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Preface

T
his manual is a result of a joint project to enhance citizen E. coli monitoring in streams of the
upper Midwest. The partners involved in this project include the Iowa Department of Natural
Resources IOWATER, Purdue University, the Indiana Department of Natural Resources,
Hoosier Riverwatch, Michigan State University, the Ohio State University, the University of

Minnesota Extension Service, Minnesota Water Resources Center, the Volunteer Stream Monitoring
Partnership, the University of Wisconsin Extension, the Wisconsin Department of Natural Resources, and 
the Water Action Volunteers Program. Others who have lent support to this manual include local units of 
government, citizen leaders, and all the volunteers who have helped throughout this project. 

Funding for this Citizens Monitoring Bacteria (CMB) project was granted from the U.S. Department of
Agriculture’s Cooperative State Research, Education, and Extension Service (CSREES) 406 Water
Quality program. Additional funding was provided by the CSREES Great Lakes Regional Water
Program.

Several excellent training manuals already exist that instruct citizens on monitoring various parameters of 
water quality in streams, and several are cited at the end of this manual. The content of this training
manual will not provide a comprehensive approach to stream monitoring methods but will instead
supplement other training manuals by focusing on the single parameter, E. coli, and provide detailed
information on methods and analyses for E. coli stream monitoring.
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Chapter 1: Introduction: Stream
Monitoring

Why monitor streams?

S
treams have been referred to as the arteries of the earth since they carry and transport the water 
that supports aquatic life. Humans also depend on this water for a multitude of activities
including irrigation, drinking supply, energy production, recreation, industry, and aesthetics.
Clean water is important to the health and livelihood of

all people, and many groups and stakeholders are working
together to protect water resources. However, 39% of the rivers
and streams assessed in the United States in 2000 were polluted or
had degraded habitat. According to the USEPA’s 2000 National
Water Quality Inventory, polluted water runoff from the land was
the leading cause of water quality problems nationwide (USEPA,
2002a). Major pollutant sources were sediment, bacteria, heavy
metals and nutrients. Stream monitoring programs can be
invaluable in assessing current conditions and tracking changes in
water quality over time to determine if remediation or protection actions have been successful. 

Volunteer programs
State and regional agency staff as well as funds are often limited, yet stream monitoring needs can be
vast. Volunteer monitoring programs can be an extremely valuable asset to states’ water quality
monitoring programs by expanding data collection efforts and resource assessment opportunities.
Volunteer-collected data can provide important baseline information to assist with decision-making and
resource assessment.

Volunteer monitoring programs are also a way to tap the expertise of volunteer monitors on local water
quality conditions and history. Volunteer monitoring teams are often
more “in-touch” with local settings and events and can be available to
respond quickly when a pressing need for monitoring arises. 

Volunteer monitoring programs are also a great opportunity for citizens
of various backgrounds to become more involved in and to gain greater
understanding of water quality issues. The training for and involvement
in monitoring programs can empower citizens to become involved in
informed debate, taking action, and making an impact in their
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community. In fact, a study in Wisconsin found that experienced volunteer monitors are more active
politically in their communities (Overdevest et al, 2004). 

Goals of E. coli bacteria monitoring 
Many parameters can be monitored to help assess a stream’s condition or to follow trends in water
quality. One that has received increasing attention as an important water quality indicator is E. coli

bacteria. While other factors may be just as important to monitor, 
this training manual focuses on E. coli monitoring. 

Setting goals and designing a sampling
program
The objectives of this program are to provide citizens involved in 
E. coli monitoring programs with the scientific background,
practical applicability, and tools needed to develop an
understanding of the role of bacteria in stream water quality. 

Before embarking on a bacteria monitoring program, it is
suggested that your group first review and determine your own
goals in terms of data collection and use. Where, when, and how
often you sample will depend on these set goals. A reference you
may wish to use is the Volunteer Water Quality Monitoring
National Facilitation
project website’s
Guide for Growing
Programs. In the
“Designing Your
Monitoring Strategy,”
groups are introduced
to goal-setting
processes, and also
referred to a number of 
valuable resources for
working towards step-by-step goal making
(www.usawaterquality.org/volunteer/).

The time involved with volunteer monitoring can be demanding,
but rewarding. First assess how often your group is prepared to
monitor. The amount of time allocated to volunteer monitoring
depends on  your group’s goals. For example, one goal may be to 
conduct baseline monitoring. This plan would involve monitoring 
every few weeks over many years. You may also choose to

monitor your selected stream to see if it is meeting water quality standards. This plan may call for more
frequent monitoring but not necessarily for years and years. A short-term, intensive study, such as
monitoring the effects of storm water runoff, is another option which may involve daily sampling. All
these monitoring plans are not necessarily mutually exclusive.
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If your group has the time and has set goals to monitor more frequently, such a plan will provide you with 
additional data. For example, many states have an active beach monitoring program because of the high
level of full-contact recreational use of beaches. Standards have been developed by state and local
agencies that indicate the level of risk to human health by swimming in beach waters. According to
USEPA standards, when a one-time high count is reached (235 colony forming units (cfu)/100 milliliters
(ml)) or a 30-day geometric mean (with a sample size of at least 
5 samples per 30-day period or the total number of samples
collected over the specified monitoring period) is exceeded
(126 cfu/100 ml), the beach is closed until levels decrease (see
Chapter 7 for a description of a geometric mean and how it is
calculated). If your group has set a goal to determine a 30-day
geometric mean, it is recommended that you monitor at least
once a week.

Another group goal may include collecting data to further
watershed management plans that will develop from
coordination with other water quality monitoring programs. You may also want to work on fostering
connections and partnerships with state agencies and other groups that promote sound land and watershed 
management.

In general, the time involved will include driving to and from the selected sites, taking water samples at
these sites, and returning to your home or designated laboratory space to process and incubate the
samples. You also must be available 24 to 48 hours later (depending on the test) to read the plates after
incubation. Counting the E. coli colonies and recording them on a data sheet could take up to an hour.

Finally, remember that good sampling plans are flexible and can be updated and refined according to
goals and objectives. You can visit the CSREES Best Education Practices (BEP) website for further
information on this process (http://wateroutreach.uwex.edu/).

Other important water quality indicators
Bacteria monitoring, while an important and valuable water
quality indicator, is only one part of total stream water quality.
A comprehensive assessment program of stream water quality
should consider monitoring for other water quality indicators.

Biologically and chemically, water quality is defined by a
number of factors, and these parameters can generally indicate
if a water body is degraded or polluted. How the water will be
used may influence which or how many characteristics are used 
to determine water quality. In addition to bacteria, other
common water quality measurements include clarity,

conductivity, dissolved oxygen, hardness, nutrients (particularly nitrogen and phosphorus), pH,
temperature, total suspended solids, and biological communities (see box, next page). 

Various water quality standards exist based on many of these parameters, however the standards may
vary depending on the use of the water. For example, drinking water and irrigation water have different
standards for bacteria. Zero levels of E. coli are required in drinking water, but the presence of some E.
coli are a tolerated risk in irrigation or swimming waters. 
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Other Im por tant Wa ter Qual ity Pa ram e ters

Tem per a ture

Tem per a ture var ies de pending on time of day,
sea son, and veg e ta tion along the stream.
Tem per a ture af fects the ox y gen con tent of the
wa ter since colder wa ter can hold more
dis solved ox y gen than warmer wa ter.
Tem per a ture also af fects the rate of
pho to syn the sis by aquatic plants, met a bolic
rates of aquatic or gan isms, and the sen si tiv ity
of or gan isms to toxic wastes and dis eases. 

Dis solved ox y gen (DO)

Dis solved oxygen (DO) is nec es sary for the
main te nance of a healthy aquatic eco sys tem.
Aquatic or gan isms dif fer in the amount of
ox y gen they re quire for sur vival. For ex am ple,
fish such as trout and pike re quire higher
con cen tra tions of DO for sur vival, while carp
and cat fish are able to sur vive at much lower
con cen tra tions (less than 5 mg/L). Dis solved
ox y gen is sup plied to a wa ter body through the
at mo sphere where ox y gen mixes with wa ter
through wind and wave action, and through
pho to syn the sis by al gae and other aquatic
plants. Ox y gen is more eas ily dis solved in cold 
wa ter than in warm wa ter; there fore, the
amount of ox y gen that wa ter will hold
in creases as the tem per a ture de creases. Low
DO lev els can have neg a tive im pacts on biota
caus ing stress and some times death if lev els
fall be low tol er ance val ues for or gan isms.

pH

The pH is a measure of the acidity or the
alkaline (basic) nature of the water. Since the
scale is logarithmic, a drop in the pH by 1 unit
is equivalent to a 10-fold increase in acidity. A
pH of 7 is neutral. Thus a pH of 5 is 10 times
more acidic than a pH of 6 and 100 times more

acidic than a pH of 7. pH affects many
chemical and biological processes in the water. 
Different organisms do well or poorly within
different ranges of pH. The majority of aquatic
animals prefer a pH range from 6.0-8.0.
Outside this range reduces the diversity in the
stream because it stresses the physiological
systems of most organisms and can reduce
reproduction. Low pH can also allow toxic
elements and compounds to become mobile
and “available” for uptake by aquatic plants
and animals. This can produce conditions that
are toxic to aquatic life, particularly to
sensitive species such as salmon and trout.
Changes in acidity can be caused by
atmospheric deposition (acid rain), surrounding 
rock, and certain wastewater discharges.

Nu tri ents

Excess nutrients such as nitrogen and
phosphorus can accelerate eutrophication in
surface waters, a condition that often results in
excessive plant growth, declining oxygen
levels and changes in the aquatic community.
Often, phosphorus is the nutrient in the shortest 
supply relative to the organisms’ needs in fresh 
water systems, and even a modest increase in
phosphorus can set off a chain of undesirable
events. This includes accelerated plant growth,
algal blooms, low dissolved oxygen, and the
death of certain fish, invertebrates, and other
aquatic animals. Sources of nutrients can be
both natural and human. Natural sources
include soil and rocks. Human sources include
discharge from wastewater treatment plants,
runoff from fertilized lawns and cropland,
failing septic systems, animal manure inputs,
storm water runoff and disturbed land areas.
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Other Im por tant Wa ter Qual ity Pa ram e ters (con tin ued)

Trans par ency/Wa ter Clarity

Trans par ency or wa ter clarity is a mea sure of
how well light passes through the wa ter
col umn. Trans par ency is usu ally mea sured
with a Secchi disk (for lakes) or trans par ency
tube (for streams), al though it can be mea sured
in the field with a light me ter. Secchi disk
read ings are prob a bly the most com monly
col lected wa ter qual ity data across the U.S.
Trans par ency mea sure ments are typ i cally made 
in situ (on site) and can be af fected by
sus pended sed i ment, by al gae, and by the color 
of the wa ter (i.e., humic ac ids that stain the
wa ter red or brown ish). 

Turbidity

Tur bid ity is a mea sure of how much light is
scat tered by par ti cles in the wa ter. Algal
blooms or sus pended sed i ment can in crease
tur bid ity be cause light is scat tered by par ti cles
in the wa ter, whether those par ti cles are
sed i ment or al gae. Other sources con trib ut ing
to tur bid ity in clude soil ero sion, run off from
ur ban and ag ri cul tural ar eas, wastewater and
storm wa ter in puts, plant ma te ri als and
sed i ment be ing stirred up by bot tom feed ers.
Ma te rials caus ing tur bid ity may also be
re spon si ble for clog ging fish gills, re duc ing
avail able hab i tat, in ter fer ing with egg and
lar vae de vel op ment, smoth er ing fish eggs and
aquatic in sect lar vae, and suf fo cat ing
newly-hatched in sect lar vae. Tur bid ity is most
com monly re ported in NTUs (Nephelometric
Tur bid ity Units) and is most ac cu rately
mea sured with a nephelometer which may cost
sev eral hun dred dol lars. 

Total Solids

To tal sol ids con sist of dis solved and sus pended 
materials in wa ter. Dis solved sol ids, or those
par ti cles that will pass through a fil ter with
pores of around 2 mi crons (0.002 cm) in size,

in clude cal cium, chlo rides, ni trate, phos pho rus,
iron, and sul fur. To tal sus pended sol ids (TSS)
will not pass through a 2-micron fil ter and are a
di rect mea sure ment of the par ti cles sus pended in 
the wa ter - by weight. That means you must
col lect a sam ple and take it back to the lab
where the wa ter is fil tered and dried in an oven,
be fore be ing weighed. Sus pended sol ids in clude
silt and clay par ti cles, al gae, fine or ganic de bris, 
and other par tic u late mat ter. Sed i ment weighs
more than al gae, so TSS is a more ac cu rate
mea sure ment of how much sed i ment is in the
wa ter, whereas tur bid ity is af fected equally by
sed i ment or al gae. 

If you collect samples for turbidity or TSS, be
sure to shake the container thoroughly before
taking a measurement, so whatever has settled
out is re-suspended. Neither TSS nor turbidity
measurements are affected by colored water.

Bi o log i cal Communities

Various biological communities can be used to
assess stream ecosystem health.  Aquatic
macroinvertebrates, the animals without a
backbone but larger than microscopic
organisms, include the aquatic insects, mollusks, 
crustaceans, and aquatic worms.
Macroinvertebrates often are used as indicators
of water quality since their tolerance range to
pollution varies among species, they are easy
and inexpensive to collect, and many are
sensitive to both physical and chemical changes
in the water. Since they cannot easily escape
pollution once it enters, they can be valuable in
detecting pollution even after it is no longer
detected by chemical methods.  Fish may also
be used as indicator species. Many fish cannot
tolerate low dissolved oxygen concentrations or
low pH.  Others have narrow temperature
tolerances. Some are also sensitive to high
turbidity levels, which can clog their gills or
interfere with their ability to see their prey.  





Chapter 2: Bacteria and Water
Quality

What are bacteria?

B
acteria are microscopic, single-celled organisms that are the most numerous organisms on
earth. They are so small that over five million could be placed on the head of a pin. Bacteria
can live in numerous environments and perform many complex actions, some of which are
beneficial and some harmful. Most bacteria, however, are not harmful and do not cause

human health problems. Those that are disease producing are referred to as pathogenic. Viruses and
some protozoans can also be pathogenic.

Coliform bacteria are part of the Enterobacteriaceae family and individual cells cannot be seen with the
naked eye due to their small size (but colonies can be seen.)  While some coliform bacteria can be
naturally found in soil, the type of coliform bacteria that lives in the intestinal tract of warm-blooded
animals and originates from animal and human waste is called fecal coliform bacteria.

Escherichia coli (E. coli) is one subgroup of fecal coliform bacteria. Even within this species, there are
numerous different strains, some of which can be harmful. However, the release of these
naturally-occurring organisms into the environment is
generally not a cause for alarm. But, other disease
causing bacteria, which can include some pathogenic
strains of E. coli, or viruses may also be present in these 
wastes and pose a health threat.  

What are indicator bacteria?
The use of an organism that can serve as a surrogate for
another is called an indicator organism. Trying to detect
disease-causing bacteria and other pathogens in water is
expensive and may pose potential health hazards. 
Further, testing for pathogens requires large volumes of
water, and the pathogens can often be difficult to grow
in the laboratory and isolate. E. coli bacteria are good
indicator organisms of fecal contamination because they 
generally live longer than pathogens, are found in
greater numbers, and are less risky to collect or culture
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in a laboratory than pathogens. However, their
presence does not necessarily mean that pathogens
are present, but rather indicates a potential health
hazard.

The EPA has determined that E. coli are one of the
best indicators for the presence of potentially
pathogenic bacteria (EPA, 2002b). Because E. coli
monitoring does not measure the actual pathogens,
the assessment is not foolproof, however, it is a
good approach for assessing the likelihood of risks
to human health. Monitoring for these indicator
organisms is an easy and economical method for

citizens or professionals to assess health risks due to bacterial contamination of surface waters. 

Common sources of E. coli 
Bacteria in water can originate from the intestinal tracts of both
humans and other warm-blooded animals, such as pets, livestock 
and wildlife. Human sources include failing septic tanks, leaking 
sewer lines, wastewater treatment plants, combined sewer
overflow (CSOs), boat discharges, swimming “accidents” and
urban storm water runoff. In urban watersheds, fecal indicator
bacteria are significantly correlated with human density (Frenzel
and Couvillion, 2002). 

Animal sources of fecal coliform bacteria include manure spread
on land, livestock in runoff or in streams, improperly disposed
farm animal wastes, pet wastes (dogs, cats), wildlife (deer, elk, raccoons, etc.), and birds (geese, pigeons,
ducks, gulls, etc.). If you are sampling in a watershed area without significant human impact and are
finding E. coli, the source may be birds or wildlife. In a study comparing E. coli concentrations in waters
from agricultural and “pristine” sites, contamination was found in both settings. The researchers deduced
that the levels of E. coli at the pristine site likely came from wildlife, such as deer and elk, living the area
(Niemi and Niemi, 1991). 

Common routes of bacteria to streams
How does E. coli bacteria get into streams and rivers? Polluted water runoff from the land is the leading
cause of water quality problems nationwide (USEPA, 2002a). Fecal material as well as other pollutants
can be transported to waterways through runoff. How quickly they are transported partially depends on
the type of land use. Non-developed lands including grasses and other vegetation tend to soak up rainfall,
thereby increasing infiltration into the ground and reducing runoff to waterways. Developed lands such as 
streets, rooftops, sidewalks, parking lots, driveways, and other hard surfaces tend to create more
impervious surfaces, and runoff increases. Lands that support domesticated animals, such as cattle, hogs,
or horses, can also be a source of bacteria, particularly if animals enter the water for drinking or if heavy
rains wash manure from the land into receiving waters. 
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Another source of bacteria pollution to stream waters
comes from Combined Sewer Overflows (CSOs).
Some sewer and storm water pipes are not separated.
When a large storm event occurs, the wastewater
treatment plants cannot handle the excess volume of
water being pumped to them. As a result, untreated
sewage along with storm water is dumped directly
into rivers and streams.

The presence and levels of E. coli in a stream do not
give an indication of the source of the contamination.
However, it can be a good first step in investigating
the watershed for potential sources.

Risks to human health
Most people are concerned about the risk that bacteria 
may pose to human health. When numbers are above
health standards, people exposed to water that contain 
bacteria may exhibit fever, diarrhea and abdominal
cramps, chest pain, or hepatitis. While E. coli by itself 
is not generally a cause for alarm, other pathogens of
fecal origin that are health threats include Salmonella, 
Shigella, and Psuedomonas aeruginosa.
Non-bacterial pathogens that may be present with
fecal material include protozoans, such as
Cryptosporidium and Giardia, and viruses. 

There are some strains of E. coli that are pathogenic
themselves. One that has received much attention is
the E. coli strain named 0157:H7 that lives in the

intestinal tract of cattle. This strain is primarily spread to people by eating contaminated, undercooked
beef or drinking unpasteurized milk and is not generally found in surface waters.

Examples of at-risk concentration levels
Criteria for concentrations of indicator bacteria in recreational waters (USEPA 1986) have been
developed by the USEPA. Initially, total coliform bacteria were used as the benchmark. However,
because it was shown that E. coli were more closely correlated with swimming-related illnesses, the
USEPA later recommended that E. coli be used as the indicator in freshwater recreational areas (USEPA
2002b). 

Many states have since adopted this recommendation, however, some still use total fecal coliform
bacteria when determining concentrations. The acceptable risk level for total body contact recreation,
which involves activities such as swimming or water skiing, is 126 colonies of organisms (referred to as
colony forming units or cfu) per 100 milliliters (ml) of water or less based on a geometric mean
(calculated over 30 days with at least 5 samples) or a one-time concentration of 235 cfu/100 ml. The risk
of getting sick increases as total numbers of colonies are exceeded.
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Top: Cattle crossing on a stream in northeast Iowa.
Bottom: The crossing keeps the cattle out of the
stream. (Photos courtesy USDA NRCS)



The number of colony forming units of E. coli organisms per 100 ml of water and the method of
determination may vary slightly by state based on State Public Health Codes and Water Quality
Standards (See Chapter 7). The USEPA recommends a set of standards for E. coli in fresh water bodies as 
a single maximum allowable count. These rates correspond to an acceptable risk level of 8 people out of
1000 getting sick. 

Designated
swimming

Moderate swimming area
Light swimming
area

Infrequent swimming
area

E. coli (colony forming
units/100 ml of water)

235 298 410 576

(from USEPA 1986, 2002b)

Even with good watershed management measures, there will always be fecal material in the environment. 
If you repeatedly find unusually high levels of E. coli on a long-term, regular basis in your stream
samples, you should alert and work with your local health agency.

Weather and seasonal influences
The number of bacteria colonies can be influenced by weather and seasonal effects. This variability
makes the bacterial concentrations in natural water difficult to predict at any one time. Bacteria numbers
often increase following a heavy storm, snow melt or other excessive runoff. E. coli bacteria are often
more prevalent in turbid waters because they live in soil and can attach to sediment particles. Bacteria can 
also remain in streambed sediments for long periods of time. If the streambed has been stirred up by
increased flow or rainfall, your sample could have elevated bacteria levels. This is why you should avoid
disturbing the streambed as you wade out into the stream. You should also collect the water sample
upstream from you.  If you are collecting at several sites within the stream, collect the furthest
downstream sample first and proceed upstream.

A number of other weather influences may affect bacteria levels in the stream. Higher E. coli counts may
be found in warmer waters because they survive more easily in these waters. (E. coli are used to living in
the warm environment of the intestines of warm-blooded animals). Ultraviolet rays of sunlight, however,
can also kill bacteria, so a warm sunny day may produce numbers lower than expected.
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Chapter 3:  Preparation for
Sampling

Selecting your equipment and supplies

T
here are several containers that can be used to collect your water sample. One recommended
type is the pre-sterilized and disposable Whirl-pak® bags. These plastic self-seal bags are easy
to use, carry, and transport. Because they are used only once, they are not re-sterilized.
However, sterilized plastic bottles are also acceptable. They can be reused, and they’re much

sturdier than the bags. However, if bottles are re-used, then both the bottles and lids must be sterilized
and sealed before collection. The sterilization procedure calls for the use of an autoclave for 15 minutes
at 121°C (USEPA, 1997), which may require assistance from a professional laboratory. 

Equipment and supplies checklist
Before going out to a stream, refer to the check-list of the items needed, and make sure you bring them
with you. 

ü Wad ers and/or rub ber boots (de pend ing on wa ter depth)

ü Bucket with rope or grab sam ple pole (if sam pling from a bridge or wa ter is too deep to en ter)

ü Sealed, ster il ized, wide mouth bot tles (plas tic or glass) or Whirl-pak® bags

ü La bels & clear tape to cover them

ü Long rub ber/la tex gloves—el bow length if pos si ble

ü Clip board and field data sheets

ü Pen cil and Sharpie® mark ing pen

ü Cooler with frozen ice packs (or ice)

ü Ship ping con tain ers

ü First aid kit

ü Per sonal flo ta tion de vice (PFD)

ü Mon i tor ing ref er ence sheet

ü Chain of cus tody re cord

ü Weather gear: sun-screen and hat for sun pro tec tion, rain gear, or cold weather gear

ü Towel for dry ing off af ter sam pling, if nec es sary

ü Dis in fec tant hand wipes, an ti bac te rial lo tion or gel



Once you return from the field trip, you will need the following:

ü Space for sam ple pro cess ing with good light ing

ü In cu ba tor or heat ing lamp and ther mom e ter (if the sam ple re quires in cu ba tion)

ü Ster il ized lab o ra tory sup plies

ü Pa per tow els or Kimwipes

ü Isopropyl al co hol

ü La tex gloves

ü Bleach and wa ter-tight bag for sam ple dis posal

Use of an incubator
Several kits require that the sample be incubated. If this is the
method you are using, you will need to either make or purchase an
incubator to help the E. coli colonies grow once you have collected
the water samples and plated them. You can buy an egg incubator
for about $40 to $50. Use a small cup or tray to add water
(deionized if possible) to keep the Petri plates/films from drying
out. Incubation time will generally run 24 hours to 48 hours for E.
coli, depending on the type of kit used.

Labeling and identification of bottles
It is advisable to use a specific system to assign a site number to
your sampling locations. One option is to begin with the
two-character abbreviation for your state. Next, use the assigned
two digit county code that is pre-assigned for each county in a state. 
Follow this number with a sequential site number. For example, if
Iowa’s volunteers will be monitoring Prairie Creek in Boone

County (county code 08) at 2 locations, the first site would be IA0801 and the second site would be
IA0802. Organizations may have their own system of labeling.

When preparing the bottles:

ü Stick tape over the lid to in di cate that it has been ster il ized

ü Prior to col lect ing the sam ple, la bel each bot tle with the
lo ca tion/sam ple num ber, time and date of sam pling, ini -
tials of sam ple col lec tor and type of sample

ü Cover la bel with tape for wa ter-proof ing

ü Wrap la bel ing tape around the cir cum fer ence of the bot tle. 
This will pre vent the tape from com ing off when the bot tle 
gets wet. Do not, how ever, cover the lid with the tape

ü Mark rep li cate sam ples with an “R” or ap pro pri ate mark ing

ü La bel 10% of your bot tles as field blanks. Only dis tilled wa ter will be added to these bot tles  
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A temperature-controlled egg
incubator can be used for incubating
the samples.



Safety is most important!
When sampling in a stream, always bring along a partner. It’s also recommended that you inform people
of where you are going and when you plan to return. It is advisable to carry a cellular phone with you in
case of an emergency. 

Other important tips include:

ü Ob tain ing per mis sion from the land owner, if needed

ü Lis ten ing to weather re ports prior to leav ing and re sched ul ing the sam pling if se vere weather or
tem per a tures are on the way. (Try www.weather.com for cur rent weather conditions)

ü Dress ing ap pro pri ately for the weather con di tions

ü Bring ing a first aid kit with you

ü Park ing your ve hi cle in a safe lo ca tion so that you do not block traf fic. Keep your keys in a safe
and se cure lo ca tion

ü Avoid ing sam pling in ar eas with very steep or un sta ble
banks and mak ing sure you can ac cess the stream safely 
while wear ing waders

ü Wear ing wad ers or rub ber boots to help pro tect you
from cold wa ter and sharp rocks or sur faces in the
streambed

ü Mak ing sure the wa ter depth is not so deep nor the
stream flow so swift that you risk los ing your foot ing
and be ing car ried down stream

ü Wear ing a per sonal flo ta tion de vice (PFD) while wad -
ing in the stream, if needed

ü NOT en ter ing the stream if you ob serve chem i cal, oil, or other haz ard ous sub stances in or dis -
charg ing to the water

Once you return to your vehicle and/or home, wash your hands and be careful not to touch your eyes or
mouth when processing your water samples.

You should consider reviewing the safety section of the USEPA’s Volunteer Stream Monitoring: A
Methods Manual (see Chapter 9) prior to field sampling.

Site selection 
Your selected site should align with the goals of the study. When determining where you should sample,
start with a USGS topographic map or similar map of your watershed and determine the extent of the
stream and its tributaries (other streams entering the stream in question). If you have Internet access,
several online sites listed at the end of this manual provide online maps that can give you latitude/
longitude or other locational information. Sampling near a USGS gauging station  will help with site
identification and allow you to assess E. coli results with stream flow data (waterdata.usgs.gov/nwis/rt).

If your stream has many tributaries feeding into it, a site both upstream and downstream of the incoming
water can help you determine if a specific tributary or sub-watershed is contributing more E. coli than
another. If you are doing an impact assessment of a particular activity, you may also want to select sites
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above and below the suspected area. However, try to select far enough downstream from stream
convergences to allow even mixing of the waters.

As stated in your checklist, if the site is on private land, be sure to obtain written permission to sample
prior to going on-site, or find a publicly accessible site instead. 

When to sample
The number of times that you’ll need to sample varies and depends on what you want to know. The more
you sample, however, the better information you’ll have when interpreting your data. At a minimum, it is
recommended that you sample one time per month between May and September. You should also try to
be consistent as to the time of day you sample and the
interval of time between sampling. These factors help in
the comparison of your data over time.  If you have the
opportunity to do so, also try to sample just after a
relatively heavy storm. Remember that when and how
often you sample will depend on the goals of your local
program. 

Wet versus dry weather sampling may help you identify
general sources of the bacteria. For example, if you
sample during dry weather, continuous sources will be
more easily detected, such as leaking septic tanks or
wildlife. If you sample after wet weather, sources that
would increase in-stream bacteria levels due to runoff,
such as storm water outfalls or field runoff, may be easier to identify. 

Quality assurance/Quality control
You’ve likely heard the term QA/QC. It stands for Quality Assurance/Quality Control. Quality assurance
is a method of maintaining quality in all practices and procedures used during your project. Quality
control procedures assure that samples are being collected in a consistent and accurate manner at all sites
and from all volunteer monitors. 

Quality assurance measures include:

q Assigning responsibilities to volunteer members

q Training volunteers in collection techniques, handling of equipment, and analysis of samples

q Calibrating instruments

q Specifying procedures for field analyses 

q Keeping accurate records of all procedures and conditions.

q Following chain of custody procedures or tracking samples from their collection in the field to
final analyses or destination
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Quality control measures include:

q Blank samples in the field: sampler fills a bottle at the bank of the stream with distilled water at 
10% of your sampling sites or 10% of the times you sample. (This sample is plated as usual
with the rest of your samples and helps identify contamination errors in the field)

q Field replicates: taking additional samples with another bottle(s) at 5-10% of your monitoring
sites. (This method helps assess variability in the stream)

q Control plates: plating with distilled water to assure no lab contamination, or plating with a
known quantity of sample

q Split samples: two different analyses from the same sample.  In this case, it could involve
sending the same sample to another lab for
independent analysis

q Lab replicates: plating two or more separate
plates from 1 bottle. (This technique helps
assess the variability of the techniques of the
person doing the plating and reading)

q Regular inspection of equipment, growth media, 
and other items being used

It is important that all volunteers use the same procedures
so that samples within and between streams can be
compared to each other.  Consistency and keeping good
field notes is key!  Occasionally you may have staff from
your local health agency taking side-by-side samples and
readings with you to compare results.

The closer you adhere to QA/QC measures, the more
confident you and others can be about your data results.
Recognition of the importance and continued use of
QA/QC protocols are good ways to assure agencies and
the public that your data are worth considering.

Why use replicates?
In the stream, bacteria concentrations can be highly variable since they often grow in clumps, so taking
several samples can be very important.  Variability can also occur during the transfer of water from one
bottle or bucket to another bottle, during plating and culturing the bacteria, and in counting the colonies.
Replicates (in duplicates or triplicates) help identify and minimize variability in the sample. Replicates
can be two or more samples taken from the same collection bottle or bucket and transferred to other
collection bottles or be two separate samples with separate containers taken at the same time at the same
place. Split samples always come from the same collection bottle.  When sending a replicate to a
laboratory for verification, you should use a split sample.  As a general rule, replicate samples should be
taken at 10% of your monitoring sites or 10% of the time you sample. 
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The USEPA dis cusses the five key
com po nents of QA/QC: 

S Ac cu racy: how sim i lar your re sults

are to a true or ex pected value.

S Com pa ra bil ity: the de gree that data

can be com pared be tween sam pling

sites or across time. 

S Com plete ness: how much data you

planned to gather ver sus how much

you ac tu ally were able to col lect.

S Pre ci sion: how re pro duc ible your re -

sults are, the level of con sen sus be -

tween re peated mea sure ments. 

S Rep re sen ta tive ness: how much your

data char ac ter ize the true en vi ron men -

tal con di tion when the sam ple was

col lected (USEPA, 1996).





Chapter 4: Field Sampling

Site assessment - Choosing a site within a stretch of stream

S
afety should be a priority when selecting a
sampling site. First make sure the stream has
flowing water and that you can reach the site
without difficulty. Look for uniform flow across

the main streambed. Walk about 60-100 feet upstream
and downstream to assess each site and conditions of the
bank. Check for any obvious pollutant sources, such as
storm water outfalls, lake/pond outflows, or sewage input. 
If the source is too close to your sampling site, your
bacteria samples may not be representative of the stream
overall. If the site is acceptable, take pictures, if possible,
and be sure to thoroughly describe the site on your
datasheet. Identify landmark features, such as crossroads and bridges or unique vegetation, that will help 
you or another person find your site again. 

In-stream field collection
Once you’re in the field, it is important to record all information.  Forms may include a bacteria data
sheet and site description form.

There are several methods for obtaining a sample from the stream depending on stream access, the depth
of water, and safety. If you can safely enter the stream, you should obtain your sample where the main
current is flowing. As you are wading into the water, try to disturb as little sediment as possible so that
the sample is not contaminated by bacteria attached to or living in the soil. You should position yourself
downstream of the sampling point (i.e. hold the bottle upstream of your body) so that if sediments are
stirred up they won’t affect your sample. If a stream site is curved, sample near the outside of the curve. 
Before entering the water, make sure your sample bottles are labeled correctly and completely.

If you cannot safely access the water, you should sample from a bridge following the procedures at the
end of this section. If conditions are safe and you are a skilled boater, you may also sample from a canoe
in the stream. If possible, do not take the sample at the stream bank’s edge since the water may be
stagnant or not well mixed with the rest of the water. 
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If sampling within the stream, follow these steps:

q Take 1-2 steps upstream, reach out your arm, and collect the sample upstream from where you
are standing.  It is recommended that you wear rubber gloves.

q Open the bottle and remember to not touch the inside of the bottle or
the cap with your hands.

q Rinse the bottle and lid three times.

q Hold the bottle near its base and plunge it with the top facing
downwards into the water to 3-5 inches below the surface or at
approximately wrist level. Don’t worry if you cannot get the bottle to
this exact distance. Just try to avoid sampling water from the surface.

q Turn the bottle into the current (upstream) and wait for it to fill.

q Bring the bottle up, pour out some water so that there is 1 inch of air
space and close and tighten the bottle with its lid or cap.

q Place the sample in a cooler with ice packs to be transported back to
your house or wherever the tests will be done.

q Be sure to record all necessary information on field data sheets.  

If Whirl-pak® bags are being used instead of bottles, follow these steps:

q Cor rectly la bel the Whirl-pak® bag with in del i ble marker.

q Re move the per fo rated seal from edge of Whirl-pak® bag.

q Use the two small white tabs to open the bag.

q Place the bag in the wa ter be low the sur face and al low the wa ter to flow into 
the bag.

q Grab the ends of the twist ties and “whirl” the bag shut.

q Make sure the bag is se curely closed by test ing the seal. 

q Place the Whirl-pak® bag in a cooler with frozen ice packs.

If you are collecting your sample with a bucket or other container from a bridge, the following
steps are recommended:

q Attach the bucket/container to a secure rope and lower it into a fast flowing section of the
stream.

q Rinse the bucket/container three times with the stream water.

q Rinse the sample bottle three times.

q Do not let the rope, bucket/container or bottle touch
the ground.

To minimize exposure to potential pathogens in the water, 
use disinfectant wipes or gel to wash up after sampling, as 
a preventive measure. 
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If you are taking a pipette sample directly from the water, you should:

q Un wrap the ster ile pi pette and do not touch its tip

q Squeeze the bulb of the pi pette, lower it into the wa ter to wrist level, and then re lease the
bulb while the pi pette is un der wa ter

q Re move the pi pette from the wa ter and ad just wa ter vol ume in the pi pette to the ex act
mark ing (1 ml)

q Squirt the wa ter from the pi pette into the col lec tion bot tle

Packaging your water samples for shipping
All samples taken should be analyzed within 24 hours. So, if you need to ship your water samples to an
analytical lab, try to collect them in the early part of the week and no later than a Wednesday to allow
time for the lab to process them prior to the weekend. Make arrangements with your mail carrier prior to
sampling to make sure the samples will be collected promptly and delivered within 24 hours. On the day
of sampling, you will need to sample early in the day so the samples can be shipped out the afternoon of
the same day. 

When shipping, make sure the bottles are secure, cold, and not going to leak. You should consider: 

ü Us ing a plas tic gar bage bag to line the ship ping con tainer to pre vent leaks of wa ter.

ü Seal ing each sam ple in its own plas tic bag to pre vent any cross-con tam i na tion and to con tain the
sam ple in case of leaks or break age. 

ü Pack ing the sam ples with ice or ice packs.

ü Us ing a Sty ro foam con tainer, cooler, card board box, or spe cial ized wa ter sam ple ship ping con -
tainer.

Be sure to fill out the sampling form completely, the chain of custody form, and any other paperwork,
and place them on the top of the container before sealing the box. You may want to first seal the
paperwork in a large zippered storage bag. Finally, attach the provided pre-addressed, pre-paid mailing
label and ship overnight. 
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Chapter 5: Use of Kits

Value of volunteer analyses

T
he expense of sending E. coli samples to a commercial laboratory for analysis can be costly
over time. Completing the analyses at your “home lab” is one way to determine E. coli levels in 
your stream without excessive costs. Through your work, you also help extend limited agency
resources for water quality assessments. 

General methods and procedures with kits
For the most reliable results, USEPA recommends that you should prepare your sample for analysis
within 6 hours of taking it (USEPA, 1997). In many cases it is not possible to meet this recommendation,
but samples should not be held longer than 24 hours. In all cases, you should store your samples on ice
before lab analysis, and the quicker you get your sample processed
the less chance there is for variability. Make sure you indicate on the
data sheet the length of time between collecting and processing. 

Regardless of the kit used, it is essential that you maintain sterile
conditions while filtering and plating, since this is the time with the
greatest potential for external contamination of the samples. Thus, it
is recommended that you do your plating all at once in the lab and not 
at the field site. Sanitize your working surface by spraying or wiping
it with a 70% isopropyl alcohol solution or with bleach. 

You should also:
ü Wash your hands thor oughly with soap

ü Have the fol low ing with you: pa per tow els or wipes; isopropyl al co hol, dis tilled wa ter, waste
con tainer, per ma nent marker and gloves

ü La bel both your bot tles and plates/films with the date, time, sam pling site num ber, and rep li cate
num ber (if ap pli ca ble). For the petri dishes, make sure the writ ten in for ma tion does not in ter fere
with your abil ity to read the plate.

ü Al ways shake your sam ple bot tle be fore draw ing a sam ple with a pi pette

There are many kits on the market that are being used for determining E. coli numbers in water. During
the research phase of this project, five kits and variations within the kits were tested by volunteers. Their
results were compared with laboratory results. Four of the five methods were found to be acceptable.
However, when ease of use, volunteer preference, and economics were added to the equation, one kit, 
3MTM PetrifilmTM, stood out over the others.
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   Methods and procedures using Coliscan® Easy Gel® (incubated) 

The fol low ing in for ma tion co mes from the In di ana Hoo sier Riverwatch Pro gram and the
Iowa IOWATER pro gram.

Coliscan me dia in cor po rates a pat ented com bi na tion of color-pro duc ing chem i cals and nu tri ents

that make E. coli col o nies ap pear blue, coliform bac te ria that are not E. coli as a pink ma genta and
non coliforms as white or teal-green col o nies. Coliscan® Easygel® em ploys a pour plate tech -
nique, where a liq uid me dia is in oc u lated with a sam ple and poured into a Petri dish to so lid ify.

Prep a ra tion and Setup
1. Thaw Coliscan® Easygel® at room temperature by removing

from freezer before sampling.

2. Label the bottom of Petri dishes using a permanent marker. This
label should include site ID, date and time of sample collection,
volume of water collected, and sample number.

Pre paring the Sam ple
1. Always SHAKE sample collection bottle before drawing a

sample with a pipette!

2. Using a sterile pipette, transfer 0.5 – 5 mL of stream sample directly into the Easygel bottle.

3. Swirl the Coliscan® Easygel® bottles to mix the contents and pour each bottle into the already
labeled Petri dishes. Gently swirl the mixture in the Petri dish making a figure eight on the
tabletop with the dish until the mixture is evenly distributed, being careful not to splash over the
side or on the lid.

4. Place the Petri dishes on a level location out of direct sunlight for 45 minutes to 1 hour. The
mixture will solidify on the bottom of Petri dish.

In cu ba tion and In ter pre ta tion
Invert the Petri dish(es) and incubate at 35
degrees Celsius for 24 hours. After
incubation is complete, count the colonies.
Do not count “pin-point” sized colonies. E.
coli colonies appear blue, dark blue, or
purple. Other coliforms appear
pink/magenta, and non-coliforms appear
white or teal green.

Sam ple Dis posal
1. Carefully place about a teaspoon of

household bleach onto the surface of the
Coliscan® Easygel® of each plate.

2. Allow to sit at least five minutes.

3.  Place in watertight bag and discard in normal trash.

Not an E. coli
colony

One E. coli colony

Not an E. coli
colony
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    Methods and procedures using 3M™ Petrifilm™

The fol low ing in for ma tion co mes from the In di ana Hoo sier Riverwatch Pro gram and the
Iowa IOWATER pro gram.

Stor age and Dis posal

Store un opened Petrifilm plate pouches at tem per a tures <8°C (46°F) – RE FRIG ER ATE!

Of fi cial 3M Instructions 

Re turn un used plates to pouch. To pre vent ex po sure to mois ture, do not re frig er ate opened
pouches. Store re sealed pouches in a cool, dry place for no lon ger than one month. Ex po sure of
Petrifilm plates to tem per a tures greater than 25°C (77°F), and/or humidity greater or equal to 50%
rel a tive hu mid ity can af fect the per for mance of the plates.

Cit i zens Mon i toring Bac te ria Re search Pro ject In struc tions 

Store plates from opened pack ages in sets of no more than 8 in a small “snack-size” ziplock or sim -
i lar type stor age bag. Place a weight on top of the pack age to keep it from curl ing. Plates may be
stored for up to a year.

Al low pouches to come to room tem per a ture be fore open ing – at least 10-15 min utes.

· Do not use plates that show or ange or brown dis col or ation.

· Ex pi ra tion date and lot num ber are noted on each pack age. (Ex am ple 
ex pi ra tion date: 2007-10, would ex pire in the 10th month (Oc to ber)
of the year 2007. The lot num ber is also printed on in di vid ual plates.

Plating

In oc u late and spread one Petrifilm plate be fore in oc u lat ing the next plate.

 1. Place a Petrifilm plate on a level sur face.

2. Lift the top film and dis pense 1 ml of sam ple or di luted sam ple on 
the cen ter bot tom film.

3. Slowly roll the top film down onto the sam ple to pre vent trapping 
air bub bles.

4. With the smooth side down, place the plas tic spreader near the top of 
the plate.

 5. If necessary, dis trib ute sam ple evenly us ing gen tle down ward pres sure 
on the center of the plas tic spreader. 

 6. Re move the spreader and leave plate un dis turbed for at least one 
minute to per mit the gel to solidify. In cu bate plates in a horizontal 
position, with the clear side up in stacks of up to 20 plates. Incubator 
should be hu mid i fied with dis tilled wa ter. In cu bate 24 hours at 35oC.

Count blue col o nies with gas bub ble(s) af ter 24 hours at 35OC



Other Kits
Other kits on the market are being used for E. coli analysis.  Appendix D (beginning on page 45) provides 
information on three additional kits.  Further information on these and other kits can be obtained from the 
manufacturer or on various web sites.  
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Ä 3M™ Petrifilm™ (continued)

In ter pre ta tion

1.Petrifilm E. coli plates can be counted on a standard colony counter or other magnified light 
source. Only count colonies within circle. Do not count artifact
bubbles. Approximately 95% of E.  coli produce gas. 

2.In general, E. coli colonies are blue to blue-purple and closely
associated (approximately one colony diameter) with entrapped
gas. General coliform colonies are bright red and closely
associated (approximately one colony diameter) with entrapped
gas (figure below). Only count colonies that have one or more
associated gas bubbles!

3.The circular growth area is approximately 20 cm2. Estimates can
be made on plates containing greater than 150 colonies by

counting the number of colonies
in one or more representative 
squares and determining the
average number per square.
Multiply the average number by
20 to determine total count per
plate.

4.Petrifilm E. coli plates with colonies that are too numerous to
count (TNTC) have one or more of the following
characteristics: many small colonies, many gas bubbles, and
deepening of the gel color. High concentrations of E. coli will
cause the growth area to turn blue while high concentrations
of coliforms (non-E. coli) will cause the growth area to turn
dark red. When any of these occur, you will not be able to
count the sample – and should write TNTC on the data sheet.
Next time, you may want to use less sample if the stream is
under similar conditions.

Dis posal

Place the Petrifilm plate in a sealed Ziplock or similar type bag with the Easygel plates that have
already been treated with bleach. The excess bleach will spill out and disinfect the Petrifilm plates,
too. Discard with regular trash.

Further Information

http://solutions.3m.com/wps/portal/3M/en_US/Microbiology/FoodSafety/products/petrifilm-plates/

This plate has 49 E. coli colonies as 
depicted by blue colonies with gas.

(From 3MTM PetrifilmTM

interpretation guide)

All 10 examples depict various
bubble patterns associated with
gas producing colonies.  Each
numbered picture would be
counted as one colony. (From 3M

TM

Petrifilm
TM

 interpretation guide)



Chapter 6: Sampling Results

Reading the Results

A
fter removal from the incubation unit, colonies of bacteria with a particular color are
counted. The normal incubation time is 24 hours, but if the colonies are not developed
enough, wait a total of 48 hours. The E. coli
colonies will stand out from general coliforms

because they will turn a distinct color. The exact color depends 
on the test method used. Place the plate on a grid and place a
white sheet of paper as a background. Count colonies that are
visible to the naked eye. Be sure to have adequate lighting.
Sometime it helps to use a pen to mark on the outside of the
plate the colonies you have already counted. If there are more
than 200 colonies per plate, report this as “too numerous to
count” (TNTC) since the colonies are not considered distinct
enough for an accurate reading. 

The standard reporting unit is colony forming units per 100 ml of water sample (cfu/100ml). To
determine the number of colony forming units (cfu) per 100 ml of water sample, the following steps
should be taken:

STEP I.
Count the number of colonies of the color specified in the test kits you 
are using and record that number:

Let’s assume you counted
 6 colonies

STEP II.
Take the amount of sample water used and divide it into 100 since
you want to report your sample per 100 ml of water:

Assume you used a 5 ml sample
Thus, 100 / 5 = 20

STEP III.
Now, multiply the number of colonies you counted in step #1 by the
number you obtained in step #2:

6 x 20 = 120

STEP IV.
You have now determined the number of colony forming units per
100 ml of sample:

120 cfu / 100 ml
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Averaging Samples
If you want to obtain an average of replicate samples, and the amount of sample used varies in each
replicate, you must first count the total number of colonies in each sample, add them together, and then
divide by the total milliliters of sample. Then, multiply both numerator and denominator by 100 to obtain
total number of colonies per 100 ml. In the example below if you simply took an average of the three
replicate sample totals (1200 + 1100 + 900)/3, your answer would be 1066.6 colonies/100ml which
would be incorrect.

Sample
Number

Number of ml
Used

Colonies
Counted

Total # / 100 ml Average # / 100ml

1 1 12 1200 / 100 ml 12 + 33 + 45 / 1 + 3 + 5 = 90 colonies / 9ml
or 10 colonies / ml 

Thus, the average equals 
1000 colonies / 100 ml  

2 3 33 1100 / 100 ml

3 5 45 900 / 100ml

Disposal safety
After counting the colonies of bacteria on the plates, add ¼ teaspoon of household bleach using either a
dropper or other dispensing unit to each plate. Be careful not to get the bleach on your hands or clothes.
Place the plates in an airtight ziplock or sealable plastic bag and seal it shut. Finally, dispose of the bag in 
the trash. Do not be overly apprehensive with this step, since in general, E. coli do not pose a huge health
risk.
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Chapter 7: Interpreting Results

State standards 

U
sing guidance provided by the USEPA, states have developed standards for fecal coliform
bacteria and/or E. coli. Compliance is often based on the arithmetic mean of three or more
samples taken during the same sampling event at representative locations within a defined
sampling area or on the geometric mean based on at least five samples taken over a 30-day

period or a total number of samples collected over a specified monitoring period.

State
E. coli or Fecal
coliform

Water Use One-time Standard
30-day Geometric 
Mean

Indiana E. coli

Primary bathing contact. This standard
only applies April to October (the
recreation season). From November to
March, there is no standard.

235 colony forming
units (cfu)/100ml

125cfu/100ml

Iowa E. coli Full contact recreation 235 cfu/100ml 126cfu/100ml

Michigan E. coli Full body contact recreation
300 cfu/100ml (3 or
more samples)

130cfu/100ml

Minnesota E. coli* Full body contact recreation 1260 cfu/100ml 126cfu/100ml

Ohio E. coli Primary bathing contact
298 cfu/100ml (not
exceeded in more than 
10% of samples)

126cfu/100ml

Wisconsin Fecal coliform 400 cfu/100ml (not
exceeded in more than 
10% of samples) 

235 cfu/100ml

200cfu/100 ml

126 cfu/100ml

YOUR
STATE

*Pro posed in Sep tem ber 2007

**EPA Guide lines (see page 10 for other E. coli stan dards in fresh wa ter bod ies)
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Determining the geometric mean

E. coli concentrations are reported as colony forming units (cfu) per 100 ml of water sample. When
measuring E. coli concentrations over time, using the geometric mean is a useful reporting tool. The
geometric mean takes into account that a few extreme counts may be found among many more closely
grouped values. Calculating a geometric mean provides a number that is more representative of the
median (or that number where half the samples are higher and half are lower) and helps reduce the effect
of a few extreme values. Also, use of a geometric mean over time (often 30 days) minimizes fluctuations
in the levels of bacteria in the water or one-time high counts. The 30-day geometric mean helps determine
if a stream has a continually high level of E. coli.

The geometric mean (GM) can be calculated as follows:

GM= (s1 x s2 x s3 x sn)1/N

Where “s” is the number of E. coli colonies per 100 mls for samples 1, 2, 3, though the nth sample, and N
is the number of samples collected.

For example, let’s say you have 5 samples and your counts of cfu/100ml at one site over a 30-day period
were:

5, 10, 120, 20, 2600

The geometric mean would be determined by taking the 5th root of the product of the 5 readings:

(5 x 10 x 120 x 20 x 2600)1/5 = 50

If you had just taken an average of the five samples for the 30-day period, your answer would be:

(5 + 10 + 120 + 20 + 2600) = 2755

and

2755/5 = 551

The simple average does not reflect the typical value of the set of numbers as well as the geometric mean
does, nor does it take into account the one result that is much higher than the others.

Note: The geometric mean can only be used with positive numbers greater than zero.

Getting “high” bacteria counts

If you find a “high” bacteria count (over your state’s standard for a one-time sampling), it may be a
one-time event or occurrence. This information is useful, but before taking further action, you should
return to the site to take more samples. When you return, pay careful attention to anything out of the
ordinary at the site. Look for the presence of animals and be alert for any unusual odors. Walk the banks
again to look for obvious sources of pollution (see Chapter 2), and note past and current weather
conditions. Continue to sample and contact your local health agency if numbers remain high. Be sure to
wear long rubber gloves while sampling and wash your hands carefully afterwards.
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If you do find a high E. coli count what steps should you take?  Generally, you should:

q Con tinue to mon i tor the site. This will help iden tify if there is a chronic bac te ria prob lem or 
a high count re sult ing from a one-time event. 

q If you con tinue to find a high count, work through your vol un teer mon i tor ing pro gram to
alert your lo cal agency. 

You may wish to alert your local watershed group or local agency about your monitoring efforts and the
results so far. These groups will likely have an interest in your results regardless of whether or not you
have detected a problem. They may be able to work with you on determining the possible sources of E.
coli pollution if a problem does exist.

Tracking, storing and retrieval of data
Keep track of your E. coli data on a spreadsheet (electronic, if possible) or data form (see Appendix B for 
a sample data sheet). An electronic spreadsheet may be advantageous in that it allows for easy
calculations to show ranges, pollutant loads, or to make graphs. After entering the results on your data
sheet, mail or fax this to your program leader as promptly as possible. 

Alternatively, you can enter the data on the E. coli electronic database website developed as a part of this
project. It can be accessed at www.iwr.msu.edu/cmb. The site is password protected; however, the
password can be obtained by emailing any of the contacts listed near the beginning of this manual. 
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Pol lu tion pre ven tion ac tions you can take

Our val ued streams and rivers are sub ject to
pol lu tion stress from land uses in the wa ter -
shed. These pol lut ants come from many
sources, in clud ing those around our own
homes. You can prac tice cer tain ac tiv i ties that 
can help re duce wa ter pol lu tion risks from
bac te ria. Some ex am ples may in clude:

S Planting any bare soil with na tive
grasses, shrubs, or other plants. The
roots of these plants will help con tain
the soil from run ning off into the near est 
stream. 

S Cleaning up af ter your pet. Pet wastes
can be a source of E. coli and ex cess nu -
tri ent con tam i na tion in our wa ter ways.
Pet wastes can make their way from the

lawn to a river, so dis pose of wastes in
the toi let or trash.

S Draining roof downspouts onto veg e -
tated ar eas, not on the street or pave -
ment, so that wa ter can soak into the
ground.

S Lim it ing paved sur faces; land scape
with rocks, plants, or gravel.

S Sup porting ac tive in ter ac tion, com mu -
ni ca tion, and ed u ca tion be tween tech -
ni cal ad vi sors and land us ers.

S Encouraging com mu nity ap pre ci a tion
of wa ter shed health through com mu -
nity events, e.g. out door sports, river
clean ing, and other events.

Source track ing

One method for de ter min ing sources of E. coli
is called bac te rial source track ing. Bac te rial
Source Tracking (BST) is a col lec tive group
of new meth od ol o gies be ing de vel oped to de -
ter mine sources of fe cal pol lu tion in en vi ron -
men tal sam ples. Sources of fe cal pol lu tion
may come from do mes tic pets, cows, deer,
geese, hogs, other wild an i mals, and hu mans.

 If used suc cess fully, BST meth od ol o gies
have the po ten tial to turn nonpoint (dif fuse)
sources into point sources. Cur rent BST re -
search is be ing driven by the re cent im ple -
men ta tion of the To tal Max i mum Daily Load
(TMDL) con cept by EPA. BST meth ods rep -
re sent the best tools avail able for de ter min ing
sources of fe cal pol lu tion in wa ter and should
be an in te gral part of any pro ject that in volves 
TMDL de vel op ment for fe cal coliform.  BST
meth ods can also be used in the de sign and

im ple men ta tion of Best Man age ment Prac -
tices to re duce fe cal load ing in wa ter.

Cur rently, both mo lec u lar (genotypic) and
bio chem i cal (phe no type) BST meth ods are
un der de vel op ment. DNA fin ger print ing has
re ceived the great est pub lic ity, but nu mer ous 
meth ods show po ten tial. Most re search ers
be lieve that some com bi na tion of BST meth -
ods will be needed to pro vide the most ac cu -
rate and re li able source iden ti fi ca tion an -
swers. It is doubt ful that any one BST
method will emerge as the “best” method for 
all sit u a tions. 

While this is not a pro ce dure that the vol un -
teers will be con duct ing, it is a pro ce dure to
be aware of, and a pos si ble step that state
agen cies might take. At this point, it is still
an emerg ing and costly tech nol ogy, even for 
agen cies, so it is not used rou tinely. 



Chapter 8: Conclusions

T
he purpose of this training manual is to discuss sampling and monitoring techniques for E. coli
and to highlight the test kits that are reliable, economical and usable by volunteers.  However,
it is important to keep in mind that bacteria monitoring is only one component of water quality
monitoring, and that E. coli data alone do not indicate the ecological health of your stream.

They do, however, provide valuable information that can be used in concert with other monitoring data
to help assess overall ecosystem health. 

Volunteer time is valuable, and the remarkable power of your efforts is your positive impact on the
environment and the enthusiasm and commitment of your teams. By using standardized sampling and
analysis procedures along with acceptable test kits, the E. coli data you collect as a volunteer can be very
useful and utilized in various watershed programs. The bacteria monitoring data you collect and
disseminate will help determine baseline conditions, provide continued data on your stream, and assist in
assessing future water quality trends. It can help build partnerships with agencies and other groups from
the local to federal level. 

By remaining vigilant in your monitoring efforts, water quality problems can often be targeted and
addressed before they become major.
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Chapter 9: Resources for Further 
Information

Internet sites

Center for Disease Control’s information on the pathogenic E. coli 0157:H7
www.cdc.gov/ncidod/dbmd/diseaseinfo/escherichiacoli_g.htm 

The Center for Watershed Protection provides local governments, activists, and watershed
organizations around the country with the technical tools for protecting our streams, lakes and rivers.
www.cwp.org/

Volunteer Water Quality Monitoring National Facilitation Project is designed to expand and
strengthen the capacity of existing Extension volunteer monitoring programs and support development of
new groups. www.usawaterquality.org/volunteer/

Building Capacity of E. coli Monitoring By Volunteers: A Multi-State Effort is the web site that
complements this training manual. www.uwex.edu/ces/csreesvolmon/EColi/index.html

EPA: Microbiology homepage: www.epa.gov/nerlcwww/ 

EPA: National Newsletter of Volunteer Water Quality Monitoring
www.epa.gov/owow/monitoring/volunteer/issues.htm

EPA: STORET (short for STOrage and RETrieval) is a repository for water quality, biological, and
physical data. www.epa.gov/storet/

EPA: The Volunteer Monitor’s Guide To Quality Assurance Project Plans
www.epa.gov/owow/monitoring/volunteer/qappcovr.htm

Michigan State University’s Digital Watershed: Type in any address and obtain an aerial photograph as
well as data on the watershed. www.iwr.msu.edu/dw

Purdue University’s stream delineation site: Pick your stream from an interactive map. Click on a
portion of the stream and the tool delineates the watershed of the stream from that point to upstream.
pasture.ecn.purdue.edu/~watergen/owls/htmls/select_your_state.htm

U.S. Geological Survey’s Water Science Glossary of Terms.
ga.water.usgs.gov/edu/dictionary.html

Water Resources of the United States (U.S. Geological Survey) Access to water-resources data.
water.usgs.gov/



Volunteer stream monitoring manuals
Volunteer Stream Monitoring: A Methods Manual, US Environmental Protection Agency
www.epa.gov/volunteer/stream/stream.pdf

Volunteer Stream Monitoring Training Manual, Hoosier Riverwatch, Indiana Department of Natural
Resources - http://www.in.gov/dnr/riverwatch/trainingmanual/

Volunteer Surface Water Monitoring Guide, Minnesota Pollution Control Agency
http://www.pca.state.mn.us/water/monitoring-guide.html

Vermont Citizen’s Guide to Bacteria Monitoring in Vermont Waters, Department of Environmental
Conservation - http://www.anr.state.vt.us/dec//waterq/lakes/docs/lp_citbactmonguide.pdf

Washington State’s Department of Ecology, A Citizen’s Guide to Understanding and Monitoring Lakes
and Streams - http://www.ecy.wa.gov/programs/wq/plants/management/joysmanual/

Watershed Watch (University of Rhode Island) - http://www.uri.edu/ce/wq/ww/Manuals.htm

Wisconsin Water Action Volunteers Citizen Stream Monitoring 
http://watermonitoring.uwex.edu/wav/monitoring/methods.html

Other Guides to Volunteer Monitoring can be found on the National Volunteer Monitoring website at:
http://www.uwex.edu/ces/csreesvolmon/links.html

Watershed and stream management guides

A Beginner’s Guide to Water Management - Bacteria, University of Florida
edis.ifas.ufl.edu/FA103

Developing a Watershed Plan for Water Quality: An Introductory Guide (Michigan)
www.deq.state.mi.us/documents/deq-swq-nps-Watershe.pdf

Getting to Know Your Local Watershed - A Guide for Watershed Partnerships 
www.ctic.purdue.edu/KYW/Brochures/GetToKnow.html

Indiana Watershed Planning Guide from the Indiana Department of Environmental Management,
August 2003. http://www.in.gov/idem/catalog/documents/water/iwpg.pdf

Michigan Department of Environmental Quality’s Stormwater Management Guidebook
http://www.deq.state.mi.us/documents/deq-water-sw-links-SW_Management_Guidebook.pdf

Minnesota Shoreland Management Resource Guide - www.shorelandmanagement.org/quick/

Ohio Stream Management Guide fact sheets - www.dnr.state.oh.us/water/pubs/fs_st/streamfs.htm

Rapid Watershed Planning Handbook: A Comprehensive Guide for Managing Urbanizing
Watersheds. 1999. Center for Watershed Protection. Ellicott City, MD  

U.S. Geological Survey: National Field Manual for the collection of water-quality data
water.usgs.gov/owq/FieldManual/

Wisconsin Department of Natural Resources Runoff Management
http://www.dnr.state.wi.us/runoff/about.htm
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Appendix A: Glossary of Terms

Agar - A gelatinous medium on which to grow E. coli colonies. 

CFU - Colony Forming Units (bacteria colonies).

Colony – Visible growth of microorganisms.

Culture - Growing microorganisms (i.e., E. coli) in a nutrient medium that encourages their growth. 

Delineate - To define or portray, often by drawing.

E. coli - A species of fecal  bacteria that lives in the intestinal tract of warm-blooded animals and is
essential in digestion. 

EPA - The U.S. Environmental Protection Agency, a government agency who’s mission is “…to protect
human health and the environment.”

Gastroenteritis - Irritation of the digestive tract, often resulting in abdominal pain, vomiting and/ or
diarrhea.

GIS - Geographic Information Systems. A software program that combines different layers of
information (streams, land use, cities, counties, elevation, etc.) for analyses.

GPS - Global Positioning System. Hand-held or larger devices that triangulate your position on earth
from satellites in orbit. One can take reading(s) at a sampling site, and later download this data into a
software program.

Imperviousness -  Impenetrable surfaces such as driveways, roads, etc.

Pathogen – A disease-causing life form such as a virus, bacterium, or other microorganism.

Replicate – Samples collected in the field in duplicate, triplicate, or more. Or samples plated in the lab in
duplicate, triplicate, or more. Replicates help identify any variability in the stream or lab procedures.

TMDL - Total Maximum Daily Load. A TMDL is a regulation that specifies the sum of the pollutant
contributions from point source discharges, non-point (diffuse) sources, and natural background levels
that a water body can process and still meet water quality standards. 

TNTC - Too Numerous To Count. If there are too many E. coli colonies on a plate, they are considered
as too many or numerous to count. 

Tributary - Smaller streams that feed into a larger portion of the main stream or river.

Watershed - The area of land that drains to a common water body.
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Appendix B: Forms
Survey tools and other forms have been developed to help in the implementation of a volunteer
monitoring program.  These include: pre-post knowledge surveys given to volunteers at the start and end
of the training sessions, to assessments done following the training, to those following a season of
monitoring to assess user preferences in regards to using the test methods. These tools are available at
www.uwex.edu/ces/csreesvolmon/EColi/SurveyTools.htm as pdf files. 

Various forms have been developed for recording data, gathering information about your volunteer
samplers, and keeping track of sites to be sampled and the data collected from these sites. A summary
sheet that provides a step-by-step approach for sampling has also been developed.  An example Data
Sheet to record site conditions and bacteria data, and a Sampling Plan Summary are included beginning
on the following page. 
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Citizens Monitoring Bacteria Sampling Plan

Note: This sampling plan includes steps for both Easygel and Petrifilm tests.  Volunteers may decide to
just use one of the tests.  The sampling plan also includes steps to take if you are sending split samples to
a  laboratory for comparison of results. Depending on your location, you may need to sample on
Monday, Tuesday, or Wednesday to get samples shipped overnight to the lab in time for them to complete 
the tests.

Before You Go Out to Sample

1. Take 3 bottles of Easygel per each site out of freezer to thaw – if rapid thawing is required, they
may be rinsed in warm water.

2. Take 3MTM PetrifilmTM out of the refrigerator – 3 for each site.
3. Turn on incubator – be sure the lid is tight and that it’s the correct temperature (35oC)  Fill

appropriate channels in plastic tray with distilled water and set in bottom of incubator.  Place wire
tray on top.

Take to the Sampling Site

At the Site

1. Hang thermometer where it is not in direct wind or sunlight (for air temperature reading) – it may
take about 5 minutes to stabilize

2. Complete top of data sheet, stream flow stage, and stream assessment comments

3. Take water temperature (hold approximately 2 minutes in main stream flow) – record on data sheet

4. Rinse labeled sterile collection bottle (500mL bottle) three times with sample water using proper
sample collection technique – lower in upside down position to a depth of 3-5 inches below the
water’s surface (or approximately up to your wrist), fill at an angle facing upstream – be sure your
hand and or fingers are not in front of the mouth of the bottle

q If sam pling from a bridge – rinse sam pling de vice with stream wa ter 3 times, then col lect a
sam ple and rinse the col lec tion bot tle three times – then fill col lec tion bot tle  (be sure the
bucket and rope do not come into con tact with the ground dur ing this pro cess)

5. After rinsing the bottle 3 times, collect sample and top with lid after removing from stream – place
collection bottle in cooler with ice for transporting

q If ship ping sam ples to lab be fore re turn ing home/of fice, SHAKE COL LEC TION BOT TLE
TO MIX THE SAM PLE, then fill the lab sam ple bot tle to its shoul der from the col lec tion
bot tle (DO NOT rinse the lab o ra tory sam ple bot tle; it may be filled with a pre ser va tive) –
also put this bot tle in cooler on ice.

6. Record air temperature reading on data sheet
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q soap, an ti bac te rial lo tion or wipes

q plas tic gloves

q wad ers

q cooler with ice

q Sharpie® or per ma nent marker (to la bel 
bot tles)

q ship ping con tain ers/ice packs and forms

q ster ile col lec tion con tain ers (one per site)

q ster ile lab sam ple bot tles (one per site)

q 2-3 data sheets (one per site) on clip board

q 1 or 2 ther mom e ters

q trans par ency tube

q sam pling de vice with rope (if sam pling
from bridge)



7. Take transparency reading and record on data sheet
8.     Wash hands when finished

Tips for Preparing/Plating the Samples

1. Prepare table by cleaning with bleach or isopropyl alcohol

2. Wash hands thoroughly with soap

3. Items to have at home/office "lab" station

4. Set up stations for each site you sample:

ü You should have one col lec tion bot tle and one lab sam ple bot tle per site

ü You should have 3 Petrifilm plates and/or 3 Easygel bot tles and 3 Easygel petri dishes, and 1 pi -
pette per site

ü La bel Easygel bot tles with site #s; la bel bot tom of petri dishes and Petrifilm plates with site #,
rep li cate num ber, date, and vol ume (mL) of sam ple to be used.

5. ALWAYS SHAKE SAMPLE BOTTLE BEFORE DRAWING A SAMPLE WITH A PIPETTE!

6. Add an appropriate volume of sample water (using a sterile pipette and drawing from the collection
bottle) to the three duplicate Petrifilm plates and/or Easygel bottles.  You will always use 1mL for
the Petrifilm.  You can chose between 0.5 mL up to 5 mL for the Easygel bottles.  (Note: you can
use the same pipette to transfer the sample water to each of the appropriate tests if you use sterile
technique.). Each site you sample requires using a new sterile pipette.

7. Complete the Petrifilm test by using the spreader as described on page 23.

8. Complete the Easygel tests by inverting each bottle, pouring each into a separate petri dish and
swirling each as described on page 22.

Incubation (Remember to write down what time incubation begins!)
ü Place plated sam ples in in cu ba tor: Easygel petri dish (up side down) and 3MTM PetrifilmTM (right

side up) – three per site.  Re mem ber: Easygel needs to sit for at least 45 min utes to gel be fore
placed in in cu ba tor up side down

ü Af ter 24 hours, count E.coli col o nies on the Petrifilm plates and Easygel petri dishes

ü Af ter 48 hours, count E.coli col o nies on Petrifilm plates and Easygel petri dishes (op tional)

ü Af ter use, rinse in cu ba tor with di lute bleach or dis tilled wa ter and let it dry

ü Dis pose of petri dishes and plates in a ziplock bag with a tea spoon of bleach added

Which items need to be sterile?
ü Col lec tion bot tles and any bot tle sent to the lab for confirmation

ü Pi pettes
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q pa per tow els or Kimwipes

q isopropyl al co hol/bleach

q dis tilled wa ter

q rinse/waste con tainer

q Sharpie® or per ma nent marker

q gloves

q pipettes

q Petrifilm spreader

Don’t forget to take photos (or have someone take photos of you) at your site and while performing
the methods – these can be used for a variety of purposes! 



Appendix C: Sample Training
Agenda

Below is a recommended agenda for an E. coli volunteer monitoring workshop. We recommend that you
cover these essential topics, but you may wish to add additional information of your own. 

1. Introduction

2. What the Citizen Monitoring Bacteria Project is 

3. Implementation of the Pre-Test Survey and Demographics Survey; Liability and Photo Release 
Forms

4. Bacteria 101 – What is bacteria, why should we monitor for it, what do we know about 
bacteria, and how do we monitor for bacteria?

5. Site selection – how to pick a site to monitor (where, how, why). Sampling frequency 

6. Safety

7. How to collect a field sample – hands on; QA/QC, field replicates

8. Lab protocol – how to collect a lab sample, how to ship the sample FedEx, chain of custody, 
shipping instructions

9. Field parameter instructions

10. How to use the kits – hands on 

11. How to use the incubator and other bacteria equipment

12. Practice reading the plates

13. Data sheets

14. Disposal of kits

15. What does the data mean – interpretation of results 

16. Post-Test Survey; End of Training Volunteer Assessment; End of Training Staff Assessment

17. Contact information for questions; wrap up; hand out kits and supplies
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Appendix D: Other Methods 

IDEXX Colisure
Because of the equipment costs associated with the IDEXX Colisure, it was not selected for use by
volunteers.  However, its accuracy when compared with laboratory analyses was as good as the two
methods selected.

Preparation and Setup

1. Turn on IDEXX Quanti-Tray® Sealer.

2. Label Quanti-Trays using a permanent marker. This label should include site ID, date and time of
sample collection, and sample number.

Preparing the Sample

1. Water samples are collected in 100 ml plastic IDEXX bottles by filling the
bottles up to the 100 ml graduation.

2. Add Colisure reagent and two drops of anti-foam solution into sample.

3. Mix thoroughly until reagent is dissolved.

4. Pour sample into Quanti-Tray.

5. Place Quanti-Tray on rubber insert, and seal with Quanti-Tray Sealer.

6. Remove from back of sealer as soon as sealing is completed.

Incubation and Interpretation

Incubate at 35 degrees Celsius for 24-48 hours. After incubation is complete,
read results. Wells containing total coliforms will turn from yellow to magenta.
Wells containing E. coli will turn from yellow to magenta and fluoresce under
UV radiation. If wells appear pink or orange, return tray to incubator and
reexamine in 4 hours. 

After all positive wells are counted, refer to a table of Most Probable Numbers (MPN) to determine total
coliform MPN and E. coli MPN.

Sample Disposal

Because Quanti-Trays need to be sterilized by autoclaving, used trays are stored in large Ziplock bags
and returned for disposal during each subsequent sample transfer.
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IDEXX Colilert
Because of the equipment costs associated with the IDEXX Colilert, it was not selected for use by
volunteers.  However, its accuracy when compared with laboratory analyses was as good as the two
methods selected.

Preparation and Setup

1. Turn on IDEXX Quanti-Tray® Sealer.

2. Label Quanti-Trays using a permanent marker. This label should include site ID, date and time of
sample collection, and sample number.

Preparing the Sample

1. Water samples are collected in 100 ml plastic IDEXX bottles by filling the bottles up to the 100 ml
graduation.

2. Add Colilert reagent and two drops of anti-foam solution into sample.

3. Mix thoroughly until reagent is dissolved.

4. Pour sample into Quanti-Tray.

5. Place Quanti-Tray on rubber insert, and seal with Quanti-Tray Sealer.

6. Remove from back of sealer as soon as sealing is completed.

Incubation and Interpretation

Incubate at 35 degrees Celsius for 24. After incubation is complete, read results. Wells containing total
coliforms will turn from clear to yellow. Wells containing E. coli will turn from clear to yellow and
fluoresce under UV radiation. 

After all positive wells are counted, refer to a table of Most Probable Numbers (MPN) to determine total
coliform MPN and E. coli MPN.

Sample Disposal

Because Quanti-Trays need to be sterilized by autoclaving, used trays are stored in large Ziplock bags
and returned for disposal during each subsequent sample transfer.
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Coliscan Membrane Filtration
Coliscan media incorporate a patented combination of color-producing chemicals and nutrients that make
E. coli colonies appear blue, coliform bacteria that are not E. coli as a pink magenta and non coliforms as
white or teal-green colonies.

There are two methods of Coliscan® : Coliscan-MF (membrane filter) and Coliscan® Easygel®.
Coliscan-MF uses a sterile soaked pad in Coliscan medium as platform growth. Coliscan® Easygel®

forms a gelled surface on which bacteria grows.

The Coliscan-MF method can be used when the water being tested has very few coliforms and/or E. coli.
About a half cup (115 ml) of sample water is drawn through a membrane filter apparatus that traps
bacteria on the surface of the filter. The filter is placed within a small petri dish on a sterile pad saturated
with Coliscan-MF. The incubated colonies grow on the surface of the filter and are then counted.

Equipment
ü  1.8 - 2 ml Coliscan-MF from a 20 ml bot tle

ü  Mem brane fil ter ap pa ra tus with hold ing pad

ü  1 ster ile drop per

ü  mem brane fil ter with grid

ü  2 inch petri dish with ster ile pad

ü  for ceps or tweez ers (al co hol for ster il iz ing)

How To Use Coliscan-MF

Preparation and Setup

1. Thaw Coliscan-MF at room temperature by removing from freezer the night before sampling. (Note: 
Unused MF medium may be refrozen.)

2. Carefully open petri dish and use a sterile dropper to add less than 2 ml (1.8 ml) Coliscan-MF to
soak the pad in the petri dish. Replace lid. (Note: the same pipette may be used to transfer the MF
medium to each petri dish – one per site – if all are done at the same time following sterile
technique.)

3. Twist the funnel to remove it from the collection container. Place a sterile holding pad on the top
blue circle of the container. (Note: This pad does not have to be sterile, but should be clean. Store in
Gelman plastic container or Ziplock bag. Use tweezers to transfer to the blue filter top. Only one pad 
will be used for each day’s sampling. The same pad can be used for different sites because only
sterile water is passed through the membrane filter. Discard holding pad after one day’s use.)

4. Wipe forceps with alcohol to sterilize. Open a sterile filter envelope and remove the membrane filter
with clean forceps. Be sure to separate the filter from the 2 blue protective backings when taking the
filter from the filter envelope. Handle the filter carefully with tweezers or forceps so the filter does
not tear. Place the filter grid-side up on top of the holding pad on the collection container. Be sure
there are no air spaces between filter and pad.

5. Firmly push the funnel back down onto the filtering device bottom to hold the membrane filter in
place and to create a seal. Double check that the funnel is securely against the blue filtering plate,
over the red “O” ring, and touching the bottom vessel before filtering the water. Press down firmly.

6. Attach the hose to the collection container by pushing the end of the hose onto the side port of the
container. Be sure the syringe plunger is pushed in.
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Preparing the Sample

1. ALWAYS SHAKE SAMPLE COLLECTION BOTTLE BEFORE DRAWING A SAMPLE WITH
A PIPETTE!

Option 2a.) Using a sterile pipette, transfer 0.25 – 5 mL of stream sample to the filter funnel, then
add distilled water (about 10-15 mL) to the filter funnel and gently swirl to mix.

Option 2b.) Using a sterile pipette, transfer 0.25 – 5 mL of water sample to a pre-labeled bottle of
diluent (sterile water) and shake vigorously to mix well. Mixing the sample with 10 – 99 mL of
diluent helps distribute the colonies over the membrane filter more evenly. (Note: You will calculate 
the number of colonies/100 ml using the original sample size, disregarding the added volume of
sterile water.)

Filtering the Water

1. Create a vacuum by pulling out the plunger of the syringe or by squeezing the handle of the pump.

The water will be pulled through the filter, depositing any microorganisms present onto the filter. If
all of the sample water is not drawn through the filter after the plunger has been pulled out, remove
the plunger hose from the collection container, push the plunger back in, reattach the plunger hose
and pull the plunger out again

2. When the water sample has been completely passed through the filter, disconnect the syringe and
remove the funnel. With clean tweezers, remove the filter (grab near the edge) and place it grid-size
up directly on top of the pad in the dish which was soaked with 2 ml of Coliscan-MF earlier. Place
the lid on the dish, and place the dish in the incubator.

3. The filtered water in the collection container should be emptied and the filter apparatus prepared for
repeat use by sterilization.

           <You now need to sterilize the filter funnel for use during your next sampling event.>

Option 1. Rinse the funnel with isopropyl alcohol and let air dry

Option 2. Immerse in boiling water for at least 5 minutes and let dry

Place caps on funnels and store filtering device in plastic bag or sealed container until next use.

Incubation and Interpretation

Incubate the prepared dish (do not turn upside down) at 35oC for 48 hours. After incubation is complete,
count the colonies. E. coli colonies appear blue, dark blue, or purple. Other coliforms appear
pink/magenta and non-coliforms appear white or teal green.

Confirmation Media Double Checks for Presence of E. coli

When using the Coliscan MF method, if the color of a colony is in question, you can add a drop of
Kovac’s reagent on or at the edge of the colony in question. A bright red zone will develop within 5
seconds if the colony is E. coli. An unused toothpick, plastic loop or small wire may be used to transfer
the drop. The red color must be observed within the first minute after transferring the drop.

Citizens Monitoring Bacteria: A training manual for monitoring E. coli 48



49   

Funding for this manual has been provided by:

S CSREES 406 Na tional In te grated Wa ter Qual ity Pro gram

S CSREES Great Lakes Re gional Wa ter Pro ject

This material is based upon work supported by the Cooperative State Research, Education, and
Extension Service, U.S. Department of Agriculture, Agreement number 2003-51130-01787. “Any
opinions, findings, conclusions, or recommendations expressed in this publication are those of the
authors and do not necessarily reflect the view of the U.S. Department of Agriculture.”

Institute of Water Research
Michigan State University
Institute of Water Research
Michigan State University

Great Lakes
Applying knowledge to improve water quality

Regional Water Program

A Partnership of USDA CSREES
& Land Grant Colleges and Universities

Great Lakes
Applying knowledge to improve water quality

Regional Water Program

A Partnership of USDA CSREES
& Land Grant Colleges and Universities

With support from:






