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1. INTROPUCTION

Thh Guidance Manual complements the filtration and disinfection
treatment requirements for public water systems using surface water
sources or ground water under the direct influence of surface water
promulgated in 40 CFR Part 141, Subpart H. In this IIInual, these.
requirements are referred, to as in the Surface 'Water Treatment Rule
(SWTR).

The purpose of this manual is to provide guidance to United States
Environmental Protection Agency (USEPA) Regional Offices, Primacy Agen~ies

and affected ut 11 it ies in the imp1ementat ion of the SWTR, and to help
assure that implementation is consistent. For example, the SWTR' sets
treatment requirements which apply to a large range of source water

. conditions. The guidance manual suggests design, operating and perform
ance criteria for specific surface water quality conditions to provide the
optimum protection from microbiological contaminants~ These, recommenda
tions are presented as advisory guidelines only; unlike the provisions of
the SWTR, these recommendations are not mandatory requirements. In many
cases, it will ,be appropriate to tailor requirements to. specific
circumstances; the guidance manual is designed to give the Primacy Agency
flexibility in establishing the most appropriate treatment requirements
for the systems within their jurisdiction.

Throughout this doc~ment, the term ·Primacy Agency· refers to a
State with primary enforcement responsibility for public water systems or
·primacy,· or to mean EPA in the case of a State that has not obtained
primacy.

In order to facilitate the use of this manual, it has been
structured to follow the framework of the SWTR as closely as possible.
Brief descriptions of the contents of each section of this manual are
presented in the following paragraphs.

Section 2
This section provides guidance for determining whether a water

supply source is subject to the requirements of the SWTR including the
determination of whether a ground water source is under the di rect
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influence of surface water~i.e. at risk for the presence of Gi.rdia cysts
-or other large .icroorganisms. The overall treatment requirements of the

SWTR are.also presented, along with re~ommendations for the qualifications
of operator personnel.

Section 3
For systems which are subject to the requirements of the SWTR and

which do not currently provide filtration, this section provides guidance
to the Primacy Agency for determining if a given system:

- Meets t~e source water quality criteria

Meets the disinfection requirements including:

99.9 and 99.99 percent inactivation of Gi'rdia cysts and
viruses and application of the CT (disinfectant residual
concentration x contact time) concept

Point of entry to distribution system requirements

Distribution system requirements

Provision for disinfection system redundancy

Maintains an adequate watershed control program

Meets the on-site inspection requirements

~as not had an identified ~aterborne disease outbreak

Complies with the requirements of the revised Total Coliform
Rule

Complies with Total Trihalomethane (TTHM) Rule

Section 4

This section pertains to systems which do not meet the requirements
to avoid filtration outlined in Section 3 and therefore are required to
install filtration. Guidance is 'given for 'the selection of an appropriate
filtration technology based on the source water quality and the capabili
ties of variou~ te~hnologies to achieve the required performance criteria.
In addition, recommended design and operating criteria are provided for
different filtration technologies.
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Section 5
Section 5 presents guidance to the Primacy Agency for determining

compliance with the turbidity Ind disinfection performance requirements,
Ind in turn, whether filtration and disinfection are satisfactorily
practiced. Recommendations are made for the level of disinfection to be

. provided in order to meet the overall treatment requirements of the SWTR.
This section describes how to evaluate the adequacy of disinfection using
CT or other ..thods.

Section 6
Section 6 provides guidelines to the Primacy Agency for establi~hing

the reporting requirements associated with the SWTR. The requirements
include report content and frequency, and are applicable to both filtering
and nonfiltering systems.

Section 7
This section provides an overview of the ,~chedule for Primacy"

Agenc ies and ut i li ties to meet the requ i rements of the SWTR~ Examp1es are
presented to provide guidance for corrective measures which can be taken
by systems which are not in compliance with the treatment requirements.
Secti'on 8

This section presents guidance on public notification. Included are
examples of events which would require notification, language for the
notices and the methods of notification.

Section 9
Section 9 provides guidance to the Primacy Agency for determining

whether a system is eligible for an exemption. The criteria for
eligibility for an exemption include:

Compelling factors (economic or resource limitations)
No available alternate source "
P~otection of public health '

This section' also provides guidance for evaluating the financial
capabilities of a water system, reviewing the availability of alternate
sources and suggests interim measures for protecting public health.
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Appendices
The manual also contains appendices which provide more detailed

guidance in specific areas. These include:

Appendix A• EPA Consensus
MethQd for Giardia cyst Analysis

Several procedures 'are available for Giardia cyst analysis in water.
In 1983 the USEPA held a conference to establish a consensus on the
procedure to be used in the future. This consensus ..thad wou;d promote
uniformity in testing and provide a basis for future conparisons. The
consensus method and the background data used to develop it are presented
in this appendix.

Appendix B • Institutional
Control of legionel]a

Filtration and/or disinfection provides protection from legion,lla.
However, it does not assure that recontamination or regrowth will not
occur in the hot water or cool ing systems of buildings within the
distribution system. This appendix provides guidance for monitoring and
treatment which can be used by institutional systems for the control of
LegjonelJa.

Appendjx C - Determination of Disinfectant
Contact Time

In lIany cases, the determination of disinfectant c.ontact times
needed to evaluate the CT of a water system will necessitate the use of
tracer studies. This appendix provides guidance for .conducting t~ese

studies. In some cases it may not be practical to conduct a tracer study.
For such cases guidance is given for estimating the detention time based
on the physical configuration of the system.
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Appendix D- Analytical Requirements
of the SWTR and ASurvey of the Current

. Status of Residual Difinfectant
Measurement Methods for all Chlorine .
Species and Ozone .

This appendix includes a listing of the analytical methods required
under the SWTR. An executive su.ary of a report on the analytical
.thqds used to measure the residual concentrations of the various
disinfectants is included. The reliability and limitations of !ach of the
methods are presented.

Appendix E - Inactivations Achieved
by the Various Disinfectants

. This appendix presents the log inactivations of Giardia cysts and
viruses which are achieved at various CT levels by chlorine, chlorine
dioxide, chloramines and ozone. Inactivations of viruses achieved by UV
absorbance are also included.

Appendjx E - Basis for CT Values -'
. This appendh provides the background and rat.ionale utilized in

developing the CT values for the various disinfectants. Included is a
paper by Clark and Regl;. 1990. in which a mathematical model was used ;n.
the determination of CT values for free chlorine.

Appendix G - Protocol for Demonstrating
Effective Disinfection

This appendix provides the recommended protocols for demonstrating
the effectiveness of chloramines, chlorine dioxide and ozone as primary
disinfectants.

Appendix H- Sampling Frequency for
Total Coliforms in the Distribytion System

The sampling frequency required by the revised Total Coliform Rule
54 FR 27544 (June 29. 1989) is presented in this appendix.
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Appendix I - Maintainin~
Redyndant DisinfectionlDobility

.
This appendix details the conditions and equipment which should be

maintained by a system using chlorine, chlorine dioxide, Ozone or
'chloramines to assure that compliance with the SWTR requirement for
redundant disinfection is met.

Appendi x J - Watershed Control Program .- .
This appendix provides I detailed outline of a watershed program.

This program may be adjusted by the Primacy Agency to serve the specific
needs of a particular water system.

Appendix K-. Sanitary Syryey
This appendix provides guidance for conducting a comprehe~sive

sanitary survey of a supply source and its treatment and delivery to the
consumer. Suggested elements of an annual on-site inspection are included
in Section 3.

Appendjx L - Small System Considerations
This appendix describes difficulties which lDay be faced by small

systems in complying with the SWTR along with guidelines for overcoming
these difficulties.

Appendix M- Protocol for the
Demonstratjon of Effectiye Treatment

This appendix presents pilot study protocols to evaluate the
effectiveness of an alternate fi ltration technology' in .eting· the
performance requirements of the SWTR. It presents the use of particle
size analysis for demonstrating the actual removal of Giardia cyst
achieved by a treatment train. Guidance for conventional and direct
filtration plants to demonstrate that adequate filtration is being'
maintained at effluent turbidities between 0.5 and 1 Nephelometric
Turbidity Unit (NTU) is also included.
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Appendix N- Protocol for
Point-of-Yse Treatment Deyices

In some limited cases, it may be appropriate to, install point-of~use

(POU) or pOint-of-entry (POE) treatment devices as an interim ..~sure to'
proyide protection to the public health. This appendix provides a
protocol for evaluating and determining the efficacy of POU/POE treatment
devices.

Appendix 0 - Guidelines to
EyalyAte Ozone Disinfection .

The CT evaluation used for other disinfectants is inappropriate for
ozone. This appendiX presents alternative .thods for evaluating the
disinfection effectiyeness of ozone systems •.

l-7
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2. GENERAL REQUIREMENTS

2.1 Application
The SWTR pertains to all public water systems which utilize a surface

water source or ground water source under the direct influence of,surface
water. The SWTR defines a surface water as all waters which are open to
the atmosphere and subject to surface runoff. Ground water under the
direct influence of surface water is defined as: any water beneath the'
surface of the ground with (i) significant occurrence of insec~s or other
macroorgan isms, a19oe, organi c debri s, or large-diameter pathOgens such as
Giardia lamblia, or (ii) significant and relatively rapid shifts in water
characteristics such as turbidity, temperature, conductivity, or pH which
closely correlate to climatological or surface water conditions. Direct
influence mus~ be determined for each individual source in accordance with
criteria established by the Primacy Agency. The Primacy Agency criteria
may provide for documentation of well construction and geology, with field
evaluation, or site-speCific measurements of water quality as explained in
Section 2.1.2.

Saline water sources such as the ocean are not gener.ally considered
to be subject to the requirements of the SWTR becaus~ of the low survival
time of pathogens in a saline environment (Geldreich, 1989). Pathogens
generally can only survive a few hours in saline water and any remaining
pathogens should be removed or inactivated during desalination. However,
it is up to the Primacy Agency's discretion to determine which systems
must meet the SWTR requi rements. In cases where there is a sewage
discharge located near the water intake,' it may be appropriate for the
Primacy Agency to require the system to comply with the SWIRe

.The traditional concept that all water in subsurface aquifers is free
from pathogenic organisms is based upon soil being an effective filter
that removes microorganisms and other relatively large particles by
straining and antagonistic effects (Bouwer, 1978). . In most cases
pathogenic bacteria retained in the s011 find' themselves in a hosti 1e
environment, are not able to multiply and eventually die. ~owever, some
underground sources of drinking water may be subject to contamination by
pathogenic organisms from the di.rect influence of nearby surface waters.

Only those subsurface sources which are at risk to contamination from
GjArdia cysts will be subject to the requirements of the SWTR. Giardia
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cysts generally range in size from 7 to 12 um. Subsurface sources which
may be at risk to contamination from bacteria and enteric viruses, but
which are not at risk from Gjardja cysts will be regulated either under
the Total C~liform Rule or forthcoming disinfection treatment requirements
for ground waters. EPA intends to promulgate disinfection requ;rements
for ground water systems in conjunction with regulations for di~infection

by-products by 1992.
2.1.1 !ypes of Water Supplies
Surface Waters
Surface water supplies that are often used as sources 'of' drinking

water include two major classifications, running and quiescent waters.
Streams, rivers and brooks are examples of running water, while lakes,
reservoirs, impoundments and ponds are examples of quiescent waters. The
exposure of surface waters to the atmosphere results in exposure to
precipitation events, surface water runoff and contamination with micro
and macroorganisms resulting from activities in their surrounding areas.
These sources are subject to the requirements of the SWTR.

Systems with rain water catchments not subject to surface runoff
(e.g. roof catchment areas) are not considered vulnerable to contamination
from animal populations which carry protozoan cysts pathogenic to humans
and are thus not subject to the SWTR ,requirements. However, such systems
should at least provide disinfection to treat for potential bacterial and
viral contamination coming from bird populations. 1

Ground Waters under Direct Inflyence of Syrface Water
Ground water sources which may be subject to contamination with

pathogenic organisms from surface waters include, springs,' infiltration
galleries, wells or other collectors in subsurface aquifers. 'The
following section presents a recommended procedure for determining whether
a source wi 11 be subject to the requirements of the SWTR. These
determinations are to be made for each individual source. If the
detenmination will inYol~e an evaluation of water quality, ego particulate
analysis, it is important tha~ these analyses be made on water taken

One study (Markwell and Shortridge, 1981) indicates that a
cycle of waterborne transmission and maintenance of influenza
virus may exist within duck cOnl1lunities, and that it is
conceivable for virus transmission to occur in this manner to
other susceptible animals, ,including humans.

2-2
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directly from the source and not on blended water or water from the
distribution system.

2.1.2 Determination of Applicable Soyrces
The Primacy Agency has the responsibility for determining which water

suppl ies must meet the requirements of the SWTR. However, i~ is the
responsibility of the water p~rveyors to provide the Primacy Agency with
the information needed to make this determination. This section provides
guidance to the Primacy Agency for determining which water supplies are
surface waters or ground waters directly influenced by a surface water and
are thereby subject to the requ i rements of the SWTR. F~11owi ng the
detemination that the source is subject to the SWTR, the requirements
enumerated in Sections 2.2 and 2.3 must be met.

The Primacy Agency must develop a program for evaluating ground water
sources for direct influence by December 30, 1990. All community ground
water systems must be evaluated by June 29, 1994, while all non-community
systems must be evaluated by June 29, 1999. Primacy Agencies 'with an
approved Wellhead Protection (WHP) Program, may be able to use the WHP
program's requirements which include delineation of wellhead protection
areas, assessment of sources of contamination and implementation of
management control measures. These same requi rements can be used for
meeting the requirements of the watershed control program for ground water
under the direct influence of a surface water.

Amultiple step approach has been developed as the recommended method
of determining whether a ground water source is under direct influence of·
a surface water. This' approach includes the' review of information
gathered during sanitary surveys. As defined by the USEPA,'a sanitary
survey is an on-site review of the water source, facilities, equipment
operation and maintenance of a public water system for the purpose of
evaluating tne adequacy of such source, facilities, equipment, operation
and maintenance for producing and distributing safe drinking water.
Sanitary surveys are required under the Total Coliform Rule and may be
required under the forthcoming disinfection req~irements for ground water
systems as a condition for obtaining a variance or for d~temining the
level of disinfection required. Therefore, it is recolllllended that the
determination of dir~ct influence be correlated with the sanitary surveys
conducted under these other requirements.
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A. ~gurc, Evaluatjon Protocol
AS'illustrated on Figure 2-1, the determination of whether a sourCe

is subject to the requirements of the SWTR may involve one or more of the
following steps:

1. Areview of the records of the system's source(s) to determine
whether the source is obviously a surface water, i.e. pond,
lake, streams, etc.

2. If the source is a well, determination of whether it is clearly
a ground water source, or whether further analysis is needed'
to determine possible direct surface water influence•

..
3. A complete review of the system's fnes followed by a field

sanitary survey. Pertinent information to gather in the file
review and field survey includes: source design and .construc
tion; evidence of direct surface water contamination; water
quality analysis; indications of.waterborne disease outbreaks;
operational procedures (i.e. pumping rates, etc.); and customer
complaints regarding water quality or water related infectious
illness.

4. Conducting particulate analyses and other water quality
sampling and analyses.

Step 1, Records Reyjew '
Areview of information pertaining to each source should be carried

out to identify those. sources which are obvious surface waters. These
wou1dine1ude ponds, lakes, streams, ri vers, reservoi rs, etc. If the
source is a surface water, then the SWTR would apply, and criteria in the
rule would need to be applied to determine if filtration.is necessary. If

the source is not an obvious surface water, then further analyses, as
presented in Steps 2, 3, or 4, are needed to determine if .the SWTR will
apply. If the source is a well (vertical or horizontal), go to Step 2.
If the source is a spring, infiltration gallery, or any other subsurface. .
source, proceed to Step 3 for a more detailed analysis.

SteD 2, Review of Well Soyrces
While most well sources. have hhtorically been considered to be. .

ground water, recent evidence suggests that some wells, especially shallow
wells constructed near sur:face waters, may be directly influenced by
surface water. One approach in determining whether a well is subject to
contamination by surface water would be to evaluate the water quality of
the well by the criteria i~ Step 4. However, this process is rather time
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consuming and labor intensive. In an attempt to reduce the effort needed
to evaluate well sources, a set of criteria has been developed to identify
wells in deep, well protected aquifers which are not subject to contamina
tion from surface water. While these· criteria are not as definitive as
water qua1i ty ana1ys is, it is be1ieved that they prov ide a re~sonab1e
degree of accuracy, and allow for a relatively rapid determina~ion for a
large number of well sources in the U.S.

Wells with perforations or a well screen less than or equal to 50
feet in depth are considered to be·shallow wells, and should b.e evaluated
for direct surface influence accordi~g to steps 3. and/or 4~ For wells
greater than 50 feet in depth, State or system files should be reviewed
for the criteria listed below:

1. The well construction should include:
A surface sanitary seal using bentonite clay, concrete
or other acceptable material.

Awell casing that penetrates a confining bed.

A well casing or collector laterals that are only
perforated or screened below a confining bed.

The importance of evaluating the hydrogeology of wells or
co11 ectors, even those more than 200 feet from a surface water,
cannot· be overstated. The porosity and transmissivity of
aqui fer materi a1s, hydrologic gradients, and continuity of
confining layers above screens or perforations may need to be
cons idered in detai1 for some sources. Porous aqu ifer materi a1
is more likely to allow surface water to directly influence
ground water than finer grained materials. In addition, high
well pumping rates may alter th. existing hydrologic gradient.
Ground water flow direction may change such that surface water
is drawn into a collector, whereas under low pumping rates it
may not. Evaluating pumping rate effects and other hydrogeolo
gic information must be done on a site specific basis.

If information on well construction or hydrogeology are
incomplete or raise questions regarding potential surface water
influence, a more detailed analysis in steps 3 and 4 should be
considered. .

2. The casing or nearest collector lateral should be located at
least 200 feet from any surface water.

3. The water quality records should indicate:
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No record of tota1 Cj)1i form or feca1 coli form contami na
tion in ~ntreated samples collected over the past three
years •

.No history of turbidity problems associated with the
source•.

• No history of known or suspected outbreak of Giardia, or
other pathogenic organism associated with surface water
(e.g. CryDtosporjdjum), which has been attributed to that
source.

4. If data is available for particulate matter in th~well there
should be: .

.. No evidence of particulate matter associated with
surface water.

If data is available for turbidity or temperature from the well
and a nearby surface water there should be:

No turbidity or temperature data which correlates
to that of a nearby surface water•

. Wells that meet all of the criteria listed ab~ve are not subject to
the requirements of the SWTR, and no additional evaluation is needed.
Wells that do not meet all the requirements listed require further
evaluation in accordance with Steps 3 and/or 4 to determine whether or not
they are directly influenced by surface water.

Step 3. On-sjte Inspection
for sources other than a well source, the State or system files

should be reviewed for the source construction and water quality
conditions as listed in Step 2. Reviewing historical records in State or
system files is a valuable information gathering tool for any source.
However, the results may be inconclusive. Asanitary survey in the field
may be helpful in establishing a more definite determination of whether
the water source is at ri sk to pathogens from di reet surface water
influence.

Informa~ion to obtain during an on-site inspection include:

Evidence that surface water enters the source through defects
in the source such as lack of a surface seal on wells, inti1-
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tration gallery laterals exposed to surface water, springs open
to the atmosphere, surface runoff entering a spring or· other
collector, etc.

Distances to obvious surface water sources.

If the survey indicates that the well is subject to direct surface
water influence, the source must either be reconstructed as explained
later in this section or it must be treated in accordance with the
requi rements for the SWTR. If the survey does not show cone1us he
evidence of direct surface water influence, the analysis outlined in Step
4 should be conducted.

The Washington State Department of Social and Health Services has
developed a f~rm to guide them and provide consistency in their evaluation
of sources for surface water influence (Notestine &Hudson, 1988). Table
2·1 provides a copy of this form as a guide for evaluating sources.

Steo 4. Partjcylate Analysis and Other Indjcators
a. Surface Water Indjcators
Particulate analysis is intended to identify organisms which .only

occur in surface waters as opposed to ground waters, and whose presence in
a ground water would clearly indicate that at least some surface water has
been mixed· with it. The EPA Consensus Method in Appendix A can be used
for Gjardia cyst analysis.

In 1986 Hoffbuhr et. a1. listed six parameters identifiable in a
particulate analysis which were believed tQ be valid indicators of surface
contamination of ground water. These were: diatoms, rotifers, coccidia,
plant debris, insect parts, and Gjardia cysts. Later work by Notestine
and Hudson (1988) found that microbiologists did not all define plant
debris in the same way, and that deep wells known to be free of direct
surface water influence were shown by particulate analysis to contain
II plant debris II but none of the other five ind icators. Thei r work sugges t s
that "plant debris" may not currently be a useful tool in determining
direct surface water influence, but may be in the future when a standard
definition of "plant debris" is developed. Therefore, it is recommended
that only the presence of the other five parameters; diatoms and certain·
other algae, rotifers, coccidia, insect parts, ~nd Gjardia, be uSed as
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TABLE 2·1

SURVEy fORM fOR THE CLASSIfICATION OF DRINKING WATER SOURCES

General

_ Vertical
Well

l.

2.

3.

Utility Name (101) _

Utility Person(s) Contacted ___

Source Type (AS shown on state inventory)

____ Spring Horizontal Well
____ Infiltration System :::: Shallow Well

4. Source Name Year constructed _

5. Is this source used seasonally or intermittently? No Yes__
If yes, are water quality problems the reason? No~ Yes__

6. Has there ever been a waterborne disease outbreak associated with
this source? Yes No If yes, explain _

7. Have there been turbidity or bacteriological MeL violations within
the last five years associated with this source? No Yes
If yes, describe frequency, ca~se, remedial action (s) taken ----

8. Have there been consumer complaints within the past five years
associated with this source? No Yes If yes, discuss
nature, frequency, remedial action taken _

9. Is there any evidence of surface water intrusi~n -(pH, temperature,
conductivity, etc. changes) during the year? Yes No ___Ifyes, describe _

If not, submit supporting data.

10. Sketch of source in plan view (on an additional sheet)
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..
Shallow w,lls

1. Do,s the well meet good sanitary practices regarding location, con
struction, seal etc. to prevent the entrance of surface water?
Yes _ No _ If no, describe the deficiencies _

2.

3.

4.

What is the depth of the well? ----- 1ft)
Elevation of top of casing? ft msl)
'Elevation of land surface? ::::: ft .51)

Hydrogeology (Attach copy of well log or summarize it ~ reverse)
a. Depth to static water level? (Feet) _
b. Drawdown? (Feet)
c. What is the depth to the highest screen or perforation?

(Feet)
d. 'Are there impervious layers above the highest screen of

perforation?
Yes No Unknown
Ifye5, pleasedescribe :::: _

Is there a permanent or intermittent surface water within 200 feet
of the well? !es No If yes, describe (type, distance
etc.) and submlt location map .

What is the elvation of normal pool? (ft msl)
Elevation of 100 year flood level? . (ft msl)
Elevation of bottom of lake or river~ (ft ms1)

5. Additional coments: ~_
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Springs

1. a.
b.

What is the size of the catchment area (acres)?
Give a general description of the area (terrai~ni---ve~g~e~ta~t~i-on--i
soil etc.)

2. What is the vertical distance between the ground surface and the
nearest point of entry to the spring collector(s) (feet)? _

3. How rapidly does rainfall percolate into the ground around the
spring?

Percolates readilYi seldom if ever any runoff.
---- Percolates readily but there is some runoff in heavy rain.
:::: Percolates slowly. Most local rainfall ponds or runs off.____Other ----

4. Does an impervious layer prevent direct percolation of surface water
to the collector(s)? Yes No . Unknown _

5. Is the spring properly constructed to prevent e.ntry of surface
water? Yes No ___

6. Sediment
a. Is the spring box free of debris and sediment? Yes No~
b. When was it last cleaned (Date) ,
c. How often does it need to be c' e-a-ne-d':":?~(mo-nt':'":h-:")-------
d. How much sediment accumulates between cleaning? (estimate in.

inches)

7. Add it iona1cOl1lllents : _
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Infjltr,tioR Systems

1. What are the shortest distances (vertical and horizontal separating
the collector from the nearest surface water? (Feet) __~. _

2. Does turbidity of the source vary 0.2 NTU or more throughout the
year? Yes No Not measured ~~~
If yes, describe how often and how much (pH, temperature,
conductivity, etc.)

3. AdditionalComents _

. Survey Conducted By: Date: _

Decision? Surface Impacted Source Yes No
further evaluation needed (particulate analysis, etc.) --------

·4·
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indicators of direct s'urface contamination. In addition, 'if other large
diameter (> 7 um) organisms which are clearly of surface water origin such
as DighiJobothriym are present, these should also be considered as
indicators of direct surface water influence.

b.' Interpretation .
Since standard methods have not been developed specifically for

particulate analysis, there has not been consistency in the way samples
have been collected and analyzed. Differences in the degree of training
and experience of the microbiologists has added further to the. difficulty
in comparing results from sample to sample, and system to system. The
current limitations .in sample collection and analytical PM?cedures must be
considered when interpreting the results. Until standardized methods are
developed, the EPA Consensus Method included in Appendix A is recommended
as the analytical method for particulate analysis. The following i$ a
discussion of the significance of finding the six indicators identified
above.

Identification of a Giardja cyst in any source water should b,
considered conclusive evidence of direct surface water influence. The
repeated presence of diatoms in source water shou1d be cons idered as
conclusive evidence of direct surface water influence. However, it is
important that this determination be based on li.ve diatoms, and not empty'
silica skeletons which may only indicate the historical presence of.
surface water.

S1uegreen, green, or other ch1oroplast contain i ng algae requ ire
sunlight for their metabolism as do diatoms. For that reason their
repeated presence in source water should also be considered as conclusive
evidence of direct surface water influence.

Hoffbuhr (1986) indicates that rotifers and insect parts are
indicators of surface water. Others have pointed out though that ro~ifers

do not require sunlight, and not all rotifers require a food source such
as algae which originates in surface water. Their nutritional require
ments may be satisfied by organic matter such as bacteria, or decomposing
soi 1 organ ic materi a1, not necessari ly associ ated wi th surface water.
More precise' identification of rotifers, i.e. to the species level, is
necessary to determine the specific nutritional requirements of the
rotifer(s) present. Further information on identifying rotifer species
and on which species require food sources originating in surface .water,
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would be valuable, but is not readily available at this time. Without
knowledge of which species is present, the finding of rotifers indicates
that the source is either a) directly influenced by surface water, or b)
it contains organic matter sufficient to support the growth of rotifers.
It could be conservatively assumed based on this evidence alone that such
a source is directly influenced by surface water. However, it is
recolIIDended that th is detenni nat ion be supported by other tv i'dence, eg.
the source is near a surface water, turbidity fluctuations are signifi
cant, etc.

Insects or insect parts likewise may originate 1n surface water, from
the soil, or they may be airborne in uncovered sources. If insects are
observed in a particulate analysis sample, it should be confirmed if
possible that there is no other route by which insects could contaminate
the source other than surface water. For example, if a spring is sampled,
and the cover is not well constructed, it is possible that insects found
in a sample were airborne rather than waterborne. Insects which spend a
portion of their lifecycle in water are the best indicators of direct
surface water infl uence, for example, 1arvae of. mayfli es,· stonefl ies,
damselflies, and dragonflies. Terrestrial insects should not be ruled out
as surface water indicators though, since their accidental presence in
sur~ace water is common.

Howell, (1989) has indicated that some insects may burrow and the
finding of .eggs or burrowing larvae (eg. chironomids) may not be good
indicators of direct surface water influence. For some insects this may
be true, but the distance which insects burrow in subsurface sediments is
expected to be small, and insect larvae are generally large in comparison
to Gjardia cysts. Until further research suggests otheNise, it is
recolllDended that insects or insect parts be considered strong evidence of
surface water influence if not direct evidence in and of themselves. The
strength of this evidence would be increased if the source in question is
near.a surface water, and particulate analys)s of the surface.water found
similar insects.

Coccidia are intracellular parasites which occur primarily in verte
brates, e,g •.animals and fish, and live in various tissues a~d organs
including the intestinal tract (eg .. Cryptosporidium). Though not
frequently identified by nonnal,particulate analysis techniques, coccidia
are good indicators of direct surface water contamination since they
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require a vertebrate host or hosts and are generally large in size (10 
20 um or greater). Cryptosporidium is commonly found in surface water,
but due to its small size (4 - 6 um) it is not normally identified without
specific antibody staining techniques.

Other macroorganisms (>7 um) which are paras'itic to anillals ~nd fish
may be found and are good indicators of surface water influence. Examples
include, but are not limited to, helminths (e.g., tape worm cysts),
ascaris, and Diphyllobothrium.

c. Sampling Methgd
Asuggested protocol for collecting samples is listed below.

Sampling prgeedure
Samples should be collected using the equipment outlined in the
EPA Consensus Method included in Appendix A.

Location
Samples should always be collected as close to the s~urce as
possible, and prior to any treatment. If samples lIust be taken
after disinfection, samples should be noted and analyzed as
soon as possible.

Nymber
Aminimum of two samples should be collected during the period
the source is most susceptible to surface water influence.
Such critical periods will vary from system to system and will
need to be determined case by case. Fc;>r some systems, it may
be one or more days following a significant rainfall (eg. 2M

.in 24 hours). For other systems it may be a period of maximum
flows and stream turbidHies following spr.ing snowmelt, or
during the summer months when water tables are elevated as a
result of irrigation. In each case, particulate samples should
be collected when the source in question is most effected. A
surrogate measure such as source turbidity or depth to water
table lIay be useful in making the decision to monitor. If
there is any ambiguity in the particulate analysis results,
additional samples should be collected when there is the
greatest likelihood that the source will be contaminated by
surface water.

Volyme
Samp1e volume shou1d be between 500 and 1000 gallons, and
should be collected over a 4 to 8 hour time period. , It is
preferable to analyze a similar (+/- 10%) volume of water for
all sources, preferably a large volume, althougn this may not
always be possi'ble due to elevated turbidity or sampling
logistics. The volume filtered should be recorded for all
samples.
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d.Qther Indicators
A'number of other i.ndicators could be used to provide supportive

evidence of surface influence. While particulate analysis probably
provides the most direct evidence that pathogens 'from surface water could
be IIi grat ing into .a ground water source, other parameters .such as
turbidity, temperature, pH and conductivity could provide supportive, but
less direct, evidence.

Turbidity fluctuations of greater than 0.5 • 1 NTU over the course
of a year may be indicative of surface water influence. Considerable
caution should be used when evaluating turbidity ch~nges though, since the
turbidity could be ~aused by very small particles « lum).not originating
in a surface water or it could be that larger particles are being filtered
out and only the very smallest particles migrate into the water source.
Only ground water sources at risk to contamination from Giardia or other
large pathogens (> 7 um) are subject to the SWTR requirements.

Temperature fluctuations may also indicate surface water influence.
Fortunately these are easy to obtain and if there is a surface water
within 500 feet of the water source, lDeasurements of both should be
recorded for comparison. Large changes in surface water temperature
closely followed by similar changes in source temperature would be
indicative of surface water influence. Also,. temperature changes (hi
degrees F) of greater than 15 to 20% over the course of a year appear tQ
be a characteristic of some sources influenced by surface water (Randall,
1970). Changes in other chemical parameters such as pH, conductivity,
hardness,etc. could also be monitored. Again, these would not give a
direct indication of whether pathogens originating in surface water were
present, but could indicat~ whether the water chemistry was or was not
similar to a nearby surface water and/or whether source water ch~istry

changed in a similar pattern to surface water chemistry. At this time no
numerical guidelines are available to differentiate what is or is not
similar, so these comparisons are more qualitative than quantitative~

B. Seasonal Soyrces
Some sources lIay only be used for part of the year, for example

during the summ~r months when water usage 1s high. These sources should
not be exc1uded from eva1uat j on and. like other sources. shou1d be
evaluated during their period(s) of highest susceptibility. Particular
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attention should ,be given to those ~ources which appear to be directly
influenced ~y surface water during part of the year. There may be times
during which these subsurface water sources are not influenced by surface
water and other times when they are part or all surface water. If that is
the c'ase, then it is critical that careful testing be done p~ior to,
during and at the end of the use of the source. This should be done over
several seasons to account for seasonal variation. In practice, it is
preferable to use sources which are less vulnerable to contamination since
susceptible sources will necessitate ongoing .cnitoring . and close
attention to operation.

C. Mgdification pf Spyrces
, Sources directly influenced by surface water may be altered in some

cases to eliminate the surface water contamination. Primacy Agencies may
elect to allow systems with such sources to modify the construction of the
source and/or the area surrounding the source in an effort to eliminate
surface water contamination. Since this could be expensive and tde
considerable time to evaluate for effectiveness, .careful consideration
should be given to the decision, to modify a source. In deciding whether
source modification is appropriate, systems and Primacy Agencies should
consider the following points:

Is the cause of the surface water contamination known? If the
specific cause or point of surface water contamination is not
known, it will not be possible to detennine an effective
control strategy. Further, there may be several reasons why
the source is susceptible to direct surface water influence.
For example, an infiltration gallery may receive surface water
because some of its laterals are exposed in the bed of a nearby
stream, and also because laterals distant from the stream are
shallow and are affected by surface runoff. Simply modifying
or eliminatin9 one or the other set of laterals in this case
would not entlrely eliminate surface water influence. . .

What is the likelihood that modification of the source will be
effective? Assuming that the source of contamination has been
identified, the expected effectiveness of control measures
should be evaluated. If the cause 'is relatively evident, a
crack in a well casing or an uncovered spring box for example;
then there is a high degree of confidence that an effective
solution could be developed. Should the nature of the contam;- ','
nati on be more di ffuse, or wi despread, then the mer; ts of
spendin~ time and money to modify the source should be careful-
ly consldered. In the case of the example above, eliminating
the use of the laterals under the stream will solve part of the
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problem. However, without considerably mare hydrogeologic
information about the aquifer and the placement of the ather
laterals, it is nat clear what, if any, control measures would
effectively eliminate direct surface water influence in those
laterals distant from the stream.

If a source is identified as being directly influenced by' surface
water, and it is decided to attempt to modify it, interim disinfection
practices which will ensure at least 99.9% inactivation of Giardia should
be considered. Methods and levels of disinfection which can.be used to
achieve such removals can be found in 5141.72 (a) of the 'SWTR and ~n

Section 3.2 of this manual.
Apartial listing of types of modifications which could be undertaken

includes:
Diverting surface runoff from springs by trenching, etc.

Redeveloping springs to capture them below a confining layer.

Covering open spring collectors.

Reconstructing well s to install sanitary seals, and/or to
screen them in a confined (protected) aquifer.

Repairing cracks or breaks in any type of source coll.ectorthat
allows th~ entry of surface contaminants.

Discontinue the use of infiltration laterals which intercept
surface water.

An extended period of monitoring should fallow reconstruction (eg.
through at least two years or critical periods) to evaluate whether the"
source is still directly influenced by surface water. Preferably
particulate analysis would be used to make such evaluations, but it may be
helpful'to use simpler measures, such as temperature and turbidity, as
screening to~ls. Langer term monitoring at critical times may also be an
appropriate agreement between the system and the Primacy Agency if there
is still doubt about the lang term effectiveness of the solution.

If modification is not feasible, another alternative to avoid having
"to comply with the SWTR may be to develop a new well either deeper or at
a different location~
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2.2 Treatment Reqyirements
According to the SWTR, all community and noncommunity public water

systems whi ch use a surface water source or a ground water under the
direct influence of a surface water must achieve a .inimum of 99.9 percent
(3-10g) removal and/or inactivation of Giardia cysts, and a mi~imum of
99.99 percent (4-10g) removal and/or inactivation of viruses. In the SWTR
and this manual, Il vi ruses" means vi ruses of lecal origin which are
infectious to humans by waterborne transmission. Filtration plus
disinfection or disinfection alone lIay be utilized 'to achieve these
performance levels, depending on the source water quality and site
specific conditions. The SWTR establishes these teIOval and/or inactiva
tion requirements based on Giardj, and viruses because this level of
treatment will also provide protection frOm heterotrophic plate count
(HPC) bacteria and Legignella% as required in the SDWA amendments.

Guidelines for meeting the requirements of the SWTR are provided in
the remainder of this manual as outlined in Section 1. All systems ~ust

meet the operator qualifications presented in Section 2.3.

2.3 Operator Persgnnel Qyalifications
The SWTR requires that all systems must be operated by qualified

personnel. It is recommended that the Primacy Agency set standards for
operator qualifications, in accordance with the system type and size. In
order to accomplish this, the Primacy Agency should develop a method of
evaluating an operator's competence in operating a water treatment system.
Primacy Agencies which do not currently have a certification program 'are
thereby encouraged to implement such a program. An operator certification
program provides a uniform base for operator qualifications and an
organized system for evaluating these qualifications.

It is recoanended that plant operators have a basic knowle~ge of
science, mathematics and chemistry involved with water treatment and
supply. The minimum requirements for at least one key staff member should
include an understanding of:

. '

% In the SWTR and this manual "Legignella ll means a genus of
bacteria, some species of which have caused a type of pneumonia
called Legionnaires Disease: the etiologic agent of most cases
of Legionnaires Disease examined has b~en ~ pneymgphjla.
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The principles of water treatment and distribution and their r-)
characteristics

The uses of potable water and variations in its demand

- The importance of water quality to public health

- The equipment, operation and maintenance of the distribution
system

The treatment process equipment utilized, its operational
parameters and maintenance .

- The principles of each process unit (including 'the ~cientific
basis and purpose of the operation and the mechanical compo
nents o~ the unit)

Performance criteria such as turbidity, total coliform, fecal
coliform, disinfectant residual,.pH, etc. to determine opera
tional adjustments

COIIIIIOn operat ing prob1ems encountered in the system and act ions
to correct them

The current National Primary Drinking Water Regulations, the
Secondary Drinking Water Regulations and monitoring and
reporting requirements .,

Methods of sample collection and sample preservation

Laboratory equipment and tests used ,to analyze samples (where
approprhte)

The use of laboratory results to analyze ·plant efficiency

Record keeping ,

Customer relations

Budgeting and supervision (where app'ropriate)

Training in the areas listed above and others is available through
the American Water Works Association (AWWA) training course series for
water supply operations. The course series includes a set of four
training manuals and one reference book as follows:

Introduction to Water Sources and Transmission (Volume 1)

Introduction to Water Treatment (Volume 2)

Introduction to Water Distribution (Volume 3)

Introduction to Water Quality Analyses (Volume 4)
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Reference Handbook: Basic Science Concepts and Applications

Instructor Guide and Solutions Manual for Volumes 1, 2, 3 and
4

These manuals are available through the American Water ,Works Associa
tion, 6666 West Quincy Avenue" 1)enver, Colorado 80235 USA, (303) 794-7711.

The State of California also offers a series of training manuals for
water treatment plant operators prepared by the California State'
University School of Engineering in Sacramento. The manuals include:

1. Water Supply System Operation. (1 Volume)
2. Water Treatment Plant Operation. (2 Volu..s)

T~ese operator training manuals are available from California State
University, Sacramento, 6000 J Street, Sacramento, California 95819, phone
(916) 454-614?

Completion of an established training and certification program will
provide the means of assuring that the operators have received training in
their respective area, and are qualified for t~eir position. 'The
education and experience requirements for certification should be
cOlllllensurate with the size and the complexity of the treatment system. At
the present time, some states have instituted a certification program
while others have not. Following is a sUlllllary of the basic contents of a
certification program, which can serve as a guide to the Primacy Agency in
developing ·a complete program.

Board of examiners for the development and 'implementation of
the program. .

Classification of treatment facilities by grade according to
the size and technology of the facilities.

- Educational and experience requirements for operators of the
various treatment facilities according to grade.

Awritten/oral examination to determine the knowledge, ability
and judgement of the applicants with certification obtained
upon receiving a passing grade.

Renewal program fOl" the license of certification, including the
requirement of additional coursework or participation in
workshops.

The .certification program should provide technically qualified
personnel for the operation of the plant.
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The extensive responsibility which is placed on the operating
personnel warrants the development of an outline of the responsibilities
and authority of the personnel lIItIIIbers to aid them in the efficient
operation of the plant. The lIIajor responsibilities which ,should be
delegated in the outline of responsibilities include: the, normal
day-to-day operations, preventive lIIaintenanc~, field engin,ering, water
quality monitoring, troubleshooting, emergency response, cross-connection
control, implementation' of improvements, budget formulation, response to
tOlllPlaints and public/press contact. Areference which 'the Prilllacy Agency
lIIay ut11ize in developing the outli ne is ·Water Ut11 i ty Management
Practices· published by AWWA.
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3. CRITERIA FOR SYSTEMS NOt FILtERING

The provisions of the Surface Water Treat-ent Rule (SWIR) require
that filtration must be ~ncluded in the treatment train unless certain
criteria are met. These criteria are described in this chapter; They
include:

Source Water Qyality Conditigns
1. Coliform concentrations (total or fecal).

2. Turbidity levels.

Disinfection Criteria
1. Level of disinfection.

2. Point of entry disinfection.

3. Distribution system disinfection.

4. Disinfection redundancy or automatic shutoff.

Site-~Recific Criteria

1. Watershed control program.

2. On-site inspections.

3. No waterborne disease outbreaks.

4. Complies with the total coliform MeL.

S. Complies with t~e Total 'Trihalomethane (TTHM) regulation.
Currently this only applies to systetls serving IIOre than
10,000 people.

The purpose of this section is to provide guidance to the Primacy
Agency for determining compliance with these provisions:

3.1 SoYrce Water Oyality CriteriA
The first step 1n determining 1f filtration is required for a given

surface water supply is to determine whether the supply meets the source'
water quality criteria as specified in the SWTR. If the supply does not
meet the source water. quality criteria, changes in operation to meet the
site-specific criteria may improve the water quality so that the source

3-1



r\
criteria will be ..t. Howeyer, if the Primacy Agency believes that the ~'

source water quality criteria and/or the site-specific criteria cannot be
Met, or that filtration is appropriate regardless, the Primacy Agency may
req~ire the installation of filtration without a complete evaluation to
determine whether the system lIeets all the criteria required to ayoid
filtration.

Sampling Location
The SWTR requires that source water samples be collected at a loca

tion just prior to the ·point of disinfectant application,· t.e., where
the water is disinfected and no longer subject to surface rUnoff. For
example, a system which has aultiple reservoirs in series, where each of
the reservoirs has previously been disinfected and recetves surface
runoff, IIUst take the raw water sample(s) just. prior to the point of
disinfection or disinfection sequences used for calculating the CT
[disinfectant residual (mg/L) x contact time (min.)]. Disinfected water
in reservoirs receiving surface runoff cannot be counted toward CT credit.
It is also not appropriate for systems to monitor th~ source water after·
the ·point of disinfectant application· eyen if disinfection from this
point is not used for calculating CT credit.

3.1.1 Coli fOnD Concentrat j oos : The SWTR states that, to avoi d
filtration, a system Ilust demonstrate that either the fecal c91iform'
concentration is less than 20/100 III At the total coliform concentration
is less than 100/100 ml in the water prior to the point of disinfectant
application in 90 percent of the samples taken during the six previous. '

months. Where monitoring for both parameters has been or is conducted,
the rule requires that only the fecal coliform limit be met. HoWever, EPA
reconwnends that the analytical results for both total co11folns and fecal
coliforlS be reported. In addition, if the turbidity of a surface water.
source is greater than 5 NTU and the surface source is blended with a
ground water source to reduce t~e turbidity, EPA recommends that the high
turbidity water prior to blending meet the fecal colifol"lll source water
quality criteria.

Elevated coliform levels in surface water indicate higher probabili
ties of fecal contamination, some, of which could be protected from
exposure to disinfection by embodiment in particulate matter. Blending of
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the surface water with ground water to reduce colifora levels .aY obscure
the indication of such possible effects. Thus. EPA does not recommend
blending to reduce colifonl levels in the source water. Furthermore. EPA
does not recoamend blending to reduce turbidity levels in clses where
elevated fecal contamination .ay be masked.

Ongoing monitoring is required to ensure that these requirements are
continually met. The ~amples may be analyzed using either the multiple
tube fermentation method or the -..brane filter test <MF> as described in
the 16th Edition of Standard Methods. '

SamDling freqyency
Minimum sampling frequencies are as follows:

Popylation Served Coliform SamPles/Week

S500
501-3.300
3,301-10,000
10,001-25,000
>25,000

1
2
3
4
5

",

Grab $amples IDUSt be taken on different days. In addition, one
sample must be taken every day during which the turbidity exceeds 1 NYU,
unless the Primacy Agency determines that the system. for logistical
reasons outside the system' 5 control,' cannot have the sample an~lyzed

within 30 hours of collection. If taken, these sampl~s count towards the
weekly sampling requirement. Also, under the Total Co1i~OnD Rule, systems
must take one colifonl samp)e in the distribution syste. near the first
service connection within 24 hours after a source water turbidity
measurement exceeds 1 NTU. This measurement ~st be included in the total
coliform compliance determination. The purpose of these requirements is
to ensure that the monitoring occurs during worst case' conditions. '

The initial evaluation of the source water quality is based on the
data from the previous 6 months. After ,the initi~l evaluation, systems
must continue to conduct sampling each month to demonstrate compliance
with the source water quality criteria on an ongoing basis. If the..
criterion has not been met, the system must filter.

Use of Historical Dat'a Base
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SOlIe systellls lIay already IDOnitor 'their source water for total and/or
fecal col1foMl concentration. The resulting historical data base may be
sufficient for the Primacy Agency to make the initial determination of
whether the system .ets the source water quality criteria., The
historical data base 15 considered sufficient for lIaking this determina-

. tion if:
The raw water sampling location is upstream of the point of
disinfectant application as previously defined.

The monthly samples represent It least the _tnilllum slIIIpling
frequency previously mentioned. .

The sampling period covers at least the previous six months.

3.1.2 Turbidity Leyels: To avoid filtration, the turbidity of the
water prior to disinfection cannot exceed 5 NTU, on an ongoing basis,

, based on grab samples collected every four hours (or more frequently) that
the system is in operation. Asystem may substi.tute continuous turbidity
monitoring for grab sample monitoring if it validates such measurements
for accuracy wi th grab samp1e measurements on a regular bas is, as
specified by the Primacy Agency.1 If a public water system uses continu
'ous monitoring, it must use turbidity values recorded every four hours (or
some shorter regular time interval) to determine whether it meets the
turbidity limit for raw water. Asystem occasionally'may exceed the 5 NTU

limit and sti 11 avoid fi ltration as long as (a) the, P'r~lIIcy Agency
determines that each event occurred because of unusual or unpredictable
circumstances and (b) as a result of this event, there have not been more
than two such events in the past twelve months the system served water to
the public or more than five such events in the past 120 months the system

Validation should be performed at least twice a week based on the
procedure outlined in Part 214A in the 16th Edition of Standard
'Methods. Although the 17th Edition is ava~lable, the 16th Edition is
that which is referred to in the rule. Improper installation of
continuous IIOnitors lDay allow for air bubbles to enter the monitor
resulting in false turbidity spikes. To avoid air bubbles reaching the
turbidimeter, the sample tap should be installed below the center line
of the pipe and an air release valve lIIay be included on the sample
1ine.
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served water to the public. An Mevent" is defined as a series of
consecutive days in which at least one turbidity .asurement each day
exceeds 5 NTU.

It 1s important to note that every event, 1.e., exceedance of the 5
NTU limit, regardless of whether the system must filter as a consequence,
constitutes a violation of I treatment technique requirement. For
example, if the turbidity exceeded 5 NTU in at least one measurement each
day for three consecutive days, this would constitute one event and one
treatment technique violation •. If this was the third event in the past 12
months the system served water to the public, or the sixth event in the
past 120 months the system had served water to the public, the system
would also be required to install filtration. In all cases, the system
must inform the Primacy Agency when the turbidity exceeds 5 NTU as soon as
possible, but no later than the end of the next business day.

The Primacy Agency should evaluate additional data from'the utility
to determine the significance of the event with respect to the potential
health risk to the community and determine whether a boil water notice is
necessary. The additional data may include raw water fecal col iform
levels, duration and magnitude of the turbidity excursion, nature of the
turbidity (organic or inorganic), disinfectant residual ent~ring the
system during the excursion and/or coliform levels in tbe distribution
system following the excursion. Boil water notices are not required under
the SWTR, they may be issued at the discretion of the Primacy Agency.

In order to determine if the periods with turbidity greater than
5 NTU are unusual or unpredictable, it is recommended that in addition to
the historical turbidity data, the water purveyor should collect and
provide to the Primacy Agency current and historical information on flows,
reservoir water levels, climatological conditions! and any other informa
tion that the Primacy Agency deems relevant. The Primacy Agency will then
evaluate this information to determine if the event was unusual or
unpredictable. Examples of unusual or unpredictable events include
hurricanes, floods and earthq~akes. High turbidity events may be avoided
by: '

Use of an alternate source which is not a surface water and
does not ,have to meet the requirements of the SWTR.
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-Use of an alternate source 'which is nat a surface water and
does nat have .to meet the requirements of the SWTR.

Use of an alternate source which is a.surface water and which
does meet the requirements' of the SWTR.

Utilization of stored water to supply the community until the
source water quality meets the criteria.

3.2 Disinfection Criteria
3.2.1 Inactiyation Requirements
To avoid filtration, a system must demonstrate that it maintains

disinfection conditions which inactivate 99.9 percent of Giardia cysts and
99.99 percent of viruses every day of operation except anyone day each
month. If the disinfection conditions provide less than these inactiva
tions during more than one day of the month, the system is in violation of
a treatment technique requirement. If the system incurs such a violation
during any twa months in the previous 12 months, the system must install
filtration, unless' one of the violations was caused by unusual and
unpredictable circumstances as determined by the Primacy Agency. Systems
with three or more violations in the previous 12 months lIIust install
filtration regardless of the cause of the violation. To demonstrate
adequate inactivations, the system must monitor ~nd record the disiofec- .
tant(s) used, disinfectant residual(s), disinfectant contact time(s), pH.
(for chlorine), and water temperature, and use these data to determine if
it is meeting the minimum total inactivation requirements in the rule.

Anumber of disinfectants Ire available, including ozone, chlorine,
chlorine dioxide and chloramines. The SWTR prescribes CT [e, residual
disinfectant concentration (mg/L) x T, contact tilDe (lIIin)] levels for
these disinfectants which will achieve different levels of inactivation
under various conditions. The disinfectant(s) used to lDeet the inactiva
tion requirements is identified as the primary disinfectant throughout the
remainder of this document.

To detemine compHance with the inactivation requiremef1ts, a system
must calculate' the CT value(s) for its disinfection conditions during peak
hourly flow once each day that it is delivering water to its customers.
For the purpose Qf calculating CT value, T is the time <in .inutes) it
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takes the water, during peak hourly flow, to lOve between the point of
disinfectant· application 'and a point where, C, residual disinfectant
concentration is measured prior to the first customer. Residual
disinfectant concentratio~ is the concentration of the dfsinfectant (in
119/L) at a point before or at the fi rst customer. Contact t:ille in
pipelines must be calculated based on plug flow (f.e., where all water
lOves homogeneously in time between two p01nts) by dividing the internal
volume of the pipeline by the peak hourly flow rate through that pipeline.
Contact time within mixing basins, settling basins storage reservoirs, and
any other tankage must be determined by tracer studies or an equivalent
method as determined by the Primacy Agency. The contact time determined
from tracer studies to be used for calculating CT. is Tlo '. TIO is the
detention time corresponding to the time for which 90 percent of the water
has been in contact with at least the residual concentration, C. Guidance
for determining contact times for basins is provided in Appendix c.

The first customer fs the point at which finished water is first
consumed. In many cases this will include the treatment plant itself.
This definition of first customer pertaining to. the poin"t of first
consumption assures that the water has received the required disinfection
to provide protection from microorganisms for all consumers. Peak hourly
flow should be considered as the greatest volume"of water passing through
the system during anyone hour in a consecutive 24 hour period. Thus, it
fs not meant to be the absolute peak f~ow occurring at any instant during
the day.

" Systems with only one point of disinfectant application may
determine the total inactivation based on one point of residual measure
ment prior to' the first customer, or on a profile of the residual
concentration after the point of disinfectant application. Methods of.
disinfection .asurement are presented in Appendix D. The residual
profile and the total inactivation is calculated as follows:

Measure the disinfectant residual, C, at any number of points
within the treatment train.

Determine the travel time, T, between the point of disinfec
tant application and the point where C is measured for the
first section. For subsequent measurements of ·C,· T is the
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time it takes for water to move from the previous ·C· leisure•
..nt point to this point of -easurement.

Calculate CT for each point of residual .easurement (CT )
eelc • .

Dete",ine the inactivation ratio (C(, IC/CT".,) for each sec.
tion. .

Sum the inactivation ratios for each section, i.e. C1TJ/CT
1
"

+ CzTz/CT".• + C.TlI/CT.... to determine the total inactlvat on
ratlO. '

If the total inac.tivation .ratio (SWI (CTeelC/CT... ,» is equal to or great~r

than 1.0, the system provides greater than 99'~9 percent inactivation of
Giard; a cysts). and the system meets the disinfection performance re
quirement. Further explanation of CT calculations is presented in Section
3.2.2.

Systems need only calculate one CT (CTcalc ) each day, for a point at
or prior to the first customer; Ilternatively they have the option of cal
culating numerous CTs after the point of disinfectant application but·
prior to the first customer to determine the inactivation ratio. Profile
ing the residual gives credit for the higher residuals which exist after
the disinfectant is applied but before the first customer. Profiling the
residual lIay not be necessary if one CT is calcul.ated (CTca /c)' Ind this
exceeds the appl feable CT". t. In this case, the system is .e~ing the
disinfection performance requirement. for systems with a very low oxidant
demand in the water and long contact times, this approach lIay be the ~st

practical to use.
for systems with alltiple points of lIisfnfectant application •. such

as ozone followed by chlorine. or chlorine applied at two different p~ints

in the treatment train, the inactivation ratio of each disinfectan~

section prior to the first custOCDer is used to determine the .:total
inactivation- ratio. The disinfectant residual of each disinfection

z CT" t is the CT value required to achieve 99.9 percent or 3·10g Gifrdia
cyst inactivation for the conditions of pH, temperature and resldual
concentration for each section. Asection ;5 the portion of the system
with a measurable contact time between two points of disinfection
application or residual monitoring.
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section,and the corresponding contact tiae must be measured at sOme point
prior to the subsequent disinfection application point(s) to determine the

. inactivation ratio for each section, ~nd whether· the total inactivation
ratio i$ 1.0 or more. Fpr example, if the first disinfection section
provided an inactivation ratio of 2/3 (or 99 percent inactivation) 'and the
second disinfection section provided an inactivation ratio of 1/3 (or 90
percent inactivation), ~he total inactivation ratio would equal 1.0 (2/3
+ 1/3 • 1) indicating that 99.9% inactivation was provided and the
disinfection requirements are met. Further explanation of the-determina
tion of total inactivation provided is contained in Section 3.2.2.

Maintaining Inactivation Leyel
The SWTR establishes CTs for chlorine, chlorine dioxide, ozone and

chl~ramines which will achieve 3-10g inactivations of Giardia cysts and at
least 4-10g inactivation of viruses. Appendix E presents CTs for these
and other log inactivations. A system must demonstrate compliance with
the inactivation requirements based on conditions occurring during peak
hourly flow. Since a system generally can only identify peak hourly flow
after it has occurred, hourly residual measurements during the day are
suggested. If the sampling points are remote, or manpower is li.ited and
collection of hourly grab samples is impractical, continuous monitors may
be installed. In cases where continuous monitors are impractical., the
Primacy Agency may establish an acceptable IIOnito.ring program on a'
case-by-case basis; where possible thi~ should be based on historical flow
patterns. Measurements for the hour of peak flow can then be used in
calculating CT. The pH (for systems using chlorine) and temperature must
be determined daily for each disinfection sequence prior'to the first
customer.

Since the system's inactivation is determined during peak hourly
flow, the disinfectant dosage applied to meet CT requirements may not be
necessary during lower flow conditions. Continuing to apply a disinfec
tant dosage based on the peak hourly flow could possibly result in
increased levels of disinfectant by-products, including TTHMs and
increased costs. Under lower flow conditions. a higher contact time is
available and a lower residual lIay provide the CT needed to .et the
inactivation requirements. The system may therefore choose to adjust the
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disinfectant dose with changes in flow. The 5ystetll should, however,
maintain a disinfectant residual which will still provide a 3-log
inactivation of Giardia cysts and a 4-10g inactivation of viruses at
non-peak hourly flows. The system should therefore evaluate th~ residual
needed to' provide the required inactivation under different flow
conditions and set the dosage accordingly. The following provides an
example of .aintaining ~he required inactivation.

Example
A5 mgd non-filtering systea disinfecting with free chloeine at one

point of application, has a contact ti.e of 165 .inutes during"I'peak flow
of 5 MGO. The flow varies from 1 to 5 MGD. The pH and temperatures of
the water are 7 and 5 C, respectively. At a residual of 0.9 mg/L, a CT of
148 mg/L-min is required to ..et the disinfection requirements. The CT
for 0.9 mg/L residual is detenained by straigh~ line interpolation between
0.8 mg/L and 1.0 mgjL residuals. Under lower flow conditions, the
available contact time is longer and a lower ~esidual would provide .the
required disinfection. Based on existing contact tillle and using the. ,

appropriate CT tables (in this case, Table £-2) in Appendix £ for a 3-109
Giardia cyst inactivation, the required disinfection would be provided by

maintaining the following chlorine residuals for the indicated flow:
Contact CT (mg/L-min) Free Chlorine

Flow (MGD) lime (mjn) Reqyjred Residual (NIL)'

5
4
3
2
1

165
206
2]5
412
825

148
145
143
139
139

0.9
0.7
0.6
0.4
0.,2

This table indicates the variation of residuah needed for. the
system to provide the required inactivation. For chlorine, the disinfec~

tant residual cannot be adjusted in direct proportion to the flow because
the CT needed for disinfection is dependent upon the residual. Since it
is not practical to continuously adjust the" residual 'and, since a
disinfection ~evel for a 3-10g Giardia cyst inactiva~ion must be
mainta i ned under a11 flow' condit ions, it is suggested that the flow
variation at the utility be divided into ranges and the residual needed at
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the higher flow rite of elch rlnge be mlintlined ·for all flows within the
rlnge to ensure the required disinfection. The following flow ranges and
residuals are suggested for the system:

flow Ronge (HGO)

1 • 1.9
2 • 3.9
4 • 5

free Chlorine
Residual (mg/l)

0.4
0.6
0.9

By mlintaining these residuals, the utility is ensuring the ~rovision of
the required disinfection while .'n'm'zing the disinfectant Ipplication J

which should result in lower disinfection by-products and costs.
Although these residuals will ..et the inactivation requirements,

maintaining a residual in the distribution system must also be considered.
If no other point of disinfection exists prior to the distribution system,
the residual for disinfection must be maintained at a level which will
also provide a residual throughout the distribution system. The complete
range of flows occurring at the plant should be evaluated for determining'
the required residual. Autility may establish the residual requirements
for as many flow ranges as is practical.

The CTs determined from the daily system data should be compared to
the values in the table for the pH and temperature of the water, to
determine if the required CT has been achieved. Only the analytical
methods prescribed in the SWTR, or otherwise approved by EPA, may be used
for measuring disinfectant residuals. Methods prescribed in the SWTR are
listed in Appendix O. The Appendix also contains I paper which describes
monitoring methods for various disinfectants and conditions.

The Primacy Agency should make periodic checks on its utilities to
assure that they Ire maintai.ning adequate disinfection at non-peak flow
conditions.

Meeting the Inactiyation Regyirement Using Eree Chlorine
When free chlorine is used as a disinfectant, the efficiency of

inactivation is influenced by.the temperature and pH of the water. Thus,
the measurement of the temperature and pH for the determination of t~e CT
is r~quired. The SWTR provides the CT requirements for free chlorine at
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various temperatures and pHs which .ay occur in a source wlter. These
values are presented in Table E·l through Table E-7 in Appendix E. The
basis for these ~a1ues is discussed in Appendix F. For free chlorine, a
3-10g inactivation of Giardia cysts will provide greater than a 4.10g
inactivation of viruses, thus meeting the SWTR inactivation requirements.

As indicated in Table E-2, a raw water temperature of 5 C, a pH of
7.0, and a residual chlorine concentration of 1.4 mg/L require a CT of 155 .
mg/L-min to provide a 3-10g inactivation of Giardia cysts. Therefore, to
l18et the inactivation requirement under these conditions' with ~"e point of
residual ..asurement, a contact time of 111 .inutes [(155 -V/l-.in)1 (1.4
mg/L)] prior to the first customer would be required.

Meetjng the Inactivation Reqyirement Using Ch1oromines
, '

Chloramines are a much weaker oxidant than free chlorine, chlorine
dioxide and ozone. The CT values for chloramines presented in Table E-12
are based on disinfection studies using preformed chloramines and in~
excystation of Giardia mY!i1 cysts (Rubin, 1988). No safety factor was
applied to the laboratory data on which,the CT values were ba~ed since EPA
believes that chloramination, conducted in the field, is more effective.
than using preformed chloramines.

In the 1ab~ratory testing using preformed ch1oramines, ammonia and
chlorine were reacted to form ch10ramines before the addition of the
microorganisms. Under field conditions, chlorine is usu411y" added first
followed by" IIIIDOnia addition further downstream. Also., 'even after the
addition of ammonia, some free chlorine residual may persist for a period
of time. Therefore, free chlorine is present for a period of time prior
to the formation of chloramines. Since this free chlorine contact time is
not duplicated in the laboratory when testing with preformed chloramines,
the CT values obtained by such tests may provide conservative values when
compared to those eTs actually obtained in the field ~ith chlorine applied
before ammonia. Also, other factors SUCh, as .ixin~ in the field (ver~us

no mixing lnthe laboratory) lIay contribute to di~infection effectheness.
For these reasons, systems using chloramines for disinfection may
demonstrate effecthe di sinfection in accordance with the 'procedure in
Appendix G in lieu of meeting the CT values in Appendix E.
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If a system uses chloramines and is able to achieve the CT values
for 99.9 percent inactivation of Giardia cysts, it is not always
appropriate to assume that 99.99 percent or greater inactivation of
viruses was .also achieved, New data indicate that Hepatitis Avirus is
more sensitive than Giardia cysts to inactivation by preformed chloramines

'(Sobsey, 1988). The CT values required to achieve 99.99 percent
inactivation of Hepatitis A with preforwd chlorllllines are lower than
those needed to achieve 99.9 percent inactivation of Giardia cysts. These
data contrast with other data which indicate that rotavinis. is IIOre
res istant than Giardia cysts to prefonaed ch1orllli nes (Hoff, 1986).1
HOwever, rotavirus is very sensitive to inactivation by free chlorine,
.uch more so than Hepatitis A (Hoff, 1986;4 Sobsey, ·1988). If chlorine
is applied prior to ammonia, the short term presence of free chlorine
would be expected to provide at least 99.99 percent inactivation of
rotavirus prior to the addition of ammonia and subsequent fOnlation of
chloramines. Thus, EPA believes it is appropriate to use Hepatitis A
data, in lieu of rotavirus data, as a surrogate for defining minimum CT
values for inactivation of viruses by chlor..;nes, under the condition
that chlorine is added to the water prior to the addition of ammonia.

A system which achieves a 99.9 percent or greater inactivation of
Giardia cysts with chloramines can be ~onsidered to achieve at least 99.99
percent inactivation of viruses, provided that chlorine is added to the
water prior to the addition of ammonia, Table E-13 provides CT values for
achieving different levels of· virus inactivation. However, if ammonia is
added first, the CT values in the SWTR for achieving 99.9 percent
inactivation of Giardia cysts cannot be considered adequate for achieving
99.99 percent inactivation of viruses.

Under such cases of chlorilline production, the SWTR" requires systems'
to demonstrate through on-site challenge studies, that the system is

3 CT values in excess of 5,000 are required for a 4.10g inactivation·of
rotavirus by preformed chloramines but no .inimum CT values have been
determined. .

CT values ranging from 0.025 to 2.2 achieve 99 percent inactivation of
rotavirus by free chlorine at pH • 6 ~10 and 4 - SoC (Hoff, 1986).
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achieving at least a 4-10g inactivation of viruses. Guidance for
conducting such studies is given in Appendix G. Once conditions for
achieving a 4-10g inactivation of viruses has been established, the
Primacy Agency should require systems to report their disinfection
operating conditions on an ongo~ng basis. These conditions should' verify
that the system is operating at CT values in excess of that needed to
achieve a 4-10g virus inactivation or 3-10g Giardia cyst inactivation,
whichever is higher.

Meeting the Inactiyation Requirement Using Chlorine Dioxide
Under the SWiR, the CT values for the inactivation of Giardia cysts

using chlorine dioxide are independent of pH.' Under the SWTR the only
parameter affecting the CT requirements associated with the use of
chlorine dioxide is temperature. Table E-8in Appendix E presents the
chlorine dioxide CT values required for the inactivation of Giardia cysts

~ at different temperatures. The basis for these CT values is discussed in
Appendix F. Systems which use chlorine dioxide Ire not required to
measure the pH of the disinfected water for the calculation of CT. For'
Chlorine dioxide, a 3~10g inactivation of Giardia cysts'will generally
result in greater than a 4-10g virus inactivation, and assure meeting the
SWTR inactivation requirements. However, for chlorine dioxide, unlike.
chlorine where this relationship always holds true, at certain tempera
tures, the 4-10g virus CTs may be higher than the 3.109 Giardia cyst CTs.

The Primacy Agency may allow lower CT values than those specified in
the SWTR for individual systems based on inforllation provided by the
system. Protocols for demonstrating effective disinfection at lower CT
values is provided in Appendix G.

As indicated in Tables E-8 and E-9, the CT requirements for chlorine
dioxide Ire substantially lower than those required for free chlorine.'
However, chlo~ine dioxide is not as stable as free chlorine or chloramines
in a water SystH and eay not be capable of providing the required
disinfectant residual throughout the distribution system. In addition,
out of concern for toxicological effects, EPA'S current guideline is that
the sum of the chlorine dioxide, chlorate and chlorite residuals, be less
than 1.0 mg/L at all consumer taps. This guideline may be lowered as more
health effects data become available. These concerns further reduce the
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feasibility of using chlorine dioxide as a secondary disinfectant for
distribution syst.s. Ther.fore, the us. of chlorine dioxide as a primary
disinfectant .ay r.sult in the n••d for the app)ication of a secondar~

disinfeCtant, such as chlorine or chlor.-ines, that will p.rsist in the
distribution 5ySt,. and provide the required residual protection.'

Meeting tbe Inactiyation Bequirement Using Ozgn,
~other disinfect.ant to inactiv.te Giard;a cysts and viruses is

ozone. As with chlorine dioxide, under the SWTB, the CT values for ozone'
are independent of pH. Tables E-I0 and E-11 present the CT requirements
for ozone at differ.nt source water te.peraturts. Th. basis for the CT
values for oz~ne is given in Appendix F. As for free chlorine, a 3-10g
Giardia cyst inactivation with ozone will result in greater than a 4-10g
virus inactivation. Unlike chlorine, for 'cases where only a I-log or
lower Giardia .inactivation is needed with ozone, the CT values for v; rus'
inactivation aay be higher than the CT for GiardiA. The Pri.acy Agency
.ay allow lower CT values for individual syst.s based on information
provided by the system that demonstrates that CT values lower than those
specified in the rule achieve the s.. inactivation efficiencies (see
Appendix G).

Ozone is extremely reactive and dissipates quickly after applica
tion. Therefore, a residualS can only be expected to persist a shor~ time

S The residual aust be .asured using the Indigo ,Trfsulfonate Method
(Bader' Hoign., 1981) or auta.ated ..thAds ~ich are calibrated in
reference to the results obtained by the Indigo Trisulfonate method, on
a regular basis IS detel'1lined by the Prillacy Agency. The Indigo
Trhul fonate .thod is included in the 17th Edition of Standard
Methgds. This .thod is preferable to current standard ..thods because
of the selectivity of the Indigo Trisulfonate indjcaor in the presence

, of .ast interferences found in ozonated waters. The ozone degrades an
acidic solution of indigo' trhulfonate in a 1:1 proportion•. lhe
decrelse in absorbance is linear with increasing ozone concentrations
over·a wide range. Malonic acid can be added to block interference
froll chlorine. Interference froll perunganate, produced by the
ozonation of ..nganese, is corrected by running a blank in which ozone
is destroyed prior to addition of the indigo reagent. The samples' can
be analyzed using a spectrophotoaeter at a 600 na wavelength which can
detect residuals as low IS 2 ug/L or I visual color cOmparison method
which can measure down to 10 ug/L ozone. Although currently available
IOnitoring probes do not use the Indigo Trisulfonate Method, they can
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after application. In addition, the application of ozone to water is (
dependent Gn IIlSS transfer. For these reasons, the ..thad of CT
dete~ination used for the other disinfectants i' i~ractical for ozone,
Th. CTnlC DlSt be' detel"llin.d for the ozone contactor alon.. The, contactor
will have some portions where the ozone is applied and other portions of
the contactor where ozone is no longer applied, which are referred to as
the reactive flow chambers.

For aany ozone contactors, the residual in the contactor will vary
in accordance with the ..thad and rat. of application,'the residual will
be nonuniform and is likely to be zero in a portion of the contactor. As.'
previously iqdicated, the CT vilue is based on the presence of a known,
residual during a specific contact ti... Thus disinfection, credit is only
provided for the tiJDt when a residual is present. Besides the nonunif01'1ll
ity of the residual, IOnitoring the residual will be difficult because of
the ozone's high reactivity and the closed design of the contactors.

In addition to the difficulty in detenlining the ozone residual ,for
, , the CT calculation, the contact time will Ya~ between bisins depending

'on their flow configuration. Several types of devices are available for
adding ozone to water including porous diffusers, SUbmerged turbines,
injector, packed towers and static .ixers. Each type of device can be
used in either single or IUltiple chamber contactors. The f~ow through a
single chamber turbine contactor will approxilllte a completely mixed unit,
whi le flow'through a single chlllber diffused contact~r·,. or a IlUltiple
chllber diffused contactor, will lOre closely represent plug flow. This
variation in flow in different contactors aakes the us. of T10 inappropri-

. ,

ate for SOle contactors.
Th. differences between ozone contlcto" and other disinfection

systelS resulted in the developJDtnt of several appro~ches for determining
the 1na.ctivat1on provided by ozone, including:

• EYlluation of C and T
• Segregated Flow Analysis (SFA) .
• Continuously Stirred Tank Relctor (CSTR)
• Site Specific Evaluation.

be calibrated via this ..thod •
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The method which is appropriate for a paricular system will depend on
system configuration and the required level of inactivation. Another
significant difference is that ozone lIay be applied to provide only a
portion of the overall 3.10g Giardia cyst and 4-10g virus inactivation'
with the remainder of the inactivation provided by another disinfectant.
Appendix' 0 provides details ~or selecting the appropriate .thod of
evaluation for specific cQnditions.

The evaluation of C and T involves separate determination of the
ozone residual concentration, C, and the contact time, T, in the
contac:tor. C can be determined for individual chambers of ~. contactor
based on the residual ..asured at several points throughout the chamber,
or at the exit of the chamber. The T value cln be determined through a
tracer study or an equivalent method as approved by the Pri.acy Agency
with air or oxygen applied during testing, using the same feed gls rate as
used during operation. Appendix 0 provides details for the CT approach.

SFA is based on the results of a tracer study used in conjunction
with the measured ozone residual to determine the survival of .icroorgan
fSlls exiting the contactor. The survival corresponds to a certain
inactivation. Guidelines for this approach are included in Appendix O.

The CSTR ipproach is applicable for contactorS which have a high
degree of mixing. Experience has shown that for contactors, such as
turbine units, the ozone residual is generally uniform throughout the
contactor. The ozone residual ..asured at the exit if the contactor is
used in an equation for CSTRs to detenaine the inactivation provided.
'Appendix 0 provides d.tail~ for conducting CSTR analysis.

Site specific evaluations aay include:
• Measurement of an observable plrameter to correlate with C
• Mathematical .adel for disinfection efficiency
- Microbial indicator studies for disinfection effici.ency

to IIOre closely determine the inactivation provided 1n a particular
systel. Appendix 0 provides details for applying site specific evalua
tions.
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SIMary
Many sy~t..s which do not provide filtration will have difficulty'fn

providing the ~ontact ti.. necessary to sa~isfy the inactivation
requirellnts prior to the first customer. for example, a syst.. using
free chlorine It • wlter temperature of 5 C, a pH of 7.0 and I chlorine
residual of 1.4 mg/L would require 111 ainutes of contact ti.. to leet the
inactivation requir...nt. Potential options for these systelS include:

• Installation of storage facil ities to provide the required
contact ti.. under .axilU. flow conditions. _

- Use of an altemlte pri..ey disinfectant such IS ozone or
chlorin, dioxide which has CT values lower than those required
for free chlorine for the required inactivation.

for SOlI systems, the difficulty in obtlining the required
inactivation ..y only be a selsonll proble.. Asyst.. that hiS rlw water
temperatures which reach 20 Cduring the sUlller aonths It I pH of 7.0, uY

r

have sufficient contact ti.. to ..et the CT of 56 19/L-.in (Table E-5) at
a chlorine concentration of 1 I9/L. However, assuaing the s... pH Ind
chlorine concentration, it ..y not have sufficient contact tiae to ..et .
th~ CT requirement at 5 C, 149 Itg/L-ain (Table E-2), or It 0:5 C,
210 I9/L-.in (Table E-1). Under those conditions, a syst. could choose.
to use ozone or chlorine dioxide on I season~l basis, sfnce they are
stronger disinfectlnts requiring I shorter contact ti.....

As indicated in Table E-12, th. CT values for chlor..ines .ay be
impractical to attain for lOSt syst..,. 5ystelS which currently utilize
chloramines as a pri..ey disinfectant ..y need to use either free chlor
ine, chlorine dioxide or,ozonl in order to provide the required disin
fection. However, systlllS using chlor.ines as a pri~ry disinfectant Illy
chose to dlllOnstrat. the adequacy of the disinfection. Appendix. G
presents ...thad for ..king this demonstration.

Meeting tbe Inactiyation RegufCClCnt Using Alternat, Disinf,ctants
For systeas using disinfectants other' than chlorine, ch10rtaines,

chlorine dioxide, or ozone, the effectheness of the disinfectant can be
demonst~ated using the protocol contained in Appendix G. The protocol in
Appendix G.3 for batch testing should be followed for any disinfectant

3-18

. --



which can b. prepared in an aqueous solution and will be stable thro~ghout

the t.sting.· For disinfectants which are not stable, the pilot study
protocol outlined ,in, Appendix G.4 should be followed.

3.2.2 Determination of Overall Inactivation for Residual Profil.,
Myltiple Disinfectants and Myltiple Sourc,s

For systems which apply disinfectant(s) at lOr. than one point, or
choose to profile the residual from one point of application, the total
inactivation is the sum of the inactivation ratios between elch of the
points of disinfection or between each of the residual IOnitoring points,
respectively. The portion of the syst.. with a leasurabl. contact time
b.tween two points of disinfection application or r.si~ual IOnitoring will
be referred to as a section. The calculated CT (CTc•lc ) for .ach section
is determined daily •

. The CT needed to fulfill the disinfection requi ....nts is CT" I'

corresponding to a 3-10g inactivation of Giardia cysts Ind greater than or
equal to a 4-10g inactivation of viruses (except for chloramines and

•
sometimes chlorine dioxide as explained in Section 3.2.1). The inactiva-
tion ratio for each section is represented by CTCllc/CT..,,' as explained in
Section 3.2.1, and indicates the portion of the required inactivation
provided by the section. The sum of the inactivation ratios from each
section can be used to detel"llline the overall level of disinfectio,n
provided. Assuming inactivation is • first order reaction, the inac
tivation ratio corresponds to log and percent inactivations as follows:
tIe.l.cLC!t,., 109 Inact1ntjgn Percent Inactivation

0.17 • 0.5 log • 68%

0.33 • 1 log • 90%

0.50 • 1.5 log • 96.8%

0.67 • 2 log • 99%

0.83 • 2.5 log • 99.7%

1.00 • 3 log • 99.9"

1.33 • 4 log • 99.99%
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CTn .t 'Cln be dete,..ined for elch section by referring to Tlbles £-1 r).
through £-13 in Appendix £, using the pH (when chlorine is the di'sinfec-
tint) Ind temperatures of the wlter for the respective sections. These
tables present the log inactivltion of Giardi. cysts Ind viruses Ichieved'
by CTs at various water telperltures and pHs.

Log inactivations Ire additive, so:
0.5 Log + 1.0 Log - 1.5 Log or

0.17CT",. + 0.33eT"" _ O.SeT".•

If the sum 01 the inactivation ratios i~ greater than or equal to
one, the required 3-10g inactivation of Giardi. cysts has been achieved.
An inactivation ratio of at least 1.0 is needed to demonstrate compl~ance

with the Giardia cyst inactivation requirements for unfiltered SySt..5.

The total log inactivaiion can be dete~ined by IUltiplying the sum
of 'the 'inactivation ratios (IWI (CTule/eT....», by three. The total log
inactivation can be dete,..ined in this way because CT••,. is equivalent to
a 3-1og inactivation. The total percent inactivation can be determined as
follows :

Equation I (1)

where: y _% inactivation

x • log inactivation

For exople:

x- 3.0 log inactivation

y _ 100 - 100 _ 99.9 , inactivationwr
As exp,1a1ned in Section 3.2.1, the CTule detena1ned for each disin

fection section is the product of the disinfectant residual in !gIL and
the detention time in .tnutes through the section at peak hourly flow.
However, for .any water SystelS, peak hourlyfl~ will not necessarily
occur simult.neously in 111 sect10ns. The extent to which the occurrence
of peak hourly flow will' vary between sections of the system depends on
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the characteristics of an individual system including its size, storage
capacity within the distribution system, the nulllber of sources, and

. hydraulic capacities between different sections•.In order to silDplify the'
determination of peak hourly flow for' the system, it should be taken as
peak hourly flow in the list section of the syste. prior to the first
customer.

The CT values for ~ll the sections should be calculated for the flow
and the residuals occurring during the hour of peak flow in the last
section. The IIOst accurat. way to deUnafn. the flow in a .particular
section is through the use of a flow .ter. However. SOlIe sections of the
system .ay not have I flow meter. The following guidelines can ~e used to
detenafne the flow to be used in calculating CT: .

• For sections which do not hay••ters, the flow should be
assumed to be the higher of the two flows occurring in the
closest upstream and downstr... sections with ..ters.

• In cases where a section contains a pipeline and a basin with
the flow meter located prior to the basin, the metered flow
does not represent the discharge rate of the basin. The
di fference in inlet and discharge rates frOll a. basin wH 1
impact the water level in the basin. As explalned in Appendix
C. falling water levels will result in lower Tao values.

To assure that the detention ti.. of a basin is not
overestlllated, the discharge flow from a basin should be
used in lieu of the influent ·flow, unless the influent.
flow is higher.

• To esti..tl the discharge flow from a basin the closest
flow ..ter downstreaa of the basin should be used.

The following .xuple presents the determination 'of the total
percent inactivation for IUltiple points of disinfection, with variation.
in flow between sections.

Ex"le
A cOllUn~ty of 6,000 people obtains its water supply froa a lake

which'is 10 .iles frOll the city 11.its. Two 0.2 f«j storage tanks are
located along the 12·inch trans.ission line to the city. The water is
disinfected with chlorine dioxide at the exit from the lake and with
chlorine at the discharge from the first and second storage tanks. The
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Iverage water demand of the community is 1 MGD with a peak hourly demand
of Ipproxi.ately 2 MGD. For the calculations of the overall percent
inactivation, the supply system-is divided into three sections as shown on
Figure 3.;1 ••

Section 1 - fro. the lake to the discharge frOll the first storage
tank, '

Section 2 - from the discharg. fra. the first storage tank to the .
discharge frOll the second tank .

Section 3 - frol the discharg. of the second storage ~~nk to the
first custOllllr

The overall inactivation is computed daily for the peak hourly flow condi
tions. Sections 1 and 3 contain flow leters to .ani tor the water being
withdrawn fral the lake and th. water being delivered to the distribution
system as shown on Figure 3-1. On the day of this example calcu~ation,

the peak hourly flow in section 3 was 2 MGD. During this hour, water was.. .
betng wt thdrawn from the 1ake at a rate of 1.5 IIgd. Consideri ng the
placement of flow meters, the flow of 2 IIgd ..asured in section 3 should
be used for calculating CT for that section. Since section 2 does not
have a flow meter, the leter in section 3 serves as a leasure of the
discharge frOil storage tank 2 and should be the flow used in the
calculation of CT for section 2. Thi flow ..ter in section 1 records the
flow through the trans.ission aaln which should be used ~n the calculation
of CT for the pipe11ne. However, this ..t.r does not represent t~e

discharge fraa storage tank 1. Since the water is being pumped to ~he

distribution 5yst.. It • higher rate than the flow ent.ring storage tank
1, the flow of 2 Igd ..asured in section 3 should be used for calculating
the CT for storage tank 1.

The pH, tlllPerature and disinfectant residual of the water were
.-asured It the end of each section just prior ,to the next point of
disinfection and the first custQllr during the. hour of p~ak flow. The
water travels through the 12-1nch trans.iuion ..in at 177 ftlllin a~
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·1.5 MGD.' The detention times of the storage tanks were read off the T
10

VI. Q plots generated from tracer studies conducted on the storage tanks
(see Appendix C). Th. data for the inactivation calculation are as'
follows:

Section 1 Sec;tigD 2 Section ]'

length of pipe (ft) 15,840 26,400 10,560
flow (lIgd)

1.5 2.0 2.0pipe
tank 2.0 2.0

contact ti.. (min)
89 111 45pipe

tlnk 116 114 0
total 205 225 . 45

disinfectant chlorine chlorine chlorine
dioxide

residual (1Ig/L~ 0.1 0.2 0.4
temperature (C 5 5 5
pH 8 8 8

This information is then used in conjunction with the eT... , values in
Appendix E to determine the (CTCllc/eT",,) in each s.ection as .follows:
Section 1 • Chlorine dioxide

CTulC • 0.1 mg/L x 105 .inutes • 20.5 IIg/L-.in

from Table E·8 at a temperature of 5 C and pH .'8,
CTIt. 1 is 26 IIg/L-.in . '

CT I ICT" I • 20.5 !gll.,in • 0.79'
CI C . 26 tag/L••in

Sectign 2 - Chlorine

CTealc • 0.2 IIgJL x 225 .;nutes • 45 I19/l-.in

F~ Tabl. E-2 at a telptrature of 5 Cand pH • 8,
CTIt. I 1. 198 -.g/L..,n

CT I ICTn t • 45 m/l-,in • 0.23
CI C . 198 IIg/L-,.'n

, g • 1.5 X 19' gallday X 1 tt' X day • 177 ft/.in
A (1 ft 14) 7.48 gal 1440 .in
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· Sect1pn 3 - Chlorine

CTulC .0.4 IIg/L-.'n x 45 .'n • 18 IIg/L-.in

FrOi Table £-2 .t a te.perature of 5 C and pH • 8,
eT", t is 198 IIg/L-.in

CTw,/CT" ,. 18 mg/l-miD • 0.09
198 lIg/L-.in

The SUII of CTulclCTII. t fs equal to 1.11 , wh1ch is greater than 1;
therefore, the 5yst....ets the requirements of providina a 3.109
inactivation ~f Giardia cysts. The log inactivation provided is:

x • 3 X '-IulC. 3 x 1.11 • 3.33 .
CTII,t

The percent inactivation can be detenained using equation 1.

y • 100 • lOa • 100 - 1QQ • 100 - 0.05 • 99.95% inactivation
iQf. u 2,138

The system meets the requirement of providing. 99.9 percent inactivation
of Giardia cysts.

The SWTR also requires that the public be provided with protection
from legipDe11. as well as Giardia cysts and viruses. ,Inactivation levels
have not been set for l'11iPD"ll because the required inactivation of
Giardia cysts will provide protection f~.legipDel1a.7 However, this
level of disinfection cann~t .ssure that all L'11ioD.'1a will be inacti
vated and that no recont..ination or regrowth in recirculating. hot water
systems of buildings or cooling systems will occur. Appendix B provides

-
7 Kuehta et 11. (1983} ~ported I 1101.. CT requi....nt of 22.5 for 'a

99' percent inactivation of ~iPnel1' tn I 21 C tap water at.a pH of
7.~.0 when using free chlor nee Using first order kinetics, a 99.9
percent inactivation requires a CT of 33.8. Tabl. A-5 presents the eTs
needed for free chlorine to· achieve I 99.9 percent inactivation of
Giardia cysts It 20 C. This table indicates that the CT required for
a 3-10g inactivation of GiArdia at the tlllperaturt and pH of the
l'11iPD,ll. test ranges fro. 67 to 108 depending on chlorine residual.
These CTls Ire two to three tileS higher than that which is needed to
achieve a 3 log inacthation of legiPD'lh.
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guidance for 8Qnitoring and treatment to control L'vign.lla in institu
tional 5yst.S.

, The above discussion pertains to a system with one source with
sequential disinfection. Another syst.. -.y blend lOre than one source,
and disinfect one or lOre of the sources independently prior to blending.
System conditions which may exist include:

All the sources are combined at one point prior to supplying
the community but one or lOre of the sources are disinfected'
prior to being combined, as shown on Figure 3-2.

- Each source is disinfected individually and -enters the
distribution system' at a different point, IS shown on Fig
ure 3·3.

.
For 111 systems combining sources, the 'first step in deteMiining the

CT should be to determine the CTuie provided froll the point of blending
closest to the first customer using t~e contact tile and residual at peak
hourly flow for that portion of the distribution syst... This correspo~ds

to section Don Figure 3·2 and section E on Figure 3-3. If the CTc'IC for
section 0 or Eprovides the required inactivation, no additional CT credit
is needed and no further evaluation is required. However, if the CT for
section 0 or E is not sufficient to achieve the required inactivation,
then the inactivation ratio (CTc,1c)/(CT". ,) should be determined fo~ each
section to determine. the overall inactivation provided for each source.
The total inacthation must be greater than or equal to one for all
'sources in order to comply with the requirelents for 3-10g inactivation of
Giardia cysts. ,

On Figure 3-2, sections A, 8, C and Dcontain sampling points a, b,
c and d, respectively. The SUi of the inactivation ratios for sections
A+D ,8+0 and C.D ..st each be greater than or equal to one for the
disinfection requirelents to be ..t. .

The total inacthation for each source on Figure 3-2 should be
detena;ned 15 follows:
Soyrce J

Oetenline CTCI'~ for sections A Ind 0 based on 'the residual
measurements at sample points I and d, and the travel time'
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• If the sum of the inactivation ratios is greater than or equal
to 1.0, the system has provided the required 3·log Giardia
cyst inactivation for the source.

The determination ~f the total inactivation for each source .ay
require more calculations for systems such as that on Figure 3·3 than on
Figure 3-2. On Figure 3·3 sections A, B,'C, D, and E contain sampling
points a. b. c, d, and e respectively. In order to mini.he the
calculations needed. the determination of the total inactivation should
begin with the source closest to the first customer.

The total inactivation for each source on Figure 3·3 should be
determined as folloWs:
Sourc, II I

-

•

•

•

-

Source II

•

•

Determine CTCIIC for sections C and E based on the residual
..asurement at sample points c and e and the detention time in
each section under peak hourly 'flow conditions for the
respective section.

Detenai ne CT" t for the pH and temperature canditfons in each
section using he tables in Appendix E. ..

Calculate the inactivation ratios (CTnle/CT,•. i) for sections
C and E.

Calculate the sum of the inactivati~n ratios for sections C
ind E to determine the total inactivation for source III.

If the s~ of the inactivation ratios is greatir than or equal
to 1.0, the syst.. has provided the required 3-log Giardia
cyst inactivation for source 111.

Dete,..ine CT~"I for section 0 based on the residual ..asured
at s.-ple pOlnt d and the detention tile·through the section
under peak hourly flow conditions. .

Dete,..ine CT" for section D for the pH and temperature
con'dittons in '\he section using the appropriate tables in
Appendix E.

Cilculate the inactivation ratio· (CTcalc/CT". ,) for section D.

Add the inactivation ratios for sections Dand Eto determine
the overall inactivation.
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'Jf the sum of the inactivation ratios is greater than or'equal
to 1.0. the syst.. has provided the required 3-log Giardi.
cyst inactivation for source II, as well IS source I sfnce the
wlter froal .ach of these sources Ire cOlllbined prior to
sections 0 Ind E.

- If the total inlctivation ratio for sections 0 and E is less
than 1.0, additional calculations are needed. Proceed as
follows for sourc. II. .

- Dete".ine CT~"f for section 8 based on the residual .asured
at s.-pl. pOlnt b and the d.tention ti.. through the s.ction
under peak hourly flow conditions. _

• 'Determine CT" \ for section I for the ,pH and temperature
conditions in h. section usfng the approprfat. tabl.s in
Appendix E. .

, .
Calculate the inactivation ratio -(CTn'c/Cf.,.,) for section I.

• Add th. inactivation ratios for s.cttons I, 0 and E to
d.t.rmine the total inactivation for sourc. II.

If the SUII of the inactivation ratios is greater than or equal
to 1.0. the syst.. has provided the required 3.10g Giardi.
cyst inactiyation for the sourc.. ,
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- If the sum of the inactivation ratios is greater than or equal
to 1.0, the system has provided the required 3-10g Giardia
cyst inactivation for the source.

3~2.3 pemonstratipn of Maintaining a Residyal
The SWTft establishes two requirements concerning the ..intenance of

a residual. The first requirement is to ..intain a .inimum residual of
0.2 mg/L entering the distribution syst... The second is to .aintain a
detectable residual throughout the distribution syst... The disinfectant
used to meet these requirements is identified IS the secondary disinfec
tant throughout the remainder of this doc~nt. These requirements are
further explained in the following s.ctions.

Maintaining a Residual Entering tbe pistribution System
To avoid filtration, the disinfectant residual in wat.r .ntering the

distribution system cannot be less than 0.2 119/1 for .are than four hours,
with one exception noted below. Systems serving .are than 3,300 persons
IlUst IIOnitor continuously. If there is a failure in the continuous
monitoring equipment, the syst....y substitute grab samplin~ every four
hours for up to five working days following the fanure of the equipment.
Sys~ems serving 3,300 or fewer people ..y .ani tor continuously or take
grab samples at the frequencies prescribed below:

System Size by Population samplis/dty·

sSOO
501-1,000

1,001-2,500
2,501-3,300

1
2
3
4

·Samples cannot be taken at ~he same tiDe.
The 5t11flfng intervals are subject to Princy Agency review and
approva •

If at any ti.. the residual disinfectant concentration falls below 0.2
mg/l in I 5yst,. using grab sample IIOnitoring, the syst.. lUst continue to
take a grab sample every four hours unti 1 the residual disinfectant
concentration is equal to or greater than 0.2 19/1. For all systems, if
the residual concentration is not restored to at least 0.2 19/1 within
four hours after a value of less than 0.2 19/1 is observed, the system is
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in violation of 'a treatllent technique nquir...nOt, and !lUst install
filtr.tion. However, if the Pri..cy Agency finds that the exceedance was
caused by an unusual .nd unpredictable circumstance, the Primacy Agenc~

.ay choose not to require filtration. EPA expects Primacy Agencies to use
this provision sparingly; it is intended to encompass catastrophic events,
not infrequent large sto~ events. In .ddition, any time the residual
concentration falls bel~w 0.2 19/1, the system .ust notify the Primacy
Agency. Notification ~st occur as soon as possible, but no later than'
the end of the next business day. The syst~ also alst notity ~.he Primacy
Agency by the end of the next business day whether or not the tes1dual was
restored within four hours.

Failure of a monitoring or reporting requirement does not trigger a
requirement to filter although they are violations.

M.intaining • Residu.l Within tbe System
To avoid filtration, the disinfectant residual in t~e distribution

system cannot be undetectable in more than five percent of the samPles in
a month, for any two consecutive months that the syst.- se~es water' to
the public. Systems may ..asure HPC instead of disinfectant residual.
Sites with HPC concentrations of less than or equal to 500/111 are
considered eq~ivalent to sites with detectable residuals for the purpose
of detenaining compliance. Public water systems .ust IIOnitor for the
presence of a disinfectant residual (or HPC levels) at the same frequency
and locations as total coliform ..asurements taken pursuant to the Tot.l

"Coliform Rule. However, if the Pri.acy Agency detenlines, based on sit~

specific considerations, that a syst.. has no ..ans for having a sample
transported and analyzed for HPC by a certified laboratory within the
requisite time and telPerature conditions (Method 907, APHA, 1985). but
that th. syst.. 1.5 providing adequate disinfection in. the distribu.tion

, syst.., this requirements does not apply to that syst...
For systems which use both surface and ground water sources, the

Pri..cy Agency ..y allow the 5yst.. to taki'disinfectant residual or HPC
5.-ples at points other 'than the total coliform'sampling locations if it.
detenlines that such points are .ore representative of treated (disin
fected) water quality within the distribution syst...
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DisinfectAnt residual can be .asured as total chlorine,. free
chlorine, cOibined chlorine or chlorine dioxide (or HPC level). The SWTR
lists the approved analytical ..thods for these inalyses. For example,'
several test ..thods can be used to test for chlorine residual in the·. .
water, including amperemetric titration, DPD colorimetric, DPD ferrous
titrimetric method and iodometrlc method, as describ.d in the 16th Edition
of Standard MethQds.· Appendix D provides a review and suaaary of
available techniques to measure disinfectant residuals.

If a system fails to maintain a detectable disinfectant r4sidual or
an HPC leve~ of less than or equal to 500/., in lOre than 5 percent of the
samples during'a IOnth, for any two consecutive months the systea serves
water to the public, the syste- is in violation of a treatment technique
requirement. In addition, this system ~st i~stall filtration unless the.
Primacy Agency determines that the violation was not due to a deficiency
in treatlllnt of the source water (e.g., the violation was due to a
deficiency in the distribution system, such as cross-connection contamina
tion or failure in the pipeline).

The absence of a.detectable disinfectant residual in the distribu
tion system aay be due to a number of factors, including: .

• Insufficient chlorine applied at the treatment plant

Interruption of chlorination

Achange in chlorine demand in either the source water or the
distribution syst..

Long standing times and/or, long trans.ission distances

Available options to correct the problem of low disinfectant
residuals in distribution systems. include:

• Routine flushing

• Also, portable test kits art available which can be used in the field
to detect res i dual upon ·the approval of the Prillacy Agency. These kits
..y employ titration or colorimetric test ..thads. The colorimetric
kits IIIploy either a visual detection of a residual through the use of
a color wheel, or the detection of the residual through the use of a
hand held spectrophotometer.
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• .Increasing disinfectant dQses at the plant

• 'Cleaning of the pipes (either ..chanically by Piggi.ng or by
the addition of chemicals to dissol~e the deposfts) in the
distribution system to reIOV. accumulated debris which may be
.xerting a disinfectant d..and:

• Flushing and disinfection of the portions of the distribution
system in which a residua' is not ..intained: or

\

• Installation of satellite disinfection feed facilities within'
the distribution syst...

.
For syst.s .unable to Mintain a residual, the Prf8cy Agency .y
detenlfne that ft is not feas~b1e for the syst.. to IOnitor HPC and judge
that disinfection is adequatl based on site~specific conditions. .

Additional information on .aintai~ing a residual in the system is'
avaflable in' the AWA Manual of Water Supply Practices and Water
'Chlorination Principles and Practfces.

3.2.4 Disinfection System Redyndancy
Another requirement for unfiltered water supply. systems is

disinfection facility redundancy. Asyst.. providing disinfection as the.
only treatment is required to assure that the water delivered to the
distribution system is continuously disinfected. The SWTR requires either
redundant disinfection equipment with auxiliary power and automatic
start-up and alarm: or an autOlltic shutoff of delivery .of water to the
distribution syst.. when the disinfectant residual level drops below 0.2
lI9/L. In order to fu1fi 11 the requi ....nt of providing redundant
disinfection facilities, the following syst.. is rtCOImInded:

- All cOlPonents have backup units with capacities equal to or
great.r than the largest unit on-lfn••

.-.• ' .A.ini.. of two· storage units of disinfectant which can be'
. used alternately • e.g., two cylinders of chlorine gas, two

tanks of hypochlorite solution
"- Where the disinfectant is generated on-site, such IS ozone,

backup units with a capacity equal to or greater than that of
t~e largest unit on-lin••

. .
• AutOiatic switchover equipment to change the feed from one

storage unit to the other before the first empties or becomes
. inoperable .
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• Feed systems with backup units with capacities equal to or
greater than ~he largest unit on-line.

• An alternate power supply such as a standby generator with the
capabi lity of running all the electrical equipment at the
disinfection ,tation. The generator should be on-site and
functional with the capability of automatic start-up an power
failure

In, many cases one dis infectant wi 11 be used to fu1fi 11 both the
total inactivation and residual requirements. One or llare application
paints may be used to accomplish this. When one,application point is used
to .et both the primary and secondary disinfection requirements. the
syst.. is required to include redundant disinfection facilities.

When multiple points of application are used, redundancy is
recommended for the disinfection facilities at each paint of application
which is essential to .et the total inactivation requir..nts. In
addition, to assure the .aintenance of a residual entering and throughout
the distribution system. either:

• the last point of application prior to the distribution system
should have redundancy. or

• the point of application iaaediately prior to this point
should have redundancy and sufficient capac:ity to assure a
residual entering the distribution syst...

Systems may also use two different disinfectants, one to fulfill'the
inactivation· requirements and the second to lIaintain a residual. An
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example of this would include a syst.. using ozone as a pri_ary disinfec
tant and chlora.ines as a secondary disinfectant. EPA recommends that:

• the disinfection faci lities at each point of disinfectant
application in the pri..~ system essential in providing the
ovefall inactivation requir.-ents include redundancy, and

the secondary disinfection facilities include redundancy,
unless the disinfectant used for priaary disinfection can
provide a residual for the distribution syst.. as well. If
the pri.ary disinfectant can be used for residual Mintenance,
the last point of priury disinfectant application should
include redundancy and sufficient capacity. to· assure a
residual entering the distribution syst... .

Appendix 1 contains more specific in~o~tion.to assist the Priaacy
Agency in establishing requirements for providing redundant disinfection
fac i1i ties.

Providing automatic shutoff of.water delivery requires approval by
the Priucy Agency. The Priaacy Agency lUst detenaine that this action
will not result in an unreasonable risk to health or interfere with fir.:
protection. This determination should include the evaluation of the
syst.. configuration to protect against negative pressures, in the system,
and providing for high demand periods including fir~ flow requirements.
Automatic shutoff should be allowed only if systlGS have' adequate
distribution system storage to .aintain positive pressure for continued
water use •
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3.3 SITE-SPECIFIC CONDITIONS
In'addition to meeting source water quality criteria and disinfec

tion criteril, nonfiltering systems using surface water supplies must meet.
the following criteria:

• Maintain a watershed control program
Conduct a yearly on-site inspection

• Determine that no waterborne disease outbreaks have occurred
Comply with the revised annual total colifonn MeL

• COIIply with TTHH regulations (currently applies to systems
serving >10,000 people)

Guidelines for .eting these other criteria are presented in the following
sections.

3.3.1 Watershed Control program
A~atershed control progru is a sunei 1lance and IIOnitoring prog'ram

which is conducted to protect the quality of a surface water source. An
. aggressive and detailed watershed control progrlll is desirab,le to
effectively limit or eliminate potential contaJDination by huaan virus.s.
A watershed program may impact parameters such as turbidi~y, certain
organic compounds, viruses, total and fecal coliform5, and areas of wild
life habitation. However, the program is expected to have little or no
impact on parameters such as naturally occurring inorganic chemicals.
Limiting human activity in the watershed .ay reduce the 1ike1iho~d of
animals becoming infected with pathogens and thereby reduce the transmis
sion of pathogens by wildlife. Preventing animal activit~ near the source
water intake prior to disin,fection uy also reduce the likelihood of
pathogen occurrence at the intake.

The effect of a watershed progrlll is difficult to qaantify since
IDIny variables that influence water quality are beyond the control or

. knowledge of the water supplier. As a result, the benefit of a watershed
control program or specific control measures must in many cases be based
on acculUlated cause and effect data and on the general knowledge of the
impact of control Masures rather than on actual quantification. The
effectiveness of a program to limit or eli.inate potential contaainatioB
by human viruses will be determined based on: the comprehensiveness of
the watershed teview; the ability of the water system to effectively carry
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out and monitor the management decisions regarding control of det~imental

activiti.s occurring in the watershed; and the potential for the water
syst.. to aaxi.i~e land ownership andlor control of land use within the
wat.rshed. According to the SWTR, a watershed control progrUl should
include as a minimum:

- A description of the watershed including its hydrology and
land ownership

- Identification, monitoring and control of watershed character
istics and activities in the watershed which aty have an
adverse effect on the source ~ater quality .

Aprogram to gain ownership or control of the land within the
watershed through written ag.....nts with land owners, for the
purpose of controlling activiti.s which will Idverselyaffect
the microbiological quality of the water .

- An annual report which identifies special concerns in the
watershed and how they are being handled, identifi,s activi
ties in the watershed, projects adverse activities expected to
occur in the future and how the utility expects to addr.ess
thea.

Appendix J contains a IIOre detailed guide to .. comprehensive
watershed program.

In preparing a watershed control' progrUl, surface water systems
should draw upon the State watershed assessments and nonpoint source (NPS)
pollution unigement progr.-s required by 5319 of the Clean Water Act.
Inforution on these prograas is aVlilable frOll State water quality
age~cies or EPA'S regional offices. Assesslents identify NPS pollutants
in water and assess the wl~er quality. Utl1 ities should use the
assessments when eVlluating pollutants in their watershed. Surface water
quality IsseSSlents can also be o~tained f~ the lists of waters prepar~d

under 5304(1) of the Clean Water Act, and State biennially prepared
5305(b) reports. .

.Stlte NPS -.nag_nt programs identify best unagement practices
(IMPs) to be .loyed in reducing IPS pollution.. These unagement
programs can be incorpora~ed in the watershed program to pr4tect against
degradation ~f the source'water quality•
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For syst..s using ground water sources under the influence of
surface wlter, the control Masures delineated in the Well.head Protection
(WHP) progru encompass the requirements of the watershed control program,
and can be used to fulfill the requirtlllnts of the watershed control
program. Guidance on the content of State Wellhead Protection Programs
Ind the delineation of wellhea~ protection areas is given in: -Guidance
for Applicants for State Wellhead Protection ProgrUl Assistance Funds
Under the Safe Drinking Water Act,· June, 1987, and -Guidelines for
Delineation of Wellhead Protection Areas,· June, 1987, available from the
EPA office of Ground-Water Protection (WH-550G).

As a .fnimum, the WHP program lUst:
• Specify the duties of State agenCies, local governeenta'

entities and public water supply syst.-s with respect to the
development and imP,lementation of Programs:

• Determine the wellhead protection area (WHPA) for each
wellhead as defined in subsection 1428(e) based on all
reasonably available hydrogeologic information, ground-water
flow, recharge and discharge and other infonlltion the State
deems necessary to adequately determine the WHPAi

Identify within each WHPA all potential anthropogenic sources
of contami nants wh ich l14y have any adverse effect on the
health of persons: ;

,Describe a program that contains, as appropriate, technical
assistance, financial assistance, implementation of control
measures, education, training and dllOnstration projects to
protect the water supply within WHPAs from such contaminants; ... .

Present contingency f'ans for locating and providing alternate
drinking water SUPf ies for each public water syst.. in the
event of well·or we lfield cont_ination by such contaJIinants;

•

-

Consider all potential sources of such contlllinants within the
expected wellhead area of a new water well which serves a
public water supply systeli and .

-
PrQvide for public participation.

3.3.2 . On-site Inspection
\

The watershed control program and on-site inspection are inter-
. .

related preventive strategies. On-site inspection is actually a program
whic'h includes and surpasses the requi rements of a watershed program.
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Whil. the watershed progra. is ..in1y concerned with the water source,
on-site inspection includis some additional requirellnts for source water
quality control ~nd is also concerne~ with the disinfection facilities~

As defi~ed by the EPA, an.on·site inspection includes review'of the water
source, disinfection facilities and operation and aaintenance of I public
water syst.. for the purpose of .valuating the adequacy of such systems
for producing safe drinking water.

The SWTR requires an annual on-site inspection to evaluate the
wlt.rshed control progr.. Ind disinfection facilities. Th~'inspection

"'st b. performed by I party approved by the Pri..cy Agency. The inspec
tion should be conducted by competent individuals such as sanitary and
civil engineers, sa~itarians, and technicians who ,have 'experience and
kn~ledge in the operation, ..intenance, and design of water systems, and
who have a sound understanding,of public health principles and waterborne
diseases. Guidance for the contents of an inspection' are included in the.
following paragraphs. Appendix Ie presents guid.lines for a sanita~

survey which includes and surpasses the requirements of an on-sit.
,.;, .
inspection.

As the first step in detenaining which SWTR requirements, if any, a
source is subject to, EPA recommends that utilities conduct a detail.d,.
comprehensive sanitary survey. App.ndix Ie presents a ca-prehensive list
of water syst.. features thlt the p.rson conducting ~he survey should be
aware of and review as appropriate. . This initial invest~gation .stab
lish.s the quality of the water source, its treatlent and d.'ivery 'to the
consumer. EPA rtCQlllnds that this cOlprehensive evaluation be repeated
IV'ry three years for syst.s s.rving 4,100 people or less and ev.ry ffye
years for syste.s serving lOre than 4,100 people. Also, under the Total
Colifonr Rul., ground water iystetlS whic~, tlke liss than 5 coliform
Slllpl.s·· ...r IOnth .st conduct such sanf.tary surv,ys within ev.ry 5 or 10
Y.lrs d~dhig upon. wh.th.r the .sourc. is protected and disinfected •.

.Th. annual on-sfte inspection to fulfl1l the SWTR requirements
should includ~ as a .inf.ua:
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1. Source Evaluation

I. Review the effectiveness of the watershed control.
. program (Appendix J).

b. Review -the physical condition and protection of the
source intake.

c. RevieW the maintenance progrcUl to insure' that all
disinfection equipment is appropriate and has received
regular _aintenance and repair to assure a high operat
ing reHabi lity.

2. Treatment Evaluation

a. Review improvements and/or additions ..de to disinfec
tion prOcesses during the rrevious Ylar to correct
deficiencies detected in lar ier surveys.

b.Review the condition of disinfection equipment.

c. Review operating procedures.

d. Review data records to assure that all required tests
are being conducted and recorded and disinfection is
effectively practiced (eT calculations should be spot.
checked to ensure that they were done correctly)~

e. Identi fy any needed iaprovllltnts in the equipment,
system maintenance and operation, or data collection.. .

In addition to these requirtlltnts, a periodic. san't.tary survey is
recommended for all systems, including those with filtered and unfiltered

. supplies. The sanitary survey should include the items listed in 1 and 2
above as well as:

3. Distribution 5yst.. Evaluation

I.

b.

c.

d.

Review the condition of storage facilities.

Dete,.;ne that the syst.. has sufficient pressure
throughout the year.

Verify that syst.. equipment has received regular
..intenance.

Review additions/improveaents incorporated during the
year to correct deficiencies detected in the initial
inspection.
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i.

I.

h.

f.

g.

Revfew Cross connectfon preventfon program, including
annual testing of backflow prevention devices. .

Review routine flushing progra. for effectfveness.

Evaluate the corrosion control progrlll and its i_pact on
distribution water quality. .

Review the adequacy of the program for periodic storage
reservoir flushing.

Revi'ew practices in repairing water eain breaks to
assure they include disinfection.

4. Management/Operation Evaluation

a. Review the operations to assure that Iny difficulties
experienced durinf the year have been adequately
addressed.

b.

d.

c.

Re.view stafffng to assure adequate numbers of properly
trained and/or certified personnel are Ivailable.

V.rify that I regular ..intenance schedule is followed.

Audit systems retgrds to verify that they art adequately',
.aintai ned.

e. Review bacteriological data frOll the distribution system
for colifol"'lll occurrence, repeat ..mples and act1,on

. response.

3.3.3 No Qis,.s. Oytbr••ks
Under the provisions of the SWTR, a surface water 5yst.. which. does

not filter IlUst not have been identified as a source of waterborne
disease, or if it has been so identifi~, the syst....st have been
.edified sufficiently to prevent another such occurrence, as detel"'lllined by
the Priucy Agency. If a waterborne disease outbreak has occurred and' the

.outbreak was or is attributed to a treatlent deficiency, then the system
IlUstinsta11 filtration unless the syst.. has upgraded its treatment. .

syst.. to remedy the deficiency which led to the outbreak and the Prilllcy
Ag.ncy has detenlined that the syst.. is satisfying this requirement. If
the Priaacy Agency has detenl1ned the disease outbreak was the result of
a distrfbutio'n syst.. problem rather than a source water treatment
deficiency, the system is not required to install filtration.
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I~ order to determine whether the above requirement is being met,
th. responsibl. federal, state and local h.alth agenci.s should be
surveyed.to obtain the current and historical information on waterborne .

. disease outbr.aks which -.y hay. occurred within i given system. Wh.th.r
conducted by the Primacy Ag.ncy or submitted by the water purveyor, th'is
information should include:

1. Source of the Information:

I. Name of agency
b. Name and phon. number of person contacted
c. Oat. of inquiry

2. Outbreak Data

a.

b.
c.
d.

Known or susp.cted incidents of waterborn. dis.ase
outbreaks
Date(s) of occurrence(s)
Type or identity of illness
Nulllber of cases

3. Status of Diseas. Reporting:

I. Changes in regulations: l'9S.i ., giardiasis was not a
reportable disease until i5

4. If a Disease Outbreak has OCcurred:

a. Was th. reason for the outbreak id.ntified: ••g.,
inadequat. disinfection?

b. Did th. outbreak occur whil. th. syst.. was in its
current configuration?

c. Was reIIdial action taken?

d. Hav. th.r. been any further outbreaks since the relied; a1
Iction was taken?

If I review of th. Ivailable infonlation indicates that the system
or n.twork for diseas. reporting is inadequate within th. Priaacy Agency's
area of responsibility, efforts should be aade to encourage the appropr;
ate agencies to upgrade the disease report i ng capabi1 iti., wi th in th~

area.
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3.3.4 Monthly Coliform MCL
To Ivoid filtration, a system must comply with the MeL for total

coliforls, established in the Total Colifo~ Ruli, for at least 11 out oi
the previous 12 IOnths the syst.. served water to the public on an ongQ1ng
basis, unless the Primacy Agency detenaines that failure to .et this
requirtlDtnt was not caused by a deficiency in treatllent of the source
water. If the Primacy Agency ukes such I dete~ination, the system is ,
not required to install filtration. The Totll CoHfona Rule requires
syst.s using surface water or ground water under the influence-o.f surface
wlter which do not filter to collect a 5." It or near ,the first
cus~OItr, .ach day that the tu~bi~ity '.ve' .xceeds 1 NTU within'24 hours
of '.arnfng of the result Ind to Inalyz. the s.,. for the presence of
tota1 co11 fOnDs. (I f the Priucy Agency det.nai nes that it is not,
possible for the systtfll to have such a sUiple analy~ed within 24 hours,
this ti. li.it .ay be extended on a case-by-case basis.) This sample .ay

, ,be used to fulfill the routine complfance monitoring requi~nts of ,the
Total Col ifol'll Rule. The results of the Idditional sample must be
included in dete,..ining whether the syst. is fn cOllPHance with the
monthly MeL for total coliforas.

3.3.5 Total Triba]qmethan. (TTHH) Regulations
For the system to continue, to use disinfection as the, only

treatMnt, ,it IIUst comply with the total trihalOlltthane (TTHM) MeL
regulation. The current regulation established an MeL for total TTHM of
0.10 -.gIL for systetlS serving a population greater than 10,000. Both the
MeL and the syst.. population covered .ay be reduced in the future, and
this.should b. considered'~en'planning disinfectant application.

Onl Ilt.rnlth. to .et the CT requi ....nts of the SWTR is to
fncrels... thl disinfectant dose. 'For .ny syst..s, I higher chlorine'dose '
will rftuCft fn increased 'forution of ntlts. Changes in disinfection
practi'ci Ihoul~ .intain nHM levels of less than 0.10 mg/L. In lieu of
increasing chlorine dose, use ~f an alternate disinfectant which p~uces

fewer nHMs could be considered. Alternate disinfectants include the use
'of ozone or chlorine dioxi~e as primary disinfectants with chlorin. or
chloe.ines is secondary (residual) disinfectants. It is important to
note that EPA also will promulgate regulations foe disinfectants and
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disinfection by-products which ..y 1i.it application of SOllIe of ~h.se

disinfectants. EPA recoanends that Priucy Agencies keep i~fol"lled through
communication with EPA on interia guidance on how to avoid conflict for
systlas to comply with both the SWTR and the forthcoming regulations on
di~infectants and disinfection by-products. Any changes which appear to
not meet the by-product regulations should not be implemented.
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4. DESIGN AND OPERATING CRITERIA FOR
fILTRATION AND PISINFECTION TECHNOLOGY

4.1 Introdyction
To cOmply with the SWTR , public water syst..s lUst include' filtra

tion, or some other approved particulate removal technology, in thei r
treat.nt process unless they are a~le to satisfy certain conditions:
Those conditions include compliance with source water quality criteria and
site-specific criteria. Guidance for dete,..ining whether these co~ditions

are ..t is provided in Section 3 of this aanual. Systeias' unable to
satisfy these conditions ~st providi particulate reIOval. and ..et
criteria pertaining to operation, design and perfonlance. These criteria
are specified in part in the definitions of technologies in the SWTR and
more specifically as detenained by the Pri.acy Agency.

. Tbis section provides guidance both for those wat.r systems which
currently do not have filtration .quipallnt and IlUst add it, and. for
systems which have existing filtration processes. Guidance on additional
alternatives for saall syst..s is presented in Appendix L.

This section includes guidance on the following topics:
'a. Filtration Technology: Descriptions, capabilities, design

criteria and operating requirements for each technology, and
a Hst ing of major ~actors to be considered in. thei r
selection, including raw water quality considerations. .

b. Disinfection:' Descriptions of the IIOst .applicable disin
fection technologies used with filtration systems, and a
presentation of' the relative effectiveness of these disinfec
tion technologies with respect to inactivation of bacteria,
cysts and viruses. '

c. Alternate Technologies: Descriptions of SOle currently
available alternate filtration technologies.

d. Other Alternatives: Includes a description of some nontreat
Mnt alternatives including regionaHzation and use of an
alternate sourc••

4.2 Sllection of Apprgpriate filtratign Technglogy
filtration is gener~lly provided by passing water through a bed of

sand, a layer of diatomaceous earth or a combination bed of coarse anthra-
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cite cOil overlaying finer sand. Filters are classified and named in a
nUiber of ways. For example, based on application rate, sand filters can
be classified as either slow or rapid: yet these two types of filters
differ in .any IIOre characteristics than just application rate. They
differ in their removal proclss, bed ..terial, ..thod of cllan1ng, and
operation. Based on the type of bed ..terial, filters can be classified
as sand, diatOllceous iarth, dual-..dia (coal-sand) or even ~lti-..dia
in which a third layer of high density sand is used.

4.2.1 Genera) Descriptigns
Current technologies splcified by the SWTR are:
a. Conventional Treatment: A series of processes including

coagulation, flocculation, sedi..ntation and filtration. .

.:.-

b.

c.

d.

Direct Filtration: Aseries of processes including coagu)a
tion (and perhaps flocculation) and filtration, but excluding
sedimentation. .

Slow Sand Filtration: Aprocess which involves passage of raw
water thr~ugh a bed of sand at low velocity, generally less
than 0.4 ..ters/hour (1.2 ft/hr), resulting" in substantial
particulate removal by physical and biological ..chanisms.

DiatOllaceous Earth Filtration: A process that·..ts the
following conditions:

~.

. -
-

A precoat cake of diatOllceous earth filter media is
deposited on a support ..-brane (septWl)

The watir"is filtered by faSSing it through the cake on
the septu.: additional f1 ter ledia, known as body feed,
is continuous1y added to the feed wat..,. 1n order to
.intain the perMabi lity of the filter cake.
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•• Alternate Technologies: Any filtration process other than
. those listed above. Available alternate filtration technolo-
gies include, but Ire not limited to: .

Package Pl ants1

- Cartridge Filters

4.2.2 Capabilities
Filtration processes provide various '.ve's ,of turbidity and

.icrabial contaminant removal. When properly d.signed and .operated and
When treating source waters of suitable quality, the above filtration
processes are capable of achieving It ],,,t a 2-109 (99 percent) removal
of Giardia cysts and at least a I-log (90 percent) removal of viruses
wi~hout disinf.ct1on (Logsdon, 1987b; USEPA. 1988b; Roebeck, 1962). The
.xception 1s 'cartridge fi lters which ..y not provide .ffective vi rus
removal. Asu.mary of the reDOval capabilities of the various filtration
processes is pr.sented in Table 4-1.

As indicated in Table 4-1, conventional treatlent without disinfec
tion is capable of achieving up to a 3-109 relaval of Gilrdi. cysts and
up to I 3-1og relOval of viruses. Direct filtration can achieve up to a
3-1og reIIIOval of Giardia cysts and up to a 2-109 retIOval of viruses.
Achieving the .aximum relaval efficiencies with these treat~nt processes
requires the raw wat.r to be properly coagulated Ind filtered. Factors
which can idvers.'y affecy reIOval .fficfencies include:'

- RIW ..ter turbidities '.ss thin 1 NTU
Cold water conditions
Non-opti.., or no coagulation

• I~rop.r filter operation including:

Dep.nding upon the type of treatMnt units in place, historical
perfonlance and/or pilot plant work, th.se pl.nts could be categorized
IS one of the technologies in a-d above at the discretion of the State.
Several studies have already indicated that SOlIe package plants
effectively reIOve iJ.rdia cysts. If such plants provided .dequate
disinfection so that the complete treatlent train achieves .t least •
3-109 rlllOval/inacthation of Giardia cysts and a 4-1og rtIIIOval/inacti
vation of viruses, use of this technology would satisfy the minimum
treatment requirements.
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• No filter to waste
• InteniittentO operation
• Sudden rate changes
• Poor housekeeping
• Operating the filters after turbidity breakthrough

Studies of slow sand ft ltration liave shown that this technology
(without disinfection) is capable of providing greater than a 3.1og
rtIIOval of Giardia cysts and greater than a 3.log I"eIIOval of viruses.
Factors which can adversely affect relaval efficiencies include:

• Poor source water quality
• Cold water conditions
• Increases in filtration rates
• OIereases in bed depth
• lliproper sand sfze
• Inadequate rfpening .

Diatomaceous earth (DE) filtration can achieve greater than a 3.109
reDOval of Gfardia cysts when sufficient precoat and body feed are used.
However, turbidity and total colifo,. reIO,a15 are' strongly influenced by'
the grade of DE l11P'oyed. Conversely, DE filtration is not very effective
for reIOving viruses unless the surface propertfes of the dfatalaceous
earth have been altered by pretreat..nt of the body feed with alWi or a
suitable polyler. In general, DE filtration is aSSUle4 to achieve only
a I-log reDOval of viruses unless d.-onstrated otherwise~ 0 Factors which
can affect the reIOval of Gf'rdi, cysts and viruses include:

• Precoat thfckness
• Mount of bodt feed
• Grad. of DE
~. :' lIIproper conditioning of septUli
•. illproptr pretreatMnt ~f the body feed

·Packag., plants can be used to treat water supplies for oCQIIUni~ies

as well as for recreational areas, parks, constnaction CUlPs~ ski reso~s,

.flitary ins~allations and other facilities where potable water is not
availabl. frGI a IUnicfpal supply. Operator requfrelents vary 51gn1fi
can~ly wfth specific situations. Under unfavorable raw water conditions,
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TABLE 4·1

REMOVAL CAPABILITIES ~f fILTRATION pROCESSES(l)

log Removals

Gi ard1a(Z) Toto1(%)
,prpcess Cysts Viruses Coliform

Conventional Treatment 2 • 3 1 - 3(3) >4

Direct Filtration 2 • 3 1 - 2(3) 1 • 3

Slow Sand Filtration 2 - 3(5) 1 .. ' 3(·) 1 - 2

Diatomaceous Earth
2 • 3(5)Filtration 1 - 2(%) 1 • 3

Note:

1. Without disinfection.
2. Logsdon, 1987b.
3. Roebeck J1 11 1962.
4.. Poynter and Slade, 1977.
5. These technologies generally achieve greater than a 3-10g removal.



package plants could demand fu"-ti.. attention. Package plants are most
.widely used to treat surface supplies for rtlOya' of turbidity, color and
colifoMi organi~.s prior to disinfection. They are currently available
in capacities up to 6 Igd.

Colorado State University conducted a series of tests on one package
plant oyer a 5·lIOnth period during the winter of 1985·86 (Horn and
Hendricks, 1986). Existing installations in Colorado had proven effectiv~

for turbidity rtIOval, and the tests at the university were designed to
eyaluate the system's effectiveness in ....ying co11fona bacteria and
Giardi' cysts fratl low turbidity, low tlllPerature source waters. The test
results showid that the filtration syst. could rtIIC)ve greater than
99 percent'of Giardi. cysts for waters which had less than 1 NTU turbidity
and less than 5 C t.-peratures, as long as proper chelical treatment was
applied, and the filter rate was 10 gpll/ft' or less. In addition, an
alternate water source having a turbidity ranging froa 3.9 to 4.~ NTU was
used in 12 test runs with coagulant doses ranging fratl 15 to 45 mg/L •. The
effluent turbidities f~ these runs were consistently less ~han 0.5 NTU.

Surveys of existing facilities indicate that while package plants.
• ay be capable of achieving effective treatment, ..ny have not consistent
ly let the intert. MeL for turbidity, and in some cases, coliforms were
detected in the filtered water (Morand et al., 1980; Morand and Young,
1983). The perforunce difficulties were priarfly the result of the
short detention tf.. inherent in the design of the tr~at..nt units, the
lack of skilled operators with sufficient ti.. to devote to operating the
treat..nt facilities, and the widt-ranging variability in quality of the
raw wattr source. For instanct, raw water turbidity was reported to often
exceed 100 NTU at ont sfte. I~rov...nts fn operational techniques and
..thods at this sitt resulted 1n a substantial ilproveltnt in effluent
quality. Afttr adjustlents wert ..de, the plant was capable of producing
a filttred water with turbidities '.ss than 1 NYU, tv.n when influent
turbidities increased frol 17 to 100 NTU wfthi~ a 2·hour period, .s long
.s proper co~gulatfon was provided.

ane of the .ajor conclusions of these surveys WIS that package water
treatment plants ..nn.d by calPetent operators can consistently remove
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turbi~ity ~nd blctlril fro. surfici wltlrs of I flirly un1fOnl qUllity.
Plcklgl pllnts Ipplied where r.w water turbiditils Ire vlriabll require
I high degrel of oPlr.t~onll skill Ind nl.rly ·constlnt Ittlntion by the
oplrltor. Regardless of the quality of thl raw.wlter SOUrcl, 111 pickage
plants require It llast a ainilUa livil of ..intlnance Ind operational
skill Ind proper che-ical treat..nt if they are to produce satisfactory
watlr qUllity.

Clrtridge filters using aicroporous filt.r Il...nts (cer..ic, paper
or fiblr) with pori sizes as s..,l IS 0.2 UI ..y bl suitabll for producing
potable Wlter frOll r.w water supplies contlining aoderite levels of
.turbidity, .'g'l .nd .icrobiologic.' contginants. The Idvantage to sun
systems of these cartridge filters is that, with the Ixception of
disinfectant, no other chemicals are required. Thl proclss is one of
strictly physical removal of ,.." particles by str.ining IS the water
passes through I porous cartridge. Other than occasi·on.l cleaning or
c.rtridge rlplac...nt, oplrational requir...nts Irt not cQIPlex and do not
require skilled personnel. However, the SWTR does require lach surface
wltlr syst.. ~o bl operated by a qualified 0plr.tor, IS detenlinld by the
Pri..cy Aglncy. Such a syst....y bl suitable for SOle s..,l systems
where, generally, only .aintenance personnel Ire av_ilable for operating
water supply facilities. However, the use of.ca~r1dge filters sh~uld be
liaited to low turbidity source waters because of their susceptibility to
rapid headloss buildup. For IXUIP'e, unufacturer's guidelines for
Ichieving reasonabll filtl~ run lengths with clrtlin polypropylene· filter
el..nts are that the raw w.ter turbidity be 2 trTU or llss (USEPA, 1988b).

Long (1983) analYZed thl effic.cy of a varilty of c.rtridge filters
.using turbidity ..asurllents, p.rticll s1z1 analysis, and sc~nning

electron ·atcroscope analysis•.. Thl filters were ·challenged wit~ a
susPtnSt~ of .lcrospherls averaging 5.7 UI In dilleter which Is ,aaller
than 1"1.1.u:sl1l cyst. Thl aicrospheres Wire Ipplied at • conclntration of
40,000 to 55,000 sphlres per al. Ten of 17 cartridge filters reIIOved over
99.9 perclnt of the .icrospheres.

In tests using 11vI infectious cysts fro. a hu..n source, cartridge
filt.rs were found to be highly efficient In rtllOving Giardi,· cysts
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(Hibler, 1986). Each test involv.d chall.nging a filter with 300,000
cysts at a concentration of 10,000 cysts/.'. Th. av.rag. rIIIOval for five
t.st,s was 99.86 p.rcent. with rlllOval .ffici.nci~s ranging fl"Oll 99.5 per
cent to 99.99 p.rcent.

The application of'cartridg. filt.rs to s..ll water syst..s using
either cleanable c.r.-ic or disposable polypropylene cartridges appears
to be a f.asibl...thad for removing turbidity and lOst .icrobiological
conta-inants. Howev.r. data regarding the ability of cartridge filters
to rlleV' virus.s Ir. not availabl.. Sinc. disinf.ction by ~s.'f could

'achieve I 4-1og inactivation of, viruses, if the cartridge filter removes
greater than or equal to 3 logs of Gi.rdia, th.n the filt.r plus
disinfection would achiev. the overall .ini... rtCl~i....nts. ·regardless
of whether only negligible Giardia inactivltion is Ichi.v.d (••g•• less
than 0.5 log). However. consideration should b. given to the feasibility
of providing -.altiple barriers of trtatMnt for .ach tlrget organism.
i •••• some Giardia and virus removal by each barri.r (i •••• some removal
by filtration and some inactivation by disinfection) as protICtion in cas.
one of the barriers fails. The efficiency Ind econoaics of'the process·
~st b. closely .vllulted for .ach situation. Pretreatlent in the form
of 'roughing filters (rapid Sind or ..,t1-llldil) or fin••sh scre.ns .1Uy'

be needed to remove larger suspended solids which, if not reIOved, could
cause the rapid buildup of heldloss across the clrtridges (USEPA, 1988a)~

In g.n.rll, conv.ntional trta~nt. direct filtrltion. slow sand
filtration and diatoaaclOus .arth filtration can b. d.sign.d and operated
to _chieve the -.xi~ reIOval of the water quality par...ters indicated
in Table 4·1. Howev.r. for the purpose of u.1lCting the appropriate
filtration and disinfection technologies and for detenaining design
crft.ril, .th.s, filtrltion processes should be ISs.-.d to Ichieve I 2-1.og
c.oval of·iilrd1, cysts and I I-log rtIIIOvll of viruses. This conserva
tiv. 'Ipproach will Issure that the treltMnt flcility hiS adequ~te

capability to respond to non-optiau. perfoc.an~e due to changes in raw
wlter qUll1ty~ plant ups.ts, .tc. The balanc. of the required removals
and/or inactivation of Giardia cysts and virus.s would be achieved through
,the application of appropriate disinfection.
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Th. p.rforunc. of alterftat'e technologies such as cartridge fi lters,
and possibly package plants, d.pending upon the unit under consideration
cannot be stated with certainty at this ti... 8ecause of these perforM
ance uncertainties, pilot studies should be used to dlllOnstrate their
eff1cacy for a given water supply.

4.2.3 ~.ction

for Iny specific site and situation, I nUliber of factors will
dete,.ine which filtration technology is lOst appropriat~ •. -Among these

.. are: raw water quality conditions, spice and personnel availability, and
tconQlic constraints. Adiscussion of the i~act of raw water quality on
the technology selection is presented here. The b1pact of si·te-specific
flctors Ind econoaic constraints is presented in the USEPA docUlllnt
-Technologies and Costs for the Removal of Microbill Contaminants from
Potable Wlter Supplies· (USEPA, 1988b).

R,w Hater Qyalitv Cqndftions
Th. nUlllber of treatMnt barriers provided 'should be ca.ensurate

with the degree of cont..fnat~on 1.n the source water. The four technolo
gies specified in the SWTR vlry in their ability to ...t the performance
criteria when I wide rlnge of raw water quality is considered. Vhf.le the
nUierical values of raw water quality that can be accOllOdated by each of
the four technologi.s will vary ~ro. site to site, general guidance can
be provided. General guidel.ines for selecting filtration processes, based
on total colifonl count, turbidity, and color are presented 1n Table 4-2.
It is not recOlllnded that filtration systllS oth.r than those listed in
Table 4-2 bt used whtn the general raw water quality conditions exceed
the values listed, unless it has been d.-onstrated through pilot testi.ng
that the technology can ...t the perfo~ce criteria under the raw water
quality conditions txpected to occur at the site.

The filtration ~rocesses listed in Tlble 4-1 are capable of
achieving the required perfanunce criteria when properly designed and
operated if they are treating a source water of suitable quality (1,.e ••

gen.rally within th~ ranges indicated 1n Tabl~ 4-2). One of the causes
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TABLE 4-2

GENERALIZED CAPABILITY OF FILTRATION SYSTEMS
TO ACCOMMODATE BAH HATER QUALITY CONDITIONS

Gener.' Re'tr1ct1qn,
Totll
Col ifona5 Turbidity Color

Treatment "nag ml) (NTU) (CV)

Conventional with
<20,000mpr.disinfection No restrictions(J) - <75(2)

Conventional without
<5,000(3) No restrictionsCJ> <75(2)predisinfection

Direct filtration
<500(1) <7-14(1) <40(')with flocculation

In-line filtration <500(1) <7·14(1) <10(3)

Slow sand filtration <SOOU> <lOU> <5(1)

Diatomac.ous earth
<50(1) <5(1) <5(1)filtration

K2U1:
1. Depends on algae population, alWi or cationic polymer

coagulation .- (Cle,sby et .,., 1984.)

2. USEPA, 1971.

3. Letteraen, 1986•
•

4. Bishop ,t .,., 1980.

5. Sl,zlk and st~, 1984.



of filtration failures is the USI of inappropriatl technology for a givln
rlW watlr quality (Logsdon, 1987b). Thlse critlria art glneral guide·
lines. 'eriodic occurrenc.s of raw watlr co'ifo~, tUrbidity or color
levels in excess of the values presented in Tabl. 4·2 should not preclude
the sel.ction or us. of a particular filtration technology. For~xlIPle,

the following alternatives are available ~or responding to occasional raw
water turbidity spikes:

a. Direct Filtration
• Continuous IIOn1toring and coagulant dose a~ustllent

• More frequent backwash of filters
• Use of presedi..ntation

b. Slow Sand Filtration
• Use of a toughing filter
'. Use of an in:iltration gall.~

c. DiatOllceous Earth Filtration
• Use of a roughing filter
• Use of excess body feed

For the above alternatives, EPA rtCOImends that ~ilot testing be
conducted to de.onstrate the efficacy of the treatment alt.rnative.

The characteristics of each fi ltration technology are ellljor factor
in the selection process. Significant characteristics include performance
capabilities (cont.-inant removal efficiencies), design and construction
requf n.ent's , and operat1on 'and ..1ntenance requ1,...nts • Deta11s
regarding each of the four filtration technologi.s are presented in the
following section.

4.3 AY'III~l. Flltratign Ttcbnolgg1el
4.3.1' IntrpdycttRI
As fndIcated in the prea.bl. to the SWTR. the historical responsi

bility of the States to establish design and operating criteril for public
drinking water plants will continue. Th. p,urpos. of ,the following

. sections is to provide guidance on how the design and operating criteria
..y need to be changed in ~rder to assure thlt the perfo~nce crit~ria

in thl SWTR Ire Mt.
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The design criteria for the various filtration technologies found
in the 1987 edit10n of B,cgmmendCa Standards for Hater Warka (Great Lak.~,

1981) art the .in1.... design criteria that a ujority of states are
currently following.' Thes. standards are rtf.rred to as T.n States
Standards in the re-ainder of this ..nual. Th. design criteria contained
1n the Ten States Standards hive not been duplicat.d here. Rather, the
r.ader is rtf.rred to the Ten Stat.s Standards directly. EPA recommends
the following additions and/or changes to the Ten State Standards in order
to assure complianc. with the p.rfo~c. criteria of the SWTR.

4.3.2 General
The followingrecOIBIndations apply to all' filtration plants:
a. All filtration plants should proyide continuous' turbidity

IIOnitoring of the .ffluent tUrbidity fCOll .ach individual
filter. t • If continuous .anitoring is i~ractical, routine
IIOnitoring of indiyidual filt.rs is recOimend.d as a .inimum.

b. All fil trat ion systellS should be concerned wi th the peak
turbidity leyels in the filtered water afte~ backwashing and

"

,

•

Based upon the results of a survey conducted for the AMrican Hater
Works Association R.search Foundation (AHWARF), SOlI 38 states use the
Ten States Standards entirely or in lIOdified fOnl (AWARF, 1986); ,

..
Although this is not a requh..ent of the sm, 1t 1-5 recoanended
beeause of the possibility that not all filters ih a treatlent plant
will'product tht s_ tffluent turbidity. This ..y be dut to a variety
of condittons that include bed upsets, failure of Mdia support or
undtrdrain 5yst..S, etc. Although the cOibined .ffluent frOi all the
f11ttrs·.ay ...t the turbidity requireltnts of the SWTR, the turbidity
lev.l froa 1ft individual filter ..y substantially exceed the limits.

'This .a~ result in tht passage of Giardia cysts or othe~ pathogens.

Validation should be perforMd at least twice a week based on the
procedure outl1ned 1n 'art 214A 1n the 16th Edition of Standard Mettrod5 •
It should be noted that i~roper installation of continuous ~n;tors
..y allow for air bubbles to enter the .anitor resulting in, false'
turbidity spikes. To ayoid air bubbles reaching the turbidime~er the
s-.ple tap should be installed below the center line of the plpe and
an air.release valye.ay be included on the sample line. .
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INk. every attetnpt to operate the filters to .inimize the
.lHgnitude and duration of these turbidity spikes.'

Individual' filters should be IIOnitored as discussed in Section
4.3.2.a Ind when excessive turbidity spikes are found, correctiv. actions
taken. During these turbidity peaks, Giardia cysts and other pathogens
IHy be passed into the finished water. There is evidence that a 0.2 to
0.3 NTU increase in the turbidity during the first period of the filter'
run can be associated with rises in Giardia cyst concentrations by factors
of twenty to forty (Logsdon, 1985). Speci., studies should' 'be conducted
to determine the extent of the turbidity spike proble-s.

There are basically four approaches available ·for' correcting
problems with turbidity spikes after backwlshing. These are as follows
(Bucklin, et al 1988):

• Proper chemical conditioning of the influent water to the
fi lter can .ini.ize the lIagnitude and' duration of these
turbidity spikes. This could include proper control of, the
primary coagulant chemicals such IS alu. or iron compounds.
In same cases filter aids using polymers .aybe needed to
control the turbidity spikes.

• Gradually increasing the filtration rate in increments when
placing the filter in operation. Starting the filter at a low
flow rate and then increasing the flow 1n small increments
over 10 to 15 .inutes has been shown to reduce the turbidity
spikes in SOlI cases (Logsdon, 1987).

• Addition of coagulants to the backwash water'has also been
shown to reduce the extent of tUrbidity spikes after backwash.
Typically the SIM pr1.ry coagulant used in the plant is
added to the backwash water. PolyMrs alone or in combination
with the priIHry coagulant ..y also be used.

• Fflter-toeWaste IHy be practiced where a portion of the
filtered water i..diately after startin, the filter· is
.-sted. This is only possible where the ilter system has

5 For ItOst high rate granular, bed filters, there is a period of
conditioning, or breal(-in i..diately following backwashing. during
which turbidity and particle removal is at a .inilUm, referred to as
the break·in period. The turbidity peaks are thought to be caused ~y
relnants of backwashwlter within the pores of and above the medla
passing through the filter, and/or floc breakup during the f,lter
ripening period before it can adeq~ately remoye influent turbidity.
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.
provided the necessary valvls Ind piping to allow this
procedure. Th.r. is SOlIe conClrn wheth.r or not this practice
is b.neficial. The extrl vilve operations nelded for filter
to-wastl can disrupt the filtlr flow rate to the ext.nt t~at
they creat. th.ir own turbidity spikes. 5011I knowledge of the
t1. Ictually needld for filtlr-to-wlst. is Ilso need,d before
it can be dete~ined thlt this is In effective procidure for
controll 1ng turbidity spik.s. If the length of ti. the
fi It.r-to-wast. is practic.d is less than that before the
turbidity spike pass.s, the disruption clused by the valve
op.ration ..y Ictually incrtlse thl turbidity spikl.

.
Differlnt plants and the individual f11ters within· the plant ..y

have different turbidity spike characteristics. The four approaches
pr.sented above, therefore, IllUst b~ evaluated onl case:-by-case blsis.
Special studies w111 be required to identify those f11ters with the
turbidity spike probl..s and assist in selecting which of the four
approaches is best for correcting thl probl.. It has been glnlrally
found that turbidity spikes can be .ini.ized through one or a combination
of the first three approaches.

In order to estab11 sh f11 ter-to-waste operating gui de11 nes, the
following procedure is suggested:

- Review the effluent turbidity data for each filter and deter
a1ne which filter historically has the highest effluent tur
bidity.

Following blckwashfng of the filter with the.poorlst perfor
.ance, place that filter into service and collect grab samples
every 5 to 10 .tnutes for a period of. It least 60 .inutes.'

Analyze the grab sUIPles for turbidity and dete,..ine how long
the filter lUst be in operation before the effluent turbidity
drops

• to less than or equal to 0.5 NTU

. • or 1 NYU in cases where a filtered water turbidity of
11ss thin or equal to 1 NTU is Illowed.

• Continuous turbidity IOnitor1ng can be used in place of grab sampl;ng.
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Li.it.d infonlation exists on the typical ..gnitude and duration of
peak turbidity '.vels after backwashing and wh.t levels are considered

, acc.ptabl. to assure that these turbidity spikes' are not associated with
passage of Giardia cysts. Infonlation f~ pl.nt sc.le tests, showing
the typical .agnitude and duration of these tUrbidity spikes is IYailable
frQl two plants (Bucklin 11.ll., 1988). Studies conducted It these plants
over I year showed that these peaks occurred within the first few .inutes
aft.r the filter was placed back 1n operation. their .ffects lasted for
several hours, and varied 1n .agnitude frQI 0.08 to 0.35 NTU~n average.

For .xisting plants without provisions for filter-to-waste, the '
decision to add the necesury piping to provide this capability should be'
..de only after carefully evaluating the other three approaches. If the
resu~ts of sp,cial studies show that the other three options are n~t.

effect1v. in .in1.'%ing the turbidity spikes then the expense of adding
the filt.r-to-waste capabilities ..y b. justifi.d.

For new plants the capability of filter-to-waste aay be required by
the Priaacy Ag.ncy or should be considered. By ha~ing this capability,
additional flexibi lity wi 11 be avai labl. for turbidity spike control.
This fl.xibility ..y also be useful for other filter .aintenance functions
such as .fter Md1a replaclllent or when heavy chlor1.nation of the filter
is needed after ..intenance.

4.3.3 Conventional Treatment
Conventional trtat~nt is the IIOst widely used technology for

rIIIOving turbtdity and .tcrobial cont.fnants fl'Oll surface wate,r supplies.
Conyentiona' treatMnt includes the pretreatMnt steps of chemical
coagulation, rapid 81x1ng, flocculation and sedi.ntation followed by
filtration.. Thes. conyentional trtatlent plants typically use alumi~um

and iron COIPounds in the coagulation process.s. Pol~rs ..y also be
used to enhance the coagulation and filtration processes. A flow sheet
for a conventional treatment plant is presented on Figure 4-1.

LiM softening is a tr~ltment process used to remove hardness and
turbidity f~ surface waters. Treatlent is typically ICC08Plished with
conventional' process units. The 11. soft.ning process rtIIIOves the
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calciUl and ugn.si~ fra. the wat.r by precipitating the. as calcium
carbonat. and _gn.siUli hydroxid.. Turbidity l.v.ls in the wlter are also
reduc.d by this process. Liee and possibly soda ash is added to the raw
wat.r to raise its pH to I point at ~ichth.s. pr.cipitat.s Irt formed
and then removed frol the:water during sedilentation and filtratf~n. 'Lime
softening aay b. used for the .-.oval of carbonate hardness, in the pH
range of 9 to 10 through a single stage process. Two-stage lime/soda ash
softening at a pH of 10 to 12 cln b. used for the removal of non-carbonate
hardness and ugnesiWi. Two-stag. soft.ning includes recatbonation to
n.utralize the caustic alkalinity, reducing the pH· to the range of 8.5 to
9.5. A flow' sheet for typical on.- and two-stage softening plants is'
pr_s.nted on Figur. 4-2. ,

Each of these three conv.ntional tr.atlent proc.sses uses filtration
following sediMntation. ThrM different types of filters Irt used. Sand
filters, nOMially found in older plants, use I single ledia of sand to
fOnl a filt.r bed, and are generally d.signed with a filtration rate of
2 gpm/ftz• Newer plants no~lly us. dual-ledfa or .ixed ~ia filters.
Dual ledia filters use I combination of anthracite coal along with a sand
to fOnl the filter bed. Mi~d media filt.rs use coal, sand, and a third
aaterial to fOnl the filt.r bed. Dual and .ixed ..dia filters can be
designed to operate at higher filtration rates~ than sand filters, i.e.,
4 to 6 gp./ftz•

Des1gn Cdtlt1.
The .ini.. d.sign crit.ria in. the Ten State Standards for

conventional trtamlnt art consi~.rtd sufficient for the purposes of
cQIPlying with the SVTR with the following addition:

• Th. crit.ria for sedilentation should b. expanded to incl~de'
other ..thods of solids reIOval including dissolved air
flotation. Plat. separation and upflow-solids contact
clarifi.rs included .in the 1987 Ten State Standards should
also b. considertd.

Operating Requirements
In addition to the operating requireaents in the Ten State

Standards, a coagulant should be us.d at all ti..s the treat..nt plant is
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in operation. 7 Conventional and direct filtration plants ..st b.lIOnitored
cartfully because failure to ..intain opti~a coagulation can r.sult in
poor filt.r p.rfo~anc. and br.akthrough of cysts and virus.s. 1 Although
the detention ti.. provided by the settling basins results in soat aargin
of safety, the loss of coagulation control at the chemical feed'or rapid
aix points .ay not be noticed until the poorly coagulattd water raach.s
the filt.rs, after the proc.ss his failed. Flilure to .ffectively tonitor
and control filter op.ration can result in undetected poor filter
perfonaance (Logsdon, 1987a: Logsdon, 1987b).

,

Effectiv. operation of a conventional traa~nt plant requires
careful aonitoring and control of:

- Ch..ical Feed
- Rapid Mix

- Flocculation
- Sediaentation
- Filtration

For the purposes of the SWTR, the requi ....nts for .ffectiv.
operation of a conventional water traltlent plant can be s~rized as
follows:

a. The application of I coagulant Ind ·.the aaintenance of
effective coagulation and flocculation at 111 tiMS when a
treatMnt plant is in operation:' 'Proper process control

7

I

,

Dep.ndlbl. reaovil of Gflrdi. cysts c.n not be guaranteed if • water
is filtered without being properly coagulated (Logsdon, 1987b: Al-Ani
et al., 1985). This is true .ven if the raw wat.r turbidity is less
than 1 Nru. ~

As indicated in the prellbl. to the proposed SWTR, 33 percent of the
reponld cas.s of giardiasis in waterborne dis.as. outbra.aks were
attributed to t.,rop.rly operated filtration plants.

SOlIe conventional water treatMnt plants which treat low turbidity
source waters «1 NTU) reportedly discontinue the Ipplfcation of
coagulant(s) during perfods of low turbidity sfnc. the raw water already
Mets the turbidity MeL. However, studies have shown that cyst removal
for low turbidity waters is the lOst difficult to achieve and requires
optilDUll pretreatllllnt including coagulation to achi.ve effective remoY~1s
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b.

procedures should b. used at the plant to assure that chemical
fteds are adjusted and aaintained in response to variatio~s

in ~.w water teIPerature and turbidity.
Maint.nance of .ffective filtration will require proper
op.ration prOcedures to MIt the tUrbidity requfr..rit~ of the
SWTR. Proper operation should fnclude:

• Proper chemical conditionfng of the water 'ahead of the
filter to assure adequate turbidity rtIOval through the
filter.

• Control of ,the flow rates and elf.ination of rapid
changes in flow rate applied to the filter.

lackwashing of fi lten before th. fi ltered water qua' ity
is degraded to the point that the plant fails to leet
the turbidity rtquireDlnts of the SWTR. Th. criteria
on which to base initiation of backwash will have to be
determined fo~ each plant. Experience with operation
cycles including run ti.s and headloss data aay s.rv.

, as the basis for this site specific criteria.

• Aft.r backwash bringing the clean filters. back on lin.
so that excessive turbidity spik.s in the filtered water
are not created. Section 4.3.2.1 of this .anual
discusses these turbidity spikes and approaches
available to .ini.fzl thea.

:~

c. Filt.rs relayed fra. service generally should be backwashed
. upon start-up. Howev.r, in sa-e cases, it ~y b. i~ractfcal ~i

to backwash filtlrs .ach tfle th.y art reIOvtd f~ servfce.
Accordingly, the Pr1aacy Agency aay choose to allow start-up
wfthout backwashing und.r certain conditions on a sit'-by-sUe .
basis. In uking this decision, the following should be
consid.red:

• the length of ti.. the filter was off·l1ne
• perforunc. of the fflt.r whil. ~e1ng put on-line

Th. filt.r, should be brought 'bac,k on-11ne in such a way that
no turbidity spikes that could be associated with passage of

(Al.Anf' .t al., 1985).
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Gf'rd f• cysts and oth.r pathog.ns occur. If problems with
turbfdfty spikes are found wh.n starting up dirty filters,
sp.chl studies should b. us.d to .valu.te if any of ttle
approaches discussed in S.ction 4.3.2.8 of this.nual .re
.ff.ctiv. in .ini.izing the turbidity spikes. .

4.3.4D1 rect EOtroth2D
Adirect filtr.tion plant c.n include s.v.ral diff.rent pretreatment

unit proc.sses d.pending upon th. application. In its silp,l.st fora, the
process includes only in-Hne filters preceded by ch.ical· coagulant
application and .bi"ng. The .bing st.p, particularly in. pressure
filters, cln b. satisfied by influ.nt pip'lin. turbul.nce. In llrger
plants with gravity filters, 111 open rapid..b basin with MChanic:al
.ixers typically is used. Figure 4-3 fllustrat.s the unit proc.sses of
I typical direct filtration plant.

. Anoth.r vlriation of the direct filtration proeess consists of th.
addition of I coagulant to the raw water followed by rapid .bing and
flocculation, as illustrated on Figure 4-4. Thech.ically conditioned
and flocculated water is then applied directly to a dual- or IUlti-media
filter (USEPA, 1988b).

Q'$1~n Criteria
Th. 1987 edition of the Ten State Stlndlrds rtcOllends pilot studies

to dete~in. lOst d.sign criteril.For the purposes of 18P'elentation.of
the SWTR this requirellnt is considered sufficient with th. following
exception:,

a. Acoagulant _st be used at all tiMS when the treatlllnt plant
is in operation." '.

"

10 Opti... co.gulation is critical for effective turbidity and .icro~iolog· ..
. ical reIOvals with direct filtration (Al-Ani et al., 1985).
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aglt'ting B.gyittments
Operlting considerations for direct filtration plants ar. essential

ly tdtntfcal to those for conventional treltMnt plants. The lIIjo~

difference is that I direct filtration pllnt will not hlv, I cllrifier,
Ind ..y or ..y not hive I flocculation or contact basin. In additlon, EPA
recommends that all direct filtration plants, both new and existing, be
required to uke provisions to .ini.i%e the break-in tiM of a filter
being put on·line. ll

As with conventional treatMnt, the initiation of backwashing a
. .

filter should first be based on filter effluent turbidity values, th.n by
headloss Ind run tiM. Efflu.nt turbidity IOnitoring equiplln~ shou~d be
set to initiate filter backwash It an effluent value of 0.5 NTU or less,
in order to ..et filtered wlter quality ~quirelents. Also, any filters
reIOv.d frol service should be backwashed upon start-up. In some cases,
it .aynot b. practical to backwash filters every t1.. they Ire reDOved
fraa service. This decision should b...de by the Pri..cy Agency on I
clse.by-case blSis, based on the Slle considerations as for conventional
syst..s.

4.3.5 SlOW Sand Filtrat1pP
Slow sand filters differ frQl single-ledia rapid.rate filters in a

number of i~ortant characteristics. In addition to the difference of
flow rate, slOw sand filters:

a. Function using biological ..chanis~ as well IS physical-che.'
.ica1 ..chaniS115

b. Use s..ller sand particles

c. Are not backwashed, but rather art cleaned by .-.oving the
surface Mdia

d. Have IUch longer run ti..s between cleaning

11 As with conventional treatment,'direct filtration produces a relatively
poor quality ffltered water at the beginning of filter runs' and
therefore a filter-to-waste period is recc.ended. In 5011I case~. the
addition. of a filter aid or bringing filters on-11ne slowly _,111 be
appropr~ate (Cleasby et al., 1984).
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eo Require a ripening period It the beginning of each run

Altho~gh rapid rate filtration is the water treatment technology
us~ IIOSt extensively in the United Statls, its use has often proved
inappropriate for s.all cOlllftunities since rapid-rate filtration is a
technology that requires 'skilled operation by trained operators. Slow
sand filtration requires very little control by an operator. Consequent
ly, use of this technology .ay b. IIOre appropriate for s.all systlllls where
source water quality is within the guidelines recoaaended in Section
4.2.3.

As indicated in this section, slow sand filtration also ..y be
applicable to other source water quality conditions with the addition of
pretreatment such as a roughing filter or presedimentation.

Design Criteria
The .inimum design criteria presented in the Ten State Standards for. .

slow sand filters are considered sufficient for the purposes of implemen-
tation of the SWTR with the following exceptions:

a. Raw water quality limitations should be c~anged to reflect the
values given in Table 4_2. 1Z .

b. The effective sand size should be between O.15mm and O.35mm
rather than the current 0.30 1m to 0.45 mm. 1l

Additional guidance' on the design of slOw sand filtration· is
, .

avai lab1e in the des1gn .anua1 ent it led SJ ow Sand FiUrat!on for Cmuni ty
Water Sypplies Technical Paper 24. 1987 published by the International

12 . Without pretreatDlent, 1imitations exist in the quality of water that
is suitable for slow sand filtration (Logsdon, 1981b; Cleasby et al.,
1984; Bellamy et al., 1985; Fox et al., 1983).

13 Significant decreases in total colifo". removals were shown at effective
sand siies less than 0.35 mm (Bellamy et al., 1985). As defined in the
AWWA Standard for Filtering Material, effective size is the size opening
that will pass '10 percent by weight of a 'slIIIP'e of filter materiai.
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Reference Centre for Community Water Supply and Sanitation (IRC),
P.O. Box 5500, 2280 HM RiJswijk, the Netherlands.

Operating Reqyirements .
Maintenance of a sl'ow sand filter involves two periodic tisks:
a. Remoyal of the top 2 to 3 em (0.8 to 1.2 inches) of the

surface of the sand bed when the headloss exceeds 1 to 1.5 m. U

b. Replacement of the sand when repeated scrapings have reduced
the depth of the sand to approxiaately one-half of its design
depth (Bellamy et a1., 1985). ."

Following scraping, slow sand filters produce poorer quality
filtrate at the beginning of a run, and a filter-to-waste or ripening
per~od of one to two days is recommended before use to supply the system.
The ripening period is an interval of time immediately after a scraped
filter is put back on-line, when the turbidity or particle count results
are significantly higher than the corresponding values for the operating
filter. During this time, the microorganisms multiply .. and attain
equilibrium in the ·schmutzdecke. 1I Filter effluent monitoring results
s~o~ld be used to determine the end of the ripening period. For example,
a turbidimeter could be set at 1.0 NTU or less to initiate start of the.
filter run.

When repeated scrapings of the sand have reduted the depth of the
sand bed to approximately one-half of its design depth, the sand should
be replaced. Fi 1ter bed depths of 1ess than 0.3 to 0.5. (12 to 20
inches) have been shown to result in poor filter perforaance (Bellamy et
al., 1985). The replacetDent procedure should include rtIIOval of the
remaining sand down to the gravel support, the addition of new sand to one
half of the ~esign depth and placement of the sand previously removed on'
top of the new sand. 1s

14 RetIlOval of this top layer of the ·SchllUtzdecke· should restore the
filter to its operational capacity and initial headloss.

; 15 This procedure results in clean sand being placed in the bottom h~lf
of the filter bed and biologically active sand in the top half reduCIng
the amount of time required for the curing period. It also prov~des
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The lICunt of time for the biological population to .ature in a new
sand filter,(llso cilled curing) Ind to provide stable Ind full treltment
varies. ' The World Health Organization (1980) reported that curing
requires a few weeks to I few IIOnths. Fox It 11., (1983) .found that
-about 30 days· were required to bring particle and bacterial effluents
down to a stable llvel. All researchers Igree that a curing time for a
new filter is required before the filter operates It its fullest potential
(Bell~ et al., 1985).

4.3.6 Diatgmaceoys Eartb Filtration
Diato-aceous earth (DE) filtration, Ilso known IS precoat or

diatomite filtration, is appropriate for direct treatllltnt of surface
waters for removal of relatively low levels of turbidity Ind microorgan
isms.

Diatomite filters consist of a layer of DE about 3 .m (1(8 incb)
thick supported on a septum or filter element •. The thin precoat lay~r of
DE must be supplemented by a continuous body feed of diatomite, which is
used to maintain the porosity of the filter cake•. If no body feed is

. .
added, the particles filtered out will build up on the surface of the
filter cake and cause rapid increases in headloss. The problems inherent
in maintaining the proper film of DE on the septum have restricted the use
of diatomite filters for municipal purposes, except under certain
favorable raw water quality conditions, i.e., low t~rbidity Ind good
bacteriological quality. Specific upper li.its of raww~ter quality
parameters are not well-defi ned because diatc:.aceous earth fil t rat ion
performance depends on the nature, as well as the concentration, of the
raw water particles Ind the grades of diltOllite tllployed. Logsdon (1987b)
reported that filtered water turbidities above 1 NTU and short filter runs
WIre obslrvea for several diatomaceous earth plants having ..ximum raw
water turbidities above 20 NTU.

for a complete exchange of sand over time, alleviating potent i a1
problems of excessive' s1lt accumulation Ind clogging of the filter bed
(Bellamy et 11., 1985).
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Dts1gn Criterja
The .inimum design criteria presented in the Ten State Standards for

diatomaceous earth filtration are considered sufficient for the purposes
of compliance with the SWTR with the following exceptions: ..

a. The recommended quantity of preeoat isl kg/ar (0.2 pounds per
square foot) of filter area, and the .'ni.um thickness of the
preeoat filter cake is 3. to S. (1/8 to liS-inch) .11. ~

b. Treatment plants should be encouraged to provide a coagulant
coating (alum or suitable polymer) of the body f~ed.17

Operating Requirements
Operating requirements specific to DE filters include:

• Preparation of body feed and precoat

• Verification that dosages are proper

• Periodic backwashing and disposal of spent filter cake

• Periodic inspection of the septUII(s) fo.r cleanliness or damage

Verification that the filter is rrodueing a filtered water
that meets the perfonaance criter a

4.3.7 Alternate TechnolQgies
The SWTR allows the use of filtration technologies other than those

.specified above provided that the syst. demonstrates to the Primacy
Agency using pilot studies or other leans that the filtration technology
when combined with disinfection achieves at least 3-10g ii,rdia cyst and
4-10g virus reIOval/inactivation. Such technologies must also meet the
turbidity perfor'llanc. crit'eria for slow sand fi1trati~n. Guidanc~ for

II Studies have shown that a precoat thickness of 1 kg/r (0.2 lbsiftz) was
lOst effective in Giardia cyst removal and that the precoat thickness
was more important than the grade size in cyst removal (DeWall. et al.,
1984; Logsdon et al., 1981; Bel1a.y et al., 1984).

17 Although enhancement of the DE is not required for Giardia cyst removal,
coagulant coating of the body feed has been found to signi·ficantly
improve removals of viruses, bacteria and turbidity•.(Brown et a1.,
1974; Bellamy et a1., 1984). . '
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conducting ptlot studies to demonstrate this effectiveness is provided in
Appendix Mof thts ..nual~

Reverse osmosis is a ..mbrane filtration ..thod which tsused for
desalination andior the removal of organic contilinants. The treatment
process'ts effective' for the removal of Giardia cysts and vtruse~ and no
demonstration is necessary.

Alternate filtration technologies which are currently available
include, but are not limited to:

• Package Plants
• Cartridge Filters

Package plants in principle art not a separate technology from the
preceding technologies. However, in aany cases they are different enough
in design criteria, and operation and maintenance requfrllents that they
should be considered as an alternate technology. The package plant is
designed as a factory-assembled, skid-lDOunted unit generally incorporating
a single, or at .ast, a few process units. Acomplete treatment process
typically consists of chemical coagulation, flocculation, settling and
filtration. Package plants generally can be applied to fl~s ranging from·
about 25,000 gpd to approximately 6 Igd (USEPA, 1988b). In cases where
the' Primacy Agency believes that the design criteria of the package plant
corresponds to the design criteria of the processes established earlier
in this section (i.e., that the package plant ~ualifiesas conventional
or direct filtration), the requirement of pilot testing .ay be waived.

The application of cartridge filters using either cleanable ceramic
or disposable polypropylene cartridges to saall water systems ..y be a
feasible ..thad for removing turbidity and some aicrobiological contami
nants, such IS i1.IIdJ.l cysts although no data are available regarding

. their ability to .-.ave viruses. Pilot studies art required to demon
strate the efficacy 'of this technology for a given supply. However, if
the technology was de.onstrated to be effective through pilot phnt
studies at one site, then the technology. could be considered to be
effective at another site which had siailar source water quality. .
conditions. Therefore, pilot plant testing at the new site .ight not be
necessary.
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It is i~ortant to note that the demonstration of achieving the 3
log Giardia cyst and 4-10g virus removal/inactivation requirements
includes disinfection. Thus, if a cartridge filter is dtlOnstrated to
ac~ieve a 3.109 removal of Giardi. cysts and it is detenained byeTs that
the disinfection achieves at least, a 4-10g virus inactivation, the
effectiveness of the technology would be. dllDOnstrated. The technology
!Dust also maintain turbidities less than 1 NTU in 95 percent of the
IDOnthly sUlples. Meeting this turbidity requi ....nt assures a high
probability that turbidity will not interfere with disinf.ct~on and that
the inactivation efficiencies predicted by the eTs are reliable.

Design Criteria
After any necessary pilot studies are conducted and a successful

demonstration of performance has been .ade, design criteria should be
established and approved by the Pri.acy Agency. Eventually, a sufficient
ly large data base will become available, making it easier to apply the
alternate technologies to other water supplies of sillilar quality.

Operating Reqyirements
After any necessary pilot studies are conducted and a .successful

demonstration of performance has been lIade, operating requirements should
be established and approved by the Primacy Agency. '

4.3.8 "ontreatment Alternatiyes
Under certain circumstances, some systllls ..y have other alterna

tives available. These alternatives include regionalization and the use
of alternate sources.

For small water systems which lUst provide filtration, a feasibl~

option ..y b~to join with other sllall or large systems to fOrID a region
al water supply system. In addition, alternative water sources located
within a reasonable distance of a community which would al~ow the system
to lIIet the requirements of ~he SWTR and other applicable drinking waier
regulations, may be developed to provide a satisfactory solution ~o a
cOIIIIIunity water quality problem. The availability of aUernath. ground
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water sources will depend upon the size and location of the system and
the costs involved.

4.4 D1,'of,'t'90

4.4.1 Geoeral
The SWTR requires that disinfection be included IS part of the

treatllllnt of surface water for potable use. As noted earlier, EPA
recommends that the number of treatment barriers be callensurate with the
degree of contamination in the source water in accordance wi~h Table 4·2.
For example, as indicated in Table 4·2, when the total coliforms in the
source water are great,r than 5,000/100 ." conventional treatment with
predisinfection is recommended. However, the selection of appropriate
disinfection requires consideration of other factors in addition to than
those included in Table 4-2. These considerations include:

a. Source water quality and the overall removal/inactivation of
Giard1. cysts and viruses desired.

b. Likelihood of TTHM formation.

c. Potential need for an oxidant for purposes other than
disinfection including control of taste'; odor, iron,
manganese, color, etc.

4.4.2 Recommended Removal/Inactiyation
The SWTR requires a .inimum 3-109 removal/inactivation of Giardia

cysts and a .ini~ 4-10g reIOval/inactivation of viruses:
a. Well-operated conventional treatment plants which have been

opti.ized for turbidity reIOv., can be expected to achieve at
least a 2.5-109 removal of Giardia cysts.

'II

b. Well-operated diatomaceous earth, slow sand filtration and
direct filtration plants can be expected to achieve at least
2-109 removal of Giardia cysts.

EPA recommends that:
a. Conventional filtration systems provide sufficient disinfec

tion to achieve a ainimum of O.S-log Gfardfa cyst and 2-10g
virus inactivation. '
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b. Slow sand filtration systems provide sufficient disinfection
to achieve a minimum of 2-10g Giardia cyst and 2-10g virus
inactivation •.

c. Systems using diatomaceous earth Ind direct filtration, or
other filtration ..thods, should provide sufficient disinfec
tion to achiive a .inillWl of 1-10g Ghrdh cyst alid 3-10g
virus inactivation.

Further guidance on the disinfection level to be provided is
contained fn Section 5. CT values for achieving these inacti~ations are
presented in Appendix E. As fndicated in this Appendix:

a. A comp~r1son of Tables E-1 through [-6 with Table E-7
indicates that systems which achieve a O.S-log inactivation
of Giardia cysts, using free chlorine, 'will achieve greater
than a 4-10g inactivation of viruses.

b. Ozone and chlorine dioxide are generally more effective at
inactivating viruses than Giardia cysts. However, ,as
indicated in Tables E-8 through E-11, there are some
conditions under which the disinfection needed to provide the
recommended virus inactivation is higher than that needed for
the recOlllllended Giardia cyst inactivation. Therefore, a
system using ozone or chlorine dioxide for disinfection must
check the CT values needed to provide the' recommended

. inactivation of both Giardll cysts and viruses and provide the
higher of the two disinfection levels. 5Yst..s ..y demon
strate their efficiency for overall removal/inactivation using
the protocol in Appendices G and M.

c. As indicated in Tables E-12 and E-13, chloramines are much
1.55 effective for inactivating Giardia cysts and viruses tha~

the other disinfectants. Also, chloramines aay be applied to
the system in several ways, either with chlorine added prior
to umonia, unonia added prior to chlorine or preformed. For
systems applying chlorine ahead of ammonia, the required level
of disinfection aay be determined as follows: .

determine the CT needed to provide the required'
inactivation of Giardia and viruses and provide the
higher of the two levels or
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• follow the protocol in Appendix G to demonstrate
.ff.ctive inactivation to allow lower levels of
disinfection. .

For systems applying ammonia ahead of chlorine or' preformed
chlor..ines, the EPA rtCaliends that the system demonstrate
effective virus inactivation according to the protocol in
Appendix G, since the CT values for virus inactivation in'
Table E·13 only apply to the addition of chlori~e prior to
laDOnia.

Although the SWTR requires a .inimum of a 3.109 reIOval/inactivation
of Giardia cysts and a .inimu. of a 4-10g reIOva1/fnactivation of viruses,
it may be appropriate for the Primacy Agency to require greater removals/
inactivations,depending upon the degree of conta.ination within the source
water.

Rose (1988) conducted a survey of water sources to characteriz~ the
level of Giardia cyst occurrence for ·polluted· and ·pristine· waters.
Polluted waters are defined as waters in the vicinity of sewage and
agricultural wastes, while pristine waters are those originating ,from
protected watersheds with no significant sources of .icrobiological
contamination from human activities. EPA believes that treatment $hould
be provided to assure less than one case of microbiologically-caused
illness per year per 10,000 people. In order to provide this level of
protection, 3, 4 or 5-109 Giardio cyst rtIIOval/fnacthation should 'be
provided for the following source water qualities:

Giardia Cyst Removal/Inactivation Required Basedu ,19
on Source Water Cyst Concentration

Giardia Inactivation

Allowable daily avg
cyst concentration/l00 L
(geometric ..an)

3-lgg

>1-10 >lQ-U))

U

19

Rose, 1988.

10'· annual risk per person based on consumption of 2 liters of water
dai ly.
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According to these guidelines, systems with sewage and agricultural
discharges to the source water should provide treat..nt to achieve an
overall 5-10g removal/inactivation of Giardia cysts, while the .inimum
required 3-10g removal/inactivation is sufficient for sources"with no
significant microbiological contamination from human activities. A4-10g
removal/inactivation of cysts should be provided for source waters whose
level of microbiological contamination is between these two extremes. The
location of discharges or other activities polluting the water-supply with
respect to the location of the intake should also be considered in
determining the level of removal/inactivation needed. For instance,. long
travel times and substantial dilution of a discharge will lessen the
impact of the discharge on the intake water quality, in which case le~s

of an increase in the overall treatment reca.ended above, would be
warranted. It is important to note that these levels of treatment for
different generalized source water characterizations are presented only
as guidelines. The Primacy Agency could develop disi~fection requirements
based on these or other guidelines. It could also require systems with
available resources to conduct raw water monitoring for Giardia cyst
concentrations to establish the appropriate level of overall tr~atment and
disinfection needed.

The Primacy Agency lIay also review the nature of occurrence of
Giardia-sized particles in the raw water supply and the association with
turbidity occurrence. If,it can be demonstrated that a higher degree of
removal of particles in the size range of Giardia is accomp~ished when
turbidity levels and associated Giardi, levels are elevattd, then a log
removal credit h"1gher than 3 could be allowed for that particular
treatlent pla~t, during such occurrences. This credit' should correspond
to the log particle relaval effici.neies accomplished, as determined by
particl. counting data, or turbidity data if properly qualified. In all

. cases, a .inimum of 0.5 log reduction of Giardia should be achieved by
disinfection in addition to the removal credit allowed for by other

(. treatment.
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Until a risk analysis for exposure to viruses is d.v.loped, a rough
guideline for virus reIOval/inactivation, can b. considered as follows:

a., For a 4-10g Giardia cyst removal/inactivation, a 5.10g virus
remo,al/inactivation is recommended.

b. For 5.10g Giardia removal/inactivation, a 6.10' virus
removal/inactivation is recommended.

Th.se guidelines assUie that virus occurrence in the source water'
is roughly proportional to Giardia cyst occurrence, and that.

virUses occur at higher concentrations in soutee waters, or

are more infectious than Giardia cysts and

infections from viruses .ay have IIOre health risk significance
than Giardia cysts. ,

Based on these assumptions, higher levels of protection are warr~nted.

To meet the levels of inactivation recommended here, significant
changes in the system .ay be required. To avoid changes i,n the system
which may result in conflicts with future regulations, the Primacy Agency,
may wish to establish interim disinfection levels to provide protection
of the public health prior to the prOIDulgation of the disinfection
by-product regulations and then reconsider whether these levels are still
appropriate after the disinfection by-product regulations,are'promulgated.
Guidance for establishing interi. disinfection requir~n~s is provided
in Section 5.5.

4.4.3 Total Irihalgmethane (TTHM) Regulations
In addition to ccaPlying with disinfection requi ....nts, systems

IIUSt ,..t the requi ....nts of the TIHM regulations. Currently, this
regulatfon. includes an MeL for TIHMs of 0.10 Ig/l for systelS which serve
greater than 10,000 people. EPA expects to issue ~ew regulations wit~ a
lower MeL in the near future. These regulati,ons oy also pertain to
systems servi~g less than 10,000 people. Therefore, the selection of an
appropriate disinfectant or disinfection strategy must include consid
eration of current and future regulations •
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5. CRITERIA FOR DETERMINING IF FILTRATION
AND QISINfECTION ARE SATISfACTORILY PRACTICEQ

5.1 Introdyction
Under the SWTR, new and existing filtration plants lIU$t meet

specified monitoring and performance criteria in order to assure that
filtration and disinfection are satisfactorily practiced. These criteria
include:

• Turbidity monitoring requirements

Turbidity performance criteria

• Disinfection monitoring requirements

Disinfection performance criteria

The overall objective of these criteria is to pro~ide control of:
Giardia cysts; viruses; turbidity; HPC; and Legione]], by assuring a high
probability that:

a. Filtration plants are well-operated ·and achieve maximum
removal efficiencies of the above parameters.

b. Disinfection will provide adequate inactivation of Gi ardi a
cysts, viruses, HPC and Legione]],.

5.2 Tyrbidity Monitoring Reqyirements
5.2.1 Sampling Location
The purpose of the. turbidity requirements. for systems which use

filtration is to indicate:
a. Gi,rdia cyst and general particulate removal for conventional

treatment and direct filtration .

b.' General particulate removal for diatomaceous earth filtration
and slow sand filtration .

c. Possible interference with disinfection for all filtration
processes

To accomplish the purposes of the turbidity requirements, the SWTR
requires that the turbidity samples be representative of the system.'s
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filtered water. The sampling locations which would satisfy this
requirelent include:

a.· Combined filter effluent prior to entry into a clearwel1',

b. Clearwell effluent: .
c. Plant effluent or immediately prior to entry into the distri

bution system; or

d. Average of measurements from each filter effluent.

The selection of sampling locations for demonstrating compliance
with the turbidity performance criteria is left to the system or the
preference of the Primacy Agency.

5.2.2 Sampling freqyency
The turbidity of the filtered water must be determined:
a. At least once every four hours that the system is in opera-

tion, or .

b. The Primacy Agency may reduce the sampling frequency to once
per day for systems using slow sand filtration or filtration
treatment~ than conventional treatment, direct filtration
or diatomaceous earth filtration, if it determines that less
frequent monitoring is sufficient to tndicate ·effective
filtration performance. for systems serving 500 or fewer
people, the Primacy Agency may reduce the sampling frequency
to once per day regardless of the type of filtration used if

. it determines that less frequent IIOnitoring. is sufficient to .
indicate effective filtration performance.

A system may substitute continuous turbidity monitoring for grab
sample monitoring if it validates the continuous measurement for accuracy
on a regular basis using a protocol approved by the Primacy Agency. EP~

recomends that the cal ibration of continuous turbidity monitors be
verified at least twice per week according to the procedures established
in Method 214A of the 16th Edition of Standard Hethods. l

Although the 17th Edition of Standard Methods is available, the 16th
Edition is referred to in the SWTR. Continuous turbidity monitors must
be installed properly to prevent air bubbles from reaching the monitor.
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5.2.3 Additional Monjtorjng
As indicated in Section 4.3.2, EPA recommends that systems equip

each filter with a continuous turbidity !Cnitor. This recommendation is
not part of the requirements of the SWTR and is not required for
establishing compliance. Rather, it. is recoanended as a tool for'systems
to use to better monitor their treatment efficiency and to provide a
..thod for detecting a deterioration in filter performance.

If continuous monitoring of each filter effluent cannot be
implemented, then EPA recommends that at least the following ~e conducted
on a quarterly basis:

I. Monitor each filter, either by grab samples or continuous
monitors, through the course of a routine cycle of operation,
i.e.: from restart to backwash

b. Visually inspect each filter where appropriate for indications
of physical deterioration of the filter

These are general suggestions. The Primacy Agencies are encouraged
to work with the systems to determine the best overall monitoring
program(s) for their particular fil~ration plants ·in order to assess the'
status of the filter units. Each filter within a system should be
maintained so that each filter effluent meets the turbidity performance
criteria for the combined filter effluent (i.e.,. the turbidity limits
specified in the SWTR).

5.3 Tyrbidity performance Criteria
The SWTR establishes turbidity performance criteria for each of the

filtration technologies. As previously indicated, these criteria provide
an indication of:

a. Effective particle and .icrobial reatOval

b. Potential for interference with disinfection

In filtration, effective particle removal· depends on both physi~al

and chemical factors. The particles to be removed must be transported to
the surface ,of the media and they must attach to the lledia. When
efficient particle removal does not occur, the deterioration of filter
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performance,can be due to either ph~sical problems with the filters or {'
problems wi~h the treatment chemis~ry.

Physical problems which can result in a deterioration of filter
performance include:

a. Media loss

b. Media deterioration

c. Mud ball formation

d. Channeling or surface cracking

e. Underdrain failure

f. Cross-connections
.'

In addition, the treatment chemistry has a significant impact on
filtration. Specifically, effective particle removal is a function of
the:

a. Raw water chemistry and the changes induced by the chemicals
added

b. Surface chemistry of the particles to be removed .'

c. Surface chemistry of the media

Consequently, when a filter experiences particle or turbidity breakthrough
"

prior to the development of terminal headloss, the search for alternatives
to correct the problem must include not only an evaluation of the
potential physical causes but the treatment chemistry as well. Generally
this involves an evaluation of one or more of the following:

a. Alternate coagulant type and/or dose

b. Alternate coagulant aid or flocculant aid type and/or dose

c. Need for an alternate oxidant type and/or dose

.d. Need for a filter aid or alternate dose
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5.3.1 Conventional Treatment qrOir,ct fjltratiqn
The .inimym turbi~ity performance criteria for systems using

conventfopal treatment or 'direct filtration are:
a. Filtered water turbidity must be less 'than or equal to 0.5 NTU

in 95 percent~of the measurements taken every month •.

b. Fi ltered water turbidity levels of less than or equal to 1 NTU
in 95 percent of the ..asurements taken every IOnth may be
permi tted on a case-by-case bas is if the Primacy Agency
deteMline5 that the system (filtration with disinfection) is
capable of achieving the minimum overall performance require
..nts of 99.9 percent removal/inactivation of Giardia cysts at
the higher turbidity level. Such a determination could be
based upon an analysis of existing 'design and operating
conditiGns andlor perfomance relative to certain water qual i
ty characteristics. The design and operating conditions to be
reviewed include: " ,

• the adequacy of treatment prior to filtration,
the percent turbidity removal across ,the treatment
train, Ind
level of disinfection.

Water quality analysis which .ay also be used to evaluate the
treatment effectiveness include particle size counting before
and after the filter. Pilot plant challenge studies simulat
ing full scale operation .ay also be used to demonstrate
effective treatment. Depending on the source water quality
and system size, the Primacy Agency will determine the extent,
of the analysis and whether a pilot plant demonstration is
needed. For this demonstration" systems are allowed to
include disinfection in \he determination of the overall'
performance by the system. ' '

c. ' Filtered water turbidity may not exceed 5 NTU at any time.

The Primacy Agency can assume that conventional t~eatment plants
that are leeting the .inimum performance criteria are achieving at least,
a 2.5-109 removal of Giardia cysts and at least a 2-10g removal of viruses
prior to dis1,f1fection. 3

"

2 Recoanended protocol for this demonstra~'ion is presented in Appendix M.

,The literature indicates that well operated conventional tre~tment
plants can achieve up to 3-10g reduction of Gjardia cysts and V1ruses
(Logsdson, 19S7b and Roebeck et a1., 1962). Limiting the credi,t to
2.5-10gs for Giardia cysts and 2-10gs for viruses provides a m,:gln of
safety by ~equiring more disinfection. This is consistent w1th the
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The Primacy Agency can assume that direct filtration plants that are
meeting the minimum perf~rmance criteria are achieving at least a 2-10g
removal ~f Giardia cysts and I I-log removal of viruses.·

Although the minimum turbidity .performance criterion allows for I

maximum filtered water turbidity of 0.5 NTU, treatment faciliti" using
conventional treatment or direct filtration, whose raw water supplies have

\ turbidity levels of 1 NTU or less, should be encouraged to achieve
filtered water turbidity levels of less than 0.2 NlU. 1

Primacy Agencies lIay allow systems which believe th~~ they are
actually achieving greater than a 2- or 2.5-10g G,ardfa cyst removal to
demonstrate the actual removal achieved using the protocol outlined 'in. .
Appendix M.' It is reasonable to expect that systems using conventional
treatment for high turbidity source wlter (e.g., turbidities in excess of
100 NTU) , and which optimize chemical treatment prior to filtration, may
be achieving a 3-10g or greater Giardia cyst removal if thei r filter
effluent is substantially below the 0.5 NTU turbidity limit. Softening
plants using conventional processes and 2-stage treatment processes ma~

also achieve a 3.10g Giardia cyst removal/inactivation. The high pH of
softening may result in inactivation of Giardia cysts an~ viruses which
can be demonstrated according to the protocol outlined in Appendix G.
Appendix Mcan be used to demonstrate the Giardia cyst removal achieved •

r.'

•

, I

.ultiple barrier concept •

Literature indicates that well operated direct filtration plants- can
achieve. up to a 3.10g removal of Giardia cysts and up to a 2-10g
reDDval of viruses (Logsdon, 1987b: Roebeck et a1., 1962). 'Limiting
the credit to 2-10g for Giardia cysts and I-log for viruses provides a
.argin of safety by requiring more disinfection. This is consistent
wit~ the multiple barrier concept. .

Research has demonstrated'that filter effluent turbidities substantial
ly ,lower than 0.5 NTU are needed to obtain effective removals of
Giardia cysts and viruses with low turbidity source waters (Logsdon,
1987b: Al-Ani et al., 1985).
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5.3.2 SlOW Sand filtratipa
for systems using slow sand filtration, the turbidity performance

requir.-ents are:,
a. The filtered water turbidity lUst be less than or equal t~

1 NTU in 95 percent of the ..asurements for each mon~h.

b. At the discretion of the Primacy Agency, a higher f11ter
effluent turbidity may be allowed for well operated plants
(Section 4.3.5) on a case-by-case basis, if there is no
interference with disinfection and the turbidity level never
exceeds 5 NTU. Noninterference with disinfection could be
assumed if the finished water entering the distribLition system
is leeting the coliform MeL and HPC levels are less than 10lml
during times of highest turbidity.

c. Filtered water turbidity may not exceed 5 NTU at any time.

Slow sand filtration plants. with appropriate design and operating
conditions and which meet the minimum turbidity performance criteria can
be considered to be well operated and achieving at least a 2-10g removal
of iiardia cysts and 2-10g removal of viruses without disinfection. ~
Primacy Agencies may allow systems which believe that they are actually
achieving greater than a 2-10g Giardia cyst removal to demonstrate the
actual removal achieved using the protocol outlined in Appendix M.

5.3.3 Diatomaceoys Earth filtration
For systems using diatomaceous earth filtration, the turbidity

performance criteria Ire:
a. The filtered water turbidity must be less than or equal to

1 NTU in 95 percent of the measurements for fach month.

b. The turbidity level of representative samples of filtered
water must at no time exceed 5 NTU.

Diatomaceous earth systems, with appropriate design and operating
conditions and which meet the minimum turbidity performance criterion can

, As indicated in Section 4, pilot studies have shoWn that with proper
nurturing of the schmutsdecke, operation at a maximum loading, rate of
0.2 m/hr will provide optimum removal of Giardia cysts and viruses
(Logsdon, 1987b; Bellamy et 01., 1985).
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be considered to be well operated and achieving at least 2-10g removal of
Giardia cysts and at least I-log removal of viruses without disinfection.
Systems which believe that they are actually achieving greater than a 2
log Giardia cyst removal -.y demons~rate the actual removal achieved using
the protocol outlined in Appendix M. . .

5.3.4 Other Filtration Technologies
The turbidity performance criteria for filtration technologies other

than those presented above, are the same as for slow sand fi 1~rat ion. The
Giardia cyst removal achieved by these systems must be demonstrated to the
Primacy Agency. The protocol outlined in Appendix Mmay be used as a
.basis for this demonstration.

Reverse osmosis is a Ilembrane filtration ltethod used to remove
dissolved solids from water supplies. Desalination is a typical uSe of
the process. Application to potable water treatment is lillLited to
extremely high qual ity raw water suppl ies of low turbidity (1 NTU or
less), or following pretreatment to produce a supply of low. turbidity•.

.The membrane excludes particles larger than 0.001 to 0.0001 um
range, thereby effectively removing bacteria, Giardia cysts and viruses.
Credit can be given for at least a 3-10g Giardia cyst and 4-10g virus
removal, with no demonstration. It should be noted that this removal
credit assumes the membranes are in tact with no holes in the membranes

. allowing the passage of organisms.

5.4 Disinfection Monitoring Requirements
Each system must continuously monitor the disinfectant residual of

the water as it enters the distribution system and record the lowest
disinfectant residual each day. If there is a failure in the continuous
monitoring equipment, the system ..y substitute grab sample monitoring
every 4 hours for up to 5 working days following the equipment failure.
Systems serving 3300 people or fewer may take. grab samples in ~ieu of
continuous monitoring at frequencies as follows:
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System PAPylation

$500

501·1,000

'1,001 • 2,500

2,501 • 3,300

Samples/Day

1

2

3

4

The grab samples must be taken at different times during the day,
with the sampling intervals subject to Priaacy Agency review'a~d ~pproval~

If t~e residual concentration falls below 0.2 mg/L, the system must take
Inother sample within 4·hours Ind notify the Primacy Agency as soon as
possible, but no later than the end of the next business day, even if the
residual is restored to 0.2 mg/L or greater within 4 hours. If the
residual is not restored to 0.2 mg/L or greater within 4 hours, the system
is in violation of a treatment technique requirement. Each system must
also measure the disinfectant residual in the distribution system at the
same frequency and locations at which total colifonaaeasurements are made
pursuant to the requirements in the revised Total Coliform Rule (54 FR
27544; June 29, 1989)~ For systems which use both surface and ground
water sources, the Primacy Agency may allow substitute sampling 'sites
which are more representative of the.treated surface water supply.

5.5 pisinfection performance Criteria
5.5.1 Minimum Performance Criteria ReQyired by th, SWTR
for systems which provide filtration, the disinfection requirements

of the SWTR are:
I. Disinfection must be provided to ensure that the total

treatment processes of the system (inclUding fi ltration) .
achieves at least a 3.109 removal/inactivation of Giardia cyst
and 1,4-10g removal/inactivation of viruses. The Primacy
Agency ~st determine what level of disinfection is required
for each system to meet this criterion.

b. The system 'must demonstrate by continuous monitoring anCi·
recording that a disinfectant residual in the water entering
the distribution system is never less than 0.2 mg/L for more
than 4 hours. If at any time the residual falls below 0.2
mg/l for ~re than 4 hours the system is in violation. The
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system must notify the Primacy Agency whenever the residual
,falls below 0.2 mg/L before the end of the next business day.

c.. The system must demonstrate detectable disinfectant residuals
or HPC levels of 500 or fewer colonies/ill in at least 95

. percent of the samples from the distribution system each month
for any two consecutive months. ,

5.5.2 Be,ornmended performance Criteria
Disinfection must be applied to assure that the overall treatment

provided achieves at least a 3.10g removal/inactivation of Giardia cyst
and a 4-10g removal/inactivation of ·viruses. Asoutlfned in Section 5.3,
well operated filter plants achieve at least a 2 to 2.5-10g removal of
Giardia cysts and between a.l to 2-10g removal of viruses.· EPA therefore
recommends that the Primacy Agencies adopt additional disinfection perfor
mance criteria that include:

a. As a minimum, primary disinfection requirements that are
consistent with the overall treatment requirements of the
SWTR, or preferably:

b. Primary disinfection requirements as a.function of raw water
quality as outlined in Section 4.4.· .

r.'

ReCOmmended Minimum pisjnfection
The required minimum primary .disinfection is the disinfection

needed for the entire treatment process to meet the ov.rall treatment
requirement of 3·10g Giardia and 4-10g virus removal/inac~ivation. The
following table provides a· sUlllllary of the expected .iniawm level of
treatment performance in well operated filter systems and th~ recommended
level of disinfection.

Expected Recommended Disinfection
~~~ RemoYe~$ (log'Inactivation}) .

Fj ltratign Gja I vi ryses GiArdiA Viruses

Conventional 2.5 2.0 0.5 2.0

Di rect . 2.0 . 1.0 1.0 3.0

Slow Sand 2.0 2.0 1.0 2.0

Diatomaceous
3.0Earth 2.0 1.0 1.0
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In cases where the system believes that the treatment processes are
achieving'greater removals than those listed above, the actual removal
provided by the processes can be demonstrated through the procedures
outlined in Appendix M. However, EPA recoanends that, despite the
removals demonstrated, systems should provide a .iniaum of 0.5 l~g Giardia
cyst inactivation to supplement filtration and maintain a second treatment.
barrier for microorganisms. ,

ReCommended Disinfection as a Function of Raw Water Quality
A1though the SWTR requi res the overa11 treat.nt to provide a

minimum of a 3-10g Giardia cyst and a 4-10g virus removal/inactivation, it
may be appropriate for the Pri.acy Agency to requi~ greater removals/
inactivations depending on the degree of contamination in the source water
as presented in Section 4.4. Following is a summary of the recommended
overall treatment which should be provided based on an estimate,of the
Giardia cyst concentration in the source water:

Allowable daily avg
cyst concentration/100 L

(geometric mean)

Giardia cyst Removal/Inactivation

Virus Removal/Inactivation

3-10g

4-10g

4-10g

5-10g

5-10g

6-10g

If a slow sand filtration plant must achieve a 4-109 removal/inacti
vation of Giardja cysts and a 5-10g removal/inactivation of viruses, and
credit for 2-10g Giardia cyst and 2-10g virus removal by filtration is
granted, disinfection for a 2-109 Giardia cyst 1nacthdtion and 3- log
virus inactivation would be needed to ..et the overall removal/inacti
vation. However, Primacy Agencies may allow systems which use particle
size analysi$. outlined in Appendix Mto demonstrate greater than a 2-10g
Gj ardia cyst removal to provide 'ess than2-10g Giardia cyst i"activati on
through disinfection.
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5.5.3 Disinfection By-Product Consjderations
Although the EPA suggests increased levels of disinfection for

various source water conditions, a utility should not implement such a
change without considering the potential conflict with the requirements of
existing or future disinfection by-product regulations. EPA intends to
promulgate National Primary Drinking Water Regulations to regulate levels
of disinfectants and disinfection by-products when it promulgate~

disinfection requirements for ground water syst..s (anticipated in 1992).
EPA is concerned that changes. required in utilities' disinfection
practices to meet the recommended inactivations for the SwTR might.be
inconsistent with treatment changes needed to'comply with the forthcoming
regul ations for disinfectants and disinfection by-products. For this
reason, EPA recommends that Primacy Agencies exercise di1cretion,
sensitive to ·potential disinfection by-product concerns, in determining
the level of disinfection needed for filtered systems to ..et the overall. .

treatment requirements specified in the rule or recommended based on
source water quality. .

Until the promulgation of the disinfection by-product regulation,
EPA recommends that the Primacy Agency allow more credit for Giardia cyst
and virus removal by filtration than otherwise recODIIIended if a) the
Primacy Agency determines that a system is not currently at a significant
risk from microbiological contamination at the existing level of
disinfection and b) less stringent interim disinfecti~n conditions are
necessary for the system to modify its disinfection process to optimally
achieve compliance with the SWTR as well as the forthcoming disinfection
by-product regulations. The following paragraphs outline the recommended
disinfection levels for systems meeting the above conditions •

. For well-operated conventional filtration plants t~at meet the
miniawa turbidity requirements at all times, the Primacy Agency may
consider giving the system credit for 3-l~g G1ardi~ cyst removal (in lieu
of the generally recommended 2.5-logcredit) •. Also, for well-operated
direct filtration plants, the Primacy Agency may consider giving the
system credit for 2.5-109 Gjardja cyst removal in lieu of the generally
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rtcomme~ded 2.0.10g credit. EPA recommends that these additional credits
be given for conventional or direct filtration only if:

a. The total treatment train achieves 1) at least 99 percent
turbidity removal, or filtered water turbiditi,s are consis
tently less than 0.5 NTU, whichever is lower, AI 2) a 99.9
percent removal of particles in the size rfnge of 5 'to 15 urn
is demonstrated as outlined in Appendix Hi and

b. The level of heterotrophic plate count (HPC) bacteria in the
finished (disinfected) water entering the distribution system
is consistently less than 10/ml.

Systems using slow sand filtration or diatomaceous earth filtration
may be given interim credit for up to 3-10g Giardia cyst removal if the
system Hets the recOlllllended conditions listed above for conventional
systems. Pilot plant studies have demonstrated that these technologies,
when well operated, generally achieve at least 3.0-10g ~emovals (USEPA,
1988a).

The EPA believes that interim level of disinfection requirements may
be appropri ate in some cases depend ing upon $o'urce water quality,
reliability of system operation and potential increased health risks from
disinfection by-products. EPA intends to regulate disinfectants and
disinfection by-products in 1992. At this time it will become appar~nt

how systems with disinfection by-product problems can optimally meet the
disinfection requirements of the SWTR and the disinfection by-products
regulations, concurrently.

7

•

For example, a system with .. raw water turbidity averaging 20 NTU
.aintafning a filtered water turbidity less than 0.2 NTU can be granted
3-10g Giardia cyst removal credit with no further demonstration •

In cases where the Primacy Agency has a data base which shows a
correlation between turbidity and Giardia cysts removal, turbidity may
be used in lieu of particle size analysis. Turbidity removal require
ments should be set to assure 99.9 percent Giardia cyst removal. A
correlation between turbidity and Giardia cyst removal was shown in a
study reported 'by Hendricks et al (1984);
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5.5.4 Recommended Disinfection System Redyndancy
The SWTR does not require a redundant disinfection system for

filtered supplies. However, in order to assure the continuous provision
of ~isinfection to meet the overall removal/inactivation requirements and
to maintain a residua' entering the distribution system, EPA recommends
that redundant disinfection equipment be provided. As contained in the
1981 edition of Ten State Standards, where disinfection is required for
protection of the supply, standby equipment is required. Automatic'
switchover should be provided as needed, to assure continuous djsinfectant
application.

Recommendations for providing redundant disinfection are outlined in
Section 3.2.4 and detailed in Appendix I.

5.5.5 D§terminatjgn of Inactiyation by Disinfectign
The desired level of inactivation can be achieved by disinfe~t~on at

any point in the treatment or distribution system prior to the first
customer. Di$infection provided prior to filtration is referred to as
pre-disinfection whi1~ disinfection after fi ltration is referred to as
post-disinfection. As presented in Section 3.2, the inactivation of
Giardia cysts and viruses provided by disinfection are indicated by CT
values"

The SWTR defines CT as the residual disinfectant concentration(s) in
mg/L multiplied by the contact time(s) in .inutes. Th, contact time is "
measured from the point pf disinfectant appl ication to the point of
residual measurement or between points of residual measur~ent. The
inactivation efficiency can be determined by calculating CT at any point
along the process after disinfectant application prior to the first
customer.

A system lIay detenaine the inactivation efficfency based on one
point" of residual measurement prior to the first cu~tomer, or on a profile
of the residual concentration after the point of ~isinfectant application.
The residual profile is gene~ated by monitoring the residual at several
points between the point(s) of disinfectant application Ind the first
customer. The system can then use the method described in Section 3.2 for
determining the total inactivation credit. Profiling the residual allows
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for credit of significantly higher residuals which may exist before the
water .,..ach~s the first customer. Methods for determining various
disinfectant residuals are described in Appendix D.

In pipelines, the contact time can be assumed equivalent to the
hydraulic detention time and is calculated by dividing the internat volume
of the pipeline by the peak hourly flow rate through the pipeline. In
_ixing basins and storage reservoirs, the hydraulic detention time
generally does not represent the actual disinfectant contact time because
of short cir:cuiting. The contact ti.. in such chUlbers,. should be
detennined by tracer studies or an equivalent detllOnstration~ The time
determined from the tracer study to be used for calculating CT is T10 • TIO4t

represents the time that 90 percent of the water (and l!Iicroorgani sms
within the water) will be exposed to disinfection within the disinfectant
contact chamber. Guidance for determining detention time in contact
chambers is provided in Appendix C.

The residual disinfectant concentration should be measured daily,
during peak hourly flow, for each disinfectant section prior to the first
customer in the distribution system. Unless a system knows from
experience when peak flow will occur, a system can only, identify peak
hourly flow after it has o~curred. Therefore, EPA suggests that residual
measurements be taken every hour. If it is not practical to 'take grab
samples each hour, the system may take grab samples during the period peak
flow is expected to occur, or continuous IIOnitors lIay 'be used. The
measurements taken during the hour of peak flow, can then be used to
determine the CT for each section (CTcllc ). The determination of CTs i~

explained in Section 3.2.1.
Although the inactivation maintained in the systtlll is determined

during peak hourly flow, the disinfectant dosage appli~d to .aintain this,
inactivation may not be necessary under lower flow conditions. Under
lower flow conditions, a higher contact time is generally available and

,the CT needed to meet the required inactivation may be met with a lower
residual concentration. Continuing to apply a disinfectant dosage based
on the peak hourly flow may ·provide more disinfection than is needed,
increasing costs and possibly resulting in increased levels of disinfec
tant'by-products. However, the system should also .aintain the required
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inactivation levels at non-peak hourly flows. The system should therefore
evaluate the dose needed to provide the CT necessary for maintaining the
required .inactivation under different flow conditions and set the dosage
accordingly. The following example provides guidelines for determining
flow ranges and disinfection levels to maintain the required disinfection.

Example

r"j ,

\

Free Chlorine
Residual (mg/l)

Contact
the (min)Flow (MGD)

A 20-mgd direct filtration plant applying free chlorine as .a
disinfectant has a contact time of 27.5 minutes under peak flow condi
tions. As noted in Section 5.3, well-operated direct filtration plants
achieve 2-10g Giardia cyst removal and I-log virus removal.' Therefore,
disinfection for I-log Giardia cyst inactivation and 3-10g virus
inactivation is recommended. The pH and temperature of t~e water are 7
and 5 C, respectively. Using Table [-2, a CT of SS is required to achieve
I-log Giardia cyst inactivation at a residual of 2 mg/L. This level of
treatment is more than adequate for 3-100 inactivation of viruses
requiring a CT of 6, as indicated in Table [-7. However, under low flow
conditions the available contact time is longer, and lower residuals are
needed to provide the same level of inactivation. lased on the calculated .
contact time under various flow rates and the CT values in Table E-2,
adequate disinfection would be provided by maintaining the following
chlorine residuals for-the indicated flows:

CT90
(mg/L-min)
Required

.,.

20 27.5 5S 2.0

15 36 52.5 1.5

10 S4 SO 1.0

5 108 47 0.5

_CliO corresponds to a I-log inactivation. If a different level 'of
inactivation were needed, CT values for that inactivation would be read
from the tables corresponding to the pH and temperature of the water.

Section 3.2.2 lists the percent inactivations corresponding to
log inactivations, i.e., 0.5-10g equals 68 percent requiring
CT6I ..
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• .. In cases where the residual, pH or 'te.perlture of the water is
an intermediate value not reported in the tables, linear
(straight-line) interpolation may be used.

For example, in the above· listing, 0.5 mv/L residuals are not
included in" the Appendix E tables. The CT 0 value was
determined by interpolating between the sO.4 1IIg/~ value of 46
mg/L-.in and the 0.6 mg/L value of 48 19/L-min. .

CT values for intermediate pH and temperature values may also
be interpolated: or

- The CT values for the higher pH or lower tetlperature listed in
the table may be used instead of 1nte~olation.

CT", tab1es in the SWTR can be used to ea1cu1ate the CT
requlred to achieve any log inactivati9n by:

log inactivation
CTrequi red • regyi red x CT" "

3.0 log ,

The variation in CT required with respect to the residual for
chlorine makes it impractical for the utility to continuall~ change the
disinfectant dose as the flow changes. Therefore, EPA .suggests that the
fl~w variation at the uti lity be divided into ranges and the residual
needed at the higher flow of the range be maintAined for all flows within. .
the range to assure adequate disinfection. Th~ following flow ranges and
residuals at the given pH and temperature are sugges~ed for this plant:

Free Chlorine
FlOW Range (MGD) Residyal (mg/L)

5-10
10-15
15-20

1.0
1.5
2.0

I

In this way, the utility is assuring the provision of the required
disinfection while minimizing the disinfectant costs and possibly lowering
disinfection by-products. '

Although these residuals will meet the required CT, maintaining a
residual in the distribution system must also be considered. If there is
no other point of disinfection prior to the distribution system, the
residual for di~infection must be maintained at a level which will also
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provide a residual ,throughout the distribution system. The complete range
of'flows occurring at the plant should be evaluated for determining the
required residual. The utilities may establish the residual needs fGr as
.any flow ranges as ,1s practical.

The Primacy Agency'should .ake periodic checks to assure that the
utility is maintaining adequate disinfection at both peak and non-peak
flow conditions.

In contrast to this close control of disinfectant addition and CT
monitoring, for filtered systems which have long detention. tillles and
regularly exceed the CT requirements for the inacUvation needed, it IDly
be unnecessary for,the system to calculate CTs each day of operation.
Unlike unfiltered systems where CTs aust be calc~1ated each day, for
filtered systems, monitoring the residual at, the end of the contact time
may be sufficient to indicate that the required dis1nfect1~n is provided.
However, this results in much higher CTs in the summ~r than is needed,
which adds to costs and possibly unnecessary increased production of
disinfection by-products. The following example outlines one scenario for
which this would apply.

Example
A utility disinfects with chlorine ahead of • reservoir prior to

direct filtration. The Primacy Agency may give a well-operated direct
filtration plant credit for 2-10g Giardia cyst removal and I-log virus
removal. Therefore, 1-10g Giardia cyst and 3-10g'virus inactivation
through disinfection is needed. For' free chlorine, the CTs for I-log
Giardia cyst inactivation exceed the CTs for 3-10g virus inactivation.
Therefore, eTs for Giardia cyst inactivation are the contr~lling CTs. The
following water quality conditions occur in the reservoir during the year:

pH 7 - 7.5
Temperature (0 C) 5 - 20
Chlorine residual (mgfL) 0.2 - 0.8

The required CT for chlorine increases with:,
increasing residua~,

i~creasing pH, and

decr~asing temperature
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Thus, for a residual of 0.8 mg/L the CT needed for a I-log Giardia
cyst inac~1vation is as follows:

d

7.5

7

Temperatyre (C)

5

20

CT,o
mg/l-min

58 (Table E-2)

18 (Table E-5)

Tracer studies conducted on the reservoir indicated a"T10 of 150
minutes at the system's maximum flow. for the maximum CT of 58 19/L·min
r'equired, the minillum residual needed to lItet this requirement is 0.4
mg/L, calculated as:

58 mS/L-min • 0.4 mgiL
15 min

At a residual of 0.4 mg/L, CTgO is 55 mg/L-min. Thus, any residual ~.4

mg/L will provide the needed disinfection throughout the year and the
Primacy Agency may require the system to repo'rt only the residual
maintained, reducing the effort needed to determine effective disinfec
tion. Maintaining this residual in the summer, however, provides much
higher CTs than needed, possibly resulting ·in unnecessary cost~ and
increased disinfection by-products.

Meeting the Becamended Inactivation Using free Chlorine
As previously indicate~ in Section 3.2.1, the effectiveness of free

chlorine as a disinfectant is influenced by both the temperature and pH of
the water and by the concentration of chlorine. The ~n'act1vation of
Giard; a cysts by free chlorine at various temperatures and pHs. are
presented in Appendix E (Table E-1 through Table E-6). "The CT values for
the inactivation of viruses by free chlorine are presented in Table· E-7 •

. To determine whether a system is meeting these inactivations, the
free chlorine residual, pH and temperature must be measured, at one point
or several points prior to the first customer, where contact time(s) is
measured. The contact time should be determined from the poin.t of
application of the disinfectant to the point(s) where the residual is

measured for determining CTs prior to the first customer. The CTs .
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actually achieved in the system should then be compared to the values in
the ~abl. for the pH and temperature of the water at the point(s) of
residual lleasurement. Guidance on calculating the CT for chlorine is
presented in Section 3.2.1.

Meeting the Recommended Inactiyation Using Chlorine Dioxide
CT values for the inactivation of Giardia cysts by chlorine dioxide

are presented in Table E-8 and the CT values for the inactivation of
viruses are presented in Table E-9. As shown in Tables E-8 and E-9, the'
only parallleter affecting the CT requirements for chlorine .~ioxide is
temperature. However, the disinfection efficiency of chlorine'dioxide may
be significantly 'increased at higher pHs. Since the CT values in Tables
E-8 and E-9 were based on data at pH 7 and 6, respectively, and chlorine
dioxide appears to be more effective at higher pHs, systems with high pHs
may wish to demonstrate that CT values lower than those presented in

. Tables E-8 and E-9 may achieve the desired level of inactivation.
Chlorine dioxide residuals are short-lived. Therefore, sampling ~nd

residual analysis at various points in the treatment process downstream of,
the point of application may be necessary to establish the last point at
which ,a residual is present. Subsequent sampling and res.idual analyses
conducted upstream of this point can be used to determine the CT credit by
using the demonstrated detention time between t~e p~int of application and
the sampling location. Methods for calculating CT values are presented in
Section 3.2~ Systems using chlorine dioxide may conduct pilot studies to
demonstrate effective disinfection in 1ieu of calculating CT, or for
determining that lower CT values than those in Appendix Eare appropriate.
Gui~elines for conducting these studies are presented in Appendix G.

Meeting the ReCommended Inactiyation ysing Ozone
CT values for the inactivation of Giardia cysts by ozone are.

presented in Table E-10 for various temperatures and inactivation r~tes.

As indicated .1n this table, the CTs required for inactivation with ozone
are substantially lower than those required f~r free chlorine. Th'is

reflects the fact that ozone is a more powerful disinfectant. The CT

requirements for inactivation of viruses using ozone are presented in
Table E·11. In cases where 'only a I-log or lower Giardia cyst inactiva
tion is needed, the CT values for virus inactivation may be higher than
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the CTs for Giardia cysts. Beciuse of the reactivity of ozone, it is
unlikely that a residual will exist for lOre than a few .inutes. As a
result, the application of a persistent disinfectant such as chlorine or
chloramines is needed to maintain the required disinfectant residual in
the distribution 5Y5t.... Guidance for calculating CT values for cione are
presented in Section 3.2.1 and' Appendix O. In lieu of calculating the CT
for an ozone contactor Qr demonstrating that lower CTs are effective, the
di sinfection efficiency can be demonstrated through pilot studies as
presented in Appendix G.

Heeting the Recommended InActiyation Reqyirements using Chloramines
CT values for the inactivation of Giardia cysts by chloramines are

presented in Table E-12. The high CT values associated with the use of
chloramines may be unachievable for some systems. In these cases,
chlorine, ozone, or chlorine dioxide should be used for primary disinfec
tion, and chloramines for residual disinfection, as necessary. Table E-13
presents CT values for the inactivation of viruses with chloramines. This
table is only applicable for indicating virus inactivation efficiencies if
chlorine is added prior to ammonia. Systems which add ammonia prior to
chlorine or ammonia and chlorine· concurrently, can determine viral
inactivation efficiencies using the protocol given in Appendix G. For"
systems applying chloramines to meet the virus inactivation require~ents,

EPA recommends that they also monitor for HPC in the finished water, as
presented in Section 5.6. Systems also .ay demonstrate effective
disinfection with chloramin~s in lieu of calculating CT, or to determine
that lower CT values than those indicated in AppendiX E are appropriate.
The protocols outlined in Appendix Gcan be used for this demonstration.
Further guidance on chloramines is given in Section 3.2.1.

Meeting the Inactivation Requirement
Using Ultraviolet (UY) Radjation
Ultraviolet radiation is a method of disinfection which can be

applied to meet the virus inactivation requirements of the "SWT~.

UV disinfectant dose, expressed in terms of UV intensity and
exposure time/unit area (mw-~ec/cm2) incorporates the elements of the, CT
concept and therefore can be considered as analogous or equivalent to a CT
va1ue. UV dOh infect ion usually employs coanerci ally avail ab le un i ts
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..•
des igned to deH'ver doses of 25 to 35 -w-sec/crrr. The dose can be
increased by, reducing water flow rate and/or by adding additional units in
series. . UV disinfection efficiency differs from that of chemical
disinfectants in' that it is not affected by water temperature. UV
radiation does not effectively penetrate solids and is absorbed by'certain
dissolved substances. Therefore, turbidity and other 'water quality
factors are important detenminants of UV disinfection efficiency, and UV
should be applied after' turbidity removal.

CT values for the inactivation of Giardia cysts by .uV are not
included in Appendix E. The results of two studies (Ric. and' Hoff, 1981:
Carlson It 11, 1985) indicate that Giardia cysts are extremely ,resistant
to inactivation by UV with doses greater than 60 .w-sec/cm2 causing less
than 80% inactivation. Because UV appears to be very ineffective for
Giardia cyst inactivation and in the absence of sufficient data showing
the doses needed to inactivate 0.5 to 3.0 logs of cysts, UV must be used
in combination with other disinfectants to provide evidence of effective
cyst inactivation.

CT values for the inactivation of viruses by UV are presented in.
Table £-14. Units used for UV disinfection should be equi'pped with fail
safe devices that will provide automatic shutdown of water flow if UV dose
decreases to levels lower than those specified in Table £-14.

Meeting the Inactivation Regyi [ment Using Alternate Disinfec'tants
For system using disinfectants other than chlorine, chloramines,

chlorine dioxide, or ozone, the effectiveness of the disinfectant can ~e

d~nstrated using the protocol contained in Appendix G. The protocol in
Appendix G.3 for batch testing should be followed for any· disinfectant
which can be prepared in an aqueous solution and will be stable throughout
the testing. For disinfectants which are not stable,. the pilot study.
protocol outlined in Appendix G.4 should be followed.

Examples for petenmining the Disinfection ,to be Provi,ded

1) ReCommended 0.5-10g Giardia, 2-10g Virus Inactjvatjon
A community of 70,000 uses a river as its drinking water source.

Ozonation prior to a conventional treatment plant is used to treat the
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0.6
2-l~ virus

CT

water. The source has a protected watershed with limited human activity
and no sewage discharge. ·The river water has the following water quality
characterfstics:

Turbidity 10 • 200 NTU
Total estimated Giardia cyst level <1/100 IL
pH 7.0 • 7.5
Temperature 5 • 15

The treatment plant has a design capacity of 15.l9d and treats an
average flow of 10 mgd. A three chamber ozone contactor p'recedes the
rapid mix. Alum and polymer are added as a coagulant and coagulant aid,
respectively. The 'finished water turbidity at ·the plant is maintained
within the range of 0.1 to 0.2 NTU. Chlo~~ines are applied after the
filters, but prior to the clearwells, to maintain a residual entering and
throughout the distribution system.

Based on the raw water quality and source water protection, an
overall 3-10g Giardia cyst and 4-10g virus removal/inactivation·· is
appropriate for this water source. However, as noted in Section 5.3,
Primacy Agencies may credit well operated conventional filtration plants
with 2.5-10g Giardja cyst removal and 2-10g virus removal. Therefore,
disinfection for O.S-log Giardia cysts and 2-10g viruses is recommended to
meet the overall treatment requirements of the SWTR.

On the day of this example calculation, the peak hourly flow rate of. .
the plant was 13 mgd. The contact ti~ of the ozone basin, T10 determined
from tracer study data is 6 minutes for this flow. The water had a pH of
7 and a temperature of 5 Con the day of the calculation. For ozone under
these conditions of pH and temperature, the following CTs are needed for
the required inactivation (Tables £-10, £-11):

C.S-log Giardia
0.3

The CT values indicate that viruses are the controlling parameter for
disinfection and the overall inactivation provided will be calculated
based on viruses. The overall virus inactivation provided 'by the ozone.
contactor is determined as follows:

Average
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Residual Tao CTult, CT.. 9 CTutc/CT" t
n

Cbamber C (mg/L) (m1nYtes) (mg ) (mg 7[-m1 n.)

1 0.1 2 0.2 0.9 0.22
2 0.2 2 0.4 0.9 0.44
3 0.2 2 0.4 0.9 '0.44

.'
The sum of CTulc/CT". 9 is 1.1. This corresponds to ~re than a 3-lag virus
inactivation determined as 3 XCTulc/CT" •• 3 X1.1 .3.3-lag. Therefore.'
the system exceeds the recommended inactivation.

2) Recommended I-log Giardia Cyst. 2-log Virus Inactiyat10n
A2 MGD slow sand filtration plant treating reservoir water. fed by

mountain streams with no nearby wastewater discharges, provides drinking
water for a community of 8,000 people. The water quality at the intake
has the fallowing water quality characteristics:

Turbidity 5 - 10 NTU
Total califorms Not measured
Total estimated Giardia cyst level . <1/100 L
pH 6.5 - 7.5
Temperature 5 - 15 C

The filtered water turbidity ranges from 0.6 - 0'.8 NTU. Considering
the source water quality and plant performance, an overall 3-109 Giardia
cyst and 4~10g virus removal/inactivation is considered sufficient for
this system. As noted in Section 5.3, the Primacy Agency may credit slow
sand plants with 2-10g Giardia cyst and 2-10g virus removal. Therefore
disinfection for I-log Giardia cyst and 2-10g vi rus inactivation is

recommended for the system to meet the overall treatment req~irements •
. Chlorine is added prior to the clearwells to provide disinfection •.

The clearwells have a capacity of 80.000 gallons. A one mile, 16·inch
transmission"main transports the water from the treatment plant to the
first customer. The inactivation provided is determined daily for the
peak hourly flow conditions( Tracer studies' have been conducted to
determine the T10 for the clearwells for different flow rat~s. For the
purposes of calculating the inactivation the system is divided into bo sections.

Section 1 - clearwell
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Section 2 • transmission aain
Th. flowrate It peak hourly flow from the clllrWIll WIS 1.5 mgd on

the day of this example. At this flowrate, the TIO of the clearwell is 67
minutes, as determined from the results of the tracer studies. At this
flowrate, water travels through the transmission .ain at 99 ft/m~n. The
data for the calculation of the inactivltion is IS follows:

Settion 1 Settion 2

length of pipe fft) 0 5280
contact time (m n)

0 53pipe
basin 67 0
total 67 53

disinfectant chlorine chlorine
residual (mg/L) 1.0 0.6
temperature C 5 5

pH 7.S 7.S

For free chlorine, a I-log Giardia cyst inactivation provides greater'than
a 4-109 virus inattivation: therefore, Giardia cyst inactivation is the
controlling parameter, and the inactivation provided' is determined based
on Giardia cysts. The 'calculation is as follows:

Section 1 - Chlorine

crealc • 1.0 mg/L x 67 minutes. 67 mg/L-min

From Table E-2, at a temperature of 5 C and a pH of 7.S, CTn 9 is
179 mg/L-min

67 !gIL-min. 0.37
179 DIg/L-lIin

Sect jon 2 - Chlorine

CTeale • 0.6 mg/L x 53 minutes • 32 mg/l-min

FtOII Table £-2, at a temperature of 5 C and a pH of 7.5, CTi9,9 is
171 Itg/L-llin

32 mg/l-min. 0.19
171 mg/l-min

The sum of CTeale/CT"., is equal to 0.56. This is equivalent to a 1.7-log
Giardia cyst inactiva~ion determined as 3-10g x, CTc.le/CTIlI,, • 3 x 0.56 "
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1.7-10gs. Therefore, the system exceeds the disinfection recommended to
meet the o~erall treatment requirements.

3)· Bccmcnded 2-109 GiArdia Cyst,· 4-]og Virus Inacthation
A COIIIIIUnity of 30,000 people uses a reservoir treated by direct

filtration for its water suppl~. The reservoir is fed by a river which
receives the discharge from a wastewater treatment plant 10 .iles upstream
of the reservoir. The reservoir water quality is as follows:

Turbidity 5 - 15 NTU
Total coliforms 100 - 1000/100 ml .
Total estimated Giardja cyst level 5/100 L
pH 6 • 7
Temperature 5 - 15 C
Based on the source water quality, an overall removal/inactivation

of 4-10g Giardia cyst and 5-10g virus is recoanended as outlined in
Section 4.4.

The source water flows by gravity to a 3 MG storage reservoir prior
to pumping to the water treatment plant. Chloramines are. produced by
first adding chlorine ·then aJIIIIonia to the water within the inlet of the
storage reservoir. Chlorine dioxide is added to the filtered ~a~er prior
to the clearwells. .Chloramines are applied after the clearwel15 :to
maintain a residual in the distribution system. The system design flow is
8 mgd with an average flow of 5 mgd. For the calculation of the overal~

inactivation, the system is divided into 2 sections.
Section 1 - the storage reservoir and the transmission to the

treatment plant .

Section 2 - the clearwells

The overall inactivation for the system is computed daily at the
peak hourly flow conditions. The pH, temperature, and disinfectant
residual is .easured at the end of each section prior to the next point of
disinfectant application and the first custOlllCr•. The flow 15 ..asured in
the transmission main entering the plant Ind exiting the clearwells. On
the day of this example calc~lation, the peak hourly flow was 6 mgd in ~he

transmission mains entering and leaving the plant. If the flowrates were
different, the 1

10
corresponding to the respective flowrate would be used
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in the calculation. Guidance for determining Cls when flowrates v,ary
within a system is given in Section 3.2. The water velocity through the
20·inch transmh.sion lDain 15 256 ft/llin at a flow of 6 mgd. Tracer
studies were conducted on the storage reservoir and clearwel1s. As
determined from the testing the detention times, T10 ' of the ba~ins at a
flow of 6 mgd are 380 'and 130 .inutes for the storage reservoir and
clearwells, respectively. The data for the calculation of inactivation is
as follows:

length of pipe (ft)
contact time (mfn)

pipe
basin
total

disinfectant
residual (mg/L)
temperature C
pH

Scst100 1

4500

18
380
398

chloramines
1.5

5
7

S,ctjon 2

o
o

130
130

chlorine dioxide
0.2

5
7

For each of the disinfectants used, the following CTs are needed for,
2.10g Giardia and 4-10g virus inactivation for the pH and teliperature
conditions of the system.

chloramines

chlorine dioxide

CT for 2-10g
Giardia

1430

17

CT for 4·10g
Virus

. 1988

33.4

The CT required for the virus inactivation is hlgher than that
. needed for giardi, inactivation for each of the disinfectants. Since the
viruses are the controlling parameter, the inactivation calculation will
be based on the viruses. The calculation is as follows:

Section 1 - Chloramines

CTealc • 1.5 IIg/L x 398 minutes • 597 DIg/L-'.in
. .

From Table E-13, at a temperature of 5 C and a pH of 7, CTn ,99 is
1988 Itg/L-min

CTUlC/CT9t,9t .' 597 mg/L-mia. 0.3
, ,
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1988 mg/L-lIi~

Section 2 - Chlorine Dioxide

CYCliC • 0.2 mg/L x 130 .inutes • 26 mg/L-min

'From Tab1e E-9, at a temperature of 5 C and a pH of 7, c;r... " is
33.4 mg/L-min

CYnlc/CT".II· 26 mg/L-min. 0.78
33.4 I119/L-min

The sum of CTUlclCT..,1I is equal to 1.08, which is equivalent to I 4.3-10g
inactivation of viruses, determined IS follows:

x • 4-10g x CTcal c • 4 x 1.08 .4.3-10gs
CT... " .

Therefore, the system provides sufficient disinfection to meet the overall
~ recommended treatment performance.

5.6 Other Considerations
Monitoring for heterotrophic plate count (JfPC) bacteria is not"

required under the SWiRe However, such monitoring may "provide a good
operational tool for:

Measuring microbial breakthrough

Evaluating process modifications

Detecting loss of water main integrity

Detecting bacterial regrowth conditions within the distribu
tion system

- Detennining 1nterference wi th the coli form measurements (AWWA,
1987) , '

Therefore, EPA recommends routine monitoring for HPC in the plant
. effluent and within the distribution system whenever the analytical

capability is available in-house or nearby. Systems which do not have
this capabilitY should consider using a semi~quantitative bacterial water
sampler kit, ~lthough this is not acceptable for compliance monitoring.

. 5-28

"



As discussed in the preamD ,e to the SWTR, EPA believes that it is
inappropriate to include HPC as a treatlent perfonaance criterion in the
rule since small systems would not have in-house ,analytical capability to
conduct the measurement, and they would need to send the samples to a
private'laboratory. Unless the analysis is conducted rapidly, ·HPC may
multiply and the results may not be representative.

EPA recommends an HPC level of less than 10/ml in the finished water
entering the distribution system and levels of '.ss than 500,ml throughout
the distribution system.

Legionello is another organis. which is not included as a treatment
performance criterion. Inactivation information on Legionella is limited.
EPA believes that treatment which complies with ~he SWTR will remove
and/or inactivate substantial levels of ~egionell' which might occur in
source waters, thereby reducing chances that legion,ll, will be trans
ported through the system and reducing the possibility that growth might
occur in the distribution system or hot water systems within homes and
institutions. Since Legionella are similar in size to coliform organisms,
r,movals by filtration should ·be similar to those reported for tota'
coliforms. In addition, the available disinfection information indicates
that the CT requirements for inactivation of Legionella are lower than
those required for the inactivation of Giardia" cysts. EPA recognizes,
that regardless of the treatment provided, s'ome Legionel]a may enter
plumbing and air conditioning systems and subsequently multiply (Muraca et
al., 1986). EPA believes that these concerns are best addressed through
guidance contained in Appendix B.
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6. REPORTI NG

Reportin! Requirements for Public Water Systems
Hot proy dlng filtration .

The SWTR requires unfiltered systems to prepare monthly reports for
the Primacy Agency to determine compliance with the requirements for:

• source water fecal and/or total coliform levels
• source water turbidity levels

disinfection level .
disinfectant residual entering the distribution system .
disinfectant residuals throughout the distribution system.

The monthly reports must be prepared and submitted to the Primacy
Agency within 10 days after the end of the month. The uti] ity must
maintain a daily or monthly data log used to prepare the monthly reports.
Tables 6-1 through 6-5 are examples of daily data sheets which the
utilities may find useful for logging the data needed to prepare reports
for the Primacy Agency. .

Table 6-6 presents a concise format which can be used by the system
for the monthly reports to the Primacy Agency. Tables 6-3 and 6-4 must
also be submitted with the monthly report. Afte~ the initial 12 months
of reporting, the Primacy Agency may remove the requirement for reporting
the information contained in Table 6-3 if it is satisfied that the system
is computing compliance with the CT requirements cotrectly.· The
individual sample results summarized in the IOnthly reports should be kept
on file at the utility for a minimum of 5 years.

In addition to the monthly reporting requirements for source water. .
quality conditions and disinfection information, systems with unfiltered
supplies are also required to submit annual reports for the wat~rshed

control program and the on-site inspection, within 10 days after the end
of the federal fiscal year.

The Primacy Agency will review the reports'to detenaine whether the
system is in' camp1iance. A possible report fonuat for the watershed
control program is:
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1-
:

•
2.

3.

.Summarize all activities in the watershed(s) for the previous
year. ,

Identify activities or situations of actual and potential
concern in the watershed(s). .

Describe how the utility is proceeding to address activities
creating potential health concerns.

",

-'

EPA recommends that the Primacy Agency submits the annual watershed
reports to the State Water Quality Managers. The reports wi~) be'useful
in updating statewide assessments and management programs. .

The SWTR requires each system to provide the Primacy Agency with a
report of the on-site inspection unless the inspection is conducted by the
Primacy Agency. EPA suggests that:

1. Areport of the inspection containing the findings, suggested
improvements and dates by which to complete improvements is
to be prepared following the initial system review. When and
how system has resolved problems identified in the previous
report should also be included.

2. To lessen the burden on utilities, a report containing results
of the general survey should be submitted in subsequent years.

In addition to these reporting requirements, the SWTR requires that
the reporting requirements of the Total Trihalomethane Regulation and the
Coliform Rule also be met.

Records of waterborne disease outbreaks also must be Ilaint~ined. ~,

In the event of a waterborne disease outbreak, as defined in part 141.2
of the SWTR, the Primacy Agency must be n~tified by the e~d of the next
business day.

The report of the outbreak should contain:
1. Dlte of occurrence
2. Type of illness
3. Number of cases
4. System conditions at the time of the outbreak, including

disinfectant residuals, pH, temperature, turbidity, and
bacteriological results.

The records of an outbreak should be maintained permanently or~ntil

filtration is installed.

6-2



6.2 BeRorting Reqyirements for pyblic Water Systems Using Filtration

The SWTR requires filtered water systems to submit monthly reports
to the Primacy Agency for determination of campHance with the .require-'
Mnts for:

•
•-

treated water turbidity
disinfectant residual entering the distribution system
disinfectant residuals throughout the distribution system

. -
Tables 6-7 and 6-8 present a format which the utility can use as a daily
data log and to submit monthly reports to the' Primacy Agency•.

ReCOmmended Reporting Not Required by tbe SWIR
The Primacy Agency may also want filtered water systems to report

some information associated with recommendations .ade in this .anual which
are not requi rements of the SWTR. EPA recClIIIJIends that. f11 tered water
systems:

1. Report the log inactivation of Giardia cysts and vi ruses,
required by the Primacy Agency. .

2. Report point of application for all disinfectants used.

3. Report the daily CT(s} used to calculate the log inactivation
of Giardia cysts and viruses.

4. If more than one disinfectant is used, report the CT{s} and
inactivation(s} achieved for each disinfectant and the total
percent inactivation achieved. , '

5. Note any difference between the .asured .CT(s} and the CT
required to ..et the overall .inimum treatment performance

.. requirement specified by the Primacy Agency.

Tables 6~3 and 6-4 can be used to maintain the records necessary for
numbers 2 through 5.

This information ,can be used to detem;ne the disinfection level
maintained by the system to assure that the overall removal/inactivation
required is maintained.
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The Prillacy Agency lIay lIake, provisions to .inillize .the ,",porting
requir.-ents for systems with reservoirs, large UlOunts of storage or long
transmission lIains Which provide a long disinfectant contact time. Since
these syst~s typically provide inacti~ation in excess of that needed, the
Primacy Agency lIay require the system only to report the .inimum daily
residual at .the end of the dis'infectant contact time. The CT maintained
can then be estillated based on this residual and the contact time under
the syst.. design flow. This method of CT detenaination will eliminate
the need for the system to detenaine the contact time under ~imum flow
conditions each day. ...
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TABLE 6-1
I

SOURCE WA1'Ea QUAUTY CONDmONS FOR UNFILTERED SYSTEMS
(For .,...... -,)

Moatla .,...."............
Y., rwsID

Turbidirv M"sl:rc:~.:n:s

:2 3

I •
ColuonD Meuunlmcntl Muimum TIlrt-:.E::-

No. o( Sampla No. o( Sampl.. M.-iD1 Specified Limicl Turbiclil)' "E\':::I"

Oat. Fecal Tocal FICIJ« - 201100 mL) Tocal «- 1001100 mL) (NTU) I ,r..." to!" St"

1 .
%
3 :
~

5 I
6 I
7 I
I I
9 I

10 I
11 I
12 '.,
13

,

14 ,
15
16

i 17
II
19
20
21
22 i

23
2~

2S
26
27

• 21 ,
29
30 ,

31 ,
Ma.imum daily rurbldlt~ .. __ :\Tl;

~ouls: Tocal Dumber of l\lrt-l~:::' ~ .. ~:1~' " •
Notes:

1. Samples .re tIba (rom the~ wlter immediately prior to the lint disiatecticia poiat included ill the CT dercrr:llIl1ll .•.::
%. AI lpOCifled ill 40 eFR 1~1.7~)(1)•• (ecal or Iqcal coIuorm ample mUIC be r.U:a oa each day that th.

.,ltem operates &rid • IOUtce water t\Irbidil)' mCUUnlment Illeeods I NTU.
3. For each day that th. muimum turbidity Cll.ceeCh S NTU. the dara should 1110 be 1lU~ for the day that the Stale "'''' ::.-::..•.:

or this eltcecdance. e•••• ·7.3-22 Apr·.
'.4. A "yes" response is required each day rhe muimum turbidity ucoodJ SNTU and rhe previous day did noe. Th,s I ••::; ....... .;

of the beginning of I turbidity "event". The toul number of "yes" raponlCl equall the number of turbidity "evenl. ... ....



TAILE 6-2
LONa·TERM SOURCE WATER QUALITY CONOmoNS FOR .

UNFlLTEItED SYSTEMS

. (For.,..... .....,)

Y.., .,..,.,....... PLu&
PWSID

Turbidity MeuurCr.lCnIS
Coliform Mouurcmllftu 0.)'. wicb I SUr.lbcr .:u

No. of Samol.. I No. of Sampl.. Mealin. Specified Limits Turbidity I TurbllJir~'

Month Feeal Tocal , Feca1( < • 20/100 mL) Tota! «. 1001100 mL) >5NTU ! E\·cnl.

Juuuy
,

..
Fcbruuy

I March I

I
April I

I,
Ma)' II

I
I

June I
I
,.
;

Jul)' I

I
!
I

AUlust I

!
.

i
!

September

I.
October i ·I i

!

..- , :

November

I ·!-
I

December I.
I ·i

I

. Tocal:



TAILE 6-3 .
1.2 ·I

CT DETEItWD'fATJON FOR UNFlLTEJW) SYSTEMS - MONTHLY REPORT TO PRIMACY AOENCY IMoatJl S,....".~ PIaat IY., PWSID I
DiaiAlectaDtlSeQu.- of AppIicalioa ··

J 3 3 :
Disift(ectallt DiIiA(ectaIIt .. Watlr ICClClC*ItrItioa• CoatKt Time. CTwe 3.5 Tlmp. 6 I

Dati C (m.IL) T (miD.) (-CIT) pH (ct.•. C) CT99.9 (CTealC1CT99 91 !
1 I

2
3 .
4
5 ·6
7
a
9 I

10
II
12 I

13
14
15
16
17
)1
19
20
21
22
23
24
25
26
21
21
29
JO
31

P,.,.s by
DIIa

~
I. To be iDcIuded iD the lIICathl)' report (or at I.. 12 monthJ after dII iIUtiatioa o( reportioa. A!tM that time. the Primacy A.ency
. may DO Ionpi' requu. tbillorm.

2. U... separate roms (or MCh diliftlectaDtl..mplina site. Ent., diliDfectaDt aDd iequeace potition. ':a.• -fSUX!IIIlst" or "C102/3rd".

3. Mcuuremcat tabo at pIIJt houri)' Oow.
4. CTealc - C (matL) I T (min.).
5. Only required if the d~ift(ectant it (roe chlorine.
6. From Tabla 1.1 • 1.6. 2.1. and 3.1. 40 CFR 141.7,*)(3).



TAILE 6-4

.,......".,..,.. PIIIIl _

PWSID

DISINFECTION INFORMATION
FOR UNJILTEJW) SYSTEMS - MONTHLY IEPORT TO PRIMACY AOENCV

i
I
i
I
~Monda _

'YI ....
I I I .

Minimum Disinfoctanr Residual (CTca1c1CT99.9) (from Tlbl. 6-3) :J •
I
Dill I It PoiDt-of·brry to DisinfKWlt $eQ1lCDCt a SUM (CTca1eJCT99.9) < I .

Dilfriburioa Svlf.m (m&!L) Ilf 2nd 3re1 4th 5th 6dl SUM (CTca1cJCT99.9) (Ves or No) I

I :

2 !
3 !. 4 i

I

I 5 I !

6 I !

I 7 !
, I I

I

I 9 I I

i 10
,

II i
I 12 .! I

: 13 : ;

\ 14 I

i 15
i 16 I

17 , ,

I 18 I

19 i
,
I

::0 I

f 21
I ,.,..
123 ,

24
25
26
27
28
29
30
31 .-

Pnpared bJ
o.a.

NOfes:

1. II less tbu 0.2 milL. the low. level Uld duratiocl of the period mull be reported. '.1.• ·O.1·3lm.·.
2. To determine SUM (CTca1cJCT99.9). MId (CTca1cJCT99.9) values from the ranr diainfocwst IOqIlCDCt to thc lISt.
3. II SUM (CTcalcJCT99.9) <1•• frelfmcDI technique violltioD bu occurred. ud. ·yes· reIpOD" mUll be cmered.



TAlLE6-5

I DISTRIBUTION SYSTEM DISINFECTANT USmUAL DATA FOil UNFILTERED AND FlLTIRED SYSTEMS.
MONTHLY REPORT TO PlUNACY AGENCY

!
I

jMoada S,...."...........

jYcar PWSID

i
iD~. No. of Sites Vw\eN No. or Sita 'When no No. or Sita WheN No. or Sila WheN No. or Sit.. Whctc.

DiliafOCWlt Raidual DiaiDrectant JWidual Diaiarectul Ilaidual DiaiDrectInC Ilaidual DiaiDtectant Ilaidual
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MONTHLY REPORT TO PRIMACY AGENCY FOR

COMPUANCE DETERMINATION - UNFlLTEJtED SYSTEMS.•,..,in'....PIuI_· _

PWSID
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: •• •• ,. z·
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TAIL! 6-7
DAD.Y DATA SHEET FOR FD.TERED SYSTEMS

(For .,... .. 081)')

s,....rr PSut _
FikndoaT _

PWSID

:Ml)IIIh _
'y.r _

I
I

.
I I I 2 3 .. s .I I Minimum Disinfectant Rcaidual

t

Maaimum FilteNd Water TurbiditY No. o( Turbidity No. of Turbidity I. .. I at Point~f.Entry to Filt., Combined Filter CJelrwcl1 Plant No. o( Turbidity IMcuuremcats <. Mcaurcmcnts !
!Oa" Oistributioft System (maIL) , EID_ EID..- Emuent Meuumneau Speci(.-d Limil '. > 5 NTt: i
i I ; I

2 I
I

3 i i
~

5 I
I 6 , iI

j .. i
,

I

; I I
I 9 I
! 10 I , r

II ,
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,
I

I 14 .
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16 ' I .,
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I 20 ; I
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24 '. I
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26 .

I

27 !
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:9 .
30 ...
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NOIc~:

I. For multiple disinfectanU. thiJ colul'DD m_ oaly be completed (or dMllut disin1'1CtUl1dded prior ID eatwinl the distribullon
ayltem, IClIII than 0.2 mi'L, the duntioa olthe period m_ be reponed. e.I., -0.1·3 1m".

2. For systems Ulina coaventioaaJ tnIIllIClIIC, dina fUtration. or tedJDOIoaica ocher t1wl slow IIftd or diatorueeous carhl f1.hrlllon.
turbidil)' measurements may be taltal at the combined Iilter .muat. deuwcU emuent. or plaDt emllCllt prior to enlry inlO lhe
distribution system. Th. turbidity IllAY abo be measured (or ClCb individual fUtcr wid! • ICpUItO sheet maintained lor ea.:h
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I

5, In recording the number of turbidity l'DCU\lftmats nccedina 5 NTU. the turbid:ty vallaCl sboWd also be recorded, C .: : (~ 62. SO' !



TABLE 6-1. MONTHLY REPORT TO PRIMACY AOENCY FOR
COMPUANCE DETUMlNAnON - FILTERED SYSTEMS

MOCIda S,...rr....,... PIuI
Y.., T". 01 Fihntioo

TubidiIJ LUait
PWSID

.
Tyr\?jdirv PerCormanc. Criteria
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7. COMpLIANCE

7.1 Introdyction
This section provides guidance on'when and how the requirements of. '

the 5WTR wi 11 go into effect, including determinations aade by.' Primacy
Agencies.

7.2 SYSTEMS USING A SURFACE WATER SOURCE (NOT GROUND WATER
UNDER THE DIRECT INFLUENCE OF SURFACE WATER)
The SDWA requires, within 18 months following the prOmulgation of

a rule, that Primacy Agencies promulgate any regulations necessary to
implement that rule. Under 51413, these rules aust be at least as
stringent as those required by EPA. Thus, Primacy Agencies must
promulgate regulations which are at least as stringent as the SWTR by
December 30, 1990. By December 30, 1991, each Primacy Agency must
determine which systems wi 11 be required to filter. If filtration is
required, it must be installed within 18 months following the determina
tion or by June 29, 1993, whichever is later. In, cases where it is not.
feasible for a system to install filtration in this time period, the
Primacy Agency :..ay allow an exemption to extend the time period (see
Section 9).

If a Primacy Agency fails to comply with this'sche~ule for adopting
the criteria and applying them to determine who must'filter, systems must
comply with the ·objective ll or seH-implementing criteria (i .e., the
requirements that are clear on the face of the rule and do not require the
exercise of Primacy Agency discretion). Unfiltered supplies must comply
beginning December 30, 1991 and filtered supplies beginning June 29, 1993.

MoElitaring requirements for unfiltered systems IlUSt be aet beginning
December 30, 1990 unless the Primacy Agency has already determined that
filtration 1s necessary. This coincides with the Agency's requirement to

. .
promulgate regulations for making filtration decisions by that.date under
the SoWA. Primacy Agencies may specify which systems should conduct the
monitoring necessary to demonstrate compliance with the criteria for
avoiding filtration. For same systems where an historical data base
exists, and where it is apparent that the system would exceed the source

7 • 1
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water quality criteria (or that some other criteria would not be met, such
as an adequ~te watershed control program), no monitoring may be necessary
for the Primacy Agency to determine that filtration is required. If a
particular system (and/or the Primacy Agency) knows that it cannot meet
the criteria for avoiding filtration,' there is no reason to reqwire that
system to conduct the source water monitoring prior to the formal decision
by the Primacy Agency that filtration is required. This is true because
the only purpose of that monitoring would be to demonstrate whether or not
the criteria to avoid filtration are being met.

In reviewing the data for determining which systems must filter, the
Primacy Agency will have to decide on a case-by-case basis the conditions
which will require filtration. For example, a system may not meet the
specified CT requirements for the first f~ months of IDOnitoring and
upgrades its disinfection to meet the CT requirements in subsequent
months. In this case, the Primacy AgencJ could conclude that the system
will be able to meet this criterion for avoiding filtration. The time
periods specified for in the criteria to avoid filtration (e.g., six
months for total col i forms , one year and ten years. for turbidity and one
year for CT requirements) do not begin until December 30, :1991 unless the
Primacy Ag~·cy specifies an earlier date.

Beginning December 30, 1991 the requirements for avoiding filtration
specified in 5141.71(a) and (b) and the requirements of 5141.71(c) and
5141.72(a) go into effect unless the Primacy Agency already has determined
that filtration is required. Beginning December 30, 1991, 'if a system
fails to meet anyone of the criteria for avoiding filtration, even if the
system were meeting all the criteria up to that point, it must install
filtration and comply with the requirements for filtered systems includ-

. ing the general requirements in 5141.73 and the disinfection requirement~

in 5141.72(b), within 18 months of the failure. Whenever a Primacy Agency
determines that filtration is required, it may specify interim require
ments for the period prior to installation of filtration 'treatment.

Following the determination that filtration is required, the system
must develop a plan to implement its installation. The plan must include
consideratio~ for the following:

7 - 2



Providing uninterrupted water service
transition pe~iod

Siting for the future facility

Financing opt,ons and opportunities

Scheduling of design and construction

throughout

:

the

"

Systems which are unable to install filtration within the specified time
frame may apply for an exemption to extend the period for. install ing
filtration.

Table 7-1 summarizes the requirements for the SWTR· for unfiltered
systems noting conditions which require the install~tion of filtration.
It is important to note that· only treatment technique violations trigger
the' requirement to install filtration while violations ()f monitoring,
reporting or analytical requirements do not. The monitoring requirements
for unfiltered suppl ies are presented in Section 3 and the reporting
requirements are presented in Section 6.

All systems with filtration in place must meet the treatment
technique requirements specified in S141.73 (filtration criteria) and
SI41.72(b) (disinfection criteria), and the monitoring and reporting
requirements specified in SI41.74(c) and SI41.75(b), 'respect;vely,
beginning June 29, 1993. Table 7-2 summarizes the SWTR requirements for
filtered systems, including conditions needed for compliance with
treatment requirements. Monitoring requirements for filtered supplies are
enumerated in Section 5 and reporting requirements are presented in
Section 6.

7.3 Compliance Transition with Current "peWR Tyrbidity Requirements
The current (interim) NPDWR for turbidity under 5141.13 (Mel

requirements) and S141.22 (monitoring requirements) will apply for
unfiltered systems until December 30, 1991. unless the Primacy A~ency

determines that filtration is r,quired. In cases where filtration is re~

qui red, the interim NPDWR applies until June 29, 1993 or until filtration
is installed, whichever is later. Unfiltered supplies will also be
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subject to the turbidity monitoring requirements of 5141.74(b) (2)
beginning December 30, 1990 coincidently with the interim requirements.
Beginning June 29, 1993, the turbidity performan~e criteria for filtered
systems (5141.73), ~nd the monitoring requirements under 5141.74 will
apply•.

7.4 Systems Using a Ground Water Source
Under the Direct Inflyence of Syrface Water
Part of the Primacy Agency's program revisions to adopt the SWTR

must include procedures for determining, for each. system in· the Primacy
Agency served by a ground water source, whether that sou~ce is under the
direct influence of surface water. By June 29, 1994 and June 29, 1999,
each Primacy Agency must determine which cOl'lllunity and non-comunity
public water ~upplies, respectively, use ground water which is under the
direct influence of surface water. EPA recommends that these determina
tions be made in conjunction with related activitie.s required by o~her

regulations (e,g., sanitary surveys pursuant to the final coliform rule,
vulnerability assessments pursuant to the volatile organic chemicals rule,
the forthcoming disinfection requirements for ground water systems),. In
add.ftion, EPA-approved wellhead protection programs required under the
Safe Drinking Water Act Section 1428 may contain methods and criteria for
determing zones of contribution, assessments of potential contamination,.
and management of sources of contamination. These programs may be used
as a partial basis for the vulnerability assessment and for making the
determination of (a) whether a system is under the direct influence of
surface water and (b) if direct influence is determined, ",hether there is

adequate watershed control to avoid filtration. Guidelines for developing
and implementing a wellhead protection program are found in -Guidelines
for Applicants for State Wellhead Protection Program Assistance Funds
under the Safe Drinking Water Act" (U.S. EPA, 1987a).

Asystem using a ground water source under the influence of surface
water that does not have filtration in place must begin monitoring and
reporting in accordance with S141.74(b) and SI41.75(a), respectively, to
determine whether it meets the criteria for avoiding filtration beginning
December 30, 1990 or six months after the Primacy Agency determines that,

·7. - 4
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the ground water source is under the i~fluence of surface water, whichever
is liter. Within 18 months following the determination that a system ;s
under the influ.nc. of surface water, the Prilllacy Agency .ust determine,
using the same. criteria that apply to systems using a surflce water
source, whether the sys.tem IlUst provide filtration treatment.:· As for
systems using a surface water source, the Primacy Agency must evaluate the
data on I case-by-case basis to determine conditions which will trigger
the need for filtration.

Beginning December 30,1991 or 18 months after the dete~Jnation that
a system is under the direct influence of surface water, ·whichever is
later, the criteria for avoiding filtration in 5141.71(a) and (b) and the
requirements for unfiltered systems in S141.71(c) and SI4~.72(a) go into
effect, unless the Primacy Agency has determined that filtration' is
required. As with systems using a surface water source, subsequent
failure to comply with anyone of the criteria for avoiding filtration
requires the 1nstallation of filtration treatment. Thus, beginning
December 30, 1991 or 18 months after the Primacy Agency determines that
a system is using a ground water sourte under the direct ,influence of
surface water, whichever is later, a system which'fails to meet anyone
of the criteria to avoid filtration must install filtration and comply
with the requirements for filtered systems within 18 months of the failure
or by June 29, 1993, whi chever is 1ater. As for. unfi 1tered systems,
systems under the direct influence of surface water may apply for an
exemption to extend the time period far installing filtration.

Any system using a ground water source that the Primacy Agency
determines is under the direct influence of surface water ftnd that already
has filtration in place at the time of the Primacy Agency determination
must ..et the treatment technique, IIOnitoring and reporting requirements
for filtereel systems beginning June 29, 1993 or 18 months after the
Primacy Agency detenmination, whichever is later.
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7.5 Responses for Systems not Meeting SWTB Criteria
7.5.1 Intrgdyction
Systems which presently fail to ..et the SWTR criteria .ay be able

to upgrade the system's design and/or operation and .aintenance in order
to achieve compliance. The purpose of this section is to present~options

which may be followed to achieve compliance.

7.5.2 Systems Not Filtering
Systems not filtering must leet the criteria to Ivoi4 filtration

beginning December 30, 1991 and on a continuing basis thereafter or
install filtration. Systems not filtering can be divided into two
categories:

A. Those systems not currently ..eting the SWTR criteria but with
the ability to upgrade to ..et them.

B. Those systems not able to .eet the SWTR criteria by December
30, 1991. If the installation of filtration is not possible
by June 29, 1993 the system ..y request an exemption and take
interim measures to provide safe water to avoid violation of
a treatment technique requirement. .

Systems in Category A

Example A- Response Sityation

Condition: System is not meeting the source wat.r fecal and/or
total coliform concentrations but bas not received judgment on the
adequacy of its watershed control. '.

Response Options:

- Monitor for fecal co11forms rather than total coliforms if
this is not already done. Fecal colifonDS are a direct
indicator of fecal contamination where ·total co11 forms are
not. If total coliform levels are exceeded but fecal levels
are not, the system meets the criteria.

Take appropriate action in the watershed to assure fecal and
total coliform concentrations are below the criteria, such as
elimination of animal activity near the source water intake•.
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example B • Respgnse S1tyatiQn

Cgnditioo: System ..ets the source water quality criteria,
.It.rshed control requirements, and is ~intaining a disinfectant
residual within the distribution system, but is not able to ..et the
CT requireaaents due to lack of contact ti. prior to the first
customer. .

Respgnse ORtigns~

Increase the application of disinfectant while .anitoring THM
levels to ensure they rlllain below the MeL. .'.

Add additional contact ti. through storage to obtain an
adequate CT. .

Apply a more effective disinfectant such as ozone.

Systems iO Category B

EXample A• Response Situation

Conditign: System lIeets the source water turbidity but not the
fecal coliform requirements. A sewage treatment plant discharges
into the source water. A detel"1llination has been aade that the
system does not have adequate watershed control~

Response Options:

Purchase water from a nearby surveyor or use an alternate
source such as ground water if available.

Take steps to install filtration, applying for an exemption
(ti.. delay) aS'presented in Section 9 where appropriate.

Example B

Condition: The source water exceeds a turbidity of 5 NTU for more
than two periods in a year under nonaal weather and operatin"g
conditions.

·Bespgose Options:

Purchase water from a nearby purveyor or use an a1 ternate
source such as ground water if available.

Take stefs to install filtration, applying for an exemption
(time de ay) as presented in Section 9 where appropriate.
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In the interim prior to adoption of either of the above options,
c.rtain protective' ..asures Illy be appropriate. On. protective
...sure which can be used would be the issuance of a public notice
to boil all water for consumption during periods when the turbidity. .
exceeds 5 NTU. If such a notice is issued, the utility should
continue sampling the distribution system for chlorine residual and
total col i forms , and initiate ..asurement of HPCs in the distribu~

tion system. These data and the raw water turbidity should be used
to determine when to lift the boil water notice.
The notice could be lifted when:

• The historical (prior to high turbidity) disinfectant residual
concentration is reestablished in the d'istribution system;

The total coliform requirements are met;

The HPC count is less than SOO/ml; and

The turbidity of the raw water is'less than 5 NTU •

7.4.3 Systems Cyrrently Filtering

Systems which are currently filtering must -eet the SWTR criteria
within 48 IIOnths of the SWTR to be in compliance, after which the criteria
must be continually eet for the system to be in compliance.

Examole A• Respgnse Sityation

Conditign: A direct filtration plant is treating'a surface water
which is not compatible with this treatment process. The system is
not achieving its required turbidity performance or disinfection
criteria.

Respgnse Options:

Optimize coagulant dose.

Reduce filter loading rates.

Evaluate the effect on performance of installing flocculation
and sedimentation ahead of the filters.

1 - 8
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EI.mp]e B • BeSDonse Sityltion

Condition: A fi ltration plant is using surface water which is
cOlPatible with its treatment syst... The system is not achieving
disinfection performance criteria rs1uired by the Primacy Agency to
achieve a 1-10g inacthation of ,rdh' cysts: however. it is
Meting the requirements of the Total Coliform Rule. .'

Response Options:

• Increase disinfectant dosage(s).

• Install storage facilities to increase disinfectant contact
time.

Ensure optimum filtration efficiency by:

Use of a filter aid.

Reduction'in filter loading rates.

More frequent backwashing of filters.

The Primacy Agency may grant additional removal credit for optimum
filtration.

EPA intends to promulgate National Primary Drinking Water Regula
tions to regulate levels of disinfectants and disinfectant by-product when
it promulgates disinfection requirements for, ground water systems
(anticipated in 1992). EPA is concerned that changes required in
utilities' disinfection practices to meet the required inactivations for
the SWTR might be inconsistent with treatment changes needed to 'comply
with the forthcoming regulations for disinfectants and disinfection
by-products. For this reason. the EPA' is allowing P,rfllacy Agencies
discretion in determining the level of disinfection required for fi~tered

systems to ..et the overall treatment performanc~ requirements specified
in the rule or recommended based on source water quality.

During the interim period, prior to promulgation of the disinfection
by-product regulation, EPA recommends that the Pri.acyAgency allow more
credit for Giardia cyst and virus removal than generally recOlll'llended.
This interim level is recoillnended in cases where the Primacy Agency
determines that a system is not currently at a significant risk from
microbiological concerns at the existing level of disinfection and that
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a deferral is necessary for the system to upgrade its disinfection'process
to optimally achieve compliance with the SWTR as well as the forthcoming
disinfection by-product regulations. Section 5.5.3 presents some

. guidelines for establishing interim disinfectio~ requirements •

. .
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8. PUBLIC NOTIFICATION

c.

Tier 1:
a. Failure to CaIPly with Mel .
b. Failure to comply with prescribed treatme~.technique
c. Failure to comply with I variance or exemption schedule

Tier 2:
a. Failure to comply with .anitoring requirements
b. Failure to comply with a testing procedure prescribed

by a NPDWR
Operating under a variance/exemption. This is not
considered a violation but public ,notification is
required.

2.

The SWTR specifies that the public notification requirements of the
Safe Drinking Water Act (SDWA) and the implementing regulations of 40 CFR
Paragraph '141.32 must be followed. These regulations divide- public
notification requirements into two tiers. These tiers are defined as
follows:

1.

'.

The SWTR classifies violations of Sections 141.70, 141.71 (c) ,
141.72 and 141.73 (i.e., treatment technique requirements as specified in
Section 141.76) as Tier 1 violations and violations of Section 141.74 as
Tier 2 violations. Violations of 141.75 (reporting requirements) do not
require public notification.

There are certain general requirements which all public notices must
meet. All notices must provide a clear and readily understanda,ble
explanation of the violation, any potential adverse health effects,the
population at risk, the steps the system is taking to correct the
violation, the necessity of seeking alternate water supplies (if any) and
any preventative leasures the consumer should take. the notice must be
conspicuous, not contain any unduly technical language, unduly small print
or similar problems. The notice must include the telephone number of the
owner or operator or designee of the public water system ,as a source of
additional information'concerning the violation where appropriate. Tbe
notice must be bi- or multilingual if appropriate. .

In addition, the public notification rule requires that when
providing information on potential adverse health effects in Tier 1 public
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notices and in notices on the 'granting and continued existence of a
variance or exemption, th, owner or operator of a public water system must
include certain mandatory health effects language. For violations of
treatllltnt technique requirements for filtration and disinfection, the
mandatory heal th effects· language is: .'

Microbiological Cgntaminants

The United States Environmental Protection Aqency (EPA) sets drinking
water standards and has determined that microblological contaminants are
a health concern at certain levels of exposure. If water is inadequately
treated, microbiological contaminants in that water ..y ~~ase disease.
Disease symptoms may include diarrhea, crllllps, nausea, .and possibly
jaundice and any associated headaches, and fatigue. These symptoms,
however, are not 'just associated with disease-causing organisms in
drinking water, but also may be caused by a number of factors other than
your drinking water. EPA has set enforceable requirements for treating
dri nk iog water to reduce the ri sk of these adverse health effects.
Treatment such as filtering and disinfecting the water removes or destroys
microbiological contaminants. Drinking water which is treated to meet EPA
requirements is associated with little to none of this risk and should be
considered safe.

Further, the owner or operator of a community water system must give
a copy of the most recent notice for any Tier 1 yiglations to all new
billing units or hookups prior to or at the time se~vice begins.

The medium for performing pub)ic notification and the time period
in which notification must be sent varies with the ~ype of violation and
is specified in Section 141.32•.For ,Tier 1 violations (i.e., violations
of Sections 141.70, 141.71,.141.72 and 141.73), the owner or operator'of
a.public water system must give notice:

1. By publication in a local daily newspaper as soon as possible
but in no case later than 14 days after the violation or
failure. If the area does not have a dailY newspaper,. then
notice shall be given by publication in a weekly newspaper of
general circulation in the area, and

2. By ei ther direct lIai1 de1ivery or hand de11 very of the not ice,
either by itsel f or with the water bill not lat~r than 45 d~ys
after the violation or failure. The Primacy Agency may walve
this requirement if it determines that the owner or operator
has corrected the violation within the 45 days •

8 - 2
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Although the SWTR does not specify any acute violations, the Primacy
Agency aay $pecify some Tier 1 violations as posing an acute risk to human
health: .for example these violations ••y include:

1. Awaterborne disease outbreak in an unfiltered supply.

2. Turbidity of the water prior to disinfection of an unfiltered
supply or the turbidity of filtered water exceeds 5 NTU at any
time.

3. Failure to maintain a disinfectant residual of at least 0.2
19/1 in the water being delivered to the distribution system.

For these violations or any others defined by the Prillacy Agency as
"acute" violations, the system must furnish a copy of the notice to the
radio and television stations serving the area as soon as possible but in
no case later· than 72 hours after the violation. Depending upon circum
stances particular to the system. as determined by the Primacy Age~ty, the
notice may instruct that all water should be boiled prior to consumptjon.

Following the initial notice, the owner or operator mu~t give notice
at least once every three months by lIail delivery (either by itself or,
with the water bill), or by hand delivery, for as long is the violation
or failure exists.

There are two variations on these requirements. First. the owner
or operator of a community water system in an area not ~erved by a daily
or weekly newspaper must give notice within 14 days after the violation
by hand delivery or continuous posting of a notice of the violation. The
notice must be in a conspicuous place in the area served by the system and
must continue for &5 long &S the violation exists. Notice by hand
delivery must be repeated at least every three months for the duration of
the violation. .

Secondly, the owner or operator of & nonc_unity water system
(Le., one serving a transitory population) lIay. give notice by h~nd

delivery or continuous posting of the notice in.conspicuous places in the
area served by the system. Notice must be given within 14 days after the
violation. If notice is given by posting, then it must continue as long
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as the violation exists. Notice given by hand delivery must b. repeated
at least every three months for as long as the violation exists.

Fo~'Tier 2 violations (i.e., violations of 40 eFR 141.14, analytical
and monitoring requi rements) notice must be given within three months
after the' violation by publication in a daily newspaper of :general
circulation, or if there is no daily newspaper, then in a weekly

\ newspaper. In addition, the owner or operator shall give notice by mail
(either by itself or with the water bill) or by hand delivery ~t least'
once every three monihs for as long as the violation exists. Notice of
a variance or exemption must be given every three months from the date it
is granted for as long as it remains in effect.

If the area is not served by a daily or weekly newspaper,' the owner
or operator of a community water system aust give notice by continuous
posting in co~spicuous places in the area served by the system. This must
continue as long as the violation does or the varian~e or exemption
remains in effect. Notfce by hand del fvery must be repeated at least
every three months for the duration of the violation or the variance of
exemption.

For noncomun ity water systems, the owner or operator may gi ve
notice by hand delivery or continuous posting in consp~cuous places;
beginning within 3 months of the violation or the variance or exemption.
Posting must continue for the duration of the violation or. variance or
exemption and notice by hand delivery must be repeated at least every
3 months during this period.

The Primacy Agency may allow for owner or operator'to provide less
frequent notice for minor monitoring violations (as ('efined, by the
Primacy Agency .1! EPA has approved the Primacy Agency's substi tute '
requirements contained in a program revision application).

To provide further assistance in preparing public notices, several
examples have been provided. However, each situation is different and
may call for differences in the content and ton~ of the not i~e. All
notices must comply with the general requirements specified above.

8 - 4
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Example 1 - Tier 1 Yiolatjon-unfiltered Syppb
Following is an example of I Tier 1 violation which may be

considered by the Primacy Agency to pose an acute risk to human health.
Asystem which does not apply filtration experiences a breakdown in

the chlorine feed systems and the switchover system fails to acti~ate the
backup systems. Anumber of hDurs pass before the operator discovers the
.alfunction. The operator, upon discovery of the malfunction, contacts
the local television and radio stations and announces t~at the public is
receiving untreated water. The announcement may read as fol1~ws:

We have just received word from the Aswan Water Board that a
.alfunction of the disinfection system has allowed untreated water
to pass into the distribution system. Thus, this system prov.iding
drinking water is in violation of a treatment technique requirement.
The United States Environmental Protection Agency (EPA) sets
drinking water standards and has determined that lIicrobi010gical
contaminants are a health concern at certain levels of exposure.
If water is inadequately treated, .icrobio~ogical contaminants in
that water may cause disease. Disease symptoms may include
diarrhea, cramps, nausea, and possibly jaundice and any associated
headaches, and fatigue. These SY1llptoms, however, are not just
associated with disease-causing organisms in drinking water, but
also may be caused by a number of factors other than your drinking
water. EPA has·set enforceable requirements for treating drinking
water to reduce the ri sk of these adverse health effects. Treatment
such IS filtering and disinfecting the water removes or destroys
microbiological contaminants. Drinking water' which is ·treated to
meet EPA requirements is associated with little to none of this risk
and should be considered safe.

The temporary breakdown in disinfection lIay have 'allowed micro
organisms to pass into the distribution system. The operation of'
the system has been restored so that no further contamination of
the distribution system will occur. Any further changes will be
announced ..

Additional information is available at the following number:
235-WATER.

A direct .ailing of the notice is provided within 45 days of the
occurrence.

Example 2 - Tjer 1 Violation-Unfiltered Supply
Following is an example of a Tier 1 violation which may be'

considered by the Primacy Agency to pose an acute risk to human health.
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A system supplies an unfiltered surface water to its customers.
During a period of unusually heavy rains caused by a hurricane in the
area, the turbidity of the water exceeds 5 NTU. The turbidity data during
which the heavy rains occur is as follows:

Day 1 NTV Day 2 "TV Day 3 "TV Day 4 NTV Day 5 NTV

0.4 O.S' 0.7 0.7 7.6
0.4 0.5 0.4 7.6 3.1
0.5 0.5 0.4 11.3 2.7
0.7 0.4 0.5 9.6 0.7
1.1 0.4 0.4 7.2 0.8
0.9 0.6 0.6 5.0 0.5

The following public notice was prepared and submitted to the 'local
newspaper, television and radio stations within 72 hours of the first
turbidity exceedence of 5 NTU.

The occurrence of heavy rains in our watershed is causing a rise in
the turbidity of the drinking water suppl ied by Fairfax. Water
Company.

Turbfdit¥ is a measurement of particulate matter in water•. It is
of signlficance in drinking water because irregularly shaped
particles can both harbor microorganisms and interfere directly with
disinfection which destroys microorganisms. While the particles
causing the turbidity may not be hannful or even visi..ble at the
concentrations measured, the net effect of a turbid water is to
increase the survival rate of microorganisms contained in the water.
This is of concern because several diseases are associated with
waterborne microorganisms.

Because of the high turbidity levels, tile Fairfax system is in
violation of a treatment requirement set by the Environmental
Protection Agency (EPA).

The United States Environmental Protection Agency (EPA) sets
drinking water standards and has detennined that .icrobiological .
contaminants are a health concern at certain levels of exposure.
If water is inadequately treated, microbiological contaminants in
that water lIay cause disease. Disease symptoms .ay include
diarrhea, cramps, nausea, and possibly jaundice and any associated
headaches, and fatigue. These symptoms, however, are not just
associated with disease-causing organisms in drinking water, but
also may be caused by a number of factors other than your drinking
water. EPA has set en10rceable requirements for treating drinking
water to reduce the risk of these adverse health effects. Treatment
such as filtering and disinfecting the water removes or destroys
microbiologic~l contaminants. Drinking water which is treated to
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.eet EPA requirements is associated with little to none of this risk
and should be considered safe. ,

In order to protect yourself from ill ness, all water from the
Fairfax system used for drinking, cooking and washing dishes should
be boiled at a rolling boil for one .tnute. .
The system is being closely monitored and a nottce will be issued
when the water returns to an acceptable quality and no longer needs
to be boiled.

The utility continues sampling the distribution systel.10r chlorine
residual and total coliforms, and initiates measurement of the HPCs in the
distribution system. The notice is lifted when all the following are met:

The historical (prior to high tUrbidity) disinfectant residual
concentration is reestablished in the distribution system.

• The total coliform requirements are met.

The HPC count is <500/ml~

The turbidity of the raw water is less than 5 NTU.

The Primacy Agency most decide whether the turbidity event was unusual or
unpredictable and whether filtration should be installed.

Example 3 • Tier 1 Yiolatign • filtered SYDpl~

A conventional treatment plant is treating a surface water. A
malfunctioning alum feed system resulted in an increase ·of the filter
effluent turbidities. The effluent turbidity was between 0.5 and 1.0 NTU
in '20 percent of the samples for the month. The utility. issued a noti,ce
which was published in a local daily newspaper within 14 days after the
violation. The notice read as follows:

During the previous month, the Baltic Water Treatment Plant
experienced difficulties with the chemical feed system. The

·..lfunctions caused an effluent turbidity level above 0.5 NTU in 20
percent of the $Imp1es for the month. the current treatment

, standards require that the turbidity must be less than 0.5 NTU in
95 percent of the monthly samples. The Baltic drinking water system
has thus been in violation of a treatment technique requirement.

The United States Environmental Protection Agency (EPA) sets
drinking water standards and has detenuined that Incrobi010g;cal .
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contaminants are a health concern at certain levels of exposure.
If water is inadequately treated, microbiological contaminants in
.that 'water may cause disease. Disease SYllPt OIlS .ay include
diarrhea, cramps, nausea, and possibly jaundice and any associated
headaches,· and fatigue. These symptoms, however, are not Just
associated with disease-causing organisms in drinking water, but
also may be caused'by a number of factors other than your,~rinking
water. EPA has set enforceable requirements for treating drinking
water to reduce the risk of these adverse health effects.' Treatment
such as filtering and disinfecting the water removes or destroys
microbiological contaminants. Drinking water which is treated to
..et EPA requirements is associated with little to none of this risk
and should be considered safe.

The chemical, feed and switchover cOlllPonents of the system have been
repaired and ~re in working order and turbidity levels are meeting
the standard. It is unliKely that illness will r.esult from the
turbidity exceedences previously mentioned because continuous
stringent disinfection conditions were in effect and the system was
in compliance with other microbiological drinking water standards
pertaining to microbiological contamination. However, a doctor
should be contacted in the event of illness. For additional
information call, 1-800-726-WATER.
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9. EXEMPTIONS

9.1 0Yltyi" of ReQyirements
Section 1416 of the Safe Drinking Water Act all~ a Primacy Agency

to exeiDpt any public water 5yst. within its jurisdiction ,f-rom any
treatment technique requirement i~osed by a national primar.y drinking
water regulation upon a finding that:

1. Due to compelling factors (which lIay include. economic
factors), the public water system is unable to comply with the
treatment technique requirement; ..

2. The pub.lic water system was in operation on t~e effective date
of the treatment technique requirement or, for a system that
was not in operat ion by that date, 0"1y if no reasonab1e
alternative source of drinking water is available to the new
system; and

The granting of the exemption will not result in an unreason
able risk to health.

If a Primacy Agency grants a public water system an exemption, the
Agency must prescribe, at the time the exemption is gra~ted, a schedule
for:

1.

2.

Compliance (including increments of progress) by the public
water system with each treatment technique requirement with
respect to which the exemption was granted; and .

Implementation by the system of such control measures as the
Primacy Agency may require during the period the exemption is
in effect. .

. . Before prescribing a schedule, the Prililcy Agency must provide
notice and opportunity for a public hearing on the schedule. The schedule
prescribed must require compliance by the public water syst. with the
treatment technique requirement as expeditiously as practicable, but in
no case later than one year after the exemption is issued (except that,
if the system meets certain requirements. the final date for compliance
may be extended for a period not to exceed three years from the date the
exemption is' granted). For systems serving less than 500 service
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connections, and .eting certain additional requirements, the Primacy
Agency ..y renew the exemption for one or more additional two-year
periods •.

Under the SWTR, no exemptions are allowed from the requirement to
provid~ disinfection f~r surface water systems, but exemptj~ns are
available to reduce the degret of disinfection required. Exemptions from
the filtration requirements are available. The following sections present
guidelines for evaluating conditions under which exemptions are appropri
ate.

-9.2 BecoDlDended Criteria
In order to obtain an exemption from the SWiR, a system must meet

certain minimum criteria to assure no unreasonable risk to health. These
sh~uld be applied before looking at other factors such as economics.,
Becomended minimum criteria for assuring no unreasonable, risk to health
exists are listed below.

Systems which do not provide filtrat10n
Practice disinfection to achieve at least a 2-10g inactivation
of Giardia cysts; or comply with the disinfection 'requirements
for the distribution system as defined in Section 141.72(b)
of the SWTR.

Comply with the monthly coliform MeL; or provide bottled water
(or another alternate water source) or point of use treatment
devices for their customers in Which rtpresenthe samples
comply with all the Mel National Primary Drinking Water
Regulations.

EPA recommends that in order to obtain an extension to the initial
1 year exemption period in addition to the required elements in Section
1416, the system would need to be in compliance with the monthly coliform
Mel, satisfy the above disinfection criteria and not have any evidence oT
waterborne disease outbreaks attributable to the sY$tem at the end of that
first exemption period. If at any point during the extended exempti,on
period the system did not me~t these conditions, the exemption should be
withdrawn and the system should be subject to an enforcement action,

9 - 2

/-'\
I



, '

Systems which prOVide filtratign

- Prlctice disinfection to achieve It least I 0.5 log inactiva
tion of Giardi, cysts; or camply with the disinfection
requirements for' the distribution system as defined in
Section 141.72 of the rule.

Comply with the IIIOnthly colifo... MeL;' or provide bottl'ed water
(or another alternate wlter sourc~) or point of use treatment
devices for their customers in Which representive samples
comply with all the MeL National Primary Drinking Water
Regulations. '

Take all practical steps to improve the perfo~nce of its
filtration system.

In order to obtain an extension to the initial exemption period, in
addition to the required elements in Section 1416. the system should be
in compliance with the co11fo", MeL, satisfy the above disinfection
criteria and not have any evidence of waterborne disease outbreaks
attributable to the treatment system at the end of tha~ first exem~tion

period. If at any point during the extended exemption period the system
did not meet these conditions, the exemption should be withdrawn and the
system should be subject to an enforcement action. Ir, addition, the
system must continue to be taking steps to improve t~e performance of its
filtration system to achieve the criteria specified in the SWTR.

, ,

Once these minimum requirements are applied, the Primacy Agency
should look at the other factors as described in Sections 9.3, 9.4. and
9.5.

9.3 Compelling factgrs
Compelling factors are often associated with 5.all systems. The

major ce-pelling factor tends to be econOllic. In 5011I cases the
compelling factor .ay not be solely economic, but rather the contractual
and physical, infeasibility of having a required tre~tmentinstalled within
the time period specified in the regulation. for example. it may not" be
feasible for a very large system to install filtration by June 1993 if
required. In such cases exemptions are also appropriate.. Additional
considerations for small systems are presented in Appendix L.
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If system improvements necessary 'to comply with the SWTR' incur costs
which the Primacy Agency ,determines pose an economic barrier to acquisi
tion of· necessary treatment, the system fulfills the criteria of
demonstrating a compelling hardship which make~ it unable to .et the
treatment requirements. "In such cases, the EPA believes it is reasonable
to grant an exemption if the system also meets the criteria ,in 9.4 and
9.5.

The USEPA document, -Technologies and Costs for the Removal of
Microbial Contaminants from Potable Water Supplies,- co~tains costs
associated with available treatment alternatives (USEPA, 1988b). Costs
found in this doc1.lment, or those generated from more site-specific
condit ions, can be used as the basis for determt n.i ng the ab11 ity of a
system to afford treatment. The total annual water production costs per
household for a system can be estimated based on the household water usage
and the production costs per thousand gallons. As estimated in the above
cited USEPA document, each cent per thousand gallons of treated water is
approxfmately equivalent to Sl per year per household if a household water
usage of 100,000 gallons per year is assumed. 1 This estillate'wi'll need to
be adjusted' according to water usage for cases where the ~ousehold usage
differs from 100,000 gallons per year.

The following examples are presented 'to provide guidance in. .
estimating costs for a system to upgrade its system o~ install filtration.
This cost information could be used fo~ determining whether a system might
be eligible for an exemption.

Example 1
Awater system which supplies an average daily flow of 0.05 mgd to

a sIIal1 urban cOlllDunity receives its water supply froll a lake. The s~stem

currently provides disinfection with chlorine but does not provid~

filtration. The system reviewed its source water quality and fou~d the
characteristics to be as follows:

This is the national average residential househQld consumption·reported
in: Final Descriptive SUDl1lary - 1986 Survey of COIII1Iunity Water Systems.
October 23, 1987. USfPA: Office of Drinking Water. .
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Total coli forms
Turbidity

. Color

1,0001100 ml
10 • 13 NTU
6 • 9 CU

Blsed upon. the criteria in the SWTR, this source requires filtration
and a review of the water quality criteria presented in Table 4-2

, .
indicates that the treatment technique best suited to these source
conditions is conventional treatment. A conventional package treatment
plant with a capacity of 0.068 MGD lIay be purchased and put on line at
a cost of $277/household-year not including real estate, piping or raw
water pumping costs which lIay be significant depending' on·. the plant
1ocation. ~ EPA has est fmated that, on average, these costs .ight add
inother 50% depending on site specific factors (USEPA, 1989) ,

Thus the cost estimate for implementing filtration indicates that
the increase in the average annual household water bill would be
approximately $277 plus the cost of real estate, piping, and raw water
pumping as needed. The incomes of people in the community and the current
water bills can be reviewed by the Primacy Agency along with these
estimated costs to determine if an undue economic ~ardship is incurred by
these treatment methods. Upon determination that an economic hardship is'
incurred, the Primacy Agency lIay grant an exemption from filtration,
provided that the system can assure the protection of the health of the
community. However, if the water supply system for a nearby community
meets the drinking water standards ~ there is the ability to hook up to
that system, an exemption generally should not be granted unless such
costs also presented an' economic hardsh ip.

Example 2
Alarge urban community, with a median annual income of $25,000 per

family, is supplied with water from lakes and reservoirs. The community
. . '.

places an average daily demand of 3 IIgd on the supply system. The
watershed of the system is moderately populated and used for farming and

2 Table VI-3 (-Technologies and Costs for the Removal of Microbial
Contaminants From Potable Water Supplies, - USEPA, 1988b) lists the total,
costs as 277.4 cents/1000 gal. Estimated costs for real estate,'piping, '
and raw water pumping as a function of site specific conditions are
available in Table E-l, E-2, and E·3 of this same document.
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grazing. The ~ystem currently, provides filtration using diatomaceous
earth filtration and disinfection with chloramines.

A~view of the source and finished water quality was conducted to
evaluate the plant·s performance. The source water quality was determined
to be: .'

Total coli forms
Turbidity

, Color

30 • 40/100 ml
2 • 3 NTU
1 • 2 CU

Diatomaceous earth is therefore an acceptable filtration method.)
However, review of the finished water showed that a res.id~al in the
distribution system is only .aintained "SO percent of the ti.... In
'addition to this, coliforms were detected in 10 percent of the samples
taken over the twelve month period. Inspection of the chlorination
equipment showed the equipment is deteriorated. Review of the monthly
reports showed that the col i forms appeared in the distribution system
shortly after the chlorinators malfunctioned. This observation led to the
conclusion that new disinfection facilities were needed.

The source water quality and available contact time'after disinfec
tion were then used to determine th.e most appropriate disinfectant for the
system. As described in Section 5.5, ozone. chlorine or chlorine dioxide
can be used as primary disinfectants given these conditions. Aprelimi.
nary review of costs for applyin.g the various disinfectants ..showed
chlorine to be the most economical at a cost of S2.8/household/year4

(USEPA. 1988b). This cost does. not include backup equipment: however,~,
even with providing duplicate equipment doubling this cost to $5.6/house-
hold/ year. the improvement incurs minimal cost and the Primacy Agency
should not grant the system an exemption based on economic hardship.

)

4

As determined from Table 4-2 of Section 4.

Table VI·12 (USEPA, 1988b) lists a total cost of 2.8 cents/IOOO gal for
a plant capacity of 5.85 mgd. '.

~2.8 centsJLSllhousehOld-year) • S2.8/household-year
1,000 gal (cents/IOOO gal)
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9.4 Eyaluation of alternate Water Sypply Soyrces
Systems which would incur very high costs for installing a required

treatllllnt to comply with the SWTR, should evaluate the possibility of
using an alternate source. These alternate sources include:

• The use of ground water
Connection to a nearby water purveyor
Use of an alternate surface water supply

When considering the use of ground water, the purveyor must
determine the capacity of the underlying aquifer for supplying"the demand.
The water quality characteristics of the aquifer must be evaluated ·to
determine what treatment may be needed to lDIet existing standards. The
cost of the well construction and treatment facilities must then be
determined and converted into a yearly cost 'per household.

The connection to a nearby purveyor involves contacting the purveyor
to determine their capacity and willingness to supply the water. Onc~ it
has been determined that the alternate source lDIets all applicable

. .
drinking water standards, the cost of the transmission lines, distribution
system, and other facilities (e.g. disinfection, repumping, etc.) must
then be determined and amortized into a yearly cost per household.

If the cost for using an alternate source is found by the Primacy
Agency to present an economic hardship, and the purveyor can demonstrate
that there will be no unreasonable risk to health, the Primacy Agency may
grant an exemption to the SWTR for the purveyor and develop a schedule of
compliance.

9.5 Protection Of pyblic Healtb
. Systems which apply for an exemption from the SWTR must demonstrate

. to the Prl..cy Agency that the health of the community will not be put at
risk by the granting of such an exemption. A system should be able to

. .
provide adequate protection for the public health by meeting the minimum
suggested EPA requirements in Section 9.2. However, a Primacy Agency may
specify additional measures or criteria a system must lIIIet to protect
public health, depending on the particular circumstances. Systems with

currently unfiltered surface water supplies which fail to meet the source

9 - 7
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water quality criteria will be required to install filtration as part of
their treatment process. However, it Illy take 3 to 5 years or IIOre before
the filtration system can be designed, constructed and begin operation,
thereby justifying the granting of an exemption. During this period,
possible interim ..asures which the system could take to further.· satisfy
the Primacy Agency's concern fnclude one or more of the following:

a. Use of higher disinfectant dosages without exceeding the TTHM
MeL (even for systems not currently subject to this MeL) .

b. Installation of a replacement or additional disinfection
system which provides greater disinfection efficiency and
which can be ~ntegrated into the new filtration plant

c. Increasing the monitoring and reporting to the Primacy Agency

d. Increasing protection of the watershed

r~'• J

e.

f.

g.

h.

Increasing the frequency of sanitary surveys

Temporarily purchasing water from a nearby water system

For small systems, temporary installation of a .obile
filtration (package) plant

Increasing contact time by rerouting water through reservoirs

ii

In some cases systems may be able to increase their disinfection
dosages during the interim period to provide additional protection against
pathogenic' organisms. This alternative should be coupled with a
requirement for increased IIOnitoring for coliforms, HPC and disinfectant
residual within the distribution system. However, disinfectant dosage'
should not be increased if this would result in a violation of the TTHM
MeL, even for systems not currently subject to this MeL.

5yst..s which are planning to install filtration .ay be able t.o
utilize I lOre efficient disinfectant that can later be integrated into
the filter plant. Currently ozone and chlorine di~xide are considered to
be the most efficient disinfectants.

For all systems which do not meet the source water quality criteria
ADJlmust install filtration,EPA recOIIIIIInds that during the interim period
the, Primacy Agency increase its surveillance of the system and require

9 - 8
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increased monitoring and reporting requirements to assure adequate
protection of the public health.

Any required increases in watershed control and/or on-site
inspections will not alleviate the need for lOre stringent d~sinfection

requirements and increased monitoring of the effectiveness of the system
employed. Their purpose would be to identify and control all sources of
contamination so that the existing system will provide water of the best
possible quality.

For same systems, it .ay be possible to purchase water froa a nearby
system on a temporary basis. This .ay involve no more thin the use of
existing interconnections or it .ay require the installation of temporary
connections.

Trailer lDOunted filtration units (package plants) are sometimes
available from state agencies for emergencies or .ay be rented or leased
from equipment manufacturers. ,

Systems lIay Ilso be required to supply bottled water or h'~tall

point-of-entry (POE) treatment devices. For the reasons listed below,
these alternatives should only be utilized if the'previously mentioned
Ilternatives are not feasible:

• In .any states bottled water is subject only to the water
quality requirements of the FDA as a beverage Indnot to the
requirements of the Safe Drinking Water Act. '

Point-of-entry treatment devices are not currently covered by
performance or certification requirements which would assure
their effectiveness or performance. .

If the installation of POE devices is required, the selection of the
appropriate treatment device should be blsed upon I laborato~ or field
scale eVllult.ion of the devices. A guide for testing the effectiveness
of POE units in the aicrobiological purification of contaminated water ;s
provided in Appendix N.

Several issues arise with the use of POE devices. These include
establishing who or what Ige~cy (1) has the responsibility for ensuring
compliance with standards; .(2) retains ownership of the treatment units;
(3) performs monitoring, analyses and ••intenance; Ind (4) Inanages 'the

9 - 9



treatment program and maintains insura~ce coverage for damage and Jiabil
1ty. It should also be considered that there is no significant increase
in risk over centrally treated water.

These issues should be borne in lIind when POE as a treatment
alternative is being considered.

Systems with currently unfiltered surface water supplies which meet
the source water quality criteria, but do not meet one or more of the
other requirements for watershed control, sanitary survey, compliance with
annual coliform MeL or disinfection by-product regulation(s), will be
required to install filtration unless the deficiencies can -be corrected
within 48 months of promulgation of the SWTR. Interi. protection ..asures
include those prev{ously listed.

Systems with currently unfiltered surface water supplies which meet
the source water quality criteria and the site specific criteria but whi~h

do not leet the disinfection requirements, will be required to install
filtration unless the disinfection requirements (adequate CT ,nd/or
disinfection system redundancy) can be lIet. During the interim period,
available options include:

a. Temporary ,installation of a mobile treatment plant

b. Temporary purchase of water from a nearby purveyor '

c. Increased monitoring of the system .

d. Installation of temporary storage facilities to increase the
disinfectant contact time '

Currently fi ltered suppl ies which fai 1 to meet t~e tu.rbidity or
disinfection perfonaance criteria presented 1n Section 5 will be required
to evaluate and upgrade their treatment facilities 1n order to attain
compliance. ~uring the interim period available options for improving the
finished water quality include:

a. Use of a filter aid to improve filter effluent turbidities

':I

b.

c.

Increased disinfectant dosages

The addition of an alternate disinfectant is an option after
the disinfection by-products rule is promulgated

9 • 10
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d. Reduction in filter loading ra~es with subsequent reduction
in plant capacity .

e.. 'Installation of temporary storage faci lities to increase
disi~fectant contact time

9.6 ~otificati9n to EpA

The SDWA requires that each Primacy Agency which grants an exemption
notify EPA of the granting of this exemption. The notification IlUst
contain the reasons for the exemption, including the basis for-the finding
that the exemption will not result in an unreasonable risk to public
health and document the need for the exemption.

9 - 11
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APPENDIX A

EPA CONSENSUS METHOD
FOR GIARpIA CYST ANALYSIS
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To bea";"l: the W01-~gJtCtL~ on .tu-Ung, Jat} V.:uconc.eec,~ gave .:t ~Ud2. p.'t~~\:;:t~t£~,:

abou.t th2. tutirig method lUJed .in the Reg.iort 70 Lab",'l.lt.t;';'~;I. The ~cti.;';';i.;~~
paa~ (u~d ApptncU.x C ~wm:a..u:e h,W .talk.- :

~ethods of Testini for Ciardi! in Water (George (Jar:' ~3ccn;elos, Rc;ic~~l

~licrobiologis:. Region 10 Labcr.1tcr:;,
~anchester, "ashington)

Background:

Although recent development of an excystation technique by Drs. Bingham,
~eyer, Rice and Schaefer could in future lead to developing cultural methocs,
at this time no l'eliable methods exist for cuI turing Giardia' cysts from \,'.1ter
samples. At present, the only,practical method for determining the presence
of cysts in ~ater is by direct microscopic examination of sa~le concentrates.

~ticroscopic detection in water-sample concentrates isn't an ideal process.
Finding and identifying the c:ys ts re lies almos t enti relyon the training,
skill, experience and persistence of the ex~ner. (And it is a skill not
widespread ~ong water-supply laboratories.) But despite its limitations,
mdcroscopic identification is currently the best method "e have.

Years ago, the basic asst..m;)tion was made that in order to flnd Giardia cystS
,in water, some form of sarnple concentration was necessary. .J.s early a:s !.95o, "
'labs were using membrane filters ~ith a porosit)' of O..J5}Jff]. \~ith fe\'i ex=e~tions,

these attempts "ere unsuccessful. The center for Disease Control has trieJ
particulate filtration, with diatomaceous earth as the medium. This re:r.c\"ec
the cySts irom the water, but the cysts couldn't be separated fror.l the
panicles of diatomaceous earth. .

With the recent increase in the incidence of waterborne giardiasis, iur~~eT

efforts: ha\'e been made to improve the detection method. An ideal methoJ \\'ci.ll.:i
be one that reco\'ers all cysts in a water sazrple rapidly, cheaply and si~1)';
allows rapid detection, identification and quantification; and provides .
information on the viability of and/or infectivity potential of cysts Jet~~te~.

Unfortunately, no such method exists. The methods presently available
can be broadly separated into two general stages: primary concentration and
processing (see Table 1 on next page), and detection and identification
(s~e Table Z on next page).
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~1ethods of Testing for Giardi! in ''later (Continued... )

Copies of Table 1 and Table ~ are also shown in Appendix C, along with
further detail about the methods. .

EP.o\ Consensus ~Ie~hod:

In September, 1980, the EPA convened a workshop on Giardia methodo109)' in
Cincinnati. Its main purpose was to identify the best available methodoloi'i.
and to agree on a reference O!thod. n\e five labs in attendance recognized
that any proposed method would be based in large part on opinions and persona:
preferences rather than on hard data, but that agreeing on a consensus l':'!et,j~o':
would promote unifonni ty and provide a basis for future comparisons. Cur
lab has modified the EPA consensus method slightlY for our ~e. This r.'.e:.~c':

is outlined below.

Filter unwound into quarters

!
Rinsed in distilled water with polvsorbate 20

~ .
Settled overnight, or centrifuged

~
Collect sediment and acc 2\ Fomaldehyde -in PBSt .

Settled overnight, or centrifused

J,
Collect sediment

~
..!/

"71 g.
~

Sucrose or
Percoll-sucrose
gradient

+
.( I g.

L.:r-------- :ns04 Flotation

:'licroscopic obsen'ation of the entire
concentrate (Brigr.tiield/Phase-contrast)

1..
-'.
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APPENDIX B
INSTITUTIONAL CONTROL Of lEGIONELLA

Legionell. is agenus name for bacteria commonly found in 1ake and
river waters. Some species of this genus have been identified as the
cause of the disease legionellosfs. In particular, legionellt pneumopbi]A
has been identified as the cause of Legionnaires disease, the pneumonia
form of 1eg10n.1105is and with Pontiac Fever, a nonpneumonia disease.
Outbreaks of 1egione110si5 are primarily associated with inhalation of
water aerosols or, less commonly, with drinking w~ter containing
legion.lla bacteria with specific virulence factors not yet identified.
foodborne outbreaks hav, not been reported (USEPA, i985).

As discussed in this document, treatment requirements for disinfec
tion of a municipal water supply are thought to provide at least a 3 log
reduction of legionelJ a bacteria (see Section 3.2.2). However, some
recontamination may occur in the distribution system due to cross
connections and during installation and repair of water mains. It has
been hypothesized that the low concentrations of LegionelJa entering
bui·ldings due to these sources may colonize and regrow in hot water
systems (USEPA, 1985). Although all of the criteria required for
colonization are not known, large institutions, such as hospitals, hotels,.
and public buildings with recirculating hot water systems seem to be the
most susceptible. The control of legion.]]a in health care institutions,
such as hospitals, is particularly important due to the increased
susceptibility of many of the patients. 'The colonization and growth of
Legign,U a in drinking water prfaaari ly occurs within the consumer's
plUmbing systems after the water leaves the distribution system ..
Therefore, the control of these organisms must ~e the consumer's
responsibility. This appendix is intended to provide guidance to these
institutions for the detection and control of the leg1Qoelli bacteria.

B.1 MONITORING

.
It is suggested that hospitals, and other institutions with

potential for the growth of Leg;oneJJo, conduct routine monitorin,g of
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their hot water systems at least quarterly.l The analytical procedures
for the 'detection of these organisms can be found in Section 912.1
-legionellac,a,· of the 16th edition of Standard'Methods. Samples should
be taken at, or closely following, the hot water storage reser~oir and
from a number of shower heads. It is recommended that showers with the
least frequent usage be included in the sampling program. Follow-up
tlsting is suggested for all positivI indications prior to thl initiation ~

of any remedial measures. If the the presence of legion,"a is' confirmed,
then remedial measures should be taken. .Although the regrowth 'of
legionella is commonly associated with hot water systems, hot and cold
water interconnections may provide a pathway for cross contamination. For
this reason, systems detecting Legionella in hot wat~r systems sh~uld also
monitor their cold water systems.

B.2 TREATMENT

Because the primary route of exposure to Legionel)a is probably
inhalation, rather than ingestion, it is recommended that disinfection
procedures include an initial shock treatment period'to disinfect shower
heads and hot water taps where the bacteria may colonize and later become
airborne. The shock treatment period should also incl~de disinfection of
hot water tanks. After this tille, a point-of entry treatment system can
be installed to provide continual disinfection of the hot water system.

B.2.1 Initial Disinfection
The most applicable method for the initial disinfection of shower

heads and water taps is heat eradication. The fittings can be removed and
held at temperatures greater than 60 C for at least 24 hours. Disinfec
tion of fittings can also be achieved by soaking or rinsing with a strong
chlorine solution. When soaking the fittings, a minimum chlorine st~ength

of 50 mg/L should be used for" a period of no less than 3 hours. Rinsing

. 1

Monitoring frequency based on the reported rate of LegiQnella regro~h observed
during disinfection studies (USEPA, 1985).
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with chlo~ine should be performed with .ere concentrated solutions. Care
must be taken not to corrode the finished surface on the fittings •.
Commercially available bleaches, for example, are typically 5.25 percent
chlorine by weight. .'

8.2.2 Long-Term 0151n1ecti2O
HIJ1 - Numerous studies have shown that increasing th! hot water

temperature to 50 • 70 Cover a period of several hours may help to reduce
and inhibit legione'la populations. However,some instances of regrowth
after 3 to 6 months have been reported. In these cases, the authors have
concluded that a periodic schedule of short-term temperature elevation 'n
the hot water. may be an effective control against legionellosis (USEPA,
1985: Muraca, 1986). Disinfection by this method also requires periodic
flushing of faucets and shower heads with hot water. Although heat
eradication is easily implemented and relatively inexpensive, a disadvan
tage 1s the potential need for periodic disinfection. The potential for
scalding from the unusually hot water also exists (USEPA, 1~85: Muraca, et
al. 1986) ..

~blor1nation - Several studies have suggested that a free chlorine
residual of 4 mg/L will eradicate Legione'la growth. There is, however,
a possibility for recontamination in areas of the system where the
chlorine residual drop~ below this level. Astringent monitoring program
is therefore required to ensure that the proper residual is maintained
throughout the system and under varying flpw conditions. It may also be
necessary to apply I large initial chlorine dose to maintain the 4 mg/L
residual. This .ay cluse problems of pipe corrosion Ind, depending ~~

water quality, high levels of trihalomethanes (THMs) •
.~ ~ Ozone is the most powerful oXidan~ used in the potable

water industry. One study indicated that an ozone dosage of 1 to 2 mg/L
was sufficient to provide I 5 log reduction of legionella (Muracl, ~t a'.
1986). Ozone is generated by passing I high voltage current ~f electrici
ty through a stream of dry air or oxygen. The use of high voHage
electricity requires proper handling to avoid creating hazardous
conditions. T~e ozone is applied by bubbling the ozone containing gas
through the water in a chamber called a contactor~
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One of the disadvantages of this system is its coaaplexity. It
requires i dry air or oxygen source, a generator, and a contactor sized to
provide 2 to 5 minutes of contact time and an ambient ozone monitor. All

" .
lIaterials in contact with the ozone must be constructed of speciil ozone
resistant materials to prevent leakage. Leak detection is also required
because of the toxic nature of ozone and possible explosive conditions if'
pure oxygen is used for generation.

Another disadvantage of ozonation is the rapid decOlllpo~ition of
ozone residuals. The half-life of ozone in drinking water is typically
around 10 ainutes.· This makes it difficult, if not impossible, to
maintain a residual throughout the water system and may require the use of
a supplementary disinfectant such as chlorine or heat. For these reasons
it is not thought that ozonation is viable for institutional applications.

Ultraviolet Irradiation - Ultraviolet (UV) light, in the 254
nanometer wavelength range can be used as a disinfectant. UV systems
typically contain low-pressure mercury vapor lamps to maximize output in
the 254 nm range. Water entering the unit passes th'rough a clear cylinder
while the lamp is on, exposing bacteria to the UV light. Because UV light
can not pass through ordinary window glass, special glass or quartz
sleeves are used to assure adequate ~xposure.

The intensity of UV irradiation 15 lDeasured in lIi,crowatt-seconds per
square centimeter (uW-s/cm2). SeveraJ studies have shown a 90 percent
reduction of LegiQnella with.a UV dosage of 1000 - 3000 uW-s/cm2, compared
tQ 2000 tQ 5000 uW-s/cm2 for E. CQll, Salmone]] I and ps'eudornonas (USEPA,
1985). In anQther study, a 5 lQg reductiQn of Legionel1a was achieved at
30~000 uW-s/cm2; and the reduction was more rapid than with both ozone and
chlorine disinfection (Muraca, et al. 1986).

The .ajor advantage of UV disinfection is that it does not require
the addition of chemicals. This eliminates the storage and feed problems
associated with the use ~f chlorine, chlorine'dioxide and chloramin~s. In
addition, the Qnly maintenance required is periodic cleaning of the quartz'
sleeve and replacement Qf bulbs. UV monitors are available which measure
the light inten~ity reaching the water and provides a signal to the user
when maintenance is required. These monit~rs are strongly suggested for
any applicatiQn of UV irradiation for disinfection. It should be noted,
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however, that these monitors .asure light intensity which may not be
directly related to disinfection efficiency. The UV lamps should
therefore not be operated past the .anufacturers use rating eye~ with a
continuous UV monitor installed.

Another disadvantage of UV disinfection, as with ozonation, is that
a residual is not provided. Asupplementary disinfectant ..y therefore be
required to provide protection throughout the system. . In addition',
turbidity lDay interfere with UV disinfection by blocking the' passage of
light to the lIIi croorgan isms.

B.3 OTHER CONTROL METHODS

In addition to chemical and heat disinfection, there are system
modifications which can be made to inhibit Legionella growth. Many
institutions have large hot water tanks heated by coils located lDidway in
the tank. This type of design may result in areas near the bottom of the
tank which are not hot enough to kill Legionella" Designing tanks for'
more even distribution of heat may help limit bacterial colonization. In
addition, sediment build-up in the bottom of storage tanks provides a
surface ,for colonization. Periodic 'draining and cleaning lDay therefore
help control growth. Additionally, other studies have' found that hot
water systems with stand-by hot water tanks used for meeting peak demand~,

still tested positive for Legionelll despite using elevated temperature
(55' C) and chlorination (2 ppm) (Fisher-Hoch, et al. 1984.) Stringent
procedures for the cleaning, disinfection and IOnitoring of these stagnant
tanks should be set up and followed on a regular bas~s •.

In another study, it was reported that black rubber washers and
gaskets supported Legionelll growth by providing habitats protected from
heat Ind chlorine. It was found, after replacement of the black rubber
washers with Proteus 80' compound washers, that it was not possible tn
detect Legionella from any of the fixtures (Colbourne. et al. 1984) •.
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8.4 CONCLUSIONS

l'gion,]]. bacteria have been identified as the cause of the disease
legionellosis, of which the most serious fOnl is Legionnaires Oisease.
Although conventional water treatment practices are sufficient to provide
disinfection of Legion,]la, regrowth in buildings with large hot water,
heaters, and especially with recirculating hot water systems, is a
significant problem. This problem is of particular concern t~ -health care
institutions, such as hospitals, where patients .ay be more susceptible to
the disease.

This guideline suggests a program of quarterly monitoring for
legiooella. If the monitoring program suggests a potential problem with
these organisms, a two stage disinfection program is suggested consisting
of ~n initial period of shock treatment followed by long term di.sinfec
tion.

Four methods of disinfection for the control of le~ion'JJa were
presented in this appendix; heat, chlorination, ozonation, and ultraviolet
irradiation. All four of the methods have proven effective in kill jng
legionel1a. Ultraviolet irradiation and heat eradication are the
suggested methods of disinfection due, primarily, to advantages in
monitoring and maintenance. However, site specific factors' may make
chlorination or ozonation more feasible for certain· ~pplications. In
addition, it is recommended that all outlets, fixtures and shower heads be
inspected and all black rubber washers and gaskets replaced with materials
which do not support the growth of L'gion,l1a organisms •..

One problem associated with the application of point-of-entry
treatment systems is the lack of an approved program for certifying.
perfonaance claims. However, .the National Sanitation Foundation (NSF) I

Ann Arbor, HI an unofficial, non-profit o~anizati~n, does have a testing
program to verify disinfection efficiencies and ~aterials of construction.
Certification by the NSF, or other equivalent organizations, is desirable
when selecting a treatment system.
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APPENDIX C
DETERMINATION Of DISINfECTANT CONTACT TIME

As indicated in Section 3, for pipelines, Jll fluid passing through
the pipe is assumed to have a detention tilDe equal to the theoretlcal or
..an residence time at a particular flow rate. However, in mixing basins,
storage reservoirs, and other treatment plant process units, utilities
will be required to determine the contact time for the calculation of CT
through tracer studies or other .ethods approved by the Pri..~ Agency.

for the purpose of detenlining compliance with the disinfection
requirements of the 5WTR,the contact time of .ixing basins and storage
reservoirs used in calculating CT should be the detention ti... at which 90
percent of the water passing through the unit is retained within the
basin. This detention time was designated as TIO according to the
convention adopted by Thirumurthi (1969). Aprofile of the flow through
the basin over time can be generated by tracer studies. Information
provided by these studies is used for estimating the detention time, TlO '

for the purpose of calculating CT. .
This appendix is divided into two sections~ The first· section

presents a brief synopsis of tracer study methods, procedures~ and data
evaluation. In addition, examples are presented for conducting hypo
thetical tracer studies to determine the TIO contact .time in a clearwell.
The second section presents a method of determining TIO fr~ theoretical
detention tilDls fn systems where it is fmpractf.cal to conduct tracer
studies.

C.l Tracer Stydies
C.I.I FlOW conditions.
Although detention time is proportional to flow, it is not generally

a linear function. Therefore, tracer studies are needed to estab1; sh
.detention tilDls for the range of flow rates experienced within each
disinfectant section.

As discussed in Section 3.2, a single flow rate may not characterize
the flow through the entire system. With a series of reservoirs,
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clearwells, and storage tanks flow will vary between each portion of the n
syst••

In filter plants, the plant flow is relathely uniform from the
intake through the filters. An increase or reduction in the intake
pumping capacity will impart I proportional change in flow through each
process unit prior to and including the filters. Therefore, at a constant
intlke pumping rate flow variations between disinfectant sections within
I treatlent plant, excluding clearwells, are likely to be small. and the'
the design capacity of the plant, or plant flow, can be considered the
noeinal flow rate through each individual process unit within the plant.
Cleante11 s may operate at a di fferent flow rate than the rest of the
plant, depending on the pumping capacity.

Ideally, tracer tests should be performed for at least four flow
rates that span the entire range of flow for the section being tested.
The flow rates should be separated by approximately equal intervals to
span the range of operation, with one near average flow, two greater than
average, Ind one less than average flow. The flows should also' be .
selected so that the highest test flow rate is at leaste 91 percent of the
highest flow rate expected to ever occur in that section. Four data
poi~ts will assure a good definition of the section's hydraulic profile.

The results of the tracer tests performed .for different flow rates
shou1d be used to generate plots of T10 'IS. Q fo~ each section in the.
system. AslDOoth line is drawn through the points on each graph to create
a curve from which TIO may be read for the corresponding'Q at peak hourly
flow conditions. This procedure is presented in Section C.l.8.

It .ay not be practical for all systems to conduct ~tudies at four
flow rates. The nu~er of tracer tests that are practical to conduct is
depe~dent on site-specific restrictions and resources available to the,
system. 5yst.s with 1fllited resources can conduct a minimum of one
tracer test for each disinfectant section at a flow rate of not tess than
91 percent of the highest flow rate experienced at that section. If only
one tracer test is performed. the detention time determined by the test
may be used to provide a conservative estimate in CT calculations for that
section for all flow rates ·less than or equal to the tracer test flow
rate. TIO is jnyersely proportional to flow rate, therefore, the TIO at a
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flow rate other than that which the tracer study was conducted (T10S) can
be deUnlined by 1DU1tiplyfng the T10 fl"Oll the tracer study (T10T ) by the
ratio of the tracer study flow rate to the des1r~d flow rate, 1.e.,

T10S • T10T XQtlQD where
"

TIOS • TIO at system flow rate
TIOT • T10 at tracer flow rate
QT • tracer study flow rate
QD • system flow rate

The IICst accurate tracer test results are obtained when flow is
constant through the section during the course of 'the test. Therefore,
the tracer study 'should be conducted at a constant' flow whenever
practical. For a treatment plant consisting of two or IIOre equivalent
pro~ess trains, a constant flow tracer test can be performed on a section
of the plant by hol~ing the flow through one of the trains constant while
operating the parallel train(s) to absorb any flow variations. Flow
variations during tracer tests in systems without parallel trains or with
single clearwells and storage reservoirs are lOre difficult t~ avoid. In
these fnstances, T10 should be recorded at the average flow rate over the
course of the test.

C.l.2 Other Tracer Stydy Considerations
In addition to flow conditions, detention tilesdetenlined by tracer

studies are dependent on the water level in the contact basin. This is
particularly pertinent to storage tanks, reservoirs, and clearwells which,
in addition to being contact basins for disinfection are also often used
as equalization storage for distribution syst.. demands. In such
instances, the water levels in the reservoirs vary to .et the syste~

demands. The actual detention ti. of these contact basins wi 11 also vary
depending on 'whether they are emptying or filling.

For some process units, especially sedi..ntation basins which are
operated at a near constant level, that is, 'flow in equals flow out, the
detention time determined by tracer tests is valid for calculating CT when
the basin is operating at water levels greater than or equal to the level
at which the test was performed. If the water level during testing is
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hi gher than the nOl"lla1 operating level, the resu1t ing concent"rat ion
profile will predict an erroneously high detention tille. Conversely,
extremely' low wa~er llvels during testing may lead to an overly conserva
tive detention time. Therefore, when conducting a tracer study to'
determine the detention time, a water level at or slightly below,'but not
above, the normal minimum operating level is recommended.

For .any plants, the water level in a clearwell or storage tank
varies between high and low levels 1n response to distribution system
demands. In such instances, in order to obtain a conservative. estimate of
the contact time, the tracer study should be conducted during a periQd
when the tank level is fall ing (flow out greater than flow in). This
procedure will provide a detention time for the contact basin which is
also valid when the water level is rising (flow out less than flow in)
from a level which is at or above the level when the T,o was determined by
the tracer study. Whether the water level is constant or variable, the
tracer study for each section should be repeated for several different
flows, as described in the previous section.

For clearwells which are operated with extreme vari~tions in water'
level, maintaining a CT to comply with inactivation requirements may be
impractical. Under such operating conditions, a reHable detention time
is not provided for disinfection. However, the system may install a weir
to ensure a minimum water level and provide a reliable detention time.

Systems coepri sed of storage reservoi rs that experi.ence seasona1
variations in water levels may perform tracer studies during the various
seasonal conditions. For these systems, tracer tests should be conducted
at several flow rates and representative witer levels that occur for each
seasonal condition. The results of these tests can be used to de~elop

hydraulic profiles of the reservoir for each water level. These profiles'
can be plotted on the same axis of T,o vs. Qand aay be used for calculat
ing CT for different water levels and flow rates.

Detention tilll aay also be influenced by differences in water
temperature within the system. For plants with potential for thermal
stratification, additional tracer studies are suggested under the va~ious

seasonal conditions which are likely to occur. The contact times
determined by the tracer .stud~es under the various seasonal conditions
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should remain valid as long as no physical changes are aade to the'mixing
basin(s) or storage reservoir(s).

As. defined in Section 3.2.2, the portion of the systtll with a
measurable contact time between two points of ~is1nfection or residual'
IIOnitoring is referred to as a section. For systems which ap'ply
disinfectant(s) at more than one point, or choose to profile the residual
frOll one point of application, tracer studies should be conducted to
determine T10 for each section containing process unites). The T10 for a
section -.y or may not include a length of pipe and is used along with the
residual disinfectant concentration prior to the next disinfectant appl i·
cation or .anitoring point to determine the CTcI'c for that section. The
inactivation ratio for the section is then determined. The total
inactivation and log inactivation achieved in the system can then be
determined by summing the inactivation ratios for all sections as
explained in Section 3.2.2.

For systems that have two or IDOre units of identical size and
configuration, tracer studies only need to be conducted on one of the'
units. The resulting graph of T10 vs. flow can be used to determine T10

for all identical units.
Systems with IIOre than one section in the treatment plant may

determine T10 for each section
by individual tracer studies through each section, or
by one tracer study across the system

If possible, tracer studies should be conducted on each section to
determine the T10 for each section. In ord_r to mini.ize the time needed
to conduct studies on each section, the tracer studies should be started
at the last section of the treatment train prior to the first customer'and·
completed with the first section of the system. Conducting the tracer
studies 1n this order will prevent the interference of residual tracer
material with'subsequent studies.

However, it .ay not always be practical for systems to conduct.
tracer studies for each section because of time and manpower constraints.
In these cases, one tracer study may be used to determine the T10 va1ues
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for all of the sections at one flow rate. This procedure involves the ~
following steps:

1. Add tracer at the beginning of the furthest upstream disinfec
tion section.

2. ,Measure the tracer concentration at the end of each dtlinfec
tion section.

3. Determine the TID to each monitoring point as outlined in the
data evaluation examples presented in Section C.l.7.

4. Subtract TID values of each of the upstream sections from the
overall TID value to detenaine the TID of each ·d.ownstream
section.

This approach is valid for a series of two or IIOre consecutive
sections as long as all process units within the sections experience the
same flow condition. This approach is illustrated by Hudson (1975) in
which step-dose tracer tests were employed to evaluate the baffling
characteristics of flocculators and settling basins at six water treatment
plants. At one plant, tracer chemical was added to the rapid mix, whicn
represented the beginning of the furthest upstream disinfection section in
the system. Samples were collected from the flocculator and settling
basin outlets and analyzed to determine the residence-time characteristics
for each section. Tracer measurements at the flocculator outlet indicated
an approximate TID of 5 minutes through the rapid mix, interbasin piping
and flocculator. Based on tracer concentration monitoring at the settling
basin outlet, an approximat~ TID of 70 minutes was determined for the
combined sections, including the, rapid aix, interbasin piping, floccu
lator, and settling basin. The f10ccu1ator 'T10 of 5 minutes was subtracted
from the combined sections I TID of 70 lIinutes, to determine the TID for the
settling basin alone, 65 minutes.

This approach may also be applied in cases where disinfectant
application and/or residual monitoring is discontinued at any point
between two or more sections with known TID values. These TID values may
be sul1llltd to obtain an equivalent TlO for the cOlllbined sections.

For ozone contactors, flocculators or any basin containing mixi~g,

tracer studie~ should be conducted for the range of mixing used in the
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process. In ozone contactors, air or oxygen should be added in lieu of
ozone to prevent degradation of the tracer. The flow rate of air or
oxygen used for ,the contlctor should be applied during the study to
simulate actual operation. Trlcer studies should then be conducted at
several air/oxygen to water ratios to provide dlta for the complet_ range
of ratios used at the plant. For flocculators, tracer studies should be
conducted for various .ix~ng intensities to provide data for the complete
range of operations~

C.l.3 Tracer Study Methods
This section discusses the two IIOst cOlllllOn .thads of tracer

addition employed in water treatment evaluations, the step-dose method and
the slug-dose method. Tracer study methods involve the application of
chemical dosages to a system and tricking the resulting effluent
concentration as a function of time. The effluent concentration profile
is evaluated to determine the detention ~i"f T10 •

While both tracer test methods can use the same tracer materials and
involve measuring the concentration of tracer with time, each has distinct
advantages and disadvantages with respect to tracer addition procedures
and analysis of results.

The step-dose method entails introduction of a tracer chemical at a
constant dosage until the concentration at the desired end point reaches
a steady-state level. Step-dose tracer studies are frequently employed in
drinking water applications for the following reasons:

the resulting normalized concentration vs. tiM profile is
directly used to determine, T10 , the detention time required
for calculating CT .

• very often, the necessary fee,d equipment is available to.
provide a constant rate of appllcation of the tracer chemical

One other advantage of the step-dose ..thod is that the data may be
verified by comparing t~e concentration versus elapsed time profl~e for
samples collected at the start of dosing with the profile obtained when'
the tracer feed is discontinued.
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Alternatively, with the slug-dose method, a large instantaneous dose
of tracer is added to the incoming water and samples are tlken at the exit
of the unit over time as the tracer passes through the unit. Adisadvan
tage of this technique is that very concentrated solutions are needed for
the dose in order to adequately define the concentration versus time
profile. Intensive mixing is therefore required to minillize potential
density-current effects and to obtain a unifona distribution of the
instantaneous tracer dose across the basin. This is inherently difficult ~

under water flow conditions often existing at inlets to basi~s. Other
disadvantages of using the slug-dose ..thad include:

the concentration and volume of the instantaneous tracer dose
IlUst be carefully cOlllPuted to provide an adequate tracer
profile at the effluent of the basin

the resulting concentration vs. time profile cannot be used to
directly determine T10 without further lIanipulation

a lRass balance on the treatment section is required to
detenmine whether the tracer was c~pletely recovered :'

One advantage of this method is that it lIay be applied where
chemical feed equipment is not available at the desired point of addition,
or where the equipment available does not have the capacity to provide the
necessary concentration of the chosen tracer chemical. Although, in
general, the step-dose procedure offers the greatest simplicity, both
methods are:theoretically equivalent for determining Tl~. Either method
is acceptable for conducting drinking water tracer studies, and the choice
of the lIethod ..y be detenained by site-specific constraints or the
system's experience.

C.l.4 Tracer Selection
, An fllPortant step in any tracer study is the selection of a chemical.

to be used as'the tracer. Ideally, the selected tracer chemical should be
readily available, conservative (that is, not consumed or removed during
treatment), easily monitored, and acceptable for ~se' in potable water sup
plies. Historically, lIany chemicals have been used in tracer studies that
do not satisfy all of these criteria, ,including potassium permanganate,
alum, chlorine, and sodium carbonate. However, chloride and fluoride are

c-a



the .cst common tracer chemicals employed in drinking water plants that
Ire nontoxic and approved ,for potable water use. Rhoduine WT can be used
as a flu.rescent tracer in water flow studies in accordance with the
following gUidelines:

Raw water concentrations should be limited to a, .axillum
concentration of 10 mg/L.

• Drinking water concentations should not exceed 0.1' ug/L.

• Studies which results in human exposure to the dye must be
brief and infrequent. '.

Concentrations as low as 2 uglL can be used in tracer studies
because,of the low detection level in the range of 0.1 to 0.2
ug/L.

The use of Rhodamine B as a tracer in water flow studies is not recom
mended by the EPA.

The choice of a tracer chemical can be .ade based, in part,.on the
selected dosing method and also on the availability of chemical feeding
equipment. For example, the high density of concentrated SlJt solutions
and thei r potent fa1 for indue ing dens ity currents, usually prec1udes
chloride and fluoride as the selected chemical for slug-dose tracer tests.

Fluoride can be a convenient tracer chem~cal for step~dose tracer
tests of clearwells because it is frequently applied for finished water
treatment. However, when fluoride is used in tracer tests on clarifiers,
allowances 'shou1d be aade for fl uor,i de that is absorbed on floc and
settles out of water (Hudson, 1975). Additional considerations when using
fluoride in tracer studies include:

•it is difficult to detect at low levels

• .any states illpose a finished water lillitation of 1 mg/L'

the federal secondary and pri.ary drinking water
standards (MeLS) for fluoride are 2 and 4 mglL, respec-
tively "

The use of fluoride is only recommended in cases where the feed equipment
15 already in place for safety reasons.
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In instances where only one of two or more parallel units is tested,
flow frol the other units would dilute the tracer concentration prior to
leaving the plant and entering the distribution system. Therefore, the
impact of drinking water standards on the use of fluoride and other tracer
chemicals can be alleviated in some cases.

C.I.S Tracer Addition
The tracer chemical should be added at the SIDe point(s) in the

treat~nt train as the disinfectant to be used in the CT calculations.
C.l.S.l Step-dose Method

The duration of tracer addftion is dependent on the volume of, the
basin, and hence, its theoretical detention time. In order to approach a
steady-state concentration in the water exiting the basin, tracer additio~

and sampling should usually be continued for a period of two to three
times the theoretical de~ention time (Hudson, 1981). It is not nece~sary

to reach a steady state concentration in the exiting water to determine
T10 , however, it is necessary to determine tracer recovery. It is
recommended that the t~acer recovery be determined.to iden~ify hydraulic.
characteristics or density problems'. Generally, a 90 percent recovery is

considered to provide reliable results for the evaluation of Tl~.

In all cases, the tracer chemical should be dosed in sufficient
concentration to easily monitor a residual at the basin outlet throughout
the test. The requi red tracer chemical concentration, is generally depen
dent upon the nature of, the chosen tracer chemical, including its
bac~ground concentration, and the .ixing characteristics of th~ basin to
be 'tested. Recommended chloride doses on the order of 20 mg/L (Hudson,
1975) should be used for step-method tracer studies where the background
chloride leve~ is less than 10 mg/L. Also, fluoride concentration~ as low
as 1.0 to 1.!Ig/L are practical when the raw water fluoride level is not
significant (Hudson, 1975). However, tracer studies conducted on syste~s

suffering from serious shortcircuiting of flow .ay require substantially
larger step-doses. This woul~ be necessary to detect the tracer chemical
and to adequately define the effluent tracer concentration profile.
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C.1.5.2 Slug-dose Method
The duration of tracer ..asurements using the slug-dose method is

a1so dependent on the volume of the basin, and hence, its theoret ica1
detention tilllt. In general, ~amples should be collected for at least
twice the basin'S theoretical detention time, or until tracer concentra
tions are detected near background levels. In order to get reliable
results for T10 values using the slug-dose method, it is recommended that
the total alSS of tracer recovered be approxi.ately 90 percent of the mass
applied. This guideline presents the need to sample until .the tracer
concentration recedes to the background level. The total mass recovered
during testing will not be known until coaapletion of the testing and
analysis of the data collected. The sampling period needed is very 'site
specific. Therefore, it .ay be helpful to conduct a first run tracer test
as'a screen to identify the appropriate sampling period for gathering dati
to determi ne T10'

Tracer addition for slug-dose method tests should be instantaneous
and provide uniformly '1IIbed distribution of the chemical. Tracer addition
is considered instantaneous if the dosing time does 'not exceed 2 percent
of the basin's theoretical detention time (Mars~e and Boyle, 1973). One
recomended procedure for achieving instantaneous tracer dosing is to
apply the chemical by gravity flow through a funnel and hose ipparatus.
This method is also beneficial because it provides a means of standardiza
tion, which is necessary to obtain reproducible results.

The uss of tracer chaical to be added is determined by the desired'. '

theoretical concentration 'and basin size. The IIISS of tracer added in
slug-dose tracer tests should be the minimull lIass ne~ded 'to obtain
detectable residual leasurements to generate a concentration profile. As
a guideline, the theoretical concentration for the slug-dose method should.
be comparable'to the constant dose applied in step-dose tracer tests,
i.e., 10 to 20 IIIg/L and 1 to 2 mg/L for chloride and fluoride, respective
ly. The maximum 11I55 of tracer chemical needed is calculated by

1W1tiplying the theoretical concentration by the total basin volume. This
is appropriate for systems with high dispersion and/or _bing. This
quantity is diluted as required to apply an instantaneous dose, and
minimize density effe~ts. It should be noted th~t the mass applied is not
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likely to get completely mixed throughout the total volume of the basin.
Therefore, the detected concentration might exceed t~eoretical concentra
tions based on the total volume of the basin. For these cases, the mass
of chemical to be added can be detenained by multiplying the theoretical
concentration by only a portion of the basin volume. An example:bf this
is shown in Section C.l.7.2 for a slug-dose tracer study. In cases where
the tracer concentration in the effluent must be aaintained below a
specified level, it .ay be necessary to conduct a preliminary test run
with a minimum tracer dose to identify the appropriate dose for detenain
ing T10 without exceeding this level.

C.l.6 Test procedyre
In preparation for beginning a tracer study, ,the raw water

background concentration of the chosen tracer chillical must be estab
lished. The background concentration is essential, not only for aiding in
the selection of the tracer dosage, but also to facilitate proper
evaluation of the data.

The background tracer concentration should be determined by.
monitoring for the tracer chllll;ca' prior to beginning the test. The
sampling point(s) for the pre-tracer study monitoring should be the same
as the points to be used for residual monitoring to determine CT values.
The monitoring procedure is outlined in the following st~ps:

If the tracer chemical is nomally added for treatment,
discontinue its addition to the water in sufficient time to
permit the tracer concentration to recede to its background
level before the test is begun.

Prior to the start of the test, regardless of whether the
chosen tracer uterial is a treatJllnt chemical, the tracer,
concentration in the water is .anitored a~ the sampling point.
where the disinfectant residual wi 11 be .easured for CT
calculations.

• If a background tracer concentration is detected, monitor .it
until a constant concentration, at or below the raw water
background level is achieved. This leasured concentration ;s
tbe baseline tracer concentration.
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Following the determination of the tracer dosage, feed and IIOnitoring
point(s), an~ a baseline tracer concentration, tracer testing can begin.

Equa1 samp11 ng interva15 , as cou1d be obtained from automat i c
sampling, are not 'required for either tracer study IDethod. However, using
equal sample intervals for the slug-dose method can simplify the ahalysis
of the data. During testing, the ti. and tracer residual of each
lDeasurement should also be recorded on a data sheet. In addition, the
water level, flow, and temperature should be recorded during the test.

C.I.5.1 Step-dose Method
At time zero, the tracer chemical feed will be started and left at

a constant rate for the duration of the test. Over the course 'of the
test, the tracer residual should be monitored at the required sa.pling
point(s) at a frequency determined by the overall detention time and site
specific considerations. As a general guideline, sampling at intervals of
2 to 5 lIinutes should provide data for a well-defined plot of tracer
concentration vs. time. If on-site analysis is available, less frequent
residual IIOnitoring may be possible until a change in residual concentra
tion is first detected~ As a guideline, in systems ~ith a theoretical de
tention time greater than 4 hours, sampling lIay be conducted every 10
.inutes for the first 30 .inutes, or until a tracer concentration above
the baseline level is first detected. In general, shorter sampling
intervals enable better characterization of concentr~tion changes;
therefore, sampling should be conducted at 2 to 5-.inute intervals from
the time that a concentration change is first observed until the residual
concentration reaches a steady-state value. A reasonable sampl ing
interval should be chosen based on the overall detention tilll of the unit
being tested.

If verification of the test is desired, the tracer feed should be,
discontinued, and the receding tracer concentration at the effluent should
be monitored at the same frequency until tracer concentrations correspond-

, ing to the background level are detected. The tilDe at which tracer feed
is stopped is time zero for ~he receding·tracer·test and must be noted.
The receding racer test will provide a replicate set of measurements which
can be compared with data derived from the rising tracer concentration
versus time curve. For systems which currently feed the tracer chemical,

C-13



the receding curve aay be generated from the time the feed is turned off
to detenaine the backgrou"d concentration level.

C.l.6.2 Slyg-dos, Method·
At time zero for thf slug-dose .thod, a large instantaneous"dose of

tracer will be added to the influent of the unit. The s~ sampling
locations and frequencies described for step-dose ..thod tests also apply
to slug-dose .thod tracer studies. One exception with this method is
that the tracer concentration profile will not equilibrate to a steady
state concentration. Because of this, the tracer should be IDOnitored
frequently enough to ensure acquisition of data needed to identify the
peak tracer concentration.

Slug-dose method tests should be checked by performing a material
balance to ensure that all of the tracer fed is recovered, or" mass
applied equals mass, discharged.

C.I.7 Data Eyaluation
Data from tracer studies should be summarized in tables of time and

residual concentration. These data are then analyzed to determine the
detention time, T10 , to be used in calculating CT. Tracer test data from
either the step or slug-dose method can be. evaluated graphically,
numerically, or by a combination of these techniques •

. C.I.7.1 St'p-dos, Method
The graphical method of evaluating step-dose test data involves

p)otting a graph of di.nsion1ess concentration versus ti. and reading
the value for T10 directly from the graph at the appropriate dimensionless
concentration. Alternatively, the data from step-dose tracer studies may
be evaluated numerically by developing a selli-logarith.ic plot of the.
dimensionless data. The semi-logarithmic plot allows a straight line to
be drawn through the data. The resulting equation ~f the line is used to
calculate the T10 value, assuming that ~he ,correlation coefficient
indicates a good statistical fit (0.9 or above). Scattered data points
from step-dose tracer tests are discredited by drawing a'slDOoth curve
through the data.
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An illustration of the T10 deteraination will be presented in an
,xIIIIP1. of the data .valuation required for a clearwell tracer study.

C.l.7.2 Slyg-dose Method
Data fra. slug-~os. trlcer tests 'is analyzed by converting it to the

.athematically equivalent·step-dose data and using techniques discussed in
Section C.l.7.l to detenaine T10 • Agraph of dimensionless con~entration

versus time should be drawn which represents the results of a slug-dose
tracer test. The k.y to converting between the dati forms is obtaining
the total aTea under the slug-dose data curve. This area 14 found by
graphically or nu.rically 1ntergrat1ng the curve. The conversion to
step-dose data is then completed in several aath..-tical steps involving
the total area.

A graphical technique for converting the slug-dose data involves
physically measuring the area using a planimeter. The pl~ni.ter 1s an
instrument used to measure the area of a plane closed curve by tracing its
boundary. Calibration of this instrument to the scale of tbe graph 1s
required to obtain meaningful readings.

The rectangle rule is a simple numerical 1ntergration ~thod which
approximates the total area under the curve as the sum of the areas of
individual rectangles. These rectangles have heights and widths equal to
the residual concentration and sampl ing interval (time) for each data
point on the curve, respectively. Once the data has, been converted, T10 '

may be determined 1n the same manner a~ data from step-dose tracer tests.
Slug-dose concentration profiles'can have .any shapes, depending on

the hydraulics of the basin. Therefore, slug-dose data points should not
be discredited by drawing a smooth curve through the data prior to its
conversion to step-dose data. The steps and specific details involved
with evaluating data from both tracer study ..thods are illustrated in the'
following examples.

Example for Determining T10 in a Clearwe11
Two tracer studies employing the step-dose and slug-dose ..thods of

tracer addition were conducted for a cleaewell with a theoretical
detention time, T, of 30 minutes at an average flow of 2.5 MGD. Because
fluoride is added at the inlet to the clearwell as a water treatment
chemical, necessary feed equipment was in place for dosing a constant
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concentration of fluoride throughout the step-dose tracer test. Based on
this conyen'enc., fluoride was chosen as the tracer chlllical for the
step-dose ..thod test. Fluoride was also selected as the tracer chemical
for the slug-dos...thod test. Prior to the sta~ of testing, a fluoride
baseline concentration of 0.2 mg/L was established for the water exiting
the elearwel'.

Step-dose Method Test
For the step-dose test a constant fluoride dosage of 2.0 I9/L was

added to the clearwell inlet. Fluoride leyels in the clearweJl effluent
were monitored and recorded eve~ 3 .inutes. The raw tracer' study data,
along with the results of further analyses are shown in Table C-I.

The steps 1n evaluating the raw data shown in the first column of
Table C-I are as follows. First, the base~ine fluoride concentration,
0.2 mg/L, is subtracted from the lIItasured concentration to give the
fluoride concentration resulting from the tracer study addition alone.
For example, at elapsed time • 39 minutes, the tracer fluoride concentra
tion, C, is obtained as follows:

C • C••uurld - CbUIlIlII

• 1.85 mg/L - O.~ mg/L

• 1.65 Dlg/L
. .

This calculation was repeated at each time interval to obtain the data
shown in the third column of Table e-l. As indicated, the fluoride
concentration rises from 0 mg/L at .t • 0 .inutes to the applied fluoride
4Rsage 9f 2 -V/L, at t • 63 .inutes.

The next step is to develop dimensionless concentrations by dividing
the tracer concentrations in the second column of Table C-I by the applied
fluoride dosage, Co • 2 mg/L. For time. 39 minutes; C/Co is calculated
as follows:

C/Co • (1.65 19/L)/(2.0 mg/L)

• 0.82

The resulting- dillltnsionless data, presented in the fourth column of
Table C-I, is the basis for completing the determination of T10 by e·ither
the graphical or numerical method.
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TABLE C-l
CLEARWELL DATA--STEp.DQSE TRACER TESTO. z. J)

t, minytes
fluoride Concentration

Measured, mglL Tracer, mg/l QimcnsipnJess. CICo

o
3
6
9

12
15
18
21
24
27
30
33
36
39
42
45
48
51
54
57
60
63

0.20
0.20
0.20
0~20
0.29
0.67
0.94
1.04
1.44
1.55
1.52
1.73
1.93
1.85
1.92
2.02
1.97
1.84
2.06
2.05
2.10
2.14

o
o
o
o
0.09
0.47
0.74
0.84
1.24
1.35
1.32
1.53
1.73
1.65
1.72
1.82
1.77
1.64
1.86
1.85
1.90
1.94

o
o
o
o
0.045
0.24
0.37
0.42"
0.62
0.68
0.66
0.76
0.86
0.82
0.86
0.91
0.88
0.82
0.93
0.92
0.95
0.96

.,

1. Baseline conc. • 0.2 mg/L, fluoride dose • 2.0 mg/L
2. Measured conc•• Tracer conc. + Baseline conc.
3. Tracer conc•• Measured cone. - Baseline cone •



In order to .determine TIO by.the graphical .thod, a plot of C/Co vs.
time should be generated using the data in Table C-I. A smooth curve
should be·drawn through the data as shown on Figure C-I.

TIO is read directly froll the graph at a dillllnsionless concentration
(C/Co) corresponding to the tile for which 10 percent of the tracer has
passed at the effluent end of the contact basin (Tlo). For step-dose
.thod tracer studies, this di..nsionless concentration is C/CO • 0.10
(Levenspiel, 1972).

TIO should be read directly from Figure C-l at C/Co ~ 0~1 by first
drawing a horizontal line (C/Co • 0.1) from the Y-axis (t. 0) to its
intersection with the smooth curve drawn through the data. At this point
of intersection, the time read from the X-axis is TIO and aay be found by
extending a vertical line downward to the X-axis. These steps were
performed as illustrated on Figure C-l, resulting in' a value for TIO of
approximately 13 minutes. .

For the numerical ..thod of data analysis, several additional steps
are required to obtain T10 from the data in the fourth column of Table C-l.
The forms of data necessary for determining Tao 'through a nUlDlrical
solution are 10gI0(I-C/Co) and tIT, the elapsed tiM divided by the
theoretical residence time. These are obtained by performing the required
mathematical operations on the data in the fourth column of Table C-l.
For examp1e, recall i ng that the theoretical detention t ille, T, is 30
minutes, the values for loglo (I-C/Co) and tIT are computed as follows for
the data at t • 39 .inutes:

10gI0(1-C/Co) • 10glo (1-0.82)

• loglo (0.18)

• -0.757

tiT. 39 .in/30 .in • 1.3

This calculation was repeated at each time interval to obtain the
data shown in Table C-2. These data should be linearly regressed a~

10glo(1-C/Co) versus tIT to obtain the fitted straight-line parameters to
the following equation: .
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0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1.0
1.1
1.2
1.3
1.4
1.5
1.6
1.7
1.8
1.9
2.0
2.1

TABLE C·2

DATA FOR NUMERICAL DETERMINATION OF T10

.lg;lll (l-C ICO)
o
o
o
o

-0.020
-0.116
-0.201
-0.237
-0.420
-0.488
-0.468
-0.629
-0.810
-0.157
-0.854
-1.046
-0.939
-0.745
-1.155
-1.125
-1.301
-1.532



(1)

In equation 1, • and b are the slope and intercept, respectively,
for a plot of loglo(1-C/CO) vs. tiT. This equation can be used to
calculate Tlo ' assuaing that the correlation coeffieient for the: fitted

'data indicates a good statistical fit (0.9 or above) •.
·A linear regression analysis was perfo"..d on the data in Table C-2,

resulting in the following straight-line parameters:
slope. a • -0.774

intercept • b • 0.251
correlation coefficient • 0.93

Although these numbers were obtained numerically, a plot of
10gI0(1-C/Co) versus tiT is shown for illustrative purposes on Figure C-2 .
for the data in Table C-2. In this analysis, data for ti.. • 0 through 9
lIinutes were excluded because fluoride concentrations above the baseline
level were not observed in the clearwell effluent until t • 12 minutes.

Equation 1 is then rearranged in the following form to facilitate a
solution for T10 :

(2)

In equation 2, as with graphical method, T10 is determined at the
time for which C/Co • 0.1. Therefore, in equation 2, ciCo has been
repl~ced by 0.1 and t (time) by T10 • To obtain a solution for T10 , the
values of the slope, intercept, and theoretical detention time are
substituted as 'follows:

T10/30 ain. ,(10g10 (1 - 0.1) - 0.251)/(-0.774)

T10 • 12 IIi nutes

In suanary both the ~raphical and nUJDIrical methods of data
reduction resulted in comparable values for T10• With the numerical
_thod, T10 was determi ned as the sol ut ion to an equation based on the
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straight-line parameters to a linear "regression analysis of the tracer
study data instead of anlleyeball ll esti.ate from a data plot.

Slyg-dose Hcthod rest·
A slug-dose tracer"test was also performed on the clearwell at a

flow rate of 2.5 -Vd. Atheoretical clearwell fluoride concen~ration of
2.2 ~/L was selected. The fluoride dosing volume Ind concentration were.
determined from the following considerations:

Dosing yolYme

The fluoride injection apparatus consisted of a funnel and a
length of copper tubing. This apparatus provided a constant
volumetric feeding rate of 7.5 1iters per minute (L/llin) under·
gravity flow conditions.

- At a flow rate of 2.5 mgd, the clearwell has a theoretical
detention time of 30 .inutes. Since the duration of tracer
injection should be less than 2 percent of the clearwell's
theoretical detention time for an instantaneous dose, .the
maximum duration of fluoride injection was:

Max. dosing time • 30 minutes x .02 • 0.6 .inutes

At a dosing rate of 7.5 L/min, the lIaximum fluoride dosing
volume is calculated to be: .

" Max. dosing volume. 7.5 L/min. x 0.6 minutes • 4.5 L"

. For this tracer test, a dosing volume of 4 liters was select
ed, providing an instantaneous fluoride dose in 1.8 percent of
the theoretical detention time.

Flyoride Concentration..
-

-

The theoretical detention time of the clearwell, 30 minutes,
was calculated by dividing the clearwell volume, 52.100
gallons or 197,200 liters, by the average flow rate through
the clearwell, 2.5 mgd.

Assuming the tracer is cOlllfletely dispersed throughout· the
total volume of the clearwe 1, the itass of fluoride required
to achieve a theoretical concentration of 2.2 mg/L is calcu-
lated as follows: .

Fluoride mass (initial) • 2.2 mg/L x 197,200 L x -l-g • 4349
1000 mg
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The concentration of the instantaneous fluoride dose is
determined by dividing this .ass by the dosing volume, 4
liters: .

Fluoride concentration • !l!-a • 109 gIL
4 L

Fluoride levels in the exit to the clearwell were monitored and
recorded every 3 minutes. The raw slug-dose tracer test data are shown in
Table C-3.

The first step in evaluating the data for different .times is. to
subtract the baseline fluoride concentration, 0.2 I9/L, from the leasured
concentration at each sampling interval (Table C-3). This is the same is
the first step used to evaluate step-dose ..thod data and gives the
fluoride concentrations resulting frol the tracer addition alone, shown in
the third column of Table C-3. As indicated, the fluoride concentration
rises from 0 mg/L at t • 0 minutes to the peak concentration of 3.6 mg/L
at t • 18 minutes. The exiting fluoride concentration gradually recedes
to near zero at t • 63 minutes. It should be noted that a maximum
fluoride concentration of 2.2 mg/L is based on assuming complete mixing of
the tracer added throughout the total clearwell volume. H~ver, as shown
1n Table C-3, the fluoride concentrations in the. clearwell effluent
exceeded 2.2 mg/l for about 6 minutes between 14 and 20 minutes •. These
higher peak concentrations are caused by the dispersion of tracer
throughout only a portion of the total clearwell volume. If a lower
tracer concentration is needed in the effluent because of local or federal
regulations, the mass to be added should be decreased accordingly.

The dimensionless concentrations in the fourth column of Table C-3
were obtained by dividing the tracer concentrations in the third column by
the clearwell's theoretical concentration, Co • 2~2 ag/l. These
dimensionless' concentrations were then plotted as a function of time' as
is shown by.the slug-dose data on Figure C-3. These data points were
connected by straight lines, resulting in a somewhat jagged curve.

The next step in evaluating slug-dose data is to detera;ne the total
area under the slug-dose data curve on Figure C-3. Two methods exist for
finding this area -- graphical and numerical. The graphical method is
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TABLE C-3

ClEARWElL DATA -- SLUG-DOSE TRACER lEST(I,2.3)

Fluoride Concentration
t. minutes

o
3
6
9

12
15
18
21
24
27
30
33
36
39
42
45
48
51
54
57
60
63

Notes:

Measured. ./L

0.2
0.2
0.2
0.2
1.2
3.6
3.8
2.0
2.1
1.4
1.3
1.5
1.0
0.6
1.0
0.6
0.8
0.6
0.4
0 •.5
0.6
0.4

Tracer. ./l

o
o
o
o
1
3.4
3.6
1.8
1.9
1.2
1.1
1.3

'0.8
0.4
0.8
0.4
0.6
0.4
0.2
0.3
0.4
0.2

DileOsiooless. CICo

o
o
o
o
0.45
1.55
1.64
0.82·
0.86
0.55
0.50
0.59
0.36
0.18
0.36
0.18
0.27
0.18
0.09
0.14
0.18
0.09

I .. Measured cone. ~ Tracer cone. + Baseline cone.
7. Baseline cone. : 0.2 IQ/L. fluoride dose: 109 gil, theoretical cone. =2.2 I9fL
J. lracer cone. = Measured cone. - Baseline cone.



FIGURE C-3
.CICo vs. Time
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based on a physical ..asurement of the area using a planimeter. This
involves calibration of the instrument to define the units conversion and
tracing the outline of the curve to determine the area. The results of
performing this procedure may vary depending on instrument accuracy and
..asurement technique. Therefore, only an illustration of the nwmertcal
technique for finding the area ~nder the slug-dose curve will be presented
for this example.

The area obtained'by either the graphical or numerical ..thod would
be similar. Furthermore, once the area is found, the reaaai.ning steps
involved with converting the data to the step-dose response are the same.

Table C-4 summarizes the results of determining the total ~rea using
a numerical integration technique called the rectangle rule. The first
and second colulllns in Table C-4 are the sampl1ng time and fluoride
concentration resulting frOil tracer addition alone, respectively. The
steps in applying these data are as folloWs. First, the sampling time
interval, 3 .inutes, is multiplied by the fluoride concentration at the
And of the 3-minute interval to give the incremental area, in units of
milligram minutes per liter. For example, at elapsed time, t • 39
minutes, the incremental area is obtained as follows:

Incremental area • sampling time interval x fluoride conc.
• (39-36) minutes x 0.4 mg/L
• 1.2 lIg-min/L

This calculat.ion was repeated at each tiM interval to obtain the data·
shown in the third column of Tabl. C-4.

If the data had been obtained at unequal sampling Intervals, then
the incremental area for each interval would be obtained by multiplying
the fluoride concentration at the IDA of each interval by the, time
duration of ··the interval. This convention also requires that the
incremental area be zero at the first sampling point, regardless of the
fluoride concentration at that time.

As is shown in Table C-4, all incremental areas were summed to
obtain 59.4 1Ig-.in/L, the total area under the slug-dose tracer test
curve. This number represents the total IIISS of fluoride that was

C-21



detected during the course of the tr~cer test divided by the Iverage flow
rate throug~ the clearwell.

To. cOIiplete the conversion of slug-dose data to its equivalent
step-dose response requires two additional steps. The first involves

. sumin;, consecutively, the incremental areas in the third column.'of Table
C-4 to obtain the cumulative area at the IDA of each sampling interval.
For example, the cumulative area at time, t • 27 .inutes is found as
follows:

Cumulative area • 0 + 0 + 0 + 0 + 3 + 10.2 + 10.8 + 5.4 + 5.7 + 3.6
• 38.7 lIg-min/L

The cumulative areas for each interval are recorded in the fourth column
of Table C-4.

The final step in converting slug-dose data involves dividing the
cumulative area at each interval by the total mass applied. Total area
based on applied mass is calculated as follows:

Total area mass applied/average flow. 434 g x 1000 igJ6,570 -L-
g min

• 66.1 mg-min
'L

For time • 39 .inutes, the resulting step-dose data point is calculated as
follows:

C/Co • 49.5 mg-.i~/L / 59.4 Ig-min/L
• 0.83

The result of perfonling this operation at each samp~ing interval is th~

equivalent step-dose data. These data points are shown in the f1 fth
colWln ofTable C-4 and are also plotted on Figure C-3 to fact Hiate a
graphical determination of T10 ' AslDOoth curve was fitted to the step-dose
data as shown on the figure.

TID can be determined by the methods illustrated previously in this
example for evaluating step-dose tracer test data. The graphical method
illustrated on Figure C-3 results in a reading of T10 • 15 .inutes.
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TABLE C-4

EVALUATION Of SLUG-DOSE DATA

Equhalent
Incre.enta1 C...lathe Step-Dose

t. linutes Fluoride••,L Area. 1II-linlL Area. 1II-ljntL Data

0 0 0 0 0
i 0 0 0 0
6 0 0 0 0
9 0 0 0 0

12 .. 3 3 0.05
15 3.4 10.2 13.2 0.22
18 3.6 10.8 24.0 0.40
21 1.8 5.4 29.4 0.49
24 1.9 5.7 35.1 0.59
27 1.2 3.6 38.7 0.65
30 1.1 3.3 42.0 0.71
33 1.3 3.9 "45.9 0.77
36 0.8 2.4 48.3 0.81
39 0.4 1.2 49.5 0.83
42 0.8 2.4 51.9 0.87
45 0.4 1.2 53.1 0.89
48 0.6 1.8 54.9 0.92
51 0.4 1.2 56.1 0.94
54 0.2 0.6 56.7 0.95
57 0.3 0.9 . 57.6· 0.97
60 0.4 . 1.2 58.8 0.99
63 0.2 t .Q.6 59.4 1.00

..
Total Area a 59.4



C.l.7.3 Additional Considerations
In addition to determining T10 for use in CT calculations. slug-dose

tracer tests provide a .are general ..asure of the basin's hydraulics in
tenas of the fraction of tracer recovery. This number is representative
of short-ci rcu it ing and = dead space in the un it resu1t ing fr.om poor
baffling conditions and density currents induced by the trace~ chemical.
A low tracer recovery is generally indicative of tnadequate hydraulics.
However•. inadequate sampling in which peaks in tracer passage are not
..lSured will result in an under estiute of tracer recovery• ..The tracer
recovery is calculated by dividing the .55 of fluoride detected by the
.ss of fluoride do~ed.

The dosed fluorid~ ~ss was calculated previou~ly and was 434 grams.
The .55 of detected fluoride can be calculated by lultiplying the total
area under the slug-dose curve by the average flow, in appropriate units,
at the time of the test. The average flow in the clearwell during the
test was 2.5 ~d or 6,570 L/min. Therefore, the aass of fluoride tracer
that was detected is calculated as follows:

Detected fluoride mass • total area x average flow
• 59.4 mg-min x 1 g x 6.570 -L-

L 1000 mg min
• 390 g

Tracer recovery is than calculated as follows: .
Fluoride recovery. detected aa~S/dOSed .ass x 100·

• 390 g I 434 g x 100
• 90 %

This is a typical tracer recovery percentage for a slug-dose test, based
on the experiences of Hudson (1975) and Thirumurthi (1969).

C.l.'! ..,.lOW Dependency of T10

For systems conducting tracer studies at four or lOre flows, the T10

detention time should be determined by the above procedures for each of
the desired flows. The detention times should then be plotted versus
flow. For the example presented in the previous section, tracer studies
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were conducted at addit iana1 flows of 1.1, 4.2, and 5.6 MGD. The T10 (.r-'~
values at the various flows were:

lliI
1.1
2.5
4.2
5.6

110

'25
13
7
4

TIO data for these tracer studies were plotted as a f~nction of the flow,
Q, as shown on Figure C-4.

If only one tracer test is performed,the flow rate for the tracer
study should be not less than 91 percent of the highest flow rate
experienced for the section. The hydraulic profile to be used for
calculating CT would then be generated by drawing a line through points
obtained by multiplying the TIO at the tested flow rate by the ratio of the
tracer study flow rate to each of several different flows in the desired
flow range.

For the example presented in the previous section, the clearwell,
experiences a maximum flow at peak hourly conditions of 6.0 mgd. The,
highest tested flow rate was 5.6 mgd, or 93 percent of th~ maximum flow.
Therefore, the detention time, T10 • 4 minutes, determined by the tracer
test at a flow rate of 5.6 mgd may be used to provide a conservat he
estimate of TIO for all flow rates less than or equal to ~he maximum flow
rate, 6.0 mgd. The line drawn through points found by multiplying T10

•

4 minutes by the ratio of 5.6 mgd to each of several flows less than 5.6
mgd, is also shown on Figure C·4 for comparative purposes with the
hydraulic profile obtained from performing four tracer studies at
different flow rates.

C.2 Determination of T10 Without Conducting a Tracer Study ,
In some situations, conducting tracer studies for determining the. .

disinfectant contact tille, Tlo ' lIay be impra~tical or prohibitively
expensive. 'The limitations lIay include I ,liCk of funds, IIlnp~r or
equipment necessary to conduct the study. For these cases, the Primacy
Agency may allow the use of "rule of thumb" fractions representing the
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ratio of Tao to 1, and the theoretical detention ti.., to determine the
d.t.ntion tiM, Tao' to b. used for calculating CT values. This method for
finding Tao involves IlUltiplying the theoretical detention ti. by the rule
of thumb fraction, TlolT, that is representative of the particular bastn
configuratfon for which TIO is desired. These fractions provhte rough

\ .stillltes of the actual TIO and are recoanended to be used only on a
Haited basis.

Tracer studies conducted by Manke and Boyle (1973) Ind Hudson
(1975) on chlorine contact chUlbers and flocculators/settltng basins,
respectiv.ly, were us.d IS I basis in dete...1ning repres.ritathe Tl0lT
values for various basin configurations. Marske and Boyle (1973) .perfonHd
tracer studies on 15 distinctly different types of full-scale chlorine
contact chambers to evaluate design characteristics that affect the actual
detention tillle. Hudson (1975) conducted 16 tracer tests on several
flocculation Ind settling basins at six water treatlent plants to identify
the effect of flocculator baffling and settling basin inlet and outlet
design characteristics on the actual detention time.

C.2.1 Impact of D,s1gnCbaracter1st1cs
The significant design characteristics include: lengt,h-to-width

ratio, the degree of baffling within the basins, and the effect of inlet
baffling and outlet weir configuration. These physical characteristics of
the contact basins affect their hydraulic efficiencies in terms of dead
space, plug flow, and aixed,flow proportions. The dead space zone of. a
basin is basin voluae through which no flow occurs. The relainfng volume
Wiere flow occurs is comprised of plug flow and aixed flow zones. The
plug flow zone is the portion of the remaining vol ... in which no mixing
occurs In the direction of flow. The aixed flow zone is characterized by
cOlplet••ixing fn the flow direction and is the comple11nt to the plug
flow zon.. All of these zones were identified in the studies for each
contact basin. Comparisons were then aade between the basin configura
tions and the observed flow ~ond;tions and design characteristics~

The ratio TulT was calculated ftOlD the data presented in the stu~ies

and compared to its associated hydraulic flow characteristics. Both
studies resulted in llo/T values which rang~ froll 0.3 to 0.7. The results
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of the studies indicate how basin baffling conditions can influence the
T10/T ratio, particularly baffling at the inlet and outlet to the basin.
As the basin baffling conditions improved, htgher T10/T values were
observed, with the outlet conditions generally having a greater impact
than the inlet conditions. .

As discovered from the results of the tracer studies performed by
Marske and 80yle (1973) and Hudson (1975), the effectiveness of baffling,
in achieving a high Tl0/T fraction is IIOre related to the geometry and' .
baffling of the bastn than the function of the basin. ' For t~is reason,
T10/T values ..y be defined for three levels of baffling conditions rather
than for particular types of contact basins. General guidelines were
developed relating the Tl0/T values f~ these studies to the respective
baffling characteristics. These guidelines'can be used to determine the
Tl0 values for:specific basins.

C.2.2 Baffling Classifications. :
The purpose of baffling is to .aximize utilization of basin volume,

increase the plug flow zone in the basin, and minimize short' circuiting.
Some fOnl of baffling at the inlet and outlet of the basins is used to
evenly distribute flow across the basin. Additional baffling lIay be
provided within the interior of the basin (intra-basin) in circumstances
requiring a greater degree of flow distribution. Ideal baffling design
reduces the', inlet and outlet flow velocities, distributes the water as
uniformly IS practical over the cross section of the 'basin, .inillbes
.ixing with the water already in the basin, and prevents entering water
from short circuiting to the basin outlet as the result of ~ind or density
current effects. Three general classifications of baffling conditions -
poor,·average, and superior -- were developed to categorize the results of·
the tracer I.tudies for use in detenaining Tl0 f~ the theoretical
detention tiae of a specific basin. The 110/T frac~ions associated with
each degree of baffling are suaaarizeci in Table C~5.' Factors representing
the ratio between T10 and the theoretical detention time for plug flow in
pipelines and flow in a completely aixed chllllber have been: included in .
Table C-5 for coaaparathe purposes. However, in practice the theoretical
TlolT values of 1.0 for plug flow and 0.1 for aixed flow are seldom
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TABLE C-5
BAffLING CLASSIFICATIONS

laffl1ng Condition

Unbaffled (mixed flow)

Poor

Average

Superior

Perfect (plug flow)

0.3

0.5

0.7

1.0

laffling Descriptign .
None, agitated basin, very low length to
width ratio, high inlet and outlet flow
velocities

Single or IUltiple unbaffled inlets and
outlets, no intra-basin baffles.
Baffled inlet m: outlet with, some intra
basin 'baffles

Perforated inlet baffle, serpent i ne or
perforated intra-basin baffles, outlet wei r
or perforated launders .

Very high length to width ratio (pipeline
flow), perforated inlet, outlet, and intra-
basin baffles '



achieved because of the effect of dead space. Conversely, the TIOIT values
shown for the intenltdiate baffling conditions already incorporate the
effect of the dead space zone, as well as the plug flow zone, because they
were derived empirically rather than froll theory.

As indicated in Table C-S, AQ2[ baffling conditions consist of an
unbaffled inlet.and outlet with no intra-basin baffling. Ayeroge baffling
conditions consist of intra-basin baffling and either a baffled inlet or .
outlet. Syperior baffling conditions consist of at least a baffled inlet
and outlet, and possibly some intra-basin baffling to redis~~ibute the
flow throughout the basin's cross-section.

The three basic types of basin inlet baffl ing configurations 'are:
a target-baffled pipe inlet, an overflow weir entrance, and a baffled
submerged orifice or port inlet. Typical intra-basin baffling structures
include: diffuser (perforated) walls; launders; cross, longitudinal, or
lIaze baffl ing to cause horizontal or vertical serpentine fl~; and
longitudinal divider walls, which prevent .ixing by increasing .the
length-to-width ratio of the basin(s). COIIDOnly ·used baffled outlet
structures include free-discharging weirs, such as sharpcrested and
V-notch, and submerged ports or weirs. Weirs that do not span the width
of the contact blsin, such IS Cipolleti weirs, should not be considered
baffling as their use lIay substantially increase weir overflow rates and
the dead space zone of the b~sin.

C.2.3 Exomples of Boffling
Examples of these levels of baffling conditions for rectangular and

ci~ular basins are explained and illustrated in the following section.
Typical uses of various fOnDS of baffled and unbaffled inlet and outle~

structures are also illustrated.
The~llR and section of a rectangular basin with PA2t baffling con

ditions, which can be attributed to the unbaffled i~let and outlet pipes,
is illustrated on Figure C-S. The flow patte~ shown in the plan view
indicates straight-through flow with dead space occurring in the regions
between the individual pipe inlets and outlets. The sectio~ view reveals
addHional dead space froll a vertical perspective in the upper inlet and
lower outlet corners 'of the contact basin. Vertical lIixing also occurs as
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bottom density currents induce a count~r-clockwise flow in the upper water
layers. .

The inlet flow distribution is markedly 1~roved by the addition of
an inlet diffuser wall and intra-basin baffling as shown on Figure C-6.
However, only average baffling conditions are achieved for the ba~in as a
whole because of the inadequate outlet structure .- a Cipolleti weir. The
width of the'weir is short in comparison with the width of the basin.
Consequently, dead space exists in the corners of the basin, as shown by
the plan view. In addition, the s..all weir width causes ~. high weir
overflow rate, which results in short circuiting in the center of the
basin.

Syperior baffling conditions are exemplified by. the flow pattern and
physical characteristics of the basin shown on Figure C·7. The inlet to
the'basin consists of submerged, target-baffled ports. This inlet design
serves to reduce the velocity of the incoming water and distribute it

'uniformly throughout the basin's cross-section. The outlet structure is
a sharpcrested weir which extends for the entire width of the contact
basin. This type of outlet structure will reduce short circuiting and
decrease the dead space fraction of the basin, although the overflow weir
does create some dead space at the lower corners of the effluent end.
These inlet and outlet structures are by themselves sufficient to attain
superior baffling conditions; however, _aze-type intra-basin baffling was
included as an example of how this type of baffling, aids in flow
redistribution within a contact basin.

The plan and section of a circular basin with AQg! baffling
conditions, which can be attributed to flow short circuiting from the
center feed well directly to the effluent trough is shown on Figure C-8.
Short circuiting occurs in spite of the outlet weir c~nfiguration becaus~

the center feed 1nlet is not baffled. The inlet flow distribution is
improved sOleWhat on Figure C-g by the addition of an annular ring baffle
at the inlet which causes the inlet flow to.be distributed throughout'a
greater portion of the basin's available volume. However, the baffling
conditions in this contact basin are only average because the inlet center
feed arrangement does not entirely prevent short circuiting through the
upper levels of the basin.
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Syperior baffling conditions are attained in the basin configuration
shown on Figure t-10 through the addition of a perforated inlet baffle and
sublllfrged oriffc, outlet ports. As indicated by the flow pattern, IIOre of
the basin's volume is utilized due to unifol"lll flow distribution created by ,
the perforated baffl,. Short circuiting is also .ini.ized because only a
small portion of flow passes directly through the perforated baffle wall
from the inlet to th, outl,t ports.

C.2.4 Additignal Considerations
Flocculation basins and ozone contactors represent water treatment

processes with slightly diff,rent characteristics froa those presented in
figures C-S through t-10 because of the additional effects of IeChanical
agitation and mixing from ozone addition, respectively. Studi,s by Hudson
(1975) indicated that a single-compartment flocculator had a 110/T value
less than 0.3, corresponding to a dead space zone of about 20 percent and
a very high .ixed flow zone of greater than 90 percent. In this study,
two four-compartment flocculators, one with and the other without
..chanical agitation, exhibited Tlo/1 values in the range of 0.5 to 0.7.
This observation indicates that not only will compartmenta~ion result in
higher TlolT values through better flow distribution, ,but also that the
effects of agitation intensity on 1lOIT are reduced Where suffi~ient

baffling exists. Therefore, regardless of the 'extent of agitation,
baffled flocculation basins with two or IIOre compartments should be
considered to possess averag~ baffling conditions (T10/T • 0.5), whereas
unbaffled, single-compartment flocculation basins ar, characteristic of
poor baffling conditions (Tlo/T • 0.3).

Si.ilarly, .ltiple stage ozone contactors are baffled contact
basins which~how characteristics of average baffling conditions. Single
stage ozone contactors should be considered as being poorly baffled.
However, circular, turbine ozone contactors .ay exhibit flow distribution
characteristics which approach those of completely .ixed basins, with ~

TlolT of 0.1, as a result of the intense .ixing.
In lIany cases, sett11 ng basi ns are direct1y connected to the

flocculators. Data from Hudson (1975) indicates that poor baffling
conditions at the flocculator/settling basin interface can result in
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backllixing from' the 'settling bisin to the flocculator. Therefore, n
settling basins that have integrated flocculators without effective inlet
baffling should be considered as poorly baffled, with a 110/1 of 0.3,
regardless of the outlet conditions, unless intra-basin baffling is

employed to redistribute flow. If intra-basin and outle't baff' ing is
utilized, then the baffling conditions should be considered average with
a T10/1 of 0.5.

Filters are special treatment units because their design and
function is dependent on flow distribution that is completelY uniform.
Except for a small portion of flow which shortcircuits the filter media by
channeling along the walls of the filter, filter .edfa baffling provides
a high percentage of flow uniformity and can be considered superior
baffling conditions for the purpose of detenlining 110 • As such, the To
value can be obtained by subtracting the volume of the filter media,
support gravel, and underdrains from the total volume and ,calculating the
theoretical detention time by dividing this volume by the flow through the
filter. The theoretical detention time is then multiplied by a factor of
0.7, corresponding to superior baffling conditions, to determine the T10
value.

C.2.5 Conclysions
The recommended T10/T values' and examples are presented as a

guideline for use by the Primacy Agency in determining 110 values in site
specific conditions and when. tracer studies cannot be performed because Qf
practical considerations. Selection of 11011 values in the absence' of
tracer studies was restricted to a qualitative assessment based on
currently available data for the relationship between basin baffl ing
conditions and their associated 110/T values. Condttions which. ar~

combinations or variations of the above examples aay exist and warra~t the
use of intel"lltdiate Tlo/T values such as 0.4 or 0.6. As llare data on
tracer studies become available,' specifically correlations between other
physical characteristics of basins and the flow distribution efficiency
parameters, further refinements to the 110/T fractions and definition~ of
baffling conditions may be appropriate.
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'PPE~JDIX c: r.ONCE~ITRATING, PP.OCESSING
nETECTING AtlD IDEtJTIFVHIG GIAP.'1U CYS!S TN WATE!t

'4ETHOO

1. ~p.~hrane F'iltrAtion

Cellu'nsic
(47mm-O .451lml

O,,1vcart\ina+.e
(29:w.un-;llm)

2. Plrticull~e F~ltra"ion
lrlia~omacp.~us !Ifth, Sin~,

etc. )

3. A1glp. (Fnerst) r.en~rifuqe

4. Aninnic anri Cationic
Exch~nq'! Resins

~. Epoxv-~i~erg'ass ~a'ston
f.,be Fi 1ters
(lOil_8~m)

~. ~i~r~Dorous Yarnwnv!n Oec+.h.
Fii ters
(/ Ann lum orlon an~

pcl vpro' .'11 enp.)

7. Pe1'ica~ C~sse~te System

8.. Fil terwashf ~g I\ppar!t.us

UIVF.STIGATOR (5)

r.hang anti Kabler
U~PHS, 19~6

Pyper, DuFrain an~ Hen~ Eng
19A~, (unpublishp.~)

Shaw et al, 1977
Jurani1(,"'979

Holman et al, 1983
DHHS, wiShTngton

Brewer, Wright State UN.
(unpublished)

Riggs, CDHS Lab. gerkley. CA
(un:>ublisheti)

Jak~bowski. Erickson. 1979 and
1980, EPA-Cincinnati

Mil 11 !)ore Corp.
(unpuh11 shetil

OUWalle. U. of Wash., 1982·
(unpublishp.c1)

TABLE 1

RE5U!.TS

.'
Generally un~uccessful

Passi ng 1 gal Imi 11 at
'19·PSI. 15-1800 gal
tot.l

Ge~arall~ goor. ren~vJl

but poor eluation

Good rapid recovery,
but limited in field
use

Generally unsuccessful

Overall recovery 20-80
percent. .

Recnve,..} 3-15 percent
Extraction ave. 58
percent

May be useful for
.processing filter
washings

Claims 75 p~rc~nt

recove~J frOM orlon
filters



APOENOIX C: CONCENTRATHJ'i. pn')CF.SSI~JG.

DETECTItJG AND IDE~ITI!='YING GIA~O!A CYSTS IN ~ATER

PRI!1ARY CmJ':EtITR.~TION ANn PP.OCESSWG METHf)OS

1. ~~~9RANE FILTER (MF) METHODS

1. Chan~ anrl Kabler ~n 1955
Fi rst to use loW for cyst recove~. Recovere·j 20-42 !3ercent at cyst
eoncen1:ration of 3, Ii, an~ 10 cyst/gal. - nn c.tst foun:1 at
1 cyst/gal.

~. t1"t"ntf was 'used in 1965 Colnra~o outbr~ak "~nore, ef; al. 1969) using
'- liter size water samples from 10 sites. no cystS-were detacted.
Use ~~ cellulosic filters have gener31ly not ~~en ~uccessful' in
cfePlnnstrating cysts if'\ dri,nking w!ter.

b. Pn'ycarbn~a~e (PC) Fi't~rs

1. ' Lucht~1 an1 r.01lp.aQes in 1980 used 293 I'lrn, 5.0 ~m pore size
n!Jele'oDor'! fPC) filters to conce.,trat~ fomalin-ftxe'l. G. hrnblia,
cysts frJM 20 L tap ~ater samples. Recovery rates of ap~rox,matelj
7~ p~rc~nt were reporte1.

2. Pyper of nuFrain ~nd Henry Engineers c'ai", good recovery with'same
nuc1eoporA filter at ~ flow rate 0' 1 gal./min.• not ov~r 1: ~S:.

passing 15-1801) gal. in iust over 24 hours.

c. Eve~ wi th these claims ~v Pyper and Luchte', the ~'F ~,'et!'1od hH on1;1 once
(Aspen, 19~~) heen succp.ssfu' in demonstratin9 cysts in water--~robably

because:

l.

2.
.,-.

Ina~ility to process i sufficient volume.

Ina~i1ity to remove r.y~ts from #i'ter.

Cysts w~rp.n't present at time of ,sa~p1in~ durin~ or after out~~ea~.

. 2. P40TIr.IJLAT~ Ftl_T'tATtO~

i. ~~~n - CDC (Shaw. 1977) us~d high-vol filtration through swimmin9 ~o~,

"5iiiif filt.er (280.000 gal. total f)v~r 10 days) - was backf1usheri i~:') ~5
gal. rlru~s an~ coagulated w/a1un. Concentration fed to beagle Du;:ies
an" after treatment (r:hees~c!ot~ ~o wire screening to 30 100m '~F :~

centrifuge) was examine~ ~icroscooical'y. First time cysts'obsprv~c in
water sup~lv after concentratinn. .

b. ~iatomaeeous e~rth (nEl - 'COC (Juranek, 1979) used DE to re~ove =;s:s
fro~ se'!ti~1 \'Il}t~r. prob'~J'!'I \~as tl'at cysts cou1"'n't !;)e remover! &r:'" ::
particles. 8rewer (1983) claims ;.2-31.1 percent recovery from ~:

backwuh. ~'!tention thro'rgh '3 f~m~ (celit:: 'lOS. HyFl o-Supen:e~ ;~.

cplite SIiO), 'at cyst concp.ntration ",anging from 6-16,000 cyst/:.., ::< .• e"'/
rjnqe ~etw~~n 66-1nO percent.
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~PPt'IO!X :: CI)'~CENTR.'TINr" PROCESSIUc;,
DE'!'ECTPIG AtJr) IDEtlTIFYING GIAROIA CYSTS IN llATF.:R

1. A~~AE CENTRIFUGE

a. Was foun~ to recover more cysts (lOX) than a series of MF-ftlters and
nylon screens: 5 vs. 1 da~ hy MF.

b. ~ay be f~practical in field because of power requirement.

c. If used in lab, 1 large single sample collected in the field could miss
cyst.

~. May ~1nd application ~~r concentration c~sts from orlan f11tar was~ings.

4. A:nO~ni. A~m CATlf\IHC EXCHAN(;E RESINS (Brew!r - unpubl ishAJ)

I. Ras~~ on hypot.hesis t~at cysts could be attracted to ch~rgerl surf~ces,

C,Ysts havp II chargA of approximatAly 1S",V at pH 5.5 which increasp.s in
!lectro-neqativ1ty as the pH rises to 8.0.

~. Charg~ attractio~ tech~iques have been used for concentration'of both
bacteria and viruses in ~5ter.

c. Five ~xr.ha~~e res~ns were tested:
(1. 4~ pen:~nt recove~ from anionic Dowex I-XY columns
(2. 38 percp.nt recovery from catio'lic Dowex SQW-X8 columns

~. COl'tparedo to paranel tAstS w/diatomaceous earth, exchange' resins less
p.~ficie~t in r!tention.

5. ~AL~!O" EPovY-FIBERGLA~S TUBE FILTERS

(
"

\

.,
"

a. Riggs of CSHD. Viral Antj Rick. Lltb., can filter SOO gallons drinX;'lg
water thru 10" - 8 ~rn Balston tube filter,

h. Backfl~shes w/l L 3 pen:!nt beef extract or solution of 0.5 percen~ ~

potassiu~ citrate.

c. Concentration is cp.ntrifuged w/40 percent potassium citrate anj n;dcl~

layer filtered thru ~ ~ polycarbo~ate filters.

d. Uses ~irect immunofluorescence antiborly technique for detection anj
irl!ntificatfon .

•e. r.laims ~0-80 percent efficip.ncy in collection. preprocessing anrl !~.

6. ~ICROPOP.~US YA~W40VEN nEPTH FILTEnS

a. In 197~ EPA develooe1 a concentration-p.xtr!ctfon method 1nvolvi~;
volu:nes of watp.r thru iilicroporous yarn...,oven or'on-fi~er fil:e"s.

b. This "ethorl has been tenatively adopted as the "method of cho i :!

concentr~tin9 cysts f~om water su~pl;es.

.-,.



APC:N~IX c: r.I)N:ENTRATIN(; PROCESSHIG,
nETECrI~G AND rn:NTlrYItlG ~IAn~IA CY~TS IN !~TEq

c. Since initial studies which sh,w!d o~ly 3-1; percent reeovp.ry with a mean
of 6.3 percent In~ a ~9 percent extraction rite, severa' changas have ~een
marte which m!y have 1ncreastj the retention r~te to >20 percent.

1. , Gone fro", 7, to 1 &1m porsity filter
2. Limited the ra·e of flow to 1/2 gallon/min
3. Limited the pressure hp.ad to 10 PSI
4. Have gone to po'yproylane filters in liey'of orlon-

d. It WIS the first meth01 successfully used to detect cysts in the
distribution syste~ of ~ c~unity wat.er sypply.

e. Is the rec~en~ed filter to be usert by the EPA consensus method.

7. P~LL tCA~~ CASSEi\"E SYS:~'

I. Is a p'ate In~ frame style holjer which accepts both ultra thin and ~epth

t~/P!' ~n tl!rs.

~. Has fro~ 0.5 to 25 ft2 o~ filter area.

c. Has not ~p.en i~vestigate~ thoroug~ly but has ha~ some success in virus
concentrati nne .

d. Its main application for cyst recovery ~ay lay with the processing of
filter washinqs. '

. 8. FILTER~'SHnlf, APPARATUS

I. T~is is a proposed device by DuWalle, 1982·from U. of W., for unwinding
the fi bl!rs 'rom the 'il ter cartri dge whl1 e repeat~dly brushi n9 alld
squeez.i"g them whi1 e 1n a bath 501 uti on.

~. ~Ith could cont!in either a surfactant or pH controlled soluti~n.

c. Potential claims are as high as 75 percent extracti~n of cysts from the
fibers.

3. Rrf9~t'1eld!P~~se Cont~as~' EPA Consensus metho~

C4}

TABLE 2:

1. Ir.tm\lno~l uoresce"ce
a. nFA
b. I~A

c. ~onoclon~l Antibo~ies

2. ELISA Methnd

DETECTION :1ETHODS

WVESTIGATOR(S)

~igg5, CSDHS Lab, Berkley, CA
1983

~auch, ~PA-Cincinnati

Riggs. CSDS

Ri!J~s. CSDHS
Sauch. EPA-Cincinnati
(unp'Jl)l ; shed)

Hungar, J. Hopkins MD, 1983

RESULTS

Good prep .•
Cros~ Rx

Still under study

Still u~der study

Feces sa~oles only

Ongoing



&Pl>ENDIX C: CO.lCnITRATtNG P~OCESl)H~G .
nETEr.TING AND IDENTIFYING ~IAr.nIA CY~TS IN WATER .

nETECTI".1 METHODS

1.a. nIRECT ~LUOqE5CF.~T A~TIBOnY (DR~l TECHNIQUE ..
1. Riggs has ~roduct~ a high titer purified immune sera to Giardia la~blia

cyst.s in guinea pigs and 1ahel~d it with 1='1uorecef'l isothi.o cyanate. Sera
is purifie~ thru NH40H anrl OEAE sefadex fractionation.

2. Obtained cross reactions with Chil~astix mesnili cysts hut claims it cin
be easily distinguished frnm Giardia 5y its smailer size •.

1. b. nmrRECT FLUORESCENT AN'!'tBODY (IFA) TECHNIQUE

1. Sauch using IFA with i~une sera from rabbits (un~ur1f1ed). It is reacted
wit.h commerci~11~ available fluoresc!nt-labeled.~oat anti-rabbit gamma
gl ol)uH n. ,

2. Some cross-reactions ~ith certain algal cells.

1.c. Mn~O~LO~AL ANTI~O~IES

1. Using clnnes of hybriMoma cell lines obtained by fusing mouse myeloma
cells with s~'~en ce"s fr~~ m~ce (BALS/c) immunized with G. lamb'ia
troDhoz01tes~ . -

2. Pro~u~ed e1qht mnnoc'nnal antibodies evaluateM by IFA against both trophs
ant4 cysts.
I. 3/8 stafne1 the Yen~ral d~sk

b. 2 staineA the nuclpi
c. 2 stained cytoplasmic granules
c1.2 stained membrane co:nr>oMnts.

3. Variability in sta 4ning may be due to differencp.s in stages of encystment.

4. ~reli~inary results in~!~ate nonoclonal A~s may give rapid and specific 10
t)~ cysts.

~. ~x may be too specific, not reacting with a11 human forms of G. lamblia
may have to go to polyclonal Aqs.

2. EL I SA ~TI()I)

a. Hungar at John Hopkins (unpub1ishelj) has produced a detection r.1ethod by
ELISA usi~~ a intact "sanrlwich" tec~nique in 96-wel' mi"crotiter plates.

b. Using antisera from 2 :1ifferent animal s (may present problp.I1'I).

c.•J!~r1 a T"Iinirnllr.l of 12 cysts/\-/e11 for color Rl(.

(C:



APPENDIX D

ANALYTICAL REQUIREMENTS OF THE SWTR AND
ASURVEY·OF THE CURRENT STATUS OF RESIDUAL DISINFECTANT
MEASUREMENT METHODS FOR ALL CHLORINE SPECIES AND OZONE
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APPENDIX D
ANALyTICAL SgOUIRgMENTS

Only the analytical method(s) specified in the SWTR. or otherwise
,approved by EPA, may be used to demonstrate compliance with the
requi rements of the SWTR. Measurements of pH, temperature, turbidi ty, and
residual disinfectant concentrations must be conducted by a party approved
by the Primacy Agency. Measurements for total coliforms. fecal1:oliforms.
and heterotrophic bacteria as measured by the heterotrophic plate count
(HPC), must be conducted by a laboratory certified by the Primacy Agency
or EPA to do such analysis. Until laboratory certification criteria are
developed for the analysis of HPC and fecal coli forms , any laboratory
certified for total coliform analysis is acceptable for HPC and fecal
coliform analysis. The test methods to· be used for various analyses are
listed below:

(1) Fecal coliform concentration· Method 908C (MPN Procedure),
908D (Estimation of Bacterial Density), or 909C (Membrane
Filter Procedure) as set forth in Standard Methods for the
Examination of Water and Wastewater, ,American Public Health
Association, 16th edition.

Total coliform concentration - Methods 90SA, B. D (MPN
Procedure) or 909A, B (Membrane Filter Procedure) as set forth
in Standard Methods for the Examination· of Water and
Wastewater, American Public Health Association, .16th edition:
Autoanalysis Colilert (EPA refers to this as Minimal Medium
ONPG-MUG Method). as set forth in Applied and Environmental
Microbiology, American Society for Microbiology, Volume 54,

. No.6. June 1988. pp. 1595-1601.

(3)

(4)

(5)

Heterotorphfc Plate Count· Method 907A (Pour Plate Method).
as set forth in Standard Methods for the Examination of Water.
and Wastewater, American Public Health Association, 16th
edition.

Turbidity - Method 214A (Nephelometric Method) as set forth in
Standard Methods for the Examination of Water and Wastewater,
American Public Health Association, 16th edition.

Residual disinfectant concentration • Residual disinfectant
concentrations for free chlorine and combined chlorine must be
measured by Method 408C (Amperometric Titration Method),
Method 4080 (OPO Ferrous Titrimetric Method), Method 408E (OPO
Colormetric Method), or Method 408F (Leuco Crystal Violet

0·1
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(7)

References

Method) as set forth in StAndArd Methods for the ExaminAtion
of WAter And WAstcwater, American Public Health ASSOCiation,
16th edition. Disinfectant residuals for free chlorine and
combined chlorine may .also be. measured b~ using DPD
colorimetric test kits if approved by the Prlmacy Agency.
Disinfectant· res.iduals for ozone must be llleasured' by the
Indigo Trisulfonate Method (Bader, H.. Hoigne, J ••
"DeteminAtion of Ozone in WAter by the Indigo Method; A
Submitted Standard Method:" ozone Science and Engineering,
Vol. 4, pp. 169-176, Pergamon Press Ltd., 1982). or automated'
IIIthods which are calibrAted in reference to the results
obtained by the Indigo Trisulfonate Method. on· a regular
bas is, as determi ned by the Prillllcy Avency. This method is
described in section of the .anual. (Note: This method is
included in the 17th edition of Stondard Methods for the
ExaminAtion of Water and WastCWAter, American Public Health
Association: the Idiodometric Method in .the 16th edition may

. not be used.) Disinfectant residuals for chlorine dioxide
must be measured by Method 4101 (Amperometric Method) or
Method 410C (DPD Method) as set forth in Standard Methods for
the ExaminatiQn Qf Water and wastcwater, American Public
Health AssQciation, 16th edition. .

Temperature - Method 212 as set fQrth in StAndard Methods for
the ExaminatiQn of Water and Wastcwater, American Public
Health Association, 16th edition.

pH - Method 423 as set forth in Standard MethodS for the
Examination of Water and Wastewater, American Public Health
Association, 16th edition.

n

Edberg et al. "National Field Evaluation of a Defined Substrate Method for
the Simultaneous Enumeration of Total Coliforms and Escherichia t2l1 from
Drinking Water: Comparison with the StAndard Multiple Tube FermentAtion
Method," Applied and Environlllental Microbiology. Volume 54, pp. 1595-1601,
June 1988.
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PREFACE

The AWWA paper enti~led "A survey of the current status of residual
disinfectant measurement 'IIlethod for all chlorine species and ozone" will
be included in the final document. It has not been included here for the
sake of brevity. However, the publication is available from the AWWA
Customer Services Department, 6666 W. Quincy Avenue, Denver, Co. 80235;
Telephone (303) 794-7711. The document publication number is. 90529. •

The above publication summarizes the AWWA Research foundation's 816
page publication entitled" Disinfectant Residual Measurement Methods",
publication number 90528. This document is also available from the
customer services department listed above.
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! FORE'AORO

7his rt~or: is :ar: of :~I on-going rtsa!re~ pr:gr!m of :~e AwWA ~asa!r:~

Founcation. i~1 rtse!rc~ descr,bed in tne following pages was f~noed by
tne Fo~noat1cn 1n ~enaJf of Its m~~oers and subscribers in part1:~iar anc
t~e water suoply incus~~y in ganeral. Sele::ed for funaing by A~WARF'S
Board of jr~s~etS, t~e projec~ was Identified as a prac~icsl, priority need
of t~e Industry. It is hooed t~at tn1s publioat1on will receive wide and
serious at:anticn and t~at its findings, conclusions, and re::mmendatians
will be apolled In c:=muni~ies t~rougnout t~1 United States ano Canaoa.

-
ihe Rese!r:~ ~oundation was c~!!t!d by the water suoply i~eus~ry as its
center for c~ocerative researcn and develo~ent. the FoundatiQn itself
does not conduct rlsear:~: It functions as a planning and menagement
aglncy, awarding cont~ac:s to other instit~tions. such as water utilities,
universities, engineering firms, and other organizations. ihe scientific
and t!:~nlcal exoer:ist of :~e s:sff is fur~her e"nanC!d Qy indus~~:

voluntee~s wnose~ve on Proje:t ~dvlsory Committees and on ot~er s:andinq
c:mmittees and councils. '~n extensive planning process involves many
hundreos of ~a~ar professionals in t~e imoor:ant :as~ of ke!:ing :~e

Foundation's pr:gr~ res:onsive to the prac:ical, ccerational neees. of
local utill:ies and to :~e ge~eral r!s!!rc~ and cevelo~ment ne~~s of a
prosressive incus:ry.

~ll aspects of wa:ar sucply are sarved by Aw~~~F's rese!r:~ agenoa:
r!sour:es, :~!!t~en: anc oper!t~ons, dis~r;oution and s~orase, water
quall:y ana analysis, ecenomics and manag~~ent. ihe ul:imata pur:osa of
t~is effort is :e assist loc3! water suoplle~s to provide :ne hignes:
~ossible Qua! 1:/ of ,.,a:ar, e~:r.c;mically and r1l1iably. iileFounda:i::'!' s
7r~s:!!s ar! 'ple!se~ :~ of~er t~1s puolic3tion as c~n:~i~ution t:war~ :~a:

end.

,nis ~rojec: reviewed all disinfectant residual me!sur~~ent methods for
free C:'llori:'!e, c~lor~ines, o;one and c~lorine dioxiae wit~ s~e,ial

attention to In:erferences :~at could be experienc!~ by t:'l! watar utili:y
InduS:~1. ~t::~enoations, prac:lcal guidance, and c!u:jcns on ::'le
sale::ion of acoropriate residual me!surement :!chni~ues art sucmari:ed
(?lease set Pr!face for info~a:ion en full re~ort) •

..
~i,oer-:

;car:: of



.PREFAC~

,nis document summar1%!s t~e AWWA Researc~ Foundation's 815 ~a~e

puollClt1on ·D1sinfec~lnt Res1dual Measurement Me~hoas.· ihat
puolicat10n (Publication Numoer 90523) can be oraere~ frem :~e ~ft~A

Cus::mer Sel"',i CIS Dellar't:nent ,. 6c5c5c5 W. Quinc:! Avenue, Denver, co 80235.;
tllll1none, (303) 794-7711.

ine pur;ose of this summary document is to provide t~e ~ater utili't:!
l'barat~r:! .n.lyst with guidance in selec~ing disinfectant residual
measurement mltnods. EIther this document or tnl full rlpor~ is
rtccmmended as a comoanion to Stanaard Httnoas for t~. E~ami"atl0" of
Water ana Wastewater.



ihe aut~ors wish t~ Ixortss t~eir aoorle~atlon to :~e ~erican Water Wor~s
~sociation - ~esear:~ Founaation for the opport~nity to carry out t~is
detailed review of the literature.

Furthermore, tnl aut~ors would likl to pay tribute to t~e really important
plopll -- all t~ose who did thl original work and made t~is secondary
source of information possibll.

Finally, t~. authors wish to exortss their appreciation to the memoers of
t~1 Projee~ ~dvisor/ eommit~ee:

1) Merk Car:lr. Ph.D.
Rocky Hountain Analytical Laborltories

2) J. Donald Johnson, Ph.O.
UniverSity of ~or:~ Carolina

3) Leown~. Moore
DrinKing Water Re5e!re~ Division--E?A

4) R. ~hoees ir.ssel1, Ph.~.

J~es ~. ~ont;emerl C~n5ulting Engineers, [nc.

G.G.

\.I.J.e.

R.G.R

G.£.P •
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3. to bri.fly r.vi.v chi pr•••nc und.r.c.ndin, of chi chlorin••
..-oni. ch••i.cry and in p.rcicul.r. in r.l.cionahip co chi
....ur•••nc of chlorin••nd co.bin.d chlorin•.

4, to r.vi.v 'nd .uamariz••11 r•• idual ••••ur•••nc c.chniqu••
curr.ncly .v.il.bl. for chlorin. dioxida. chlorit. ion .nd
chlor.c. ion.

5. To r.vi.v .nd .uamariz. th••nalycic.l proc.dur•• curr.ntly
us.d by op.r.cine.v.c.r uciliti•• to control ozone tr••em.nt
proc•••••• conaidarinl di.inf.ction •• v.ll •• Chi ..ny oxid·
.tlv••pplic.tlona of ozone ln v.t.r cr••ca.nc .pplle.clon•.

6. to di.cua. co..on lnt.rf.r.ne•••••oci.c.d vith chi ••••ur•••nt
of ••ch'of chi di.inf.cc.ne./oxldanc. d••crib.d .bov. (fr••
chlorln•• combln.d chlorln•• chlorit. 10n. chlorin. dioxld••
chlor.c. 10n••nd ozon.).

7. to provld. &Uldanc••nd r.co...ndatlon for v.t.r utiliti•• ln
••l.cclne r••ldu.l .onltorlne c.chnlqu•• for ••ch of ch••bov.
dl.inf.ct.nt./oxidant••

8. To r.comm.nd future r••••reh for d.v.lop••nt of .onltorine .nd
.nalycie.l ••chodl to improve .ccur.cy••nd r.duc. ci•••rod eo.e
r.qulr•••nt. for chi ••••ur•••nt of th••bov. dl.lnf.ct.ne•.

In the full r.port. v. pr•••nc •• co.pl.t••• po•• lbl••n .xamln.cion of :~.

world-wld. body of lic.r.cur. on .n.lycic.l ••thodl u••d by . th. w.e.r ueil~:y
indusery In ord.r to .l.bor.c. on eh. v.rious probl•••••dv.ne.g••. ·dl••dv.n·
t.,•••nd known Int.rf.r.nc•• for ••ch of th. curr.ntly u••d .n.lytic.l =.chod.,

For••o.e In our obj.cclv•• h•• b••n • b.et.r und.r.e.ndina of eh. r.ll.bil.
ity of v.rious ••••ur•••nc. vhieh h.v. b••n c.rri.d oue. Slnc. th.r. Ir. inh.r
.nc li.Le.eLona in .11 ••••ur•••nc•• ie b.co••••pp.r.ne eh.e ch.r••r••p.clfic
ne.da for .0•• indlc.cion of chi r.li.bl1ity of chi r••ult; i ••.• wh.c 1. eh.
pr.ci.ion and accuzacy of chi r.porc.d v.lue••nd .r. th••••ce.pc.bl.?

the vol.Cilley of .o.c of chi dl.inf.cc.ne. ..k.. •..pling .nd ...pl.
handllng • ..jor concribucor co i.pr.cl.ion .nd lnaccur.ci... ·Se.ndard
.ddltion.· 1•• qu••clonabl. c.chnlqu.; it .hould b••vold.d if po•• ibl.. sine.
th. plp.ctin, and dilution proc••• c.us•• pot.ntl.1 lo.s of dl.lnf.cc.nc.

the r.l.tiv. u••fuln••• of ••ch •• thod. .lonl vlth d••crlptlons· of known
inclrf.r.ne•••uch .s curbldlcy. orl.nic ..cc.r. ionlc ••e.rl.1s. solids. color.
buff.rlng c.pacicy. II w.ll •• chi n.cur. of th....pl••nd chi tl•• ·blew••n
collicclon of chi ...pl••nd chi .ccual .n.ly.l•••rl d••crlb.d in this r.pore.
Ie muse b. I.ph.siz.d. how.vlr. eh.t .l.o.t inv.ri.bly ••ch of .ch•••chods
d••crlb.d 1. b•••d on th. tot.l oxldlzlnl c.p.cicy of ch. .olutlon being
.n.lyz.d .nd i. r ••dl1y .ubJect to Incerf.r.nc•• fro. eh. pr•••nco of oehor
pot.nel.1 oxldlzing .g.nc. and/or Int.r.edlat.. fro. conco.lt.nc cho.ic.l
r ••cclon.. Und.r id•• l condltlons so•• of th•••ehods ar••ccur.c. co b.ttor

2



th.n :l'··••p.ci.lly in ·ih••b••nc. of common int.rf.r.nc•• ··wh.r••• o;~.r
..thoda .r. al~.e •••i·quaneie.eiv. in natura with ..ny common sp.ci.s
ine.rf.rinl with both the pr.ci.ion .nd accuracy of chI ••asur...nc••

V. have al.o included chlor.c. 10n •• a r•• ldual .p~cl.. in ch.c only
r.c.ncly have r.liabl. .nalycic.l ••chod. b.cun co .pp••r in eha lic.rac~r.

(5,6,lO) .. V. al.o r.porc on th. ch••i.ery of th. chlorin.·...oni••y.c•• a~d
the a••oci.t.d br.akpoinc r.action., b.caue. on. of the .osc co..on inc.f.r.nc••
in chI ••••ur•••nt of fr•• chlorin. i••onochloraain.. ' .

The .o.e t.port.nt d.v.lop••nt for thi. r.port haa b••n the d.ci.ion to in·
elude a pral1ainary ••ction d••cribins .n "id••liz.d" .nalytical ••chod. ~.

n••d for chi•••ccion b.cam••ppar.nc a. our wrlcinl prolr••••d d••cribinl ,.ach
of the .nalytical ••thode for chlorin.. Sp.cific it... includ.d in this "i~.al·

iz.d" ••thod ara accuracy, praci.ion. r.produciblity, l.ck of incarf.r.ne•• ,
•••• of ue. of the ••thod, l.ck of f.ls. po.iciv. v.lues, .nd '0 forth.

Th. b.n.fic of the "id••liz.d" .nalycic.l ..chod i. co .llow individu.l com·
pari.on. and to .llow tha choica baewaan variou. .athoda b••ad on indivi~ual

.achod .hortco.inl" For .xampla•• p.rcicul.r .athod .iShc hava •• ic. only
difficulty inc.rf.r.nc. by ..nl.n••••nd iron. In .any circum.canc•• , chi. e:,..
of int.rftr.nc••ishe ba a .aJor probl... Hov.v.r. .hould .eh. vat.r supply
und.r conaidar.cion noc have any ••ns.n••• or iron. it i. quit. li~.ly chat :~•
••chod .ishc b. v.ry usabl.··and a....cc.r of f.cc v.ll .ishc ~. eh. b.sc
••thod of choic••

In oeh.r c••••••p.ad of .naly.i. r.th.r than poc.nti.l inc.rf.r.nc.. ,or
choic. of .0.. oth.r t.port.nc ch.r.ce.ri.tic) .iShe b. chI luidins faceor in
choO.inl .n .n.lycic.l ••Chod. In chi. v.y r.cion.l choic•• c.n b. m.d. ba••d
on poc.ntial .nd/or r••l difficulei.. .nd/or int.rf.r.nc.. and •• comp.red to an
"id••li:.d" m.ehod •• r.th.r th.n • po••ibly controv.r.ial .xi.ting ••chod.

Tabl. I ha. b••nconscruct.d ••• quick r.f.r.nc. luid. to th. av.il.bl•
•• thod. for chI d.c.rminaclon of v.c.r di.inf.ceion ch••ic.l. and bypro¢uc;s.
Included ar. p.rtin.nc analytic.l ch.r.ce.ri.tic. .uch •• d.t.ceion limies,
workinl r.nl', inc.rf.r.nc•• , .ccur.cy .nd pr.ci.ion ••ciaae... Th. currenc
.e.CUI of chI ••thod, .. Il.an.d fro. chi. r.porc. i. liv.n. Th•. n.c•••ary
op.r.cor .kill lav.l i. liven to .id eha labor.cory ..nal.r in •••••• ing eh•
..npov.r r.quir•••ne. for a p.rticul.r ••thod. Additional informacion
cone.mini eh. r...ona for the curr.ne .t.tu. i. cone.in.d in eh. R.comm.ndarion
S.ction of tha Ex.cueiv. Suaaary and the co.pl.ea raporc.

A. aach of the ..ehoda 1. da.crlbad in daeall ln eha full raport. .pacific
conclualona ara drawn·.alonl With .ppropri.ca raco...nd&eiona··by co.p.rinl rh•
••rhod a,.inee tha "ide.liz.d" .nalycic.l ••rhod for ch.r .p.ci•••

ana .dditional b.nefit of chi. dir.cc coap.ri.on i. chI po•• ibillty of add·
inl or .ubtracCin, a .athod to cha li.e of StandArd Methpd. for the r~.mjn.tlon

pf Vater .nd Va.;,w,s,r (13), b•••d on • r.eional ••t of cris.ri.. Ic should
.1.0 b. po•• ibla in eha fueur. to d.cid. on th. vi.bilicy of various meehods
ba••d on th.lr ••atinl .p.cific crit.ri. rach.r sh.n b•••d only on comparisons
b.tv.~n .n.lytic.l labor.coria. {and p.r.onaliz.d .ubj.cciv. r.acci~n. ro the
v.rious ••chod. th•••• lv••

3



t .....u: I. ClW\AC!E1lIStICS A.'D COMPAlUSONS OF AIIALYTICAL llmODSO

mE or tEst
(MEtHOD)'

lUI CHLORINE

Sped..,
K!AStJlED
DIUCTLY

DETECTION
LIMIt

(1II1L )

1l0RXIlIC
llAIIC!

(1II1L)

EXPECTED
AectlllACY

(:I: ')

EXPEctED
PRECISION

(:I: ,)
SKI:':'·
IE/IL

'Ideal' e12 + HOel/Oel" 0.001 0.001· 10

UV/VISIBL! C12 + HOCl/OCl- - 1 1 " 100

eon~inuoU8 e12 + HOel/Oel- 1.' 1.'" 300

AKPEllOKn1lIC TITllATION:

0.5

NIl

NIl

0.1 1

3

3

Forwar~ e12 + HOel/Oel- 0.0018 1 > 10
0.02 • 0.032 > 10

lIF
lIF

NF
3 - SO

2
2

0.01 10 1" 15 1· 14

Sack e12 + HOel/Oel- 0.002

eoncinuous e1 2 + HOel/Oel" 0.005

IODOMETRIC tITllATION:

Scandar~ (tocal Chlorine) 0.07'

0.35"

DPD

FAS Tic'n el, + HOel/oel- 0.0042

O.OU"

Color'mcrc e12 + HOel/oel" 0.011

Sceadifac e12 + Hoel/oel- 0.011

LCV

Black an~

Whiccle e12 + Hoel/oel" 0.01

Whiccle 60
tapeeff e1 2 + Hoel/oel" 0.01

4

> 10

> 10

0.1 • 10

0.5 - 10

0.01 - 10

0.01 10

0.01 . 10

0.25 3

0.25 10

3 - SO

NF

NF

NF

NF

NIl

1.0

N'R

2 • 7

2 7

NIl

NIl

o • 10

2

2/3

2

2

1

1

1

1/2

. 1

2



TABU I. CHAL\CTElISTICS (conc'c)

STABILITY
REACENT ..ODUCTS InElFE1l.ENCES pH RANCE

FIELD
TEST AUTOKATED

ClNH, • Cl,~ pH Dapandanc NO
baclclftc Ab.

5 YRS

NA

> 1 DAY NONE InCapandenc YES YES

NO

RECOllME.'«lED

RECOMMENDED
(UI TEST)

NA ClNH, • Cl,N pH Dapandanc NO YES

C1NN, • Cl,N pH Dapandanc YES

ClNH, • Cl,N pH Dapendenc YES

1·2 yr.
1·2 'In

1·2 yr.

1·2 yr.

NA
NA

NA

NA

C1NN, • Cl,N
ClllH, Cl,N

pH Dapandanc YES
pH Dapandenc YES

YES
YES

YES

YES

IlECOllMENDEi:l
lU:COMME.'«lEi:l

itECCllMDlDEO .

IlECCllME.'aiED

1 yr 10 1I1n All ox1dl:1n, pH Dependanc NO NO RECOllME::DED
or la•• .pacla. (UI TEST)

1 yr 10 1I1n All oxid1z1n, pH Dapendenc NO NO IlECOllME.~DED

or 1... .paei" (UI TEST)

powdar 30 1I1n ClNH, • Cl,N Ilaqulr.. NO NO IlECOllME.'mED
.clble' o.i.d Ipa"ia. b..tfer (UI TEST)

powdar 30 1I1n CUIH, • Cl,N laquir" NO NO IlECOllMENDED
..cabla' oxid .paci.. buffer (UI TEST)

powdar 30 ain CUIH, • Cl,N laquire. YES NO RECOllKENDED
.cabla' Ollic apaei.. buffer (FIEUl TEST)

powdar 30 ai.n CUIH, • ClsN Raquire. YES NO RECOllME.~DED

.cable' oxlel .pecl.. buffer (FIEUl TEST)

1I0nch. NIl C1Nll, • Cl,N Requlr.. YES NO A!ANDON
oxlel .peei.. buffer

1I0nch. NIl Ox1c1zinC auffer1n, YES NO RECOMMENDED
.pecie. (UI TEST)

S



TABU I. CHARACTERISTICS AND COMPARISONS OF ANALYTICAL ~!:P.O:S. (conc'd)

Specl... DETECTION \lORKINC EXPECTED EXPEC':ED
TYPE OF TEST K!ASUUD LUllT IWlCE ACCURACY PIlECISION 5i<IL::

(H!TIlOD) I DIIl£CTLY (1II1L) (1I1/L) (~ ') (~ " LIVE!.-
FACTS

Color'lIcre C1 2 + HOC1/0Cl" 0.1 0.25 • 10 5 • 20 1 • 11 1

Speec'phoco C1 2 + Hoei/oel" 0.012 0.05 • 10 lIF NIl 1

METHYL OIWlCE e1 2 + Hoei/oel" NIl NIl 2

O·TOLIDIlIE C1 2 + HOCl/OCl- NR NR NIl ~1l 1

3.3'·DI~~~APHTHIDINE

e1 2 + Hoel/0cl' 0.05 NR NIl 2 • 6 2/3

O·DIANISIDINE e12 + Hoei/ocl" 0.1 Nil NIl ~:R 2/3

CHEMILL~IlIESC~~CE

Hydrosen
Peroxide C1 2 + HOel/0Cl' NIl ~1l . ~1l 3

LuIIlinol OCL" 0.0007 NR NIl 3

Lophlna OeL' 0.14 0.2 • 20 lIII. 3

ELECTROOE HETHODS

Hellbrana HOCL 0.004 0.04 • 1 NR 1.6 3

aan-vire e1 2 + HOel/Oel- 0.1 0.1 • 3 NIl 1 25 3

Pocenc'lIcre C1 2 + HOCl/OC1' 0.005 0.01 • 1 1 • 6 7 - 10 2

AgI
Volc'lIcre e1 2 + HOCl/OCl- - 0.01 0.1 - 10 lIII. lIII. )

6



TABU I. CHAIlAC!EAISTICS (conc' d)

STABILITY . YIELIl C'..'RIlE.'l!
REACL~ PRODUCTS l~ERFERENCES pH RANC! TEST AUTOMATED STATUS

2 yaan' 30 .1n 01C1dizing Suffaring YES :lO R!COMllENOEO
ac lIigll C1, spacl.. crlC1cal

2 yun' 30 .in 01C1d1zing Buffaring YES :l0 RECOMl!E~DED

&l: lIigh C1, spach. crlC1ca1

NY NY OxidiZing Buffaring YES NO ABANDON
spaci.. raquirad

NY NF Oxidizinl Iluffaring YES NO A!A.~DON

.pacia. raqulrad

NY 15-20 111n OXidizinl NIl NO NO A!A.'lDON
spacL..

NY 55 .1n 01C1diz1ng NIl NO NO A.!A.'::C~~

spacL..

NIl

NIl

<1 .ac Oxid1zinl
spachs

None

pH Dapandanc NO

pH Dapandanc NO

POSSIBLE CONT'D STL~Y

YES CONT' D STt.~Y

NA Oxidiz1nl Dapand.nc roSSIILE roSSIIlLE CONT'D STUDY
Cas spacias on pH

NA Oxidiz1nl NIl roSSIIlLE POSSIIlU CONT'D SruDY
spacias, C1-

3 IIOnchs Oxidizing pH Dapandanc YES YES RECOMllE.'lDED
spaci.. C1-

NA NA Oxidiz1ng Buffar roSSIBU POSSIBLE CONT'D SruDY
.paci.. , C1" raquired

7



TAIU t, CHAaACTEIlISTICS AND COMPAIUSONS OF ANALr.:c.u. l!E:HOCS~ (conc'cl:

Sp.cha' DETECTION IIORKING EXPECTED EXPECTED
TYPE or TEST MEASlJ1lED LIMIT RANCE ACClJ1lACY PIl£ClSION SK::':'•

(llETHOD) I DIIlECTLY (111/1.) (111/1.) (: ,) (: ,) ~.:''''---
TOTAL CHlDIlINEo.

'Ideal' Cl, + HOC1/OC1- 0.001 0.001 • 10 0,5 0.1 1
NK,Cl NRC1, NC1,

AKPEIlOItETllIC TITIlATION:

Forvard Cl, + HOC1/OC1- 0.0011· > 10 NF ~IF 2
NK.Cl.NKC1. NC1.

0.02 ·0.03' NtCl. + HOC1/OC1- > 10 3· 50 2
NH.Cl NNC1. NC1,

Back Cl. + HOC1/OC1- 0.002 > 10 3 • 50 :;r 2
W.Cl NNC1. NC1,

Conc1nllolls Cl. + HOC1/OC1- 0.005 > 10 NIl 1.0 2/3
NN,Cl NHC1. NC1.

IODOMETIlIC TITIlATION:

Scandard Cl. + HOCl/OC1- 0.07' 0,1 • 10 NIl ~'Il 2
NN,Cl NNC1, NC1,
Cl, + HOC1/OC1- 0.35" 0.5 •.100 NIl :''Il 2
NN,el NNel. Nel,

DPD

FAS T1c'n el. + HOel/OC1- 0.004' 0.01 - 10 NF 2 7 1
NH,Cl NNel. Nel,
Cl, + HOC1/OC1" O.U' 0.01 • 10 NF 2 • 7 1
NH,el NKel, Nel,

eolor'lIcre Cl. + HOCl/OC1- 0.001' 0.01 • 10 1·· 15 1 • 14 . 1
NH,el NKel, Nel,

LeV

Black &
1.111ccl. el, + HOel/Oel- 0.005 0.25 • 3 NY 4 • 10 1

NN,Cl NNel. Nel,

8



TAILE I. CHARACTERISTICS (eon~'d)

STABILITY FIEtD
REACENT nODUCTS INTERFERENCES pH RANCE TEST AUTOKATED

Cl.,uu:m
STATUS

5 YRS > 1 DAY NONE Independenc YES
of pH

YES

1 • 2 yrs NA OXldlzinl pH Dependenc YES YES RECOMlttNllEO
Species

1 • 2yrs NA OxlcUzing pH Dependenc YES YES UCO~£.'lDED

Speci..

1 2 yrs NA Oxldizing pH Dependenc YES YES !l.ECC~~Il)E:l

Species

1·2yrs NA Oxlc11z1ng pH Dependenc YES YES RECC~£.'lllEj)

Speci..

1 yr

1 yr

10 1IIin

10 1IIin

All oxidizing pH Dependenc NO
splicl..

All oXidizing pH Dependenc NO
specles

NO

RECCll.~~'lOEO

(UI TEST)
RECOll.~E.'lOEO

(UI TEST)

powder 30 .1n OXlc1izing bqulres NO NO RECOMME.'lOED
scable' Specie. buffer (U! TEST)

powder 30 .1n OXic11zing Requires ns NO UCOllHENDEO
scabla" Species buffu (FIELl) TEST)

povder 30 .1n OXldizing bqulres NO RECOl!!iE.'lOEO
scable" Specl.. buffu (FIELD TEST)

lIonths Oxidlzing
Speci..

Requires
buffer

9

YES NO ABANDON



TAIL! I. CHAMCTElISTICS "''1D CO:iPARISONS OF ANALY!ICAL ME'niOOS. (conc'el)

Spac:t.., DETECTION IIOIUCI:lC EXPECTED ElU'ECTED
TYPE OF TEST KEASUIlED LIllIT IW/CE ACCt1IlACY PRECISION SKIt.:.·

(HETllOO) I DIRECTLY (1I1/L) (111/1.) (:t ') (:t " tr/El.-
10Ihicch "
~puff Cl: + HOCl/0Cl' 0.01 0.25 • 10 NF 4 • 10 2

NH:Cl NHC1: NC1,

FACTS

Color ' IIcrc Cl: + HOCl/OCl- 0.1 0.25 " 10 5 - 20 1 '. 11 1
NH,Cl NHCl, :ICI,

Spacc'photo Cl, + HOC1/OC1- 0.012 0.05 • 10 NF :m L
NH,Cl NHCl: NCl,

EUCTROOE HETllODS

Poc'lIacric Cl, + HOCl/0Cl- 0.005 0.01 • 1 1 • 6 7 • 10 2
NH,Cl NHCl, NCL,'

HONOCllLORAKIIlE'

·I~al· NH,Cl 0.001 0.001 • LO 0.5 O.L 1

UV/VlSIIlLE NH,Cl - 1 1 • 100 NIl NIl 3

AHPEROHETRIC TITRATION:

Forvuel NH,Cl NIl > 10 NF '0 • 10 2

lack NH,C1 NIl > 10 NF NF 2

OPD

FAS Tle'n

Color'ccre

NIl

NIl

10

0.01 ", 10

0.01 10

NF 2 7

NF 5 75

1

1



TABLE I. CHARA~~~ISTICS (conc'd)

STABILITY FIELD
REAGENT PIlODUCTS U1T!IU'EIlENCE$ pH lIANGE TEST AUTOMATED

Cl..UE.'lT
STATUS

lIonch. NR Oxldlzlns
Sp.cie.

"lES ~O RECO~~'/t)E:;:l

(t.\a TEST)

2 ns 30 1I1n Oxldlzlnl lut'ferlnl YES NO .- RECO~E.'lDt::l

• c hleh Sp.cl•• crlclc.l
Cl,

2 Y1l.S 30 1I1n OXldlz1ns aufferlns YES NO RECOMMCl'Dt::l
• c hleh .p.cie• crlclc.l
Cl,

3 ·lIonch. NA OXldizinS pH D.p.nd.nc YES
Sp.cl••. Cl·

YES RECOMM~'/t)ED

5 Y1l.S > 1 DAY NONE Ind.p.nd.nc YES YES

Nil.

1·2 'Irs

1·2 'Irs

Nil.

NA

NA

Cl,NH • Cl,N pH D.p.nd.nc NO
b.cklftd Ab.

ClaNK • Cl,N pH Dep.nd.nc YES

Cl,NK • Cl,N pH D.p.nd.nc YES

NO

YES

YES

RECOMME~DtD

(t.\a TEST)

RECOMMt~DtD

tltCO!'.'!ENDED

powd.r 30 1I1n
.c.bl.·

powd.r 30 1I1n
sc.bl.·

C1NK, • Cl,N
oxld .p.cl••

C1NK, • Cl.N
oxld .p.el..

Requir..
buffer

Requlr..
buffer

11

NO

YES

NO

NO

tlECO:-!llE~OEO

(LAI TEST)
tlECOMME~DE!l

(Flt~ .ES'7)



TAiLE I. CHARACTERISTICS A.~O COKPARISONS OF ANALY:ICAL ~rHODS~ (conc'~)

T"l1'E OF TEST
(It!lHODl'

Specie.'
MWllllED
OIllECTLY

DETECTION
LIMIT

(1II1/Ll

WOUINC
RANCE

(1II1/Ll

E:<PECTED
ACCllllACY

(:I: .)

EXPECT!:>
PllECISICll

(:I: .)
SiC::":'''

LCV

\/hieeh & NIl,C1 NR. 0.2' • 10 llF o • 1.3 2
L.ape-ff

ELECTRODE KETlIODS

Silver iodide
vole_ecric NIl,C1 NR. 0.1 • 10 Na lIR 3

DICHLORAMIm;·

°Iclea1 ° :''HC1, 0.001 0.001 • 10 0.5 0.1 1

t.lV;VISIllLE NIlCI, - 1 1 • 100 lIR :'"R 3

AKPEROltETRIC TITRATION:

Forvard NIlCl, NR. > 10 NF 0 2

Back NIlCI, NR. > 10 3 • SO 11- 2• t

OPO

FAS Tlc'n NIlCI, NIt 0.01 10 NF :IF 1

Color'lIcre NIlCl, NIt 0.01 • 10 NF o • 100 1

LCV

\/hiCtle& NIlCl, 0.25 • 10 NF 10 • 150 2
L.apcef!

12



STABILITY FULl)
IlEACE:!T PllODUCTS INTERFElENCES pH RANCE TEST AUTOMATED

ct,"IU!.E.'lT
STAniS

Illonch. OxLdhing
.peci..

YES NO RECO~E:Il)EJ

(W TES:')

Oxidizing
.pecle.

R.quires POSSIBLE POSSIBLE COST':l Sr,:lY
buffer

5 YIlS > 1 DAY NONE Iftd.p.nd.nc YES YES l'.ECCllME.'lDEJ
of pK

:;'A NA cum, & Cl.N pH Dep.nd.ftc :;'0 :;'0 l'.ECCX!!ElIDEO
backglld Abs (U! rES:')

1·2 yrs

1·2 yrs

powd.r
scabl.'

powd.r
scable'

1ll0ftchs

30 lIlill

30 alII

C1NH, & Cl.N

ClNH. & Cl.N

ClNH. & Cl,ll
oxid .peci..

ClNH. & Cl.N
oxld .peci..

Oxidizins
.peei..

pH D.p.nd.nc

Ilequir..
buffer

Ilequire.
buffer

Require.
buffer

13

YES

YES

NO

YES

YES

YES

NO

NO

NO

RECCX!!E.'iD£:l

RECOMMENDED
(W TEST)

RECOMMENDED
(FIEUl TESr)

RECOHME;ND£DD
(tAB TEST)



TAiLE I. CHARACTERISTICS AND COMPARISONS OF ~~ALYT:CAL ME!MCDS. (cont'd)

Spaci.., DETECTION I:ORXINC E:<PEC':ED EXPECTED
TYPE OF TEST ItEAS1JR.ED UMIT R.A.~CE ACct."RACY PRECISICN SK1t.:.•

(METllOD)' DIaECTI.Y (1II/L) (1I11Ll (: U (: 'l Lr':::t.- -
T1l.ICllIDRAKINEt

-IeIa_l- NC1. 0.001 0.001 • 10 0.5 0.1 1

UV/VISI!LE NC1. NR 1IR ~'R. ~'R. 3

AKPEROKETR.IC TITR.ATION:

Forvard NC1. NR > 10 NF 5 • 100 2

DPD

FAS ne'n NC1. NR 0.01 10 1IR ~'a 1

Color'lIcre NC1. NR 0.01 10 :~ ~:a 1

LCV

'JIIi cela or. NC1. NR 0.25 10 1IR ::R. ~

wpcaff

CHLORINE DIOXIDE

-Xcle.l- C10. 0.001 0.001 10 0.5 0.1 1

10DOKETR.IC C10. 0.002 0.002 • 95 1 2 1 2 2

AK7EROKET1l.IC C10." 0.012 0.02 • 11 1 • 15 1 15 3

DPD C10...• 11 0.008 0.008 • 20 10 7 • 15 2

UV

!lanual C10. 0.05 0.05 500 5 2

FIA ClOt 0.25 0.25 142 2 1 1

14



TAiLE I. CHARACTtRISTICS (conc'd)

STABILITY FIELD
RueENT nOWCTS IlITE1lnIlENCES pH lWIeE TEST "UTOHATED

Ct:U.EllT
ST"TlJS

5 ns > 1 DAY NONE Independenc YES YES RECOMMEllllED

NA llA C1NK. • Cl.NK pH Dependenc ~o ~o RECOMMEllO£!l
bacltlfld Abs (LoU TEST)
Hoel/oeL"

1·2 yn NA ClNK. • Cl.NK pH Depenllenc ~o YES RECOMMEll1l£Il
(LoU 'rES'r)

power
scable"

poweer
scable"

..onchs

30 ..in

30 ..in

ClNK. • Cl.NK
oxid .pecies

ClNK. • Cl,NK
odd speci..

Oxill1zinC
speci..

Requir..
buffer

Requir..
butter

Requires
butter

~O

YES

YES

lIO

lIO

lIO

ilECO.'!:M!.'10EIl
(LoU US,)

RECC.'!:M!.'10EO
(t.'.a 'rEST)

RECO.'!:M£llO£!l
(U! US!)

5 YRS > 1 DAY NONE Inllapendenc YES YES RECOllMElIOEO
-lYR Subjecc co Ox1d1Z1nl 2 • 5 NO NO NOT RECOMM!.';OEIl

odd&cion sp.cies

lood Subjecc co II.cal lons & 7 NO NO CURllE.'lTLY USE!l
oxid&cion n1crice ion

solid < 30 ..1n Oxld1Z1nl 7 NO NO 1I0T RECOllME.';OEO
scable' species

none none Ocher UV Independenc NO YES RECOMME.'10EO
absorbers, (UB TEST)

none non. none Ineependenc NO YES REeOM"iE~OEIl

(t.'.a TEST)
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TAIL! I. CHARACT~ISTICS AND COMPARISONS or ANALYTICAL METHODS. (cone'd)

Sped..t DETECTIO~ \/OIlXIliC EXPECTED E:<PEC.£O
TYPE or TEST .llWtlaED LIMIT RANCE ACC'...'RACY PRECISION 'SKILL'

(METHOD)' OIIlECTLY (IDIIL) (IDIIL) (: t) (: t) U·~·El.-
ACVKu ClOt 0.04 o • 25 NIl :'I'R. 1

CHLOIlOPHENOL IlED ClOt 0.003 0.003 1 10 5 1

o-TOLIDINE ClOt 0.1 NIl ~'R ml 1

INDICO IlLUE ClOt 0.01 NIl NIl 1.5 1

CHEKILLllINESCENCE

LwIIinol ClOt 0.3 0.3 - 1 ::a 8 1

corIA" ClOt 0.005 0.005 74 2 1 1

EUCTilOCHEK.

Pe Hicroelec. Cl0. + Cl0.- 1.3 NIl 7 ~:a 2/3

Vito Carbon ClOt 32 NIl 1.'R ::a. 3

Volt.... M.... ClOt 0.25 NIl :-<'R loA 2

Ilotatinll Vo 1e.
Me..brane ClOt 0.30 0.30 , 3. ml 6.4 2/3

CHLOIliTE ION

"Idaal" C10" 0.001 0.001 • 10 0.5 0.1 1

AKPEilOKETllIC

Iodo..etric C10 - 0.05 0.05 • 95 5 5 22.

IODOMETIlIC

Sequential C10.. 0.011 > 1 1 1 3

Modified C10.. 0.3 0.5 - 20 0.5 1 ·3 3

OPD Cl0 - 0.01 0.01 • 10 5 5 Z
2
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TAIL! I. CllAaACfER.IStICS (cone'd)

STAlIUTY
UACENT PIl0DUCfS INTERFERENCES pH RA.'lCE

FULl)
TESt AutOMAtED

lIll lIll .inio1 8.1 8.4 YO lIO CO~'!) Sn::·!

6 moneh. lIll ...lIono.... 7 YES ::0 :/ot ItECO:l:'lE:/:lE:l

lIll Nt OXidiZing NIt lIO lIO lIOT RECC:l!'~:tE:l

.pecie.

good &oOd OJ C1. > 4 NO NO :lot ItECOllXE:ro E:l

1 DAY .: 1 nc NIt lIll :f0 :f0 ~:OT itECOMM~~::~

1 DAY < 1 nc C1. > 12 1I0 YES RECO~ElIOE:l .
CONT':l S"'::lY

none none Cl0 2 - 5 · 5.5 :l0 1I0 COllt ':l SnrOY

none none Cl02 • 3.5 · 7 NO lIO CO:'," :> 5-·"'··" .. .,;1

none none· HOC1 7.8 1I0 NO COllT':> s-·..\·.........

none none Hoel 5 · 5.5 :f0 :f0 eONT':> STl::lY

5 YltS > 1 DAY NONE YES RECOMXElIDEO

lY1t Subjece co OXidiz1n& 2 • 5 110 NO NOt ItEeOMXE:fDEO
oxidaUon .pecie.

good Subjece co Keeal ion. 60 7 NO NO REeOHMElIOEO AT
oxidaeion nieiee 10n HICH eONC.

good Subjece co Keeal 10ns 60 2 NO NO CONT' D SrtlOY
oxlc1AUon nieiee ion

Solid < 30 .1n Oxldlzlnl 7 NO NO :fOT RECOMXE.'1CEO
.e£bl.' .pecie.
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TAIL! 1. CHARACTERISTICS (cont'd)

STABILITY .
REACENT PRODUCTS InEllFO.£NCES pH RAIIGE

FIELD
TEST AUTOMATED-

5 YRS > 1 DAY NONE Independenc YES YES ilECOI!Iit.'lDED

lood Subjecc Co liecal ion. , 1 !I/O :110 _- llECOI!Iit.'lD ED AT.
oxidacion nitrite ion HICH CONC.

lood Subject to . lIetal ion. , 2 NO :110 con'D Sn::lY
oxidation nicrite ion

1 year 1 day Oxidizing < 1 !I/O YES l:SED AnEll Atot.
.pecin C:'O: C:'0 2 - C""'-\,I_,c.

So114 < 30 lIin Ox141zing 7 :/0 :/0 ::OT !l£CO~~::::~

nabla' .pecin

5 'iRS > 1 DAY NONE 1n4epen4ent YES YES RECOl'_'!E:'IllEll

l'iR .ubjecc to All ozone < 2 NO lIO AS....'lDON
oxidacion by producu

and oxidanu

l'iR .ubjecc co Oxi4iz1nl 6.8 NO :10 CONT' 0 Sn:OY
ox1dal:ion .pec1e.

2 'iRS nO tadinl Oxid1zing 6.6 NO lIO lIOT lUCOM!lt.'lD ED
ti:n 5 lIin .pecie.

So11d < 30 .in Ox1d1z1nl 6.4 NO NO NOT RECOM!lE.'lOEO
.cable' .pecie.

lood lood C1,. Kn ion. 2 NO YES lUCOM!lENOEO
I:, I,

YES RECOM!lElIOEOlood lood C1,. lin 10n. 2 NO
Ir, I,

RECOM!lE!l/DEDlood lood Cl,. lin ions 2 NO YES
Ir, I,
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TAIL! 1. CHARACTERIStICS (conc'd)

STAlIUTY
Il.EACE!1T PRODUCTS IllTEIl.FEltENCES pH IlANGE

FtELD
TEST AUTOMATED

Ctlll.ll.L'IT
STATt:S

sood sood C1" ltn lon. 2 YES :10 Il.ECOIll'lL'lDE~

Ir, I,
lood lood C1" ltn lon. 2 Y£S :10 Il.ECOMM~ICE:l

Ir, I,

lood lood C1, u > 111l1/L 2 :10 YES COHPAIlISO:l
STUDIES
:lUDED

5 cable Sc&b1e 5'- 50'- Crt. 2 110 NO COllT':l S':"..~·{

ml ml lln > 1 IIlIIL 2 :l0 :10 CO:'"!' D S-:-,.::Y
C1, > 10 IIlI/L

ml ml Hecal lon., N02• 2 YES :10 . AIlAIIOON

Cood Good Cl, < , NO YES Il.ECOMML'lDE:l
(t.A!-r!S7)

ml ml ml 2 NO :10 CO::!' ~ S7"'::'~

nona NA Oxid1z1nl 2 NO YES REU':':-..::
.pechl KONITORII:C

1Yll S"bjecc co OXldlZ1na 4 • 4.5 NO NO Il0T RECOMML';IlE:l
oxid&c1on Ipeciel

none NR NR NIl NO YES COllT'O STt:OY

none Ha NIl NIl NO POSSIILE CONT';) S-·... ··....... :

none

none

NIl.

NIl

ml

NIl

Nil.

4

NIl.
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TAIU I. CHAMCTEIUSTICS AlII) COItPAltISONS OF ANALytICAl. lIETHODS.

Spede. t DETECTION IIORKINC E.UEC'rEil E:<?EC.E:l
TYPE OF TEST llI.AStnU:1) LIMIT RANCE ACCllllACY Pll.ECISION SK::'t.•

(METHOI) I DIIl£CTLY (·C/L) (·S/L) (t ') (t ,) .-.~.
~;"---

UV 0, 0.02 > 0.02 0.5 14 0 ..5 1

ISOTHElUtAL
PIl£SSt.:U CHANCE 0, 4 X 10' s 4 X 10' s • 10 O. 5 0.5 1

OZONE CAS PHASE

·Idaal· 0, 1 1 • 50.000 1 1 1

UV 0, 0.5 0.5 • 50.000 2 2.5 ~/~

Strlpping
Ab.orpclon
IOdoll.cry 0, 0.002 0.5 • lOO 1 35 2 2

Ch.llilumin.sc.nc. 0, 0.005 0.005 1 7 5 1/:

C•• ph••e tltr.tion 0, 0.005 0.005 30 8 3.5 1

Rhoduin. 81
Gall1c Acld 0, O.OOl NIl NIl 5 ··
Amp. rOil. cry 0, IIll. NIl NIl ~:R. ·

I for p.C. numb.r. in cb. fUll report. r.f.r to the Alph.b.tlc.l Ind.x
I dir.ce d.e.rmination of'th••p.cl••••••ur.d wlthout lnterferenc••
• Oper.tor Skill Lavel.: 1· .inill&l. 2 • cood technici.n.

, 3 • experienced ch.llisc
NA Noc applic.ble
IIll. Noe reponed
NF Not: found
1 U.inC r ••••rch Iracl••lectroch••ic.l .quipll.nt
2 U.inl co..erci.l titr.tor
3 Spectrophoto.etrlc endpoint detection
4 Vi.ual .ndpoint detection.
5 Ulinl t:elt kit
6 Liquid r••C.nt i. un.t.bl.
7 Sc.blility II very depend.nt on che purlty of the 2-prop.nol used
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TAIL! 1. CIWIACTElUSTICS (eone' d)

STAlIUTY .
lUCENT PRODUCTS I:fTERFUENCES pH RA.'CE

FIELD
TEST AL"TOMATtD

Ct"RIl~rr

STATl:S

none Nil.

non. lood

Ocher Ind.p.nd.nc :10 YES .ES!AlLISil
Ab.orber :10Ull USOR!·

TIVITY

non. :nd.p.nd.nt :10 YES COllPAltISC:l
S'tl.'llY

none

nona

non.

none none

Ind.pendene YES

YES

YES

YES

IlECO!l!lENDE:l

IlICOl!ME.'iD£:l

lood lood SO, :10, :lA YES :10 A5A.'DO:l

.c..bl. < 1 ••c none :lA YES YES aECO~£.'tl)E~

.uble .c..ble non. Nil. YES :10 NOT R!CC~~tC:;:J

proble... :Ill Nil. YES POSSt"SL! NOT R.£CC~:::;~::J

non. non. ml :/11. YES YES NOT IlECC~E::C!:l
•

8 Toc..l Chlorlne 1. all chlorln••pecle. wleh +1 oxldatlon .e..t.
9 Very liccle ..ceual work hal been c..rrled oue on .el.celve d.carmin..clon

of chloramln... Th. valu•• r.port.d ar. froll .xtrapolat.d .cudi•• ch..e
had obj.ctlv,. och.r chan chi •• l.ctlv. d.c.rmlnaclon of chlor.amine•.
Ko.e ..chodl ar. lndlr.ct proc.dur•• whlch ..r. noC rlcomm.nd.d

10 Indlrect ll.chod
11 1/' of el0, d.e.ralned
12 Acid chrOll' vl01.t poea••1Ull (ACVK)
13 Ca. dlffualon flow lnj.ction analy.l. (CDFIA)
14 S....d on curr.ne llolar ab.orbelvley ..nd proper .eaple handllns tlcnlqu••.

Curr.nt b••t ••tlll1t•• of llolar ..b.orbtlvlty of 2900·3300 11v. a .
po•• lbl••rror of > lOt.

o T..k.n froll Cordon, Coop.r, Rlc., and Pae.y, A~A·1lF Revl.w on
"Dl.inf.et..nt R•• idu.al H....ur....nt. H.thod." (1987)
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Chapcar 4 (Indaxed Reference Cicacions) has been included in chis reporc i~
ordlr co aaaiac readers 1n 10caCins parcicular papers of 1nclresc. Thl 48
cacesoriea for chlorine. chloramines. and che oxy·chlorlne speciel. alons vich
che add1cional 60 caeesorles for oaone. should aake ehe cask of flndinc in·
divldual papera of lnceresc conalderably leas cumbetsome. Papers whlch desc=~~e

.everal mechods have been included ln each of Che approprlace cacesorie.. ~~~

cosecher. che 1.400 refer_nces c1cld 1n Chapcers 1·) numblr :orl chan 2.000
lndivldual clcaclons when discribuced in chI indlxed for.3 of Chapcer 4.

Chapclr 5 ia an alphabecical li.cinS of che 1ndividual referencIs cicacion•.
Finally. a dlcailld Indlx has beIn included in order Co as.i.c reader. i~

locacins subjecca of .pecific inclrl.C. Ve hopl che reader. vlll find c~e.e

addicional chapcera as useful as have we in prlparins chis repor;.

BECQMKENPATXQNS

General Scaee.enca on Compariaons.

Thl're have been and vill concinul co be rlporcs of mechods co:.arison. One
of the mOle important consideraeions for a meehod il aceuracv, i.e. :~e abili:v
of chI meehod co deeermine ehe correce conclneracion of • disi~flceane in
solueion. An equally imporcane consideraeion is prlcision. i.l. how Will dOls
chI analyeical mechod rlproducibly measurl chI 'aml concenecaelon. :cequenc~:

experimenes arl conducced co deelrmine che "Iquivallncy" of che :Ichocs. F:~~

such rlsules. meehods may be found eo be equlvalene. buc che only analyclca~

conaideraeiona eesced were accuracy. as jUdsed by a Referll X.:hod. and
prlcision. judsed for each meehod based on ehe experimencal design.

No considlracions werl siven co specificiey or ~nalyse preferlnce. ,ee or.e
of che mose difficule easks in ehe area of dlslnfecelon analycical mlchod.
developmene is comparison eeseins. Ic ia recoaalnded ehac a prococol be
developed co .inieiaee comparison of the disinfectancs. Thls protocol should
include all of che faccors delineaeed ln ehe ·Ide.l Meehod· and should be
undereaken ln boeh laboratory concrolied conditions and ac seleceed waclr
ereatmlne planca around ehe counery.

Chlorine Che.iatry.

Clearly. thl convlrslon to .olls. equivalenCa. or normalley from unlet of
mS/L (aa Cl.) or milL (al oehlr oxidanel) can eali1y be confu.ed (and
confulins). Our recommendaelon il ehae all oxld1zinS asenci be reporeed ln molar
unit. (M) and. if necellary, 1n ms/L of that oxidizinS asene al mea.ured (i.e.
milL (aa Cl.) or milL (as CIO.") or milL (as CI0,'). Furehermore. ve recommlnd
ehae oxldizinS equivalenel per moll of oxidane be reporeed to minimi:e
additlonal poelneial confuaion. For example, whln CLOt il reduced co CIO,·.
chis corresponda eo one equlvalene/mole: on the oehar hand. when CLOt is reduced
co Cl'. ehll correlpondl co flveequivalenes/moll. A lummary of cotecullr
velshe. and oxldlzlns equlvalents for the vArlous chlorlne species. oxychlorlne
splcle. and ozonl is Ilvln ln T~bte II.
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TAJtJ: II. EQUIVi.u:NT WEICHTS FOR CA1.(;l:t.\TING CONCL~T:ONS ON :HE
IASIS OF KASS.

lIo1.cular Equival.ne
Welshe Eleceron. Ilelahe

Sp.ci.. 1/11101 Transf.rred S/·q-Chlorin. 70.906 2 35.453

1I0nochloruin. 51.476 ·2 25.738

Dichloruin. 85.921 4 21.480

Trlchloruin. 120.366 6 20,OH

Chlorine dioxide 67.452 1 67.452

Chlorlne dloxlde 67.452 5 13.490

Chloriu ion 67.452 4 16.863

Chlorae. ion 83.451 6 ·13.909
,.

47.998Ozona 2 23.999

Ozona 47.998 6 8.000
~

Several lII.chani.lII. have b••n propo••d for eh. d.colllpo.lelon of dichloramine.
bue ehe compleee mech.ni.m .e ehe bre.kpolne ha. noe b.en re.olv.d. Cle.rly. the
ch.1II1.ery i. complicae.d and vari.. lII.rkedly vith .olution cOlllpo.ition. A
d.e.iled und.r.tandin, of the .p.cific r.actions involv.d r.quir•• a detailed
knovledse of the eone.neraeion of .11 chlorulne .p.cl•• ln the .y.eelll.

Nierosen.eonealnlns or,anlc cOlllpounds lII&y b. pr••ene ln .urfae. Vat.r and
sround·vaeer. a.cau.. of analytlcal complaxiti••• very fev d.eal1ed .tudies
have be.n und.reakan to det.rmin. the individual compound. pr•••nt and elle
eonceneraeion at vhlch ch.y .xl.e. KJ.ldshl nleros.n analysls ls u••d
fr.quently, buc this do•• not provld. any d.tailed infot'lll&tlon vieh regard to
lndividual compounds. Th. ar.a of orsanlc nltrosen ana the d.e.rm1n.elon of
.p.ciflc compound. in nacural vater. i. on. of the lncr••• lng int.re.e and
r.qulr•• consider.bly Il101'. r ••••rch in eharact.rizaclon .nd lII.ehod. d.v.lopment.

Ultraviolat Mathocla.

In gen.ral. becaus. the .11101.1' .bsorpcivieiea .1'. quie. lov for chlorine and
chlor..ina .pacie., ultraviol.t lII.thod. are not con.ld.r.d u•• ful ln routine
monltoring of chlorln. re.idual.. In .ddition to the lov 1II01ar ab.orptivitl.s.
th.r. is oft.n background abaorbanc. chae may ine.rf.r. vieh eh. measurement in
various natural vat.r.. Hov.v.r. these measur.m.nt. ar. of u•• in .tandardi:ing
the chlorine spec i •• in dls~111ed waters .nd are of~.n used in experimentAl worK
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r.lac.d :0 chlorin. Ip.clacion. Thil m.chod dO'1 hav. conlld.raoll 'OCI~:~a:
for ch. d.c.rainacion of r.laciv.ly hilh conclncracion. of haloglnl,
parcicularly in r.laciv.ly cl.an Vlc.r. Thi. mlchod miahC find ual in
.onicorina chlorin. .p.ci.. in vac.r creacsenc pllnci. Kovevlr, vich a :ore
elaborace ~lciwavelenaCh .peccrophocomecer and compucer-concrollid apecc:al
InalYli•• ic .iahc be pOI.ibl. co .nalyze leveral haloaen. liaulcaneoully.

Ie il .lao po•• ible chac addicional mechod. u.ina p.raeable =e~brln.a co~ld

be develop.d for che liaulcan.oUl d.cerainacion of chlorine Ip.cill in aqulous
lolucion. Addicional vork i. n.c.llary in chi. aria. A1Chough che molar
.bsorpcivici•• of che .pecie. i. noc of • macnicud••• co 1.nd ic co chi roucin.
decerain.cion of che diluce (lei' chan 10- 1 M) chlorine and chlorine-ammonia
.p.cil', ic i. poc.nci.11y h.lpful in d.cerainina eh. conc.neraeion of aeand.rd
lolucion.. Ab.orpcion .peccrophoCo.eeric analYli~ ha••nd will concinul co be
v.ry i.porcanc· in che ar.. of chlorine che.i.cry. Ic can be ulld in :~I

UftIAbiguoUi d.cerminacion of r.l.civ.ly hilh 'conc.ncracions of . chi Iplcila in
r.lacively pur. vacer.

ConcinuoUi ~aroaacric Tlcracion Machod.

Inelr!lr.ncla .pp••r co b. r.duc.d uainl chi coneinuou. amp.roclcric =I:~od

becau.. Chi rea••nc. are .dded co cha l.:pl. ju.c prior co concac:ing :~I

indicacin. Ileccrode. Thu., vhen comparld co cha amperomecric :i:rl:ion. :~I

amounc of incerfer.nc. by iodec. ion. bromac. ion. copp.r(II), iron(IlI), and
man.anes.(IV) i. reduced by .pproxim,clly one-cench. ~o rlporcs applar co bl
av.ilabl. in Che lic.r.cure 'on che determinacion of .ixed oxidanc. usin. :~I

.:p.ro.ecric .,chod. Such .xperi.encs ne.d co b. carried ouc. In addicion.' :.w

.xp.ri.enc. have b••n raporced vhich cl.arly d.monscrace chac che el.ccrocl_
remain un~ont.min.c.d for drinklnl vater or vase. vacer systems. :n the ao.ence
of such comparison., ch. .ccuracy of any .l.ccrod. proc.dur. :ay be
qu••cionabl•.

Kov.ver, chi ..p.ro••cric cicracion d.c.rain.cion of chlorin. splcil_ re
mains the se.nderd for roucin. laboraeory ••••ur•••nts. eLv.n prop.r analyse
er.ining .nd .xp.ri.nc., che comm.rcially .v.ilabl. inlcrum.ne.cion is a.n_iciv•
•nd preci.e. Thi•••chod .hould r••ain •• chi .echod for laboracory us. and
accuracy comparisone. Ic r.quir.. .or. analy.e .xp.ri.nc. chan colorim.eric
m.chod., buc can b. r.li.d on co liv. v.ry .ccur'Ce .nd pr.ci•• m••_url.ents.
Ie should b. noc.d eh.c c.r• .usc b••x.rci••d wh.n usina on. eier.eor for :h•

. ••••ur.m.nc of boch free .nd co.bin.d chlorin.. Small qu.neici•• of iodide Lon
c.n l.ad co .rror. vh.n differlnci.cina b.cv••n fr•••nd combin.d chlorin•.
C.r.ful rineinl wich chlorin. d.mand fr•• vac.r (CDFU) ia • .usc! Addieional
d.v.lop.enc of .ucoaaced back-cicr.cion .quip••nc vich chi loal of lov.ring eh.

,llmic of d.caccion and improvinl eha r.producibiliCy vould b. hilhly ben.ficial.

lode.aeric Tleracion M.thod.

Th. iodo••cr~c cicr.cion i. usaful for d.c.raining hilh conc.ncracions of
cocal chlorin.. Th••o.c uSlful r.nl' i. 1 milL (a. Cl,) or gr.aclr. Ic Ls a
common oxidaeion·r.duccion tieraeion .n.lyeic.l ••chod and provid•• a rlf.rence
procldure for cocal chlorine. Althou&h noc neceslarily u••d roucinely, mosc
laboracori•• U.I ic .s • r.flr.nc. m.chod and ic is noe liklly .y.~ to be
.liminated fro. u••.
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Color1aetri~ Methoda.

It i. r.port.d in $r.nd.rd ~.~h9d. (13) thet nitrol.n trichlorid. c.n ~•
••••ur.d usinl ·th. DPD ••thod: how.v.r. tho ..thod he. not b••n ~onfi==.d b?
ind.p.nd.nt inv••til.tiona .nd .hould b. us.d only.. • qu.lit.tiv. .Irhod.
Addition.l r••••rch i. n.c••••ry to d.t.r-in. thl .ff.ctiv.n••• of thl ~?J

m.thod for nitrol"n trichlorid.. Thl .fflcc of chI pr•••nc. of mlrcur~c

chloridl in chI r"I"nt. for .inimi:inl thl br••kthroush of .onochloraminl iroto
tho frll chlorin. r••dinl with tho DPD ••thod h.. b••n .hown.. Ie i. very
imporcane th.t ch. .ddition of ••rcuric chlorid. to tho bufflr b. followed to
.inimi:. eh. dir.ce r ••ccion of .onochlor..in. wieh DPD. Thi. phlno.lnon is roDe
thoroulhly undlr.cood. Thi••ff.ce .hould b••CUdild .orl ehoroulhly .nd. :~.

principII ..y b••pplic.bll to .11 of thl color1aeeric .Iehoda.

Thl u.. of thioaC:lc.uaido WII .v.luat.d for ..noc:hloram~n. (Ulin. ll?:l.
St••dif.c). It V&I .hown und.r ch••• cOnditiona co .li.inat••ny posit~v.

int.f.r.nc. in tho fr•• r•• idual ••••ur...nt. Th... r••ule. .r. not •• y.t
under.cood. buc tho implic.tion i. th.e tho ch••i.try of oxidaeion is diff.:ent
for monochloramin••nd fr•• chlorin.. Thl•• r••ules .ull•• t th.t .or. work i.
n.cI.s.ry ro b.ee.r d.fin. rh. rl.ceion. involv.d. .nd chis ••y l••d co ••orl
u••bll .n.lyeic.l procldurl. Thi. procldurl i. rlcoamlnd.d for Ull in w.c.:s
eh.c .rl .u.plctld co bl r.l.civlly hiah in combin.d chlorinl.

~ Thl DPD·Ethyl Ac.t.tl Exer.ceion Procldurl i. • ..dific.eion of chI O?D
chl.i.ery. Thl .Iehod i. b••ld on eh. oxidaeion of iodidl ion by .ceivI
chIorin. followld by .xer.ction of chI iOdin. ,plcil' ineo lehyl .cle.ee. This
procldur.l modific.tion ..y bl of USI in tho dlelrain.eion of eot.l residual
chlorinl in boeh chI filld .nd l.bor.eory. Addition.l work is nlclss.ry ~e:o:e
ie c.n bl uSld co .ny Irl.e Ixelne. Ie dolS noe .pp••r co off.r subsean:ial
.dv.nt•••• co chI .lr••dy w.ll e•• e.d colorim.eric m.chod for laborac~r?

.' m•••urements.

Th. OPD mlehod. h.v. blco.1 eh. mo.e widlly u••d procldur•• for rhe .'a.ur.
m.nc of chlorin.. This i. noe lik.ly co chanl". Thl OPO color r••••ne. in
liquid form, h•• blln .hown co bl quicI un.eabll .nd i. noc rlcoma.nd.d for us•.
Ie i••Insieiva co oxidaeion by oXYI"n .nd thus r.quirl. ~ concrol m•••urement.
Cll.rly, ie i. b.et.r to us. dry r"I.nts. .

Laueo Cry.eal Viol.t, LeV.

No .tudi.. h.v. b••n r.poreld eh.t examinl chI ine.rf.r.nc. of chlorine
dioxidl .nd/or ozone in tho LeV mlehod. It i••nticip.e.d th.c chI" oxidancs
would intlrflr. in ch•••thod. and studil••hould b. conductld co quancify th•••
poe.nei.l inClrf.r.nce.

Syrinlaldazina; FACTS.

A.•eudy u.inl .yrinl.lda.in. in • concinuoUl .Ithod Co differenci.ce fr ••
from combine chlorin. ha. blln rlport.d. It wa. concludld thae it could be us.d
.nd w•• u.lful in controllinl free chlorinaeion. Furthlr work would have Co b.
conductld co U.I this or any colorimltric m.ehod in continuous .nalyz.rs.
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Cbaailuainescence•.

. Several paperl have appe.red that datail the reaction of hydrocen ,ero~i;e
and hypocblorous .cid and the relultinl che.iluminescence. The .echanism ~as
been rel.eively well Ise.blished and che che.iluminescenc. is Choulhc co occur
as a re.ult of the formaeion of linllet oXYI.n. The lilht e.i:eed is red (635
nm). ano occurl .o.e re.dily in .lk.line solution. Thi. reaceion i. ra:h.:
insensitive co low conc.nerations .nd il not suieabl. for the d.car=in.cior. of
hypochlorous acid in .qu,oul .olution. However. the ICudiel ehae have b••n
r.pore.d c.n s.rve •• a auid. for cho•• ine.r••e.d in pur.uinl ochlr ••chod. f~r

the determination of hypochlorous acid by che.ilumine.cence. I: is noe .ensiei~e

enoulh to be considered a••n analycical .ethod for chlorine in vacer ::eaemene.

A ,CUdy ha. been reported cbat decail. the use of lu=inol for :h•
••••ur•••nc of hypochlorice ion. Th. opeimum pH for .naly.il·v~, b.eveen 9.0 an~

11.0 LYainol aleo haa been us.d for che deeermination of hydrolen p.roxid•.
4.S.6.7,-cetr..echoxyluminol il 30 '.ore .ensicive than luminol. tith.r ~f

che•• compounda ..y b••ore ••nliciv. in ch. dee.rmination of free chlorine. As
eh... compoundl have not be.n cri.d it appearl chat addicion.l se~di.s a:.
nec.s••ry. Fro. the limit.d daca availabl•• it appear. chae this :.ac:ion ~as

con.iderable pro.ile al an analycical ••chod. Ic .ay v.ry v.il ~e rhe ~osr

I.nsitiv•••chod co dac•.

Ie il reporc.d that lophine. in a reaccion with hypochlori:. ion. ,rod~ces

liCht. V.ry f.w detail. vere liven in che .tudy for chis r••ceion. :: appears
ch.c lophine al.o .ay be 1000 a~ • ch••ilumin••c.nc. r.aceion .ysc.m for iree
chlorin.. Adoitional work .hould bl undertak.n to bntar c~anc:a:ire rh.
decail. of chil reaccion.

Luminol and som. of itl d.rivaciv••• or lophin•••ay be 'vell suited for the
very ••n.ieiv•••••ur•••ne. of chlorin. sp.ci... Addicional r•••• rch should ~e

und.rtak.n to d.v.lop ehe use of chemilumin.scence for us. in ehe d.eer:in.rion
of chlorine in vaeer. Th. poe.ncial .xiles for rapid. simpl•. ar.d s?ci:ic
m.ehod. for chlorin. Ind po••ibly ocher oxidane.. Yieh ehe adv.ne of :1'.r
opeic sensor. and th.ir .pplication in ch••ilumin'lcenc•••ehods, rhis
eechnology will b. imporeane in che fueur•.

nuoresclnce.

Th. USI of rhodamine I hal be.n reporeed .as a low level fluoro.eeric merhod
for ehe deeermination of bro.ine. Thil mechod i. qualitacively Ip.cific for
bro.in., alehouan chlorine will react co decrease che fluorescence. The advane
ale of chis .ethod is thac ie il capable of deeermininc o~idantl ae very low
conceneracions. This .ethod could be applied co chlorine analysii by firse
usinC ehe free chlorine co oxidize ehe bromide ion Co bromine. .n ierever"':e
reaceion, followeo by ehe determination of bromine. Thil meehod was noe
developed fully and very little work hal been undereaken since ehe firse
publicaeion. It doe. appear co have coftliderable poeeneial &"d fucure rese.rch
1n ehe ana of .eehodl developmenc should noe exclude addieional work on rhis
fluo~om.eric procedure.
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OC/l.r Elaccroda K.C/loda.

Addicional .:U~il••r. r.quir.~ to b.ct.r un~lr.c.n~ chI limic.cion. of
••abr.n. .l.ctro~. ..thod.. It ,pp••r. ch.t th.~ ma~ h.v. pro.in.ne rol•• :0
play in chlorinl r ••iduel ••••ur•••nt. in thl fueur•.

In • ..ril. of .xp.ri••nc. c.rri.d oue for eh. d.e.r=in.eion of f: ••
chlorin. in tap v.t.r. ie v.. ob••rv.d th.e th.r. va. a .eati.eica~~:

.ilnificant diff.r.ncI b.ew••n the r••ule. of eh. amp.ro.ltric titr.tion .nd the

.&abran••l.ctrod... It v•• thoushe to b. a probl•• in chI •••br.n••l.cerod••.
Hov.v.r. on r.con.id.ration. it i. po••ibl. th.t the .1.ctr04.. v.r. actuallv
livinS ". fr.. chlorin. rladinl .nd the amp.ro••tric cicration v•• r ••~ing the
.um of fr•• an4 or••nic.lly co.bin.d chlorinl. Th••tud~ va. conduct.d on vat.r
vhich i. r.lacivlly hiah in orlanic nicrol.n. It i. po•• ibll t~.t con.idlr.~le

chlorinl i. prl.lnt a. orl.nic.lly combinld chlorina and·int.rfer•• in ch.
amplro••tric titration proc.dur•• but do.. not int.rflrl vieh the .I.br.ne
Il.ccrod. • •••ur•••nt.. Thi. qua.tion .uat bl rl.olved. Carlfully da.ilfted
.xp.rim.ne. to .xpicitly r ••olv. th••• d1ff.r.nc•• vould b••o.t appropriat•.

Th.r. have b••n no r.port. of Ixp.ri••nc. u.ing b.rl-.l.ctrodl ..pero••t:it
analyz.r. vh.r. oeh.r oxidant••uch •• chlorin. dioxid•. chloric. ion. chlora:.
ion or ozona have b••n t ••e.d vieh eh. barl-.l.ctrod.. Additional .tudie. are
r.quired to .xpand th... bar.-.lectrod. amp.ro•• tric .:udi.. to quantitate
inc.rf.r.nc.. vith oxidancs oth.r than tho•• t ••t.d. and to .xoand to oth.r
natural vat.rs. .

Since the accuracy of the pocenciomecrlc el.cerod•• 1a affec:ed. :;
temperacura carreCtiDns are noc u••a. it 1s recommended chat r.=p.rat~r. ~e

I1th.r controll.d or measured simultan.ously. Addieional ind.p.ndene ::easu:e
••nt. of accuracy .hould b. und.rtak.n for the poe.neio••eric Il.ctrod••.

for' :he
continuous

coepared -.

Ic app.ar. that the pot.ntio••eric .l.cerod. can bl used
d.t.rmin.eion of eot.l r•• iduel oxidanc. It i. .uie.bl. for
••••ur•••nc••nd app.ar. to liv. r ••ule. ehae ar. acc.pcabl. wh.n
,the amp.ro••cric cieraeor.

C.nlral Summary and a.co_.ndationa for Chlorinl.,

In ,co.paring all of chI ••ehod. to thl "Idlal Klthod" w. find thlt non. come
v.ry clos. to our idlal .tandard. Concinu.d d.v.lop••nc of ch. vlrious methods
vill. how.v.r. co•• clo••r and clo••r to eh. id.ll.

For the pr••lnt. the amplro.eeric tierltion c.chniqu.. will remlin the
laboratory .candard usld for chI bl.i. of complri.on. of accurac~. These
•• thods, with propar pr.cautions can diff.r.neiatl bltw••n the common inorganic
chorin./chlorin. ammonia sp.cie.. Ind in g.n.ral .uff.r fro. a. f.v incer·
f.rence. a. Iny of ehe .ethod•.

Of the thr•• common colori••eric procedur••• OPO. LCV. and FACTS. che OPO i.
by far the mo.e c01lllll0nly USld mechod. Fro. cheavailable literacure ic is clear
that che OPO proc.dur. h••• numb.r of v••kn...... In p.rcicular. che colored
product is • free r.dical which limits the stability of the colored relction
product. The dir.ct re.ction with .onochlor..ine. to for.. product ident1cal
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eo eh. reacelon wleh free chlorlne': 1. al.o • dr,vback. :hl••roblem can :e
reduced by che .ddlelon of chloacee..l... Llquld r•••ene In.eabl11ey precl~:e.

ch.lr va. ln ".c c•••• ; c.r••hould b. eaken co 4aee~ln. blanks fr.quenely.

The pr•••ftc LeV ••ehod tnac app••rs 1n $;'04,:4 MethOd' (13) 1& oucdaced and
ha. been .ubaeenelally 1.proved upon by Whleele and Lapeeff (14). Thl. metho~

allow. for chi dlfferenei.elon of eh. common free .nd combined lnorlan~c

chlorlne .p.cle.. Hovever. becau.. only one comparl.on seudy has :een
conduceed. .ddlelonal collaboraelv. ee.elna 1. r.commended.

The FACTS c.ae procedure app.ars eo be v.ry va.ful for ehe d.eermlnaelon of
fr.. chlorlne ln chi pr••ence of relaelvely hl&h conceneraelona of combined ~n·

orlanlc chlorln.. A a.v.r. drawback of ehe FACTS eeae proc.dure 1. eh. insolu·
bll1ry of eh••yrlnaaldazln. ln .1eher 2'prop.nol or wae.r. Thl. leads eo ~~!.

flculele. ln realenc prep.raelon. and pre.umably eo eh. color .eabllley problem
.ncoune.red ae ch. hlah.r conceneraelona of chlorlne (Ireaeer chan 6 • a =~/L

(as C12 ». Alchouah a ..chod for ch. va. of ch. FACTS e••c for eoeal cnlor~ne

hal been repore.d, It .hould b. eest.d furch.r.

Elecerode ••ehods have been d.v.loped eaploylnl .everal differene conee?:•.
Th. meabrane .l.ceroda••ppear eo have poe.nelal a••p.clflc meeho~s for h:,o
chlorous acld. Common ineerference. are oeh.r nonlonlzed molecule••ucn as
chlorine dioxlde and ozone. Poe.nelomeeric elecerode. for ehe dater=in.eion 0:
eoeal chlorln. ar. improvlna in boeh detecelon 11mle and seabill;y. The.e
elecerode••ppear co have promise in che area of proce.. conerol. Thelr
lnclu.lon a' •• thod. for routln.·u•• in eh. laboratory and fl.1d i. vatranced.

Boch fluore.cence .nd ch.milwaine.cence .echods also show promise for :~e

.p.clflc d.e.~inaeion of fr•• chlorin. at v.ry lov conc.neraeion.. .i;h~n :h~s

are. of .p.ctrofluorom.tric m.thods. th.r. i. con.id.rabl. work yee to oe
inlelac.d. Contlnu.d d.v.lopm.ne vork ls varranced and r.commended ~n chis
promi.inc area.

From eh. r.vl.w of analyelcal proc.dur•• for eh. d.e.~inacion of tnlor~ne

in aqu.ou. soluelon. le 1. r.adl1y appar.ne thae only a f.v of eh. m.tnod. ar.
u••d roueln.lY. N.v.reh.l•••• eh.r. ls c.rtain to b. a continued ineerest ~n

d.v.lopine n.w and b.ee.r ••chods of analy.l.. V. vould seronlly r.comm.nd that
n.v .echods b. pr•••ne.d ln c.rm. of the "Idaal K.chod" and chat whenever·pos
.1bl., comparlsons vlch r.al ...pl•• and ine.rlaboraeory comparlsona b. made.

Flow lnjecelon analytlcal technlqu•• are b.cominc vary common. Concinued
d.velopmene .hould le&4 eo the aueomaelon of ..ny colorl.eerlc and fluorometr~c

analycical .echad. for cha .aa.ure••ne of fr•• and combln.d chlorin. and It.
varlou•. ,p.cl•• ln wae.r. Vlth the currene emphasl. on automatlon. the mechods
thac ar. eo b. dav.lop.d and tho•• alr.ady developed can r.adl1y exceed present
ecandards of accuracy and preci.ion. Auco..clon vl11 also lead co operaCor
lnd.pend.ne ..thod. and .hould lead eo l.provemenes. in proc... concrol and
monltorlnl·

Chlorln. Analytlcal K.chods Coaparatlv, SCUdie••

The reader 1. caution.d asain.e acc.ptins eh. r••ulcs of any or all of the
above cests vichout '0.' reservacions. ~~.r. po.sible w. have cried co add cc~·
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••n~., p.r.n~h.~ically; b•••d upon our knowleds. of ~. fi.ld. Ze i. v.~, ~="
por~.n~ in r.vi.winl da~. fro. comp.ri.on ~••~. ~~ ~h. analy.~ b••w.r. of th.
obj.c~iv•• of eh. co.p.ri.on ~••~ini. For .xaapl.. • ~••~ ••y b. judS.d
unacc.pe.bl. b.c.va. of .n unacc.pe.bl. lov.r li.ie of d.e.c~ion eh.e i. b.~ond
eh. n••d for conc.rn for oeh.r inv••cis.~or.,

In S.n.r.l wh.n e••~ins ••v.r.l e••~ proc.dur•• ie i. 1apor~.ne co id.nt~!y

eh. obj.ceiv. of eh. e••eins. Equally impore.ne i. eh. us. of ~h. dae.. In
r.portinl eh. r••ule. of ~. abov. t ••t., i~ .hould b. k.pe in .ind ~h.e m.ny
aanuf.c~r.r. of ch••ic.l. for .naly~ical ••choda and t ••e Ki~. ch.nl. th.ir
proc.dur••••• r••ule of ~. e••~ins. Th. conc.rn.d .naly.~ n••d. co d.e.r=in.
if ~. ra.ulca .r•.sc1l1 v.Ud. Th18 chanS. 18 noe n.c....r1ly .ppUc.bl. to
oeh.r .tudi.. vh.r. ch. ch••i.ery of .n .nalytic.l ••chod i ••x..in.d. Zn
s.n.r.l, eh••or. ~. e••e .~di•• ch••i.ery and noe ••r.ly eh•.~••e proc.dur••.
the ..r••pplic.bl. the r••ult. ar. for future r.f.r.nc••

Anoeh.r .r•• of confusion conc.rn. pr.ci.ion·and .ccuracy. An .n.lytic.l
.eehod may be judged accepeable ba••d on th. preci.ion of ehe re.ulc., while eh.
.... ..ehod ••y siva poor .ccur.cy. Th••••~.~i.~ic.l p.r&m.~.r••r•••p.ra:•
• nd au.~ b. e••~.d vainl diff.r.ne .xp.ri••neal da.iana. Co.p.ri.ona wi~h the
°Idaal K.ehodO would r.quir. ch.e boch b••c ac~.pt.bl. lev.ls.

In s.n.r.l, th.r. i. a l.ck of compr.h.n.iv. s~dies co b.cc.r und.r.c.nd
eh. ch••i.~ry •••oci.c.d with the individual ~••~ proc.dur... Inv••eiS.tion. of
this n.~ur••r. n.c••••ry on • con~inuinl b••i., b.cau•• of ~h. advanc•• in .n."
ly~ic.l in.erum.n~.~ion .nd our·continu.d i.prov•••n~. in und.rsc.ndins ch. de
tail. of the und.rlying ch••is~ry.

Chlorin. Dioxida Analytical K.~oda.

Th. iodo.ecric ••ehod i •• qu••eionabl•••chod .v.n.for c.r.fully control~od
r ••••rch l.bor.~ory chlorin. dioxide .~andarda. In r••l ...pl•• wh.r. a larg.
numb.r of poc.n~i.l int.rf.r.nc•• c.n .xi.~. ~h•••ehod i. d•• tin.d :0 produco
erron.ous r ••ul~.. N.w.r, .or••p.cie••pecific ••ehod••re. be~~er choic••.

Any ••chod which determine. concentra~iona by diff.r.nc. is pot.ncially
in.ccur.~. .nd .ubj.c~ to l.rs. accumul.tiv••rror.··both in ~.rmI of .ccur.cy
.nd pr.ci.ion. Th••ub~r.ction of cwo lars. numb.r. ~o produc.. s••ll numb.r
•••ns .that the .rrors .ssoci.cad wi~h tho•• larSe numbers .re prop.g.c.d to ch•
•••11 numb.r. Th. r••ule in aany c•••• i. ~.~ eh••rror is l.rs.r th.n che
s••ller numb.r, ch.r.for., Sivinl ••aninsl... inforaacion. M.thod••uch .s
thi., which obtain v.lue. by diff.r.nc•• , .hould b••void.d.

Th. DPD ••~od us•• ~h. diff.r.nc. ..ehod in eh. .v.lu.eion of conc.n
tr.cion.. Th. dir.c~ ••••ur•••n~ of .p.ci•• by •••ns of ••or. r.li.bl••nd
.ccur.t•••thod co d.termin. chlorin. dioxide i. n••d.d. Th. .... qu••cions
r.i••d abouc eh. DPD .e~hod for chlorin. al.o .pply h.r•.

Ulcraviolec .p.ccrophoco••cry, uCili~ins coneinuou. flow au~omac.d oechods.
h.. • sr••t po~.nti.l for .ccur.~. .nd pr.ci••••••ur•••nc. wieh the add.d

_. adv.ntag. of a••• of op.r.tion .nd high ...pl. throughpuc. Floll injection
.n.lysis ••thods· (FrAl .hould be e.refully evaluat.d asainee .x1s~ing ••thods
for .ceur.cy .nd pr.cision. Th•••~hod should b. fi.ld t.se.d .nd ~he potential

31



p~obll. of .eab~an. ~ellabl1lty .hould be eveluaced fo~ lonl eeta 0plrac10ns.

Add1e10nal b.nch .CUd1e. u.1nl conelnuous flov ••ehode wleh che.l1umlne.cene
deeecclon ~e'b. ca~ried oue. The .upe~lo~ .elecclvley of chl••eehod n.eds co
be uel11z.d. Co.pa~l.on lab C••clnl and f1.1d .cudy .hould b. ca~:i.d oue.

Chlo~1e./Chlo~.c. Ion Aaalye1cal Kachoda.

Thl 10do••C:1c/..,I:o••crlc .Iehode
10n and cannoe bl ~.co...nded, The
:Icomm.ndld b.cau.. 1e 1. un:eli.ble.

a~1 indi:.ce deelrminaeion. of chlori:e
DPD nlchod for chlorle. ion c.n noe bl

Th. 10do..eric ••qulne1.1 .Iehode appla~ co b. VI~ workabll on ...~ll'
conealn1nc cr.aeer chan 1 .IIL chlo~lel ion or chlorael 10n vle~ sood pr.ci.ion
and accu~acy rl.ulelnc. Th...ehod rlqui:.. conaida:abl. 0plraeor .kl11 .nd
explrilnc. co obealn lood prlcl.ion and .ccu:acy fa: ...pll. cone.lning 11••
chan 1 .IIL chlorlel 10n o~ chlorae. ion. Thl .Iehod .hould bl fl11d el.:ld
wleh ochlr .echod. usinC boeh hlCh .nd low ~ael0. of chlo:ael ion co chloriel
ion. Thl ••chod ahould bl usld wich cauclon on lov levil .~l.. of drlnki~;

waelr and/or waseewac.r. alehouch dlrlce nlchoda rlqui:ing le•••~.cl.1izld
skl11s ar. pr.flr:.d.

Inc.rlabor.eo~ compari.on. .hould b. carrlld oue for chi ~odlfied

iodomlerlc .Iehod for chi dirlce analy.l. of chlo:lc. 10n and chloraci ion. ~I

d.tailld Ifflct. of varlou. poc.ncial inelrflrlnci. nl.d co b. Ivaluated.

Thl ars"neon.eric clereeion .Iehod is co b. r.comm.ndld only for relaci~elv

hiCh conclnt:aelona of oxy-chlorln••pec11. (10·100 mg/L) but .ay bl v.ry useful
in .st.blishln. lncl:·labo:aeory b.nch .ark comp.rl.on••t th••1 high concen
eratlon r.n.e.. No .uch compari.ons arl cur:enely .val1abll.

A hiChly pr.cise. aueo.aeld FIA .Iehod for low 1.vIl chlorat.ion nlld. :0
b. dlvIlop.d po•• ibly uslnC v.riou••a.kln. a.enes .uch a. glyclnl. oxalic acid .
• alonic acid. and nle:lci ion co inieially remove oehlr.po••lbl. oxy-halogen
lnclrfl~lng .pIC11.. Thl .Iehod .pplar. co bl VI~ pronl.lnl in ch.e le can .be
uSld co dirlcely dlclrmln. low llv.l chlor.cl ion conclneraclons.

Dlfficulel•• Wlth Ozone K...url..nes: H••d For Id••l 'Klchod.

As a con••quenc. of thl naeurl of ozon•• lts coneinuoua Illf·decomposieion.
volaeilley fro. .01ue10n, .nd ehe ~••ceion of ozonl end ic. dlco.po.icion
produce. w1th ..ny orlanic and lnor.anic concamlnanc. ln wac.r. chI d.cer
.1n.eion of d1••01v.d r ••1dual ozone 1. VI~ dlfficule •. A dleal1ed knowledgl of
che aechant.. 01 aqueous ozone d.compo.ielon and thl poelnelal role of che
various hi&hly r.aceiv. lne.ra.di.el•• is 1.p.raeiv. in ord.: co .ccuracely
evaluatl :h. analyelc.l ••ehode (15). In th1s conclxe ie .hould bl noe.d :hae
no.e ozona .Ichods arl .odificacion. of chlorinl re.idu.l ••ehod.' which
d.clrmin. eocal oxidanes 1n chI solueion. Tharlforl. ozonl dlco.posicion
produccs .uch a. hydros"n plrox1dl .nd chI like .rl al.o ••••ur.d.

Iodonltry c.n b. us.d a••n Ix.mpll of chI d1fficultie. encountlred 'n
maklng aqueous ozone ••••ur.menc. (16). Iodldl 10n 11 oxidizld to iodine b~

ozone in .n unbufflrld poca•• lum iodide soluelon, The pH tnln i••dju.cec co ~
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wich sulfuric .cid .nd chI lib.r.eed iodin. i. cicr.ced wi~h .odiua chiosulfa~.

to ••carch .nd poine. The o&on./iodin••coichio••cry for thi. re.ccion h.s be.n
found co rani. fro. 0.65 co 1.5. F.ccor. aff.ctinl chI .coichlo••c~, include:
pH. buff.r coape.icion, buff.r conc.ncracion. iodide ion conc.ncracion....plinC
cechniqu.s. and r••ccion ci•• , Th. pH durinl chI inici.l ozone/iodide ion
r.accion .nd tha pH durinl ~e 10dln. deca~inacion·h.v. b••n .hown co .ark.dly
alc.r ~. ozona/iodln••coi~hio.ecry. The forasclon of 10d.ce ion and hydro,en
peroxide have b.en implicac.d speclflc.lly a. faccor••ff.cClnl chI ozone/lodino
.coichio.ecry (17), Kodiflcaciona in chI iodlne dec.rainacion inc Ludo chan,.s
ln ond poinc d.c.cclon. pH, .nd b.ck·cicr.cion C.chniqu••. · Yon. of chs.e
.odiflcaciona ha. be.n d••on.craced co b. cocally ••ci.faccory.

Th. bille.: dlfflcu1ey 1n lnc.rpr.cinl chI .xl.clnl ozone lic.r.cur. is ch.c
no on...thod baa be.n .cc.pC.d •• chI a.fer.. K.chod. Th.r.tor.. coap.rison
beeve.n ••ver.l dlff.r.nc ••chods can cr.ac. f.L.. concl~ion. abouc the
.ccuracy of ch•••chode, Th•••chod .o.e ofc.n u••d for co.p.raciv. pu~o... in
che ri....rch labor.cory. 1& IlV ••••un••nc of ozona at 260 M.. Ev.n wich chis
..chod ch.r.' i. .ppar.ne contuaion over chI .ol.r .b.orpcivicy for .qu.ous
ozon., wlch ch. valu•• ranlinl fro. 2900 co 3600 K-lc.,l (16),

All .n.lyclc.l ••chod. r.ported. p.rcicularly chos. of e.rly vinc.,e, should
be ro.v.luaeed. con.id.rins chI rec.nc informacion aboue oxidaciv. by-products
frO. ozone d.co.po.icion and the ozonaeion proc... ic.elf. So.e of cho.o
faccors ••y noc h.ve b••n con.ld.r.d durinl d.v.lop••nc of :h. orisin.l
.nalyeic.l proc.dur... C.re.inly, .or. d.c.il.d informacion and comp.risons
.hould b. availabl., I.c.u.e of chI difficulci.. of .se.blishing • reLlabl.
aef.r.e M.chod we propo.e ch.c chI eXisCi"l .nd fucure .achoca be co=p.red
as.in.c an "Id••l K.chod", Thi. "Id••l K.chod" would incorpor.ce all of th.
ch.racteriscic. ch.c .r. d••ired for an ozone ••chod, caking inco .ecounc a:~

och.r poc.ncial inc.rf.r.nce., d.coapo.ieion produces, .nd sampl.s originac'~'

fro. various sourcs., Finally. aueo••cion. whil. noc .n ab.oluc. nec.ssi:y. can
.dd co chI ••1.cCivicy .nd id••l n.:ur. of a ••:hod for ozone d.:or:ination,

Ozone K.a.ur."De: CAS l'has._

The ••ny ua.s of ozonaeion in eh. cr••caont of drinkinl wac.r .ro concrolled
by .onicorinl a numb.r of p.ram.cers. Di••oLv.d r •• idual ozon. is only on. of
ch••e p.ram.:ors. and les .easure••nc con:rol. only dlsinfec:ion conducted af:er
filcration. buc before .ddieion of • r •• ldual dlainf.cc.n: for ch. discribution
.y.c•• , Howev.r. ic i. v.ry cl••r ehac the co.e. .fflcioncy. .afety and
i.provo.enta ln d••im of ozone w.c.r purific.cion syse... i. extremoly
d.pendlnt on chI .ccur.ee d.termin.cion of .a. pha.e ~con.. ~er.for•.
• nalyeic.l .echod. mu.e b. dev.lop.d thac will accurac.ly ••••ur. ozone in the
••• pha•••nd r.sidu.l ozone ln che aqueo~ ph.... AC chi. point it is
unrealiscic co b.ll.ve thae one .inll•••chod will b. acc.pc.bl. for both sample
1I&cricl.,

Iodom. try , UV ab.orption and chemilumln.sc.nc. are the chree .ost common
.echod. e.ploy.d for las ph••e measur••lnt. (16). Each' of cho•• ha. beIn applied
co dec.rmine chi amounc of ozone presene ln len.racor .xic sa~es. when stripped
fro••olucion co the la. ph•••• ·or chi amount of ozonl in • contactor Ixh~ust

las. .
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Tho.o eochnLquo. of .0nLeorLnl conconeraeLon. Ln coneaceor eKhau.e lalo. art
quLeo pro.LIinl o. a .ochod of conerollLnl ehe produceLon of adoquaeo quanei:iel
of ozono. ThL. provLde. conaLderablo .avLnl' Ln olecerLcal onorlY co.e. !or
ozono 10noraeL~n. DLroce Lnetr-compari.ons of eho varLous la. Pha.o .ta.ure=enc
eochnLque. aro noodod Ln ordor co ovaluaeo accuracy.

DoeormLnaeLon of .crippod ozono in eho la.oou. leaeo va. reporced in :~e

~ EdLelon of Sc.nd.rd ~tcbod. (13) for moa.urine ozone dl"ol~Od In va:er.
Howover. in addielon co cho proceduro b.ins .ubj.ce Co eho .... li.i:.eion. of
UV ab.orpelon and ch••l1umLno.conco proctduro. in aqu.ou••olueion. :ho offtce.
of rh. ca••erLppLnl proc... ie.olf muse bo eakan Lneo conaidoraeion.

Alrhouah cho 10de.oerLc .erLppLnl/aquoous ab.orpeion moehod bas ~t.n

approv.d in $C.nd.rd ~.chodl (13). vo quoaeion eh. accuracy of eho .echod. All
ovLdenco would .uSlo.e ehae rho .oehod i. problo.aeic. .!von ehoush :bo
LmpurLeLo. aro 'ubaeaneLally lofe bohind by eh••erLppLnl. eho aceual proc.dur•
• nd eb. concinual d.compo.ieion of ozona do•• inerodue. inaccuraci.. ineo :~i.

m.ehod. Thi. m.ehod can bo us.d a. a r.laeivo moa.ur. of ozona for conerol
purpo•••.

Thi. ba.ic .erLppLng approach followed by ab.orpeion in aqueoul lolueicn
(.nd colori.ocrLc .o••ur•••nc) .ay do.orv. co b••cudi.d fureh.r. How.v.r. :h.
biaC••e poc.neial probl•• appoar. Co b. ehae ae hlgh conc.neraeion. of ozona :h.
colorlm.erlc co.pound. may r.ace by a ••chani.m diff.r.ne from :hae ~Iod for
r•• ldual ozono moa.uro.onr.. Ra.oarch Ihould b. concaner.e.d on e~. r.ason:s
ehae have alr.ady .xhLbie.d ozona ••l.ceivicy.

Ioclo••ery (Aqu.ous Pbuo).

If eh. p.rformanc. of ozona in a sp.cific er••em.ne .ppllc.elon is no: : ••
p.nd.ne only on eh. ozon•• b~e L. in.c.ad a coll.ccLv. funceion of i:I :tac:i~e

d.composieion produce. a. v.ll. eh.n 10dom.ery can slve a r.pr.s.ne.ei~. and
raproducibl. r••dlng of eh. eoeal oxidanes. For .xampl•• mose Europ.an erinking
v.e.r er••em.ne plane. ..ployinl ozonaeion a. eb. primary disinf.c:ane. have
r.li.d on iodom.eric ••••ur•••ne. •• eh. b••i. for in.uring ad.quae.
di.Lnf.ceion. .eeainlnl a r•• ldual ·ozon.· l.v.l of 0,4 .g/L in :h. firse
cone.ce chamb.r and ..ineainl ehl. l.v.l for ae l.a.e four minue•• ).

Hovov.r. le i. nov abundanely cl.ar ehae eh. 0.4 ml/L v.lu. is a •••Iur.' of
eh. ..oune of eoeal oxidane. pr•••ne. and noe n.c.l.arily ozona .lone.
Th.r.foro••iehor rho ab.olueo lov.l of ozona r.quir.d co aeeain eh. ."p.c:ed
dOlr.. of di.infoceion i. low.r chan 0.4 .I/L ov.r eho roquir.d pariod of ei:e.
or .omo of rho docompo.leion/oxidaelon produce. form.d upon ozonaelon allo have
dlslnf.ceina proporel0', or boeh. Cloarly. doealled .xp.ri••nes n••d :0 be
carrl.d oue co d••onser.e. eh. offic.cy of disinf.celon by eh. d.co.posicion
produce. of ozono. Sl.ilar offlcacy daea for ozona daco.poaielon produc:a could
bo dov.lop.d for oehor us.a of ozono (•. C., ch••ical oxldaelon) wh.n measure.ene
Of r ••ldual oZona l.v.l. muse b••ad. co conerol ch. proc.... Such d.ea would
halp co ju.clfy eh. conC1nu.d us. of 10dom.cry co ....ura ·eoeal o"idants".
r.eh.r chan oniy ozon••

Hlseorlcally. iodom.ery ha. b••n u••d a. eh. refer.nc. m.cnod
minlnl ozon•• , .nd alalnse whi~h oeh.r .nalycical pro~.dure.
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• ".eandardiz.d". Ie i. nov quie. cl••r ehae b.cau•• of ie. lack of ••••ceivi:v.
eh. us. of io40..ery .hould b. li.ie.d co chae of only a conerol proc.dur.. :n
e.raa ot ozonaeion proc••••••••a.ur••enc·for concrol purpo••• ·of eha production
rac. of ozone len.raeor••nd b.ce.ri.l di.infeceion/viral inaceiv.eion may b.
based upon iodo.ecry. provid.d eh. us.r recorniz•• eh...ny li.ieacion. of ch•
••chod. The reev.luaeion of chi•••chod .u.e b. c.rri.d oue vich :h. .p.cific
Coal beins co datil\e wh.n eh••achod i. reU.ble .nd ehe 11:uac1or\l vhere ·i:· i.
noc accuraCe.

MAny .uchor. h.ve c.ccfully poineed ouc che ..ny di.adv.nca,•• of iodo••cr!.
l.,vin, ie co ehe r••d.r co decide vheeh.r or noc co use ehe proc.dur.. In a
d.cail.d comp.ri.on of eilhe .n.lyeic.l ••chod. for ,ch. d.e.rain.cion of
re.idual ozone ie v•• conclu4ad (16):

"~o iodD••eric .eehod i. reco..end.d for eh. dee.rminaeion
of ozone in .queous .olucion bec.us. of che unr.li.bilicy
of che ••chod .nd b.c.use of che difficulcy of ehe co.
p.ri.on of r ••ule. obe.ined vieh .inor·.odific.eion. in
che iodo••cric .eehod ic.elf."

Ar.enic(111) Direce OKidaeion.

In:h~ direce oxidacion of .r••nic(111). olon. r ••ce. ~ich inorsanic
ar.enic(111) ae pH 4.7. che pH i. adjuseed co 6.5·7 and :he .xc••• ar••nic(I:1)
.p.ci•• i. back·eier.c.d vieh .candard iodine co ••earch end pOine. Valu•• for
r •• idual ozone dee.rmin.d by ehe_ar.enic dir.ce oxidaeion ••chod and by ch.
indiso .echod a,r.ed vichin 6' of che UV valu••• Th. pri.ary advancas•• of ch.
ar••nic dir.ce oxidacion proc.dur••r••ini••l ineerf.r.nc••• sood precision .n

·ch. hand. of .xp.rienc.d operaeor•• and app.r.nely sood overall accuracy. 'rhis
proc.dur. concinu•• co b. r.co..ended alonS vich che indilO ••chod. Addi:ional
co.parisons of chi•••chod .hould be ..d. vich eh. indilo ••chod und.r various
condieion•.

Syrinsaldazina. FACTS.

The FACTS procedure. vhich va. d.velop.d for ehe .eleceive dec.:=inacion 'of
fr.e av.ilabl. chlorine (hypochlorou. acid + hypochloriee ion) in ehe pr.s.nc.
of co.bin.d chlorin. (chloramin•• ). h•• be.n .dapc.d for eh. d.c.rminacion of
r •• idual ozone (19). In chi. proc.dure. an aqueous .olueion of ozone i••dd.d
co a .olueion of poea••ium iodide. and eh. lib.raeed iodine i. add.d co a 2
propanol .olueion of .yrinlaldazine ae pH 6.6. Th. r ••ulein& color i••ea.ur.d
.p.ccrophoeo.eerically ae 530 nc.

The FACTS proc.dur. ha. che .ajor advaneas. of provldinS a .p.cerophoco·
.eeric proc.dur. for ehe deeerminaeion of ozone. Hovever. ehe major li=ieaeion.
of the FACTS ••chod .re .eill tho.e of the iodo••eric procedute. Due to the
ob•• rved chanse. in .lope and ineerc.pe vhich ar. proble.. c.u.ed .by the
lncerferenc•• , ••If·d.compo.1~lonof ozone, and .colchlom.~ry, chls mechod could
be r.vi.w.d in ord.r co fully evaluaee ie. poc.nci.l usefuln••s. Hovever.
consid.rinS the och.r colori.ecric ••~hod. th.e .re av.ilabl. further
dev.lop••nc of eh. FACTS .ethod do.. noe •••• co sive .ny promi.e of the
i.prov.d .el.ctiviey eh.t is needed.

3S



N.N-Dtech11·p.pheQ11ena~taaLfte, DPD.

The DPD pro~e~vre t. ba.e~ on the ozona oxt~tion of iodtd. ion pr•••nt in
ex~••a pho.Phat. buff.r aC pH 6.4 co produce iodin•• which ch.n oxidiz•• che OPO
cacion to a pink ~ur.cer ~ation whi~h i. mea.ured .pectrophotometrically. or
titrat.d•. Th. int.rf.r.nc., includ. ell oxi~nt. capable of oxidizir.S ioeie.
ion to todin•. includinl ozona d.~ompo.ition product•• halos.n••. and mans.n•••
oxid•• (20).

On. advantas. of the DPD m.tho~ i. that d.t.rminationl can b. mad. by
f.rrou. Ammonium .ulfat. (FAS) titrim.try. Ip.~trOphotomatricallyor by a·color
~Omparator. Ozona ~on~.ntrations of 1.11 than or .qual to 2 .S/L ~.n b.
d.t.rmin.d colorim.crically. Cl.arly, the proc.dur. r.qvir•• the diff.r.nc. of
dlff.rence. and i. limic.d by the .ame faccor. whlch limlc iodo.etry, .p.clfic"·
ally the pr•••n~. of aac.ri.l. whi~h can oxi~ize iodld. ion to iodine. ,

Althoulh evaluaclon of this procedure verlva the Itan~rd ultraviolet .nd
ind1so pro~.dur.. woul~ •••• to b. ne~••lary co make a mar. edu~ac.d d.ci.ion
abouc the contlnued u.e or abandonmenc of thl. m.chod. chI r.commendacion i.
that .other colori••tri~ ••thods ar. con.iderablv mora r.liabl. :~an OPO.
Th.r.for. d.v.lopm.nc Or t •• tinS il n.ith.r r.~omm.n~.d nOr consie.r.d n.c••••ry
.t thi. ti••.

Indlso Trl.ulfonac•.

Th. indiso m.thod i••ubje~c to fewer int.rf.r.nc•• chan .mo.t colorim.cric
mechod. and f.wer int.rfer.nce. chan all iodometric proc.dur•• (2l·Z3,. At.H
2. chloric•• ~hlorat•• an~ p.rchlorat. ion.. and hydrosen p.roxida do ~ot

d.~oloriz. IndiSO a.aS.nt when ob••rve~ within a f.w hour. and wh.n :~o

conc.ntrationl of the inc.rf.r.ntl ar. within a fa~tor of 10 of ch.t of :~o

ozone to b. d.cermined.

Ozona ~~ompolition pro~u~tl and the productl of ozonolyli. of organic
.olut.. do noc .pp.ar to int.rf.r.. How.v.r. ~hlorin•• bromin., and iodine do
caule soma int.rf.rence. al do the oxidiz.d forms of ..nl~ne.e. :h••edition of
malonic a~id to the ...ple. will ma.k the interf.r.n~. of ~hlorine.

For the Indiso Tri.ulfonate Method. it .hould b. not.d that ~han the
ultraViolet ab.orption m.thod i. vaed to .tandardize ch. 1ndiso m.thod (or ~
m.thod) for ozone. the ~hoice of molar ab.orptivity 1. very critical. It is
r.~o..ended that the equations of Hoisn- continue to be us.d .inc. they are
ba••d on a molar ab.orptivity of 2950 H-'cm"'. If and wh.n a different value
for molar ab.orptivity i. reported and confirmed, the (calibration) .quations
would have co be appropriacely ~hanled. In chi. aanner, all current
m.a.ur.m.nta vainS the indiso mechod would ~oncinu•. to b. comparabl••

The advantas•• of chI tndtso pro~.dur. ts chac tc il bal.d on a mealure of
di.coloracion which i. rapid and stoichiom.tric.· Thil analytical proceduro i.
re~omm.nd.d for ule ov.r any och.r proc.dur. for the d.t.rminacion of r.sidu.l
ozon.. It. primary attribuc.s are its s.nsicivity, I.l.~tivity. accur~cy.

pr.cision. speed. and simplicity of operation.
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GD-rIA proc.dur. .re ie.. accuracy •
r.producibilicy. and rapidicy. !bu•• :~•
r••••rch scudi.. .nd for u.. •• an

Th. I.' diffusion flow inj.ccion .naly.i. (CD-rIA) proc.dur••1Lainac.. ch.
inc.rf.r.nc. of oxidiz.d foraa of ..n••n•••• and ..rk.dly r.duc•• ch. inc.rfor
.nc. of chlorin. (24). Och.r chan inc.rf.r.nc. of chlorin. which can b. r.duced
co z.ro by .ddicion of ..lonic .cid. ch.r••r. no known lne.rf.r.nc.. co ch.
d.e.rmin.cion of ozone by chi. CD-rIA proc.dur. u.in. ch. indi.o ••chod.

Th. pri••ry .dv.neaS.' of ch.
••l.ceivicy, l.ck of inc.rf.r.nc•••
• echod i. w.ll suic.d for l.boracory
auco..ced enalycic.l proc.dur••

Mor••cudi•••hould be conducced wich .p.cific I•• -p.ra••ble •••br.nes.
p.rcicul.rly wich r.sp.cc co r.p••c.d .nd/or concinuous .xpo~ur. co ozone .ol~·

Cion•. The use of F1A .quip••nc in. proc••• concrol environa.nc .•l.o musc b•
•valuacod. The CO-rIA indiao proc.dun .iahc w.ll b••dopcod •• Co"'. analyUcal
••chod of choice.

o·ToUdin.

Th. o-colidin•••chod (.ddicion of 1-2 drop. of o·colidin. solucion :0
ozon.-concaining w.c.r co dev.lop ch. y.llow color) i. v.ry 'impl•. and .asily
.dapced co fi.ld co~or co.p.r.cors. suic.bl. for unskill.d .n.lyscs. Hov.ve:.
chi••dv.ncaS. cannoc comp.n.ac. for ch. lack of quancicacion of ch. =.c~od, nor
for ch. carcinos.nicicy of Cb. r.as.nc (o,colidin.). Th. r.commendacion i. co
abandon chi. m.chod.

Camino Indigo.

Th. carmin. indiao proc.dur. hal be.n u••d in C.nadi.n wae.r works plancs
for eh. p••e 15 y.er.. Th. ozone conc.inins v.cer i. cieraeed vich a .olueion
of c.rmine indiso uneil a f.inc blue color p.r.i.c. indicacing ehae .11 of e~e

ozone h.s been descroyed. Sp.cific incerf.r.nc•••re unknown. bue anv oxidanc
capable of decolorizinc ch. c.rmin. indiso dye ...e lik.ly will incerfer•.

Eff.ccs of incorf.rencs should b. d.cerain.d••s should preci.ion. accuracv.
and .ffeccs of r ••s.nc .cor.s••nd pH. Th•••chod .hould b••cudi.d in .dir.~e
comp.rison vieh och.r ••chods. such.s eh. indiao .nd UV absorpeion ••chods .

. Aueomaeion of ehis ••chod could l ••d co Laprov.d s.l.ceivicy for ozon•.

Wich bar••leccrod. amp.ro••c.rs ••ich.r ch••olucion or Ch. .l.cerod. is
roc.e.d co e.cabli.h. diffusion l.y.r, .nd eh••l.ccric.l curr.nc ••••ur.d is
direcely proporeional co ch. conc.neracion of dissolv.d oxidanc (25).' Co....u
ci.l aap.roeeeric .nalyzers Siv. ..ci.f.ccory r ••ulcs provided chere i. no
oxidane och.r ch.n ozone pr•••nc in che .ampl.. In many .icuacion. ch.y prOVide
.dequaee monicorins of Cocal oxidanc. Th. bare eleccrode .y.ce. ha. good
.en.icivicy•.•nd i••pplic.bl. a. a concinuou. non.eleccive monicor for ozone.
When oeh.r oxid.ncs .uch as chlorin., chlorin. dioxid•• bromin•• and iodine .re
pr.s.nt. eh. e.chniqu. hal difficulci.s. . Th••x.ct naeure .nd .asnitude of
ch.s. inCerfer.nces r.quir.s additional r.s••rch.
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Due co the acc~laelon of .urface 1.purlele. ae ehe elecerode .urface•. a~l
bare .-pero.eeric elecerode .y.ee.. are .ubJece co 10•• of .enaleiviey wieh u.e.
Wlth uncovared elecerode .urface., foullnl ha. been ob.erved co be e .1Inlfican:
problem a. va. ehe ca.e ln earlier ee.e. vlth oXYlen elecerode.. Addieionally,
ehe re.ponae i. influancad by nuserous .urfaca.aceive as.ne. and al.o halosen.
and oXYlen.

An 1.prove.ene ln ehe develop.ene of .-pero.eeric .eehods for ozone anal~sis

ha. been ehe appllcaeion of la.·permeable .embrane. for lncrea.inl .elecelvi:y
and preveneinl elecerode foulinl (26.27). The.e Teflon .e.brane elecerode.
exhlbie le•• chan 2' lneerf.rence (in cera. of currene re.pon.e) fro. bromlne.
hypobromou. acid, chlorine dLoxide, hydrosen peroxide, nierolen erichloride, and
hypochlorous aeld (26·27).

Thi. eype of -.peromeeric membrane .enaor need. co b. developed further
ba.ed on ehe exhiblted .eleceivitie.. The mo.e di.eurbinl aterlbute is :~.

eeaperacure dependence. If different meabrane. could .aintain .electivity while
.ini.izinl the teaperature efface, thi. eypa of .en.or could bacome hii~ly

reeo_ended.

The applicaeion of posielve voleage poteneials and the U'e of polyceric :e••
brane. thae ar•••laceively permeable co la.e. ha. enhanced ehe oppor:~nlty for
seleceive .ea.ura.ane of ozona. Thi. is a very sllnificane improve.ant over
bare ampero.eeric elecerode. as vell a. .o.e older colorimeeric/spectrophoco •
••eric and eieri••eric .eehods. Yieh an applied voleal' of +0.6 V (vs SeE) a:
ehe caehode, only the .ose ~overful oxidiZing agenes can overcome :~.

"resiseanc." of chis anodic vol Case and cause eleceron flov caehodically ehrouSh
eha alaceroche.Lcal cLrcuie. ThL. I.naral approach should contlnue :0 be· used
in future el.ctrocha.ical davalop.anes.

Other Eleceroche.ical Kethoda.

In ehe differeneial pulse polarosraphy procedure (D") , a predecer~ic..d

amoune of phenylar.ine oxide ('AD) i. added in eXCe.S co an ozone solueion :0
reduce chI level. of di••olved ozone presene. Exce.. PAD chen is .easured
quaneieaelvely by pul.a polarolraphy. The D'P .eehod may under so.e
circum.eance. be useful in the re.earch laboraeory. Th. prospeces of les use in
ehe plane or field are noe as pro.ising slnce a hlsher degree of operacor skill
is required.

Poteneio.etry involves the cathodic reducelon of dlss01ved ozone. ~he

dlffusion.lLaieinl currene .ea.ured ls proporelonal co the concentraeion of
ozone in the vaeer. Further evaluaelon of poeenelom.erlc sysee.s .ay be in
order. However. ehe flllldaaaneal probl... of alecerode fouling muse be
addres.ed. Perbap. a comblnaelon of .ambrana. and poeeneio.eerlc· deeec:ion
vould produce. a pro.lslnl syse.m for ozone deeermlnaclons. The sysc•• appears
to hava .oda.e poeaneial for davalop.ane.

uteraviolee Ke..ure..nts.

Ultraviolet absorption ••••ur•••n~s alao can b. us.d for r •• idu~L ~queous

ozone ae 258·260 nm. Thera 1. uncerealney wieh respect co the ~o~~r

absorpeiviey for aqueou. ozone. In ehe lieeraeure, values ranging from ~900 :.
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Clearly.

3600 M-lc.- I are r.pore.d. This unc.rcaincy in eh. molar absorpcivity
. cricical co the fu~r. us. and calibraeion us.s of eh. UV •• choAi.
furth.r work eo verify chi. value i. scronlly r.comm.nd.d.

If chI molar absorpcivity for ozone is known unaabilloualy. ~~ absorpcion 1.
in principl. an .b.oluc. m.chod for eh. d.e.rminacion of ozon.. which i. noC
d.p.nd.ne upon calibracion or .c.ndardizacion al.in.c och.r .nalyeical ••c~od•.
Th.r.for•• ic can b. u••d for calibracion of och.r an.lycic.l •• thods for ozon•.
Ie 11 .p.cific eo eh. d.c.rminaeion of ozon•• and i. applicabl. co ••••ur•••nc
in las.ou. and aqueoua pha••••

Phydcal X.thocla.

Th. c.lorim.eric m.chod i. bas.d on tha .nthalpy of chI c.c.lrz.d
dacompolition of ozone (411 - 144,41 tr.l'/mola). Th. calorim.cric d.e.rminacion
of ozona is c.libr.cion-ind.p.nd.nc. Th. cachniqu. i. .p.cific co c~.

d.e.rminacion of mol.cul.r ozone. bue i ••pplic.bl. eo ••••ur•••nc only in Chi
I •• pha.a. How.var. chI hilhar chI conc.neracion of OZOna in eh. I •• ph•••• c~•
• ora accur.e. chI ••chod .pp••r. co b., .inc•• Ir••c.r e.mp.r.cur. diff.r.nc.
i. ob••rv.d. 'ocanci.l inc.rf.r.nc. h.v. noc b••n r.pore.d.

Th•••chod h•• b••n .hown co .gr•• wich lodo••cric .nd ~~ .b.orpcion ~ro'

c.dur... p.rcicul.rly for cha ••••ur•••nc of ozona in chi I•••••xieinl ozone
e.n.r.cor.. Th.r.for., chI proc.dur. c.n b. u••d co Gonicor' .ppll.d oZone
do••S... Addiclonal d.e.il.d inc.rl.bor.cory co.p.rl.ons n••d cob. c.rci.d
oue.

Th. i.oeh.rm.l diff.r.nci.l pr•••ur. proc.dur. i. b•••d on chI lener.eion 0

.n incr••••d numbar of C•••ol.cul•• durinl chi UV d••eruccion of o:on. ae
consc.ne c••par.eur.. Wb.n chi. r••ceion i. c.rri.d oue isoeh.r:ally in •
clo••d v•••• l. eha incr••s. in pr•••ur. of eh. cone.in.d C., i. propor:ion.l eo
chI ozonl conclner.eion. In principl., chis proc.dur. .chi.v••• totally
phy.ical ozon. .aa.ur•••ne wlehouc r.quirlng c.libr.eion u.ing a che.ic.l
..chod. Various aucomae.d in.trum.neal chack. .uch •• eh. .cor.d coLat
ab.orpeivity. ch. as. of ch. UV lisbc .ourc., chI z.ro poine r••dinl .
...sur••anc of cha flow of eh. e••e S•• and Ch. fluahing C.s ••~d eh. re.dins of
eh. di.gno.cic displ.y .r. po•• ibla.

No ,plcific co.p.ri.ons .r. r.porced. How.v.r, in principl. le .pp••r. chac
chi. physical •• chod i. chI b••c c.ndidae. for c.libraeinc eh. sa. ph... ozone
inserum.nc. curranely b.ing u••d for ozon.cion concrol. A. long .s pureoxyg.n
i. us.d for ozone c.n.raeion chi•••chod would b. fra. of inc.rf.r.nc.s and
would b. .ubj.ce only eo scrlce e••par.cura concro1 of chI ••••ur•••nc cell.
Furch.r .cudy of chi••y.e•• would b. n.c••••ry b.for. ie could be r.commend.d
for furth.r con.id.r.cion.

C.ner.1 s .......ry .nd It.co_.ndacions for Ozon•.

In comp.ring all che ••ehods co eh. "Id••l M.chod" ve find
clos. co our id••l sc.nd.rd. Concinu.d d.v.lop••nc of the
••chod. vill. hov.v.r, co•• closer and clo•• r CO eh. id••l.
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In e.ra8 of 1&8 ph•••••••ur•••nc•• non. of ch. .xi.cina ••ch04. c.n ••
r.e....ndad for .eeur.c. d.c.rainacions of ozon.. If. r.laeiv. v.lu. of :h.
ozona eone.ncr.cion i. noodod for eoncrol purpo e of eho .oeho4. :.poe:.d
could b. applicablo.

Tho aecuraeo d.e.rainaeion of ozone in ch••qu.ou. ph... i. complie.c.4 '?
eho doeompo.ieion of ozono. ieo r••eeiviey eo eho oehor op.ci.o pr•••ne. an4 :h.
by-produceo of cho ozonaeion ro.ceLona. Kooe curr.ne .oeho4. w.e. 4.v.lop.d
vichoue a cloar knovl.d.oof eho aooociaeod ozone cho.i.ery. Th.r.foel .o.e of
eho .oehoda .ro unsee.peablo or cannoe bo r.co...nd.d. In ·par:~cul.r. no
iodo••erie b•••d eh••ioery i••ee.peabl. for eh. d.e.rain.eion of .qu.ou. ozo~•.
Indll0 erioulfonae. and ar.onlc(III) diroee oxldaeion are .ceope.blo =.ehe4•.
Amporo.oe.ry coneinua. eo improvo -- ••poclally as an aueomaeod'conerol moehod.

cam. of imt/rov.d ozena
.uch •• flow inj.c:ion
CD·FlA in4igo ?eoe.c•••
••lecciviey for ozone.

Tho oerlpplnl eochniqu.. havo 00.0 .orle in
••l.ceivley. Hovov.r. .ueo••e.d ch..ic.l .yoeo••
analy.i. off.r considerably more pro.ioo. Tho curr.ne
1••uporlor for r •• idual ozone .oa.uro.one. due eo ieo

Tho .o.e lmporeane ••p.ce of any poeonel.1 nov or improv.d ozone
••chod vill b. .p••d of .n.ly.i••nd •• l.cciviey of eh. 4.e.c:ion
only ozono. As a poinc of eompari.on, v••eronlly roco...n4 :hae .11
oxioelnl ••ehodo b. eo.p.rod a.ain.e ch. "Ideal Kochod".
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A GUIIlE FllK unCIEII'1' USI OF '!HIS RUORt (AlIDA DIU cn.osSAllY OF 'l'EIIJlS)

thl. "po~ contalna a v.ry d.taLlad r.vLav of all dl.Lntactant r••Ldua1
lI.a.un••nt _thocla. th. Ex.cutiv. S.-ary 1. int.nded to liv. read.n a brilf
ov.rvi.w of tha aelvantal" and dLaaelvantal" of .ach ..thod. To that and. Tabl.
I (Charact.ri.tic. and C~ari.ona of Aft&lytica1 Mathode) has b.an ,.Lnc1ud.d :0
•.-ariz. .ach of our findinl' and to raco...nd po••ibl. dir.ction. for fucur.
r•••arth. In addition. Tabl. II (Equival.nt Vaiaht. for Calculatine
Conc.ncraciona on th. la.i. of Ka•• ) de.crib•• the .quival.nc w.ight. of each of
tha dl.int.ctlon .p.cie. in t.ras of the accual r.actiona involvad in tha
dL.Lntaction proc•••.

Each chapter conralna lndlvldUal nCc.a&ndatlona followinl .th. di.cu•• ion of
the ..thod. A _ry of all of the rac_ndatlona 11 abo ILvan at the .nd of
each chapter. AddLtion"l halp i. 11van by ..ana of an alphabet1cal Ind.x
containtn, 1I0r. than 2500 lndividual t.ra.. Specific cro•• r.f.r.ncins for all
r.c_ndationa can b. found in the Ind•••ithar IIftder tha "r.cc.a&nclatLon", or.
in t.ras of th••ubJ.tt of the DUllbar.d r.c....ndatloft it.alf.

Th. t.rII Ref.r.a M.thod i. us.d to d••crib. appropriate compari.on. with
exi.einS ••choda and $;.nd,rd M'Cbgd, ~.f.~. Co. speciflcally recommenoed
lI.thod. Th. Ind•••hould b. an additional ald to findinl the d.tail. of
.p.cific ••thocla.

In this conta.t. it .hould b. not.d that th.'lndlvidual lit.ratur. citations
ar••p.cific to .ach individual chapt.r and ar••Lth.r ftUIIb.r.d Lndividuallv
within chaptar. 2 and 3. or alphab.tically ••qu.nc.d within thapters 4 and 5~ ,

Chapter 4 (Ind.xed R.f.r.nc. Citationa) ha. b••n includ.d in this raport in
ord.r to a••i.t r.ad.r. in locatinl particular pap.r. of inter.st. The 4a
cat.sorL•• for chlorin., ch10r...in•• , and the oxy-chlorine .p.cLe.. along with
the additional 60 cat.sori.. for ozon•••hould ..ka the ta.k of finding in.
dividua1 pap.r. of inter••t conaiderably 1••• cllllb.r.o.... Paper. which d.scrib•
••v.ra1 ... thod. have b••n inc1ud.d in .ach of the appropriate catesori... All
tos.ther, the 1.400 r.fer.nc.. cited in Chapter. 1·3 nllllb.r .or. than 2.000
LndivLdual citatlona wh.a dLatrlbut.d in the Lndax.d fOrll of Chapt.r 4.

Chapt.r 5 i. an alphabetical l1.tinl of the 1ndividual r.fer.nce. citation•.
Finally, a dacaU.d Indall hal b••n 1ndu.d 'Ln order to a..Lac read.rs in
locacinl .ubj.cts ot .peciticint.r••t. Ve hop. the r.adar. will find th.s.
additional chapt.r. a. llIeful a. have w. In pr.parlns thl. r.port.

A bri.f Clo••ary follow. on the n.xt pas. in ord.r to a••i.t
various sp.clali••d t.ras and abbr.viationa us.d in thia report.
t.rII., tha r.ader i. r.f.rr.d to the Ind.x.
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CLOSSAllY

Accu~acy ',' ella abUiey co daeamina ella co~~acc conc.neraeion

lAX! •• boric acid buffar.d poeassium iodide ••ehod fo~ ozona

a~.sk,oine •• tha inorasnic ~.aceion of chlorin. wieh &:aonia niero,.n

CDFY •• chlorina d...nd fr•• wae.r

Coabin.d Chlorina -- inora.nic and oraanic clllor..in.s

Dae.ceion Limie •• a sianal ehae is 3 ei..s eha noise l.v.l of eh. lYle••

DOC dissolv.d oraanic carbon

DPD (N,N·dlathyl-p-ph.nyllnldlaain.)

FACTS -- fr.a avallabla chlorln. e.se wieh syrinsalda&ina

FIA -- flow inj.ceion an~lysis, an aueo.ae.d analysis proc.dur.

Fr•• Chlorln. _. eh. sp.ci.s, Cl. + HOCl + OC1

KI •• poeasslum iodide ••ehod for ozona

LCV -- l.uco cryseal viol.e

.L -- .111ilie.rCs}, seandard unie of vol....

Kolar Absorpeivity (0) r.pore.d in unies of K-'e.-'
HaKt .- naueral buff.r.d poeassium iodide ••ehod 'for ozona

Pr.cision _. how vall eha mlehod r.producibly ••alur.s eh. sam.
concanecaeion

R.aceivI Ine.emldiael •• splcias such as 0.·, HO,-, HO., OK, 0,-, ICC.

R.f.c•• Mathod _. eha aathod aqainse which a worlcins ••ehod 11 co,""acad

Sansieivity •• the chana. in aienal p.c unie conelnecaeion (i .•• Ampl/.oll
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APPENDIX E

INACTIVATIONS ACHIEVED
BY VARIOUS DISINFECTANTS



TABLEE-I
CT VALUES FOR INACTIVATION

OF GIARDIA CYSTS BY FREE CHLORINE
ATOSCORLOWER(I)

ICIlLORINE ...<-, pH-605 ,"=1.0 ...·,05
CONCENTRATION ...... 1~ .............. ....~ .......m~
(-RlL) 0.5 1.0 I.S 2.0 2.5 3.0 0.5 1.0 1.5 2.0 2.S 3.0 0.5 1.0 1.5 2.0 2.S 3.0 0.5 1.0 U 2.0 2.5 3.0

<-0.4 23 46 69 tI 114 13'7 27 54. 12 109 136 163 33 65 ,. 130 163 ItS 40 " 119 lSI Itt m
0.6 M 41 71 M III 141 21 56 lot 112 140 161 33 67 100 131 167 200 40 .. 128 I" Itt m
0.' M a 73 " 121 145 19 57 16 115 143 112 34 61 IOJ 13'7 111 2lIS 41 12 ID 1M 2DS -I 25 49 'J4 " ID .... 19 59 a 111 141 116 35 10 lOS 140 115 210 42 IC 127 I. 211 m
1.2 25 51 76 101 127 152 30 60 90 128 150 110 36 12 101 143 111 215 43 16 I. 173 216 259
1.4 26 52 71 IOJ I. 155 31 61 9Z 123 153 IIC 3'7 'J4 III 147 1M 221 44 It ID 177 222 -I.' 26 52 79 105 131 157 32 63 tS 126 lSi lit 31 7S 113 151 I. 226 46 91 In 112 221 m... 27 54 II 101 135 162 32 M 91 119 161 193 39 77 116 154 193 DI 41 93 I. 116 m 219
~ 21 55 U 110 131 165 D 66 99 131 1M 191 39 79 "I 157 191 236 a tS 143 Itl m 216

2.2 21 56 IS 113 141. 169 34 67 101 134 161 281 40 II 121 161 2Dl J42 so " I. nI - 297
2.4 29 57 16 115 143 112 34 61 103 t3'7 In 105 41 12 124 165 206 J41 so 99 I4t 199 tel 2Ii
2.' 29 51 a 117 146 115 35 10 lOS 139 114 209 42 M 126 161 110 2S1 51 101 152 2DJ m ..
2.1 30 59 It 119 141 171 36 71 107 142 171 213 43 16 119 171 214 257 52 IOJ ISS ., 2SI 310

3 30 10 91 12t 151 tit 36 12 109 145 III 217 44 17 131 I'M 211 261 53 105 lSI . 211 10 316
CHLORINE ......0 pI'-'o5 ...<-9.0
CONCENTllATION ...10...... ............ ..............
(-RIL) 0.5 1.0 U 2.0 2.5 3.0 0.5 1.0 1.5 2.0 2.5 3.0 0.5 1.0 1.5 2.0 2.5 3.0

<-0.4 46 n I. lIS DI m 55 110 165 219 274 329 65 130 ItS .. J2S ".
0.' a tS 143 191 m 216 57 114 171 221 2IS 342 .. 136 204 271 "' 407

0.' 49 ,. 141 191 2C6 2tS 59 ... 177 236 2tS 354 10 141 211 211 3SZ 422
I 51 101 152 2DJ 253 JIM 61 122 . IU 243 3CM 36S 73 146 21' 291 .. 43'7

1.2 52 leM 157 -261 '13 63 125 la 251 313 376 7S ISO 226 301 m 451 .
1.4 54 10'7 161 214 261 321 65 119 194 2SI 323 317 77 ISS 232 J09 317 .... .
1.6 ·55 110 165 21t 274 319 66 132 199 26S 3" 391 .. 159 239 31. M m I... 56 113 I• 215 212 331 61 136 201 271 339 40i 12 163 245 326 --2 SI 115 173 231 -346 10 139 209 271 341 417 IJ 167 250 333 417 50G
2.2. 59 II' 177 m 294 353 71 142 213 2M 355 426 IS 110 256 34. 426 511

.
2.4 60 128 III 241 301 361 73 145 21. 290 363 435 17 I'M 261 341 435 522
2.6 61 123 114 245 30'7 361 14 141 222 196 310 444 It 171 267 355 444 533
U 63 125 .a 250 313 315 15 151 116 30' m 452 91 "I 272 362 453 543

3 64 127 191 2SS 311 312 71 153 2]1) 1O1 ]11 460 92 1M 216 361 460 552

~
(I) CT = CT lor ,... iIIIIcliwIiaa

99.9



TABLEE·2
CT VALUES FOR INACTIVATION

OF Q1A1lD1A CYSTS BY FREE ClILORIHE
AT SC(I)

CHLORINE ",<-6 pH.6.S pH =7.0 ....1.5
CONCENTRATION .... ' '1wIioM ............. .............. ..............
(..WI-) 0.5 1.0 U 2.0 2.5 3.0 0.5 1.0 1.5 2.0 2.5 3.0 0.5 1.0 1.5 2.0 2.5 3.0 0.5 1,0 1.5 2.0 2.5 J.O

<"0.4 16 J2 .., 65 II 97 20 :19 59 71 91 117 23 46 10 " 116 1:19 21 55 IJ III I. 166
0.6 17 JJ SO 67 IJ 100 20 40 fO 10 100 110 24 41 12 ts 119 1.3 B 57 16 114 MJ 171
0.1 17 ,. 52 69 16 IOJ 20 41 61 II 10'1 122 24 49 n t1 122 146 B 51 • 117 .. 115

I II J5 SJ '10 • lOS 21 42 63 U lot 125 25 SO 15 99 124 149 • to " '119 .. 119
1.2 II J6 54 71 • 107 21 42 M IS 106 127 25 51 16 101 127 152 JI .. n 122 ISJ IU
1.4 .. J6 55 n tI lOt 22 43 65 17 101 I. 26 52 71 IOJ 129 ISS JI a M 125 156 117
U I' J1 " 74 n III 22 44 66 U 110 In 26 53 ." lOS In lSi D .. " 121 I. In
1.1 19 • 57 16 95 114 23 45 61 90 113 135 r1 54 II 101 135 161 D 65 91 IJI 161 1M

2 19 :19 SI 77 97 116 23 46 69 9Z 115 131 21 55 IJ 110 131 165 D 67 .. 133 167 -2.2 20 :19 B ." 91 III 23 47 10 9J 117 140 21 56 IS 113 141 169 It " IOZ I. 1'10 21M
U 20 40 fO 10 lOG 120 II 41 12 9S 119 14:1 29 57 16 115 143 112 J5 10 lOS I" 174 .,
2.6 20 41 61 II 101 122 II 49 n 97 122 146 29 SI • 117 146 115 • 71 107 142 171 21J
2.1 21 41 62 U IOJ 124 2S 49 74 99 In 141 • B • 119 141 111 36 12 .. 1.5 III 217

3 21 42 63 It lOS 126 2S SO 16 101 126 151 • 61 91 121 152 ID J1 74 III 147 III 221
CHLOIUNE "'-1.0 pH-I.S pH<-9.0
CONCEN1'RATIOH .............. ............. ....1_......
(...,..) 0.5 1,0 1.5 2.0 2.5 3.0 0.5 1.0 U 2.0 2.5 3.0 0.5 1.0 1.5 2.0 2.5 3.0

<-0.4 D 66 99 ID 165 191 " ." "I 157 197 2J6 47 n 140 116 m 2'19
0.6 34 " IOZ 136 110 21M 41 II 122 . 163 201 2A4 49 97 146 1M 2A3 BI
0.1 J5 '10 lOS 1401 •. 175 210 42 II 126 161 210 2S2 SO IClO 151 201 251 301

I 36 12 101 144 Ito 216 43 17 130 In 217 2fO 52 lot 156 -260 312
1.2 J1 74 III 147 114 221 45 19 I.M 171 22J 267 53 107 160 213 267 DO
1.4 • 16 114 151 119 227 46 91 . 137 IU 221 274 SS 110 165 219· 2'M J29
1.6 " T1 116 ISS In 2J2 47 94 141 117 2J4 211 56 112 169 m 211 m
1.1 40 ." 119 lB' 191 2JI 41 96 144 191 2" 217 SI 115 In 2JD 211 ItS

2 41 II 122 162 201 2A3 .., 91 147 196 245 294 B III In 2JS 294 353
2.2 41 IJ 124 165 2m 2AI 50 100 150 200 2.50 )00 60 120 III 241 .1 361

.
2.1& 42 14 127 . 169 211 253 51 10'1 153 104 255 306 61 . 123 114 245 307 -2.6 43 16 . ·129 172 215 2SI 52 lot 156 201 260 312 63 125 IU 250 '13 m
2.1 44 U 132 175 219 263 53 106 159 211 265 311 .M 127 191 2SS 311 312

3 45 19 1M 119 22) 261 54 101 162 216 270 3'ZA 65 I. 195 2S9 324 319 ,.
.~

(I) CT '"' CT lOr ' ... iIIectiY....
99.9



TABLE E·]
CT VALUES FOR INACTIVATION

OF GIARDIA CYSTS BY FREE CHLORINE
AT IOC(I)

ClllORIME "'<.6 ....6.5 "'-7.0 "'.7.5
CONCENTRATION Loa'. Ik..... Loa........ Loa .......... Loa .........
(..AIL) 0.5 1.0 U 2.0 2.5 3.0 0.5 1.0 1.5 2.0 2.5 :J.O 0.5 1.0 1.5 2.0 2.5 3.0 O.S 1.0 1.5 2.0 U J.O

<-0.4 12 M 17 ..,
" n IS 29 .... Sf n a 11 JS 52 69 11 lOt 21 42 0 U lOt 125

0.6 13 25 • 50 63 15 IS 30 4S 60 75 90 II 36 54 71 19 1m 21 43 64 15 107 121
0.' 13 26 • 52 6S 11 IS 31 46 61 77 92 I' 17 55 n 92 110 22 .... 66 11 .. 131

I 13 ~ 40 9 66 ." 16 31 47 6) 11 94 19 n 56 15 93 112 22 45 61 19 112 . 1M
1.2 13 21 40 9 67 10 16 32 41 0 ." ts 19 • 51 76 ts 1M 21 .- • 91 1M 1J7.... 14 21 41 55 61 12 16 31 49 6S 12 91 19 • SI 77 97 116 D 47 'JO " 117 140
1.6 14 ·21 42 55 69 I) 11 31 50 66 .] 99 20 40 60 ." 99 lit M· 41 n " 120 I4t
I.' 14 29 4] 51 n 16 11 M 51 67 ... 101 20 41 61 II 102 122 25 49 74 • 121 14'

2 IS 29 .... SI n 11 11 ]5 52 69 .7 104 21 41 62 .] 10] 17A 2S 50 15 laD 125 150
2.2 IS 30 45 Sf 74 19 II 35 5] 10 a lOS 21 42 64 15 106 121 26 51 77 102 121 19
2.4 IS 30 45 60 15 90 II 36 54 71 It 107 22 43 6S 16 I- 129 26 52 ." lOS 131 157
2.6 IS 31 46 61 77 92 II J7 55 n 92 110 22 .... 66 '11 lOP 131 21 53 10 107 ID I.
2.1 16 31 47 62 11 " 19 J7 56. 74 93 III 22 45 67 19 112 1M 21 54 a lOP I. 10

] 16 32 41 0 ." ts 19 • 51 15 94 II] 21 .- • 91 114 1J7 21 55 U III I • 166
CHLORINE ...• •.0 ......5 "'<-9.0

. CONCENJ'RATION Loa .......... Loa ........ Loa .........
(-AIL) 0.5 1.0 1.5 2.0 2.5 3.0 0.5 1.0 1.5 2.0 2.5 3.0 0.5 1.0 1.5 2.0 U :u

<·0.4 25 50 15 " 11.4 149 30 " 19 II' 141 177 JS 10 lOS I. 174 ..
0.6 26 51 77 102 121 153 ]I 61 92 122 153 IU • n lOP 145 112 211
0.' 26 53 ." lOS 132 lSI J2 0 ts 126 lSI lit • 15 IIJ lSI la 226

I 21 54 II .. 1]5 162 31 6S 91 130 10 Its • 11 117 156 195 2M
1.2 21 55 IJ III I. 166 D 61 laD 131 167 200 40 10 120 160 200 2AO.... 21 57 15 IIJ 142 110 M • IOJ 137 In 2.06 41 12 17A 16S 206 ~
1.6 29 sa 11 116 145 174 ]5 10 106 141 176 211 42 ... 127 I. 211 m
1.1 30 • 90 119 149 179 36 n I- 14] 179 215 43 16 IJO 113 216 2St

2 30 61 91 121 152 112 n 74 III 147 114 221 .... a 133 177 221 i6S
2.2 JI '62 9] 1M ISS 116 • 15 II] 150 III 22S 45 to 136 III 226 271

.
2." J2 63 ts 127' lSI Ito ]I 77 115 IS] 192 2JO 46 92 131 114 2JO 276
2.6 J2 6S 97 129 162 194 39. 71 111 151 Its 214 47 94 141 111 214. 211
2.' ]]" 66 99 1]1 164 197 40 10 120 1St 199 239 41 " 144 Itl 239 211

] 34 61 101 134 161 201 41 II 122 162 203 7A3 49 97 146 195 243 292
Mella:- .

(I) CT • CT1Or3-lDt ........
99.9



TABLEE-<6
CT VALUES FOR INACTIVATION

OF GIARDIA CYSTS BY FREE CHLORINE
AT ISC (I)

CHLORINE ' pH<-6 pll='.S pH =1.0 pH-l.S
CONCENTltATION Loa....... Loa ......... Loa...... LacIMi:ti.....
(-«IL) 0.5 1.0 loS 2.0 2.5 3.0 0.5 1.0 1.5 2.0 2.5 3.0 0.5 1.0 1.5 2.0 2.5 3.0 0.5 1.0 loS 2.0 2.5 3.0

<-0.4 I l6 2S n 41 49 10 1q. ]0 ]I) 49 Sf 12 1] ]S 41 51 10 M 21 42 55 • n
0.6 I 17 2S n 42 50 10 20 ]0 40 50 60 12 7A ]6 41 60 12 M 2t 43 57 12 16
0.1 , 17 26 U 43 52 10 20 31 41 51 61 12 7A ']7 49 61 13 15 2t .. , 13 •I , II n u .. 53 II 21 32 42 53 " 13 2S 31 50 " 7S IS 30 4S 60 7J 90
1.2 , II %1 ]6 4S 54 II 21 32 43 53 64 I] 2S 31 51 " 16 IS 31 46 " 71 91
1.4 , II 21 ]7 46 55 II 22 33 43 54 6S 13 26 ]I) 52 is 71 16 31 47 " 71 M
1.6 , 19 21 3t 47 56 II 22 3] 44 55 66 13 26 40 53 66 19 l6 32 • 64 • "1.1 10 It 29 31 ... 57 II 1] ]4 45 51 61 14 21 41 54 61 II 16 n '" is a ..

2 10 19 29 39 ... 51 12 23 3S 46 51 69 14 21 42 55 69 13 17 n 50 67 13 ...
2.2 10 20 30 39 49 59 12 23 3S 47 51 10 I" 21 4' 57 11 IS 11 ]4 51 8 IS 101

2." 10 20 ]0 40 50 60 12 7A ]6 41 60 12 I" 29 4' 51 12 16 II U 53 "JID • 105
2.6 10 20 31 41 51 61 12 7A ]7 49 61 13 IS 29 4t , 13 • II J6 54 71 • ""2.' 10 21 31 "I 52 62 12 2S ]7 49 62 14 15 :JO ..5 Sf 14 • II J6 55 13 f. lOP

3 II 21 32 42 53 " 13 25 )I 51 6J 76 IS :JO 46 61 76 tI It ]7 56 74 " III
CHLORINE ......0 ...- ••5 ",<.f.O
CONCENTRATION .... I_rt....... Loa........ .....' I .___

(..11I.) 0.5 1.8 loS 2.0 2.5 3.0 O.S 1.0 1.5 2.0 2.5 3.0 0.5 1.0 1.5 2.0 2.5 3.0 ..

<.0.4 11 '. n 50 " U " 20 39 59 19 tI III 23 .., "JID f] 111 ....
'. 0.6 11 ]4 51 61 15 Icrl 2IlI 41 61 II Icrl 122 7A '" 13 " 122 146

0.' I' U" 53 10 • lOS 21 42 " 14 lOS 126 2s 50 7t 101 126 151
I I' ]6 54 12 to I. 22 - ..3 6S 17 I. 130 26 52 11 leM 1]0 156

1.2 19 ]7 56 74 f] III 22 ....5 67 • 112 134 27 53 10 107 ID 160 '
.... If 31 57 76 IS 114 23 46 69 91 II" til 21 55 ., 110 131 16S .
1.6 . I' 39 51 n 97 116 7A ..7 71 M III 1..1 21 56 IS 113 141 I" .
1.1 2IlI 40 60 ." " 119 7A ... 12 96 120 144 29 51 17 115 144 11]

2 20 41 61 .. Icrl 122 25 49 74 tI 123 147 ]0 59 19 III 141 In
2.2 21 41 62 U IOl 1211 2S 50 7S 100 125 150 :JO ..60 91 121 151 III
2.4 21 42 64 IS 106 127 26 51 11 101 121 IS3 ]I 61 9Z In 153 114
2.6 22 43 is 16 101 129 26 52 11 leM 1:10 156 31 6J 94 125 157 IU
2.1 22 .. 66 a 110 132 21 S] 10 106 I]] 159 32 64 96 121 159 191

3 22 45 61 19 112 134' 27 54 II 101 135 162 3J is tI 1:10 163 195

~
(I) CT - CT for 3-101 iMc:Iin&ioa

99.9



TABLEE·S
CT VALUES FOR INACTIVATION

OF GIARDIA CYSTS BY FREE CHLORINE
AT20C(I)

CHLORINE pH<-6 pH =6.5 pI'=1.0 .....,.5
CONCENTRATION .... ' "f•••• ....~ ....~ .... ' .........
(tqIL) 0.5 1.0 I.S 2.0 2.5 3.0 0.5 '.0 1.5 2.0 2.5 3.0 0.5 '.0 I.S 2.0 2.5 S.O 0.5 1.0 U 2.0 U 3.0

<-0.4 6 .2 I' 111 30 36 , IS 22 29 n 44 9 11 26 35 43 52 10 21 SI 41 52 62
0.6 6 13 19 25 32 • I 15 D 30 31 45 9 II 27 36 45 St II 21 32 43 53 ..
0.' , 13 20 26 » 39 • IS D 31 31 46 9 11 21 n 46 55 II 22 n 44 55 ~

• 7 13 20 26 » 39 • 16 2A 31 " 41 9 19 21 n .., 56 II 22 ,. 4S 56 67

1.2 7 13 20 27 3J 40 I 16 2A 32 40 ... 10 19 19 31 ... 57 12 23 J5 46 " It
U 7 14 U %7 3t 41 I 16 2S 3J 41 49 10 19 29 " ... 51 12 23 J5 47 " 'JO
U , 14 21 21 IS 42 I 11 2S S] 42 50 10 20 30 39 49 59 12 34 36 ... fO 72
1.1 7 14 22 19 36 43 9 11 26 ,. 4] 5. 10 20 31 41 51 61 12 25 n .., 62 74

2 , IS 22 19 11 44 • I' 26 JS 4] 52 10 21 31 41 52 62 13 2S • 50 63 7S

2.2 1 15 22 29 n 44 9 II 27 JS 44 53 II 21 32 42 53 63 13 26 " 51 .. 77
2.4 • IS 23 30 • 45 9 II 27 36 45 St II 22 n 4S St 6S 13 26 " 52 6S 11
2.6 • 15 D 31 • 46 9 II 21 n 46 55 II 22 3S .. 55 " 13 27 40 53 61 •
2.1 • 16 2A 31 39 4' 9 19 21 31 41 56 .. 22 ,. 45 56 67 M 27 41 St .. II

3 • 16 2A 31 St 4' . 10 19 29 31 ... 57 ... D ,. 45 57 .. M 21 42 55 69 13
CHLORINE pH-'.O pH-'.5 "'<-9.0
COHCEH11lATION .... I..~ .............. ...............
(tqIL) 0.5 1.0 1.5 2.0 2.5 3.0 0.5 1.0 I.S 2.0 2.5 3.0 0.5 1.0 U 2.0 2.5 3.0

<-0.4 12 .25 n .., a 14 IS 30 45 59 14 19 II J5 53 'JO a lOS
0.6 IS 26 " 51 .. 77 IS. SI 46 61 77 92 II S6 55 73 " lot
0.1 13 26 40 ~. " 19 16 32 41 " 19 IS It 31 57 15 ,. 113

I 14 %7 41 St' 61 II 16 ss 49 is 12 ,. 20 " 59 11 ,. 117
1.2 14 21 42 5S 69 IS 11 ss so 61 IJ 100 20 40 fa 10 100 120
1.4 14 21 4S 57 11 IS I' S4 52 69 16 . 103 21 41 62 12· 103 123
1.6 IS 29 44 51 73 17 II JS SJ 'JO U lOS 21 42 6J .. lOS 126
1.1 IS 30 45 5t 14 19 II 36 St 72 90 101 22 43 6S 16 101 119

2 IS 30 46 61 16 tI II n S5 1] 92 110 22 .. 66 U 110 132 .
2.2 16 31 41 62 11 9J 19 sa S7 75 94 113 D 45 61 90 113 I»
2.4 16 32 41 63 19 9S 19 31 51 77 96 liS D· 46 69 92 115 131
2.6 16 32 4' 6S II 91 20 39 59 11 91 117 24 4' 71 94 II' 141
21 11 n so 66 U 99 20 40 60 79 99 119 2A 41 72 '5 119 14'

) 17 Jot 51 67 14 101 20 4' 61 .. un m 2A 49 73 97 122 146 '.,

~
(I) (:T =CT for )'10& iIIlIctivalioII

99.9



TABLEE-6
cr VALUES FOR'INACTIVATION

OF GIARDIA CYSTS BY FREE CHLORINE
AT2SC(I)

CHLORINE ,..<.6 "'-6.S "'=7.0 "'=7.S
CONCENTltATION a........... a.. ......... a..~ Lac........
(fIIA/L) 0.5 1.0 1.5 . 2.0 2.5 3.0 0.5 1.0 loS 2.0 2.5 3.0 0.5 1.0 1.5 2.0 2.5 3.0 0.5 1.0 I.S 2.' 2.5 3.0

<·0.4 4 • 12 .6 20 .M 5 10 IS .9 24 29 6 11 .. 23 29 3S ., I• 21 21 J5 42
0.6 ., 4 • .13 11 21 2S 5 10 .5 20 2S 30 6 12 II 2A 30 36 7 I" 22 2t J6 4J
0.' 4 , 13 17 22 26 5 10 .6 21 26 31 • 11 19 2S 31 37 7 IS 22 2t 37 ....

I 4 , 13 17 22 26 S 10 16 21 26 31 6 12 19 2S 31 37 • IS 23 30 • 45
1.2 5 , 14 II 23 'D 5 II 16 21 27 32 6 13 19 2S 32 31 • IS 23 JI • ..
1.4 5 , 14 II 23 'D 6 II 17 22 21 3) 7 13 20 26 3) J9 • 16 M JI , 47·
1.6 5 , 14 It 23 21 6 II 17 22 21 3) 7 13 20 27 D 40 • 16 M 32 40 ..
U 5 10 IS 19 211 2t 6 II 17 23 21 34 7 14 21 'D 34 41 • 16 2S D 41 4t

2 5 10 IS I' 211 29 6 12 II 23 29 3S 7 14 21 n 34 41 • 11 2S D 42 50
2.2 5 10 IS 20 2S 30 6 12 I' 23 29 35 7 14 21 21 3S 42 , 17 26 34 4J 51
2." 5 10 15 20 2S 30 6 12 I' 2A 30 36 7 14 22 29 36 4J , 11 26 3S 4J 52
2.6 5 10 16 21 26 31 6 12 19 2S 31 31 7 IS 22 2t 37 .... , II n :IS .... 53
2.1 S 10 16 21 26 31 6 12 19 2S 31 31 I IS 23 30 31 45 , I' 27 36 4S 54

3 S II 16 21 n 32 6 13 19 2S 32 31 I IS 23 31 31 46 , I' 21 17 46 55
CHLORINE ......0 ......s "'<.9.0
CONCENTItATION a..1-''''''' a.. .......... a..L-'......
(-wL) 0.5 I.' 1.5 2.0 2.5 3.0 0.5 1.0 1.5 2.0 2.5 3.0 0.5 1.0 1.5 2.0 2.5 3.0

<-0.4 I 11 2S D 42 50 10 20 30 J9 49 59 12 23 3S 47 51 70

0.6 , 17 26 34 43 51 10 20 31 ~I 51 61 12 211 37 49 61 13
0.1 , II n 3S .... 53 II 21 32 42 53 63 13 2S 31 50 63 'IS

I 9 I' n 36 45 54 II 22 33 43 54 6S I] 26 J9 52 6S 11
1.2 9 II 21 37 46 55 II 22. 34 45 56 61 13 27 40 5] 67 •.... 10 19 29 31 41 51 12 23 :15 46 sa· • 14 27 41 55 " 12
U 10 19 29 J9 41 51 12 23' 35 41 sa 10 14 21 42 56 10 Ie
U 10 20 30 40 SO 60 12 211 36 41 60 12 14 29 43 51 12 16

2 10 20 31 41 51 61 12 2S 31 49 62 14 15 29 .... 59 73 •
2.2 10 21 31 41 52 62 13 2S JI 50 63 75 15 30 45 60 'IS 90

2.4 II 21 32 ~2 53 63 13 26 39 51 64 17 IS 31 46 61 17 92

2.6 II 22 33 43 54 6S 13 . 26 39 52 6S 11 16 31 47 63 11 M
2.1 II 22 33 44 55 66 13 27 40 5) 61 10 1.6 32 ... 64 10 96

3 II 22 34 45 56 61 14 27 41 54 61 " 16 32 49 6S .. 97

!!!!!!!i
. (I) CT ..crlor""~

99.9



TABLE E·7

CT VALUES FOR
INACTIVATION OF VIRUSES By FREE CHLORINE(l)

Lew Inactivation

2.0 ].0 4.0
pH pH pH

Temperature (e} §=.i ~ §=.i ~ §=.i ~

0.5 6 45 9 66 12 90

5 4 30 6 44 8 60

10 3 22 4 . 33 6 45

15 2 15 3 22 4 30

20 1 11 2 16 3 22

25 1 7 1 11 2 15

Notes':

I. Basis for values given in Appendix F.



TABLE E·8

CT VALUES FOR
INACTIVATION OF GIARDIA CYSTS "

By CHLORINE DIOXIDE(1)

I.eratyre (C)

Inactivation Sod ..5- ~ .u m ~

0.5-10g 10 4.3 4 3.2 2.5 2

I-log 21 8.7 7.7 6.3 5 3.7

1.5-10g 32 13 12 10 7.5 5.5

2-10g 42 17 15 13 10 7.3

2.5·10g 52 22 19 16 13 9

3-10g 63 26 23 19 15 11

.ti.Q.U:

1. Basis for values given in Appendix F.



TABLE E-9

CT VALUES FOR
INACTIVATION OF VIRUSES

By CHLORINE DIOXIDE pH 6-9(1)

Ttrerature (Ii
Removal $!.l i.. 2.Q .u
2-log 8.4 5.6 4.2 2.8 2.1 1.4..
3-log 25.6 17.1 12.8 8.6 6.4 4.3

4-log 50.1 33.4 25.1 16.7 12.5 8.4

Notes:

1. Basis for values given in Appendix F.



TABLE E-I0
CT VALUES FOR

INACTIVATION OF GIARDIA CYSTS
BY OZONEO)

Ttrerature 'floInactivation S!1 .J... a- n..
0.5.10g 0.48 0.32 0.23 0.16 0.•12 0.08

I-log 0.97 0.63 0.48 0.32 0.24 0.16

1.5-10g 1.5 0.95 0.72 0.48 0.36 0.24

2-10g J.9 1.3 0.95 0.63 0.48 0.32

2,.5-10g 2.4 1.6 1.2 0.79 0.60 0.40 '

3-10g 2.9 1.9 1.43 0.95 0.72 0.48

~:

1. Basis for values given in Appendix F.



TABLE £-11

CT VALUES FOR
INACTIVATION Of VIRUSES By OlONE(l)

I~erltyre 'Ii:
Inact i vat i on S!l ..i. m.. n..

2-10g 0.9 0.6 0.5 0.3 0.25 0.15

3-10g 1.4 0.9 0.8 0.5 0.4" 0.25

4-10g 1.8 1.2 1.0 0.6 0.5 . 0.3

1j,gU:

1. Basis for values given in Appendix F.



TABLE E-12

CT VALUES FOR
INACTIVATION OF GIARDIA ~YSTS

.By CHLORAMINE pH 6-9< )

Temperature (el
Inacthatign <.1 -L ...lL. ..1L ...2.Q.. ..n..
0.5-10g . 635 365 310 250 185 125

I-log 1,270 735 615 500 . "370 250

loS-log 1,900 1,100 930 750 550 375

2-10g 2,535 1,470 1.230 1,000 735 '500

2.5-10g 3.170 1,830 1,540 . 1.250 915 625

3-10g 3,800 2.200 1,850 1,500 1,100 750

1. Basis for values given in Appendix F.



TABLE E-13

CT VALUES FOR .
INACTIVATION OF VIRUSES By CHLORAMINE(l)

Temperature (C)
Inactivation -S!.L -L. .JL ....1L m.. 15-

2-10g 1,243 857 643 428 321 214

3-10g 2,063 1,423 1,067 712 534 356

4-10g 2,883 1,988 1,491 994 746 497

Notes:

1. Basis for values given in Appendix F.



TABLE E-14

. CT VALUES FOR
INACTIyATION Of VIRUSES By uy(1) .

", .

Note:

..l...Q..

21

Log Inactiyation
..l.JL

36

1. Basis for values given in Appendix F.



APPENDIX F

BASIS FOR CT VALUES



APPENDIX F
BASIS Of C1 VALUES

F.l Inactiyation of Gilrdi. Cysts

F.l.l free Chlorine
The CT values for free chlorine in Tables E-l through E-6 are based'

on a statistical analysis (Clark et al.,· 1988: attached to this appendix),
which considered both ani.al infectivity studies (Hibler et 1.1.•-, 1987) and
excystation studies (Jarroll et al., 1981: Rice et al •• 1982: Rubin .t
al., 1988). A multiplicative .adel was selected to best represent the
chemical reactions during the inactivation process. This IDOdel was
applied to each of the data sets, listed above, and in various combina
tions. The anillal infectivity data were included in all combinations
studied'. The animal infectivity data was considered essent;'al· for
inclusion in all the analysis of combined data sets because it included
many more data points than the other data sets, all of which repr~sented

inactivation levels at 99.99 percent. Because of limitations with the
,xcystation methodology, only data for achieving less than 99.9 percent
inactivation was available from such studies.

Statistical analysis supported the choice of combining the Hibler et
al. and th~ Jarroll et al. data (and excluding the Rice et al. (1981) and
Rubin et al. (1987) data), to form the best fit .adel for predicting CT
values for different levels of inactivation. As a conservative regulatory
strategy, Clark and Regli (1990) (attached at the end of thsi appendix),
recDlllllended that CT values for different levels of inactivation be
determined by applying first order kinetics to the 99 percent upper.
confidence interval of the CT"." values predicted by the .adel.

The IOdel was applied using the above strategy as a safety factor,
to determine the CT values ranging from 0.5.10g to'3-1og inactivation at
0.5 and 5 C. CT values for temperatures above 5 'C were esti.ated assuming
a twofold decrease for every 10 C. CT values for temperat~res at 0.5 C
were estimat~d assuming a 1.5 times increase to CT values at 5 C. This
general principle is supported by Hoff (1986)'. It is important to note
that the CT values for free chlorine are sensitive to the residual
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~ concentrati~n, C. For example, a~ a pH of 7 and a temperature of 10 C~ a
3-log Giardia cyst inactivation results from a CT of 107 mg/L-.in with a
free residual of-0.6 gIL and a CT of 124 -v/L-.in with a free residual of
2.0 mg/L.

. .
Application of the IOdel to pHs above 8, up to 9, was considered

reasonable because the model is substantially sensitive to pH (e.g., CTs
at pH 9 are over three times greater than CTs at pH 6 and over two times~

greater than CTs at pH 7). At a pH of 9, approxiaately four percent of
the hypochlorOus acid fraction of free chlorine is still present. Recent
data indicate that in terms of HOCl residuals (versus total free chlorine
residuals including HOCl and OC1·) the CT products required forfnactiva
tion of Giardia mYt11 and Giardia lamb1ia cysts decrease with increasing
pH from 1 to 9 (Leahy et al., 1987; Rubin et al., 1988b). However, with
increasing pH, the fraction of free chlorine existing as the weaker
oxidant species (OC!") increases. In terms of total free chlorine
residuals (i .e., HOC1 and OCr) the (T products required for inactivation
of Giardia mYIi1 cysts increase with increasing pH from 7 t09 by less
than a factor of 2 at concentrations of less than - 5.0 tDg/L (s~e'

Table F-l). Also, the significance of pH on the value of CT products
achieving 99 percent inactivation appears to decrease with decreasing
temperature and free chlorine concentration. The relative effects of pH,
temperature, and chlorine concentration, on inactivation ~f Giardia~
cysts appears to be the same for Giardia lamblia cysts (Rubin .t al.,
1988b) , although Dot as much data for Giard;a lambl1a cysts for high pH
and temperature values as for Giordia mYIi1 cysts is yet available.

F.l.2 Ozone and Chlor;ne Dioxide
The CT values for ozone in Table £-10 are based on di sinfection

studies using in li1t2 . excystation of Giardia lamblia
(Wickramanayake, G. 8., et .1., 19~5). CTII values at 5 C and pH 7 for
ozone ranged from 0.46 to 0.64 (disinfectant concentrations ranging from
0.11 to O.48.mg/L). No CT values were available for ot~er pHs. The
highest CT,g value, 0.64, was used as a basis for extrapolation to obtain
the CT v~lues at 5 C, assuming first order. kinetics and applying a safety
factor of 2, e.g., (0.64 X3/2 X 2 • 1.9). ·CT values for temperatures
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TASLE F·l

CT VALUES TO ACHIEVE 99 PERCENT
INACTIVATION Of GIARDIA MURIS CYSTS By fREE CHLORINE ...

(Source: Rubin, et al., 1988b)

Temperature §~ncf~~ratfQn (T~bL2
Ail (C) 0,2.0,5 2,Q·5,00&5.1AO • .0

7 1 500 760 1,460 1,200
15 200 290 360 290 .

8 1 510 820 1,580 1,300
15 220 320

9 1 440 1,100 1,300 2,200
15 310 420 620 760



above 5 Cwere estimated ~ssuming a twofold deerease for every 10 C. CT
values for temperatures at 0.5 C were Isti.ated assUiling a 1.5 tilles
increase to CT values at 5 C.

The CT values' for. 'chlorine dioxide in Table £·8 are based on
disinfection studies using in I.1!.m excystation of Giardia IIYi11 CT,.

, values at pH 7 and 1 C, 5 C, 15 Cand 25 C (Leahy, 1985 and Rubin, 1988b).
The average CT" value at each temperature (27.9 at 1 C, 11.8 at 5 C, 8.5
at 15 C, and 4.7 at 25 C) was extrapolated using first order kinetics and
multiplied by a safety factor of 1.5 to obtain the.CT"., valuts, e.g.,

at. 1 C, Cit., • 27.9 x 1.5 x 1.5 • 63.
Because of the limited data available at pHs other than pH 7, the same CT
values are specified for a" pHs. Although lOst of the 'CT" data were
determined at pH 7, it is known that chlorine dioxide is more effective at
pH 9. Thus, the CT values in the rule are lOre conservative for higher
pHs than for lower pHs.

A lower safety factor is used for chlorine dioxide than for ozone,
because the data was generated using Giardia I1Y!11 cysts whi,ch are IlOre
resistant than Giardia lombJ1a cysts. CT values 'at oth~r temperatures'
were estimated, based on the same rule of thumb .ultipliers assumed for
ozone.

Alarger safety factor was applied to the ozone and chlorine dioxide
data than to the chlorine data because:

a. Less data were available for ozone and chlorine dioxide than
for chlorinei' .

b. Data available for ozone and chlorine dioxide, because of the
li.itations of the excystation procedure, only refleeted up to
or slightly beyond 99 percent inactivation. Data for chlo
rine, based on animal infectivity studies rather than excysta
tion procedures, reflected inactivation of 99.99 percent.
Extrapolation of data to achieve CT values for 99.9 percent
inactivation with ozone and chlorine dioxide, involved greater
uncertainty than the direct determination of CT values for
99.9 percent inactivation using chlorine. .

c. The CT values for ozone and chlorine dioxide to achieve 99.9
percent inactivation are feasible to achievei and

d. Use of ozone and chlorine dioxide is likely to occur within
the plant rather than in the distribution system (versus
chlorine andchloramines which are the likely disinfectants
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for use in the distribution system). Contact ti....asure
..nts within the plant will involve greater uncertainty than
..asurement of contact ti~ in ~ipelfnes. .

EPA recognizes that the CT values for ozone and chlorine dioxide are
based on t'imited data. Therefore, EPA encourages the generation of
additional data in accordance with the'protocols provided in Appendix Gto
determine conditions other than the specified CT v~lues,' for providing
effective disinfection at a particular system.

F.l.3 ,bloromines
The CT values for chloramines in Table E-12 are based on disinfec

tion studies using preformed cbloramfnes and in .x..tiJ:g' excystation of
Giord!a m.w:.i1 (Rubin, 1988). Table F-2 suaaarizes CT values for achieving
99 percent inactivation of Giardia mYIi1 cysts. The higbest CT values for
achieving 99 percent inactivation at 1 C (2','500) and 5 C (1',430) were each
multiplied by 1.5 (i.e., first order kinetics were assumed) t~ estimate
the CT"" values at 0.5 C and 5 C, respectively" i~ Table £-12. The CTIt

value of 970 at 15 C was multiplied by 1.5 to estimate the CTIt., value.
The highest CT" value of 1,500 at 15 C,and pH 6 was not us~d because it
appeared anomalous to the other data. Interesting to note is that among
the data in Table F-2 the CT values in the ,lower residual concentration
range (<2 mg/L) are higher than those' in the higher residual conc~ntration

range (2-10 mg/L). Tbis is opposite to :the relationship between these
variables for free chlorine.' For chloramines, residual concentration may, , .

have greater influence than contact time on the inactivation of Giardja '. .

cysts within the range of chloramine residual concentrations practiced by
water util ities (less than 10 mg/L). ·No safety factor was applied to
these data since chloramination, conducted in the field,~is more effective,
than using preformed chloramines. Also, GfArdia IY!11 appears to be more
resistant than Giardia 'amblja to chloramines (Rubin, 1988b). .

The protocol fn ~ppendix G can. be used to demonstrate if less
stringent disinfection conditions than those cited in TableE-12 can
achieve comparable levels of inactivation for specific system character,h
tics.
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TABLE F·2

CT VALUES FOR 99 PERCENT
INACTIVATION OF GIARDIA HURlS CYSTS By MQNOCHLORAMINE

(Source: Rubin, 1988) .

7

8

9

Temperature Mo~lorlm1ni CQnccptr't1~~Q!T8(6)
(C)

15 1,500 880
5 >1,500 >880
1 >1,500 >880

15 >970 9io
5 >970 1,400
1 2,500 >1,400

15 1,000 530
5 >1,000 1,430
1 >1,000 1,880

15 890 . 560
5 >890 >560.
1 >890 >560

*CT values with ">" signs are extrapolated from the known data.



F.2.1 free Chlorine
CT values for free chlorine are based on data by Sobsey (1~) for

inactivation of Hepatitus Avirus (HAY), Strain HM175. at pH 6,7,8,9 and
10, chlorine concentrat~ons of 0.5 to 0.2, and a te.perature of 5 C, as
contained in Table F-3. The highest CT value for the pH range 6-9 for'
achieving 2. 3, and 4-10g inactivation of HAY were IUltiplied ~y a safety
factor of 3 to obtain the CT values listed in Table E-7• (e.g'. , the CT
value for achieving 4-10g inactivation at pHs 6-9 was deter.mined by
lIultiplying 2.55 X 3 • 7.6 • 8). The CT values at pH 10 were significant
ly higher than those for pHs 6-9 and are considered separately. The CT .
values in Tab~e E-7 for pH 10 also include a safety factor of 3. CT
values at temperatures other than 5 Cwere determined assuming a two fold
decrease for every 10 C increase. CT values for inactivating viruse~ in
general are based on HAY data since they give higher CT' values than those
for inactivation of polio and rotaviruses under similar conditions of pH
and ·temperature (Hoff, 1986).

F.2 Inactivation Of Viryses

F.2.2 Chlorine Dioxide
Data by Sobsey (1988) for inactivation of Hepatitus Avirus, strain

HM 175, by a chlorine dioxide concentration of 0.5 19/1 at pH 6 and 5 C is
shown in Table F-4. The CT .values in Table E-9 for pHs' 6-9 and tempera
ture • 5 Cwere determined by applying a safety factor of 2 to the average
CT values presented in Table F-4 at pH 6. This safety factor ·is lower
than that used to determine CT values for chlorine because chlorine
dioxide appears to be significantly more effective at'higher pHs and.most- .
waters are assumed to have a higher pH than 6.

CT values at temperatures other than 5 C in Table E-9 were
determined by applying a twofold decrease for every 10 C increase. The
data for pH 9 was not considered because it is very li.ited and other.
viruses are more resistant to chlorine dioxide than Hepatit!Js Ais at. pH
9. According to Hoff (1986) at a pH of 9 and a temperature of 21 C, a CT
of 0.35 provides a 4-10g inactivation of poliovirus 1. Applying the same
safety factor and rule of thumb multipliers to this data results in a CT
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· of 2.8 for a 4-10g virus ~nactivation at O.S·C, in contrast to a CT of
50.1 resulting from the Hepatitus Adata at pH 6. Therefore, in order to
assure inactivation of Hepatitus A, the higher CT Yllues are needed.
Systems w.ith high pHs may wish to detnOnstrate the effectheness of
chlorine dioxide at lower CT values based on the protocol in Appendix G.
Chlorine dioxide is much more effective for inactivating rotavirus and
polio virus than it is for inactivating HAY (Hoff 1986).

F.2.3 Chloramines
The CT values ~n Table E-13 at 5 C were based directly on data by

'Sobsey (1988) using preformed chloramines at pH 8. No safety factor 'was
applied to the laboratory data since chloramination 'in the field, where
some transient presence of free chlorine would occur, is assumed -ere
effective than preformed chloramines.

HAY is less resistant to preformed chlorllllines than are other
viruses. For example, CTs of 3,800-~,500 were needed for 2-10g inactiva
tion of simian rotavirus at pH • 8.0 and temper~ture • 5 C (Berman and
Hoff, 1984).. However~ these same viruses are very sensithe to free
chlorine. CT values ranging from less than 0.025 to 2.16 were required to
achieve 99 percent inactivation of rotavirus by free chlorine at 'pH • 6-1~

and temperature • 4-5 C (Hoff, 1986). HAY is IIIOre resistant to free
chlorine than are rotavfruses ..

The CT values in Table E-13 apply for systems using combined
chlorine where chlorine is added prior to IIII1IOnia in the treatment
sequence. This should provide sufficient contact with free ch~orine to
assure inactivation of rotaviruses. CT values Table E-13 should not be
used for estimating the adequacy of disinfection in systems applying
preformed chlGramines or ammonia ahead of chlorine, since CT values based'
on HAY inactivation with preformed chloramines .ay not be adequate for
destroying rotaviruses. In systems applying preformed chloramines, it is
recOllDended that inactivation studies as outlined in Appendix G be
performed with Bacteriophage' MS2 as the indicator virus to detemine
sufficient CT values. Als'o, the protocol in Appendix G can be used ,by
systems ipplying chl~rine ahead of ammonia to d~onstrate less stringent
disinfection conditions than those indicated in Table £-13.
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TABLE F·3

CT VALUES FOR INACTIVATION OF HEPATITUS AVIRUS
ey FREE CHLORINE

(Source: Sobsey 1988)
.... .

LOG INACTIVATION

2

3

4

pH

i I I i ~

1.18 0.70 1.00 1.25 19.3

1.75 1.01 1.51 1.9 J4.6

2.33 1.43 2.03 2.55 9.8



",

TABLE F-4

CT VALUES FOR INACTIVATION OF HEPATITUS A VIRUS
By CHLORINE DIOXIDE (SOBSEY 1988)

...c.lnz Concenttatton (mg/L)
Experiment

No. Initial Ayerage

pH6 1 0.49 ". 0.32
2 0.50 0.33
3 0.51 0.36
4 0.51 0.37

pH9 1 0.5 0.5
2 0.5 0.5

•

Inactivation Time
eTl(min)

Experiment No. Experiment No.
Log

3
Average

Inactivation 1 2 3 4 1 2 4 CT

pH6 2 12 9 5 7 3.8 3.0 1.8 2.6 2.8
3 30 29 22 20 9.4 9.6 7.9 7.4 8".6
4 55 59 43 39 17 20 16 14 16.7

pH9 >2.5 0.33 -- -d).17 -- .. -d).17
>3.6 0.33 -d).17 .- -d).17

1. e1 values were obtained by multiplying inactivation time by the average
concentration shown above for each experiment.



'~2.4 . QmnI
No laborat~ry CT values based on inactivation of HAY virus are yet

available for ozone. Based on data from Roy (1982), .a Man CT value of
0.2 achieved 2-10g inactivation of poliovirus 1 at 5 C arid pH 1.2. Much
lower CT values are needed to achieve a 2-10g inactivation of rotavirus
(Vaughn, 1987). No CT values were available for achieving greater than a
2-10g inactivation. The CT values in Table E-ll for achieving 2-10g
inactivation at 5 C were determined by applying a safety factor of 3 to
the data from Roy (1982). CT values for 3 and 4-109 inactivation were
determined by applying first order kinetics and assuming the same safety
factor of 3. CT values were adjusted for teiperatures other than 5 C by
applying a twofold decrease for every 10 C increase. Based on the
available data, CT values for ozone disinfection are not strongly
dependent on pH. Therefore, data obtained at pH • 7.2 is assumed to apply
for pHs in the range of 6.0 to 9.0. However, it should be noted that the
maintenance of an ozone residual is affected by pH.

'.2.5 Ultraviolet Light (uy)
The CT values for inactivation of viruses by UY are. based on studies

by Sobsey (1988) on inactivation of He~atitis Avirus (HAY) by UY. These
data were used because HAY has been established as an important cause of
waterborne disease. The CT values were derived by applying a safety
factor of 3 to the HAY inactivation data. The CT values in Table E-14 are
hig~er than the CT values for UY inactivation of poliovirus 1 and simian
rotavirus from previous studies (Chang et al., 1985)~

.
'.2.6 Potassiym Permanganate
Potassium permanganate is a commonly used oxidant in water

treatment. Prel iminary testing by Yahya, et al 1988, indicates that
potassium permanganate may contribute to virus inactivation. The test
data included in Table '-5 indicates the inactivation of bacteriophage
MS-2 using potassium permanganate with a pure water-buffer solution.
These data d~ not include safety factors. It is likely that CT values for
actual water treatment processes will differ from these values. This data
has only been provided here as an indication of the potential of potassium
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TABLE F-5

.CT VALUES FOR 2-LOG INACTIVATION
OF MS-2 BACTERIOPHAGE WITH POTASSIUM PERMANGANATE

:~~ll pH fi,O pH 8.0

0.5 27.4 1(1) 26.1 I

1.5 32.0 I 50.9 b

2.0 NOCZ) . 53.5 c

5.0 63.8 I 35.5 c

~:

1. Letters indiclte different experimental conditions.

2. Not determined.

.... .
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. .
THE BASIS FOR GIARplA C'T VALUES IN THE SURfACE WATER

TREATMENT RULE: INACTIVATION BY CHLORINE

Robert M. Clark,' and Stig Reglib

INTRODUCTION

The 1986 amendments to the Safe Drinking Water Act (SDWA) require EPA to

promulgate primary drinking water regulations (a) specifying criteria under

which filtration would be required, (b) requiring disinfection' as a treatment

technique for all public water systems, and (c) establishing m~ximum

contaminant levels (MCLs) or treatment requirements for control of Giardia

lamblia, viruses, Legionel]a, heterotrophic plate count bacteria, and

turbidity. EPA has promulaged treatment technique requirements to fulfill the

SDWA requirement for systems using surface waters and ground waters under the

direct influence of surface water.! Additional regulations specifying

disinfection requirements for systems using ground water sources not under the

direct influ~nce of surface water will be proposed and promulgated at a later

. date. This paper presents a model that relates pH, temperature, chlorine

concentration, and inactivation level to Giardia inactivation by free

chlorine. Because Giardia lamblia is known to be one of the most resistant

organisms to disinfection by. chlorine found in water, much interest and effort

'Director, Drinking Water Research Division, Risk Reduction Engineering
Laboratory, 26 W. Martin Luther King Drive, Cincinnati, Ohio 45268

bUSEPA, Office of Drinking Water,401 MStreet,·S.W., Washington, DC 20460

'.



his been dev~ted ,to determinltion of C't vAlues for Giardia'lamb]i'. The

mode' has been used to predict 'C't' values that have been included IS part of

EPA's Surface Water Treatment Rule (SWTR).

BACKGROUND

Under the SWTR all community and non-comlunity public water systems using

surface water, or ground wlter under the direct influence of surface water,

are required to prOVide .inimum disinfection to control Ghrdia lamb] h,

enteric viruses and bacteria. 1 In addition"unl~ss the source wlter is well

protected Ind meets certain wlter quality criteria (totll or f,cal coliforms

and turbidity limits), treatment must also' include filtration. The treatment

provided, in any case, is reqUired to achieve ~t lelst 99.9 percent removal
. '

and/or inactivation of Giardia lamblia cysts and at least 99.99 percent

removal and/or inactivation of viruses (1.e.,· virus of fecal origin and
, . .

infectious to humans). Unfiltered systems are required to de~onstrate that

. disinfection alone achieves the minimum performance requirements by monitoring

disinfectant residual (5), disinfectant conhet time(s), pH (if chlorine, is

used), and water temperature. These data must,be applied to d~termine if their

'C't- value [the product of disi~fectant concentration (mg/L) and disinfectant

contact (minutes)] equals or exceeds the C't values for Giardia lamblia
, . '

specified in the SWTR. 1 With the exception of ch10ramines, where ammonia is

added prior to chlorine, these C't values are also adequate' to achieve greater

than 99.99 percent inactivation of viruses. for filtered systems, states are

required.to specify the level of disinfection.for each system to ensur~ that

their overall treatment achieves at least 99.9 and 99.99 percent removal
'. 1

and/or inactivation of Giardia lamb]1a cysts and viruses, respectively.

In the Guidance Manual to the SWTR, EPA recommends C't values for

2,
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different disinfectants to achieve levels of inactivation for ~nfiltered

systems. Filtered systems will be required to Ichieve less inactivation then

required for u~filtered systems. The percent inactivatio~ that filtered
, .. . .

systems should Ichieve as I function of the filtration technology in place and

source water quality conditions is·llso recommended.'

PROBLEM

The destruction of pathogens by chlorination is dependent ·on.1 number of
. .

factors, including water temperature, pH, disinfectant contact time, degree of

.ixing, turbidity, presence of interfering substances, and concentration of

chlorine available. The pH has a significant .ffect on inactivation

efficiency because it determines the species of chlorine found in solution,

each of which has I different inactivation .fficiency.

The impact of temperature on disinfection efficiency is Il~o significant.

For Example, Clarke's work in virus destruction by chlorine indicates 'that

contact time must be increased two to three times when the temperature is

lowered 100C. 3 Disinfection by chlorination can inactivate Giardia cysts, but

only under rig~rous conditions. Most recently, Hoff et al. concluded that (I)

these cysts are among the most resistant pathogens known, (i) disinfection at

low temperatures is especially difficult, and (3) treatment processes prior to

disinfection Ire important. 4

Typical C·t values for 99 percent inactivation of Giardia lamblia by free

chlorine at different temperatures and pH values are shown in Table 1.
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TABLE 1. C'T VALOES FOR 991 INACTIVATION OF GIARplA' ~;
LAMBLIA CYSTS BY FREE CHLORINE

Disinfectant
Bange ••

Temp Concentration Ttme Mean No. of
(OC pH (1D9/L) (.1n) c·t C·t Experiments

5 6 1:'.0-8,0 6-47 47-84 65 4
7 2.0-8.0 7-42 56-152 97 3
8 2.0-8.0 72-164 72-164 ·110 3

15' 6 2.5-3.0 7 18-21 20 2
7 2.5-3.0 6-18 18-45 32 2
8 2.5-3.0 7-21 . 21-52 37 2

25 6 1.5 <.6 < 9 < 9 1
7 1.5 < 7 dO <10 1
8 I.S < 8 <12 <12 1

Jarroll et al., using in l11I2 excystation to determine cysl'v~ability,

showed that greater than 99.8 percent of Giardia lambli. cysts can be killed

by exposure to 2.5 mg/L of chlorine for 10 minutes at 15°C and pH 6, or after

60 minutes at pH 7 or 8. At 5°C, exposure'to 2 I9/L of chlorine killed at

least 99.8 percent of 111 cysts It pH 6 and 7 after 60 minutes. s While it

required 8 mg/L to kill the same percentage of cysts at pH 6 and 7 after 10

minutes, tt required 8 mg/L to inactivate cysts to the same level at pH 8

after 30 minutes. Inactivation rates decreased at lower temperatures and at

higher pH values as indicated by the higher C't values.

Because 'of the obvious 1nter~ctfons among these variables it is essential

that a model be developed for predicting C't values under the various

conditiohs that aa, ~xist. in drinking water, systems.
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OBJECTIVE

As indiclted, .any flctors influence Giardi. 'ambli. reaction kinetics.

The objective of the study described in this paper therefore is to develop an' ~. .
equation that will relate c·t Yalue~ for Gilrdi. inactivated by ch~or~ne to

such factors IS pH, temperature, level' of inactivation and chlorine

concentration. As ..ntioned previously, this .quation ulti.ately provided the

values presented in the SWTR Ind associated Guidance Manual for di~infection

of Giardia lamblia by fr~e chlorine.

SIGNIFICANCE

The significance of these efforts relates to the fact that EPA's Office

of Drinking Vater has Idopted the C·t concept to quantify the inactivation of

Giardia lamblia by disinfection with free chlorine. Whether or not I utility

is forced to install surface water treatment will depend· on its ability to

meet the C't values specified by the SWTR. Even if the utility is not

required to install filtration a utility may have to make signific~nt

investments in holding basins and disinfection capacity in order to meet these

requirements. Therefore C't values established under the SWTR will be

extremely important to the'drinking water industry and the authors believe it

is 1.portant that the industry understand the basis for the procedures used to

esti.ate these values. This paper describes the way in which C't values were

. calculated for the SWTR. It is unlikely that'utilities cin directly use the,
~ ,

models developed in this paper, although it is important that they understand

the aechanism by which C·t values have been der1~ed. Tables generated from

the IOdel will be useful IS they prOVide the C't values for Giardia inacti

vation by chlorine that utilities must achieve. These tables are presented at

the end 'of the paper.
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THEORY

Current disinfection theory ts based on the Chick or Chick-Watson lOdel.

o Chick's law expresses th~ rate of destruction of .fcroorglnfs.s based on a

first-order chemical reaction.'

dN/dt • ·kt

which when tntegrated yields

1n (I\/No) • ·kt

(1)

, (2)

,'.

where

Nt • number of organisms present at time t (minutes)

No • number of organisms present at tilll 0 '

k • rate constant characteristic of type of disinfectant,
microorganism, and water quality aspects of system (minutes·1)

t • time (minutes)

Watson, using Chick's data, refined this equation to produce an empirical

tel at ion that included changes in the disinfectant concentratton:7

ln (N/No) • r C"t (3)
',.;r"••

where

C• concentration of disinfectant [(m~lligrams/liter)I/"]

r • coefficient of specific lethality (liters/milligram ~ mfnutes)

n • coefficient of dilution (liters/milligrams ~ minutes)

~ or

(4)

For a given level of survival such as Nt/No • 0.001 (3 log reduction) the left

hand side of equation 4 is a constant K, or

K • C"t (5)

The value Kwill vary depending on the level of inactivation.
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(8)

EFFECT OF OTHER VARIABLES

As indicated previously C't values have been found to be a function of

pH, temperature, disinfectant concentration ind level of inactivation.'

Therefor. in this study .quation 5 was r.foraulated as follows:

C't • C-(n-1) K (6)

where

K • f (pH, temp, I)

1 • ratio of organisms at time t to the organ1slS at ti.. 0 (Nt/No>

temp • temperature at which experiment was conducted in °c
pH ~ pH at which experiment was conducted in pH units

Equation 6 can be rewritten in the form:

C't • R I'Cbpfftempd (7)

where

R,a,b,c, and,d are coefficient to be determined•.

Amore convenient form for coefficient estimation and the one used in this

paper is as follows:

t • R I'Cb-lpHCtempd

As will be discussed in the follOWing sections these coefficients will be

determined by a statistical analysis using appropriate data bases.

COEFFICIENT ESTIMATES

Several data sets are available for estimating the ~oefficients in.

equation 8. Data sets have been developed by Jarroll, Hibler, Rice and

Rubin. 5,'.10,11

Much of the available Giardia inactivation data is based on excystatio~

rather than animal infectivity since it is an easier measure of cyst

viability.l1 Hoff et al. compared mouse infectiVity and excystation for

7
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deteraining ~he viability of ,~ IYt1l cysts exposed to chlorine and reported

that both ..thads yielded similar results.~2 Hibler et .1. used Mongolian

gerbils to determine the effects of chlorine' on i. lambl1a cysts.' In a

. series of experiments, cysts were exposed for various tl.. periods to ,free

chlorine concentrations ranging from 0.4 t04~2 ~/L at 0.5,2.5, and 5.00C
. .

and pH 6,7, and 8. Each of'S gerbils was fed 5 x 10' of the chlorine exposed

cysts Ind subsequently examined for evidence 'of infection. ,Since t~e test

animals had each received a dose of 5 x 10· of the chlorine exposed cysts and. - .

subsequently examined for evidence of infection and stnce tnfectiv1iy studies

with unchlorinated cysts showed that approxi.ately 5 cysts usually constituted

an infective dose, the following assumptions w~re made dependtng on the

infectivity patterns occurring in the animals. If all five animals were. .

infected, it was assumed that C't had produced less tha~ 99.99 percent

inactivation and if no animals were infected, that it had produced greater

than 99.99 percent inactivation.' If, however, 1·4 animals were infected it

was assumed that the leve' of viable cysts were 5 per anima' and that 99.99

percent of the original cyst population had b~en inactivated. Hibler

interpolated from the results an4 provided comprehensive tables showing C't·

values at 0.5°C temperature intervals.' Because of observation~ indicating. .

that C't values increased as chlorine concentration increased within the range

of chlorine concentrations used, Hibler et al. advised against use of th~ C't.

values for ch"orine concentrations above 2.5 1IIg/L.

Table 2 summarizes Hibler's data for the ~ifferent experimental

conditions examined. Column 3 shows the range of chlorine concentrations in'

mg/L to which cysts were exposed before being fed to the gerbils, and Colomn 7

shows the numb~r of experiments which yields 1-4 infected gerbils out of s.

8.
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Column 4 shows the range of cyst exposure tiiles and Column 5 co"tains the

range of C't values that are the product of the chlorine concentration and

cyst exposure ti...

TABLE 2. C'T VALUES FOR 99.99 PERCENT INACTIVATION BASED
ON ANIMAL INFECTIVITY DATA

Range of
Range of Cyst Exposure Ran~, of Ran3' of Number of

Temp Cone. Time C't va ues frOID Pre ict,d Observa-
pH ' DC (mg/L) (min) Data C't Values tions

6 0.5 0.56-3.96 39-300 113-263 136-192 25
6 2.5 0.53-3.80 . 18-222 65-212 107-151 15
6 5 0.44-3.47 25-287 50-180 93-134 26
7 0.5' 0.51-4.05 76-600 156-306 205-295 14
7 2.5 0.64-4.23 55-350 124-347 169-235 14
7 5 0.73-4.08 47-227 144-222 156-211 15
8 0.5 0.49-3.25 132-593 159-526 294-410 22
8 2.5 0.50-3.24 54-431 175-371 233-324 21
8 5 0.84-3.67 95-417 200-386 209-299 15

Hibler's data set, based on animal infectivity, is appealing because it

is a more direct indicator of cyst viability than da~a based on excystation,

However the C't values in this data set are based solely on 99.99 percent

inactivation. The other three data sets, ~ased on excystation, have values

calculated for all four parameters in equation 8. Table 3 contains a summary

characterization of the studies on which these data sets were based. Because

. no one individual experiment provided the exact characteristics required for

this study an attempt was made to find the -most consistent- set of data for'

parameter estimation, which might include several of the data sets discussed.

9



••

TABLE 3. CHARACTERIZATION OF I. LAMBLIA FREE CHLORINE*
INACTIVATION STUDIES USED IN PREDICTIVE MODELS

Reference
110.

Cyst
Source

Yiabtl tty
Assay

Coments

9 Gerbils adapted excystation
from infected
humans. (Several
holates used)

*Data provided by Dr. John Hoff formerly of USEPA

Conventional
survival curves
based on multiple
samples. End
point - 0.11
survival

Conventional
survival curves
based on multiple
samples. ,End

conventional
surviva1 curves
based on multiple
sallPles.. End
point - 0.11
survival

gerbil 'tnfec- No survival curves.
ttvity (5 Endpoint sought .
ani_als/sample) - 0.011 survival

excystatIon

Gerbils, adapted
from infected
humans. (CDC
holate)

Symptomatic and excystation
nonsymptomat ic '.
humans

symptomatic
huun

5

7

8

The Hibler data set was included in all combinations considered because

it was the largest data set t the data set was based on animal infectivity, and

. the data reflected higher percent inactivation than required under the SWIR.

Since the data based on excystation, with the exception of a few data points,
. .'

only reflected percent inactivation up to 1 log or ~ess than that required

under the SW~R, inclusion of the Hibler data was considered essential for

'developing a model that could predict disinfection conditions for achieVing

10



99.9 percent inactivation with .inimum uncertainty. Filtered systems will

need to know disinfection conditions for achieving less than 99.9 percent

inactivation. Therefore data fr~ at least one of the .xcystation studies was.
, ..
, .

considered .ssential since th~ C't values in the SVTR .ay be used for

calculating partial inactivation levels (i •••• '.ss than '9.9 percent).

Afundamental question that needed to be addressed was the statistical

compatibility of the data sets. Initial regression .sti.ates for.~ach of the

data sets were .ad. using .quation 8. 13 High 'r" were obtained for these '

fits but significant differences were found for the 'R' coefficient or slope.

This indicated that the basic model was adequate but that there were

differences in the coefficients as defined by the individual estimates using

equation 8. It was dectded to -anchor' all of the data sets to the Hibler

data set. The approach used was to construct an indicator random variable to

move the regression intercept or slope to compensate for data set

differences. 13 The significance of the indicator random variable would

support the hypothesis of different regression surfaces, i.e., incompatibility

of the data sets chosen. The indicator random variable was created in such a

way as to always differentiate between the Hibler data set and other data sets

, considered and to move the regression intercept not the slope. The indicator

random variable was defined as follows:

o if Hibler data
z· [ ]

1 if other data

Therefore equation 8 was modified as follows:

t • R I'Cb-lptftempdlOu

where t, I, C, pH, temp 'are defined as in equation 8, and R,a,b,e,d,e a~e

constants determined from regression.

11
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Equation 10 can be transforled as fol1~ws:

log t .. log R+ I log I +. (b-J) log e + c log pH + d temp' + ez (11)

:In equation 11 when z • 0 equation 10 is defined over the Hibler data set,

and

t • R II eb-l ptf tempd (12)

When z • J equation JO is defined over the remaining data and

t • (R .. 10') II e..-1 pff tempd (13)

Table. displays the data set cOlllbin.at1ons Ind regres's1on diagnostics. Note

that z is the indicator random variable.

In Tabl••, the first column shows the various data' sets considered 'in

the analysis. Column two contains·the ·r2• values based on equation 13 for

each of the data combinations. Column three indicates .ajor results of· the

analysis. for example it was found, for the first data set combination, that

the intercept, and temperature variable were not significant. Column 4 shows

the test that was used to determine whether or not the equation yields biased

results.

As indicated in Column 4 of Table. residual plots ~ere used to determine

constant variance and normality. Fortunately a strict assumption of normality

is not required. As stated in Heter, Wasserman and Whitmore ·Small departures

from normality do not create any serious problems. l • Major departures, on the
•

other hand. should be of concern·. Further they write. ·Unless the departures

from normality are serious, particularly with respect to skewness. the actual

confidence coefficients Ind risks of error will be close to the levels for

exact noraality·. In addition because of the large sample size one would

expect the central limit theories would apply and symmetry would not be an

issue.

12
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It was found that 90s of the data fell within plus/or/minus 1.64 standard

deviations of the ..an. In addition 751 of the dati fell within plus or minus

1 minus standard deviation which gives support for the normality assumption.

(For a perfect norma' distr1"but1on we would Ixpect 68S of the data to. lie

within plus or minus 1 standard deviation. S1.ilarly. we would expect 90s to

li. within plus or .inus 1.64 standard deviation of the ..an].

Th, indicator random variable for the intercept variabl, us1n~ the
. .

Hibler, Jarroll data base was not significant (p-value • 0.3372). All other

data bases considered had I significlnt indicator random variable It the 0.095

level of significance. A formal test ,for differences, of intercept and/or

slope between the Hibler and Jarroll data sets was conducted and no difference

was detected.

As mentioned previously the Hibler data set does possesses some desirable
. .

characteristics and it is the largest data set among all data sets available.

However one .ight argue that by forcing the Hibler data set into the analysis

the possibility has been ignored that th~ other data sets may be mutual~"y

consistent. and the Hibler data set may represent an ·outlier-. In addition.

one might hypothesize that data from different experimental situations

prohibits us from making a reasonable comparison among these excystation
,

studies. Table 4 shows that the Hibler and Jarroll data sets are compatible .

.Since Table 4 also shows that Hibler-Rice and Hibler-Rubin is not consistent,.

then it is reasonable to assume that the Jarroll date is not consistent with

the Rice and Rubin data so that the Hibler data is not .10ne in being

inconsistent with the other data sets. It seems reasonable therefore to star.t

with the Hibler data set, the largest one, then incorporate other smaller data

sets into the modeling process. Thus logic supports the use of the Hibler,

13



Jarroll data,bas~ for extending the IOdel development'and t~e coefficients in

-equation 8 wire istimated using these data as shown in Table 5 in the log

transformed fO,....13
...,

TABLE 4. DIAGNOSTIC RESULTS FROM DATA. SET COMBINATION ANALYSIS
~.

DiIUits cons~ . A-Squar, 'aratil.s !lib
Hibler, Rice, Jarroll, Rubin 0.6801 intercept, temp non-nonnal data

not-significant non-constant var

Hib'.~, Ricl, Jarroll, Rubin, z 0.7316 intercept, temp .non-nonnal dati

0.6649
not-Sianificant non-constant yar

Hibler, Rice, Rubin intercept, temp non-nonnal data
. not-~ignificant ·non-constant var

Hibler, Rice, Rubin, Z 0.7899 intercept non-normal data
no~-significlnt non-constant var

Hi61er" Jarrol', Rubin 0.6424 intercept, temp non-normal aata
nQt';'~ignificant non-constant var

Hibler, Jarro1l, Rubin, Z 0.6879 intercept, :temp non-normal aata
not-significant ·non-constant var

·Hibler, Rice, Jarro11 0.8619 all vlriab1es non-normal aata ~;'--s.ign1ficant non-constant var
.'-i'

Rice, Jarroll, Z 0.865 111 variables non-normal aata
.'*"

Hibler,
si,gnificant . ~on-constarit var !!f

H1b1er, Rubin 0.6483 temp non-normal aata
not-s~gn1ficant non-constant var

Hibler, Rubin, Z .0.)593 'intercept non-norma' aata
not-significant constant var

Hibler, Rice 0.8548 . all variables non-normal- aata
significant constant var

Hibler, Rice, Z 0.8678 all variables non-normal data
significant constlnt var'

Hibler, Jarro" 0.8452 ..11 vlri'ables non-normal aata
significant constant var

Hibler, Jarroll, ~ 0.8459 z not significant non-normal data
constant var

14.



TABLE 5. COEFFICIENT ESTIMATES FOR EQUATION B:

Stitisticil Analysis
Standard T for HO: Varilnce

Variable OF Coefficient Error 'arllDeter-O PROB >0 I. Inflation
, Factor

INTERCEP 1 -0.902 0.200 -4.518 0.0001 0.000
LOGI 1 -0.268 0.014 -19.420 0.0001 1.183
lOGCHlOR 1 -0.812 0.042 -19.136 0.0001 1.033
LOGPH 1 2.544 0.221 11.535 0.0001 1.032
LOGTEMP 1 -0.146 0.028 -5.117 0.0001 1.179

In Table 5 column 7 entitled the 'Variance Inflation Factor (VIF)' is

defined as (1_~2) where ~2 is the coefficient of multiple determination when

~ is regressed on.the other variables in the model. The minimum value of VIF

is.l if there is no multicollinearity. As shown in column 7 all of the

variance inflation factors are close to one.

DISCUSSION OF MODEL

As discussed in the previous sections the coefficients for equation 8

were determined by a combination of log transformation and linear r~gression.

An issue to consider is the probability that there is measurement error in the

model's independent variables Ind the effect that this could have on estimates

of the parameters.

Regression is intended to fulfill the dual purposes of prediction and

explanation. ~he purpose of equation 8 is primarily to predict by providing

water utilities guidance as to what C't values will be needed for 1 desired .

level of inactivation. The purpose of this model is to predict C't values and

will not be hampered by measurement error as long as consistency is

maintained. ls Since any measurement is subject to some type of error, the

approach taken to deal with this issue was to provide safe or 'conservative

·estimates· of C't values.'

15
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As one of the diagnostic procedures appli~d to the analysis equation 13

WIS' evaluated for lIulticol1nelrity. As cln be se. froll Tlble 5 all of the

·coefficients are highly significant and there is no .ulticolinearity.

"',~ ,of

,*:

TABLE &. COLLINEARJTY DIAGNOSTICS :il-<' .,

Condition YAR PROP VAR PROP . VAR PROP VAR PROP VAR PROP' ~~

Number Intercep , LOGI LOGCHLOR lOGPH LOOTE"P-
1.000 0.0002 0.0031 0.0214 0.0003 0.0174
2.495 0.0001 0~OO63 0.0138 0.0001 0·.7833
2.801 0",0003 0",00&7 0.9285 0.0004 0.0005

10.662 0.0147 0.9266 0.0029 0.0253 0.1918
45.&36 . 0.9847 0",0574 0.0334 0",9739 0.0071

(14)

In Table &VAR PROP is the variance-decomposition proportion (VOP) Ind

has a maximum value of 1. Ahigh condifion number coupled with high VOP

values for two or more coefficients is In indicat'on of lDulticollinearity

between those variables. A condition of 45.6~6 in conjunction with an

intercept VOP of 0.9847 and log{pH) VOP of 0.9739 indicated a dependency

between the intercept and log(pH) variable, however, multicollinearity among'

the other coefficients were nonexistent. .

The final equation used for predicting C't values in the SWTR was based

on equation 8 IS follows:

C't • RI·Cbpfftempd

Confidence intervals of the coefficients estimate for equation 14 based

on the Bonferroni method at a 991 confidence interval are: U
•
15

R: (0.384, 0.4096)
a: '(-0.2321, -0.3031)
b: (0.0792, 0.2977)
c: (1.9756, 3.1117)
d: (-0.2192, -0.0124)
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RESULTS

Ther. are .any uncertainties regarding the various data sets that might

be considered for calculating C't values. Th. random variable Inalysis shows' ;
, °

the'statistical incompatibility among .ast of these dati sets. MOre ~ork

needs to be done to define the impact of strain vlriatton Ind in l1!Q versus

in J11t2 techniques on Cot values. In order to provide conservative estimates

for Cot values in the SWTR and the guidance document the authors u~ed the

Ipproach illustrated in Figure 1.

In Figure 1 the 991 confidence interval of the 4 log inactivation level

is calculated. First order kinetics are then assumed so that the inactivation

'line' goes'through 1 at C't • 0 and a C't value equal to the upper 991 con

fidence interval at 4 logs of inactivation. As can be seen the inactivition

line consists of higher C't values than all of the mean predicted C't values

from equation 14. most of the Jarroll et al., and most of the Hibler data

points. Conservative. C't values, for a specified level of inactivation, can

be obtained from the inactivation line prescribed by the disinfection condi

tions. For the example indicated in Figure 1, the appropriate Cot for

,chieving 99.gs inactivation would be 105.' This appro.ch ,(assumption of first

order kinetics) also provides the basis for establishing credits for sequen

tial disinfection steps allowed under the SWTR. It should be noted that this
, ,

approach provides .very conservative estimates at .id ra~e levels,of C't.

Note in Figure 1 that some of the individual data points fall outside the

9~ confidence interval estimated at the four logs of inactivation. This is

to be expected since the confidence intervals constructed were for mean C't

values, but also indicated the high variability of the ,Hibler data.

Equ~tion 14 was appl,ied using the above strategy, as a safety factor, to

determine the ("t values for 99.9 percent inactivation at O.SoC and SaC in the

17 •



FIGURE 1. 99% CONFIDENCE LEVEL'S USING
.EQUATION 14 FOR CHLORINE • 2' mg/l;
PH II 6; T'EM,PERATURE • 50 C



finl' SWTR. 1 ~'t values for temperatures above 5°C were estimated assuming a

twofold decrease for Ivery 10°C increase in temperature since all the Hibler

dati was generated It 5~C or less. This generil principle is supported by

Hoff.

Application 'of equation 14 to pHs above 8, up to 9, was considered

reasonable because the model is substantially sensitive to pH (e.g., C'ts at

pH 9 are about three times greater than C'ts at pH 6 Ind about two t)mes

greater than C'ts at pH 7). At a pH of 9, approxi.ately four percent of the

hypochlorous acid fraction of free chlorine is st111 present. Other data

indicate that in terms of HOCl residuals (versus total free chlorine residuals

including HOCI and OCI-) the C't values required for in.ctivation of Giardi.

mYIi1. and Giardia lamblia cysts decrease with increasing pH from 7 to 9. 10

However, with increasing pH, the fraction of free chlorine existing as the

weaker o~idant species (OC1-) increases. In terms of total free chlorine

residuals (i.e., HOCI and OCI-) the C't values required for inactivation of

Giardia mYI11 and Giardia lamblia cysts increase with increasing pH from 7 to

9 but generally less than by a factor of 2 at concentrations of less than 5,0

mg/L. 10 Table 7 compares the C't ~alues in the proposed SWTR to those given

in the SWTR. The C't values 1n the proposed SWTR were based only on the

Hibler data and included different safety factors. 2•a
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TABLE 7. COMPARISON BETWEEN MODIFIED APPROACH (MEANS) AND RULE C'TS
AT 99.91 INACTIVATION AND 5°C IN THE PRQPOSED AND FINAL SWTR.

pH
Concentration 6 7 8 '9 ¥;.

eg/L Proposed Final . Proposed Ft~ai Proposed Final Proposed Final

1 105 108 149 16$ 216 ,238 329 312 ~;

2 116 122 165 186 243 269 371 353'.

The C't values in the final SWTR Ire 0·10 percent lower than in the
, -

proposed SVTR. Tabl. 8 presents representative ~'t values determined by

application of the above described approach.

TABLE 8. CALCULATED C'T VALUES FOR GIARDIA INACTIVATION
USING USING EQUATION 14 AT O.SoC and S°

Values for Inactivation of Giiraia Cysts
by Free Chlorine at o.soc ..

Chlorine pH • 6 pH • 1 pH • 8 pH • 9
Concentrat f,on log Inactiyation Log Inactivation Log Inactivation Log Inactivation

mg/L 0.5 1.0 2.0 3.0 0.5 1.0 2.0 3.0 0.5' 1.0 2.0 3.0 0.5 LO 2.0 3.8
~
~

~---,

23 46 91 137 33 65 130 195 46 92 185 277 65 130 260 390
.-

0.4
1 25 49 99 148 3S 70 140 210 51 101 203 304 73 146 -291 437
2 28 5S ))0 165 39 79 . 157 236 58' 115 231 346 83 167 333 500
3 30 60 121 181 44 87 174 261 64 127 255 38Z 92 184 368 552

Values for Inactivation of Giardia Cysts
by Free Ch1orfne -at 5°C :

Chlorine pH • 6 pH • 7 pH • 8 pH • 9
Concentration Log Inactivation Log Inactivation Log InactJ yatton Log Inactivation

mg/l 0.5 1.0 2.0 3.0 0.5 1.0 2.0 3.0 0.5 1.0 2.0 3.0 0.5 l.0 2.0 3.8

0.4 16 32 65 97 23 46 93 139 33 66 137 198 47 93 186 279
1 18 3S 70 105 25 SO 99 149 36 72 144 216 52 104 208 ,3.12
2 19 39 77 116 28 5S 110 165 41 81 162 243 S9 118 235 353
3 21 . 42 84 126 30 61 121 182 45 89 179 268 65 130 259 389
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Blcaus. calculation~ for the SWTR C't,y.luls ar. th•. upper limit on the
• • I ..

error bounds assoctated with .quation 14 (Tabl. 8), an,equation was d.vIloped
, .

to estimate these C't values for 0.5 and SoC dtrectly. c't yalues ibov. 5°C

can be esttmated by using the ..thod g1Yln below to estt.at. c't values at

SoC. then the assumption that there is a twofold decreasl in C't values for

every 100C increasl in temperature can be applied. Th. equat~on for the

estimated C't values at 0.5 and SoC is as follows:

C't • 0.36 pHZ,Utemp·O,15CO,lS( -log 1)1.00 (Rz • 0.998) (15)

where the variables in equation 15 are as defined previously•.

Table 9 compares the values esti.ated by equation ~5 and the SVTR values

shown in Table 8.

TABLE 9. CALCULATED C'T VALUES FOR GIARDIA INACTIVATION
USING EQUATION 15 AT 0.5 AND SoC

Values for Inactivation of Giardia Cysts
by Free Chlorine at O.SoC '

Chlorine pH • 6 pH • 7 pH • 8 pH • 9
Concentration Log Inactivation Log Inactivation Log Inactivation Log Inactivation

mg/L 0.5 1.0 2.0 3.0 0.5 1.0 2.0 3.0 0.5 1.0 2.0 3.0 0.5 1.0 2.0 3.8

0.4 22 43 86 129 33 65 131 196 47 94 187 281 64 129 257 385
1 25 49 99 148 37 75 149 224 54 107 214 321 74 147 294 441
2 .. 27 55 109 164 41 83 165 248 S9 118 137 355 81 163 325 487
3 29 58 116 174 44 88 175 263 63 126 251 377 86 173 345 517

Values for Inactivation of Giardia Cysts
by Free Chlorine at 5°C

Chlorine pH • 6 pH • 7 pH • 8 pH • 9
Concentration Log Inactiyation Log Inactiyation Log Inactivation Log Inactivation

mg/L 0.5 1.0 2.0 3.0 0.5 1.0 2.0 3.0 0.5 1.0 2.0 3.0 0.5 1.0 2,0 3.8

0.4 15 31 61 91 23 46 92 138 33 66 132 198 46 91 182 272
1 17 35 70 104 26 53 106 158 38 76 151 227 52 104 208 311
2 19' 39 77 U6 .29 58 117 175 42 .84 167 251 .58 115 320 345
3 20 41 82 123 31 62 124 186 44 89 178 266 61 122 244 366
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FUTURE WORK

Because of the i_portance from an economic and a public health viewpoint

of the calculatton of c·t values for the inactivation of liard1. 'amblf. by

free chlorini, IUch .ffort has been expended in developing models tha~

interrelate the important variables'effecting these values.' The work

. reported in this paper reflects the authors attempts to develop such a

relationship for inclus10n in the SVTR. However, it also raises a~ery

interesting point regarding the application of statistical ..thodology to

public policy decision problems. There is no perfect 'regulatory' experiment

that answers all of the textbook questions that could be raised regarding

regulatory decisfon making. One has to use available data and incorporate the

best judgment that can be brought to bear on a given issue to insure that

public health and welfare is protected. 'The need to combine data sets from

different investigations and then develop a decision rule based on the data,

as shown in this paper, as an example of the this process.

There is no doubt in the authors' mind that other better mo~els may be

developed. For·example, Haas' work in applying the Hom model to inactivation.,
data and incorporating the method of Maximum Likelihood for estimating

parameters is promising. 17 The authors believe that the public is best served

by examining problems from many different pofnts of view and encourage others

to pursue these difficult, frustrating but extremely challenging problems.

SUMMARY AND CONCLUSIONS

Amendments to the Safe Drinking Nater Act clearly require that .11

surface water suppliers in the U.S. filter and/or disinfect to protect the

health of their customers. i. lamblia has ~een identified as one of the .

,leading causes of waterborne disease.outbreaks in the U.S. i. lamblia cysts

. are also one of the most resistant organisms to disinfection by free chlorine.

22
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EPA's Office of Drinking Water has adopted t~e C't concept to quantify the

inactivation of i. Jambli. cysts by,disinfection. If a utility can assure

that a large ,nough C't can be maintained to ensure adequate disinfection .;

then, depending upon site specific factors, it .ay not be required to ~nstall

filtration. 5i.ilarly, the C't concept can be applied to filtered systems for

determining appropriate levels of protection. -

In this piper, In ,quation has been developed thlt cln be used to predict

C't values for the inactivation of I. lamb]" by free chlorine based on the'

interaction of disinfectant concentration, temperature, pH, and inactivation

level. The parameters for this equation have been derived from a set of

animal infectivity and excystation data. The equation can be used to predict

C't values for achieving 0.5 to 4 logs of inactivation, within temperature

ranges of 0.5 to SoC, chlorine concentration ranges up to 4 mgll, and pH

levels of 6 to 8. While the model was not based on pH values ~bove 8, the

mode' 1s still considered applicable up to pH level of 9•. The equation shows

the effect of disproportionate increases of C't versus inactivation levels.

Using 99% confidence intervals at the 4 log inactivation levels and applying

first order kinetics to these end points a 'conservative regulatory strategy

for defining C't at various levels of inactivat10n has been developed. This

'approach represents an alternative to the regulatory strategy preViously

proposed. ~
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GLOSSARY

d Nl/dt • rate of change of organisms with respect to time

k • inactivation rate in minutes· l

t • time in.inutes

Nt • number of organisms at time t

No • number of organisas at t i. 0

r • coefficient of specific lethality (liters/milligram· .,nutes)

C • concentration of disinfectant ·[milligrams/liter]l/n

n • coefficient of dilution

K • constant, at given level temperature. pH and inactivation level

pH' • pH in water phase

temp • temperature in °c
I • level of inactivation

C't • concentration in mg/L times time in minutes

R • coefficient to be determined

a • coefficient to be determined

c • coefficient to be determined

d • coefficient to be determined

e • coefficient to be determined

z • coefficient to be determined

VIF • variance inflation factor. If VIF is 1 there is no multicolinearity

VDP • variance decomposition number. If VDP is high for two or more
variables there is an induction of aulticolinearity'between

variables

Sonferroni technique • a conservative method of estimating confidence
intervals .
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pennanganat~ as a disinfectant. It is not meant to be used as a basis for
establishing CT requirements.
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, The Surface Water Treatment Rule requires Q9.9S or greater removal'
inactivation of Giardia. The following protocol may be used to determine
the percentage of Giardia inactivation obtained by a treatment plant
using c~loramine disinfection.

I. MATERIALS

A. Materials for Disinfection

1. Stock chlorine solution
Z. Stock ammonia solution
3. Stirring" device
4. Incubator or ~ter bath for temperatures bel~w ·ambient
5. Water from treatment ,lant
6. Giardia muris cysts
7. Assorted ~'assware
8. Assorted pipettes
9. Reagents and instruments for determining disinfectant residua'

10. Sterile sodium thiosulfate solution
11. VaCUUM filter device, for 47mm diameter filters
12. 1.0 ~m pore size polycarbonate filters, 47· mm diameter
13. Vacuum source
14. Crushed ice and ice bucket
15. Timer •

S. ~ateria's for Excystation

1. Exposed and control Giardia muris cysts
2. Reducing solution -----
3. 0.1 M s~dium bicarbonate
4. Trypsin.Tryode's solution
5. 15 ml conical screw cap centrifuge tubes
6. Water bath, 37°C
7. Waf"lll air incubator or slide warming tray, 37°C
8. Aspirator flask
9. Vacuum source

10. Assorted pipettes
11. Vortex mixer
12. centrifuge with swinging bucket rotor
13. Chamber slides
14. Phase contrast microscope
15. Differential cell counter
16. Timer

'.



II. REAGENTS

A. Reducing Solution

Ingredient . Amount
0.2 9
0.2 9

20.0 ml

•..

..-. .

~issolve the dry ingredients in the IX Hanks' balanced salt
sol iJtion and warm to 37·C before use in the experir.tent.
Prepare fresh, within 1 hour of use.

B. Sodium Bicarbonate Solution, 0.1 M

~redient
oium bicarbonate

Amount
0.42 9

Dissolve the salt in 10 to 15 ",1 distilled water. Adjust
the volume to 50 ml with additional distilled water and
warm to 37°C before use in the experiment. Prepare fresh,
within 1 hour of use.

C. Sodium Bicarbonate Solution, 7.51

~redient
oium 5icar50nate

Amount
7.5 9

Dissolve the sodium bicarbonate in SO ml distilled water.
Adjust the volume to 100 ml with additional distilled
water. Store at room temperature.

D. Sodium Thiosulfate Solution, 10~

l!!.9 redient .
m1um th10sul fate

Amount
10.0 g

Dissolve the sodium thiosul fate in SO ml distilled water.
Adjust the volume to 100 ml with additional distilled
water. Filter stern ize the sol ution _·throu9~ ~ 0.22 um'
poros ity membrane or autoclave for 15 mi nutes at 121 0 c.
Store at room temperature.



E. Ty~ode's Solution. 20X

lnsredient
'RICl
KCl
CaCl2 .
MgC1 2~6H20
Na H2"04~R20
Glucose

Ainount
160.0 9

4.0 9
4.0 9
2.0 g
1.0 9

20.0 g'

Dissolve the dry ingredients in the order tisted in 750 ml
~istilled water. Adjust the volume to 1.0 liter with addi
tiona' distilled water. If long term storage ""up to 1
year) is desired. filter sterilize th~ solution·through a
0.22 um porosity me~brane.

F. Tyrode's Solution. 1X

l!!s red ient
~ Tyrode's SOlution

Amount
5.0 ml

Dilute 5 ml of the 20X Tyrode l s solution to a final volume'
of 100 ml with d~tilled water.

~. Trypsin-Tyrode's Solution

Ingredient Amount
0.50 9
0.15 9

100.00 ml

With continuous mixing on a stirplate, gradually add 100 ml
lX Tyrode1s solution to the dry ingredients. Continue
stirring until the dry ingredients are completely dissolved.
Adjust the pH of the solution to 8.0 with 7.5~ NaHC03 ..
Chill the trypsin Tyrode's· solution to 4°C. NOTE: Trypsin
lots must be tested for their excystation efficiency.
Prepare fresh,.within 1 hour of use.

H. Polyoxyethyl ene Sorbitan Monolaurate (Tween 20) Sol uti on, 0.01\
(v/v)

Ingredient Amount
0.1 ml

Add the Tween 20 to 1.0 liter. of distilled water. mx
well.



I. vaspar

Ingredient Amount
1 part
1 part

5

Heat the two 1ngre~ients in a boiling water bath until melt
ing and mixing is complete.
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III. GIARDIA MURIS ASSAY

A. Cysts

Giardia muds cysts may be available from commercial sources.
The cysts may be produced in Mongolian gerbils (Meriones unguicu
latus) or in mice. Mus musculus. the laboratory mouse. CF-1.
BALSC. a"d C3H/he strains have· been used to produce G. Illuris
cysts. The method. is labor intensive and requires a good animal
facility. . . .

In order for the disinfection procedure to work properly. the G.
muris cysts used must be of high quality. Evaluation "of a cyst
suspension is a subjective procedure involving aspects of morpho
logy and microbial contamination IS well as excystment •. A good
qual ity i. muris cyst preparation shaul d exhi bi t the following:

1. Exa~ine cyst stock suspension microscopically for the presence
of e~pty cyst ~alls (ECW). Cyst suspensions containin~ equal
to or greater than 1~ EC~ should not be used for determining
inactivation at any required level. However. if a 99.9:
level of disinfection inactivation is required, the stock
cyst suspension must contain <O.l~ ECW.

2. Excystation should be 90: or greater•.

3. The cyst suspension should contain 1ittle or no detectable
microbial contamination.

4~ Good G. muris cysts are phase bright with a defined cyst wall.
peritroph1c space, and agranular cytoplasm. Cysts which are
phase dark. have no detectable ,pedtrophic space. and have a
granular cyt9~lasm may be non-v1able. There generally should
be no more than 4 to 5~ phase dark cysts in the cyst prepara-
tion. .

~ood G. muris cyst 'preparations result when the following
guideTines are fol1o~ed during cyst purification from feces:

a. Use feces collected over a period of '24' hours or less.

b. The isolation of the cysts from the feces should be done
immediately after the fecal material is collected.

c. Initially, G. muris cysts' should, be purified frorri the
fecal materfal 6y flotation using 1.0 .1 sucrose.

d. If the G. muris cyst suspension contains an undesirable
'densityof contaminants after the first sucrose float,
further purification is necessary. Two methods for
further pur~fication are suggested.

1) Cysts may be recQncentrated over a layer of 0.85 ",
sucrose in ~ 50 ml conical centrifuge tube. If this
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a

second exposure to sucrose is not done quickly, high
,cyst losses can occur due to their increased bouyant
density in the hyperosmotic sucrose medium. The
cysts must be thoroughly washed free of the sucrose
immediately after collection of the fnterface. .

2) Cysts can be separated from dissimilar sized contami
nants by sedimentation at unit gravity, which will
not a,dversely affect cyst bouyant dens1ty, morphology,
or viability.

B. ~aintenance of Cysts

1. Preparation of stock suspension

Dete~ine the suspension density of the G. muris cyst prepara
tion using a hemocytometer (see AppendixA~just the cyst
suspension density with distilled water to approximately 3-5
x 106 cysts/1II1.

2. Storage

Store cysts in distilled water in a refrigerator at· 4°C.
Cysts should not be used for disinfection experiments if they
are ,nore than 2 weeks old (frolR time of feces deposition).

C. Excystation Assay

Anumber of G. muris excystation procedures have been described in
the scientfl1c literature (see Bibliography, Section VI). Any of
these procedures may be used ~rovided 90: or greater excystition
of control, undisinfected G. muris cysts is obtained. The
following protocol is used to evaluate the su1tability of cysts in
the stock suspension, and to determine excystation in control and
disinfected cysts. . .

1. For evaluating a cyst susp.ension or for running.an unexposed
control, transfer 5 x 105 G. muris cysts fror.'l the stock
preparation to a 15 ml coniciT screw cap centrifuge tube. An
unexposed control shaul d be processed at the. same time as, the
disinfectant exposed cysts.

Reduce the volume of G. muris cyst suspension in each 15 m1
centrifuge tube to O.~ml or less by centrifugation at 400 x
9 for 2 minutes. Aspirate and discard the supernatant to no
less than 0.2'ml above the pellet.

".

3. Add 5 ml reducing solution, prewarmed to 37°C, to each tu~e.

4. Add S m1 0.1 MNaHC03, prewarmed to 37°C, to each tube. NOTE:
Tightly close the caps to prevent the loss of C02. If the
~02 escapes, excystation will not occur.

5. Mix the contents of each tube by vortexing and place in
a 37°C water bath for 30 mt~ute~.



·6. Remove the tubes', from the water bath and centri fuge 14th for
2 minutes at 400 x g.

7. Aspirate an~ discard the supernatant to no less t~an 0.2 ml
above the pellet· and resuspend the pellet in each tube in 10
ml trypsin-lyrode's solution chilled to 4°C.

8. Centrifuge the tubes for 2 minutes at 400 x g.

9. Aspirate and discard the supernatant to no less than 1).2 ml
above the pellet.

1/). Add 0.3 ,"1 trypsin-Tyrode's solution. prewaMed to' 37°C. to
each tube. , Resuspend the !. murh cysts by 1ow ~peed vortex
1ng.

11. Prepare a chamber s1 ide for each tube '(see Appendix B).

12. Sea' the coversli p on each chamber slide with mj!l ted vaspar
and incubate at 37~C for 30 minutes in an incubator or on a
slide warmer.

sl ide on the stage of an
Focus on the slide with a
magni fication of 400X or

NOTE: Be careful to keep

13. After incubation. place a 'chamber
upright phase contrast mieroscope.
101lt power objective. Use a total
more for the actual quantitation.
the objectives out of the vaspar.

14. Uhile scanning the slide and using a differential cell coun~

ter. enumerate the number of empty cyst walls (ECW). partial.
ly excysted trophozoites (PET). and intact cysts (IC) observed
(see Section V for a further description of these forms and
the .nethod for calculating percentage excystation). If the
percentage excystation in the stock suspension is not 90~ or
greater. do not continue with the disinfection experiment.
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"IV. DISINFECTION PROCEDURES FOR GIARDIA

A. The treatment plant water to be used should be the water influent
into the chloramine disinfection unit process used in the plant.
If chloramine disinfection is performed at more than one point in
the treatment process, e.9., prefi1tration and postfn tration,
ttte procedur.e should si.mulate as closely IS possible actual
treatment practice.

B. Prepare stock ammonia and chlorine solutions to be added to the
treatment plant water to achieve the same stoichiometric relation
shi p between chlorine and ammonia that is used in the water
trea~"ent plant. These solutions should be concentrated enough
so t~at no more than 2 ml of each solution will be added to the
trea~nent plant water being disinfected."

C. Oeter.mine the contact time by the methods described in the Surface
Uater Treatinent Rul e and/or the associated Guidance Manual.

O. Rinse a 600 ml beaker with treatillent plant water to remove any
extraneous material that may cause disinfectant demand. Then
a~d 400 ml treat~ent ~l4nt water to the beaker.

E. Mix the ~ontents of the beaker short of producin; a vortex in the
center and continue until the conclusion of the experi~ent.

F. Equilibrate the 600 m1 beaker and its contents as well as the dis
infectant reagents to the desired experimental temperature.

G. Adjust the stock G. muds cyst suspension w1.th distilled water so
that the concentration is 2-5 x 106 cysts/ml.

H. Add 0.5 ml of the adjusted cyst suspension to the contents of the
600 ml beak.er.

1. Add the disinfectant reagents to the beaker using the same rea
gents, the same sequence of additi()n of reagents, and the sa:ne
time interval between addition of reagents that is used in the
disinfection procedure in the treatment plant. ,

J. Just prior to the end of the exposure time, remove a Simple ade
quate for determination of the disinfectant residual concentra
tion. Use methods prescribed in the Surface Water Trea~nent ~uTe

for the detenninat10n of combined chlorine. This residua' should
be the sarole (%20~) as residual present in the treatment p1 ant
operation.

K. At the end of the exposure time, add 1.0 m1 lOS sodium thiosulfate
solJt10n to the contents of the 600 m1 ~eaker.

L. Concentrate the G. muds cysts in the beaker by filtering t~e

entire contents through a 1.0 ~m porosity 47 mm diameter pol/car
bonate fil ter.

....' .
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M. Place the filter, cyst side up, on the side of a 150 ml beaker.
Add 10 ml 0.011 Tween· 20 solution to the beaker. USing a ~asteur
pi pette, wash the G. ·murfs cysts from the surface of the fil ter
by aspirating Ind expelling the 0.01~ Tween 20 solution aver the
surface of the filter.

.
N. Transfer the contents of. the 150 11I1 beaker to an appropriately

labeled 15 ml screw cap conical centrifuge tube.

O. Keep the tube on crushed ice until the excystation ISsay is
performed (see Section III, C) on the disinfectant exposed cysts
and on an unexposed control preparation obtained frOID .the stock
cyst suspension.

~

'w.
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v. PROCEDURE FOR DETERMINING HIACTIVATIO~I

A. Giardia muris Excystation Quantitation Procedure

The percentage excystation is calculated using the fol'owing for
mula :

~ e~eystltion. ECW + PET x 100tew + PEt + Ie '
where ECW is the number of empty cyst walls,

PET is the number of partially excysted trophozoites, and

IC is'the number of intact cysts.

An ECW is defined as a cyst wall which is open at one end and is
compl etel y devoid of I trophozoi te. A PET 15 a cyst which has
started the excystation process and progressed to the point where
the trophozoite has either started to emerge or has co:npletely
emer~ed and is still attached to the cyst wall. An IC is a
trophozoite ~hich is completely surrounded with a cyst wa"
showing no evidence of emergence. For the control, generally 100
forms are counted to detennine the percent excystation.

The nUr:lber of cysts that must be observed and classified (ECW,
PET, IC) in the disinfected sample 15 dependent on the level of
inactivation desired and on the excystation percentage obtained
in the control.

For 0.5, 1 and 2 10910 reductions, (58~, 90~ and 99S inacti
vation, respectively), the minimum number of cysts to be
observed and classified is determined by dividing 100 by the
percentage excystation (expressed as a decimal) obtained in'
the control.

For a 3 10910 reduction (99.91 inactivation) the minimum
number of cysts to be observed and classified is,determined
by dividing 1,000 by the percentage excyst.tion (expressed
as a decimal) obtained in the control. '

B. Determining Inactivation

The amount of inactivation is determined by comparing the percent
age excystation of'the exposed cyst preparation to the percentage
excystation in the control preparation using the following for
mula:

~ inactivation • 100~ - ((exposed ~ excysted/control ~ excysted) x 100)

If the percentage excystation in the exposed preparation is zero,
i.e., only Ie (no ECW or PET) are observed and' counted, use <1 as
the value for "exposed S excysted" in the formula for. calculating
I inactivation.
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Appendix A: Use of the Hemocytometer

Suspension Density Determination Using the Improved "eubauer (Bright-line)
Hemocyto,neter

The hemocytometer consists of two chalnbers separated by a transverse
trench and bordered bilaterally by longitudinal trenches. Each chamber
is rul ed and consists of nine squares. each 1 x 1 x 0.1 mm· with a
vol ume of 0.1 an3• Each square an is bordered by a tr1 ph 11ne. The
center 1ine of the three is the boundary line of the square. (See
Figure 1).

According to the U. S. Bureau of Standards' requirements, "the cover
glass rnust be free of visible defects and lIIust be optically plane on
both sides within plus or ~inus 0.002 mm. ONLY HEMOCYTOMETER COVER
GLASSES MAY BE USED. ORDINARY COVER GLASSES AND SCRATCHED HEHOCYTOHETERS
ARE UNACCEPTABLE, as they introduce errors into the volume relationships.

The suspe~sion to be counted rnust be evenly distributed and free of
1arge debris, so that the chamber floods properly. The suspension to be
counted should contain o.oa Tween 20 solution to prevent Giardia cysts
froln sticking and causing improper hemocytometer chamber flooding. Cyst
suspensions should be adjusted so that ,there are a total of 60 to 100 cysts
in the four corner counting squares. Counts are statistically accurate
in this range. If the suspension is too numerous to be counted, then it
must be diluted sufficiently to bring it into t~is range. In sorne cases,
the suspension will be too dilute after concentration to give a statisti
cally reliable count. in the 60-100 cyst range. There is nothing that can
be done about this situation other than to record ~he result as question-.
abl e.

To use the hemocytometer:

1. Dilute or concentrate the suspension as required.

2. Apply a cl ean cover gl ass to the hemocyto.neter and load the
hemocytometer chamber with 8-10 ,,1 of yortexed suspension per
chamber. If this operation has been properly executed, the
liquid should amply fill the entire chamber without bubbles or
overflowing into the surrounding moats. Repeat this step with a
clean, dry hemocytometer and cover glass, 1f loading has been
incorrectly done. see step (12) below for the hemocyto'lleter
cleaning procedure.

3. 00 not attempt to adj~st the cover glass, apply clips, or in any
way disturb the chamber after it has been filled. Allow the
Giardia cysts to settle 30 to 60 seconds before starting the
count.

4•. The Giardia cys.ts may be counted using a magnification 200-60QX.

5. :'!ove. the chamber so the ruled area is centered underneath it.

6. Then, locate the objecti~e close to the co~er alass whlle watch
ing lt from the sfde of rattler than ttlrougn ttle In croscope.
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7. Focus up from the coverslip until the hemocytometer ruling
Ippears.

8. At each of the four corners of the chaober 15 I 1 mm2 divided "
into 16 squares in which Giardia cysts Ire to be counted (see ..
Figure 1). Beginning witfi the top row of four' squares. count
~ith a hand tally counter in the ~irections indicated in Figure
2. Avoid counting Giardia cysts twice by counting only those
touching the top Ind left bOundary lines and none of those touch-
in~ the lower an~ right boundary lines. Count each square mm in
this fashion.

'.9. The formula for determining the number of Giardia cysts per ml
suspension is:

, of cysts counted x 10 x dilution factor x 1,000 mm3 •
, of sq. mm counted fiiiiii , 1 1 ml

, cysts/ml

10. Record the result on a data sheet shihr to that shown in
Figure 3.

11. A total of s 1x ,different hemocytometer chambers .Dust be loaded,
counted, and then averaged for each Giardia cyst suspension to
achieve optimal counting accuracy.

12. After each use, the hemocytometer and coversl1 p must be cl ea"ed
immediately to prevent the cysts and debris tram drying on it.
Since this apparatus is precisely machi~ed, abrasives cannot be
used to clean it as they will disturb the' flooding and volullle
rehtionshi ps.

a. Rinse the hemocytometer and cover glass first with,tap
water, then 701 ethanol, and finally with acetone.

b. nry and polish the hemocytomet.er chamber and cover gl ass
with lens paper. Store it in a secure place.

13. A number of factors are known to introduce errors into hemocyto-
meter counts. These include: ~

;' a.' Inadequate suspension mixing before flooding the chamber.

b. Irregular filling of the chamber, trapped air bubbles,
dust, or oil on the chamber or covers1ip.

c. Chamber coverslip not flat.

d. Inaccurately ruled chamber.

e. The enumeration procedure. Too many or too few Giardia
cyst~ per square, skipping or recounting some Giardia cy~ts.

•
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f. Total number of Giardia cysts counted is 'too low to
give statistical ,confidence in result.

g. Error in recording tally.

h.' calculation error, failure to consider dilution· factor,
or area counted •

. i. Inadequate cleaning and removal of cysts froln the previous
count.

j. Allowing fl1led chamber to 'sit too long so that ch_t:Iber sus
pension dries and concentrates.

c



18

,.-

II
lie 4,"

A •
" ..... { I

D C

r- Io.

~ .. _.O'I_
;: ~..: - ;., '.

;x ..,.::::s::~
~..,r.. . ...

Figure 1. Hemocytometer platform ruling. Squares 1, 2, 3, and 4 are
used to count Giardia cysts. (From Miale, 1967)

Figure 2. Manner of counting Giardia cysts in 1 square mm. Dar~ cysts
are counted and light cysts are omitted. (After H1ale, 1967)



19
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*, cysts/ml • , of cysts counted x 10 x dilution factor x 1.000'mm3
, of sq. mm counted riiii 1 1 ml

Figure 3. Hemocytometer Data Sheet for Giardia Cysts
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Appendix B. Preparation and Loading of Excystation Chamber 51 i:le5

1. Using tape which is sticky on both sides, cut strips approximately 12
x 3 111I'II.

2. Apply a strip of the tape to one side of a 22 x 22 mm cove"sl,i~.

3. Apply a second strip of tape to the opposite edge but same side of
the coverslip. "

4. Kindling the coverslip by the edges only, attach the coverslip to the
center of I 3 It 1 inch glass slide by placing the tape:i si-de.s of the
coverslip do~n along the long edge of the glass slide.

5. Hake sure the coverslip is securely attached to the slide by lightly
pressing down on the edges of the coverslip with your fingers. Care
should be taken to keep finger prints off the center of the coverslip.

6. To load the chamber 51 ide, place a Pasteur or microliter pipette
containing at least 0.2 ml of the Giardia cyst suspensfon about 2 ~
from an untaped edge of the coverslip. Slowly allow the cyst suspen
sion to flow toward the coverslip, As it touches the coverslip it
~ill be wicked or drawn rapidly under the coverslip by adhesive forces.
Only expel1 enough of the cyst suspension to ,completely f111 the
chamber formed by the tape. slide. and coverslip.

7, Wipe away any excess cyst suspension which is not under the coverslip
with an absoroant paper towel. but be careful not to pull cyst
suspension from under the co~erslip.

a~ seal all sides of the coversl ip with vaspar to prevent the sl ide from
drying out during the incubation.

Figure 1. Excystation Chamber Slide

NOTE: Prepared excyst3tion'chamber slid~s may be co~nercially avail.
able from Spiral Syste:ns, Inc., 15740 Clough Pike, Cincinnati,
Ohio 45244, (513) 2~1-1211 or 232-3122. or from other sources.
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The Surface Water Treatment Rule requires 99.99S or greater removal/
inactivation of viruses. The following protocol may be used to determine
the percentage of virus inactivation obtained by a treatment plant using
chloramine disinfection.

I. "tATERIALS

A. Materials for Disinfection

1. Stock chlorine solution
2. Stock ammonia solution
3. Stirring device .
4. Incuba tor or wa ter ba th for 1ess than ambient temj)erature
5. Water froln treatment plant
6. MS2 bacteriophage
1. Assorted glassware
8. Assorted pipettes
9. Aqueous, sterile sodium thiosulfate solution

10. Refrigerator
11. Vortex mixer
12. Timer

B. Materials for ~1S2 Assay

1. MS2 bacteriophage and its Escherichia coli host
2. Assorted glassware
J. Assorted pipettes
4. Incubator, 37°C
5. qefri gera tor
6. Petrf di shes, 100 x 15 min, sterile
1. Vortex mi xer
8. Water bath, 45°C
9. Sterile rubber spatula

10. EDTA, disodfum salt
11. Lysozyme, crystallfzed from egg white
12. Centrifuge with swinging bucket rotor
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Amount
10.0 9
1.0 9
1.0'g
8.0 9
2.0 1111

Bacto tryptone
Yeast extract
Glucose
NaCl
1.0 M CaelZ '

II. REAGENTS AND MEDIA

A. Tryptone-Yeast EKtract (TYE) Broth

Ingredient

Dissolve in distilled water to a total volu~e of 1.0 liter,
then add 0.3 ml of 6.0 HNaOH. This medium shou1d 'be steri
lized either by autoc1aving for 15 minutes at' 121l C or
f11tration through a 0.22 um porosity lIIembrane and then
stored at approximately 4°C. . It 1s used 1n pr.eparing
bacterial host suspensions for y~ral Issays.

B. Tryptone-Yeast Extract (TYE) Agar

Amount
'1.0 liter

15.0 9
TV broth
Agar

Inredient

The agar should be'added to the broth prior to,steriliza
tion. The medium should be sterilized by autoclav1ng for
15 minutes at 121°C. This medium is used to prepare slant
tubes for ma i ntenance of bacterial stock cul tures. The

, prepared slant tubes should ~e stored' at approximately 4°C.

C. Bottom Agar for Bacteriophage Assay,

Amount
10.0 g
15.0 g
2.5 9
2.5 g
1.0 ml

Bacto tryptone
Agar
NaCl
KCl
1.0 M CaC12

·1 ngred 1ent

Dissolve the ingredients in distilled water to a total
yolumeof 1 liter. The medium should be sterf11zed.by
autoclaving for 15 minutes at 121°C. After autoclaving and
cooling. store at 4°C. Ilmlediately prior to use. liquefy
the medium by heating. Add approximately 15 ml of lique
fied agar int~ each Petri dish. This 'bottom layer serves
as an anchoring substrate for the top agar layer.
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Amount
10.0 g
. 8.0 9

8.0 g
1.0 g
1.0 9
1.0 ml

Bacto tryptone
Agar
"ael
Yeast e'xtract
Glucose
1.0 M CaC12

D. Top Agar for Bacteri,ophage Assay

Ingredient

Dissolve the ingredients in distilled water to a total
volume of 1 liter. This medium should be sterilized by
autoclaving 15 minutes at 121°C. Aft~r cooltng," store at
4°C until needed in bacteriophage assays. Immediately
prior t~ use in assays, liquefy the mediu~ by heating and
then cool to and maintain at a temperature of 45°C.

E. salt Diluent for Bacteriophage Assay

iitredienta ,
1.0 M CaCl2

Amount
8.5 9
2.0 ml

Dissolve in distilled water to a total volume of 1 Bter.
This diluent should be sterl11zed either by autoc1a~ing

for 15 minutes at 121°C or filtration through' a 0.22 ..1m
porosity membrane. Store at room temperature.

F. CaCl2' 1.0 M

l!!.9red i ent
ml2

Amount
11.1 9

Dissolve in distilled water to a total Yolu'11e of 100 ml.
Autoclave 15 minutes at 121°C or filter sterilize the
solution through a 0.22 ).1m porosity membrane. Store at
room temperature.

G. Sodium Thiosulfate, 1t

J!!.gred1ent
"SOcfium th10sul fate

Amount
1.0 g

Dissolve the sodium thiosul fate in 50 ml distilled water.
Adjust the vol ume to 100 ml .with additiona' distilled
water•. Filter sterilize the solution through a 0.22 ~m

porosity membrane or autoclave 15 minutes at 121°C. Store
at room temperature.



III~ M52 BACTERIOPHAGE ASSAY
:

A. Microorganisms

1. MS2 bacteriophage: catalog number 15597-81, American Type
Culture Collection, 12301 Parklawn Drive, Rockville, MD '20852

2. Bacterial host: Escherichia coli, catalog number 15597,
American Type Culture Collection:---

B. Growth and Ma~ntenance of Microorgani~~s

1. Preparation of bacterial host stock cultures

Inoculate host ~acteria onto TYE agar slant tubes, incubate
24 hours at 37°C to allow bacterial growth, and then refriger
ate at 4° C. At fIlonthly interva1s the cul tured bacterial
hosts should be transferred to a new TYE agar slant.

2. Prep~ration of bacteriophage stock suspension

Helt top agar and ~aintain at 45°C. Add 3 ml of the agar to
a 13 x 100 mrn test tube c9ntained in a rack in a 45°C water
bath. Add 0.5 to 1.0 ml 'of the bacteriophage suspension
diluted so that the host bacterial -lawn- will show nearly
complete lysis after overnight incubation~ Add 0.1 to 0.2 ml
of a TYE broth cul ture .of the host bacteria that has been
incubated overnight. Mix gently and pour the contents on the
surface of bottom agar contained in a Petri dish that has,
been prepared previously. Rock the Petri dish to spread the
added material evenly over the agar surface. After the top
agar solidifies (about 15 minutes), invert the Petri dish
and incubate overnight at 37°C. Repeat the above procedure
so that a minimum of 5 but no more than 10 Petri dishes are
prepared.

Following this incubation and using a sterile rubber spatula,
gently scrape the top and bottom agar layers into a large
beaker. Add to this pool of agar layers an amount of lYE
broth sufficient to yield a total volume of 80 ml. To this
mixture add 0.4 9 of EOTA (disodium salt) and 0.052 9 of
lysozyme (crystallized from egg white). Incubate this mixture
at room temperature for 2 hours with continuous mixing. Then
centrifuge the mixture for 15 minutes at 3.,000 x g. Carefully
remove the upper fluid layer. This fluid layer consti~utes a
'viral stock suspension for use in subsequent testing and
assays. The viral stock suspension may be divided into
aliquots and stored either frozen or at 4°C.

C. Performance of Bacteriophage Assay

A two-week supply of Petri dishes may be poured with bottom agar
ahead of time and ref.rigerated inverted at 4°C. If stored ;n a
refrigerator, allow agar plates to equilibrat~ to room temperature
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before use. Eighteen hours prior to beginning a bacteriophage
assay, prepare a bacterial host suspension by inoculating 5 ml of
TYE broth with a small amount of bacteria taken directly from a
slant tube culture. Incubate the broth containing this bacterial
inoculum overnight (approximately 19 hours) at 37°C il1lllediately
prior to use in bacteriophage assays as described below. This
type of broth culture should be prepared freShly for each 'day's
bacteriophage assays. If necessary, a volume gruter than 5 Inl
can be prepared in. 1 simillr manner.

On the day of assay, mel t a sufficient amount of top Igar and
~aintain at 45°C in a water bath. Place test tubes (13 x 100 mm)
in 1 rack in the same ~ater bath Ind allow to ~arm, then"add 3 ml
of top agar to each tube. Inoculate the test tubes containing
top agar with the bacteriophage samples (0.5 to 1." 1111 of the
sampl eftube) plus 0.1 to 0.2 ml of the overnight bacterial ~ost
suspens fon. 011 ute the bacteriophage sampl es from 10-1 to 1')-4
in salt diluent prior to inoculation and assay each dilution in
trfplicate. In addition, assay the uninoculated salt diluent as
a negative control. Agitate the test tubes containing top agar,
bacteriophage inoculu~, and bacterial host suspension gently on a
vortex rni xer, and pour the contents of each onto a hardened
bottom agar layer contained in an appropriately nUl'lbered dish.
Quickly rock the Petri dishes to spread the added ~ater1al evenly.
and place on a flat surface at room temperature ~hl1e the agar
present in the added material sol idifies (approximately 15 min
utes). Invert and incubate the dishes at 37°C overnight (approxi
mately 19 hours). The focal areas of viral infection wh~ch

develop during this incubation are referred to' as ·plaques· and,
if possible, should be enumerated immediatlY,after the incubatio~.

If necessary, the incubated Petri dishes can be refrigerated at
4°C overnight prior to plaque enumeration. As a general rule.
count onli those plates that contain between 20 and 200 plaques.

...
, .

"

..



IV. DISINFECTION P~OCEOURE

A. The treatment plant water to be used should be the water 1nfluent
1nto t~e chloram1ne disinfection unit process used in the plant.
If chloramine disinfection is perfo~ed at more than one p01nt in
the treatment process, e.g. pref11trat1on and postf11tration, the
procedure should simulate as closely as possible actual treatment
practice. '

B. Prepare stock'ammonia and chlorine solutions to be added to,the
treat.lIent plant water to achieve the sallie stoichiometric relation
ship between chlorine and ammonia that is used 1n the water
treatment plant. These 501 ut10ns shoul d be concentrated enough
so that no more than 2 ml of each solution will be added to the
treatment plant water being dis1nfected.

C. Dete~ine the contact time by the Methods descr1bed in the Surface
Wat!r Treat~ent Rule andlor the assoc1ated Guidance Manull.

o. Rinse t~o 600 ml beakers with treatment plant water to relllove any
extraneous material that may cause disinfectant dellland. Then add,
400 ml treatment plant water to the beaker. The' first beaker
will be seeded ~1th H!2 before the contents are chloraminated.
The second beaker will be an indigenous virus control and will
be chloraminated ~ithout addition of extraneous phage.

E. Mix the contents of the beaker short of producing a vortex in the
center and continue until the conclusion of the experiment.

F. Equilibrate the 600 ml beakers and their contents as well as the
disinfectant reagents to the desired experimental temperature.

G. Dilute the stock MS2 bacteriophage so that the bacteriophage con
centration is 1 to 5 x 108 PFU/ml •.

H. Add 1.0 ml of the diluted MS2 bacteriophage to the contents of the
first 600 ml beaker.

1. Remove a 10 ml sample from the contents of the first beaker after
2 minutes of mixing. Assay the MS2 bacteriophage concentration
in this sample within 4 hours and record the results as PFU/1I11.
This value is the initial MS2 concentration. ,

J. Remove a 10 ml sampl e from the contents of the second beaker
after 2 minutes of mixing. Assay the indigenous bacteriophage
concentration in this sample within 4 hours (at the same time as
you assay the sample from the first beaker) and record the'
results as PFU/ml. This value is the initial unseeded concentra
tion.

K. ,Add the disinfectant reagents to the contents of both beakers
using the sallie sequence, time, and c9ncentrations as are used in
the actual treatment plant operations.
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L. Just prior to the end of the contact time. remove a volume of sa~
ple adequate for determination of the disinfectant residual con
centration from both beakers. Use methods prescribed in the

. Surface Water Treat.'ftent Rule for the detennination of combined
c~l~rine. This residual should be the same (t2OS) as the
residual present in the treatment plant operation. '

M. •At the end of the exposure time. remove a 10 ml sampl e from the
first 500 ml beaker and neutralize with 0.25 ml of 1.0S aqueous.
sterile sodium thiosulfate. Assay for the "52 bacteriophage
survivors dnd record the resul ts IS PFU/ml. This val ue is the
exposed MS2 concentration.

H. At the end of the exposure time, remove a 10 ml sample from the
second 600 ml beaker and neutralize with 0.25 ml of 1.OS aqueous,
sterile sodiu:n thiosul fate. Assay for the indigenous bacterio
phage survivors anc! record the resul ts IS PFU/ml. 'This val ue is
the exposed unseeded concentration.

V. PROCEDURE FOR DETERMINING INACTIVATION

A. Calculation of Percentage Inactivation

Use the following formula to calculate the percent inactivation
of HS2:

1. S inactivation • 100S - ((exposed HS2Iinitial ~'52) x 100]

~sing values from Section IV steps I, J, ~ and Ncalculate initial
H52 and exposed "52 as follows:

2. Initial "152 (PFU/ml) • I - J.

3. Exposed M52 (PFU!ml) • H - H.

I f the number of PFU/ml in exposed H52 is zero, i.e., no plaques
are produced after assay of undiluted and diluted samples, use <1
PFU/ml as the value in the above formula.

B. Comparison of Percentage Inactivation to log~O of Inactivation·

68S inactivation is equivalent to 0.5 10910 inactivation
90S inactivation is equivalent to 1 l0910 inactivation
99S inactivation is equivalent to 2 10910 inactivation

, 99.9~ inactivation is equivalent to 3 l0910 inactivation
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Gf ordf. Cysts

G.3 DETERMINING CHLORINE DIOXIDE INACTIVATION
OF GIARDIA CYSTS AND VIRUS

...

•

The basis for the chlor~~e dioxide CT values for Giardia cysts in
the Guidance Manual is given in Appendix F.l.2. The CT values are based
on data collected .ainly at pH 7. Very lfttle data was available at other
pHs. Areview of data from Hoff (1986) indicates that the disfnfection
efficiency of chlorine dioxide for bacteria and viruses fncreases
approximately 2 to 3 fold as pH increases from 7 to 9. Data on which the
CT values in the SWTR are based indicate that at 2S C, i. IW:1l cyst
inactivation eTs were approximately 2 fold higher at pH 7 than at pH 9
(Leahy, 1985). In addition, the data also indicate that chlorine dioxide
efficiency increases as disinfectant concentration increases within the
range studied.

Because the data on effects of chlorine dioxide concentration and
water pH on Gjardia cyst inactivation efficiency ~re very limited, they,
were not considered in calculating the Giardia cyst CT values in Appendix
E. However, the data suggest that site specific conditions, i.e. water
pH and disinfectant concentration, can have significan~ effects on
chlorine dioxide effectiveness. Therefore, the option ,of allowing the
Primacy Agency to consider the use of lower CT values' by individual
systems has been provided.

This approval should be based on acceptible experillental data
prOvided by the system. The data should be collected using the protocol
provided in Appendix G-l for determining Giardia c~st inactivation by
chloramine with appropriate changes in Section IV A,~B, I and ~ to reflect
the use of chlorine dioxide rather than chloramines. This procedure can
be used for any disinfectant which can be prepared in an aqueous solution
and is stable over the course of the testing. To do this, chlorami'ne
should be replaced with the test disinfectant in 'the above noted sections.

G.3 - 1



fiI:U
The basis for the chlorine dioxide CT values for yi'rus in Appendix

F.2.2 consists of l~mited data from Sobsey (1988). Because the pH 9 data
available ~re very limited, the CT values are based on the pH &data with
a safety factor of 2 applied. As indicated previously, review 'of data

, from a number of studies (Hoff. 1986) shows that chlorine dioxide
efficiency increases 2·to 3 fold as pH increases from 7 to 9.

Because the virus CT values for chlorine dioxide are very conserva
tive and .cst systems operate at water pHs higher than those Dn.which the
CT values are based, the option.of allowing th~ Primacy Agency to consider
the use of lower CT values has been provided.

This approval should be based on acceptable experilDental .data
provided by the system. The data should be collected using the protocol
provided in Appendix G.2 with appropriate changes in Sections I A,l and
2 and IV A, B, 0, K, and L to reflect the use of chlorine dioxide rather

•
than chloramines. This procedure can be used for any disinfectant which
can be prepared in an aqueous solution and is stable over the cours. of
the test ing • To do th is, ch1orami ne shou1d be replaced wi th the test
disinfectant in the above noted sections.
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G.4 DETERHING OZON~ INACTIVATION OF GIARDIA CYSTS AND VIRUS

G.4~1 BACKGROUND . .

The basis for the ozone CT values are given in Appendices F.l.2
(Giardia cysts) and F.2.4 (Virus). As indicated, both sets of CT values
are based on limited data and because of this, the values established are
conservative and employ large safety factors. In addition, the. difference
between the way the laboratory experiments used to develop the CT values
and how ozone is'. used 'in water treatment presents • problem with
translating the data for field use. The laboratory studies were conducted
usi.ng steady state ozone concentrations with ozone continually added
during the contact period. In contrast, steady state ozone concentrations
are not maintained in field use. Also, the effectiveness of ozone
contactors used in field applications may vary from each other and from
the mixing efficiencies applied in the laboratory experiments used to
establish the CT values.

The net effect of all of these differences 1s to limit the appli
cability of the CT values in the SWTR and Guidance Manual to individual
systems. Therefore, the option of allowing the Primacy Agency to consider
the use of lower CT values by individual systems has been provided.. .'

This approval should be based. on acceptable' experimental data
provided by the system. In general, the procedures provided in Appendix
G.1 for determining Giardia cyst inactivation and Appendix G.2 for
determining virus inactivation can be used. However, unlike chloramines
ozone is not a stable disinfectant. Because of ozone's rapid dissipation,
a pilot study must be used in lieu of the batch system to demonstrate the
disinfection efficiency. General considerations for conducting pilot
studies to demonstrate the disinfection ability of ozone or any other
unstable disinfectant are enumerated below.

G.4.2 GENERAL CONSIDERATIONS FOR PILOT TEST

A. All microorganisms, reagents and media are prepared as in
dicated in secti~ns G.1 for Gjardia and G.2 for virus.
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B. The disinfectant should be prepared, .asured and added to the
test water as it· would be added to the wlter at the water
treatment plant. . . .

C. Specific reactor design should be I function of the disinfec
tint and reflect how the.disinfectant is added It the wlter
treatment plant. Provisions should be ..de to detel'lline
concentration of disinfectant and .icrobill $urvival to be'
..Isured with contact ti....

.
An example of conducting I pilot t~st ,fora plug flow reactor using

ozone or another unstable disinfectant is provided below.

Example • plyg flow Reactor protocol
The size of the plug flow reactor can be.approxiaated from the table

below. Glass, stafnless steel, copper, plastic tubing or other .~terial

compatible with the disinfectant can be ,used ~o construct the plug flow
reactor. Table 1 shows the approximate length of pipe fo~ a' plug flow
reactor to yield 10 minutes contact at flow rites between 50 and 500
ml/min. Depending on pipe size and material an economical reactor can be
constructed.

Additional information on the design of specific pilot studies can
be found in the following references by Th~pson (1982), Montgomery.(1985),
Ind Al-Ani (1985).

Additional Materials to thQse in G.l and/or 6.2

plug flow reactor
cyst suspension, 2x107 cysts/trial
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cyst quantity - cysts Ire prepared IS indicated in G.l.
10' cysts/ml X20,000 .1 .2xl07 cysts required/trial.

MS2 stock, 2x1010/trial
, 2-20 liter (5 gal) carboy

test water pump, mid range 200 .'/min
disinfectant generator
disinfectant pump, mid range 10-20 .'/Ilin
disinfectant residual reagents and equipient

Test procedyre
A. Reactor conditions

1. Test Water Flow rate- 200 Ill/min (this .ay vary from 50 to 500
.'/111n with 20 1 reservoir total experimental time- 100 min)

2. Disinfectant flow
gas-requires specific contactor designed for disinfectant
Liquid-IO to 20 ml/min

3. Temperature
cont ro11 ed

4. Prepare 20 liter reservoir (5 gal). of.test water at the pH and
temperature of the CT trial. Do not add microorganisms

5. Prepare 20 liter reservoir (5 gal) of test water and equi
librate to the temperature of the CT trial. Add Giardia IIlY.t11
cysts at an initial density of 10' cysts/m1 and/or MS2 bacter
ial virus at an initial density of 10' PFU/ml •.Mix thoroughly
Ind adjust pH to the pH of the CT trial. Continuous mixing of
the test water feed stock should be carried out over the
course of the CT trial to prevent the Giardia cysts from
settling.

B. Disinfection Procedure - Prior to Disinfection Trial
1. Determine contact time for the sample ports in the plug flQw

reactor under conditions of the CT trial by methods described
in the SWTR.

2. Detennine disinfectant concentration with no microorganisms in
the feed test water.
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C. CT Triil Procedure
1. Start test water feed without cysts and or virus (approx. 200

.l/min), start disinfectant feed (gas or liquid).
Allow system to equilibrate.
Monitor disinfectant residual by appropriate .•thod during
this time. Samples for disinfectant residual should be taken
directly into tubes or bottles containing reagents to fix the
disinfectant at the ti. the sUlple is collected•. Keep a plot
of disinfectant residual vs running time to evaluate steady
state conditions.

2. After the disinfectant residual has stabilized, switch to the
reservoir containing the test .icroorganism(s).

3. Allow system to equilibrate for a time. 3 X final contact
time.
example
final contact time .10 min, allow 30 mjn.

4. Monitor ~isinfectant residual by appropr1a~e method during
this time. If the di sinfectant residual is stable begin
ch~;cal and biological sampling for calculation ~f CT.

5. Sampl ing
a. Chemical

A sufficient volume (about 250 .1 shou1d be collected
from the sampling tap prior to.the biological composite
to determine:

pH
Residual disinfectant - Samples
should be collected directly'
into tubes or bottles containing
reagents to fix the disinfectant
at the time the sample is collected.

b. Biological
Samples for microbial analysis are collected as short
time composite samples over a 10 to 20 minute time
perio~. Several trials may run for a given 20 liter
test wa~er preparation as long as sufficient equilibra-
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tion and flow recovery tilles are allowed between ...
trials. . .

• Zero ti. samples should be collected a$ 250 .1
coraposite suples either directly from the test
water feed reservoir or in line prior to the addi
tion of the disinfectant.

Four 250 .1 suples are collected separately into
a 2 1 sterile bottle containing' a neutral1zing
agent for the particular disinfectant. Each
suaple is thoroughly .bed upon collection and
stored at 4 C. If IUltiple sample ports are used,
the order of collection should be from longest to
shortest contact tile to .ini.ize flow changes due
to sampling.

6. Giardia cyst recovery and assay.
Concentrate the 1000 .1 composite sample by filtration
according to the IItthod given in section G.1. Record and
report the data as described in section 6.1. The expected
cysts/sample is given below:
Cysts/sample. 4 x 250 ml X103 cyst/ml • lxlO'cyst/sample.

7. Virus Assay
Before filtration for Giardja, remove 10.0 .1 from the
biological composite sample to a sterile screw cap culture
tube containing 2 to 3 drops chlor~fonD. Assay for MS2,
record and report the virus data according to the ..thods and
procedures d~scribed in G.2. Be sure to correct the Giardja
sample volume to 990 .1.

8. Calculation of CT .:
Calculate CT in a manner described in Section G.l for Giardia
and Section G.2 for virus. The residual disinfectant should
be the ave~age of the four residual determinations p~rformed

prior to the individual samples collected for the biological
composite and the time should be the time determined for. the
sample port under similar flow conditions.
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APPENDIX H

SAMPLING FREQUENCY FOR TOTAL COLI FORMS
IN THE DISTRIBUTION SYSTEM



TABLE H-1

TOTAL COLIFORM SAMPLING REQUIREMENTS
BASED UPON POPULATION

Minimum Minimum
Number Number

Population of SUlplet1 2 3) Population of Samples
Served Per Month " Served Per Month

2S to 1,000 1 59,001 to 70,000 70
1,001 to 2,500 2 70,001 to 83,000 80
2,501 to 3,300 3 83,001 to 96,000 90
3,301 to 4,100 4 96,001 to 130,000 100
4,101 to 4,900 5 130,001 to 220,"000 120
4,901 to 5,800 6 220,001 to 320,000 150
S,801 to 6,700 7 320,001 to 450,000 IS0
6,701 to 7,600 8 450,001 to 600,000 210
7,601 to 8,500 9 600,001 to 780,000 240
8,501 to 12,900 10 780,001 to 970,000 270

12,901 to 17,200 15 970,001 to 1,230,000 300
17,201 to 21,500 20 1,230,001 to 1,520,000 330
21,501 to 25,000 25 1,520,001 to 1,850,000 360
25,001 to 33,000 30 1,850,001 to 2,270,000 390
33,001 to 41,000 40 2,270,001 to 3,020,000 420
41,001 to 50,000 SO 3,020,001 to 3,960,000 450
50,001 to 59,000 60 3,960,001 or more 480

Notes:-
1. Non-co1llZllunity systems using all or part surface water and community'

systems must monitor total coliform at this frequency. A non
community water system using ground water and .erving 1,000 persons
or fewer must monitor quarterly, beginning 5 years after the rule's
promulgation, although this can be reduced to yearly if a sanitary
survey shows no defects. A non-community water system serving ~ore

than 1,000 persons c!uring any month, or a non-community water system
using surface water, must monitor at the same frequency as a like
sized community public water system for each month the system
provides water to the public.

2. Unfiltered surface water systems must "analyze one· coliform sample
each ~AY the turbidity exceeds INTO.



TABLE 8-1

'l'OTAL COLIFORM SAMPLING REQUIREMEN'l'S
BASED UPON POPULATION (Continue<!)

..
. .

3. Systems collectinq fewer than 5 ...ples per month on a regular basis
must conduct sanitary survey.. Community and non-community systems
must conduct the initial sanitary surveys within 5 and 10 years of
prOllNlq.tion, respectively. Subsequent surveys must be conducted
every 5 years, except for non-community systems usinq protected and
disinfected qround water, which have up to 10 years to conduct
subsequent surveys.

,,:



'fABLE H-2

MONI'1'ORING AN]) REPEA'f SAMPLE FREQUENCY

I Routine
System Size Sample. • Repeats More Monitorinq For

NCWs(l) guarterly(2) 4 5lIDo tor 1 add!tional mo

25 - 1,000 Monthly (2) 4 5/11lO tor 1 additional IDO

1,001 - 2,500 2lIDo 3 S/lDo tor 1 addi tional mo

2,501 - 3,300 3/1fC 3 S/IllO tor 1 additional mo

3,301 - 4,100 4/mo 3 Simo tor 1 additional mo·

4,101 - 4,900 5lIDo 3 None

>4,900 'fa1;)le 1 3 None

Notes:-
1. Non-~ommunity Water systems.

2. For ex~eptions, see 'fa1;)le 1.
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APPENDIX I
REDUNDANT DISINfECTION CApABILITy

...
.

The SWTR requires that unfiltered water systems" provide redundant
disinfection components to ensure the continuous application of a
disinfectant to the water entering the distribution system. In .ny·
systems, both filtered and unfiltered, a priaary disinfectant is used to
provide the overall inactivation/removal and I secondary -residual is
applied to maintain a residual in the distribu~ion system. As outlined in
Sections 3.2.4 and 5.5.4, redundancy of the disinfection system(s) is
reconmended to ensure that the overall treatment requi rement of 3-10g
Giardia cyst. and 4-10g virus removal/inact"hation is achieved, and a
residual is maintained entering the distribution system. This is
particularly important for unfiltered supplies where the only tr~a~~nt

barrier is disinfection. Redundancy of components is necessary to allow
for disinfection during routine repairs, maintenance and inspection and
possible failures.

In reviewing water disinfection facilities for compliance with
redundancy requirements, the following items should be checked:

I. General
A. Are the capacities of all components of 'both the primary

system and the backup system equal to or greater than the
required capacities?

Some systems lIay have two or IIOre units that provide the
required dosage rates when all units are operating. In these
~ses, an additional unit is needed a~"backup, during the
downtime of any of the operating units.~The backup lUst have
a capacity equal to or greater than that of the largest
on-line unit. .

B. Are adequate safety precautions being followed, relative to
the type of disinfectant being used?

C. Are redundant components being exercised or alternated with
the primary components?

D. Are all components being properly maintained?

Eo Are critical spare parts on hand to repair disinfe~tion
equipment?
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f. Are spare parts available for coaponents that are fndispens
fble for disinfecting the water?

II. Disinfectant Storage

A.fnillUlI of two storage units capable of being used alternately.
should be provided. The total combined capacity o~ ~he storage units
should provide as a minimum the system design capacity.

A. Chlorine
Storage for gaseous chlorine will normal'ly be in lSO-lb cylinders,

2,OOO-lb containers, or larger on-site storage vessels.
1. Is there automatic switchover equipment if one cylinder

or container empties or becomes inoperable?

2. Is the switching equipment in good working, order,
(manually \ested on a regularly scheduled basis), and
are spare parts on hand? '

3. Are the scales adequate for at least two cylinders or
containers.

B. Hypochlqrite
Storage of calcium hypochlorite or sodium hypochlorite is no~ally

provided in drums or other suitable containers. Redundancy requirements
are not applicable to these by themselves, as long as the required minimum
storage quantity 1s on hand at all times.

C. AnlDqnia
An hydrous ammonia is usually stored 1n cylinders as a pressurized

liqu1d. Aqua ammonia is usually stored as a solution of ammonia and water
in a horizontal pressure vessel.

,1. Is the avai lable storage volume divided into two or more
usable units?

2. Is automatic switching equipment in'operation to change
over from one un1t to another when one is empty or
inoperable?

3. Are there spare parts for the switching equipment?
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III. G,n,ration
Ozone and chlorine dioxide are not stored on-site. Rather, because

of their reactivity, they are generated and used i..diately. ' .
To satisfy the redundanc~ requirements for these disinfectants it is

recommended that two generating units, or two sets of units, capable of
supplying the required feed rate be provided. In systems where there is .
.are than one generation system, a standby unit should be available for

·times the on-11ne units need repair. The backup unit should have a
capacity equal to or greater than the unit(s) it .a~ replace.

A. Chlorine Dioxide
Chlorine, sodium chlorite, ,or sodium hypochlorite should be stored

in accordance with storage guidelines previously described.
B. ~
Are all generation components present and in working order for both

the primary and the redundant units (whether using air or oxygen)?
C. COUIDon
Is switchover and automatic, start-up equipment installed and

operable to change from the primary generating unit(s) to the redundant
unit(s)?

IV. feed Systems
Redundancy in feed systems requires two separate units, or systems, ,

each capable of supplying the required dosage of 'disinfectant. If more
than one unit is needed to apply the required feed rate, a spare unit
should be available to replace any of the operating units during times of
malfunction.' The replacement unit should, therefore, have a capacity
equal to ~r 9reater than that of the largest unit which it .ay replace.
This requirement applies to all disinfection methods, and is best
implemented by housing the on-line and redundant components in separate
rooms, enclosures, or areas, as appropriate.

In reviewing these systems for redundancy, the following components
should be checked:

A. Chl or; ne
1. Evaporators
2. Chlorinators
3. Injectors
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8. Hvpochlorite
1. Mixing tanks and aixers
2. Chemfcal feed pumps and controls
3. Injectors

C. JWmI
1. Dissolution equiplltnt, .including coaapressor and delivery'

piping systems .

D. Cblgrine Digxide
1. Chlorine feed equipment . ,
2. Sodium chlorite .ixing and metering equipment
3. Day tank and .ber . .
4. Meteri ng pumps
5. If a p~ckage C102 unit is used, two must be provided

E. Chlgramination
1. Chlorine feed equipment .

2. Ammonia feed equipment, including ipplicable equipment
for either: . '

• a.
,b.

Anhydrous 1JIID0ni:a (gas)
Aqua ammonia (solution)

V. Residyal Monitoring

The best method of monitoring a disinfection facility for continuous
I

operation is by continuous recording equipment. To improve reliability, .
it is suggested that duplicate continuous monitors are present for backup
in the event·of monitor failure. However,' if there is a failure in the
monitoring system for i~dicating that a continuous residual is being .
• aint~ined, the SWTR allows systems to take grab samples every four hours
for up to five days durin~ monitor repair. For systems without 24 hour
staffing it will not be practical to ·take grab samples and redundant
monitoring equipment is recOlllllended. Failure of continuou.s monitoring
would be a violation of a monitoring requirement, not a treatment
requ~rement.

A. Chlorine .
. 1~ Does the fae i1i ty have a continuous lion itor for eh1ori ne

residual at. the disinfection system site with an alarm
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'or indicator to show when the -anitor is not function
. 1ng? For added assurance, the provision of a backup
. lIOn itori ng un itis al so rec~nded. . . '

2. Is there instrullentation in place to, automatically
switch from one .anitor to the other if the first one
fails?

B. Hypochlorite
Same as for chlorine system.
c. Q1w

1. Does the facility have a continuous ozone monitor with
automatic switehover capability and alarms?

2. Does the fae i1 i ty have a continuous ozone res idua1
lIOn i tor wi th automat ic swi tchover eapabili ty and alarms?

D. ChlQrine DiQxide
1. Does the facf lfty have a cQntinuous chlorine dioxide

monitor with automatic switchover,capability and alanns? .

2. DQes the facilfty have a continuQus chlorine dioxide
residual monitQr with automatic switchover capability
and alarms? '

E. ChloraminatiQn
1. Does the faci lity have a continuQus umoni:a IIOnitQr with

automatic switchQver capability and alarm?

2. Does the fac11 ity alsQ have a cQntinuous chlQrine
residual monitor on-site with automatic switehQver
capability and alarms?

.'
VI. powcr Supply

Apermanently installed standby generator; capable of running all
electrical equipment at the disinfection station, and equipped for
automatic start-up Qn power failure, should be on-site and functional.

Alternatives tQ a standby generatQr, such as a feed line from a
different p~r SQurce, are acceptable if they can be shown to have equal
relf abil ity.
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VII. AlarmS
Indicators;and alanDs, both local and remote, should be capable of

promptly . alerting operating and supervisory personnel of ,problem
conditions.

A. J.2W
Lights, buzzers, and horns should be installed and functioning to.

alert on-site personnel to problem conditions.
B. Remote
Alarm signals should be relayed to a central control panel which is

manned 24 hours per day and whose operators can notify response personnel
taDediately.

c. problem Condition$
Aminimum list of problem conditions which should have indicators

and alarms, both locally and at a 24-hour per day switchboard, are as
follows:

1. Disinfectant leak
2. Feeder pump failure
3. Power outage
4. Generator or alternate power source on
5. Disinfectant residual less than setpoint value

VIII. Facility layoyt
Maximum reliability is ensured when redundant units are separated

from primary units. The type of separation should be appropriate to the
type of potential malfunction. For example, any area within a building
subject to a chlorine leak should have primary components separated from
redundant components by an airtight enclosure, i.e., separate rooms of
varying s.izes.

IX. Separate fAcility
. Under certain conditions, such as location of a disinfection

facility in an area of high earthquake potential, the most reliable ~ans

of providing:redundant facilities may be to house them in a completely
separate- str~ctures at a different site.
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APPENDIX J
WATERSHEp CONTROL PROGRAM

The following is a guideline for documenting a watershed control
program. The SWTR only requires a watershed control progrlll for
unfil tered 5UPP11es. A watershed control program can also benefi t a
filtered system by providing protect~on for aaintaining the s~urce water
quality, lIin111izing the level of disinfection to be provided. It is
therefore recommended that all systems conduct the basic elements of I

watershed control program. Howeyer, the scope of the .program should
increase as the complexity and size of the watershedl system increases.
The program could be more or less comprehensive than this outline, and
will be determined on a case-by-case basis by the utility and the Primacy
Agency. In addition to ttle guidelines below, a wellhead protection
program could be the basis of a watershed control program in JDany states;
All of the elements found below would also be part of a local wellhead
protection program.

A. Watershed Description

1.

2.

3.

Geographica1 1ocat ion and 'phys ica1 features of the
watershed.

Location of major components of the water system in
relationship to the watershed.

Hydrology: Annual preci.pitation patterns, stream flow
characteristics, etc. .

4. Agreements and delineation of land use/ownership•.

B... Identification of the Watershed Characteristics
and Activities Detrimental tg Water Ouality

1~ Naturally Occurring:

a. Effect of precipitation~ terrain, soil types and
land cover

b. Animal populations (describe) -- include a dis
cussion of the Giardia contamination potential,
any other microbial contamination transmitted by
animals
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c. Other - any other activity which can adversely
affect water quality

2. Man-Made:

a. Point sources of contamination such as wastewater
. treatment plant, industrial discharges, barnyard,
feedlots, or private septic systems

The iltpact of these sources on the aicrobiological
quality of the water source should be evaluated. In
cases. resulting in identifiable degradation, the
discharges shouTd be elf.inated in order to .in1.ize the
treatment of the water needed.

b. Nonpofnt Source of Contamination:

1) Road construction - .ajor highways, rail-
roads

.. 2) Pesticide usage
. ..

3) Logging

4) Grazing animals

5) Dischar,e to ground w.ter which recharges
the sur ace source -r,

....-
6) Recreation activities

7) Potential for unauthorized activity in the ~

watershed .

Describe any other human ac~ivity in the
watershed and its potential impact on water
quality

It should be noted that grazing animals in the watershed
.ay lead to the presence of Cryotosooridiym in the
water. CryptosDoridiym is a pathogen which may result
in a disease outbreak upon ingestion. No information is
available on its resistance to variousdfsfnfectants,
therefore it is recommended that grazing should not be
permitted on watersheds of non-filtering systems:
Sewage discharges will introduce viruses into the water
source which may be occluded in solids and protected
from inactivation through disinfection. It is, tbere
fore, recommended that sewage discharges should notb.
permitted within watersheds of non-filtering supplies.
Although it is preferable to not have grazing or sewage
discharges within the watershed, Primacy.Agencies will
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need to evaluate the t~act.of these Ictivities on a
case-by-case basis. In clses where th.re is.. long
detention time and a high degree of dilution between the
point of the activity and the water intake, thes~ activ
ities may be permissible for unfiltere~ supplies. The
utility should set priorities to address the impacts tn
B.l. and 2., considering their health s~gnificance and
the ability to control them. .

C. CQntrQl Qf Detrimental Actiyities/Eyents

Depending on the activities occurring within the watershed,
various techniques could be u5'ed to eliminate or .inimize
their effect. Describe what ~echniques are being used to
control the effect of activities/events identified in B.1. and
2. in. its yearly report.

Example:

Actiyity: Logging in ~he watershed.

Management Decision: Develop program to minimize impact
of logging. .

Procedyre: Establish .agreements with log~ing compan·ies
to maintain practices which will minlmize adverse
impacts on water. quility. These practices should
include: .

limiting access to l~ging sites
ensuring cleanup of sltes
controlling erosion from site.

Monitoring: . Periodically review logging' practices to'
ensure they are consistent with the agreement between
the utility and the logging companies.

Example:

Actiyity: Point sources of discharge within the
watershed.

Management Decision:. Eliminate those discharges or·
.inimize their impact.

procedyres: Actively p.articipate in the review of
discharge permits to alert the reviewing agency of the
potential (actual) impacts of the discharge and lobby
for its elimination or strict control.
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Monitoring: Conduct special .anitoring to ensure
conditions of the permit are .t and to document adYerse
effects on water quality. ' -

b.

c.

The utility should conduct some form of ongoing
review or survey in the watershed to identify and
react to potential impacts on water quality. The

.scope of this review should be documented and
agreed upon by the utility and Primacy Agency on
a case-by-case basis.

Specifically describe operational changes wh;~h
can be made to adjust for changes in water quall.
ty. Example: Switching to al.terna~e sourc~s;
increasing the level of dislnfectlon: uSlng
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settling basins. Discuss what triggers, Ind who
decides to aake, those changes. '

3. Annual Report: As part of the' watershed program,ln
Innual report should be submitted to the Primacy Agency.
The contents of the report should:

I. Identify special concerns that occurred in the
watershed Ind how they were handled (example:'
herbicide usage, new construction, .~c.).

b. Summarize other activities in the watershed such
as logging, hunting, water quality monitoring,
etc.

c. Project what adverse activities are expected to
occur in the future and describe how the utility
expects to address them.

F. Agreements/Land Ownership

The goal of a watershed management program is to achieve the
highest level of raw water quality practicable. This is
particularly critical to an unfiltered surface supply.

1. The utility will have maximum opportunity to realize,
this goal if they have complete ownership of t~e

watershed. Describe efforts to obtain ownership, such
as any special programs or budget. When complete
ownership of the watershed is not practical, efforts
should be taken to gain ownership of critical elements,
such as, reservoir or stream shoreline, highly erodable
land, and access areas to water system facilities.

2. Where ownership of land is not possible, written
Igreements should be obtained recognizing the watershed
IS part of a public water supply. Maximum flexibility
should be given to the utility to control land uses
which could have adverse effect on the water quality.
Describe such agreements.

3. Describe how the utility ensures that the landowner
complies with these agreements.
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APPENDIX K
SANITARY SURVEY

The SWTR requires that an on-site inspection be conducted each year
as outlined in Section 3. It is reconnended that at the onset of
determining the classification of a source water that a detailed sanitary
survey be conducted. In addition, it is recOIIIIIended. tbat a sanitary
survey such as contained in this appendix be conducted every 3 to 5 years
by both filtered and unfiltered systems to ensure that the qu~lity of the
water and service is .aintained. This ti.. ~er~od is suggested since tbe
time and effort needed to conduct the cG;IIlprehensive survey .akes it
flllpractical for it to be conducted annually~ Aperiodic 'sanitary survey
is also required under the Total Coliform Rule for systems ~ollecting

fewer than 5 samples/month. The survey ~ust be conducted every 5 years
for all systems except for protected ground'water systems which disinfect.
These systems must conduct the survey ev~ry 10 years.

The sanitary survey involves three phases, including planning the'
Survey, conducting the survey and compiling the. final report of the
survey, as will be presented in the following pages.

1. Plannjng the Syrvey

Prior to conducting or scheduling a sanitary survey, there
should be a detailed review 9f the water system's fi le to
prepare for the survey. The review should pay particular
attention to past sanitary survey reports and correspondence
describing previously identified problems and their solutions.
These should be noted, and action/tnaction regarding these
problems should.be"specificallyvertfied in the field. Other"
information to review includes: any other correspondence,
water system plans, chemical and .icrobiological sampling
results, operating reports, and engineering studies. This
review will aid tn the familiarization with the system's past.
history and present conditions, and the agency's past int~rac-
tions with the. system. .

The initial phase of the water quality review will be carried
out prior to conducting the survey as well, and will consist
of reviewing the water system's monitoring records. Records
should be reviewed for compliance with all applicablemicrobi
ological, inorganic chemical, organic chemical, and radiologi
cal contaminant MeLs, and also for compliance with the
monitoring requirements for those contaminants. The survey
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b.

a.

will provide an opportunity to review these records with the
utility, and to discuss solutions to any MeL or .cnitoring
violations. The survey will also provide an opportunity to
review how and where samples are collected, and how field
measurements (turbidity, chlorine residual, fluoride, etc.)
are .ade. Po~nts to cover include: .. '

Is the system in compliance with all applicable MeLs
(organic chemical, inorganic chemical, microbiological,
and radiological)? .

Is the system in cemp1ianci wi th all lIOnitori ng require-
Ilents? _.

The pre-survey file review should generate a list of items to
check in· the field, and a list of questions about the system.
It will also help to plan ,the fOnDat of the survey and to
estimate how much time it may take. The next step is to make
the initial contact with the system management to establish
the survey date(s) and time. Any records, files, or people
that will be referenced during the survey should be mentioned
at the outset. Clearly laying out the intent of the survey up
front wH 1 greatly help in managing the system, and will
ensure that the survey goes smoothly without a need for repeat
trips. .

2. Conducting the Syryey

The on-site portion of the survey is the most important and
will invol ve interviewing those in charge of managing the
water system as well as the operators and other technical
people. The survey will also review all major system compo
nents from the source(s) to the distri~ut;~n system. A
standard form is frequently usttd to ensure that all major
components and aspects of each system are ,consistently
reviewed. However, when in the field, it is best to have an
open mind and focus most attention on the specifics of the
water system, using the form only as a guide. The surveyor
should be certain to be on time when beginning the survey.
This consideration will help get the survey started smoothly
with the operator and/or manager.

As the survey progresses, any deficiencies that are observed'
should be brought to the attention of the water system
personnel, and the problem and the corrective measures should
be discussed. It is far better ~o clarify technical details
and solutions while standing next to the problem than it is to
do so over the telephone. Points to cover include:

a. Is the operator competent in performing the necessary
field testing for operational control?
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b. Are testing facilities and equipment adequate, and do
reagents used have an unexpired shelf life?

c. Are field and other analytical instruments properly and
regularly calibrated~ .

. .
d. Are records of field test results and water Ruality

compliance IOn1tor1ng results being maintained?

e. Conduct any sampling which will be part of the survey.

Also, detailed notes of the findings and conversations should
be taken so that the report of the survey will be en accurate
reconstruction of the survey.

Specifi~ components/features of the system to review and some
pertinent questions to ask are:

A. Source Eyaluation

All of the elements for a source evaluation enumerated below
.ay .lso be part of a Wellhead Protection Program.

1. Description: based on field observations ilnd
discussion with the operator, a general charac
terization of the watershed should be .ade.
Features which could be included in the descrip
tion are:

a. Area of watershed or recharge area.

b. Stream flow.

c. Land usage (wilderness, farmland, rural
housing,. recreational, connercial, indus
trial, etc.).

d. Degree of access by the public to watershed.

e. Terrain and soil type.

f. Vegetation.

g. Other.

2. Sources of contamination in the watershed or
sensitive areas surrounding wells or well fields
should be identified. Not only should this be
determined by physical11 touring and observing
the.watershed and its dally uses, but the survey
or should also actively question the water system
manager about adverse and potent ially adverse
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activities in the watershed. An example of types
of contamination includes:

a. Man Made.

1. Po'int discharges of sewage, storm
water, and other wastewater.

...

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

,12.

On-site sewage disposal systems•.

Recreational activities (swimming,
boating, fishing, etc.).

Huaan habitation.

Pesticide. usage.

Logging.

Hi ghways or other roads from wh ich
there .ight be spills.

Commercial or industrial activity.

Solid waste or other disposal facili
ties.

Barnyards, feed lots, turkey and
chicken farms and other concentrated
domestic animal activity.

Agricultural activities such as 'graz
ing, tillage, etc., which affects
soil erosion, fertilizer usage, etc.

Other.

..

b. Naturally Occurring.

1. Animal populations, both domestic and
wild." .

-'
2.

3.

4.

5.

Turbidity fluctuations (from precipi-'
tation, landslides, etc.).

Fires.

Inorganic contaminants from parent
materials (e.g., asbestos fibers) ••

Algae blooms.
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6. Other.

This list is by no Mans ill inclusive.
The surveyor should rely principally on his
observations and thorough questioning
regarding the unique properties of each
watershed to completely describe wbat .ay
contaminate the source water.

3. Source Construction.

a. Surface Intakes.

1. Is the source adequate in" quantity?

2~ Is the best quality source or loca
tion in that source being used?

3. Is the intake protected from icing
problems if appropriate?

5.

4.
.,.

Is the intake screened to preven't
entry of debris, ·and are screens
maintained?

Is animal activity controlled within
the immediate vicinity of the inta~e?

6. Is there a raw water slmpling tap?

b. Infiltration Galleries.

1. Is the source adequate in quantity?

2. Is the best quality source being used?

3. Is the lid over the gallery water
.tight a~d locked?

4. Is the collector in sound condition
and maintained as. necessary?

5. Is there a raw water sampling ta~?

c. Springs.

1. Is the source adequate in quantity?

2. Is there adequate protect; on around
the spring such as fencing to control
the area within 200 feet?
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5.

3.

4.

Is the spring constructed to best
capture the spring flow and exclude
surface water infiltration?

Are there drains to divert surface
water from the vicinity of the·
spri~g?

15 the collection structure of sound
construction with no leaks or cracks?

6. Is there a screened overflow and
drain pipe?

7~ Is the supply intake located above
the floor .and screened?

8. Is there a raw water sampling tap?

d. Catchment and Cistern.

1. Is source adequate in quantity?

2. Is the cistern of adequate size?

3. Is the catchment area protected fr~

potential contamination? .

4. Is the catchment drain properly
screened?

S. Is the catchment area and cistern of
sound construction and in good condi
tion?

6. Is catchment constructed of approved
non-toxic, non-leaching material? '

7. Is the' cistern protected from contam
ination -- .anholes, vents, etc?

8. Is there a raw water tap?

e. Other Surface Sources.

1. Is the source adequate in quantity?

2. Is the best possible source, being
used?

3. Is the illl1lediate vicinity of the
source protected from contamination?
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4. Is the structure in good condition
and properly constructed?

5. Is .there a raw water sampling tap?

4. Pumps, Pumphouses, and Controls.

a. Are all intake pumps, booster pumps, and
other pumps of sufficient capacity?

b. Are all pumps and controls operational and
aaintained properly? . .

c.

d.

Are check valves, blow off valves, water
aeters and other appurtenances operated and
aaintained properly? ..

Is emergency power backup' with automatic
start-up provided and does it work (try
it)?

e.

h.

f.

g.

. .
Are underground compartments and suction
wells waterprOof?

Is the interior and exterior of. the pump~

house in good s~ructural condition and
properly maintained?

Are there any safety hazards (electrical or
mechanical) in the pumphouse?

Is the pumphouse locked and otherwise
protected ag,ainst vandal"ism?

Are water production records maintained at
the pumphouse?

5. . Watershed Management (controlling' contaminant·
sources): The goal of the watershed ..nagement
program is to identify and control contaminant
sources in the watershed (see .Section 3.3.1 of
this document, ·Watershed Control Program").
Under ideal conditions each source of contamina
tion identified in 2 will already have been
identified by the utility', and some lIeans of
.control instituted, or a factual determination
made that its i.mpact on water quality is in5ig-'
nificant. To assess the degree to which the
watershed management program is achieving its
goal, the following types of inquiries could be
lIade:
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b.

d.

a.

c.

If the watershed is not entirely owned by
the utility, have written agreements been
_ade with other land owners to control land
usage to the satisfaction of the utility?
Are appropriate reyulations. under the
contract of state/ocal ·departlent of
health in effect?· .

Is the utility .aking efforts to.obtain as
complete ownership of the watershed as
possible? Is effort directed to control
critical elements?

Are there ..ans by which the' watershed is
regularly inspected for new sources of
contamination or trespassers where access
is 11IIi ted? .

Are there adequately qualified personnel
employed by the .utility for identifying
watershed and water qual ity prob1illS and
who are given the responsibility to correct
these problems?

e. Are raw water quality records kept to
assess trends and to assess th, impact of
different activities'and contaminant con
.trol techniques in the watershed?

f.

g.

h.

Has the system responded adequately to
concerns expressed about the source or
watershed in past sanitaror surveys? .

Has the utility identified problems in its
yearly watershed control reports, and if
so, have. these problems been adequately
addressed?

Identify what other agencies 'have control
or jurisdiction in the watershed. Does the
utility actively interact with these agen
cies to see that their policies or activi
ties are consistent with the utility's goal'
of maintaining high raw water quality?

. B. Treatment Eyaluation

1. Disinfection.

a. Is the disinfection equipment and disinfec
tant appropri ate for the app1ication
(chloramines, chlorine, ozone, and chlorine
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b.

c.

d.

e.

f.

g.

h.

j.

k.

1.

dioxide are. generally accepted disinfec
~ants)?

Are there back-up disinfection units on
line in case of failure, and are they
operational?

Is there auxiliary power with autClGlatic
start up in case of power outage? Is it
tested and operated on a regu1ar basis,
both with and without load?

Is there an adequate quantity of disinfec
tant on hand and 15 it properly stored
(e.g., are chlorine cylinders properly
labeled and chained)?

In the case of gaseous chlorine, is there
automatic switch over equipment when cylin
ders expire?

Are critical spare parts on hand to repair
disinfection equipment?

Is disinfectant feed proportional to water
flow? :

Are daily records kept of disinfectant
residual near the first customer from which
to calculate eT5?

Are production records kept from which to
determine eTs1

Are eTs acceptable based :on the level of
treatment provided (see Surface Water
Treatment Rule for CT values, and
Sections 3 and 5 of this guidance aanual
for calculation of CT).

Is a disinfectant residual maintained in
the distribution system, and are records·
kept of daily measurements?

Jf gas chlorine h.-used, are adequate
. safety precautions being followed (e.g.,
exhaust fan with intake within six inches
of the floor, self-contained breathing
apparatus that is regularly tested, regular
safety training for employees, ammonia
bott1es and/or automati c ch1ori ne detec
tors)? Is the system adequate to ensure
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the safety of both the public 'and the
employees in the event of a chlorine ~eak?

2. Other.

a. Are othertreatlllent processes appropriate
and are they operated to produce cons fs
tently high water quality?

,b. Are pumps, chemica1 feeders, and other
mechanical equipment in good condition and
properly maintained?

-
c. Are controls and instrumentation adequate

for the process, operational, well uin
tained and calibrated?

d. Are accurate records maintained (volume of
water treated; amount of chemical used,
etc.)?

e. Are adequate supplies of chemical on hand
and properly stored? '

f. Are adequate safety devices available ind
precautions observed?

Sections of a sanitary survey pertaining to
systems containing filtration facilities have
been omitted, as this section of the guidance
document pertains to non-filtering systems.. '

c. Distribytion System Eyalyation

After water has been treated, water .quality must be
protected 'and aaintained as it flows through the
distribution system to the customer's tap. The follow
ing questions pertain to the water purveyor.' 5 ability to
.aintain high water quality during storage and distribu
tion.

...

1. Storage.

a. Gravity.

1. Are storage reservoirs c-overed and
otherwise constructed to prevent.
contamination?

2. Are all overflow lines, vents, drain
lines, or cleanout pipes turned down
ward and screened?
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3. Are all reservoirs inspected regular-
ly?

4. Is the storage capacity adequate for
the system?

5•. Does the reservoir (or reservoirs)
provide sufficient pressure through-
out the system?

6. Are surface coatings within the res-·
ervoir in good repair and acceptable
for potable water contact?_

7~ Is the hatchcover for the tank water-
tight and locked?

8. Can the reservoir be isolated from
the system?

9. Is adequate safety equipment (caged
ladder, OSHA approved safety belts,

• etc.) in place for climbing the tank?

10. Is the site fenced, locked, or other-
wise protected against vandalism?

11. Is the storage reservoir disinfected
after repairs are made?

12. Is there a scheduled program for
cleaning storage reservoi r sediments,
slime on floor and side walls.

b. Hydropneumatic.

1. Is the storage capacity adequate for
the system?

2. Are instruments, controls, and equip-
..nt adequate, operational, and main-
tained?

3. Are the interior and exterior surfac-
es of the pressure tank 1n good con-
dition? .

4. Are tank supports structurally sound?

5. Does the low pressure cut in provide
adequate pressure throughout the
entire syst~?
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6. Is the pump cyc1e rate acceptable
(nat .are than 15 cycles/hour)?

2. Cross Connections.

a.· Is the system free of known uncontrolled
cross connections?

b.

c.

does the utility have a cross connection
prevention program, including annual test
ing of backflow prevention devices?

Are backflow prevention devices. installed
at all appropriate locations -(wastewater
treatment plant, industrial locations,
hospitals, etc.)?

"

3. Other.

a.

b.

c.

d.

Are rroper pressures and flows maintained
at a 1 times of the year?

00 all construction !Daterials meet AWWA or
equivalent standards?

Are all services metered and are meters
read?

Are plans for the system available and
current?

e. Does the system have an adequate lIa i nte
nance program?

- . Is there evidence of 1eakage in the
system?

Is there a pressure testing program?

Is there a regular flushing program?

Are .valves and hydrants regularly.
exercised and maintained?

Are AWWA standards for disinfection
followed after all repairs?

Are there specific bacteriological
criteria and limits prescribed for
new line acceptance or following line
repairs? .
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- Describe the corrosion control pro
gram.

Is ,the ,system intereonnected wi th
other systems?

o. Management/Qperation

•

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

Is there an organization that 15 responsible for
providing the operation, ..intenance, Ind unage
..nt of the wlter system?

Does the utility'~ularly sUlmarize both current
Ind long-term problems identified in their water
shed, or other parts of the system, Ind define
how they 1ntend to '501 ve the prob1elliS 1.e., f s
their planning lechanism effective; do they
follow throug~ with plans?

Are customers charged user fees Ind are collec
tions satisfactory? .

"

Are there' sufficient personnel to operate and
.anage the system? .

.
Are personnel (including management) adequately
trained, educated, and/or certified? ,

Are operation and maintenance manuals Ind manu
facturers technical specifications readily avail-
able for the system? .

Are rout ine preventative lIaioten'ance schedu1es
established and a~nered to for all 'components of
the water system? ' .

Are sufficient tools,· supplies, and maintenance
parts on hand? ,

Are sufficient operation and maintenance records
kept and readily available? '

Is an emergency plan av&11 ab1e and usable" and
are employees aware of it?

Are all facilities free ~rom safety defects?

When the survey is completed. it is always preferable to
briefly summarize the survey with the operator(s) and
management. The main findings of the survey should be
reviewed 50 it is clear that there are not misunder
standings about findings/conclusions. It is also good
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to thank the utility for' taking part tn the survey,
arranging interviews with employees, gathering and

. explaining their records, etc. The infol"llation and help
which the utility can provide an invaluable to a
successful survey, and every attempt should be .ade to

. continue a positive relationship with the·sys~em. .

3. Reporting the Syryey

A final report of the survey should be completed is soon as
possible to formally notify the system and other agencies of
the findings. There is no set or necessarily best format for
doing so, and the length of the report will depend on the
findings of the survey and size of the system.,'· Since the
report .ay be used for future compliance actions and inspec
tions, jt should include as a .inilU.: 1) the date of the
survey; 2) who WIS present during the survey; 3) the findings
of the survey; 4) the recommended impro~ements to identified
problems; and 5) the dates for completion of any illlprovements.
Any differences between the findings discussed at the conclu
sion of the survey and what's included in the final report
should be discussed'and clarified with the utility prior to
sending out the final report. In other words, the utility
should be fully aware of the contents of the finll report
before receiving it.
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APPENDIX L
SHAll SYSTEM CQNSIDERATIONS

Introdyction
Under the provisions of the SWIR, systems with fewer. than 500

service connections may be eligible for an exemption. Guidance o~ the
requirements for an ex_ption is provided in Section g. For systems which
are not eligible for an exemption, compliance with the SWIR fs...ndatory.
It is recognized that the ujority (apprOxfutely 75 percent) of people in
the United States are served by a relatively SlIIll number of large
systems. However, .cst water systems in the .United States are slDa11 •.For
small systems, compliance with the various provisions of the SOWA has
traditionally been a problem. Records show slIall systems. have a
disproportionately higher incidence of drinking water quality and
monitoring difficulties. The-reasons for these difficulties c,n generally
be broken down into the following three categories:

Economics
Treatment Technologies
Operations (lack of qualified personnel)

Small water systems typically face severe economic constraints.
Their lack of operating revenues results in significant li.itations on
their ability to respond to the requirements of the SDWA. These systems
cannot benefit from the economies of scale Which are available to larger
systems.

The second difficulty facing the small systems has been the lack of
appropriate treatment technologies. Although .thods .for teIIIOving .cst of.
the contaminants known to occur in drinking water are available. many of
these technologies have only recently been scaled down for the smaller
systems.

The third problem which has traditionally plagued sllall systems is
the lack of well trained operators. This deficiency is the result of many
combined factors. First of all, lIany of these operators are employed only
on a part-time basis or if they are employed on a full-time basis they
have a myriad of additional duties. In addition, the operator's technical

L-I



J, background lIay be limited as well. Tbi.s results from the low salary of
the position, which is uninviting to qualified operators. Also, in spite
of the requirement of retaining certified operators upheld in any .states, .
it seems to be difficult to enforce this' requirement in sllall systems.

The purpose of this appendix is to provide assistance to the Prillacy
Agency in defining the problems and potential solutions typically
associated with silall systems. It is beyond the scope of this document to
provide an indepth dicussion of ~he needs of sllll1 syst.s. However, over
the past several years the needs of the sIIa11 water systems have been
recognized to be of prillary concern and numeraus workshops, semi~arsand
committees have been attempting t~ more clear~y define workable solutions.
A partial listing of the papers, reports and proceedings which discuss
problems and solutions pertaining to small systems beyond that which is
possible in this manual is presented in the reference list of this
appendix.

ECQnomics
One of the most severe constraints of small systems is the small

economic base from which to draw funds. Certain treatment and services
must be provided for a community regardless of·how·few people are served.
Thus, as the number of connections to the system decrease, the cost per
connection increases. The economic limitations of small utilities lIakes
it difficult to provide needed upgrading of existing facilities or ',an
adequate sal ary to lIaintain the employment of a qualified operator to
monitor and maintain the system. Adding to the severity of the economic
hardships of silall systems is the fact that IIIny of the small wat~r

systems are privately owned, with private ownership increasing as system
size decreases. The ownership of the plant presents difficulties since
privately owned systems are subject to rate controls by the local public
utility commission, are not eligible for public grants and loans, and lIay
find commercial loans hard to obtain.

Financing options for small systems include: federal and stat~ loan
and grant programs, federal revenue sharing and revenue bonds (for
municipal systems) and loans through the United States Small Business
Ad~inistratiori'(SBA) and use of industrial development bonds or privatiza-
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tion (for private. uti 11ties). These ,Opti9ns are explained in. greater
detail in the -Guidance Manual • Institutional Alternatives for .Small
Water Systems· (AWWA, 1986). The following paragraphs will explain some
existing options which .ay ease the hardship of financing sllall water
treatment facilities.

The major cause of sIDall system difficulties a~ises from the lack of
funds IIId resources. It is therefore in the best interest of sIDa11
utilities to expand their econ~ic base and the resources Available to
them, to achieve the economies of scile available to larger" systems.
Regionalization is the physical or operational union of sIDall systems to
effect this goal. This union can be accomplished through the physical.
interconnection of two or more slDall systems or the connection of a
smaller system to a pre-existing larger system. Water supply systems can
also join together for the purchase of supplies, .aterials, engineering
serv ices, bill ing and lIa intenance. The. un ion of, the sma~ 1 systerns
increases the population served, thereby dispersing. the operational costs
and decreasing the cost per consumer.

, The creation of utility satellite~ is another form of regionaliza
tion. A satellite utility is one which taps into the resources of an
existing larger facility without being physically connected to, or'Owned
by, the larger facility. The larger ,system .ay provide any of the'
following for the smaller system: .

1. V~rying levels" of technical ~perational, or managerial
assistance on I cQntract basis.

2. Wholesale treated water with or without additional services.

3. Assuming ownership, operation 'and Ilaintenance responsibtHty.
when the small system is physically separate with I separate
source.

The formation of I' satellite offers many advantages for both th~

satellite and the parent utility. These advantages include: an illproved
economy of scale for satellites, an expanded revenue base for the parent
utility, provisions of needed resources to satellites, the retention of
the satellites' local autonomy, improved water. quality management of the
satellite, improved use of public funds for pUb1iclyowned ..satel1ites~
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In order to create a lOre definite structure for the union of

resources of water treatment facilities, water districts may be Crtated•
. ~

Water 4istricts are formed by county officials and provide for the public
ownership of the utilities. The utilities in any given district would
combine resources and/or physically connect systems so that one or two
facilities would provide water for the entire district. The creation of .
water districts creates eligibility for public IIOnies, has the potential
for economtes of size, facilitates the takeover or contract·services with
publicly owned non-community systems and small privately owned systems,
and offers a tax advantage. Drawbacks include subjection to politics, a
strong lo~al planning effort is needed for success, and competition with
private enterprises.

The centra11zat ion of ut 11 f t fes can be taken one step further
through the creation of county utilities or even state utilities. The
government will create a board which may then act to acquire, construct,
maintain and operate any public water supply within its district, the
system may provide water on its own or purchase water from any municipal
corporation. The board may adopt and administer fules for the construc
tion, maintenance, protection and use of public water supplies and the
fixation of reasonable fates for wate~ supplies. The cost of constru~tion

and/or upgr~ding of facilities may be defrayed through the issuance of
bonds and/or property assessment. As with all the ilternatives, the
creation of government control of the utilities has its advantages and
disadvantages. The· advantages. include: the creation of central
management, creation of economy of scale for utilities, eligibility for
public grants and loans, savings through centralized purchasing, manage
ment, consultation, planning and technical assistance, and possibl~

provision for pool of trained operators. The disadvantages include the
subjectivity to politics, the slow response cause~ by bureaucracy, and
competition to private ~ontractors.

Treatment Te,hnolQoies
The high cost of available treatment technologies has limited their

use in small water supply systems. Recently prefabricated package plants
and individual treatment units have been developed to lessen these costs.
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At the present time, the treatment technologies which are available to
enable systems to comply with the Safe Drinking Water Act are identified
to be the following:

Package plants
Slow-sand filters
Diatomaceous earth filters
Cartridge filtration

Abrief discussion of each treatment method is provided below.
Package plants
Clarification and filtration units which require minimal assembly in

the field can now be manufactured. To minimize required operator skill
level and operational attention, the equipment should be automated.
Continuous effluent turbidity and disinfectant residual monitoring systems
with alarms and emergency shutdown provisions are features that safeguard
water quality and should be provided for unattended plants. .

Slow-Sand Filters
Slow-sand filters are applicable to small water supply systems.

Their proven record of effective removal of turbidity and Giardia cysts
makes them suitable for application where operational attention ·is
minimal. Since no chemicals other than a disinfectant are needed, and no
mechanical equipment is involved. the required operator skill level is the
lowest of the filtration alternatives available to small systems.

Diatomaceoys Earth Filters
Diatomaceous earth (DE) pressure and vacuum filters can be usea on

relatively low turbidity surface waters (less than 1 to 2 NTU) for removal
of t~rbidity and Giardia cysts. DE filters can effectively remove.
particles as small as 1 micron, but would require coagulating chemicals
and special filter aids to provide significant virus removal.

Cartridge fjlters
Cartridge filters using lIicroporous ceramic fi lter elements with

pore sizes as small as 0.2 um"may be suitable for producing p~table water,
in combination with disinf-ection, from raw water supplies containing
moderate levels of tu.rbidity, alg.ae, protozoa and bacteria. The advantage
to a smal~ system, is, with the exception of chlorination, that no other
chemicals are required. The process is one of strictly physical removal
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of small particles by straining as the water passes through the porous.
IIIt1IIbranes. Other than occ.s1onal cleanfng or .lIbrane replacement,. :0.

operation.l requirements are not complex and do not require skilled
personnel",

Selection of • filtration Technology
The criteria for selection of a filtration technology for a small.

community are essentially the same as those for a larger community. That
15, the utility must first screen the complete list of available
alternatives to eliminate those which are eith~.r not technically suited to .
the existing conditions (Table 4-1) or not affordable by the utility.
Remaining alternatives should then be evaluated based on both cost
(capital, annual, and life-cycle) .nd non-cost bases (operation and
mafntenance, technical requirements versus personnel available; flexibili
ty regarding future needs; etc.). In these evaluations it should be noted
that even though automated package plants are cost-competitive with 'slow
sand filters, their operation requirements to achieve optimum performance
could be compl icated. Also, the maintenance requirements for package
plants would be mechanically and electrically oriented and might require
a maintenance agreement with the manufacturer.

During the process of installing the treatment sys~em, interfm
measures should be taken to ensure the delivery of a reasonably safe water
to· the consumers. In addition to the available interim measures listed in
Section 9.3, temporary installation of mobile filtration plants may be
possible. These trailer-mounted units are sometimes available from state
agencies for emergencies, but more often .ay be rented or leased from an
equipment manufacturer. .

. Modification of Existing Filtratign Systems -
Small treatment systems that are already in existence should comply

with the performance criteria of the SWTR. If the. systems are not found
to be performing satisfactorily, modifications tQ the existing process may
be required•. Improvement in treatment efficiency depends on the type of
filtration system in use. Operation of slow sand filters could be checked.
for bed depth, Short-circuiting, excessive hydraulic loading, and for the
need to pretreat the raw water: Infiltration galleries l or sometimes.
roughing filters ahead of a slow sand filter .ay provide for better
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perforlllance by reducing t~e solids load on the filters. However, the
design criteria and costs for this altern~tive have not yet been defined.
Site specific studies .ay be required before roughing filter~ could be
u~ed to 'achieve compliance wi~h the regula- tions. Diatomaceous earth
(DE) filters should be checked for appropriate preeoat Ind 'body feed
application, hydraulic loading, grade (size) of DE being used, and
possible need for chemical pretreatment. Package plants would have to be
checked process-by-process, similar to the system used for a ~onventional

plant. Other filtration processes would have to be checked for hydraulic
loading rate, appropriateness of the filter IIIterial (pore size),' and
possible need for additional pretreatment;

pisinfec:tign
Disinfection (CT) requirements for small systems can be 1Ie~ ~n

several different ways. .The IlOst obvious method of lIIintaining a
disinfectant residual in the distribution system is to add disinfectant at
one or more additional locations. An alternate method is to increase the
disinfectant dose at the existing application point(s). The latter
alternative, however, lIay increase disinfectant byproducts, including

, .
THMs, in the system.

, , ,

If it is a relatively short distance between the treatment system
and the first customer, additional contact time can ,be provided so that

the disinfectant dose doe~ not have. to be increased beyond desirable,
residuals. Two specific methods of increasing contact time for small
systems are 1) installing a pressure vesse~ or closed storage vessel,
baffled to provide idequate contact tilDe, or 2) constructing a looped

pipeline, on the finished water line between the filtration-disinfection
system and the fi rst cus,tomer. The feas ibi 1ity of either of these methods"
would depend on system specifics that include size, physical conditions,
and cost.

If. it is not practical to provide additional storage time to achieve
the desired CT, an alternate, iDOre effective disinfectant lIay be used. An
alternate disinfectant may provide a sufficient CT without altering the

system configuration.
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Operations
Water treatment facilities need to be operated properly in order to

achieve .axillU1ll treatmen't efficiencfes. There fs currently a lack of well
. .

trained operators at .any small. treatment plants. The main cause is lack
of awareness of the importance 'of correct plant operation, lack of
training programs, lack of enforcement of the requirement for employment
of a certified operator and lack of funds to employ such an operator.

Small systems lDay wish .to ilaplement a circuit rider/operator
program. In this program a qualified, certi~ied, experienced operator
works for several water supply systems. The -rider eln either directly
operate the plants, or provide t~chnical assistance to individual plant
operators, by acting as a trainer through on-the-job supervision. The
latter would be preferable since it could create a pool of well trained
operators.

The main cause of inadequately trained operators is the lack of well
established training programs. Until such training 'programs are begun,'
systems must depend on·other trainin~ means, suc~ as seminars and books.
One resource which may be helpful in running the plant is .MBasic
Management Principles for Small Water Systems - An' AWWA. Small-Systems'
Resource Book", 1982.

Most package plant manufacturers' equipment manuals include at least
. .

brief sections on operating principles, methods for establishing proper
chemical dosages, instructions for operating the equipment, and troubl~

shooting gut.des. An individual who studie~ these basic instructions and
receives comprehensive start-up training should be able to operate the
equipment satisfactorily. These services are vital to the suceessfu)
performance of. a package water treatment plant and should be a requirement.
of the package plant manufacturer. The engineer designing a package plant
facility should specify that start-up and training services be provided by
the manufacturer, and also should consider requiring the manufacturer to
visit the plant at 6-month and I-year intervals after start-up to adjust
the equipment, review operations, and retrain operating personnel.
Furt~er, this program should be ongoing and funds should be budgeted every
year for at least one' revisi~ by the package plant manufacturer.
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Another way for small systems to obtain qualified plant operation
would be to contract the services of Id~inistrative, operations: and/or
ma intenance personnel frOll a larger neighboring ut11 f ty, government
agencies, service companies or consulti.ng finas. These organizations
could supply assistance in financial .and legal planning, engineering,
purchasing accounting :and collection services, laboratory support,
licensed operators or operator training, treatment and water quality
assurance, regulatory liaison, and/or emergency assistance. .Through the
c:ontracting of these services 'the utf1 ity, provides for the resources
needed, improves water quality .anagement. and retains its autonomy.
However, if and when the contract is terminated, the utility returns to
its original status.
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APPENDIX M

PROTOCOL FOR DEMONSTRATION
OF EFFECTIVE TREATMENT

This appendix presents approaches which can be taken to demonstrate
overall effective removal and/or inactivation of Gi.rdi. cysts.

H.l gemonstration for Alternate Technologv
Systems using a filtration technology other than those enumerated

in the SWTR may demonstrate the effectiveness of the treatment process
through pilot or full scale testing. As.a .inimum, testing shoul~ be
conducted when t~e source exhibits its worst case annual conditions. Some
systems may have two periods of ·worst case· water quality including the

4 cold water in winter or algae blooms during the summer. .
Pilot units should include the following:

filtration rate of the pilot system equal to filtration
rate on full scale unit .

• pilot filter diameter greater than or equal to 50 times
the media diameter, (Robeck, et al·1959)

media diameter, depth, and' size gradation should be
identical to full scale,

coagulant dosing identical to full scale

• any mixing and settling occurring before filtration in
the full scale plant should be reproduced as closely as
possible in the pilot. 'Hixin~ should be of the same G
value(s), and the detention t1m! for settling should be
close to the average flow detention tilDe for the
projected full scale plant.

According to the SWTR, alternate technologies must be c.pable of
meeting the same turbidity performance criteria of slow sand filtration
systems. Thus the filtered water from the process should be monitored
continuously or with grab ~amples every four hours for turbidity.. The
requirement for meeting turbidity performance has been established to



'.

'.

't'

ensure ·that there will be no interference of turbidity with· virus
inactivation through disinfection.

Following the demonstration of leeting the turbidity requirements,
the level of Giardia cyst removal achieved au~t be determined. The,
protocol in M.2 may be followed for this demonstration.

M.2 Particle Size Analysis Demonstration for Giardia Cyst Removal Credit
Particle size analysis lIay be used to demonstrate the level of

actual Giardia cyst removal provided by the system. This demonstration
can be done using samples from the full scale plant or a pilot unit.

In the case of either a full scale or pilot scale demonstration,
removal of particles in the range of 5 to 15 um in diameter should be
determined using an electronic paTticle counter that has been calibrated
with latex spheres. If a light blockage device is used (e.g. HIAC) this
calibration should have been done during installation of the device. The
calibration should be checked before taking measurements for the purposes
of this demonstration. Samples should be diluted ~ppropriately to ensure
that measurements do not reflect coincident error. Coincident error
results when more than one particle passes the detector at one time,
causing an inaccurate particle count and diameter measurement.' An
electrical sensing zone device (e.g. Coulter ~oun~er or Elzone) may also
be used. Appropriate dilutions, electrolyte strength, and calibration
procedures should be followed (these are scheduled to be outlined in the
17th edition of Standard Methods). When using an electrical sensing zone
instrument, an orifice no larger than 125 um and no small~r than 40 urn
should be used since only particles between 2%'and 40% of the orifice
diameter are accurately sized and counted (Karuhn et al 1975)~

Samples' of the filter influent and effluent should be taken .~

minutes after the backwashed filter is placed in operation, and ev~ry 30
minutes thereafter for the first 3 hours of operation, followed by hourly
samples up until backwash (Wiesner et al 1987). All samples should show
at least a 2-10g removal. The SWTR establishes an overall treatment
requirement of 3-10g Gjardia cyst removal/inactivation. Thus, disiafec-

M-2



. "

tion lUSt be provided to supplement the particulate removal and ..et this
requ f reMnt. . . .

Samples from repeated filter runs .ay be Iveraged It each sa~pling

time, but samples should not be averaged within one filter run.
Additional suggestions on particle counting technique {Wiesner

1985):
1)

2)

3)

4)

5)

6)

If particle counts are not determined immediately upon
simpling (within 10 _inutes) samples should be diluted.

For an electrical sensing zone Misurement, samples
should be di luted 1:5 to 1:20 with a ·particle-free"
electrolyte solution (approximately 1% NIC1) contlining
100 particles per ., or f~r.

For a light blockage Misurement, particle free water
should be used to dilute samples.

Dilutions should be done. to produce particle concentra
tions as close to the tolerance for coincident error as
possible to minimize ~Ickground counts.

.
Particle counts should be determined within 8 hours of
sampling. '.

All sampling vessels should be washed with laboratory
detergent, double rinsed in particle free water, and
rinsed twice with the water being sampled at the time
of samp 11 ng •

The log re~uction of particles in the size range of5 to 15 um in
size can be assumed to correspond to the log reduction of Giardia cysts
whfch would be achieved.

M.3 Demonstration for Increased Tyrbidity Al'owanc,

Based upon the requirements of the SWTR, the minimum turbidity
performance criteria for systems using conventional treatment or. direct
filtration is filtered ~ater turbidity, less than or equal to 0.5 NTU in
95 percent of the measurements taken each month. However, at the dis
cretion of the Primacy Agency, filtered water turbidity levels of less
than or equal to 1 NTU in 95 percent of the measurements taken every month
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-.y be permitted'on a case-by-case basis depending on the capability of
the total system, to remove and/or inactivate at least 99.9 percent of
Giardia lomblia cysts.

Trea~ment plants that use settling followed by filtratfon, or direct'
filtration are generally capa,ble of producing a filtere~ water with a
turbidity of 0.2 NTU or less. The most likely cause of high turbidities
in the filtered water, is incorrect coagulant dosing (O'Helia, 1974).
Regardless of the turbidity of the raw or finished water, coagulant
addition at some point prior to filtration is required to 'destabilize
particles for removal in the filter. Only plants documenting continuous
coagulant feed prior to filtration should be eligible for being allowed
higher filtered water turbidities than the 0.5 NTU requirement. At plants
that continuously feed coagulant and do not meet the 0.5 NTU requirement,
a series of jar tests. and perhaps sand column filtration tests (in batch)
should be performed to evaluate the optimum coagulant dose for turbidity
removal.

In the event that plants can document continuous coagulant feed,
and, after running the plant under conditions determined in batch 'testing
to be optimal for turbidity removal, still do not ..et the 0.5 NTU
requirement. effective filtration status may still be appropriate. This
would further be supported if it ca~ be shown that the full scale.plant
is capable of achieving at least a 2-10g reduction in the concentration
of particles between 5 and 15 um. in size through particle size analysis
as outlined in Section M.2., Where a full scale plant does not yet exist,
appropriately scaled-down pilot filters might be ~sed for such a
demonstration.

Disinfec$ion
The level of disinfection could also be considered for determining

when to allow a higher turbidity performance crite~ion for a system. For
example, if a system ~chieves 3-109 Giardia cyst inactivation through
disinfection, as determined by CT VAlues, it may be appropriate to allow
higher filtered water turbidities (i.e., greater than 0.5 NTU but Jess
thao 1 NTU in 95 percent of the measurements and never exceeding 5 NTU).
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The expected 1eve" of fecal, contamination and Giardia cyst
concentrations in the source water should, be considered in the above
analysis. High levels of disinfection (e.g., 2 to 3-10g inactivation of
Giardia cysts), in addition to filtration which achieves less than 0.5 NTU
in 95 percent of the ..asurements lIay be appropriate, depending upon
source water quality. Further guidance on the leve' of disinfection to be
provided for various source water conditions is provided in Section 4.4.2•.
In all cases the m)nimum disinfection to be provided m~st supplement the'
particulate removal to ensure at least a 3-10g Giardia tyst remov
al/inactivation.
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Preface
The protocol presented in this paper can be .pplied to demonstrate the

effectivene.. of new technologies •• well as point-of-use device.. The

evaluation pre.ented here deal. with the removal of particulate. and

di.infection. In are.. which pertain to di.infection, the quidelines
contained in Appendix G take precedence.
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1. GENERAL

1.1 Introduction

The aubject of ~crob10log1cal purlf~cation for waters of unknown micro

biol09ical quality repeatedly presents itself to _variety of governmental ~d

non-qovernmental aqencies, consumer qroups', unutacturers anc! others. Exu

ples ot possible application ot such purification capabil1tie. 1ricluc!e:

Backpackers and campers

Non-standard military requirements

- Floods anc! other natural disasters

- Foreign travel and stations (however, 'not for extreme contamination
situations outside of the U.S.)

- Contaminated individual sources, weils and sprinqs (however, not for
the conversion of waste water to microbiologically potable water)

- Motorhomes and trailers

Batch methods of water purification based on chlorine and iodine disin

tection or boiling are well known, but many situations and personal choice,

call for the consideration of water tTeatment equipmen.t. Federal agencies

~ecifical1y involved in respondinq to qu~.tions anc!' problems relating to

microbiological purifier equipment include:

- Reqistration Division~ Office of Pesticic!e proqrams COPP), Environ
mental Protection Agency (EPA) : reqistraUon of microbiological
purifiers (usinq chemicals),

- Compliance Monitorinq, Staff, EPA: control of microbioloqical
purifier c!evice claims Cnon-reqisterable produ'Cts such as' ulera
violet units, ozonators, chlorine qenerator., others),

- 'U.S. Army Medical Bioengineering Research and Development Laboratory
(USAMBROL), U.S. Army Natick Research and' Development Center and
other Army and Il\iUtary agencies : 're.earch and development for
possible field applications, .

- Criteria and Standards Division, Ottice ot Drinking Water (ODW),
EPA: Consideration of point-ot-use technology as acceptable tech
nology under the Primary Drinking Water Regulations; consumer
information and service,
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- Orinking Wat.r a•••arch, W.t.r Engin••ring a••••rch tAbor.tory
~), IPA, r ••pon.ibl. for v.ter tr.atment technology r ••••rch,

- Microbiolon' Br.nch., Health Iff.ct. " ..arch Laboi-atoiy (HERt), EPA,
r ••pon.ibl. for .tudy of health effect. r.l.ted to drinking vater
filters.

A number of repr•••n~.tive. of the above _ntion.d .g.ncie. provided

..cell.nt particip.tion in the task fore. to d.velop microbiological t ••ting

protocol. for water purifier.. Major participation wa. al.o, provided by the

following:

- A t.chnical repre••nt.tive from the Water Quality A••oci~tion,

- A technic.l repre••ntativ. frem the Inviromaental H.alth C.nter,
Department of Health and Welfare of canada, and

- An •••oci.t. prof•••or (microbiology) from the Univer.ity of
Arizon••

1.2 Ba.ic Principle.

1~2.1 Definition

A•••t forth in EPA Enforcement Str.tegy and a. supported by • Federal

Trade COJIIIllisdon (FTC) decision (~ v. Sibco Product. Co., Inc., et al.,

Nov. 22, 1965), a unit, in order to be call.d a microbiologic.l vater

purifi.r, must remove, kill or inactiva~e 'all typ•• 'of dis••••-cau.ing micro

organisms from the vater, including bacteria, viru••, ~d protozoan cyst••0

as to rend.r the proc••••d w.ter .af. fo; drinking. Th.r.for., to qualify, a

microbiological wat.r purifi.r, mu.t tr.at or remove all typ.. of chall'enqe

organisms to meet .pecified .tandard••.
1.2.2 General Guid.

Th••t~dard and protocol will b. a g.n.ral guide and, in .0IIIe ca••• , Ny

present only the III1nimum features and framework for te.ting. While batic

featur., of the .tandard and protocol h.ve been tested, it w•• not feasible to

conduct full-fledged te.ting for all po••ible type. of unit.. Con.equently,

protocol u.er. .hould include pre-t••tinq of their units in • t.st1nq riq,

including the samplinq t.chnique. to be u.ed. Where u.ers of the protocol

find good re••on to alter or add to the guide in order to meet specific

operational problem., to use an alternate orqaniam or laboratory procedure, or

to re.pond to innovative treatment units w~thout decreasing the level of
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testin9 or alterin9 the intent of the protocol, they ahould feel free to de

ao. For example, the OPP Re9istration Diviaion a19ht find it necessary to

amend the 9'1ide acaewhat for different types of treatment units. Another
. .

example would be ultraviolet (U.V.) units, vhich may have apecific require-

menta in addition to the 9'1ide protocol.
. .
1.2.3 Performance-Based

The standard vil·! be perfoZll&nce-ba.ed, utilizin9 real1a~c worst case

challenge. and test conditions and u.e of the standard ahall result in vater

CJUaUty equivalent to that of a public vater aupply .eting the

microbiol09ical requirementa and intent of the .at1onal Primary Drinking Water

Re9Ulations.

1.2.4 Exceptions

A m1crobiol09ical water purifier must remove, kill 9r inact.i.vate all

types of path0genic organisms if claJ.ma are made for any organism. However,

an exception for 11m!ted claims may be allowed for units removing specific

organisms to serve a definable environmental need (i.e., cyst reduction units

which can be used on otherwise disinfected and microbiol09ically safe drinking

water, such a. a disinfected but unfiltered surface vater containing cysts.

Such units are not to be called m1crobiol09ical vater purifiers and should not'

be used as sole treatment for an untreated raw water.)

1.2.5 Not to Cover Non-Microbioloqical Reduction Claim.

The treatment of water to achieve removal of a specific chemical or other

non-m1crobiol09ical substances from water will not be a part of this standard.

National Sanitation F~nc!&t1on (NSF) Standards 42 (Aesthetic·Zffects) and 53

(Health Effects) provide partial 9Uides for chemical removal and other claims

testing•.

1.2.6 Construction and Information Exclusions

While the atandard recommends aafe, responsible construction of units

vith non-toxic materials for optimum operation, all such items and associated

operational' considerations are excluded as bein9 beyond the acope of .the

standard. Included in the exclusion are materials of construction, electrical

and safety aspects, design and construction detaill, operational instructions

.and information, and mechanical performance testing.

1.2.7 Research Needs Excluded
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Th. guid. .tandard and protocol auat r.present • pr.ctical t.sting

program and not includ. r ••••rca·r.commend.tion•• POl' exampl., con.ideratiqp
ot mutant 01'9an1au or dift.renti.tion bet__n injured and d••d o1'9ani~

would b. res.arch item. at this time .nd not .ppropri.t. for incluslon in the
.tandard.

1.2.8 Not to Consid.r Sabotage

Esoteric problema which could be pr.s.nt.d by • variety of hypoth.tical

t.rrori.t (or wartime) .ituation., would provide an unn.c••••ry ~lic.tion,

and .1'. not .ppropri.t. tor inclu.ion in the .tandard.

1.2.9 Continuity

Th. guid••tandard and protocol will b•• l1ving document, subj.ct to

r.vision and upd.ting with the onset ot new technology and knowl.dge. It is

r.COIIlIDended that' the r ••ponsible .uthoriti.s for r.9istr.~ion and drinking

water quality revi.w potential ne.ds .v.ry two to· three y.ars and .r.conven.

the task torce upon need or upon reque.t trom the wat.r quality industrY, to

revi.w and update the standard and testing protocol.

1.3 Treatment Units Cov.rag•

. 1.3.1 Universe ot Possibl. Treatment Units

A revi.w ot treatment units th.t might b. consid.red .s microbiological

purifi.rs disclos.s • number of different types covering tr.atment principl.s

ranging from tiltration and chemical disinfection to ultraviolet light ra

diation.

1.3.2 Cov.rage of This Standard,
In vi.w of the limit.d t.chnical data .vailabl. and in ord.r to expedit~

the work of the task forc., the initia1 cover.g. i. limit.d, on a priority.. .
basi., to thr•• basic types of microbiological water purifi.rs or .ct~v.

components with th.ir principal means ot .ction as follows,

1.3.2.1 C.ramic Piltration Candle. 01' Units (may, or
may not contain a chemical bacterio.tatic agent)

Filtration, and adsorption, and chemical anti-microbial activity if a

chemical is included.

1.3.2.2 Haloqenated Resins and Units
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Chemical di.infection and po••ibly filtration. (Note. While not

~clu~ed in thi. 9Ui~e .•tan~ar~, halogen products for disinfection or systems

u.1n9 halo;en a~~ition and fine filtration aay be tested ua1n9-.ny of it~

elUlent., i~e., te.t vater parameters, Ilicrobiol09ical =a11enge and redaction

requirements, analytical techniqu~s and other pertinent el.-nt•• )

1.3.2.3 Ultraviolet (OY) Units
UV irradiation vith po.sible add-on treatment for adsozption and filtra

tion (not applic~le to OV units for tr.at1n9 potable vater f~ public vater

.upply systems).
1.3.3 Application of Principle. to Other Unit. "

While only three type. of unit. are covered in this Itandard, the princi-

ple. and approaches outlined .hould provide an 1nitial guide for the te.tin9

of any of a nwnber of other types of units and/or aylteIU for thelllicrob19l09-

ical purification of contaminat~d vater.
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, 2.1 Microbiological Water Purifier

In order to make the claim ,of -lI1crobiological water purifier, - units

INst be tested and demonstrated to ·.et the IlicrobiolOC1ical reduction require

• nts of Table 1 a.ccordin9 to the test procedures described in Section 3

(Appendix B-1) for the' specific type of unit involved.

2.2 Chemical Health Limits

Where silver or some other pesticidal chemical is used in a unit, that

chemical concentration in the effluent water IllUst meet any National Primary

Drinking Water Maximum Contaminant Level (MCL), additional Federal guideline.

or otherwise be demonstrated not to constitute a threat to health from con

sumption or contact where no MeL exists.

2.3 Stability of Pesticidal Chemical

Where a pesticidal c~emical is used 1n the treatment unit, the stability

of the chemical for disinfectant effectiveness should be sufficient for the

potential shelf life. and the projected use life of the unit based on manufac

turer's data. Where .tability cannot be assured from historical data and'

information, additional teats will be required.

2.4 Performance Limitations

2.4.1 Effective Lifet~e.
The manufacturer must provide an explicit indication or asaurance of the

unit ' • effective 'I.e lifetime to warn the consumer of potential diminished

treatment capability either throu9h:

a. Havinq the unit terminate dilchuge of treated water, or

b. Soundin9 an alam, or

c. Providing simple, .xp~icit instruction for servicing or replacinq
units within the reco~ended use life (measurable in te~ of volume
throughput, specific time frame or other appropriate method) •.

2.4.2 Limitation on Use of Iodine
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•
EPA policy initially developed in 1973 and reaffirmed in 1982 (memo of

March 3, 1982 from J. A. Cotruvo to G. A. Jone., subject: -Policy on I0c5;iri,

Di.infection-) i. that iod1il. di.infection i. acceptable for .hort-term or

limited or emergency u.e but that it i. not reCOlllllended for long-term or

routine community water supply application where lodine-containini .pecies may

remain in the drinking water.

...
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3. MICROBIOLOGICAL WATER PURIFIER TEST PROCEDURES

3.1 Purpo.e
The.e ie.ta are performed on ceramic filtration candle. or units, halo

genated re.ins and unit. and ultraviolet (UV) units in order to ·sub.tantiate

their microbiological removal capabilities over the effective use life of the

purifier a. defined in Table .1 and, where a ,pesticidal. chemical is used, to

cSetermine that said chemical is not present in the effluent. '-at exce.sive

levels C.ee Section 3.5.3.4, Appendix H).

3.2 Apparatus

Three production units of a type are to be te.ted, simultaneously, if

f.asible; otherwise, in a IIl8nner as similar to that a. po.lible.

O.sign of the te.ting rig ~u.t parallel and simulate projected field use'

conditions. For plumbed-in units a quide for de.iqn of the test rig lIl8y be

taken from ·Fiqure 1: Te.t Apparatus-Schematic· Cpo A-2 of Standard Number 53

·Orinking Water Treatment Units -- Health Effect.,· Hational Sanitation

Foundation). Otherwise, the test rig mu.t be de.iqned to simulate field use

. conditions (worst case) for the unit to be tested.

3.3 Te.t Waters -- Non-Microbioloqical Parameters
In addition to the microbiological ;nfluent challenges, 'the various test·

",aters ",ill be constituted "'ith chemical and physical characteri.tics as .

follow.:
3.3.1 Te.t water n (General Test Water) .

This ",ater is intended for the normal non-.tresled (non-challenge) phase

of testing for all units and shall have specific characteristic. ",hieh J!'ay

easily be obtained by the adjustment of many public 8Ystem tap "aters, as

follows:
a. It shall be free of any chlorine or other disinfectant residual;

b. pH -- 6~5 - 8.5;

c. Total ~rganic Carbon (TOe) 0.1 - 5.0 mq/t,

d. Turbidity 0.1 - 5 NTU;
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e. Temperature 20 C·,, C, and

f. Total Dissolved Solid. (TDS) SO - 500 mg/~.

3.3,.2 Test Water '2 (Challenqe Te.t Water/Haleqen Disintection)

Thi. water is intended for the stressed challenqe phase of testinq where

units involve haloqen disinfectants (haloqen resins or other units) and shall

have the fol~owinq specific characteristics a

a. Pree of chlorine or other disinfectant residual,

b. (1) pH 9.0 - .2, and

(2) for iodine-based units a pH of 5.0 • .2 (current information
indicates that the low pH will be the most severe te.t for virus
reduction by iodine disinfection),

c. Total Orqanic Carbon (TOe) not Ie.. than 10 mg/LI

d. Turbidity not Ie.. than 30 NTUI

e. Temperature 4 C • 1 C, and

f. Total Dissolved solids (TOS) 1,500 mq/L • 150 mq/L.

3.3.3 Test Water '3 (Challenqe Test Water/Ceramic Candle
or Units With or Without Silver Impreqnation)

This water is intended for the stressed challenqe phase of testinq for

the indicated units but not for such units when impr~qnated with a haloqen

disinfectant (for the latter, use Test Water .2). It shall have the followinq

specific characteristics:

a. It shall be tree of any chlorine or other disinfectant residual:

b. pH 9.0 - .2,

c. Total Orqanic Carbon (TOe) -- not less than 10 I119/LI

d. Turbidity -- not Ie.. than 30 N'I'UI

e. Temperature 4 C,- 1 C, and

f. Total Dissolved Solids (TDS) 1,500 mg/L • 150 mq/L.

3.3.4 Test Water '4 (Challenqe Test Water for Ultravioiet Units)

This water is intended for the stressed phase of testinq for l~ units and

shall have the follOwinq specif~c characteristics:
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a. Pree of chlorine or other di.1~.ctant re.idual,

b. pH 6.5 - 8.5,

c. Total Organic Carbon ('1'OC) -- not le•• than 10 'eg/LI

d. Turbidity -- not 1e•• than 30 'NTOt

•• 1'emperature" C • 1 C, .

f. Total Di••olved Solid. (TDS) -- 1,500 mq/l • 150 eg/L,-

. g. Color U.V. ab.orption (absorption at 254 'nil) ~- Suffic,tent para
hydroxybenzoic acid (PHSH) to be ju.t below the tri9ger point ot the
warning alam on the V.V. unit. (Hote that Section 3.5.1.1 provid.s
an alternative of adjusting the U.V.' lamp electronically, especially
when the U.V. lamp i. preceded by activated carbon treatment.)

3.3.5 Test Wat.r '5 (Leaching Test Water for Units Containing Silv.r)

This water is intend.d for stre.sed leaching tests of units containing

.Uver to assure that excess levels of silver will not be lea!=hed into the

drinking vat.r. It shall have the following sp.c~fjc characteristics:

a. Free of chlorine or other disinfectant residual I

b. pH -- S.O • 0.21

c. Total Organic'Carbon (TQC)

d. Turbidity -- 0.1 - 5 NTU,

approximately 1.0 mg/L,

e. Temperatur. -- 20 C -, 5 C, and'

from:

f. Total Dissolved Solids .(TOS) -- 2S - 100 mq/L•
•

3.3.6 Recommended Materials for Adjusting Test Water Characteristics

a. pH: inorganic acids or bases (i ...., HCl, HaOH) I.

b. Total Organic Carbon (TOe): humic acida, ,

c, Turbidity: A.C. rine Test Dust (Park Ho. 1543094)

A.C. Spark Plug Division
General Motors Corporation
1300 North Dart Highway
Flint, Michigan 485561

ct. Total Dissolv.d Solids (TOS): s.a salts, Sigma Ch.mical Co., 59883
(St. Loui.,HO) or another .quival.nt sourc. of TOS,
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e.Color V.V•. Absorption,
purpose reagent).

3.4 Analytical Methods

3.4.1 MicrObioloqical Methods

Methods in this section are con.idered -state-of-the-art" at the time of

its preparation and sub.equent improvement. should ~e expected. Methods u.ed

for microbiological analyse. should be comPatible with and equal to or ~etter

than tho.e given below.

3.4.1.1 Bacterial Tests

•• Chos.n Organism: Klebsiella terri;ena (ATCC-33257).

b~ Method of Production: Test organism wi.ll be prepared by overnight
growth 1n nutrient broth or equivalent to obtain the organism in the
station.ry growth phase (Reference, Asburq, E.O., Methods of
Testing Sanitizers and Bacteriostatic Substances Ina Disinfection,
Sterilization and Preservation, Seymour S. Bloek, ed., pp. 964-980,
1983). The organism will be collected by centrifug.tion and washed
three times in phosphate buffered saline before use. Alternatively,
the organisms may be C]rown overniC]ht on nutrient aqar slants 'or
equivalent and washed from the slants with phosphate 'buffered
saline. The .uipensions should be filtered through sterile Whatman
Number 2 filter paper (or equiValent) to remov.. any bacterial
clumps. New batches of orC]anisms mu.t be prepared daily for use in
challenge testing.

c. State of Orqanism: Organisms in the Itationary C]rowth phase and
luspended in phosphate buffered laline will be used.

d. Assay Techniques: Assay may be by the .pread plate, pour plate or
membrane filter technique on nutrient agar, M.F.C. or m-Endo medium
(Standard Methods for the Examination of Water .nd Wastewater, 16th
edition, 198'5, APHA). Each sample dilution will be ....yed in
triplicate.

3.4.1.2 Virus Tests

a. Cholen Orqanism.s: Poliovirus type 1 (LSc) (ATCC-VR-59), and Rota
virul Strain SA-ll (ATCC-VR-899) or WA (ATCC-VR-2018).

b. Method of Production: All stocks should be grown by a method
described by Smth .nd Gerba Un Methods in Environmental Viroloqy,
pp. 15-47, 1982) .nd Ilurified by the procedure of Sharp, et a1.
(Appl. MicrObiol., 29:94-101, 1975), or similar procedure (Berman
and Hoff, Appl. Environ. Microbiol., 48:317-323, 1984), as these
methods will produce largely monodispersed virion particles.
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c. State of the Or;aniau Preparation procedure will lar;ely produce
~ monodi.,per.edparticle••

-;.. d. A••ay Technique., Poliovirus type 1 may be ;rovn in the IGM, MA-1.04
or other cell line which will support the ;rowth of this viru.. The
rotaviru.e. 'are belt ;rown in the HA-IO" eell l1ne~ Since both
viru.e. can be a••ayed on the MA-104 cell line, a ch~llen;e t ..t may
c:onailt of equal amount. of both vi~e. a. a mixture U.e., the
atxture mult c:ontain at lealt 1.0 x 10 I~ of each virul), Assays
may be a. plaque forming unit. (PFO) or al immunofluore.cence foci
(%1') (smith and Gerba, In, Meth0c51 in Environmental Viroloc;y'
pp. 15-"', 1982). Each c5ilution will be ••••yeeS in t:iplicate.

3.... 1.3 cy.t Test.

•• Cho.en Organism

c. State of the Orqanism: OrganilDll may be .eparated from fecal .'.£.

material by the procedure described by Sauch (Appl. Environ.
Microbiol., "8,454-"55, 1984) or by the procedure described by
Bingham, et ale (Exp. Paralitol., "7,284-281, 1979) •

•
d. AI.ay Technique.. Cyltl ue firlt "rec:oncentr.ted (500 1Dl., minilllWll

.ample lize) accordinq to the ..th0c5 of Rice, Hoff and Schaefer
(Appl. Environ. Microbiol., "3,250-251, 1982). The excystation
meth0c5 described by Schaefer, et ale (Trans., Royal Soc. of Tr?p.
lied. , Hyq. 78:795-800, 1984) shall be u.ed to evaluate Giardia
IIUris CYlt viability. For Giardia lamblia cy.t., the excystation
methOd delcribed by Bingham and Meyer (Nature, 277,301-302, 1979) or
Rice and Schaefer (J. Clin. Microbiol., 14i709-710, 1981) Ihall be
used. Cylt viability may .110 be determinecl by an ...ay. method
involving the counting of trophozoite. al well ,.. intact cysts
(~ingham, et al., Exp. Parasitol., 4',284-291, 1979).

3.4.2 Chemical and physical Methods
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All physical and chemical analy..s ahall be conducted in accordance with

procedures in Standard Methods for the Examlnation of Water and W..tewatet~

16th Edition, AIIIerican Public Health Association, or equivalent.

3.5 Test Procedures

3.5.1 Procedure - P1umbed-ln Units

a. 1. Install three production units of a type as ~own in Figure 1
and condi tion each unit prior to the start 01. the test in
accordance wi th the manufacturer' s instruction. with the test
water without the addition of the test contaminant. Measure
the floW rate through each unit. The unit 'shall be tested at
the lIWCimum system pressure of 60 plig static and flow rate
will not be artificially controlled.

2. Test water. shAll have the defined characteristics continuously
except for test watera 2, 3 and 4 with respect to turbidity.
The background non-s~ling turbidity level will be maintained
at 0.1-5 HTt1 but the turbidity shall be increased. to the
challenge level of not les. than 30 NTU in the following
manner:

In the "on" period(s) prior to the sampling "on" period.

In the sampling "on" period when the sample actually will
be taken. (Note: at least 10 unit void volumes of the 30
NTU water shall pass through the unit prior to actual
sampling so a. to provide adequate seasoning and uni
formity before sample collection.) .

b. 1. Use appropriate. techniqu'es of dilution and insure continual
mixing to prepare a challenge solution containing the bacterial
contaminant. Then spike test water continuously with the
influent concentration specified in Table 1.

2. Use appropriate technique. ,to prepare concentrated virus and
Giardia suspensions. Feed these suspensions in~o the influent
stream so as to achieve the influent concentrations specified
in Table 1 in the following manner:

In the "on" period(s) prior to the sampling ·on" period.

In the sampling ·on" period when the sample actually will
be taken. (Note: at least 10 unit void volumes of seeded
water shall pass through the unit prior to sampling so as
to provide adequate seasoning and uniformity before s~ple'

collection. )
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c. Purve the system of'the uncontaminated water with. sufficient flow
of contaminated test water. Start an operating cycle of 10 percent
on, to percent off with a 15 to 40 minute cycle (Example. 3 minutes
on, 27 minute. offJ with the contaminated test water. This cycle
.hall be continue4 for not IftOre than 16 hour. per 4ay (min4.mum 4aily
re.t period of 8 hours). The total proqram aban exten4 to 100' of
estiute4 volume capacity for hal0genated resins or units and for

, 10-1/2 44ys for ~eramic can4les or unita an4 u.v. units.

4. Sampling: Samples of influent and eftluent water at the apecified
sampling point. ahall be collected aa abown ~low.for the various
unita, the.e are minimum .ampling plan. which ..y be increased in
number by the investigator. All .amples aball be collected in
duplicate from the flowing water during the aampling -on" portion of
the cycle and they ahall b. one "unit voi4 volume- .1n cjuantity (or
of appropriate quantity for analysis) and- represent worst case
challenge conditions. Effluent .amples shall usually be collected
near the middle of the sampling -on- period (or the whole volume
during one ·on· period) eXcept for samples following the specified
"stagnation" peri04s, for which lempling shall be. conducted on the
first water volume out of the unit. Each sample will be taken in
4uplicate and shall be retained and appropriately preserved, if
required, for chemical or microbiological analYlis in the event
verification is required. (For units where the volume of a single
"on" period is insufficient for the required analysis, samples from
successive "on" periods may be accumulated until a sufficient volume
has been collected.'

l(a). Sampling Plan: Halogenate4 Resins or Units '(Non-iodine Based)

Test Point
(' of Estimated

. Capacity)

Start
25\
50\

After 48 hours
stagnation

60\
7S'

After 48 hours
stagnation
100'

General

Chal
lenge
pH -
9.0 • 0.2

Tests
Active

Influent Agent!
BacJcqround Residual Mlcrobioloqical

X X X
X X
X X

.X X

x X
X X

X X
X X

l(b). Sampling Plan: Iodinated Resins or Units
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Teat Point
C\ of Eatimated
capacity)

Start
25\
50\

After 48 houra
sta~ation

60\
7S\

After 48 hours
stagnation

90\
100\

After 48 hours
sta~ation

Test
Water-
General

Chal
lenqe
pH -
9.0 • 0.2 .

Chal
lenqe
pH -
5.0 • 0.2

Test.
Active

Influent Avent/
Background aesidual Microblo1cqical

X X X
X X
X ·X

X X

X X
X X

X X

X X
X X

X ~

2. Sampling Plan: Ceramic Candle. or Units and U.V~ Units

Te.t!.~

Test Point

Start
Day 3 (middle)"
Day 6 (middle)
After 48 hours

staqnation

Day 7 (middle)
Day 8 (near end)
After 48 hours

staqnation
Day 10-1/2

Test
Water

General

Chal
lenqe

Influent
Background

X

Microbioloqical

x
X
X

X

X·
X

X
X

(Note I All days are "rwminq days" and exclude stagnation periods. When
the units contain silver, a leachinq test ahall be· conducted as shown in
Section 3.5.l.e and silver residual will be measured at each microbioloqieal
aamplinq point.)
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e. Leaching 'rests for Silverized Units: Where the unit contains
silver, additional tests utilizing Test Water .5 will l:Ht conducted
as follows.

'rest Point

Start
Day 2
After 48 hcurs

sta;nation

Influent
Background

x

Silver/Residual

x
X

X

f. Alternate Sampling Plans:

1. Since some laboratories may find it inconvenient to test some
un~ts on a 16 hour on/a hour otf cycle, two alternates are
recognized: '

- Go to a shorter operational day but lengthen the days of
test proportionally

- Use up to 20 percent ·on-/80percent ·off-' for a propor
tionally shorter op,rational day

, ,

g. Application of Test Waters: The application of test waters is
designed to provide information on performance under both normal and
stre.sed conditions, it should be ~he same or equivalent to the
following:

2. Sampling points must be appropriately adjusted in any alternate
sampling plan.

'./'-.; .
"':f'-

1. a., Halogenated Resins or Units (Non-iodine ba.ed)

First 50\ of test period:
Last 50\ of t~.t period: ,

b. Iodinated Re.ins or Units

First 50\ of test period:
Next 25\ of test peri~:

Last 25\ of test period:

2. Ceramic Candles or Units

First 6 days of testing:
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Test Water 1 (General)
Test Water 2 (Challenge)
(pH - 9.0 • 0.2)

Test,Water 1 (Gener~l)

Test Water 2 (Challenge)
(pH -9.0 • 0.2)
Test Water 2 (Challenge)
(but with pH - 5.0 • 0.2)

"Test Water 1 (General)



La.t 4-1/2 day. of te.ting.

3. Ultraviolet CU. V.) Unit.

Fir.t 6 day. of te.ting.
La.t 4-1/2 day. of· te.ting.

Te.t Water 3 (Challenge)

Te.t Water 1 (General)
Te.t Wa~er'4 (Challenge)

h. Analy.e. and monitoring.

1. Hicrobioloqical .ampling and an&lyd••hall be conducted of the
.pecified influent and effluent .upling point. during .ach
indicated .U1pling period. "

2. Te.t Water Monitoringl The specified parameters of the various
test waters (lee Section 3.3) vill be measured and recorded at
.ach microbiological .ampling point, the .pecified parameters
vill be measured at least once on non-sampling days when the
unit. are being operated.

3. Background cheJnical analyses of influent watu shall b. con·
ducted at lea.t or:ce at the .tar~ o~ eacit test period ~

determine the concentration of the O.S. EPA primary inorganic
contaminants, .econdary contudnant. and routine water para
meters, not otherwi.e covered in the described te.t waters.

4. In addition, quality assurance te.ting .hall be conducted for
the .eed bacteria under environmental condition. on the first
and last day. of testing to make .ure that there is no .ignifi
cant change over the te.t day. Population. will be measured
(for example, as dispersed in the .upply tank) at the beginning
and end of the test day to detect possible incidental effects
.uch as proliferation, die-off, adsorption to surface., etc.
Relatively .table bacterial .eed population. are e••ential ·to
an acceptable te.t program.

5. When a ,unit contain. a halogen or dlver, the active agent
re.idual vill be mea.ured in the effluent at each microbiologi
cal test (.ampling) point.

6. S~lver vill additionally be ..asured three time. in the efflu-
ent a••pecified in Section 3.5.1.e. . •

i. Neutralization of Disintection Activity. IlIIHdiately after col
lection, each te.t .ample must be treated to neutralize residual
di.infectant. For halogen- and .ilver-based di.infectant. this may
be done by addition of thioglycollate-thio.ulfate neutralizer
.olution (Chambers, at al., J. Amer. Water Work. A.soc., 54:208-216,
1962) • This .olution .hould be prepared daily. All results are
invalid unles~.lamples are neutralized immediately upon collection.

j. Special Provisions for Ceramic Candle. or Unitsl
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, .

1. 'rovi.ion. for .low flow I C:erllDic unita ..y be wbject t':'
cl099in9 ancS freatly nc!ucec! flow ewer the te.t period. An
attempt .houlcS be ..de to aa1ntain' aanufacturer rated or
c:laiNd flow rate., but even at reduced flow. the .uwpl1ng

. pro;ram .et forth in Section 3.5.1.cS.2 .hall be aaintAined.

2. Cleaning of ceramic uniU I unit. 8hould be cleaned according
to aanufacturer'. c!irection.. Two cleaning. 8hould occur
during the period of te.t (in order to prove the unitI.
durability through the cleaning procedure). However, near the
tiJlle of llicrobiolo;ical .arpling, the unit. .hould not be
cleaned until after the .uplinq. Further, no .anti-llicrobial
chemical (for cleanin9 or unitizinq) aay be applied to the
unit. ~in9·the te.t period unle•• the manufacturer .pecifie.
the .ame a. part of routine ll&intenance.

k. Haloqenat.d unit. or D.V. units with m.chanical filtration proc•••••
• eparate from the microbiological cSi.inf.ction compon.nts ahall have
the mechanical filtration compon.nts r.plac.d or s.rvic.d wh.n
signif~cant flow r.duction (clogging) occurs in accordanc. with the
aanufactur.r's instructions in order to maintain the t.st flow rate.
Units with non-removable mechanical filtration compon.nts will be
run until flow is below that conddered acc.ptabl. for consumer
convenience. (If premature clogging presents a problem, some
specialized units may require a customized t.st plan.)

1. Special Provisions for Ultraviolet (U.v.) Units.

1. Th. units will be adequat.ly challeng.d by the pr.scribed t.st.
wat.rs, cons.qu.ntly th.y will b. operat.d at normal intensity.
Howev.r, wh.re the D. V. treatment component is pr.c.ded by
activat.d carbon treatment, the output of the D.V. lamp shall
be adjusted .l.ctronically, .uch as by reducing the current to
the lamp or other appropriate means, to be just' above the alarm
point. This option shall be available for u•• uncS.r other U.V.
configuration., at the choice of the persons resPonsible for
t.stine;, as an alternative to the use of the U.V. absorb.nt,
p-hycSroxybenzoic acid.

2. Fail/.af.r Units will provide ancS will be t.sted for fail/safe
warnine;. in the ev.nt of water quality chane;es or equipment
failur•• which may interf.re with its microbiol09ical purifica
tion function.

3. Cl.anine;1 Manufactur.rI. quidance, vith r.spect to cleanine;
will be followed.

3.5.2 . Procedure: Non-Plumbed Units

a. Ceneral: The basic procedur•• given in Section 3.5.1 shall be used
with necessary adaptations to allow for the specific desie;n of the
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.,.
unit.· In any event, the testing pzocecSuns ahall provide a" test
challenge equivalent to those for plumbed-in anita. .

'". .
b. "'st con4.1.tions an~ apparatus should be adapted to reflect proposed

or actual use conditions in consultation with the IUntifacturer,
including flow rate and number of PeOple to be served per day. In
acme cases variable flow or other non-standard conditions may be
necessary to refle~ a worst-case test.

3.5.3 Acceptance and Records

3.5.3.1

'l'o qualify as a microbiological water purifier, all three production

units of .a type must continuously meet or exceed- the reduction requirements of

Table 1, within allowable .asurement tolerances for not IIOre' than ten percent

of influent/effluent sample pairs, defined as follows.

Virus,
Bacteria.
Cysts,

one order of magnitude
one order of magnitUde
one/half order of aagnitude

The geometric mean of all microbiological reductions must 'meet or exceed

the requirements of Table 1. An example is given as follows:

Unit. iodinated resin.

- Number of sample pairs over the coapleted test program:
10 per unit -- 3 units • 30. .

- Nwnber of allowable sample pairs \there log reduction is insult!- .
cient: 10' of 30 • 3 sample pairs•

•
- Allowable minimum log reductions in these 3 Pairs:

Bacteria
Virus
Cyst

5109
3109

- 2-1/2 109

- Conclusion: If the geometric Man of all reductions meets or
exceeCSs the requirements of Table ,1, the indicated insuffi(:ient
sample pairs will be alloweCS.

3.5.3.2 Records
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All pertinent proc:ec:!ures. and data shall be ncorc!ed in a stand&rc! fomat

and retuned for po.dble review until the Z'eport .of re.ult. has been com

pl.tely acc.pt.d by nview authorities, in no ca•• for Ie•• than a ~.r.

3.5.3.3 Sc.linq Up or Down

Where a manuf.ctur.r has .ev.ral sWler units usinc; the .ame basic
. .

t.cMolO9Y and parallel con.truction and operation, it lI&y .omet1lllll. b.

appropriate to allow the t ••t of one unit to b. con.idered rep~••ntative of

other.. Wh.re any ••riou. doubt exi.t., all unit. of various size. lI&y

require te.t1nc;. A ~z:ule of thr••- i. 8U9ge.ted .. a lII&~ter of judgment.

Scaling up to thr.e times larger or on-third, ba.ed on the .ize of either the

t ••t unit or of it. operative element, ..y be allowed. However, for UV·unit.,

any size .c.le-up IllUst be accolllpanied by a Parall.l incr.... in radiation

c!ose.

3.5.3.4 ..
Where .ilv.r or .0Ift. other chemic.l i. us.d in the unit, concentr.tions

in the .fflu.nt water must meet any Nation.l Primary Drinking 'W.t.r Maximum

COntaminant Lev.l (MCL), additional Fed.r.l c;uideline., or otherwi.e must not

constitut. a threat to health where no MCL exi.t••

N-20



..

A.

APPENDIX N-l

SUMMARY FOR BASIS OF STANDARDS AN!) TEST WATER PARAMETERS

•
MicrObioloqical Reduction Requirement.

1. Bacteda

current .tandards for the microbiological .afety of drinking
water are ba.ed on the presence of col1fom bacteria of which
JClebdel1a is a member. HUlbers of the g.nu. JUedella are also
potential pathogen. of man (Vla••ot, 1977). JUeb.iella terriqena i.
d.signated a. the t ••t organi... .ince it i. cOlllDOnly found in
.urface water. (Izard, et al., 1981) .~"

Experience with the u•• ot col1tom bacteria to ••timat. the
pre.ence of enteric bacterial pathogen. in 'dr1nJcing water as per
formed over the last 75 years indicate. a high degree of reliabil
ity. Required testing ot more than one bacterial. pathogen appears
unjustified since viral and Giardia te.ting will be required.
Enteric viru.es and Giardia are known to be more resistant to common
disinfectant. than enteric bacterial pathogen. and viruses are more
resistant to removal by treatments .uch as filtration. Thus, any
treatment which would give a good removal ot both virus and Giardia
pathogen. would most likely .reduce .nteric bacteria b.low levels
considered infectious (Jarroll, et al., 19811 Liu, et al., 1971).

The c~centrat~on ot co11fom bacteria in raw ••wage i. approx
imately 10 /100 Ill. c~centrations in polluted stream vaters have
b.en found to exceed 10 per 100 ml (CUlp, et al., 1978, Table 10).

5 ..
Ba.ed on the over 10 /100 ..I concentrations observed in highly

polluted stream water and a target effluent concentration of less
than 1/100 Ill, a 6 log reduction i. recommended.

2. . Virus

In the United staies ioncentrations of enteroviruses are ~.ti

mated to range from 10 -10 /Uter in raw ••vag, (Farrah and Schaub,
1971) • Based on this observation it i.. ..timated tha~' nat~ra;
waters contaminated with raw .ewage may contain frOll 10 to 10
enteric viruses per liter.

There are currently no standard. for viruses in drinking vater
in the United Stat.s. However, EPA 'has proposed a non-enforceable
health-ba.ed recoD1Dlended max1mum contaminant level (RMCL) of zero
for viruses (EPA, 1985)~ Several individuals and organizations have
developed guidelines for the presence of viruses in drinking water
and various experts have proposed standards (WHO, 1979, 1984; Berg,
1971; MeJ,nick, 1976). It has generally been felt that drinkinq
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3.

vater ahoulc! be free of infectious virus .ince even one virus is
potentially infectious anc! au9ge.ted .tandard. are largely ba.ed on
teChnological limits of our detection methodology. Guidelines
R9gested by the World Health Organization (1984) and others
recODllllend that volumes to be tested be in the order of· 100-1,000
liters and that viruses be absent in these volumes.

~auming a target effluent'level of l,.s than,one virus in 100
liters of vater and a concentration of 10 enteric viruses in 100
liters of .ewage-contaminated vaters, the vater purifier units
ahould achieve at least 4 109. of virus removal.

The relative resistance of, enteric viZ'Use. to cUfferent ~iI

infectants varies greatly among the enteric viru.e. and even among
members of the same group (i.e., enteroviruses). For example, while
f2 coliphage is one of the most resi.tant viruses to inactivation by
chlorine it is one of the most ausceptible to inactivation by ozone
(Harakeh and Butler, 1984). Ionic conditions and pH can also affect
the relative resistance of diff~rent viruses to a disinfectant
(Engelbrecht, et al., 1980). on this basis it is felt that more
than one enteric virus ahould be tested to ensure the efficacy of
any c!isinfection system. Poliovirui type 1 (Strain LSc) wa. chosen
as one of the test viruses because it has been extensively used .in
disinfection and environmental studies ..s representative of the
enterovirus family. It is recoc;nized that it is not the most
resistant viZ'Usto inactivation by chlorine, but i. still res~stant

enough to serve as a useful indicator. Rotavirus is selected as the
second test enteric virus since it represents another group of
enteric viruses in nucleic acid composition and size. It is also a'
major cause of viral gastroenteritis and has been documented as a
cause of water borne gastroenteritis (Gema,' et al., 1985). The
human rotavirus or the similar S~an rotavirus may be used in the
test ~cedur.• A net 4-109 reduction for a joint challenge of
1 x 10 /L each for poliovirus and rotavirus is reco:nmended. .

Cysts (Protozoan)

Over the past ••veral years, giardia.i. hal consistently been
one of the most frequently reported waterborne di.ea.es transmitted
by drinking vater in the United States (Craun, 1984). EPA has
proposed a RMCL of zero for Giardia (EPA, 1985). Its occurrence has
generally been as.ociated with treatment deficiencies including
either inadequate or no filtration. Giardiasis has not been known
to occur from drinking water produced by well-operated filtration
treatment plants. De Walle, et al. (1984), in a stUdy of filtration
treatment plant efficiencies, cited percent removals for Giardia in
pilot plant tests as follows:

- Rapid filtration with coagulation-sedimentation: 96.6-99.9\:

Direct filtration wi th coagulation:, 95.9-99.9\.
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I'z:om , this r •••arch anc! fz:om the 1.~Jc of GiarcU. c.... in

8Ynam. wh.r••c!aquat. filtration exin., • 3-109 (99.9\) n<!uction
requir••nt is ccnsic!.rec! to b. con••rvativ. anc! to provic!e a
ccmparable lev.l of .pz:ot.ction for wat.r· purifi.r. to .. a
vall-op.rat.c! filtration treatment plant.'

Data on .nvironmental levels for cy.u in natural wat.r. is
limitac! becaus. of the c!ifficulti.. of .ampling' and analy.is.
Unpublished data indicate very low level. from 1e•• than 1/1. to le.s
than 10/1.. Hen a 3-109 rac!ucti'on would provide an efflu.nt of 1•••
than 1/100 L, CClIIIParabl. to th.· reCCllllHJ1ded virus reduction require-
ment.. •

Either Giardia lamblia or the re~~ted orgoanism, Giardi. muri.,
which is r.ported to be a .ati.factori t ••t orc;anil1ll (Hoff, et al.,
1985), may b. u.ec! a .. the chal,.nq. orc;anism. T••ts w111 b. eon
duct.d with a chall.ng'. of 10 orgoan1I11l' per lit.r for a 3-109
reduction.

Wh.r. the tr.atment unit or compon.nt for cyst. is ba••d on the
principle of occlusion filtration alon., t.stinq for a 3-109 reduc
tion of 4-6 micron particl.s or .pheres (National Sanitation Founda
tion Standard 53, as an example) i. acc.ptable. Difficulti.s in the
cy.t production and measurement t.chnolcc;ie. by l •••er-equipped
laboratories may require the use of .uch alternative t ••ts where
applicable.

B. Microbioloqical Purifier Test Procedures

1. Test Waters

a. The qeneral test water (t••t vater 11) is desic;ned for the
normal, non-.tr••••d pha.e of te.tinq with charact.ri.tics that
may .asily be obtained by the adju.tm.nt of many public .y.tem
tap wat.rs •.

b. Test w.t.r '2 is int.nc!ed for the stre..ed ph••e of testinc;
where units involve hal09eD disinf.ctant••

1. Sine. the disinfection activity of some h.10gens fall.
with a rising' pH, it is important to .tre.. t ••t at .n
elevated pH. The reCOllllllended level of 9.0 ... 0.2, while
exceeding' the recommend.d .econdary. l.vel (Environmental
Prot.ction Aq.ncy, 1984) is still within a ranqe seen in
some natural ~aters (Environmental Prot.ction Ac;.ncy,
1976). However, for iodine-based unit., a ••cond stress
ful eondition is, provid.d -- a pH of. 5.0 • 0.2 since
current information indicat.. that the disinfection
activity of iodine falls with a low pH (National "Research
Council, 1980). While b.neath the recommended secondary
level (Environmental Protection Agency, 1984), a pH of 5.0
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is not unusual in natural vaters (Environmental Protection
Agency, 1976).

·2. organic matter as total organic carbon (TOe) 18 known to
interfere vith halogen disinfection. While this TOe is
higher than level. in many natural vaters, the designated
concentration of 10 ..IL is cited as typical in stream
vaters (CUlp/Wesner/CUlp, 1978).

3. High concentrations of turbidity can shield microorganisms
and interfere vith diainfection. While' the recOlllHnded
level of not less than 30 NTU i. in the ranie'of turbidi
ties seen in secondary vastewater effluents, this lev.l is
also found in many surface' wat.rs, especially during
periods 'of h.avy rainfall and .now melt (Culp/WesnerICulp,
1978).

4. Studies with Giardia cysts have shown decreasing halogen
disinfection activity with lower temperatures (Jarrell,
et al., 1980), 4 C, a COlIlIDOn low temperature in many
natural vaters, is recommended for the stress test.

5. The amount of di••olv.d solids (TeS) may impact the
di.infection effectiveness of units that re~y on displace
able or .xchange elements by displacement of halogens or
re.ins, or it may interfere with adsorptive processes.
While TeS levels of 10,000 mg/L are considered unusable
for drinking, many .uppli.s with over 2,000 mqlL are ,used.
for potable purpons (Environmental Protection. Agency,
1984). Th. r.commended l.vel of 1,500 mqlL represents a
r.alistic stre.s challenge.

c. Test water'3 is intended· for the str••sed pha.e of testi~g of
ceramic filtration candle. or units with or without silver
iJIIpr~nation.

1. Since viruses are typically eluted from ad.orbing media at
high pHs (Environmental Protection Agency, 1978) it may be
conclud.d that a high pH will provide the most stressful
te.ting for a c.ramic-type unit, con.equently, the high
natural water pH of 9.0 is reco~ended.

2. E,xpert opinion also hold. that· organic material will
lnterf~re with adsorption of viru.... Thu., a high total
organic carbon ·lev.l of not less than 10 mq/L 1s rec,om
mended.

3. Turbidity may enhance the entrapment' and removal of·
microorganisms but it also lII&y .timulate "short
circuiting" through some units. A turbidity level of
30 NTU will provide stress at time of .ampling but the
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non-sampling l.v.l of 0.1-5 NTU will allow routine opera
~ion of uniU. ' •...

4.
. .

Expert opinion holds that low wat.r temp.ratur.s and high
'l'DS would lIOn lik.ly int.rf.re with virus Z'e4uction by
adsorption, consequently, a 4 C teap.ratur. and 1,500 mg/L
'l'DS are ncolIID.nded.

2.

d. Te.~ wat.r,'4 i. intended for the .tr••••d pha•• of testing for
ultraviolet (UV) unit••

1. In g.neral, high TOe, turbidity and 'l'DS aNs" low tempera-,
tur. are considered mo.t .tressful for UV, 'and the in
die_ted chall.nge l.vel. are the same as for test
wat.r '2.

2. '!'h. pH is not critical and ....y range from 6.5 to 8.5.

3. In order to t.st the t1V uniU at th.ir men vulnerable
.tage of operation, a color chall.ng. (light absorption at
254 nm) is to be maintain.d at a level wh.re UV light
int.n.ity is just above the unit's low intensity warning
alarm point. How.ver, an alternate to the absorption
challenge is prOVided through adjusting the light intensi- .
ty output of the t1V lamp .lectronicallY by reducing
current to the lamp, or other appropriate means, to be
just above the alarm point, this approach would be
particularly nec....ry wh.re the UV lamp is preceded by
activated carbon treatment.

•• Test water '5 is int.nded for the .tressed leaching tests of
units containing silver. Low pH, TOe, turbidity, and 'l'DS and
high.r temperature are felt to be the characteristics associ
at.d with increased leachability. '!'he recommended p~ of
5.0 • .2, while 'being beneath the recommended .econdary range
of 6.5-S.5 (Environmental Protection Ag.ncy, 1984) is still
found in some natural waters.

Test Procedures

Th. plan for testing and • ampling is designed to reveal uni t
performance under both ·normal· and ·.tr••••d· operating conditions.
Th••tressed phase would utilize a set of water quality and opera
tion. conditions to give the unit. a r.alistic worst ca•• challenge.
Te.ting plan. fo~ a specific model iU.ght involve IftOdifications to
the r.com=ended plan, more samples'could b. taken and analyzed, mpre
un! ts could be studied. '!'he principle of demonstrating adequate
performance .ven under realistic worst case conditions should be
maintained and the final .elected test procedures should be agreed
as b.tween investigators and reviewers or regulators.
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WhUe .0INt a.pect. of the te.ti1\9 procedure. bave been utilized
in actual experiment., the propo.ed protocol ba. not been verified
or utilized for tbe variou. unita tilat lI&y be con.idered. COn.e
quently, inve.tigator. and u.er. of thil protocol ..y find realon.
to alter lClIIle alpect. througb their practical experience, needed
change. should be CUlCU.lac! and cleared with involved nvievers/
r~lator••

•
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APPEm>IX N-2

LIST OF PARTICIPAN'I'S r TUX FORe!: ON GUIDE S'%'ANDARD AND PRO'%'OCOL FOR
TESTING MICROBIOLOGICAL WA'%'ER PURIFIERS
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Developm.nt Laboratory (OSAHSRDL) ,Fort Detrick, Maryland 21701, ns:
8/935-7207 -- Qomm: 301/663-7207.

Frank A. Bell, Jr., Secretary -- Criteria and Standard. Division, Office of
Drinking W.ter (WH-SSO), EnVironmental Protection Agency; Wa.hington,
D.C. 20460, Phone. 202/382-3037. '

Paul Berger, Ph.D. -- Criteria and Standard. Division, Office of Drinking
Wat.r eWH-SSO), Environm.ntal Protectlon Agency, Wa.hinqton, D.C. 20460,
Phone: 202/382-3039.

Art Castillo -- Disinfectants Branch, Offic. of Pesticide Programs (TS-767CO,
Environmental Protection Agency, Washington, D.C. 20460, Phone: 703/557
3695.

Ruth Douglas -- Disinfectants Branch, Office of Pesticide Programs (TS-767C),
Environmental Protection Agency, Washington, D.C. '20460, Phone r. 703/557
3675.
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45268, Phone, !'TSs 8/684-7870 -- COIIlDl: 513/569-7870.

Ed Geldr.ich -- Chief, Microbiological Tr.atment Branch, Water Engineering
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Street, Cincinnati, Ohio 45268, Phone: F'%'Ss 8/684-7232 -- Comm:
513/569-7232.

Charles Gerba -- Associate Professor, Department of Microbiology and
Immunology, Oniversity of Arizona, Tucson, Arizona 85721, Phone:
602/621-6906.

John Hoff - Microbiological 'l'reat%ftent Branch, Water Engineering Research .
Laboratory, 'Environmental Protection AgencY, ,26 W. St. Clair Street,
Cincinnati, Ohio 45268, Phone: F'%'S: 8/684-7331 -- Comm: 513/569-7331.

Art Kaplan -- Office of Reaearch and Developm.nt (RD-681) Environmental
Protection Agency, Washington, D.C. 20460, Phone: 202/382-2583.

Bala Xrishnan -- Office of Re.:earch and Development (RD-68l) Environmental
Protection Agency, Washington D.C. 20460, Phone: 202/382-2583. ~

John Lee -- Disinfectan~s Branch, Office of Pesticide Programs (TS-767C)
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Environmental 'rotection Aveney, Wash1nvton, D.C. 20460, Phones
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Dorothy Portner -- Disinfectants Branch, Office of Pesticide ProvrUUl
(TS-767-e), Environmental 'rotection Aveney, Washinvton, D.C. 20460,
Phone: 703/557-0484.

Don "asoner - IUcrobiol09ical 'l'reatJllent Branch, Water Envineerinv Re.earch
Laboratory, Environmental Protection Ageney, 26 W. St. Clair Street,
Cincinnati, Ohio ~5268, Phone: 312/654-4000.· .

-P. Jte9uanthan (Regu) -- ZVerpure, Inc., 660 N. Blackhawk Drive, Westmont,
Illinoi. 60559, Phone: 312/654-4000.

David St&nqel -- Poliey and Analy.i. Branch, Office of Compliance Monitorin9,
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APPENDIX N-3

_RE;;;;,;;,;SPO.....N_S~E:;;B~Y"';;REV=I~EW~_S-;:O'B~CO;:-;;MM=I=TT;;E::E:-C":::l:;)=TO=:.;P~UB~t~I::=C=CO~MME~~NT=S-:O::N=G:UI::D::E:.:.=ST~A:;::ND=A::.:RD=,·'.~ •
AND PROTOCOL FOR TESTING MICROBIOLOGICAL WATER PURIFIERS

A. .ecommen4ation for the use of Giazdia lamblia cysts as a replacement for
Giar4ia muris cysts as the protozoan cyst test oZ09ani.s.

Recommen4ationa

-
'%'he subcomm1ttee concurs with the reC01llMn4ation an4 further en40rses the
use of Giar4ia lamblia as the preferred cyst test for evaluation ot all'
treatment units an4 devices. Obviously the use of the protozoan orga
nisms .of actual health concern in testing is most desirable. Anyone
fin4ing the Giar4ia lamblia strain feasible for testing an4 cost
ettective to work with is encourage4 to use sUle instead of Giardia
~.

B. Substitution of 4-6 micron bea4 or particle tests as an alternate option
instead ot the Giar4ia cysts tor evaluating devices that rely strictly on
occlusion filtration tor micrObiolo;ical removal: Several comenters
criticized the use ot bea4s or particles Ce.g., A.C. fine 4ust) an4
recommen4e4 only use ot live Giardia cysts for performance .tests.

Discussion:

The subcomm!ttee . recognizes an4 favors the use of the natural human 'l»-

parasite, Giardia lamblia, but was not aware ot any convincing scientific' ""PI'

data which woul4 4isa11ow the optional use of testing with beads or
particles for units or 4evicel using only occlusio~ fi~tration to remove ,;r::,

microorganisms. Previous 4evelopment of the National S~itation Stan4ard. m

(NSF) S3 (1982) requirement for cywt re4uction (uling 4~6 micron parti-
cles as cyst modell) wal based on engineering and scientific oPt~ton and
experimental evidence at that time. Specifically, togs40n used
radioactive cyst. models in the initial phale of a stu4y ot removal
efficiencies for diatomaceous earth filters, subsequent experiments' with
Giardia muris cysts confirmed the effis,cy of the diMomaceous earth
filters. Further stu4iel by Hendrickl and DeWalle with Giardia
lamblia cysts also showed comparable reduciion efficiencies ~or
diatomaceous earth filters.

• 1.S.A. Schaub; F.A. Bell, Jr., P. Be'rqer, c. ~rba, J. Hotf;
~ P. Regunathan, and R. Tobin. (Includes a4ditional revision pursuant to

Scientific Advisory Panel review (Federal Insecticide, Fungicide, and
Rodenticide Act).]
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Sub••quently confiZ"lllatory parell.l t ••tinCJ r••ult. have be.n d.v.loped
vil-a-vi. 4-6 micron particl.. a. CCIIIPar.d to Giardia lambl1a cy.ts.
Specifically, two(4pnit. l1st.d 1>y' NSF for cy.t r.duction (usinCJ 4-6
micron particl••) . hav. al.o be.n t ••t.d and 1i~S7d for 100' effici.ncy
r.duction (usinCJ Giardia lamblia cysts) 1>y Hi1>l.r I .•

1. Ev.zpure Model ge4-SC
2. Royal Boulton Mod.l 1'303.

Aiain w. pr.f.r the u•• of the human pathog.n, Giardi. lambli., howev.r,
no exp.riment.1 data h.s bean provid.d reCJardini the lack ~f v.1idity or
of failure in pr.viou. t ••t. utilizing 1>••d. or particle. of 4-6 microns.
In most c.... the 1>act.rial or viral ch.lleni.s to occ1u.ion filt.r. ill
r.pr••ent a ir.at.r problem 1ft terms of micro!>iol09ica~ reduction
r.quirement. than wUl cy.ts. 'l'herefor., Without 8U!>stantiaUon of
deficiencies, the us. of 4-6 micron 1>.ads or particl•• i. consider.d to
1>. .s tea.!!>l. as the us. of live cy.ts for routine performance t.stini
of' water filtration (occlusion) devices.

Recommendationz ..
RecOlllll8nd retaininCJ the optional u.e of 4-6 micron particles or 1>eads for
cyst reduction t ••ting in occlusion filtr.tion d.vices only.

Reference.:

(1)

(2)

(3)

(4)

(5)

Loqsdon, G. S., .t ale Alternative Filtration Methods for Removal
of Giardia Cysts .nd Cyst Models, JAWWA, '3(2)111-118, 1981.

Loqsdon, G. 5., H.ndricks, D. W., .t ale COntrol of Giardia Cysts
by Filtrationz Th. Laboratory'. Rose. Pr.s.nted at the AWWA Water
Quality T.chnology Conference, Qacember, 1983.

DeWalle, .t .1. R.moval ot Giardia lamblia Cysts !>y DrinkinCJ Water
Treatment Plants, Grant No. R806127, Report to Drinking Water
Re.earch Division, u.S. EPA (ORD/MERI.), CinciM.ti, phio.

National Sanitation Foundation, Li.ting of Drinking W.ter Treatment
Unit., Standard 53. May, 1986.

H1!>1.r, C. P. An Evaluation of Filters in the Removal of Giardia
lamblia. Water Technology, pp. 34-36. JUly, 1984.

C. Alternate assay t~chniques for cy.t tests (Jens.n)z Proposed .lterations
in cyst tests include a different method for separatinq cy.t. from fecal
material .nd an assay method· involving the counting of trophozoites' as
well as intact cysts. Both alterations have been u.ed !>yo Bingham, et al.
(Exp. Parasitol., 47:284-291, 1979).

Recommendation:
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The.e alteration. appea~ to be rea.onable laboratory procedure., .upport
ed by a peer-reviewed article and will be included in the "eport a.
option. for po••ible development and u.e by interested laboratorie••

The u.e of pour plate .technique. a. an option for Xlebdel.1a. terriq.na
bact.ria analy••••

Recollllllendation:

The pour plate technique adds a heat .tre.. factor to the bacteria which
constitute. a po••ible deficiency. However, it i. a reco;nized .tandard
methoc! and probably will not adversely affect the Xlebsiella terriqen!.
Conlequently, it will be add8d to the Report u one of the acceptabl•

. techniquel.

E. ··Option of u.1ng Esch.richia coli in lieu of JIClebsiella terriqena for the
bact.rial tests.

Discussion:

Appendix N-l, Section A.l. of the Guide Standard and Protocol sets forth
the bads for .election of K. t.rriqena as the test bacteria. The
selection was made along pragmatic line emphasizing the occurrence of x.
'terriqena in .urface watera and that it would repre.ent the enteriC
bacteria. It was also pointed out that the test. with virus and Giardia
were expected to be more severe than the bacterial tests. For comprehen
siveness, bacterial tests were included in the protocol but were not felt
to be as crucial a. the virus and Giardia tests.

E. coli, or any number of other qenerally accepted indicator bacteria,
could be uled for the t.st proqram if they were shown to' have good
testing and survival charaeteri.tica (equivalent to x. t.rriqena) by the
interested research laboratory.

"ecommendation:

Performance requirements for Giardia cysts and virus in relation to the
EPA-Recommended Maximum Contamination Levels (RHCts) of zero.

Th. intent of the Guide Standard and Protocol i. to prOvide a baseline
program IUbject to modification when properly aupported by an intereated
laboratory. Conaequently, any laboratory could propos. and with p~per

support (demonstrating chall.nge and test equivalenCy to )C. terriqena)
use Eacherichia coli or one of the other enteric bacteria. This idea
will be included in revised working in Section 1.2.2, -General Guide.-"

f-
~ F.

Discussion:

The RHcts of zero for Giardia and viruses which have b••n propos.d by EPA
are health goals. They are no enforceable .tandards sine. to assure the
presence of ~ organisms· would require an infinite sample. The
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rationale for the recommen4e4 performance requirement. for Giardia cysts
and vizous is.et forth in Section. A.2 And A.3 of Appendix-A. We feel
that the.e requirement. together with the application of realistic worst
ca•• te.t condition. will proVide a conservative test for unit. resulting
in tnated effluent water equiValent to that of a public "a~er supply
..eting the IIlicrobioloe;ical requirements and intent of the National
Primary DrinJcinq Water Regulations.-

Reco_endation I

Retain recommend.d performance (loe; reduction) requ!rement~ for cyst and
virus reduction.

G. Rotavirus and its propos.d assay: One cClIlIIll8nter states that the rota
vizous t ••ts are iJIIpractical because Amirthuajah (J. AWWA, 78 (3) :34-49,
1976) cit.s "no satisfactory culture pro~dur.s availabl. for analy.is of
th.se pathogens and, therefore, monitoring would not be fealible."

DlIcuslion:

Recol!lllendation:

Retain the rotavirus test requirements.

H. Definition of microbiological water purifier: One general comment
requested redefinition based on "lack of any virus removal "requirement
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", in the EPA pr1lllary cSZ'inking water r89Ulation., so that no virus reduction
requirement 8J1ould ):)e included. AlsO, i~ va. claiJlec! that th, separation
of purifiers from non-purifier. would ):)e a '-di••ervice to con.umer. and
other u.er•• -

D!lcusdon:

Viru.e. are recognized in the EPA regulation. vi.-a-vi. a propo.ed recom
mended ux1.alwD contaminant level of zero. Since virus IIOnitoring for
compliance vith a pos.!):)le MCL i. no~ yetfeas!):)le, a treatment require
..nt 11 nece..ary. Virus control will ):)e considered in the Safe Drinking
Water Act filtration and disinfection treatment regUlationi. The reduc
tion of viruses ):)y treatment is d,hcussed by Mirtharajah (J. ANWA,
78:3:34-49, 1986). "

'iJWith respect to consumer. and other users, we teel that the current
definition is appropriate and necessary.' The average consumer cannot ):)e
expected to know the difterence between Viruses, bacteria and cy.ts, or
when a raw vater will or will not contain any of these orqanbms. In
order to protect the average consumer,' ,the subject units either alone or
vith supplementary treatment, should bti able to cope vith all of the
specified organisms.

Recommendation:

Retain the current definition for microbiological water purifier.

I. Coverage of units: Several comznents related to the coverage of units.
These questions are addressed indiVidually as follovs:

•

1.

2.

3.

Ultraviolet units that are uled for .upplemental treatment of water
from public vater sy.tem taps vouid not be covered. We agree that
IUch units are not covered and '. parenthetical language has been
included in Section 1.3.2.3 to clarify this point.

A special status ahould be given to units which remove Giardia and
bacteria but not virus. Specifically, the meaning of section 1.2.4,
-Exceptions, - was addressed. The "Exceptions- .ectton was .pec!f
ically develoPed to "late to the. problelll of public water, systems
having disinfection but no filtration on a aurface supply. Cysts
alone have been found to .urvive disinfection treatment and could be
present in .uch treated waters. In thll ca.e an effective cyst
filter .erves an independent, beneficial purpose and Ihould not be.
required to be a microbiological water pUrifier.. However, such a
unit .hould not ):)e u.ed as sole treatment for untreated raw water.
Additional parentheti~al language has been added to Sectio~ 1.2.4.

The entire treatment unit or system should be tested, not just a
single component. We agree but believe that it is suffiCiently
clear without prov~ding additional language.
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... The protoc~l should· be expande4 to cover unit. for the reduction of
TCE, EeB and other chemic.l pollut.nt.. We felt that. the introduc
tion of non-mcrobiolOC1ic.l cla1Ju to the .tandard would uJce it
large, unwieldy and.duplic.tive of.an exi.ting third-Party .t.ndard.
and te.ting prog'ram (.ee Section 1.2.5).

J. Alleged preference of National Sanitation Found.tion (NSF)· over oth.r
laboratod.s for conducting the II1.crobioloqic.l vater purifier te.ting
protocol. The CODIIHnt indicated th.t ve vere 9iving NSF prefer.ntial
tre.tment "to the detrJ...nt of other labor.torie. vell qu.Ufied to
perfoZ'lll the require4 protocol.·

We h.v. made appropriate ref.r.nc.. to existing .tandard. (.42 and .53)
developed by the NSF .tandard. dev.lopment proc.... Standard S3, th.
health .ffect. standard, va. developed by a broadly ba••d Drinking Wat.r
'1'r.atment Unit. Comadttee, including repres.ntativ.. from local, Stat.
and Fed.ral h.alth and environmental .genci•• , univer.itie., prof•••ional
and technic.l u.ociations, •• vell •• v.t.r quality indu.try
r.presentative.. It wa••dopted iA 1982 and the only te.t from it
utilized in our Report has been sub.tantiat.d a. described in Part B of
this "Response."

Nowhere in our r.port have v. advocat.d NSF (or any other laboratory) as
the prim. or only laboratory for impl.menting "the r.quired protOCOl."

ReCODllllendations

No action n••ded.

!C. Instruction concerning effective lifetime. On. COI'lIIIent described an
alternate mean. for determining lifetime where • ceramic unit i.
"brushed" to ren.w it. ut~lity and i. gradually reduced in diameter. A
g.uge i. provided to ....ur. cUameter and to determine when replacement
i. neected.

R.coJllft.ndationa

Where a manufactur.r provides a .ati.factory "other" Man. of d.t.rmining
lifetime, thi••hould be accepted. Appropriate words have b••n .dded to
Section 2.4.1.C.

L. Ceramic candl.s .hould not b. cleaned .during te.ting becau.e .ome
consumers would not clean them and this would provide the "worst case
t ••t." On. comment ••serted this point.

Discussion:

There is aome truth to this proposition. However, the oth.r approach may
also have validity. Frequent brushing may reduce filtration efficiency.
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In any event, where a manufacturer prescribe. filter cleaning and how to
do it, and provides a gauge to detem1ne lifetime, .,. feel the testing
p!'09ru is bound to follow the manufacturer'. direction••

RecollllllendaUon:

No change needec!.

II. Scaling up or down. One comment points out that one or more manufac
turer. may vary ~ize of treatment unit. by increasing or decrea.ing the
number of operative units rather than the size of the' os-rative unit.
The comment sugge.ts allowing scalin; baaed on size of operative unit.

Recomendation:

-We agree with the c01lllllent and have addec! clarifying word. to Sec
tion 3.5.3.3.

N. Turbidity level o( "not le•• that 30 NTO" for ceramic candles or unit••
One comment state. that ·Such level. are tmpo.sible to utilize in testing
mechanical filtration device. which will clOCl entirely or require such
frequent bru.hing as to render. the test impo..ible as a practical

-matter."

Discussion:

We recognized the potential "cl09ging problems" in Section 3.5.1.a(2)
where the 30 NTO water is only to be applied immediately before, and
durinq each sampling event; the non-sampling 'turbidity level, which will
be applied over 90\ of the ·on" time, 11 currently set at no less than
10 NTO. r

'1'urbidity levels of 30 N'1't1 are commonly found in surface waters during
heavy rainfall or snow melt. Treatment unit. lII&y be used under these

. circumstance., so this challen;e level should be retained. However, most
-usaqe will occur under background conditions .0 the non-sampling
turbidity levels should be 0.1-5 NTO.

Recommendations:

1. Re~n sampling turbidity level of not le.. than 30 N1'O, and

2. Change non-..mpling turbidity to 0.1-5 N'I'U. Appropriate wording
chan;e. have been introduced in Section 3.5.1.a(2) and in Appen
dix H-l, Section 'B.

~.. -

..~.-

o. Chlorine in test water '5. One comment a••erts that chlorine ·tends to
increase silver ion leaching activity" and that a high chlorine - level,
should' be included in the silver leachinq test; but no reference or
evidence, however, i. provided to back this assertion.
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Dbcusaion:

We have no COIftPtIlling evidence or reason to expect that chlorin. vi~.l

eMance the l.aching of sUver. How.v.r, the prescribed low pH and '!'Os
l.v.ls vill provide a cl.arly severe test for silver leaching.

Recommendation:

No change needed.

P. Unnecessary cS1ffic:ulty and .xpense of test protocola. Several cOllllllent.
were IUd. under this g.n.ral h.ading. Th... cOIIIIDents are outlin.dand
cS1sc:ussed as follows:

1. Too many sUlpling .v.nts are required, slJllPl1ng of a few units at
start, middle and finish should be utisfactory: The comittee has
carefully laid out the standard and protocol and ",e feel the minimum
sampling plan IIlUst be lUintained for the consumer.' heal th pro
tection..

2. Three units are too IUny to study, parallel te.ting of .two units
should be satisfactory: For consumer protection, the Disinfectant.
Branch, Office of Pesticide Programs, has traditionally required the
te.ting of thr.e unit.. The COZIIllittee recognize•. the additional·
cost involved in te.ting a third unit but feel. that this will
provide a minimum level of a.surance to prevent infectious disease
and recommends retention of the 3-unit requirement.

3. The protocol requires large tanks and microbiological re.eedinqon a
daily basis: We feel that the tank size requireJllents .are not
extreme and can be met by an int.rested laboratory. 'With respect to
r ••••dinq, it should b. pointed out that virus and cyst s••ding n.ed
only be conducted immediately b.fore and during the sampling "on"
period Cs.e Section 3.5.1.b(2», equival.nt to l.ss that 10\ of the
·on" time. This "spot" se.ding for virus•• and cysts recogniz.d the
expense and. cUffic:ul ty of maintaining larve populations of th•••
organism.. Continuous seeding vas provided for bacteria b.cause
th.y ar••asier to grow and maintain and might have the capacity to
grow through some units, given enough tiM and opportunity.

4. Challeng. l.vels of contaminants are too high compared to known
environmental condition. and the required ~og reductions exc.ed Safe
Drinking Water Act requirements: As explained 1n a footnote to
Tabl. 1, S.ction 2, the influ.nt chall.nge. may consUtute greater
concentrations than would b. anticipat.~ in sourc. ",at.rs. These
l.v.ls ar. n.c.ssary to t.st properly for the required log reduc
tions without having to utiliz. sample concentration proc.dures
which are time/labor intensive and which may, on their own, intro
duc. quantitative errors to the microbiolO9ical assays. As men
Uoned in Part I of this paper, the 109 reductions for bacteria,
virus and Giardia have' been suggested for public water system.
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tnatment in a paper by Aminharajah (1986, JAWWA,' 78.3.34-49) .. The
nductions in -the .lIicrabiol09ical purifier standard are entirely
compatible ~ith the reduction. cited for public vater .upply
tnablent..

•
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0.1 INTRODUCTION

0.1.1 Backgroynd
The'Surface Water Treatment Rule (SWTR) specifies overall minimal

removal/inactivation efficiencies by f11tration and disinfection for
Giardia cysts and viruses. The SWTR uses the ·CT· concept to predict,'
inactivation efficiencies of microorganisms by disinfection. ·CT·
represents the product of contact or exposure time (·T~) and the
concentration of disinfectant (·C·) during disinfection. The Guidance
Manual suggests design, operating and performance criteria for specific
surface water quality conditions to prOVide compliance with the SWTR.
Appendix C o~ the Guidance Manual recommended gUidelines for, the
determination of contact time (T,o) for the disinfection of drinking water:'.
T,o is the time defined to as~ure that 90 percent of the water that'enters
the disinfection chamber ~i11 remain for at 'least T,o minutes. This
appendix recommends additional procedures which may be used for consistent
determination of the C and T for systems using disinfection by ozone.

Ozone has unique characteristics and warrants special consideration
for estimating inactivation efficiencies. In developing these recommended
procedures, EPA addressed the following complications that are specific to
ozone disinfection and distinguish it from other typical disinfection
processes.

Despite the long operational experience with ozone disinfec
tion, the data regarding performance of ozone as a disinfectant
are rather limited. Most of the available inactivation rate
data are derived from laboratory conditions which are sub
stantially different than full scale continuous operation.
generally more so than for other disinfectants.

From a technical point of view, disinfection of drinking water
by ozone is more complicated than disinfection by other common
disinfectants because of ozone's unique gas-liquid mass
transfer characteristics. Ozone requires sophisticated mass
transfer equipment to introduce it into water, because of the
relatively low ozone concentration in the feed gas. Ozone is
a powerful oxidant, that reacts rapidly with' organi~ and
inorganic substances present in the water and undergoes auto
decomposition. Therefore, it's residual is much less stable
than that of other disinfectants and dissipates rapidly.
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Ozone contactors exhibIt more diversified types of flow
configurations relatIve to the flow pattern in contactors for
the other disinfectants. The flow configuration often ranges
from an almost continuously stirred tank reactor (C5TR) to an
almost ideal plug flow. configuration, making the determination
of contact time for ozonation IIOre complex than' ·for other
disinfectants.

Ozone contactors are clos.d vessels b.caus. of ozon.'s toxici
ty. The contactors have limited access for ..asurement of the
ozone concentration profile within the contactor~ Gas bubbles
also may int.rfere with the determination of the dissolved
ozone concentration, if the bubbles are entrapped during
sampling.. .

Ozone technology hs.t111 evo1ving and new types of ozone
contactors are being developed. These guidelines should not
set unnecessary obstacles that will inhibit engineering
progress and prevent innovative designs of disInfection
systems.

EPA's procedures for determining Cand T for disinfection with ozone
differ from those recommended for systems using chlorine, chloramines or
chlorine dioxide as disinfectants: The C1 evaluation procedures
presented in previous chapters of the Guidance Manual are not appropriate
for ozone disinfection because the}' would result in .excessive ~zone

dosages. Excessive ozone doses result in high energy requirements and
costs and may 1ead to unnecessary product ion of ozonat ion by-products
which may have associated health risks. Additionally, excess dissolved or
entrained ozone should be destroyed or removed before reaching the first
drinking water consumer or plant personnel, in order to p~event health
risks. Therefore. excessive dosage of ozone may require an additional
unit operation to destroy the remaining residual ozone: This process is'
expensive Ind may not be necessary if guidelines 'suchas those presented
in this section are used for compliance with the 5WTR.

0.1.2 Qb1ect1yes of the ReCOmmended Guidelines
The recommended guidelines were developed to assure compHance w.ith

the SWTR for the whole range of flow rates, flow configurations and water
quality conditions t'hat may be encounter~d with ozone disinfection of
drinking water. The primary' goal of these guidelines.is to assure
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compliance with the SWTR even under ·worst cue· conditions. Without
compromising this' primary gOll, these guidelinis were developed to.•eet
the following criteria:

1. Simplicity: The guidelines ,for selecting contact time (T) and
concentration (C) have to be easily understood by practitio
ners, even by those who do not have an engineering background.

, .
2. Implementation: The procedure to Istimate concentration and

time should be lasily implemented, Iven by water utilities that
have only limited engineering an~ tl~hnologic.l Mans.

3. Economics: The guidelines should be -dlsigned to .inimize
capital and operating costs and to .inimize ozone consumption.
The guidelines should be flexible enough to allow systems to
take advantage of site specific characteristics of the treated
water and the various designs of ozone contactors.

"

0.1.3 EPA's Approach in Setting the ReCOmmended Gyidelines
EPA is aware that the curr~nt technological knowledge is insufficient

to formulate a consistent and efficient single set:of general rules that
will achieve these conflicting goal~ and still guarantee compliance with
the SWTR. Therefore, EPA developed two alternative sets of guidelines
that systems may use depending on their tec~nological resources:

Alternative 1: General guidelines which assure'compliance'with
the SWTR regardless of the site specific conditions,

Alternative 2: Asophisticated evaluation procedure that water
utilities may use to take advanhge of their site specific
conditions. '

These gUidelines are con~idered to be state-of-the-art. As more
information becomes available, more accurate approaches ~nd models may be .
developed. A brief description of the current alternatives follows.

Alternatiye 1 - General Guidelines
This altarnative consists of a simple set of general guidelines that

assure compliance with the SWTR even under worst case conditions. These
,guidelines were developed to emphasize generality and simplicity.

However, they may not result in the lowest cost alternative(s).

0.1-3
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The second 'and third Slct ions of this Appendix contlin detailed
descriptions of the general guidelines. Section 0.2 ·contains procedures
to estimate the contact fime (T) and Section 0.3 contains proce~ures to
calculate the concentration (e) in ozone contactors based on simple
measurements of some parameters. The basis for these general guidelines
is discussed in two papers (Lev and Regli, 199Oa,b). '

Alternatiye 2 • Site Specific Eyalyation procedures
This Ilternative consists of a more sophisticated set of evalultion

procedures to characteri %e the performance of, ozone contactors and thereby
take advantage of site specific conditions. EPA recommends that systems
be given opportunity to' prove by further experimental and analytical data
that the performance of thei r ozone contlctors are better than the
performance predicted by the first alternative, thereby allowing a system
to minimize costs while providing adequate treatment.

Section 0.4 outlines recommended procedures for demon$trati~g that
ozone cantactors achieve better performance than that predicted by the
first alternative.

0.1.4 Typical Ozone pisinfectiQn Units
Several types of ozone contactors are currently'in use f~r disinfec

tion of drinking water in the United'States. Other t~pes of contactors
Ire being designed or Ire being used for disinfection of treated sewage
effluents. The following characteristics illustrate· the diversity of
ozone contactors:

The capacity of ozonation systems ranges from less than 1
.illion gallons per day (mgd) up to 600 mgd. .

The volume of ozone contactors ranges' from less than 35 cubic
feet up to more than 35,000 cubic feet for a single chambers.

The ozone gas stream may be 1ntr~duced into the water by
several ways including porous diffusers, submerged turbines and
gas injectors.

Ozone contactors include single or multiple gas/liquid contact
chambers •.
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Four typical ozone contactors currently tn use or tn destgn in the
United States are shown on Figures 0·1 through 0-4. Figure 0-1 presents
1 schematic of In Ispirating turbine contlctor, operating in coun~ercur

rent flow. A turbine Igitator is used to introduce the ozone into the
contactor Ind to mix the liquid phase. This unit .ay serve as the first
ozone chamber in I series of chambers or as I single chamber. The unit
shown in this figure is from the Hackensack Vater Company's Haworth Plant
It Haworth, New Jersey. The turbine chamber is followed by a reactive
chamber to provide additi~nal contact time. Studies condu~ted in the full
scale turbine agitated contactor demonstrated that even when the ozone
demand was high, the dissolved ozone concentration wu almost conshnt
throughout the· contactor as a result of the vigorous Iction of the turbine
(Schwartz et al, 1990).

The 600 mgd ozone system of the city of Los Angeles is comprise~ of
four parallel cantactors each consisting of six chambers. Aschematic of
one of these conhctors is presented on Figure 0-2. (Stolari k and
Christie, 1990) As indicated on this figure:

An oxygen stream containing a few percent. by weight of ozone
is compressed through bubble diffusers into the first and third
chambers of the contactor.

Jhe second and fourth chambers are used to provide contact
time, without supplying additional gas to the liquid stream.

The size of the first three gas/liquid contact chambers ·is
20,400 cubic feet each.

The fifth Ind sixth chambers are the ozonated water channel Ind
the rapid mixer basins.

The liquid and gas streams in the first and third chambers flow
in a counter-current pattern; the gas ·stream flows upward and
the water stream flows downward.

As illustrated on Figure 0-3, a similar des'ign approach was taken by
the City of Tucson, Arizona. This contactor is comprhed of· five

. chambers, all of which are equipped with gas diffusers. The sixth chamber
has no diffusers. The flow in all six chambers is counter-current flow.
These counter-current chambers are separated by narrower. co-current li.quid
channels in which the water flows upward to the inlet of the next chamber.
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The East Bay Municipal Utility District Oakland, Californh is.
currently designing two 60 mgd ozone contactors, the first of which is to· ~.

be operational in 1991. As illustrated on Figure 0-4, the contlctor
includes thre. ozone gas/liquid chambers followed by three more reactive
chambers to provide addi,tional contact time. The first and third chambers
are counter-current and the second chamber is co-current. In the latter,
the water and the gas bubbles flow in the same direction.. Hydrogen
peroxide can be added at the outlet of the contactor to dissipate any
residual dissolved ozone.

The following types of contactors are already used in other parts of
the world, but have not yet been installed in the United States:

The Deep UTube contactor shown on Figure 0-5, is comprised of
two concentric flow tubes. Water and gas streams are intro
duced at the top of the inner tube and the mfxture is pumped
10 to 30 meters downwards at a velocity greater than the rise
rate of the gas. After reaching the very bottom of' the
contactor the mixture flows up in the Quter section of the
contactor. The Deep U-tube is basica11y'a co-current operation
taking advantage of the increased mass transfer at high
pressures.

The'Static Mixer (shown on Figure 0-6) consists of a' flow tube
equipped with baffles tQ produce efficient contact between the
liquid and the gas streams. This installation is gaining
popularity in Europe particularly for small and medium size -,
disinfection units. Here the flow is basically co-current, the
liquid and gas fJow is in the same direction, through a tube'
equipped with baffles that create turbulence and thus increases
the rate of gas-liquid mass transfer. The ozone is applied to
the water prior to the mixer either through an eductor or a
diffuser. Following dissolution through the mixer, the water
flows through a pipeline in plug flow. ,

Some contactors, particularly for disinfection of wastewater
effluents, use packed beds to increase mass transfer. Co·
current or counter-current flow configuration may be used.

The guidelines were developed to represent four different flow
conditions in ozone contactors. However, other types of contactors or
flow conditions may still use the same guidelines if the features of the
gas-liquid flow configuration as presented in S~ction 0.4 of this appendi~

are taken ,into account.
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0.2 DETE~INATION OF CONTACT TIME (T)

0.2.1 B.ekgroynd
The' hydraul it characteristics in ozone conhctors rlnge from In

Ilmost Continuous Stirred-Tlnk Reactor (CSTR) to In idlal plug flow
configuration. Because the T,o approach may not bt adtqult, for dettTIDin-.
ing the inactivation provided for systtms rtsembling a CSTR, and btcause

. .
the T,o approach is overly conStrvat tv, in othtr castS, EPA rtcollllll8nds the
following three numerical methods to prtdict tht contact time (T) in ozone
contactors:

T,0 : The TtO method discussed in Appendix C (Ind in Section 0.2.2) is
a good measure to characterize the contact time in IlOst cases.
However, this method reduces the possibility of complying with the
SWTR for systems that bave relatively high back-miXing and require
high inactivation levels.

Segregated Flow Analysis (SFA): (Se. Section 0.2.6) This is an altere'
native procedure to calculate the disinfection contact time. This
procedure is applicable only to systems that have good data from
tracer studies of high resolution as Ixplained in Seetion 0.2.6.

CSTR: The Continuously Stirred-Tank React~r (eSTR) method described
in Section 0.2.5, assumes the ozone contactor behaves IS I CSTR.
This procedure is extremely conservative. However, no apparent
simplified Inalysis is currently availible to make it less conserva
tive. The CSTR approach should be used only when:

Other predicting techniques Ire not recommended,

The required inactivation level is very low, or

Systems cannot afford to get good tracer study data for other
methods.

Systems may choose the optima' method for their situation based on
the available data to perform the calculations. Adiscussion of each is
presented belqw.

0.2.2 1,0 Analysis
The simplest method of calculating the contact time, T, of microor

ganisms in a contactor is by the T,o approach. T,o is defined as the
detention time to assure that 90 percent of the liquid that enters the
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contactor will remain at least T,o minutes in the contactor. A system
achieving a CT,o corresp~nding to Xpercent inactfvation, will a~sure that
90 percent of the water passing through the contactor is receiying at
least Xpercent inactivatfon, while 10 percent of the water will receive
less than X percent inactivation.

When conducting a'step-input tracer stUdy, T,o is the time interval'
required for the outlet tracer ~oncentration to achieve 10 per~ent of its
ultimate response, follOWing an· inlet stlP addition. Appendix.C of this
manual contains procedures to conduct and evaluate tracer studies for the
determination of T,o' Appendix Calso contains procedures to estimate the
T,o of contactors based on their baffling conditions and flow configura
tion.

The results of tracer studies conducted on several ozone contactors
(Sto1arik and Christie, 1990, Schwartz et a1, 1990, Rosenbeck et a1, 1989)
indicate that high quality tracer data on ozone contactors can be obtained
and that T,o can be estimated with high precision, ,but to a 'esser degree
when T,o is less than one minute.

T,o is a good measure of the contact time in most contactors and the
safety margin provided by using T,o compensates for the inferior perfor
mance of centactors with a high degree of short-circuiting and backmixing
relative to contactors that approach plug flow conditions. (see Lev and
~egli, 1990a, for further detail.) However, for contactors with a high
degree of short-circuiting~ I need to provide a high level of inactiva
tion, this safety margin fails to compensate for the effect ~f backmixing.
In such cases, apprOXimately 10 percent of the water passing through the
contactor receives significantly less than the inactivation indicated by. .
CT,o ' In these cases, either the SFA or the CSTR.approach should be used
for determining the contact time. ,

The recommended alternatives for determining the contact time (T) for
various conditions of 'T,o versus' hydraulic detention time (HOT) are
presented in Table 0-1. HOT is determined by dividing the.liquid volume
of the contactor by the rate of flow through the centactor. As illustrat
ed in this table:
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TABLE 0-1

Rlcomended Procedures to Calculate the
Disinfection Contact Time (T)

Condition: T1o«HDT)/3 'T10«HOT)/3 T10)(HDT)/3
& .' a

-Log(I/Io)C1) < 2.5 -Log(I/Io)C1) )- 2.5

Recomended
Methods: T-T,o T-T10

SFACZ ) SFACZ) SFACZ )

CSTR(]) CSTR(3) ,CSTR(3)

t!21l1:

1. Required level of inactivation in logs of either Giardia
lamblia cysts or viruses whichever value is greater;
I • 'live organisms in outlet of ozone contactor and
10 • 'live organisms in inlet to ozone contactor

. . "

2.' High resolution tracer characterization of ~he ozone contactor
mY11 be available.

3. The CSTR method i~ extremely conservative and should be avoided
when alternative approaches Ire possible.



T~e T,o mtthod is applicable for systems that are required io
achieve less than a 2.S-10g inactivation of Giardi. cysts even
if the 'flow configuration in their ozone contactor approaches
that of a CSTR, such as disinfection in contattors uSing' .
turbine agitators. '

- 'Likewise, the 1'0 approach is appropriate for systems demon
strating T,o/HOT greater than 1/3 regardless of the required
level of d1sinfection.

Systems for which the T,o approach is appropriate to have the
option of applying either the SFA or CSTR analysis. The method
resulting in the highest T value, or thereby the lowest Cvalue
may then be followed. '

The SF~ or CSTR should be used in lieu of T,o when th,:

Level of inactivation required for Giardia cysts and/or viruses
is 2.S-1~g or higher

T,oIHOT is less than 1/3.

Systems should be aware that the 2.5-109 inactivation guideline re~ers to
the inactiv~tion provided by the ozone system 'alone regardless of
inactivation provided by other disinfectants. For example, if a system
,requires an overall inactivation of 3-109 and provides I-log inactivation
by chlor1ne, then a 2-109 inactivation is required by ozone and the T,o
approach ca~ be used.

Examples for applying the different methods of calculation for Tare
included in Section 0.2.8.

0.2.3 Additional Consideratiops for T,o; Multiple Chamber Contactors
This sect10n provides guidelines for computi!'19 T,o for several

cantactors in series. The main shortcoming of the T,o approach is the'
inherent non-')near1ty of this measure. In contrist to the HOT, which is
a linear measure, l,o's of individual subunits do not sum up to g1ve the
T,o of the overall unit. For example:

The HOT of two equal CSTRs 1n series is exactly twice the HOT
of each CSTR.

The T,~ for the same two CSTRs in series is more than twice the
sum Of the individual 'T,o's.
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Thfs rafses some practical Questions:

How should the T,o of a multiple-chamber contactor be deter
mined using tracer studies?

Is it necessary to conduct individual tracer studies for each
chamber or is it sufficient to conduct an overall study of the
whole contactor?

How can' the contact time of one chamber be deterained based on
the T,o of the overall system?

Conducting tracer ~tudies of individual chambers in a multiple
chamber ozone conhctor is likely to be difficult. In addition, an
analysis conducted by Lev and Regli (1990a) indicates that the computation
of the contact· time (T) based on tracer studfes of the indfvfdual chambers
is lfkely to lead to over design. The excess volume of a system designed
by summing the T,os of the separate chambers may be up to 9.5 times'h1~her

than one designed by the overall T,o approach. Therefore, EPA recommends
the use of an overall tracer study of the whole contactor,' in order to
lower operation costs and to avoid overly complex tracer studies.

Disinfection credits for a multiple chamber contactor should be based
only on the active chambers, those which have a detectable ozone residual.
Based on the recommendation to use overall tracer studies, guidelines are
needed for ~etermining the disinfection credit for the active part of a
system based on overall tracer studies. The average concentration in the
individual chambers of I multiple-chamber system may deviate considerably
from one another. Therefore, systems must be able to assign contact
times for each chamber.

·Lev and Reg11, (1990a) evaluated the consequences of using a linea~

approximation based on relative contact chamber v~lumes and overall T,o of
the contactor to determine the contact time of individual chambers in an
ozone contactor:
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(1)

Where:

T10,cIIaIOe"· An approximation for the conllct time of one
chamber.

...

VcJ\.....

Vcocal

• T10 of the enti re Dlul t i-chUlber ozone contactor IS
determined by tracer studies

• Volume of the individual chamber

• Overall volume of the multi-chamber ozone co~ta
ctor

They demonstrated that such linear' extrapolation may lead to an underesti~

mate of the required T. This underestimate can be significant when the
concentration in the different chambers deviate considerably from'each
other. This would be the case when 'the residual ozone concentration in
one chamber is zero.

Considering the various safety margins that are 1ncl~ded in the T,o
approach, and considering the practical complexity in~olved in conducting
separate tracer studies, EPA recommends the use of the linear lpproxima
tion described in Equation 1 provided that the volume of the portion of
the contactor that has zero res idua1 ozone is 1ess than half of the
overall volume of the ozone contactor:

V'Nctfw ch...,,/Vtotll < 0.5

Where:

.'
V,otal

The volume of the chambers in the contactor
where the ozone concen~ration i~ zero

• The volume of the chambers with a residual

The following examples illustrate the computation of the overal,l
inactivation performance of JIlultiple-chamber systems using the linear
approximation, of Equation 1:

, Example 0.2-1 linear approximation to predict T,o

_ ' An ozone contactor has three chambers in series. Each chamber
has a volume of 353 cubic feet.
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The average ozone concentration in each chamber is:

First chamber: C,·O mg/L ozone.

Second chamber: Cze l mg/L ozone.

Third chamber: CJ eO.5 mg/L ozone.

C" C2 and C, are the average concentrations, detlnainld as
descr1bed in Section 0.3.

The util 1ty measured T,o ~ 5 .in for the Int1n 'ozonl con
tactor.

The volumetric fraction of the chamber which has no ozone
residual is V,/(V t+VZ+V3)) • 0.33 which is less than the. 0.5
guideline. Therefore 1t is permissibll to use Equation 1 in
order to estimate the CT achieved in the ozone c~ntlctor. .

The total CT achieved by the ozone contactor is:. .
CT • (Cz)[(T,o.tout)(Vz)/(Vtotat)] + (C,)[(T,o,totat)(V,)/(Vtotat)]

CT • (1)[(5)(10)/(30)] + (0.5)[(5)(10)/(30)] • 2.$

The CT achieved by the ozone contactor is 2.5 mg-min/l.

Example 0.2-2 linear approximation not applicable

An ozone contactor consists of:

A chamber with a volume of 70 cubic feet and equipped
with a turbine agitator

Followed by I second chamber with a volume of 200 cubic
feet.

The first chamber has an ozone residual of 0.5 mg/l and the
second chamber has an ozone residual of zero

The T,O,tout • 8 min for both chambers .at the peak flow rate

The volumetric fraction of the chamber with no ozone residual
15 200/270 e 0.74 which is greater then 0.5 of the total
volume. Therefore, the use of Equation 1 to approximate the
T,o of the chamber that contains an ozone residual is not
recommended.

The system may estimate its performance by either the CSTR
approach taking into account only the detention time of the
first chamber or conduct tracer studies of the first chamber.
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0.2.4 Alternatiye Analysis Of Qisinf,ction Kin,ti,s
The CSTR and 'the SFA approaches utilizi thl Chick-Watson inactivation

rule directly rather than rllying on thl CT approach. The 'following
section describes this alternative approach to reprlsent the disinfection
kinetics.

The Guidance Manual recoamends that systems should calculate the'
inactivation level in their disinfection contactors by the C~ approach.
Table 0-2 presents CT data corresponding to specified inactivation levels
of Giardia cysts and viruses by ozone. An alternative way to present the
same information is by tables of the kinetic coefficients used to
calculate the CT values.

The CT values presented in Table 0-2 were calculated based on batch
reactor experimental information that was fitted into a logarithmic
correlation according to a first order Chick-Watson's rule (Chick, 1907;. ' ..
Watson 1908; and Hoff, 1987):

log(J/Jo) • - k CT (2)

Where:
I/Io •

C •

•

•k

J

Survival ratio of the Giardia cysts or viruses

Residual concentration of ozone i~ mg/l

Exposure time in min.

A 'kinetic coefficient which characterizes the
specific rate of inactivation of the microorgan-
isms at the appropriate temperature and pH.

Solving Equation 2 for k yields:

k • -log (JlJol
CT

(3)

Equation 3 can be used to calculate k values corresponding to the C1
values in Table 0-2. Table 0-3 summarizes these'k values. Equation 3 may
also be used to trans~orm inactivation levels (1/10) to CT v~lues Ind vice

versa.
The following example illustrates the ,use of the values presented in

Table 0-3 to calculate, the performance of multiple-chamber ozone

contactors:
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Example "0.2-3 Myltiple-chlmber Ozgne Cgntlctgr

An ozone contlctorconsists of thr.' chambers in series.

Temperature is 5 C.

The first chamber has a 10 ,percent survival ratio for Giardia
cysts, or (1/10) - 0.1, which also corresponds.to 90 percent
inactivation

The second chamber has an 1/10 - 0.07

The third chamber has an 1/10 -0.03

The total inactivation may be calculated by either summing CT's
or summing logs of inactivation, as presented below.

Summing CT's:

At 5 C the k for Giardia 'cysts • 1.58

The survival fractions .re:

First Chamber - 0.1
Second Chamber - 0.07
Third Chamber • 0.03

Therefore, the CT value~ in each of the chambers are:

First chamber:
.

CT • -log{I/Io)/k ~ -10g (0.1) 1(1.58) • 0.63

Second chamber:

CT - -16g (1/Io)/k • log (0.07)/1.58'. 0.73

Third chamber:

CT • -log(I/lo)/k • -log (0.03)/1.58 • 0.96

Total CT is : 0.63 + 0.73 + 0.96 • 2.32

As indicated in Table 0-2, a C1 of 2.32 is sufficient to
achieve a 3-10g inactivation of'Giardia cysts.

Summing logs of inactivation:

First chamber: -10g (1/10) • -log{O.l) • 1

Second chamber: .10g{I/Io) • -log (0.07) • 1.15
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TABLE 0·2

CT VALUES FOR
INACTIVATION BY OZONE

Giardia Temperature fe)
Inactivation s:.l ..L a. .li. 1Q.. n-
0.5 log 0.48 0.32 0.23 0.16 0.12 0.08

1 log 0.97 '0.63 0.48 .0.32 0.24 0.16

1. 5 log 1.5 0.9S 0.72 0.48 0.36 0.24

2 log 1.9 1.3 0.95 0'.63 0.48 0.32

2.5 log 2.4 1.6 1.2 0.79 0.60 0.40

3 log 2.9 1.9 1.4 0.9S 0.72 0.48

Virus
. Inactivation

2 log 0.9 0.6 0.5 '0.3 0.25 0.15

3 log 1.4 0.9 0.8 0.5 0.4 0.~25

4 log 1.8 1.2 1.0 0.6 O.S 0.3



TABLE 0-3

k'Valuts for Ozone InactivationC1 '

TEMPERATURE (e) L-. .lL 1L ZL. 1L

Inactivation 1.03 1.58 2.08 3.12 4.17 6.25
of Giardia cysts

Inactivation 2.22 3.33 4.00 6.67 8.00 13.3
of Viruses

C1, k • -10g(I/lo)/(CT) in L/mg-min. When Chick's rule is repre
sented by ttle formula 1n(I/1 ) • -K CT (1n stands for the
natural logarithm) then k shoufd be calculated by k.- 2.303(K)



Third chamber: -log(I/lo) • -log (0.03) • 1.52

The total logs of inactivation is:

-log (1/10) • 1 + 1.15 + 1.52 • 3.67,

The 3.67-10g inlet fVltio" of Ghrdfa cysts is hfgher than
the required 3-10g inactivation

0.2.5 Continyoysly Stirred-Tank Reactor (CST8) Approach.
The CSTR method assumes that the flow configuration i'n the Ozone

contactor approaches that of completely stirred reactor. In most cases,
this calculation method is the most conservative approach. Studies by
Schwartz et al (1990) suggest that well-operated turbine contactors
approach ideal CSTR characteristics and the CSTR calculation is appropri
ate. In some cases, CSTR calculations offer the only apparent method to
evaluate the performance of the ozone contactors. CSTR calcu1a~ions

should be used under the follOWing conditions if systems have no other
means for demonstrating the inactivation efficiency.

Tracer data are not available,

The required inactivation level is greater than 2.s-log, 1M
ozone disinfection is applied in a single chamber contactor
wi th TUyHDT i 1/3. . ,

If either the required inactivation level is less than 2.S-10g
tt T,oIHDT ) 1/3 then the inact tvat ion predicted by CT, is
appropriate prOVided that tracer data are available. If ~igh
resolution tracer data are available then the SFA method can
be applied regardless of the level of inactivation required or
the ratio of T,oIHOT. '

In some cases, systems may actually ·receive mo~e' credit by using the
CSTR approach then by using the T,o approach. Higher credits' result when
a low level of ozone disinfection such IS O.S-log is required and'·mixed
contactors are used.

When using the CSTR approach, the inactivation performance should be
evaluated for viruses and Giardia cysts, regardless of which required CT
is higher. : This recommendation results from the influence of. flow
characteristics on contactor performance, as discussed in Section 0.2.7.

The perfprmance equat ien for a CSTR is based on two important

as~umptions:

0.2-9
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1. . The concentration of disinfectant and microorganisms is
homogeneously distributed in the contactor.

2. First order Chick-Watson's law applies. That is, the ,ate of
inactivation of the microorganisms is approximately proportion
al to the concentration of the microorganisms and the concen-
tration of diSinfectant. .

The performance of a CSTR contact chamber is given by:

(1/10) ,1/[1 + 2.303(k)C(HOT)]

Where:

(4)

k· kinetic coefficient for microorganism inactivation
(k values are listed in Table 0-4 (L/mg-min)]

(I/Io) •

C •

HOT •

Survival ratio of organisms

Aver~e concentration of disinfectant (mg/L)

Hydraulic detention time (min)

Equation 4 may also be used to calculate the ozone concentration that
is required to achieve a specified level of inactivation for a given HOT
or to compute the HOT required to achieve a desired. inactivation level for
a given ozone concentration. Equation 5 restates Equation 4 for use in
determining C or HOT

C(HOT) • [1-(1/10)]/[2.303 k (1/10)] (5)

The effects of mixing on improving disinfection effectiveness m~y be
very significant in CSTR contactors, and are not accounted for in thi1
model.

Examplis demonstrating how to calcullte the operating conditions
necessary to meet the required inactivation levels by the CSTR approach
are included in Section 0.2.8.2.

0.2.6 Segregated Flow Analysis (SEAl
SFA is a method that is often used to characterize chemical

reactions. Better approximations may be determined through analysis and
modelling of the speci fie detai 1.s of the flow pattern in the ozone
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contactor, but such model1tng cannot b~ done based on tracer studies
Ilone, IS the SFA can. Comprehensive descriptions of the SFA cln be found
in several references including Levenspiel (1972) and Seinf.ld Ind Lapidus
(1984). The SFA assumes that the inactivation in a contactor 'can be

.. determined by the product of the probabi1tties of two .vents: the
probability distribution for water to remlin in the contactor; and the'
probability distribution for organisms to survive IS they pass through the
contactor.

The first probability function describes the chances of a microor
ganism remaining in the contactor for a specified time period. The water
passing through the contactor has a probability distribution, determined
by tracer studfes which indicate the detention time for each fraction of
the flow through the contactor.

The second probability function describes the chances' of a microbio
logical species surviving following exposure to a disinfectant for a
c.rtain amount of time. This probability function is given by the
modified Chick's equation: (1110) .. IO·kCt. Each fraction of the flow would
have a different Nt" for which this equation would Ipply. For exa~ple, a
virus that is exposed for 1 minute to C-1 mg/l ozone when k·1 L/mg-min has
0.1 (10 percent) chances to survive ..

The following illustrates the intuitive origin of the SFA approach:
The flow in an imaginary contactor may be viewed by flow lines.

Amicroorganism that is introduced at time taO will follow one
of these flow lines ..

For simplicity, consider that only four flow lines exist as
represented on Figure 0-7. . . .

Amicroorganism that is introduced in the feed to the contactor
has some probability (PI) of following anyone of these four
11nes.

The microorganism will then remain for a specific detention
time, characteristic of each flow line, in the contactor. .

This concept is presented schematically on Figure 0-7, where
the flow lines are represented by four different tubes whose
lengths (or detention times) correspond to the lengths of the
flow lines on Figure 0-7.
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Microorganisms that are introduced into various tubes have
different probabilities of surVival (P2), because of d~fferent
susceptibilities to disinfection in .Ich of these tubes.'

The product of the probability that a .icroorganism will be
carried into a specific tube (PI) tilles the probability of
survival after being exposed. to the hostile environment for the
appropriate time (P2) is the probability that a .icroorganism
introduced into the feed inlet will "t out alive from a
specific tube (Pl)(P2).' .

. ..
For example, if 20 percent of the flow is directed into the first

flowline and IlIa for this fraction of thi flow equals 0.25, a mi~roorgan

ism has (0.2)(0.25) or a 5 percent chance'of emerging alive from this
specific flowline. The total survival 'of microorganisms that are
introduced into the inlet to the entire conUctor can be computed by
sunming up all four survival probabil ities..(Pl)(P2).

Complete examples for the application of the SFA are included in
Section 0.2.8.3. For SFA to be applied,' a high resolution tr.acer study
must be available. The requirements for a high· resolution tracer study
are:

Appropriate time distribution of sampling points.

Limited degree of scatter in sample points.

The first requirement is to have several sample points prior to the
occurrence of T,o and less frequent sampling points thereafter. Several
sampling points prior to T,o are essential to· get an accurate representa
tion of what is occurring in the early' flow through the contactor, when'
organisms are most likely to exit the contactor while still viable. The
second requirement if for a limited degree' of scatter between the sample.
points. The plotted curve should ideally be cont~nuous to allow for more
accurate integration to predict the survival of microorganisms.

0.2.7 Relative Inactiyation of Gi'rdf' Cvsts and Viruses
In most cases, when the CT required for the inactivation of Giar~ja

cysts is greater than the CT required for the inactivation of viruses,
compliance with the inactivation requirements for Giardia cysts will

0.2-12
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assure compliance with the virus inactivation requirements. Specifically,
this is true ~hen~

..
(6)

The SWTR, however, requires a higher level of inactivation of viruses
than Giardi. cysts: Therefor., ozone contactors that are chara~t.rized by
a high degree of turbulence will find that, IS the flow configuration
approaches that of a CS~R (T,oIHOT < 1/3), compl hnce with the virus
inactivation requirements may be a more demanding task than meeting the
inactivation requirements for Giardia cysts. Consequently, an ozone
contactor that· has a T,oIHOT < 1/3 and a low (1/10) should be checked for

. compliance with the inactivation of viruses as well as for cysts. Another
way to understand this is that as the inactivation indicated by ~I,o

increases, the 10 percent of the water passing through the contactor with
less contact time than T,o becomes more significant for lowering the
overall inactivation efficiency for all the water passing through the
contactor.

0.2.8 Examples of Determining Contact Time (T\
Th is sect ion presents examp1es for the app11 cat1on of the three

general approaches - T,o' SFA, and CSIR • for determining contact time.

0.2.8.1 EyalyatiQn Using I,o
The following four examples illustrate when the T,o approach should

be used and when alternate approaches are appropriate. Procedures for"
calculating the required ozone residual based ~n the T,o approach are
outlined in the examples.

Exa~ple 0.2-4 Inactivation Required >2.5-1Qg
The Haworth Water Treatment Plant, Hackensack, New Jersey, uses a

turbine Qzone chamber followed by a contact chamber to provide additional
contact time. A schematic of the contactor is shown on Figure 0-1. The
treatment .plant provides filtration after the ozone contactor. For ~he

purposes of this example, although it is not the c~se for Hackensack, the

0.2-13
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ozone system must provide disinfection for 2-10g it.rdt,and 3-10g virus
inactivation to supplement filtration. The following conditions apply: ;..

Water Temperature. 0.5 C
CT for 2-10g Gi.rdt, • 1.9 mg-min/l
CT for 3-10g ~1rus • 1.4 mg-min/l

Atracer study was conducted on one of the four ozone contact
ors. Figure 0·8 depicts the chart recorder of the raw data
that were collected during the tracer study.

The HOT at the flow rate of the study was 20' .inutes, and the
T,o occurs at 11 mi n.

The T,oIHOT of 0.55, 1s greater than 1/3, making the- T,o
approach valid for this system.

The CT for Giardia inactivation is the controlling CT because
it is greater than the CT for virus inactivation.

Using the T,o of 11 min, the resldual needed to meet the CT
reqUirement of 1.9 mg/L-min is determined as follows:

C • 1.9 mg-min/l • 0.17 mg/L·
11 min

As a result of using the T10 approach, the system must maintain
an ozone concentration of 0.17 mg/L in the·contactor to provide
the necessary disinfection. .

The application of the SFA method for this contactor is presented in
Section 0.2.8.3.

Example 0.2-5 Low Detention Time, Inactiyation ReQyired <2,5-]09
Asystem using slow sand filtration must prOVide disinfection for 1

log Giardia cyst and 2·10g virus inactivation. The 'system has an ozone
contactor equipped with a t~rbine mixer. The following conditions apply;

Water Temperature • 25 C
C1 for I-log Giardia • 0.16 mg-min/L
C1 for 2-10g Virus • 0.15 mg-mln/L

The CT for Giardia.cyst inactivation is greater than the CT for
vtrus inactivation and is therefore the controlling CT.

A tracer study was conducted for the ozone contactor 'and
res~lted in a 1'0 of 30 seconds.

0.2-14



The HOT of the ~ontactor at the flow rate of the study was 150
seconds. '

- Thus T,oIHDT • 30/150 • 0.2, is less than 1/3, however, because
the required inactivation is less than 2.5-10g, the T,o
evaluation for this system is appropriate.

Based on the T,o evaluation, the residual needed to mfet the CT
requirement is determined as follows:

CT • 0.16 mg-min/L

C • 0,16 mq-min/L • 0.32 mg/L
0.5 min

Thus, according to this approach, the system must provide' an
ozone concentra t ion of 0,32 mg/L to meet the. inact ivat ion
requirements.

Because of the low T,oIHDT value for this system, the CSTR
approach is an alternative for determining C. This example is
presented in Section 0,2.8,2. '

Example 0,2-6 low Detention Time, Inactivation 'Reqyired' >2.5-109
An unfi Hered water system must prOVide disinfection for a 4-10g

inactivation of ,viruses and a 3-10g inactivation of Giardia cysts, The
ozone system uses a single chamber turbine contactor for ~isinf~ction:

The hydraulic detention time measured at peak flow rate is 30
minutes and T,o determined by a tracer study is 9 minutes,

The T approach is not recommended for thi s system because
T,oIHD~ of 0,3 is less than 1/3 and the required level of 4-10g
virus inactivation is higher than the 2,5-10g level.

SFA or the more conservative CSTR calculations may be used to
determine the required ozone concentration for this system,
Examples of the CSTR and SFA calculations are presented in
Sections 0,2.8,2 and 0,2.8,3, respectively,

Example 0,2-7 High Detention Time, Inactivation Required <2.5-10g
The Sturgeon Bay Water Treatment syste!" (Rosenbeck, 1989) .uses a

series of two submerged turbine ozone contactors followed by a reactive
chamber to disinfect ground water:

The results of a tracer study conducted on one of the mixed
contactors is shown on Figure 0-9,

TheT1Q from this study is approximately 30 seconds while t"~

hydraUlic detention time is 62 seconds,

0,2-15
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T,oIHDT • 30/62 • 0.48 which is greiter thin 1/3. Therefore,
the T,o appro~ch is appropriate for this system•

In this case, the 5FA method is not recommended as an alternative to
the T,o approach because of the .in1mal detention ti.es in'the contactor.
With such I short period for the collection of simples, the data Ire
insufficient for the SFA method. The resolution of the tracer studies,
apparent in Figure 0-9, will lead to an.ov,rly, conservative' estimate of
the inactivation if differentiation is conducted by a forward algorithm.

0.2.8.2 Eyalyations Using (5TH Calcylations
The follOWing two examples demonstrate the C5TR approach. One illus

trates the benefit of the CSTR analysis oveT the T,o analysis. T~e other
identifies conditions for which the C5TR, approach is not practical.

. ,

Example 0.2-8 Low petention Time, Inactivation Regyired <2.5-109

The system identified in Example 0.2-5 is I slow ,sand filtration'
plant, using ozone to prOVide for a ~-log Giardia cyst inactivation.
Chlorine provides the 2-10g virus inactivation. Because the level of
inactivation required from ozone disinfe~tion is less'than <2.5-10g, the
system may 'choose any method for the determination of the contact time.. .

Atracer study conducted on the ozone contactor' resulted in a
T,o of 30 sec for a' HOT of lSO sec.

The fraction of T,oIHDT is 0.2, which is less than 1/3,
indicating that the CSTR approach may be appropriate.

Chlorine provides disinfection for the viruses, therefore the
CSTR calculation for the ozone disinfection requirements wil1
be based on Giardia cyst inactivation.

The following conditions apply:

Water Temperature • 2S C
CT for 1-1,09 Giardia cyst • 0.16 mg-min/L

Equation S from Section 0.2.5 applies for the C5TR calculation:

C(HOT) • [1 -' (.I/Io})/[(2.303)k (I/lo)~

,0.2-16
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The parameters are determined as follows: ...
1. From Tabl.e 0-3, keysc, • ~.25 for CT .0.16 lIin/L It 25c' .

2. For I-log inactivation, 1/10 .0.1

3. HOT • 150 sec or l.5 min

C is determined as follows:

C(HOT) • [0.9]/[(2.303)(6.25) (0.1)] • 0.625 mg-min/l

C· 0.625/2.5 • 0.25 mg/l

Thus, according to the CSTR approach, the sys~em must prOVide an
ozo~e concentration of 0.25 mg/l to meet the inactivation reqUirements.
For this case, the system would prefer to use the CSTR approach rather
than the T,o approach since the T,o approach would require a 0.32 mg/L
ozone residual, as shown in Example 0.2-5.

Example 0.2-9 low oetention Time. Inactivation Required >2.5-109
An unfiltered water system must provide disinfection for 4-109

inactivation "of viruses and 3-10g inactivation of Giardia cysts. The
system uses a single chamber turbine ozone contactor. Hydraulic"detention
time measured at peak flow rate is 30 minutes and T,o determined by tracer
studies is 9 minutes. T,oIHOT is less. than 1/3 and greater than 2.S-10g
inactivation is required~ therefore the T,o approach should not be used.
The CSTR or SFA methods are appropriate.

The CSTR calculation must be conducted for both Giardia cysts
and viruses to determine the controlling parameter

Compute the C required for inactivation of Giardii cysts:

k cysts • 6.25 (Table 0-3).

For 3-10g inactivation, 1/10 • 0.001

Using the CSTR equation:

C(HOT) • [1-0.001]/[2.303(6.25)(0.001)] .69.5 mg-min/l

C • (69.S·mg-min/L)/(30 min) • 2.3 mg/L

0.2-17
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Compute the required C for inactivation of viruses:

kv.na • 13.3 (Table 0-3)

For 4-10g inactivation 1/10 • 0.001

Applying the CSTR Equation:

C(HOT) • [1 - 0.0001]/[(2.303) (6.25) (0.0001)] • 326 mg-min/L

C • (326 mg-min/L)/(30 min) • 10.8 mg/L
As indicated, virus inactivation is t~. controlling parameter,

requiring a C of 10.8 mg/L. Because of the hi"gher ozone residual needed
for the virus inactivation, this example illustrates why systems Shbuld
verify compliance with the inactivation requfrements for viruses as well
as for the inactivation requirements for Giardia cysts. Since"obtaining
an ozone residual of 10.8 mg/l is unrealistic, this example illustrates
how stringent disinfection conditions can become assuming CSTR character
istics. Consequently, the SFA would result in a more feasible residual
requirement for this system.

0.2.8.3 Eyalyations Using SEA
The SFA method can be conducted on spread sheets. Table 0-4 presents

the calculation procedure in spread sheet notations for a step tracer
input:

The first column of Table 0·4 represents the sequenttal
numbering of consecutive tracer study measurements or digital
measurement points fed into th~ computer.

The second column represents the time interval that elapsed
between the step change in tracer concentration and" the
sampling of the specific tracer point.

The third column represents the tracer effluent concentration
at" a point in time determined by the analyzer (spectropho
tometer conductivity meter, etc.) reading.

The fourth column represents the tracer response on I scale of
0-1, where 0 corresponds to background reading of the analyzer
and 1 to ultimate response after a long time interval. In
other words, it is C IC tn where C~~ is the tracer concentra
t 1on 1n the out1et Of the contactor and C'n is the base1i ne
tracer concentration in the inlet.

0.2-18
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The fifth column represents the forward derivative of the
F(t) response. It is the slope of the tracer curve at a
specific timl interval. or the rate at which C~/CI ctiangls
with respect to time at different intervals 'n time. ·Iote that
by forward evaluation of the derivative: E(t) • [F(t+dt).
F(t)l/dt the E(t) curve i~ shifted by half a dt'toward the
origin. .

This method of differentiation iniroduc.s an inherent safety'
margin to the calculation•. Systems can reduce this safety
margin by collecting more tracer points at the initial period
of the tracer rlsponse. wh~n the response is 'starting to
increase. . , .

This period has the largest effect on the 'ccuracy of the
tracer analysis because most of the contribution to the total
survival of microorganisms comes frOID the organisms that remain
only for shor~ time interval in t~e contactor.

The sixth column represents Chick"'s inactivation rule, c.omputed
at the concentration and the appropriate 10·tee •

. .

The seventh column represents the survival expectancy function
(Es(t) • E(t)(10·lI:cc) which is the product of columns 5 and 6.

The eighth column represents the organism survival in each
segment passing through the contactor. It is also known as the
integral of the survival expectancy function (Es presented in
the 7th column).

Jhe survival ratio (1/10) is' the sum of column 8. This
represents the sum of organfsm. survival 1n all the water
segments passing through the contactor.

. .
Table 0·4 illustrates only one form of performing the integra- .
tion (i.I •• quadratic integration). Other integ~ation methods
can also be used.

The corresponding 'log inactivation and the corresponding
calculated CT may be computed by the proceCiures outlined in
Section 0.2.4.

The following examples i1lustrat~ the u~e of the SFA method to
calculate conditions in ozone contactors, and a situation where SFAcanno~

be used.

Example 0.2-10 Tyrbine CQntactor
As noted in Example 0.2-4.1 .the oione system at Haworth Water

Treatment Plant, uses a turbine ozone chamber followed ~y a react.ive

0.2-19
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chamber to provide.additional contact time. Atracer study was conducted
on one of the contactors resulting in a T,o value of 11. minutes for a HOT
of 20 minutes. Using the same conditions as the above cited example, the
SFA w111 be conducted on the tracer data. The following .111~strates a
step by step procedure for conducting a SFA:

The digitized tracer response {F(i» is depicted in Figure 0-10
as a function of t( 1) where: . . ...

i stands for the consecutive numbering of randomly chosen
points from the tracer study chart, and .

t(i) is the corresponding time coordinate.

The slope of the tracer curve, .lso known as the density of the
expectancy function, E(t) approximated by the following
equation is depicted in Figure 0-10.

E(i) • [F(i+l)-F(i)]/[t(i+l)-t(i)]

The digitized points were not translated into a smooth curve
in order to avoid numeric compromises. .

The survival expectancy (Es(t» was then calculated by Es(i)-Et
(i)(10' kCtC !» and summed to give the survival ratio (1/10) as
shown in Table 0-5. .

Figure 0-11 depicts the integration for conditions where the
ozone residual is C - 0~15 mg/L.

The cumulative survival ratio is 0.00982 which is below 0.01
assuring compliance with the 2-10g or 99 percent inactivation
requirement for Giardia cysts. A survival. ratio of <0.01
corresponds to an inactivation of greater than 99 percent or
2-10g.

. .
The residual value determined from this method is lower than C-0.17

mg/L predicted by the T,o approach presented in Example 0.2-4. Although
this example only shows a small difference in Cvalues needed, other cases
may result in a greater reduction of C compared to the C resulting from
the T10 approach.
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TABLE 0-5
;

Segregated Flow Analysis
.

of In Ozone Disinfection Contlctor at Hlckensack

10· lIce

time height (C-0.16 Es-
(min) (1IIIl) F(t) E(t) k-l.03) -E(t) 10·lIce

(Es~t

0 0.0 0.000 0.000 1.000 0.00000 0.00000
1 0.0 0.000 0.000 0.708 0.00000 0.00000
2 0.0 0.000 0.000 0.502 0.00000 0.00000
3 0.0 0.000 0.000 0.355 0.00000 0.00000
4 0.0 0.000 0.000 0.252 0.00000 0.00000
5 0.0 0.000 0.002 0.178 0.00043 0.00013
6 0.3 0.002 0.014 0.126 0.00173 0.00035
6.5 0.5 0.004 0.013 . 0.106 0.00143' 0.00215
7 2.0 0.016 0.008 0.089 0.00072 0.00072
8· 3.0 0.024 0.016 0.063 0.00102 0.00204
9 5.0 0.040 0.024 0.045 0.00108 . 0.00324
10 8.0 0.065 0.032 0.032 0.00102 0.00408
11 12.0 0.097 0.056 0.022 0.00127 0.00889
12 19.0 0.153 0.056 0.016 0.00090 0.00630
13 26.0 0.210 0.040 0.011 0.00045 0.00225
14 31.0 0.250 0.040 0.008 0.00032 0.00160
15 36.0 0.290 0.048 0.006 0.00029 0.00174
16 42.0 0.339 0.073 0.004 0.00027 0.00243
17 51.0 0.411 0.065 0.003 0.00018 0.00144
18 59.0 0.476 0.081 0.002 0.00016 0.00160
19 69.0 0.556 0.044 0.001 0.00006 0.00066
21 80.0 0.645 0.040 0.001 0.00003 0.00030
23 90.0 0.726 0.016 0.000 0.00'001 0.00004
25 94.0 0.758 0.016 0.000 0.00000 0.00000
27 98.0 0.790 0.017 0.000 0.00000 0.00000
34 113.0 0.911 0.004 0.000 0.00000 0.00000 -36 114.0 0.919 0.016 0.000 0.00000 0.00000.
41 124.0 1.000 0.000 0.000 0.00000 0.00000
4S 124.0 1.0000 0.000 0.000 0.00000 O.OOOQO

f:.(E.)~t+ - 1/10 • 0.00982
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0.2.9 ESTIMATING T

The results of this. section are sUllDarized in figure. 0-12. The
decision tree shows the applicable ..thods of estillating T for each
approach, and provides a quick ..ans to compare alternatives and make a
selection.
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· 0.3 DETERMINATION OF OZONE CONCENTRATION (C)

0.3.1 Intrgdyct10n
This section presents ways to leasure or estimate the' ozone

concentration. C, for the calculation of CT. An alternative, more
elaborate concept, requiring better characterization of the hydrodynamtcs
of the ozone contactor is presented in Section 0.4 of this appendix.

EPA recommends us~ of the average dissolved ozone conc~ntration 1n
the water for C for all types of ozone contactors. The Iverage concentr.
tion may be determined by one of following ..thods:

1. Direct measurement of the concentration profile of dissolved
ozone in each contact chamber

2. Indirect prediction of the average concentration by assuming
a set of conservative correlations between an observed variable
such as the concentration of ozone in the outlet from the ozone
chamber and the average concentration within the ozone chamber.

The application of these methods to estimate the average concentra
tion should take into account the gas/liquid flow configuration in the
ozone contactor. The next section presents a short discussion of the
types of liquid/gas contact in ozone chambers, followed by two sections
that describe the methods to estimate the average concentration in the
chamber based on simple measurements.

Classifjcation of Ozone Chambers
Ozone contactors currently in use or in design stage in the US may

be classified into four types of flow configurations as illustrated on·
Figure 0-13. This, of course, does not preclude the use of other ty~es of
contactors. The four configurations are IS follows:

1. Continuously Stirred-Tank Reactor (CSTR):

Ozone contactors using turbine agitators, where the water may
be' considered uniformly mixed as shown on Figure 0-13, diagram
1.' Studies conducted in a full scale turbine contact chamber
indicate that turbine contactors may- be considered uniformly

0.3·1



.txed (Schwartz.tt, al~, 1990)~ This study was conducted in the
first contact chamber under conditions of high ozone demand.
Therefore, it is assumed that under less stringent kinetic
conditions, turbine contactors can st111 be considered uniform
ly mixed•.

2. Counter-Current Flow Chambers

In these chambers, the water flows opposite the direction of
the gas .bubbles. For example, the first and third chambers in'
the Los-Angeles ozone treatment system, IS shown on f.igure 0-2.

3. Co-Current Flow Chambers

In these 'chamtiers, the gas bubbles Ind the water flow in the
same direction. For example, the Deep U-Tube contactor shown
in Figure 0-5 and the Static Mixer contactor. This is the case
also for the conventional gas/liquid contact chambers such as
the second contact chamber in the configuration designed for
the East Bay MUD water disinfection system, IS shown on Figure
0-4 ..

4. Reactive Flow Chambers ..

In these chambers, no gas (and ozone) is·being introduced into
the chamber or conduit. The second and fourth chambers of the
Los Angeles water disinfection system are reactive chambers
(Figure 0-2).

0.3.2 Direct Measurement of C
Direct measurement of the dissolved ozone concentration is the

preferred method to determine the ozone concentration in ozone contact
chambers. However, very little full scale experience is currently
available with this type of measurement. Some guidelines were developed
based on the limited studies conducted at the Haworth, NJ (Schwartz et al.
1990) and Los Angeles water treatment systems (Stotarik and Christie, .
1990). The gUidelines developed for di rect ..measurement of ozone
concentration in the liquid phase are detailed in the following section~.

Analyze EJch Chamber SeDar~teJy

Every chamber of a multiple-chamber unit should be analyzed separate
ly. Different chambers in series exhibit different ozone consumption rates
and reactivities ·and, therefore, are likely to have different dissolved
ozone profiles.
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. .
Ayoid Interference From Gas Bybbles
Gas bUbbles Illy strongly interfere with the Masurement of ozone

concentration, particularly if some bubbles are carried into th~ sampling
taps. Thls interference lIay be reduced b~ directing the sampling port
opposite ~o the direction of the bubble flow tn order to prevent gas from
entering the sampling tube. Additionally, the operator should verify, by .
visual inspection, that the sample water does not contain gas bubbles.

Systems using in-situ ozone analyzers should be careful.to prevent
direct contact of gas bubbles with the measuring probe whfch is usually ~

gas permeable membrane. Such contact may bias 'the measurements and give
high results.

Minimize Distance to Ozone Analyzers
Minimize the distance f~om the sampling ports to the ozone analyzer

to limit ozone consumption by reducing agents in the water. This
consideration is particularly important when evaluating the concentration',
profile in chambers with high ozone demand such as the first chamber ,in
multiple-chamber units.

....-.;;'..

prOVide Proper Spacial Distribytion
The vertical profile of the ozone concentration in ozone contact-:r'

chambers should be measured in at least five vertical locations and at ,~.

least two different horizontal locations for each vertical sampling poi~t

wi thi n the contact chamber. Each sampl e should represent the time
averaged concentration at the specific location. This may be achieved by
sampling a large volume of water into a container and analYZing the w~ter

by the tndigo trisulfonate lHthod (Bader Ind H01gne, 1982). In-situ,
measurement of ozone should be carried out over a sufficient time interval
to suppress temporal fluctuations. Such in~truments should be in1tial~y

calibrated by the indigo trisulfonate method. Facilities that have more
than 25 percent deviation between the Iverage concentration at two
horizontal locations should collect additional measurements at a third

. .
location. The average of all measurements may be taken as the average
concentration of dissolved ozone 1n the ozone contact chamber. For
systems with a :symmetrical vertical distribution of ozone concentration
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the vertical. sampling points should be equidistant. Systems with an
,asymmetrical distribution of available sampling points can perform an
integration of th'e data, to estimate the avenge concentration in the
chamber. An example of this is given at the end of this section ..

Some contact chambers. such as the Deep U-Tube chambers. static
mixers and reactive flow chambers have a high length to width ratio. where
the length of the chamber in the direction of fluid flow 1s greater than
four times the cross sect10n length. These chambers have mor.e uniform
radial concentration profiles. 'eliminating the need to measure the
concentration at various vertical or horizontal locations. Therefore,
measuring the concentration profile at several points along the flow path
should be sufficient to accurately· determine the average concentration.

Select Representative Locations
All sampling positions should be placed in representative locations,

avoiding stagnant zones and zones near the wall. Measurements in stagnant'
locations will lead to low values of the average res~dual concentrations.
While measurements at the wall may result in either an underestimate or
overestimate of the residual depending on the ozone flow pattern.

Systems having two or more ide~tica1 parallel ozone contact chambers
may determine the average ozone concentration by measuring. the concentra
tion profile at one horizontal location in each contact chamber. These
systems should, however, show by dual or triple horizontal measurements in
at least one of the parallel chambers that the measurement in the
part icular hori zonta1 1ocat ion adequately represents the concentrat ion
profile in the contact chamber.

Example 0.3-1
Asystem with a co-current chamber with dimensions of 10' X10' X 20'

was sampled to determine the average concentration in the chamber. In
accordance with the reconrnended guide1 ines, the following samp1 es were
taken:
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Water
Depth (ft)

2
6

10
14
18

Ozone Residual (mg/L)
...lit":'" -If,_o. ~12

0.15 0.17
0.15 0.14
0.3 ' 0.25
0..6 0.65

The horizontal sampling point measurements ire within 25
percent of each other indicating that no idditional horizontal
sampling is needed. Figure 0-14a shows the sampljng. locations
and the resulting ozo~e profile. . .

Average the Hband Hl- sampling points to determine ~'Ya.:
e,v.. • (0.1 + .15 + 0.15 + 0.3 -t= 0.6 + 0.12 + 0.17 + u.14 +
0.l5 + 0.65)/10 • 0.26. e.v' .qu~1s 0.26 mg/L,' which is C for
the chamber.

Example 0.3-2

A system with a co-current chamber and the same dimensions of the
system in Example 0.3-1 has sampling results as follows:

Ayerage Ci )

0.11
0.15
0-.285
0.715
0.615

(mg/l)Ozone Residual
-H1- .-liz-O. ' 0.12

0.16 0.14
0.27 0.3
0.70 ·0.73
0.62 '·0.61

Water
Depth (ft)

2
8

14
.16
18

(1) Average • (H, + H2)/2'

The sampl ing points are not vertically equidistant so the
system will plot the average ozone concentration of the
horizontal sampling.points versus depth to calculate the area
under the curve. Thi s approach should only be used if, the
sampling points cover the range of the water depth. .

As shown on Figure 0-14b, the area under the curve is deter
mined for the rang' of depths sampled from 2 to 18 ft •.

Several methods can be used 'for calculating the area includ-.
ing:

Measurement with a planimeter
Mathematical methods such as:

Simson's Rul e .
Runge Kutta
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The area under the curve is in units of mg/L-ft. C.
VI

is deter
mined as:

area (rog/l-ftl

5.44 mg/l - ft
18 ft • 2 ft

• 0.34 mg/L

•

0'.3.3 Estimating C a_sed on Residua] Measurements at the OytJit
For many systems, measuring ozone profiles in their ozone chamber may

be impractical because of physical constraints. These systems may
estimate C in the chamber based on measurements of the ozone residual at
the outlet from the chamber. EPA has established correlations for

. .
different types of gas-liquid contact configurations currently in ~se in
ozone contactors. These relationshi~s were derived based on conservative
assumptions regarding the type of flow configuration in the contactor.
Due to the highly reactive nature of ozone the values for C vary slightly
between first chambers and subsequent chambers. The recommended
concentrations for first and subsequent chambers are summarized in Table
0-6.

0.3.3.1 first Chambers
. A first chamber is the chamber in which 020ne is initially intro

duced. In establ ishing guidelines for determining Cvalues for the first
020ne contact chamber, the following items were considered:

I. The relationship between C and the outlet concentration in the
. first chamber of a multiple-chamber system (or single chamber) .

may be very sens it ive to the react ion order of the 020ne
consumption kinetics.

The average concentration in the contactor may be less than 10
percent of the outlet concentration. This was demonst~ated in
pilot plant studies conducted in a multiple chamber system by
Stolarik and Christie, 1990. Therefore, general r.elationships
between the residual ozone concentration at the outlet from a
first (or single) olone contact chamber and the average
concentration tn this chamber cannot be developed.
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TABLE 0·6

CORRELATIONS TO PREDICT C BAS£p' .
ON OUTLET OZONE CONCENTRATIONSc ,S)

..
, .

ElQWCONFIGUBATION

CO'-CURRENT COUNTER· CURRENT REACTIVE
TURBINE FLOW FLOW FLOW

F1rst cb:iiii!
C PARTIAL(2) PARTIAL(2) NOT

CREDIT CREDIT APPLICABLE
Subsequent Chambers

C • Cout C • Cout C • Cout/2 C • Coutor
C • (Cout + C1n)/2

fmIll:
1. Definitions:

C Characteristic Concentration (mg/L)
.

Cout Dissolved ozone concentration at th~ outlet from the chamber (mg/L)

Cin Concentration of ozone at the inlet to the chamber (mg/L)

2. I-log of virus inactivation providing that Cout > 0.1 mg/L Ind 1/2-10g Giardia
cysts inactivation providing that Cout > 0.3 mg/L.

3. Alternatively, Cmay equal the average concentratfon IS evaluated by the direct
measurement method (Section 0.3.2).



2. The rate of disinfection of viruses (coliphage) by ozone often
decreases wi th respect to contact t 1me whereby. the tnt t i a1
inactivation rate is very fast and deteriorates afterwards.

3. Pl10t plant experiments reported by Wolfe et .1, (1989)
suggest that the inactivation of organisms including M52
bacteriophages, Giardia .uris cysts, R2A bacteria and E. Coli,
in the first chamber of I .ultip1e-chamber reactor is very
rapid even when high ozone deaand waters are used.

Considering these items, EPA ricomends a general gu.faeline of
crediting the first ozone chamber with CT cr~dits ·equivalent to I-log
virus inactivation and O.S-log Giardia cyst inactivation, provided that
the residual concentration measured at the outlet from the first contact
chamber exceeds 0.1 mg/l and 0.3 mg/l, respectively, regardless of the.
contactor configuration. However, this guideline does assume ·that tht!
volume of the first chamber i~equal to the volume of subsequent chambers.
The credit for I-log virus inactivation at an outlet residual of 0.1 mg/L
may appear conservative with respect to MS2 bacteriophage data, however, .
only limited data for ozone inactivation of the animal viruses of concern
is currently available. Preliminary test results indicate that bacterio
phage may not be an appropriate indicator for virus inactivation' by ozone
(Finch, 1990).

Systems may prove higher performance of their first contact chambers
by measuring the concentration profiles in the first chamber, as outlined
in Section 0.3.2 or by applying the more sophisticated methods that are
presented in Section 0.4.

0.3.3.2 Sybseqyent Chambers
The correlations in Table 0-6 are based on analysis of the dissolved·

concentration profile 1n liquid/gas contacting chambers. All correlations
rely on the accurate measurement of ozone concentration outside of the
gas/liquid contacting regime. Concentrations at the outlet from the ozone
contact chambers can be measured accurately without interferences from the
ozone bubbles •. The correlations represent the highest possible estimate
of C. that can be supported without site-specific test data. These
estimates are conservative and systems may choose to determine C based on
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direct measurement of the concentration profile in the contact chamber,. or
use one of the p~ocedures recommended in Section 0.4.

Correlations were 'developed for the four types of flow configura
tions:

Turbine
Counter Current Flow
Co-current Flow
Reactive Flow

Turbine
For turbine chambers or rigorously .ixed chambers, the flow

characteristics in the chamber approach that of a CSTR and, therefore, the
concentration at the outlet from the contactor (C~t) is assumed to be
representative of the dissolved concentration of ozone in the liquid phase
(C). Currently, contactors using turbine agitators appear to approx,imate
CSTR characteristics '(Schwartz et al, 1990). Other systems with T,o/HOT
values less than 0.33 may use the same correlations. ' This correlation is
applicable to every chamber, including turbine con~actors used for first.
chambers or as a single chamber contactor.

The measurement of ozone concentration in the gas phase is a possible
alternative for determining C although such correlations will be highly
site specific. A procedure to develop site specific corr~lations between
the average ozone concentration and the off-gas concentration is presented.
in Section 0.4.2.1.

Counter-Cyrrent Flow
In counter-current flow, the water flows opposite to the direction

of bubble rise. Measurement of the concentration profile in such system~

rev~aled that the concentration in the liquid phase uniformly increased
with depth in the ozone chamber as shown in Figure 0-15. The maximum
concentration in the chamber is achieved near the water outlet from the
ozone chamber.

Measurement of the ozone concentration in an ideal plug flow chamber
reve~ls that the average concentration is only 25 to 50 percent of the
outlet concentration' for these chambers under'typical operating condi
tions. Add'itiona1 contributions to the average concentration that are not
accounted for by the plug flow analysis, include the contribution of
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turbulence and th, contribution of the inlet concentration. Based on these
considerations, EPA recommends the use of one-half the outlet concentra
tion of ozone as an .stimate for C.

The measurement of ozone concentration in the off gas. is a possible
alternative for determining the average ozone concentration although the
correlations will be highly site specific. A procedure to develop site
specific correlations between the average ozone concentration and the off
gas concentration is presented in Section 0.4.2.1.

Co-Cyrrent Flow
In co-current flow, both the water Ind gls flow in the same

direction. The ozone concentration profile in co-current operation
increases until it reaches a maximum and then decreases along the contact
chamber as shown on Figure 0-15. The dissolved ozone concentration
increases at the beginning of the col~mn due to dominant mass transfer
from the ozone rich bubbles. Then the gas phase becomes depleted of ozone
and the impact of ozone consumption in the liquid phase dominates the
ozone profile. Ccan be estimated as the concentration of dissolved ozone
at the outlet or by the average of the inlet and outlet concentrations of
dissol ved ozone, whichever is higher. This estimate should st i 11 be
conservative, particularly for systems exhibiting high tran,sfer efficien
cies.

The measurement of ozone concentration in the off gas is a possible
alternative for determining the average ozone concentration although the
correlations will be highly site specific~ A procedure to develop site
specific correlations between the average ozone concentration and the off
gas concentration is presented in Section 0.4.2.1.

Reactive Flow
In ozone chambers operated in a reactive ·flow configuration, the

water contains dissolved ozone residual from previous chambers but no
additional ozone is being introduced. Reactive flow chambers are used:
for other disinfectants, such as Chlorine, chlorine dioxide and chloramin
es; for the decay of ozone following a contactor or a static mixer; and
for combining DIone with hydrogen perOXide.

0.3-9
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For sta-tic lIixers, the mixer lets IS I turbine chamber with the
pipeline followin~ the mixer acting as the reactive chamber. The pipeline
is in effect the second chamber Ind the guidelines in Tlble 0·6 Ipply for
the determination of C.' The contact time in the pipeline "can be. '

calculated by Issuming plug flow.
In order to be consistent with the recommendations for monitoring

other disinfectants in reactive flow chubers, Ind. in order to assure
compliance under worst case conditions. the use of the residual outlet
from the chamber (COI./t) is recommended IS I conservat·iYe measure of C. The
CT for reactive flow chambers may be estimated by diY1di.ng the chamber
into subunits, measuring the concentration at the end of each subunit, and
adding the CT credits .

. Estimates of Cbased on the outlet concentration were conservatively
developed based on avail abl e test data. EPA's recommended values for C
are summarized in Table 0-6. A syttem may choose to perform additional
testing for direct measurement of ozone residuals to support a higher
value. if appropriate. In addition, a reactive, flow chamber may be
subdivided into smaller units with ozone measurements at the end of each
unit to improve CT credit.

0.3.4 Estimating C
The results of this section are summarized in' Figure 0-16. The

decision tree shows the applicable methods of estimating C for each flow
configuration, and provides a quick means to compare alternatives and make
a selection.

0.3-10
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FIGURE 0-16· DECISION TREE FOR ESTIMATING. C
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0.4 SITE-SPECIFIC EVALUATION OF OZONE CONTACTORS

0.4.J Introdyction
The second set of gUidelines is designed to prevent sy~tems from

costly over-design and use of overdoses of ozone, by performing site
specific characterization of their ozone contactors. This approach was
partially utilized in the previous two sections by recommendi"9 a direct
measurement of the ozone concentration profile and by alloWing systems to
use the SFA or CSTR approaches. In this section the site specific
evaluation procedure will be further developed by presenting additional
options to improve disinfection credits or simplify monitoring procedures.
EPA recommends the following three alternatives for site specific
evaluations:

Estimating C by m'asurement of another variable
Modeling performance of field scale operation
Use of microbial indicator studies

C may be estimated by measuring an easily monitored (observable)
variable. Systems should develop site specific correlationS between C and
another observable parameter such as the gas or liquid concentration
exiting (C~t) the .chamber and monitor this observable parameter instead
of C. Guidelines to develop such site specific correlatio~s are presented
in Section 0.4.2

Modelling the performance of full· scale operations is an alternative
to the separate C and T approach. The first procedure separated the
analysis into two separate issues related to determining C and T.
Extensive modelling of the system may predict higher ~nactivation levels,
even for the sallle C and T. EPA recommends that systems construct'
mathematical m~dels of their ozone contactors to predict the disinfection
performance, provided that the models are confirmed by experimental
observat ion of the actual ozone concentration profile in the contact
chambers, as discussed in Section 0.4.3.

Microbial indicator studies may be used to determine the inactiv~tion

of viruses and Giardia cysts in ozone contactors. EP~ recommends that
systems be allowed to evaluate the performance of their disinfection
systems by spiking a pilot of the contactor with an indicator microorgan
ism and predicting the actual inactivation of·Giardia cysts and viruses
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2.

based on the inactivation of the indicator microorganisms. Guidelines to
conduct such pilot scale performance evaluations are presented ~n Section
0.4.4. .

':It

0.4.2 Site Specifi, Correlation of Cwith an Observable variable ,,~~.

Section 0.3 recommends determining the concentration of ozone in ~ ..
contactors by one of the folloWing ways:

1. Measure the concentration profile in the chambers and determine
the average dissolved ozone concentration for C. .

2. Measure the dissol ved. concentrat ion of ozone in' the water
outlet from each chamber (C~J) and estimate C by the correla
t10ns presented in Tables 0-0.

This section presents an alternative method to determine C.
The SWTR requires unfiltered systems to report a daily .CT for their

disinfection systems. Similar requirements may' be specified by the
Primacy Agency for filtered systems .. Measuring the concentration in the
ozone chambers each day may be difficult. Determining the ozone
concentration in a chamber by continuous or daily measurements of other
variables is probably preferable. likewise. many systems may prefer to
monitor the' ozone concentration in the off gas (Yout ) o~ via the applied
ozone dose rather than monit~r C~. However, based on available data •.a
non-site specific correlation between the average ozone concentration in
the chamber and an observabl e variabl e other than tout could not be
developed.

EPA encourages systems to develop such site specific correlations and
use them instead of the general procedures. These correlations may be'
developed in one of the following ways:

1. Determine site specific correlations between C~ and another
variable that' can be easily monitored. Measure the variable.
estimate C J and then use the correlations presented in Tabler
0-6 to precer, ct C.

Determine site specific correlations directly between C and
another variable such as the ozone concentration in the off gas
(y ) or C . Measure that variable and estimate C.out out
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Correht ions between C or CCIU! and a ....sur~bl. parallllter lI'y vary in
complexity from a simple .mpirical linear corr.lation to a ~ighli

sophisticated mathematica' model accounting for the ozone concentration
profile in the contact chamber. DeyeJopment of appropriate correlations
depends on the enginee~ing capabilities of the utility. Jherefore, EPA
does not recommend any particular mathematical relationships. However,. .
the following sections present guidelines to assist syst.ms. in.deyeloping
appropriate correlations.

Correlations for Soecifi, Cbambers
The correlations should refer to a specific contact chamber and

should be verified to fit the performance of this chamber. For example, a
correlation for the first chamber should h~t be used to predict C in the
second chamber of a multiple-chamber system.

Developing tbe Correlation
When fitting the correlation with experimental data, .a record of ,the

follOWing variables should be kept:

a. Water flow rate

b, Gas flow rate

c. Ozone concentration in the gas feed

d. Ozone transfer efficienc~

d. Water temperature Ind pH

e. Concentrations of all major-inorganic reducing agents,'
if they constitute a substantial. proportion of the total
ozone demand, such as iron(II) and manganese,' TOe,
alkalin1ty and turbidity.

f. Cout or whatever is being correlated

g, The measurable variables such as ozone dosage or Cout

The system should also record the dependent (C or Cout ) and indepen
dent measurabl~ variables,

,0.4·3



Application of the Corre'at1on
i

The correhtion should be IVlluated with It llast • 90 percent
confidence level. Since confidence margins Ire very se~s~t1Ye ·to the
number of observations used to develop the relationship, this requirement
will prevent the use of correlations that are based on a l'.'ted amount of
observations. On the other hand, because systems usually make daily
records of most of the parameters needed to develop a corre,lation, the
number of observations will usually be very high, thereby, providing I

high confidence level for the correlation. Simple procedures to determine
confidence intervals are presented in statist1ca' textbooks.

The correlation must be checked periodically, such IS monthly, as an
additional precaution against unexpected shifts in water conditions.

The correlation should be applied only to conditions that are within
the parametric range for which the correlation was developed, as note~ in
the second guideline. Interpolation is permitted but extrapolation is
not. Correlations developed during the winter time shou'~ not be used to '
evaluate performance in the summer.

EPA believes that by permitting such correlations, systems will be
encouraged to apply sophisticated mathematical models in order to decrease
the confidence interval and administer smaller doses of .ozone. EPA also
expects that systems will develop correlations between C.in ~he contactors
and measurable parameters to simplify their operations. Small or lesser
equipped systems will then be able to use these relationships to estimate
the performance of their ozone contactors. EPA intends to follow advances
in this field and issue updated examples and guidelines regarding the
selection of efficient site specific correlations.

0.4.2.1 UtiliZing Off-Gas Measurements .
In ozone contactors, the gas and liquid str~ams equilibrate when .the

contact betwe~n the gas and liquid is intimate enough ~nd for sufficient
time, otherwise the concentration in the water phase will be much lower

. than the equilibrium concentration. It can be assumed that close to
equfl ibrium conditions are ruched, when the transfer effic:ienc:y 1n the
contactors ;s greater than. 85 percent «Yln-YM)/Yfn )·0.85). When the
transfer efficiency is greater than 85 percent,. systems may use solubility
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constant data to cal culate tout from the contactor, based on the ozone
concentration in the off gas. This may lead to a slight over estimate of
the concentration in the liquid phase but this over estimate is justified,
in view of the better reliability of gas phase measurements.

Henry's constants for ozone at various temperatures are presented in
Table 0-7. The residual concentration of ozone may be estimated by:

Where:

•

Yout •

C ".out

H

The concentration of ozone in the gas phase (ppm 
volume or partial pressure-atm)

The concentration of ozone in the 1iquid phase
(mg/L)

Henry's constant (atm/mg/L)

When applying off-gas modelling, liquid phase measurements must' be
made periodically to check the correlation, as the ozone transfer
efficiency has a high impact on the results of this correlation.

Systems must be cautioned against the use of off-gas measurements
for mult ip1e chamber contactors wi th a common headspace. As note'd
previously, modelling must be specific to individual chambers. Thus, if
a contactor ~as a common head space between chambers, no distinction can
be made as to the concentration in each chamber. Therefore, off-gas
measurements for modelling are recommended for use with single chamber
contactors.

'Example 0.4-1
The Metropolitan Water District of Souther~ California conducted

off-gas monitoring on a single chamber co-current fl~w pilot contactor to
determine the dissolved ozone concentration:

Operating conditions were as follows~

source water: Colorado River

feed gas ozone ,concentration • 2 percent by weight

off gas ozone concentration • 0.185 percent by weight
(or 0.123 percent by volume)
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transfer efficiency • 90.8 percent

temperature • 16.5 C

observed ozone residual • 1.04 mg/L

Henry's constant 16.5·C • 0.001179 ItmVmg/L

The ozone residual estimated from the off gas concentration
is:

C~.Y~/H • 0.00123/0.001179
• 1.04 mg/L .

The measured residual is the same'ls that predicted by the
off-gas measurement indicating that this approach is appropri
ate for this system.

Example 0.4-2 Empirical Correlation between C~ Ind Vout
Asystem using two counter-current contact chambers in series w~nts

to, predict Cout in the second chamber by the concentration of ozone in the,
off-gas (Y~). Daily observations of the pertinent parameters during the
first month of operation are presented in Table 0-8.

The'system chose to correlate Cout and Yout by linear empirical
correlation.

The daily observations, and the best linear fit are presented
in Figure 0-17.

The 90 percent confidence interval is presented by the lower
line in Figure 0-17.

The system may use the 90 percent confidence level line to
estimate Cout based on measurements of Yout"

For example when Y~ • 0.4 percent then the system inay use CoutO
• 0.36 mg/L. ' .

Although the best estimate is Cout • 0.4 mg/L, the system
should predict Cout • 0.36 mg/L. .

Now, according to.Table 0-6, the system may predict C using
th~ recommended gUideline of C· Coutl2. (0.36)/2· 0.18 mg/L.

The system measures the ozone concentration at the chamber
outlet monthly, to check the model correlation.
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TABLE 0·7

. HENRY'S CONSTANTS FOR 020NE(1)

Water
Temperature

(oe)

o
5

10
15
20
25
30

NOTE: (1) EPA, 1986

•

Henry's Constant
atm/Mole Fraction

1,940
2,180
2,480
2,880
3,760
4,570
5,980

Henry's Constant
(atm/mall ozone)

0.00073
0.00082
0.00093
'0.00108
0.00141
0.00171
0.00224



.-. _.. _. ,.....r_. .-.;.:" .''-'-'



".!i -,---_._- .. ------- .._------ -_ _-

-.
l:
8:-
C

"
0-.~..
l.....
C...
U
c·
0
u-..
:>
b-.....
ct:

..
D.4,-

".J5

D.:> -

0.25 .

0.2 -

(U5

lU -

C).r

(J.05 t----....--·---,-- -_. -- -- rt_.-------.--•...-----..-..;---..-.----1
O.i:) 0 ..1 . o.of

Oil !JdS cun;:mal'·dlinlJ 'I)'
FIGURE 0-17- EXAMPLE OF EMPIRICAL CORRELATION OF

RESIDUAL OZONE.AND OFF GAS



If th1s system had the means to mani tor the concentrat fan
profile in the cantactor and determine C directly it could
develop a correlation between Cand y~ instead of using Table
0-6.

0.4.3 Modeling tbe Performance Of Eul] Stal, Operations
More extenshe site spec1fi c ..ath,emat 1cal IIOdelli ng of the actual

performance of the ozone contactor mlY determine higher inactivation
levels than those determined by the seplrate C Ind T Ipproach •. ~herefore,
systems should be allowed to use such advanced mod.,ling, prOVided that
these models are confirmed by direct measurement of the dfssolved ozone
profile in the contactor. Only after the model is confirmed to correctly
esti!"ate the concentration profile in the contactor can it be used to
est imate the fnact1va t 1on performance of the contlctor. Systems wi th
multiple chamber contactors must develop models for each of the chambers.

Various types of mathematical models for reaction-diffusion systems
were reported (Oanckwerts, 1976) and some were shown to be applicable for
ozone cantactors (Gurol Ind Singer, 1982). This' sect1~n deliberately
avoids giving preference to any type of mathematfcal modelling in order to
encourage engineering innovations. The guidelines presented below may.
help systems to select appropriate modelling that will be consistent with
the requirements of the SWTR.

The model should account for th~ ozone demand of ~he water being
treated in the contactor. The rate of ozone reaction and decomposition
should be based on batch experiments, on-site pilot plant columns, or
full-scale measurements.

The model should represent the actual flow distribution in the ozone
contact chambers by incorporating a dispersfo~ term and/or a three.
dimensional velocity distribution term in the contactor.

The modelled profile of the concentration ~f dissolved ozone in the
contactor should fit the actual distribuUonof dissolved ozone, IS

verified by direct measurements., with a variation of less than 10 to 20

percent. This difference between the model and measured residua~ allows
for the inherent inaccuracies in measuring the actual ozone reSidual .. The
mathematically modelled concentration profile should not be used without
comparing it with actual measurements. Even elaborate mathematical models

0.4-7
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are not considered reliable enough to estimate the concentration
distributions of dissolved gass.s in complex gas/liquid operations.
without additional virification of the actual concentration profile in the
contactor.

In addition to the above guidelin.s. the model .ay also account for
other phenomena that IDlY affect the p.rforlllanci of the ozone contact·
chambers. such IS: the effects of varying bubble diameter during its
movement through the contactor. thl Ifflct of st~gnant regions in the
contactor and the variation of the hydrostatic pressure.

For lumpl et a system may use the two f1111l theo~y coupled with
reaction kinetics to estimate the performance of an ozone contact chamber.
Using the two .film theory the relevant differential equations are:

L dC/dz - Ht + Hr + Hd

Gdy/dz - Ht

L dI/dz • Hd - KCI

Where:

C • Concentration of dissolved ozone (mg/L)

G - Gas flow rate per cross sect ion of the contactor (mZ• Kg
. gas/min)

I - Concentration of the target microorganism (Giardia or viruses)

L • Water fl~w rate per cross section area of the reactor (Kg wat-
er/min.m)

y • Concentration of ozone in the gas phase (mg/L)

z • Length coordinate of the contactor

Ht. An expression for ozone transfer from the bubble phase to the
water phase. For example. k,a(Cj-C) where k,a stands for the
volumetric mass transfer coeffic~ent, clrefresents the
interfacial concentration of ozone, given by so ubil1ty data
(Table 0-10). .

Hr. An expression for the rate of ozone consumption in the water
due to auto-decomposition and the ozone demand of the treated
water. For example, Hr- k,C -kz(C)(R). Where k, and kz are
kinetic coefficients, and R represents the variable ozone
demand, such as TOC. An additional equation may be required to
represent the variation of R along tHe contactor.

0.4-8



Hd '" An expression for the dispersion by turbulence and bubble flow.
of

2
d1s\olved ozone in the speciffc contador. For example, . ,~

Cd C/dz the dispersion coefficient (D) lIay be evaluated by'...
Inalysis of tracer study dati. The third equltion describing
the microorganism concentration (dI/dz) should incorporate the
same dispersion coefficient (0). .

KCI- Chick's inactivation term (K-Z.303k, where k - Chick-Watson's
inacttvation coefficient presented tn Table 0-., Crepresents
the local concentration of ozone and I represents the concen-
trat10n of microorganisms).. -

The val idity of these equations is subject to the appropriate
boundary conditions at the bottom and top of the contactor. The signs of
the various terms depend on. the definition of coordinates and the type of
flow configuration (co-current or counter-current flow configuration).

0.4.4 Microbial Indicator Stydies to Model Inactivation Cantactors
According to the recommendations in AppendiX G, systems may

demonstrate the actual performance of a disinfection system rather than
rely on the C1 approach. The procedures outlined in Appendix G recommend
the use of Giardia muris cysts as indicators of Giardia inactivation and
bacteriophage (M52) as indicators for virus inact~vation by disinfection
in general. However, recent data indicate that H52 phages may be
substantially more sensitive to ozone disinfection than pathogenic
viruses, and therefore are not a good indicator for determining adequate
ozonation conditions for inactivating pathogenic viruses (Finch, 1990).
Additional research is needed to determirte which coliphage species, if
any, can be used as an appropriate indicator for virus inactivatiQn by
ozone. Pilot scale inactivation experiments using lppropriate indicato~

microorganisms can serve as powerful tools to .indicate the performance of
the ozone contactors. This section contains guidelines for conduct~ng

indicator ·studies. At this time, full-scale testing with indicator
organisms is not feasible because of the high volume of organisms needed
and the concern for introducing organisms into the finished water.. .
However, with the development of naturally occurring indicators such as
resistant species of coliphage, demonstration on the full-scale level may
be feasible in:·the future.

0.4-9
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Systems may determine the performance of their disinfection basins
by demonstrating 'levels of inactivation of indicator microorganisms such
IS Giard~a ~ cysts, or other indicator microorganisms provid.d th~t

such demonstrations are based on solid eng1n..ring principles. The
following steps can be used for conducting 1n4icator studies:

1. Batch Experiments
On-site batch disinfection experiments are recommended with treated

water spiked with indicator mieroorganisms to ,determine the inactivation
kinetics of the indicator used in the pilot scale experiments. Microor
ganisms should be used as indicators preferably in the range where' the
inactivation kinetics approximate Chick's law~ This protocol assumes that
within the desired inactivation range, the inactivation kinetics win
approximate Chick's law. It·is important to note that other disinfection
kinetic models, not yet apparent, may be developed to more accurately
predict ozone inactivati~n efficiency than th~ Chick-Watson model:.
[vidence that other models may be more appropriate is shown with data
generated by several researchers for different organisms ~Wolfe, R.L. et
al, 1989; Finch G., et al 1988; Finch G. and Smith, D.W. 1989).

2. Pilot Scale Indicator Experiments
Pilot-scale experiments should then be conducted using identical

str~ins of biological indicators to those used in the batch experiments.
The pilot-scale experiments should be re~eated under identical gas and
water flow conditions with and without introducing ozone into the gas
stream. The actual performance may then be calculated by subtracting the
inactivation achieved in the control experiment (Without ozone) from the
inactivation ,chieved in the ozone disinfection experiments.

3. Eyalyation of Inactivation Performances
Systems' may choose direct or indirect methods to interpret the

inactivation performance of ozone contactors based on indicator studies.
The direct method is more conservative and simple while the indirect
method is more accurate but requires mathematical modelling of the
contactors. The two procedures are outlined below:

0.4-10
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a.

C

(II10) Indlc8col'
as

1. D1r.ct prediction of inactivatipn performanc,

Determine kl (where k is Chick-Watson's inactivation
coefficient of the indicltor microorganism) from batch
test data With the expression: .

log (1/10) fndlcetol' • -klCt

where:

~Surv1val rltio of indicator .icroorganism
determined by batch experilllnts.. .

• Dissolved ozone concentration in the batch
experiment (mg/L)

t • time (minutes) .lapsed from the beginning
of the batch experiment

Note: This assumes that the inactivation data will provide a
reasonable fit for this equation. If this is not true,
then the follOWing is not applicable Ind other relation
ships should be developed.

b. Determine the disinfection performance of the pilot
scale disinfection system on the indicator microorganism
(1/10>Indicator'

c. Calculate the inactivation of Giardia cysts or viruses
(1/10) using the appropriate k' values from Table.a-3:

10g(I/IQ> • 10g(I/10)lndlc8tO,. (k'/k.) ',(ki ) k) (7)

log (1/10) .• log (I/Ia>tndlcetol' (ki < k) (8)

This equation still represents an approximation becaus~ it neglects
dispersion effects. The laws used in deriving the above equations ar,e
based on conservative similarity approaches. When the indicato~

microorganism is less resi stant to ozone disinfection than the target
organism (k, ) k) t then the plug flow operation. represents the lIore
conservative prediction approach. Equation 7 is based on the assumption
that the flow configuration in the chamber approaches plug flow. When the.
indicator microorganism is more vulnerable then the target microorgan~sm

(k, > k) then the CSTR approach provides a more conservative estimate.
Equation 4 represents a cons~rvative approximation to the CSTR similarity

0.4-11



•
rule. A~re accurate determination of the inactivatton p.rfo~ance of
the co~tactor may.be calculat'd by the following approach:

2. Indirect determination of the disinfection performance

I. Determine k, (where k is Chick-Watson's inactivation
coefficient of the indicator .icroorganism) from batch
test data with the expression: .

log(I/lo)lrlCuc.cor lit -k,Ct

where:

(1/10) 'fldlc.tor •

•

t

C

Survival ratio of indicator-micra-organisms
as determined 'by bitch experiments.

Dissolved ozone concentration in the batch
experiment (mg/L)

time (minutes) elapsed from the beginning
of the batch experiment

b. Determine the disinfection . performance of the pilot
scale inactivation level of the indicator microorganism
(1/10) lfldlucor' '.

c. Determine the actual concentration profile in the
disinfection chamber (see Section 0.3.2) .

.
d. Construct a mathematical model that estimates the

concentration profile in the contactor as discussed in
Section 0.4.3 - .

e. Confirm the mathematical model by fitting its parameters'
such as dispersion or kinetic coefficients to describe
accurately the concentration profile of ozone in the
contactor and the overall inactivation of the indicator
microorganism. A model that predicts within lO-ZO.
percent the inactivation of the.indicator microorganism
and the concentration profile of dissolved ozone to the
contactor would be considered to be valid and can be
used by incorporating k values from Table 0-3 to
estimate the inactivation of Giardia cysts or viruses in
the contactor. .

0.4·12
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