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What you will learn during the bacteria What you will learn during the bacteria 
workshopworkshop

hh ll b ib iWhat are What are E. coliE. coli bacteriabacteria
What sources of bacteria occur in IowaWhat sources of bacteria occur in Iowa
How bacteria enter our waterbodiesHow bacteria enter our waterbodies
What health concerns are associated withWhat health concerns are associated withWhat health concerns are associated with What health concerns are associated with 

bacteriabacteria
How to monitor for bacteriaHow to monitor for bacteriaHow to monitor for bacteriaHow to monitor for bacteria
How to interpret your bacteria resultsHow to interpret your bacteria results



What are bacteriaWhat are bacteria

 Bacteria are microscopic, singleBacteria are microscopic, single--celled celled p , gp , g
organisms common in the environmentorganisms common in the environment

 Bacteria live in the air, soil, water, plants, and Bacteria live in the air, soil, water, plants, and , , , p ,, , , p ,
animalsanimals

Most bacteria provide beneficial uses (aid in Most bacteria provide beneficial uses (aid in p (p (
digestion; decompose dead plants and animals; digestion; decompose dead plants and animals; 
process sewage sludge; aid in food production; process sewage sludge; aid in food production; 
digest hydrocarbons)digest hydrocarbons)digest hydrocarbons)digest hydrocarbons)

 Some bacteria are harmful and can cause Some bacteria are harmful and can cause 
health problems (disease causing bacteria arehealth problems (disease causing bacteria arehealth problems (disease causing bacteria are health problems (disease causing bacteria are 
called pathogens)called pathogens)



Indicator BacteriaIndicator Bacteria
• Suggest a fresh source of fecesSuggest a fresh source of feces

•• Not necessarily harmful themselvesNot necessarily harmful themselves

•• Suggest the presence of pathogensSuggest the presence of pathogens



Indicator BacteriaIndicator Bacteria
andand

P thP thPathogensPathogens

Indicator Bacteria Monitoring
Easy to monitor!y

Pathogen Monitoring
Expensive Tests

Each pathogen requires separate test
ImpracticalImpractical



Coliform Group IndicatorsColiform Group IndicatorsColiform Group IndicatorsColiform Group Indicators

Total ColiformFecal Coliform

E. coli

E. coli O157:H7
Wh t ill bWhat we will be 
monitoring for



Indicator Bacteria
d

Pathogen – Greek for “birth of pain”
and

Pathogens
• Salmonella (Bacteria)
• Hepatitis (Virus)Pathogens
• Cryptosporidium (Protozoa)
• Giardia (Protozoa)

P th i E li (B t i )• Pathogenic E. coli (Bacteria)

Indicat

PatMonitoring for E. coli can be tor B
acter

thogens

g
used to asses the likelihood 
of risks to human health from 
exposure to water containing riaE. coli bacteria



E. coliE. coli 0157:H70157:H7

 There are hundreds of strains ofThere are hundreds of strains of E coliE coli bacteriabacteria There are hundreds of strains of There are hundreds of strains of E. coliE. coli bacteriabacteria

 E. coliE. coli O157:H7 is one particular strain of O157:H7 is one particular strain of E. coliE. coli

 E. coliE. coli O157:H7 is primarily a O157:H7 is primarily a foodbornefoodborne pathogenpathogen

 Examples of foods contaminated with Examples of foods contaminated with E. coliE. colipp
O157:H7 include ground meat, milk, spinachO157:H7 include ground meat, milk, spinach

 For bacteria testing as part of IOWATER, the For bacteria testing as part of IOWATER, the o b c e es g s p o OW , eo b c e es g s p o OW , e
presence of presence of E. coliE. coli bacteria bacteria does not meandoes not mean that that E. coliE. coli
O157:H7 is presentO157:H7 is present

BS1
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BS1 I've never really understood the E. coli 0157:H7 relationship. I suspect we make specific mention of it because of breakouts like 
Jack-in-the-Box and spinach that volunteers might associate with E. coli, but it also seems like we really empahsize that it's probably 
not present. While generally associated with contaminated food, isn't 0157:H7 still found in the intestines and passed in excrement? 
Wasn't the spinach outbreak caused by irrigation water contaminated with manure? If that's the case, isn't it somewhat probable that 
0157:H7 could be found in fecally contaminated stream water? It seems to me like we go though great lengths to try to assure 
volunteers that they won't encounter it. Should we mention that this is a type of E. coli they could encounter and emphasize proper 
cleanup & safety measures?
BSoenen, 11/16/2010



How are bacteria levels measuredHow are bacteria levels measuredHow are bacteria levels measuredHow are bacteria levels measured

 Number of colonies of bacteria in your water sampleNumber of colonies of bacteria in your water sample Number of colonies of bacteria in your water sample Number of colonies of bacteria in your water sample 
is converted to the number that would be found in is converted to the number that would be found in 
100 milliliters of water (100 milliliters of water (Colony Forming Units per Colony Forming Units per 
100 ml of water 100 ml of water –– CFU/100 mlCFU/100 ml))

100 ml1 ml

BS2
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BS2 Should we move this slide down to the data interpretation section? It just seems a little out of place here...mabye after slide #17?
BSoenen, 11/16/2010



Sources and pathways 
for E coli bacteria tofor E. coli bacteria to 
enter water bodies

NRCS Photo

Iowa DNR Photo

NRCS Photo

BS4
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BS4 Should we spread the love and show some pigs too?
BSoenen, 11/16/2010



Sources and pathways

Minnesota Pollution Control Agency

Adapted from: www.thenaturalhome.com

Wisconsin’s Water Action Volunteers

Washington State Department of Ecology,
King County and the cities of Bellevue, Seattle and Tacoma



Sources and pathways

NRCS Photo

BS3
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BS3 Do we have any more wildlife pics? Who were the big natural contibutors in Eric's BST studies?
BSoenen, 11/16/2010



Bacteria Source TrackingBacteria Source TrackingBacteria Source TrackingBacteria Source Tracking
 The presence of The presence of E. coliE. coli bacteria in a water sample bacteria in a water sample 

does not identify the source(s)does not identify the source(s) (h ifi(h ifidoes not identify the source(s) does not identify the source(s) (human versus specific (human versus specific 
type of animal)type of animal)

 Bacteria source tracking methodsBacteria source tracking methods Bacteria source tracking methodsBacteria source tracking methods
 DNA DNA ribotypingribotyping

M lti l tibi ti i tM lti l tibi ti i t Multiple antibiotic resistanceMultiple antibiotic resistance
 Optical brightenersOptical brighteners
 Caffeine and cholesterol (not as effective as once Caffeine and cholesterol (not as effective as once 

thought)thought)
FF S ifiS ifi C li hC li h FF--Specific Specific ColiphagesColiphages

 SorbitolSorbitol--fermenting fermenting BifidobacteriumBifidobacterium



What influences bacteria levelsWhat influences bacteria levels

 Weather Weather (levels often increase after rain)(levels often increase after rain)( f f )( f f )

 Availability of bacteria sourcesAvailability of bacteria sources
 Time of YearTime of Year (different sources apparent different times of(different sources apparent different times of Time of Year Time of Year (different sources apparent different times of (different sources apparent different times of 

year; i.e., septic systems vs. nonpoint sources)year; i.e., septic systems vs. nonpoint sources)

 Nutrient levelsNutrient levels (higher levels provide food sources)(higher levels provide food sources) Nutrient levels Nutrient levels (higher levels provide food sources)(higher levels provide food sources)

 Sediment Sediment (bacteria can survive a long time in bottom (bacteria can survive a long time in bottom 
sediments; bacteria can attach to sediment)sediments; bacteria can attach to sediment)

 Freshwater versus seawater Freshwater versus seawater (bacteria survive longer in (bacteria survive longer in 
freshwater)freshwater)

 Water temperature Water temperature (survive longer in warmer water)(survive longer in warmer water)



Bacteria levels can be extremely variable

Old Mans Creek Watershed (201 mi2)
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Human Health RisksHuman Health Risks

 The U.S. EPA has conducted studies to evaluate swimmer The U.S. EPA has conducted studies to evaluate swimmer 
associated illnesses and bacteria levels in waters used byassociated illnesses and bacteria levels in waters used byassociated illnesses and bacteria levels in waters used by associated illnesses and bacteria levels in waters used by 
recreational bathers.recreational bathers.

 Based on those studies, the U.S. EPA has established bacteriaBased on those studies, the U.S. EPA has established bacteria Based on those studies, the U.S. EPA has established bacteria Based on those studies, the U.S. EPA has established bacteria 
guidelines based on acceptable risk levels to human health.guidelines based on acceptable risk levels to human health.

 At these levels, 8 out of 1,000 swimmers who come into At these levels, 8 out of 1,000 swimmers who come into 
contact with the water may become sick contact with the water may become sick (more on Iowa’s (more on Iowa’s 
bacteria standards later).bacteria standards later).

AA E liE li b t i l l i d th h th tb t i l l i d th h th t As As E. coliE. coli bacteria levels increase, so does the chance that bacteria levels increase, so does the chance that 
someone will get sick.someone will get sick.



IOWATER B iIOWATER B iIOWATER Bacteria IOWATER Bacteria 
Monitoring ProceduresMonitoring ProceduresMonitoring ProceduresMonitoring Procedures



Monitoring ProceduresMonitoring Procedures
PreparationPreparation

id i i f ll liid i i f ll liAvoid contamination of all sampling Avoid contamination of all sampling 
equipment (inside of Petri dish and tip of equipment (inside of Petri dish and tip of 

d i ll )d i ll )eyedropper especially)eyedropper especially)

 SetSet--up incubatorup incubatorpp
 Use extension cord and night light in Styrofoam Use extension cord and night light in Styrofoam 

cooler providedcooler providedcooler providedcooler provided

 Put in location where ambient room temperature Put in location where ambient room temperature 
remains constantremains constantremains constantremains constant



Monitoring ProceduresMonitoring Procedures
PreparationPreparation

Ch k i i d C li b lCh k i i d C li b lCheck expiration dates on Coliscan bottles Check expiration dates on Coliscan bottles 
–– petri dishes don’t expire if stored correctly petri dishes don’t expire if stored correctly 
((room temperature and room temperature and keep bag sealedkeep bag sealed ))



Monitoring ProceduresMonitoring Procedures
PreparationPreparation

Expiration dates 
on media bottles 
and boxes



Monitoring ProceduresMonitoring Proceduresgg
Sample CollectionSample Collection



Monitoring ProceduresMonitoring Proceduresgg
Sample Collection Sample Collection -- StreamStream

• At your transect main part of flow just below surface• At your transect, main part of flow, just below surface
• 1 ml works in most cases, but can do 0.25 – 5 ml
• Use same volume for each replicate!



Monitoring ProceduresMonitoring Procedures
Sample CollectionSample Collection LakesLakesSample Collection Sample Collection –– LakesLakes

(remember point sampling)(remember point sampling)



Monitoring ProceduresMonitoring Procedures
Sample CollectionSample Collection

• Place sample from pipette directly into Coliscan media bottle• Place sample from pipette directly into Coliscan media bottle
• Repeat procedure 2 times with same pipette

• Use same volume for each sample!
• If unsure on volume of water to use, start with 1 ml.



Monitoring ProceduresMonitoring Proceduresgg
Sample CollectionSample Collection

• Pack on ice• Pack on ice
• Keep bottles separated from ice
• Do not use freezer packs



Exception to sample collectionException to sample collectionException to sample collectionException to sample collection
 If unable to prepare samples for incubation when If unable to prepare samples for incubation when p p pp p p

returning home, a water sample can be stored for up returning home, a water sample can be stored for up 
to 24 hours.to 24 hours.

 YoYo mustmust collect a ater sample in a sterile containercollect a ater sample in a sterile container You You mustmust collect a water sample in a sterile container collect a water sample in a sterile container 
(collect ~ 50 ml of water) and refrigerate until ready (collect ~ 50 ml of water) and refrigerate until ready 
to process your samples.to process your samples.

 Do Do not not add the water to the media until you are ready add the water to the media until you are ready 
to prepare and incubate your samples.to prepare and incubate your samples.

 When ready to prepare your sample, invert the water When ready to prepare your sample, invert the water 
sample bottle a couple of times before using a pipette sample bottle a couple of times before using a pipette 
to transfer water to the 3 media bottles.to transfer water to the 3 media bottles.



Monitoring ProceduresMonitoring Procedures
PreparationPreparation

Tape one side of petri dishTape one side of petri dish



Monitoring ProceduresMonitoring Procedures
PreparationPreparationPreparationPreparation

• Label bottom dish 

• Label along edges



Monitoring ProceduresMonitoring Proceduresgg
Sample IncubationSample Incubation

• S irl & Po r• Swirl & Pour
• Figure 8 to evenly distribute media
• Allow 45 minutes for medium 

to solidify – Keep out of sun!



Monitoring ProceduresMonitoring Proceduresgg
Sample IncubationSample Incubation

• After media is solid
• Tape the other side of the lid
• Turn upside down and place in incubator



Monitoring ProceduresMonitoring Procedures
Sample IncubationSample IncubationSample IncubationSample Incubation

• Record incubation start time
I b f 48 h

85 - 99°F
• Incubate for 48 hours
• Incubate between 85 – 99°F
• Place samples and thermometer away p y

from the light source



Monitoring ProceduresMonitoring Proceduresgg
Sample IncubationSample Incubation

Keep the incubation temperature constantKeep the incubation temperature constant
 Monitor the temperature for the first hour after Monitor the temperature for the first hour after o to t e te pe atu e o t e st ou a teo to t e te pe atu e o t e st ou a te

placing the plates in the incubatorplacing the plates in the incubator
 If the temperature is too high, open the cooler lid a If the temperature is too high, open the cooler lid a p g , pp g , p

littlelittle
 If the temperature is too low add another night If the temperature is too low add another night 

light (cover the sensor) or cover the cooler with a light (cover the sensor) or cover the cooler with a 
blanket (watch for fire hazard)blanket (watch for fire hazard)



Monitoring ProceduresMonitoring Proceduresgg
Sample CountSample Count



Monitoring Procedures Monitoring Procedures -- Sample CountSample Countgg pp
Coliforms Coliforms –– PinkPink coloniescolonies

• Use counting grid
• Only count to 100 – “Too numerous to count.”

Presence of ß-galactosidase (from coliform bacteria) turns the colony a pink color 



Monitoring Procedures Monitoring Procedures -- Sample CountSample CountMonitoring Procedures Monitoring Procedures -- Sample CountSample Countgg pp
E. coliE. coli –– Dark Dark blueblue//purplepurple coloniescolonies

gg pp
E. coliE. coli –– Dark Dark blueblue//purplepurple coloniescolonies

• Use counting grid
• Only count to 100 – “Too numerous to count.”

Presence of ß-galactosidase (produced by coliform bacteria) and ß-glucuronidase 
(produced only by E. coli) turns the E. coli colonies a purple (pink + blue) color 





Monitoring ProceduresMonitoring Procedures
Sample DisposalSample DisposalSample DisposalSample Disposal

 Place a teaspoon of bleach in each platePlace a teaspoon of bleach in each plate
Allow it to sit for 5 minutesAllow it to sit for 5 minutes
 Place bacteria plates in a watertight bag and Place bacteria plates in a watertight bag and 

discard in normal trashdiscard in normal trashdiscard in normal trashdiscard in normal trash
Allow the cooler to dry before storingAllow the cooler to dry before storing



Stop here to count bacteria on Stop here to count bacteria on 
printouts!!!printouts!!!



Practice KeyPractice Key



Practice KeyPractice Key



Practice KeyPractice Key
BS5
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BS5 Shouldn't the "Don't Count" colony in the lower left-hand quadrant be counted as E. coli? It looks to me like it's a navy blue colony 
with teal halo, something we say should be counted as E. coli.
BSoenen, 11/16/2010



Practice KeyPractice Key

20

BS6
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BS6 It looks to me like all of the "Don't Count" colonies could/should be counted as E. coli. Since this is for demonstration purposes, I'd say
that if they look like E. coli on the screen, we could probably count them...might eliminate a little confusion with volunteers.
BSoenen, 11/16/2010



Stop here to count actual bacteria Stop here to count actual bacteria 
plates!!!plates!!!





T b i d l h h i l/ h i l li kTo enter bacteria data, select the chemical/physical stream assessment link.  
Level 2 indicates that you have completed the bacteria workshop.



Data Entry
Page



Confirmation
Page



Site Log Page



Water Quality StandardsWater Quality StandardsQ yQ y

Type of WaterbodyType of Waterbody
Rivers/Streams Lakes Reservoirs Wetlands

"G l U " W t"G l U " W t 71 665 il71 665 il 92 81692 816 40 85040 850 52 27152 271"General Use" Waters "General Use" Waters 71,665 miles 71,665 miles 92,816 acres 92,816 acres 40,850 acres 40,850 acres 52,271 acres 52,271 acres 

"Class A":"Class A":
Primary Contact Primary Contact 

2,276 miles2,276 miles
93 segments 93 segments 

44,903 acres44,903 acres
163 lakes 163 lakes 

40,850 acres40,850 acres
4 reservoirs 4 reservoirs 

6,296 acres6,296 acres
88 wetlands 88 wetlands 

"Class B":"Class B":
Aquatic Life Aquatic Life 

12,186 miles12,186 miles
1,068 segments 1,068 segments 

47,600 acres47,600 acres
278 lakes 278 lakes 

40,850 acres40,850 acres
4 reservoirs 4 reservoirs 

308 acres308 acres
1 wetland 1 wetland 

"Class C":"Class C": 286 miles286 miles 20,350 acres20,350 acres 11,000 acres11,000 acres 27,273 acres27,273 acres
Drinking Water Drinking Water 18 segments 18 segments 54 lakes 54 lakes 1 reservoir 1 reservoir 88 wetlands 88 wetlands 

"HQ":"HQ":
High Quality High Quality 

342 miles342 miles
50 segments 50 segments 

10,249 acres10,249 acres
7 lakes 7 lakes none none none none 

"HQR":"HQR":
High Quality Resource High Quality Resource 

1,529 miles1,529 miles
109 segments 109 segments 

8,571 acres8,571 acres
5 lakes 5 lakes 

11,000 acres11,000 acres
1 reservoir 1 reservoir 

2,033 acres2,033 acres
5 wetlands 5 wetlands 



Water Quality Standards
E coliE coli standards apply to Class A1 A2 and A3 watersstandards apply to Class A1 A2 and A3 watersE. coliE. coli standards apply to Class A1, A2, and A3 watersstandards apply to Class A1, A2, and A3 waters

UseUse Geometric Mean Geometric Mean 
(CFU/100 ml)(CFU/100 ml)

Sample Maximum Sample Maximum 
(CFU/100 ml)(CFU/100 ml)( )( ) ( )( )

Class A1Class A1
March 15 March 15 -- November 15 November 15 126126 235235
November 16November 16 March 14March 14 Does not applyDoes not apply Does not applyDoes not applyNovember 16 November 16 -- March 14 March 14 Does not applyDoes not apply Does not applyDoes not apply

Class A2 (Only)Class A2 (Only)
March 15 March 15 -- November 15 November 15 630 630 2880 2880 
November 16 November 16 -- March 14 March 14 Does not applyDoes not apply Does not applyDoes not apply

Class A2 and B(CW) or HQClass A2 and B(CW) or HQ
Year Round Year Round 630630 28802880

Class A3Class A3
March 15 March 15 -- November 15 November 15 126126 235235
November 16November 16 March 14March 14 Does not applyDoes not apply Does not applyDoes not applyNovember 16 November 16 -- March 14 March 14 Does not applyDoes not apply Does not applyDoes not apply

Class A1 Class A1 –– Primary Contact Recreational Use Primary Contact Recreational Use -- SwimmingSwimming
Class A2 Class A2 -- Secondary Contact Recreational Use Secondary Contact Recreational Use -- BoatingBoating
Class A3 Class A3 –– Children’s Recreational Use Children’s Recreational Use -- WadingWading



Iowa Ambient Water Monitoring Program - All Stream Sites
E. coli Bacteria (CFU/100 ml) - Monthly Sampling( ) y p g
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Iowa Ambient Water Monitoring Program - All Stream Sites
E. coli Bacteria (CFU/100 ml) - Monthly Sampling( ) y p g
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