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Public Health Presentations Today 
(8:45 am – 2:30 pm)


Outbreak information and implications (Roy)
Endemic illness information and implications (Moe)
Context of outbreak and endemic data in risk 
assessment (Eisenberg)
Panel discussion (Cotruvo, Eisenberg, Griffiths, Moe, 
Roy)
3 specific outbreaks and lessons learned (Smith)
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Remaining Presentations This Afternoon


Data analysis:  TCR violations from SDWIS-Fed 


(Owen)


Data analysis:  TCR indicator incidence from 


SDWIS-State (Owen)


Implementation of TCR by large and small 


systems (Burlingame & Scheltens)
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Estimates of Endemic Waterborne 
Disease 


Estimates of Endemic Waterborne 
Disease


1 Colford et al.  Journal of Water and Health, 2006.
2 Mesner et al. Journal of Water and Health, 2006.
3 Mead et al. Emerging infectious Diseases, 1999.
4 Jones et al.  Epidemiology of Infectious Diseases, 2007.
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million cases of AGI per year             
from public drinking water systems


4.26 – 11.69 1


5.46 – 32.80 2


Estimates of total annual AGI illness range from 
76 million to 183 million cases 3,4
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Waterborne-Disease Surveillance 


Ideal 
Waterborne-Disease Surveillance


• All water-related pathogens and chemicals 
would be nationally notifiable 


• Pathogens and chemicals of interest would 
only be transmitted by water 


OR
• All cases would be investigated to determine 


mode of transmission 
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Real World 
Waterborne-Disease Surveillance


• Not all water-related pathogens and 
chemicals are nationally notifiable 


• Most water-related pathogens and chemicals 
have multiple modes of transmission 


• Most individual cases not investigated so 
mode of transmission unknown 


• Reported cases represent only a small 
portion of the burden of disease 
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Case Reporting*Case Reporting*


Laboratory-confirmed


Lab test(s) requested


Healthcare consultation


No healthcare consultation


Reported


* Unlikely to include transmission mode
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Waterborne Disease and Outbreak 
Surveillance System


• The primary ongoing source of 
data concerning the scope and 
effects of waterborne disease 
and outbreaks (WBDOs) among 
persons in the United States 


• The primary ongoing source of 
data concerning the scope and 
effects of waterborne disease 
and outbreaks (WBDOs) among 
persons in the United States







• WHO
–Collaborative surveillance system of 


Council of State and Territorial 
Epidemiologists, CDC, EPA since 1971


–State/local health departments have 
primary responsibility for detecting, 
investigating, reporting WBDOs


Waterborne Disease and Outbreak 
Surveillance System 


Waterborne Disease and Outbreak 
Surveillance System







• WHAT
–Passive surveillance


–Paper-based system transitioning to 
electronic reporting


–Waterborne outbreaks nationally 
notifiable (CSTE 2006)


Waterborne Disease and Outbreak 
Surveillance System 


Waterborne Disease and Outbreak 
Surveillance System







• WHEN
–Annual solicitation of reports from 


state health departments


–Data reviewed, cleaned, and analyzed


–MMWR Surveillance Summary—every 2 
years


Waterborne Disease and Outbreak 
Surveillance System 


Waterborne Disease and Outbreak 
Surveillance System







• Unit of analysis is typically an 
outbreak (N >2) rather than a case 
– Epidemiologically linked by 


• Location of exposure to water
• Time
• Illness


• Epidemiologic evidence must implicate water 
as the probable source of illness 
– Epidemiologic data required
– Water quality data requested but optional
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• Single cases of waterborne 
disease 


•Lab-confirmed primary amebic 
meningoencephalitis (PAM, Naegleria 
fowleri) 


•Chemical / toxin poisoning
•Vibrio infections and wound infections 


associated with recreational water use 
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CAUTION!CAUTION!


Preliminary DataPreliminary Data







* Beginning in 2001, Legionnaires’ disease was added to the surveillance system.  The data in this graph 
includes WBDOs associated with both public and private water systems.


Number of WBDOs Associated with Drinking Water (n=803)*, 
by Year— United States, 1971–2004







WBDOs Associated with Drinking Water*, by Type of 
Water Supply — United States, 1991–2004 


WBDOs Associated with Drinking Water*, by Type of 
Water Supply — United States, 1991–2004


* No Legionella


N = 90 N = 60 N = 50







WBDOs Associated with Public Water Systems* (n=153), by 
Water Source — United States, 1991–2004


* No Legionella







DeficiencyDeficiency


• Antecedent event or situation that 
results in exposure of persons to a 
disease-causing agent or agents 


• One deficiency per outbreak
• Deficiency without which outbreak 


would not have occurred 
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1. Untreated surface water
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3. Treatment deficiency
4. Distribution system deficiency
5. Unknown or miscellaneous deficiency


• Contaminated bottled water
• Source water not intended for drinking
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New WBDO Drinking Water 
Deficiencies 


New WBDO Drinking Water 
Deficiencies


1. Untreated surface water intended 
for drinking 


2. Untreated ground water intended 
for drinking 


3. Treatment deficiency 


4. Distribution system deficiency, 
including storage 
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5. Legionella spp. in water system
6. Plumbing system deficiency after water meter 


or property line 
7. Deficiency in building/home-specific water 


treatment 
8. Deficiency or contamination of 


equipment/devices using or distributing water 
9. Contamination during commercial bottling
10. Contamination during shipping, hauling, or 


storage 
11. Contamination at point of use
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Original Deficiency 4 – 
Distribution System 


Original Deficiency 4 – 
Distribution System


• Pipes and storage infrastructure 
from point of treatment to point of 
use 


• Pipes and storage infrastructure 
from point of treatment to point of 
use
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CWS
• Pipes and storage 


infrastructure after 
point of entry into 
building or house 


• Service line leading 
to building or house 
from water meter or 
property line 
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Deficiency by Water System TypeDeficiency by Water System Type


Water 
System Type


Deficiency 4 
(Distribution 


System)


Deficiency 6 
(Plumbing)


CWS Before water 
meter or 
property line


After water meter 
or property line


NCWS Before building 
or house


After building or 
house


PWS Before building 
or house


Before building 
or house







TCR / Distribution System QuestionsTCR / Distribution System Questions


• Distribution system deficiencies versus 
source/treatment deficiencies 


• Distribution system deficiencies over 
time 


• Distribution system deficiencies within 
and outside utility jurisdiction 


• Distribution system deficiencies versus 
source/treatment deficiencies


• Distribution system deficiencies over 
time


• Distribution system deficiencies within 
and outside utility jurisdiction







Drinking Water WBDOs in CWS by Deficiency — 1991–2004Drinking Water WBDOs in CWS by Deficiency — 1991–2004
All Deficiencies (n=86)







Drinking Water WBDOs in NCWS by Deficiency — 1991–2004Drinking Water WBDOs in NCWS by Deficiency — 1991–2004
All Deficiencies (n=91)







WBDOs Associated with Distribution System Contamination 
in Public Water Systems* — United States, 1991–2004


System Type Reported 
WBDOs *


Reported 
Deficiencies *


Distribution 
System 


Deficiencies ** 
n (%)


Community 
Systems (CWS)


71 73 10 (14%)


Noncommunity 
Systems (NCWS)


82 89 11 (12%)


Total 153 162 21 (13%)


** For CWS, all deficiencies occurred before the property line/water meter.  For NCWS, all 
deficiencies occurred before the building.


* No Legionella.







Deficiencies Associated with CWS* 
— United States, 1991–2004 


Deficiencies Associated with CWS* 
— United States, 1991–2004


* No Legionella.  Total deficiencies = 73.  Total WBDOs = 71.


33 23Number of Deficiencies 17
Number of WBDOs* 32 23 16







Deficiencies Associated with NCWS* 
— United States, 1991–2004 


Deficiencies Associated with NCWS* 
— United States, 1991–2004


* No Legionella.  Total deficiencies = 89.  Total WBDOs = 82.


50 22Number of Deficiencies 17
Number of WBDOs* 45 21 16







TCR / Distribution System QuestionsTCR / Distribution System Questions


• Causes of distribution system 
deficiencies 


• Causes of distribution system 
deficiencies







* No Legionella


WBDOs Associated with Distribution System 
Deficiencies* — United States, 1991–2004 
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TCR / Distribution System QuestionsTCR / Distribution System Questions


• Distribution system deficiencies 
by etiologic agent 


• Distribution system deficiencies 
by etiologic agent







Etiology of WBDOs Caused by Distribution System 
Deficiencies — United States, 1971–2004 


Etiology of WBDOs Caused by Distribution System 
Deficiencies — United States, 1971–2004


Etiology Community Systems Noncommunity Systems
Outbreaks Percent Outbreaks Percent


Chemical 44 37 4 14


Unidentified 31 26 11 40


Legionella * 13 11 2 7


Giardia 10 8 5 17


Campylobacter 5 4 1 3


Salmonella 4 3 1 3


Shigella 3 3 1 3


Norovirus 3 3 2 7


E. Coli 2 2 0 0


Cryptosporidium 2 2 1 3


Hepatitis A 1 1 0 0


S. Typhi 1 1 0 0


Cyclospora 1 1 0 0


V. Cholera 0 0 1 3


* Legionella added in 2001







Chemical Community Noncommunity
Copper 22 3


Chlordane 3 0


Nitrate 3 0


Unidentified Herbicide 3 0


Ethylene Glycol 3 0


Oil 1 1


Fluoride 1 0


Lead 1 0


Chromium 1 0


Sodium, Hydroxide 1 0


Chlorine 1 0


Liquid Soap 1 0


Ethyl Acrylate 1 0


Morpholine 1 0


Chemical Outbreaks 44 4


Chemical Etiology of WBDOs Caused by Distribution 
System Deficiencies — United States, 1971–2004 


Chemical Etiology of WBDOs Caused by Distribution 
System Deficiencies — United States, 1971–2004







TCR / Distribution System QuestionsTCR / Distribution System Questions


• Distribution system deficiencies 
by source water 


• Distribution system deficiencies 
by source water







Water Source in WBDOs Caused by Distribution 
System Deficiencies — United States, 1991–2004 
Water Source in WBDOs Caused by Distribution 
System Deficiencies — United States, 1991–2004


Water Source WBDOs in 
Community 


Systems 
n (%)


WBDOs in 
Noncommunity 


Systems 
n (%)


Groundwater 8 (80%) 11 (100%)


Surface Water 1 (10%) 0 (0%)


Mixed 1 (10%) 0 (0%)







Usefulness of the Surveillance DataUsefulness of the Surveillance Data
• Disease control


– Identify contaminated water sources


• Knowledge of disease causation
– Identify etiologic agents (old and new)


• Trend identification
– Etiologic agents, water sources, deficiencies


• Administrative guidance
– Evaluate the adequacy of current technologies for 


providing safe water 
– Establish research priorities
– Assess effectiveness of water regulations
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• Data represents only a portion 
of the burden of illness 
associated with water exposure


• Data does not include cases of 
endemic waterborne disease


• No reliable estimates of the 
number of unrecognized 
WBDOs and associated cases 
of illness are available


Limitations of WBDO Surveillance Data


NOT an indicator of magnitude of problem







National Estimate
4.3 to 32.8 million 


AGI cases              
per year in public 


water systems


WBDOs
1,918 reported        


AGI cases           
in 2004 in public 
water systems


0.04%


Limitations of WBDO Surveillance Data







• Awareness
• Communication
• Availability of laboratory testing
• Reporting requirements
• Availability of resources for 


surveillance and investigation 
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Opportunities for ImprovementOpportunities for Improvement
• CSTE 2006 position paper, WBDOs reportable
• EPA/CDC 2006 workshop to develop ideas for 


improving detection, investigations,  reporting 
• Expand reporting partners
• Make reporting electronic
• Better risk factor data collected


– Low pressure events, corrosion/leaching  
• Connect data with other databases


– SDWIS? Pulsenet?
• Improve communication between groups
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* No Legionella


WBDOs Associated with Drinking Water, by Etiologic 
Agent* — United States, 1971–2004 
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Deficiencies Associated with Public Water Systems* 
— United States, 1991–2004 


Deficiencies Associated with Public Water Systems* 
— United States, 1991–2004


83 45


* No Legionella.  Total deficiencies = 162.  Total WBDOs = 153.


Number of Deficiencies 34
Number of WBDOs* 77 44 32







Number of WBDOs Associated with Drinking Water (n=803), 
by Year and Etiologic Agent — United States, 1971–2004


* Beginning in 2003, mixed agents of more than 1 etiologic agent type were included in the surveillance system.  
However, the first observation is a previously unreported outbreak in 2002.


†


*


† Beginning in 2001, Legionnaires’ disease was added to the surveillance system, and Legionella species were 
classified separately in this figure.
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• EHS-Net Water
– Environmental health assessments started in 


FoodNet system 
– First step towards creating a Water-Net
– 5 sites (NY, TN, MN, CA, GA)


• Improve surveillance for outbreaks 
• Identify underlying outbreak environmental 


factors using a systems-based approach 
• Evaluate existing interventions
• Translate into improved prevention efforts
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EHS-Net Tennessee Results: 
What Happens With a Focus on Water? 
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• 1972-2002
–12 WBDOs reported


• 2007
–“Shaking the bushes”
–11 previously unreported 
WBDOs found 
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–12 WBDOs reported
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WBDOs found







1. Strong epidemiology, strong environmental
• Data on exposed/unexposed with RR/OR >2 or p<0.05 


• Water testing data or historical information


2. Strong epidemiology, weak environmental


3. Weak epidemiology, strong environmental


4. Weak epidemiology, weak environmental


Grading System for WBDOsGrading System for WBDOs







WBDOs Associated with Drinking Water, by Illness   
— United States, 2003–2004 


WBDOs Associated with Drinking Water, by Illness   
— United States, 2003–2004


All Illness (n=31)*


† All acute respiratory illness was attributed to Legionella spp.
§ All dermatitis was attributed to chemicals/toxins


* One of the WBDOs had two predominant illnesses:  acute respiratory illness and gastroenteritis







WBDOs Associated with Drinking Water (n=30), by 
Etiologic Agent — United States, 2003–2004


* Each WBDO involves more than one etiologic agent.
† Other than Legionella spp.







Reported WBDOs Associated with Drinking Water (N=787)* 
by Type of Water System — United States, 1971–2004







Drinking Water WBDOs Associated with Untreated Surface 
Water and Groundwater — United States, 1973–2004 (N=751)* 
Drinking Water WBDOs Associated with Untreated Surface 


Water and Groundwater — United States, 1973–2004 (N=751)*







*  Excludes outbreaks of Legionnaires Disease


Drinking Water Outbreaks in Public Water Systems With 
Deficiencies 1–4, United States 1978–2002 (N=401)* 
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*  Excludes outbreaks of Legionnaires Disease


Drinking Water Outbreaks in Public Water Systems With 
Deficiencies 1–4, United States 1978–2002 (N=401)* 


Drinking Water Outbreaks in Public Water Systems With 
Deficiencies 1–4, United States 1978–2002 (N=401)*







WBDOs Caused by Distribution System Contamination*, 
Public Water Systems — United States, 1971–2004


Reported  WBDOs Distribution  Deficiencies


Community Systems               326                             32.8%


Non-community Systems       361                                     7.5%


Total                                          687              19.5%


* Old deficiencies. No Legionella
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Overview of Endemic Illness Overview of Endemic Illness 
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OutlineOutline


• What is endemic illness?
• Data on endemic AGI in the US
• Endemic waterborne AGI
• Endemic AGI illness associated with 


distribution systems
• Exposure: water quality in distribution 


systems







What is endemic illness?What is endemic illness?







Acute Gastrointestinal IllnessAcute Gastrointestinal Illness


• “AGI”
• Symptoms: diarrhea, nausea, vomiting, 


possibly abdominal cramps and fever
• Short duration (usually <1 week)
• Due to infectious agent - enteric viruses, 


bacteria or protozoa
• Can be waterborne, foodborne, contact with 


contaminated objects, person-to-person







Sources of Information on Sources of Information on 
Endemic AGIEndemic AGI


• FoodNet telephone surveys
• “Background” rates in epidemiology 


studies







FoodNet FoodNet DataData
• Cross-sectional surveys
• Random digit dialing sampling method
• Randomly choose one target household 


member
• Interview about health history of target 


household member (parents/guardians 
respond for children <12 years) 


• Episodes of diarrhea in past month
• Some queries about vomiting and other 


symptoms, varied by cycle







FoodNet FoodNet Survey ResultsSurvey Results
Year No. of 


States
Total no. 
respondents 
in analysis


Prev of acute 
diarrhea*
past 4 weeks


Estimated 
incidence 
episodes/ 
person/year


Diarrhea  
prev in 
children <5 
yrs


1996- 
1997


5 8624 11% 1.4 10%


1998- 
1999


7 12,075 6% 0.72 9%


2000- 
2001


8 14,046 5% NA 9%


2002- 
2003


9 15,578 5% NA 9%


NA = the authors did not report an estimate of the incidence rate. SOURCES:  Herikstatd et al., 2002; Imhoff 


et al., 2004; Hawkins et al., 2002; McMillan et al., 2004. *Respondents in first two cycles were only asked 
about vomiting and other symptoms if they reported diarrhea; all respondents in second two cycles were 
asked about vomiting.







AGI Rates Reported in AGI Rates Reported in 
Epidemiology StudiesEpidemiology Studies


Study type and 
reference


Year Method of data 
collection


Reported prev 
of symptoms in 
control 
population


Shellfish feeding 
study
North Carolina
(Sobsey, Weber et 
al., unpublished 
results)


1987 1 week follow-up phone 
call
(N= 291 Controls who did 
not eat shellfish; adults 
only)


Diarrhea 2.4%
Naus/Vom 1.4%
Abd pain 2.1%


Shellfish feeding 
study
North Carolina
(Sobsey, Weber et 
al., unpublished 
results)


1988 1 week follow-up phone 
call
(N=180 Controls who did 
not eat shellfish; adults 
only)


Diarrhea 2.2%
Vomiting 0.7%
Abd pain 4.0%
HCGI* 1.67%
(*D+A, D+V, A+V)







AGI Rates Reported in AGI Rates Reported in 
Epidemiology StudiesEpidemiology Studies


Study type and 
reference


Year Method of data 
collection


Reported prev of 
symptoms in 
control 
population


Recreational water 
study
California
(Colford et al., 2007)


2003 14 day follow-up 
phone call
(N=3581 non- 
swimmers; 9% <5 yrs 
old, 74% 12-55 yrs 
old)


Diarrhea 3.4%
Vomiting 1.7%
Abd pain 4.0%


Recreational water 
study
Great Lakes
(Wade et al., 
unpublished results)


2003- 
2004


10-12 day follow-up 
phone call
(N=6665 non- 
swimmers)


GI 6.0%
(GI = D or V or 
N+A or N+A + 
impact on activity)







Rates of Highly Credible AGIRates of Highly Credible AGI from from 
Household Intervention StudiesHousehold Intervention Studies


Study Estimated rate 
of HCGI in tap 
water groups


Estimated rate of 
HCGI in purified 
water groups


Estimated rate 
of HCGI in all 
study 
participants


Laval, Quebec 
1988-1989


0.76
N=1202


0.50
N=1206


0.66


Laval, Quebec 
1993-1994


0.66 (tap) N=1296
0.70 (tap valve)
N=1300


0.58
N=1360 purified
N=1297 bottled plant


0.60


Melbourne, Aus 
1997-1999


0.82
N=1399


0.79
N=1412


0.80


Contra Costa, CA
1999


3.48 2.63 3.05


Davenport, Iowa
2000-2002


2.12
N=650


2.20
N=646


2.16


*Rate expressed as episodes/person/year NRC Report, 2006







Estimates of Endemic AGIEstimates of Endemic AGI
• Range in estimates


– FoodNet:
• Diarrhea prevalence 6 - 11% (first two cycles)
• Diarrhea/vomiting prev 5% (second two cycles)
• Estimated episodes/person/year ~ 0.7 (second two cycles)


– Epidemiology studies with short recall and telephone 
follow-up:


• Diarrhea prevalence 2.2 - 3.4%
• AGI prevalence 1.7 - 6.0%


– Prospective epidemiology studies with health diaries:
• Episodes/person/year: 0.7 - 3.5







Estimates of Endemic AGIEstimates of Endemic AGI


Type of study Number 
of studies


Years 
studies 
performed


Range of AGI 
estimates
(episodes/ 
person-yr)


Retrospective 
data collection


6 US 1993 - 2003 0.6 - 3.2


Prospective 
data collection


7 US 1948 - 1999 0.3 - 3.5


Adapted from Roy et al., 2006







Estimates of Endemic AGIEstimates of Endemic AGI


• Reasons for differences: different symptom or AGI 
definitions, study population selection (random vs. 
volunteers), proportion of children in the respondent 
population, retrospective vs. prospective design, 
length of recall (1 week - 1 month), method of data 
collection (health diary and/or telephone interview) 


• Strengths of data: 
– best data is likely to be from short recall (ie. 1-2 weeks) with 


active surveillance (ie. follow-up phone calls) 
– multiple locations, years and types of studies


• Limitations: self-reported symptoms, poor recall 







How much endemic AGI is How much endemic AGI is 
associated with drinking associated with drinking 


water?water?


?







Sources of informationSources of information


• Household intervention studies: 
– Laval, Quebec: 1988-1989 (Payment et al., 1991) 
– Laval, Quebec: 1993-1994 (Payment et al., 1997)
– Melbourne, Australia: 1997-1999 (Hellard et al., 2001)
– Davenport, Iowa: 2000-2002 (Colford et al., 2005)


• Community intervention studies
– Massachusetts: 1996-1997 (Calderon 2001)
– Washington: 2000-2001 (Frost et al., 2006)
– Texas: 2002 (Kunde et al., 2006)
– Wisconsin: 2006-present (Borchardt et al., 2007)







Household Intervention Study DesignHousehold Intervention Study Design


Treatment
device


No treatment
device or sham device


Monitor 
symptoms


Water
source Treatment


Distribution system & households


Monitor 
symptoms


Exposed Group Intervention Group







Household Intervention Studies


• Randomized, clinical trials
• Longitudinal studies
• Intervention = point-of-use water treatment 


device (or bottled water Laval II)
• Communities with surface water supplies
• Health outcomes monitored by health diary
• Can not separate effect of source water 


quality and treatment from effect of DS







Proportion of AGI Attributed to Drinking Proportion of AGI Attributed to Drinking 
Water in Household Intervention StudiesWater in Household Intervention Studies


Study Attributable risk 
to drinking water
(Rate Difference)


Main Results Limitations


Laval 1988-1989 0.26 34% of AGI attributed to tap 
water.
*Large sample size


Unblinded


Laval 1993-1994 0.08 tap water
0.12 tap valve
0.02 plant


12% excess AGI in tap water
17% excess AGI in tap valve
*Large sample size, children


Unblinded,
High dropout rate in 
some groups


Melbourne 
1997-1999


0.03 4% of AGI attributed to tap 
water
*Large sample size, children


Highly protected 
watershed- limited 
generalizability


Contra Costa, CA
1999


0.85 24% of AGI attributed to tap 
water
*Blinded trial


Small sample size, 
short follow up time


Davenport
2000-2002


-0.02
-0.14


-0.08 to -0.008% AGI 
attributed to tap water
* Blinded trial, crossover


Short follow up time; 
Low proportion of 
HHs with children?


Adapted from Colford et al., 2006







Community Intervention DesignCommunity Intervention Design


Water
source


Current
treatment


Distribution system
& households


Water
source


Current
treatment


Additional
treatment


Distribution system
& households


Monitor 
Symptoms:


Pre-intervention
Post-intervention







Community Intervention Studies
• Single community OR multiple communities (with 


intervention and without intervention) compare GI 
outcomes before and after intervention 


• Cohort studies
• Study population = families with children
• Community level water treatment intervention


– MA and WA: added filtration to surface water system
– Texas: added membrane filtration to GW under influence
– WI: added UV disinfection to GW at wellhead


• Monitor GI outcomes before and after intervention
• Short follow-up times (4-6 months for MA, WA & 


TX)







Proportion of AGI Attributed to Proportion of AGI Attributed to 
Drinking Water in Community Drinking Water in Community 


Intervention StudiesIntervention Studies
Study No. of 


communities
No. of households Attributable risk to 


drinking water


Massachusetts
1996-1997


1 316 pre-intervention
254 post-intervention


RR=1.8
Attributable risk 
associated with unfiltered 
surface water = 34%


Washington
2000-2001


3
(1 intervention,
2 control)


A = 277
B = 164
C = 124


NA


Texas
2001-2002


2 A= 52
B = 37


NA


Wisconsin
2006-present


8 In progress


Adapted from Calderon and Craun, 2006







Estimates of Endemic Estimates of Endemic 
Waterborne AGIWaterborne AGI


• Range in estimates of attributable risk 
due to drinking water
– Household intervention studies:


• Attributable risk: -0.08 - 34% in five studies of 
communities with surface water supplies


– Community intervention studies:
• Attributable risk from drinking unfiltered surface 


water = 34% in one study







Estimates of Endemic Estimates of Endemic 
Waterborne AGIWaterborne AGI


• Reasons for differences:
– Make up of study population: e.g. proportion of children
– Study methods
– Health outcomes


• defined differently
• measured differently: health diaries, telephone interview 


– Exposure 
• Is there a difference in water quality between control and intervention groups?
• Opportunities for misclassification - e.g. in household studies, some individuals 


may consume more water outside of the household
• Tap water quality may differ in different parts of the study area


• Strengths: controlled, randomized trial is a powerful study design for 
measuring the effect of a specific exposure on illness; prospective 
cohort design, multiple studies in different locations, populations and 
years.


• Limitations: self-reported symptoms, poor recall, noncompliance with 
study protocol, potential exposure misclassification







How much endemic How much endemic 
waterborne AGI is associated waterborne AGI is associated 


with water distribution with water distribution 
systems?systems?







Sources of InformationSources of Information


• Laval: 1993-1994 (Payment et al., 1997)
• UK Study: 2001-2002 (Hunter et al., 2005)
• Norway Study: 2003-2004 (Nygard et al., 


2007)
• Atlanta Study: 1993-2004 (Tinker et al., in 


preparation)







Laval 1993Laval 1993--19941994
•Household intervention study
•Four study groups


1.Tap water
2.Tap water from continuously purged tap
3.Bottled treatment plant effluent
4.Bottled treatment plant effluent + RO


•Compare AGI rates in groups 1 and 2 to group 3 to estimate effect of 
water quality in the DS on health. Found groups 1 & 2 had higher AGI 
rates than groups 3 & 4
•Results suggest 14-40% of AGI attributed to tap water and DS had a 
significant role
•No correlation between estimated water residence time (0.3 - 34 hrs) 
and household AGI rate.







UK StudyUK Study
• Case-Control Study
• Wales and Northwest England, 2001-2002
• Postal survey of 423 subjects
• Asked about diarrhea risk factors (foreign travel, 


eating habits, contact with animals and young 
children, etc.)


• Very strong association between self-reported 
diarrhea and reported low water pressure at the 
household tap


• Study population in 2 large regions with about 240 
water treatment plants and good overall water quality 


• Concluded that up to 15% of AGI may be associated 
with drinking water contamination in DS







Norway StudyNorway Study
• Cohort study, 2003-2004
• Study population served by 7 water utilities
• Each utility identified up to 2 low-pressure events per 


month
• Selected 10 HH exposed to the event and 10 HH 


unaffected by the event per utility
• Telephone interview of exposed and unexposed HHs 


8-14 days after event asked about tap water 
consumption, tap water problems, AGI symptoms 
and multiple AGI risk factors


• Concluded that 37% of AGI in exposed HH was due 
to low-pressure events in DS. Greater risk in HHs 
with higher ave water consumption.







• Multi-year time series study 
of water quality and health


• Funded by USEPA STAR
• Paige Tolbert, PI
• Research team: Tinker, 


Moe, Klein, Flanders, Uber, 
Singer, Amirtharajah


• Objective: Examine spatio- 
temporal relationships 
between drinking water 
quality and ED visits for 
enteric illness in Atlanta 
from 1993-2004


Metro Atlanta Metro Atlanta StudyStudy
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Drinking Water Treatment Plants and Drinking Water Treatment Plants and 
Zip Codes Included Zip Codes Included in in StudyStudy







• 6 water utilities provide:
– Description of water treatment process (including 


changes during study period)
– Zip codes in service area
– Records of regularly measured indicators of water 


quality
• Including turbidity, chlorine residual, bacterial levels


– Distribution system maps and hydraulic models (if 
available)


• 20-county hospital ED database
– 41 out of 42 hospitals contributing data for at least part 


of the study period
– Total observations in analytical dataset: 4,441,203


• GI illness: 254,760 (5.7%)


SOPHIA Data SOPHIA Data SourcesSources: 1993: 1993--20042004







Study Goal 1: Assess the role of Study Goal 1: Assess the role of 
the distribution systemthe distribution system


• Does water degradation in the distribution system 
contribute to sporadic GI illness?







MethodsMethods
Water Residence Time Estimates


• Used hydraulic models developed for the distribution systems of two 
drinking water utilities
– Utility 1


• 2 hydraulic models considered
– 1996 – 1999: Only larger pipes included in model
– 2000 – 2003: All pipes in distribution system included in model


– Utility 2
• One hydraulic model covered 1993 – 2004 


– Models ran simulations of water flow through the distribution system in 
order to estimate the time it took water to flow from the treatment plant 
to pipe intersections (nodes)


• Utility 1: Water residence time estimated for 272,782 nodes
• Utility 2: Water residence time estimated for 240,480 nodes


– Water residence time of nodes in each zip code averaged 
• Separate estimates were produced for each year in order to accommodate 


changes in water demand over time







MethodsMethods
• We grouped zip codes into categories according to their estimated 


water residence time.


– <10th percentile 
• Shorter water residence time = less opportunity for pathogen contamination
• Less contact time with disinfectant


– Middle 80 percent (referent)


– >90th percentile 
• Longer water residence time = more opportunity for pathogen contamination
• Disinfectant decreases as distance increases


Short
water residence time
Mean (Min – Max)


Intermediate
water residence time
Mean (Min – Max)


Long
residence water time
Mean (Min – Max)


Utility 1 
Hydraulic Model 1


6.8 (4.5 – 8.3) 22.0 (8.3 – 36.4) 47.4 (37.6 – 68.5)


Utility 1,
Hydraulic Model 2 


10.1 (9.1 – 11.2) 33.4 (11.2 – 51.8) 74.4 (52.2 – 88.4)


Utility 2 5.8 (4.7 – 8.6) 18.4 (8.6 – 40.3) 60.4 (40.3 – 144.1)







MethodsMethods


1996 1997 1998


1999 2000 2001


20032002


Classification of water residence time by zip code by year – Utility 1


Treatment Plant


County Border


Zip Code Border


Short water residence 
time


Intermediate water 
residence time


Long water 
residence time







MethodsMethods


Legend
Treatment Plant


County Border


Zip Code Border


Short water residence 
time


Intermediate water 
residence time


Long water 
residence time


Classification of water residence time by zip code by year – Utility 2


1993 1994 1995 1996 1997


1998 1999 2000 2001 2002


2003 2004







MethodsMethods


• We calculated the rate of emergency 
department (ED) visits for GI illness in 
each zip code.
– Total Non-Injury ED Visits: 2,092,735
– GI Illness ED Visits: 164,937 (7.9%)







MethodsMethods


• Statistical method: Logistic regression
– This method allowed us to assess the 


relationship between the category of water 
residence time (short, intermediate, long) 
assigned to a zip code and the incidence of 
ED visits for GI illness in that zip code, 
controlling for the effects of other factors that 
might contribute to GI illness in the zip code.







MethodsMethods


• We controlled for the following factors: 
– Age category
– Season 
– Year
– Hospital


– Distance from zip code 
centroid to hospital


– Zip code median income 
– Zip code percent minority
– Medicaid payment status


- Controlling for these factors means that, ideally, any 
association we see between residence time and ED visits 
for GI illness is not the result of uneven distribution of 
these factors between zip codes.







Preliminary ResultsPreliminary Results


0.95 (0.88, 1.02)


1.01 (0.97, 1.05)


0.99 (0.96, 1.03)


1.13 (1.05, 1.22)


1.05 (1.00, 1.09) 1.05 (1.02, 1.08)







ConclusionConclusion


People living in zip codes receiving 
water that has spent the longest 
amount of time in the distribution 
system may be at increased risk 


of GI illness.







Exposure: What do we know Exposure: What do we know 
about microbiological water about microbiological water 


quality in distribution systems?quality in distribution systems?







Current Studies of Water Current Studies of Water 
Quality in Distribution SystemsQuality in Distribution Systems


• FRESHWATER Study in Florida
• WAHTER Study in Wisconsin
• Both studies of groundwater systems







• Multi-year study of determinants of water 
quality in drinking water distribution 
systems (DS),  DS vulnerability and 
consumer drinking water habits


• Funded by the USEPA STAR and the 
American Water Works Assoc Research 
Foundation


• Collaboration with Hillsborough County 
Water Dept and FL Dept of Health


• Research team: Moe (PI), Hooper and 
Nilsson 


• Overall Objective: Study the impact of 
specific risk factors on microbiological 
quality of distribution system water 
quality


Determinants of Water Quality Determinants of Water Quality in in 
Drinking Water Distribution SystemsDrinking Water Distribution Systems







Event Date Number loggers
affected


Minimum recorded pressure
(psi)


Location of 
minimum
pressure


At POE In DS


1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19


3/15/06
4/2/06
4/4/06
4/7/06


4/8/06 #1
4/8/06 #2
4/11/06 #1
4/11/06 #2


4/12/06
4/19/06
4/20/06
5/23/06
5/26/06
5/27/06
8/9/06
8/30/06
9/6/06


11/21/06
2/2/07


1
All (5)
All (5)
All (6)
All (6)
All (6)
All (6)


1
1
1
1


All (2)
All (2)
All (2)
All (3)


1
1


All (4)
All (3)


66
12
10
12
9
6
19
65
68
73
65


ND2


ND2


ND2


ND2


ND2


ND2


13
19


0
0
28
19
0
13
24
15
9
12
17
13
20
18
6
16
19
19
33


E (Low Elev.)
F (South)
E (North)


B (High Elev 1)
E (North)


B (High Elev 1)
B (High Elev 1)


E (North)
E (North)
E (North)
E (North)


B (High Elev. 1)
B (High Elev. 1)
B (High Elev. 1)


E (North)
E (North)
E (North)


B (High Elev. 1)
B (High Elev. 1)


Observed low pressure events (<20 psi)Observed low pressure events (<20 psi)







Summary:  Low pressure eventsSummary:  Low pressure events


• 19 events with plant or DS pressure < 20 psi 
(2/5/06 – 3/18/07)


• 6 events with plant or DS pressure < 10 psi
• 3 events with plant or DS pressure down to 


0 psi
• 12 system-wide events (<20 psi)
• 7 isolated events (<20 psi)
• Many system-wide events associated with 


power outages at plant







Wisconsin WAHTER StudyWisconsin WAHTER Study


• 8 communities, pop range 1283-8320
• All groundwater systems
• Community intervention study with UV 


disinfection
• Monitoring groundwater quality for viruses: 


pre-UV, post-UV and in distribution system
• Monthly testing for enterovirus, norovirus, 


hepatitis A virus, rotavirus and adenovirus by 
PCR


• Monitoring GI symptoms in families


Borchardt et al., 2007







Virus Concentrations: Source to TapVirus Concentrations: Source to Tap


Borchardt et al., 2007


●


 


Each data point represents the mean total virus concentration for the six months 
sampling period. N varies by community because of differences in the number of wells 
and number of households samples.
●


 


Except for two communities, the mean virus concentration increased approximately 1 
log in the distribution system after UV disinfection







Prelim Results: Association of Events Prelim Results: Association of Events 
and Viruses in Distribution Systemsand Viruses in Distribution Systems


Borchardt et al., 2007


Event
Number 
Samples


Proportion 
Samples


Virus 
Positive


P-Value 
Proportions 
Comparison 


Number 
Samples


Virus 
Positive


Mean Virus
Concentration 


(GC/L)
Among 


Positives


P-Value
Means 


Comparison


Times Chlorinated >0
0


146
178


0.19
0.09


0.086 28
16


3.7
2.1


0.284


Water Main Breaks >0
0


116
208


0.17
0.12


0.412 20
24


3.4
2.9


0.746


Water Main Cut 
Open


>0
0


129
145


0.21
0.09


0.038* 27
17


4.4
1.1


0.028*


Water Tower 
Maintenance


>0   
0


108
216


0.19
0.11


0.23 20
24


2.9
3.3


0.428


Cross Connections >0   
0


16
308


0.19
0.13


0.647 3
41


2.7
3.1


0.835


Times Hydrant 
Flushed


>0
0


215
109


0.15
0.11


0.575 32
12


3.1
3.1


0.876


Times Valves 
Exercised


>0
0


88
236


0.09
0.15


0.370 8
36


1.2
3.5


0.096


Total Coliform 
Detects


>0
0


102
222


0.21
0.10


0.126 21
23


4.3
2.0


0.159







Summary and ConclusionsSummary and Conclusions


• Range of estimates of AGI
• Range of estimates of waterborne AGI
• Four studies in industrialized countries 


(Canada, UK, Norway, US) indicate risk of 
endemic AGI associated with distribution 
system - pressure drops, main breaks, longer 
residence time. Range of risk estimates.


• DS monitoring data indicate that pressure drops 
are not rare occurrences and provide evidence 
of  post-treatment water contamination 
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Preliminary Results:Preliminary Results:


Risk ratio (RR) estimate from statistical model. 


Interpreted as the ratio of the risk of GI illness among residents of zip codes in the water residence time category indicated on the 
X axis compared to the risk among residents of  zip codes in the intermediate residence time category.


RR > 1 increased risk of GI illness given exposure; RR < 1 decreased risk of GI illness given exposure


95 % confidence intervals


By standard epidemiological practice, If the null value of 1 (meaning that the risks are the same between the two groups being compared) falls 
outside of the confidence interval then there is only a small likelihood that the association is due to chance. In this case the risk ratio estimate 
is called “statistically significant”.


Risk ratio estimates for ED visits for GI illness among people living in zip 
codes with short drinking water residence times and long drinking water 
residence times compared to intermediate drinking water residence times, 
stratified by hydraulic model used to estimate residence time


RR = 1.13


13% higher 
risk among 
exposed 
group than 
referent 
group







Treated vs. DS water quality Treated vs. DS water quality 
(100 liter samples)(100 liter samples)







Estimating AGI incidence from 
FoodNet prevalence data


• FoodNet results from 3rd and 4th cycles
~5.4% AGI during 1 month recall
= 5.4 AGI episodes in 100 person-months
= 5.4 X 12 months = 64.8 AGI episodes in 


100 person-years of follow-up
= 0.65 episodes per person-year
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Frameworks for Estimating Risks 
Associated with Drinking Water


TCR meeting
October 17, 2007


Joseph Eisenberg, PhD
University of Michigan







Overarching Questions of Interest


What do public health data tell us about 
drinking water risks?


Specifically those associated with 
distribution systems


Can these data provide information on 
the extent to which the TCR is protecting 
public health?
How do we proceed to improve the 
precisions of the answers to these 
questions?







Definition of Risk
Risk:  The relationship between exposure 
and the probability of a health outcome


Exposure can be defined in many ways
Drinking tap water
Ingesting pathogens
Living near region of distribution system with 
pressure drops







Definition of Risk (con’t)
Health outcomes can be defined in many 
ways


Clinical diagnosis of infection
Presence of antibodies to a particular pathogen
Self reported symptoms


Measures of excess risk
Relative risk (risk difference, risk ratio, odds 
ratio)
Attributable risk (also population attributable 
risk)







Frameworks for Risk Estimation:  
Direct method


Measure a health outcome along with one or 
more exposure factors


Data collection and analysis methods comes from 
the field of epidemiology
Data can be collected at individual, household or 
community level
Many study designs possible







Frameworks for Risk Estimation:  
Direct method (con’t)


Issues
- Methods are not particularly sensitive
- Studies can be expensive
+ Provides direct estimate of an illness that may be 
caused by many pathogens
+ Can find associations without the need to 
completely understand a complex process







Frameworks for Risk Estimation:  
Indirect method


Measure exposure variables and use a dose-
response relationship to predict risk


QMRA (quantitative microbial risk assessment)
Exposure variables are generally pathogen 
concentrations in the environment 
Modeling techniques are used to obtain risk 
estimate







Frameworks for Risk Estimation:  
Indirect method (con’t)


Issues
- Assumes models are correct
- Pathogen specific
+ Provides a means to predict risks of alternate 
scenarios
+ Can be used in low risk situations







Direct Method:  Epidemiology Study 
Designs


Observational
Outbreak studies (epidemics)
Cross sectional (Food Net)
Ecological (Time series)
Case-control (Generally pathogen specific)
Cohort (Nygård, recreational swimming studies)


Experimental
Intervention trials (household and community)







Outbreak Studies
Advantages


Often possible to find the cause
Documents a problem
Can look at trends (need to consider reporting bias)


Disadvantage
Difficult or impossible to quantify public health 
problem


Time


N
um


be
r o


f c
as


es


Detected Outbreak


Threshold of Detection


Sporadic
Endemic 


Rate


Undetected 
Outbreak


Hyperendemic







Cross Sectional Studies
Collect information at one point in time


Can associated health outcome with exposure
Generally data comes from surveys, but can collect 
clinical samples


Advantages
Can get a well-represented sample of the population
Relatively inexpensive


Disadvantages
Strength of evidence is thought to be low due to 
potential for confounding and difficulty to evaluate the 
causal temporal direction


Have a submitted manuscript countering this statement







Cross Sectional Studies
Examples include Food Net


0.65 episodes AGI per person per year
Subjects were asked about the past month (recall 
bias)
Survey can be modified to emphasize water 
exposures (e.g., Sonoma RDD, data collected but not 
analyzed) 







Cross Sectional Studies


Hunter et al. 2005
Solid hypothesis generating result


Strong association (OR = 12.5 [3.5, 44.7])
– 12.5 times more likely to have diarrhea if you reported 


low water pressure at faucet (how was question asked?)
Study was not designed for this analysis so result 
must be interpreted appropriately


Mead estimate based on surveillance data 
rather than an observational study.


Weaker strength of evidence
Need good surveillance data (hard to come by)







Ecological Studies


Collect data at the community level
Generally uses secondary data sources
Outcome at community level (e.g., hospitalizations 
or emergency room visits), exposure at community 
level (e.g., CWS has filtration), or both


Advantages
Unit of analysis may be the appropriate one
Relatively inexpensive


Disadvantages
Potential confounding (ecologic fallacy)
Multiple testing







Ecological Studies


Examples
Naumova et al.


Are temporal patterns of turbidity correlated with 
ER visits for GI illness?
Issues of confounding and multiple testing


Frost et al
Are communities that drink surface water more 
likely to be seropositive to Cryptosporidium than 
communities that drink ground water
Single pathogen result; issues of confounding







Ecological Studies
Tinker et al


Are ER visits correlated with distribution system 
residence time by zip code?
Risk ratio = 1.1.  Low risks.  Small confounding can 
have important effect.


All are hypothesis generating results







Case Control Studies


Collect exposure information 
retrospectively


Enroll all cases with positive outcome and randomly 
selected controls with negative outcome.


Advantages
An efficient study design when diseases are rare 
(generally used when specific pathogen is outcome)







Case Control Studies


Disadvantages
Potential confounding
Enrollment may result in bias selection 
(searching for rare cases)


Generally no information on the population at 
risk







Cohort Studies


Enrolls individuals by exposure status 
and cohort is followed in time


Compare incidence rates
Advantages


Provides opportunity to get the temporal 
causality correct


Disadvantages
Potential confounding
More expensive than other observational 
studies







Cohort Studies


Examples
Nygård et al


When there is a main break or maintenance 
activity, exposed and unexposed are 
interviewed for one week
12.7% of exposed vs. 8.0% of unexposed 
reported GI illness in the house (RR=1.58 
[1.1, 2.3])
Efficient use of a cohort







Cohort Studies


Recreational studies
A history of relating water quality (as 
measured by indicator concentrations) to GI 
illness


Cohort studies can be more efficient than 
intervention trials


Cost
Blinding may be possible if participants are 
not aware of exposure







Cohort Studies:  Evaluating Existing 
Regulations


Recreational water studies:  A meta-analysis 
(Wade, Pai, Eisenberg, Colford, EHP 2003)


To evaluate the link between specific microbial 
indicators of water quality and specific health 
outcomes.







Cohort Studies:  Evaluating 
Existing Regulations 


Reviewed 28 studies
– Prospective and intervention trials that assessed the 


risk of GI illness to swimming in either marine or 
fresh water.


Basic study design
– Enrolled participants at parking lot
– After beach visit, participant filled out questionnaire


• Exposure established
• Water samples collected


– Follow-up phone interview to report symptoms







Cohort Studies:  Evaluating Existing 
Regulations 


Enterococci in marine water (current EPA 
standard = 35 cfu/100ml)


Review supports current EPA standards


Below 
Standard


Above   
Standard


Relative risk 1.36 (0.91 -
 


2.03) 2.27 (1.74 -2.96)


Mean density
(cfu/100mL)


20 139


# of studies 9 12







Intervention Trials (Experimental 
Studies)


Exposure is assigned by research team
Main difference compared to observational 
studies


“Gold standard” in Epidemiology
Is this true for environmental epidemiology?  
(IJE submitted)


Advantages
Controls for unknown confounders
Blinding and randomization increase weight of 
evidence







Intervention Trials (Experimental 
Studies)


Disadvantages
Costly
Sensitivity (logistics may limit sample size)
Misclassification
Generalization is always an issue (one 
intervention trial is a sample size of 1)







Intervention Trials (Experimental Studies)


Examples (risks of those exposed to tap 
water compared with those not exposed)


Laval 1:  AR = 100 * ( ( 0.76 - 0.5 ) / 0.76 ) = 34%
Laval 2: AR = 100 * ( ( 0.66 - 0.58 ) / 0.66 ) = 12%
Walnut Creek: IRR = 1.32 [0.75, 2.33] 
Australia: IRR = 0.99 [0.85, 1.15] =>  AR < 15%
Davenport: IRR = 0.98 [0.87, 1.1] =>  AR < 11%
Sonoma:  Manuscript in preparation (< 55 yrs)







Intervention Trials (Experimental Studies)


Differences can be explained by
Secular trends (temporal variability)
Differences in water quality (source water, 
treatment efficacy, and distribution system) 







Intervention Trials (Experimental Studies)


Examples (continued)
Payment 2 also has information on effects of 
distribution


AR = 100 * ( ( 0.60 - 0.58 ) / 0.60 ) = 3%
This is the risk attributable to the 
distribution system







Intervention Trials (Experimental Studies)


Tap Water Intervention Trial (Colford et al. 
AJE, 2005) 


To evaluate the risks of GI illness associated 
with drinking tap water.







Intervention Trials (Experimental Studies)


Basic study design
Enroll 456 households


– 227 receive an active home water treatment device 
(and carry drinking water to work, etc. when 
practical)


– 229 receive a “placebo” home water drinking device 
(does nothing to the water)


Follow the subjects for one year with daily logs 
of GI illness
Alternative design:  Each household changes 
device type after 6 months.







Intervention Trials (Experimental Studies)


Risks attributable to drinking tap water (per 
10,000 population) 


–365 (95 percent confidence interval: –2555, 1825)
A cohort of 1296 persons reported 1223 episodes of 
HCGI in the active group and 1348 in the sham 
group 


Trial conclusion
No evidence of a significantly elevated drinking 
water risk 


Regulatory significance
As many as 1825 cases per 10,000 people per year 
attributable to drinking water 







The Indirect Approach:  Risk Assessment


One way to get around the lack of sensitivity is 
to use QMRA


Originally adopted from the chemical risk 
assessment paradigm (Four step process)


Hazard identification
Dose-response assessment
Exposure assessment
Risk characterization







The Indirect Approach:  Risk Assessment
Issues unique to assessing risks associated with 
pathogens are 


Secondary spread of infection and immunity
Risks effects are manifested at a population level


ILSI/EPA framework addresses the unique aspects 
of the infectious disease process in a risk 
framework


Starts with a problem formulation phase
Next need to characterize exposure, how exposure 
affects health, and then estimate risk







A Site-specific Risk Assessment:  
Davenport Iowa (Eisenberg et al.  EHP, 2007)


If exposure pathways can be characterized, the risk 
can be estimated


Source Water
Log normal distribution of source water 
concentrations estimated from local data.


Treatment Efficiency
Filtration, sedimentation was modeled 
using a Weilbull based on surrogate 
markers (B. subtilis for 
Cryptosporidium and Giardia, and 
somatic cholophage for enteric 
viruses).   Chlorination was assumed to 
have no effect on Cryptosporidium and 
local data was used to model the 
chlorination effects on Giardia and the 
viruses.


Pathogens in Tap Water
Number of pathogens in water is 
Poisson with mean determined by 
source water and treatment 
efficiency.


Tap Water Consumption
Lognormal distribution 
estimated from local survey 
data.


Dose-Response
Used dosing 
trials of healthy 
volunteers.







A Site-specific Risk Assessment:  
Davenport Iowa


Risk estimates based on site-specific water 
quality, water treatment, and water 
consumption patterns


13.9 cases/10,000 (2.5 and 97.5 percentile: 1.6, 37.7)
 Cases of Illness (per 10,000) 
   Percentile 
 Mean  (2.5, 97.5) 
   


Cryptosporidium 2.1  (0.8, 3.5) 
Giardia 3.4  (0.6, 15.5) 
Enteric viruses 
 (disinfection = 4 log removal) 8.4  (0.2, 18.7) 
Enteric viruses 
 (disinfection = 6 log removal) 0  (0, 0.2) 







Intervention Trial vs. 
A Site-Specific Risk Assessment


 Risk Assessment Intervention Trials 


Sensitivity Not relevant Low 


Causal evidence Indirect Direct 


Pathogen inclusion Few Many 


Model Specification Adds uncertainty Not relevant 


Transmission processes Can be includeda In a limited way     


Distribution System effects Can be includeda Was included 


Examining alternative control strategies Yes No 


Expense Low High 


Time Fast Slow 
aWas not included in this study 







Generalization
QMRA can estimate risks under different 
scenarios


Modeling may be needed to characterize 
exposure pathways
To date we are not aware of a QMRA of 
exposures due to the distribution system


Characterizing distribution system exposures is 
more challenging than source water exposures


Another approach is to generalize 
epidemiology studies using models


Messner et al. (2006)
Colford et al. (2006)







Estimating AR at the National Level
Basic framework of both the Messner and 
Colford approaches are similar


Characteristics of a community’s water quality can 
explain the AR estimates obtained from 
intervention trials


And these characteristics can be quantified; i.e., we 
can collect the appropriate data


Assumptions are made to enable the generalization 
of intervention trial results to other communities


Model based approaches
(-) Model assumptions are assumed correct
(+) Assumptions are explicit and can be challenged


Sensitivity studies can quantify importance of 
assumptions







Estimating AR at the National Level 
(Messner Model)


1.  Each CWS has a certain, but unknown, mean 
AGI incidence rate due to DW


Incidence comes from both source water/treatment and 
distribution system causes
Laval studies provide a means to disaggregate 
source/treatment and distribution system effects
Improvement in treatment between Laval 1 and 2 
assumed to be due to source/treatment improvements


0.26 (Laval 1) -> 0.08 (Laval 2)
Assume half of 0.08 due to distribution system (0.22 
source/treatment, 0.04 distribution system)


Ideally would like more intervention trials
Need to plan out studies carefully to maximize utility of 
results







Estimating AR at the National Level 
(Messner Model)


2.  The type and spread of the distribution of 
mean AGI incidence rates among populations 
served by CWS can be estimated


Assume a log normal distribution
Asymmetric, non zero, commonly used


Assumes a 2 – 5 log spread
Based on information from surface water data (ICR)


Ideally would want to have a comprehensive 
database of risk factor data by CWS







Estimating AR at the National Level 
(Messner Model)


3.  A percentile AGI incidence rate for the 
distribution above can be estimated


Linking AGI estimates from epidemiology studies 
to microbial risks 


Ranking of Laval 1 source treatment:  0.90 – 0.995
Ranking of Laval 1 distribution system:  0.50 – 0.99


4.  The statistical distribution derived from 2 and 
3 can be integrated to inform a mean national 
estimate of AGI due to DW


Monte Carlo simulations provide national estimate







Estimating AR at the National Level


The key to this approach is estimating the 
appropriate risk factors associated with the 
communities where the intervention trial 
was conducted


Source water quality
Treatment characteristics
Distribution system characteristics


This is an important research agenda item







Estimating AR at the National Level


Summary of results
Messner


AGI attributable to drinking water:  0.06 cases per 
year [0.02, 0.16]
Or an estimated in 16.4 million cases of AGI per yr


Colford
4.26 – 11.69 million cases of AGI per yr







Estimating AR at the National Level


The value is less important than the process
Need a set of independent estimates using 
the same framework
Need more data


National estimate provides a structure from 
which to prioritize research needs







Conclusions and Recommendations


Short term
Independent groups re-evaluate national 
estimate using a common framework 
(Messner et al.?)


Would require a wide variety of experts
Can address alternate ways to use existing 
data


– E.g., Can we use the Davenport result?







Conclusions and Recommendations
Medium term


Improve risk characterization of CWS by 
collecting data and creating an extensive 
database
Explore a QMRA approach


Long term
Carefully plan out more epidemiology studies 
(what community characteristics and what 
study design)


Current experience with national estimate 
should enable a more strategic selection process. 
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This Meeting’s Presentations
Objectives


System compliance


Provisions


Improvement


Research


Waterborne Disease Outbreaks:
Lessons Learned
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FAC Questions


How do states conduct surveillance?
Provide case studies that show differences and how 
this impacts outbreak characterization and reporting.


What can we learn from outbreak case studies?
What was the cause?


What was the regulatory framework at the time?


Could have a revised TCR framework have prevented 
it, and if so, how?
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FAC Questions (continued)


How can we increase the number of outbreaks reported 
by small systems?


What is the status of the checklist for State 
epidemiologists investigating outbreaks that was 
discussed in Nashville (See Appendix)


What are the differences between reportable organisms 
in the US and other countries and what does that mean to 
TC/EC (see handout)
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Lessons Learned From 3 Historic 
Distribution System Outbreaks


Case Study 1: 40 Broad Street, London


Contamination/Cross-connection


Case Study 2: South Bass Island, OH


Contamination/Cross-connection


Case Study 3: Gideon, MO


Inspection / Maintenance
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Case Study 1:


Contamination / Cross Connection
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Cross-Connection at 40 Broad Street


Broken 
brickwork on 
cesspool


Broken 
brickwork on 
pump
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“Do not use” order issued Sept 8, 1854 


Too late to prevent contamination from baby Lewis (index 
case, died Sept 2nd), but prevented additional cases from 
contamination from Mr. Lewis who died Sept 8th from 
cholera.


"I had an interview with the Board of 
Guardians of St. James's parish, on 
the evening of Thursday 7th 
September, and represented the 
above circumstances to them. In 
consequence of what I said, the 
handle of the pump was removed on 
the following day."
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Case Study 1: Lessons Learned


Adequate distance between sewer lines and 


water lines should be maintained


Intervention can prevent additional cases


Communication between water purveyors and 


health professionals is imperative during an 


outbreak.


More than one outbreak can occur at a time
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Case Study 2:


Contamination / Cross Connection
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A community water system 
serves the downtown Village 
of Put-in-Bay


Lake Erie is the water source


As many as 17 transient non-
community water systems 
existed on the island


Wells serve hundreds of 
small businesses and 
residences


Source:  Michael G. Baker


 Ohio EPA,
CSTE-2007, Nashville, TN


South Bass Island, OH
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Duration: July 23 to September 12, 2004
1,450 cases of gastrointestinal illness in 
residents and visitors to South Bass Island 
were identified
Included 29 clinically confirmed cases:


16 cases due to Campylobacter spp., 
9 cases due to norovirus, 
3 cases due to Giardia spp. and 
1 case due to Salmonella typhimurium.


Source:  Michael G. Baker


 


Ohio EPA, CSTE-2007, Nashville, TN


Case Study 2: 
Outbreak Characterization
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Case Study 2: Epidemic Curve


Beginning End
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Permitted discharges to Lake Erie
Village of Put-in-Bay operates a Publicly Owned Treatment 
Works for municipality
Small package wastewater treatment works serve some 
businesses


On-site systems in the township
Septic tank and leach field
Mound, subsurface sand filters and holding tanks


Source:  Michael G. Baker


 


Ohio EPA, CSTE-2007, Nashville, TN


Case Study 2: 
Wastewater Treatment







15
Source:  Michael G. Baker


 


Ohio EPA, CSTE-2007, Nashville, TN


Case Study 2: Auxiliary Wells


Used by many businesses


Connected to village systems for:


Geothermal cooling


Toilet flushing
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Source:  Michael G. Baker


 


Ohio EPA, CSTE-2007, Nashville, TN


Case Study 2: An Auxiliary Well
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Auxiliary
WellDrinking 


Water
Supply


Non-potable 
waterPotable 


water


Business


Auxiliary
WellDrinking 


Water
Supply


Non-potable 
waterPotable 


water


Business


Cross 
Connection


Case Study 2:  State Reported Illegal Cross-Connections
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Case Study 2: 
Non-community sample results


112 samples were collected 


Of the 17 water systems sampled ALL had 
at least one Total Coliform positive 
detection 


16 had positive detections for organisms 
other than T.C. 


Source:  Michael G. Baker


 


Ohio EPA, CSTE-2007, Nashville, TN
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Case Study 2: 
Non-Community Sample Results


E. Coli 12


Campylobacter DNA 12


Campylobacter Culture 2


Enterococci 7


Coliphages 8


Salmonella DNA/Crypto DNA 4


Adenovirus/Enterovirus DNA 1


Giardia Cyst 1


Source:  Michael G. Baker


 


Ohio EPA, CSTE-2007, Nashville, TN
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Case Study 2: Corrective Actions


ODH issued advisory to residents and visitors 
to consider bottled water for drinking on
August 26, 2004


EPA began issuing Final Findings and Orders 
on August 26, 2004 to all PWS’s


“No use” Orders were sent to any PWS with a TC+, 
EC+ or any other organism
Village of Put-in-Bay issued orders addressing 
Cross-connection - Backflow Prevention Program


Source:  Michael G. Baker


 


Ohio EPA, CSTE-2007, Nashville, TN
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Case Study 2: Investigation Conclusions


Likely cause of gastrointestinal outbreak:
Consumption of contaminated ground water from 
public and private water supplies on the island
Possible periodic contamination of the village 
water supply through cross connections to 
auxiliary wells


The best permanent solution to protect public 
health is island-wide public water and sewer 
systems.


Source:  Michael G. Baker


 


Ohio EPA, CSTE-2007, Nashville, TN
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Case Study 2: Contributing Factors


Karst geology


Increased precipitation before outbreak


Increased volume to sewage treatment facilities


Cross-connections to potable supply


Inadequate inspection and maintenance of wells
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Case Study 2: Lessons Learned 
(From perspective of Primacy Agency)


Source:  Michael G. Baker


 


Ohio EPA, CSTE-2007, Nashville, TN


When to look at water
Credible threat
Coordinating with multiple agencies


Incident command training
Communication process/tools


Be prepared for media
Message mapping


Not everyone will cooperate
Need resources (people, laboratory)


Quick water quality analyses
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Case Study 3:


Integrity of Distribution System -
Storage Facility
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Case Study 3: Gideon, MO


Undisinfected ground water source


History of TCR violations


Salmonella had contaminated the largest 


distribution system tank


Flushing moved pathogens through the 


distribution system


650 of the 1104 residents became ill and 


seven people died
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Case Study 3: Flushing Moved Pathogens 
Through the Distribution System
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Case Study 3: Insufficient Inspection


Source: Angulo F.J, 
American Journal of 
Public Health, 1997. 


Photo: Robert M. Clark,


“City officials 
were not aware of 
any previous 
inspections”
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Case Study 3: Bird Guano Contained 
Microbial Contaminants


Fact: Bird guano may 
contain Salmonella, 
Campylobacter, E. Coli 
and other organisms


Photos: Robert M. Clark


Question: Is E. coli too 
specific to indicate 
potential exposure to 
organisms in bird guano?
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Case Study 3: Epidemic Curve
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Case Study 3: Lessons Learned 


Source: Angulo F.J, et al., 
American Journal of Public Health, 1997. 


Proper maintenance of storage facilities is critical.


Water sanitation training for water system operators must be 
adequate.


Groundwater disinfection would be helpful.


Attack rate and duration when linked to operations can help 
identify the source 
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Case Study 3: Boil Water Orders


86 % of people who developed diarrhea after 
boil water order was issued cited the 
following reason:


44% forgot to boil water


25 % didn’t believe it


17 % didn’t boil water for ice


Initial order did not give reason or link to 
associated illness


Source: Angulo F.J, et al., American Journal of Public Health, 1997.
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What Can We Learn from These 
Outbreaks?


There are two distinct but overlapping 


sets of procedures for:


Outbreak Prevention


Outbreak Investigation
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Prevention Elements:


Inspection/Maintenance


Analytical Monitoring


Boil Water Orders
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Prevention: Inspection / Maintenance 


Potential portal for 
contamination
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Prevention: Analytical Monitoring 


1. If a contaminant (human feces, animal feces, 
bird guano) is present what will be the TCR 
indicator (TC, FC, EC) result?


2. Can a specific organisms (cholera, 
Salmonella, E. coli 0157:H7, 
Cryptosporidium) occur in a much higher 
concentration than non-pathogenic E. coli, 
such that the organism is present but the E. 
coli result (e.g. Colilert test) will be negative?
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Prevention: Analytical Monitoring


For the 3 outbreaks discussed:


A positive E. coli test would have indicated 
the presence of fecal contamination and 
could have changed the epidemic 
curve/course of the outbreak


Additional tests would have to be 
performed to identify the exact etiologic 
agents.
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Boil Water Order: Greenville, Michigan
Birds blamed for Greenville E. coli


Updated: Sep 5, 2007 04:08 PM 


GREENVILLE -- City officials in Greenville are now 
convinced bird droppings caused E. coli 
contamination in the city's water.
A Boil Water Advisory was issued August 22-26 
after water samples taken in the Hillcrest Street 
area tested positive for the bacteria.
Apparently birds were nesting atop a water tank in 
Veterans Memorial Park that had 10 open bolt 
holes in it, and rainwater splashed their waste into 
the tank.
The city has now welded the holes shut and 
removed the birds to prevent future contamination.
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Boil Water Order:  Greenville, PA


Boil water order based on:


Total Coliform “+” (Initial and Repeat)


Fecal Coliform “–”


E. Coli “-”
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Investigation Elements:


Identification/Training


Surveillance


Reporting
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Recommendations from 1998 EPA Workshop 
on Investigation of WBDOs*


Improve surveillance and reporting of illness/infections


Develop local formal plan for investigation with collaboration 
between epidemiologists, environmental engineers, and water 
specialists


Ensure that laboratory support is available


Additional resources needed for investigation; additional training 
needed for all partners; CDC and EPA should take initiative to 
improve training and investigation


Epi investigations should be improved, including using 
standardized questions (CDC/EPA/CSTE can help facilitate)


*Craun FG, Frost FJ, Calderon RL, et al.  International JEH Research 2001


Source: Duc


 


Vugia, CA Dept of Health, CSTE-2007, Nashville, TN
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CSTE Position Statement 06-ID-12 
Desired Actions to be taken


1. CDC and EPA work with CSTE to develop training for 
WBDO investigation targeted at local and 
state/territorial public and environmental health 
workers responsible for WBDO detection, 
investigation, and reporting.


2. CDC and EPA work with CSTE to develop national 
WBDO investigation and surveillance guidelines.


3. Starting in 2007, states make WBDOs nationally 
notifiable and reportable to CDC via WBDOSS.  CDC 
will develop electronic surveillance for WBDOs using 
an existing system (e.g., the CDC eFORS).


Source: Duc


 


Vugia, CA Dept of Health, CSTE-2007, Nashville, TN
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This Meeting’s Presentations


Objectives


System compliance


Provisions


Improvement


Research


TCR Compliance 
Analysis
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FAC Questions Addressed in 
Presentation


How well are systems complying with the TCR?
What types of systems are having problems with 
compliance? 
Differences in violation rates between states 
What else can we learn from the compliance 
information? For example, inform current national burden 
of current TCR, e.g. public notification
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Purpose of Presentation


Characterize MCL Violation Rates by System Type and 
Size
Characterize MCL Violation Rates by State


Analysis is based on the CY 2005 data 
(See the Appendix for Year Trend of Violation Rates)
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Data Collection Process


Systems:
Monitoring


States:
Compliance
Determination


Federal:
National Database 
(SDWIS)


Monitoring 
Records


Information
of Violation


Data
Verification


Compliance Analysis:
Data from SDWIS (This 
presentation)


Incidence Analysis:
Data from States (Next 
presentation)
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Context—Most Systems are Small


Number of Systems (2005 4th Quarter SDWIS Fed ) 


= 157,945
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Context—Most People Are Served by 
Systems Serving Over 1,000


Population Served (2005 4th


Quarter SDWIS Fed)


= 301,742,175
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MCL violation rates may be underestimated because of 
missing measurements
This analysis does not include Monitoring & Reporting 
violations (work in progress)
Completeness and accuracy of SDWIS-FED
• Some violations aren't reported (incompleteness)
• Some reported "violations" are not truly violations 


(inaccuracy)
• Information available from DV process


TWG has not yet resolved impacts of above issues


General Caveats for Interpretation 
of Violation Data
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Definitions
Nonacute MCL Violation


For systems taking fewer than 40 routine samples 
per month with more than one sample/month TC+ 
OR
For systems taking more than 40 routine samples 
per month with more than 5.0% samples/month 
TC+


Acute MCL Violation
PWS has at least two TC+ samples (routine / 
repeat) and at least one of those is fecal coliform-
or E. coli-positive


Monitoring and Reporting Violations
Not included in this presentation
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Nonacute MCL Violation by System 
Type
Key Observations:
• Little difference on nonacute violation rates across 
system types
• Most systems having violations had only one in 2005
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Nonacute MCL Violation by System 
Type


Note: Based on the data in 2005.  State of Ohio, Tribes, and Territories are not included 


System Type
Systems with 
No Violation


Systems with 
One Violation


Systems with 
More Than One 


Violation


CWS
47,587


(95.48%)
1780


(3.57%)
471


(0.95%)


NTNCWS
17,038


(95.33%)
653


(3.65%)
182


(1.02%)


TNCWS
79,464


(95.94%)
2755


(3.33%)
606


(0.73%)


All
143,089
(95.69%)


5,188
(3.47%)


1,259
(0.84%)


Key Observations:
• Little difference on nonacute violation rates across 
system types
• Most systems having violations had only one in 2005
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Acute MCL Violation by System Type
Key Observations:
• Little difference on acute violation rates across system types
• 99.6% of systems have no acute violation
• Majority of violations occur in TNCWS and NTNCWS
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Acute MCL Violation by System Type


Note: Based on the data in 2005.  State of Ohio, Tribes, and Territories are not included 


System Type
Systems with 
No Violation


Systems with 
One Violation


Systems with More 
Than One Violation


CWS
49,682


(99.69%)
150


(0.30%)
6


(0.01%)


NTNCWS
17,802 


(99.60%)
68


(0.38%)
3


(0.02%)


TNCWS
82,454


(99.55%)
348


(0.42%)
23


(0.03%)


All
148,938
(99.60%)


566
(0.38%)


32
(0.02%)


Key Observations:
• Little difference on acute violation rates across system types
• 99.6% of systems have no acute violation
• Majority of violations occur in TNCWS and NTNCWS
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MCL Violation Rates by System Size
Key Observation:
• Systems taking more than 40 samples per month 


(serving >33,000) have lowest nonacute violation
rates
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System Size


Nonacute Acute


# of Systems 
Having at Least 
One Violation


% of Systems 
Having at 
Least One 
Violation


# of Systems 
Having at 
Least One 
Violation


% of Systems 
Having at 
Least One 
Violation


<=1,000 5,690 4.28% 544 0.41%


1,001-4,100 424 4.09% 23 0.22%


4,100-33,000 309 5.15% 22 0.37%


33,001-100,000 19 1.94% 6 0.61%


>100,000 5 1.34% 3 0.80%
Note: Based on the data in 2005.  State of Ohio, Tribes, and Territories are not included.  


Those systems with unknown source water type are not included. 


MCL Violation Rates by System Size
Key Observation:
• Systems taking more than 40 samples per month 


(serving >33,000) have lowest nonacute violation
rates
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MCL Violation Rates by “Conventional” 
System Size Category


Key Observation:
• Systems >100,000 have significantly lower nonacute


violation rates
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Note: Based on the data in 2005.  State of Ohio, Tribes, and Territories are not included.  
Those systems with unknown source water type are not included. 


MCL Violation Rates by “Conventional” 
System Size Category


Key Observation:
• Systems >100,000 have significantly lower nonacute


violation rates


System Size


Nonacute Acute


# of Systems 
Having at Least 
One Violation


% of Systems 
Having at 
Least One 
Violation


# of Systems 
Having at 
Least One 
Violation


% of Systems 
Having at 
Least One 
Violation


<=500 5,345 4.32% 513 0.41%


501-3,300 717 3.91% 52 0.28%


3,301-10,000 232 4.94% 13 0.28%


10,001-100,000 148 4.29% 17 0.49%


>100,000 5 1.34% 3 0.80%
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MCL Violations by System Type 
among Systems <=500


Key Observations:
• 73% of systems with violations are TNCWS and NTNCWS
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MCL Violations by System Type 
among Systems <=500


Note: Based on the data in 2005.  State of Ohio, Tribes, and Territories are not included.  
Those systems with unknown source water type are not included. 


Key Observations:
• 73% of systems with violations are TNCWS and NTNCWS


System 
Type


Nonacute Acute
# of Systems 


Having at 
Least One 
Violation


% of Systems 
Having at Least 
One Violation


# of Systems 
Having at 
Least One 
Violation


% of Systems 
Having at 
Least One 
Violation


CWS 1,418 5.02% 94 0.33%


NTNCWS 718 4.69% 60 0.39%


TNCWS 3,209 4.01% 359 0.45%


All 5,345 4.32% 513 0.41%
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MCL Violations by Source Water 
Type among CWSs


Key Observations:
• GWs have about two times higher nonacute violation 


rate than SWs
• Difference among acute violation rates is small


among GW CWS vs SW CWS
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MCL Violations by Source Water 
Type among CWSs


Note: Based on the data in 2005.  State of Ohio, Tribes, and Territories are not included.  
Those systems with unknown source water type are not included. 


Key Observations:
• GWs have about two times higher nonacute violation 


rate than SWs
• Difference among acute violation rates is small


among GW CWS vs SW CWS


MCL Violation 
Type


GW CWS SW CWS


# of Systems 
Having at Least 
One Violation


% of Systems 
Having at 
Least One 
Violation


# of Systems 
Having at 
Least One 
Violation


% of Systems 
Having at 
Least One 
Violation


Nonacute 1,982 5.23% 269 2.42%


Acute 123 0.32% 33 0.30%
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GW CWS MCL Violation Rates by 
Disinfection Status


Nonacute Acute


Disinfected
(26,804 systems)


3.3% 0.3%


Unknown
(11,795 systems)


8.4% 0.6%


Key Observation:
• GW systems of unknown disinfection status have higher 
MCL violation rates than disinfected GW system
(see the appendix for disinfecting systems by state)


Note: Disinfected systems are those systems indicating disinfection as one of 
their treatment objectives in SDWIS.  Based on 2005 data. 
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State Variability of MCL Violation 
Rates


Nonacute and acute MCL violation rates differ by more 
than ten fold across states
See next slide for example map


(See appendix for additional maps and numbers)
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Key Observations on MCL 
Violations


Annual violation rates are about 0.4% (acute) & 4.3% 
(nonacute) for all systems
Relatively small difference on violation rates between 
CWS & NCWS
Nonacute violation rates are about twice as high among 
GW CWS vs SW CWS


Little difference among acute violation rates







26


Key Observations on MCL 
Violations (continued)


Small difference in violation rates among size categories
• Systems taking more than 40 samples per month (serving 


>33,000) have lowest nonacute violation rates 


• Most systems having MCL violations have only one per 
year
GW CWS of unknown disinfection status have about 
twice as high violation rates as disinfected GW CWS
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Appendices for MCL Violation Analysis


1. System Inventory Information in 2005
• By System category (1 page)


• By state (1 page)


2. Year Trend of MCL Violations
• By System category (2 pages)


• By state (4 pages)


3. MCL Violations by Size & Source Water Types (4 pages)


4. Inventory Info.  and Violations by State in 2005
• Number (5 pages)


• Maps (16 pages)


5. Percentages of GW CWS with Disinfection
by State (2 pages)
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This Meeting’s Presentations
Objectives


System compliance


Provisions


Improvement


Research


Relative Rates of Incidence of 
Total Coliform and E. coli—


 Preliminary Analysis for TCR







What percent of overall samples are TC+, EC+?
What are the differences in percent positives by 
system types and sizes?
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FAC Questions Addressed in 
Presentation
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Purpose of Presentation


Show the relative rates of incidence of TC+ and 
EC+ in routine samples across system types 
and sizes 


Based on 2002-2005 data


Directions for future inquiry







Data Collection Process


Systems:
Monitoring


States:
Compliance
Determination


Federal:
National Database 
(SDWIS)


Monitoring 
Records


Information
of Violation


Data
Verification


Compliance Analysis:
Data from SDWIS (Last 
presentation)


Incidence Analysis:
Data from States (This 
presentation)
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Primacy Agencies Providing 6 Year 
Review Data


This presentation includes data from 28 primacy 
agencies (see map) but does not include the 
following:


Available data from 11 other primacy agencies, and
21 other primacy agencies either did not provide any 
data or have very limited data


This presentation is based on the most recent 4 
years, 2002-2005, of data (out of 8 years)
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Plus Region 8 & 9 Tribal
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System Information from States 
Included in Analysis (2005)


Above percentages are overestimates:


• Data from states do not include all systems


• Many systems serving over 100,000 are not in the state data.


• There are also not 12 months of data for every system.


• For some states, only ~50% of records are included. 
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General Caveats for Interpretation 
of Monitoring Data


Data represents 28 Primacy Agencies (a little over a 
third of the systems & population)
Data don’t account for possible sampling and 
measurement bias
These results are limited to routine compliance 
monitoring data
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Context—TC+ Computation


TC Percent
 


Positive =   # Routine TC+ samples
all Routine TC samples


Note: For smaller systems, includes additional 
routine samples in the month following a TC+


Question to be addressed:  What percent of overall 
samples are TC+?







TC Percent Positive (Using 50% Criterion)
By Type of System, 2002-2005


(28 States)
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3%


4%


5%
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20
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NTNCWS


CWS GW


CWS SW
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Preliminary Observations— 
Percent TC+ by Type of System


•Roughly an order 
of magnitude 
difference exists 
for TC+ rate 
between TNCWS 
and CWS SW


•An approximately 
4-fold TC+ rate 
difference 
between CWS GW 
and CWS SW


TC Percent Positive by Type 
of System (28 States)
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Preliminary Observations— 
Percent TC+ by Type of System







TC Percent Positive (Using 50% Criterion)
CWS By Size of System, 2002-2005


(28 States)


0.0%


1.0%


2.0%


3.0%


4.0%


20
02


20
03


20
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20
05


CWS GW <=1000


CWS GW >1000
CWS SW >1000


CWS SW <=1000
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Preliminary Observations— 
Percent TC+ by Size of System 


and Source (CWS Only)
•GW systems 
serving <= 1,000 
have a 3-fold 
higher TC+ rate 
than larger GW 
systems


•SW systems 
serving <= 1,000 
have 4-fold higher 
TC+ rate than 
larger SW systems


TC Percent Positive by Size of 
System and Source (28 States)
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Preliminary Observations— 
Percent TC+ by Size of System and Source 


(CWS Only)
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Context—EC+ Computation
Computation of EC Percent Positive for All Routine 


Samples—


Assumption:   All TC- (negative) samples are EC -
Region 9 Tribal, Utah, and North Carolina reported only 
FC (thermotolerant) (no EC assays) – therefore those 
states were excluded from the following analysis
About 20% of TC positives were followed by Fecal 
Coliform,  therefore calculated EC+ rates included neither 
counts of samples assayed for FC nor counts of samples 
found positive for FC.


.
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Context—EC+ Computation


.


EC Percent Positive = 
# EC+ samples  


# samples analyzed for EC*


* Samples analyzed for EC 
Include:


TC- samples
TC+ samples tested for EC


Exclude:
TC+ samples tested for FC
TC+ samples with no follow-on test reported


Question to be addressed:  What percent of overall 
samples are EC+?







EC Percent Positive (Using 50% Criterion)
By Type of System, 2002-2005


(25 States)*
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TNCWS


*UT, 
R9 
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Preliminary Observations— 
Percent EC+ by Type of System


•Roughly an 
order of 
magnitude 
difference exists 
for EC+ rate 
between 
TNCWS and 
CWS SW


EC Percent Positiveby Type of 
System (25 States)*EC Percent Positive by Type of 


System and Source (25 States)
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Preliminary Observations— 
Percent EC+ by Type of System







EC Percent Positive (Using 50% Criterion)
CWS By Size of System, 2002-2005


(25 States)*


0.00%


0.02%


0.04%


0.06%


0.08%


0.10%


0.12%


20
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20
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20
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20
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CWS GW <=1000


CWS GW >1000


CWS SW >1000


CWS SW <=1000


*UT, R9 Tribal, 
NC excluded.
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Preliminary Observations— 
Percent EC+ by Size of System 


& Source (CWS Only)
•Systems serving 
<= 1,000 have a 
greater than 3-fold 
higher EC+ rate 
than larger systems


•Not much 
difference in EC+ 
rate between GW 
vs. SW systems


EC Percent Positive by Size 
of System (25 States)
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Preliminary Observations— 
Percent EC+ by Size of System & Source 


(CWS Only)







Summary of Findings – TC+
Type of System Annual Percent TC 


Positive
TNCWS 5.1 –


 


6.5


NTNCWS 3.4 –


 


4.5


CWS GW 1.8 –


 


2.2


CWS SW 0.4 –


 


0.6
Size of System (CWS)


GW ≤


 


1000 2.8 –


 


3.4


SW ≤


 


1000 1.2 –


 


1.9


GW > 1000 0.8 –


 


1.0


SW > 1000 0.3 –


 


0.4







Comparison of TC Positives to 
Violation Data is Not Straightforward


Type of System Annual Percent TC 
Positive


Percent of Systems with 
At Least One Nonacute


 Violation (2005)
TNCWS 5.1 –


 


6.5 3.33


NTNCWS 3.4 –


 


4.5 3.65


CWS GW 1.8 –


 


2.2 5.23


CWS SW 0.4 –


 


0.6 2.42
Size of System (CWS)


GW ≤


 


1000 2.8 –


 


3.4 5.18


SW ≤


 


1000 1.2 –


 


1.9 1.87


GW > 1000 0.8 –


 


1.0 4.99


SW > 1000 0.3 –


 


0.4 2.74







Summary of Findings – EC+
Type of System Annual Percent EC 


Positive
TNCWS 0.230 –


 


0.276


NTNCWS 0.076 –


 


0.187


CWS GW 0.051 –


 


0.062


CWS SW 0.019 –


 


0.029
Size of System (CWS)


GW ≤


 


1000 0.09 –


 


0.10


SW ≤


 


1000 0.06 –


 


0.10


GW > 1000 0.02 –


 


0.03


SW > 1000 0.02 –


 


0.02







Comparison of EC Positives to 
Violation Data is Not Straightforward


Type of System Annual Percent EC 
Positive


Percent of Systems 
with At Least One 
Acute Violation (2005)


TNCWS 0.230 –


 


0.276 0.45


NTNCWS 0.076 –


 


0.187 0.39


CWS GW 0.051 –


 


0.062 0.32


CWS SW 0.019 –


 


0.029 0.30
Size of System (CWS)


GW ≤


 


1000 0.09 –


 


0.10 0.32


SW ≤


 


1000 0.06 –


 


0.10 0.34


GW > 1000 0.02 –


 


0.03 0.29


SW > 1000 0.02 –


 


0.02 0.27
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Potential Directions for Future Inquiry
Evaluation of value of including additional state 
data
Analysis of Repeat samples (inform relevance 
of repeat sampling for different system types 
and size categories in revised rule)
Analysis of additional routine samples the 
following month (inform relevance of provision 
for small systems)
FC samples and results (inform implications of 
excluding methods that measure FC vs E.coli in 
revised rule) 
Evaluate frequency and trend of method use (to 
inform potential bias from differences in method 
performance)
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Appendix
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Context—TC+ Computation
Preliminary criterion for complete month of data for 


a system:
# Samples Taken ~ >= 50%


# of Samples Required
50% —


Excludes months that are not representative of a system 
(too few samples, e.g., may have reported TC- in summary 
form)
Acknowledges that population data may be incorrectly high 
(using 2006 population data for earlier time periods) 
0,10,80,90,and 95 percent completeness levels were also 
considered.   


“# of Samples Required” determined by TCR, based only 
on size of population served in 2006 


Does not consider additional routine samples the following 
month
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Preliminary Observations (cont’d)


•For all years 
more than 70 
percent of TC+ 
samples are 
tested for E. coli.


•Less than 30 
percent tested for 
FC 
(Thermotolerant)


Percent of TC Positive Samples Tested for 
E. Coli vs Fecal Coliform


(Using 50% Criterion) 2002-2005


0%


25%


50%


75%


100%


2002 2003 2004 2005


EC FC
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Compare Preliminary 6-Year Review 
Data to CA Data


Compiled from 631,998 samples for 1,489 water 
systems
The data represented utilities of all sizes and 
included a variety of classifications including 
CWS, NTNCWS, and TNCWS 
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Compare Preliminary 6-Year Review 
Data to CA Data


•Small systems 
in CA dataset 
had much lower 
frequency of TC 
Positives than 
those in 6 Year 
Review Data.
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Compare Preliminary 6-Year Review 
Data to Other Data 


(AWWA, KY, Seattle)


•Limited data 
points from 
these sources; 
data track 
within range of 
6 Year Review 
data for Large 
Systems.
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TCR Compliance MonitoringTCR Compliance Monitoring


Large Large Systems    vs.    Small SystemsSystems    vs.    Small Systems







This Meeting’s Presentations
Objectives


System compliance


Provisions


Improvement


Research


Comparison of Implementation of 
TCR – Small vs. Large Systems







FAC Questions Addressed in FAC Questions Addressed in 
PresentationPresentation


How does the actual implementation of the How does the actual implementation of the 
TCR vary between small systems and large TCR vary between small systems and large 
systems?systems?







Public Water SystemsPublic Water Systems


86% of the population 86% of the population 
(262 million) are served (262 million) are served 
by medium and large by medium and large 
systemssystems


(those serving > 3,300)(those serving > 3,300)


14% of the population 14% of the population 
(41 million) are served by (41 million) are served by 
Small SystemsSmall Systems
(those serving (those serving ≤≤3,300)3,300)


158,221 Drinking Water 158,221 Drinking Water 
Systems in the United Systems in the United 
StatesStates
149,182 (94%)149,182 (94%) of all of all 
drinking water systems drinking water systems 
areare SmallSmall
(those serving (those serving ≤≤3,300)3,300)







Ownership of Systems 


Private
16%


Public/Private
2%


State Government
1%


Local Government
81%


Largest                                                 Smallest


Serving > 100,000                            Serving  < 100


Institution
4.1%


Other Privately 
Owned
5.3%


Homeowners 
Association
16.4%


Special District
0.7%


Other 
Government
7.0%


Other Ancillary
15.4%


Mobile Home 
Park
33.3%


Investor Owned
17.8%







Large Diversity of Small SystemsLarge Diversity of Small Systems


• 44,055 CWS


• 19,055 Non –Transient NCWS


• 86,072 Transient NCWS







Large Diversity of Small Systems Large Diversity of Small Systems 


Atka, Alaska 1978


• Day Care Centers
• Mobile Home Parks
• Rural Schools
• Factories
• National Parks
• Campgrounds
• Indian Reservations







Regulatory clasification PWSS 
(amended from the Drinking Water Academy – PWS Supervision


Program Module, numbers from EPA Pivot Tables, 2005)


Small and Very Small Potable Water
Systems by Type And Ownership


Non Publicly Owned Water
Systems – 106,775


Publicly Owned Water Supply
Systems
42,132


Community
19,285


Non-community
22,847


Non transient, non-
community


6,531


Transient, non- community
16,316







Service Connections for Small Systems 
(Serving ≤3,300)


CWS NCWS


MedianMedian 8585 11


AverageAverage 235235 99


9595thth PercentilePercentile 900900 3737


Source: Active, current systems, from SDWIS January 2006 frozen 
tables







Special OwnershipsSpecial Ownerships
Tribal Drinking Water SystemsTribal Drinking Water Systems


550 sovereign nations and recognized tribes550 sovereign nations and recognized tribes
982 systems982 systems
900,000 population served900,000 population served


• Tribal Government varies
on how tribal systems are 
financed, managed, and
operated .


• Most tribal nations seek
federal funding for drinking
water infrastructure but
struggle to meet the
requirements for O&M







Tribes in the Lower 48 States







Alaskan Tribes
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Special OwnershipsSpecial Ownerships
U.S. Possessions & TerritoriesU.S. Possessions & Territories


TCR Regulations affect TCR Regulations affect 
all drinking water all drinking water 
systems in Puerto Rico, systems in Puerto Rico, 
Virgin Islands, etc.Virgin Islands, etc.


7 territories7 territories
1012 systems1012 systems


6.6 million population6.6 million population







Large Systems                            Small SystemsLarge Systems                            Small Systems


Employees


• Hundreds or thousands of              
full time employees


• Trained Certified 
Operators


•Individual employees have 
specific tasks in potable 
water production and 
distribution only.


Career advancement 
opportunities


• Maybe   one-half full time 
employee


• Might be Trained


• Low wages


•High job turnover rate


•Water is often ancillary to main 
purpose of facility (school. 
factory, campground, hospital)







Large Systems                            Small SystemsLarge Systems                            Small Systems


Employees


• Professional staff to 
manage records, reports 
and test results.


• Limited  resources to translate 
monitoring results and other information 
to operational changes or corrective 
action options


•May have to hire contractors for even 
routine tasks like sample collection







Small Systems Small Systems –– High Turnover RateHigh Turnover Rate


• Small System Operators do not 
see


their jobs as careers.


• Wages are low.


• Water operation is often only a
small part of the job. The same 
person may clean sewers, maintain
roads, collect solid waste, mowing
etc., etc.







Large Systems                            Small SystemsLarge Systems                            Small Systems


TCR Sampling


• Have professional resources to 
assess representative sample 
sites.


•May have dedicated sample 
sites


•Collected by trained and 
certified samplers.


• Representative sites may be 
difficult to assess and systems 
cannot afford professional 
assistance.


•May or may not be collected by 
a  trained, certified sampler.







Large Systems                            Small SystemsLarge Systems                            Small Systems


TCR 
Sampling


• 360 Samples per month required by 
TCR


• 20 samples per day Mon.-Fri.


•1 to 3 samples per month 
depending on population.  
Sometimes 1 per quarter or year 
depending on system type, source 
water, and sanitary survey results.


•Wide variability in sample 
collection requirements for very 
small systems amongst states.


( Philadelphia ) Systems serving ≤3,300







LargeLarge SystemsSystems


TCR        
Sampling


• Additional water quality testing done 
simultaneously


• Philadelphia collects more than 400 
samples per month instead of the required 
360 to cover vacancies, sick leave, bad 
weather.  They collect ≥5,000 per year.


•Workload to State Agencies – may be 
more manageable than small systems


•Reports may be more likely to be timely 
and correct


•Problems may be noted


• No additional testing unless 
required – small systems do the 
minimum, which may be as much 
as they can do and possibly useful 
additional parameters are not done.


•Heavier workload to state 
agencies due to large number of 
small systems with limited ability 
to produce complete, correct 
reports.


( Philadelphia )
Small Systems







Large Systems                            Small SystemsLarge Systems                            Small Systems


Who 
Collects 


Samples ?


• Full time Sample Collectors or Water 
Technology Assistants


•2 samplers for 2 preset routine routes


•Cover about 10 TCR sample sites  per 
day per sampler, plus 3 water treatment 
plants, 3 wastewater treatment plants, 
plus various storage facilities


• Part time or part of job of one 
(possibly the only) employee


•1 to 3 samples per month 
depending on population.  
However, sometimes 1 per 
quarter or year depending on 
system type, source water, and 
sanitary survey results


( Philadelphia )







Where is 
Sampling 


Done?


• About 69 fixed sites


•Most sites have dedicated sampling 
stations


• In public buildings such as fire and 
police stations


•• Some are sampled daily MSome are sampled daily M--F while F while 
others once a week, two times a week, or others once a week, two times a week, or 
three times a weekthree times a week


• Depending on size as little as 
one site.


• Usually no dedicated sampling 
stations


• Maybe a kitchen or laundry 
sink.


Large Systems                            Small SystemsLarge Systems                            Small Systems
( Philadelphia )







Large Systems                            Small SystemsLarge Systems                            Small Systems


Responses to Positive 
Samples and Violations


• Philadelphia has a protocol


•Investigations


•Interviews


•etc 


•Little information on follow-up 
actions taken by small systems 
following positive samples or 
violations.


•May only take follow up 
actions when directed by the 
state







Large Systems                            Small SystemsLarge Systems                            Small Systems
Repeat  Sampling


• Triggers a minimum of  3 
samples


• Within 5 services up and  
within 5 services downstream 
from the site of the positive 
sample.


• Triggers a minimum of 4 
repeat samples and a minimum 
of 5 additional routine samples 
in the following month.


•Small systems do not 
consistently collect all triggered 
samples


•Size of system may be so small 
that there are no upstream or 
downstream connections.







Large Systems                            Small SystemsLarge Systems                            Small Systems
Testing


• Certified in-house 
laboratories


•Quick turn around on 
sample results


• Generally no in-house lab.


• Samples must be collected, 
packaged and shipped.


• Shipping time-critical samples 
usually requires overnight 
shipping services which may be 
unavailable and will be 
expensive.


•Longer delay in receiving 
sample results







The sheer volume of small The sheer volume of small 
system violations and tight state system violations and tight state 
resources means that not all resources means that not all 
small system violators will get small system violators will get 
the assistance they need to the assistance they need to 
address their problem.address their problem.


Violations – Small vs. Large







The City of   
Philadelphia


Area


Mid Dakota Rural Water System
4,115  miles of pipe


5,097 service connections


@ 1 service per mile of pipe


3,300 miles of 
pipe


500,000 service 
connections


@ 151 services per 
mile


40,000 Miles of Pipe


Customer


Density







Large Systems                              Small SystemsLarge Systems                              Small Systems


Public Notification


• Public notification triggered by 
5%  of routine positive samples 
(18 out of 360 samples for 
Philadelphia). 


•Managed by a professional 
public relations officer.


• As little as 2 routine positive 
samples can trigger public 
notification.


• Many small systems are 
confused by notification 
requirements of existing 
regulation.  Their need to be told 
what to do places additional 
stress on State staff.







Overview of BudgetingOverview of Budgeting







Sampling Costs Sampling Costs 


High % of Total BudgetHigh % of Total Budget
(Wages, equipment, testing (Wages, equipment, testing 
and reporting)and reporting)


Must use private Labs.Must use private Labs.


Samples must be shipped Samples must be shipped 
by expensive overnight by expensive overnight 
shipping or private carriershipping or private carrier


Large Systems                          Small Systems  
(Serving ≥100,000)                     (Serving ≤3,300)


Small % of Total BudgetSmall % of Total Budget
(Wages, equipment, testing (Wages, equipment, testing 
and reporting)and reporting)


InIn--house Labs.house Labs.


Economy of ScaleEconomy of Scale











Appendix A-1


Systems Population Systems Population Systems Population
unknown 9 1,652 3 4,377 NA NA
gw 26,282 4,234,070 10,209 13,929,151 2,658 15,134,120
sw 3,372 690,026 3,911 6,119,272 2,090 12,380,594


Subtotal 29,663 4,925,748 14,123 20,052,800 4,748 27,514,714
unknown 3 141 NA NA NA NA
gw 15,917 2,207,480 2,548 2,508,977 85 449,898
sw 428 75,007 157 198,234 17 107,844


Subtotal 16,348 2,282,628 2,705 2,707,211 102 557,742
unknown 19 973 2 3,000 NA NA
gw 81,631 7,127,312 2,584 2,486,784 86 459,247
sw 1,700 169,919 132 170,345 25 139,259


Subtotal 83,350 7,298,204 2,718 2,660,129 111 598,506
Source: SDWIS FY05Q4, frozen Jan '06


<500 501-3,300 3,301-10,000


TNCWS


NTNCWS


CWS
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Appendix A-2
• Systems serving <10,000 make up 97% of systems  and serve 


23% of population (Source: Active, current systems, from 
SDWIS January 2006 frozen tables)


• Smaller systems may only have 1 customer per mile of pipe or a 
few hundred customers in thousands of square miles.  


• Small CWSs and NTNCWs have fewer service connections per 
system


System 
Type


Average Service 
Connection Per System 


(Systems serving <10,000)


Average Service 
Connection Per System 


(Systems serving >10,000)
CWS 415 16927
NTNCWS 10 1954
TNCWS 9 10
Source: Active, current systems,  SDWIS January 2006 frozen tables
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Appendix A-3 Distribution of Rural 
Water Districts in Missouri


DRAFT FOR REVIEW – PLEASE DO 
NOT CITE, QUOTE OR DISTRIBUTE 33







Appendix A-4  Sample Processing


• Varies with system, lab, and State
• From EPA, DWPD records


– In 20 States, Lab must send results to State
– In 11 States, State provides analysis
– In 6 States, State pays for analysis for all 


systems.
– In 43 States, State does not pay for analysis 


for any systems 
– In 20 States, lab must send results to State
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Appendix A-5
Tribal Drinking Water Systems


• 550 plus sovereign nations and recognized tribes


• Tribal data is often combined with non-tribal information 
• weakens the value of any distinct tribal data
• leads to erroneous analysis and interpretation


• Lack of current information/understanding on how tribal 
systems are financed, managed, and operated 


• Most tribal nations seek federal funding for drinking 
water infrastructure but struggle to meet the 
requirements for O&M
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Tribal Systems (cont’d)


• Native American communities mostly fall below the 
medium household income levels in their states  


• Tribes may need to seek federal funding through the 
federal budgetary process to address TCR revisions


• Tribal governments are under stress to fund other 
essential programs too.  Today there is greater 
competition for fewer funds. 


• Regular involvement and outreach is important to solicit 
input and inform tribes about progress and financial 
implications 


DRAFT FOR REVIEW – PLEASE DO 
NOT CITE, QUOTE OR DISTRIBUTE 36







Number of Tribes based on 
http://www.epa.gov/tribalportal/whereyoulive/regions.htm


• Region 1 =10 tribes


• Region 2 = 7 tribes


• Region 3 = 0


• Region 4 = 6 tribes


• Region 5 = 35 tribes


• Region 6 = 67 tribes


• Region 7 = 9 tribes


• Region 8 = 27 tribes


• Region 9 = 77 tribes


• Region 10 = 270 tribes
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Appendix A-6 
Population Served per Mile of Existing Pipe, by Ownership


(Excludes Wholesalers With No Retail Customers)


Population 
Served Publicly Owned Systems Privately Owned Systems


Mean Median Mean Median
Less than 100 62 65 130 99
101-500 88 75 187 148
501-3300 134 115 201 90
3,301-10,000 220 168 140 87
10,001-50,000 231 196 346 105
50,001-
100,000 279 221 236 223
100,001-
500,000 445 275 246 214
More than 
500,000 465 315 340 380


Source: EPA, CWSS 2000
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The Sanitary SurveyThe Sanitary Survey


TCRDSAC MeetingTCRDSAC Meeting
October 18, 2007October 18, 2007


Patti FauverPatti Fauver
Utah Department of Environmental QualityUtah Department of Environmental Quality
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This MeetingThis Meeting’’s Presentationss Presentations
ObjectivesObjectives


Provisions


System compliance Implementation of Sanitary Surveys


Improvement


Research


2
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FAC Questions to be AddressedFAC Questions to be Addressed


•• What is a Sanitary Survey?What is a Sanitary Survey?
•• What specifically is done?What specifically is done?
•• What does it take to perform one?What does it take to perform one?
•• How long do they take?How long do they take?
•• How they are implemented under different How they are implemented under different 


rules? rules? 
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State VariabilityState Variability


•• Enabling LegislationEnabling Legislation
–– Utah Utah –– Title 19 Chapter 4 Utah Safe Drinking Title 19 Chapter 4 Utah Safe Drinking 


Water ActWater Act
•• Location of State Drinking Water ProgramLocation of State Drinking Water Program


–– Departments of HealthDepartments of Health
–– Departments of Environmental QualityDepartments of Environmental Quality
–– Other (Natural Resources)Other (Natural Resources)


•• Sister AgenciesSister Agencies







55


State VariationState Variation


•• GeographicGeographic
•• GeologicGeologic
•• DemographicDemographic
•• PoliticalPolitical
•• ResourcesResources


–– Determine frequency of surveysDetermine frequency of surveys
•• Category of PWSCategory of PWS
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Intersecting ProgramsIntersecting Programs


Engineering Review
Construction Standards


Plan Review
Operating Permits


Sanitary Surveys
Sanitary Hazards
Facility Inspection


Deficiency Identification


Process Control
Monthly or Quarterly Reports


Quality measures (NTU, MRDL, etc)


Operator Certification
Competency Standards
Expertise
On-going Training
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Depth of SurveyDepth of Survey
•• Facility / Component DrivenFacility / Component Driven
•• DW Program coordinationDW Program coordination


–– Monitoring PlansMonitoring Plans
•• Bacteriological Sample Site PlansBacteriological Sample Site Plans
•• Lead Copper Sample Site PlansLead Copper Sample Site Plans


–– Cross Connection Control Program Cross Connection Control Program 
–– Training Training 
–– SecuritySecurity
–– Capacity DevelopmentCapacity Development
–– Source Protection Review  (SWAP & WHPP)Source Protection Review  (SWAP & WHPP)


•• Other Facility ReviewOther Facility Review
–– Forest Service Forest Service –– roads, campsites, toiletsroads, campsites, toilets
–– Restaurants Restaurants –– Food service inspectionsFood service inspections
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CFR defined CFR defined MINIMUMMINIMUM
Sanitary Survey ElementsSanitary Survey Elements


1.1. Monitoring, reporting & data verificationMonitoring, reporting & data verification
2.2. System Management and operationSystem Management and operation
3.3. Operator Compliance with State RequirementsOperator Compliance with State Requirements
4.4. SourceSource
5.5. Treatment Treatment 
6.6. Pumps, pump facilities & controlsPumps, pump facilities & controls
7.7. Finished Water StorageFinished Water Storage
8.8. Distribution System Distribution System 
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Element #1 Element #1 
Monitoring, Reporting & Data Monitoring, Reporting & Data 
VerificationVerification


•• Review System RecordsReview System Records
–– Inventory informationInventory information
–– Monitoring schedulesMonitoring schedules
–– Sample historySample history
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Element #2Element #2
System Management & System Management & 
OperationOperation


•• Management ProgramsManagement Programs
–– Cross Connection ControlCross Connection Control
–– Emergency ResponseEmergency Response


•• Operational issuesOperational issues
–– Turbidity, pressure, taste and odor, service Turbidity, pressure, taste and odor, service 


interruption, waterborne disease outbreaks interruption, waterborne disease outbreaks 


•• Customer Complaint ResponseCustomer Complaint Response
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Element #3Element #3
Operator Compliance with State Operator Compliance with State 
RequirementsRequirements


•• Verify current system OperatorVerify current system Operator
•• Check the level of certification Check the level of certification 


required by the State for the systemrequired by the State for the system
•• Update system recordsUpdate system records
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Element #4Element #4
Sources Sources -- WellsWells


•• Sanitary seal Sanitary seal 
–– All openings, cracks, etc., must be All openings, cracks, etc., must be 


sealed sealed 
–– Food grade mineral oil lubricationFood grade mineral oil lubrication


•• Casing 12Casing 12”” above floor or 18above floor or 18””
above groundabove ground
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Element #4Element #4
Source Source -- SpringsSprings


•• Water ponding over collection area Water ponding over collection area 
•• Impervious soil cover or linerImpervious soil cover or liner
•• Deep rooted vegetation Roots in Deep rooted vegetation Roots in 


collection pipes collection pipes 
•• Opening in the Collection BoxOpening in the Collection Box
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4" RISE ON ACCESS ENTRYLOCKED


HINGED SHOE BOX TYPE LID
WITH GASKET


OVERFLOW PIPE
W/#4 MESH SCREEN


12" OF
FREEFALL


TURNED DOWN AIR VENT
W/#14 MESH SCREEN


ACCEPTABLE LINER


MINIMUM 2 FEET OF
IMPERVIOUS SOIL
COVER  WITH LINER


MINIMUM 10 FEET OF
IMPERVIOUS SOIL COVER
WITHOUT LINER


OTHER REQUIREMENTS:
1.NO STANDING WATER OVER COLLECTION AREA.
2.NO DEEP ROOTED VEGETATION IN SPRING  
  COLLECTION AREA.
3.NO ROOTS GROWING IN COLLECTION PIPING.
4.STOCK TIGHT FENCE AROUND COLLECTION AREA.
5.DIVERSION CHANNEL AROUND COLLECTION AREA. 
6.NEEDS A PERMANENT FLOW MEASURING DEVICE.


ADDITIONAL INFORMATION:
1.DOES SPRING HAVE SOURCE PROTECTION PLAN.
2.TYPE OF COLLECTION PIPE.
3.CONFINED AQUIFER.
4.DISTANCE TO SURFACE WATER.
5.CURRENT FLOW RATE.
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Deep Rooted Vegetation
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Element #4Element #4
Source Source –– Surface Water IntakesSurface Water Intakes


•• 10 States Standard10 States Standard
–– …… a diversion device capable of keeping a diversion device capable of keeping 


large quantities of fish or debris from large quantities of fish or debris from 
entering an intake structureentering an intake structure


–– Withdrawal of water from more than one Withdrawal of water from more than one 
level if quality varies with depthlevel if quality varies with depth


–– Adequate protection against rupture by Adequate protection against rupture by 
dragging anchorsdragging anchors


–– Protection from ice and fouling (zebra Protection from ice and fouling (zebra 
musselsmussels
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Element #5Element #5
TreatmentTreatment
•• Surface Water Treatment PlantsSurface Water Treatment Plants
•• Disinfection FacilitiesDisinfection Facilities
•• Fluoridation FacilitiesFluoridation Facilities
•• Other TreatmentOther Treatment


–– Corrosion ControlCorrosion Control
–– Arsenic RemovalArsenic Removal
–– Taste & Odor ControlTaste & Odor Control
–– Iron & Manganese RemovalIron & Manganese Removal
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Water Treatment Processes


FINISHED 
WATER


CLEAR WELL


SOURCE


FLOCCULATION
SEDIMENTATION


STATIC MIXER 
(COAGULATION) 


OR 
FLASH MIX 
CHAMBER


CHEMICAL 
FEED
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Element #5Element #5
Treatment Treatment --Disinfection FacilitiesDisinfection Facilities


•• Both gas and liquid chlorinationBoth gas and liquid chlorination::
–– Detectable residualDetectable residual
–– Chlorine buildingChlorine building


••Lighting, heating and ventilationLighting, heating and ventilation


–– Chlorine residual test kitChlorine residual test kit
–– Flow measurementFlow measurement
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Vacuum 
Regulator


Gas


Water


Distribution System


Mixed


Rotometer


Ejector


Chlorine Cylinder


Scales


Vent


#14 mesh
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Element #6Element #6
Pump StationsPump Stations


•• Number of pumpsNumber of pumps
–– Accessible/serviceableAccessible/serviceable
–– Equipment:Equipment:


••Pressure gaugePressure gauge
••Air/vacuum valveAir/vacuum valve


–– Surge protectionSurge protection
•• Standby powerStandby power
•• Firm capacityFirm capacity
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Pump StationsPump Stations
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Element #7Element #7
Finished Water Storage TanksFinished Water Storage Tanks


•• Shoebox type access, 4Shoebox type access, 4”” above the above the 
top of the tank, top of the tank, gasketedgasketed, locked, locked


•• Reservoir air vent downReservoir air vent down--turned and turned and 
screened #14 meshscreened #14 mesh


•• Overflow pipingOverflow piping
A) #4 screen b) adequately sized c) A) #4 screen b) adequately sized c) 


proper slope d) 12proper slope d) 12”” freefree fallfall
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3939







4040







4141







4242


Seepage







4343







4444







4545
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Element #8Element #8
Distribution SystemDistribution System


•• System pressures System pressures –– minimum pressure minimum pressure 
–– Utah 20 Utah 20 psipsi


•• Piping materialsPiping materials
•• 10 foot10 foot separation from sewer linesseparation from sewer lines
•• Air/vacuum valves downAir/vacuum valves down--turned discharge, turned discharge, 


screened #14 meshscreened #14 mesh
•• Flooded air/vacuum stations, possible Flooded air/vacuum stations, possible 


submerged dischargesubmerged discharge
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Distribution SystemsDistribution Systems
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Water System SecurityWater System Security
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What are the common deficiencies What are the common deficiencies 
identified during a survey?identified during a survey?


UtahUtah’’s Top 25 Deficiencies in order of most frequent occurrences Top 25 Deficiencies in order of most frequent occurrence


•• CCCCCC--LACKS WRITTEN RECORDSLACKS WRITTEN RECORDS
•• CCCCCC--LACKS ONLACKS ON--GOING ENFORCEMENT PLANGOING ENFORCEMENT PLAN
•• CCCCCC--NO ANNUAL PUBLIC EDUCATION OR AWARENESSNO ANNUAL PUBLIC EDUCATION OR AWARENESS


•• NO SMOOTH NOSED SAMPLING TAP ON DISCHARGE PIPINGNO SMOOTH NOSED SAMPLING TAP ON DISCHARGE PIPING


•• CCCCCC--LACKS LOCAL AUTHORITYLACKS LOCAL AUTHORITY
•• CCCCCC--LACKS OPERATOR TRAININGLACKS OPERATOR TRAINING
•• NO FLOW MEASURING DEVICE ON DISCHARGE PIPINGNO FLOW MEASURING DEVICE ON DISCHARGE PIPING


•• STORAGE FACILITY ACCESS LACKS PROPER GASKETSTORAGE FACILITY ACCESS LACKS PROPER GASKET


•• NO PRESSURE GAUGE ON DISCHARGE PIPINGNO PRESSURE GAUGE ON DISCHARGE PIPING
•• LACK OF DRAIN TO DAYLIGHT FLOOR DRAINLACK OF DRAIN TO DAYLIGHT FLOOR DRAIN
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Utah Top Deficiencies Utah Top Deficiencies –– cont.cont.


• INADEQUATE BACTERIOLOGICAL SAMPLING SITE PLAN
• NO MEANS TO RELEASE TRAPPED AIR FROM SOURCE PUMP


• DEEP ROOTED VEGETATION IN SPRING COLLECTION AREA


• STORAGE FACILITY OVERFLOW PIPE IMPROPER SCREEN


• STORAGE FACILITY LACKS ADEQUATE DRAIN LINE
• STORAGE FACILITY OVERFLOW PIPE LACKS FREEFALL
• STORAGE FACILITY VENT NOT PROPERLY SCREENED
• SPRING BOX LACKS A GASKET ON LID
• NO CHECK VALVE ON DISCHARGE PIPING
• STORAGE STRUCTURE MISSING A PROPER ACCESS HATCH


• ELEVATION OF WELL CASING INADEQUATE
• SPRING BOX LACKS PROPER OVERFLOW
• WELL LACKS A MEANS TO MEASURE DRAWDOWN
• SPRING BOX LACKS PROPER DRAIN
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What is the life cycle of addressing What is the life cycle of addressing 
a Deficiency by the Primacy a Deficiency by the Primacy 
Agency?Agency?


•• Active FollowActive Follow--up by Primacy Agencyup by Primacy Agency
–– Significant or Critical Deficiencies Significant or Critical Deficiencies 


•• Written report Written report –– filedfiled
•• Database Database –– warehousedwarehoused
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What is the life cycle of Addressing What is the life cycle of Addressing 
a Deficiency in Utah?a Deficiency in Utah?
•• Survey report mailed to system within 30 daysSurvey report mailed to system within 30 days


–– Time table to fix deficienciesTime table to fix deficiencies
–– Points assigned to each deficiency Points assigned to each deficiency 


•• Site visit & deficiencies migrated electronically to SDWISSite visit & deficiencies migrated electronically to SDWIS
•• Quarterly meetings to address UtahQuarterly meetings to address Utah’’s Worst 25 systems s Worst 25 systems 


(total points) & EPA(total points) & EPA’’s Significant Nons Significant Non--compliers List compliers List 
(SNC)(SNC)


•• Annually mail out to each system a IPS Report Annually mail out to each system a IPS Report 
(Improvement Priority System) listing all compliance (Improvement Priority System) listing all compliance 
issues with the system (monitoring, quality, operator issues with the system (monitoring, quality, operator 
certification, physical facility deficiencies, etc.)certification, physical facility deficiencies, etc.)
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ChallengesChallenges


•• Surveyor SafetySurveyor Safety
•• Who is the Surveyor?Who is the Surveyor?
•• Significant Deficiency IdentificationSignificant Deficiency Identification


–– State DefinedState Defined
•• Data TrackingData Tracking


–– Automated vs. Manual Automated vs. Manual 
•• Willingness of System to make CorrectionsWillingness of System to make Corrections


–– Operator vs. ManagementOperator vs. Management
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End of October presentationEnd of October presentation
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Appendix 1 Appendix 1 


Additional Utah deficiency Additional Utah deficiency 
statisticsstatistics
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Utah StatisticsUtah Statistics
Storage Tank Related Deficiencies in order of occurrenceStorage Tank Related Deficiencies in order of occurrence


Percentage of Overall Deficiencies=21.33%Percentage of Overall Deficiencies=21.33%


CodeCode Deficiency DescriptionDeficiency Description


V009V009 STORAGE FACILITY ACCESS LACKS PROPER GASKETSTORAGE FACILITY ACCESS LACKS PROPER GASKET


V012V012 STORAGE FACILITY OVERFLOW PIPE IMPROPER SCREENSTORAGE FACILITY OVERFLOW PIPE IMPROPER SCREEN


V015V015 STORAGE FACILITY LACKS ADEQUATE DRAIN LINESTORAGE FACILITY LACKS ADEQUATE DRAIN LINE


V011V011 STORAGE FACILITY OVERFLOW PIPE LACKS FREEFALLSTORAGE FACILITY OVERFLOW PIPE LACKS FREEFALL


V007V007 STORAGE FACILITY VENT NOT PROPERLY SCREENEDSTORAGE FACILITY VENT NOT PROPERLY SCREENED


VL02VL02 STORAGE STRUCTURE MISSING A PROPER AIR VENTSTORAGE STRUCTURE MISSING A PROPER AIR VENT


V030V030 SYSTEM LACKS 10% OF REQUIRED STORAGE CAPACITYSYSTEM LACKS 10% OF REQUIRED STORAGE CAPACITY


VL01VL01 STORAGE STRUCTURE MISSING A PROPER OVERFLOWSTORAGE STRUCTURE MISSING A PROPER OVERFLOW


V004V004 STORAGE FACILITY INADEQUATE LADDERS OR RAILINGSSTORAGE FACILITY INADEQUATE LADDERS OR RAILINGS


V029V029 STORAGE FACILITY IS NOT SECURESTORAGE FACILITY IS NOT SECURE
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This Meeting’s Presentations
Objectives


System compliance


Provisions


Improvement


Research


The Linkage Between the Ground 
Water and Total Coliform Rules
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Presentation Objectives


What are the relevant provisions of the GWR?


What PWSs are covered by the GWR?


How does the GWR link to the TCR?


How does the GWR address the TCR objectives?
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Provides for increased protection against microbial 
pathogens in public water systems that use ground 
water sources
Builds on the Total Coliform Rule in addressing 
microbial contamination 
Builds on existing State Sanitary Survey programs
Uses targeted, risk-based approach to identify high risk 
systems that are required to take corrective actions
Compliance begins December 2009


Overview of the Ground Water Rule
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Applies to all PWS serving ground water 


Does not apply to systems that combine 
all their ground water with:


surface water, prior to treatment


groundwater under the influence of surface 
water, prior to treatment


Overview of the Ground Water Rule
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Number of Public 
Water Systems


Total Population 
Served (Millions) 


Community Water 
Systems 


42,361 100.4


Non-Transient, Non- 
Community Water 
Systems 


18,908 5.1


Transient Non- 
Community Water 
Systems 


86,061 8.7


TOTAL 147,300 114.2


Systems Subject to Ground Water Rule
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86,747 serve fewer than 100 people (59% of 
Total PWS served by GW)


• 12,843 CWS (30% of Total CWS served by GW)


• 9,456 NTNCWS (50% of Total NTNCWS served by 
GW)


• 64,448 TNCWS (75% of Total TNCWS served by 
GW)


Majority of Systems Subject to the 
GWR are Small Systems
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Sanitary Surveys 


Triggered source water monitoring


Corrective action


Compliance monitoring if treatment provided


4 log removal/inactivation of viruses


GWR Elements
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Conduct every 3 years for CWS; 5 years for NCWS 
(and some CWSs)
Evaluate 8 minimum* elements
1. Source
2. treatment 
3. distribution system
4. finished water storage
5. pumps, pump facilities, and controls
6. monitoring, reporting, and data verification
7. system management and operation
8. operator compliance with State requirements
Identify significant deficiencies


GWR Sanitary Survey Requirements 
(Guidance expected January 2008)


*States are required to evaluate all of the 8 minimum elements that are applicable to that systems
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Applicable only to systems that do not provide and 
monitor for 4-log inactivation/removal of viruses 
A fecal indicator source water sample is triggered 
by a total coliform-positive sample collected under 
the TCR


• At least one GW source sample for each TC positive
• Link source waters to TC sampling sites to allow systems 


to locate potential sources of contamination


State can allow exceptions to triggered monitoring 
if TC positive directly relates to the distribution 
system


• As determined by the State or based upon State- 
specified criteria)


Purpose of Triggered Monitoring is to 
Identify Source Water Contamination
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PWS must collect source water sample within 
24 hours of TC positive and analyze for one of 
three State-selected fecal indicators:


• E. coli , Enterococci, or Coliphage
• Most appropriate indicator may vary from State to 


State or site to site, e.g. hydrogeology and type of 
contamination


States Can Select from Three Indicators 
for Source Water Monitoring
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Need for Corrective Action May “Cascade” 
Through Repeat Monitoring


If any of the 5 additional samples is fecal 
indicator- positive, PWS must take corrective 
action approved by the State.


If the source sample is 
fecal indicator-positive


Or collect 5 additional source 
samples (State option)


Take corrective action
(State option)
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If the State determines corrective action is 
warranted, then: 


• The system must take corrective action with 120 
days or on a State approved schedule


Corrective action approaches include the 
following:


• eliminate source of contamination
• correct significant deficiency
• provide alternate source of water
• 4-log inactivation and/or removal of viruses


Elements of Corrective Action
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How Does the GWR Link To the TCR?


A TC positive from TCR monitoring is one 
pathway to begin evaluation of source 
water corrective action in the GWR


Sanitary Survey requirements under the 
GWR are more comprehensive than under 
the TCR


• Applies to all systems in the GWR
• More specific scope
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How does the GWR Address 
TCR Objectives?


OBJECTIVE PROVISIONS RULE


Evaluate the 
effectiveness of 
treatment


Treatment process monitoring (4 log)
Sanitary surveys
(Coliform monitoring*)


GWR
GWR
(TCR)


Determine the 
integrity of the 
distribution system


Sanitary surveys
(Coliform monitoring*)


GWR
(TCR)


Indicate possible 
fecal contamination


Groundwater source sampling (only if 
there is a TC+ sample from TCR)
Sanitary surveys
(TC+ sample analysis for E. coli / fecal 
coliform)


GWR


GWR
(TCR)


* For small systems, sanitary surveys can replace some TC monitoring.
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• While GWR requires corrective action for fecal contamination at 
the source, it does not require corrective action for fecal 
contamination in the distribution system


• While the TCR requires repeat monitoring and public notification 
associated with TC+, EC+, or FC+ attributed to the distribution 
system, the rule does not specify condition leading to corrective 
action.  


• The above concerns may not apply to most transient non- 
community water systems since they have limited distribution 
systems


• Optional best management practices may be implemented at the 
discretion of the state


• Unlike surface water systems, the majority of GW systems do not 
disinfect


Potential Distribution System Risks in GW 
Systems Remain
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This Meeting’s Presentations
Objectives


System compliance


Provisions


Improvement


Research Distribution System Issues
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Presentation Objectives
Update FAC on progress to date
Present the preliminary elements of a process 
to evaluate issues and prioritize research needs 
and data collection
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Background:  September Meeting FAC 
Priority Issues from Workshops/Panels


Distribution System Issue Expert Panel/Workshop
NRC EPA 


WP
EPA 
PS


EPA 
EA


AwwaRF 
PI


AwwaRF 
SIRP


Cross connection & backflow H H H H H ---


Biofilm and microbial ecology M H M H L H/M


New and repaired mains & 
breaks


H H M L H ---


Storage facility integrity H M L H M ---


Pressure transients & intrusion --- H M H H ---


Nitrification L M M M --- M
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Deteriorating Infrastructure 
The FAC requested that the TWG consider deteriorating 
infrastructure when addressing distribution system 
issues.
Addressing deteriorating infrastructure could help to 
address other distribution system issues, such as biofilm
and microbial ecology, pressure transients and intrusion, 
and storage facility integrity.
TWG is evaluating compilation and synthesis documents, 
such as


AWWA Evaluations Papers
EPA Aging Infrastructure White Paper


TWG is also investigating the EPA Sustainable Water 
Infrastructure  program
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Risk Assessment & Management 
Model


Research         Assessment        ManagementResearch         Assessment        Management


Scientific Research/
Data Collection


Scientific Research/
Data Collection


Risk Assessment


Dose-Response
• Health Effects
• Occurrence
• Exposure
• Treatment Research


Needs Hazard
Identification/


Problem 
Formulation


Exposure


Risk
Characteri-


zation


Control
Options


Key 
Considerations


Risk Management


Regulatory
Decision
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Issues and Attributes Matrix
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Issues and Attributes Matrix – 
Example of Research Needs


ATTRIBUTE


ISSUE


Health 
Effects


Detection and 
Occurrence


Exposure Treatment  / 
Prevention


Cross- 
connection & 
Backflow - 
chemical


Moderate 
- some 
information 
available 
on 
chemical 
effects


High
- lack of 
occurrence 
data, 
especially for 
specific 
contaminants


High
- lack of 
information 
on 
occurrence 
relative to 
water 
consumption


Low
- good 
information 
available on 
prevention 
options


Note:  This is a conceptual example of a finished product,
not actual findings of the TWG
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Advantages of This Approach to Compile 
Information and Inform Prioritization


Uses existing risk assessment and 
management terminology
Follows logical framework for identifying 
availability of existing information
Allows for direct evaluation of specific areas for 
data collection and research
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Challenges to This Approach
Qualitative approach based on expert opinion
Limited to identification of research and data 
collection needs 


Use of typical risk assessment framework is 
extremely difficult to do in the distribution 
system environment


Variety of contaminants in the DS
Variety of concentrations throughout the DS
Concentrations can be intermittent and fleeting
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Future Direction for the TWG


1. Should the TWG work towards 
completing the research needs matrix?


2. Are there additional categories that need 
to be added to that matrix?


3. Process for prioritization is not yet 
complete
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