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APES Water Quality Test Parameters Lab – Background Information
Regardless of whether your drinking water source is an underground aquifer or a surface water body, it is important to know whether your water is of good quality or not.  Many public waterways have become contaminated with various pollutants coming from a wide variety of sources.  These contaminants include nitrates and phosphates from agricultural runoff, industrial solvents and chemicals used in industry and discharged directly into waterways, bacteria and other disease-causing agents, pesticides, herbicides, and virtually every other chemical humans have produced.  Testing conducted by government officials has confirmed the presence of even modern medicines such as ibuprofen (aspirin), caffeine, steroids and the like in many rivers and streams.  

Testing each water body is critical to locating the source of contaminants to ensure the safety of our public drinking water supplies.  The types of tests that are conducted have standardized procedures used by all professionals to maintain the integrity of results from lab to lab and from region to region (see “Water Quality Tests” in this lab).  The EPA and many state agencies (NYSDEC, for example) have established minimum toxin levels that are allowable in public drinking water sources.  

In this lab, you will collect a sample of water from a nearby source, record physical setting data, and then test the sample for some of the parameters typically used to determine water quality.  These parameters and tests are outlined here, and you should read this section thoroughly until you have understood what each parameter indicates, and how it is tested for.  In short, a working knowledge of water quality is critical to your understanding of water quality issues on both a local and world-wide scale.  
WHAT WE TEST FOR AND WHY

1. Dissolved Oxygen
The presence of oxygen in water is a positive sign; the absence of oxygen is a signal of severe pollution. Waters of consistently high dissolved oxygen are usually considered healthy and stable aquatic ecosystems capable of supporting many different kinds of aquatic organisms.

Sources of Dissolved Oxygen:

Dissolved oxygen in water comes from the atmosphere, waves on lakes and slow-moving rivers and tumbling water on fast-moving rivers. Algae and rooted aquatic plants also deliver oxygen to water through photosynthesis.

Physical Influences on Dissolved Oxygen:

Water temperature and the volume of water moving down a river effects dissolved oxygen levels. Gases, like oxygen, are more easily dissolved in cooler water than in warmer water. Wet weather or melting snows increases flow and the possibility for greater mixing of atmospheric oxygen.

Human-Caused Changes in Dissolved Oxygen:

The main factor contributing to changes in dissolved oxygen levels is the build-up of organic wastes or wastes from once-living plants and animals, and from the feces of animals. Organic waste takes the form of sewage; urban and agricultural runoff from rain and melting snow carrying organic wastes into the water, discharge of food processing industries, meat packing plants, and dairies. A significant part of urban and agricultural runoff are fertilizers that stimulate extensive growth of algae and other aquatic plants.

Changes in Aquatic Life Due to Dissolved Oxygen:

Sudden and gradual depletions in dissolved oxygen can cause major shifts in the kinds of aquatic organisms from pollution intolerant species to pollution tolerant species. With a drop in dissolved oxygen levels, many different kinds of aquatic insects sensitive to low dissolved oxygen such as

the mayfly nymphs, stonefly nymphs, caddisfly larvae, and beetle larvae might be reduced to a few different kinds such as aquatic worms and fly larvae that are tolerant of these levels. Nuisance algae and anaerobic organisms (that live without oxygen) may also become abundant in waters of

low dissolved oxygen.

2. Temperature
Temperature affects: The amount of oxygen that can be dissolved in the water. The rate of photosynthesis by algae and larger aquatic plants. The metabolic rates of aquatic organisms, and the sensitivity of organisms to toxic wastes, parasites, and diseases.

Human-Caused Changes in Temperature, Thermal Pollution:

Thermal pollution refers to water that is warmer than the water present in the river. Thermal pollution may also come from storm water draining from heated urban surfaces such as streets, sidewalks, and parking lots, all these contribute warmer water to the river.

Changes in Aquatic Life Due to Temperature Changes:

As water temperature increases, photosynthesis and plant growth also increases. More plants grow and die. As plants die, they are decomposed by bacteria that need oxygen. Therefore, as the rate of photosynthesis is increased, the need for oxygen in the water is also increased. Some aquatic organisms like trout and stonefly nymphs require cooler water temperatures than carp and dragonfly nymphs.

3. pH
Water (H20) contains both H+ (hydrogen) ions and OH- (hydroxyl) ions. The pH test measures the H+ ion concentration of liquids and substances.  Each measured liquid or substance is given a pH value on a scale that ranges from 0 to 14. Pure, deionized water contains equal numbers of H+ and OH- ions and is considered neutral (pH 7), neither acidic or basic. If the sample being measured has more H+ than OH- ions, it is considered acidic and has a pH I= than 7. If the sample contains more OH- ions than H+ ions, it is considered basic with a pH greater than 7. See pH scale below.
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It is important to remember that for every one-unit change on the pH scale, there is approximately a ten-fold change in how acidic/basic the sample is.

Human-Caused Changes in pH:
In the U.S., the pH of natural water is usually between 6.5 and 8.5, although wide variations can occur. Increased amounts of nitrogen oxides (NOx) and sulfur dioxide (SO2), primarily from automobile and coal-fired power plant emissions, are converted to nitric acid and sulfuric acid in the atmosphere. These acids combine with moisture in the atmosphere and fall to earth as acid rain or acid snow.

4. Total Alkalinity

Alkalinity 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.  Alkaline compounds in the water such as bicarbonates (baking soda is one type), carbonates, and hydroxides remove H+ ions and lower the acidity of the water (which means increased pH). They usually do this by combining with the H+ ions to make new compounds. Without this acid-neutralizing capacity, any acid added to a stream would cause an immediate change in the pH. Measuring alkalinity is important in determining a stream's ability to neutralize acidic pollution from rainfall or wastewater. It's one of the best measures of the sensitivity of the stream to acid inputs.

Rocks and soils, salts, certain plant activities, and certain industrial wastewater discharges influence alkalinity in streams. Waters flowing through limestone regions, which are rich in carbonates, generally have high alkalinity thus a good buffering capacity. In contrast, granite does not have minerals that contribute to alkalinity. Areas full of granite have low alkalinity and poor buffering capacity.

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 milligrams per liter of calcium carbonate (mg/L CaCO3).
5. Conductivity
The measurement of water’s ability to conduct electricity is called conductivity, or specific conductance, and is measured in electrical units called micro-ohms per centimeter or in the metric equivalent, micro-Siemens per centimeter.  It is the opposite of electrical resistance, which is measured in ohms.  Conductivity is a general indicator of water quality, because it is a reflection of the amount of solids that are dissolved in the water.  It can tell us the quantity of solids that are dissolved in the water, but it does not tell us what kind of dissolved solids are present.  Rainfall, interacting with the atmosphere, vegetation, rocks and soil, is the major source of dissolved solids in streams. Groundwater entering streams is another source.  Water is uncommonly good at dissolving a wide variety of materials, it is the medium that allows the necessary biochemical reactions in organisms to proceed. Water carries needed minerals and nutrients to living organisms and transports wastes away.  Perhaps the seven common substances that usually make up about 99% of the dissolved solids in streams are (in their approximate order of abundance):
 •Bicarbonate •Calcium •Magnesium •Sulfate •Chloride •Sodium •Potassium 

The remaining 1% can vary but can include nitrates, different metals, ammonia, phosphorus, and manmade compounds like pesticides and fuels.  Conductivity of wastewater tends to be high since most treatment plants do not treat wastewater for dissolved solids.  The most abundant dissolved solid that may pass through the treatment plant is sodium chloride, which is from the salt that we ingest.
6. Nitrates, Ammonia, and Phosphates:
Most organisms are unable to use the nitrogen that is present as a gas in the air. Instead, nitrogen enters the food chain in the form of ammonia or nitrate ions that can be absorbed by plants. Nitrate compounds, such as sodium nitrate or potassium nitrate occur in minerals, plants, and animals.

They form the starting material that organisms use to make the many compounds necessary for life. Proteins, enzymes, nucleic acids, hormones, and vitamins all contain nitrogen. Nitrogen is an essential plant nutrient required by all living plants and animals for building protein. In aquatic ecosystems, nitrogen is present in many different forms. As with phosphates, too much nitrate in a waterway can encourage excessive growth of aquatic weeds and algae. This excessive plant growth can degrade the quality of a waterway through eutrophication. So, one-reason waterways are tested for nitrate-levels, is to monitor and control eutrophication. A second-reason directly relates to human health risks, specifically health risks to infants and unborn children. Drinking water that contains high amounts of nitrates may cause "blue babies" or infant methemoglobinemia (meht HEE muh Gloh Bih nee mee uh). This is a medical condition of infants in which oxygen does not properly bind to hemoglobin, the oxygen-carrying molecule in the blood. To avoid this condition, pregnant women and infants should not drink water that contains more than 20 nig/L of nitrates.
Human-Based Sources of Nitrates and Ammonia:

These are inadequately treated wastewater from sewage treatment plants; runoff that flushes storm drains containing illegal sanitary sewer connections; poorly functioning septic systems; runoff from food lots and barnyards and runoff from crop fields and lawns. Septic systems are a very common treatment method around rural lakes, and in the countryside. In the Mississippi River watershed alone, an estimated 4.2 million metric tons (9.2 billion pounds) of nitrogen-based fertilizers are applied to croplands each year. Some of this amount finds its way into rivers and streams.  Excess nitrates in rivers and streams also come from wastewater from treatment plants and home septic systems.

Reducing Nitrate Levels in Rivers and Streams:

Limiting the use of nitrate fertilizers would decrease nitrate levels in waterways. An alternative way to supply plants with adequate amounts of nitrogen is by a form of crop rotation. Crop rotation involves varying which crops are planted in a particular field. To increase nitrogen naturally, one season a crop is planted that converts nitrogen from the air into nitrogen in the soil. Such plants are called nitrogen-fixing plants. The next season, a crop that requires nitrogen is planted. The most common type of nitrogen-fixing plants, include peas, clover, and soybeans.

Phosphates in Our Waterways

Phosphates are essential to the growth of all living things. Phosphate refers to compounds containing the phosphate ion. The phosphate ion is found in various minerals, such as calcium phosphate, as well as in shells, bones, and animal teeth.
Why Test Water for Phosphate:

A plant must receive a sufficient supply of phosphate in order to grow and mature properly. That is why farmers add fertilizers containing phosphate to the soil. Phosphate is also essential for aquatic plants, such as algae. Algae, is a general term for chlorophyll-containing plants like seaweed and pond scum. When a waterway has a high level of phosphate (greater than 0.1 mg/L), plants, including algae, mature and reproduce rapidly. Algae may grow so densely across the surface of the water that it prevents the light necessary for photosynthesis from reaching the plants and algae beneath, causing them to die. That decomposing organic matter reduces the amount of dissolved oxygen in the water. The decrease in the amount of dissolved oxygen may produce death for aquatic life such as fish. So, if testing river or stream water reveals a high level of phosphate, it is reasonable to assume that the amount of dissolved oxygen will decrease when the plant population dies, reducing the ability of the waterway to support a variety of aquatic life. This process of overgrowth of aquatic vegetation followed by death, decay, oxygen depletion, and an imbalance of plants and animals in the water is called eutrophication (yoo troh fuh KAY shuhn). When humans influence this, it’s called cultural eutrophication.

How Do Excess Phosphates Get into Waterways:

Excess levels of phosphates in waterways are the result of human activity. Of the several human sources of phosphates in waterways, the main two are fertilizers and detergents. When a phosphate fertilizer is applied to farmlands or lawns, some of the phosphate is absorbed by land plants. The

remaining portion may be transported to a river or stream by runoff or groundwater seepage. Industries and homes often use detergents for cleaning dishes, clothes, floors, automobiles etc. Many detergents contain phosphates as builders, compounds that enhance cleaning ability. After detergents are used for cleaning, the waste is released down drains and sewers, or sometimes poured out onto the ground. Once in the water system, that detergent waste, and the phosphate it contains, may end up in a river or stream.  In 1990, 475 million pounds of phosphate were used in detergent products in the United States. Much of this ended up in rivers and streams.
7. Turbidity
If you visited the Mississippi River in Illinois or states further south, you would be able to see only about 20 to 38 centimeters beneath the water's surface. On the other hand, if you visited some lakes in Alaska, you would be able to see 30 to 37 meters below the surface. The degree to which a body is not clear is called turbidity (ter BIHD ih tee). The Mississippi River is very turbid, but those Alaskan lakes have low turbidity.

8. Benthic Macroinvertebrates, (BMI’s)
Benthic macroinvertebrates are animals that do not have backbones but are visible to the naked eye. Many live on stream bottoms or other substrates, and are good indicators of a streams health. Many are insects, some are represented by freshwater aquatic worms, snails, clams, crustaceans and various spiders. BMI’s play key roles as biological indicators of a streams health and water quality since some are tolerant while others are intolerant of pollution. Finding various types of BMI’s in a stream suggests the overall health of the stream. BMI’s are easily impacted by stream alterations and quickly indicate and detect such changes or potential problems to the stream. In comparison, one could say they are the canary to the miner in a mine shaft that detects danger.  Mayflies, Stoneflies, Caddisflies and Dragonflies present as nymphs or larvae (3 vs. 4 metamorphosis stages)
9. Fecal Coliform Bacteria
One of the primary human concerns with water quality focuses on the presence or absence of pathogen, or disease-causing, organisms, particularly bacteria.  Many species of bacteria live in unprotected water supplies that look clean.  Many are harmless, but others are not.  Certain rod-shaped,

waterborne bacteria that propagate in the digestive systems of humans and other warm-blooded animals, known as fecal coliforms, often occur in waterways.  If present in drinking water, the bacteria can cause a variety of disorders.  Though many fecal coliforms do not cause disease, some readily establish themselves in the lower gut of vertebrates, especially humans.  Once established, they produce waste products toxic to the host organism.  These toxins may result in stomachaches, chills, severe fever, and diarrhea. In recent years, outbreaks of cryptosporosis took place in some U.S. water systems.  In many developing countries, cholera, an intestinal infection caused by a waterborne bacterium, is a hidden killer.  Diarrhea is the number-one killer of infant’s worldwide- it often results from mixing powdered milk with water contaminated with a disease organism.  Though fecal coliforms are present in many vertebrates, little evidence suggests they harm non-human vertebrates. So their presence has health significance only to humans.

Fecal Coliform Bacteria:

Determining the presence of fecal coliform requires differentiating them from other coliform. Temperature holds the key to this.  All Enterobacteria ferment lactose, a sugar, if held at 95° to 98.6°F for 24 to 48 hours.  At 112.1° to 122° F (± 32°F), however, fecal coliform still ferment lactose,

while other coliforms die or become inactive. The waste products of lactose fermentation turn fecal coliform bacteria blue, making them identifiable.  So scientists utilize these temperature parameters as part of a test to determine fecal contamination of water.

Why Test Water for Fecal Coliform:

Certain bacterial groups are excellent environmental-quality indicators.  The presence of such indicator organisms tends to indicate other events or organisms.  Investigators discovered that, when outbreaks of typhoid, cholera, dysentery, hepatitis, and other waterborne pathogenic diseases occurred, high fecal coliform counts were often present.  Though fecal coliform bacteria normally do not cause disease, they often coexist with pathogenic organisms.  This identification of fecal coliforms as indicator organisms was a landmark in maintaining clean drinking water.  If more specific testing of a contaminated water sample from a river or stream reveals the presence of Escherechia coli (esh eh ree KAY ah KOH ly), the specific fecal coliform bacterium most commonly found in human and animal waste, then such waste is the specific, more likely source of the contamination.  Not only do such wastes represent a potential health threat when they enter a water source, they also add organic nutrients, which excessively enrich aquatic ecosystems.  The presence of excessive nutrients frequently results in rapid eutrophication and oxygen depletion.  Such conditions may result in fish kills and the loss of other aquatic, aerobic life forms.

How Do Fecal Coliforms Enter the Water:

Broken sewer lines, faulty septic systems, and direct wastewater discharges may introduce untreated animal and human fecal matter into a waterway.   Farm animals drinking directly from a stream will add their waste to the water supply as well.  Climatic conditions have a direct bearing on coliform

counts.  Excessive rainfall usually results in lower counts due to dilution by rainwater.  Heavy rains with runoff sometimes raise fecal coliform counts by washing in animal wastes from the land.  Heavy rain or runoff into overtaxed combined storm sewer drainage systems may cause raw sewage to flow directly into a river or stream.  Extended drought conditions may also produce higher counts, because little dilution is taking place.   Because 44.5°C is the optimum temperature for fecal coliforms, counts tend to be lower in seasons when water is cooler.
Standards for Fecal Coliform Levels in Water:

The National Primary Drinking Water Regulations established standards for maximum concentration of specific contaminants allowed in drinking water. The standards apply to all potable water systems in the United States. Drinking water should contain zero fecal coliforms. The values listed in Table 6-1 are the current, generally accepted standards listed by the U.S. Environmental Protection Agency. Public water systems and sewage treatment systems test their output before release, treating it if necessary. Recreation areas also periodically test for fecal coliform levels. If the levels are too high, the site is closed for recreation.
TABLE 6-1

Water-Quality Standards

	Category 
	Fecal Coliforms per 100 mL of Water

	Drinking water 
	0 colonies (1 bacterium)

	Swimming 
	200 colonies

	Boating 
	1000 colonies

	Treated sewage 
	200 colonies
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