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Total Coliform Rule

The provisions of the Total Coliform Rule provide the basic mechanism through

which all public water systems determine the microbial quality of their water.

It is one of the most important rules promulgated as part of the SDWA because it
targets commonly occurring microbial contaminants that may cause acute health

effects.
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Presentation Topics

History and Development of the TCR

Overview of Rule Requirements
— Sample Siting Plan Workshop

Analytical Methods (video)
Public Notification for the TCR

SDWIS Reporting

Specia Primacy Requirements

This presentation on the Total Coliform Rule addresses the history and
development of the TCR and provides a detailed overview of therule's
requirements. It also touches on related PN requirements, SDWIS reporting
and Special Primacy Requirements mandated for adoption of the rule by State

primacy agencies.

This training session was developed in conjunction with a session titled,
“Regulating Microbial Contaminants’.
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History—Natienal Interim Primary.

Drinking Water Regulations

* NIPDWR - Total Coliforms (1975-1990)

— Total Coliforms As One of Two Microbiological
Indicators

— Two ColiformMCLs: Single Sample and Monthly
Average
* Number of Coliforms Detected in the Sample

* Number Varied by Analytical Method Used (Membrane Filter or
Multiple-tube Fermentation)

— Two Consecutive Daily Check Samples For a+ Result

When the NIPDWRs were promulgated in 1975 (following passage of the SDWA
in 1974), the provisions were based on 1962 Public Health Service Regulations.
For the period from 1975 to 1990, total coliform bacteria were considered to

be one of two microbial indicators of water quality — turbidity being the second
indicator. Analytical methods used to detect coliforms in drinking water were
based on the organism’s ability to ferment the sugar lactose under prescribed
conditions of incubation time and temperature.

TCR monitoring requirements were relatively simple, with two corsecutive daily
check samples required for each total coliform-positive sample. If neither of the
check samples were positive, the system incurred no violation and additional
activity was not required.

The total coliform provisions remained essentially unchanged until the Total
Coliform Rule became effective in 1990.
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|ndicator Organisms

* Must Survive In All Types of Water (Surface and
Ground)

» Should Not Replicate In Water

» Should Be Present When Pathogens Are Present
» Should Be More Hardy Than Pathogens
 Should Be Absent In Pathogen-Free Water

» Detection Should Be Easy And Affordable

Tota Coliform Bacteria are used as indicator organisms.  An indicator organism

is one that does not typically cause disease but is a good indicator that
disease-causing organisms may also be present.

Criteria preferred for an indicator organism are listed. They describe an
organism that responds to environmental conditions in a manner similar to the
pathogens they represent. The use of indicator organisms is preferred to analyses
for individual pathogens because of the large number of discrete test methods that
would be required to determine if specific pathogens are present.

Total coliforms meet severa of these criteria. However, they are imperfect indictors
for the following reasons:

*Total coliform bacteria are adequate indicators of other bacteria and of viruses,

but are much less resistant to disinfection practices than the protozoans Giardia

and Cryptosporidium.

*Some species included in the total coliform group are environmertal bacteria

and their presence does not necessarily mean water was contaminated with sewage
or fecal material so they may be present in pathogen-free water.
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History—NIPDWR (cont.)

» \Waterborne Disease Outbreaks

— Inadequate Treatment

— Coliform And/Or Turbidity Standards Not Met

— Often Both Current Standards Were Being Met

» Heterotrophic Bacteria Not Addressed

— Interfere With the M easurement of Coliforms

While the NIPDWRs were in effect, waterborne disease outbreaks occurred in public water systems.
Many of these outbreaks were caused by the protozoan Giardia, which is more resistant to disinfection
than aretotal coliform bacteria. Giardia could therefore be present and viable in finished water with no
total coliformbacteria present.

Turbidity standardsin place at the time were not adequate to ensure high-quality raw water received
filtration treatment adequate for the control of thisorganism. For example, turbidity standardsfor a
conventional filtration plant required a monthly average of 1 NTU in the finished water and at no time
could the finished water turbidity exceed 5 NTU. Turbidity standards have since been lowered by the
1998 IESWTR and 2002 LT1IESWTR. The new LT1IESWTR limitswill apply January 14, 2005.

The NIPDWRs did not address Heterotrophic Bacteria (also referred to asheterotrophic plate count or
HPC). These bacteriarequire complex organic compounds of nitrogen and carbon for growth. They are
typically harmless organisms, but can substantially interfere with the analytical methods for total
coliforms. Intereference means HPC can overwhelm any total coliforms present in awater sample and
cause afalse-negative test result.

Interferencein total coliform test methods occurs because:

*Growth media used for total coliforms contains complex carbon and nitrogen;
*HPC organisms can multiply in warm water samples of high organic content; and
*HPC organisms can multiply rapidly in total coliform growth media.

When the NIPDWRswere in place, if interference was detected a replacement sample was required.
Systems could collect replacement samples repeatedly with no violations incurred even though the
coliformanalysis was unknown. 5
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History—1986 Amendments to SDWA

* Proposed Rule: November 3, 1987

— All Public Water Systems Collect at Least 5 Samples/Month

* If 60 Samples Are Collected And 95% Are TC-, Then Thereis a 95%
Confidence Level Water With Coliformsis < 10%.

* Fina Rule: June 29, 1989 [40 CFR Parts 141 and 142]

— Drinking Water; National Primary Drinking Water Regulations;
Total Coliforms (Including Fecal Coliformsand E. Coli); Final Rule

* Same Date as Publication of the Final SWTR

A significant detail of the proposed Total Coliform Rule was the requirement for all public
water systems (including community and non-community systems) to collect a minimum of
5 water samples for coliform analysis each month. Systems serving 300 or fewer persons
could reduce to 1/month, and systems serving 301-500 persons could reduce to 3/month if
the system filters and disinfects surface water or disinfects ground water and has a sanitary
survey.

The minimum number of samples was based on a statistical analysis which indicates that if
60 samples are collected and 95 percent are negative for coliforms, then there is a 95 percent
confidence level that the fraction of water with coliforms present is less than 10 percent.
(Pipes, 1983). The proposed minimum sampling frequencies were asignificant increase in
monitoring requirements for small systems.

The final rule was passed on the same date as the Surface Water Treatment Rule. The intent
at that time was for the SWTR to address the treatment of surface water sources, the
upcoming ground water rule would address disinfection of ground water sources and the
total coliform rule would apply to all systems and provide information on their distribution

system integrity.
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Total Coliforms—Traditional Definition

» Aerobic and Facultatively
Anaerobic

* GramNegative
» Non-Sporeforming
* Rod-Shaped

¢ Ferment Lactose With Gas
and Acid Production

— Within 48+/- 4 Hours at 35
+/- 05 C.

Traditionally, the total coliform group has been defined as described on this dlide.
These criteria have been in use since the 1920's.

The metallic green sheen on the membrane filter plate is characteristic of coliform
growth, although this slide does not show distinct colonies because of the high
concentration of coliforms present. The green sheen is caused by a byproduct of
lactose fermentation reacting with a chemica added to the growth media.

The test tubes contain growth media (Lauryl Tryptose Broth - LTB) with inverted
glasstubes. Asthetotal coliforms ferment lactose they produce carbon dioxide.
The gasis trapped in the inverted tube and provides a visible bubble. The change
in color from yellow to pink is the indicator of acid production
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Fecal Coliform Bacteria—Traditional

Definition

o Tota Coliform Bacteria
That;

— Ferment Lactose at an
Elevated Temperature
When Using Standard (FC) Media

e 44.5+/- 0.2 C (Body Temperature)
 Short-Lived but Fecal Indicator

 E. Coli IsaFeca Coliform

Traditionaly, fecal coliforms are defined as described. They are incubated at a
constant 44.5 degrees C to mimic the body temperature of warmblooded animals.
Thisisintended to eliminate all but those organisms coming from sewage or a
fecal source. Fecal coliforms are a sub-group of total coliforms. E. coli is afecal
coliform

A total coliform-positive water sample may be tested to seeif fecal coliforms are
also present by transferring some of the total-coliform positive culture to EC broth.
The liquid is incubated at the elevated temperature and observed for the
production of gas. If gasis produced, the sample is fecal coliform positive. The
fecal-coliform organism may be E. coli, Klebsiella or another type of bacteria.
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New Approach: Enzyme - Based Methods

» Lactose Fermentation
Determined, In Part, By The
Presence of B- galactosidase.

e Tota Coliform’sB-
galactosidase Metabolizes
ONPG or CNPG -- color
reaction.

» E. coli’s B-glucuronidase
MetabolizesMUG — UV
Fluorescence.

Because the test tube and membrane filter methods require confirmation steps
which may require up to 5 days for a positive test result, the water industry sought
more rapid alternative test methods.

Enzyme-based indicators were developed which enabled test results to be obtained
within 24-48 hours. These tests rely on the presence of specific enzymes to cause
the color reactions. The enzymes play arole in lactose fermentation.

While these methods reduced the time required for analytical results, they also
provide a positive result for total coliforms from awider variety of organisms.
Some bacteria which were unable to create gas or acid from their lactose
fermentation could cause the color reaction with the pertinent enzyme.
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Escherichia coli

e Hundreds of Strains
Known

e Most Strains Are Harmless
and Live in the Intestines
of Healthy Humans and
Animals

e Strain O157:H7

— Produces a Powerful Toxin

— Causes Bloody Diarrheaand
Occasionally Leads to Kidney
Failure

E. coli is promoted by some as a better indictor of sewage or fecal contamination
than are tota or fecal coliforms. E. coli is known to be commonly found in the
intestines of warm blooded animals and is not a general environmental bacteria.
Most strains are harmless.

E. coli 0157:H7 has been identified as the cause of several waterborne disease

outbreaks in recent years. It is especially significant in that it has killed people
who became infected through drinking contaminated water.

10
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E. colil 0157:H7

» Sources of Outbreaks

— Undercooked Beef, Dairy Products, Raw Vegetables,
Drinking Water

e Symptoms
— Occur in 1-9 Days (3 Average); Recover in ~ 8 Days

— Watery Diarrhea With Abdominal Pain/ Bloody
Diarrheg; Little or No Fever

— Some Develop Haemolytic Uremic Syndrome (HUS)
 Kidney Failure May Occur, Some Cases are Fatal

E. coli 0157:H7 isastrain of Escherichia coli and, like other E. coli, inhabits the intestines of
warm blooded animals. Contamination of meat products likely occurs during slaughter or meat
processing, and excretion of the bacteria can contaminate raw vegetables and sources of drinking
water.

In September, 1999, one of the largest waterborne outbreaks occurred in New York State with

over 1,000 people affected, > 60 hospitalized and 2 deaths (a 3- year-old girl and a 79-year old man).
The source was identified as water contaminated by cattle manure which seeped into a
non-chlorinated well at a County Fair following heavy rains. The well is 20-feet deep and 83 feet
from the edge of a barn where cows on exhibit are housed.

In May 2000, a waterborne outbreak sickened 2,300 and killed 6 in Walkerton, Ontario. Heavy

rainfall that washed cattle manure into a shallow well is believed to be the source of E. coli
0157:H7 and Campylobacter.

11
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E. coli 0157:H7 - Analytical Methods

Detected Using Typical Total Coliform Methods
Does Not Grow Well at 44.5 Degrees C

— Feca Coliform Incubation Temperature
Does Not Cause A Positive Reaction With MUG
— Does Not Cause UV Fluorescence

Can Be Identified Using Specific Methods
Followed by Serotyping.

According to a September, 1999, Journal AWWA Article (Vol 91, No 9: Pgs
101-109), E. coli 0157:7 is detected using typical total coliform media. However,
it does not grow well at the temperature used for fecal coliform analysis (44.5 C),
and does not cause a positive reaction (fluorescence) with UV light using MUG.

The point here being none of the available test methods are ideal and public water
systems must rely on sanitary surveys, routine inspections and daily perseverance
to prevent contamination of their water systems since reliance on indicator
organisms is imperfect.

12
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NPDWR for Total Coliforms (Including

Fecal Coliformsand E. Coll)

* Fina Rule: June 29, 1989

» Corrections and Technica Amendments; Final
Rule: June 19, 1990

o Effective Date December 31, 1990

» Analytical Techniques; Coliform Bacteria
January 8, 1991 (ONPG-MUG)

» Partial Stay of Certain Provisions of Fina Rule:
January 15, 1991 (Variance Criteria)

This dlide shows the various Federal Register notices which have had fairly
significant changes to the original Total Coliform Rule of 1989.

The variance criteria addressed the concerns of some States and water systems
that the new rule could be violated by the growth of total coliform organismsin
the distribution system, which did not create a public health threat or indicate
treatment failure or a sewage or fecal contamination incident at the source.

13



Total Coliform Rule Speaker Notes February 15, 2002

Part 141 -- Natienal Primary Drinking

\Water Regulations

e 1412 Definitions

e 1414  Variances and Exemptions

e 14121 Coliform Sampling

e 14131 Reporting Requirements

* 141.32 Public Natification Requirements

e 14152 MCLG for Microbiological Contaminants
* 14163 MCL for Microbiological Contaminants

These sections of the 40 CFR are related to the Total Coliform Rule and are
provided as reference. The presentation does not follow this organizational outline.

14
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141.2 Definitions

o “Confluent Growth”

» “Domestic or Other Non-Distribution System
Plumbing Problem”

* “Near the First Service Connection”
* “System With a Single Service Connection”

e “Too Numerousto Count”

“Confluent Growth”: means a continuous bacterial growth covering the entire
filtration area of a membrane filter, or a portion thereof, in which bacterial colonies
are not discrete.

“Domestic or other non-distribution system plumbing problem”: means a
coliformcontamination problem in a public water system with more than one
service connection that is limited to the specific service connection from which the
coliform-positive sample was taken.

“Near thefirst service connection”: means at one of the 20 percent of al service
connections in the entire system that are nearest the water supply treatment facility

as measured by water transport time within the distribution system.

“ System with a single service connection” : means a system which supplies drinking water
to consumers viaasingle service line.

“Too numerousto count”: means that the total number of bacterial colonies exceeds 200
on a47-mm diameter membrane filter used for coliform detection.

15
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Maximum Contaminant Level Goal and

Maximum Contaminant Level

e 14152 MCLG for Tota Coliforms (including Feca
Coliforms and Escherichia coli) is zero

* 141.63(a) Maximum Contaminant Level Based on
Presence/Absence of Total Coliformsin Sample

* Violations of the MCL (3)
— Monthly MCL Violation
— Monitoring and Reporting Violation
— Acute MCL Violation

There are three violation categories for the Total Coliform Rule. They will
be discussed in more detail in later dides.

16
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141.63(a) MCLs for Total Coliforms:

Non-Acute (Monthly) MCL Violation

Number Samples | System isin Compliance
Analyzed/Month with the MCL if...

No More Than 5.0 Percent
At Least 40 May Be Total Coliform-
Positive

No More Than /Month May

Fewer Than 40 Be Total Coliform-Positive

Both Routine and Repeat Samples Count Toward the Total

For determining compliance with the Monthly MCL, a calendar month is used.

If routine samples are collected at the end of one calendar month and any related
repeat samples are collected in the following calendar month, compliance with
the Monthly MCL is still based on results obtained in each of the two separate
months. Therefore, sample collection is recommended well before the end of the
month.

Calculating Monthly MCL compliance is based on 5.0 percent of the samples to
clarify rounding issues. For example, a system collecting 75 samples per month
has 4 total-coliform positive samples. 4/75 = 5.3%, which would be aviolation.

Even though a monthly MCL violation is incurred, the system must proceed with
all repeat samples to determine whether the system has any Acute MCL violations.
An Acute MCL violation may also be incurred and is calculated based on sample
results, regardless of the month(s) in which the sample was collected.

17
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141.21(e) Fecal Coliforms/

Escherichia coli Testing

* Any Routine or Repeat TC+ Sample
Must Be Anayzed for Feca
Coliformsor E. cali

e |f Fecal Coliforms Are Present,
State Must Be Notified

» May Forego Feca Coliform/E. coli
Testing If Assume FC or E. cali +

Routine and repeat sample cultures which are total coliform positive must be also
tested for the presence of fecal coliforms or E. coli. Thisinformation isused in
determining compliance with the Acute MCL.

If asample result isfecal coliform or E. coli positive, the system must notify the

State as follows:

. By the end of the day the system is notified, or

. By the end of the next business day if the State office is closed
when the system is notified of the result.

18
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141.63(b) MCLsfor Toetal Coliforms:

Acute MCL Violation

» Fecd Coaliform (or E. coli) Postive Repeat Sample

* Any Tota Coliform Positive Repeat Sample
Following a Feca (or E. coli) Positive Routine
Sample

The language of the Total Coliform Rule specifies only two situations where an

Acute MCL violation is incurred.

1. A Routine Total Coliform Sample Is Positive; the fecal coliform or E. coli test
of that sample is positive, and one or more of the three or fou repeat samplesiis total

coliform-positive.
2. A Routine Total Coliform Sample Is Positive; the fecal coliform or E. coli test

of that sample is negative, and one or more of the repeat samplesistota

coliform-positive and is also fecal coliform or E. coli — positive.

19
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Example Acute MCL Violation

February 15, 2002

Total Coliform | Fecal Coliform
Routine + =
Repeat + +

Total Caliform | Fecal Coliform
Routine + +
Repeat + -

These two scenarios are the only ones specified in the current Total Coliform Rule

as constituting an Acute Violation of the MCL for Total Coliforms. This boils down
to the requirement that in a set of routine and related- repeat samples, both the
routine and at |east one repeat sample must be total coliform-positive and one of
the two must also have either fecal coliforms or E. coli detected.

If al three of a system’s Routine Samples are fecal coliform-positive, but none of

the repeat samples are total coliform positive (and therefore not fecal coliform

positive either) the system incurs a Monthly MCL violation but not an Acute

MCL violation.

20
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141.63(c) MCLs for Microbiolegical

Contaminants

* Monthly MCL Compliance Is Determined for Each
Month in Which the PWS is Required to Monitor
for Total Coliforms.

— Calendar Month — Not a 30-Day Period.

* Acute MCL Compliance is Determined by Sample
Results of Routine and Repeat Samples.

— May Span More Than One Month.

21
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141.63(d) BAT for Microbiological

Contaminants

» The Best Technology, Treatment Techniques or
Other Means Available for Achieving Compliance
Include:

— Protection of Wells from Contamination by Appropriate Placement
and Construction

— Maintenance of a Disinfectant Residual throughout the Distribution
System

— Proper Maintenance of the Distribution System

— Filtration and/or Disinfection of Surface Water or Disinfection of
Ground Water

— Wellhead Protection Programs

The final rule lists the items noted as Best Available Technologies for
compliance with the TCR.

22
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141.4 Variances and Exemptions

* No Exemptions Allowed from the MCL for Total
Coliforms (141.4(a))

— Economics Prevent Installation of BAT

» Variances May Be Appropriate (Partial Say,
1/15/91)

— MCL Not Met Despite Application of BAT or Treatment
Technique

» Neither may Increase Risk to Public Health

An Exemption is not allowed for the MCL for Total Coliforms. Exemptions are
allowed for some contaminants when a disadvantaged system is unable to comply
with an MCL or treatment technique or to develop an aternative source of supply.
A compliance schedule and public hearings are required, and there cannot be any
unreasonable risk to public health caused by operating under the exemption.

A Variance is allowed for the TCR under certain conditions. A variance means
that because of the raw water quality a system cannot meet an MCL despite using
BAT, treatment techniques or other means (taking costs into consideration).
There also cannot be an unreasonable risk to health.

23
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147.4(b) Stay of Total Coliform MCL

\/ariance

» Systems Must Demonstrate the Violation of the
Total Coliform MCL isDue To:

— Persistent Growth of Total Coliforms in the Distribution
System

* And Not Due To:
— Fecal or Pathogenic Contamination,

— A Treatment Lapse or Deficiency, or

— A Problem in the Operation or Maintenance of the
Distribution System

Persistent Bacterial Regrowth Variance Guidance Criteria:

In the Past 30 Days...

*The system was free of FC or EC based on at |east daily sampling;

eLessthan 1 coliform/100 ml influent water in at least 95% of samples taken daily;

»Source water treatment meets turbidity requirements;

-Continuous disinfection residual of 0.2 ppmis maintained;

-No waterborne disease outbreak history in present system configuration;

- System maintains bi-weekly contact with the State and L ocal health officials to assess illness
possibly attributable to microbia occurrence in water;

*No EC+ compliance samplein last 6 months, unless State convinced it was not an influent water
contamination event;

*Sanitary survey within past 12 months;

«State-accepted X -connection control program and system performs an audit of its effectiveness;
«System submits a biofilm control plan;

*Weekly HPC at least at 10% of number of routine coliform samplesites; and,

*Daily monitoring and maintenance of disinfection residual (at least 95% of sites and HPC count of
lessthan 500 colonies/ml at sites without disinfectant residual).

February 15, 2002
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Part 141.21 Coliform Sampling

(@ Routine Monitoring

(b) Repeat Monitoring

(c) Invalidation of Total Coliform Samples
(d) Sanitary Surveys

() Feca Coliform/E. coli Testing

(f) Anaytical Methodology

(g) Responseto Violations

The titles of the sections pertaining to sampling for the TCR.

25
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141.21(a) Routine Monitoring

(1) Sample Siting Plans
(20 CWS Monitoring Frequency

(3) Non-Community Water System Monitoring
Frequency

(4) Sampling Intervals Throughout the Month
(5) Unfiltered Surface Water if >1 NTU
(6) Specia Purpose Samples

Within the section on Routine Monitoring, several specific requirements are described.

26
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147.21(a)(1) Routine Monitoring:

Sample Sting Plans

» Each PWS Must Sample According to a Written
Sample Siting Plan

» Plans Are Subject to State Review and Revision

o States Review Process Must Ensure the Adequacy
of the Plan for Each System

o Goal: Identify Sites Representative of Water
Throughout the Distribution System

States must indicate in their Special Primacy Provisions for adoption of the TCR
the method by which they will determine whether system sample siting plans are
acceptable. The submission must include provision for periodic reviews. Itis
acceptable for the system to develop and use the plan, place it in its records, and
have the State review the plan during sanitary surveys.

The sample siting plan should be designed to use sites representative of conditions
within the distribution system. The proposed rule specified the number of sites
used over the course of ayear should be at least 3-times the number of monthly
samples required. Although this provision was not incorporated into the final rule,
its intent was to ensure sites are continuously moved around to represent all

water, not just that used in high-population or high water-use areas. This proposal
was based on a study which showed differences in the frequency of coliform
occurrence could be substantial among the different sections of asingle
distribution system.

February 15, 2002
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Sample Sting Plan

I N N
I' Booster Station

Elevated Storage

Given a system of this size, use the example diagram to indicate where samples
might be collected and the issues that should be considered whendeveloping a plan.
- Dead Ends

- Sources

- Tanks

- Known areas of deteriorating water mains

- variable pressure areas

- efc...

A workshop to have participants develop a plan is provided later in the session.

28
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141.21(a)(2) CWS Routine Monitoring

Ereguency

Population Samples/Month

25-1,000

1,001 - 2,500

2,500 - 3,300
3,301 - 4,100
4,101 - 4,900
4,901 - 5,800

>3,960,000 480

Note there are atotal of 34 population categories.
The population served by a system is determined by the State, athough there is
federal guidance available on how it could be determined. This guidance is found

in Section 66A of the January 2000 “Water Supply Guidance Manual”.

www. epa. govisaf ewater/wsg'wsg 66a.pdf

29
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141.21(a)(2) CWS Routine Monitoring

Ereguency

 CWS Sarving £ 1,000, State May Reduce to No
Less Than 1 Sample/Quarter

— No History of Coliform Contamination

— Sanitary Survey Within Past 5 Y ears Shows:

» Supplied Solely by Protected Ground Water Source(s), and

» Free of Sanitary Defects

Routine monitoring frequencies may be reduced to no less that one sample per
guarter at State discretion.

States must document these decisions and several criteria must be met by the
system.

The system may not have had a history of coliform contamination of treated
water, and must have had a sanitary survey within the previous 5 years which
showed the source is a protected ground water source (as described in special
Primacy Provisions) and the system is free of sanitary defects.

30
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141.21(a)(3) NCWS Routine Monitoring

Ereguency

* NCWS Using Ground Water Serving 1,000 or
Fewer People
— 1 Sample Per Calendar Quarter
» When Providing Water to the Public
— State May Reduce If

e Sanitary Survey Within Past 5 Y ears Shows:
— Supplied Solely by Protected Ground Water Source
— Free of Sanitary Defects

» No Fewer Than 1 Sample Per Y ear

Prior to this rule some States did not have NCWS monitoring for coliforms at
all and some were less than one sample per year.

31
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141.21(a)(3) NCWS Routine Monitoring

Freguency(cont.)

* NCWS Using Ground Water Serving More Than
1,000 People During Any Month

— Same Frequency As Like-Sized Community Systems
— State May Reduce If

» For Any Month the System Serves 1,000 or Fewer
e Not Less Than 1 Sample/Y ear

» Population Served Is Defined by the State

This provision was intended to capture seasonal systems serving significant
populations on a periodic basis such as ski areas and campgrounds. During
off-season months, the State may reduce the sample frequency for ground
water systems to account for the decrease in population served.

32
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141.21(a)(3) NCWS Routine Monitoring

Freguency(cont.)

« NCWS Surface Water or
GWUDI Systems

— Same Frequency AsLike-Sized
Community Systems
Regardless of Population
Served

— Monitoring at this Frequency
Must Begin 6 Months After
GWUDI Determination

Because of the acute health threats inherent to using a surface water source, the
TCR requires these systems to monitor the same as a community water system.

33
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141.21(a)(4) Sample Collection I ntervals

* Routine Samples are Collected at Regular Time
Intervals Throughout the Month

 If Ground Water (Not GWUDI) and Serves 4,900
Persons or Fewer (5 or Fewer Samples/Month)
May Take All Samples on One Day if Taken From
Different Sites

In an effort to provide a more accurate picture of the quality of water throughout
amonth, water samples must be collected at regular time intervals (such as 2 per
week for the first 4 weeks of a month).

Smaller systems are allowed to sample al on one day to accommodate their
reduced staff availability and resources.

All systems must sample according to their written sample siting plan — whether
community or norrcommunity systems.
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147.21(a)(5) Surface Water or GWUDI

Meeting Filtration Avoidance Criteria

* Analyze One Coliform
Sample Each Day the Source
Water is Greater Than 1 NTU s

e Sampleis Collected Near the
First Service Connection
within 24 Hours of the First
Exceedance

» Sample Results Must be Used la :
in Determining Compliance
with MCL for Total Coliforms

This provision only applies to surface water systems or GWUDI systems meeting
filtration avoidance criteria

The photo is of adistribution system sample tap. They are used for routine
sample locations, not just for this application at unfiltered suface supplies. Many
systems prefer to use them as they remove any in-home plumbing or treatment
system affects on the quality of the water.
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141.21(a)(6) Special Purpose Samples

* Example: Those Taken
to Determine Whether
Disinfection Practices
Are Sufficient Following

¢ Reaults Shall Not Be
Used to Determine MCL
Compliance

Water systems may submit samples for coliform analysis that would not be
included in Monthly or Acute MCL violation calculations. These are special
purpose samples and are limited to those collected from water which is not
reaching customers.

Examples are samples taken from new or repaired water mains to check the
quality of the water before the water in the main is served to the public, or source
water samplesif the water is treated after the point at which the special sample
is collected.
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141.21 () Repeat Monitoring

(1) Time Frame and Number of Repeat Samples

(2) Repeat Sample Collection Location

(3) Collect All Samples on the Same Day

(4) Additional Repeats

(5) Additional Routine Samples the Following Month

(6) Use of Routine Samples as Repeat Samples

(7) Routine and Repeat Samples Count Toward Compliance

This dide outlines the provisions addressing Repeat Samples.
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147.21(b)(1) Repeat Monitoring:

Time Frame and No. of Repeat Samples

 If aRoutine Sample Is TC+ Then:

— PWS Must Collect a Set of Repeat Samples Within 24
Hours of Being Notified of the TC+ Resullt

— State May Extend the 24-Hour Limit, Case-by-Case, If
There Are Logistical Problems in Collecting Repesats

» Waiver Criteria Determined in Special Primacy Provisions
» Example: If Cannot Be Analyzed Within 30 Hours

— A System Which Collects > 1 Routine Sample/Month Must
Collect No Fewer Than 3 Repeat Samples for Each TC+
Sample (1 Sample/Month Collects 4 Repeats).

The number of repeat samples required attempts to bring the system to the

minimum of 60 samples collected in ayear (five per month for 12 months) per the
statistical analysis described under the proposed TCR.

Systems are encouraged to collect Routine Samples early in the calendar month to
allow repeat or replacement sample collection within the same month. Laboratory
workloads should be considered to avoid over- and under- scheduling sample
analyses.

Systems may need to have a set of repeat sample containers on hand to enable
compliance with the 24-hour time limit for repeat sample collection.

Notification of systems of the results of their routine sample analysis may be by
telephone, internet or through the mail. The time lag between obtaining the results
and notification of the system may therefore range from a few hours for a phone
call to several days before the mail is received and opened.
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141.21(b)(2) Repeat Monitoring:

Repeat Sample Collection Location

» At Least One From Same Tap As Original Sample

e Others Within 5 Service Connections of the
Original Sample

— One Upstream

po

— One Downstream
— If 4 Required, Then 1 From an “Other” Location

— State Waiver of Location If 1-Away From
Dead-End

Repeat sample locations are specified in the rule and the repeat sample locations
should be specified on the sample siting plan.
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| mplementation Issues. Repeat Sampling

 Chlorination of the Source and
Distribution System Prior to
Collecting Routine Samples

» Disinfection Prior to Collecting
Repeat Samples

 Failure to Consider/Inspect
Condition of the Source or
Tank

Rea World implementation issues faced by regulators include the following:

*Systems with typically satisfactory sample results may view a unsatisfactory
result as due to sample collection error. System operators should be trained to
conclude that any positive sample warrants a complete review of their system’s
sanitary integrity. Sporadic, low levels of contamination are frequently
encountered and may reflect a serious public health threat.
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141.21(b)(3) Repeat Monitoring:

Collect All Samples on the Same Day

* The System Must Collect All Repeat Sampleson
the Same Day

» The State Has the Discretion to Allow Systems
with Only One Service Connection to Either:

— Collect the Required Set of Repeat Samples at the Same
Tap Over a4-Day Period, or

— To Collect aLarger Volume Repeat Sample(s) (e.g.,
A Single 400-ml Sample; but, Lab analyzes 100 ml at a
time).

While routine samples may be required to be collected throughout each calendar
month, repeat samples for all systems with more than one service connection must
be collected on the same day.

If samples are collected over a4-day period, each sample must still be delivered

to the laboratory in enough time to alow analysis to begin within 30 hours of
sample collection.
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141.21(b)(4) Repeat Monitoring:

Additional Repeats

* If Any Repeat Sample is TC+, the System Must
Collect Another Set of Repeat Samples, As Before

o System Must Continue to Collect Repeat Samples
Until Either:

— Tota Coliforms are Not Detected in One Complete Set
of Repeat Samples, or

— The MCL Has Been Violated and the System Has
Notified the State.

Systems must continue to sample until either an MCL violation istriggered or a
complete set of total coliform-negative repeat samples is obtained.

Even if the Monthly MCL is triggered based on routine samples alone, repeat
samples must be collected for each of the positive routine samples. Thisis
required so that compliance with the Acute MCL can be determined.
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141.21(b)(5) Additional Routine Samples

the Follewing Month

» |f aSystem Collecting Fewer Than 5 Routine Samples per
Month has One or More TC+ Samples

— And the State Does Not Invalidate the Sample(s)

* It Must Collect at least 5 Routine Samples During The Next
Month the System Serves Water to the Public

» State May Waive the 5 Routine Samples the Following
Month Under Certain Circumstances

Criteriaincluded in the rule through which a State may waive the requirement that
5 Routine samples be collected the next month:
«State, or agent approved by State, performs a site visit before the end of the next month that
determines whether additional monitoring and/or any corrective action is needed.
«State has determined why the sample was total-coliform positive and established that the
problem has been corrected or will be corrected before the end of the next month the system
serves water to the public.
State must document in writing
The decision to waive the 5 routines
Causes of the TC+ sample
Corrective actions taken by the system
*The document is signed by the supervisor of the State official meking the finding.
*The documentation is made available to EPA and the Public.

The System must take at least one routine sample before the end of the next month it serves
water to the pubic unless:

*The State determined the system corrected the problem before it took the samples, and
*All repesat samples were TC-

February 15, 2002
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1471.21(b)(1 - 4) Repeat Monitoring:

Number of Repeat Samples

# Routine #Repeat |# Routine Samples
Samples’M onth Samples Next Month
1 or Fewer 4 5
2,30r4 3 5
5or More 3 - Routl ne
Requirements

Again, requiring 5 samples the next month is based on the argument that if 60
samples are collected in ayear a 95 percent confidence is obtained that all but 10
percent of the water is satisfactory if all of the samples are negative.
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Cost and Efiort for Positive Samples

Monthly Routine Sample

TC+
Repeat Sample Repeat Sample
Upstream 1 Downstream
~$20.00 ~$20.00
Repeat Sample Repeat Sample
Original Site — Other Location
~$20.00 ~$20.00

Additional Routine Sample| | Additional Routine Sample | | Additional Routine Sample | | Additional Routine Sample
Next Month Next Month Next Month Next Month
~ $20.00 ~ $20.00 ~ $20.00 ~ $20.00

This dlides shows the significance of a single positive routine sample on a small
system, even if all repeat samples are total coliform negative. Thetotal cost isan
additional ~$160 in laboratory fees, excluding labor or shipping costs.
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141.21(b)(6) Use of Routine Samples as

Repeat Samples

* Routine Samples May
Count as Repeat Samples

* Must Be Collected Within
5 Service Connections SAMPLE DESIGNATIONS
, * R1 = Routine Site 1
— Problems Occur in

Designation of the Sample * UR 1= Repeat Sample
as Routine or Repeat Upstream of Routine Site 1

— i.e, Sample Recorded asa e DR 1= Repeat Sample

Repest on the Lab Formis Downstream of Routine
counted as a Routine after Site 1

Data Entry

The rule includes a provision that a routine sample can be used as arepeat sample if
certain criteria are met as follows:

*|f the System collects a Routine Sample(s) before learning the results of the analysis of an
initial routine sample collected previously and in the same month, and

*The results of the initia routine samples are TC+, and

*The routine samples were collected within 5 adjacent service connections of the initial
sample.

*The system must still collect the required number of routine samples in the month.

Sample designations may become confusing for data entry and system personnel. On the
dlide an example is provided where information submitted on the sample form to the
laboratory may indicate R for Routine and 1 for sample siting plan location 1. UR and
DR apply to upstream and downstream locations, respectively.
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147.21(c) Invalidation of Total

Coliform— Positive Samples

» Laboratory Invalidation

— Observed Interference by HPC (Confluent Growth or TNTC
Without Coliforms)

— Improper Method Used
— More Than 30 Hours Before Analysis Begins
» State Invalidation
— Not Invalidated Just Because All Repeat Samples Are Negative

— Non-Distribution System Plumbing Problem Identified and
Documented

* “Replacement” Sample Required

The preamble to the final TCR specifies that a set of total coliform: negative repeat

samples is not sufficient to invalidate an initia routine sample result.

HPC Interference may be identified by the lab in any of the following ways:
- Multiple Tube Fermentation: Turbid Culture in Absence of Gas

- Turbid Culture in Absence of an Acid Reaction in Presence/Absence Test
-Confluent Growth or a Colony Number that is too numerous to count using
membrane filtration techniques

AND

- No coliforms are detected

If areplacement sample is required it must be collected from the same location
within 24 hours of notification of the result.

The laboratory may analyze the replacement sample with a different test method t

han was used for the original sample. The presence/absence tube fermentation
techniques are less sensitive to HPC interference than are membrane filter methods.
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141.21(d) Sanitary Surveys

» Required every 5 years for Systems Which Collect
Fewer Than 5 Samples Per Month.

» Must Be Conducted by a State-Approved Individual

* May Be Reduced to Every 10 Years for NCWS With
Disinfected and Protected Ground Water Sources

* Not Required If System Takes More Than 5
Samples/Month

The final rule prescribed atime period by which initial sanitary surveys must be
completed.

The requirement that sanitary surveys be performed for systems collecting fewer
than 5 samples per month targeted limited resources on those systems doing less
coliform monitoring.

Note: The IESWTR requires the State to conduct sanitary surveys for al surface

water and GWUDI systems no less frequently than every 3 years for community
systems and no less frequently that every 5 years for non-community systems.
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Sample Sting Plan

Wor kshop
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Sample Sting Plan

[ I
I' Booster Station

Elevated Storage

Using this diagram and the instructions on the following slide, workshop
participants are asked to develop and explain a sample siting plan for this
example system.
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Sample Sting Plan \Workshop

» Assume System Coallects 2 Routine SamplesMonth
(1,001-2,500 Persons)

* Implementation |ssues:

— ldentify Area of Routine Sampling Sites on Previous Slide
* Minimum Number of Routine Sample Sites to Be Rotated?

» How to Address Multiple Pressure Zones?
— ldentify Repeat Sample Sites (Upstream/Downstream)
— How to Label Samples and Sites on Laboratory Forms?

Have each group label and explain their plan on aflip chart at the front of the class.
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Sample Sting Plan

I N N
I Booster Station

Elevated Storage
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Case Study

Pvt. Tank

Supt
Home

ursing

Home School —

I
Well No. 1

The system was an untreated ground water supply. Water sampleswere collected

at the Superintendent’s home. The well pumped from ~6:00-7:00 am until noon,
at which time the tanks were full and the system used stored water for the rest of
the day.

On Thursday, a sample was FC+.

On Friday, repeat samples were TC-
The next Monday, samples were FC+
The next Tuesday, samples were FC+

Children at the school had cramps and bloody diarrhea; 7 Nursing home
residents died.

A model of the system and investigation determined the water served by the wells
was routinely sampled as TCR samples were collected before noon. Water serving

the system from the tanks was contaminated by E. Coli.

Samples would only be + if they were collected at atime and location
representative of water from the tanks.

Sample siting plans should incorporate time of day, source of water, water use
and other considerations into their design.
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Methodology Video

The video on microbiological test methods is not a training video on sterile
technique. It isintended to provide an overview of methods and the significance
of test results.
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141.21(t) Analytical Methodol egy

» Standard Sample Volumeis 100 ml

* Presence/Absence of Total Coliformsis Determined, Not
Density
» Approved Total Coliform Analytical Methods Include:
— Multiple Tube Fermentation (MTF) With 10 Tubes
— Membrane Filtration (MF)
— Presence Absence (P-A)
— Minima Medium ONPG-MUG (MMO-Mug)
— Colisure, E*Colite, m-ColiBlue24

40CFR 141.21 includes all approved test methods. The methods included in the
rule range from the traditional membrane filtration or test tube methods to the
newer enzyme-based methods. Ultimately, the test method approved for use by
the State in their certification of analytical laboratories will determine options
available to water systems.
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Multiple Tube Tests

L eft:

eLauryl Tryptose Broth

eInitial step in Presence/Absence test for Total Coliforms; verification step for
green-sheen colonies on membrane filters.

*Gas indicated by bubble of carbon dioxide; acid indicated by color change
from yellow to red.

Center:

*Brilliant Green Lactose Broth

*Confirmstotal coliformsin Lauryl Tryptose Broth
L ook for gas production in up to 48 hours

Right:

*E.C. Broth

Incubate in water bath at 44.5 degrees C for 24 hours
*Gas formation indicates fecal coliform-positive.
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Colilert and Colisure

Colilert (left):

eIncubated 35 degrees C for 24-28 hours
*MMO-MUG based method

*Yellow = Total Coliform-Positive
*Fluoresce under UV = E. coli positive

Center:
*E. coli-positive tests showing positive fluorescence

Colisure (Right):

eIncubated 35 degrees C for 24-48 hours
*Y ellow = media with water sample added
*Red = Total Coliform-Positive
*Fluoresce under UV = E. coli positive

February 15, 2002
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Membrane Eiltration: MEC and M endo

Top:
Fecal coliform membrane filtration method
Fecal coliform colonies are blue

Bottom:

Total coliform membrane filtration method
Total coliform colonies have a green metallic sheen
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L aboratory Result Time Reguirements

M

M-Endono M-Endo Colilert Ml Agar TC+
TC TC+ TC+

The test method chosen will affect how quickly positive test results are obtained.
While negative test results are all obtained within 48 hours, and some in 24 hours,
confirmation steps required for total coliform membrane filtration analysis may
extend the time delay to 4 days.
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Part 141.31—Reporting Requirements

» 141.31 Reporting Requirements

— Supplier of the Water Must Report to the State Within 48
Hours Failure to Comply With Any NPDWR, Including
Monitoring Requirements.

Although it is the system’s responsibility to report violations to the State within
48 hours, systems must notify states of afeca coliform or E. coli-positive test
result (even if no violation is incurred) within 24 hours of being notified of

the test result.
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141.32 General Public Notification

* Purpose:

— To Protect Public Health by Requiring Timely Public
Notification When Contamination or Other Risks Occur

* Requirements Available From EPA’s Website

— Www.epa. gov/safewater/pn.html

This session only touches on the requirements for public notification.

Speakers are encouraged to distribute the fact sheet prepared for the PN rule to
provide a more clear reference to the Tiers and minimum notification requirements.

Speakers should also be cognizant of the revised PN rule and the time period
on which they become effective for all systems.
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Subpart Q—Public Notification

» New Requirements Published May 4, 2000

o Effective Dates:

— October 31, 2000 in Direct Implementation Arenas
— May 6, 2002 in Primacy States
* Major Changes:
— Tier 1- Potential for Serious Short-Term Health Effects

— Tier2 Serious but Not |mmediate
— Tier3 All Other Violations
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Subpart Q—FPublic Notification: New

Public Notification Rule Major Changes

e Tier 1 Violations

— Fecal Coli MCL

— Response Time Reduced From 72 Hours to 24 Hours
» Tier 2 Violations (Other MCLS,TTYS)

— Serious but Not Immediate

— Response Time Extended to 30 Days From 14 Days
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Subpart OQ—Public Netification: New PN

Rule Major Changes (cont.)

» Tier 3Violations (All Other Violations)

— Less Serious and Long-Term Effects

— Response Time and Repeats Extended to 12 Months
From 3 Months

» Mandatory Health Effects Language Is Simplified
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142.14 Records Kept by Siates

e 5Yeas

— Waive the 24 Hour Time Limit to Collect Repeat
Samples

— Waive the Requirement for 5 Routine Samples After a
TC+

— Invalidation of a Total-Coliform + Sample
e lYeaar

— Records of Analyses

Records required to be kept by States are specified. The content of the record
(signature required, etc) are specified in the rule for each item.
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142.14 Records Kept by States (cont.)

* Recordsto Determine Each System’s Status

— Reduction of Monitoring

— Waiver of Time Limit for a Coliform Sample After High
Turbidity

— Reduction of Sanitary Survey Frequency
— Non-state Agents Approved to Perform Sanitary Surveys

— Decision to Allow a PWS to Forego FC Testing
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TCR Violations Data Reported to EPA

* Rule/Enforcement Code is 3100 (C1103)

« MCL (C1105)

— Type2lisacute MCL
— Type 22 is monthly MCL

* Monitoring and Reporting (C1105)

Type 23 is routine major

Type 24 is routine minor

Type 25 is repeat major

Type 26 is repeat minor

Type 28 is sanitary survey

For SDWIS-FED data records, the type of violations are specified.
For SDWIS reporting, violations are categorized as described on the next dide.

67



Total Coliform Rule Speaker Notes February 15, 2002

Major and Minor Vielations

* Routine Sampling
— Major: System Takes No Samplesin a Compliance Period
— Minor: System Takes Some but Not All Samples

* Repeat Sampling

— Major: System Takes No Repeat Samples and/or Does
Not Test for FC or E. coli in TC+ Samples

— Minor: Fails to Take Some Repeat Samples or Failsto
Test for E. coli or FC in at Least 1 but Not All, TC+
Samples
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Special Primacy Requirements

Special primacy requirements are those requirements a State must meet to be
granted primary enforcement authority for arule. Although most States adopted
the TCR over 10 years ago, reviewing the primacy application and related special
primacy requirement responses provides insight into the methods the State
indicated they would use to implement the rule.
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142.16 (¢) Special Primacy.

Reguirements

» Plan for Determining if Sample Siting Plans are
Acceptable

» How to Determine if Reduced Monitoring for CWS
Serving Fewer Than 1,000 or NCWS Using GW

» Waiver of Time Limits for Coliform Samples following
High NTU in Unfiltered Systems or for Repeat
Samples

» Single Service Connection Systems- Alternative
Repeat Monitoring Requirements

Responses to specia primacy requirements are only required for those
discretionary provisions the State chooses to adopt.
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142.16 (¢) Special Primacy.

Reguirements (cont.)

» Waiver of Requirement to Take 5 Routine Samples
the Next Month

* Invalidation of Tota Coliform-Positive Samples

* Criteriaand Procedures for Approving Agents
Other Than State Personnel to Perform Sanitary
Surveys

» Waiver of Fecal Coliform or E. coli Testingon a
Total Coliform-Positive Sample
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