Background Information on Sausal Creek Water Quality Monitoring®

% Bacteria - E. coli (fecal coliform bacteria) and Total Coliform
What are fecal bacteria and why are they important?

Members of two bacteria groups, coliforms and fecal streptococci, are used as indicators of possible sewage
contamination because they are commonly found in human and animal feces. Although they are generally not harmful
themselves, they indicate the possible presence of pathogenic (disease-causing) bacteria, viruses, and protozoans that also
live in human and animal digestive systems. Therefore, their presence in streams suggests that pathogenic microorganisms
might also be present. Since it is difficult, time-consuming, and expensive to test directly for the presence of a large
variety of pathogens, water is usually tested for coliforms and fecal streptococci instead. In addition to the possible health
risk associated with the presence of elevated levels of fecal bacteria, they can also cause cloudy water, unpleasant odors,
and an increased oxygen demand. Sources of fecal contamination to surface waters include wastewater treatment plants,
on-site septic systems, domestic and wild animal manure, and storm runoff.

Indicator bacteria types and what they can tell you

The most commonly tested fecal bacteria indicators are total coliforms, fecal coliforms, Escherichia coli, fecal
streptococci, and enterococci. All but E. coli are composed of a number of species of bacteria that share common
characteristics such as shape, habitat, or behavior; E. coli is a single species in the fecal coliform group.

Total coliforms are a group of bacteria that are widespread in nature. All members of the total coliform group can occur in
human feces, but some can also be present in animal manure, soil, and submerged wood and in other places outside the
human body. Thus, the usefulness of total coliforms as an indicator of fecal contamination depends on the extent to which
the bacteria species found are fecal and human in origin. For recreational waters, total coliforms are no longer
recommended as an indicator. For drinking water, total coliforms are still the standard test because their presence
indicates contamination of a water supply by an outside source.

Fecal coliforms, a subset of total coliform bacteria, are more fecal-specific in origin. For recreational waters,
this group was the primary bacteria indicator until relatively recently, when EPA began recommending E. coli
and enterococci as better indicators of health risk from water contact. Fecal coliforms are still being used in
many states as the indicator bacteria. E. coli is a species of fecal coliform bacteria that is specific to fecal
material from humans and other warm-blooded animals. EPA recommends E. coli as the best indicator of health
risk from water contact in recreational waters; some states have changed their water quality standards and are
monitoring accordingly.

« Water Temperature
Why is water temperature important?

The rates of biological and chemical processes depend on temperature. Aquatic organisms from microbes to fish are
dependent on certain temperature ranges for their optimal health. Optimal temperatures for fish depend on the species:
some survive best in colder water (e.g., rainbow trout), whereas others prefer warmer water. Benthic macroinvertebrates
are also sensitive to temperature and will move in the stream to find their optimal temperature. If temperatures are outside
this optimal range for a prolonged period of time, organisms are stressed and can die. Reproductive stages (spawning and
embryo development) are the most sensitive stages.



Temperature affects the oxygen content of the water (oxygen levels become lower as temperature increases); the rate of
photosynthesis by aquatic plants; the metabolic rates of aquatic organisms; and the sensitivity of organisms to toxic
wastes, parasites, and diseases. Causes of temperature change include weather, removal of shading streambank vegetation,
impoundments (a body of water confined by a barrier, such as a dam), discharge of cooling water, urban storm water, and
groundwater inflows to the stream.

®

+« Conductivity
What is conductivity and why is it important?

Conductivity is a measure of the ability of water to pass an electrical current. Conductivity in water is affected by the
presence of inorganic dissolved solids such as chloride, nitrate, sulfate, and phosphate anions (ions that carry a negative
charge) or sodium, magnesium, calcium, iron, and aluminum cations (ions that carry a positive charge). Organic
compounds like oil, phenol, alcohol, and sugar do not conduct electrical current very well and therefore have a low
conductivity when in water. Conductivity is also affected by temperature: the warmer the water, the higher the
conductivity. For this reason, conductivity is reported as conductivity at 25° degrees Celsius (25° C).

Conductivity in streams and rivers is affected primarily by the geology of the area through which the water flows.
Streams that run through areas with granite bedrock tend to have lower conductivity because granite is composed of
more inert materials that do not ionize (dissolve into ionic components) when washed into the water. On the other hand,
streams that run through areas with clay soils tend to have higher conductivity because of the presence of materials that
ionize when washed into the water. Ground water inflows can have the same effects depending on the bedrock they flow
through. Discharges to streams can change the conductivity depending on their make-up. A failing sewage system would
raise the conductivity because of the presence of chloride, phosphate, and nitrate; an oil spill would lower the
conductivity.

The basic unit of measurement of conductivity is the mho or siemens. Conductivity is measured in micromhos per
centimeter (umhos/cm) or microsiemens per centimeter (us/cm). Distilled water has conductivity in the range of 0.5 to 3
pmhos/cm. The conductivity of rivers in the United States generally ranges from 50 to 1500 pmhos/cm. Studies of
inland fresh waters indicate that streams supporting good mixed fisheries have a range between 150 and 500 phos/cm.
Conductivity outside this range could indicate that the water is not suitable for certain species of fish or
macroinvertebrates.

+«» Dissolved Oxygen
What is dissolved oxygen and why is it important?

The stream system both produces and consumes oxygen. It gains oxygen from the atmosphere and from plants as a result
of photosynthesis. Running water, because of its churning, dissolves more oxygen than still water, such as that in a
reservoir behind a dam. Respiration by aquatic animals, decomposition, and various chemical reactions consume oxygen.

Wastewater from sewage treatment plants often contains organic materials that are decomposed by microorganisms,
which use oxygen in the process. (The amount of oxygen consumed by these organisms in breaking down the waste is
known as the biochemical oxygen demand or BOD). Other sources of oxygen-consuming waste include stormwater runoff
from farmland or urban streets, feedlots, and failing septic systems.

Oxygen is measured in its dissolved form as dissolved oxygen (DO). If more oxygen is consumed than is produced,
dissolved oxygen levels decline and some sensitive animals may move away, weaken, or die. DO levels fluctuate
seasonally and over a 24-hour period. They vary with water temperature and altitude. Cold water holds more oxygen than
warm water and water holds less oxygen at higher altitudes. Aquatic animals are most vulnerable to lowered DO levels in



the early morning on hot summer days when stream flows are low, water temperatures are high, and aquatic plants have
not been producing oxygen since sunset. Rainbow trout prefer moderate-to-high levels of DO.

< Water Clarity
What is water clarity or turbidity and why is it important?

Turbidity is a measure of water clarity, or how much the material suspended in water decreases the passage of light
through the water. Suspended materials include soil particles (clay, silt, and sand), algae, plankton, microbes, and other
substances. These materials are typically in the size range of 0.004 mm (clay) to 1.0 mm (sand). Turbidity can affect the
color of the water.

Higher turbidity increases water temperatures because suspended particles absorb more heat. This, in turn, reduces the
concentration of dissolved oxygen (DO) because warm water holds less DO than cold. Higher turbidity also reduces the
amount of light penetrating the water, which reduces photosynthesis and the production of DO. Suspended materials can
clog fish gills, reducing resistance to disease in fish, lowering growth rates, and affecting egg and larval development. As
the particles settle, they can blanket the stream bottom, especially in slower waters, and smother fish eggs and benthic
macroinvertebrates. Sources of turbidity include: soil erosion, waste discharge, urban runoff, eroding stream banks,
excessive algal growth. Rainbow trout are sensitive to high turbidity levels.

+«+ Stream Discharge
What is stream flow and why is it important?

Stream flow, or discharge, is the volume of water that moves over a designated point over a fixed period of time. It is
often expressed as cubic feet per second (ft*/sec).The flow of a stream is directly related to the amount of water moving
off the watershed into the stream channel. It is affected by weather, increasing during rainstorms and decreasing during
dry periods. It also changes during different seasons of the year, decreasing during the summer months when evaporation
rates are high and shoreline vegetation is actively growing and removing water from the ground. August and September
are usually the months of lowest flow for most streams and rivers in most of the country.

Flow is a function of water volume and velocity. It is important because of its impact on water quality and on the living
organisms and habitats in the stream. Large, swiftly flowing rivers can receive pollution discharges and be little affected,
whereas small streams have less capacity to dilute and degrade wastes.

Stream velocity, which increases as the volume of the water in the stream increases, determines the kinds of organisms
that can live in the stream (some need fast-flowing areas; others need quiet pools). It also affects the amount of silt and
sediment carried by the stream. Sediment introduced to quiet, slow-flowing streams will settle quickly to the stream
bottom. Fast moving streams will keep sediment suspended longer in the water column. Lastly, fast-moving streams
generally have higher levels of dissolved oxygen than slow streams because they are better aerated.

! Excerpted from http://water.epa.gov/type/rsl/monitoring/.



