
Bacteria	101	‐ Scope

• Bacteria	Background
• Sources	of	fecal	
bacteria

• Indicator	Organisms
• Pathogens
• Health	risks
• Standards	for	bacteria



Why	Monitor	Bacteria?

• Nearly	40%	of	assessed	(700,000	miles)	rivers	and	
streams	impaired	by	one	or	more	uses1

• Bacteria/Pathogens	identified	as	a	major	cause	of	
water‐quality	impairment
– 93,431	river	and	stream	miles
– ~	3	million	lake	acres	(23	%	of	assessed)
– 3,245	square	miles	of	estuarine	waters	(15%	of	assessed)

• Ecological	and	health	implications

12000 National Water Quality Inventory, U.S. Environmental Protection Agency, August 2002 



Bacteria

• Unicellular organisms (procaryotes)
• Microscopic
• Can live in all types of environments
• Many bacteria beneficial
• Some bacteria of concern

Focus today:
• E. coli and enterococci bacteria 

and their role as an indicator of 
the presence of  pathogenic 
organisms



Coliforms
- gram negative, non-spore forming rod 

shaped bacteria which ferment lactose

Fecal	Coliform	Bacteria
• Bacteria from feces of warm-blooded 

animals
• Most are nonpathogenic
• Present in higher number than pathogens



Enterococci	Bacteria
• Bacteria from feces of warm-blooded animals
• Separate bacterial group from coliforms
• Formerly classified as a fecal streptococcus
• EPA concluded were better than coliforms as indicators of 

pathogens causing gastrointestinal illness to swimmers in 
marine waters, useful in freshwater too.

Enterococci
- gram positive, sphere shaped lactic acid 

bacterium



Sources	of	fecal	bacteria

• Human	Sources	– anytime	fecal	matter	reaches	
water	there	will	be	bacteria
– Wastewater	treatment	– inadequate	or	leaky	septic	
systems	or	discharge	from	municipal	systems

– Swimming	“accidents”,	diapers
– Boat	dumping,	water	recreation



More	Bacteria	Sources
• Animal	sources

– Livestock	– in	streams,	manure	applied	to	fields,	
manure	pits	or	lagoons

– Pets
– Wildlife	– geese,	ducks,	deer,	etc.



Indicator	bacteria	survival	in	environment

• Sunlight	(UV	radiation)*
– Turbidity

• Temperature
• In	sediment**
• In	algal	mats	

Water	body	conditions	that	enhance	survival	
– low	light	penetration,	high	turbidity,	low	salinity,	
presence	of	elevated	nutrients	and	organic	matter

*Davies-Colley et al. 1994 Appl Environ Microbiol. 60 (6):2049-2058
**Jamieson et al. 2005 J. Environ. Qual. 34:581-589



Persistence	in	the	environment
(Academy	Creek–Brunswick,	GA)

Moist	sediment 3,160

Condition Enterococci	(MPN)	– Fecal	Strep	Bacteria

Dried	2	days and	rewet 16,980
24	h	after	rewet 23,440

Colony‐forming	units	g‐1 of	dried	sediment

Dried	30	days and	rewet 510
24	h	after	rewet 16,980

Dried	60	days and	rewet 1,200
24	h	after	rewet 28,840

*Provided	by	Peter	Hartel



Bacteria	levels	are	also	affected	by:

• Source	and	amount	of	
loading

• Rainfall	and	runoff*

*Hill et al. 2006. Int. J. Environ. Res. Public Health 3(1), 114-117



Discharge and Fecal Coliform Bacteria 
Bloody Run Creek, Clayton Co., IA
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Bacteria levels can be related to flow: 
More runoff = Higher bacteria counts



E.	Coli	&	enterococci	are	used	as	
indicators	because	they:

• Indicate	recent	fecal	
contamination

• Suggest	the	presence	of	
pathogens

• Are	easy	to	collect	and	analyze

• Are	relatively	safe	to	handle	and	
generally	harmless



Pathogens
• Pathogens	are	disease	causing	microorganisms	
which	cause	a	variety	of	illnesses;	they	can	be
– Virus
– Bacteria
– Fungus
– Parasites

• Symptoms	of	waterborne
pathogen	illness	
sometimes	confused	
with	other	diseases



From USEPA 2001, Protocols for Developing Pathogen TMDLs.  EPA 841-R-00-002.

Some	Bacterial	Pathogens



Why not just sample for pathogens?

• There	are	many	different	
pathogens

• Few	laboratories	have	the	
capacity	

• Costs
• Time	
• Water	volume
• Most	tests	identify	only	one	
pathogen	

• Pathogenic	organisms	‐ difficult	
to	isolate	and	identify



From Bitton, 2006From: Marylynn V. Yates,  Department of Environmental Sciences, University of California, Riverside

Minimal	Infective	Doses	in	Some	Organisms



E.	coli	Body	contact	standard
• Indicator	of	potential	health	risks	from	
body	contact		(swimming)

• Varies	by	state	– check	YOUR	state’s	
standards

• EPA	single	sample	standard	is	235	cfu
per	100	ml	for	swimming	beach	
advisories

• Geometric	Mean	shall	not	exceed	126	E.	
coli /	100ml		



Enterococci	Body	contact	standard

• Geometric	Mean	shall	
not	exceed	35	cfu /100	
ml	for	marine	beach	
advisories,	33	cfu/100	
ml	for	freshwater	beach	
advisory

• Varies	by	state	– check	YOUR	state’s	standards
• EPA	single	sample	standard	is	104	cfu /100	ml	for	
marine	beach	advisories,	62	cfu/100	ml	for	
freshwater	beach	advisory



Geometric	Mean
Method	recommended	by	EPA.	Based	on	5	samples	
collected	over	a	30‐day	period.		Minimizes	
influence	of	a	one‐time	high	result.

Example:	Sunshine	Lake	with	bacteria	readings	of	
5,	10,	120,	20,	2700

Average	
would	be
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Current	Monitoring	Approach	
Leads	to	Errors

Courtesy Richard Whitman - USGS





Equipment
• Field	list	provided	(p.11	manual)
• Suppliers	list	(provided)



Site	Selection
• Choose	sites	based	on	
project	goals

• Consider	
– Tributaries	or	other	
inflows	to	the	stream

– Land	uses	alongside	
the	stream

• Also	consider:	
– Access	rights

• Know	tribal	and	state	
laws	

– Budget
– Number	of	volunteers
– Safety



Site	Selection	Resources
• EPA’s	Volunteer	Stream	Monitoring	Methods	
Manual	
http://www.epa.gov/volunteer/stream/stream.pdf

• Washington	Dept.	of	Ecology’s,	“A	Citizen’s	Guide	to	
Understanding	and	Monitoring	Streams	and	Lakes”
http://www.ecy.wa.gov/Programs/wq/plants/manage
ment/joysmanual/selectingstreamlocations.html

• Citizen’s	Guide	to	Bacteria	Monitorign in	Vermont	
Waters	
http://www.vtwaterquality.org/lakes/docs/lp_citbact
monguide.pdf



Frequency	of	Monitoring
• Choose	frequency	based	on	
project	goals
– Check	your	local	recommendations
– Monthly	for	screening
– Five	times	within	30	days	to	
determine	geometric	mean

• Be	consistent	in	time	of	day	
• Have	regular	intervals	between	

sampling	dates



Quality	Assurance	(p.	14)
• Maintain	quality	in	practices	and	
procedures	
– Defining	and	documenting	
methodologies	

– Training	volunteers
– Keeping	accurate	records
– Checking	expiration	dates



Quality	Control	(p.15)

• Ensure	samples	are	collected	consistently	
and	accurately
– No	contamination	of	sample
– Field	blanks	– DI	H2O	into	sterile	bottles	at	10%	sites

– Field	replicates	– 2nd sample	collected	at	5‐10%	of	sites
– Lab	replicates	– Plate	2	or	more	samples	from	1	bottle
– Control	plates	– Plate	DI	H2O	to	ensure	no	lab	contamination

– Split	samples	– e.g.,	splitting	a	sample	and	sending	to	2	labs
– Regular	inspection	of	equipment



Field	sampling	and	
preparing	the	test	

plates



Field	Sampling	– Before	you	go

• Take	Petrifilm	out	of	fridge	to	warm	to	
room	temperature

• Fill	trays	in	incubator	with	distilled	
water

• Turn	on	incubator	to	35
o
C

• Collect	supplies,	including	ice	
(preferred)	or	an	ice	pack



Field	Sampling	at	the	Site

• Hang	thermometer	for	air	temp
• Complete	top	section	of	data	sheet
• Take	water	temp,	record	on	data	sheet

• Take	
transparency	
tube	reading	
(optional)

• Put	on	gloves
• Label	sample	
bottles



Collecting	a	Sample
1. Wading:	Try	to	disturb	as	little	bottom	sediment	as	possible.	In	any	

case,	be	careful	not	to	collect	water	that	has	sediment	from	bottom	
disturbance.	Wade	to	the	depth	where	most	users	typically	swim.	
Boat	or	dock:	Carefully	reach	over	the	side	and	collect	the	water	sample	
away	from	the	side	of	the	boat	or	dock	and	at	the	depth	where	most	
users	swim.

2. Remove	the	cap	from	a	sterile	collection	bottle	without	touching	the	
inside	of	the	cap	or	the	inside	of	the	bottle.

3. Grip	the	bottle	at	the	base	and	plunge	it	in	a	downward	motion	into	the	
water	to	a	depth	of	12	to	18	inches.

4. Using	a	forward	sweeping	motion	(so	water	is	not	washed	over	the	
hand	into	the	bottle),	invert	the	bottle	and	bring	it	to	the	surface.

5. Empty	it	slightly	to	leave	approximately	one	inch	of	air	at	the	top.
6. Re‐cap	the	container,	then	label	and	store	it	on	ice	at	a	temperature	

between	39° and	45° F.	It	is	better	to	use	wet	ice	rather	than	cold	packs.
7. Transport	the	bottle	to	the	laboratory	as	soon	as	possible	after	

sampling.



Accuracy	and	variability
Results	may	not	be	accurate	when:

• Samples	aren’t	kept	cold

• Samples	don’t	reach	lab	within	24	hours

• Samples	aren’t	from	a	single	split

• Work	space	or	equipment	isn’t	sterile

• Bottles,	lids,	pipettes	are	contaminated



Time	for	Some	
Hands‐On	Work



3MTM PetrifilmTM



Preparing	to	plate	samples
• Disinfect	work	space	and	collect	supplies

• Check	incubator	temp,	adjust	to	35
o
C

• Make	sure	Petrifilm	plates	are	at	room	
temperature



Preparation continued
• Label the back of Petrifilm using a 

permanent marker
– Label should include:

• Site name
• Date of collection
• Replicate number

• Note the incubation temperature 
and time that samples were placed 
in incubator

- --



1. Pipette water 
sample (1 ml only)

2. Lift film and dispense sample 
onto pink

3. Carefully roll down film

4. Gently use 
spreader, if needed

5. Let sit 1 minute

6. Put in incubator right 
side up (can be stacked)

Plating	3MTM PetrifilmTM



IDEXX

• Colilert
(Coliform/E.	coli	24	hrs)

• Colilert‐18
(Coliform/E.	coli	18	hrs)

• Enterolert
(Enterococci	in	24	hrs)



Preparing	IDEXX	samples
• Pour	sample	into	mixing	
container	
(add	sterile	water	to	bring	
volume	up	to	100	ml	if	
sample	dilution	is	necessary)

• Pour	media	(Colilert,	Colilert‐
18	or	Enterolert)	in	the	
mixing	container

• Shake	well,	allow	foam	to	
settle

Label	the	Quanti‐Tray	with	sample	ID	and	volume	info



Filling	the	Quanti‐Tray
1. Use	1	hand	to	hold	a	

sterile	Quanti‐Tray	
upright	with	the	well	side	
facing	the	palm

2. Squeeze	the	upper	part	
of	the	tray,	carefully	pull	
tab	so	the	tray	opens	(Do	
not	touch	the	inside!!)

3. Pour	the	reagent/sample	
mixture	into	the	tray

4. Tap	the	tray	to	help	
remove	bubbles	– allow	
any	foam	to	settle

Detailed instructions available at: 
http://www.waterboards.ca.gov/water_issues/programs/
swamp/docs/cwt/guidance/3410.pdf



Sealing	the	Quanti‐Tray
1. Set	the	Quanti‐Tray	in	the	

proper	rubber	insert.
2. Place	the	Quanti‐

Tray/Insert	onto	the	input	
shelf	and	feed	it	into	the	
sealer.

3. Remove	Quanti‐Tray	
/Insert.	If	they	were	fed	
crookedly,	stop	and	
reverse,	and	reinsert	.

4. Incubate	trays
– Colilert :		35	°C	for	24	hrs
– Colilert‐18:		35	°C	for	18	hrs
– Enterolert:		41	°C	for	24	hrs

The Quanti-Tray Sealer



Reading	&	Interpreting	Petrifilm	Plates

• Count	colonies	after	24	hours	incubation	

• Count	blue	colonies	WITH	gas	bubbles
(these	are	E.	coli)

• Don’t	count	blue	colonies	without	gas	bubbles

• Don’t	count	pink	or	white	colonies	with	or	without	
gas	bubbles



Is this an E. coli colony?

YES

Is this an E. 
coli colony?

NO, unless 
there’s a gas 
bubble with it –
may need to 
hold up to light!



3M 
PetrifilmTM

Sample 
Plates & 
Graphic

#2a

#2c

#2b

#2d



Preparing	for	Reading	IDEXX	

• Results	Notebook/data	sheets
• UV	Lamp
• Anti‐UV	goggles	or	cabinet
• Quanti‐tray	MPN	tables



Reading	IDEXX
• Count	the	yellow	cells	that	are	positive,	marking	the	
cell	with	a	“Sharpie”.

• Using	the	cabinet	or	wearing	anti‐UV	glasses/goggles,	
use	a	6‐watt	365nm	UV	light	within	5	inches	of	the	
sample	in	a	dark	environment	and	count	the	positive	
(fluorescing)	cells.

• Record	results	and	compare	to	the	MPN	table



Disposing	of	plates
• Add	a	teaspoon	of	bleach	to	a	ziplock bag
• Put	Petrifilm	plates	in	the	ziplock bag
• Zip	tightly	and	throw	in	trash
• Dump	remaining	water	sample	and	
throw	sample	bottle	in	rubbish



IDEXX	Sample	Disposal
• Since	the	Quanti‐Trays	are	now	
filled	with	bacteria,	after	they	
have	been	read,	they	should	be	
treated	as	hazardous	waste.

• Used	Quanti‐Trays	can	be	
sterilized	by	putting	them	in	an	
autoclave	after	which	they	can	
be	treated	as	normal	waste.

• See	your	state	agency	for	specific	
regulations.



Calculate	average	of	triplicates

Petrifilm:
• Simple	average

mls
Used

Colonies	
counted

Calculated
cfu/100	mls

1 6 600

1 7 700

1 4 400

Average = (600+700+400) / 3
= 566.66 cfu/100 ml



IDEXX	Datasheets	

Bacterial Sample Log & Worksheet: December Collection
Media Batch 

# __________

IDEXX Multiple Well Method Expiration __________

Time in Time Out MQ Batch __________

Sample/Setup Setup Dilution Incubator incubator Count # pos. lg # pos. sm Table 

Monitoring Location Date tech (mls) temp. start temp. end tech wells wells Value
SR – Watch Hill Harbor

10
SR – Watch Hill

10
SR – Misquam DEM Surf

10
SR – Fenway Beach

10
SR – Deep Hole

10
SR – The K’s

10
SR – Conant  Ave.

10
SR – Scarborough South

10
SR – Scarb DEM Surfing

10
SR – Monahan’s

10
SR – Narr Pier Steps

10
SR – First Beach

10
SR – Second Beach

10
SR – Third  Beach

10
E.feacalis                                                Blank

Should	include	space	for:
• Sample	Volume	
• Incubation	temps	and	
time

• Reagent	info
• Positive	cells
• MPN	Table	values



Questions??


