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NSF INTERNATIONAL

Mission Statement:

NSF International (NSF), an independent, not-for-profit organization, is dedicated to public hedth
safety and protection of the environment by developing stlandards, by providing education and providing
superior third party conformity assessment services while representing the interests of al stakeholders.

NSF Purpose and Organization

NSF International (NSF) is an independent not-for-profit organization. For more than 52 years, NSF
has been in the business of developing consensus standards that promote and protect public hedth and
the environment and providing testing and certification services to ensure manufacturers and users dike
that products meet those standards. Today, millions of products bear the NSF Name, Logo and/or
Mark, symbols upon which the public can rely for assurance that equipment and products meet trict
public hedth and performance criteria and standards.

Limitations of use of NSF Documents
This protocol is subject to revison; contact NSF to confirm this revison is current.
The testing againgt this protocol does not constitute an NSF Certification of the product tested.

U.S. ENVIRONMENTAL PROTECTION AGENCY

Throughout its higtory, the U.S. Environmental Protection Agency (EPA) has evduated technologies to
determine their effectivenessin preventing, controlling, and cleaning up pollution. EPA is now expanding
these efforts by indituting a new program, the Environmenta Technology Verification Program:---or
ETV---to verify the performance of alarger universe of innovative technical solutions to problems that
threaten human hedlth or the environment. ETV was created to substantialy accelerate the entrance of
new environmenta technologies into the domestic and internationd marketplace. 1t supplies technology
buyers and devel opers, consulting engineers, sates, and U.S. EPA regions with high quality data on the
performance of new technologies. This encourages more rgpid availability of approaches to better
protect the environment.

ETV Drinking Water Systems Center:

Concern about drinking water safety has accelerated in recent years due to much publicized outbresks
of waterborne disease and information linking ingestion of arsenic to cancer incidence. TheU.S. EPA is
authorized through the Safe Drinking Water Act to set numerical contaminant standards and trestment
and monitoring requirements that will ensure the safety of public water supplies. However, smal
communities are often poorly equipped to comply with al of the requirements; less costly package
treatment technologies may offer asolution. These package plants can be designed to ded with specific
problems of a particular community; additiondly, they may be inddled an Ste more efficently---
requiring less dart-up capitd and time than traditionaly condructed water trestment plants. The
opportunity for the sales of such systemsin other countriesis dso subgtantid.

The EPA has partnered with NSF, a nonprofit tesing and cetification organization, to verify
performance of smdl drinking water systems that serve small communities. 1t is expected that both the
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domestic and international markets for such systems are substantial. The EPA and NSF have formed
an oversght stakeholders group composed of buyers, sellers, and states (issuers of permits), to assst in
formulating consensus testing protocols. A god of verification testing is to enhance and facilitate the
acceptance of small package drinking water trestment equipment by state drinking water regulatory
officias and consulting engineers while reducing the need for testing of equipment a each location where
the equipment use is contemplated. NSF will meet this goa by working with equipment manufacturers
and other agencies in planning and conducting equipment verification testing, evauaing data generated
by such testing and managing and disseminating information. The manufacturer is expected to secure the
appropriate resources to support their part of the equipment verification process, including provison of
equipment and technica support.

The verification process established by the EPA and NSF is intended to serve as a template for
conducting water treatment verification tests that will generate high quality deta for verification of
equipment performance. The verification process is a model process that can help in moving smdl
drinking water equipment into routine use more quickly. The verification of an equipment's performance
involves five sequentia steps:

1. Development of a verification/Product- Specific Test Plan;

2. Execution of verification testing;

3. Datareduction, analysis, and reporting;

4. Performance and cost (Iabor, chemicas, energy) verification;
5. Report preparation and informeation transfer.

This verification testing program is being conducted by NSF Internationd with participation of
manufacturers, under the sponsorship of the EPA Office of Research and Development (ORD),
Nationd Risk Management Research Laboratory, Water Supply and Water Resources Divison
(WSWRD) - Cincinnati, Ohio. NSF's role is to provide technicd and administrative leadership and
support in conducting the testing. It is important to note that verificaion of the equipment does not
mean that the equipment is “certified” by NSF or EPA. Rather, it recognizes that the performance of
the equipment has been determined and verified by these organizations.

Partner ships:

The U.S. EPA and NSF International (NSF) cooperatively organized and developed the ETV Drinking
Water Systems Center to meet community and commercia needs. NSF and the Association of State
Drinking Water Adminigtrators have an underdanding to asss each other in promoting and
communicating the benefits and results of the project.
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ORGANIZATION AND INTENDED USE OF PROTOCOL AND TEST PLANS

NSF encourages the user of this protocol to dso read and understand the policies related to the
verification and testing of drinking water treetment systems and equipment.

The firs Chepter of this document describes the Protocol required in al dudies verifying the
performance of equipment or systems removing inorganic condituents, the public hedth god of the
Protocol. The remaining chapters describe the additional requirements for equipment and sysemsusing
gpecific technologies to atain the goas and objectives of the Protocol: the remova of inorganic
condtituents.

Prior to the verification testing of a drinking water treatment systems, plants and/or equipment, the
equipment manufacturer and/or supplier must select an NSF-qudified Field Tegting Organization. This
desgnated Fidd Tedting Organization must write a “Product- Specific Test Plan”.  The equipment
manufacturer and/or supplier will need this protocol and the test plans herein ad other ETV Protocols
and Test Plans to develop the Product- Specific Test Plan depending on the treatment technol ogies used
in the unit processes or trestment train of the equipment or system. More than one protocol and/or test
plan may be necessary to address the equipment’ s capabilities in the treatment of drinking water.

Testing shal be conducted by an NSF-qudified Fidd Tegting Organization that is sdected by the
Manufacturer. Water quaity andytica work to be completed as a part of an ETV Testing Plan shdl be
contracted with a state-certified or third party- or EPA-accredited laboratory. For information on a
liging of NSqudlified field testing organizations and date-certified or third party- or EPA-accredited
laboratories, contact NSF Internationd.
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1.0 INTRODUCTION

This document is the protocol to be used for Verification Testing of equipment designed to achieve
remova of inorganic condtituents. This protocol may be applicable to various types of water trestment
equipmernt capable remova of inorganic condituents.  Equipment testing might be undertaken to verify
the inorganic condtituent removal capabilities and performance of drinking water trestment equipment
employing processes that may include but are not limited to membrane filtration (reverse osmoss), ion
exchange, dectrodidyssdectrodidyss reversd, dumina adsorption, softening, etc. The specific
inorganic condtituents to be targeted for remova during Verification Testing shdl be dearly identified in
the Product-Specific Test Plan (PSTP) prior to the initiation of testing by the Field Testing Organization
(FTO). The PSTP may include the testing requirements of more than one Testing Plan; however, the
FTO mug adhere to the specific minimum requirements o each protocol in developing a PSTP. The
find submisson of the PSTP shdll:

. include the information requested in this protocol;
. conform to the format identified herein; and

. conform to the specific NSF International (NSF) Equipment Verification Testing Plan or Plans
related to the statement or statements of objectives that are to be verified.

The teding of new technologies and materids that are unfamiliar to the NSF/EPA will not be
discouraged. It is recommended that resins or membranes or any other materid or chemicd in the
equipment conform to NSF International/American Nationd Standards Inditute (NSF/ANS)
Standard 60 and 61.

This protocol document is presented in two fonts. The noritdicized font provides the rationae for the
requirements and background information that the FTO may find useful in preparation of the PSTP.
The italicized text indicates specific study protocol deliverables that are required of the FTO or
of the Manufacturer and that must be incorporated in the PSTP.

The following glossary terms are presented here for subsequent reference in this protocol:

. Didribution System - a system of conduits by which a primary potable water supply is
conveyed to consumers, typically by anetwork of pipelines.

. EPA - The United States Environmenta Protection Agency, its daff or authorized
representatives.

. Equipment - Testing equipment for use in the Veification Testing Program which may be
defined as either a package plant or modular system.

. Field Teding Organization (FTO) - An organization qudified to conduct studies and testing of

equipment in accordance with protocols and test plans. The role of the FTO isto complete the
ETV Teding gpplication on behdf of the Manufacturer, to enter into contracts with NSF, as
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discussed herein, to operate or supervise operation of a system during the study testing period
and to complete the tasks required by the protocol.

Manufacturer - abusiness that assembles and/or sells package plant equipment and/or modular
systems. The role of the Manufacturer is to provide the package plant and/or modular system
and technicd support during the Veification Testing Program. The Manufecturer is aso
responsible for providing assistance to the third party FTO during operation and monitoring of
the package plant or modular system in the Verification Testing Program.

Modular System - A package functiond assembly of components for use in a drinking water
treatment system or package plant, that provides a limited form of treatment of the feed water(s)
and which is discharged to another package plant module or in the find step of treatment to the
digribution system.

NSF - NSF International, its Saff, or other authorized representatives.

Package plant - acomplete water treatment system including al components from connection to
the raw water(s) through discharge to the ditribution system.

Plant Operator - the person working for a small water system who is responsible for operating
package water treatment equipment to produce treated drinking weater. This person may dso
collect samples, record data and attend to the daily operations of equipment throughout the
testing period(s).

Product- Specific Test Plan (PSTP)- A written document of procedures for on-gtefin-line
testing, sample collection, preservation, and shipment and other on-Ste activities described in
the EPA/NSF ETV Protocol(s) and Test Plan(s) that apply to a specific make and modd of a
package plant/modular system.

Protocol -A written document that clearly states the objectives, gods, and scope of the study
as well as the test plan(s) for the conduct of the sudy. Protocol will be used for reference
during Manufacturer participation in Verification Testing Program.

Report - A written document tha includes data, test results, findings, and any pertinent
information collected in accordance with a protocol, analytica methods, procedures, etc., in the
as=ssment of a product whether such information is preliminary, draft or find form.

Testing Laboratory - An organization certified by athird- party independent organization, federd
agency, or a pertinent state regulatory authority to perform the testing of drinking water samples.
The role of the testing laboratory in the Verification Testing of package plants and/or modular
gystems is to andyze the water samples in accordance with the methods and meet the pertinent
qudity assurance and quality control requirements described in the protocol, test plan and
PSTP.

Tegting Plan - A written document that describes the procedures for conducting atest or study
for the gpplication of water trestment technology. At a minimum, the test plan will include
detailed ingtructions for sample and data collection, sample handling and sample preservation,
accurecy, precison, datigdica uncetanty, and qudity assurance and qudity control
requirements.
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. Veificaion - to establish the evidence on the range of performance of equipment and/or device
under specific conditions following a predetermined study protocol.

. Verificaion Statement - A written document that summarizes a find report reviewed and
approved by NSF on behaf of the EPA or dire.

. Water System - The water system that employs water treatment equipment to provide potable
water to its customers.

1.1  Objectives

The specific objectives of Verification Testing may be different for each system, depending upon the
satement of objectives of the specific equipment to be tested. The objectives developed by each
Manufacturer will be defined and described in detall in the PSTP developed for each piece of
equipment.  The objectives of the Equipment Verification Testing Program may include but are not
limited to the following:

. Generation of field data appropriate for verifying the performance of the equipment;
. Evduation of new advances in equipment and equipment design.

An important agpect in the development of Verification Testing is to describe the procedures that will be
used to verify the Statement of Performance Objectives made for water trestment equipment. A
Veification Teding plan document shal incorporate the quadity assurance/quaity control (QA/QC)

elements needed to provide data of appropriate quality sufficient to reach a defensible position regarding
the equipment performance. A Quality Assurance Project Plan (QAPP) shal be described in detail and
provided as part of the PSTP.

1.2  Scope

This protocol outlines the Verification process for equipment designed to achieve remova of inorganic
condituents.  This protocol can be used in conjunction with a number of different testing plans for
drinking weter treatment systems designed to achieve remova of inorganic congtituents.

An overview of the Verification process and the elements of the PSTP to be developed by the FTO are
described in this protocol. Specificdly, the PSTP shdl define the following dements of the Verification
Teding:

. Roles and responghilities of Verification Testing participants,

. Procedures governing Verification Testing activities such as equipment operation and process
monitoring; sample collection, preservation, and analys's, and data collection and interpretation;

. Experimenta design of the Field Operations Procedures,

. Quadlity assurance (QA) and quality control (QC) procedures for conducting the Verification
Testing and for ng the qudity of the data generated from the Verification Testing; and
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. Hedth and safety measures relaing to chemicd hazard, biohazard, dectrica, mechanica and
other safety codes.

Content of PSTP Regarding Verification Testing Objectives and Scope:

The structure of the PSTP must conform to the outline below: The required components of the
Document will be described in greater detail in the sections below.

. TITLE PAGE
. FOREWORD

. TABLE OF CONTENTS - The Table of Contents for the PSTP should include the
headings provided in this document although they may be modified as appropriate for a
particular type of equipment to be tested.

. EXECUTIVE SUMMARY - The Executive Summary describes the contents of the PSTP
(not to exceed two pages). A general description of the equipment and the Statement of
Performance Objectives which will be verified during testing shall be included, as well as
the testing locations, a schedule, and a list of participants.

. ABBREVIATIONS AND ACRONYMS - A list of the abbreviations and acronyms used in

the PSTP should be provided.

. EQUIPMENT VERIFICATION TESTING RESPONSIBILITIES (described in the sections
below)

. EQUIPMENT CAPABILITIESAND DESCRIPTION (described in the sections bel ow)

. EXPERIMENTAL DESIGN (described in the sections below)

. FIELD OPERATIONS PROCEDURES (described in the section below)

. QUALITY ASSURANCE TESTING PLAN (described in the section below)
. DATA MANAGEMENT AND ANALYS S (described in the section below)
. SAFETY PLAN (described in the section below)

20 EQUIPMENT VERIFICATION TESTING RESPONSIBILITIES
2.1  Verification Testing Organization and Participants

The required content of the PSTP and the responsbilities of participants are listed a the end of each
section.  In the development of a PSTP, Manufacturers and their designated FTO shall provide atable
including the name, affiliation, and mailing address of each participant, a point of contact, description of
participant’ srole, telephone and fax numbers, and e-mail address.
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The equipment provided by the Manufacturer shdl explicitly meet dl requirements of Occupationd
Safety and Hedth Association (OSHA), Nationd Electricd Manufacturers Association (NEMA),
Underwriters Laboratory (UL), NSF International and other appropriate agencies in order to ensure
operator safety during Verification Testing.

2.2 Organization

The organizationd dructure for the Verification Testing showing lines of communication shdl be
provided by the FTO in its gpplication on behdf of the Manufacturer.

2.3  Verification Testing Site Name and L ocation

This section discusses background information on the Verification Testing Ste(s), with emphasis on the
qudity of the feedwater, which in some cases may be the source water a the ste. The PSTP must
provide the dte names and locations a which the equipment will be tested. In some cases, the
equipment will be demondrated a more than one ste. Depending upon the Verification Testing
requirements stipulated in the Testing Plan employed, testing of the equipment may be recommended
under different conditions of feedwater quaity (or source water qudity) that alow evauation of system
performance over arange of seasond climate and weether conditions. However, only one, one-month
Verification Testing period is required for Equipment Verification Testing.

24 Site Characteristics

The PSTP mugt include a description of the test ste. This shdl include a description of where the
equipment will be located. If the feedwater to the equipment is the source water for an existing water
treatment plant, the FTO shal describe the raw water intake, the opportunity to obtain raw water
without the addition of any chemicals, and the operationd pattern of raw water pumping at the full-scae
fadlity. The FTO shdl address the issue of whether the operation of the system will be continuous or
intermittent. The source water characteristics shall be described and documented. The PSTP shdll aso
describe facilities to be used for handling the treated water and wastes (i.e., resduals) produced during
the Veification Testing. Can the required water flows and waste flows produced be dedt with in an
acceptable way? Are water pollution discharge permits needed?

25 Responsbilities

The PSTP ghdl identify the organizations involved in the testing and describes the primary
respongbilities of each organization. Multiple Manufacturer testing for remova of inorganic congtituents
may be conducted concurrently, and be fully in compliance with the ETV Tedting Program. The
respongbilities of the Manufacturer will vary depending on the type of Verification Testing. However, a
aminimum, the Manufacturer shdl be responsible for:

* Providing the equipment to be evduated during Verification Testing. The equipment must be in
complete working order a ddivery to thetest Ste;

* Providing equipment that explicitly meets al requirements of OSHA, NEMA, UL, NSF and other
gppropriate agenciesin order to ensure operator safety during Verification Testing.

April 2002 Page 1-8



The FTO shdl be responsible for:

Providing needed logistical support, establishing a communication network, and scheduling and
coordinating the activities of dl Verification Testing participants;

Advisng the Manufacturer on feedwater qudity and test Ste sdection, such that the selected
test dtes have feedwater qudity consstent with the objectives of the Verification Testing (The
Manufacturer may recommend a Ste for Verification Testing);

Managing, evauating, interpreting, and reporting on data generated by the Verification Testing;

Evauating and reporting on the performance of technologies applied to achieved removd of
inorganic condtituents.

Content of PSTP Regarding Equipment Verification Testing Responsibilities:

The FTO shall be responsible for including the following elements in the PSTP:

Definition of the roles and responsibilities of appropriate Verification Testing
participants.

A table that includes the name, affiliation and mailing address of each participant, a
point of contact, their role, telephone and fax numbers, and e-mail address.

Organization of operational and analytical support.
List of the testing site with name(s) and location(s).

Description of the testing site(s), the site characteristics and location of equipment on
testing site.

Manufacturer Responsgibilities:

3.0

31

Provision of complete, field-ready equipment for Verification Testing;
Provision of logistical, and technical support, as required; and

Provision of technical assistance to the qualified testing organization during operation
and monitoring of the equipment undergoing Verification Testing.

EQUIPMENT CAPABILITIESAND DESCRIPTION

Equipment Capabilities

For this Veification Testing, the Manufacturer and their desgnated FTO shdl identify in a Statement of
Performance Objectives the specific performance criteria to be verified and the specific operationa
conditions under which the Verification Testing shdl be performed. The performance objectives are
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used to establish data qudity objectives (DQOs) in order to develop the experimenta design of the
veification tes. The broader the performance objectives, the more comprehensive the PSTP must
become to achieve the DQOs. In conjunction with a Statement of Performance Objectives, the FTO
shdl the date the pertinent detection limits for the specific inorganic anayticd method. Statements
should be made regarding the gpplications of the equipment, the known limitations of the equipment and
under what conditions the equipment is likely b fail or underperform. The FTO on behdf of the
Manufacturer shal dso provide information as to what advantages the Verification Testing equipment
provides over exiging equipment. The Statement of Performance Objectives must be specific and
verifidble by agatistical andyss of the data. Examples of two Satements are:

1. “This systemis capable of achieving 90% fluoride removal during operation at a flux of 30
gallons per sguare foot per day (gfd) (75% recovery; temperature less than 20 <C) in feedwaters
with fluoride concentrations less than 10 mg/L and total dissolved solids concentrations less than
500 mg/L."

2. "This systemis capable of producing a product water with less than 4 mg/L fluoride
concentration during operation at a flux of 30 gfd (75% recovery; temperature less than 20 <C)
in feedwaters with fluoride concentrations less than 20 mg/L and total dissolved solids
concentrations less than 500 mg/L.”

For each Statement of Performance Objectives proposed by the FTO and the Manufacturer in the
PSTP, the following information shdl be provided: percent remova of the targeted inorganic
congtituent, rate of treated water production (i.e., flux); product water recovery; feed stream water
qudity regarding pertinent water qudity parameters, temperature; concentration of target inorganic
condtituent; and other pertinent water quality and operationd conditions. During Verification Testing,
the FTO must demondrate that the equipment is operating at a steady-tate prior to collection of datato
be usad in verificaion of the Statement of Performance Objectives. The following equation may be
used to determine percent remova of the specific inorganic congtituent targeted for remova:

AN

. 5C teed = Crinisnea U
% congtituen t removal =100xa feed ~ “finished -

8 Cru g

where:  CyiSthe concentration of the selected inorganic congtituent in the feedwater in mg/L; and
Crinisned IS the concentration of the selected inorganic congtituent in the finished water in mg/L.

The FTO on behdf of the Manufacturer shal be responsible for identification of which specific inorganic
congtituents shall be monitored and recorded for testing under the Statement of Performance Objectives
in the PSTP. The analysis of inorganic condtituent concentrations in the feed water, treated water and
wastewater streams shdl be performed by a state-certified or third party or EPA-accredited laboratory
using an approved Standard or EPA Method.

The Statement of Performance Objectives prepared by the FTO (in collaboration with the
Manufacturer) shal adso indicate the range of water quaity under which the equipment can be
chalenged while successfully treating the feed water. Statements of performance objectives that are too
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eadly met may not be of interest to the potential user, while performance objectives that are overstated
may not be achievable. The Statement of Performance Objectives forms the bads of the entire
Equipment Verification Testing Program and must be chosen appropriately. Therefore, the design of the
PSTP should include a sufficient range of feedwater qudity to permit verification of the Statement of
Performance Objectives.

It should be noted that many of the drinking water trestment systems participating in the Inorganics
Removd Verification Testing Program will be cgpable of achieving multiple water trestment objectives.
Although this Inorganics Remova Protocol and the associated Verification Testing Plans are oriented
towards remova of inorganic condtituents from feedwaters, the Manufacturer may want to look at the
trestment system’s remova capabilities for additiona water quality parameters.

3.2  Equipment Description

Description of the equipment for Verification Testing shdl be included in the PSTP. Data plates shdl be
permanent and securely attached to each production unit. The data plate shall be easy to read in English
or the language of the intended user, located on the equipment where it is readily accessble, and contain
a leadt the fallowing information:

a. Equipment Name

b. Model #

¢. Manufacturer’s name and address

d. Electrical requirements - volts, amps, and Hertz

e. Equipment size and weight

f. Shipping requirements and specid handling precautions

0. Equipment maintenance requirements

h. Seria Number

i. Warning and Caution statementsiin legible and easily discernible print sze
J. Capacity or output rate (if applicable)

In addition, the equipment shall be provided by the Manufacturer with all OSHA required safety devices
(if applicable).

Content of PSTP Regarding Equipment Capabilities and Description:

The PSTP shall include the following documents:

. Description of the equipment to be demonstrated including photographs from several
per spectives;

. Brief introduction and discussion of the engineering and scientific concepts on which the
inorganics removal capabilities of the water treatment equipment are based;

. Description of the system and each process included as a component in the modular

systemincluding all relevant schematics of treatment and pretreatment systems;
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. Brief description of the physical construction/components of the equipment, including the
general environmental requirements and limitations, required consumables, weight,
transportability, ruggedness, power and other needed, etc.

. Statement of typical rates of consumption of chemicals, a description of the physical and
chemical nature of wastes, and rates of waste (concentrates, residues, waste products,
required regeneration frequencies, materials replacement frequencies; etc.);

. Definition of the performance range of the equipment;

. Identification of any special licensing requirements associated with the operation of the
equipment;

. Description of the removal capabilities of the equipment to be evaluated during

Verification Testing, with comparisons to conventional water treatment equipment.
Comparisons shall be provided in such areas as. treatment capabilities, requirements for
chemicals and materials, power, labor requirements, suitability for process monitoring
and oper ation from remote locations, ability to be managed by part-time operators;

. Discussion of the known limitations of the equipment. The following operational details
shall be included: the range of feed water quality suitable for treatment with the
equipment, the upper limits for concentrations of contaminants that can be removed,
level of operator skill required to successfully use the equipment.

Manufacturer Responsibilities:

. Provision of complete, field-ready equipment with the following information explicitly
provided: Equipment Name, Model #, Manufacturer’s name and address, electrical
requirements (e.g., volts, amps, and Hertz), equipment size and weight, shipping
requirements and special handling precautions, equipment maintenance requirements,
serial number, warning and caution statements in legible and easily discernible print size,
capacity or output rate (if applicable);

. Provision of equipment complete with all OSHA required safety devices (e.g., safety
shields or shrouds, emergency shut-off switches, etc.) for Verification Testing.

40 EXPERIMENTAL DESIGN

This section discusses the objectives of the Verification Testing, factors that must be considered to meet
the performance objectives, and the dtatisicd andyss and other means that the FTO will use to
evauate the results of the Verificaion Testing.

4.1  Objectives

The objectives of this Verification Teding are to evduae equipment in the following areas 1)
peformance reative to the Manufecturer’s stated range of condituent remova objectives and
equipment operation; 2) performance relative to variations in feedwater quality (such as concentrations
of the sdected inorganic condtituent[s], total dissolved solids [TDS], temperature, pH, adkalinity,

April 2002 Page 1-12



turbidity etc.); 3) logistical, human, and economic resources necessary to operate the equipment; and
4) reliability, ruggedness, cog, range of usefulness, safety and ease of operation.

The PSTP provided by the FTO shdl include those trestment tests listed in ETV test plans that are most
gopropriate to chdlenge the removad capabilities of the equipment for the sdected inorganic
condituents. For example, if equipment is only intended for remova of fluoride (or another inorganic
congtituent), there would be no need to conduct testing to eva uate the remova of sulfate, hardness ions
or dkdinity, or other inorganic congtituents that are not directly applicable. However, it should aso be
noted that many of the drinking water trestment systems paticipaing in the Inorganics Remova
Veification Tegting Program will be capable of achieving multiple water treatment objectives. The
Veification Testing Program may for example be undertaken to demondrate equipment remova
cgpahilities for a wide number of inorganic condtituents (an example list will be provided later). In
addition, the FTO and the Manufacturer may wish to congtruct the PSTP o that Verification Testing
may aso demondrate the treatment system’'s remova capabilities and treatment operations for
additiona water qudity parameters. The incorporation of additiona trestment objectives may adso
necessitate attention to the other applicable protocol and test plan documents in the development of the
PSTP.

4.2  Equipment Characteristics

This section discusses factors that will be consdered in the design and implementation of the Equipment
Verificaion Tegting Program. The following equipment characteristics will be included in discusson of
the Verification Testing Program: ease of operation, degree of operator attention required, response of
equipment and treatment process to changes in feedwater quality, eectrica requirements, system
reliability features including redundancy of components, feed flow requirements, discharge requirements,
gpatid requirements of the equipment (footprint), unit processes included in trestment train, chemicas
needed, chemical hazards associated with equipment operation, and response of treatment process to
intermittent operation.

Verification testing procedures shal smulate routine conditions as much as possible and in most cases
testing may be done in the field. Under such circumstances, smulation of field conditions would not be

necessary.
4.2.1 Qualitative Factors

Some factors, while important, are difficult or impossible to quantify. These are consdered
quditative factors. Important factors that cannot easily be quantified are the modular nature of
the equipment, the safety of the equipment, the portability of equipment, the ease of operation of
the testing equipment and the logistical requirements necessary for using it.

Typicd quditative factors to be discussed are listed below, and others may be added. The
PSTP shdll discuss those factors that are appropriate to the test equipment.

. Rdiability or susceptibility to environmenta conditions
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. Equipment safety

. Effect of operator experience on results
. Effect of operator’s technica knowledge on system performance and robustness of
operation

4.2.2 Quantitative Factors

Many factors of the equipment characterigics can be quantified by various means in this
Veification Teding Program. Some can be measured while others cannot be controlled.
Typica quantitative factors to be discussed are listed below, and others may be added. The
PSTP shall discuss those factors that are appropriate to the test equipment.

. Power and consumable supply (such as chemicd and materids) requirements
. Cost of operation, expendables, and waste disposal

. Hydrodynamics of system

. Length of operating cycle

. Daily labor hours required for operation and maintenance

These quantitative factors will be used as an initia benchmark to assess equipment performance.
4.3  Water Quality Condderations

The primary trestment god of the equipment employed for Verification Testing through this protocol is
to achieve remova of designated inorganic condtituents found in feedwaters (or raw waters) such that
product waters are of acceptable water qudity. Depending upon the goas of the equipment
Manufacturer, the driving force for Verification Testing of inorganic condituent remova may be to
demondirate a certain removal of the designated inorganic congtituent under a specific set of operating
and feedwater qudity conditions. The objectives of Verification Testing may aso be to assure
production of water with palatable, hedthful and consstent water quaity. The experimental design and
Statement of Performance Objectives in the PSTPs shall be developed so the relevant questions about
water trestment equipment capabilities can be answvered.

Manufacturers should carefully consder the capabilities and limitations of their equipment and prepare
PSTPs that sufficiently chalenge their equipment. The FTO on behdf of the Manufacturer should adopt
an experimenta gpproach to Verification Testing that would provide a broad market for their products,
while recognizing the limitations of the equipment. The FTO should not adopt an experimenta gpproach
to Verification Testing for remova of inorganic congtituents that would be beyond the capabilities of the
equipment. A wide range of contaminants or water quaity problems that can be addressed by water
treatment equipment varies, and some treatment equipment can address a broader range of problems
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than other types. Manufacturers shdl use Verification Testing Plans prepared by NSF as the basis for
the development of the experimenta plan in each specific PSTP.

4.3.1 Feedwater Quality

One of the key aspects rdlated to demonstration of equipment performance in the Verification
Tedting isthe range of feedwater quality that can be treated successfully. The Manufacturer and
FTO should condder the influence of feedwater quaity on the qudity of trested waters
produced by the equipment, such that treated waters meet the criteria stipulated by the FTO in
the Statement of Performance Objectives. For example, if desired by the Manufacturer the
Statement of Performance Objectives may be tailored to demonstrate production of treated
waters that reduce contaminants to under a certain concentration. As the range of feedwater
qudity that can be treated by the equipment broadens, the potentia applications for trestment
equipment with verified performance objectives will aso increase.

The FTO shdl provide alis of inorganic condtituents in the PSTP that may be pertinent in the
Equipment performance for remova of inorganic chemica contaminants. This list may indude
(but should not be limited to) some of the inorganics evauated for remova during the
Veification Teging Program: barium, cadmium, cacium, chloride, chromium, fluoride, iron,
magnesum, manganese, nitrate, nitrite, phosphate, dlica, sodium, drontium, sulfate, pH,
dkalinity, tota dissolved solids (TDS), conductivity, turbidity.

One of the questions often asked by regulatory officids in gpprova of water treatment
equipment is "Has it been shown to work on the water where you propose to put it?" By
covering a large range of water qudities, the Verification Testing is more likely to provide an
affirmative answer to that question.

4.3.2 Treated Water Quality

Remova of inorganic condituents shal be the primary god of the water trestment systems
included in this Equipment Verification Testing Program. If a FTO dates that water trestment
equipment can be used to treat water to meet specified regulatory requirements for a selected
inorganic condituent, the Verification Testing must provide data that support such a statement of
remova objectives, as appropriacte.  Where desired by the Manufacturer, the Statement of

Performance Objectives provided by the FTO shdl be related to percent remova capabilities
or to cgpabilities to reduce contaminants concentrations to a certain level. The FTO on behalf

of the Manufacturer shal be respongible for identification of the specific inorganic species that
shdl be monitored during the Equipment Verification Testing Program. Laboratory andysis for
the inorganic condtituents stipulated by the FTO shdl be performed by a ate-certified or third
party- or EPA-accredited |aboratory.

The FTO may dso wish to make a statement about performance objectives for removad of
other unregulated contaminants, or regulated contaminants that are not directly related to
remova of inorganic condtituents. For example, some water trestment equipment can be used
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to meet aesthetic and digtribution system goals. Removad gods for some of these parameters
may aso be presented in the PSTP as additiona statements of performance objectives.

44  Recording Data

For dl verification experiments targeted to demongtrate removal of inorganic condtituents, water quaity
data on the following parameters pH, hardness, dkalinity, concentration of the sdected inorganic
condtituent(s), tota dissolved solids, and temperature should be monitored for the feedwater, finished
water, and wastewater a a minimum. The specific water quality parameters to be monitored and with
what frequency shdl be stipulated by the FTO in the test plan employed for development of the PSTP
prior to initiation of the Verification Testing Program. As gppropriate, some water quality parameters
(e.g., temperature, pH) may be monitored on-ste, as designated by the FTO in the PSTP. At a
minimum, the following items of information and operationd conditions shdl aso be maintained for eech
experiment:

. Water type (raw water, pretreated feedwater, finished water, waste water);

. Experimenta run (eg. 1% run, 2" run, 3 run, etc.);

. Type of chemicd addition, dose and chemica combination, where gpplicable;

. Rate of flow through system, volume waste production as percent finished water flow,
cumulative flow through system in terms of bed volumes (where applicable);

. Transmembrane pressure, membrane flux and eement recovery (for membrane processes,
where gpplicable)

. Chemicd cleaning frequency or regeneration frequency (where gpplicable);

. Voltage requirements, current draw and power consumption at specific operating conditions.

45  Recording Statistical Uncertainty

For the analytical data obtained during Verification Testing, 95% confidence intervals shdl be caculated
by the FTO for concentrations of selected inorganic congtituents and for other water quaity parameters
(e.g., TDS, hardness, dkalinity, dissolved organic carbon) that are stipulated by the test plan employed
in which eight or more samples were collected. The FTO shall ensure in the PSTP that sufficient weater
quality data and operational data are collected to dlow estimation of satistical uncertainty. The specific
testing plans that may be employed with the Protocol stipulate only a minimum frequency for monitoring
of sdected inorganic condituents. The FTO shal therefore ensure that sufficient water quaity and
operaiond data are collected during Verification Testing for the Satistical andys's described herein.

The FTO shdl specify which water qudity parameters shdl be subjected to the satistical confidence
interva caculations. Data qudity objectives a