters are those chemical, physical or 
biological parameters that can be used to characterize a freshwater body. 
 
 Because almost all water bodies are dynamic in their composition, the relevant quality 
parameters are typically expressed as a range of expected concentrations. 



The parameters for water quality are 
determined by the intended use. Work in the 
area of water quality tends to be focused on 

water that is treated for human consumption, 
industrial use, or recreation. 

Tests performed for drinking water (over 80!) are different than tests performed for a 
recreation or swimming area.  



The fun?.... Interesting?.... Confusing?.... part of 
water quality sampling/data analysis/prediction 

is that: 
 

One parameter can change and you can get an entirely  
different set of results for everything else! 

 
 



Freshwaters are surprisingly difficult to sample because their quality varies during the day and during the year. 
In addition the most representative sampling locations are often at a distance from the shore or bank 
increasing the logistic complexity. 
 
Rivers 
Filling a clean bottle with river water is a very simple task, but a single sample is only representative of that 
point along the river the sample was taken from and at that point in time. Understanding the chemistry of a 
whole river, or even a significant tributary, requires prior investigative work to understand how homogeneous 
or mixed the flow is and to determine if the quality changes during the course of a day and during the course 
of a year. Almost all natural rivers will have very significant patterns of change through the day and through 
the seasons. Many rivers also have a very large flow that is unseen.  
 
Ground-waters 
Ground waters by their very nature are often very difficult to access to take a sample. As a consequence the 
majority of ground-water data comes from samples taken from springs, wells, water supply bore-holes and in 
natural caves. In recent decades as the need to understand ground water dynamics has increased, an 
increasing number of monitoring bore-holes have been drilled into aquifers 
 
Lakes 
Lakes and ponds can be very large and support a complex eco-system in which environmental parameters vary 
widely in all three physical dimensions and with time.  

Sampling 



Stuff to know before we can even  
begin to talk about water quality indicators 

and parameters and what they mean 



When looking at water quality samples, it is 
important to remember that you are looking at a “snapshot” of the  

sample site at that exact time! 

ONE OF THE MOST IMPORTANT THINGS YOU HAVE TO REMEMBER ! 



When possible, observe what is surrounding  
your sample location….  
It will usually give you some good clues when trying to 
interpret unexpected sample results!  
Also use maps if you can.  





Pay attention to weather conditions when collecting samples……. 
and record the information! 
 
Is it raining? 
Did it rain the night before? 
Is it warm and snow is melting? 
 
Will precipitation or snow melt even cause a change in water quality? 



Organic  matter  comes from something living or that was once 
living, raw or poorly treated sewage, runoff from farms and 
feedlots, decaying aquatic plants and animals, leaves in the 
water……. 

An organic compound is any member of a large class of 
gaseous, liquid, or solid chemical compounds whose 
molecules contain carbon 



If your test requires a unit of measure,  
MAKE SURE YOU USE IT!  

Never record just a number! (unless it is pH) 



Aquatic Plants and Photosynthesis 
 
 
Photosynthesis is a chemical process that occurs in many forms of bacteria and 
virtually all plants, including aquatic plants and algae.  They absorb energy from 
the sun and use that energy to convert Carbon Dioxide and water into sugars and 
Oxygen. 
 
Plants, including aquatic plants, produce oxygen, and they also use oxygen. Here's 
how these processes work: 
 
During a sunny day, dissolved oxygen in water is generally plentiful because 
photosynthesizing algae and aquatic plants are constantly releasing it into the 
water. Even though many other organisms are using the oxygen, there is an oxygen 
surplus. DO higher during the day 
 
After sundown, without sunlight, photosynthesis slows considerably, or even stops. 
So, in addition to the usual oxygen demands (from fish, macro-invertebrates, 
tadpoles, etc.), algae and plants are also pulling oxygen from the water.  





Factors that Influence the Rate of Photosynthesis and 
Oxygen Production in Aquatic Plants 

 
 

Water Color 
Turbidity 

Cloudy Weather 
Day Length 

Leaf Characteristics 



Thermal stratification is the phenomenon in which lakes develop two discrete layers of water 
of different temperatures: warm on top (epilimnion) and cold below (hypolimnion). These 
layers are each relatively uniform in temperature but are separated by a region of rapid 
temperature change, the metalimnion or thermocline). 

Lake/Pond Stratification 



Environmental water quality, also 
called ambient water quality,  
relates to water bodies such as 
lakes, rivers, and oceans.  



YSI meter- portable water quality tester 



Temperature 

pH 

Dissolved Oxygen 

Biochemical Oxygen Demand 

Nitrates 

Phosphorous 

Total Solids 

Turbidity 

Coliform Bacteria 



Water Quality Index Ranges 
 
 90 – 100 = excellent 
 

  70 – 90 = good 
 

  50 – 70 = medium 
 

  25 – 50 = bad 
 

  0 – 25 = very bad   

What does this index tell us? 

Uses 

drinking 
Swimming 
boating 
fishing 
irrigation 

 

Most useful when used to compare quality of waters across the world… 



              TO CALCULATE WQI 
 
1. Conduct  water test and get results 
2. Find the Q values from corresponding graphs (found online) 
3. Multiply the Q value with the weight factor (found online) to get a subtotal 
4. Add all subtotals to get a total WQI number 



Physical 
Parameters 



Measure of how hot or cold the water body is 
 
Aquatic organisms are dependent on certain 
temperature ranges for optimal health.  
 
Raise in temperature = raise in photosynthesis 
and plant growth 
 
Temperature affects many other parameters 
in water, including dissolved oxygen, types of 
plants and animals present and the 
susceptibility of organisms to parasites, 
pollution and disease. 
 
 Causes of temperature change in water: 
weather conditions, pollution or wastes or 
groundwater influence 
 

Water Temperature 

Measured with a thermometer (or a YSI meter)  and usually recorded in °C 



Conductivity 

An ion is an atom of an element that has gained or lost an electron which will create a negative or 
positive state.  For example, sodium chloride (table salt) consists of sodium ions (Na+) and chloride 
ions (Cl-)  held together in a crystal. 
In water it breaks apart into a solution of sodium and chloride ions. This solution will conduct an 
electrical current. 

Conductivity is a measurement of the ability of an aqueous solution to carry an electrical current. 

Significant increases in conductivity may be an indicator 
that pollutants have entered the water. 
 
Every water will have it’s own baseline: ideal is between 
150- 500 S/cm to support aquatic life 
 
Reality in fresh water is 50- 1500 S/cm 
 
Relationships: 
Conductivity rises as temperature rises** 
Conductivity increases as TDS increase 

Normally measured with a conductivity meter and is recorded in micro-Siemens per centimeter or µS/cm 

** Because temperature changes conductivity values,  to easily compare to other waters,  
Specific Conductance is used. This is the conductivity value but adjusted to 25° C.  



Total Suspended Solids- TSS 

Total suspended solids (TSS) include all particles suspended in water which will 
not pass through a filter.  
 
Suspended solids are present in sanitary wastewater and many types of 
industrial wastewater. There are also nonpoint sources of suspended solids, 
such as soil erosion from agricultural and construction sites.  
 
As levels of TSS increase, a water body begins to lose its ability to support a 
diversity of aquatic life.  
 
Suspended solids absorb heat from sunlight, which increases water 
temperature and subsequently decreases levels of dissolved oxygen 

To measure TSS, a water sample is filtered, dried, and weighed.  It can also be measured 
with a meter. Recorded unit of measurement is usually mg/L. 

WHY IS TSS IMPORTANT? 



Total  Dissolved Solids- TDS 

To measure TDS, a water sample is evaporated and left over mass weighed (Gravimetric method). 
It can also be measured by measuring conductivity (since they are related). TDS = keEC 
 Recorded unit of measurement is usually mg/L or ppm. 

Total Dissolved Solids (TDS) refer the total amount of mobile charged ions, including 
minerals, salts or metals dissolved in a given volume of water. 
 
Total dissolved solids (TDS) comprise inorganic salts (principally calcium, magnesium, 
potassium, sodium, bicarbonates, chlorides, and sulfates) and some small amounts of 
organic matter that are dissolved in water. 
 
 Primary sources for TDS in are agricultural and residential runoff, leaching of soil 
contamination and pointsource water pollution discharge from industrial or sewage 
treatment plants 



Turbidity 

Turbidity is the measure of relative clarity of water.  
It is an optical characteristic and is an expression of the amount of light that is scattered by  
material in the water when a light is shined through the water sample. 
 
 High concentrations of particulate matter 

affect light penetration and productivity, 
recreational values, and habitat quality, 
and cause lakes to fill in faster. In streams, 
increased sedimentation and siltation can 
occur, which can result in harm to habitat 
areas for fish and other aquatic life.  
 
Particles also provide attachment places 
for other pollutants, notably metals and 
bacteria. For this reason, turbidity 
readings can be used as an indicator of 
potential pollution in a water body. 

Turbidity is measured with a meter or turbidity tube. Units of NTU’s ( nephelometric turbidity units) 

Related to TSS- how? 

Water Clarity can be measured with a secchi disk. 



A SECCHI DISK measures the clarity of a water body;  
Secchi disks best used in lakes or ponds. 
 

Turbidity Tubes can replace secchi disks for measuring water clarity of a stream 



Taking a Proper Secchi Disk Reading 

1. Put the Secchi disk into the water.  Keep lowering the disk slowly until it disappears.  

Note the depth on the cord! ** 

2. Slowly pull the disk up until you see it again.  Note the depth on the cord! 

3. Do this process THREE times 

3. Average the 3 depths to the nearest mark on the cord. 

4. Record the average depth on the Secchi data sheet along with the date and time of the 

reading. 

 

 

**TIP: Know the units of measurement that are marked on the cord before you begin! 

(1 meter = 3.3 feet) 

Secchi Disk Protocol: 
1.Slowly lower the Secchi disk into the water on the shady side of 
the boat/or area until it is no longer visible. Record this depth. 
2. Slowly raise the disk until it just becomes visible once again. 
Record this depth. 
3.Average the depths from steps 1 and 2 to get the Secchi depth. 
 
This may be repeated for a measurement of precision. 
 

Huge Hint: 
Know how to 

do this by 
May! 



Credit: City of Tuscaloosa, Alabama 



Other physical indicators 

Color 
Odor 
Taste* 

* Drinking water, please don’t taste the pond or stream water  



Chemical 
Parameters 



pH 

The pH of a sample of water is a measure of the concentration of hydrogen ions, or how acidic or basic 
the water is. At a higher pH there are fewer free hydrogen ions. 
 
The pH scale is logarithmic, meaning the change from 1-2, or 3-4, or 4-5, etc. is HUGE. 
 
 The pH scale ranges from 0 to 14. A pH of 7 is considered to be neutral. Substances with pH of less 
that 7 are acidic; substances with pH greater than 7 are basic. 
 
 Since pH can be affected by chemicals in the water, pH is an important indicator of water that 
is changing chemically 

The range of pH most organisms prefer is 6.5 - 8.0 



The pH of water determines the solubility (amount that can be dissolved in the 
water) and biological availability (amount that can be utilized by aquatic life)  
of chemical constituents such as nutrients (phosphorus, nitrogen, and carbon) and 
heavy metals (lead, copper, cadmium, etc.).  
 
For example, in addition to affecting how much and what form of phosphorus is 
most abundant in the water, pH also determines  whether aquatic life can use it.   
 

Excessively high and low pHs can be detrimental for the use of water and aquatic life 

pH can be measured with a meter, litmus paper, chemical test; the unit is just the pH number. 



Dissolved Oxygen 

a measure of how much oxygen is dissolved in the water – DO can tell us a lot about water quality. 

The oxygen dissolved in lakes, rivers, and oceans is crucial for the organisms and creatures living 
in it. As the amount of dissolved oxygen drops below normal levels in water bodies, the water 
quality is harmed and creatures begin to die off. 

Oxygen enters a stream mainly from the atmosphere and, in areas where groundwater discharge 
into streams is a large portion of streamflow, from groundwater discharge. This dissolved oxygen 

is breathed by fish and zooplankton and is needed by them to survive. 

Rapidly moving water, such as in a mountain stream or large river, tends to contain a lot of 
dissolved oxygen, whereas stagnant water contains less. 

the concentration of dissolved oxygen is 
inversely related to water temperature 

Aquatic plants also produce DO 



Bacteria in water consume the oxygen as organic matter decays. Thus, excess 
organic material in lakes and rivers can cause eutrophic conditions, which is an 
oxygen-deficient situation that can cause a water body "to die."  
THUS BACTERIA AND DO ARE INVERSELY RELATED  
 
Aquatic life can have a hard time in a lentic system that has a lot of rotting, 
organic material in it, especially in summer (the concentration of dissolved 
oxygen is inversely related to water temperature), when dissolved-oxygen 
levels are at a seasonal low.  
 
Water near the surface of the lake– the epilimnion– is too warm for them, 
while water near the bottom–the hypolimnion– has too little oxygen.  

DO in surface water has both a seasonal and a daily cycle 

DO can be measured by a field kit or meter.  Units of measure are in mg/L 



Consistent high levels of DO are best for a healthy ecosystem 
 
Levels vary depending on time of day, water temperature, season, depth, rate of flow 
 
 
0-2 mg/L= not enough to support life 
 
2-4 mg/L= only a few fish and aquatic insects can survive 
 
4-7 mg/L= good for many aquatic animals, low for cold water fish 
 
7-11 mg/L= very good for most stream fish 



Biological (or Biochemical)  Oxygen Demand -BOD 

The amount of dissolved oxygen needed by aerobic biological organisms in a body of 
water to break down organic material present in a given water sample at certain 
temperature over a specific time period. …HUH? 
 
 
 
In simple terms, (BOD) is a measure of the demand for oxygen in the water. 
 It is a combined measurement of oxygen used: • By microorganisms in decomposition 
(respiration) + • the use of oxygen for chemical reactions + • respiration of aquatic life 

including plants and animals.  

The harder the organisms work the more oxygen they use up; therefore a higher  
measure of BOD (and less for other life). 
 
BOD affects DO. High BOD measure harms stream/lake health the same way low DO does.  

 
 a low BOD is an indicator of good quality 

water, while a high BOD indicates 
polluted water.  

Test can be done with a field kit or in a laboratory. 
Units of measure are mg/L (milligrams per liter) or ppm (parts per million)  
of oxygen consumed in 5 days at a constant temperature of 20°C in the dark.  



Nitrates and Phosphates 

Nitrates and nitrites are families of chemical compounds containing atoms of nitrogen and oxygen. 
Occurring naturally, nitrates and nitrites are critical to the continuation of life on the earth, since 
they are one of the main sources from which plants obtain the element nitrogen. This element is 
required for the production of amino acids, which, in turn, are used in the manufacture of proteins 
in both plants and animals.  
 
Phosphorus is essential to the growth of biological organisms, including both their metabolic and 
photosynthetic processes. Phosphorus occurs naturally in bodies of water mainly in the form of 
phosphate (i.e., a compound of phosphorus and oxygen). 

When there is too much of either in a water body, they act as plant fertilizers and can cause an 
overabundance of plant and algae growth.  

What is going to happen here with water quality parameters? 



Phosphorus cycle (very similar to Nitrogen cycle) : 
 
Enters the water 
 
Plants use the Phosphorus and grow too much……what water quality changes are happening here? 
 
Plants/algae die and sink to the bottom 
 
Bacteria at the bottom decompose dead plants …..what water quality changes are happening here? 
 
Fish and other aquatic insects can begin to die…… what water quality changes are happening here? 
 
Phosphorus continues to enter the water 
 
Cycle continues…. 

Nitrate natural levels usually <1 mg/L 
+10 mg/L significant effect on freshwater 
environment 

Phosphate concentrations over .05 mg/L 
Will likely have impacts on ecosystem 
Concentrations over .1 mg/L definitely 
Have impacts on ecosystem 



Heavy metals are dangerous because they tend to bioaccumulate. 
 
 What happens to them in water depends on pH; When acid waters  
(waters with low pH values) come into contact with certain chemicals and metals,  
this often makes them more poisonous than normal.  

 As an example: fish that usually can withstand pH values as low as 4.8 will die at 
pH 5.5 if the water they're swimming in contains as little as 0.9 mg/L of iron. 
 
 Mix an acid water with small amounts of aluminum, lead, or mercury, and you 
have a similar problem - one that far exceeds the usual dangers of these 
substances 

Tests for heavy metals are done in a lab 



The active ingredient is the chemical or chemical compound that performs the intended purpose 
of a substance. In the case of a pesticide, the active ingredient is the material intended to kill the 
target pest. It is the active ingredient that is toxic to the pest and has the potential to be 
dangerous to other animals. The other substances in a pesticide are usually inert (not reactive) 
and are used to carry the toxin (active ingredient) while making its application easier. The active 
ingredient is usually a very small percentage of the total ingredients in a pesticide. 
 
Pesticides can bind to suspended solids, settle in sediment, and bioaccumulate. DDT 

Pesticides and Surfactants/Detergents 

Detergents are very widely used in both industrial and domestic premises like soaps and 
detergents to wash vehicles. 

 
 
 

Detergents can have poisonous effects in all types of aquatic life if they are present in sufficient 
quantities, and this includes the biodegradable detergents. All detergents destroy the external 
mucus layers that protect the fish from bacteria and parasites; plus they can cause severe 
damage to the gills. Most fish will die when detergent concentrations approach 15 parts per 
million. Detergent concentrations as low as 5 ppm will kill fish eggs. Surfactant detergents are 
implicated in decreasing the breeding ability of aquatic organisms.  
 
Some of these surfactants/detergents can change the pH of surface waters and change levels of 
dissolved oxygen.  

 
 



Biological 
Parameters 



E. coli and fecal coliform are bacteria whose 
presence can indicate water contaminated by 
human or animal wastes , causing short-term 
health effects, including: Cramps, nausea, 
diarrhea, headaches and more; they may also pose 
a greater risk for people with severely weak 
immune systems, elderly, and young children. 
They cannot be seen with the naked eye. 



Indicator bacteria are types of bacteria used to detect and estimate the level 
of fecal contamination of water.  

Total Coliform  
Indicator 

Good and bad stuff grouped together  

Fecal Coliform Group-  
Subgroup of Total Coliform  

Resides in intestines of warm blooded animals- including humans 
Short lived outside of host 

Naturally occurring 
Indicate “POSSIBLE” pathogens 

Not harmful stuff 

E.Coli  
Subgroup of Fecal Coliform  

Lives in intestines of warm blooded animals 
Enters the environment through feces 

Thousands of strains of E.Coli  

PATHOGENIC: dangerous to humans 
a bacterium, virus, or other microorganism 

that can cause disease 

Non Pathogenic 

Not harmful stuff 

Some other types of dangerous things are Salmonella, Giardia, Cryptosporidium, Legionella 



+/- test for fecal coliform can be done in the field, but most bacteria tests are done in a lab. 
 
Testing for all individual pathogens is impractical and expensive.   
EPA has designated total coliform as a standard. Several ways for the lab to perform the test.  

The sample is usually incubated  (heated up over a length of time) to encourage the bacteria to grow. 
When time is up, the “colonies” of bacteria are counted  

(individual bacteria are still too small to see with the naked eye) 

The unit of measure for bacteria is: cfu/ml (or colony forming units per milliliter) 



Algae and phytoplankton are an important component of biological monitoring 
programs for evaluating water quality.  
 
They are suited to water quality assessment because of their nutrient needs, 
rapid reproduction rate, and very short life cycle.  
 
Algae are valuable indicators of ecosystem conditions because they respond 
quickly both in species composition and densities to a wide range of water 
conditions due to changes in water chemistry.  

Both will affect the amount of dissolved oxygen, turbidity and water clarity in an ecosystem 



Benthic macroinvertebrates (bottom-dwelling organisms including aquatic 
insects, crayfish, clams, snails, and worms) are often used in studies to 
determine the quality of waters because of their high numbers, known 
pollution tolerances, limited mobility, wide range of feeding habits, varied life 
spans, and dependence on the land environment around the stream.  
 
When chemical grab samples are taken, they are really a snapshot of the water 
at that moment, that can change rapidly, but the macroinvertebrates are living 
there all the time. Their composition will be affected by either periodic 
episodes of poor water quality or continuous poor water quality. 

Benthic Macroinvertebrates 

The Hilsenhoff Biotic Index (HBI) estimates the 
overall tolerance of the community in a sampled 
area, weighted by the relative abundance of each 
taxonomic group (family, genus, etc.). Organisms 
are assigned a tolerance number from 0 to 10 
pertaining to that group's known sensitivity to 
organic pollutants; 0 being most sensitive, 10 being 
most tolerant. 





Using the diagram 
 
 
 what is going on with Temperature? 
 
What is going on with DO? 
 
What will happen to DO in the winter? 
 
What changes can be expected if TSS is high 
throughout the entire water column? 
 
What changes can be expected with a large 
Input of Nutrients? 
 
What happens if heavy metals are added to this system? 
 
What will happen if there is a large brush fire on the hillside? 
 
 
 
 
 
 



Using the parameters  previously discussed,  
what water quality differences  would you expect? 





Compare the color of samples 1 and 2.  
 
 
What could account for this? 



Test the pH from Samples A  and B2 
 
 
What could account for the differences? 
 
What other water quality parameters would  
you expect to be impacted in Sample B2? 
 
 



A 

B2 



Compare the turbidity values from Samples A and B  
using the turbidity tubes (or visual observation).  
 
Using the map, why are they different and  
what can be done to improve the values at each location? 
 
 



A 

B 



Using your sample pack of  
macroinvertebrate cards, 
Determine the water quality  
of your section of the stream and also 
at which point on the map ()your  
sample was taken from. 

Bioassessment 



Questions? 


