A.
ABIOTIC FACTORS: TEMPERATURE, pH, TURBIDITY
EQUIPMENT & SUPPLIES

· small bucket with handle, weights & nylon rope
· directions for Obtaining a Lake Sample
· stop watch
· water thermometer
· directions for Using the Water Thermometer
· 1 Wide Range pH Strip, 1-14 range
· directions for Using the Wide Range pH Strips
· secchi disc
· directions for Using the Secchi Disc
CONSIDERATIONS

· IT IS CRITICAL THAT YOU FOLLOW ALL DIRECTIONS, INCLUDING TIMES, EXACTLY!

· When measuring water temperature, it is important to ensure that the readings are not influenced by the temperature of the surrounding air. Shallow or surface readings are more likely to be affected by air temperature.

· When using test strips, do NOT put wet fingers into the container or you will ruin the entire set of strips. Always dry your hands well, and shake the strip out of the bottle and into your hand.

· The pH of a solution is a measure of its hydrogen ion [H+] activity. pH is measured on a scale that goes from 0 to 14. As a pH reading gets closer to 0, the hydrogen ion concentration [H+] gets higher, the hydroxide ion [OH-] concentration goes down and the solution becomes more acidic. As a pH reading gets closer to 14, the hydrogen ion concentration [H+] goes down while the hydroxide ion [OH-] concentration goes up and causes the solution to become more basic (alkaline). A pH reading of 7 means the [H+] concentration and the [OH-] concentration are equal and the solution is considered to be neutral, being neither acidic nor basic.

· A secchi disk is used to determine levels of light able to penetrate the water, and thus the turbidity of the water.
· Turbidity is a measure of the relative clarity of water. Turbid water is caused by suspended and colloidal matter such as clay, silt, organic and inorganic matter and microscopic organisms. Don’t confuse turbidity with color … darkly colored water can be clear.

· Turbidity has no health effects. However, turbidity can interfere with disinfection and provide a medium for microbial growth. Turbidity may indicate the presence of disease-causing organisms. These organisms include bacteria, viruses and parasites that, when present in drinking water, can cause symptoms such as nausea, cramps, diarrhea and headaches.
B.
ABIOTIC FACTORS: pH, ALKALINITY, HARDNESS, NITRITES, NITRATES
EQUIPMENT & SUPPLIES

· small bucket with handle
· directions for Obtaining a Lake Sample
· stop watch
· 1 Pond Test Strip
· directions for Using the Pond Test Strips
CONSIDERATIONS

· IT IS CRITICAL THAT YOU FOLLOW ALL DIRECTIONS, INCLUDING TIMES, EXACTLY!

· When using test strips, do NOT put wet fingers into the container or you will ruin the entire set of strips. Always dry your hands well, and shake the strip out of the bottle and into your hand.

· Alkalinity, often referred to as "carbonate hardness," is a total measure of the capacity of water to neutralize acids. Alkalinity is not a pollutant and is different from pH. pH measures the strength of an acid or base. Alkalinity indicates a solution's power to react with acid and buffer its pH, the power to keep its pH from changing. Alkalinity is important for fish and aquatic life because it protects or buffers against pH changes (keeps the pH fairly constant) and makes water less vulnerable to acid rain. The main sources of natural alkalinity are rocks, which contain carbonate, bicarbonate and hydroxide compounds.
· Total alkalinity is measured by measuring the amount of acid (e.g., sulfuric acid) needed to bring the sample to a pH of 4.2. At this pH all the alkaline compounds in the sample are "used up." The result is reported as parts per million (ppm) of calcium carbonate.
· A body of water may have a fairly neutral pH, but if its alkalinity is low, it will be readily acidified. A body of water with the same pH but with higher alkalinity will have a greater buffer capacity and, consequently, a greater resistance to acidification.
· In contrast to carbonate hardness, general hardness is the measurement of the total dissolved minerals in water. Hard water refers to water high in dissolved minerals, especially calcium and magnesium. Hard water bodies have an abundance of minerals and nutrients that lead to plant growth. In contrast, soft water bodies are poor in nutrients and lack a substantial amount of plant growth. Hardness is measured as parts per million (ppm) of calcium.

· Nitrogen is found in several different forms in terrestrial and aquatic ecosystems. These forms of nitrogen include ammonia (NH3), nitrates (NO3) and nitrites (NO2). Nitrites and nitrates in excess amounts can cause dramatic increases in aquatic plant growth and changes in the types of plants and animals that live in water. This, in turn, affects dissolved oxygen, temperature and other indicators. The natural level in surface water is typically low.
· Nitrate (NO3) is a nutrient needed by all aquatic plants and animals to build protein. The decomposition of dead plants and animals and the excretions of living animals release nitrate into the aquatic system. Excess nitrate increases plant growth and decay, promotes bacterial decomposition and, therefore, decreases the amount of oxygen available in the water.

C.
ABIOTIC FACTORS: TEMPERATURE, DISSOLVED OXYGEN, TURBIDITY
EQUIPMENT & SUPPLIES

· small bucket with lid
· directions for Obtaining a Lake Sample
· 2 strip thermometers (inside bucket)
· directions for Using the Thermometers
· stop watch
· small capped tube marked Diss Oxy
· 2 DO tablets
· directions for Using the DO Tablets
· % Saturation chart
· combined color & turbidity charts
· small secchi icon (inside bucket)
· directions for Using the Turbidity Chart
· pint jar marked Used Samples (Unless you are the 1st group to complete this activity, the jar will contain used samples from previous groups. Do not pour out the contents of the jar. Add your used sample to what is in the jar. The last group will return the jar for proper disposal.)
CONSIDERATIONS

· IT IS CRITICAL THAT YOU FOLLOW ALL DIRECTIONS, INCLUDING TIMES, EXACTLY!

· You cannot complete these three tests one at a time in the time allotted. You need to split the work so that different parts of the group are completing the tests at the same time.

· When using tablets, do NOT use wet fingers or you will ruin the tablets. Always dry your hands well before handling the tablets.
· Water plays a role in absorbing and transferring heat from sun to earth and back to the atmosphere. Water has a higher specific heat than most other substances, which means it can absorb more heat per gram than many other substances. Water can absorb about four times more heat energy than an equal mass of air for a given change in temperature. Temperature is a measure of the rate at which a substance's molecules are moving, and water molecules have the ability to absorb more heat energy before increasing molecular motion. When water molecules evaporate, breaking away from other molecules to form steam or vapor, the heat energy of the dispersed molecules is converted into kinetic energy. This reduces the heat energy of the remaining water and thus cools the water. 
· Temperature is very important to water quality. Temperature affects the amount of dissolved oxygen in the water, the rate of photosynthesis by aquatic plants and the sensitivity of organisms to toxic wastes, parasites and disease. Thermal pollution – the discharge of heated water from industrial operations, for example – can cause temperature changes that threaten the balance of aquatic systems.
· Thermal pollution occurs when the temperature of water reaches the point where it can kill or harm fish or other wildlife. Thermal pollution results when water is used for absorbing heat and returned to a receiving stream before cooling back to normal stream temperature. This type of polluting discharge is regulated just as chemical pollutants are. Other things that can cause thermal pollution are: loss of tree coverage over a body of water due to logging or construction, damming of water that slows water movement down and causes temperature to increase and increased turbidity, which adds more color to water, causing more heat absorption. The major effect of thermal pollution is a reduction in the dissolved oxygen (DO) of water, which affects plant and animal life. Many species of fish cannot live in low oxygen water. Most of the popular game fish, such as salmon or trout, need high oxygen levels (7-10 ppm). Fish such as catfish and carp can tolerate lower oxygen levels (3-4.5 ppm). High temperatures and the resulting low oxygen also interfere with breeding activities and egg and larval development of many organisms, including amphibians and insects.
· Dissolved Oxygen is important to the health of aquatic ecosystems. All aquatic animals need oxygen to survive. Natural waters with consistently high dissolved oxygen levels are most likely healthy and stable environments and are capable of supporting a diversity of aquatic organisms. Natural and human–induced changes to the environment can affect the availability of dissolved oxygen.

· Dissolved Oxygen Saturation is an important measurement of water quality. Cold water can hold more dissolved oxygen than warm water. Water at 28° C will be 100% saturated with 8 ppm dissolved oxygen. Water at 8° C can hold up to 12 ppm of oxygen before it is 100% saturated. High levels of bacteria from sewage pollution or large amounts of rotting plants can cause the saturation to decrease. This can cause large fluctuations in dissolved oxygen levels throughout the day, which can affect the ability of plants and animals to thrive.
· The most accurate way to determine water’s turbidity is with an electronic turbidimeter. The turbidimeter is a photoelectric cell that accurately measures the light scattered by suspended particles in a water sample. The results are reported in units called Nephelometric Turbidity Units or NTUs.
· Turbidity affects fish and aquatic life by (1) interfering with sunlight penetration that, in turn, results in lower oxygen concentrations and large carbon dioxide concentrations, (2) clogging the gills of fish and shellfish and killing them directly, (3) providing a place for harmful microorganisms to grow and (4) reducing the visibility for certain fish to find food but, on the other hand, helping protect them from predators.
D.
ABIOTIC FACTORS: NITRATES, pH, PHOSPHATE
EQUIPMENT & SUPPLIES

· small bucket
· directions for Obtaining a Lake Sample
· stop watch
· capped test tube marked Nitrate
· 1 Nitrate tablet
· directions for Using the Nitrate Tablets
· capped test tube marked pH
· 1 pH WR tablet
· directions for Using the pH Tablets
· capped test tube marked Phosphate
· 1 Phosphate tablet
· directions for Using the Phosphate Tablets
· combined color & turbidity charts
· pint jar marked Used Samples (Unless you are the 1st group to complete this activity, the jar will contain used samples from previous groups. Do not pour out the contents of the jar. Add your used sample to what is in the jar. The last group will return the jar for proper disposal.)
CONSIDERATIONS

· IT IS CRITICAL THAT YOU FOLLOW ALL DIRECTIONS, INCLUDING TIMES, EXACTLY!

· You cannot complete these three tests one at a time in the time allotted. You need to split the work so that different parts of the group are completing the tests at the same time.

· When using tablets, do NOT use wet fingers or you will ruin the tablets. Always dry your hands well before handling the tablets.

· Nitrate (NO3) is a nutrient needed by all aquatic plants and animals to build protein. The decomposition of dead plants and animals and the excretions of living animals release nitrate into the aquatic system. Excess nitrate increases plant growth and decay, promotes bacterial decomposition and, therefore, decreases the amount of oxygen available in the water.
· Phosphate is a nutrient needed for plant and animal growth and is also a fundamental element in metabolic reactions. High levels of phosphate can lead to overgrowth of plants, increased bacterial activity and decreased dissolved oxygen levels.
· A certain amount of phosphate released into a lake is immediately taken up by algae and plants. Too much phosphate results in excessive growth of plants and causes algal blooms. When plants die, bacteria and other microbes increase in order to break down the organic material. These microorganisms consume available oxygen that, in turn, results in the death of larger aerobic organisms such as fish. This process is called eutrophication. If eutrophication continues, the aquatic system becomes anaerobic and gives off a rotten-egg odor. Eutrophication occurs naturally at a very slow pace. Human interference can speed the process by introducing improperly treated sewage, industrial waste or runoff from feed lots and farmland into receiving waters.
E.
BIOTIC FACTORS: AQUATIC INVERTEBRATE SAMPLING

EQUIPMENT & SUPPLIES

· standard mesh pond net with telescoping handle

· 2 brushes

· 2 shallow pans

· forceps 
· plastic spoons

· directions for Sampling Aquatic Invertebrates
· magnifying glasses
· BMWP Identification Chart

CONSIDERATIONS

· Those who monitor pollution use the mixture of invertebrates in a stream or pond as an indication of water purity. Water with little more than red worms (Tubifex) is almost certainly very low in dissolved oxygen probably due to high levels of bacteria. Such water will not support fish and is not safe to drink. Water with a large variety of organisms including stone flies and riffle beetles will have a high oxygen concentration, low bacterial population and be good quality water.
· The use of invertebrates as indicators has many advantages over chemical analyses since it indicates the quality of the ecosystem and its ability to cope with a certain amount of organic pollution. Declining biodiversity indicates that there is a problem.
· Access to desired parts of the water may be problematic.

· It is important to consider the sampling method, including the locations chosen for sampling and the length of time to kick or sweep for.

· The accuracy of visual observations and identifications must be taken into account

















































































