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      Teacher’s Guide

When doing any type of water sampling there is some basic information that is necessary about the sampling site that needs to be included.  These general observations are included in each of the data packages for elementary, middle & high school data.

For background information on each of the water tests please click on the parameter to be tested.
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Dissolved Oxygen
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Turbidity
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Nitrates
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Sulfates
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Hardness due to Calcium Ions
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 Total Dissolved Solids using Conductivity
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 Chlorides
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 Ammonium Ions
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 Brief Explanation of the Nitrogen Cycle 

Please Note:  You may not be testing all of these ions.

Effects of Temperature

The temperature of the water depends on several factors.  The type of stream will help determine the water temperature.  Lowland streams, or slow-moving streams are often known as warm water streams as the temperature is usually higher.  Mountain streams, spring fed streams, or rapidly moving streams normally have cooler temperatures.  The amount of vegetation around the stream can also affect the temperature of the water, with streams with lots of trees that can shade the water and lower its temperature.

The temperature of the water has several impacts on the health of the stream.  Temperature directly affects the water chemistry of the stream.  As a general rule, the rate a chemical reaction increases at higher temperatures.  This in turn affects the biological activities that take place in the stream.  

Generally speaking, the solubility of solids increases with an increase in temperature, while gases have a tendency to be more soluble in colder water.  Many of the tests performed in watershed monitoring is a measurement of the amount of “stuff” that is dissolved in water.

One of the most direct effects that water temperature has is on the amount of oxygen that is in the water.    The warmer the water, the lower the amount of dissolved oxygen in it.  We will look at that in more detail when we look at that water chemistry parameter.

Sources of heat, known as thermal pollution, may be problematic in watersheds, especially in slow moving streams, in small pools, or in shallow waters.  The water in these areas tends to get very warm in the summer months.  Many fish and other aquatic life can’t handle warm water or the effects that warm water has on the amount of dissolved particulates in it.

Fish, insects, and many aquatic plants and species have a range of temperature that is optimum for their survival.  Water that is too warm, or cold will affect their reproductive activities as well as their very survival.

Dissolved Oxygen

Dissolved oxygen is one of the most important parameters in a study of aquatic life.  Fish and all other organisms that live in or on the water require oxygen to live.  Oxygen gets into the water by several different ways.  One way is the process called diffusion, where the oxygen that is in the air gets dissolved into the water.  Another way oxygen gets into water is called aeration, which results from the rapid movement of water and then finally as a by-product of photosynthesis of plants that are in the water.

The amount of oxygen in air is approximately 21%, while the amount of dissolved oxygen in water is usually close to about 1%.  Where the wind and water meet at the surface, there is a dramatic difference in the amount of dissolved oxygen in the water.  When the wind “stirs” up the water, more surface area of the water is produced and more oxygen can be dissolved in the water.  A strong current in a stream also allows for more oxygen to be able to be dissolved in the water.

The amount of oxygen that can be dissolved in water is highly dependent on temperature.  Cold water can hold more of any gas than does warm water.  So as the temperature increases in the water, the amount of dissolved oxygen will decrease.

The rule in chemistry is that the amount of gas that can dissolve in pure water (until it saturated with gas and can hold no more) is inversely proportional to the temperature of the water.  

When you measure the amount of dissolved oxygen, you are in essence measuring the level of saturation at a given temperature.  There are tables that allow you to look up the level of saturation, dependent on both temperature and air pressure (as oxygen is a gas, pressure and temperature affect its ability to react).  Using one such table and several different sources, water that has about 90% saturation are considered “healthy”.  In terms of dissolved oxygen in the units we use to measure, mg/L or parts per million, that is around 9 ppm.

Water needs enough dissolved oxygen to maintain a good water quality.  When the amount of dissolved oxygen drops below the 5.0 mg/L level, all aquatic species in the water are put under a great deal of stress.  As the concentration gets lower, the amount of problems to the life forms in the water increases.  In fact at oxygen levels that are less than 1.0 mg/L – 2.0 mg/L could result in the death of fish and many other aquatic species, even if the level is only that low for a few hours.

pH

By definition, the pH of the water sample is a measure of the hydrogen ion concentration.  In equation form, pH = - log[H+].  But what exactly does this mean and how does it work? To try to understand it, experiments have shown that pure water naturally self ionizes, which means that in water there is a concentration of 1.0 x 10-7 mol/L of hydrogen ions.  We know that pure water is “neutral” so that tells us that there is also a concentration of 1.0 x 10-7 mol/L of hydroxide ions, OH-.  The chemical equation that shows this process is as follows:



                       H2O    
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    H+   +   OH-

If you multiply the concentration of hydrogen ions to the concentration of hydroxide ions you get a total of 1.0 x 10-14 mol2/L2.   So what does all that mean?  If you use the definition/formula and take the logarithm of the concentrations, you get a scale from 0 to 14, with 7 being right in the middle.  A pH of 7 is neutral in this scale.

So as we go higher than 7, the water becomes more basic (less acidic) which means that there aren’t as many hydrogen ions floating around in solution.  If the water has a pH that is less than 7, the solution is acidic, which means that there are more hydrogen ions in solution.  We also need to remember that the scale is logarithmic, so that each pH unit represents a tenfold change in concentrations of the hydrogen ion.  So if you have a pH of 4, there are 10 times as many hydrogen ions available in solution that one of pH of 5.

So how does all of this affect the water that we are testing?  The pH of the water will help determine how much (of many of the ions that we test for) can be dissolved in the water.  It also affects the amount of nutrients that can be dissolved in the water.  Many studies have shown that a pH range of 6.0 to 8.5 seems to be the best levels for most fresh water fish and the bugs and insects that live in the river.

We need to understand that many of the things we test for are all interdependent on one another.  Let’s look at an example.  The process of photosynthesis in plants uses carbon dioxide and produces oxygen.  Carbon dioxide dissolved in water acts like a weak carbonic acid.  So when plants use up carbon dioxide, it can reduce the acidity of the water and pH increases.  Fish and other organisms produce carbon dioxide as they breathe.  This carbon dioxide dissolves in the water as carbonic acid, which in turn lowers the pH of the water making it more acidic (the pH decreases).

Water that is more acidic has the ability to dissolve more harmful substances that may be introduced to the water by such things as fertilizer runoff.

Turbidity
Turbidity simply is a measure of how clear the water is.  Not everything that goes into the water gets dissolved.  Water also contains what are called “suspended solids”.  The greater the amount of total suspended solids in the water, the cloudier or murkier the water will appear, and the higher will the measured turbidity be.

There are two broad categories of suspended solids, those that come from organic sources and those from inorganic sources.  The organic sources are sometimes divided into living organisms and dead organic organisms.  The inorganic sources (silt/sediment) come from minerals and clays.


Organic Sources:

1. algae, zooplankton, bacteria

2. dead organic material in the water (detritus)

Inorganic Sources:

3. silt (often also called sediment)

Clarity is affected by algae, soil particles and other particles that are suspended in water.  We measure the clarity in a turbidity sensor.  In the book Standard Methods for the Examination of Water and Wastewater, 16th edition, 1985 turbidity is defined as an expression of the optical property that causes light to be scattered and absorbed rather than transmitted in straight lines through the sample”.  What the sensor does is it has a light beam that is sent out and a photocell sensor that is set at 90 to the light beam.  It estimates the amount of light that is scattered as the beam hits the suspended particles (not the amount of light absorbed).  The more suspended particles in the water, the less clarity, the more light that is scattered and the higher the turbidity.

The geology as well as the vegetation around the stream plays a large role in the amount of suspended particles in the water.  If a stream has steep slopes and goes through rocky terrain with little or no plant life, top soil will wash into the stream with almost every rain.  If the stream has an abundance of mature vegetation close to its banks, the vegetation acts as a buffer and helps to eliminate much of the erosion that causes silt/sediment to enter the stream.  Erosion from rain, surface runoff, and fast currents result in higher turbidity readings.

Pollution in the water usually reduces its clarity.  Poor land use practices will often lead to increased erosion, more organic matter in the water and higher concentrations of nutrients, all of which increase the amount of suspended particles.
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Both figure 1 and figure 2 show how the turbidity sensor works.  Figure #1 comes from On-Line Publishing Service for U.S.A and Canada.  Figure 2 is taken from Angular Patterns of Scattered Intensity for Three Basic Particle Sizes, Brumburger, November 1968, page 68.

Turbidity is measured in N.T.U.’s which stands for Nephelometric TurbidityUnits.  These units simply represent the way that the turbidity sensor estimates how the light is scattered by the suspended materials in the water.

Total Dissolved Solids using

Conductivity

Electrical conductivity is a measurement that gives a general idea of the amount of total dissolved solids that are in the river.  The term “dissolved solids” refers to any type of salt, mineral or even metal that is dissolved in the water.  The more that is dissolved in the water, the higher the conductivity will be.

Several different things control the level of conductivity, but the two major ones are:

1. The type of rocks that the stream passes through.   If the rock is rich in any

type of mineral that dissolves easily in water, it will raise the conductivity of the sample.

2. Agricultural runoff of water draining through adjacent fields.  This source usually contributes high levels of salts.  There is also nutrients dissolved in the water like nitrates, ammonium ions and phosphate ions that can cause an increase in conductivity.

Conductivity is measured in units called microSiemens per centimeter ((S/cm).  The sensor that measures conductivity has two metal electrodes that are placed a centimeter apart.  When the electrode is placed into the water sample a constant voltage is applied across the electrodes.  An electrical current flows through the water due to this voltage.  The voltage is proportional to the concentration of dissolved ions in the water.  What that means is that the more ions in the water, the more conductive the water is resulting in a higher electrical current, which is measured by the sensor.

Conductivity is an informative test as it gives an insight to the “invisible” dissolved solids that are in the water sample being tested.

Hardness due to Calcium Ions

Water hardness is a measure of the number of cations (positively charged ions) that are dissolved in the water sample.  The more cations that are dissolved in the water, the “harder” the water is.  The most common dissolved cations are the calcium ion and the magnesium ion.  There are some metals (iron, strontium, manganese) that also contribute to the hardness of water but these do so in very small concentrations.

The most common of all the dissolved cations is calcium.  Calcium is found in almost all soil types and many rocks.  When a river or stream passes through limestone, gypsum or dolomite the calcium found in these rocks dissolves readily and the concentrations of calcium will be higher.

Water hardness is generally reported as the amount of calcium carbonate that is found in the water measured in mg/L.  The U.S.G.S.  classifies water hardness in the following ways:

	Concentration in mg/L
	Hardness Classification

	( 75
	Soft water



	75 – 150
	Moderately hard water



	150 – 300
	Hard water



	( 300
	Very Hard Water




Calcium plays an important role in the biological processes of fish.  Fish need calcium for bone formation as well as for blood clotting.  The presence of calcium ions in “hard” water provides some of the needs of calcium for the fish.

Phophates

Phosphorus is one of the important elements for the growth of aquatic plants and animals.  In its elemental form it is very toxic, however the phosphate ions are formed from this state.  Phosphates can exist in three basic forms:  polyphosphate, orthophosphate and what is called organically bound phosphates.  Each of these actually has a different chemical formula.  Orthophosphates are produced by natural processes and also can be found in fecal wastes and sewage.  Polyphosphates are the kind that are commonly found in laundry detergents used in washing clothes and in other soaps.  Once they hit the water, they usually change into ortho- phosphates.  Organic phosphates often result from the breakdown of different organic pesticides used in agricultural when they dissolve in water.

When it rains, the water that runs off from farming soils into the river or stream can contain varying amounts of phosphates.  These extra phosphates can cause the growth rates of plankton and aquatic plants to accelerate, providing more food and therefore an increase in fish population.  However, if an excess of phosphate enters the river or stream, algae and aquatic plants can grow so rapidly, that they can over populate.  As these plants die and start to decay, they use up a lot of oxygen, lowering the amount of dissolved oxygen in the water.

Phosphates are not toxic to people or animals unless they are present in very high levels.

Sulfates

Sulfates are one of the most common anions found in natural water systems.  They occur naturally or from polluted wastes put into the water.  In its natural form it comes from runoff from rocks that contain gypsum and other common materials that contain sulfate.  It also can come from different types of leaves that fall into a stream and are broken down.  Runoff from fertilized farmland can also contribute the amount of sulfates found in a water supply.

Sulfur is an important nutrient in the plant growth cycle.  The most common form of sulfur in waters that have suitable amounts of dissolved oxygen is as sulfates.  Sulfate concentrations less than 0.5 mg/L will not allow for the growth of aquatic algae.  Too much sulfates in the water will cause an explosion of algae and plankton growth, which dramatically affects its overall quality.

Just as there is a water cycle, there is also a sulfur cycle which includes atmospheric sulfur dioxide (a primary component of acid rain), sulfate ions, and sulfides.  Sulfides are very soluble in water and are very toxic to both humans and fish.  When there is too little dissolved oxygen, sulfides are produced and give off a smell very similar to that of rotten eggs.

In normal concentrations, sulfates are not thought to be toxic to plants and animals.  Concentrations in the 500 – 750 mg/L range will cause stomach problems in humans.  Higher concentrations than this will cause death in cattle.

The biggest problem caused by sulfates is that they readily form strong acids in water, which changes the pH of the water. 

Nitrates and Ammonium Ions

Nitrogen is one of the most abundant elements on the planet.  Nitrogen makes up almost 80% of the air.  It is also found in the cells of every living thing and is a major component of proteins.  The nitrogen that is found inorganically is present as either the gas N2,  nitrate (NO3-), nitrite (NO2-) or as ammonia (NH3).  The organic types of nitrogen that is found in proteins is continually being recycled by plants and animals in natural processes.

Nitrogen containing compounds act as nutrients in rivers and streams.  Bacteria commonly found in all water supplies converts the nitrates that enter the water into nitrates, using up oxygen in the process.  Too many nitrites in water can produce a disease in fish which is commonly called “brown blood disease”.  Nitrites can also react directly with the hemoglobin in the blood of humans and other animals to produce a substance called methemoglobin.  Methemoglobin attacks and destroys the ability of the red blood cells in these warm blooded species to transport oxygen.

The most common ways that nitrogen-containing compounds enter rivers and streams is through fecal wastes of animals (including fish and birds), fecal wastes of humans, runoff from fertilized farmlands and fields.

Nitrates stimulate the growth of algae and other aquatic plants that provide food for aquatic invertebrates and fish.  However, too much nitrogen can cause too rapid a growth of these plants, and as they die they use up oxygen, affecting the species that require oxygen to die.

For human use, nitrate concentrations should not exceed 1.0 mg/L, above this level can cause stomach problems for adults and can seriously harm infants.  Nitrate levels in the range of 0.5 mg/L to 1.5 mg/L have little or no effect on warm water fish.

Ammonia, NH3, is a colorless gas that has a very strong odor.  It liquefies very easily and is very soluble in water.  When ammonia enters water, it reacts to form the ammonium ion (NH4+) which is a weak base.  Ammonia is used in many fertilizers either as the compound itself or as ammonium salts like ammonium nitrate and ammonium sulfate.

The amount of dissolved ammonium ions is temperature and pH dependent.  Plants can handle higher levels of ammonium ions better than animals, and the aquatic invertebrates are more tolerant of higher levels than are fish.

The Nitrogen Cycle

The nitrogen cycle is an important nutrient cycle that is found naturally in our ecosystem.  Nitrogen is used by living organisms to produce organic molecules like; proteins, amino acids, and nucleic acids.  Even though almost 80% of the air is nitrogen; plants can only take in nitrogen in two solid forms; ammonium ion (NH4+) and as nitrate ion (NO3-) not from the nitrogen in the air.  Most plants get the nitrates they need through water leaching through the soil.  Ammonium isn’t used as much by plants because in higher concentrations it is toxic to plants and animals.  Animals get the nitrogen they need from eating plants that contain nitrogen in them.

Nitrogen can enter the soil in rainfall, through the effects of lightening, and from the bacteria that are found with beans (legumes) that provide nitrogen for the plants and get the carbohydrates they need to live from nodules in the roots of the plants.  This part of the nitrogen cycle is a naturally occurring cycle in our ecosystem.

The activities of people have altered the natural nitrogen cycle.  Some of the major altercations are:

· The use of nitrogen fertilizers on crops, which increases the amount of nitrates that are leached into the ground water.  These additional nitrates eventually flow into streams, rivers and lakes.

· Increased amounts of nitrogen from the atmosphere as a result of the burning of fossil fuels and from the burning of forests.  Both of these processes release a variety of solid forms of nitrogen through combustion.

· Cattle and other livestock release a large amount of ammonia into the environment from their wastes.  This nitrogen enters the soil system and then they hydrological system through leaching, runoff, and normal groundwater flow.  Animal wastes that go directly into a river or stream can have a dramatic effect on the amount of nitrogen in the water.
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Chlorides

Chloride forms salt compounds that are very common in nature.  One of the most common chloride salts is common table salt, sodium chloride.  Another very common salt found in nature is magnesium chloride.  The chloride molecule alone is very toxic, and is often used to disinfect water used by human consumption.  Small amounts of chlorides are necessary for normal cell functions in plants and animal life.

Chlorides may get into surface waters from many different ways, including:

· Runoff from rocks that contain chlorides

· Fertilizer runoff from agricultural land

· Effluent waste after treating drinking water 

Too high a concentration of chloride ions can contaminate fresh water streams and lakes.  Most fish and other aquatic life cannot survive in waters with high levels of chloride ions.

If you drink water that has sodium chloride in it, you usually don’t taste the “saltiness” until you reach levels of 250 mg/L.  
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