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This Meeting’s Presentations

Objectives

Provisions TCR within SDWA
Context

System compliance

Improvement

Research





Presentation Objectives

Respond to request from Advisory Committee to
understand:

What aspects of the current matrix of SDWA rules
respond to the TCR rule objectives?

What are the strengths / limitations of how the current
rule elements address the rule objectives?

What potential opportunities are there for improvement
/ refinement of the rule objectives?






Specific Existing Rule Linkages

Relationships based on monitoring results

TCR TC+ triggers source water fecal indicator monitoring under
GWR for systems without 4-log virus treatment (effective 2009)

SWTR source water turbidity samples > 1 NTU in unfiltered
systems triggers requirement for additional TC samples near DS
entry

Relationships based on monitoring requirements

Under SWTR and Stagel and 2 DBPRs, different types of systems
are required to collect disinfectant residual samples at same
time/location as TCR TC samples





Total Coliform Rule Objectives

= To evaluate the effectiveness of treatment,

= To determine the integrity of the distribution
system, and

= To signal the possible presence of fecal
contamination

TCR objectives are being addressed (at least
partially) through multiple rules, and with varying
levels of effectiveness.






TWG Analysis Approach

Consider extent objectives are met by drinking water
system type:

Surface water
Ground water
 Disinfected (meets GWR treatment requirements)

* Not disinfected (does not meet GWR treatment
requirements, but some may apply residual or
Intermittent disinfectant)

— With and without multiple customer
connections

Reflects suite of rule requirements including TCR

Consider multiple barrier approach, using best
professional judgment





Description of System Categories

CWS /NTNCWS /

Characterizing Dist.

much less frequent in
NCWSs

Source | Disinfection TNC System
Surface | All systems All CWS, NTNCWS, and | Surface water systems
Water disinfect to 3-log | TNC; 83% of surface tend to serve larger
G. lamblia or systems are CWS populations and are
greater typically thought of as
having an extensive DS.
Ground | Disinfected to 4- | Currently infrequent; est. | Larger systems are
Water log virus 20% of GW systems more likely to disinfect
post-GWR (>2009) and more likely to have
a DS.
Secondary EPA estimates 49% Larger systems are
residual CWSs apply a residual; more likely to disinfect

and more likely to have
a DS.

(continues on next slide)






Description of System Categories

CWS /NTNCWS /

Characterizing Dist.

Source | Disinfection TNC System
Ground | Undisinfected Majority of PWS; roughly | Some NCWS and most
Water 80% of NCWSs CWS have multiple

connections and
resultant external

piping.

Many NCWS and a few
CWS have a single
service or serve a
limited number of
structures with limited
external piping.






Objectives Assessment Scale






Surface Water

Evaluate treatment effectiveness

Ongoing treatment efficacy monitoring (e.g., turbidity,
CT, etc.) (SWTRS)

Determine distribution system integrity
Maintenance of disinfectant residual (SWTR)

Routine monitoring for TC and monitoring of E. coli in
distribution system (TCR)





Surface Water (continued)

Signal possible fecal contamination

Ability to meet this objective governed by the previous
two objectives, however

e Disinfectant residual and TC/EC measurements
may be too infrequent to capture short-term
contamination events

Percent 3,301-

Total of All 25-500 | 501-3,300 10,000
Number of Systems 14,500 9% 5,600 4,200 2,100
Population Served 200,000,000 66% 900,000 | 6,600,000 | 12,700,000






Disinfected Ground Water

Evaluate treatment effectiveness
Ongoing treatment efficacy monitoring (GWR)

Determine distribution system integrity

Monitor for (not maintain) a disinfectant residual
(Stage 1 DBPR)

Routine monitoring for TC and monitoring of E. coli in
distribution system (TCR)





Disinfected Ground Water
(continued)

Signal possible fecal contamination

Ability to meet this objective governed by the previous
two objectives, however

« GW systems are not required to maintain a DS
residual

e Disinfectant residual and TC/EC measurements
may be too infrequent to capture short-term
contamination events

Percent 3,301-

Total of All 25-500 | 501-3,300 10,000
Number of Systems 31,300 20% 23,600 5,400 1,300
Population Served 38,900,000 13% | 3,000,000 | 7,100,000 | 7,500,000






Systems “Without” a Distribution System

No consensus definition of a “distribution system”

Many small systems have limited external piping
TNCWSs (e.g., restaurant),
NTNCWSs (e.g, school), and
CWSs (e.qg., apartment building)
To approximate the number of systems “without” a
distribution system, we:

Used the number of NCWS serving <500 persons as a
proxy for all systems without a distribution system

e Only applied proxy to undisinfected groundwater
systems, reflecting post-GWR conditions

All other systems were counted as having a distribution

sistem






Undisinfected Ground Water with
Distribution System

Evaluate treatment effectiveness

Since treatment is not required for all GW systems,
objective does not address untreated systems.

TCR and GWR identify systems that need treatment but
have limitations due to monitoring frequency and types of
fecal contamination that may not be detected.

Determine distribution system integrity
No requirement to monitor for or maintain a disinfectant
residual

Routine monitoring for TC and monitoring of E. coli Iin
distribution system (TCR)





Undisinfected Ground Water with
Distribution System (continued)

Signal possible fecal contamination

Ability to meet this objective governed by source
water quality and DS integrity, however

« TC/EC measurements may be too infrequent to capture
short-term contamination events

» Fecal indicator testing (GWR) done only after TC results
obtained; delay in results affects timeliness of source water
fecal contamination detection

Percent 3,301-

Total of All 25-500 501-3,300 10,000
Number of Systems 27,500 18% 15,600 9,800 1,500
Population Served 49,500,000 16% | 2,500,000 | 11,700,000 | 8,400,000






Undisinfected Ground Water
without Distribution System

Evaluate treatment effectiveness

Since treatment is not required for all GW systems,
objective does not address untreated systems.

TCR and GWR identify systems that need treatment
but have limitations due to monitoring frequency and
types of fecal contamination that may not be detected.

Determine distribution system integrity





Undisinfected Ground Water
without Distribution System
(continued)

Signal possible fecal contamination
Ability to meet this objective governed by the source

water quality
* In these mostly small systems TC/EC measurements too
iInfrequent to timely capture some contamination events

» Fecal indicator testing (GWR) done only after TC results
obtained; delay in results affects timeliness of source water

fecal contamination detection

Percent 3,301-
Total of All 25-500 501-3,300 10,000

Number of
Systems 83,400 53% 83,400

Population Served 8,000,000 3% | 8,000,000

0) 0)
0) 0)






Perspective on TCR Objectives

TCR objectives are being addressed (at least partially)
through multiple rules, and with varying levels of
effectiveness. A single rule requirement may address
more than one objective.

Effectiveness of addressing objectives is related to
frequency and location of monitoring under multiple
rules

The TCR relies on a microbial indicator to identify loss of
Integrity; there are instances where chemical
contaminants could enter undetected

Effectiveness of the current rule structure is in part a
result of activities taken by PWSs beyond the rule
requirements





Sanitary Survey

Source/System Type Survey Frequency

SW/GWUDI, CWS Every 3 years

SW/GWUDI, NCWS Every 5 years

GW CWS Every 3 years, first completed
by 2012

GW NCWS Every 5 years, first completed
by 2014

Sanitary surveys provide an opportunity for State
contact with PWSs, particularly small systems






Evaluate Treatment Effectiveness

TCR N Surface Water
Combination Disinfected GW
with other
Rules

Undisinfected GW
with or without DS
Q

Undisinfected GW
with or without DS

O_ther Rules Surface Water
without TCR Disinfected GW






Determine Distribution System Integrity

TCR In Disinfected GW
“omonation

with other - Undisinfected GW
Und|S|r_1fected GW without DS
with DS N S

UIES

Undisinfected GW
with DS Undisinfected GW

Disinfected GW
Other Rules

without TCR

without DS






Signal Possible Fecal Contamination
TCR i

Combination
with other

UIES Disinfected GW
Undisinfected GW

Undisinfected GW
with and without DS
Surface Water
OIUEIRRUIEEN  Disinfected GW
without TCR

A | Scale






Summary

The current TCR contains components that address
each of its stated objectives with room for improvement
particularly in identifying fecal contamination in
undisinfected GW systems

The TCR cannot be effectively evaluated in isolation -
there are important synergies with SWTR, GWR, etc.

Evolution of SDWA regulations provides an opportunity
to better integrate the rule framework to reduce
complexity while maintaining or enhancing effectiveness





Summary (continued)

Recognize that the GWR s risk-based.

The remaining undisinfected GW systems will have

higher quality sources, therefore sources will remain
untreated

Suggest expanding first TCR objective to read:
“Evaluate treatment effectiveness and/or indicate
contamination from the source”

This addition would recognize the relevance of
TCR for identifying systems that need corrective

action or treatment of the source water under the
GWR





Appendix






Transient Non-Community Systems

3,001-10,000
0%

501-3,300
3%






NTNCWS by System Size

3,001-10,000
29%

501-3,300
10%






Ownership of NCWS

E
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Source: Figure
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This Meeting’s Presentations

Objectives TCR Indicator Incidence
Associated with
Outbreaks

Provisions

TCR Indicator Incidence

System compliance in Routine / Repeat
Samples
Improvement
Research





Presentation Objectives

Summarize findings of studies investigating the
Incidence of TCR indicators prior to and during
reported outbreaks

Present data on incidence of positives in repeat
samples

Present data showing the incidence of EC
positives in samples that were TC positive

Discuss additional benefits of TCR sampling






Outbreak Study Data

Data on outbreaks are limited

Much of the indicator sampling is done during
the outbreak investigation

Difficult to obtain historical records for systems
with outbreaks in the past






TWG Summary of Findings from
Outbreak/Indicator Analysis by Craun

TC+ are generally found during the investigation
of microbial outbreaks where the etiologic agent
IS shown to be bacteria, viruses, or unknown

TC+ Incidence rates tend to be much higher
during outbreak investigations than during
normal operations

Different sampling locations/frequencies than would
be used in routine compliance monitoring

May suggest persistence of indicator when barrier is
compromised

References: Craun et al., Journal AWWA, 1997;: Nwachuku et al., Journal AWWA,
2002; Additional unpublished work by Craun, 2007





TWG Summary of Findings from
Outbreak/Indicator Analysis

TC+ samples and violations are poor indicators
of outbreak potential or direct public health
concern

In any given year, thousands of systems have TC+
samples and TCR monthly MCL violations with no
evidence of outbreak or indication of fecal
contamination

The presence of TC+ samples, in conjunction
with other site specific information, may indicate
potential contamination





TCR Monitoring Data

TC+ rates among routine, repeat, and additional
routine samples
By system size and type

Data represents 28 Primacy Agencies from
State databases

About 30% of systems and 15% of population served
Year 2005 only






Terminology

“All routine” — Includes all samples labeled as
“routine”

For all system months where at least 50% of the
required number of samples were reported

“Repeat”’ — Includes all samples labeled as
‘repeat”

For systems serving <1,001

“Regular routine” — Includes months with only 1
sample

“Additional routine” — Includes months with exactly 5
samples





TC+ Rates by CWS System Size Category
(by percent of positive samples)

e TC incidence rates in both routine and repeat samples are
higher in small systems as compared to large systems

For Systems Serving <1,001

only
Regular Additional
Sys Size | All Routines | Repeats Routines Routines
2.6% 17.6% 2.0% 5.1%
<=1,000 | 4573/179601 | 2445/13924 | 2522/128735 952/18690
1.0% 9.9%
1,001-4,100| 946/93406 280/2825
4,101- 0.5% 4.3%
33,000 834/166921 139/3261
33,301- 0.2% 2.7%
100k 127/66001 32/1184
0.2% 2.8%

>100k 134/56946 33/1158






TC+ Rates by NCWS System Size Category
(by percent of positive samples)

e TC incidence rates in both routine and repeat samples are

higher in small systems as compared to large systems
For Systems Serving <1,001

only
Regular Additional
Sys Size |All Routines| R€Peats | Routines Routines
4.8% 28.9% 3.1% 14.1%
< 1,001 |8278/172358|4492/15536| 3729/118583 2254/16030
1.8% 13.1%
1,001-4,100] 196/10730 64/489
4,101- 1.3% 5.1%
33,000 21/1580 4178
33,301-
100K N/A N/A
>100k N/A N/A






Preliminary Observations—
Percent TC+ by Type of Systems <1,001
(by percent of positive samples)

« TC incidence rates in both routine and repeat samples are higher in
NCWS as compared to CWS

« TC incidence rate much higher among repeat vs. routine samples

Sys Type All Routines Repeats Regular Additional
Routines Routines
TNCWS 5.1% 28.4% 3.5% 14.3%
6590/128148 | 3499/12302 | 3113/88979 |1718/11985
NTNCWS 3.8% 30.7% 2.1% 13.3%
1688/44210 993/3234 616/29604 | 536/4045
CWS GW 2.9% 18.2% 2.2% 5.5%
4293/147454 | 2245/12345 | 2335/112471 | 918/16770
CWS SW 0.9% 8.0% 1.2% 1.8%
280/32147 80/1005 187/16264 34/1920






Incidence of TC+:
Explanation of Calculations

Among all systems

% Systems with Positives — Mean percent of systems
that had one or more TC+ detection in 2005

Mean % Positive Samples — Mean percent of routine
samples collected in 2005 that were TC+

Among systems with positives

Mean % Positive Samples — For systems that had at
least one TC+ sample during 2005, mean percent of
routine samples collected in 2005 that were TC+






Incidence of TC+ for Systems Serving < 1,001
All Routine Samples

= For routine samples, most TC+ samples occur in a small % of

systems
Among All Systems Among Systems
with Routine
Positive Samples
System Type % Systems Mean % of Mean % of Positive
with TC+ Positive Samples
Samples
TNCWS 15 4 24
NTNCWS 13 2 18
CWS GW 18 2 11
CWS SW 12 2 15






Incidence of TC+ for Systems Serving < 1,001
All Repeat Samples

= Most TC+ repeat samples occur in a small % of systems
= CWS - SW have the lowest TC+ incidence rate among repeat samples

Among All Systems Among Systems
with Repeat
Positive Samples
System Type % Systems Mean % of Mean % of Positive
with TC+ Positive Samples
Samples
TNCWS 40 24 61
NTNCWS 46 26 57
CWS GW 35 16 46
CWS SW 19 6 33






Key Observations for Small System
Repeat Sample Analysis

82-88% of small systems had no TC+ samples in 2005
Of those systems taking repeat samples (triggered by a
positive routine sample), 54-81% of systems had no TC+
repeat samples

Among systems having TC+s, TC+ incidence rate
appears comparable between routine and repeat
sampling

TC incidence varies significantly by system type (CWS
vs. NCWS)





Key Observations Related to Additional
Routine Samples for Small Systems

TC incidence In “additional routines” iIs somewhat
greater than in “regular routines”

Among all small systems, the % systems with TC+ is
greater for repeat sampling (e.g., 35% of CWS_GW
systems) than for Additional Routines (20% of

CWS_ GW systems)

Among systems with positives, the % samples that are
TC+ Is greater for repeat sampling (e.g., 46% for
CWS_GW systems) than for Additional Routines (e.g.,
24% for CWS_GW systems)

These findings suggest that at least some of the
routine TC incidence is transient, that is, more often
confirmed by samples collected immediately (Repeats)
than by samples collected a month later (Additional

T e






Incidence of EC+ given TC+

Calculation of the incidence of EC positive
measurements in samples that were positive for
TC

Routine (regular and additional)
Repeats






EC+ Rates by System Size
(Conditional on TC+ for All System Types)

* No obvious variation in conditional probability by size or sample type

Sys Size All Repeats | For Systems Serving <1,001 only
Routines —
Regular Additional
Routines Routines
4.9% 4.5% 5.3% 4.5%
<=1,000 |553/11235 309/6901 27715229 131/2921
1,001- 3.7% 3.6%
4,100 32/877 10/281
4,101- 7.5% 2.4%
33,000 51/676 2/83
33,301- 5.8% 8.7%
100k 7/121 2/23
2.3% 6.9%
>100k 2/86 2129






Percent EC+ by Type of Systems<1,001
(Conditional on TC+)

* Given a TC+, seems to be a similar probability of EC+ across system
type and sample type
 Largest number of EC+ in routines and repeats for NCWS

Sys Type | All Routines| Repeats Regular Additional
Routines Routines

TNCWS 5.9% 5.3% 6.0% 6.5%
353/5957 200/3803 166/2755 104/1608

NTNCWS 3.0% 3.0% 4.1% 2.0%

48/1582 30/1007 22/541 10/509

CWS GW 3.8% 3.6% 4.2% 2.2%

130/3463 73/2011 74/1780 17/776

CWS SW 9.4% 7.9% 9.8% 0.0%

22/233 6/80 15/153 0/28






Conditional EC+: Contribution of Regular
Routine, Additional Routine, and Repeat
Samples

Calculated the percent of positive samples as
well as the percent of systems that had EC+
(assay vs. system basis)

Determined the additional number of months
and systems that had an EC+ based on
additional routine and repeat samples






Additional Routine Monitoring: EC+
Triggered by TC+ in Systems <1,001

« Additional routine samples identify more assays with EC+ and more
systems with EC occurrence

With Different Routines Assays Systems
All Routines 553 418
(at Least One TC Assay per Month)

Regular Routines 277 264
(One TC Assay per Month)

Routines among Months with More 276 154
than One TC Assay






Repeat Monitoring: EC+ Triggered by
TC+ for Systems <=1,000

Repeat samples identify additional assays with EC+ and
additional systems with EC occurrence

By Sample By System (those with EC+)
Regu_lar & Additional  Repeat Samples Regular & Additional Repeat Sampling

Routine Samples (309 samples) Routine Sampling (120 systems)

(553 samples) (418 systems)
553 EC+ 309 EC+ 350 &
SyStems
systems b\

59 systems





Summary Observations for EC+/TC+

« When a given sample is TC+, there seems to be a
similar probability of that sample also being EC+
regardless of system size category or sample type

« For small systems, the use of repeat and additional
routine sampling results in a substantial increase in

identification of EC+ systems above that identified by
routine sampling alone

= Greater impact on TNCWS and NTNCWS






Additional Benefits of TCR Sampling

Response to TC+ helps utilities learn more
about their systems

Collection of disinfectant residual data with TC
data enhances diagnostic value (overlap with
SYWARRY

Compliance issues help States identify systems
needing additional help






Appendices






Incidence of TC+ for Systems Serving < 1,001
Routine Samples in Months With 1 Sample

Among Systems
Among All Systems with Positives

% Jystems With | Mean % Samples
Positives Positive Mean % Positive






Incidence of TC+ for Systems Serving < 1,001
Routine Samples in Months With 5 Samples

Among Systems
Among All Systems with Positives

% ystems With | Mean % Samples
Positives Mean % Positive






Conditional Probabilities of FC +
Givena TC+

The tables for FC+ that follow are for systems <
4,100. Tables for systems < 1,000 have not
been prepared so the following tables cannot be

directly compared to the EC+ tables in the main
presentation.






(Conditional)

Preliminary Observations—
Percent FC+ by Type of System

Sys Type o A1l Ses o Syiere For Systems Serving <4,101
Routines Repeats Regular Additional
Routines Routines
TNCWS 4.44% 2.94% 4.58% 4.31%
34/765 19/343 18/393 16/371
NTNCWS 3.05% 0.00% 1.43% 4.92%
4/131 0/49 1/70 3/61
CWS GW 5.70% 8.51% 4.85% 5.60%
52/913 28/329 26/536 15/268
CWS SW 11.46% 6.25% 13.89% 42.11%
18/157 2/32 5/36 8/19

29 29






FC+ Rates by System Size Category
(Conditional for All System Types)

Sys Size All Repeats | For Systems Serving <4,101 only
Routines —
Regular Additional
Routines Routines
5.38% 6.66% 4.87% 6.12%
<=1,000 86/1598 44/661 46/944 40/654
1,001- 3.51% 0.00% 4.40% 2.67%
4. 100 6/171 0/21 4/91 2/75
4,101- 7.95% 5.26%
33,000 12/151 3/57
33,301- | 16.67% | 22.22%
(0]0]’¢ 1/6 2/9
7.50% 0.00%
>100k 3/40 0/5






Repeat Monitoring - EC+ Triggered by TC+
Tabled Counts = Numbers of Positive Assays

Key Observation:

» For small systems, Repeat Monitoring identifies many more assays with EC
occurrence than Routine Monitoring alone.

» For large systems, Repeat Monitoring identifies few additional assays with
EC occurrence.

System EC+ routine & | Additional

Size Routines | Repeats |repeatsamples | positives picked
(Regular + occurred in up by repeat
Additional) same month samples

<=1,000 553 309 79 230

1,001-4,100 32 10 5 5

4,100-33,000 62 2 1 1

33,001- 15 2 1 1

100,000

>100,000 6 2 0 2






Repeat Monitoring - EC+ Triggered by TC+

abled Counts = Numbers of Systems w. EC+
Positives

*For small systems, Repeat Monitoring identifies about 15% (61/418)
more systems with EC occurrence than Routine Monitoring alone.

*For large systems, Repeat Monitoring identifies few additional systems
with EC occurrence.

System EC+ routine & | Additional
Size Routines | Repeats |repeat samples | systems with
occurred Iin EC+ picked up
same month by repeat
samples
<=1,000 418 120 59 61
1,001-4,100 10) 7 4 3
4,100-33,000 42 2 1 1
33,001- 12 2 1 1
100,000
>100,000 5 1 0 1






Representativeness of Monitoring Data from 28 States (2005) with 50% Criterion

For All Systems Number of Systems
Pop. Served| Total [<=1,000{1,001-4,100}4,101-33,000/{33,301-100k{ >100k
Systems in DataSet| 42,959,694 [47,809( 42,674 3,510 1,493 107 25
Systems in Included
States (SDWIS) -
28 States 91,638,813 |56,657| 50,508 3,748 2,034 256 111
All Systems in 157,94
Nation (SDWIS) |301,724,175 5 139,167 10,968 6,373 1,047 22962
% among 28 States| 46.88% [84.38%|84.49% | 93.65% 73.40% 41.80% %
% in Nation 14.24% 130.27%| 30.66% | 32.00% 23.43% 10.22% [6.41%
For Systems <=1,000 GW Number of Systems
Pop. Served| Total | CWS | SW CWS | NTNCWS TNCWS
Systems in DataSet| 7,321,395 |42,674| 12,733 1,818 5,420 22703
Systems in Included
States (SDWIS) -
28 States 8,054,274 |50,508| 13,231 2,390 6,095 28787
All Systems in 139,16
Nation (SDWIS) | 21,734,285 7 30,804 4,703 18,253 85,397
% among 28 States| 90.90% |84.49%|96.24% | 76.07% 88.93% 78.87%
% in Nation 33.69%]30.66%| 41.34% 38.66% 29.69% 26.59%
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Analytical and Sampling
Methods

Vanessa Speight
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December 5, 2007





FAC Questions Addressed

What are the data quality concerns related to
methods and sampling?

« Of the positives, how many are false?

o Of the negatives, how many are false?

Method performance - what are the false
positive and false negative rates for approved
TC, FC, and EC methods?

Method prevalence - what methods are most
commonly used?

Sampling — do sampling procedures have any
effect on whether total coliform or E. coli is
detected?





Sources of Error for Samples

Measured Result = True Result = Error

N J
Y
Analytical + Laboratory + Sample
Error Error Contamination
_ _ Associated
Assomated Assoqated with faucet,
with method, with transport,
sample laboratory bottle
matrix, etc. personnel preparation,
and etc.
procedures
(not addressed in
this presentation)






Background

True State
Indicated Result Present Absent
(Measured)

Present True Positive False Positive
a b

Absent False Negative | True Negative
C d

Sensitivity = _a Specificity = _d
a+c b+d





Definitions of False Positive & False
Negative

Analytical False Positive — A non-target organism
Incorrectly identified as the target organism using the
method of interest

Example: Aeromonas is not part of the coliform group, is

ubiquitous in the environment, not related to fecal

contamination, and interferes with many coliform methods
Analytical False Negative — A target organism
Incorrectly identified as a non-target organism or not
identified at all using the method of interest





EPA Methods Approval Process

Proposed methods are divided into two categories

Alternate Test Procedures (ATPS) - Procedures which use the
same analyte but a different technique than an approved method

New Methods - Procedures which introduce new analytes and
determinative technigues or concepts, such as a change from
colorimetry to ion selective electrode methods, or a change in
WET test endpoints

Method performance is measured against existing

standard tests

The method approval program also reviews requests for
variances to sample collection, preservation, and
Incubation times requirements specified in approved
methods and the Code of Federal Regulations (CFR)





Method Performance Data

Analytical false positive and false negative rates
are defined differently in different studies

Results depend on the sample matrix, protocol, and
confirmation procedure used

Need to understand how false positive and false negative
rates were determined before they can be compared
across studies
High number of samples needed for statistical
power of false+ and false— rates

Method performance rates from these studies
should not be used to interpret false+ / false— rates
In the field since

Study conditions not always representative of field
conditions





Method Performance Data (2)

Different methods have varying specificities in organisms
recovered

Total coliform is a functional definition consisting of many different
bacterial genera/species; not a taxonomic group

* Organisms recovered may differ based on method technology

— Enzyme substrate methods typically recover a larger group of
organisms

E. coli isolation easier: only one species to isolate
» Several strains of E. coli exist
 FP/FN rates generally less for this organism
Alternative Test Protocol (ATP) compares new methods to
existing standard tests
There are no regulatory criteria for TC/FC/EC method performance

Performance goals are not linked to the expected occurrence rate
of coliforms in drinking water





Method Performance Data

Summarized data from ATP protocol (EPA Data) and two other
studies that evaluated false positive and false negative rates for
approved methods

EPA data for each method published in FR notices at time of
approval.

Fricker, C., P. Warden, D. Silvaggio, E. Gleeseman, R. Tamanaha,
J. Rust, B. Eldred. 2003. Comparison of Five Commercially
Available Methods for Detection of Coliforms and E. coli. In
Proceedings 2003 Water Quality Technology Conference.
American Water Works Association, Denver, CO. CD ROM.

Olstadt, J., J.J. Schauer, J. Standridge, S. Kluender. 2007. A
comparison of ten USEPA approved total coliform/E. coli tests. J
Water and Health. 05(2), 267-282.

Fricker, C., P. Warden, M. DeSarno, B. Eldred. 2007.
Performance Characteristics of methods approved for the detection
of coliforms in drinking water. In Proceedings 2007 Water Quality
Technology Conference. American Water Works Association,
Denver, CO. CD ROM.

False +/False - data and study conclusions in Appendix A





Observations from Method
Performance Studies

Data from the ATP shows that all coliform methods
have varying levels of false positive and false
negative results.

Olstadt (2007) and Fricker (2003 and 2007)
demonstrate that the performance of coliform
methods vary In the field.
Olstadt suggests that method performance can be
iInfluenced by water matrix effects.
Some studies have suggested that false positive
results could be due to variations in the
manufacture of the media.

Suppression of Aeromonas may be an issue under some
circumstances.





Prevalence of Analytical Methods

Based on data from 5 States (6 year review
data), enzyme substrate methods are used
nearly exclusively for E. coli assays

Standard Methods 9223B: Colilert, Colilert-18, and
Colisure
Approx 10-20% samples assayed for FC in dataset

As mentioned at September meeting, Colilert is
thought to be the most widely used method
based on anecdotal information






Coliform Sampling

Several sampling factors can affect the results of TC/E. coli
monitoring results

Sample tap design

Sampling location

Sample collection procedure

Samplers aseptic handling/collection of sample

Maintenance of the tap

Storage time and temperature between sampling and assay
Positive coliform samples due to sample collection should
not be confused with analytical false positives

Common Misperception — A positive routine sample
followed by repeat samples that are negative is sometimes
referred to as a “false positive”





Overall Conclusions about Error due to
Analytical Methods and Sampling

Analytical methods for TC/EC introduce some error
around the actual result
Progression of knowledge in methods since 1989 presents an
opportunity to set performance criteria for coliform methods
Other sources of error can come from sample collection,
sampling taps, interferences, etc.

Based on these data (and other method studies and
sampling case studies), TCR indicator results require
some additional follow up (repeat sampling, site
evaluation, etc.) before a compliance decision should be
made





Appendix

Summary of method performance
studies






ATP Protocol & Changes

Method performance data is generated by EPA during the
method approval process

Coliform methods have been approved under different
versions of the ATP protocol
3 different versions of ATP protocol in existence
e pre-1995, 1995, and 2004 versions

False positive and false negative values generated using
different versions of the protocol are not directly
comparable






False +/False - Rates for Total Coliform

from ATP

Protocol

Type of Method Method Approved False+%o False-%

Enzyme substrate | Colilert FR 6-10-92 20.21 1091
Colilert-18 Letter 9-10-96 | Not given? | Not given?
Colisure FR 12-5-94 3.5 0
Readycult FR 3-7-02 7 5.1
E*Colite FR 12-1-99 16.0 3.7
Colitag FR 2-13-04 53 03

Membrane filter MI medium FR 12-1-99 4.9 8.8
m-ColiBlue24 | FR 12-1-99 26.8 1.6
Coliscan Letter 8-10-00 | Notgiven | 0.7

1 Federal Register, VVol. 56, No. 188, Friday September 27, 1991, page 49153, Proposed Rules
2 Oct. 1994 Method Description; Colilert-18 Performance Data Summary by David E. Townsend
and Andy J. Croteau Oct. 3, 1994,
3 From 8/15/2001 FAX coversheet from Chris Woodruff of CPI to Khouane Ditthavong of EPA
referencing a September 15, 1998 letter from Robert Bordner of EPA to James B. Knight of CPI
which gives the false positive and negative rates for total coliforms and E. coli using data that
were acceptable to EPA.






False +/False - Rates for E. coli from ATP
Protocol

Type of Method Method Approved False+ % | False- %

Enzyme substrate | Colilert FR 6-10-92 081 9.21
Colilert-18 Letter 9-10-96 | Not given? | Not given?
Colisure 12-5-94 4.3 2.4
Readycult FR 3-7-02 5 6.86
E*Colite FR12-1-99 7.2 9.2
Colitag FR2-13-04 17.83 03

Membrane filter MI medium FR 12-1-99 4.3 4.3
m-ColiBlue24 | FR 12-1-99 2.5 0
Coliscan Letter 8-10-00 | 3.8 <1

1 Federal Register, VVol. 56, No. 188, Friday September 27, 1991, page 49153, Proposed Rules

2 Oct. 1994 Method Description; Colilert-18 Performance Data Summary by David E. Townsend
and Andy J. Croteau Oct. 3, 1994,

3 From 8/15/2001 FAX coversheet from Chris Woodruff of CPI to Khouane Ditthavong of EPA
referencing a September 15, 1998 letter from Robert Bordner of EPA to James B. Knight of CPI
which gives the false positive and negative rates for total coliforms and E. coli using data that
were acceptable to EPA.





Fricker et al. (2003)
Comparison of Five Methods for Detection of

Coliforms and E. coli

Study performed in two parts

Examined the specificity of methods, particularly with
regard to Aeromonas spp.

« Surface water samples from sources known to
have relatively low coliform counts

Investigated method sensitivity for E. coli
« Surface water known to usually contain <10 E.
coli/200mL
Confirmation of positives using MacConkey
agar and enzyme tests

Coliforms = colonies with typical coliform morphology
that were oxidase negative

E. coli = organisms that produced indole from
tryptophan





Results from Fricker et al. 2003

Phase 1, Coliform results Phase 2, E. coli results
Incubation i Pres. | Confirm | Confirm # Pres. | Confirm [ Confirm
Medium (hr) Samples TC TC Rate Samples | TC TC Rate
Colilert-18 18 186 106 105 99.0 400 208 208 100.0
22 186 107 106 99.0 400 214 214 100.0
Colilert 24 186 109 103 94.5 400 195 195 100.0
28 186 111 105 94.6 400 207 207 100.0
Colisure 24 186 110 101 91.8 400 197 197 100.0
48 186 116 105 90.5 400 204 204 100.0
ReadyCult 18 -- -- -- -- 400 158 158 100.0
24 186 116 103 90.8 400 186 186 100.0
29 186 123 104 87.6 400 218 215 98.6
Colitag 22 186 149 78 52.3 400 = = =
26 186 159 81 50.9 400 == == =

Not tested denoted with “—”’






Conclusions from Fricker et al. 2003

Authors concluded that:

Three defined substrate methods are all similar
with respect to recovery of TC and EC

Readycult (29hr) Is sensitive but loses specificity

e Up to 12% positive reactions due to non-
coliform organisms

Colitag appears to have higher false positive and
false negative rates than other approved methods

Various methods have range of false positive
and false negative rates





Olstadt et al. (2007)
A comparison of ten USEPA approved total
coliform / E. coli tests

Used three geographically and chemically diverse ground
waters in Wisconsin

Tested performance of approved methods for their ability
to recover the target organisms (total coliforms and E. coli)
and suppress Aeromonas

Study is well defined with respect to test organisms (E.
coli, various strains of Klebsiella, Enterobacter,
Citrobacter, Serratia and Aeromonas), concentrations
used, spiking methods, water quality characteristics of the
samples, and sample processing.

Study is limited by the low number of sample types tested
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Conclusions from Olstadt et al. (2007)

Differences observed between approved methods both in
ability to detect TC and EC and in their ability to suppress
false positive results from non-coliform organisms

Performance differences attributable to sample matrix

Study tested three geographically, geologically and chemically
diverse ground waters

Some methods unable to detect certain coliform species from all
matrices examined

* pH and alkalinity — buffer capacity
« Background bacteria
Differences between products and their ability to
suppress Aeromonas spp.
Between sites and between strains.





Fricker et al. 2007 — Performance
characteristics of methods approved for the
detection of coliforms in drinking water

Preliminary results for AwwaRF #4024 reported
at WQTC in November 2007

Initial investigations focused on the sensitivity
and specificity of various methods

Used both “seeded” (with Bioballs) and naturally
contaminated samples






Preliminary Results from Fricker et al.

2007

Method

Number
colonies/wells
examined

Number
colonies/wells
confirmed

Number which
did not
confirm

Confirmation
rate (per cent)

1 coliforms

183

154

29

84.2

2 E.coli

87

80

92.0

3 E.coli

124

95

76.6

4 coliforms

63

58

92.1

5] coliforms

61

59

96.7

5 E.coli

98

95

96.9

6 coliforms

49

41

83.7

6 E.coli

1

1

100

7 coliforms

30

30

100

7 E.coli

49

37

75.5

8 coliforms

1

1

100

8 E.coli

2

1

50

9 coliforms

98

91

92.6

9 E.coli

63

55

87.3

10 coliforms

79

79

100

11 coliforms

77

67

87.0

11 E.coli

39

36

— - (W]
U)DDDQ"\I—LDMDDCDNMLH@‘*J

92.3

From 2007 WQTC Proceedings






Preliminary Conclusions from Fricker
et al. 2007

Authors’ conclusions:

Considerable differences seen between the
various approved methods

« Some approved methods are significantly
less sensitive and specific than others

Experiments are ongoing
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Improvement

Research





Presentation Objectives

Questions regarding compliance:
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 M/R compliance information?

Results from data analysis are summarized in the main
presentation to address each of these questions

Detailed results are included in Appendices

Monitoring and reporting violations can not be analyzed
separately because they were not documented separately





Background about M&R Violations

Monitoring and Reporting violations inform
completeness of MCL violation data

Different categories of M&R violations track
different components of the rule (e.g. routine,
repeat samples)

M&R violations require Tier Il public notification






Information Collection Process

SyStemS: Monitoring States:
el Compliance

Determination

0

' Data
| . . .
r Verification

Monitoring

Information
of Violation

\4

Federal:

National Database
Using 2005 Data only (SDW|S)






Definitions

Major Routine MR Violation

Failure to report or take any of the required routine
samples in a compliance period

Minor Routine MR Violation

Failure to report or take some of the required routine
samples in a compliance period

Major Repeat MR Violations

Failure to report or take any of the follow up repeat
monitoring after a TC-positive sample

Minor Repeat MR Violations

Failure to report or take some of the follow up repeat
monitoring after a TC-positive sample





Summary of M&R Violations for All
System Types and Sizes

Monitoring & |Number of Systems|Number of Systems
Reporting With at Least One | With More Than
Violation Types Violation One Violation*
Major Routine 16,450 (11%) 4,940 (3%)
Major Repeat 1,628 (1%) 103 (0.1%)
Minor Routine 1,962 (1%) 239 (0.2%)
Minor Repeat 540 (0.4%) 26 (0.02%)

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

* Most have two violations in a year





Major Routine M/R Violation by System Type

Systems with More Than One
Violation
Systems Mean Number
System |Systems with| with One | Number of Violations Per
Type No Violation | Violation | Systems System
46,268 2,544 1,026
CWS (93%) (5%) (2%) 3.6
16,286 1,227 360
NTNCWS (91%) (7%) (2%) 2.8
71532 7,739 3,554
TNCWS (86%) (9%) (4%) 2.8
133,086 11,510 4,940
All (89%) (8%) (3%) 3

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





What types of systems are having problems

with compliance?

Major Routine Violation by System Type; at least one
violation in 2005:

11,293 (14%) of TNCWS

1,587 (9%) of NTNCWS

3,570 (7%) of CWS

Major Routine Violation rates vary among systems sizes
12% (15,936) of systems<1,001
4% (419) of systems @ 1,001-4,100
1% (14) of systems >33,001

Other M&R Violations:

Major and Minor Repeat violation rates varied little between
system types and sizes

Minor Routine violations are more common in systems taking
more samples





Differences 1n violation rates between
states?

MR violation rates differ by more than 10 fold across
States for both Major Routine and Repeat
By system types and size (<1000 vs >1000)

See Appendix 3 for State specific data






Insights into M&R Violations from
Data Verification Process

Data Verification compares State databases to
SDWIS and identifies violations that should have
been reported

Shows that SDWIS data is about 50% complete for
M&R violations

|dentifies categories of reasons for missing SDWIS
violations:

All samples were taken on the same day rather than
different days within a month (required for systems taking
>5 samples)

Delayed report
Other practices different from TCR requirements

Could explain some of the variation in State M&R
violation rates





Appendices for M&R Presentation

System Inventory Information in 2005
By System category

. Year Trend of M/R Violations
By System category

M/R Violations by States

Detailed Results from Analysis of M&R Violations
. Analysis of Data from Data Verification; Potential
Influences of M&R Violations on MCL Violations

aaw NP





Major Repeat M/R Violation by System Type

Systems with Multiple Violations

Mean Number

Systems with | Systems with Number of Violations Per
System Type | No Violation | One Violation Systems System

49,385 416 37

CWS (99.09) (0.83%) (0.07%) 2.1
17,769 94 10

NTNCWS (99.42%) (0.53%) (0.06%) 2.4
82,027 742 56

TNCWS (99.04%) (0.90%) (0.07%) 2.2
148,181 1,252 103

All (99.09%) (0.84%) (0.07%) 2.2

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






Major M/R Violations by CWS System Size

Routine Repeat
% of Systems | # of Systems | % of Systems

# of Systems Having at Having at Having at

Having at Least| Least One Least One Least One

System Size | One Violation Violation Violation Violation
<=1,000 3,184 9.44% 368 1.09%
1,001-4,100 299 3.35% 35 0.39%
4,100-33,000 73 1.25% 40 0.68%
33,001-100,000 11 1.14% 4 0.41%
>100,000 3 0.81% 6 1.62%

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

Those sistems with unknown source water tiie are not included.






Major M/R Violations by NCWS System Size

Routine Repeat
% of Systems | # of Systems | % of Systems

# of Systems Having at Having at Having at

Having at Least| Least One Least One Least One

System Size | One Violation Violation Violation Violation
<=1,000 12,752 12.87% 896 0.90%
1,001-4,100 120 8.25% 5 0.34%
4,100-33,000 8 5.03% 1 0.63%
33,001-100,000 0 0.00% 0 0.00%
>100,000 0 0.00% 0 0.00%

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

Those sistems with unknown source water tiie are not included.






Major M/R Violations by “Conventional” CWS
System Size Category

Routine Repeat
% of Systems | # of Systems | % of Systems

# of Systems Having at Having at Having at

Having at Least| Least One Least One Least One

System Size | One Violation Violation Violation Violation
<=500 2,846 10.08% 334 1.18%
501-3,300 617 4.64% 59 0.44%
3,301-10,000 64 1.42% 25 0.56%
10,001-100,000 40 1.17% 29 0.85%
>100,000 3 0.81% 6 1.62%

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

Those sistems with unknown source water tiie are not included.





Major M/R Violations by “Conventional”
NCWS System Size Category

Routine

Repeat

% of Systems

# of Systems

% of Systems

# of Systems Having at Having at Having at

Having at Least| Least One Least One Least One

System Size | One Violation Violation Violation Violation
<=500 12,387 12.98% 869 0.91%
501-3,300 481 9.53% 32 0.63%
3,301-10,000 10 5.08% 1 0.51%
10,001-100,000 2 5.13% 0 0.00%
>100,000 0 0.00% 0 0.00%

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

Those sistems with unknown source water tiie are not included.






Major M/R Violations by System

Type among Systems <1001

Routine Repeat
# of Systems # of Systems | % of Systems

Having at % of Systems Having at Having at

System Least One Having at Least Least One Least One

Type Violation One Violation Violation Violation
CWS 3,184 9.44% 368 1.09%
NTNCWS 1,536 9.02% 103 0.60%
TNCWS 11,216 13.67% 793 0.97%
All 15,936 12.00% 1,264 0.95%

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






Minor Routine M/R Violation by System Type

Systems with More Than One

Violations
Systems Mean Number
System |Systems with| with One | Number of Violations Per
Type No Violation | Violation | Systems System
48,712 978 148
CWS (97.74%) (1.96%) (0.30%) 2.5
17,726 125 22
NTNCWS | (99.18%) (0.70%) (0.12%) 2.6
82,136 620 69
TNCWS (99.17%) (0.75%) (0.08%) 2.3
147,574 1,723 239
Il (98.69%) (1.15%) (0.16%) 2.5

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






Minor Repeat M/R Violation by System Type

Systems with Multiple Violations

Mean Number

Systems with | Systems with Number of Violations Per
System Type | No Violation | One Violation Systems System

49,627 200 11

CWS (99.58%) (0.40%) (0.02%) 2.1
17,841 AY) 3

NTNCWS (99.82%) (0.16%) (0.02%) 2.0
82,528 285 12

TNCWS (99.64%) (0.34%) (0.01%) 2.1
148,996 514 26

All (99.64%) (0.34%) (0.02%) 2.1

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






Minor M/R Violations by CWS System

Size

Routine Repeat
% of Systems | # of Systems | % of Systems

# of Systems Having at Having at Having at

Having at Least| Least One Least One Least One

System Size | One Violation Violation Violation Violation
<=1,000 623 1.85% 149 0.44%
1,001-4,100 326 3.66% 23 0.26%
4,100-33,000 155 2.65% 29 0.50%
33,001-100,000 15 1.55% 4 0.41%
>100,000 / 1.89% 6 1.62%

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

Those sistems with unknown source water tiie are not included.






Minor M/R Violations by NCWS and
NTNCWS System Size

Routine Repeat
% of Systems | # of Systems | % of Systems

# of Systems Having at Having at Having at

Having at Least| Least One Least One Least One

System Size | One Violation Violation Violation Violation
<=1,000 763 0.77/% 320 0.32%
1,001-4,100 65 4.47% 8 0.55%
4,100-33,000 38 5.03% 1 0.63%
33,001-100,000 o) 0.00% 0 0.00%
>100,000 0) 0.00% 0) 0.00%

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

Those sistems with unknown source water tiie are not included.






Minor M/R Violations by “Conventional
CWS System Size Category

Routine Repeat
% of Systems | # of Systems | % of Systems

# of Systems Having at Having at Having at

Having at Least| Least One Least One Least One

System Size | One Violation Violation Violation Violation
<=500 524 1.86% 133 0.47%
501-3,300 390 2.93% 36 0.27%
3,301-10,000 127 2.82% 18 0.40%
10,001-100,000 /8 2.28% 18 0.53%
>100,000 / 1.89% 6 1.62%

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

Those sistems with unknown source water tiie are not included.





Minor M/R Violations by “Conventional”
NCWS System Size Category

Routine Repeat
% of Systems | # of Systems | % of Systems

# of Systems Having at Having at Having at

Having at Least| Least One Least One Least One

System Size | One Violation Violation Violation Violation
<=500 (27 0.76% 301 0.32%
501-3,300 99 1.96% 26 0.52%
3,301-10,000 10 5.08% 2 1.02%
10,001-100,000 2 5.13% 0) 0.00%
>100,000 0) 0.00% 0) 0.00%

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

Those sistems with unknown source water tiie are not included.





Minor M/R Violations by System

Type among Systems <1001

Routine Repeat
# of Systems # of Systems | % of Systems

Having at % of Systems Having at Having at

System Least One Having at Least Least One Least One
Type Violation One Violation Violation Violation
CWS 623 1.85% 149 0.44%
NTNCWS 113 0.66% 28 0.16%
TNCWS 650 0.79% 292 0.36%
All 1,386 1.04% 469 0.35%

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

Those sistems with unknown source water tiie are not included.






Major M/R Violation Rates by System

Slize
Routines Repeats
% of Systems | # of Systems | % of Systems

# of Systems Having at Having at Having at

Having at Least| Least One Least One Least One

System Size | One Violation Violation Violation Violation
<=1,000 15,936 12.00% 1,264 0.95%
1,001-4,100 419 4.04% 40 0.39%
4,100-33,000 81 1.35% 41 0.68%
33,001-100,000 11 1.12% 4 0.41%
>100,000 3 0.80% 1.60%






Data Verification Process

Compliance
Monitoring

Records In States

Determined &
Reported by DV Teams

by States Determined &
Reported

Violation Data Violation Data
In SDWIS In DV Reports
Differences define

quality of the data in SDWIS
(Completeness & Accuracy)





Data Verification of SDWIS Completeness
and Accuracy Overview (For TWG only)

Completeness (%C)= ID’d violations FED / all violations 1D’d by DV
= (v-mf)/v

Accuracy (%A) = correct records / all records = ok/(ok+ef+ov)

v: V should be in FED (v=0k+ef+mf)
e: Errors (e=ef+mf+ov)

ok: State=Fed

ef: Errorsin FED

mf: Missing from FED

ov. Over-reported





Data Quality by System Size

MCL M/R
System Size |%Complete| %Accurate | %Complete | %Accurate
78.50% 93.03% 97.5% 90.92%
<=1,000 314/400 307/330 1053/1832 1031/1134
85.11% 97.56% 46.8% 81.63%
1,001-4,100 40/47 40/41 87/186 80/98
83.72% 89.74% 23.8% 93.18%
4,100-33,000 36/43 35/39 41/172 41/44
66.67% 100.00% 30.4% 66.67%
33,001-100,000 2/3 2/2 7/23 6/9
100.00% 100.00% 40.0% 55.56%
>100,000 3/3 3/3 6/15 5/9

Draft for TWG Meeting December 4, 2007

Do not quote, cite, or distribute






Potential Influence of M/R Data on MCL
Violation Rates

Next three slides explore this issue for small
systems (serving < 1001).

Using nonacute MCL violation as an example

Similar kind of calculations could be applied to
other sizes and different types of systems and for
other types of violation






What If Calculations

Adjusted the data to include:

Cases where samples were not distributed throughout
the month (samples all collected early in the month)

Cases where a report of results was delayed or had
minor errors.






Basic Information for Small Systems

Per SDWIS:

5,690 small systems (4.28% of systems serving <
1001) had at least one nonacute MCL violations In
2005.

16,000 (12% of these systems) had major routine
M/R violations in 2005

But, per DV audits:

The SDWIS MCL violations are 79% complete and
93% accurate.

The SDWIS M/R violations are 62% complete and
91% accurate.






What If...

...the missing monitoring data showed the
same rate of MCL violations as the
existing data?

Adjusting for SDWIS completeness (but not for
missing monitoring data), the number of
nonacute MCL violations would be
5,690*0.93/0.79 = 6,698

The % of small systems with nonacute MCL

violations would only have increased from
4.28% to 5.04%.





What if ...

...each of these Major Routine M/R violations
represents an nonacute MCL violation?

Adjusting for SDWIS completeness and accuracy, the
number of Major Routine M/R violations would be
16,000*0.91/0.62 = 23,500

If each of these Major Routine M/R violations represents an
nonacute MCL violation, then the number of nonacute MCL
violations would increase from 5,690 to 29190
(23,500+5,690), which is about 21.96% of small systems






Potential Influenice of M/R Data on
MCL Violation Rates

4.28% nonacute violation rate (having at
least one violation in 2005) reported In
SDWIS for systems<1,001

The percentage could be
5.00%, considering completeness and accuracy of
MCL violation data in SDWIS

21.96%, considering major routine monitoring and
reporting violations (assuming MR violation leads to
an additional nonacute violation)

e A factor of about 5 is estimated





What else can we learn from the compliance

Information?
Potential Influence of M/R Data on MCL Violation
Rates

For All Systems

Systems w at Least One Violation
MCL SDWIS Data | Adjustment | Adjustment with
Violation | (Without Any | only with DV |DV Data and M/R
Types | Adjustment) Data Violation Data
Nonacute |6,447 (4.31%)| 6,850 (4.58%) | 32,235 (21.6%)

Acute | 598 (0.40%) | 635 (0.42%) | 2,990 (2.0%)

Note: Based on the data in 2005. State of Ohio, Tribes, and Territories are not included
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This Meeting’s Presentations

Objectives

Provisions

System compliance TC+ Response

Improvement

Research





Presentation Objectives

Describe the actions taken by states and utilities in
response to TC+ samples, FC+/EC+ positive samples
and MCL violations

Include both responses required by regulation and
those chosen by utilities and states on their own

Provide an indication of how often various actions are
taken and why states and utilities chose these
particular actions

Provide the background information for the Advisory
Committee to evaluate whether any of the current
voluntary actions could be effective tools to improve
Implementation or increase public health protection in
a revised TCR
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States and Utilities Often Take
Additional Follow-up Actions to
Respond to Coliform Positive Samples

Series of slides that follow show some of the
State actions in response to different events
Routine TC+ / EC-
Routine TC+ / EC+
Nonacute MCL Violation






Routine TC+ / EC-

Respond on case by case basis

Response varies based on compliance history
of public water system

Examples of actions
Increase residual

Require additional samples
Boil Water Advisory (BWA)






Routine TC+ / EC+

Higher level of initial concern
Respond on case by case basis

Response varies based on compliance history
of public water system
Examples of actions

Increase residual

Require additional samples
Boil Water Advisory (BWA) more likely

States more likely to be directly notified by lab of
results





Nonacute MCL Violations

Respond on case by case basis

Response varies based on compliance history
of public water system

Examples of actions
Increase Routine samples required

Investigation by PWS report to State
Site visit by State staff






Acute MCL Violations

Continue with previous responses
Boil Water Advisory






States and Utilities Often Take
Additional Follow-up Actions to
Respond to Coliform Positive Samples

Series of slides that follow show some of the
Utility actions in response to different events
Routine TC+ / EC-
Routine TC+ / EC+
Nonacute MCL Violation
Acute MCL Violation






Routine TC+ / EC-

Review sample collection
Sampler, Sample site

Evaluate other water quality parameters
Chlorine residual, pH, Alkalinity

Conduct additional TC sampling
Initiate flushing
Verify disinfection status






Routine TC+ / EC+

Review sample collection
Sampler, Sample site

Evaluate other water quality parameters
Chlorine residual, pH, Alkalinity

Conduct additional TC sampling
Initiate flushing

Verify disinfection status

Notify affected customers
Contact State primacy agency





Nonacute MCL Violations

Customize Public Notification
Continue previous response






Acute MCL Violations

Continue with previous responses
Voluntary Boil Water Advisory






Case Studies of Individual Water

System EXxperiences

Another TWG subgroup is analyzing data from
an AwwaRF case study project

The details from the response actions in these
case studies may provide additional insight into
the use of various response tools by water
systems.

Some basic information on the tools that were
used by the case study systems is presented
here.

Additional material on the effectiveness of the
tools may be presented later to support the
Advisory Committee’s discussion of options.





Characteristics of Case Study
Systems

The case studies covered 8 large water systems
Population range 80,000 — 2.2 million

Many were addressing long term water quality
problems and not isolated coliform incidents






In-Depth Questions used by Utilities to
Investigate Coliform Occurrences

Issues to be Description
Investigated

Detection Method Did the utility detect or confirm coliform positives because
of a change or improvement in detection method?

Disinfectant Did disinfectant residual concentration correspond to
coliform positives?

Speciation Did the utility apply speciation to better identify the cause
of the coliform problems?

Monitoring / Analysis Did the utility conduct additional monitoring and analysis?

Pipe Coupons Did the utility analyze pipe coupons to identify
presence/variability or coliform speciation?

Nutrients Did the utility use AOC/BDOC levels to help identify the

coliform problem and cause?

Corrosion rates Did the utility measure corrosion rates to investigate a
coliform occurrence?






Mitigation Strategies Used by Utilities in the
Case Studies

Mitigation Strategies Description

Alter Disinfection Alter the disinfection — disinfectant type, residual
level, install booster chlorination, or adjust
disinfection process or location.

Treatment Changes Change source water treatment processes.

Water Quality Monitoring Implement changes to water quality monitoring
and management.

O&M Practices Change or implement new O&M practices.

Source Monitoring Establish additional source water monitoring.

Corrosion Make adjustments or treatment changes to

reduce corrosion in the distribution system.






Appendices






Even for Required Actions, State

and System Responses are not
Always Uniform

All states will require Repeat samples to be taken.
At least 5 states have staff collect Repeat samples.

States can (and do) allow more than 24 hours to collect
the Repeats depending on circumstances.

For various reasons, not all systems will collect the full
number of Repeat samples.






Variations In State and System
Response (continued)

Most states take advantage of the ability to cease
continued Repeat sample collection once the MCL has
been exceeded (if there have been no E. coli positives).

States and utilities may not decide to exercise the
options for positive sample invalidation unless the
numbers are high enough to cause an MCL violation.

Similarly, the work necessary to establish data to support
the waiver provision may be more burdensome than
accepting the violation and doing public notice.






Routine TC+ / EC-

State Response

Implementation
Characterization

Rationale

Boil Water Required by 3 of 36 states Use of the BWA in cases
Advisory (BWA) | surveyed. Required by at least | where only total coliform is
one state if repeats are not present may be dependent
collected and used as a tool by | on the coliform history of the
specific regional offices in water system or other known
another state. problems such as low
pressure or main breaks.
Require Required by 1 of 36 states States may increase the level
additional surveyed. of routine monitoring to help
coliform define the scope of a
monitoring problem.

Require source
monitoring

Required by 1 of 36 states
surveyed — will be GWR
requirement.

Used by states even before
the GWR to try to identify the
source of contamination.






Routine TC+ / EC- (Continued)

State Response

Implementation
Characterization

Rationale

Require increased
disinfectant residual
or other disinfection
action

Required by 6 of 36
states surveyed.

To established required
disinfectant levels or
provide increased residual
above routine levels to
increase the level of
protection against
microbial contamination.

Require “corrective
action”

(details determined
case by case)

Required by 3 of 36
states surveyed.

Determined by the
suspected cause of the
problem and appropriate
response.






Routine TC+ / EC- (Continued)

State Response Implementation Rationale
Characterization

Specific state response | Required by 4 of 36 | Determined by the

action which may states surveyed. suspected cause of the
include sanitary survey problem and appropriate
or other site visits, response.

treatment evaluation,
assigning points to a
state enforcement
prioritization, etc.

Require reporting by While not a response to a
laboratory of TC+ specific TC+, some states
sample results directly use this to get earlier
to the state notification and allow

faster response.






Routine TC+ / EC+

State Response

Implementation
Characterization

Rationale

Boil Water Advisory
(BWA)

Required by at least
one state until
repeats are
collected and by at
least one other if
repeats are not
collected.

Due to the length of time until
repeat samples can be
collected to confirm a
problem, a BWA may be
requested during the interim
period to insure public health
protection. In cases where
no repeats are collected the
state cannot verify that a
problem does not exist so a
BWA is requested, again to
Insure public health
protection.






Nonacute MCL Violation

State Response Implementation Rationale
Characterization

Boil Water Advisory | Required by 8 of 14 | Used under special

(BWA) states surveyed. circumstances like a history
of non-acute MCLs or TC+
samples.

Require Implementation Determined by the suspected

implementation of | varies — less likely cause of the problems and
“corrective action” | for a single violation, | appropriate response to

such as installation | more likely when reedy existing problem and
of disinfection or there is a history of | prevent future problems.
other treatment, MCL violations or

improved O&M, fix | TC+ samples.
sanitary defect






Nonacute MCL Violation (Cont’d)

State Response Implementation Rationale
Characterization

Require increased | Implementation State may feel that increased
routine TC varies — less likely monitoring will provide the
monitoring for a single violation, | utility with additional

more likely when information about the status

there is a history of | of their system and help
MCL violations or detect future problems
TC+ samples. sooner.

Require Implementation Investigation is necessary to
investigation by the | varies — less likely | identify the source of a
water system and | for a single violation, | problem or determine the
report to the state more likely when appropriate response action.
of findings there is a history of
MCL violations or
TC+ samples.






Nonacute MCL Violation (Cont’d)

State Response Implementation Rationale
Characterization

Site visit or other Implementation A thorough review of the
iInvestigation by varies — less likely system may be necessary to
state staff for a single violation, | identify the source of a

more likely when problem or determine the

there is a history of | appropriate response action.
MCL violations or The utility may need state
TC+ samples. assistance to perform this
Investigative work.

Referral of system | Implementation Resources may prevent the
to third party TA varies. state from conducting this
provider for activity or they feel the utility
assistance may respond better to third

party assistance.






Acute MCL Violation

State Response Implementation Rationale
Characterization
Boil Water Advisory | Required by 14 of This would only be waived
14 states surveyed | when the state is confident
under nearly all the cause has been
circumstances. eliminated.
Drinking water Partly dependent on | State and local health
agency notifies organization of state | departments need to be
state and/or local drinking water iInvolved in determining
health department | program and appropriate steps to protect
whether it is already | public health.
in the health
agency.






Routine TC+ / EC-

Utility Response Implementation Rationale
Characterization

Laboratory notifies With an in-house
operator or other laboratory, initiation of
system official of an SOP is not delayed

positive sample which | by obtaining
triggers standardized | notification from

response commercial or state

laboratory.
Collect 3 or 4 Repeat | Regulatory Multi sample collection
Samples and if a small | Requirement in building to determine
system, collect 5 if local issue (cross
samples the next connection).
month






Routine TC+ / EC- (Cont’d)

Utility Response Implementation Rationale
Characterization

Interview sample Notice any problems with the
collector to determine tap, was the water warm for a
possible causes of long time before collecting
sampling problem samples. Assists in

determining if localized issue.
Review sample history If site has had multiple TCs
at the sample site for over the past 1-2 years could
any anomalies/red lead to a small sporadic issue
flags (HVAC backflow, cross

connection). Review of other
water quality parameters at
site may also help identify
local issue.






Routine TC+ / EC- (Cont’d)

Utility Response

Implementation
Characterization

Rationale

Evaluate other water quality
parameters such as
chlorine residual, pH,
turbidity, alkalinity,
temperature, HPC, NO3,
NO2, NH4, conductance

Practice more likely in larger
systems with better laboratory
capabilities.

Can be collected
after a positive,
routinely or when
chlorine is low or
HPC is high. Used
to assist in tracking
potential source of
issue.

Conduct site investigation to
determine potential
contamination cause/source
which may also include
cross connection
investigations/backflow
device testing, shared
hydrants, firefighting

Quiality of the investigation,
the validity of the results, and
therefore the effectiveness of
the remedial actions is very
dependent on the skills of the
operator. Small systems may
rely on states or third parties
like Rural Water.






Routine TC+ / EC- (Cont’d)

Utility Response Implementation Rationale
Characterization

Different, more Only practical in water Samplers may get
highly trained, systems large enough to | careless over time.
sample collectors have more than one Other samples may
collect repeat employee. notice something
samples different about local

sample site. Having a
cross connection

Conduct additional Practice more likely in

monitoring larger systems with
better laboratory
capabilities.






Routine TC+ / EC- (Cont’d)

Utility Response

Implementation
Characterization

Rationale

Review water system
conditions at time of
original sample
collection like pressure,
treatment plant
operation, construction
in the DS, etc

Smaller systems may not
have any records beyond
the memory of the operator
who might not even be on
site full time.

Pressure changes, flow
change, construction etc,
may cause scale to break
off in the main (especially
cast iron) which may
cause a temporary
release of biofilm (HPC,
total coliform). One time
event.

Review source and
source water treatment
— can utility identify
origin of distribution
water (source well)

GWR will require some of
this activity.

Sources could have
changed. May be able to
identify if it is an issue
with a single source. Is
treatment working?






Routine TC+ / EC- (Cont’d)

Utility Response

Implementation
Characterization

Rationale

Specialized response
may occur if the
sample location is at or
near a storage tank.
Response may include
special tank monitoring,
taking the tank out of
service, tank
inspection, tank
cleaning, etc.

Response may involve
outside contractors
which adds to the cost
and delays the
response.

TC+ could be from tank due to
infiltration (below ground
tanks), poor circulation due to
design or summer
temperature/density
stagnation.

Initiate flushing of the
DS in the area around
the original sample site

Especially for dead end areas.
If a temporary biofilm/scale
release occurs, poor quality
water needs an exit from
distribution system; otherwise
it may linger for weeks.






Routine TC+ / EC- (Cont’d)

Utility Response

Implementation
Characterization

Rationale

Increase level of DS
disinfectant and/or
increase disinfection

treatment process

of the source or in the

May apply even if
system does not already
disinfect. States will
usually not approve
increased disinfection
before Repeat samples
are collected.

May be used for far end of
distribution due to reduce
temporary high biofilm activity
or low chlorine residuals. In
GW systems, water levels may
fluctuate and pull from further
aquifers that may have poor
WQ. Also used to reduce
biofilm development at the well
pump (slime/iron bacteria).

Provide report to the
state on findings of
investigations

Not all water systems
are comfortable sharing
information with the
state that is not required
by the regulations

System keeps state informed
to maintain good working
relationship and avoid last
minute surprises.






Routine TC+ / EC- (Cont’d)

Utility Response

Implementation
Characterization

Rationale

Change the sample
site or install a
dedicated sampling
tap when unsanitary
conditions at the
sample site are
determined to be a
cause

All states do not fully
support dedicated
sample taps and smaller
systems may not be
able to afford the
additional cost.

Service connection may
contain a cross connection.
This is done when system
does not have control of site
and site is not representative
of mains.

Include information on
TC+ samples in
Consumer
Confidence Report

Report the highest
monthly count or % of
TC+ samples. This s in
addition to the CCR
notice if a MCL violation
results.






Repeat TC+ / EC-

Utility Response Implementation Rationale
Characterization

Most responses already Most likely that there is a
initiated by TC+ Routine temporary or sporadic issue.
sample — special situations Large systems will normally
listed below increase surveillance.

Collect additional 3 or 4 Regulatory
Repeat Samples Requirement

Issue a Health Advisory Required by at
that may or may not least one state
include a boil water
requirement

Inform state if system Reporting is

expects to exceed monthly | inconsistent,

TCR MCL especially for small
systems.

N0
Q0





Routine or Repeat TC+ / EC+

Utility Response Implementation Rationale
Characterization

Conduct responses as Most likely that there is a
outlined for TC+, EC- temporary or sporadic issue.
samples Large systems will normally

increase surveillance.

Contact state drinking
water agency and local
health agency (if

available)
Notify affected Notification is made to protect
customers health of the public. Utilities may

also want to be able to limit the
area covered by a BWA.






Routine or Repeat TC+ / EC+
(Cont’d)

Utility Response Implementation Rationale
Characterization

Include information on In addition to TC+

EC+ samples in information, report

Consumer Confidence | the total number of

Report EC+ samples.

The specific items listed Just because a violation has
here, are direct been determined and formal
responses to violations. responses taken, there is still a
However, systems may need to identify the cause of the
be initiating additional problem and provide a solution.

responses from the
tools already listed for
coliform positive
samples.






Nonacute MCL Violation

Utility Response

Implementation
Characterization

Rationale

Prepare and deliver
boil advisory
notification as
directed by state or
mandated by internal
SOPs

Only a few systems will
implement without state
direction. Advisory may be
system wide (small systems)
or apply to only a portion of
the DS (large systems if state
allows).






Acute MCL Violation

Utility Response

Implementation
Characterization

Rationale

Prepare and deliver
boil advisory
notification

Advisory may be system
wide (small systems) or
apply to only a portion of the
DS (large systems if state
allows).






Response Actions Required by
Federal Rule for MCL Violations

Require Public Notification
Tier 1 for acute violation
Tier 2 for non-acute violation

Information in the Consumer Confidence Report
Is also required for violations and coliform
positive samples






Public Notification and Reporting
Requirements

Monthly MCL violation

Non Acute - Notify public per Public Notification Rule: Tier 2
Public Notification (within 30 days of learning of a violation)

Acute - Notify public per Public Notification Rule: Tier 1 Public
Notification (within 24 hours)
Systems with routine or repeat samples that are fecal
coliform or E.coli positive (regardless of violation
determination) must notify State by the end of the day
they are notified of the result

Monitoring violations must be reported to the State within
10 days after the system discovers the violation

Current PN language included in Appendix





Rationale for Public Notification
and Reporting Requirements

Non-acute (monthly) MCL violation
Alerts consumer of potential contamination to system
Non-acute violation does not require immediate notification since no
immediate evidence of fecal contamination
Acute MCL violation requires short term notification since
fecal contamination indicates that pathogens posing acute
risk may be present

If routine or repeat samples are fecal coliform or E.coli positive,
system notifies State by end of the day notified of FC+/EC+ result to
allow for appropriate State action

Monitoring violations generally seen as less significant, so
more time to report





Required Language for a Non-acute
MCL (total coliform only)

“Coliforms are bacteria that are
naturally present in the environment
and are used as an indicator that other,
potentially harmful, bacteria may be
present. Coliforms were found in more
samples than allowed and this was a
warning of potential problems.”





Required Language for an Acute
MCL (total coliform plus E.
coli/fecal)

*“Fecal coliforms and E. coli are bacteria whose
presence indicates that the water may be
contaminated with human or animal wastes.
Microbes in these wastes can cause short-term
effects, such as diarrhea, cramps, nausea,
headaches, or other symptoms. They may pose
a special health risk for infants, young children,
some of the elderly, and people with severely
compromised immune systems.”





Repeat Sampling Requirements

Within 24 hours of learning of a total coliform-positive
ROUTINE sample result, at least 3 REPEAT samples

must be collected and analyzed for every total coliform
positive sample:

1) One REPEAT sample must be collected from the
same tap as the original sample.

2) One REPEAT sample must be collected within five
service connections upstream.

3) One REPEAT sample must be collected within five
service connections downstream.

Systems that collect only 1 ROUTINE sample per month
(NCWS with population < 1,000) or fewer must collect a
4th REPEAT sample at an additional location.





Repeat Sampling Requirements

If a sample site upstream or downstream does not
exist, the State can waive the requirement for that
location but not for the number of samples that need to
be collected.

If a system has only 1 service connection, that system
can take the 4 repeat samples over 4 days (1 per day)
rather than all on the same day.

However, EPA prefers all repeat samples to be
collected on the same day at either the same tap in
succession or at taps at opposite ends of the facility
where the NCWS has only one service connection.





If any Repeat Sample 1s TC+:

1) The system must analyze that total coliform-
positive culture for fecal coliforms or E.coli.

2) The system must collect another set of REPEAT
samples, as before, and until a complete set of
repeat samples is negative, unless the MCL has
been violated and the system has notified the
State.






Invalidation of Positives

EPA believed that if any repeat sample is total
coliform-positive at the same tap as the original
total coliform-positive sample, but all repeat
samples at nearby service connections are total
coliform-negative, this is a strong indication of a
domestic or other non-distribution system
plumbing problem.

Therefore, in this case, the final rule allows the
State to invalidate the original TC+ sample. This
provision is used, but not frequently.

In addition, invalidation is also possible due to
documented laboratory error.





Waiver of Total Coliform MCL
Violation

The nonacute MCL may not apply if the system
can demonstrate to the state that the violation of
the MCL is due to persistent total coliform
growth in the distribution system rather than
fecal contamination, a lapse in treatment or
O&M problem in the distribution system.

Used infrequently.






Additional Routine Monitoring
Requirements (Small Systems)

For small systems collecting less than 5
samples per month, the Rule requires collection
of a minimum of 5 Routine samples the month

following a TC+ sample.
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