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Health Risk Reduction and Cost Analysis

Under the Safe Drinking Water Act (SDWA) Amendments of 1996, when proposing a national
primary drinking water regulation that includes a maximum contaminant level (MCL), the U.S.
Environmental Protection Agency (EPA or the Agency) must conduct a health risk reduction and cost
analysis (HRRCA). A HRRCA addresses seven requirements, all of which are addressed in this
Economic Analysis (EA) for the Long Term 2 Enhanced Surface Water Treatment Rule (LT2ESWTR).

HRRCA Crosswalk Summary

HRRCA Requirement

Addressed in this Economic Analysis

Quantifiable and nonquantifiable health risk
reduction benefits

Chapter 5 (All sections and exhibits)

Chapter 7 (Section 7.7; Exhibit 7.4)

Chapter 8 (Sections 8.2.1, 8.2.3, 8.3; Exhibits
8.1-8.4, 8.6-8.10, 8.12-8.16, 8.19)

Quantifiable and nonquantifiable health risk
reduction benefits from co-occurring contaminants

Quantifiable and nonquantifiable costs

Chapter 5 (Section 5.6.4)

Chapter 6 (All sections and exhibits)

Chapter 7 (Sections 7.2, 7.6, 7.7, 7.8; Exhibits
7.2,7.3,7.4,7.9)

Chapter 8 (Sections 8.2.2, 8.3; Exhibit 8.1, 8.5,
8.11, 8.17, 8.18)

Incremental costs and benefits associated with
regulatory alternatives

Chapter 5 (Section 5.5; Exhibit 5.30)

Chapter 6 (Sections 6.13; Exhibit 6.22)

Chapter 7 (Section 7.7; Exhibit 7.4)

Chapter 8 (Section 8.3; Exhibits 8.13, 8.18, 8.19)

Effects of the contaminants on the general
population and sensitive subpopulations

Chapter 5 (Sections 5.2.2, 5.2.8)
Chapter 7 (Section 7.9)

Increased health risk that may occur as a result of
compliance

Chapter 2 (Section 2.3)

Other relevant factors (quality and uncertainty of
information)

Chapter 4 (Section 4.8; Exhibit 4.30)

Chapter 5 (Section 5.4; Exhibits 5.28 and 5.29)
Chapter 6 (Section 6.11; Exhibits 6.19 and 6.20)
Chapter 8 (Section 8.4; Exhibit 8.21)
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Executive Summary

This document presents the Economic Analysis (EA), prepared by the U.S. Environmental
Protection Agency (EPA), of the benefits and costs of the Long Term 2 Enhanced Surface Water
Treatment Rule (LT2ESWTR). Executive Order 12866 requires Federal agencies to conduct an analysis
of the benefits and costs of proposed and final rules that cost more than $100 million annually.

ES.1 Need for theRule

More than 14,000 public water systems (PWSs), serving approximately 180 million people in the
United States and its Territories, use surface water, including ground water under the direct influence of
surface water (GWUDI), as their source. These sources often carry microbial pathogens, such as Giardia,
E. coli, and Cryptosporidium. Among pathogens in drinking water, Cryptosporidium is of particular
concern because it is resistant to standard drinking water disinfectants such as chlorine. Ingestion of
Cryptosporidium causes cryptosporidiosis, a gastrointestinal illness; health effectsin sensitive
subpopulations may be severe, including death. There is no effective cure for cryptosporidiosis (Framm
and Soave 1997). The LT2ESWTR protects public health by requiring PWSs with the highest measured
source water levels of Cryptosporidium to provide treatment for this pathogen. These vulnerable systems
include both filtered systems with elevated levels of Cryptosporidium in their source water and al
unfiltered systems (i.e., systems meeting the filtration avoidance criteria of the Surface Water Treatment
Rule (40 CFR 141.71)), which currently provide little treatment for Cryptosporidium. The LT2ESWTR
will also reduce the public health risk associated with uncovered finished water reservoirs, which are
susceptible to microbia contamination, including Cryptosporidium.

EPA will also be promulgating the Stage 2 Disinfectants and Disinfection Byproducts Rule
(Stage 2 DBPR), which addresses disinfection byproduct (DBP) formation. The two rules are to be
promulgated concurrently to ensure that protection against microbia pathogensis not compromised by
efforts to reduce DBP formation. The Stage 2 DBPR and LT2ESWTR represent the final stage of atwo-
stage strategy to reduce risk from microbia pathogens and DBPs that was developed in a regulatory
negotiation effort in 1992 and 1993.* These rules reflect recommendations presented by the Stage 2
Microbial and Disinfection Byproducts (M-DBP) Federal Advisory Committee Agreement in Principle,
signed in September 2000 (USEPA 2000e).

ES.2 Consideration of Regulatory Alternatives

The Stage 2 M-DBP Advisory Committee met from March 1999 to September 2000 to evaluate
whether and to what degree EPA should revise microbial standardsto protect public health. The
committee reached consensus on an approach for addressing Cryptosporidium risk in unfiltered systems

The key outcomes of the 1992-1993 regulatory negotiation effort were to proceed with rules addressing
DBPs and microbial pathogens in two stages and to collect relevant information from PWSs for use in the
development of these rules and the analysis of their impacts. This two-stage approach was subsequently
incorporated into the 1996 Safe Drinking Water Act (SDWA) Amendments. Thefirst stage of the M-DBP
rulemaking process culminated with the joint promulgation of the Stage 1 DBPR and the Interim Enhanced Surface
Water Treatment Rule (IESWTR) by EPA in December 1998.
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and microbial risk in uncovered finished water reservoirs without formally identifying alternative
regulatory approaches. For filtered systems, however, several alternatives were considered. All involved
a compliance scheme whereby systems choose from a “toolbox” of treatment and managerial options for
meeting additional Cryptosporidium treatment requirements. The first would have required a single level
of additional treatment or removal for all systems regardless of source water Crytosporidium levels. The
other three alternatives (A2-A4) based their treatment requirements on the Cryptosporidium levelsina
plant’ s source water, as determined by a period of source water monitoring. The alternatives are shownin
Exhibit ES.1.
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Exhibit ES.1: Summary of Treatment Requirements for Filtered
Systems as a Function of Source Water Cryptosporidium
Concentrations

Source Water Cryptosporidium
Monitoring Results (oocysts/L) Additional Treatment Requirements

Alternative Al

2.0 log treatment required for all systems

Alternative A2

<0.03 No action
>0.03and < 0.1 0.5 log
>0.1and<1.0 1.5log
>1.0 2.5 log
Alternative A3 - Preferred Alternative
<0.075 No action
> 0.075and < 1.0 1log
>1.0and< 3.0 2 log
> 3.0 2.5 log
Alternative A4
<0.1 No action
>0.1and<1.0 0.5- log
>1.0 1.0 log

Notes: “Additional treatment requirements” are for systems with conventional treatment in full
compliance with existing rules (the IESWTR and LT1IESWTR). Requirements for systems with
other treatment types may differ, and are presented in chapter 1.

The term “log treatment” is used to express the expected percent reduction of a contaminant.
For example, 1 log treatment is expected to provide 90 percent reduction of a contaminant and 2
log treatment provides 99 percent reduction. Compliance with the log treatment requirements is
not based on quantifying the actual reduction; instead, other finished water quality or operational
conditions are used to determine compliance. This is consistent with previous SWTRs.

Inthis EA, EPA estimates and compares the costs and benefits of all regulatory aternatives. The
cost and benefit data presented in section ES.4 are for the Preferred Regulatory Alternative (A3), while
section ES.5 presents comparisons of the cost and benefit estimates for all of the aternatives.

ES.3 Summary of the LT2ESWTR Requirements

The LT2ESWTR appliesto all PWSs that use surface water or GWUDI (excluding those that
purchase all their water). It builds on the SWTR, IESWTR, and the LTIESWTR by improving control of
microbial pathogens, specifically Cryptosporidium. Unlike the previousrules, the LT2ESWTR basesiits
treatment requirements on a system’ s source water Cryptosporidium concentration and the type of

Economic Analysis for LT2ESWTR ES-3 December 2005



treatment already provided. It requires systems to monitor their source water for Cryptosporidium, and
based on the results, to meet one of four levels of treatment for Cryptosporidium (with thefirst level
requiring no additional treatment). The levels of treatment needed at each level will be reassessed in the
future based on a second round of source water monitoring under the current rule.

For those systems that do not already provide filtration, the LT2ESWTR has specific
requirements to inactivate two or three logs of Cryptosporidium, depending on source water monitoring
results. It also requires systems with uncovered finished water reservoirs either to cover the reservoirs or
to provide additional treatment to the reservoir effluent.

Exhibit ES.2 illustrates each rule activity for the Preferred Regulatory Alternative. The
implementation schedules for small and large systems differ; Exhibit ES.3 presents the implementation
timeline.
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Exhibit ES.2: Overview of Key LT2ESWTR Requirements

Systems Subject tothe LT2ESWTR

Public water systems using surface water or ground water under direct influence of surface water that are subject to
the SWTR. Systems with uncovered finished reservoirs.

l

Requirements for Uncovered Unfinished Reservoirs

Cover reservoirs or treat discharge to achieve 4 log virus, 3 log Giardia, and 2 log Cryptosporidium inactivation.

A 4

v

Initial Monitoring for Unfiltered
Systems

Monitor Cryptosporidium in source water to
determine treatment requirements. Exemptions are
available for systems that purchase all of their
water, provide at least 3 log of treatment, or have
2 years of historical Cryptosporidium data.

Large systems (serving at least 10,000 people):
sample Cryptosporidium monthly for 2 years.
Small systems: sample twice per month for 1 year.

Initial Monitoring for Filtered Systems

Conduct initial Cryptosporidium monitoring to establish
bin classification. Exemptions are available for systems
that purchase all of their water, provide at least 5.5 log of
treatment, or have 2 years of historical Cryptosporidium
data.

Large systems (serving at least 10,000 people): must
monitor monthly for 2 years for Cryptosporidium, E. coli,
and turbidity. Small systems: monitor E. coli biweekly for
1year. If E. coli levels exceed trigger, monitor
Cryptosporidium twice per month for 1 year.

|

Treatment Requirementsfor Unfiltered
Systems

Systems with Cryptosporidium levels <0.01
oocysts/L: provide 2 log inactivation. Systems
with Cryptosporidium levels >0.01 oocysts/L:
must provide 3 log inactivation.

A 4

Bin Classification and Treatment
Requirementsfor Filtered Systems

Systems are placed in 1 of 4 “action bins” based on
monitoring results. Systems with levels <0.075 oocysts/L:
no action. Systems with levels >0.075 but <1.0 oocysts/L:
provide additional 1 log treatment. Systems with levels
>1.0 but <3.0 oocysts/L: provide an additional 2 log
treatment. Systems with levels >3.0 oocysts/L: provide an
additional 2.5 log treatment.

!

Treatment Optionsfor Unfiltered
Systems

Meet Cryptosporidium inactivation requirements
using ozone, chlorine dioxide, or ultraviolet light.

Treatment Optionsfor Filtered Systems

Select from a “toolbox” of treatment or management
options.

A 4

Future Monitoring and Reassessment

Six years after initial bin classification, conduct a second round of monitoring. M ethods, frequency, locations, etc.,
for this round may change based on stakeholder input, which could lead to a rule amendment. State/primacy agency
may also assess any changes in watershed/source water as part of the sanitary survey and determine appropriate
action, which could include requiring implementation of additional toolbox options.
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Exhibit ES.3: Implementation Timeline for LT2ZESWTR for Filtered Systems

Year 1 Year 2 Year 3 Year 4 Year 5 Year 6 Year 7 Year 8 Year 9 Year 10 | Year 1l Year 12 Year 13

Systemsl, Serving IZ 100,000 People

| Crypto Monitoring | Treatment Installation Possible Extension 2nd Round Crypto Mon.

Systems Serving 50,000-99,999 People

Crypto Monitoring | Treatment Installation Possible Extension | 2nd Round Crypto Mon.

Systems Serving 10,000-49,999 People

Crypto Monitoring Treatment Installation Possible Extension | 2nd Round Crypto Mon.

Systems Serving < 10,000 People

(Optional) 2nd Round E. coli Mon.
—A—

|E. coli Mon.| Crypto Monitoring Treatment Installation Possible Extension

Year 1 Year 2 Year 3 Year 4 Year 5 Year 6 Year 7 Year 8 Year 9 Year 10 | Year 11 Year 12 Year 13

Note: This exhibit does not show the reassessment of treatment levels following the second round of source
monitoring.

ES.4 National Benefitsand Costs of the LT2ESWTR

The benefits resulting from implementation of the LT2ESWTR are due to reductionsin the
numbers of infectious Cryptosporidium oocysts and other pathogens reaching consumers. EPA has
quantified the benefits of thisrule in terms of avoided endemic cryptosporidiosis illnesses and associated
deaths. The effects of reductionsin other pathogens, if any, were not quantified.

Cryptosporidium can reach the consumer when there is a significant breakdown in the treatment
process, but also under normal operating conditions. This EA focuses on the benefits that result from
reducing only the continuous, relatively low levels of Cryptosporidium exposure that can occur even
under normal operating conditions. Requiring additional treatment is also expected to reduce the
frequency and severity of outbreaks; these benefits, however, are not quantified.

The costsincurred for LT2ESWTR activities are associated with rule implementation, source
water monitoring, and adding treatment.
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ES.4.1 Benefit Estimates

The quantified benefits of the LT2ESWTR are the estimated reduction in the number of illnesses
and deaths associated with endemic Cryptosporidium. There are also benefits that cannot currently be
guantified but are likely to be substantial. These are summarized in Exhibit ES.4 and discussed in
Chapter 5.

Exhibit ES.4: Summary of Nonquantified Benefits and Groups Affected

Type of Benefit Nonquantified Benefits Group(s) Affected

Reduction in risk to sensitive Immunocompromised individuals
subpopulations (mortality for those with served by systems that make
AIDS and other sensitive subpopulations | changes to or add treatment

has been quantified)

Reduction in health risk during outbreaks | All individuals served by systems that

(and response costs) make changes to or add treatment,
including those now served by
, Reduction in co-occurring or emerging uncovered finished water reservoirs
Health benefits : i '
pathogen risk (between 46 and 66 million people)

Reduction in endemic morbidity and
mortality risk associated with uncovered
finished water reservoirs

All individuals receiving water from
uncovered finished water reservoirs

Reduction in health risks from certain All individuals served by systems that
DBPs install physical disinfection
technologies like membranes or UV*

All individuals served by systems that
make changes to or add treatment
that is likely to reduce taste and odor
problems (e.g., ozone)

Improved aesthetic water quality

Consumers in systems that cease
using uncovered finished water

Nonhe_alth reservoirs (through covering or taking

Benefits such reservoirs off-line) my have
Costs of consumers’ attempts to avert greater confidence in water quality.
possible risks This may result in less averting

behavior that reduces both out-of-
pocket costs (e.g., purchase of bottled
water) and opportunity costs (e.g.,
time to boil water).

! Systems that install chemical disinfection technologies like ozone may increase certain DBPs.
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EPA developed arisk assessment model to predict the illnesses and deaths avoided using certain
variables, including the uncertainty in those variables. (Uncertainty means the degree of lack of
knowledge of those variables’ values.) The variables are occurrence of Cryptosporidium in source water,
infectivity, water treatment used, average daily water consumption per capita, morbidity, and mortality.
To alow acomparison of benefits with the costs of implementing the rule, the estimates of morbidity and
mortality are multiplied by a calculated cost of illness (COI) and a standard value of a statistical life,
respectively.

There are three data sets for source water occurrence, designated as ICR, ICRSSL, and ICRSSM.
The ICR data set is the Information Collection Rule data that all large systems collect. The ICRSSL and
ICRSSM data sets represent 40 large systems and 40 medium-size systems from the Information
Collection Rule Supplemental Surveys. EPA judges each of these data setsto be equally likely to
represent the true distribution of Cryptosporidium in source waters for all systems. (Each set has
advantages and disadvantages that counteract those of other sets, as described in Chapter 4.) All benefit
and cost analyses are carried out using each data set to provide arange of possible benefits and costs. In
addition to using the three occurrence data sets, this EA monetizes benefits with two values of
COl—referred to as Enhanced and Traditional (see Exhibits ES.6a and ES.6b).

For Cryptosporidium infectivity (i.e., the likelihood of exposure to a particular dose of
Cryptosporidium resulting in infection), EPA considered results from human volunteer feeding studies.
Results from three studies were evaluated for the proposed LT2ESWTR, and results from three newer
studies were added in the analysis for the final LT2ESWTR. Further, EPA used six different model forms
to estimate dose-response rel ationships with these study results. This analysis and results are described in
Chapter 5 and Appendix N.

Variability in host susceptibility, response at very low oocyst doses typical of drinking water
ingestion, and the relative infectivity and occurrence of different Cryptosporidium isolates in the
environment are uncertain. To address this uncertainty, three sets of estimates are presented in this
Executive Summary: a“high” estimate based on the model which showed the highest mean baseline risk,
a“medium” estimate, based on the model and data used at proposal, which isin the middle of the range of
estimates produced by the six models using the newly available data, and a“low” estimate, based on the
model which showed the lowest mean baselinerisk. These estimates are not upper and lower bounds on
illnesses avoided and benefits; for each model, a distribution of effectsis estimated, and the “high” and
“low” estimates show only the means of these distributions for two different model choices.

Exhibit ES.5 summarizes the estimates of avoided illnesses and deaths resulting from the
LT2ESWTR. Exhibits ES.6a and ES.6b summarize the monetized value of those estimates for Enhanced
and Traditional COI vaues (annualized over a 25-year period and discounted at 3 percent and 7 percent)
The Traditional COI includes only values of medical costs and lost work time (including some portion of
nonmarket household production). The Enhanced COI also includes the values of lost personal (non-
work) time, such as child care and homemaking (to the extent not covered by the traditional COl), time
with family, and recreation, and lost productivity at work on days when workers areill but go to work

anyway.
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Exhibit ES.5: Summary of Annual llinesses and Deaths Avoided

Annual lllnesses Avoided Annual Deaths Avoided
Data Set Low Medium High Low Medium High

Total after Full implementation

ICR 358,732 964,360 1,459,126 76 207 314

ICRSSL 89,375 230,730 372,507 20 52 84

ICRSSM 177,101 455,170 711,123 39 100 156
Annual Average over 25 years

ICR 264,980 712,732 1,078,796 57 154 232

ICRSSL 66,187 170,977 276,078 15 39 62

ICRSSM 130,918 336,652 438,203 29 74 116

Source: Chapter 8, Exhibit 8.3.

Note: High, medium and low estimates reflect the mean estimates for a range of dose-response modeling
assumptions. See Appendix N for more detail.

Exhibit ES.6a: Summary of Monetized Benefits—Enhanced Cost of 11Iness

Value of Benefits
($ Millions, 2003%)

Data Set [ Low [ Medium | High
Annualized Value (at 3%, 25 Years)
ICR $ 687|% 1853|% 2,822
ICRSSL |[$ 177|$ 458 |$ 744
ICRSSM |$ 344|$% 886($ 1,393
Annualized Value (at 7%, 25 Years)
ICR $ 556|% 1501|% 2,286
ICRSSL |$ 144 (|$ 371|$ 603
ICRSSM |$ 279|$ 718($ 1,128
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Exhibit ES.6b: Summary of Monetized Benefits—Traditional Cost of IlIness
Value of Benefits
($ Millions, 2003%)
DataSet | Low | Medium | High
Annualized Value (at 3%, 25 Years)
ICR $ 497 |$% 1,341 ($ 2,047
ICRSSL |[$ 130|$ 335|% 546
ICRSSM |$ 250[|$ 644 |% 1,014
Annualized Value (at 7%, 25 Years)
ICR $ 403 |% 1,089 (% 1,662
ICRSSL |[$ 105|$ 272|%$ 443
ICRSSM |$ 203 |$ 523|%$ 824

Source: Chapter 8, Exhibits 8.4a and 8.4b.

Note: High, medium and low estimates reflect the
mean estimates for a range of dose-response modeling
assumptions. See Appendix N for more detail.

ES.4.2 National and Household Cost Estimates

Thetotal national costs of the LT2ESWTR include costs to systems and States/Primacy Agencies
for implementation and compliance. This EA estimates costs for all rule-related activities:
implementation, source water monitoring, adding treatment, and compliance reporting. EPA assumes
nearly all surface water and GWUDI systems will incur rule implementation and initial source water
monitoring costs. Compliance reporting costs are estimated only for those systems predicted to add
treatment.

Approximately 90 percent? of the estimated total national costs are for systems to meet additional
treatment requirements. EPA devel oped a least-cost approach to modeling treatment costs. The approach
is constrained to reflect site-specific conditions. The following series of steps was used to develop
treatment cost estimates for compliance with the rule.

1. Predict the percent of systemsfalling into each bin based on amodel of source water
occurrence.

2. Modéd unit costs for each treatment technology.

3. Develop atechnology forecast for each bin using the least-cost approach and estimates of the
maximum number of systems that will apply any one technology.

4. Calculate the number of plants selecting each technology.

5. Multiply the number of plants per technology by the technology’ s unit cost.

Derived from Exhibit 6.3 using ICR data.
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Exhibit ES.7 summarizes the system costs associated with the LT2ESWTR.

Exhibit ES.7: Summary of System Costs ($ Millions, 2003$)

Source: Exhibit 8.11.

Capital and One-Time Operation and Maintenance
(Undiscounted at Full Implementation) (Undiscounted at Full Implementation)
90% Confidence Bound 90% Confidence Bound
Data Lower Upper Lower Upper
Set Mean (5th %ile) (95th %ile) Mean (5th %ile) (95th %ile)
Nominal Costs
ICR $ 2,104 | $ 1,715 $ 2425 1| $ 55| % 48| $ 64
ICRSSL | $ 1526 | % 1,164 | $ 17431 % 33|$ 26| $ 39
ICRSSM | $ 17191 % 1372 | $ 19411 $ 39|$ 33| $ 45
Total Annualized Costs at 3% Total Annualized Costs at 7%
90% Confidence Bound 90% Confidence Bound
Data Lower Upper Lower Upper
Set Mean (5th %ile) (95th %ile) Mean (5th %ile) (95th %ile)
ICR $ 133 [ $ 1111 $ 160 | $ 150 | $ 1251 $ 181
ICRSSL | $ 93 ([ $ 721 % 1121 $ 107 | $ 83 (% 129
ICRSSM | $ 106 | $ 86| $ 126 | $ 121 1% 9% 144

EPA assumes that systems will generally pass the costs of a new regulation on to their customers

in the form of rate increases. Household costs, which are in units of $ per household per year, are

estimated in order to provide a measure of the increase in water bills that could be expected to result from

the LT2ESWTR. Exhibit ES.8 summarizes household costs for those systems predicted to require
additional treatment.
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Exhibit ES.8: Summary of Annual Household Cost Increases®

($ per Year, 2003%)

Percent of Percent of
Systems with | Systems with
Household Household

90th 95th Cost Increase | Cost Increase

System Type/Size |[Households| Mean Median | Percentile | Percentile <$12 < $120

ICR
All CWS 68,857,992 $2.59 $0.21 $6.43 $9.97 96.49% 99.99%
CWS <10,000 5,587,602 $4.14 $0.56 $9.97 $14.79 91.19% 99.88%
CWS <500 158,900 $13.09 $3.86 $28.66 $53.60 63.20% 98.87%
ICRSSL
All CWS 68,857,992 $1.67 $0.09 $6.37 $6.42 97.96% 100.00%
CWS <10,000 5,587,602 $2.49 $0.36 $6.60 $9.37 96.46% 99.94%
CWS <500 158,900 $8.58 $2.91 $17.44 $29.01 72.61% 99.50%
ICRSSM
All CWS 68,857,992 $1.97 $0.09 $6.37 $6.85 97.47% 99.99%
CWS <10,000 5,587,602 $3.00 $0.49 $7.02 $11.39 95.19% 99.93%
CWS <500 158,900 $10.10 $2.90 $26.24 $35.97 68.73% 99.31%
ICR - High
All CWS 68,857,992 $2.84 $0.21 $6.43 $9.97 96.09% 99.99%
CWS <10,000 5,587,602 $4.58 $0.61 $11.50 $15.30 90.22% 99.86%
CWS <500 158,900 $7.21 $2.91 $16.81 $26.25 75.79% 99.80%
ICRSSL - Low

All CWS 68,857,992 $1.42 $0.03 $5.65 $6.42 98.37% 100.00%
CWS <10,000 5,587,602 $2.06 $0.23 $6.58 $7.47 97.21% 99.96%
CWS <500 158,900 $14.42 $4.79 $30.00 $54.42 62.07% 98.58%

*Annualized at discount rates varied by system size and ownership (see Appendix J, Exhibit J.2).
Source: Exhibit 6.18.

ES.5 National Net Benefitsand Summary of Comparison of Alter natives

The national net benefits (benefits remaining after costs are taken into account) for each of the
regulatory alternatives are shown in Exhibit ES.9. The cells outlined in bold show where net benefits are
highest for a particular combination of regulatory alternative, occurrence data set, cost of illness
assumptions, and discount rate. The annualized net national benefits for the Preferred Alternative (A3 in
Exhibit ES.1.) range from $18 million to $2.67 billion, depending on occurrence, infectivity model, cost
of illness, and discount rates used.

From Exhibit ES.9, several important economic questions can be answered. First, the Preferred
Alternative (A3) has positive net benefits under all assumptions, a key threshold test of the reasonableness
of aregulation. Thisis also true for Alternatives A4 under al combinations of occurrence, cost of illness,
and discount rates, and true for Alternative A1 and A2 for most of the combinations. In addition, this
exhibit shows that the Preferred Alternative (A3) produces the highest net benefits of each alternative
under 8 of 12 combinations of assumptions, and near the highest net benefits under 4 of 12 combinations.
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Exhibit ES.9a: Comparison of Mean Net Benefits
for All Regulatory Alternatives—Enhanced Cost of lliness ($Millions, 2003%$)

Annualized Value
Data Rule 3%, 25 Years 7%, 25 Years
Set Alternative Low Medium High Low Medium High
Al $ 260 |6 1,492|$ 2447($ 126 |$ 1,098|$ 1,897
ICR A2 $ 498 1$ 1,708|$ 2,655(% 366 ($ 1,333|$ 2,112
A3 - Preferred | $ 5271$% 1,720|$ 2662|$ 396 |$ 1,351 |$ 2,126
A4 $ 550|$ 1673|$% 2566|%$ 427 ($ 1,328|$ 2,061
Al $ (223)| $ 156 | $ 466 | $ (265)| $ 15| $ 292
ICRSSL A2 $ 431 $ 366 | $ 647 | $ 613% 257| $ 496
A3 - Preferred | $ 65 (3% 365 | $ 632 | $ 32|$ 264| $ 491
A4 $ 87 |$%$ 347 | $ 589 | $ 58 | $ 261| $ 465
Al $ (58)| $ 578 |$ 1,104 | $ (132)| $ 358 | $ 809
ICRSSM A2 $ 198 | $ 782 |$ 1285]% 130 | $ 5911$% 1,010
A3 - Preferred | $ 218 | $ 780 |$ 1267 |$% 153 | $ 597 |$ 1,002
A4 $ 230 | $ 731($ 1171 1$ 172 1 $ 569 | $ 935

Exhibit ES.9b: Comparison of Mean Net Benefits
for All Regulatory Alternatives—Traditional Cost of lliness ($Millions, 2003$)

Annualized Value
Data Rule 3%, 25 Years 7%, 25 Years
Set Alternative Low Medium High Low Medium High
Al $ 64 |3$ 967 ($ 1649| $ B $ 675|% 1,256
ICR A2 $ 305({$ 1190($ 1870|% 211 | $ 917 [$ 1,481
A3 - Preferred | $ 337|$ 1208|$ 1887|% 243 | $ 939 |$ 1,502
A4 $ 373|$ 1,193 |$ 1842|% 285 | $ 941 1% 1,478
Al $ (2843 0]$ 214]$  (@15)]$  -109]$ 90
ICRSSL A2 $ 9)]3% 233 | $ 4321 $ (35)[ % 150 [ $ 324
A3 - Preferred | $ 18 1% 242 | $ 4331 $ M'$ 166 [ $ 331
A4 $ 46 | $ 242 | $ 418 | $ 25 (% 175 ($ 327
Al $ (165]$ 306 | $ 676 | $  (218)[$ 138 [ $ 465
ICRSSM A2 $ Q9% 529 | $ 890 | $ 50 [$ 387 | $ 692
A3 - Preferred | $ 124 ($ 538 | $ 889 | $ 7713% 402 | $ 698
A4 $ 148 [ $ 518 | $ 840 | $ 106 [ $ 398 | $ 668

Notes: The traditional COI includes only values of medical costs and lost work time (including some portion of
nonmarket household production). The enhanced COI also includes the values of lost personal (non-work) time such
as child care and homemaking (to the extent not covered by the traditional COI), time with family, and recreation, and
lost productivity at work on days when workers are ill but go to work anyway.

High, medium and low estimates reflect the mean estimates for a range of dose-response modeling. assumptions.
See Appendix N for more detail.

Source: Exhibits 8.12a and 8.12b.
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Another key economic test is whether the proposed rule is cost-effective. Exhibits ES.10a and
ES.10b together show the annualized value of benefits and costs for the four alternatives, calculated for
each combination of occurrence data sets, COI values, and discount rates. For each alternative, the graph
plots the mean benefit versus its corresponding range of cost estimates (a 90 percent confidence bound
shown as avertical bar). A trend line connects the mean estimate of costs for each alternative. These
graphs help to show the concept of cost-effectiveness and to compare the alternatives.

Cost-effectiveness can be defined simply as getting the greatest benefit for a given expenditure or
imposing the least cost for agiven level of benefit. In Exhibits ES.10a and ES.10b, the test would be to
seeif any regulatory alternative was to the right and completely below any other alternative on the graph.
If s0, the alternative to the right and below would be more cost-effective and would dominate the
alternative that provided fewer benefits at higher costs.

In the strict sense, each of the regulatory aternatives is cost-effective—no regulatory alternative
provides more benefits at the same or alower cost than another, and no aternative can achieve lower
costs for the same or a greater level of benefits than another. Thus, no alternative dominates any other or
is more cost-effective. Instead, the alternatives offer increasing levels of benefits at increasing levels of
cost. Chapter 8 provides additional analyses on cost effectiveness.

In addition to allowing avisual comparison of cost effectiveness, the exhibits show information
about the incremental benefits of each alternative. Compared to Alternative A4, the Preferred Alternative
achieves significant incremental benefits (the change in benefits from one alternative to another) at a
relatively low increase in costs. The step from the Preferred Alternative to Alternative A2 achieves more
benefits, but at a higher incremental rate. The step to Alternative A1 achievesasimilar increase in
benefits, but at a significantly higher cost. The Preferred Alternative, and perhaps Alternative A2, appear
to be good values; other aternatives have either significantly fewer benefits for similar costs, or greater
benefits at dramatically higher costs.
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Exhibit ES.10a: Comparison of Mean—Enhanced Cost of lliness’
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Exhibit ES.10b: Comparison of Mean—Traditional Cost of lllness®
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Notes on Exhibits ES.10a and 10b: The traditional COIl includes only values of medical costs and lost work time
(including some portion of nonmarket household production). The enhanced COI also includes the values of lost
personal (non-work) time such as child care and homemaking (to the extent not covered by the traditional COI), time
with family, and recreation, and lost productivity at work on days when workers are ill but go to work anyway.

Source: Exhibit 8.7.

Cost effectivenessis generally used for determining which alternatives meet a certain criterion-a
threshold for costs or minimum cases avoided. A comparison of cost effectivenessis made in Exhibit ES
11 between the cost per MILY of alternative rules (based on the various combinations of dose-response
model, COI approach, Cryptosporidium occurrence data set, and discount rate) and cost thresholds found
in the literature.

As expected, Exhibit ES 11 shows that the cost per MILY saved increases with regulatory cost
and stringency: A4 has the lowest cost per MILY, the Preferred Alternative has the next lowest cost per
MILY, etc. Alternative A4 is cost saving under most combinations of assumptions (23 of 36
combinations). Cost saving simply means the regulation is saving more in avoided costs for medical and
lost time associated with avoided cases than the actual cost of therule. The Preferred Alternative A3 is
also cost saving under many of the combinations (16 of 36), asis the next more stringent alternative, A2
(12 of 36 combinations).

These cost per MILY ratios are compared to primafacie cost per MILY thresholds, with the
understanding that the thresholds are arbitrary values, often derived by reference to the cost per QALY
(or MILY) for interventions that public health specialists agree are justified. The Harvard Cost Utility
Anaysis database presents a median cost-utility ratio of $31,000 per QALY (or MILY) (20023$) for
respiratory and cardiovascular interventions, while Tengs et al. (1995) report a median cost per life-year
saved for life-saving interventions of $48,000 (1993$). The health economics literature often uses either
$50,000 or $100,000 per QALY (or MILY) as athreshold with ratios less than these values considered
primafacie cost effective. In general, EPA recommends that decisions as to whether a specific control
strategy is justified should be based on a complete comparison of benefits and costs.

In the majority of combinations of assumptions, Exhibit ES 9 shows larger net benefits for the
Preferred Alternative A3 than for Alternative A4 (21 of 36) and Alternative A2 (28 of 36). Therefore,
only the Preferred Alternative A3 is compared to the cost-utility thresholds in this summary, however,
complete results for all aternatives under all assumptions are shown in Exhibit ES 9.

The Preferred Alternative A3 is cost effective compared to the lowest of these thresholds in most
combinations of assumptions. In comparison to prima facie cost-utility ratios of $31,000 per MILY and
$50,000 per MILY, the Preferred Alternative A3 is cost effective in 30 of 36 and 33 of 36 possible
combinations of assumptions, respectively.
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Exhibit ES.11a: Cost Effectiveness Analysis Based on Low, Medium, and High
Estimate Dose Response Models Using the Enhanced COI Approach, by Data Set,
by Rule Alternative, 3% and 7% Discount Rates

Cost per MILY* Saved ($)
3%, 25 Years 7%, 25 Years
Data Rule
Set Alternative Low Medium High Low Medium High
Al $ 62646 % 4,789 costsaving| $ 87,814 | $ 14,392 cost saving
ICR A2 $ 6,997 | costsaving costsaving | $ 18,248 cost saving cost saving
A3 - Preferred | $ 226 | cost saving costsaving| $ 9,887 cost saving cost saving
A4 cost saving | cost saving cost saving cost saving cost saving cost saving
Al $ 263970 | $ 86,424 [ $ 42,135| $ 343,263 | $ 117,942 | $ 61,780
ICRSSL A2 $ 69348 $ 9,299 costsaving| $ 100,080 | $ 21,479 $ 2,463
A3 -Preferred | $ 48,806 | $ 1,342 costsaving| $ 74,863 | $ 11,648 cost saving
A4 $ 22,705 | costsaving costsaving| $ 41,241 cost saving cost saving
Al $ 138642 | $ 36566 | $ 13,753 | $ 184,254 | $ 54,711 | $ 26,455
ICRSSM A2 $ 29,183 | costsaving costsaving| $ 47,410| $ 996 cost saving
A3 -Preferred | $ 16,993 | costsaving costsaving| $ 32,383 cost saving cost saving
Ad $ 995 | cost saving costsaving| $ 11,705 cost saving cost saving

Footnote 1: MILYs (Morbidity Inclusive Life Years) are a combination of life years gained from avoided premature mortality plus
QALYs (Quality-Adjusted Life Years) gained from avoided morbidity.

Exhibit ES.11b: Cost Effectiveness Analysis Based on Low, Medium, and High
Estimate Dose Response Models Using the Traditional COIl Approach, by Data
Set, by Rule Alternative, 3% and 7% Discount Rates

Cost per MILY* Saved ($)
3%, 25 Years 7%, 25 Years
Data Rule
Set Alternative Low Medium High Low Medium High
Al $ 75165| % 17241 ($ 5585] $ 100,095| $ 26,608 | $ 11,827
ICR A2 $ 19,491 | costsaving costsaving] $ 30,505 | $ 795 cost saving
A3 - Preferred | $ 12,701 | costsaving costsaving|] $ 22,125 cost saving cost saving
A4 $ 1,260 | cost saving costsaving] $ 7,501 cost saving cost saving
Al $ 276517 | $ 98,897 | $ 54,616 $ 355,572 | $ 130,177 | $ 74,023
ICRSSL A2 $ 81618|$ 21518| $ 6,980 $ 112,117 | $ 33,465| $ 14,454
A3 -Preferred | $ 60,927 | $ 13420| $ 2,050] $ 86,753| $ 23,496| $ 8,369
Ad $ 34520 $ 3,291 costsaving] $ 52,831 | $ 10,406]| $ 412
Al $ 151,183 | $ 49,037 | $ 27,346] $ 196,557 | $ 66,945| $ 39,752
ICRSSM A2 $ 41597|$ 5,981 costsaving] $ 59,587 | $ 13,112| $ 2,581
A3 -Preferred | $ 29,323| $ 1,138 costsaving] $ 44,478 | $ 7,127 cost saving
Ad $ 13,084 | costsaving costsaving| $ 23,564 cost saving cost saving

Footnote 1: MILYs (Morbidity Inclusive Life Years) are a combination of life years gained from avoided premature mortality plus
QALYs (Quality-Adjusted Life Years) gained from avoided morbidity.
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The Preferred Alternative (A3) was also evaluated against the other alternatives with respect to
key uncertainty variables. EPA conducted a series of sensitivity analyses to examine the effects of
exaggerating one uncertain variable while holding all others constant. These analyses tested the
following uncertain variables: the assumptions regarding loss of productivity and the value of nonmarket
work and leisure time in computing the cost of illness, the value of AIDS-related mortality rate, and the
overal value of benefits (presented in Appendix P, Appendix R, and Chapter 8, respectively). In addition
to the sensitivity analyses, the main body of the EA uses two possible values for the cost of illness.
Further, uncertainty in the occurrence of Cryptosporidium in source water is addressed by carrying out
separate analyses throughout the EA for the three possible occurrence distributions as well as confidence
bounds of the occurrence distributions. The results of all tests show that benefits still exceed costs for the
Preferred Alternative, it remains the favored alternative in the majority of conditions analyzed, and no
other alternative performs as well across the range of possible occurrence and values for benefits.

The Stage 2 Microbial Disinfectants and Disinfection Byproducts (Stage 2 M-DBP) Advisory
Committee recommended Alternative A3. Based on the recommendation, and supported by EPA’s
evaluations of benefits and costs, EPA selected Alternative A3 as the proposed rule.
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1. Introduction

This document presents an analysis of the costs and benefits of the Long Term 2 Enhanced
Surface Water Treatment Rule (LT2ESWTR). The analysisis performed in compliance with Executive
Order 12866, Regulatory Planning and Review (58 Federal Register (FR) 51735), which requires that the
U.S. Environmental Protection Agency (EPA) estimate the economic impact of rules costing more than
$100 million annually and submit the analysis in conjunction with publishing the rule.

This chapter provides a summary of the LT2ESWTR in section 1.1 and describes the organization
of the Economic Analysis (EA) in section 1.2.

11 Summary

The LT2ESWTR builds on the Interim Enhanced Surface Water Treatment Rule (IESWTR) and
the Long Term 1 Enhanced Surface Water Treatment Rule (LT1IESWTR) by improving control of
microbial pathogens, specifically the contaminant Cryptosporidium®. The LT2ESWTR also addresses the
tradeoff between competing risks that is posed by the simultaneous control of microbial pathogens and
disinfection byproducts (DBPs). The disinfectants commonly used to kill microorganisms react with
naturally occurring organic and inorganic matter in source water, forming DBPs that are known to have
adverse health effects, including cancer and developmental and reproductive effects. In order to balance
the risks posed by DBPs and microbial pathogens, the LT2ESWTR will be promulgated concurrently
with the Stage 2 Disinfection Byproducts Rule (DBPR). Thiswill make it easier for water systemsto
comply with both rules. The LT2ESWTR appliesto all community water systems (CWSs) and
noncommunity water systems (NCWSs) that use surface water or ground water under the direct influence
of surface water (GWUDI) as a source.

The intent of the LT2ESWTR is to supplement existing microbial treatment requirements for
systems where additional public health protection is needed. The rule will require filtered systems to
monitor their source water for Cryptosporidium. Based on the results, filtered systems must meet one of
four levels of treatment for Cryptosporidium (with the first level requiring no additional treatment). All
unfiltered systems, which are not currently required to provide any treatment for Cryptosporidium, must
achieve 2 or 3 log Cryptosporidium inactivation, depending on their source water Cryptosporidium levels.
The rule aso requires systems with uncovered finished water reservairs either to cover the reservoirs or to
provide additional treatment to reservoir effluent. Therul€'s provisions are described in detail below.

1.1.1 Monitoring and Treatment Requirementsfor Filtered Systems

Systems must first monitor source water Cryptosporidium concentrations; based on those results,
they are assigned to different treatment bins. Within each bin, systems will choose technologies from a
toolbox of options for ensuring Cryptosporidium removal or inactivation from treated water. The binsfor
source waters with higher concentrations of Cryptosporidium involve treatment options that provide
higher levels of inactivation and/or removal.

1 |[ESWTR (63 FR 69477 December 1998), LTIESWTR (67 FR 1811 January 2002)
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Initial Monitoring for Bin Classification—Systems Serving at Least 10,000 People?

Medium and large filtered systems (those serving at least 10,000 people) will be required to
monitor their raw water sources for Cryptosporidium at each plant at least once per month for a minimum
of 2 years. Bin classification will be based on one of the following:

* The highest 12-month running annual average Cryptosporidium concentration (in oocysts per
liter) if samples are taken monthly (24 samplestotal), or

*  The 2-year mean Cryptosporidium concentration. The facility may conduct monitoring twice
per month for 24 months (48 samples total) or perform additional sampling and include these
results in the calculation of the mean, but the additional samples must be evenly distributed
over the 2-year monitoring period.

Cryptosporidium analysis must be conducted in accordance with EPA Method 1622/23 using a
sample volume of at least 10 liters.> Samples must also be analyzed for E. coli and turbidity. EPA and
stakeholders will use the E. coli and turbidity datato evaluate methods for predicting Cryptosporidium
occurrence.

Systems with at least 2 years of historical Cryptosporidium data that are equivalent in sample
number, frequency, and quality to data required under the LT2ESWTR may use these data to determine
bin classification in lieu of additional Cryptosporidium compliance monitoring, if the State approves the
use of these data.

Monitoring for systems serving at least 100,000 people starts no later than 6 months after
promulgation of the LT2ZESWTR. Monitoring for systems serving at least 50,000 people and fewer than
100,000 people starts no later than 12 months after promulgation of the LT2ESWTR. Monitoring for
systems serving at least 10,000 people and fewer than 50,000 people starts no later than 24 months after
promulgation of the LT2ZESWTR. Systemswill submit monitoring data to EPA asthey are generated;
they will then be entered into an EPA database. At the end of the 2-year monitoring period, EPA will
give the results to the States/Primacy Agencies, which will then work with their systems to determine
appropriate compliance steps.

Initial Monitoring for Bin Classification—Systems Serving Fewer than 10,000 People

Source water monitoring for small systems (those serving fewer than 10,000 people) will begin 2
years after the first large systems initiate source water Cryptosporidium monitoring. The required
monitoring is on adelayed schedule so EPA can incorporate information on E. coli and turbidity collected
by the medium and large systems into the monitoring requirements. (EPA will examine these data and
their use asindicators of Cryptosporidium.) In the absence of a new indicator, small systems will conduct
1 year of biweekly E. coli source water monitoring and will be required to conduct Cryptosporidium
monitoring only if E. coli concentrations exceed the following levels:

* Anannua mean concentration greater than 10 E. coli per 100 mL for lake and reservoir
source waters; or

2The monitoring and treatment requirements for wholesale systems—i.e., those that sell water only to other
systems—are dependent on the population served by the largest system in the combined distribution system.

3 Systems must meet all requirements of the analytical methods for Cryptosporidium, which include
analysis of two matrix spiked samples.
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e Anannua mean concentration greater than 50 E. coli per 100 mL for flowing stream source
waters.

Systems that do not exceed these levels are assumed to have a Cryptosporidium concentration of
less than 0.075 oocysts/L and are placed in Bin 1 (see Exhibit 1.1). Small systems that exceed the E. coli
levels mentioned above will be required to conduct semimonthly Cryptosporidium monitoring for a 1-
year period or monthly for a 2-year period, beginning 6 months after the conclusion of E. coli monitoring.
Bin classification for small systems conducting Cryptosporidium monitoring is determined by the highest
12-month running annual average.

All filtered systems that provide or will provide 5.5 log treatment” for Cryptosporidium by the
date they must comply with additional Cryptosporidium treatment requirements are exempt from
monitoring and subsequent bin classification. To meet the requirement for 5.5 log treatment, systems
using conventional treatment would be required to provide 2.5 log additional treatment, and systems
using direct filtration would be required to provide 3 log additional treatment.

Bins and Treatment Requirements—All System Sizes

Exhibit 1.1 presents the bins for filtered systems according to the type of treatment already in
place. Systems must meet Cryptosporidium treatment requirements by using one of the treatment options
in the “microbial toolbox,” or by demonstrating performance equivalent to or exceeding the required
treatment. Systems have 3 years after first being assigned to a bin to meet the treatment requirements
associated with the bin. States/Primacy Agencies may grant systems a 2-year extension to comply if
capital investments are necessary.

*The term “log removal” is used when the contaminant is eliminated by way of filtration; “log inactivation”
is used when oocysts are killed by disinfection. The term “log treatment” encompasses both removal and
inactivation, and is used to reflect the fact that under the LT2ESWTR, treatment will be achieved using a
combination of filtration, disinfection, and other non-traditional methods.
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Exhibit 1.1: Bin Classifications and Treatment Requirements for Filtered Systems

And if you use the following filtration treatment in full
compliance with existing regulations, then your additional
treatment requirements are . . .
If your source
water Slow Sand or
Cryptosporidium Your bin Diatomaceous Alternative
concentration classification | Conventional Direct Earth Filtration
(oocysts/L)is ... is... Filtration Filtration Filtration Technologies
<0.075 1 No additional No No additional No additional
treatment additional | treatment treatment
treatment
>0.075and < 1.0 2! 1 log treatment | 1.5 log 1 log treatment | As determined
treatment by the State?
>1.0and<3.0 3?3 2 log treatment | 2.5 log 2 log treatment | As determined
treatment by the State*
>3.0 43 2.51log 3log 2.5log As determined
treatment treatment | treatment by the State®

'Systems may use any technology or combination of technologies from the microbial toolbox.
*Total Cryptosporidium treatment must be at least 4.0 log.

3Systems must achieve at least 1 log of the required treatment using ozone, chlorine dioxide, ultraviolet light (UV),
membranes, bag/cartridge filters, or bank filtration.

“Total Cryptosporidium treatment must be at least 5.0 log.

Total Cryptosporidium treatment must be at least 5.5 log.

Thetotal Cryptosporidium treatment required for Bins 2, 3, and 4is4.0 log, 5.0 log, and 5.5 log,
respectively. The additional treatment requirementsin Exhibit 1.1 are based on a determination that
conventional, slow sand, and diatomaceous earth filtration plants in compliance with the IESWTR or
LT1IESWTR achieve an average of 3 log removal of Cryptosporidium. (The [ESWTR and LTIESWTR
require systemsto achieve 2 log removal; this number is based on the minimum removal expected with
these types of filtration.) Therefore, conventional, slow sand, and diatomaceous earth filtration plants
will require an additional 1.0 to 2.5 log additional treatment to meet the total removal requirement,
depending on the bin in which they are placed.

EPA has determined that direct filtration plants achieve an average 2.5 log removal of
Cryptosporidium. (Their removal is less than in conventional filtration because they lack a sedimentation
process.) Consequently, under the LT2ESWTR, direct filtration plantsin Bins 2—4 must provide 0.5 log
more in additional treatment than conventional plants to meet the total Cryptosporidium treatment
reguirement.

Microbial Toolbox for Meeting Additional Treatment Requirements

To meet the Cryptosporidium trestment requirements for the bin in which they are classified,
filtered systems can select from a “toolbox” of treatment or management options. The technologies and
management strategies in the microbial toolbox are presented in Exhibit 1.2. Each option in the toolbox
isworth a certain amount of log treatment credit, which systems can apply toward their log treatment
reguirements. Systems do not get the log credit automatically when they install these technologies; they

Economic Analysis for the LT2ESWTR 1-4 December 2005



must show that they are meeting certain operational or other criteria specific to the technology. Log
treatment credit under existing rules (e.g., the IESWTR and LT1IESWTR) works much the same way.
Systems currently using ozone, chlorine dioxide, ultraviolet light (UV), or membranes in addition to
conventional treatment may receive credit for those technologies toward meeting bin requirements if they
meet the LT2ESWTR criteriafor the chosen technology.
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Exhibit 1.2: Microbial Toolb

ox Components for the LT2ZESWTR

(To be used in addition to existing treatment)

Toolbox Option

Log Treatment Credit

Source To

olbox Components

Watershed control program

0.5

Alternative source/intake
management

None, but conduct source water monitoring
concurrently at both sources or under both
intake management plans and determine the
bin based on the lower mean concentration

Pre-Filtration

Toolbox Components

Presedimentation basin with 0.5
coagulation
Two-stage lime softening 0.5

Bank filtration

0.5 or 1.0, depending on setback

Treatment Perform

ance Toolbox Components

Combined filter performance

0.5

Individual filter performance

1.0

Demonstration of performance

State approved®

Additional Filtrat

ion Toolbox Components

Bag filters

2.0 as individual and 2.5 for two in series

Cartridge filters

2.0 as individual and 2.5 for two in series

Membrane filtration

As demonstrated?

Second stage filtration

0.5

Slow sand filters

2.5

Inactivation Toolbox Components

Chlorine dioxide

As demonstrated®

Ozone

As demonstrated®

uv

As demonstrated?

The State must approve the method used to
credit claimed by the system.

demonstrate performance and must approve the log

2Credit for membrane filtration and UV is based on the results of equipment-specific testing.

3Credit for chlorine dioxide and ozone is based on CT values achieved (CT is the product of

disinfectant concentration and contact time).
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Reassessment and Future Monitoring

Six years after initial bin classification, systems will be required to conduct a second round of
monitoring to reassess source water conditions for bin assignments. Two years before this reassessment
(4 years after initial binning), EPA plansto initiate a stakeholder processto review available analytical
methods for detecting Cryptosporidium. If there are new, improved methods, EPA, with stakeholder
input, will determine the appropriate analytical method, frequency, and locations for the second round of
national assessment monitoring. 1f no improved Cryptosporidium detection method is available,
monitoring will follow EPA Method 1622/23. Systems that provide atotal of 5.5 log treatment for
Cryptosporidium are not subject to future monitoring.

In addition to the reassessment and re-binning described above, the State/Primacy Agency will
assess any significant changes in the watershed and source water as part of the sanitary survey process. It
will then determine what follow-up action is appropriate in response to any source water changes that
have taken place; responses could include actions from the microbial toolbox.

1.1.2 Monitoring and Treatment Requirementsfor Unfiltered Systems

Unfiltered systems that already have 3 log Cryptosporidium treatment in place prior to the date
they would have to comply with treatment regquirements are exempt from monitoring and additional
Cryptosporidium inactivation requirements. Otherwise, large unfiltered systems must monitor
Cryptosporidium in their source water monthly for at least 2 years, and small unfiltered systems must
monitor semimonthly for 12 months or monthly for 24 months. All unfiltered systems must determine
their treatment requirements based on the arithmetic mean Cryptosporidium concentration. If their
average Cryptosporidium concentration is less than or equal to 0.01 oocystg/L, systems must provide 2
log Cryptosporidium inactivation. If their average concentration is greater than 0.01 oocysts/L, they must
provide 3 log inactivation.

Monitoring for unfiltered systems will be based on the same schedule as monitoring for filtered
systems, although unfiltered systems are not required to monitor E. coli or turbidity. Aswith the filtered
systems, unfiltered systems must conduct a second round of Cryptosporidium monitoring 6 years after the
initial bin assignment.

In addition to the new Cryptosporidium inactivation requirements, the LT2ESWTR will require
unfiltered systems to continue to meet the filtration avoidance criteria under the 1989 SWTR and to
continue to provide inactivation for Giardia and viruses. The overall inactivation requirements (i.e., 4 log
virus, 3 log Giardia, and 2 or 3 log Cryptosporidium) must be met using a minimum of two disinfectants.
Additionally, each of two disinfectants must meet the total inactivation for one of the three pathogens.

For example, a system could use UV to inactivate 2 log of Cryptosporidium and Giardia and use chlorine
toinactivate 4 log of viruses and 1 log of Giardia.

1.1.3 Requirementsfor Existing Uncovered Finished Water Reservoirs

The LT2ESWTR builds on the [ESWTR and LT1IESWTR, which require covers only for new
finished water reservoirs. The LT2ESWTR will establish requirements for all systems with existing
uncovered finished water reservoirs. Systems must either cover the reservoir or treat reservoir discharge
to the distribution system to achieve 2 log Cryptosporidium, 3 log Giardia, and 4 log virus inactivation.
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1.1.4 Disinfection Profiling and Benchmarking Requirements

The LT2ESWTR includes a disinfection profile and benchmark requirement to ensure that any
significant change in disinfection, whether for byproduct control under the Stage 2 DBPR, improved
Cryptosporidium control under the LT2ESWTR, or both, does not significantly compromise existing
Giardia and virus protection. A disinfection profile isagraphical representation of asystem’slevel of
Giardia and viral inactivation measured during the course of 1 or more year(s). A benchmark isthe
lowest monthly average of microbial inactivation during the disinfection profile period.

The profiling and benchmarking requirements under the LT2ESWTR are similar to those
promulgated under the IESWTR and LT1ESWTR and are applicable to systems making a significant
change to their disinfection practice. The LT2ESWTR requires these systems to prepare a disinfection
profile that characterizes current levels of Giardia lamblia and virus inactivation throughout the plant
over the course of 1 year. The profile may be developed using equivalent historical data. Prior to making
the change, the system must calculate a benchmark and consult with the State regarding how the proposed
change will affect the current disinfection level.

1.1.5 Implementation Timeline

Exhibit 1.3 shows the timeline of LT2ESWTR activities for filtered systems. The schedule for
monitoring and compliance with treatment requirements differs by population served.

Exhibit 1.3: Implementation TimeLinefor LT2ZESWTR for Filtered Systems

Year 1 Year 2 Year 3 Year 4 Year 5 Year 6 Year 7 Year 8 Year 9 Year 10 | Year11 Year 12 Year 13

SystemsI Serving lz 100,000 People

| Crypto Monitoring | Treatment Installation Possible Extension 2nd Round Crypto Mon.

Systems Serving 50,000-99,999 People

Crypto Monitoring | Treatment Installation Possible Extension | 2nd Round Crypto Mon.

Systems Serving 10,000-49,999 People

Crypto Monitoring Treatment Installation Possible Extension | 2nd Round Crypto Mon.

Systems Serving < 10,000 People

(Optional) 2nd Round E. coli Mon.

|E. coli Mon.| Crypto Monitoring Treatment Installation Possible Extension

Year 1 Year 2 Year 3 Year 4 Year 5 Year 6 Year 7 Year 8 Year 9 Year 10 | Year 1l Year 12 Year 13
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1.2  Document Organization

This EA is organized into the following chapters:

Chapter 2 identifies the public health concerns addressed by the rule and provides a
20-year regulatory history that includes a description of relevant National Primary
Drinking Water Regulations (NPDWRYS). It also explains the statutory authority for
promulgating the LT2ESWTR and the economic rationale for choosing a regulatory
approach.

Chapter 3 describes the regulatory alternatives considered for the LT2ESWTR and
the process for devel oping them.

Chapter 4 characterizes the baseline conditions that EPA expectsto exist (including
system inventory, treatment, and water quality data) before systems compl ete the
monitoring and begin making treatment changes to meet the LT2ESWTR
requirements. Because of the timing of the IESWTR, LT1IESWTR, and Stage 1
DBPR?®, EPA had to predict the changes in treatment and water quality made by
systems as a result of these rules to characterize pre-L T2ESWTR baseline conditions.

Chapter 5 reviews available toxicological and epidemiological datarelated to
Cryptosporidium and presents the public health and economic benefits (both
guantifiable and unquantifiable) of thisrule. It compares the benefits of the four
regulatory alternatives and presents several sensitivity analyses.

Chapter 6 presents an estimate of the costs of implementing the rule to the drinking
water industry, households, and States/Primacy Agencies. It also compares the costs
of the four regulatory alternatives.

Chapter 7 discusses analyses performed to evaluate the effects of the rule on different
segments of the population. It also considers various executive orders and other
requirements, including the Regulatory Flexibility Act (RFA) and Unfunded
Mandates Reform Act (UMRA).

Chapter 8 summarizes and analyzes the rule’' s benefit and cost estimates. It also
compares the results of the Preferred Regulatory Alternative to the other alternatives
considered.

® The compliance deadlines for the IESWTR and Stage 1 DBPR were January 2002 for large and medium
surface water systems and January 2004 for small systems. The compliance deadline for the LTIESWTR was
January 2005.
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2. Statement of Need for the Rule

21 | ntroduction

This chapter presents the need for the LT2ESWTR by identifying the public health concerns that
thisrule will address. Included is adiscussion of related regulations that shows that these public health
concerns are not adequately addressed by other rules. This chapter concludes with a discussion of the
economic rationale for the rule. The remaining sections are organized as follows:

22 Description of the Issue
2.3 Risk Balancing
24 Public Health Concerns to be Addressed
24.1  Cryptosporidium
2.4.2 Uncovered Finished Water Reservoirs
25 Regulatory History
251 Statutory Authority for Promulgating the Rule
252 1979 Total Trihalomethane Rule
253 1989 Total Coliform Rule
254 1989 Surface Water Treatment Rule
255 1996 Information Collection Rule
256 1998 Interim Enhanced Surface Water Treatment Rule
25.7 1998 Stage 1 Disinfectants and Disinfection Byproducts Rule
2.5.8 2000 Proposed Ground Water Rule
25.9 2001 Filter Backwash Recycling Rule
2.5.10 2002 Long Term 1 Enhanced Surface Water Treatment Rule
2.5.11 2003 Proposed Stage 2 Disinfectants and Disinfection Byproducts Rule
2.6 Economic Rationale for Regulation

2.2  Description of thelssue

More than 14,000 public water systems (PWSs), serving approximately 180 million peoplein the
United States and its territories, use surface water or ground water under the direct influence of surface
water (GWUDI) astheir source. These sources carry microbial contaminants, some of which pose
significant risks to public health. The U.S. Environmental Protection Agency (EPA or the Agency) is
particularly concerned about Cryptosporidium because it is resistant to many commonly used drinking
water disinfectants, such as chlorine, and it poses significant health risks, including death. Moreover,
there is no effective drug available to cure cryptosporidiosis, the health condition caused by
Cryptosporidium infection (Framm and Soave 1997). The primary issue of concern addressed by this rule
isthe risk to public health in water supplies with inadequate Cryptosporidium treatment.

The 1989 SWTR requires most surface water and GWUDI systems to remove microbial
contaminants physically through filtration. (Exemptions to thisfiltration requirement are granted to
systems that meet specified avoidance criteria.)) Types of filtration systems include the following:

» Conventional treatment—coagulation, flocculation, and sedimentation of particles, followed
by granular media filtration.
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» Direct filtration—coagulation and flocculation followed by rapid sand filtration, but no
sedimentation basin. Thistype of filtration system is designed for low-turbidity waters.

» Slow sand and diatomaceous earth filtration—filters that work at very low flow rates without
the use of a coagulant in pretreatment.

» Alternative filtration—other technologies, including membranes and bag and cartridge filters.

Current regul ations specify the performance of filtration systemsin terms of filtered water
turbidity limits. Turbidity isameasure of the clarity of water and is quantified in nephelometric turbidity
units (NTU). The 1989 SWTR required all surface water and GWUDI systems using rapid sand filtration
technologies to meet combined filter effluent turbidity limits of 0.5 NTU 95 percent of thetime. The
1998 Interim Enhanced Surface Water Treatment Rule (IESWTR) requires improved filtration
performance by lowering the turbidity standard to 0.3 NTU 95 percent of the time (with a maximum of 1
NTU at any time) for large systems using rapid sand filtration. The 2002 LT1ESWTR extended this
requirement to small systems. At thislower limit, EPA believes that systems are generally achieving a
minimum of 2 log (99 percent) removal of Cryptosporidium. Slow sand and diatomaceous earth filtration
systems can achieve at least 2 log removal at a higher effluent turbidity of 1 NTU 95 percent of the time
because of differencesin their remova mechanisms. While the degree of Cryptosporidium reduction
achieved under these standards may provide adequate public health protection for some source waters,
EPA recognizes that some systems may have higher levels of contamination against which additional
protection iswarranted. Methods such as additional filtration, the use of alternative disinfectants such as
ozone or ultraviolet light (UV), improved source water protection, or other treatment and management
initiatives can help systems achieve additional protection against Cryptosporidium.

The LT2ESWTR also addresses the risk of microbial pathogen contamination in unfiltered
systems, which lack the protective barriers from Cryptosporidium that filtered systems provide. Therule
requires unfiltered systems to provide at least 2 log inactivation of Cryptosporidium by disinfection; the
amount of disinfection will depend on the results of source water Cryptosporidium monitoring. Therule
a so requires the use of two disinfectants to meet Cryptosporidium and existing inactivation requirements
(i.e., those for Giardia and viruses).

Lastly, the LT2ESWTR addresses health risks posed by uncovered finished water reservoirs.
There are approximately 81 uncovered reservoirs that hold finished water, not including those that are
scheduled to be covered or taken off-line, ranging in size from afew thousand to more than 3 billion
galons. Whilethe IESWTR and LT1IESWTR require systemsto cover all new finished water reservoirs,
the LT2ESWTR builds on these rules by addressing existing uncovered finished water reservoirs.

2.3 Risk Balancing

EPA expects some systems to change treatment practices in response to the Stage 2 Disinfectants
and Disinfection Byproducts Rule (DBPR) requirements. These changes have the potential to increase
the occurrence of microbial pathogensin drinking water as systems alter the use of disinfectants to
comply with the new disinfection byproduct (DBP) requirements. DBPs result from chemical reactions
between disinfectants and organic and inorganic compounds in the water. Some DBPs are associated
with health risks, including adverse developmental and reproductive health effects and cancer. The
LT2ESTWR, therefore, has additional disinfection profiling and benchmarking provisions to help ensure
that systems maintain control of microbial risks as they take steps to reduce the formation of DBPs.
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EPA is making a concerted effort to understand and balance risks from DBPs and microbes, and
the costs and benefits of addressing those risksin its rulemaking efforts. To allow for simultaneous
compliance and balancing of risks between microbia pathogens and DBPs, EPA is promulgating the
LT2ESWTR concurrently with the Stage 2 DBPR. For detailed information regarding the Stage 2 DBPR,
see the draft Economic Analysis for the Stage 2 Disinfectants and Disinfection Byproducts Rule (USEPA
2003d).

24 Public Health Concernsto Be Addressed

In 1990, EPA’s Science Advisory Board (SAB), an independent panel of experts established by
Congressional mandate, cited drinking water contamination as one of the most important environmental
risks and indicated that disease-causing microbial contaminants (i.e., bacteria, protozoa, and viruses) pose
aparticularly high health risk due to the large popul ations that are directly exposed to them (SAB and
USEPA 1990). Information on waterborne disease outbreaks from the U.S. Centers for Disease Control
and Prevention (CDC) underscores this concern. Data collected by CDC indicate that between 1971 and
2002, 757 waterborne disease outbreaks, caused by various types of contamination, were reported (Craun
and Calderon 1996, Levy et a. 1998, Barwick et a. 2000, Lee et al. 2002, Blackburn et al. 2004).

The effects of waterborne disease are usually acute, resulting from a single or small number of
exposures. Most waterborne pathogens cause gastrointestinal illness with diarrhea, abdominal
discomfort, nausea, vomiting, or other symptoms. Most such cases involve a sudden onset and generally
are of short duration in healthy people. Some pathogens (e.g., Giardia and Cryptosporidium), however,
may cause extended illness, lasting weeks or longer in otherwise healthy individuals. The infection can
prove fatal for members of sensitive populations, such as the immunocompromised or the elderly. Other
waterborne pathogens cause, or at |east are associated with, more serious disorders such as hepatitis,
particularly hepatitis A (Moore et a. 1993), peptic ulcers and gastric cancer (Helicobacter pylori) (Park et
al. 2001, Sepulveda and Graham 2002), myocarditis (group B coxsackievirus) (Kim et a. 2001),
meningitis (group B coxsackievirus and echoviruses) (Lee and Kim 2002, Amvrosieva et al. 2001), and
other diseases.

24.1 Cryptosporidium

Cryptosporidium is of particular concern to EPA because, unlike pathogens such as viruses and
bacteria, Cryptosporidium oocysts are resistant to inactivation by many common disinfection methods.
Since the oocyst is especially resistant to chlorine disinfection, simply increasing existing chlorination
dosage levels or contact time above those most commonly practiced in the United Statesis not effective.
Other emerging disinfectant-resistant pathogens, such as Microsporidia, Cyclospora, and Toxoplasma, are
also aconcern for similar reasons.

Cryptosporidiosisis aprotozoal infection that usually causes 7 to14 days of diarrhea, possibly
accompanied by low-grade fever, nausea, and abdominal cramps in individuals with healthy immune
systems (Juranek 1998). It is caused by the ingestion of infectious oocysts, which are readily carried in
water. The most common source of oocystsin water isthe feces of infected hosts (Perz et al. 1998; Rose
1997). Although cryptosporidiosis often occurs through ingestion of contaminated food or water, it may
also result from direct or indirect contact with infected people or animals (Casemore 1990; Juranek 1998;
Rose 1997). Infected humans and other animals excrete oocysts, which can then be transmitted to others.
Okhuysen et al. (1998) and Dupont et a. (1995) found through human volunteer feeding studies that a
low dose of Cryptosporidium parvum (or C. parvum) is sufficient to cause infection in healthy adults.
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Some subpopulations are at greater risk of seriousillness or death from waterborne disease than
the general population (Frost et al. 1997). These include children (especially the very young), the elderly,
pregnant women, and the immunocompromised. These sensitive groups account for almost 20 percent of
the population in the United States (Gerba et a. 1996; USEPA 1998a). The severity and duration of
illness are often greater in immunocompromised people than in healthy individuals, and death may result.
For instance, of the people who died in the 1993 Milwaukee cryptosporidiosis outbreak, 85 percent had
AIDS as the underlying cause of death (Hoxie et al. 1997).

Cryptosporidium has caused a number of documented waterborne disease outbreaks. However, it
isimportant to note that C. parvum was not identified as a human pathogen until 1976, and outbreaks
attributed to cryptosporidiosis were not reported in the United States prior to 1984. The first report of an
outbreak caused by Cryptosporidium was published during the development of the SWTR (D’ Antonio et
a. 1985). EPA, CDC, and the Council of State and Territorial Epidemiologists have maintained a
collaborative surveillance program for collection and periodic reporting of data on waterborne disease
outbreaks since 1971. The CDC database and biennial CDC—EPA surveillance summaries include data
reported voluntarily by the States on the incidence and prevalence of waterborne illnesses.

Between 1991, thefirst year the SWTR and Total Coliform Rule were in effect, and 2002, the
most recent year for which data are available, 106 drinking water-related outbreaks associated with
confirmed or suspected microbiological causes occurred in PWSs. Twenty-one outbreaks occurred in
PWSs with surface water sources; the rest were in systems using wells or springs. The etiology of
outbreaks included Cryptosporidium; Giardia; bacteria such as Campylobacter jejuni, Shigella sonnei,
and E. coli O157:H7; Norwalk-like viruses and small round-structured viruses; and acute gastrointestinal
illness of unknown etiology (AGI). These outbreaks are listed individually in Appendix A of the
Occurrence and Exposure Assessment for the Long Term 2 Enhanced Surface Water Treatment Rule and
are based on CDC surveillance summaries (Moore et a. 1993, Kramer et a. 1996a, Levy et a. 1998,
Barwick et al. 2000, Lee et al. 2002, Blackburn et a. 2004).

From 1984 to 2002, there were 10 reported outbreaks of cryptosporidiosis associated with
drinking water in PWSsin the United States (Moore et al. 1993; Kramer et a. 1996a; Craun 1996; Levy
et al. 1998; Barwick et al. 2000, Lee et a. 2002, Blackburn et al. 2004). Two additional outbreaks
occurred in private wells, and another 52 outbreaks occurred in recreational waters. Exhibit 2.1
summarizes the cryptosporidiosis outbreaks associated with drinking water.
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Exhibit 2.1: Reported Cryptosporidiosis Outbreaks in
U.S. Drinking Water Systems

Location and Source Suspected
Year System Type | Cases of lliness Water Treatment Cause
Braun Station, TX,|117 (confirmed) —— Sewage-contaminated
1984 CWSs 2,000 (estimated) well Chlorination well
Conventional filtration/
Carrollton, GA, . . chlorination; inadequate = Treatment
1987 CWS 13,000 (estimated) River backwashing of some deficiencies
filters
Ground water
Berks County, PA, . L under the influence of
1991 NCWS 551 (estimated) Well Chlorination contaminated surface
water
Medford (Jackson |3,000 (estimated); Source not |dent|f|eq
. L for Jackson County;
County and combined total for . . Chlorination/package SO
1992 Spring/River | . . treatment deficiencies
Talent), OR, Jackson County and filtration plant
at water treatment
CWS Talent .
plant in Talent
Milwaukee. WI High source water
1993 CWS T 403,000 (estimated) Lake Conventional filtration contamination and
treatment deficiencies
Possible sewage
1993 = ook County, MN, 57 o ntirmed) Lake  Filtered, chlorinated backflow from
NCWS . .
toilet/septic tank
103 (confirmed); Prechlorination,
1994 g{/a\llrlg County, NV, many were HIV River/Lake | filtration and post- Source not identified
positive filtration chlorination
1994 \év\f\‘/llsa Walla, WA, 134 (confirmed) Well None reported Sewage contamination
Williamson
1998 | County, TX, 1,400 (confirmed) Well Chlorinated Sewage contamination
CWS
2000  Florida, CWS 5 Well  Chlorinated Broken well, treatment
deficiencies

Source: Craun et al. (1998), Barwick et al. (2000), and Lee et al. (2002).

Five of the 10 outbreaks in Exhibit 2.1 originated from surface water or possibly GWUDI
supplied by PWSs serving fewer than 10,000 people. In total, the 10 outbreaks caused an estimated

421,337 cases of illness, the majority occurring in Milwaukee in 1993. These outbreaks demonstrate that
when treatment is not operating optimally or when source water is highly contaminated, Cryptosporidium
can be present in the finished drinking water and infect consumers, ultimately resulting in disease
outbreaks.

The National Research Council concluded that the number of identified and reported outbreaks in
the CDC database (both for surface and ground waters) represents a small percentage of actual waterborne
disease outbreaks (National Research Council 1997). Most outbreaks in CWSs are not recognized until a
sizable proportion of the populationisill (Perz et al. 1998, Craun 1996). In addition to the complications
involved in identifying waterborne disease outbreaks, some States do not have active outbreak
surveillance programs. Those that do exist are based on voluntary and confidential responses by State and
local public health officials. Even when outbreaks are recognized, few are successfully traced to the
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drinking water source. Physicians, for instance, may not have sufficient community-wide information to
attribute gastrointestinal illness to any specific origin, such as a drinking water source. Many people who
experience gastrointestinal illness (predominantly manifested as diarrhea) do not seek medical attention,
and some healthy adults with cryptosporidiosis may not suffer severe symptoms from the disease. Even if
infected individuals consult a physician, Cryptosporidium is not identified by routine diagnostic tests for
gastroenteritis and, therefore, tends to be under-reported in the general population (Craun 1996).

The limited number of reported cases of waterborne disease such as cryptosporidiosis may be due
to the fact that a significant portion of these illnesses may be endemic (i.e., not associated with an
outbreak), and thus are even more difficult to recognize. One study, for example, found that 14 to 40
percent of the normal gastrointestinal illness in a community in Quebec was associated with treated
drinking water from a surface water source (Payment et al. 1997).

2.4.2 Uncovered Finished Water Reservoirs

Many PWSs store treated drinking water in some type of reservoir before delivering it to their
customers. Although good engineering practice dictates that such reservoirs be covered to prevent
recontamination, there are currently no regulations that require existing reservoirs to be covered. (The
IESWTR and LT1IESWTR require new reservoirs to be covered.) The use of uncovered finished water
reservoirs has been questioned since 1930 because of their susceptibility to contamination and subsequent
threats to public health. Many sources of contamination can lead to the degradation of water quality in
uncovered finished water reservoirs. Theseinclude, but are not limited to, surface water runoff, algal
growth, insects and fish, bird and animal waste, airborne deposition, and human activity. Algal blooms
are the most common problem in open reservoirs and can become a public health risk. Algae growth
leads to the formation of DBPs and causes taste and odor problems. Algae also provide afood source for
bacteria that decompose plant matter. Some blue-green algae (actually atype of bacterium called
cyanobacteria) contain toxins that can induce headaches, fever, diarrhea, abdominal pain, nausea, and
vomiting. Bird and animal wastes are other common and significant sources of contamination. These
wastes may carry microbia contaminants such as coliform bacteria, viruses, and human pathogens,
including Vibrio cholera, Salmonella, Mycobacteria, bacteria that cause typhoid fever, and Giardia, in
addition to Cryptosporidium (USEPA 1999c). Microbial pathogens can also be found in surface water
runoff along with agricultural chemicals, automotive wastes, turbidity, metals, and organic matter
(USEPA 1999c; LeChevallier et al. 1997b). In an effort to minimize contamination, systems have
implemented controls such as reservoir covers and liners, regular draining and washing, proper security
and monitoring, bird and insect control programs, and drainage designed to prevent surface runoff from
entering the reservoir (USEPA 1999c).

Few studies quantitatively evaluate the impacts of uncovered finished water reservoirs on public
health. LeChevallier et a. (1997b) compared the influent and the effluent water quality from six New
Jersey reservoirs for a 1-year period to determine the impact of uncovered finished water storage
reservoirs on water quality. There were significant increases in turbidity, particle counts, total coliform,
fecal coliform, and heterotrophic plate count bacteriain the effluent compared to the influent. There was
also asignificant decrease in the chlorine residual in the effluent samples, meaning little chlorine would
be left to provide continued disinfection in the distribution system.
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25 Regulatory History

The primary responsibility for regulating the quality of drinking water lieswith EPA. The Safe
Drinking Water Act (SDWA) establishes this responsibility and defines the mechanisms at the Agency’s
disposal to protect public health. EPA sets standards by identifying which contaminants should be
regulated and by establishing the maximum levels of the contaminants allowed in drinking water,
specifying treatment techniques to reduce contaminant levels.

251 Statutory Authority for Promulgating the Rule

Section 1412(b)(1) of the 1996 SDWA reauthorization mandated new drinking water
requirements. EPA’s general authority to set Maximum Contaminant Level Goals (MCLGs) and develop
National Primary Drinking Water Regulations (NPDWRs) was modified to apply to contaminants that
“may have an adverse effect on the health of persons,” are “known to occur or there is a substantial
likelihood that the contaminant will occur in PWSs with a frequency and at levels of public health
concern,” and for which, “in the sole judgment of the Administrator, regulation of such contaminant
presents a meaningful opportunity for health risk reductions for persons served by public water systems”
(SDWA 1412(b)(1)(A)).

To regulate a contaminant, EPA first setsan MCLG at alevel at which no known or anticipated
adverse health effects occur. MCLGs are established solely on the basis of protecting public health and
are not enforceable. EPA simultaneously sets an enforceable Maximum Contaminant Level (MCL) as
close as technologically feasible to the MCL G, while taking costs into consideration. If it isnot feasible
to measure the contaminant at levels presumed to have impacts on health, a treatment technique can be
specified in place of an MCL. Water systems comply with a drinking water regulation by not exceeding
the MCL or by meeting treatment technique requirements.

In addition to the general authorities cited above, SDWA Section 1412(b)(2)(C) requires
specifically that EPA promulgate the Final Enhanced Surface Water Treatment Rule (ESWTR).

The Administrator shall promulgate an Interim Enhanced Surface Water Treatment Rule,
aFinal Enhanced Surface Water Treatment Rule, a Stage 1 Disinfectants and Disinfection
Byproducts Rule, and a Stage 2 Disinfectants and Disinfection Byproducts Rulein
accordance with the schedule published in volume 29, Federal Register, Page 6361
(February 10, 1994), in Table 111.13 of the proposed Information Collection Rule.

The promulgation of the IESWTR and LT1ESWTR satisfied the statutory requirement for an
interim rule, and the LT2ESWTR satisfies the requirement for afinal rule and the Congressional intent to
review and revise the IESWTR and LT1ESWTR based on data available from the Information Collection
Rule (ICR) and Information Collection Rule Supplemental Survey (ICRSSs) (see section 2.5.5). Also, to
achieve the goals of the Stage 2 DBPR, the LT2ESWTR must be promulgated to achieve a balance
between the risks of microbial pathogens and DBPs.

The following sections summarize the development of NPDWRs over the past 20 years.
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2.5.2 1979 Total Trihalomethane Rule

Under the Tota Trihalomethane Rule (44 FR 68624 November 1979), EPA set an MCL for total
trihalomethanes (TTHM), the sum of chloroform, bromoform, bromodichloromethane,
dibromochloromethane, of 0.10 mg/L as arunning annual average (RAA) of quarterly samples. This
standard applied to CWSs using surface or ground water that served at least 10,000 people and that added
adisinfectant to the drinking water during any part of the treatment process. This 1979 rule was
superseded by the 1998 Stage 1 DBPR (section 2.5.7).

2.5.3 1989 Total Coliform Rule

The Total Coliform Rule (TCR) (54 FR 27544 June 1989) appliesto all PWSs. Because
monitoring PWSs for every possible pathogenic organism is not feasible, coliform organisms are used as
indicators of possible distribution system contamination. Coliforms are easily detected in water and are
used to indicate a system’ s vulnerability to pathogens. Inthe TCR, EPA set an MCLG of zero for total
coliforms. EPA also set amonthly MCL for total coliforms and required testing of total-coliform-
positive cultures for the presence of E. coli or fecal coliforms. E. coli and fecal coliformsindicate more
immediate health risks from sewage or fecal contamination, and their presence is an acute MCL violation,
which requires immediate public notification. Coliform monitoring frequency is determined by the size
of the population served, the type of system (community or honcommunity) and the type of source water
(surface water, GWUDI, or ground water). In addition, the TCR required sanitary surveys every 5 years
(or 10 years for NCWSs using disinfected ground water) for systems that collect fewer than five routine
total coliform samples per month (typically serving fewer than 4,100 people).

254 1989 Surface Water Treatment Rule

Under the SWTR (54 FR 27486 June 1989), EPA set MCLGs of zero for Giardia lamblia,
viruses, and Legionella, and established treatment requirements for all PWSs using surface water or
GWUDI asasource. The SWTR includes trestment technique requirements for filtered and unfiltered
systems that are intended to protect against the adverse health effects associated with Giardia lamblia,
viruses, and Legionella, as well as many other pathogenic organisms. These requirements include:

* Maintenance of adisinfectant residual in water entering and within the distribution system.

* Removal/inactivation of at least 99.9 percent (3 log) of Giardia and 99.99 percent (4 log) of
Viruses.

» Filtration, unless systems meet specified avoidance criteria

» For filtered systems, aturbidity performance standard for the combined filter effluent
consisting of a5-NTU maximum and 95 percent of measurementsin 1 month not to exceed
0.5 NTU, based on 4-hour monitoring for treatment plants using conventional treatment or
direct filtration (with separate standards for other filtration technologies). The 1998 IESWTR
and the 2002 LT1ESWTR superseded these particular requirements.

*  Watershed control programs and water quality requirements for unfiltered systems.
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255 1996 Information Collection Rule

The ICR (61 FR 24354 May 1996) applied to PWSs serving more than 100,000 people. A more
limited set of ICR requirements pertained to ground water systems serving 50,000 to 100,000 people.

The ICR authorized EPA to collect occurrence and treatment information to help evaluate the
need for possible changes to the microbial treatment practices and to help evaluate the need for future
regulation of disinfectants and DBPs. The ICR provided EPA with additional information on the national
occurrence in drinking water of (1) chemical byproducts that form when disinfectants used for microbial
control react with naturally occurring compounds present in source water; and (2) disease-causing
microorganisms, including Cryptosporidium, Giardia, viruses, and coliform bacteria. The ICR also
required water systems to collect plant configuration data showing the type of treatment provided. The
ICR monthly sampling data provided atotal of 18 months of influent and treated water quality data
including pH, akalinity, turbidity, temperature, calcium and total hardness, total organic carbon, UV ,,
bromide, ammonia, and disinfectant residual. These data provided an indication of the “treatability” of
the water, the occurrence of contaminants, and the potential for DBP formation. The data collected under
the ICR were used in analyses supporting development of the LT2ESWTR and Stage 2 DBPR.

2.5.6 1998 Interim Enhanced Surface Water Treatment Rule

The IESWTR (63 FR 69478 December 1998) updated the 1989 SWTR for large systems. It
appliesto PWSs serving at least 10,000 people and using surface water or GWUDI as asource. These
systems were to comply with the IESWTR by January 2002. The primary purpose of the [IESWTR isto
improve control of Cryptosporidium and to address tradeoffs between the risks from microbial pathogens
and those from DBPs. The requirements and guidelines include:

*  AnMCLG of zero for Cryptosporidium;

* Removal of 99 percent (2 log) of Cryptosporidium for systems that provide filtration;

» For treatment plants using conventional treatment or direct filtration, a turbidity performance
standard for the combined filter effluent consisting of a1 NTU maximum and 95 percent of
measurements in 1 month not to exceed 0.3 NTU, based on 4-hour monitoring;

»  Continuous monitoring of individual filter effluent turbidity in conventional and direct
filtration plants and recording turbidity readings every 15 minutes when these filters are on-

ling;

» A disinfection benchmark to assess the level of microbial protection provided before facilities
change their disinfection practices to meet the requirements of the Stage 1 DBPR;

* Inclusion of Cryptosporidium in the definition of GWUDI and in the watershed control
requirements for unfiltered PWSs;

» Coversfor dl new finished water storage facilities; and

* A primacy provision that requires States to conduct sanitary surveys with a minimum
frequency for all surface water systems, including those serving fewer than 10,000 people.
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EPA promulgated the IESWTR concurrently with the Stage 1 DBPR so that systems could
coordinate their response to the risks posed by DBPs and microbial pathogens.

2.5.7 1998 Stage 1 Disinfectants and Disinfection Byproducts Rule

The Stage 1 DBPR (63 FR 69390 December 1998) appliesto all CWSsand NTNCWSsthat add a
chemical disinfectant to their water. Certain requirements designed to provide protection against acute
health effects from chlorine dioxide also apply to transient noncommunity water systems (TNCWSs).
Surface water and GWUDI systems serving at least 10,000 people were required to comply with therule
by January 2002. Surface water and GWUDI systems serving fewer than 10,000 people and al ground
water systems must comply by January 2004.

The Stage 1 DBPR sets maximum residua disinfectant level goals (MRDLGS) for chlorine (4
mg/L as Cl,), chloramines (4 mg/L as Cl,), and chlorine dioxide (0.8 mg/L as ClIO,); and MCLGs for
bromodichloromethane (0 mg/L), bromoform (0 mg/L ), dibromochloromethane (0.06 mg/L),
dichloroacetic acid (0 mg/L), trichloroacetic acid (0.3 mg/L), bromate (0 mg/L), and chlorite (0.8 mg/L).
The rule sets MRDLs for chlorine (4 mg/L as Cl,), chloramines (4 mg/L as Cl,), and chlorine dioxide (0.8
mg/L as ClO,); and MCLsfor TTHM (0.080 mg/L), HAAS (0.060 mg/L), bromate (0.010 mg/L), and
chlorite (1.0 mg/L). The MRDLs and MCLs, except those for chlorite and chlorine dioxide, are
calculated as RAAs. For conventiona surface water and GWUDI systems, a treatment
technique—enhanced coagul ation/softening—is specified for the removal of DBP precursors.

As noted in section 2.5.6, the Stage 1 DBPR was promulgated concurrently with the IESWTR to
coordinate the control of DBPs and microbial contaminants.

2.5.8 2000 Proposed Ground Water Rule

The proposed Ground Water Rule (65 FR 30194 May 2000) addresses fecal contamination in
ground water systems. The rule aso builds on the TCR through provisions based on further evaluation of
E. coli monitoring results measured under the TCR. Key components of the multibarrier approach for
protection of ground water included in the proposed rule are:

e Sanitary surveysfor al ground water systems conducted at the same frequency asin surface
water systems;

» Hydrogeologic sensitivity assessments to identify ground water sources that are susceptible to
fecal contamination;

»  Source water monitoring for an indicator of fecal contamination for systems drawing from
susceptible ground water sources,

» Correction of significant deficiencies and fecal contamination by eliminating the source of
contamination, correcting the deficiency, providing an alternative source of water, or
providing inactivation and/or removal of 99.99 percent (4 log) of viruses; and

»  Compliance monitoring to ensure that disinfection treatment is reliably operated when it is
used.
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259 2001 Filter Backwash Recycling Rule

The Filter Backwash Recycling Rule (FBRR) (66 FR 31086 June 2001) regul ates systems where
filter backwash is returned to the treatment process. The rule applies to surface water and GWUDI
systems that use direct or conventional filtration and recycle spent filter backwash water, sludge thickener
supernatant, or liquids from dewatering processes. The rule requires that these recycled liquids be
returned to alocation such that all steps of a system’s conventional or direct filtration are employed. The
rule also requires systems to notify the State that they practice recycling. Finally, systems must collect
and maintain information for review by the State.

25.10 2002 Long Term 1 Enhanced Surface Water Treatment Rule

The LTIESWTR (67 FR 1812 January 2002) is an extension of the 1998 IESWTR to small
systems. LTIESWTR extends control of Cryptosporidium and other disease-causing microbesto surface
water and GWUDI systems that serve fewer than 10,000 people. Key provisionsinthe LTIESWTR are
very similar to those for the IESWTR, but provide additional flexibility for small systems.

2.5.11 2003 Proposed Stage 2 Disinfectants and Disinfection Byproducts Rule

The requirements of the Stage 2 DBPR apply to all CWSs and NTNCWSs that add a disinfectant
other than UV or that deliver water that has been treated with a disinfectant other than UV. The Stage 2
DBPR builds on the 1979 Tota Trihalomethane Rule and the 1998 Stage 1 DBPR by requiring reduced
levels of DBPsin distribution systems. Each rule activity for the Preferred Regulatory Alternative and
the associated rule schedule are described below.

The Stage 2 DBPR is designed to reduce DBP occurrence peaks in the distribution system by
changing compliance monitoring requirements. Compliance monitoring will be preceded by an initial
distribution system evaluation (IDSE) to identify distribution system locations that represent high total
trihalomethane (TTHM) and hal oacetic acids (HAAD) levels. Systems may perform an IDSE by
completing either a system-specific study (SSS) or a standard monitoring program (SMP). NTNCWSs
serving fewer than 10,000 people are not required to conduct an IDSE, and other systems may receive
waivers from the I DSE requirement.

The Stage 2 DBPR changes the way sampling results are averaged to determine compliance. The
compliance determination for the Stage 2 DBPR is based on alocational running annual average (LRAA)
instead of the system-wide RAA used under the Stage 1 DBPR. LRAAs are RAAs calculated separately
for each sample location in the distribution system. With the Stage 2 LRAA requirement, the TTHM and
HAAS MCLs must be met at each monitoring location, while the Stage 1 RAA requires a system to
average results over all monitoring locations.

2.6  Economic Rationalefor Regulation
This section addresses the economic rationale for choosing a regulatory approach. Such a

rationale is required by Executive Order Number 12866, Regulatory Planning and Review (The White
House 1993), which states the following:
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...[E]ach agency shall identify the problem that it intends to address (including, where
applicable, the failures of the private markets or public institutions that warrant new
agency action) aswell as assess the significance of that problem. (Section 1, b(1))

In addition, Office of Management and Budget (OMB) guidance dated January 11, 1996, states that “in
order to establish the need for the proposed action, the analysis should discuss whether the problem
constitutes a significant market failure” (USEPA 1996b).

In a perfectly competitive market, prices and quantities are determined solely by the aggregated
decisions of buyers and sellers. Such a market occurs when many producers of a product are selling to
many buyers, and both producers and consumers have perfect information on the characteristics and
prices of each firm’s products. Barriersto entry in the industry cannot exist, and individual buyers and
sellers must be “price takers’: i.e., their decisions cannot affect the price. Severa properties of the public
water supply do not satisfy the conditions for a perfectly competitive market and, thus, lead to market
failures that require regulation.

First, many water systems are natural monopolies. A natural monopoly existswhen it is
impossible for more than one firm in each area to recover the costs of production and survive. There are
high fixed costs associated with reservoirs and wells, transmission and distribution systems, treatment
plants, and other facilities. For other potential suppliersto enter the market, they would have to provide
the same extensive infrastructure to realize similar economies of scale and be competitive. A splitting of
the market with increased fixed costs (for example, two supplier networks in a single market) usually
makes this situation unprofitable for one or both suppliers. The result is amarket suitable for asingle
supplier and onethat is hostile to aternative suppliers. 1n such natural monopolies, suppliers have fewer
incentives for providing high quality service or maintaining competitive prices. In these situations,
governments often intervene to help protect the public interest.

Because PWSs are legal as well as natural monopolies, they are often subject to price controls, if
not outright public ownership. While customers may demand improvements in water quality, the
regulatory regime may not transmit that demand to the water supplier or allow the supplier to raise its
price to recover the cost of the improvements. If consumers do not believe that their drinking water is
safe enough, they cannot simply switch to another water utility. Other options for obtaining safe drinking
water (e.g., buying bottled water or installing point-of-use filtration) often cost consumers more than
water purchased from public water supplies. Therefore, the water supplier may have little incentive to
improve water quality.

Second, the public may not understand the health and safety issues associated with drinking water
quality. Understanding the health risks posed by trace quantities of drinking water contaminants involves
analysis and synthesis of complex toxicological and health sciences data. Therefore, the public may not
be aware of the risksit faces. For example, cases of waterborne disease are likely to be under-reported
since a significant portion may be endemic, making them more difficult to recognize. Thereis, therefore,
alack of occurrence data and related cost information on endemic waterborne disease available to the
public. EPA hasimplemented a Consumer Confidence Report (CCR) Rule (USEPA 1998) that makes
water quality information more readily available to consumers. This rule requires CWSsto publish an
annual report on Local drinking water quality. Consumers, however, still have to analyze this
information for its health risk implications. Even if informed consumers are able to engage water systems
in adialogue about health issues, the costs of such interaction (measured in personal time and monetary
outlays) present a significant impediment to consumer expression of risk reduction preferences.
Moreover, these reports typically contain no information about the risk associated with Cryptosporidium
and most other microbial pathogens, because PWSs are not required to analyze for them.
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SDWA regulations are intended to provide alevel of protection from exposure to drinking water
contaminants by setting minimum performance requirements. These regulations are intended neither to
restructure market mechanisms nor to establish competition in supply; rather, they establish the level of
service to be provided that best reflects public preference for safety. The Federal regulations reduce the
high information and transaction costs by acting on behalf of consumersin balancing risk reduction and
the social costs of achieving thisrisk reduction.
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3. Consideration of Regulatory Alter natives

31 I ntroduction

The U.S. Environmental Protection Agency (EPA or the Agency) evaluated a number of
regulatory alternatives that could mitigate the health concerns addressed by the Long Term 2 Enhanced
Surface Water Treatment Rule (LT2ESWTR). These evaluations took place during a regulatory
negotiation process that began in the Spring of 1999, and included consultation with the Stage 2
Microbial and Disinfection Byproducts (Stage 2 M-DBP) Advisory Committee that was convened under
the Federal Advisory Committees Act (FACA). This chapter summarizes the alternatives considered and
develops a context for the regulatory approach taken. The remainder of the chapter is organized as
follows:

3.2 Development Process for Regulatory Alternatives
3.3 Specific Regulatory Alternatives Considered in this EA
3.3.1 Summary of Bin Classification and Treatment Requirements for Regul atory
Alternatives
3.3.2 Additional Treatment for Direct Filtration Systems
3.4 Alternative Monitoring Approaches Considered
3.4.1 Indicators of Microbial Contamination
3.4.2 Cryptosporidium Monitoring Strategies for Bin Classification

3.2 Development Processfor Regulatory Alternatives

Two effortsin the regulatory development process for the LT2ESWTR are particularly relevant
to evaluation of alternatives discussed in the Economic Analysis (EA): (1) the data synthesis and analysis
resulting from the Information Collection Rule (ICR) and ICR Supplementary Surveys (ICRSSs), and (2)
the deliberations and recommendations of the Stage 2 M-DBP Advisory Committee.! EPA held 14
formal negotiation meetings of the Stage 2 M-DBP Advisory Committee between March 1999 and
September 2000. Before convening the committee, EPA also held three preparatory stakeholder meetings
on pathogen and disinfection byproduct (DBP) health effects, occurrence, and treatment. The objective of
the committee meetings was to reach a consensus regarding recommended provisions for the two rules
(Stage 2 Disinfectants and Disinfection Byproducts Rule (DBPR) and LT2ESWTR).

Technical support for the Stage 2 M-DBP negotiation meetings was provided by the Technical
Work Group (TWG), which the committee established at its first meeting and comprised EPA and
drinking water industry experts. The TWG's activities resulted in the collection, devel opment,
evaluation, and presentation of key datarelated to the LT2ESWTR, including new data on pathogenicity,
occurrence, and treatment of microbial contaminants, specifically Cryptosporidium.

The ICR database provided much of the information evaluated for the LT2ESWTR. EPA
promulgated the ICR in 1996 pursuant to the Safe Drinking Water Act (SDWA) requirements. The ICR
required approximately 300 large public water systems (PWSs) with approximately 500 separate water
treatment plants to conduct 18 months of sampling for water quality and treatment parameters related to

1 The Stage 2 M-DBP Advisory Committee comprised representatives from a variety of stakeholder
organizations. A complete list of participating members (as well as a summary of committee findings) isincluded in
the docket for the LT2ESWTR.
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DBP formation and the occurrence of microbial pathogens. After the ICR data collection, EPA obtained
additional data on pathogen occurrence through the ICRSSs. These involved 127 water treatment
systems, including 40 small systems. Large and medium systems collected semi-monthly samples for
Cryptosporidium, Giardia, and other water quality parameters for 1 year. Small systems (those serving
fewer than 10,000 people) collected monthly water quality data, but did not sample for protozoa.

EPA, in consultation with nationally recognized expertsin statistics, evaluated ICR and ICRSS
datato generate estimates of national occurrence of Cryptosporidium in surface water and finished water.
These data were evaluated under various regulatory scenarios to estimate the reduction of
Cryptosporidium reaching consumers.

3.3  Specific Regulatory Alternatives Considered in thisEA

The recommendations of the Advisory Committee are described in a document called the
Agreement in Principle (USEPA 2000e). The Advisory Committee reached consensus on the issues of
uncovered finished water reservoirs and treatment of unfiltered water without formally identifying
regulatory alternatives other than the proposed approaches. Consequently, no formal alternatives were
presented for these requirements. The committee’ s recommendations to address these issues are reflected
inthe LT2ESWTR. For control of Cryptosporidium in filtered systems, however, severa aternatives
were considered. The committee discussed, but quickly found impractical, alternatives based on
monitoring for Cryptosporidium in finished water. The occurrence of Cryptosporidium in finished water
is so low that the volume of water required for analysis would make monitoring costs prohibitive. Thus,
al the alternatives based on monitoring directed that monitoring be performed on the source water.

The following subsections detail the differences between the alternatives and explain the rationale
behind EPA’ s selection of the Preferred Alternative. Section 3.3.2 also describes the additional treatment
requirements proposed for direct filtration systems.

3.3.1 Summary of Bin Classification and Treatment Requirementsfor Regulatory Alternatives

In considering different approaches for filtered systems under the LT2ESWTR, the M-DBP
Advisory Committee focused on four regulatory alternatives (hereafter referred to as Alternatives A1
through A4). Alternative A1 requires the same amount of reduction of Cryptosporidium for al systems,
while the other three base their treatment requirements on the amount of Cryptosporidium foundin a
system’ s source water through monitoring. These measurements place a system in one of severa bins,
ranging from “no action” to an additional 2.5 log Cryptosporidium treatment. Further, al alternatives
alow systemsto select treatment technol ogies based on the amount of Cryptosporidium treatment needed
to meet requirements and the effectiveness of each technology.

In evaluating each binning scenario, the committee asked the following questions:

* Do the treatment requirements adequately reduce Cryptosporidium concentrations in finished
weter?

e How many systemswould be required to add treatment?

e What isthelikelihood of bin misclassification?
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*  What are the chances that systems with high source water concentrations would be placed in
the bin requiring no action?

The predicted finished water Cryptosporidium concentrations and percentages of plants adding
treatment are shown for the Preferred Regulatory Alternative in Chapter 4. The likelihood of
classification in a certain bin for a given concentration and the predicted percentages of plantsin each bin
for all the regulatory alternatives are shown in Appendix B.

Exhibit 3.1 summarizes binning and treatment scenarios for each regulatory alternative. These
aternatives were defined by two criteria: (1) bin boundaries, as defined by the results of Cryptosporidium
monitoring, and (2) the treatment scenarios (log reduction requirements for Cryptosporidium) required for
each bin. The alternatives were compared within the context of the economic analysisto assist EPA in
selecting a Preferred Regulatory Alternative.

On the basis of preliminary cost-benefit analyses, the Advisory Committee chose Alternative A3
asthe Preferred Alternative. This EA continues to support Alternative A3 as the best choice and EPA is
promulgating Alternative A3 for thisreason. Alternative A3 was shown to be the most cost effective and
to deliver the best value. Comparisons of the net benefits of each alternative are summarized in the
executive summary and described in more detail in Chapter 8.

Exhibit 3.1: Summary of Bin Requirements for Filtered Systems

Source Water Cryptosporidium
Monitoring Results (oocysts/L) Additional Treatment Requirements

Alternative Al
2.0 log inactivation required for all systems

Alternative A2

<0.03 No action
>0.03and < 0.1 0.5 log
>0.1and<1.0 1.5 log
> 1.0 2.5 log
Alternative A3 - Preferred Alternative
<0.075 No action
> 0.075and < 1.0 1log
>1.0and < 3.0 2 log
> 3.0 2.5 log
Alternative A4
<0.1 No action
>0.1and<1.0 0.5- log
>1.0 1.0 log

Note: “Additional treatment requirements” are for systems that have conventional treatment in
full compliance with existing rules (the IESWTR and LTIESWTR).
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3.3.2 Additional Treatment for Direct Filtration Systems

The Agreement in Principle (USEPA 2000e) recommended that EPA address direct filtration
systems in connection with Bins 2-4 of Alternative A3 inthe LT2ESWTR. Direct filtration plants lack
sedimentation basins; their treatment processes move directly from addition of coagulant and mixing to
filtration. Conventional filtration plants use coagulation, sedimentation, and filtration. Sedimentation
reduces the Cryptosporidium load on the filters and helps plants respond to sudden changes in influent
water quality.

EPA considered the effectiveness of direct filtration in removing Cryptosporidium when
determining how to apply the Advisory Committee’ s treatment technique recommendations for
conventional plants to direct filtration plants. EPA has consistently recognized the value of employing
multiple barriers for pathogen removal to provide redundancy and reliability. Studies have shown that a
well-operated sedimentation basin can reduce Cryptosporidium levels by 0.5 log or more (Dugan et al.
1999; Edzwald and Kelley 1998; and Patania et al. 1995). The SWTR Guidance Manua (USEPA 1991)
also supports giving less credit to direct filtration systems; these systems are eligible for 0.5 log |ess credit
for Giardia than conventional filtration systems.

Based on these studies, EPA’ s prior consideration of the effectiveness of direct filtration systems
for Giardia, and the Agency’s confidence in the multiple barrier approach, EPA concluded that direct
filtration plants should provide an additional 0.5 log treatment beyond that required for conventional
treatment plants. A more detailed discussion of Cryptosporidium removal by conventional and direct
filtration can be found in the EPA document, Occurrence and Exposure Assessment for the Long Term 2
Enhanced Surface Water Treatment Rule (USEPA 2003c).

3.4  Alternative Monitoring Approaches Considered

EPA considered a variety of monitoring approaches while developing LT2ESWTR regulatory
aternatives. These include evaluating other water quality parameters as surrogates for Cryptosporidium
and alternative monitoring strategies to minimize monitoring costs, especialy for small drinking water
systems. These issues are described in the subsections below.

3.4.1 Indicatorsof Microbial Contamination

Dueto the cost associated with Cryptosporidium monitoring, the Stage 2 M-DBP Advisory
Committee evaluated alternative source water quality parameters to determine if they could be used to
identify water sources with high Cryptosporidium levels. The committee assessed the 12-month means of
monitoring data for turbidity, total organic carbon (TOC), E. coli, fecal coliform, and total coliform
bacteria as surrogates for Cryptosporidium. Specifically, the committee evaluated whether these potential
surrogates could accurately assign plantsto LT2ESWTR microbial framework bins. None of these
parameters correlated well with Cryptosporidium levels at all concentrations. Evidence indicated that E.
coli would be somewhat effective in identifying plants with Cryptosporidium levels above or below 0.075
oocysts/L in reservairs, lakes, and flowing streams (USEPA 2003c). Under the Preferred Alternative, this
level isthe cutoff between the no-action and the action bins (Bins 2, 3, and 4). Thus, the committee
recommended that E. coli be used as a screening test for small systems under the Preferred Alternative,
A3.

The selection of the E. coli level for determining when additional Cryptosporidium monitoring in
small systems should be conducted was based on limited data. Therefore, the Advisory Committee
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agreed that additional data should be collected to evaluate the E. coli indicator criteriaand to develop
aternative criteria, if appropriate. Accordingly, the Advisory Committee agreed that large systems would
measure E. coli and turbidity in their source water when they sample for Cryptosporidium. The
composite datawill be submitted to EPA. Thiswill give EPA time to develop possible alternative
indicator levels or indicator parameters (e.g., turbidity in combination with E. coli) prior to the date when
small systems are required to begin source water monitoring for E. coli. Following the completion of 1
year of monitoring under the LT2ESWTR, EPA will determine if alternative indicators (to the E. coli
levels prescribed in the rule) are appropriate for determining classification into bins. Depending upon its
findings, EPA will issue guidance for States to consider prescribing alternative indicator requirements for
small systems. Therefore, the LT2ZESWTR allows for alternative indicators to be considered by the
Primacy Agency.

The use of E. coli asascreen for Cryptosporidium monitoring is applicable only to Alternatives
A3 and A4. Using E. coli levelsto predict amean Cryptosporidium concentration of less than 0.03
oocysts per liter—the action cutoff level for Alternative A2—was less reliable (USEPA 2003c). Thus,
under Alternative A2, no screening test is available, and all small systems must monitor for
Cryptosporidium. Since Alternative A1 requires the same level of treatment for al systems, no
monitoring provisions for large or small systems are included for Alternative A1l.

3.4.2 Cryptosporidium Monitoring Strategies for Bin Classification

EPA and the Advisory Committee also evaluated aternative monitoring strategies to ensure that
levels of source water contamination would be adequately characterized, while minimizing the
monitoring burden. Approaches considered included taking 24, 48, or 72 source water samples to
determine bin classification using the bin boundariesin Alternative A3.

EPA chose to allow systems serving at least 10,000 people to collect and analyze 24 monthly
samples over a 2-year period and base the bin assignment on the maximum running annual average
(RAA). (Thefirst RAA will be the average of the results of the first 12 months of monitoring; the second
RAA will be the average of results from months 2—13; the third will be the average of concentrations
from months 3-14; and so forth.) Alternatively, systems may collect two or more samples per month
over the 2-year period, at regular intervals, and use the simple average (the average of al 48 samples) to
determine bin placement. The following paragraphs discuss the methodology for choosing these
monitoring frequencies.

EPA knew that the measured amount of Cryptosporidium in each sample might be different from
the actual or “true” concentration because of error inherent in