Bacteria

Bacteria are among the simplest, smallest, and most abundant organisms on earth. Bacteria are
"procaryotic" organisms- a term which indicates a cellular structure lacking an organized nucleus
and nuclear membrane. Instead of containing genetic information stored on several
chromosomes, bacteria contain a single strand of DNA. These organisms reproduce by binary
fission, which occurs when a single cell divides to form two new cells called daughter cells. Each
daughter cell contains an exact copy of the genetic information contained in the parent cell. The
process continues with each daughter cell giving rise to a generation of two new cells. The
generation time is the time required for a given population to double in size. This time can be as
short as 20 minutes for some bacteria species (e.g., Escherichia coli).

While the vast majority of bacteria are not harmful, certain types of bacteria cause disease in
humans and animals. Examples of waterborne diseases caused by bacteria are: cholera,
dysentery, shigellosis and typhoid fever. During the London cholera epidemics of 1853-1854, Dr.
John Snow observed that nearly everyone who became ill obtained their drinking water from a
specific well into which a cesspool was leaking. Those who became ill either drank water from the
well or came into contact with fecally contaminated material while tending those already sick.

Concerns about bacterial contamination of surface waters led to the development of analytical
methods to measure the presence of waterborne bacteria. Since 1880, coliform bacteria have
been used to assess the quality of water and the likelihood of pathogens being present. Although
several of the coliform bacteria are not usually pathogenic themselves, they serve as an indicator
of potential bacterial pathogen contamination. It is generally much simpler, quicker, and safer to
analyze for these organisms than for the individual pathogens that may be present. Fecal
coliforms are the coliform bacteria that originate specifically from the intestinal tract of warm-
blooded animals (e.qg, humans beavers, racoons, etc.). They are cultured in a special growth
media and incubated at 44.5° C.

The first U.S. standards for drinking water, established by the Public Health Service in 1914, were
based on coliform evaluations. It was reasoned that the greatest source of human pathogens in
water was from human waste. Each day, the average human excretes billions of coliform
bacteria. These bacteria are present whether people are ill or healthy. Monitoring for coliform
bacteria was designed to prevent outbreaks of enteric diseases, rather than to detect the
presence of specific pathogens. Today, coliform bacteria concentrations are determined using
methods specified by the Environmental Protection Agency (EPA) and Standard Methods for the
Examination of Water and Wastewater (AWWA, APHA, and WEF, 20" ed., 1998).

Bacteria sources

Human sources of bacteria can enter water via either point or nonpoint sources of contamination.
Point sources are those that are readily identifiable and typically discharge water through a
system of pipes. Sewered communities may not have enough capacity to treat the extremely
large volume of water sometimes experienced after heavy rainfalls. At such times, treatment
facilities may need to bypass some of the wastewater. During bypass or other overflow events,
bacteria-laden water is discharged directly into the surface water as either sanitary sewer
overflow (SSO) or as combined sewer overflow (CSO). Power outages and flooding can also
contribute to the discharge of untreated wastewater.

lllicit connections to storm sewers are a source of bacteria in surface waters, even during dry
periods. A connection to a storm sewer is "illicit" when the wastewater requires treatment prior to
discharge and should be routed to the sanitary sewer. Only storm water and certain permitted
discharges (e.g. clear noncontact cooling water) should be discharged to a storm sewer.



Nonpoint sources are those that originate over a more widespread area and can be more difficult
to trace back to a definite starting point. Failed on-site wastewater disposal systems (septic
systems) in residential or rural areas can contribute large numbers of coliforms and other bacteria
to surface water and groundwater.

Animal sources of bacteria are often from nonpoint sources of contamination. Concentrated
animal feeding operations, however, are often point source dischargers. Agricultural sources of
bacteria include livestock excrement from barnyards, pastures, rangelands, feedlots, and
uncontolled manure storage areas. Storm water runoff from residential, rural, and urban areas
can transport waste material from domestic pets and wildlife into surface waters. Land application
of manure and sewage sludge can also result in water contamination, which is why states require
permits, waste utilization plans, or other forms of regulatory compliance. Bacteria from both
human and animal sources can cause disease in humans.

Bacteria-laden water can either leach into groundwater and seep, via subsurface flow, into
surface waters or rise to the surface and be transported by overland flow. Bacteria in overland
flow can be transported freely or within organic particles. Overland flow is the most direct route for
bacteria transport to surface waters. Underground transport is less direct, because the movement
of water and bacteria is impeded by soil porosity and permeability constraints.

Water Quality Standards for Bacteria

Rule 62 of the Michigan Water Quality Standards (Part 4 of Act 451) limits the concentration of
microorganisms in surface waters of the state and surface water discharges. Waters of the state
which are protected for total body contact recreation must meet limits of 130 Escherichia coli (E.
coli) per 100 milliliters (ml) water as a 30-day average and 300 E. coli per 100 ml water at any
time. The limit for waters of the state which are protected for partial body contact recreation is
1000 E. coli per 100 ml water.

Discharges containing treated or untreated human sewage shall not contain more than 200 fecal
coliform bacteria per 100 ml water as a monthly average and 400 fecal coliform bacteria per 100
ml water as a 7-day average. For infectious organisms which are not addressed by Rule 62, The
Department of Environmental Quality has the authority to set limits on a case-by-case basis to
assure that designated uses are protected.

Bacteria Effluent Limitations in NPDES Permits

Wastewater treatment plants which discharge to waters of the state are required to monitor for
fecal coliform bacteria on a frequent basis and must comply with the limits of 200 fecal coliform
bacteria per 100 ml water as a monthly average and 400 fecal coliform bacteria per 100 ml water
as a 7-day average. Other types of facilites may also receive monitoring requirements and/or
limits for fecal coliform bacteria. Limits are necessary if there is a potential for bacteria in the
facility's discharge to cause waterborne disease or nuisance conditions.

Bacteria numbers can be effectively reduced by disinfection procedures including chlorination and
ozonation. If chlorine is used for disinfection, the treated wastewater must be dechlorinated prior
to discharge to protect fish and other aquatic life.



