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A Little HistoryA Little History……....

¾¾ 18001800’’s  Germ Theory s  Germ Theory 
¾¾ 1884     1884     Escherichia coli Escherichia coli 

identified as theidentified as the
cause of some diseases cause of some diseases 

¾¾ 1893     First 1893     First ““drinking water drinking water 
bacteriological bacteriological 
standardstandard”” enactedenacted



The FIRST Standard (1893)The FIRST Standard (1893)

Under the Interstate Quarantine Under the Interstate Quarantine 
Act, the U.S. Public Health Act, the U.S. Public Health 
Service (USPHS) enacted a Service (USPHS) enacted a 
regulation prohibiting use of a regulation prohibiting use of a 
common drinking cupcommon drinking cup by by 
passengers on commercial passengers on commercial 
transportation carriers transportation carriers 
traveling between statestraveling between states



A Little More HistoryA Little More History……....
¾¾ 1925 1925 ““Standards for Drinking Water Standards for Drinking Water 

and Culinary Water Supplied by and Culinary Water Supplied by 
Common Carriers in Interstate Common Carriers in Interstate 
CommerceCommerce””

¾¾ 19421942 USPHS Standards for Public USPHS Standards for Public 
Water Supplies Water Supplies 

¾¾ 19461946 USPHS Standard expanded to all USPHS Standard expanded to all 
public water systemspublic water systems

¾¾ 19741974 Interim MCL for Interim MCL for coliformcoliform bacteriabacteria



As of the 1970As of the 1970’’s, Total Coliform s, Total Coliform 
was already imbedded in our was already imbedded in our 
regulatory structureregulatory structure

¾¾ Total Total coliformcoliform considered the best available considered the best available 
indicatorindicator

¾¾ Representative sampling throughout Representative sampling throughout 
distributiondistribution

¾¾ PopulationPopulation--based samplingbased sampling
¾¾ Monthly regulatory reviewMonthly regulatory review
¾¾ Check sampling after positive samplesCheck sampling after positive samples
¾¾ Numerical and percent positive limitsNumerical and percent positive limits
¾¾ Lab certificationLab certification
¾¾ More than one test method was availableMore than one test method was available
¾¾ 100 100 mLmL standardized sample volume standardized sample volume 



Total Coliform Rule of 1989Total Coliform Rule of 1989

¾¾ Only the presence/absence of Only the presence/absence of coliformcoliform
bacteria is now reported.bacteria is now reported.

¾¾ ColiformsColiforms are the best available indicatorare the best available indicator
¾¾ ““RepeatRepeat”” sampling after positive samples sampling after positive samples 

laid out in greater detail.laid out in greater detail.
¾¾ Positive Positive coliformcoliform samples must be tested samples must be tested 

for fecal for fecal coliformscoliforms (or (or E. coliE. coli once new once new 
methods for methods for E. coliE. coli were developed).were developed).



1989 TCR and Components1989 TCR and Components
¾¾ Indicator frameworkIndicator framework
¾¾ Routine monitoring and sample siting plans   Routine monitoring and sample siting plans   
¾¾ Repeat monitoring Repeat monitoring –– routine/repeat samplesroutine/repeat samples
¾¾ Analytical methods specifiedAnalytical methods specified
¾¾ MCLGMCLG’’ss establishedestablished
¾¾ NonNon--acute (monthly) AND acute Maximum acute (monthly) AND acute Maximum 

Contaminant Level (MCL) established Contaminant Level (MCL) established 
¾¾ Variance provision added in 1991Variance provision added in 1991
¾¾ Public Notification requiredPublic Notification required
¾¾ State involvement specified with positive State involvement specified with positive 

samples and MCL violationssamples and MCL violations



Total Coliform Rule ObjectivesTotal Coliform Rule Objectives

¾¾Evaluate the effectiveness of Evaluate the effectiveness of 
treatmenttreatment

¾¾Determine the integrity of the Determine the integrity of the 
distribution system, and distribution system, and 

¾¾Signal the possible presence of Signal the possible presence of 
fecal contaminationfecal contamination

(U.S. Environmental Protection Agency 1987)(U.S. Environmental Protection Agency 1987)



TCR Applicability (1989)TCR Applicability (1989)
¾¾ Requirements apply to all public water Requirements apply to all public water 

systemssystems
zz 54,000 community water systems54,000 community water systems
zz 20,000 20,000 nontransientnontransient noncommunitynoncommunity water systemswater systems
zz 90,000 transient 90,000 transient noncommunitynoncommunity water systemswater systems

¾¾ Only rule that applies to transient Only rule that applies to transient PWSsPWSs in a in a 
comprehensive mannercomprehensive manner
zz Monitoring at least annually (monthly for many)Monitoring at least annually (monthly for many)
zz Sanitary survey requirementSanitary survey requirement
zz Fosters connection between system and StateFosters connection between system and State



What is a Coliform?What is a Coliform?

E. coli

Pathogenic E. 
coli
Some of which are not 
detectable by Total 
Coliform detection 
methods

Total Coliform
Ubiquitous in

Ambient Environment

Fecal Coliform
Fecal Coliform or E. coli = 

Fecal Contamination

Indicator Organisms 
indicate potential 
presence of disease-
causing organisms

There are 
hundreds of 
pathogens and 
many cannot be 
detected or are 
expensive to 
measure



Why use an indicator?Why use an indicator?

ColiformsColiforms::
¾¾ an indicator of fecal pollution an indicator of fecal pollution 
¾¾may foreshadow the possibility of may foreshadow the possibility of 

waterborne disease outbreakswaterborne disease outbreaks
¾¾ provide a conservative estimate of the provide a conservative estimate of the 

risk of more serious contaminationrisk of more serious contamination
¾¾ Relative ease of analysesRelative ease of analyses



Improved Understanding of Improved Understanding of 
Indicators Since 1989Indicators Since 1989

¾¾ Fecal Fecal coliformcoliform is now referred to as is now referred to as 
““thermal tolerant thermal tolerant coliformcoliform”” rather than by rather than by 
analytical methodsanalytical methods

¾¾ E. coliE. coli is now defined as its microbiological is now defined as its microbiological 
characteristics rather than by analytical characteristics rather than by analytical 
methodsmethods

¾¾Measurement of Measurement of E. coliE. coli is now lower cost is now lower cost 
and practically availableand practically available



New methods for New methods for coliformscoliforms
came about with the TCR and came about with the TCR and 

its shift away from enumeration its shift away from enumeration 
and towards presence/absence and towards presence/absence 

reportingreporting

ColiformsColiforms produce betaproduce beta--galactosidasegalactosidase, , 
which produces a yellow color in the which produces a yellow color in the 
media when media when coliformscoliforms are presentare present



New bacteriological New bacteriological 
methods for methods for E. coli E. coli provided provided 

direct testing fordirect testing for E. coli E. coli 
under the TCRunder the TCR

E. coliE. coli produces another enzyme, betaproduces another enzyme, beta--
DD--glucuronidaseglucuronidase, which breaks down 4, which breaks down 4--
methylumbelliferylmethylumbelliferyl--betabeta--DD--glucuronide glucuronide 
(MUG) and fluoresces under UV light.(MUG) and fluoresces under UV light.



Fecal Fecal ColiformsColiforms

¾¾ Coliform bacteria which ferment Coliform bacteria which ferment 
lactose at 44.5 degrees Clactose at 44.5 degrees C

¾¾ Elevated temperature test was added in Elevated temperature test was added in 
the late 1940s to target the late 1940s to target Escherichia Escherichia 
coli; coli; later it was discovered that some later it was discovered that some 
strains of strains of KlebsiellaKlebsiella also ferment also ferment 
lactose at 44.5 Clactose at 44.5 C

¾¾ Now known as Now known as ““thermotolerantthermotolerant””



Multiple methods for Multiple methods for 
identifying Total Coliformidentifying Total Coliform

¾¾ Membrane filter with mMembrane filter with m--Endo mediumEndo medium
¾¾ Membrane filter with MI agarMembrane filter with MI agar
¾¾ Multiple tube fermentationMultiple tube fermentation
¾¾ Presence/absence test using PPresence/absence test using P--A medium A medium 

or or ReadycultReadycult®®
¾¾ MMOMMO--MUG or MUG or ColilertColilert®®
¾¾ ColisureColisure®®
¾¾ E*E*ColiteColite®®
¾¾ Etc! Etc! Etc!Etc! Etc! Etc!



The questionsThe questions

¾¾ Characterize the percent positive samples Characterize the percent positive samples 
for Total Coliform and E colifor Total Coliform and E coli

¾¾ Do the data collected address the rule Do the data collected address the rule 
objectives adequately?objectives adequately?

¾¾ How do result of total coliform results How do result of total coliform results 
correlate with water quality parameters correlate with water quality parameters 
(e.g. chlorine residual)(e.g. chlorine residual)

¾¾ Are there patterns in the percent positive Are there patterns in the percent positive 
samples by system size, type or sourcesamples by system size, type or source



Data AvailableData Available
¾¾Data from: utilities, states and EPA Data from: utilities, states and EPA 

SDWISSDWIS
¾¾Detailed data provided by 11 utilitiesDetailed data provided by 11 utilities

ÎÎ 242,631 observations242,631 observations
¾¾Summarized data from 3 utilitiesSummarized data from 3 utilities

ÎÎ 62,588 observations62,588 observations
¾¾Observations summarized by statesObservations summarized by states

ÎÎ 6,822,343 observations 6,822,343 observations 
¾¾Data included in these summariesData included in these summaries

ÎÎ 7,127,562 observations7,127,562 observations



Data LimitationsData Limitations
¾¾ Little ancillary data with total coliform dataLittle ancillary data with total coliform data
¾¾ Organization of data is not consistent Organization of data is not consistent 
¾¾ Total coliform events for utilities are RARE Total coliform events for utilities are RARE 

events events -- 1,584 observations (0.52%)1,584 observations (0.52%)
¾¾ E.coliE.coli positive even more RARE positive even more RARE ––

58 observations (0.02%)58 observations (0.02%)
¾¾ Very difficult to get broad representation of Very difficult to get broad representation of 

small utilitiessmall utilities
¾¾ Data are most definitely do not meet the Data are most definitely do not meet the 

definition of statistically random samples; definition of statistically random samples; 
however, the biases are hard to definehowever, the biases are hard to define



Utility Results

NameName Number of Years of Number of Years of 
Data CollectionData Collection

Number of Total Number of Total 
Coliform Samples Coliform Samples 

CollectedCollected

Percent of Percent of 
Positive Total Positive Total 

Coliform SamplesColiform Samples
(%)(%)

Percent of Percent of 
Positive Positive E. E. 

colicoli Samples Samples 
(%)(%)

Maximum Monthly Maximum Monthly 
Percent Positive Total Percent Positive Total 

Coliform SamplesColiform Samples
(%)(%)

88 2241122411 0.780.78 0.0130.013 6.186.18

88 1288212882 2.392.39 0.0700.070 12.1812.18

22 1700317003 0.260.26 0.0350.035 nana

55 2859928599 0.150.15 0.0070.007 nana

66 2826428264 0.220.22 0.0390.039 nana

99 2435124351 0.120.12 0.0040.004 1.251.25

1010 4303443034 0.390.39 0.0000.000 1.921.92

1010 3651336513 0.490.49 0.0000.000 4.204.20

1212 57255725 0.030.03 0.0000.000 nana

1010 17181718 1.051.05 0.0580.058 nana

1010 1377413774 0.590.59 0.0000.000 4.544.54

33 31123112 0.480.48 0.0640.064 3.853.85

88 2524725247 0.370.37 0.0080.008 nana

1010 4255342553 0.860.86 0.0490.049 nana

1111 235171235171 0.990.99 0.0090.009 60.0060.00



State Results

StateState Years of DataYears of Data Number of Number of 
Total coliform Total coliform 

samples samples 
CollectedCollected

Percent Percent 
samples samples 

Positive for Positive for 
Total ColiformTotal Coliform

MissouriMissouri 66 467896467896 0.050.05

IllinoisIllinois 66 680738680738 0.400.40

PennsylvaniaPennsylvania 66 878849878849 0.530.53

OhioOhio 66 692051692051 0.660.66

FloridaFlorida 22 537495537495 0.740.74

ArizonaArizona 55 328298328298 1.761.76

IowaIowa 66 303110303110 1.961.96

New HampshireNew Hampshire 66 7499374993 2.182.18

WashingtonWashington 66 671118671118 2.692.69

NebraskaNebraska 66 157165157165 3.423.42

IndianaIndiana 66 437006437006 3.643.64

North CarolinaNorth Carolina 66 436338436338 4.074.07

VirginiaVirginia 66 227474227474 4.414.41

MarylandMaryland 66 311925311925 4.704.70



Summary of State ViolationsSummary of State Violations
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Results so farResults so far…………
¾¾ Percent samples with positive total Percent samples with positive total 

coliforms for utilities ranged from 0.12% to coliforms for utilities ranged from 0.12% to 
2.39% (all months pooled)2.39% (all months pooled)

¾¾ The monthly percent  positive Total The monthly percent  positive Total 
Coliform sample ranged from 0% Coliform sample ranged from 0% -- 12.2% 12.2% 

¾¾ Only ten monthly MCL violations were Only ten monthly MCL violations were 
observed for over 1330 months (combining observed for over 1330 months (combining 
all utilities)all utilities)

¾¾ Overall positive total coliform for all state Overall positive total coliform for all state 
data is 1.8%data is 1.8%

¾¾ Percent positive for Percent positive for E. coliE. coli samples pooled samples pooled 
over all months is very low over all months is very low 
zz highest observed at 0.0007 (0.07%)highest observed at 0.0007 (0.07%)



Repeat SamplingRepeat Sampling
Is there an increased probability we will find 
Total Coliform in repeat samples? 

Sample Sample 
TypeType CountCount TC+TC+ % Positive% Positive

RoutineRoutine 11,52011,520 269269 2.342.34

RepeatRepeat 13621362 3939 2.862.86

TotalTotal 1288212882 308308 2.39
Indistinguishable Indistinguishable -- therefore repeat samples do not have therefore repeat samples do not have 

an increased probability of positive results

2.39

an increased probability of positive results



Patterns in Detailed Utility DataPatterns in Detailed Utility Data

¾¾ No difference in average values for No difference in average values for 
chlorine residual for total coliform chlorine residual for total coliform 
positive versus total coliform negativepositive versus total coliform negative

¾¾ No other correlations evident (data is No other correlations evident (data is 
limited)limited)

¾¾ Few apparent relationships with location Few apparent relationships with location 
in distribution systemin distribution system

¾¾ Possible spatial pattern at one utility Possible spatial pattern at one utility 
difficult to reach any conclusionsdifficult to reach any conclusions



Number of Systems by TypeNumber of Systems by Type
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Rule DiscussionsRule Discussions

¾¾ Concerns over data limitationsConcerns over data limitations
¾¾ Are the data that we have useful?Are the data that we have useful?
¾¾ Are the data that we have so far adequate Are the data that we have so far adequate 

to understand the effectiveness of the to understand the effectiveness of the 
existing rule existing rule 

¾¾ Is TC still a meaningful indicator?Is TC still a meaningful indicator?
¾¾ Sample frequency, volume, location?Sample frequency, volume, location?



Impact of Sample Impact of Sample 
VolumeVolume



Pinellas County Pinellas County 
Large Volume Study 2004Large Volume Study 2004

SiteSite

Percent Positive Percent Positive 
Total Coliform Total Coliform 

samples 100 mlsamples 100 ml

Percent Percent 
Positive Total Positive Total 

Coliform Coliform 
samples 2 Litersamples 2 Liter

Keller Trans Well (raw water)Keller Trans Well (raw water) 100%100% 100%100%

Keller1 Effluent (finished water)Keller1 Effluent (finished water) 1%1% 2%2%

Keller1 Influent (raw water)Keller1 Influent (raw water) 4%4% 35%35%

Keller 2 Effluent (finished water)Keller 2 Effluent (finished water) 0%0% 1%1%

Keller 2 Influent (raw water)Keller 2 Influent (raw water) 8%8% 40%40%

TBW Influent (finished water)TBW Influent (finished water) 0%0% 3%3%
Tank Effluent (primary Tank Effluent (primary 
disinfection)disinfection) 0%0% 15%15%



Effects of Larger Sample Effects of Larger Sample 
VolumeVolume

¾¾ What would we learn about the occurrence of What would we learn about the occurrence of 
total coliform if larger sample volumes were total coliform if larger sample volumes were 
collected?collected?

¾¾ 13,160 data points collected at 9 locations 13,160 data points collected at 9 locations 
over 14 month period  over 14 month period  
zz Joint Pinellas County Utilities and Tampa Bay Joint Pinellas County Utilities and Tampa Bay 

Water effortWater effort
¾¾ Study set up to simulate larger sample Study set up to simulate larger sample 

volumes from the datavolumes from the data



Increased Volume Increased Volume 
ExperimentExperiment



TBW / PCU Total Coliform TBW / PCU Total Coliform 
Monitoring ProgramMonitoring Program

¾¾ 9 Coliform samples taken per day at nine 9 Coliform samples taken per day at nine 
locationslocations
zz 1 100 ml sample1 100 ml sample
zz 8 250 ml samples (2 liters)8 250 ml samples (2 liters)

¾¾ Analyzed by Colilert (24 hour media)Analyzed by Colilert (24 hour media)
¾¾ Sampling started in October 2005Sampling started in October 2005
¾¾ 4 days per week4 days per week
¾¾ Completed Sampling December 2006Completed Sampling December 2006
¾¾ Also collected concurrent data on Also collected concurrent data on 

Temperature, Turbidity, pH and Total Temperature, Turbidity, pH and Total 
Chlorine ResidualChlorine Residual



TBW / PCU Summary ResultsTBW / PCU Summary Results

Positive for Positive for Percent +Percent +
Total Coliform Total Coliform 

SamplesSamples TakenTaken TCTC ECEC TCTC ECEC

100 ml100 ml 14641464 55 11 0.34%0.34% 0.07%0.07%

250 ml250 ml 1169611696 2121 00 0.18%0.18% 0.00%0.00%

2.1 Liter2.1 Liter 14641464 2222 11 1.50%1.50% 0.07%0.07%

• Two (2) sampling events had 1X100 ml positive and 1X250ml 
positive samples

• Two (2) Sampling events had 2X250 ml positive samples



TBW / PCU ObservationsTBW / PCU Observations
¾¾ Very low incidence of positive samples (26 total)Very low incidence of positive samples (26 total)
¾¾ Only 1 positive EOnly 1 positive E--coli sample out of 13,160 samplescoli sample out of 13,160 samples
¾¾ Multiple positive results in only 18% of the positive Multiple positive results in only 18% of the positive 

eventsevents
zz HeterogeneousHeterogeneous

¾¾ No correlations between positives and any other dataNo correlations between positives and any other data
¾¾ 250 ml samples provide no more information than 100ml 250 ml samples provide no more information than 100ml 

samplessamples
¾¾ 2.1 liter samples express a higher rate of positives than 2.1 liter samples express a higher rate of positives than 

both 100 and 250 ml samples for total both 100 and 250 ml samples for total coliformcoliform
¾¾ Over 80% of positive samples were from a localized areaOver 80% of positive samples were from a localized area

zz End of 64, Keller 1 and Keller 2 End of 64, Keller 1 and Keller 2 
¾¾ Detectable patterns emerge after THOUSANDS of Detectable patterns emerge after THOUSANDS of 

samplessamples



Implications for TCRImplications for TCR
¾¾ Sample volume could matter Sample volume could matter 
¾¾ Timing of sampling does not matterTiming of sampling does not matter
¾¾ Location is importantLocation is important
¾¾ Difficult to measure if mitigation has any Difficult to measure if mitigation has any 

effect (what changes are meaningful? effect (what changes are meaningful? 
1%? 5%?)1%? 5%?)

¾¾ Need many samples to detect even 5% Need many samples to detect even 5% 
changes changes 

¾¾ No surrogates apparent from these dataNo surrogates apparent from these data



Increased VolumeIncreased Volume

¾¾ Possible roles in sampling Possible roles in sampling 
optionsoptions

¾¾ Roles in repeat sampling?Roles in repeat sampling?
¾¾ Efficacy of the indicatorEfficacy of the indicator
¾¾ OtherOther



2003 Regional TCR Compliance2003 Regional TCR Compliance
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2003 TCR Compliance2003 TCR Compliance
Systems Receiving New Water SuppliesSystems Receiving New Water Supplies
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2003 TCR for Systems  NOT 2003 TCR for Systems  NOT 
Receiving New SuppliesReceiving New Supplies
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Hillsborough CountyHillsborough County

¾¾ Northwest TCR complianceNorthwest TCR compliance
zz 1.1% mean1.1% mean
zz 7.6% max7.6% max

¾¾ South Central TCR complianceSouth Central TCR compliance
zz 1.0% mean1.0% mean
zz 5.8% max5.8% max

¾¾ Extensive evaluation of analytical Extensive evaluation of analytical 
methods and sample taps resolved much methods and sample taps resolved much 
of the issueof the issue



Pinellas CountyPinellas County

¾¾ Total Coliform Rule complianceTotal Coliform Rule compliance
zz Mean 0.9%Mean 0.9%
zz max 4.4% max 4.4% 

¾¾More than 70% TCPMore than 70% TCP’’s in 2003 located in s in 2003 located in 
NW section of CountyNW section of County

¾¾ Nitrification reported Nitrification reported 
¾¾ Flushes in response to customer Flushes in response to customer 

complaints, system maintenance, and complaints, system maintenance, and 
unidirectionalunidirectional
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TCR Compliance Jan 05 to Feb 07TCR Compliance Jan 05 to Feb 07
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Hydrogen Sulfide Removal Process Hydrogen Sulfide Removal Process 
and Total Coliformand Total Coliform

¾¾ Forced Draft Aeration commonly used in FL to Forced Draft Aeration commonly used in FL to 
remove hydrogen sulfideremove hydrogen sulfide

¾¾ Increased turbidity following implementation (>8 Increased turbidity following implementation (>8 
NTUNTU’’s)s)

¾¾ Turbidity is NOT inorganic precipitation; it is Turbidity is NOT inorganic precipitation; it is 
biological; FDA samples all TC positive biological; FDA samples all TC positive 

¾¾ Cleaning frequencies and procedures reviewed Cleaning frequencies and procedures reviewed 
(survey and site visits)(survey and site visits)

¾¾ Initiated aggressive weekly cleaning Initiated aggressive weekly cleaning 



Floor of FDA before cleaningFloor of FDA before cleaning



Tower Tower BiofloraBioflora



Forced Draft Aerator Before CleaningForced Draft Aerator Before Cleaning



Turbidity and Cleaning Cycles Turbidity and Cleaning Cycles 
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TBW / PCU ObservationsTBW / PCU Observations
¾¾ Very low incidence of positive samples (26 total)Very low incidence of positive samples (26 total)
¾¾ Only 1 positive EOnly 1 positive E--coli sample out of 13,160 samplescoli sample out of 13,160 samples
¾¾ Multiple positive results in only 18% of the positive Multiple positive results in only 18% of the positive 

eventsevents
zz HeterogeneousHeterogeneous

¾¾ No correlations between positives and any other dataNo correlations between positives and any other data
¾¾ 250 ml samples provide no more information than 100ml 250 ml samples provide no more information than 100ml 

samplessamples
¾¾ 2.1 liter samples express a higher rate of positives than 2.1 liter samples express a higher rate of positives than 

both 100 and 250 ml samples for total both 100 and 250 ml samples for total coliformcoliform
¾¾ Over 80% of positive samples were from a localized areaOver 80% of positive samples were from a localized area

zz End of 64, Keller 1 and Keller 2 End of 64, Keller 1 and Keller 2 
¾¾ Detectable patterns emerge after THOUSANDS of Detectable patterns emerge after THOUSANDS of 

samplessamples



New secondary disinfection (chloramines) in May 02
New water sources in Sept 02

Disinfection process modified in August 02
Unidirectional Flushing Program April 02 to May 03

The perfect storm?

Positive Bac-t Results

0.0%

10.0%

20.0%

30.0%

40.0%

50.0%

60.0%

Ja
n-

01

Fe
b-

01

M
ar

-0
1

A
pr

-0
1

M
ay

-0
1

Ju
n-

01

Ju
l-0

1

A
ug

-0
1

S
ep

-0
1

O
ct

-0
1

N
ov

-0
1

D
ec

-0
1

Ja
n-

02

Fe
b-

02

M
ar

-0
2

A
pr

-0
2

M
ay

-0
2

Ju
n-

02

Ju
l-0

2

A
ug

-0
2

S
ep

-0
2

O
ct

-0
2

N
ov

-0
2

D
ec

-0
2

Ja
n-

03

Fe
b-

03

M
ar

-0
3

A
pr

-0
3

M
ay

-0
3

Ju
n-

03

Ju
l-0

3

A
ug

-0
3

S
ep

-0
3

O
ct

-0
3

N
ov

-0
3

D
ec

-0
3

Ja
n-

04%
 o

f S
am

pl
es

 C
ol

ifo
rm

 P
os

iti
ve



Take Home Message……..

¾¾ Focus effort on identifying Focus effort on identifying real real 
problems (i.e., FDA turbidity)problems (i.e., FDA turbidity)

¾¾ Invest in getting the right data to Invest in getting the right data to 
evaluateevaluate the the ““resolutionresolution””

¾¾ Keep an eye open for Keep an eye open for unintendedunintended
consequencesconsequences

¾¾ Try not to change Try not to change everythingeverything all at all at 
once!  once!  ☺☺

¾¾ Not clear that routine TCR Not clear that routine TCR 
monitoring would have identified or monitoring would have identified or 
helped resolve the FDA issuehelped resolve the FDA issue



Thank You!Thank You!
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