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Printing and Saving Instructions

TLC recommends that you download and save this pdf document and
assignment to your computer desktop and open it with Adobe Acrobat DC
reader.

Adobe Acrobat DC reader is a free computer software program and you can
find it at Adobe Acrobat’s website.

You can complete the course by viewing the course on your computer or you
can print it out. This course booklet does not have the assignment. Please
visit our website and download the assignment (the test).

Printing Instructions: Once you have purchased the program, we will give
you permission to print this document. If you are going to print this document,
this document was designed to be printed double-sided or duplexed but can
be printed single-sided.

Hyperlink to Assignment...
http://www.abctlc.com/downloadsPDF/Chlorine Disinfection Assignment.pdf

State Approval Listing Link, check to see if your State accepts or has pre-
approved this course. Not all States are listed. Not all courses are listed. Do
not solely trust our list as it may be outdated. It is your sole responsibility to
ensure this course is accepted for credit. No refunds.

State Approval Listing URL...
http://www.abctlc.com/downloads/PDF/CEU%20State % 20Approvals.pdf

Hyperlink to the Glossary and Appendix
http://www.abctlc.com/downloads/PDF/WTGlossary.pdf

You can obtain a printed version from TLC for an additional $189.95 plus
shipping charges.

All downloads are electronically tracked and monitored for security purposes.
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Some States and many employers require the final exam to be proctored.
Do not solely depend on TLC’s Approval list for it may be outdated.
All downloads are electronically tracked and monitored for security purposes.

Most of our students prefer to do the assignment in Word and e-mail or fax the assignment
back to us. We also teach this course in a conventional hands-on class. Call us and
schedule a class today.

This course contains EPA’s federal rule requirements. Please be aware that each state
implements drinking water regulations may be more stringent than EPA’s
regulations. Check with your state environmental agency for more information.
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Library of Congress Card Number 6571433
ISBN 978-0-9799559-2-1

Copyright Notice

1999-2022 Technical Learning College (TLC) No part of this work may be reproduced or
distributed in any form or by any means without TLC’s prior written approval. Permission has
been sought for all images and text where we believe copyright exists and where the copyright
holder is traceable and contactable. Other materials including text and artwork are in the public
domain or fair use (the state of belonging or being available to the public as a whole, and
therefore not subject to copyright.) All material that is not credited or acknowledged or
referenced in the rear of this course is the copyright of Technical Learning College. All other
unacknowledged references are in the Water/ Wastewater Sampling and Water Chemistry
Courses. Most unaccredited photographs have been taken by TLC instructors or TLC students.
All written, graphic, photographic or other material is provided for educational information only.
We will be pleased to hear from any copyright holder and will make good on your work if any
unintentional copyright infringements were made as soon as these issues are brought to the
editor's attention. This educational training course and assignment is intended for educational
purposes only. Every possible effort was made to ensure that all information provided in this
course is accurate. Therefore, Technical Learning College accepts no responsibility or liability
whatsoever for the application or misuse of any information included herein.

Requests for acknowledgements or permission to make copies should be made to the following
address: TLC, P.O. Box 3060, Chino Valley, AZ 86323

Information in this document is subject to change without notice. TLC is not liable for errors or
omissions appearing in this document.

Contributing Editors

James L. Six Received a Bachelor of Science Degree in Civil Engineering from the University
of Akron in June of 1976, Registered Professional Engineer in the State of Ohio, Number 45031
(Retired), Class IV Water Supply Operator issued by Ohio EPA, Number WS4-1012914-08,
Class Il Wastewater Collection System Operator issued by Ohio EPA, Number WC2-1012914-
94

Joseph Camerata has a BS in Management with honors (magna cum laude). He retired as a
Chemist in 2006 having worked in the field of chemical, environmental, and industrial hygiene
sampling and analysis for 40 years.

James Bevan, Water Quality Inspector S.M.E. Twenty years of experience in the environmental
field dealing with all aspects of water regulations on the federal, state, and local levels. Teacher
and Proctor in Charge for Backflow Certification Testing at the ASETT Center in Tucson for the
past 15 years and possess an Arizona Community College, Special Teaching Certificate in
Environmental Studies.

Dr. Pete Greer S.M.E., Retired biology instructor, chemistry and biological review.

Jack White, Environmental, Health, Safety expert, City of Phoenix. Art Credits.
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Precept-Based Training Course

This training course is based upon a form of induction training, made of topical and
technical precepts. The training topics are made up of “micro-content” or “precepts”-
or small chunks of information that can be easily digested. These bite-size pieces of
technical information are considered to be one of the most effective ways of teaching
people new information because it helps the mind retain knowledge easier.

Micro-learning or precept-based training doesn’t rely on the student processing a large
amount of information before breaking it down. Our method includes short modules
with clearly defined learning goals for each section. This method allows a student to
hone in on a particular skill, then given the opportunity to exhibit their knowledge in the
final assessment.
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Important Information about this Manual

This manual has been prepared to educate students and operators in general safety
awareness of dealing with the often-complex and various water disinfectants, including
dangerous chemicals, Chlorine and other toxic materials. This CEU course will also cover
respirator protection devices, methods, and applications.

This manual will cover general laws, regulations, required procedures and accepted policies
relating to the use of disinfectants, DDBPs, Ozone, Ultraviolet Radiation, Respirator Protection
Devices, Methods, and Applications. It should be noted, however, that the regulation of
respirator protection devices and hazardous materials is an ongoing process and subject to
change over time. For this reason, a list of resources is provided to assist in obtaining the
most up-to-date information on various subjects.

This manual is a not a guidance document for applicators or operators who are involved with
pesticides. It is not designed to meet the requirements of the United States Environmental
Protection Agency, Office of Health and Safety Administration (OSHA) or your local State
environmental protection agency or health department. This course manual will provide
general respirator protection and safety awareness and should not be used as a basis for
respirator protection method/device guidance. This document is not a detailed safety manual
or a source or remedy for respirator protection or control.

Technical Learning College or Technical Learning Consultants, Inc. make no warranty,
guarantee or representation as to the absolute correctness or appropriateness of the
information in this manual and assumes no responsibility in connection with the implementation
of this information. It cannot be assumed that this manual contains all measures and concepts
required for specific conditions or circumstances.

This document should be used for educational purposes only and is not considered a legal
document. Individuals who are responsible for respirator protection should obtain and comply
with the most recent federal, state, and local regulations relevant to these sites and are urged
to consult with OSHA, EPA and other appropriate federal, state and local agencies.

Chlorine rail tank inside a chlorine storage room. Since 9/11, many water providers
have been too scared to utilize the rail car in fear of a terrorist activity.
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Technical Learning College’s Scope and Function

Welcome to the Program,

Technical Learning College (TLC) offers affordable continuing education for today’s working
professionals who need to maintain licenses or certifications. TLC holds several different
governmental agency approvals for granting of continuing education credit.

TLC’s delivery method of continuing education can include traditional types of classroom
lectures and distance-based courses or independent study. TLC’s distance based or
independent study courses are offered in a print - based distance educational format. We will
beat any other training competitor’s price for the same CEU material or classroom training.

Our courses are designed to be flexible and for you to finish the material at your convenience.
Students can also receive course materials through the mail. The CEU course or e-manual will
contain all your lessons, activities and instruction to obtain the assignments. All of TLC’s CEU
courses allow students to submit assignments using e-mail or fax, or by postal mail. (See the
course description for more information.)

Students have direct contact with their instructor—primarily by e-mail or telephone. TLC’s CEU
courses may use such technologies as the World Wide Web, e-mail, CD-ROMs, videotapes
and hard copies. (See the course description.) Make sure you have access to the necessary
equipment before enrolling; i.e., printer, Microsoft Word and/or Adobe Acrobat Reader. Some
courses may require proctored closed-book exams, depending upon your state or employer
requirements.

Flexible Learning

At TLC, there are no scheduled online sessions or passwords you need contend with, nor are
you required to participate in learning teams or groups designed for the "typical" younger
campus based student. You will work at your own pace, completing assignments in time frames
that work best for you. TLC's method of flexible individualized instruction is designed to provide
each student the guidance and support needed for successful course completion.

Course Structure

TLC's online courses combine the best of online delivery and traditional university textbooks.
You can easily find the course syllabus, course content, assignments, and the post-exam
(Assignment). This student-friendly course design allows you the most flexibility in choosing
when and where you will study.

Classroom of One

TLC offers you the best of both worlds. You learn on your own terms, on your own time, but
you are never on your own. Once enrolled, you will be assigned a personal Student Service
Representative who works with you on an individualized basis throughout your program of
study. Course specific faculty members (S.M.E.) are assigned at the beginning of each course
providing the academic support you need to successfully complete each course. Please call
or email us for assistance.
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Satisfaction Guaranteed
We have many years of experience, dealing with thousands of students. We assure you, our

customer satisfaction is second to none. This is one reason we have taught more than 20,000
students.

We welcome you to do the electronic version of the assignment and submit the answer key
and registration to us either by fax or e-mail.

If you need this assignment graded and a certificate of completion within a 48-hour turn around,
prepare to pay an additional rush charge of $50.

Contact Numbers
Fax (928) 468-0675
Email Info@tilch2o.com
Telephone (866) 557-1746
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CEU Course Description

Chlorine & Disinfection CEU Training Course

This course will cover the fundamentals of water disinfection beginning with the different and
alternative water disinfectants and ending with the biological analysis of the water, insuring
that the water meets federal compliance.

Task Analysis and Training Needs Assessments have been conducted to determine or set
Needs-To-Know for this course. The goal of this CEU Course is to provide awareness training
to help workers recognize the occupational hazards and health effects of different
disinfectants, halogens, chlorine exposure and the exposure controls; and to familiarize the
participants with the properties and safe handling of chlorine - solid, liquid, gas, and the
operation of gas chlorinators and other related equipment. This course covers properties of
chlorine, purpose of chlorine, chlorine terminology, dosage calculations, chlorinator equipment,
chlorine cylinders, and operation of gas chlorinators, start up and shut down, chlorinator
maintenance, troubleshooting common problems, chlorine safety, and chlorine testing
procedures.

Water Distribution, Well Drillers, Pump
Installers, Water Treatment Operators,
Wastewater Operators. The target audience for
this course is the person interested in working in a
water treatment/wastewater treatment or
distribution facility and/or wishing to maintain
CEUs for certification license or to learn how to do
the job safely and effectively, and/or to meet
education needs for promotion. This CEU course
will cover the fundamentals of water disinfection
beginning with the source of water and ending with
the disinfection and distribution making sure that it
meets federal compliance.

Final Examination for Credit
Opportunity to pass the final comprehensive examination is limited to three attempts per course
enroliment.

Prerequisites None

Course Procedures for Registration and Support

All of Technical Learning College correspondence courses have complete registration and
support services offered. Delivery of services will include, e-mail, web site, telephone, fax and
mail support. TLC will attempt immediate and prompt service.

Instructions for Written Assignments

The Chlorine and Disinfection CEU training course uses a multiple-choice style answer key.
TLC would prefer that the answer key and registration, and survey sheet is faxed or e-mailed
to, info@tlch2o.com. If you are unable to do so, please make a copy for yourself and mail me
the completed manual.
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Feedback Mechanism (Examination Procedures)
Each student will receive a feedback form as part of their study packet. You will be able to
find this form in the front of the course assignment or lesson.

Security and Integrity

All students are required to do their own work. All lesson sheets and final exams are not
returned to the student to discourage sharing of answers. Any fraud or deceit and the student
will forfeit all fees and the appropriate agency will be notified.

Grading Criteria
TLC will offer the student either pass/fail or a standard letter grading assignment. If TLC is
not notified, you will only receive a pass/fail notice. (Certificate)

Recordkeeping and Reporting Practices

TLC will keep all student records for a minimum of seven years. It is your responsibility to give
the completion certificate to the appropriate agencies. We will send the required information
to Texas, Indiana and Pennsylvania for your certificate renewals.

ADA Compliance

TLC will make reasonable accommodations for persons with documented disabilities.
Students should notify TLC and their instructors of any special needs. Course content may
vary from this outline to meet the needs of this particular group.

Mission Statement

Our only product is educational service. Our goal is to provide you with the best education
service possible. TLC will attempt to make your learning experience an enjoyable educational
opportunity.

Educational Mission
The educational mission of TLC is:

To provide TLC students with comprehensive and ongoing training in the theory and skills
needed for the environmental education field,

To provide TLC students opportunities to apply and understand the theory and skills needed
for operator certification,

To provide opportunities for TLC students to learn and practice environmental educational
Skills with members of the community for the purpose of sharing diverse perspectives and
experience,

To provide a forum in which students can exchange experiences and ideas related to
environmental education,

To provide a forum for the collection and dissemination of current information related to
environmental education, and to maintain an environment that nurtures academic and personal
growth.
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Topic Legend

This CEU course covers several educational topics, functions, purposes, objectives,
requirements and theories of conventional disinfection, including safety, bacteriological
monitoring and regulatory compliance. The topics listed below are to assist in determining
which educational objective or goal is covered for a specific topic area:

CRAO: The regulatory and compliance component. May be a requirement of the SDWA or
CWA act or State Regulations, i.e. Compliance, non-compliance, process control related
sampling or other drinking water related requirement. This EPA information is to satisfy the
regulatory portion of your operator training. O&M or laboratory training requirement for many
operators.

DISINFECTION (DISN): This area covers plant disinfection procedures. Part of O&M training
for many operators. May include alternative disinfection procedures, i.e. Chloramines, Ozone
and Ultraviolet.

M/O: The biological component. The microorganisms that are specifically found in drinking
water. This section may be part of required sampling, i.e. Total Coliform Rule or other biological
related sampling. O&M or laboratory training requirement for many operators.

O&M: This area is for normal operation and/or maintenance of the plant, i.e. chlorination
equipment. Part of O&M training requirement for many operators.

SAFETY: This area is describing process safety procedures. O&M training requirement for
many operators.

TECHNICAL (TECH): The mechanical or physical treatment process/component. The
conventional or microfiltration process including processes/ applications/ engineering/
theories. Part of O&M training for many operators.

WaQ: Having to do with water quality or pollutants, i.e., hard water to primary water standards.
May be a requirement of the SDWA and/or water chemistry concerns. This along with the EPA
information is to satisfy the regulatory portion of your operator training.
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Disinfection Acronyms

°C: degrees Celsius (a/k/a centigrade).

Anthrax: The disease caused by bacillus Anthracis.

AOX: Absorbable organic halogen.

ART: Average residence time

AWWA: American Water Works Association.

BAT: Best available technology

CDC: Centers for Disease Control.

Chlorate ion ( CIO3"): A product of the disproportionation of chlorine dioxide, for example by
sunlight.

Chlorine dioxide ( ClO2 ): A free radical; a powerful, selective oxidant.

Chloride ion ( CI'): The principal reduction product of chlorine.

Chlorite ion (Cl027): A product of the partial reduction of chlorine dioxide.

CWS: Community water system

CxT value: The product of the net residual [concentration] of a disinfectant and [time], used as
a measure of the amount of disinfection applied to a system.

DOT: (United States) Department of Transportation.

EPA: (United States) Environmental Protection Agency.

°F: degrees Fahrenheit.

DBP: Disinfection byproducts

DBPR: Disinfectants and Disinfection Byproducts Rule

DWSREF: Drinking Water State Revolving Fund

EPA: United States Environmental Protection Agency

FACA: Federal Advisory Committee Act

FDA: (United States) Food & Drug Administration.

FIFRA: Federal Insecticide Fungicide & Rodenticide Act.

HAA: Haloacetic acid(s), by-products of chlorination of water containing organics which are
suspected carcinogens.

ICR: Information Collection Rule.

FR: Federal Register

GAC10: Granular activated carbon with ten-minute empty bed contact time and 180-day
reactivation frequency

GAC20: Granular activated carbon with twenty-minute empty bed contact time and 240-day
reactivation frequency

GWR: Groundwater Rule

GWUDI: Ground water under the direct influence of surface water

HAAS: Haloacetic acids (five) (sum of monochloroacetic acid, dichloroacetic acid, trichloroacetic
acid, monobromoacetic acid, and dibromoacetic acid)

ICR: Information Collection Rule

IDSE: Initial distribution system evaluation

IESWTR: Interim Enhanced Surface Water Treatment Rule

L: Liter.

Legionella: The microorganism that causes Legionnaire’s disease.

MCL: Maximum Contaminant Level.

MCLG: Maximum Contaminant Level Goal.

mg: Milligram.

LRAA: Locational running annual average

LT1ESWTR: Long Term 1 Enhanced Surface Water Treatment Rule

LT2ESWTR: Long Term 2 Enhanced Surface Water Treatment Rule
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MCL: Maximum contaminant level

MCLG: Maximum contaminant level goal

M-DBP: Microbial and Disinfectants/Disinfection Byproducts

mg/L: Milligrams per liter

MGD: Millions of Gallons per Day

MRDL: Maximum residual disinfectant level

MRDL: Maximum Residual Disinfectant Level.

MRT: Maximum residence time

NIH: National Institutes of Health.

NOM: Natural organic matter

NTNCWS: Nontransient noncommunity water system

OSHA: (United States) Occupational Safety and Health Administration.
Oxidation: The net transfer of electrons from a source to an acceptor.
Pathogen: A disease-causing organism.

ppb: Parts-per-billion.

ppm: parts-per-million; in water, equivalent to mg/L.

PWS: Public water system

SBREFA: Small Business Regulatory Enforcement Fairness Act
SDWA: Safe Drinking Water Act, as amended in 1986 and 1996
SDWA: Safe Drinking Water Act.

Sodium chlorate (NaClO3): The sodium salt of chloric acid; a precursor for chlorine dioxide
production, especially for pulp bleaching.

Sodium chlorite (NaClO2): The sodium salt of chlorous acid, a precursor for chlorine dioxide
production, especially for drinking water treatment.

Stachybotrys: A particularly virulent type of toxic mold.

TLV: Threshold Limit Value.

TOC: Total Organic Carbon.

SWTR: Surface Water Treatment Rule

TCR: Total Coliform Rule

TOC: Total organic carbon

TOX: Total organic halogen.

Trihalomethanes: (THM) by-products of chlorination of water containing organics which are
suspected carcinogens.

USDA: United States Department of Agriculture.

UV: Ultraviolet light.

TTHM: Total trihalomethanes

UV: Ultraviolet light

VSS: Very small system

WTP: Water treatment plant
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Preface

Selecting the right disinfection agent requires understanding the factors governing the particular
site and the water or wastewater to be treated. In general, the selection of an appropriate
disinfection system should be evaluated against the following six criteria:

1.

Safety. How does the disinfectant work and what types of precautions are needed to
transport, store, use, and operate the disinfectant system and associated chemicals? If a
system will require significant safety protection—such as use of breathing apparatus and
protective clothing—as well as high levels of operator training, it may be advisable to
explore other, less intensive systems. In addition, while the disinfectant may be relatively
safe to use, consideration also has to be made for the effects of both intentional and
unintentional releases to the environment.

Effectiveness. How effective is the disinfectant against the pathogens present in the
water or wastewater? Since the intent is to reduce the levels of pathogens to acceptable
standards, understanding how effective the proposed disinfectant system is in achieving
those target levels, as well as the system's ability to reliably achieve the result, will be
important to selecting the right system.

Cost. What are the costs associated with the disinfection system, both in terms of capital
outlay and ongoing operations and maintenance? Operating costs can vary in terms of the
time it takes to service the disinfectant system regularly, and the costs of supplies and
components.

Complexity of use. How does the system operate and does it take specialized training to
keep the system within tolerances? Since the outflow from the treatment facility may be
subject to various standards and regulations, if the system is too complex it may require
additional staff time to ensure that it operates within the desired parameters.
Environmental/Adverse Effects. What are some of the potential downsides to the
operation of the system as it relates to the distribution system or watershed in which the
treated effluent is discharged? While some systems may provide a net-positive
environmental benefit through increased oxygenation of the receiving waters, other
systems may need to have additional treatment of the disinfected effluent in order to
render it benign when released.

Flow and Water Characteristics. Can the system handle fluctuations within the flow or
with changing characteristics of the water or wastewater being processed? If a system
has a narrow tolerance for the amount of water or wastewater flow, this could impact the
effectiveness of the overall system. In addition, if the system cannot adjust for off-site
concerns such as dry or wet weather flow rates of the receiving water body, this may also
affect the system's appropriateness for your application.

With those criteria in mind, there are primarily four basic disinfection systems currently available—
chlorination, ozone gas, ultraviolet radiation, and chemical treatment other than chlorine.

A variety of factors come into play in deciding which type of disinfectant system is right for your
operation. The decision to install a system could be the result of local concerns and potential to
mitigate health risks, as well as improved community relations.

In any event, the operator of an onsite water or wastewater treatment plant needs to consider
some of the safeguards that need to be in place as well.
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"Typical safeguards include operator training and instrumentation monitoring that will perform
a shutdown function if something goes above a certain level," says Schilling. "If they detect [for
example] an ozone leak, you can do an interconnect and do a plant shutdown.

UV has safeguards where you have monitors that tell you what your dosage is, and if you're
over or under your dosage it will perform some kind of warning of whatever you want to do."

State and Local Regulations

State and local regulations vary considerably in their requirements to disinfect water and
wastewater, so the decision of what type of system to use can be affected by the chemical and
physical composition of the stream, the environment to which it will be discharged, and the
concerns of the local health department. "It's all over the place," says Bach. "The chemical
itself is a pesticide and is regulated by the US EPA.

The states will specify what sort of E. coli or coliform counts you're going to have on discharge,
and the regulations vary all over the map in the states. You've got a lot of things like that
throughout the country and it goes down to ultimately the views of local health departments
and reflects the local topography, their local population density, and also their experience of
whether or not people have gotten sick."

Alternative Disinfectants More information in the Alternative Disinfectants Chapter

Unknown Factors Associated with Alternatives

Scientific investigation of risk associated with alternative disinfectants and alternative
disinfection by-products is limited. A decision by water facilities to switch from chlorination
could be risky because scientists know so little about DBPs from processes other than
chlorination.

Drinking Water Disinfectants At a Glance

Disinfectants Residual State of Information |Color Removal |Removal of

Maintenance |on By-Product Common Odors
Chemistry

Chlorine Good Adequate Good Good

Chloramines Good Limited Unacceptable |Poor

Chlorine dioxide Unacceptable” Adequate Good Good

Ozone Unacceptable |Limited Excellent Excellent

Ultraviolet radiation |Unacceptable |Nil N/A N/A

“In Europe, 50% of water distribution systems use chlorine dioxide as the residual disinfectant
Source: Trussell, R., Control Strategy 1; Alternative Oxidants and Disinfectants, 1991
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Chapter 1 - Waterborne Pathogens

Section Focus: You will learn the basics of waterborne diseases and proper identification.
At the end of this section, you will be able to describe commonly found waterborne organisms
and diseases. There is a post quiz at the end of this section to review your comprehension and
a final examination in the Assignment for your contact hours.

Scope/Background: Water/wastewater treatment operators are committed to keeping the
public water supply free of potential risks that lead to waterborne illnesses; investigating
transmission of pathogens that may result in such ilinesses; and implementing strategies that
will reduce the spread of further sickness. Much of this work is done with chlorine as the
primarily disinfectant agent. The use of water chlorination to disinfect public water supplies,
which began in the early 1900s, has had major impacts on the incidence of waterborne disease
in the U.S. and worldwide.

Cryptosporidium
We will go into great detail on this concern and others in this chapter.

The Reason for Disinfection

Bacteria, viruses and protozoan that cause disease are known as pathogens. Most pathogens
are generally associated with diseases that cause intestinal iliness and affect people in a
relatively short amount of time, generally a few days to two weeks. They can cause illness
through exposure to small quantities of contaminated water or food or from direct contact with
infected people or animals.

Waterborne diseases are those in which the consumption of or exposure to water and/or water
systems lead to illness. Common waterborne diseases include, but are not limited to,
giardiasis, cryptosporidiosis, vibriosis, shigellosis, and Legionellosis. Gastrointestinal,
respiratory, and wound infections are typical signs and symptoms of these diseases. These
diseases implicate compromised water sanitation and safety that have the potential to affect a
large number of people.
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Microbiology Introduction

Microorganisms of greatest significance to water professionals can be classified into four
groups:

1. Bacteria - Prokaryotes

2. Protozoans

3. Metazoans

4. Viruses

Each of these groups plays a key role in the complex world of wastewater biology.

MVOVI:“\JEJLE GLUCOSE ANTIBODY VIRUS BACTERIUM CANCER A PERIOD TENNIS
CELL BALL
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107 103 109
| | |
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SIZE COMPARISON
HOW SMALL IS SMALL ?

Bacteria Introduction

Bacteria are highly designed creatures formed in a variety of shapes. The simplest shape is a
round sphere or ball.

Bacteria formed like this are called cocci (singular coccus). The next simplest shape is
cylindrical.

Cylindrical bacteria are called rods (singular rod). Some bacteria are basically rods but instead
of being straight they are twisted, bent or curved, sometimes in a spiral. These bacteria are
called spirilla (singular spirillum). Spirochaetes are tightly coiled up bacteria.
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Organisms Descriptors and Meanings Chart

Description Meaning

Aerobic With air

Anaerobic Without air

Auto Self (Inorganic carbon)
Facultative With air or without air
Hetero Other (Organic carbon)
Troph Feed or nourish

Photo Light

Chemo Chemical

Organo Organic

Litho Rock

wy vy
= = 0

Coccus Bacillus Spirillum

80 T seeeee

Diplo- Staphylo- Strepto-

BASIC BACTERIA SHAPES DIAGRAM

Bacteria Biofilm or Colonies

Bacteria tend to live together in clumps, chains or planes. When they live in chains, one after
the other, they are called filamentous bacteria - these often have long thin cells. When they
tend to collect in a plane or a thin layer over the surface of an object, they are called a biofilm.
Many bacteria exist as a biofilm and the study of biofilms is very important. Biofilm bacteria
secrete sticky substances that form a sort of gel in which they live. The plaque on your teeth
that causes tooth decay is a biofilm.
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Commonli Used Water Disinfectants

Chloramines MRDLG=41 MRDL=4.01 Eye/nose irritation; stomacl Water additive used to

(as CI2) discomfort, anemia control microbes
Chlorine (as MRDLG=4! MRDL=4.0! Eye/nose irritation; stomacl Water additive used to
Cl2) discomfort control microbes
Chlorine dioxi MRDLG=0.81 MRDL=0.81 Anemia; infants & young Water additive used to
(as CIO2) children: nervous system control microbes
effects
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Bacteria Diagram

CAPSULE
CELL WALL
PLASMA MEMBRANE

CYTOPLASM
RIBOSOMES

PLASMID

PILI

BACTERIAL
FLAGELLUM

NUCLEOID

PROKARYOTIC CELL

Above is a typical bacterial cell has a rigid outer coating that gives them structure and maintains
their shape. This is the cell wall. Bacteria also have an inner, flexible membrane called the
periplasmic membrane or cell membrane. This dual-layered covering has been compared to
a balloon inside a box.

The cell membrane is very important because it controls the intake of food and other nutrients
and discharge of waste products. It keeps “in” what needs to be inside (e.g., enzymes,
nutrients, and food) and keeps “out” what should be outside (e.g., excess water). The box is

the cell wall. The cell wall provides the structural support and maintains the shape of the cell.

Much of the cellular contents are large protein molecules, known as enzymes, which are
manufactured by the cell. Other cellular contents may include granules of polyphosphate,
sulfur, or stored organic material.

Bacteria are somewhat predictable and, at a basic level, can be compared to miniature
combustion engines. For an engine to function, it requires both a fuel and oxygen source. The
oxygen sources is used to chemically burn fuel to release energy. The technically correct term
for this process is oxidation. The byproducts of combustion when burning organic fuel with
oxygen are carbon dioxide (CO2) and water (H20).
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Microbiological Contaminants

The sources of drinking water include rivers, lakes, streams, ponds, reservoirs, springs, and
wells. As water travels over the surface of the land or through the ground, it dissolves naturally
occurring minerals and in some cases, radioactive material, and can pick up substances
resulting from the presence of animals or human activity.

Contaminants that may be present in sources of drinking water include:

Microbial contaminants, such as viruses and bacteria, which may come from sewage
treatment plants, septic systems, agricultural livestock operations and wildlife;

Inorganic contaminants, such as salts and metals, which can be naturally occurring or
result from urban stormwater runoff, industrial or domestic wastewater discharges, oil and
gas production, mining or farming;

Pesticides and herbicides, which may come from a variety of sources such as agriculture,
urban stormwater run-off, and residential uses;

Organic chemical contaminants, including synthetic and volatile organic chemicals,
which are by-products of industrial processes and petroleum production, and can also
come from gas stations, urban stormwater run-off, and septic systems;

Radioactive contaminants, which can be naturally occurring or be the result of oil and
gas production and mining activities.

ENVIRONMENT

[TOTAL COLIFORM BACTERIA GROUP

ENVIRONMENTAL CONTAMINATION

@. coli BACTERIA

DRINKING WATER '
SYSTEM

OF THE COLIFORM BACTERIA GROUP

VIRUSES AND PROTOZOA - NOT PART
BUT ARE STILL VERY HARMFUL

TOTAL COLIFORM BACTERIA GROUP

Background

Coliform bacteria and chlorine residual are the only routine sampling and monitoring
requirements for small ground water systems with chlorination. The coliform bacteriological
sampling is governed by the Total Coliform Rule (TCR) of the SDWA. Although there is
presently no requirement for chlorination of groundwater systems under the SDWA, State
regulations require chlorine residual monitoring of those systems that do chlorinate the water.

31
Chlorine & Disinfection©7/18/2022 TLC (866) 557-1746



TCR

The TCR requires all Public Water Systems (PWS) to monitor their distribution system for
coliform bacteria according to the written sample sitting plan for that system. The sample sitting
plan identifies sampling frequency and locations throughout the distribution system that are
selected to be representative of conditions in the entire system.

Coliform contamination can occur anywhere in the system, possibly due to problems such as;
low pressure conditions, line breaks, or well contamination, and therefore routine monitoring is
required. A copy of the sample sitting plan for the system should be kept on file and accessible
to all who are involved in the sampling for the water system.

Number of Monthly Samples

The number of samples to be collected monthly depends on the size of the system. The TCR
specifies the minimum number of coliform samples collected, but it may be necessary to take
more than the minimum number in order to provide adequate monitoring.

This is especially true if the system consists of multiple sources, pressure zones, booster
pumps, long transmission lines, or extensive distribution system piping. Since timely detection
of coliform contamination is the purpose of the sample-sitting plan, sample sites should be
selected to represent the varying conditions that exist in the distribution system. The sample
sitting plan should be updated as changes are made in the water system, especially the
distribution system.

Sampling Procedures

The sample-sitting plan must be followed and all operating staff must be clear on how to follow
the sampling plan. In order to properly implement the sample-sitting plan, staff must be aware
of how often sampling must be done, the proper procedures and sampling containers to be
used for collecting the samples, and the proper procedures for identification, storage and
transport of the samples to an approved laboratory. In addition, proper procedures must be
followed for repeat sampling whenever a routine sample result is positive for total coliform.

Routine Sampling Requirements

Total coliform samples must be collected by PWSs at sites which are representative of water
quality throughout the distribution system according to a written sample siting plan subject to
state review and revision.

For PWSs collecting more than one sample per month, collect total coliform samples at regular
intervals throughout the month, except that ground water systems serving 4,900 or fewer
people may collect all required samples on a single day if the samples are taken from different
sites.

Each total coliform-positive (TC+) routine sample must be tested for the presence of E. coli.
» If any TC+ sample is also E. coli-positive (EC+), then the EC+ sample result must be
reported to the state by the end of the day that the PWS is notified.

» If any routine sample is TC+, repeat samples are required. — PWSs on quarterly or annual
monitoring must take a minimum of three additional routine samples (known as additional
routine monitoring) the month following a TC+ routine or repeat sample.

» Reduced monitoring may be available for PWSs using only ground water and serving 1,000
or fewer persons that meet certain additional PWS criteria.
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Coliform Bacteria - Introduction

Total coliforms are a group of related bacteria that are (with few exceptions) not harmful to
humans. A variety of bacteria, parasites, and viruses, known as pathogens, can potentially
cause health problems if humans ingest them. EPA considers total coliforms a useful indicator
of other pathogens for drinking water because they are easier to measure and associate with
water contamination.

FARM ANIMAL
WASTES

SANITARY SEWERS
NOT CONNECTED
PROPERLY

SEPTIC
PET WASTES . »

SOURCES OF FECAL COLIFORM BACTERIA

Total coliforms are used to determine the adequacy of water treatment and the integrity of the
distribution system.

All bacteriological samples are analyzed for the coliform group; however, a positive reaction to
these coliform analyses may be from sources other than fecal. In order to differentiate between
these sources, all samples that are total coliform positive must be analyzed again to determine
if fecal coliform or E. coli are present.

Key provisions of the RTCR include:
e Setting a maximum contaminant level goal (MCLG) and maximum contaminant
level (MCL) for E. coli for protection against potential fecal contamination.
e Setting a total coliform treatment technique (TT) requirement.
¢ Requirements for monitoring total coliforms and E. coli according to a sample siting
plan and schedule specific to the PWS.
e Provisions allowing PWSs to transition to the RTCR using their existing Total
Coliform Rule (TCR) monitoring frequency, including PWSs on reduced monitoring
under the existing TCR.
e Requirements for seasonal systems (such as Non-Community Water Systems not
operated on a year-round basis) to monitor and certify the completion of a state-
approved start-up procedures.
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¢ Requirements for assessments and corrective action when monitoring results show
that PWSs may be vulnerable to contamination.

e Public notification (PN) requirements for violations.

e Specific language for CWSs to include in their Consumer Confidence Reports
(CCRs) when they must conduct an assessment or if they incur an E. coli MCL violation.

TCR Key Provisions
e To comply with the monthly MCL for total coliforms (TC), PWSs must not find
coliforms in more than five percent of the samples they take each month to meet EPA’s
standards. If more than five percent of the samples contain coliforms, PWS operators
must report this violation to the state and the public.
o If a sample tests positive for TC, the system must collect a set of repeat samples
located within 5 or fewer sampling sites adjacent to the location of the routine positive
sample within 24 hours.
e When a routine or repeat sample tests positive for total coliforms, it must also be
analyzed for fecal coliforms or E. coli, which are types of coliform bacteria that are
directly associated with feces. A positive result for fecal coliforms or E. coli can signify
an acute MCL violation, which necessitates rapid state and public notification because
it represents a direct health risk.
e At times, an acute violation due to the presence of fecal coliform or E. coli
may result in a “boil water” notice. The system must also take at least 5 routine
samples the next month of operation if any sample tests positive for total coliforms.
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DRINKING WATER BACTERIA DIAGRAMS

All public water systems (PWSs), except aircraft PWSs subject to the Aircraft Drinking Water
Rule (ADWR) (40 CFR 141 Subpart X), must comply with the RTCR starting April 1, 2016, or
an earlier state effective date. Until then, PWSs must continue complying with the 1989 TCR.

34
Chlorine & Disinfection©7/18/2022 TLC (866) 557-1746



Related and Dangerous Waterborne Microbes

Coliform Bacteria are common in the environment and are generally not harmful. However,
the presence of these bacteria in drinking water are usually a result of a problem with the
treatment system or the pipes which distribute water, and indicates that the water may be
contaminated with germs that can cause disease.

Fecal Coliform and E. coli are bacteria whose presence indicates that the water may be
contaminated with human or animal wastes. Microbes in these wastes can cause short-term
effects, such as diarrhea, cramps, nausea, headaches, or other symptoms.

Cryptosporidium is a parasite that enters lakes and rivers through sewage and animal waste.
It causes cryptosporidiosis, a mild gastrointestinal disease. However, the disease can be
severe or fatal for people with severely weakened immune systems. The EPA and CDC have
prepared advice for those with severely compromised immune systems who are concerned
about Cryptosporidium.

Giardia lamblia is a parasite that enters lakes and rivers through sewage and animal waste.
It causes gastrointestinal illness (e.g. diarrhea, vomiting, and cramps).

PERITRICHOUS SHAPED BACTERIA EXAMPLE

Microbiologists broadly classify bacteria according to their shape: spherical, rod-shaped, and
spiral-shaped. Pleomorphic bacteria can assume a variety of shapes. Bacteria may be further
classified according to whether they require oxygen (aerobic or anaerobic) and how they react
to a test with Gram’s stain.

Bacteria in which alcohol washes away Gram’s stain are called gram-negative, while bacteria
in which alcohol causes the bacteria’s walls to absorb the stain are called gram-positive.
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SHIGELLA DYSENTARIAE EXAMPLE

Shigella dysenteriae is a species of the rod-shaped bacterial genus Shigella. Shigella can
cause shigellosis (bacillary dysentery). Shigellae are Gram-negative, non-spore-forming,
facultatively anaerobic, non-motile bacteria.

SALMONELLA EXAMPLE

Salmonellae usually do not ferment lactose; most of them produce hydrogen sulfide that in media
containing ferric ammonium citrate reacts to form a black spot in the center of the creamy colonies.
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Fecal Coliform Bacteria

Fecal coliform bacteria are microscopic organisms that live in the intestines of warm-blooded
animals. They also live in the waste material, or feces, excreted from the intestinal tract. When fecal
coliform bacteria are present in high numbers in a water sample, it means that the water has
received fecal matter from one source or another. Although not necessarily agents of disease, fecal
coliform bacteria may indicate the presence of disease-carrying organisms, which live in the same
environment as the fecal coliform bacteria.
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Bacteriological Monitoring - Introduction

Most waterborne diseases and illnesses have been related to the microbiological quality of
drinking water. The routine microbiological analysis of your water is for coliform bacteria. The
coliform bacteria group is used as an indicator organism to determine the biological quality of
your water. The presence of an indicator or pathogenic bacteria in your drinking water is an
important health concern. Indicator bacteria signal possible fecal contamination, and therefore,
the potential presence of pathogens. They are used to monitor for pathogens because of the
difficulties in determining the presence of specific disease-causing microorganisms.
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in relatively simple bacteriological media. Indicators in .0
common use today for routine monitoring of drinking water
include total coliforms, fecal coliforms, and Escherichia coli
(E. coli).

f,t } !L t
ol AN ] C

Bacteria Sampling -1 Example

Water samples for bacteria tests must always be collected in
a sterile container. Take the sample from an outside faucet
with the aerator removed. Sterilize by spraying a 5%
Household beach or alcohol solution or flaming the end of the
tap with a propane torch. Run the water for five minutes to clear the water lines and bring in
fresh water. Do not touch or contaminate the inside of the bottle or cap. Carefully open the
sample container and hold the outside of the cap. Fill the container and replace the top.
Refrigerate the sample and transport it to the testing laboratory within six hours (in an ice
chest). Many labs will not accept bacteria samples on Friday so check the lab's schedule.
Mailing bacteria samples is not recommended because laboratory analysis results are not as
reliable. Iron bacteria forms an obvious slime on the inside of pipes and fixtures. A water test
is not needed for identification. Check for a reddish-brown slime inside a toilet tank or where
water stands for several days.

Bac-T Sample Bottle Often referred to as a Standard Sample, 100 mis, notice the white
powder inside the bottle. That is Sodium Thiosulfate, a de-chlorination agent. Be careful not
to wash-out this chemical while sampling. Notice the custody seal on the bottle.

Coliform bacteria are common in the environment and are generally not harmful. However,
the presence of these bacteria in drinking water is usually a result of a problem with the
treatment system or the pipes which distribute water, and indicates that the water may be
contaminated with germs that can cause disease.

Laboratory Procedures
The laboratory may perform the total coliform analysis in one of four methods approved by the
U.S. EPA and your local environmental or health division:

Methods

The MMO-MUG test, a product marketed as Colilert, is the most common. The sample results
will be reported by the laboratories as simply coliforms present or absent. If coliforms are
present, the laboratory will analyze the sample further to determine if these are fecal coliforms
or E. coli and report their presence or absence.

39
Chlorine & Disinfection©7/18/2022 TLC (866) 557-1746



Microbial Regulations

One of the key regulations developed and implemented by the United States Environmental
Protection Agency (USEPA) to counter pathogens in drinking water is the Surface Water
Treatment Rule.

Among its provisions, the rule requires that a public water system, using surface water (or
ground water under the direct influence of surface water) as its source, have sufficient
treatment to reduce the source water concentration of Giardia and viruses by at least 99.9%
and 99.99%, respectively. The Surface Water Treatment Rule specifies treatment criteria to
assure that these performance requirements are met; they include turbidity limits, disinfectant
residual and disinfectant contact time conditions.
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Basic Types of Water Samples

It is important to properly identify the type of sample you are collecting. Please indicate in the
space provided on the laboratory form the type of sample.

The three (3) primary types of samples are:
1. Routine: Samples collected on a routine basis to monitor for contamination. Collection
should be in accordance with an approved sampling plan.

2. Repeat: Samples collected following a ‘coliform present’ routine sample. The number of
repeat samples to be collected is based on the number of routine samples you normally collect.

3. Special: Samples collected for other reasons.
Examples would be a sample collected after repairs to the system and before it is placed back
into operation or a sample collected at a wellhead prior to a disinfection injection point.

A. Trigger: Level 1 Assessment is triggered if any one of the following occurs:

» A PWS collecting fewer than 40 samples per month has 2 or more TC+ routine/ repeat
samples in the same month.

» A PWS collecting at least 40 samples per month has greater than 5.0 percent of the
routine/repeat samples in the same month that are TC+.

» A PWS fails to take every required repeat sample after any single TC+ sample

B. Trigger: Level 2 Assessment is triggered if any one of the following occurs:

» A PWS incurs an E. coli MCL violation.

» A PWS has a second Level 1 Assessment within a rolling 12-month period.

» A PWS on state-approved annual monitoring has a Level 1 Assessment trigger in 2
consecutive years.

Routine Coliform Sampling
The number of routine samples and frequency of collection for community public water systems
is shown in Table 3-1 below.

Noncommunity and nontransient noncommunity public water systems will sample at
the same frequency as a like sized community public water system if:

1. It has more than 1,000 daily population and has ground water as a source, or

2. It serves 25 or more daily population and utilizes surface water as a source or ground water
under the direct influence of surface water as its source.

Noncommunity and nontransient, noncommunity water systems with less than 1,000 daily
population and groundwater as a source will sample on a quarterly basis.
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No. of Samples per System Population
Persons served - Samples per month

up to 1,000
1,001-2,500
2,501-3,300
3,301 to 4,100
4,101 to 4,900
4,901 to 5,800
5,801 to 6,700
6,701 to 7,600
7,601 to 8,500
8,501 to 12,900 10
12,901 to 17,200 15
17,201 to 21,500 20
21,501 to 25,000 25
25,001 to 33,000 30
33,001 t0 41,000 40
41,001 to 50,000 50
50,001 to 59,000 60
59,001 to 70,000 70
70,001 to 83,000 80
83,001 to 96,000 90
96,001 to 130,000 100
130,001 to 220,000 120
220,001 to 320,000 150
320,001 to 450,000 180
450,001 to 600,000 210
600,001 to 780,000 240

OloNO|~[WwIN|—=

Repeat Sampling Introduction

Repeat sampling replaces the old check sampling with a more comprehensive procedure to try to
identify problem areas in the system. Whenever a routine sample has total coliform or fecal coliform
present, a set of repeat samples must be collected within 24 hours after being notified by the
laboratory. The follow-up for repeat sampling is:

1. If only one routine sample per month or quarter is required, four (4) repeat samples must be
collected.

2. For systems collecting two (2) or more routine samples per month, three (3) repeat samples
must be collected.

3. Repeat samples must be collected from:

a. The original sampling location of the coliform present sample.

b. Within five (5) service connections upstream from the original sampling location.

c. Within five (5) service connections downstream from the original sampling location.

d. Elsewhere in the distribution system or at the wellhead, if necessary.

4. If the system has only one service connection, the repeat samples must be collected from the
same sampling location over a four-day period or on the same day.

5. All repeat samples are included in the MCL compliance calculation.

6. If a system which normally collects fewer than five (5) routine samples per month has a coliform
present sample, it must collect five (5) routine samples the following month or quarter regardless of
whether an MCL violation occurred or if repeat sampling was coliform absent.
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Positive or Coliform Present Results
What do you do when your sample is positive or coliform present?

When you are notified of a positive test result you need to contact either the Drinking Water
Program or your local county health department within 24 hours, or by the next business day
after the results are reported to you. The Drinking Water Program contracts with many of the
local health departments to provide assistance to water systems.

After you have contacted an agency for assistance,
you will be instructed as to the proper repeat sampling
procedures and possible corrective measures for
solving the problem. It is very important to initiate the
repeat sampling immediately as the corrective
measures will be based on those results.

Some examples of typical corrective measures to
coliform problems are:

1. Shock chlorination of a ground water well. The recommended dose of 5% household
bleach is 2 cups per 100 gallons of water in the well. This should be done anytime the bell is
opened for repair (pump replacement, etc.). If you plan to shock the entire system, calculate
the total gallonage of storage and distribution.

2. Conduct routine distribution line flushing. Install blowoffs on all dead end lines.

3. Conduct a cross connection program to identify all connections with non-potable water
sources. Eliminate all of these connections or provide approved backflow prevention devices.
4. Upgrade the wellhead area to meet current construction standards as set by your state
environmental or health agency.

5. If you continuously chlorinate, review your operation and be sure to maintain a detectable
residual (0.2 mg/l free chlorine) at all times in the distribution system.

6. Perform routine cleaning of the storage system.

This list provides some basic operation and maintenance procedures that could help eliminate
potential bacteriological problems, check with your state drinking water section or health
department for further instructions.

Maximum Contaminant Levels (MCLs)

State and federal laws establish standards for drinking water quality. Under normal
circumstances when these standards are being met, the water is safe to drink with no threat
to human health. These standards are known as maximum contaminant levels (MCL). When
a particular contaminant exceeds its MCL a potential health threat may occur.

The MCLs are based on extensive research on toxicological properties of the contaminants,
risk assessments and factors, short term (acute) exposure, and long term (chronic) exposure.
You conduct the monitoring to make sure your water is in compliance with the MCL.

There are two types of MCL violations for coliform bacteria. The first is for total coliform; the
second is an acute risk to health violation characterized by the confirmed presence of fecal
coliform or E. coli.
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MIXTURE
PREPARATION DETECTION CONFIRMATION
FILTRATION OF
100 ml of H,0

DARK BLUE COLONIES
OR VIOLET WITH
E.coli APPEARANCE

FILTERING MEMBRANE
IN CHROMOCULT
COLIFORM AGAR

INCUBATION: 24 hours _—

A USE OF ABSENCE APPEARANCE
COMPARATOR (Yellow Color)
POSITIVE CASES : AFLUORESCENT
ULTRA VIOLET (UV) LAMP IS USED.
ITEMITS FLUORESCENSE AT

MEMBRANE
FILTRATION

SUBSTRATE mUAmcI:gﬁ"le;.? H INCUBATION AT 365 meters. THERE IS NOT SECURITY.
DEFINED 24 hours AT 37°C THE SAMPLE HAS TO INCUBATE
COLLILERT MEDIUM MORE THAN 4 HOURS

CONCENTRATION DETECTION OF THE E. coli BACTERIA IN DRINKING WATER TREATMENT PLANTS
THROUGH AN E-nose AND A VOLATILES EXTRACTION SYSTEM

Technico CONVENTIONAL BACTERIOLOGICAL MONITORING

- Learning
College

SIM PLATE METHOD
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Looking under a black light to identify the presence of E. coli.

Colilert tests simultaneously detect and confirms coliform and E. coli in water samples in 24
hours or less.

Simply add the Colilert reagent to the sample, incubate for 24 hours, and read results.

Colilert is easy to read, as positive coliform samples turn yellow or blue, and when E. coli is
present, samples fluoresce under UV light.
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Total Coliform

Fecal Coliform

Thermotolerant
Coliform

801 & ABOVE 0 to 200

POOR GOOD

201 to 800

CAUTION

FECAL COLIFORM BACTERIA COLONIES
(Per 100 Milliliters)
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Heterotrophic Plate Count - Introduction

Heterotrophic organisms utilize organic compounds as their carbon source (food or
substrate). In contrast, autotrophic organisms use inorganic carbon sources. The
Heterotrophic Plate Count provides a technique to quantify the bacteriological activity of a
sample. The R2A agar provides a medium that will support a large variety of heterotrophic
bacteria. After an incubation period, a bacteriological colony count provides an estimate of
the concentration of heterotrophs in the sample of interest.

Heterotrophic Plate Count (HPC) --- formerly known as the standard plate count, is a
procedure for estimating the number of live heterotrophic bacteria and measuring changes
during water treatment and distribution in water or in swimming pools. Colonies may arise
from pairs, chains, clusters, or single cells, all of which are included in the term "colony-
forming units" (CFU).

Method:
There are three methods for standard plate count:

1. Pour Plate Method

The colonies produced are relatively small and compact,
showing less tendency to encroach on each other than those
produced by surface growth. On the other hand, submerged
colonies often are slower growing and are difficult to transfer.
2. Spread Plate Method

All colonies are on the agar surface where they can be
distinguished readily from particles and bubbles. Colonies can
be transferred quickly, and colony morphology can be easily discerned and compared to
published descriptions. See next page

3. Membrane Filter Method

This method permits testing large volumes of low-turbidity water and is the method of
choice for low-count waters.

Material

i ) Apparatus
Glass rod
Erlenmeyer flask
Graduated Cylinder
Pipette
Petri dish
Incubator

ii ) Reagent and sample
Reagent-grade water
Nutrient agar
Sample

Procedure*

1. Boil mixture of nutrient agar and nutrient broth for 15 minutes, then cool for about 20
minutes.

2. Pour approximately 15 ml of medium in each Petri dish, let medium solidify.
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3. Pipette 0.1 ml of each dilution onto surface of pre-dried plate, starting with the highest
dilution.

4. Distribute inoculum over surface of the medium using a sterile bent glass rod.

5. Incubate plates at 35°C for 48h.

6. Count all colonies on selected plates promptly after incubation, consider only plates having
30 to 300 colonies in determining the plate count.

*Duplicate samples

Computing and Reporting

Compute bacterial count per milliliter by the following equation:

CFU/mI = colonies counted / actual volume of sample in dish a)lf there is no plate with 30 to
300 colonies, and one or more plates have more than 300 colonies, use the plate(s) having
a count nearest 300 colonies.

b) If plates from all dilutions of any sample have no colony, report the count as less than
1/actual volume of sample in dish estimated CFU/ml.

c) Avoid creating fictitious precision and accuracy when computing CFU by recording only
the first two left-hand digits.

Heterotrophic Plate Count (Spread Plate Method) T
Laboratory Equipment Needed AR

100 x 15 Petri Dishes F oat e
Turntable

Glass Rods: Bend fire polished glass rod 45 degrees about 40
mm from one end. Sterilize before using.

Pipette: Glass, 1.1 mL. Sterilize before using. ELSE
Quebec Colony Counter NS

e

e

Py W r

Hand Tally Counter %%ﬁ;—d/f
Reagents

1) R2A Agar: Dissolve and dilute 0.5 g of yeast extract, 0.5 g of proteose peptone No. 3, 0.5
g of casamino acids, 0.5 g of glucose, 0.5 g of soluble starch, 0.3 g of dipotassium hydrogen
phosphate, 0.05 g of magnesium sulfate heptahydrate, 0.3 g of sodium pyruvate, 15.0 g of
agar to 1 L. Adjust pH to 7.2 with dipotassium hydrogen phosphate before adding agar.
Heat to dissolve agar and sterilize at 121 C for 15 minutes.

2) Ethanol: As needed for flame sterilization.

Preparation of Spread Plates

Immediately after agar sterilization, pour 15 mL of R2A agar into sterile 100 x 15 Petri dishes;
let agar solidify. Pre-dry plates inverted so that there is a 2 to 3 g water loss overnight with
the lids on. Use pre-dried plates immediately or store up to two weeks in sealed plastic bags
at 4°C.

Sample Preparation
Mark each plate with sample type, dilution, date, and any other information before sample
application.

Prepare at least duplicate plates for each volume of sample or dilution examined.
Thoroughly mix all samples by rapidly making about 25 complete up-and-down movements.
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Sample Application

Uncover pre-dried agar plate. Minimize time plate remains
uncovered. Pipette 0.1 or 0.5 mL sample onto surface of pre-dried
agar plate.

Record Volume of Sample Used.

Using a sterile bent glass rod, distribute the sample over surface
of the medium by rotating the dish by hand on a turntable. Let
the sample be absorbed completely into the medium before
incubating. Put cover back on Petri dish and invert for duration
of incubation time. Incubate at 28°C for 7 days. Remove Petri
dishes from incubator for counting.

Counting and Recording

After incubation period, promptly count all colonies on the plates. To count, uncover plate
and place on Quebec colony counter. Use a hand tally counter to maintain count. Count all
colonies on the plate, regardless of size. Compute bacterial count per milliliter by the
following equation:

colonies counted

CFU/ mL = —
actual volume of sample in dish, mL

To report counts on a plate with no colonies, report the count as less than one (<1) divided
by the sample volume put on that plate (remember to account for any dilution of that sample).

If plates of all dilutions for a sample have no colonies, report the count as less than one (<1)
divided by the largest sample volume used. Example: if 0.1 mL of a 100:1 and 10000:1
dilution of a sample both turned up with no colonies formed, the reported result would be <1
divided by the largest sample volume 0.001 mL (0.1 mL divided by 100). The final reported
result for the sample is <1000 CFU per mL.

Assignment

1. Report the number of colony forming units (CFU) found on each plate.

2. Calculate the CFU per mL for each plate.

3. The aim of diluting samples is to produce a plate having 30 to 300 colonies, which plates
meet these criteria. If no sample produces a plate with a count in this range, use the plate(s)
with a count closest to 300. Based on these criteria, use your calculated results to report the
CFU per mL for each sample.

In the conclusion of your lab report, comment on your final results for each sample type as
well as the quality of your application of this analysis technique. Feel free to justify your
comments using statistical analysis. Also, comment on the general accuracy of this analytical
technique and the factors that affect its accuracy and or applicability.

Data Table for Samples
Sample ID Volume of Sample, Colonies Counted per plate
mL
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UPSTREAM

@ OVE SAMPLE MUST BE AT THE ONE REPEAT SAMPLE|
SAME SITE AS ROUTINE SAMPLE

ONE SAMPLE MUST BE WITHIN
5 SERVICE CONNECTIONS UPSTREAM

@ ONE SAMPLE MUST BE WITHIN
5 SERVICE CONNECTIONS DOWNSTREAM

@ IF AFOURTH REPEAT SAMPLE IS NEEDED,
THE SYSTEM SHOULD TAKE THE SAMPLE
WHEREVER IT DEEMS WILL HELP IDENTIFY
THE SPECIFIC AREA OF CONTAMINATION

-

T ONE REPEAT SAWPLE

SITE

DOWNSTREAM

EXAMPLE OF WHAT HAS TO BE DONE IF A PRESENCE OF COLIFORMS ARE DETECTED WHEN
CONDUCTING ROUTINE SAMPLES AT DESIGNATED SAMPLE SITES
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Total Coliforms

This MCL is based on the presence of total coliforms, and compliance is on a monthly or
quarterly basis, depending on your water system type and state rule. For systems which
collect fewer than 40 samples per month, no more than one sample per month may be
positive. In other words, the second positive result (repeat or routine) in a month or quarter
results in an MCL violation.

For systems which collect 40 or more samples per month, no more than five (5) percent may
be positive. Check with your state drinking water section or health department for further
instructions.

Acute Risk to Health (Fecal Coliforms and E. coli)

An acute risk to human health violation occurs if either one of the following happen:
1. A routine analysis shows total coliform present and is followed by a repeat analysis which
indicates fecal coliform or E. coli present.

2. A routine analysis shows total and fecal coliform or E. coli present and is followed by a
repeat analysis which indicates total coliform present.

An acute health risk violation requires the water system to provide public notice via radio and
television stations in the area. This type of contamination can pose an immediate threat to
human health and notice must be given as soon as possible, but no later than 24 hours after
notification from your laboratory of the test results.

Certain language may be mandatory for both these violations and is included in your state
drinking water rule.

Public Notice

A public notice is required to be issued by a water system whenever it fails to comply with an
applicable MCL or treatment technique, or fails to comply with the requirements of any
scheduled variance or permit. This will inform users when there is a problem with the system
and give them information.

A public notice is also required whenever a water system fails to comply with its monitoring
and/or reporting requirements or testing procedure.

Each public notice must contain certain information, be issued properly and in a timely
manner and contain certain mandatory language. The timing and place of posting of the
public notice depends on whether an acute risk is present to users. Check with your state
drinking water section or health department for further instructions.

The following are Acute Violations

1. Violation of the MCL for nitrate.

2. Any violation of the MCL for total coliforms, when fecal coliforms or E. coli are present in
the distribution system.

3. Any outbreak of waterborne disease, as defined by the rules.

51
Chlorine & Disinfection©7/18/2022 TLC (866) 557-1746



Sim Plate Method

IDEXX’s SimPlate for HPC method is used for the quantification of heterotrophic plate
count (HPC) in water.

It is based on the Multiple Enzyme Technology which detects viable bacteria in water
by testing for the presence of key enzymes known to be present in these little
organisms.

This technique uses enzyme substrates that produce a blue fluorescence when
metabolized by waterborne bacteria. The sample and media are added to a SimPlate
Plate, incubated and then examined for fluorescing wells.

The number of wells corresponds to a Most Probable Number (MPN) of total bacteria
in the original sample.

The MPN values generated by the SimPlate for HPC method correlate with the Pour
Plate method using the Total Plate Count Agar, incubated at 35°C for 48 hours as
described in Standard Methods for the Examination of Water and Wastewater, 19
Edition.
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Revised Total Coliform Rule (RTCR) Summary
REVISED RULE OVERVIEW MAJOR RULE CHANGES

. REVISED TOTAL COLIFORMRULE (RTCR)
TITLE: 78 FR 10269, FEBRUARY 13th, 2013, Vol 78, No. 30

FOR A SYSTEM COLLECTING AT | FOR A SYSTEM COLLECTING AT LEAST
wHEs L L L LS LB LEAST 40 SAMPLES PER MONTH, {40 SAMPLES PER MONTH, MORE THAN

PURPOSE: | oF POTENTILPATHAYS OF ENTRYFORFECAL CONTAMINATON | e s salbes. | 5007 SHPLESCOLETED K
INTO DISTRIBUTION SYSTEM COLLECTED ARE TC POSITIVE T POSITIVE
GENERAL |THERTCR ESTABLISHES ANMCL FOREcoli AND USES E.coli AND TOTAL COLIFORNS | FOR A SYSTEN COLLECTING EEWER_ | FORA SYSTEH COLLECTING FEWER

| O NTIATE A0 "FIND A FiX APPROACH T0 ADDRESS FECAL CONTAMNATIONTHAT | - THAN 40 SAWPLES PERWONTH, | THAN 40 SAMPLES PERNONTH,
DESCRIPTION: { coutp enter pistaigurion s¥sTen WORE THAN 1 SAMPLE TC POSITIVE | MORE THAN 1 SAWPLE TC POSITVE

THE REVISED TOTAL COLIFORM RULE APPLIES TO ALL PUBLIC NOPUBLIC NOTICE
g’g\ligéi% izt = PUBLIC NOTICE IS REQUIRED {jyST PERFORM LEVEL 1 ASSESSHENT

PUBLIC HEALTH BENEFITS

TOTAL COLIFORM

IMPLEMENTATION OF THE REVISED TOTAL COLIFORM RULE WILL RESULTIN:

] ADECREASE IN THE PATHWAY BY WHICH FECAL CONTAMINATION CAN ENTER THE DRINKING
WATER DISTRIBUTION SYSTEM

WATERBORNE PATHOGENS

» REDUCTION IN FECAL CONTAMINATION SHOULD REDUCE THE POTENTIAL RISK FROM ALL
WATERBORNE PATHOGENS INCLUDING BACTERIA, VIRUSES, PROTOZOA, AND ASSQCIATED
ILLNESSES.

Technical

e REVISED TOTAL COLIFORM RULE (RTCR)

The following are EPA'’s federal rule requirements. Please be aware that each state
implements drinking water regulations that may be more stringent than EPA’s
regulations. Check with your state environmental agency for more information.

EPA published the Revised Total Coliform Rule (RTCR) in the Federal Register (FR) on
February 13, 2013 (78 FR 10269). It is the revision to the 1989 Total Coliform Rule (TCR).

Why revise the 1989 TCR?

The 1996 amendments to the Safe Drinking Water Act [Section 1412(b) (9)] require the
Administrator to review and revise, as appropriate, each national primary drinking water
regulation not less often that every six years. EPA published its decision to revise the TCR in
July 2003 as part of its National Primary Drinking Water Regulation (NPDWR) review.

The RTCR:
o Upholds the purpose of the 1989 TCR to protect public health by ensuring the integrity
of the drinking water distribution system and monitoring for the presence of microbial

contamination.
o Requires public water systems (PWSs) to meet a legal limit for E. coli, as
demonstrated by required monitoring.
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o Specifies the frequency and timing of required microbial testing based on population
served, public water system type and source water type: ground water or surface
water.

When must PWSs comply with the RTCR requirements?
Unless a State determines an earlier effective date, all PWSs must comply with the RTCR
requirements starting April 1, 2016. All PWSs include:

o Community Water Systems (CWSs),

¢ Non-Transient Non-Community Water Systems (NTNCWSs), and

o Transient Non-Community Water Systems (TNCWSs).

Minor Corrections to the Revised Total Coliform Rule (RTCR)

Minor corrections to the final RTCR became effective on April 28, 2014. No comments were
received on the Direct Final Rule published on February 26, 2014 and the corrections
therefore became effective without further notice. See the Direct Final Rule Federal Register
Notice.

Revised Total Coliform Rule (RTCR) - Final Rule

On February 13, 2013, EPA published in the Federal Register the revisions to the 1989
TCR. EPA anticipates greater public health protection under the Revised Total Coliform Rule
(RTCR) requirements.

The RTCR:
e Requires public water systems that are vulnerable to microbial contamination to
identify and fix problems; and
o Establishes criteria for systems to qualify for and stay on reduced monitoring, which
could reduce water system burden and provide incentives for better system
operation.

Public water systems (PWSs) and primacy agencies must comply with the revised
requirements by April 2016. Until then, PWSs and primacy agencies must continue
complying with the 1989 TCR.

1 RE PEAT UPSTREAM

= — .— - ﬂ—' -— .—. - .—,'3-.

ORIGINAL SAMPLE SITE
(COLIFORMS ARE PRESENT)

ONE REPEAT
‘1 REPEAT DOWNSTREAM

l— _L',',',_'l“- l— _L',',',f

ONE AT THE SAME SITE AS THE ROUTINE SAMPLE.
ONE WITHIN 5 SERVICE CONNECTIONS UPSTREAM.
ONE WITHIN 5 SERVICE CONNECTIONS DOWNSTREAM.

IFAFOURTH REPEAT SAMPLE IS REQUIRED THE SYSTEM
SHOULD TAKE THE SAMPLE WHEREVER IT FEELS IT WILL
HELP IDENTIFY THE AREA OF CONTAMINATION.

REPEAT SAMPLING PROCEDURES
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RTCR Key Provisions Most of this section comes from the USEPA.

Provision
Category

Contaminant
Level

Key Provisions

Addresses the presence of total coliforms and E. coli in drinking
water.

For E. coli (EC), the Maximum Contaminant Level Goal (MCLG)
is set at zero. The Maximum Contaminant Level (MCL) is based
on the occurrence of a condition that includes routine and repeat
samples.

For total coliforms (TC), PWSs must conduct a Level 1 or Level 2
assessment of their system when they exceed a specified
frequency of total coliform occurrences.

An MCL violation or failure to take repeat samples following a
routine total coliform-positive sample will trigger a Level 1 or Level
2 assessment.

Any sanitary defect identified during a Level 1 or Level 2
assessment must be corrected by the PWS. These are the
treatment technique requirements of the RTCR.

Monitoring

Develop and follow a sample-siting plan that designates the
PWS's collection schedule. This includes location of routine and
repeat water samples.

Collect routine water samples on a regular basis (monthly,
quarterly, annually). Have samples tested for the presence of total
coliforms by a state certified laboratory.

Analyze all routine or repeat samples that are total coliform
positive (TC+) for E. coli.

Collect repeat samples (at least 3) for each TC+ positive routine
sample.

For PWSs on quarterly or annual routine sampling, collect
additional routine samples (at least 3) in the month after a TC+
routine or repeat sample.
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RTCR Key Provisions Most of this section comes from the USEPA.

Seasonal systems must monitor and certify the completion of a
state-approved start-up procedures.

Level 1 and
Level 2
Assessments
and Corrective
Actions

PWSs are required to conduct a Level 1 or Level 2 assessment
if conditions indicate they might be vulnerable to contamination.
PWSs must fix any sanitary defects within a required timeframe.

Reporting and
Recordkeeping

PWSs are required to report certain items to their states. These
reporting and recordkeeping requirements are essentially the
same as under TCR. The addition to the Requirements is the
Level 1 and Level 2 requirements.

Violations,
Public
Notification (PN)
and Consumer
Confidence
Report (CCR)

PWSs incur violations if they do not comply with the requirements
of the RTCR. The violation types are essentially the same as
under the TCR with few changes. The biggest change is no acute
or monthly MCL violation for total coliform positive samples only.

PN is required for violations incurred. Within required timeframes,
the PWS must use the required health effects language and notify
the public if they did not comply with certain requirements of the
RTCR. The type of PN depends on the severity of the violation.

Community water systems (CWSs) must use specific language in
their CCRs when they must conduct an assessment or if they
incur an E. coli MCL violation.

Disinfection Key

» Contact time is required
» 99% or 2 log inactivation of crypto
» 99.9% or 3 log inactivation of giardia lamblia cysts
» 99.99% or 4 log inactivation of enteric viruses
» CT = Concentration of disinfectant x contact time
The chlorine residual leaving the plant must be = or > 0.2 mg/L and measurable

throughout the system

Chlorine & Disinfection©7/18/2022 TLC
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Troubleshooting Table for Bacteriological Monitoring

Problems

1. Positive Total Coliform.

2. Chlorine taste and odor.

3. Inability to maintain an adequately free chlorine o T
residual at the furthest points of the distribution f600W YOUR "Source WATER Y

system or at dead end lines.
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Possible Causes

1A. Improper sampling technique.

1B. Contamination entering distribution system.

1C. Inadequate chlorine residual at the sampling site.
1D. Growth of biofilm in the distribution system.

2A. High total chlorine residual and low free residual.
3A. Inadequate chlorine dose at treatment plant.

3B. Problems with chlorine feed equipment.

3C. Ineffective distribution system flushing program.
3D. Growth of biofilm in the distribution system.

Possible Solutions

1A. Check distribution system for low-pressure conditions, possibly due to line breaks or
excessive flows that may result in a backflow problem.

1B. Insure that all staff are properly trained in sampling and transport procedures as described
in the TCR.

1C. Check the operation of the chlorination feed system. Refer to issues described in the
sections on pumps and hypochlorination systems. Insure that residual test is being performed
properly.

1D. Thoroughly flush effected areas of the distribution system. Superchlorination may be
necessary in severe cases.

2A. The free residual should be at least 85% of the total residual. Increase the chlorine dose
rate to get past the breakpoint in order to destroy some of the combined residual that causes
taste and odor problems. Additional system flushing may also be required.

3A. Increase chlorine feed rate at point of application.

3B. Check operation of chlorination equipment.

3C. Review distribution system flushing program and implement improvements to address
areas of inadequate chlorine residual.

3D. Increase flushing in area of biofilm problem.
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TOTAL COLIFORM RULE (TCR) REVISIONS

REVISED TOTAL COLIFORM RULE (RTCR)

THIS REVISES THE 1989 TOTAL COLIFORM RULE (TCR) AND IS
INTENDED TO IMPROVE PUBLIC HEALTH PROTECTION.

THIS ESTABLISHED A "FIND-AND-FIX" APPROACH FOR
INVESTIGATING AND CORRECTING CAUSES OF COLIFORM
PROBLEMS WITHIN WATER DISTRIBUTION SYSTEMS.

THE MAXIMUM CONTAMINANT LEVEL (MCL) FOR BACTERIA IN
DRINKING WATER IS ZERO TOTAL COLIFORM COLONIES PER
100 MILLILITERS OF WATER.

BEGINNING JULY 1st, 2021, ALL RESAMPLES SUBMITTED IN
RESPONSE TO A PREVIOUS POSITIVE COLIFORM RESULT
MUST BE ANALYZED TO DETERMINE COLIFORM AND E.coli DENSITY

Coliforms Explained

Total Coliforms

Fecal Coliforms

Pathogenic E. coli
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TOTAL COLIFORM RULE (TCR) REVISIONS

coccus
Plural = Coccl

BACILLUS
Plural = Bacilli

SPIRILLUM

Plural = Sprillli

TOTAL COLIFORMS

BACILLUS

Plural =Bacilli

/\

One of the many groups of
rod-shaped bacteria

* A group of Coliform Bacteria

FECAL COLIFORMS that resides in the intestines

of warm-blooded animals

A single species of fecal

E. coli coliform bacteria
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Waterborne Pathogen Section - Introduction

Bacteria, viruses, and protozoans that cause disease are known as pathogens. Most
waterborne pathogens are generally associated with diseases that cause intestinal illness
and affect people in a relatively short amount of time, generally a few days to two weeks.
They can cause iliness through exposure to small quantities of contaminated water or food
or from direct contact with infected people or animals.

Pathogens that may cause waterborne outbreaks through drinking water have one thing in
common: they are spread by the fecal-oral (or feces-to-mouth) route. Pathogens may get into
water and spread when infected humans or animals pass the bacteria, viruses, and protozoa
in their stool. For another person to become infected, he or she must take that pathogen in
through the mouth.

Waterborne pathogens are different from other types of pathogens such as the viruses that
cause influenza (the flu) or the bacteria that cause tuberculosis. Influenza virus and
tuberculosis bacteria are spread by secretions that are coughed or sneezed into the air by an
infected person.

Human or animal wastes in watersheds, failing septic systems, failing sewage treatment
plants or cross-connections of water lines with sewage lines provide the potential for
contaminating water with pathogens. The water may not appear to be contaminated because
feces has been broken up, dispersed and diluted into microscopic particles. These particles,
containing pathogens, may remain in the water and be passed to humans or animals unless
adequately treated.

Only proper treatment and a safe distribution system can ensure eliminating the spread of
waterborne disease. In addition to water, other methods exist for spreading pathogens by
the fecal-oral route. The foodborne route is one of the more common methods. A frequent
source is a food handler who does not wash his hands after a bowel movement and then
handles food with “unclean” hands. The individual who eats feces-contaminated food may
become infected and ill. It is interesting to note the majority of foodborne diseases occur in
the home, not restaurants.

Day care centers are another common source for
spreading pathogens by the fecal-oral route. Here,
infected children in diapers may get feces on their

fingers, then put their fingers in a friend’s mouth or ; “‘.1
handle toys that other children put into their ¥
mouths. You will usually be asked to sample for ﬁ‘.&

Giardia at these facilities.
Giardia

The general public and some of the medical community usually refer to diarrhea symptoms

as “stomach flu.” Technically, influenza is an upper respiratory iliness and rarely has diarrhea

associated with it; therefore, stomach flu is a misleading description for foodborne or

waterborne illnesses, yet is accepted by the general public. So the next time you get the

stomach flu, you may want to think twice about what you’ve digested within the past few days.
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Chain of Transmission

This chain lists the events that must occur for the transmission of disease via drinking water.
By breaking the chain at any point, the transmission of disease will be prevented. Water is
contaminated with feces. This contamination may be of human or animal origin. The feces
must contain pathogens (disease-causing bacteria, viruses or protozoa). If the human or
animal source is not infected with a pathogen, no disease will result.

The pathogens must survive in the water. This depends on the temperature of the water and
the length of time the pathogens are in the water. Some pathogens will survive for only a
short time in water, others, such as Giardia or Cryptosporidium, may survive for months.

The pathogens in the water must enter the water system’s intake in numbers sufficient to
infect people. The water is either not treated or inadequately treated for the pathogens
present. A susceptible person must drink the water that contains the pathogen; then illness
(disease) will occur.

Emerging Waterborne Pathogens

Emerging waterborne pathogens constitute a major health hazard in both developed and
developing nations. A new dimension to the global epidemiology of cholera-an ancient
scourge-was provided by the emergence of Vibrio cholerae 0139. Also, waterborne
enterohemorrhagic Escherichia coli (E. coli 0157:H7), although regarded as a problem of the
industrialized west, has recently caused outbreaks in Africa.

Outbreaks of chlorine-resistant Cryptosporidium in the US have motivated water authorities
to reassess the adequacy of current water-quality regulations. Of late, a host of other
organisms, such as hepatitis viruses (including hepatitis E virus), Campylobacter jejuni,
microsporidia, cyclospora, Yersinia enterocolitica, calciviruses and environmental bacteria
like Mycobacterium spp, aeromonads, Legionella pneumophila and multidrug-resistant
Pseudomonas aeruginosa have been associated with water-borne ilinesses.

The protection and enhancement of our nation’s water quality remains a chief concern of the
U.S. Environmental Protection Agency. The Office of Research and Development is
committed, through the extensive waterborne disease research efforts earlier described, to
ensure that the most effective and efficient methods are developed to identify, detect, and
inactivate/remove pathogens that may be present in our drinking water supplies.

Life cycles, mechanisms of infection, protective or dormant states, emergence of disinfection
resistant variants, optimal pathogen removal techniques, regrowth in distribution lines...all
are areas that must be investigated and understood to afford the water quality safeguards
that are so often taken for granted. The successes and failures of these research efforts,
relayed to the public and appropriate federal, state, and local agencies, have helped to ensure
safe drinking water.

More on this subject in the Microorganism Appendix. Hyperlink to the Glossary and
Appendix http://www.abctlc.com/downloads/PDF/WTGlossary.pdf
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Primary Waterborne Diseases Section - Alphabetical Order

Campylobacter
Campylobacter, the basics. It is a bacterium. It causes diarrheal illness. Campylobacter is
primarily associated with poultry, animals, and humans.

Campylobacter prevention: Prevention strategies for this pathogen include source
protection, halogenation of water, and boiling water for one minute.

Cryptosporidium

Cryptosporidium, the basics. It is a parasite. It causes diarrheal illness known as
cryptosporidiosis. It is typically associated with animals and humans, and it can be acquired
through consuming fecally contaminated food, contact with fecal contaminated soil and water.

Cryptosporidium, prevention: Prevention strategies for this pathogen include source
protection. A CT value of 9,600 is required when dealing with fecal accidents. CT equals a
concentration, in parts per million, while time equals a contact time in minutes.
Cryptosporidium can also be prevented or eliminated by boiling water for one minute.

Filtration with an "absolute" pore size of one micron or smaller can eliminate Cryptosporidium,
and reverse osmosis is known to be effective as well.

EXCYSTATION
<> PASSED IN FECES

GYST <> RESISTANT

<> INFECTIVE

ENCYSTMENT

<> REPLICATION

TYPICAL FECAL-ORAL LIFE CYCLE DIAGRAM

E-Coli Section

Escherichia coli. Escherichia coli O157:H7, the basics. It's a bacteria. There are several
pathogenic strains of Escherichia coli, which are classified under enterovirulent E. coli. They
are enterohemorrhagic, enteroinvasive, enterotoxigenic, enteropathogenic, and
enteroaggregative causes diarrheal iliness, and it's classified as an enterohemorrhagic E.
coli. In its most severe form, it can cause hemorrhagic colitis. The reservoir for this bacteria
are cattle, deer, goats, and sheep. Humans can also be a reservoir. It is typically associated
with contaminated food and water.

E. coli O157:H7 prevention: Prevention strategies for this pathogen include source
protection, halogenation of water, or boiling water for one minute.
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Giardia

Giardia, the basics. It is a parasite. It causes diarrheal illness known as giardiasis. It is
typically associated with water. It is the most common pathogen in waterborne outbreaks. It
can also be found in soil and food, and humans and animals are the reservoir for this
pathogen.

Giardia prevention: Prevention strategies for this pathogen include source protection;
filtration, coagulation, and halogenation of drinking water.

Hepatitis A
Hepatitis A, the basics. It is a virus. It causes inflammation of the liver, and the reservoir for
Hepatitis A virus is humans.

Hepatitis A, Prevention: Prevention strategies for this pathogen include source protection
and adequate disinfection. Fecal matter can protect Hepatitis A virus from chlorine.
Additionally, Hepatitis A virus is resistant to combined chlorines, so it is important to have an
adequate free chlorine residual.

Legionella

Legionella, the basics. It is a bacterium. It causes a respiratory illness known as Legionellosis.
There are two ilinesses associated with Legionellosis: the first, Legionnaire's disease, which
causes a severe pneumonia, and the second, Pontiac fever, which is a non-pneumonia
illness; It is typically an influenza-like iliness, and it's less severe. Legionella is naturally found
in water, both natural and artificial water sources.

Legionella, prevention: Maintaining hot water systems at or above 50 degrees Centigrade
and cold water below 20 degrees Centigrade can prevent or control the proliferation of
Legionella in water systems. Hot water in tanks should be maintained between 71 and 77
degrees Centigrade.

Proper recreational water system maintenance and disinfection can prevent the proliferation
of Legionella in recreational water systems. It is important to prevent water stagnation. This
can be accomplished by eliminating dead ends in distribution systems and in recreational
water systems. Additionally, preventing biofilm development is important to control this
particular pathogen in water systems.

Norovirus
Norovirus, the basics. It is a virus. It causes diarrheal illness, and humans are the reservoir
for this virus.

Norovirus, prevention: Prevention strategies for this pathogen include source protection.

Pseudomonas

Pseudomonas, the basics. It is a bacterium. It is caused by dermal contact with water. It can
cause dermatitis, which is an inflammation of the skin, or it can cause otitis, which is an
infection of the ear. Pseudomonas is typically associated with soil and water.

Pseudomonas prevention: Proper maintenance and disinfection of recreational water
systems is important in preventing Pseudomonas.
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Salmonella Typhi

Salmonella typhi, the basics. It is a bacterium. It causes diarrheal illness, also known as
typhoid fever. Humans are the reservoir for this pathogen. Salmonella species, the basics. It
is a bacterium. It causes diarrheal iliness known as salmonellosis.

Humans and animals are the reservoir, and it has typically associated with contaminated food
and water. Salmonella species, prevention. Prevention strategies for this pathogen include
source protection, halogenation of water, and boiling water for one minute.

Salmonella typhi, prevention: Prevention strategies for this pathogen include source
protection, chlorination or halogenation of water, and boiling water for one minute.

Schistosomatidae

Schistosomatidae, the basics. It is a parasite. It is acquired through dermal contact, cercarial
dermatitis. It is commonly known as swimmer's itch. The reservoir for this pathogen are
aquatic snails and birds.

Schistosomatidae prevention: Prevention strategies for this pathogen include eliminating
shails with a molluscicide or interrupting the life cycle of the parasite by treating birds with an
antihelmetic drug.

Shigella Species

Shigella species, the basics. It is a bacterium. It causes diarrheal illness known as shigellosis.
Humans and primates are the reservoir for this pathogen. Shigella species, in the United
States two-thirds of the shigellosis in the U.S. is caused by Shigella sonnei, and the remaining
one-third is caused by Shigella flexnieri. In developing countries, Shigella dysenteriae is the
primary cause of illness associated with this pathogen.

Shigella species prevention: Prevention strategies for this pathogen include source
protection, halogenation of water, and boiling water for one minute.

Vibrio Cholerae

Vibrio cholerae, the basics. It is a bacterium. It causes diarrheal iliness, also known as
cholera. It is typically associated with aquatic environments, shell stocks, and human. Vibrio
cholerae has also been associated with ship ballast water, and there will be a discussion later
on in this presentation of an outbreak associated with ship ballast water.

Vibrio cholerae prevention: Prevention strategies for this pathogen include source
protection, halogenation of water, and boiling water for one minute.
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HYPOVOLEMIC
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ACIDOSIS
VOMITING
DIARRHEA
MUSCLE CRAMPS

‘EXIT (in one or more liters per day)

CHOLERA DIAGRAM
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Common Waterborne Bacterial Diseases
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Campylobacteriosis is the most common diarrheal illness caused by bacteria. Other
symptoms include abdominal pain, malaise, fever, nausea and vomiting; and begin three to
five days after exposure. The illness is frequently over within two to five days and usually
lasts no more than 10 days.

Campylobacteriosis outbreaks have most often been associated with food, especially
chicken and un-pasteurized milk, as well as un-chlorinated water. These organisms are also
an important cause of “travelers’ diarrhea.” Medical treatment generally is not prescribed for
campylobacteriosis because recovery is usually rapid.

Cholera, Legionellosis, salmonellosis, shigellosis, yersiniosis, are other bacterial
diseases that can be transmitted through water. All bacteria in water are readily killed or
inactivated with chlorine or other disinfectants.

Gastroenteritis is an intestinal infection marked by watery diarrhea, abdominal cramps,
nausea or vomiting, and sometimes fever. The most common way to develop viral
gastroenteritis — often called stomach flu —is through contact with an infected person or by
ingesting contaminated food or water. Because the symptoms are similar, it's easy to confuse
viral diarrhea with diarrhea caused by bacteria, such as Clostridium difficile, salmonella and
E. coli, or parasites, such as giardia.
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PRESENCE OF PATHOGENS IN WATER
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PATHOGENS FOUND IN WATER SUPPLIES

MICROBIOLOGICAL CONTAMINANTS FOUND IN WATER
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CALIVIVIRUS:

N OF FECAL NATURE RELATED TO HUMANS, D

SIGNS OF THIS VIRUS INCLUDE SNEEZING, NASAL DISCHARGE,
OCULAR DISCHARGE, CONJUNCTIVITUS, ULCERATION OF THE
TONGUE, LETHARGY, INAPPENTENCE (Lack of Appetite)

AND FEVER

CAMPYLOBACTOR JEJUNI:

THIS IS ONE OF THE MOST COMMON CAUSES OF FOOD POQISIONING.
IT IS CHARACTERIZED BY DIARRHEA, ABDOMINAL PAIN, FEVER,
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ENTEROVIRUS:

SYMPTOMS OF THIS VIRUS INFECTION MAY INCLUDE FEVER,
RUNNY NOSE, SNEEZING, COUGH, SKIN RASH, MOUTH BLISTERS,
AND BODY AND MUSCLE ACHES

ESCHERICHIA COLI:

NORMALLY LIVES IN THE INTESTINES OF HEALTHY PEOPLE AND
ANIMALS. MOST E.Coli ARE HARMLESS OR RELATIVELY BRIEF
DIARRHEA. SOME E.Coli CAN CAUSE SEVERE STOMACH CRAMPS,
BLOODY DIARRHEA AND VOMITING
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Waterborne Viral Diseases

= Drinking water must be free from viruses.

= Sometime viruses from intestinal tract of infected person get access to water along
with feces.

»= Some intestinal pathogenic viruses which are transmitted through contaminated water
are- Rotavirus, Poliovirus, Hepatitis A and E, etc.

Hepatitis A is an example of a common viral disease that may be transmitted through water.
The onset is usually abrupt with fever, malaise, loss of appetite, nausea and abdominal
discomfort, followed within a few days by jaundice. The disease varies in severity from a mild
illness lasting one to two weeks, to a severely disabling disease lasting several months (rare).
The incubation period is 15-50 days and averages 28-30 days.

Hepatitis A outbreaks have been related to fecally contaminated water; food contaminated
by infected food handlers, including sandwiches and salads that are not cooked or are
handled after cooking, and raw or undercooked mollusks harvested from contaminated
waters. Aseptic meningitis, polio and viral gastroenteritis (Norwalk agent) are other viral
diseases that can be transmitted through water. Most viruses in drinking water can be
inactivated by chlorine or other disinfectants.

Norovirus

Norovirus, sometimes referred to as the winter vomiting bug, is the most common cause
of gastroenteritis. Infection is characterized by non-bloody diarrhea, vomiting, and stomach
pain. Fever or headaches may also occur. Symptoms usually develop 12 to 48 hours after
being exposed, and recovery typically occurs within 1 to 3 days. Complications are
uncommon, but may include dehydration, especially in the young, the old, and those with
other health problems.

The virus is usually spread by the fecal-oral route. This may be through contaminated food
or water or person-to-person contact. It may also spread via contaminated surfaces or
through air from the vomit of an infected person. Risk factors include unsanitary food
preparation and sharing close quarters.
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Diagnosis is generally based on symptoms. Confirmatory testing is not usually available but
may be performed during outbreaks by public health agencies.

Norovirus results in about 685 million cases of disease and 200,000 deaths globally a year. It
is common both in the developed and developing world. Those under the age of five are most
often affected, and in this group it results in about 50,000 deaths in the developing world.
Norovirus infections occur more commonly during winter months. It often occurs in outbreaks,
especially among those living in close quarters. In the United States, it is the cause of about
half of all foodborne disease outbreaks. The virus is named after the city of Norwalk, Ohio,
where an outbreak occurred in 1968.

Coronavirus

It looks like the COVID-19 coronavirus may be able to live in water for a few days, potentially
even a few weeks. Consider what is known about the severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) in water. Indeed studies have suggested that the SARS-CoV2
could actually hang out in the wet stuff for a little while.

SARS Virus

For example, a study published in the journal Water Research in 2009 found that two viruses
that have similarities to the original SARS virus, the transmissible gastroenteritis (TGEV) and
mouse hepatitis (MHV) viruses, could survive up to days and even weeks in water. The
University of North Carolina team (Lisa Casanova, William A. Rutal, David J. Weber, and
Mark D. Sobsey) that conducted the study concluded that “coronaviruses can remain
infectious for long periods in water and pasteurized settled sewage, suggesting contaminated
water is a potential vehicle for human exposure if aerosols are generated.”

A. SOURCE OF NOROVIRUS

B FOODBORNE

Bl PERSON-TO-PERSON
B WATERBORNE

Bl UNKNOWN

B. SETTING FOR OBEAK

I RESTAURANTS
B NURSING HOMES
B SCHOOLS

B VACATION SETTINGS
1 UNKNOWN
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Waterborne Protozoan Diseases

Protozoan pathogens are larger than bacteria and viruses, but still microscopic. They invade
and inhabit the gastrointestinal tract. Some parasites enter the environment in a dormant
form, with a protective cell wall called a “cyst.” The cyst can survive in the environment for
long periods of time and be extremely resistant to conventional disinfectants such as chlorine.
Effective filtration treatment is therefore critical to removing these organisms from water
sources.

Giardiasis is a commonly reported protozoan-caused disease. It has also been referred to
as “backpacker’s disease” and “beaver fever’ because of the many cases reported among
hikers and others who consume untreated surface water.

Symptoms include chronic diarrhea, abdominal cramps, bloating, frequent loose and pale
greasy stools, fatigue and weight loss. The incubation period is 5-25 days or longer, with an
average of 7-10 days.

Many infections are asymptomatic (no symptoms). Giardiasis occurs worldwide. Waterborne
outbreaks in the United States occur most often in communities receiving their drinking water
from streams or rivers without adequate disinfection or a filtration system.

= Drinking water should be free from disease causing parasites.

= Many species of protozoa and helminthes that causes water borne disease
contaminates water through feces of infected patients.

CENTRAL MITOSOMES |

BASAL BODIES

MEDIAN
BODY

PERIPHERAL
MITOSOMES

The organism, Giardia lamblia, has been responsible for more community-wide outbreaks
of disease in the U.S. than any other pathogen. Drugs are available for treatment, but these
are not 100% effective.
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Cryptosporidiosis

Cryptosporidiosis is an example of a protozoan disease that is common worldwide, but was
only recently recognized as causing human disease. The major symptom in humans is
diarrhea, which may be profuse and watery.

The diarrhea is associated with cramping abdominal pain. General malaise, fever, anorexia,
nausea, and vomiting occur less often. Symptoms usually come and go, and end in fewer
than 30 days in most cases. The incubation period is 1-12 days, with an average of about
seven days. Cryptosporidium organisms have been identified in human fecal specimens from
more than 50 countries on six continents.

The mode of transmission is fecal-oral, either by person-to-person or animal-to-person. There
is no specific treatment for Cryptosporidium infections. All these diseases, with the exception
of hepatitis A, have one symptom in common: diarrhea. They also have the same mode of
transmission, fecal-oral, whether through person-to-person or animal-to-person contact, and
the same routes of transmission, being either foodborne or waterborne.

Although most pathogens cause mild, self-limiting disease, on occasion, they can cause
serious, even life threatening iliness. Particularly vulnerable are persons with weak immune
systems, such as those with HIV infections or cancer.

By understanding the nature of waterborne diseases, the importance of properly constructed,
operated and maintained public water systems becomes obvious. While water treatment
cannot achieve sterile water (no microorganisms), the goal of treatment must clearly be to
produce drinking water that is as pathogen-free as possible at all times.

For those who operate water systems with inadequate source protection or treatment
facilities, the potential risk of a waterborne disease outbreak is real. For those operating
systems that currently provide adequate source protection and treatment, operating and
maintaining the system at a high level on a continuing basis is critical to prevent disease.
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Common Waterborne Diseases Chart

Norovirus, family Caliciviridae)
*1

shellfish; lives in
polluted waters

Name Causative organism Source of organism | Disease
Viral Rotavirus (mostly in young Human feces Diarrhea
gastroenteritis children) or vomiting
Norwalk Agent Noroviruses (genus Human feces; also, Diarrhea and

vomiting

Salmonellosis

Salmonella (bacterium)

Animal or human
feces

Diarrhea or vomiting

Gastroenteritis
Escherichia coli

-- E. coli O1 57:H7
(bacterium): Other E. coli
organisms:

Human feces

Symptoms vary with
type caused

Typhoid Salmonella typhi (bacterium) Human feces, urine Inflamed intestine,
enlarged spleen,
high temperature-
sometimes fatal

Shigellosis Shigella (bacterium) Human feces Diarrhea

Cholera Vibrio choleras (bacterium) Human feces; also, Vomiting, severe

shellfish; lives in many | diarrhea, rapid
coastal waters dehydration, mineral
loss-high mortality

Hepatitis A Hepatitis A virus Human feces; shellfish | Yellowed skin,

grown in polluted enlarged liver, fever,

waters vomiting, weight
loss, abdominal
pain-low mortality,
lasts up to four
months

Amebiasis Entamoeba histolytica Human feces Mild diarrhea,

(protozoan) dysentery, extra
intestinal infection

Giardiasis Giardia lamblia (protozoan) Animal or human Diarrhea,

feces cramps, nausea,
and general
weakness — lasts
one week to months

Cryptosporidiosis | Cryptosporidium parvum Animal or human Diarrhea, stomach

feces pain — lasts
(protozoan) days to
weeks
Notes:

*1 http://www.cdc.gov/ncidod/dvrd/revb/gastro/norovirus.htm
http://www.cdc.gov/immwr/preview/mmwrhtml/rr5009a1.htm
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Sampling Procedures —Sub-Section

The sample siting plan must be followed and all operating staff must be clear on how to follow
the sampling plan. In order to properly implement the sample-siting plan, staff must be aware
of how often sampling must be done, the proper procedures and sampling containers to be
used for collecting the samples, and the proper procedures for identification, storage and
transport of the samples to an approved laboratory.

In addition, proper procedures must be followed for repeat sampling whenever a routine
sample result is positive for total coliform.

What is a Sample Siting Plan?

A written sample siting plan specifies the routine sampling schedule and the locations (i.e.,
routine and repeat) in the distribution system where TC samples are collected. The locations
selected must be representative of the finished water supplied to consumers. The purpose of
sampling is to identify any coliform contamination so it can be dealt with quickly. Sample siting
plans are subject to primacy agency review and revision. A sample siting plan must include
the:

* PWS’s sample sites (i.e., the location) where routine and repeat samples are collected: if
approved by the primacy agency, also include sample sites for dual purpose samples that
are used to meet the requirements for the RTCR repeat sampling and the Ground Water Rule
(GWR) triggered source water monitoring.

* PWS'’s schedule for collecting the routine samples: For example, “[PWS_ID] will collect one
routine TC sample every first Tuesday of the calendar month.” The sample siting plan is a
living document and should be updated to reflect changes to the PWS such as: major
changes in population; new or additional water sources; infrastructure changes, such as a
change in the distribution system (i.e., extended/ abandoned lines or pressure zones); or
changes in disinfection or other treatment.

Most everyone can learn and master many of the basic lab procedures. Don’t be
intimidated, learn to take samples and analysis; it is an excellent career.
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Chain of Custody Procedures Example

Because a sample is physical evidence, chain of custody procedures are used to maintain
and document sample possession from the time the sample is collected until it is introduced
as evidence.

Chain of custody requirements will vary from agency to agency. However, these procedures
are similar and the chain of custody procedure outlined in this course manual is only a
guideline. Consult your project manager or state agency for specific requirements.

If you have physical possession of a sample, have it in view, or have physically secured it to
prevent tampering then it is defined as being in “custody." A chain of custody record,
therefore, begins when the sample containers are obtained from the laboratory. From this
point on, a chain of custody record will accompany the sample containers.

Handle the samples as little as possible in the field. Each custody sample requires a chain of
custody record and may require a seal. If you do not seal individual samples, then seal the
containers in which the samples are shipped.

When the samples transfer possession, both parties involved in the transfer must sign, date
and note the time on the chain of custody record. If a shipper refuses to sign the chain-of-
custody you must seal the samples and chain of custody documents inside a box or cooler
with bottle seals or evidence tape.

The recipient will then attach the shipping invoices showing the transfer dates and times to
the custody sheets. If the samples are split and sent to more than one laboratory, prepare a
separate chain of custody record for each sample. If the samples are delivered to after-hours
night drop-off boxes, the custody record should note such a transfer and be locked with the
sealed samples inside sealed boxes.

Using alcohol to disinfect a special sample tap before obtaining a sample.
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Chain of Custody Example.
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Various water sample bottles and chain-of-custody form.
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Common Water Quality and Sampling Questions and Review

These statements will be more explained in the previous chapters.

1. What are the correct procedures to follow in collecting bacteriological samples?

Use a sterile plastic or glass bottle. Sodium thiosulfate should be added to neutralize the chorine
residual. Refrigerate the sample to 4° C. The regulations call for a minimum of five samples for the
month from any system that has positive sample results. Small systems that take only one sample
per month have to take four (4) repeats when they get a total coliform positive test result. If any
system has to take repeat samples, it must also take a minimum of five (5) routine samples the
following month. Small systems that normally take less than 5 samples/month will have to increase
the number to 5 samples. They can return to normal sampling schedules the following month if no
repeats are required.

2. What are the proper sampling techniques for microbiological sampling?

Proper sampling techniques are extremely important in obtaining accurate water quality
information. An improperly taken coliform sample may indicate bacteriological contamination of
your water when the water is actually safe. You can avoid the cost of additional testing by using
good sampling procedures. Carefully follow these steps in taking a sample for bacteriological
testing:

1. Select the sampling point. The sampling point must be a faucet from which water is commonly
taken for public use.

The sampling point should be a non-swivel faucet.
Remove any aerator or screen and flush.

It should not be a faucet that leaks, permitting water to run over the outside of the faucet. Leaking
faucets can promote bacterial growth.

If an outside faucet must be used, disconnect any hoses or other attachments and be sure to flush
the line thoroughly.

Do not use fire hydrants as sampling points. Do not dip the bottle in reservoirs, spring boxes or
storage tanks in order to collect the sample.

3. What do the following abbreviations stand for and what do they mean: gpm, MGD,
TTHM, psi, HAA, NTU, and mg/L.

Gallons per minute- Million Gallons a Day - Total Trihalomethanes — Pounds Per Square Inch —
Haloacetic acids - Nephelometric turbidity unit -Milligrams Per Liter

4. What is the relationship between mg/L and ppm; ug/L and ppb?

Milligram per liter: Milligram per liter of substance and part per million are equals amounts in
water. While you can easily convert between micrograms/liter and milligrams/liter, and between
PPM and PPB, it's not so easy to convert between the different types of units such as
milligrams/liter to PPM.

To convert micrograms per liter to milligrams per liter, divide by 1000.
To convert to PPM, you would first need to know the density of the substance, and the density of

what the substance is in.
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5. Ug/L: Represents the concentration of something in water or soil. One ppb represents one
microgram of something per liter of water (ug/l), or one microgram of something per kilogram of soil

(ug/kg).

Parts per million (ppm) or Milligrams per liter (mg/l) - one part per million corresponds to one minute
in two years or a single penny in $10,000.

Parts per billion (ppb) or Micrograms per liter - one part per billion corresponds to one minute in
2,000 years, or a single penny in $10,000,000.

Parts per trillion (ppt) or Nanograms per liter (nanograms/l) - one part per trillion corresponds to
one minute in 2,000,000 years, or a single penny in $10,000,000,000.

6. What do the following terms represent in reference to water quality.
Total coliform: The coliform family has been divided into two groups. Results may come back as
either total coliform positive (TC positive) or fecal coliform positive, or (FC positive or E. coli
positive.) Total coliform positive means that no human coliform are present.

7. Fecal Coliform: Fecal coliform positive indicates the presence of E. coli, which means there is
a greater chance of pathogens being present. The laboratory tests for coliform include the MPN
method, the Membrane Filter test, the Colilert test, and the presence-absence test.

8. Presence-absence Test: Presence-Absence Broth is used for the detection of coliform bacteria
in water treatment plants or distribution systems using the presence-absence coliform test.

9. Physical Characteristics of Water: A characteristic of water defined by the temperature,
turbidity, color, taste, and odor of the water.

10. Point-of-entry sample (POE): A type of water sample taken after treatment and before
reaching the first consumer.

11. Acute Health Effect: An immediate (i.e. within hours or days) effect that may result from
exposure to certain drinking water contaminants (e.g., pathogens).

12. Non-acute violation: If the MCL is exceeded and none of the positive results indicated a
presence of Fecal Coliform, a Tier 2 violation has occurred. This level of violation used to be called
a non-acute violation.

13. Routine Sample: Samples collected on a routine basis to monitor for contamination. Collection
should be in accordance with an approved sampling plan.

14. Repeat Sample: Short answer... Samples collected following a ‘coliform present’ routine
sample. The number of repeat samples to be collected is based on the number of routine samples
you normally collect.
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Long Answer. Anytime a microbiological sample result comes back positive, indicating the
presence of total or fecal coliform/ E.coli, repeat samples must be taken. Three repeats are usually
required. One must be taken at the site of the positive sample. The two samples must be taken
upstream and downstream of the original site (within five service connections). These repeat
samples must be taken within 24 hours of notification of positive results.

They must be identified as a Repeat Sample on the sample form. Repeat samples may be required
to be sealed with a red evidentiary seal tape. The tape must cover the cap and extend down the
sides of the bottle. The sample forms must also include the reference number for the positive
sample.

There is an important exception to the three repeat samples rule. The regulations also state that
when repeats are taken the minimum number of samples is raised to five for the month. A system
that collects just one sample a month must collect four repeat samples, when the sample is positive,
in order to have five samples as required.

Whenever a system has to take repeat samples, a minimum of five routine samples must also be
submitted the following month. This is only an issue for systems that normally turn in four or fewer
samples each month. If the five samples are negative the system can return to its normal sampling
schedule the next month.

Small systems that have fewer than four sampling sites have a problem complying with the
“‘upstream and downstream” aspects of the repeat sampling requirements. In this case, samples
should be taken at as many separate sites as possible and then wait a minimum of 2 hours before
resampling enough sites to get the required number of samples. Repeat sample with red seal tape.

15. Treatment technique: An enforceable procedure or level of technical performance which
public water systems must follow to ensure control of a contaminant.

16. Action level: The level of lead or copper which, if exceeded, triggers treatment or other
requirements that a water system must follow.

17. What does the membrane filter test analyze with regards to bacteriological sampling?
Membrane Filter Technique: A standard test used for measuring coliform numbers (quantity) in
water is the membrane filter technique. This technique involves filtering a known volume of water
through a special sterile filter. These filters are made of nitrocellulose acetate and polycarbonate,
are 150 ym thick, and have 0.45 uym diameter pores. A grid pattern is printed on these filter disks
in order to facilitate colony counting. When the water sample is filtered, bacteria (larger than 0.45
pMm) in the sample are trapped on the surface of the filter. The filter is then carefully removed, placed
in a sterile petri plate on a pad saturated with a liquid medium, and incubated for 20-24 hours at
37°C.

One assumes that each bacterium trapped on the filter will then grow into a separate colony. By
counting the colonies one can directly determine the number of bacteria in the water sample that
was filtered. The broth medium usually employed in detecting total coliforms is M-Endo Broth MF.
Total coliform colonies will be pink to dark red in color and will appear to have a golden green color.

18. What do the following terms mean in relation to drinking water quality: disinfection,
pathogenic, toxic, pH, aesthetic, culinary and potable.

Disinfection: The chemical process of killing or inactivating most microorganisms in water. See
also Sterilization.
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19. Pathogenic: Organisms or bugs that cause disease. These include bacteria, viruses, cysts
and anything capable of causing disease in humans, like cryptosporidiosis, typhoid, cholera and so
on. There are other organisms that do not create disease, these are called non-pathogenic
organisms.

20. Toxic: Stuff that will kill you. A substance which is poisonous to living organisms.

21. pH: A measure of the acidity of water. The pH scale runs from 0 to 14 with 7 being the mid-
point or neutral. A pH of less than 7 is on the acid side of the scale with 0 as the point of greatest
acid activity. A pH of more than 7 is on the basic (alkaline) side of the scale with 14 as the point of
greatest basic activity. For example, the acidity of a sample with a pH of 5 is ten times greater than
that of a sample with a pH of 6. A difference of 2 units, from 6 to 4, would mean that the acidity is
one hundred times greater, and so on. Normal rain has a pH of 5.6 — slightly acidic because of the
carbon dioxide picked up in the earth's atmosphere by the rain.

22. Aesthetic: Attractive or appealing water or things in water that will not make you sick but may
appear to change the water’s color or taste.

23. Culinary: Having to do with cooking food. Potable water is often called culinary water.

24. Potable: Water that is free of objectionable pollution, contamination, or infective agents.
Generally speaking, we serve only potable water and not palatable water. Palatable is pleasant
tasting water.

25. What is hardness in water and what chemicals cause it?
Hardness: Water that contains high amounts of dissolved minerals, specifically calcium and
magnesium. lon Exchange: A method of water softening where hardness causing ions are
exchanged with sodium ions; also effective in removing many inorganic contaminants such as
nitrates, copper, and lead; and treating aesthetic water problems.

26. What is Escherichia Coliform and what does it indicate in relation to drinking water?

E. coliis a sub-group of the fecal coliform group. Most E. coli bacteria are harmless and are found
in great quantities in the intestines of people and warm-blooded animals. Some strains, however,
can cause illness. The presence of E. coliin a drinking water sample almost always indicates recent
fecal contamination meaning there is a greater risk that pathogens are present.

TOTAL COLIFORM, FECAL
COLIFORM AND E. COLI

<Total Coliform

Total Coliform = Ervsronmsental
Coontaanination

Fecal Coliform

Fazal Colifarm & E. Call = Faecal
I i b | il o]

E. Coli 0157:HT
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Total coliform, fecal coliform, and E. coli are all indicators of drinking water quality. The total coliform
group is a large collection of different kinds of bacteria. Fecal coliforms are types of total coliform
that mostly exist in feces. E. coli is a sub-group of fecal coliform. When a water sample is sent to a
lab, it is tested for total coliform. If total coliform is present, the sample will also be tested for either
fecal coliform or E. coli, depending on the lab testing method.

27. What problems are associated with Hydrogen Sulfide in the water?
Hydrogen sulfide is a gas which, when dissolved in water, gives it a “rotten egg” odor. Chlorination
will remove this gas from the water but the effectiveness of the chlorine for disinfection is lessened.

28. When Hydrogen sulfide reacts with chlorine, it produces Sulfuric acid and elemental
Sulfur: It is therefore recommended that aeration be applied prior to the addition of chlorine for
the most effective disinfection.

29. Why is it important to know what the turbidity of the water is when using chlorine?
To be careful not to overdose with chlorine or properly dose with chlorine.

30. What is the log removal for Cryptosporidium?

The LT1ESWTR extends further this necessary protection from Cryptosporidium to communities of
fewer than 10,000 persons. Today's rule for the first time establishes Cryptosporidium control
requirements for systems serving less than 10,000 persons by requiring a minimum 2-log removal
for Cryptosporidium. The rule also strengthens filter performance requirements to ensure 2-log
Cryptosporidium removal, establishes individual filter monitoring to minimize poor performance in
individual units, includes Cryptosporidium in the definition of GWUDI, and explicitly considers
unfiltered system watershed control provisions. The rule also reflects a commitment to the
importance of maintaining existing levels of microbial protection in public water systems as plants
take steps to comply with newly applicable DBP standards.

31. What is the log removal?

This log-reduction terminology was developed by engineers as a way to express levels of
decreased biological contamination in water by factors of 10 that could be easily converted to
percent reduction. The most commonly used logarithmic base is 10 because it is compatible with
our base-10 decimal system.

The log of 10 in the base 10 logarithmic system is 1 and the log of 100 is 2, with the log of 1000
being 3, etc. A 1-log reduction is nine out of 10 and would be equivalent to a 90 percent reduction.
A 2-log reduction would be 99 out of 100 or 99 percent reduction and a 3-log reduction would be
999 out of 1000 or 99.9 percent reduction. A 99.99 percent reduction would be called a 4-log
reduction.

32. What are the turbidity requirements for Direct and Conventional filtration plants?

For conventional and direct filtration systems (including those systems utilizing in-line filtration), the
turbidity level of representative samples of a system's filtered water (measured every four hours)
must be less than or equal to 0.3 NTU in at least 95 percent of the measurements taken each
month. The turbidity level of representative samples of a system's filtered water must not exceed 1
NTU at any time.

Conventional filtration is defined as a series of processes including coagulation, flocculation,
sedimentation, and filtration resulting in substantial particulate removal. Direct filtration is defined
as a series of processes including coagulation and filtration but excluding sedimentation resulting
in substantial particle removal.
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33. What are chloramines, how are they formed, and do they have any beneficial use?
Chloramines: Ammonia and Chlorine are combined. CI>:NH3 Yes, limited use and this chemical
will create less THMS than chlorine alone. Chloramine is a disinfectant used to treat drinking water.
It is formed by mixing chlorine with ammonia. Although it is a weaker disinfectant than chlorine, it
is more stable and extends disinfectant benefits throughout a water utility's distribution system (a
system of pipes water is delivered to homes through).

Some water systems use chloramine as a secondary disinfectant to maintain a disinfectant residual
throughout the distribution system so that drinking water remains safe as it travels from the
treatment facility to the customer.

Chloramine has been used by water systems for almost 90 years, and its use is closely regulated.
Since chloramine is not as reactive as chlorine, it forms fewer disinfection byproducts.

Some disinfection byproducts, such as the trihalomethanes (THMs) and haloacetic acids (HAAs),
may have adverse health effects and are closely regulated. Because a chloramine residual is more
stable and longer lasting than free chlorine, it provides better protection against bacterial regrowth
in systems with large storage tanks and dead-end water mains.

Chloramine, like chlorine, is effective in controlling biofilm, which is a coating in the pipe caused by
bacteria. Controlling biofilm also tends to reduce coliform bacteria concentrations and biofilm-
induced corrosion of pipes.
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Summary

Factors in Chlorine Disinfection: Concentration and Contact Time

In an attempt to establish more structured operating criteria for water treatment disinfection, the
CXT concept came into use in 1980. Based on the work of several researchers, CXT values [ final
free chlorine concentration (mg/L) multiplied by minimum contact time (minutes)], offer water
operators guidance in computing an effective combination of chlorine concentration and chlorine
contact time required to achieve disinfection of water at a given temperature.

The CXT formula demonstrates that if an operator chooses to decrease the chlorine concentration,
the required contact time must be lengthened. Similarly, as higher strength chlorine solutions are
used, contact times may be reduced (Connell, 1996).

Detection and investigation of waterborne disease outbreaks is the primary responsibility of local,
state and territorial public health departments, with voluntary reporting to the CDC. The CDC and
the U.S. Environmental Protection Agency (EPA) collaborate to track waterborne disease
outbreaks of both microbial and chemical origins. Data on drinking water and recreational water
outbreaks and contamination events have been collected and summarized since 1971.

While useful, statistics derived from surveillance systems do not reflect the true incidence of
waterborne disease outbreaks because many people who fall ill from such diseases do not consult
medical professionals.

For those who do seek medical attention, attending physicians and laboratory and hospital
personnel are required to report diagnosed cases of waterborne iliness to state health departments.
Further reporting of these iliness cases by state health departments to the CDC is voluntary, and
statistically more likely to occur for large outbreaks than small ones.

Despite these limitations, surveillance data may be used to evaluate the relative degrees of risk
associated with different types of source water and systems, problems in current technologies and
operating conditions, and the adequacy of current regulations. (Craun, Nwachuku, Calderon, and
Craun, 2002).

Understanding Cryptosporidiosis

Cryptosporidium is an emerging parasitic protozoan pathogen because its transmission has
increased dramatically over the past two decades. Evidence suggests it is newly spread in
increasingly popular day-care centers and possibly in widely distributed water supplies, public pools
and institutions such as hospitals and extended-care facilities for the elderly.

Recognized in humans largely since 1982 and the start of the AIDS epidemic, Cryptosporidium is
able to cause potentially life-threatening disease in the growing number of immunocompromised
patients.

Cryptosporidium was the cause of the largest reported drinking water outbreak in U.S. history,
affecting over 400,000 people in Milwaukee in April 1993. More than 100 deaths are attributed to
this outbreak. Cryptosporidium remains a major threat to the U.S. water supply (Ibid.).

The EPA is developing new drinking water regulations to reduce Cryptosporidium and other
resistant parasitic pathogens. Key provisions of the Long Term 2 Enhanced Surface Water
Treatment Rule include source water monitoring for Cryptosporidium; inactivation by all unfiltered
systems; and additional treatment for filtered systems based on source water
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Cryptosporidium concentrations. EPA will provide a range of treatment options to achieve the
inactivation requirements. Systems with high concentrations of Cryptosporidium in their source
water may adopt alternative disinfection methods (e.g., ozone, UV, or chlorine dioxide).

However, most water systems are expected to meet EPA requirements while continuing to use
chlorination. Regardless of the primary disinfection method used, water systems must continue to
maintain residual levels of chlorine-based disinfectants in their distribution systems.

Understanding Giardia lamblia

Giardia lamblia, discovered approximately 20 years ago, is another emerging waterborne
pathogen. This parasitic microorganism can be transmitted to humans through drinking water that
might otherwise be considered pristine. In the past, remote water sources that were not affected
by human activity were thought to be pure, warranting minimal treatment. However, it is known now
that all warm-blooded animals may carry Giardia and that beaver are prime vectors for its
transmission to water supplies.

There is a distinct pattern to the emergence of new pathogens. First, there is a general recognition
of the effects of the pathogen in highly susceptible populations such as children, cancer patients
and the immunocompromised.

Next, practitioners begin to recognize the disease and its causative agent in their own patients, with
varied accuracy. At this point, some may doubt the proposed agent is the causative agent, or insist
that the disease is restricted to certain types of patients.

Finally, a single or series of large outbreaks result in improved attention to preventive efforts. From
the 1960’s to the 1980’s this sequence of events culminated in the recognition of Giardia lamblia
as a cause of gastroenteritis (Lindquist, 1999).
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Waterborne Pathogens Post Quiz

Hyperlink to Assignment...
http.//www.abctlc.com/downloadsPDF/Chlorine Disinfection Assignment.pdf

True or False
1. Total coliforms are a group of closely related viruses that are (with few exceptions) not
harmful to humans. They are an indicator of other pathogens that can be present in water.

2. Fecal coliform bacteria are present in warm-blooded animals and they are shed from
the body in the feces. Because these organisms are shed from the body in large numbers
and are relatively easy to detect in the laboratory, they have been accepted as a guideline
of water or food contamination.

3. All bacteriological samples are analyzed for the coliform group; however, a positive
reaction to these coliform analyses may be from sources other than fecal. In order to
differentiate between these sources, all samples that are total coliform positive must be
analyzed again to determine if fecal coliform or E. coli are present.

4. To comply with the monthly MCL for total coliforms (TC), PWSs must not find coliforms
in more than fifty percent of the samples they take each month to meet EPA’s standards. If
more than twenty percent of the samples contain coliforms, PWS operators must report
this violation to the state and the public.

5. If a sample tests positive for TC, the system must collect a set of repeat samples located
within 10 or fewer sampling sites adjacent to the location of the routine positive sample
within 48 hours.

6. When a routine or repeat sample tests positive for total coliforms, it must also be
analyzed for fecal coliforms or E. coli, which are types of coliform bacteria that are directly
associated with feces.

7. A positive result for fecal coliforms or E. coli can signify an acute MCL violation, which
necessitates rapid state and public notification because it represents a direct health risk.

8. At times, an acute violation due to the presence of fecal coliform or E. coli may result in
a “boil water” notice. The system must also take at least 5 routine samples the next month
of operation if any sample tests positive for total coliforms.
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9. A coliform sample site plan is a list of sites by street address, lot number, or other
permanent description, that identifies all the approved locations where your routine

(monthly) coliform samples may be collected. The list of sites must be plotted on a map of
your service area.

10. Small water systems shall divide their distribution system into specific sample areas.
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Chapter 2- Disinfection Rules

Section Focus: You will learn the basics of water disinfection rules with an emphasis on Chlorine.
At the end of this section, you will be able to describe disinfectant by-products and DBPRs
regulations. There is a post quiz at the end of this section to review your comprehension and a final
examination in the Assignment for your contact hours.

Scope/Background: Pathogens, such as Giardia, Cryptosporidium, and viruses, are often found
in source water and can cause gastrointestinal illness. llinesses include diarrhea, vomiting, cramps
and other health risks. In many cases, water needs to be disinfected to inactivate (or kill) these
microbial pathogens. However, disinfectants can react with naturally-occurring materials in the
water to form byproducts including:

e Trihalomethanes (THM),

o Haloacetic acids (HAA),

e Chlorite, and

e Bromate.
EPA has developed the DBPRs to limit exposure to these disinfectant byproducts.

HALOGEN
HYDROGEN
mmm CARBON
I
HALOGEN HALOGEN
CHLORINE [ORGANIC MATTER] CARCINOGENIC DISINFECTION
BYPRODUCTS

DISINFECTION BYPRODUCT PRODUCTION DIAGRAM

The Stage 1 and Stage 2 Disinfectants and Disinfection Byproducts Rules (DBPRs) are part of the
suite of Microbial and Disinfection Byproducts Rules (MDBPs). MDBPs are a series of interrelated
regulations that address risks from microbial pathogens and disinfectants/disinfection byproducts.
The Stage 2 DBPR improves on public health protection by limiting exposure to Disinfection
Byproducts (DBPs), specifically:

o Total trihalomethanes (TTHM), and

e Five haloacetic acids (HAA5)

DBPs can form in water when disinfectants used to control microbial pathogens combine with
naturally occurring materials found in source water. These Rules apply to all Community Water
Systems (CWS) and Non-Transient Non-Community Water Systems (NTNCWS) that add/deliver
a primary or residual disinfectant, and TNCWs that use chlorine dioxide. This Rule does not apply
to water systems that use ultraviolet (UV) light.
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DISINFECTION OF WATER

DISINFECTANT WHAT DISINFECTANT IS USED FOR
OZONE USED IN DESTROYING BACTERIA, ODORS AND VIRUSES
(O3) (Scrambles DNA in Viruses to prevent reproduction)
CHLORINE

USED TO KILL DISEASE-CAUSING PATHOGENS SUCH AS BACTERIA,
(Cl,) VIRUSES AND PROTOZOANS

POTASSIUM PERMANGANATE

USED TO REMOVE IRON AND HYDROGEN SULFIDE, AND ALSO USED

(KMnOy) IN TREATMENT PLANTS TO CONTROL ZEBRA MUSSEL FORMATIONS
COPPER SULFATE
(Cus0y) USED CONTROL PLANT AND ALGAE GROWTH
4

CALCIUM HYPOCHLORITE DESTROYS DISEASE-CAUSING ORGANISMS INCLUDING BACTERIA,
(Ca(Cl0)2) YEAST, FUNGUS, SPORES AND VIRUSES

CALCIUM HYDROXIDE (Lime) USED FOR pH CONTROL IN WATER TREATMENT TO PREVENT
(Ca0) CORROSION OF PIPING

TYPES OF DISINFECTION FOR WATER TREATMENT

DISINFECTANTS AND DISINFECTION BYPRODUCTS RULE

COMPLIANCE
DISINFECTION RESIDUAL MRDLG (mg/L) MRDL (mg/L) BASED ON:
CHLORINE 4 (as Cl,) 4.0(as Cl,) ANNUAL AVERAGE
CHLORAMINE 4 (as Cl,) 4.0(as Cl,) ANNUAL AVERAGE
CHLORINE DIOXIDE 0.8 (as CIO,) 0.8(as ClO,) ANNUAL AVERAGE
COMPLIANCE
DISINFECTION BYPRODUCTS MCLG (mg/L) MCL (mg/L) BASED ON:
TOTAL TRIHALOMETHANES (TTHM)' N/A 0.080 ANNUAL AVERAGE
- CHLOROFORM Kok
- BROMODICHLOROMETHANE 0
- DIBROMOCHLOROMETHANE 0.06
- BROMOFORM 0
HALOACETIC ACIDS (five) (HAA5)2 N/A 0.60 ANNUAL AVERAGE
- DICHLOROACETIC ACID 0
- TRICHLOROACETIC ACID 0.3
CHLORITE 0.8 1.0 MONTHLY AVERAGE
BROMATE 0 0.010 ANNUAL AVERAGE
— DISINFECTION BYPRODUCTS RULE PARAMETERS EXAMPLE
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Safe Drinking Water Act of 1974 Introduction

In 1974, Congress passed the Safe Drinking Water Act (SDWA) setting up a regulatory program
among local, state, and federal agencies to help ensure the provision of safe drinking water in the
U.S. The states are expected to administer and enforce these regulations for public water systems
(systems that either have 15 or more service connections or regularly serve an average of 25 or
more people daily for at least 60 days each year). Public water systems must provide water
treatment, ensure proper drinking water quality through monitoring, and provide public notification
of contamination problems.

(PL 93-523) as amended by:
e The Safe Drinking Water Act Amendments of 1986
¢ National Primary Drinking Water Regulations, 40 CFR 141
¢ National Interim Primary Drinking Water Regulations Implementation, 40 CFR142
¢ National Secondary Drinking Water Regulations, 40 CFR 143

This is the primary Federal legislation protecting drinking water supplied by public water systems
(those serving more than 25 people). The Environmental Protection Agency (EPA) is the lead
agency and is mandated to set standards for drinking water. The EPA establishes national
standards of which the states are responsible for enforcing.

The act provides for the establishment of primary regulations for the protection of the public health
and secondary regulations relating to the taste, odor, and appearance of drinking water. Primary
drinking water regulations, by definition, include either a maximum contaminant level (MCL) or,
when a MCL is not economically or technologically feasible, a prescribed treatment technique which
would prevent adverse health effects to humans.

An MCL is the permissible level of a contaminant in water that is delivered to any user of a public
water system. Primary and secondary drinking water regulations are stated in 40 CFR 141 and
143, respectively. As amended in 1986, the EPA is required to set maximum contaminant levels
for 83 contaminants deemed harmful to humans (with specific deadlines). It also has authority over
groundwater. Water agencies are required to monitor water to ensure it meets standards.

National Drinking Water Regulations

The Act instructs the EPA on how to select contaminants for regulation and specifies how the EPA
must establish national primary drinking water regulations once a contaminant has been selected
(Section 1412). As of late 1996, the EPA had promulgated 84 drinking water regulations.

Contaminant Selection

P.L. 104-182 establishes a new process for the EPA to select contaminants for regulatory
consideration based on occurrence, health effects, and meaningful opportunity for health risk
reduction. By February 1998 and every 5 years thereafter, the EPA must publish a list of
contaminants that may warrant regulation. Every 5 years thereafter, the EPA must determine
whether or not to regulate at least 5 of the listed contaminants.

The Act directs the EPA to evaluate contaminants that present the greatest health concern and to
regulate contaminants that occur at concentration levels and frequencies of public health concern.
The law also includes a schedule for the EPA to complete regulations for disinfectants and
disinfection byproducts (D/DBPs) and Cryptosporidium (a waterborne pathogen).
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Standard Setting

Developing national drinking water regulations is a two-part process. For each contaminant that
the EPA has determined merits regulation, the EPA must set a non-enforceable maximum
contaminant level goal (MCLG) at a level at which no known or anticipated adverse health effects
occur, and which allows an adequate margin of safety.

The EPA must then set an enforceable standard, a maximum contaminant level (MCL), as close to
the MCLG as is "feasible" using the best technology, treatment techniques, or other means
available (taking costs into consideration).

Standards are generally based on technologies that are affordable for large communities; however,
under P.L. 104-182, each regulation establishing an MCL must list any technologies, treatment
techniques, or other means that comply with the MCL and that are affordable for three categories
of small public water systems.

The 1996 Amendments authorize the EPA to set a standard at other than the feasible level if the
feasible level would lead to an increase in health risks by increasing the concentration of other
contaminants or by interfering with the treatment processes used to comply with other SDWA
regulations. In such cases, the standard or treatment techniques must minimize the overall health
risk.

Also, when proposing a regulation, the EPA must now publish a determination as to whether or not
the benefits of the standard justify the costs. If the EPA determines that the benefits do not justify
the costs, the EPA may, with certain exceptions, promulgate a standard that maximizes health risk
reduction benefits at a cost that is justified by the benefits.

Relating to prevention of waterborne disease, the SDWA required EPA to:

1) set numerical standards, referred to as Maximum Contaminant Levels (MCLs — the highest
allowable contaminant concentrations in drinking water) or treatment technique requirements for
contaminants in public water supplies;

2) issue regulations requiring monitoring of all regulated and certain unregulated contaminants,
depending on the number of people served by the system, the source of the water supply, and the
contaminants likely to be found;

3) set criteria under which systems are obligated to filter water from surface water sources; it must
also develop procedures for states to determine which systems have to filter;

4) develop disinfection rules for all public water supplies; and

5) require all states to develop Wellhead Protection Programs designed to protect from sources of
contamination areas around wells that supply public drinking water systems.

Through the Surface Water Treatment Rule (SWTR), EPA has set treatment requirements to
control microbiological contaminants in public water systems using surface water sources (and
ground-water sources under the direct influence of surface water). These requirements include the
following:

1) treatment must remove or inactivate at least 99.9% of Giardia lamblia cysts and 99.99% of
viruses;

2) all systems must disinfect, and are required to filter if certain source water quality criteria and
site-specific criteria are not met;

3) the regulations set criteria for determining if treatment, including turbidity (suspended particulate
matter) removal and disinfection requirements, is adequate for filtered systems; and

4) all systems must be operated by qualified operators as determined by the states.
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TURBIDITY SAMPLES IN NTU's (Neophelometric Turbidity Unit)

Turbidity Introduction

One physical characteristic of water is turbidity. A measure of the cloudiness of water caused by
suspended particles. The cloudy appearance of water caused by the presence of tiny particles.
High levels of turbidity may interfere with proper water treatment and monitoring. If high quality raw
water is low in turbidity, there will be a reduction in water treatment costs. Turbidity is undesirable
because it causes health hazards.

The turbidity in natural surface waters is composed of a large number of sizes of particles. The
sizes of particles can be changing constantly, depending on precipitation and manmade factors.

When heavy rains occur, runoff into streams, rivers, and reservoirs occurs, causing turbidity levels
to increase. In most cases, the particle sizes are relatively large and settle relatively quickly in both
the water treatment plant and the source of supply. However, in some instances, fine, colloidal
material may be present in the supply, which may cause some difficulty in the coagulation process.

Generally, higher turbidity levels require higher coagulant dosages. However, seldom is the
relationship between turbidity level and coagulant dosage linear. Usually, the additional coagulant
required is relatively small when turbidities are much higher than normal due to higher collision
probabilities of the colloids during high turbidities.

Conversely, low turbidity waters can be very difficult to coagulate due to the difficulty in inducing
collision between the colloids.
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In this instance, floc formation is poor, and much of the turbidity is carried directly to the filters.
Organic colloids may be presentin a water supply due to pollution, and these colloids can be difficult

to remove in the coagulation process. In this situation, higher coagulant dosages are generally
required.

Turbidity MCL

An MCL for turbidity established by the EPA because turbidity interferes with disinfection. This
characteristic of water changes the most rapidly after a heavy rainfall. The following conditions may
cause an inaccurate measure of turbidity; the temperature variation of a sample, a scratched or
unclean sample tube in the nephelometer and selecting an incorrect wavelength of a light path.

T SURFACE WATER
Oto1 ntu's o 0-1 NTUs PERFECT
=
//

A-EROUNDWATER 5.0 NTUs \

10.1 to 40 ntu's

POOR

TURBIDITY PARAMETERS (NTU) FOR WATER QUALITY

Surface Water System Compliance Information
(Depends on Systems and Rule)
» 0.34 NTU in 95% of samples, never to exceed 1.0 NTU spike
» Sample turbidity at each individual filter effluent
» Sample the combined filter turbidity at the clear well
» (Groundwater turbidity < 5.0 NTU allowed)

Turbidity Key
» Turbidity can also be measured in ppm (parts per million) and its size is measured in
microns. Turbidity can be particles in the water consisting of finely divided solids, larger than

molecules, but not visible by the naked eye; ranging in size from .001 to .150mm (1 to 150
microns).

0.34 NTU in 95% of surface water
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Disinfection Rules Stages 1 & 2 DBPR

The following are EPA’s federal rule requirements. Please be aware that each state implements
drinking water regulations that may be more stringent than EPA’s regulations. Check with your
state environmental agency for more information.

Stage 2 DBPR

EPA finalized the Stage 2 Disinfectants and Disinfection Byproduct Rule (DBPR) to reduce potential
health risks from DBPs. The Long Term 2 Enhanced Surface Water Treatment Rule (LT2ZESWTR)
is being finalized and implemented at the same time as the Stage 2 DBPR to ensure that drinking
water is safe from both microbial pathogens and DBPs.

General Requirements
To comply with the Stage 2 Disinfectants and Disinfection Byproducts Rule (Stage 2 DBPR),
published on January 4, 2006 (71 FR 388) systems must do the following:

¢ Conduct an Initial Distribution System Evaluation (IDSE) to find locations in the distribution
system that have high levels of TTHM and HAA5 and that can be used as compliance monitoring
sites for the Stage 2 DBPR.

* Use a locational running annual average (LRAA) calculation to determine compliance with
the Stage 2 DBPR maximum contaminant levels (MCLs) of:

—0.080 mg/L for total trihalomethanes (TTHM), and
— 0.060 mg/L for five haloacetic acids (HAAS).
Note: The MCL values are the same as the Stage 1 MCLs; only the calculation method changes.

* Monitor for Stage 2 compliance at the required number of locations for each system’s retail
population

* Identify when TTHM or HAAS levels exceed the operational evaluation level and, when this
happens, look at source water, operational practices, and treatment to find ways to reduce TTHM
and HAA5 concentrations in the distribution system. Each of these general requirements are
covered in more detail in the rest of this guidance manual. The Stage 2 DBPR is an extension of
the Stage 1 Disinfectants and Disinfection Byproducts Rule (Stage 1 DBPR). Systems must also
continue to comply with the other requirements of the Stage 1 DBPR in addition to meeting the
requirements of the Stage 2 DBPR. This includes compliance with the MCLs for bromate (for
systems using ozone) and chlorite (for systems using chlorine dioxide), the MRDLs for chlorine or
chloramine (depending on the residual disinfectant used), as well as TOC removal requirements.

Compliance Timeline
Your compliance schedule for the Stage 2 DBPR are based on whether your system is part of a
combined distribution system:

* If your system is part of a combined distribution system, you must comply with the revised MCLs
by the same date as required for the largest system in your combined distribution system.

Example: if your system serves 8,000 people, but you purchase water from a system that serves

250,000 people, you must comply by the dates shown in Schedule 1.
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* If your system is not part of a combined distribution system, compliance dates are based on the
population served by your system.

If you are using this guidance manual, you likely serve fewer than 10,000 people and you must
comply by the dates shown in Schedule 4.

Your State (or EPA) should have sent you a letter telling you what schedule you are on. If
you did not receive this letter or you have questions about your schedule, contact your State
(contact information is listed in Appendix C).

Note: You are on the same schedule for Stage 2 DBPR compliance as you were on for the IDSE.
The timeline on the next page shows important dates for the Stage 2 DBPR as well as periods for
Cryptosporidium and E. coli required under the LT2ESWTR.

Note: The figure shows the 2-year period after systems must begin compliance as a “possible
extension.” States may give you up to an additional 2 years to comply if you need time to install
capital improvements.

How Does this Rule Relate to Other Federal, State, and Local Requirements?

As noted earlier, the Stage 2 DBPR is an extension of the Stage 1 Disinfectants and Disinfection
Byproducts Rule (Stage 1 DBPR). The Stage 2 DBPR and the Long Term 2 Enhanced Surface
Water Treatment Rule (LT2ESWTR) were published together to address the balance between
protection from microbial pathogens and the potential health effects from disinfectants and their
byproducts. You are still required to continue to meet all existing federal requirements. You may
call the Safe Drinking Water Hotline at (800) 426-4791 (e-mail: hotline-sdwa@epa.gov) for more
information on other drinking water rules.

Where do DBPs come from?

Chlorine and other chemical disinfectants have been widely used by public water systems (along
with filtration) to protect the public from microbial pathogens in drinking water. DBPs are formed
when certain disinfectants react with DBP precursors (organic and inorganic materials) in source
waters. In most cases, natural organic matter (NOM) is an important factor that affects the levels
of DBPs that form (NOM is usually measured as TOC). The levels of DBPs in drinking water can
vary significantly from one point in a distribution system to another, as many continue to form in the
distribution system. DBP levels are generally higher in surface water systems because surface
water usually contains higher DBP precursor levels and requires stronger disinfection.

Ensuring Safe Drinking Water

All drinking water systems want to provide water that is safe. One aspect of providing safe drinking
water is limiting the levels of DBPs in it. Long-term exposure to DBPs has been linked to bladder
cancer, and possibly colon and rectal cancers. More recent studies have shown that shorter-term
exposure to high levels of DBPs may be associated with adverse reproductive and developmental
health effects.

Limiting the levels of DBPs in your drinking water may require you to make some adjustments to
your current operations, such as:

» Making operational improvements at the plant or in the distribution system « Modifying current
treatment operations to remove more DBP precursors or form lower levels of DBPs

» Upgrading or installing a new treatment technology
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What Does Compliance Monitoring Involve?

Monitoring requirements for TTHM and HAA5 are based on your source water type and the
population your system serves. Note that this is different than the Stage 1 DBPR monitoring
requirements that were based on the number of treatment plants in your system.

With population-based monitoring, there are five categories of small systems under the Stage 2
DBPR:

» Subpart H systems that serve fewer than 500 people.

» Subpart H systems that serve 500 to 3,300 people.

* Subpart H systems that serve 3,301 to 9,999 people.

» Ground water systems that serve fewer than 500 people.

» Ground water systems that serve 500 to 9,999 people.

If you do not know what type of system you are, you should contact your State to confirm this
information.

Older Stage 1 DBPR Information

Disinfection Byproduct Regulations

In December 1998, the EPA established the Stage 1 Disinfectants/Disinfection Byproducts Rule
that requires public water systems to use treatment measures to reduce the formation of
disinfection byproducts and to meet the following specific standards:

Total Trihalomethanes (TTHM) 80 parts per billion

(ppb)

Haloacetic Acids (HAAS5) 60 ppb

Bromate 10 ppb

Chlorite 1.0 parts per million
(ppm)

Trihalomethanes were regulated at a maximum allowable annual average level of 100 parts per
billion for water systems serving over 10,000 people under the Total Trihalomethane Rule finalized
by the EPA in 1979. The Stage 1 Disinfectant/Disinfection Byproduct Rule standards became
effective for trihalomethanes and other disinfection byproducts listed above in December 2001 for
large surface water public water systems. Those standards became effective in December 2003
for small surface water and all ground water public water systems.

Disinfection byproducts are formed when disinfectants used in water treatment plants react with
bromide and/or natural organic matter (i.e., decaying vegetation) present in the source water.
Different disinfectants produce different types or amounts of disinfection byproducts. Disinfection
byproducts for which regulations have been established have been identified in drinking water,
including trihalomethanes, haloacetic acids, bromate, and chlorite.

Trihalomethanes (THM) are a group of four chemicals that are formed along with other disinfection
byproducts when chlorine or other disinfectants used to control microbial contaminants in drinking
water react with naturally occurring organic and inorganic matter in water. The trihalomethanes are
chloroform, bromodichloromethane, dibromochloromethane, and bromoform. The EPA has
published the Stage 1 Disinfectants/Disinfection Byproducts Rule to regulate total
trihalomethanes (TTHM) at a maximum allowable annual average level of 80 parts per billion. This
new standard replaced the old standard of a maximum allowable annual average level of 100 parts
per billion back in December 2001 for large surface water public water systems. The standard
became effective for the first time back in December 2003 for small surface water and all ground
water systems.
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Haloacetic Acids (HAAS5) are a group of chemicals that are formed along with other disinfection
byproducts when chlorine or other disinfectants used to control microbial contaminants in drinking
water react with naturally occurring organic and inorganic matter in water. The regulated haloacetic
acids, known as HAAD5, are: monochloroacetic acid, dichloroacetic acid, trichloroacetic acid,
monobromoacetic acid, and dibromoacetic acid. EPA has published the Stage 1
Disinfectants/Disinfection Byproducts Rule to regulate HAAS at 60 parts per billion annual average.

This standard became effective for large surface water public water systems back in December
2001 and for small surface water and all ground water public water systems back in December
2003.

PROTECTED
MICRO-ORGANISMS

EXPOSED
MICRO-ORGANISMS

PARTICULATES

TURBIDITY PROVIDES PROTECTION FOR MICRO-ORGANISMS
(HINDERS DISINFECTION)

96
Chlorine & Disinfection©7/18/2022 TLC (866) 557-1746



More on the Stage 2 DBP Rule

The following are EPA’s federal rule requirements. Please be aware that each state implements
drinking water regulations may be more stringent than EPA’s regulations. Check with your state
environmental agency for more information.

The Stage 2 DBP rule is one part of the Microbial and Disinfection Byproducts Rules (MDBPs),
which are a set of interrelated regulations that address risks from microbial pathogens and
disinfectants/disinfection byproducts. The Stage 2 DBP rule focuses on public health protection by
limiting exposure to DBPs, specifically total trihalomethanes (TTHM) and five haloacetic acids
(HAAS5), which can form in water through disinfectants used to control microbial pathogens. This
rule will apply to all community water systems and nontransient noncommunity water systems that
add a primary or residual disinfectant other than ultraviolet (UV) light or deliver water that has been
disinfected by a primary or residual disinfectant other than UV.

Amendments to the SDWA in 1996 require EPA to develop rules to balance the risks between
microbial pathogens and disinfection byproducts (DBPs). The Stage 1 Disinfectants and
Disinfection Byproducts Rule and Interim Enhanced Surface Water Treatment Rule, promulgated
in December 1998, were the first phase in a rulemaking strategy required by Congress as part of
the 1996 Amendments to the Safe Drinking Water Act.

The Stage 2 Disinfectants and Disinfection Byproducts Rule (Stage 2 DBPR) builds upon the Stage
1 DBPR to address higher risk public water systems for protection measures beyond those required
for existing regulations. The Stage 2 DBPR and the Long Term 2 Enhanced Surface Water
Treatment Rule are the second phase of rules required by Congress. These rules strengthen
protection against microbial contaminants, especially Cryptosporidium, and at the same time,
reduce potential health risks of DBPs.

What is the Stage 2 DBPR?

The Stage 2 Disinfection Byproducts Rule will reduce potential cancer and reproductive and
developmental health risks from disinfection byproducts (DBPs) in drinking water, which form when
disinfectants are used to control microbial pathogens. Over 260 million individuals are exposed to
DBPs.

This final rule strengthens public health protection for customers by tightening compliance
monitoring requirements for two groups of DBPs, trihalomethanes (TTHM) and haloacetic acids
(HAAS5). The rule targets systems with the greatest risk and builds incrementally on existing rules.
This regulation will reduce DBP exposure and related potential health risks and provide more
equitable public health protection. The Stage 2 DBPR is being promulgated simultaneously with
the Long Term 2 Enhanced Surface Water Treatment Rule to address concerns about risk tradeoffs
between pathogens and DBPs.

What does the rule require?

Under the Stage 2 DBPR, systems will conduct an evaluation of their distribution systems, known
as an Initial Distribution System Evaluation (IDSE), to identify the locations with high disinfection
byproduct concentrations. These locations will then be used by the systems as the sampling sites
for Stage 2 DBPR compliance monitoring. Compliance with the maximum contaminant levels for
two groups of disinfection byproducts (TTHM and HAAS5) will be calculated for each monitoring
location in the distribution system. This approach, referred to as the locational running annual
average (LRAA), differs from current requirements, which determine compliance by calculating the
running annual average of samples from all monitoring locations across the system.
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The Stage 2 DBPR also requires each system to determine if they have exceeded an operational
evaluation level, which is identified using their compliance monitoring results. The operational
evaluation level provides an early warning of possible future MCL violations, which allows the
system to take proactive steps to remain in compliance.

A system that exceeds an operational evaluation level is required to review their operational
practices and submit a report to their state that identifies actions that may be taken to mitigate
future high DBP levels, particularly those that may jeopardize their compliance with the DBP MCLs.

Who must comply with the rule?

Entities potentially regulated by the Stage 2 DBPR are community and nontransient noncommunity
water systems that produce and/or deliver water that is treated with a primary or residual
disinfectant other than ultraviolet light.

A community water system (CWS) is a public water system that serves year-round residents of a
community, subdivision, or mobile home park that has at least 15 service connections or an
average of at least 25 residents.

A nontransient noncommunity water system (NTNCWS) is a water system that serves at least 25
of the same people more than six months of the year, but not as primary residence, such as
schools, businesses, and day care facilities.

What are disinfection byproducts (DBPs)?

Disinfectants are an essential element of drinking water treatment because of the barrier they
provide against waterborne disease-causing microorganisms. Disinfection byproducts (DBPs) form
when disinfectants used to treat drinking water react with naturally occurring materials in the water
(e.g., decomposing plant material).

Total trihalomethanes (TTHM - chloroform, bromoform, bromodichloromethane, and
dibromochloromethane) and haloacetic acids (HAA5 - monochloro-, dichloro-, ftrichloro-,
monobromo-, dibromo-) are widely occurring classes of DBPs formed during disinfection with
chlorine and chloramine.

The amount of trihalomethanes and haloacetic acids in drinking water can change from day to day,
depending on the season, water temperature, amount of disinfectant added, the amount of plant
material in the water, and a variety of other factors.

Are THMs and HAAs the only disinfection byproducts?

No. The four THMs (TTHM) and five HAAs (HAA5) measured and regulated in the Stage 2 DBPR
act as indicators for DBP occurrence. There are many other known DBPs, in addition to the
possibility of unidentified DBPs present in disinfected water. THMs and HAAs typically occur at
higher levels than other known and unknown DBPs.

The presence of TTHM and HAADS5 is representative of the occurrence of many other chlorination
DBPs; thus, a reduction in the TTHM and HAA5 generally indicates a reduction of DBPs from
chlorination.
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What is Water?

Water is the chemical substance with chemical formula H.O: one molecule of water has two
hydrogen atoms covalently bonded to a single oxygen atom.

Water is a tasteless, odorless liquid at ambient temperature and pressure, and appears colorless
in small quantities, although it has its own intrinsic very light blue hue. Ice also appears colorless,
and water vapor is essentially invisible as a gas.

Water is primarily a liquid under standard conditions, which is not predicted from its relationship to
other analogous hydrides of the oxygen family in the periodic table, which are gases such as
hydrogen sulfide.

The elements surrounding oxygen in the periodic table, nitrogen, fluorine, phosphorus, sulfur and
chlorine, all combine with hydrogen to produce gases under standard conditions. The reason that
water forms a liquid is that oxygen is more electronegative than all of these elements with the
exception of fluorine.

Oxygen attracts electrons much more strongly than hydrogen, resulting in a net positive charge on
the hydrogen atoms, and a net negative charge on the oxygen atom. The presence of a charge on
each of these atoms gives each water molecule a net dipole moment.

Electrical attraction between water molecules due to this dipole pulls individual molecules closer
together, making it more difficult to separate the molecules and therefore raising the boiling point.
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Bromate

Bromate is a chemical that is formed when ozone used to disinfect drinking water reacts with
naturally occurring bromide found in source water. The EPA has established the Stage 1
Disinfectants/Disinfection Byproducts Rule to regulate bromate at annual average of 10 parts per
billion in drinking water.

This standard became effective for large public water systems by December 2001 and for small
surface water and all ground public water systems back in December 2003.

Chlorite is a byproduct formed when chlorine dioxide is used to disinfect water. EPA has published
the Stage 1 Disinfectants/Disinfection Byproducts Rule to regulate chlorite at a monthly average
level of 1 part per million in drinking water. This standard became effective for large surface water
public water systems back in December 2001 and for small surface water and all ground water
public water systems back in December 2003.

Microbial Regulations

One of the key regulations developed and implemented by the United States Environmental
Protection Agency (USEPA) to counter pathogens in drinking water is the Surface Water Treatment
Rule. Among its provisions, the rule requires that a public water system, using surface water (or
ground water under the direct influence of surface water) as its source, have sufficient treatment to
reduce the source water concentration of Giardia and viruses by at least 99.9% and 99.99%,
respectively. The Surface Water Treatment Rule specifies treatment criteria to assure that these
performance requirements are met; they include turbidity limits, disinfectant residual, and
disinfectant contact time conditions.

The Interim Enhanced Surface Water Treatment Rule was established in December 1998 to
control Cryptosporidium, and to maintain control of pathogens while systems lower disinfection
byproduct levels to comply with the Stage 1 Disinfectants/Disinfection Byproducts Rule. The EPA
established a Maximum Contaminant Level Goal (MCLG) of zero for all public water systems and
a 99% removal requirement for Cryptosporidium in filtered public water systems that serve at least
10,000 people. The new rule will tightened turbidity standards back in December 2001. Turbidity
is an indicator of the physical removal of particulates, including pathogens.

The EPA is also planning to develop other rules to further control pathogens. The EPA has
promulgated a Long Term 1 Enhanced Surface Water Treatment Rule, for systems serving fewer
than 10,000 people. This is to improve physical removal of Cryptosporidium, and to maintain
control of pathogens while systems comply with Stage 1 Disinfectants/Disinfection Byproducts
Rule.
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Introduction to Chlorine DDBP

COVALENT BOND

CHLORINE MOLECULE

CHLORINE ATOMIC STRUCTURE DIAGRAM

Today, most of our drinking water supplies are free of the microorganisms — viruses,
bacteria, and protozoa — that cause serious and life-threatening diseases, such as
cholera and typhoid fever. This is largely due to the introduction of water treatment,
particularly chlorination, at the turn of the century. Living cells react with chlorine and
reduces the free chlorine residual concentration while they die. The organic matter and
other substances that are present, convert to chlorinated derivatives, some of which are
marginally effective killing agents. Chlorine present as Cl, HOCI, and OCI is called free
available chlorine and that which is bound but still effective is combined chlorine. A
particularly important group of compounds with combined chlorine is the chloramines
formed by reactions with ammonia.

One especially important feature of disinfection using chlorine is the ease of overdosing
to create a "residual" concentration. There is a constant danger that safe water leaving
the treatment plant may become contaminated later. There may be breaks in water mains,
loss of pressure that permits an inward leak, or plumbing errors. This residual
concentration of chlorine provides significant of protection right to the water faucet. With
free available chlorine, a typical residual is from 0.1 to 0.5 ppm.

Because chlorinated organic compounds are less effective, a typical residual is 2 ppm for
combined chlorine. There will be no chlorine residual unless there is an excess over the
amount that reacts with the organic matter present. However, reaction kinetics
complicates interpretation of chlorination data. The correct excess is obtained in a method
called "Break Point Chlorination ".
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Chlorine By-Products

Chlorination by-products are the chemicals formed when the chlorine used to kill disease-
causing microorganisms reacts with naturally occurring organic matter (e.g., decay
products of vegetation) in the water. The most common chlorination by-products found in
U.S. drinking water supplies are the trihalomethanes (THMs).

The Principal Trihalomethanes are:
Chloroform, bromodichloromethane, chlorodibromomethane, and bromoform. Other less
common chlorination by-products include the haloacetic acids and haloacetonitriles.

The amount of THMs formed in drinking water are influenced by a number of factors,
including the season and the source of the water. For example, THM concentrations are
generally lower in winter than in summer, because concentrations of natural organic
matter are lower and less chlorine is required to disinfect at colder temperatures.

THM levels are also low when wells or large lakes are used as the drinking water source,
because organic matter concentrations are generally low in these sources. The opposite
— high organic matter concentrations and high THM levels — is true when rivers or other
surface waters are used as the source of the drinking water.

Health Effects

Laboratory animals exposed to very high levels of THMs have shown increased
incidences of cancer. Also, several studies of cancer incidence in human populations have
reported associations between long-term exposure to high levels of chlorination by-
products and an increased risk of certain types of cancer.

For instance, a recent study conducted in the Great Lakes basin reported an increased
risk of bladder and possibly colon cancer in people who drank chlorinated surface water
for 35 years or more.

Possible relationships between exposure to high levels of THMs and adverse reproductive
effects in humans have also been examined recently. In a California study, pregnant
women who consumed large amounts of tap water containing elevated levels of THMs
were found to have an increased risk of spontaneous abortion.

The available studies on health effects do not provide conclusive proof of a relationship
between exposure to THMs and cancer or reproductive effects, but indicate the need for
further research to confirm their results and to assess the potential health effects of
chlorination by-products other than THMs.
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Chlorine Disinfectants/Disinfectant By-Products Facts

e Chlorine is a naturally existing element that has been used to disinfect drinking
water supplies in America for most of the 20" Century.

e Chlorine disinfection has been extremely effective in protecting drinking water
resources from bacterial and viral contamination. It has virtually wiped out
instances of water-borne diseases like typhoid fever, cholera and dysentery in
America and other developed countries.

o Over 200 million Americans currently drink water that has been disinfected.

e The three primary chemical agents used in chlorine disinfection are: free
chlorine, chloramine (chlorine and ammonia bonded together) and chlorine
dioxide (chlorine and oxygen bonded together).

e Ozone is also used to disinfect water.

o Disinfectants are very active compounds. When added to a water supply,
disinfectants not only kill bacteria and viruses, but also react with other chemicals
present in the water. These chemicals generally enter the water supply through
natural plant and soil breakdown.

e When disinfectants react with other chemicals, new compounds known as
disinfectant by-products or "DBPs", are created. DBPs associated with chlorine
disinfection include trihalomethanes (THMs), such as chloroform.

e Because chlorination has been used for almost 100 years to disinfect water
supplies, approximately 40 percent of the DBPs from chlorination have been
identified and researched. Much less is known about the kind of DBPs produced
by other disinfectants because of their relatively recent emergence.

e Use of chloramine or chlorine dioxide in chlorine disinfection produces fewer
DBPs than chlorine, but each has associated risks. Chloramine is not as strong a
disinfectant as chlorine, and disinfection with chlorine dioxide produces its own
DBPs.

e Animal research using high concentration of DBPs found increased occurrence
of cancer development, although why this occurs has not yet been determined.
Research on the relationship between DBPs and cancer and other health risks is
ongoing.

e American drinking water has very low concentrations of DBPs.

e The U.S. Environmental Protection Agency (USEPA) has not been able to link
exposure to DBPs at low concentration levels and the health risks associated
with high concentration level exposure.

e Since 1984, American drinking water utilities have spent almost $23 million
researching the production of DBPs, the risks posed by them and methods to
treat them. These research efforts are ongoing. In addition, the 300 largest
drinking water utilities have spent more than $150 million to conduct the
information gathering required by the Information Collection Rule (ICR). The ICR
is the largest study to date pertaining to the occurrence of DBPs and associated
treatment practices.

e Since 1979, the U.S. Environmental Protection Agency (USEPA), under the
authority of the Safe Drinking Water Act, has regulated the acceptable levels of
some DBPs. USEPA cites the large population of Americans potentially at-risk
from low-level DPB exposure as the impetus for regulation.
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e The Safe Drinking Water Act Amendments of 1996 required USEPA to comply
with the regulatory timeline it set forth in its initial Disinfectant and Disinfectant-
By-Product (DDPB) rule and Interim Enhanced Surface Water Treatment Rule
(IESWTR). USEPA proposed both in 1994.

The research on DBPs and their impact on public health continues and serious questions
about the actual health risks posed by DBPs still remain.

Risks and Benefits of Chlorine

Current evidence indicates that the benefits of chlorinating our drinking water — reduced
incidence of water-borne diseases — are much greater than the risks of health effects
from THMs.

Although other disinfectants are available, chlorine continues to be the choice of water
treatment experts. When used with modern water filtration practices, chlorine is effective
against virtually all infective agents — bacteria, viruses, and protozoa. It is easy to apply,
and, most importantly, small amounts of chlorine remain in the water and continue to
disinfect throughout the distribution system. This ensures that the water remains free of
microbial contamination on its journey from the treatment plant to the consumer’s tap.

A number of cities use ozone to disinfect their source water and to reduce THM formation.
Although ozone is a highly effective disinfectant, it breaks down quickly, so that small
amounts of chlorine or other disinfectants must be added to the water to ensure continued
disinfection as the water is piped to the consumer’s tap.

Modifying water treatment facilities to use ozone can be expensive, and ozone treatment
can create other undesirable by-products that may be harmful to health if they are not
controlled (e.g., bromate).

Examples of other disinfectants include chloramines and chlorine dioxide. Chloramines
are weaker disinfectants than chlorine, especially against viruses and protozoa; however,
they are very persistent and, as such, can be useful for preventing re-growth of microbial
pathogens in drinking water distribution systems.

Chlorine dioxide can be an effective disinfectant, but it forms chlorate and chlorite,
compounds whose toxicity has not yet been fully determined. Assessments of the health
risks from these and other chlorine-based disinfectants and chlorination by-products are
currently under way.

In general, the preferred method of controlling chlorination by-products is removal of the
naturally occurring organic matter from the source water so it cannot react with the chlorine
to form by-products. THM levels may also be reduced through the replacement of chlorine
with alternative disinfectants.

A third option is removal of the precursors by adsorption on activated carbon beds. It is
extremely important that water treatment plants ensure that methods used to control
chlorination by-products do not compromise the effectiveness of water disinfection.
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Disinfection Rule

In the past 25 years, the Safe Drinking Water Act (SDWA) has been highly effective in
protecting public health and has also evolved to respond to new and emerging threats to
safe drinking water. Disinfection of drinking water is one of the major public health
advances in the 20th century. One hundred years ago, typhoid and cholera epidemics
were common through American cities; disinfection was a major factor in reducing these
epidemics.

However, the disinfectants themselves can react with naturally-occurring materials in the
water to form unintended byproducts which may pose health risks. In addition, in the past
ten years, we have learned that there are specific microbial pathogens, such as
Cryptosporidium, which can cause illness and is resistant to traditional disinfection
practices.

Chlorine is the most widely used water disinfectant due to its effectiveness and cost. Using
chlorine as a drinking water disinfectant has prevented millions of water borne diseases,
such as typhoid, cholera, dysentery, and diarrhea. Most states require community water
systems to use chlorination. However, research shows that chlorine has side effects. It
reacts with organic matter present in water and forms a series of compounds that have
been linked to cancer in animals.

These compounds are called disinfection by-products (DBPs). All disinfectants
form DBPs in one of two reactions:

(1) chorine and chlorine-based compounds (halogens) react with organics in water
causing the chlorine atom to substitute other atoms resulting in halogenated by-products
and

(2) oxidation reactions, where chlorine oxidizes compounds present in water. Secondary
by-products are also formed when multiple disinfectants are used.

All living organisms have carbon as an essential element in their cells. When trees shed
their leaves, they start decomposing and are ultimately broken down by bacteria into
carbon-containing compounds.

Similarly, dead animals on land and fish and other aquatic life decompose and disintegrate
into compounds that contain carbon as an essential element. Hence, all surface water and
groundwater contain varying amounts of carbon-containing compounds called organic
matter (primarily humic and fulvic acids).

The EPA Surface Water Treatment Rule (SWTR) requires systems using public water
supplies from either surface water or groundwater under the direct influence of surface
water to disinfect.

Also, since some disinfectants produce chemical by-products, the dual objective of
disinfection is to provide the required level of organism destruction and remain within the
maximum contaminant level (MCL) for the SWTR disinfection set by EPA. At this time, an
MCL is set for only Total Trihalomethanes, and proposed for additional disinfection
byproducts.
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What are the microbial/disinfection byproducts (MDBP) rules and which ones
apply to me?
The MDBP requirements have been in place for close to 30 years and include the
following federal rules:
o Total Trihalomethanes monitoring and MCL, promulgated Nov 1979
o Surface Water Treatment Rule, promulgated June 1989
o Interim Enhanced Surface Water Treatment Rule and Stage 1
Disinfectants / Disinfection Byproducts Rule, promulgated Dec 1998
o Filter Backwash Rule, promulgated June 2001
o Long Term 1 Enhanced Surface Water Treatment Rule, promulgated Jan
2002
o Long Term 2 Enhanced Surface Water Treatment Rule and Stage 2
Disinfectants / Disinfection Byproducts Rule, promulgated Jan 2006
o Groundwater Rule, promulgated Nov 2006

The Disinfectants and Disinfection Byproducts (DBP) rules apply to all community and
non-community water systems using a disinfectant such as chlorine, chloramines, ozone
and chlorine dioxide.

Compliance with the Stage 1 DBP requirements began in 2000. The Stage 2 DBP
requirements began in 2006 with the Initial Distribution System Evaluation (IDSE).
Compliance monitoring for the Stage 2 DBP began in April 2012. See phased compliance
schedule dependent on system population below.

The Long Term 2 Enhanced Surface Water Treatment Rule (LT2) rule applies to all water
systems using surface water, groundwater under the influence of a surface water, as well
as groundwater/surface water blends.

The LT2 requirements began in 2006 with the characterization of raw water
Cryptosporidium and E.coli levels. Systems serving <10,000 monitor for E.coli only every
two weeks for one year. Compliance with the LT2 requirements began in April 2013.

The Groundwater Rule (GWR) applies to all public water systems using groundwater. The
GWR requirements begin in March 2009 with 6-months investigative monitoring (IM) for
source water E.coli, for systems currently applying disinfection only. All other requirements
for the GWR began back in Dec 2009.

Amendments to the SDWA in 1996 require EPA to develop rules to balance the risks
between microbial pathogens and disinfection byproducts (DBPs). It is important to
strengthen protection against microbial contaminants, especially Cryptosporidium, and at
the same time, reduce potential health risks of DBPs.

The Stage 1 Disinfectants and Disinfection Byproducts Rule and Interim Enhanced
Surface Water Treatment Rule, announced in December 1998, are the first of a set of
rules under the 1996 SDWA Amendments.
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Public Health Concerns

While disinfectants are effective in controlling many microorganisms, they react with
natural organic and inorganic matter in source water and distribution systems to form
DBPs. Results from toxicology studies have shown several DBPs (e.g.,
bromodichloromethane, bromoform, chloroform, dichloroacetic acid, and bromate) to be
carcinogenic in laboratory animals. Other DBPs (e.g., chlorite, bromodichloromethane,
and certain haloacetic acids) have also been shown to cause adverse reproductive or
developmental effects in laboratory animals.

Several epidemiology studies have suggested a weak association between certain
cancers (e.g., bladder) or reproductive and developmental effects, and exposure to
chlorinated surface water. More than 200 million people consume water that has been
disinfected. Because of the large population exposed, health risks associated with DBPs,
even if small, need to be taken seriously.

Who Must Comply With The Rule?

The Stage 1 Disinfectants and Disinfection Byproducts Rule applies to all community and
nontransient non-community water systems that treat their water with a chemical
disinfectant for either primary or residual treatment.

What Does The Rule Require?

The Stage 1 Disinfectant and Disinfection Byproduct Rule updates and supersedes the
1979 regulations for total trihalomethanes. In addition, it will reduce exposure to three
disinfectants and many disinfection byproducts.

The rule establishes maximum residual disinfectant level goals (MRDLGs) and maximum
residual disinfectant levels (MRDLs) for three chemical disinfectants - chlorine, chloramine
and chlorine dioxide (see Table 1). It also establishes maximum contaminant level goals
(MCLGs) and maximum contaminant levels (MCLs) for total trihalomethanes, haloacetic
acids, chlorite and bromate (see Table 1).

Table 1
MRDLGs, MRDLs, MCLGs and MCLs for Stage 1 Disinfectants

and Disinfection Byproducts Rule

DISINFECTANT RESIDUAL MRDLG (mg/L) | MRDL (mg/L) | COMPLIANCE
BASED ON
Chlorine 4 (as Cl2) 4.0 (as Cl2) Annual Average
Chloramine 4 (as Clo) 4.0 (as Cl2) Annual Average
Chlorine Dioxide 0.8 (as ClO2) 0.8 (as ClO2) Daily Samples
DISINFECTION BYPRODUCTS MCLG MCL (mg/L) COMPLIANCE
(mg/L) BASED ON
Total trihalomethanes (TTHM)' N/A 0.080 Annual Average
- Chloroform xx
- Bromodichloromethane 0
- Dibromochloromethane 0.06
- Bromoform 0
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Haloacetic acids (five) (HAA5)? N/A 0.060 Annual Average
- Dichloroacetic acid 0

- Trichloroacetic acid 0.3
Chlorite 0.8 1.0 Monthly Average
Bromate 0 0.010 Annual Average

N/A - Not applicable because there are individual MCLGs for TTHMs or HAAs

1-Total trihalomethanes is the sum of the concentrations of chloroform, bromodichloromethane,
dibromochloromethane, and bromoform.

2-Haloacetic acids (five) is the sum of the concentrations of mono-, di-, and trichloroacetic acids
and mono- and dibromoacetic acids.

*** EPA removed the zero MCLG for chloroform from its National Primary Drinking Water
Regulations, effective May 30, 2000, in accordance with an order of the U.S. Court of Appeals for
the District of Columbia Circuit.

Water systems that use surface water or ground water under the direct influence of surface
water and use conventional filtration treatment are required to remove specified
percentages of organic materials, measured as total organic carbon (TOC) that may react
with disinfectants to form DBPs (See Table 2). Removal will be achieved through a
treatment technique (enhanced coagulation or enhanced softening) unless a system
meets alternative criteria.
Table 2
Required Removal of Total Organic Carbon by Enhanced Coagulation and Enhanced
Softening for Subpart H Systems Using Conventional Treatment'

Source Water TOC (mg/L) Source Water Alkalinity (mg/L as CaCO3)
0-60 >60-120 >120:
>2.0-4.0 35.0% 25.0% 15.0%
>4.0-8.0 45.0% 35.0% 25.0%
>8.0 50.0% 40.0% 30.0%

'Systems meeting at least one of the alternative compliance criteria in the rule are not required to
meet the removals in this table.

2Systems practicing softening must meet the TOC removal requirements in the last column to the
right.

What Are The Compliance Deadlines?

Large surface water systems are required to comply with the Stage 1 Disinfectants and
Disinfection Byproducts Rule and Interim Enhanced Surface Water Treatment Rule by
January 2002. Ground water systems and small surface water systems must comply with
the Stage 1 Disinfectants and Disinfection Byproducts Rule by January 2004.

What Are The Costs And Benefits Of The Rule?
EPA estimates that implementation of the Stage 1 Disinfectants and Disinfection
Byproducts Rule will result in:
e As many as 140 million people receiving increased protection from DBPs.
o 24 percent national average reduction in TTHM levels.
¢ Reduction in exposure to the major DBPs from use of ozone (bromate) and
chlorine dioxide (chlorite).
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The total annual cost of the rule is about $700 million. EPA believes that the benefits
exceed the costs of the Stage 1 Disinfectants and Disinfection Byproducts Rule. An
estimated 116 million households are affected by the Stage 1 Disinfectants and
Disinfection Byproducts Rule.

EPA estimates that 95 percent of the households will incur additional costs of less than $1
per month on their water bills.

An additional four percent will pay between $1 and $10 per month more, and one percent
are expected to incur increased water bills of $10 to $33 per month, if they choose to install
treatment. However, many of these systems may chose less costly non-treatment options,
such as consolidation. The majority of households incurring the highest costs are small
systems serving less than 10,000 people that have never been regulated for DBPs.

Stage 2 DBP Rule Federal Register Notices

Balancing DBP and Microbial Risks

Continuing evidence of waterborne disease occurrence suggests that microbial risks
should receive a much higher level of attention than disinfection byproducts. For this
reason, The American Academy of Microbiology (Ford and Colwell, 1996) has
recommended, the health risks posed by microbial pathogens should be placed as the
highest priority in water treatment to protect public health. A report published by the
International Society of Regulatory Toxicology and Pharmacology (Coulston and Kolbye,
1994) stated “The reduction in mortality due to waterborne infectious diseases, attributed
largely to chlorination of potable water supplies, appears to outweigh any theoretical
cancer risks (which may be as low as zero) posed by the minute quantities of chlorinated
organic chemicals reported in drinking waters disinfected with chlorine.”

The IPCS (IPCS 2000, p. 375) reached similar conclusions:

Disinfection is unquestionably the most important step in the treatment of water for
drinking water supplies. The microbial quality of drinking water should not be compromised
because of concern over the potential long-term effects of disinfectants and DBPs. The
risk of illness and death resulting from exposure to pathogens in drinking water is very
much greater than the risks from disinfectants and DBPs.

Controlling Disinfection Byproducts

Treatment techniques are available that provide water suppliers the opportunity to
maximize potable water safety and quality while minimizing the risk of DBP risks.
Generally, the best approach to reduce DBP formation is to remove natural organic matter
precursors prior to disinfection. EPA has published a guidance document for water system
operators entitled, Controlling Disinfection byproducts and Microbial Contaminants in
Drinking Water (EPA, 2001).

The EPA guidance discusses three processes to effectively remove natural organic
matter prior to disinfection:

1. Coagulation and Clarification

Most treatment plants optimize their coagulation process for turbidity (particle) removal.
However, coagulation processes can also be optimized for natural organic matter removal
with higher doses of inorganic coagulants (such as alum or iron salts), and optimization of
pH.
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2. Absorption
Activated carbon can be used to absorb soluble organics that react with disinfectants to
form byproducts.

3. Membrane Technology
Membranes, used historically to desalinate brackish waters, have also demonstrated
excellent removal of natural organic matter.

Membrane processes use hydraulic pressure to force water through a semi-permeable
membrane that rejects most contaminants. Variations of this technology include reverse
osmosis (RO), nanofilitration (low pressure RO), and microfiltration (comparable to
conventional sand filtration).

Other conventional methods of reducing DBP formation include changing the point of
chlorination and using chloramines for residual disinfection. EPA predicts that most water
systems will be able to achieve compliance with new DBP regulations through the use of
one or more of these relatively low cost methods (EPA, 1998).

Water system managers may also consider switching from chlorine to alternative
disinfectants to reduce formation of THMs and HAAs.

However, all chemical disinfectants form some DBPs. Much less is known about the
byproducts of these alternatives than is known about chlorination byproducts.
Furthermore, each disinfection method has other distinct advantages and disadvantages.
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Disinfection Byproduct Research and Regulations Summary

Drinking water chlorination has contributed to a dramatic decline in waterborne disease rates and
increased life expectancy in the United States. Largely because of this success, many Americans
take it for granted that their tap water will be free of disease-causing organisms.

In recent years, regulators and the public have focused greater attention on potential health risks
from chemical contaminants in drinking water. One such concern relates to disinfection
byproducts (DBPs), chemical compounds formed unintentionally when chlorine and other
disinfectants react with certain organic matter in water.

In the early 1970s, EPA scientists first determined that drinking water chlorination could form a
group of byproducts known as trihalomethanes (THMs), including chloroform. Concerned that
these chemicals may be carcinogenic to humans, EPA set the first regulatory limits for THMs in
1979. Since that time, a wealth of research has improved our understanding of how DBPs are
formed, their potential health risks, and how they can be controlled. It is now recognized that all
chemical disinfectants form some potentially harmful byproducts. The byproducts of chlorine
disinfection are by far the most thoroughly studied.

While the available evidence does not prove that DBPs in drinking water cause adverse health
effects in humans, high levels of these chemicals are certainly undesirable. Cost-effective
methods to reduce DBP formations are available and should be adopted where possible.

The health risks from these byproducts at the levels at which they occur in drinking water are
extremely small in comparison with the risks associated with inadequate disinfection. Thus, it is
important that disinfection not be compromised in attempting to control such byproducts.

Recent EPA regulations have further limited THMs and other DBPs in drinking water. Most water
systems are meeting these new standards by controlling the amount of natural organic matter
prior to disinfection, while ensuring that microbial protection remains the top priority.

Based largely on these animal data, EPA considers individual THMs and HAAs to be either
possible or probable human carcinogens, although any risk from the low levels found in drinking
water would be slight. After reviewing the full body of toxicology studies, the IPCS concluded,
“None of the chlorination byproducts studied to date is a potent carcinogen at concentrations
normally found in drinking water” (IPCS 2000, p. 376).

Some epidemiology studies have reported an association between human exposure to DBPs and
elevated cancer risks, while other studies have found no association. EPA evaluated the existing
cancer epidemiology studies and found that only for bladder cancer were associations with
chlorinated water somewhat consistent.

Even in these studies, cancer risks were not strongly correlated to measured THM levels,
indicating that other factors cannot be ruled out (Craun et al., 2001). EPA has concluded, “The
present epidemiologic data do not support a causal relationship between exposure to chlorinated
drinking water and development of cancer at this time” (EPA 1998). The IPCS reached a similar
conclusion in 2000, noting that a causal relationship between DBPs and increased cancer
remains an open question (IPCS 2000).
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Balancing DBP and Microbial Risks

Continuing evidence of waterborne disease occurrence suggests that microbial risks should
receive a much higher level of attention than disinfection byproducts. For this reason, The
American Academy of Microbiology (Ford and Colwell, 1996) has recommended, the health risks
posed by microbial pathogens should be placed as the highest priority in water treatment to
protect public health. A report published by the International Society of Regulatory Toxicology and
Pharmacology (Coulston and Kolbye, 1994) stated “The reduction in mortality due to waterborne
infectious diseases, attributed largely to chlorination of potable water supplies, appears to
outweigh any theoretical cancer risks (which may be as low as zero) posed by the minute
quantities of chlorinated organic chemicals reported in drinking waters disinfected with chlorine.”

The IPCS (IPCS 2000, p. 375) reached similar conclusions:

Disinfection is unquestionably the most important step in the treatment of water for drinking water
supplies. The microbial quality of drinking water should not be compromised because of concern
over the potential long-term effects of disinfectants and DBPs. The risk of illness and death
resulting from exposure to pathogens in drinking water is very much greater than the risks from
disinfectants and DBPs.

Controlling Disinfection Byproducts

Treatment techniques are available that provide water suppliers the opportunity to maximize
potable water safety and quality while minimizing the risk of DBP risks. Generally, the best
approach to reduce DBP formation is to remove natural organic matter precursors prior to
disinfection. EPA has published a guidance document for water system operators entitled,
Controlling Disinfection byproducts and Microbial Contaminants in Drinking Water (EPA, 2001).

The EPA guidance discusses three processes to effectively remove natural organic matter
prior to disinfection:

1. Coagulation and Clarification

Most treatment plants optimize their coagulation process for turbidity (particle) removal. However,
coagulation processes can also be optimized for natural organic matter removal with higher doses
of inorganic coagulants (such as alum or iron salts), and optimization of pH.

2. Absorption
Activated carbon can be used to absorb soluble organics that react with disinfectants to form
byproducts.

3. Membrane Technology

Membranes, used historically to desalinate brackish waters, have also demonstrated excellent
removal of natural organic matter. Membrane processes use hydraulic pressure to force water
through a semi-permeable membrane that rejects most contaminants. Variations of this
technology include reverse osmosis (RO), nanofiltration (low pressure RO), and microfiltration
(comparable to conventional sand filtration).

Other conventional methods of reducing DBP formation include changing the point of chlorination
and using chloramines for residual disinfection. EPA predicted that most water systems will be
able to achieve compliance with new DBP regulations through the use of one or more of these
relatively low cost methods (EPA, 1998). Water system managers may also consider switching
from chlorine to alternative disinfectants to reduce formation of THMs and HAAs.
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Disinfection Rules Post Quiz

1. The most common chlorination by-products found in U.S. drinking water
supplies are?

2. What rule specifies treatment criteria to assure that these performance
requirements are met; they include turbidity limits, disinfectant residual, and
disinfectant contact time conditions?

3. What rule was established to maintain control of pathogens while systems lower
disinfection byproduct levels to comply with the Stage 1 Disinfectants/Disinfection
Byproducts Rule and to control Cryptosporidium?

4. Turbidity is an indicator of the physical removal of particulates, including
pathogens.
A. True B. False

5. What rule improves physical removal of Cryptosporidium, and to maintain
control of pathogens?

6. What is the annual average for Bromate that was established in the Stage 1
Disinfectants/Disinfection Byproducts Rule?

7. According to the Stage 1 Disinfectants/Disinfection Byproducts Rule, what is
the monthly average level of chlorite in drinking water.

8. What terms mean that chlorine is present as Cl, HOCI, and OCI is called
, and that which is bound but still effective is

9. Chloramines are formed by reactions with?

10. The Principal Trihalomethanes are:. Chloroform, bromodichloromethane,
chlorodibromomethane, and bromoform.
A. True B. False
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11. THM concentrations are generally higher in winter than in summer, because
concentrations of natural organic matter are greater and more chlorine is required
to disinfect at colder temperatures.

A. True B. False

12. The available studies on health effects do not provide conclusive proof of a
relationship between exposure to THMs and cancer or reproductive effects, but
indicate the need for further research to confirm their results and to assess the
potential health effects of chlorination by-products other than THMs.

A. True B. False

13. Many cities utilize the use ozone to disinfect their source water and to reduce
formation of this parameter?

14. Regulators and the general public have focused greater attention on potential
health risks from chemical contaminants in drinking water. One such concern
relates to disinfection byproducts (DBPs), chemical compounds formed
unintentionally when chlorine and other disinfectants react with certain inorganic
matter in water.

A. True B. False

15. Water system managers may also consider switching from chlorine to
alternative disinfectants to reduce formation of THMs and HAAs.
A. True B. False

16. Much less is known about the byproducts of these alternatives than is known
about chlorination byproducts. Furthermore, each disinfection method has other
distinct advantages and disadvantages.

A. True B. False

17. Current evidence indicates that the benefits of chlorinating our drinking water
— reduced incidence of — are much greater than the risks of
health effects from THMs.

18. A number of cities use ozone to disinfect their source water and to
reduce
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Chapter 3 - Water Chemistry

Section Focus: You will learn the basics of water chemistry with an emphasis on
chemical compounds and Chlorine. At the end of this section, you will be able to describe
basic water chemistry, halogens and pH. There is a post quiz at the end of this section to
review your comprehension and a final examination in the Assignment for your contact
hours.

Scope/Background: All treatment operator at some time will either take lab samples or
run lab analysis. All operators should know the principles of pH, basic chemistry principles
and understand simple treatment chemical compounds.

17 Atomic NHumber

(o] |

CHLORINE
35.45

Atomic Mass

e e e e

CHLORINE ON THE PERIODIC TABLE

Halogens

Before we get started, let’s review the halogens. The halogens are a chemical series. They
are the elements in Group 17 (old-style: VIl or VIIA) of the periodic table: fluorine (F),
chlorine (Cl), bromine (Br), iodine (I), astatine (At) and the as yet undiscovered
ununseptium (Uus). The periodic table is the single most unifying concept in chemistry. It
is a structured listing of all known elements, or substances, that consist of one type of
atom. Elements cannot be reduced to simpler substances.

The term "halogen" means "salt-former" and compounds containing halogens are called
"salts". The word halogen was coined to mean elements which produce salt in union with
a metal. It comes from 18th c. scientific French nomenclature based on erring adaptations
of Greek roots.

Halogens are highly reactive, and as such can be harmful or lethal to biological organisms
in sufficient quantities.
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Chlorine and iodine are both used as disinfectants for such things as drinking water,
swimming pools, fresh wounds, dishes, and surfaces. They kill bacteria and other
potentially harmful microorganisms, a process known as sterilization. Their reactive
properties are also put to use in bleaching. Chlorine is the active ingredient of most fabric
bleaches and is used in the production of most paper products.

Halides

These elements are diatomic molecules in their natural form. They require one more
electron to fill their outer electron shells, and so have a tendency to form a singly-charged
negative ion. This negative ion is referred to as a halide ion; salts containing these ions
are known as halides.

Halide ions combined with single hydrogen atoms form the hydrohalic acids (i.e., HF, HCI,
HBr, HI), a series of particularly strong acids. (HAt, or "hydrastatic acid", should also
qualify, but it is not typically included in discussions of hydrohalic acid due to astatine's
extreme instability toward alpha decay.) They react with each other to form interhalogen
compounds.

Diatomic interhalogen compounds (BrF, ICI, CIF, etc.) bear strong superficial resemblance
to the pure halogens. Many synthetic organic compounds such as plastic polymers, and
a few natural ones, contain halogen atoms; these are known as halogenated compounds
or organic halides.

Chlorine

Chlorine is by far the most abundant of the halogens, and the only one needed in relatively
large amounts (as chloride ions) by humans. For example, chloride ions play a key role in
brain function by mediating the action of the inhibitory transmitter GABA and are also used
by the body to produce stomach acid. lodine is needed in trace amounts for the production
of thyroid hormones such as thyroxine.

On the other hand, neither fluorine nor bromine are believed to be really essential for
humans, although small amounts of fluoride can make tooth enamel resistant to decay.
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Halogens

All halogens have 7 electrons in their outer shells, giving them an oxidation number of -1.
The halogens exist, at room temperature, in all three states of matter:

o Solid- lodine, Astatine

e Liquid- Bromine

e Gas- Fluorine, Chlorine

The Halogens are:
Atomic Mass Melting Point k Boiling Point k Electronegativity

Halogen
Fluorine
Chlorine
Bromine
lodine
Astatine
Ununseptium

19
35.5
80
127
210
2901*

53.53 85.03
171.6 239.11
265.8 332.0
396.85 457.4
575 610

3.98
3.16
2.96
2.66
2.2

*

e Ununseptium has not yet been discovered; values are either unknown if no value
appears, or are estimates based on other similar chemicals.

SALT
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BRINE ’i%\. CAUSTIC SODA

HYDROGEN

BASIC CONCEPT OF HOW CHLORINE AND CAUSTIC SODA ARE PRODUCED
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Before we go deeper into Chlorine, we will first examine...

Principles of Modern Chemistry

The current model of atomic structure is the quantum mechanical model. Traditional
chemistry starts with the study of elementary particles, atoms, molecules, substances,
metals, crystals and other aggregates of matter. This matter can be studied in solid, liquid,
or gas states, in isolation or in combination. The interactions, reactions and
transformations that are studied in chemistry are usually the result of interactions between
atoms, leading to rearrangements of the chemical bonds which hold atoms together. Such
behaviors are studied in a chemistry laboratory.

THERMOMETER i

CONDENSER

&
BEADS = ({ )

t

WATER IN

‘ "‘ WATER OUT
)

COLLECTION FLASK

BOILING FLASK WITH STIR-BAR

The chemistry laboratory stereotypically uses various forms of laboratory glassware.
However, glassware is not central to chemistry and a great deal of experimental (as well
as applied/industrial) chemistry is done without it.

A chemical reaction is a transformation of some substances into one or more different
substances. The basis of such a chemical transformation is the rearrangement of
electrons in the chemical bonds between atoms. It can be symbolically depicted through
a chemical equation, which usually involves atoms as subjects.

The number of atoms on the left and the right in the equation for a chemical transformation
is equal. (When the number of atoms on either side is unequal, the transformation is
referred to as a nuclear reaction or radioactive decay.) The type of chemical reactions a
substance may undergo and the energy changes that may accompany it are constrained
by certain basic rules, known as chemical laws.
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Energy and entropy considerations are invariably important in almost all chemical studies.
Chemical substances are classified in terms of their structure, phase, as well as their
chemical compositions. They can be analyzed using the tools of chemical analysis, e.g.
spectroscopy and chromatography. Scientists engaged in chemical research are known
as chemists. Most chemists specialize in one or more sub-disciplines.

Matter

In chemistry, matter is defined as anything that has rest mass and volume (it takes up
space) and is made up of particles. The particles that make up matter have rest mass as
well - not all particles have rest mass, such as the photon. Matter can be a pure chemical
substance or a mixture of substances.
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Basic Chemical Structure

At the turn of the twentieth century the theoretical underpinnings of chemistry were finally
understood due to a series of remarkable discoveries that succeeded in probing and
discovering the very nature of the internal structure of atoms.

In 1897, J. J. Thomson of Cambridge University discovered the electron and soon after
the French scientist Becquerel as well as the couple Pierre and Marie Curie investigated
the phenomenon of radioactivity. In a series of pioneering scattering experiments Ernest
Rutherford at the University of Manchester discovered the internal structure of the atom
and the existence of the proton, classified and explained the different types of radioactivity
and successfully transmuted the first element by bombarding nitrogen with alpha particles.

U

Electron

Nucleus

Proton —

Neutron

Rutherford Model

His work on atomic structure was improved on by his students, the Danish physicist Niels
Bohr and Henry Moseley. The electronic theory of chemical bonds and molecular orbitals
was developed by the American scientists Linus Pauling and Gilbert N. Lewis.
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TABLE SALT CRYSTAL LATTICE DIAGRAM
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What is a Compound?

Water (H20), an example of a chemical compound

A compound is a pure chemical substance composed of more than one element. The
properties of a compound bear little similarity to those of its elements. The standard
nomenclature of compounds is set by the International Union of Pure and Applied
Chemistry (IUPAC). Organic compounds are named according to the organic
nomenclature system. Inorganic compounds are named according to the inorganic
nomenclature system.

In addition, the Chemical Abstracts Service has devised a method to index chemical
substances. In this scheme each chemical substance is identifiable by a number known
as its CAS registry number.

[ELECTRON|

NUCLEUS @

DIAGRAM OF AN ATOM

125
Chlorine & Disinfection©7/18/2022 TLC (866) 557-1746



——— Fe:lron
P | Si: Silicon
O: Oxygen
Ne: Neon
C: Carbon
He: Helium

H: Hydrogen

STAR ELEMENTS
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More on Chemical Compounds

A pure chemical compound is a chemical substance that is composed of a particular set
of molecules or ions. Two or more elements combined into one substance through a
chemical reaction form a chemical compound. All compounds are substances, but not all
substances are compounds.

A chemical compound can be either atoms bonded together in molecules or crystals in
which atoms, molecules or ions form a crystalline lattice. Compounds based primarily on
carbon and hydrogen atoms are called organic compounds, and all others are called
inorganic compounds. Compounds containing bonds between carbon and a metal are
called organometallic compounds.

OXYGEN -0, MOLECULE

Compounds in which components share electrons are known as covalent compounds.
Compounds consisting of oppositely charged ions are known as ionic compounds, or salts.

In organic chemistry, there can be more than one chemical compound with the same
composition and molecular weight. Generally, these are called isomers. Isomers usually
have substantially different chemical properties, may be isolated and do not
spontaneously convert to each other.

A common example is glucose vs. fructose. The former is an aldehyde; the latter is a
ketone. Their interconversion requires either enzymatic or acid-base catalysis. However,
there are also tautomers, where isomerization occurs spontaneously, such that a pure
substance cannot be isolated into its tautomers.

A common example is glucose, which has open-chain and ring forms. One cannot
manufacture pure open-chain glucose because glucose spontaneously cyclizes to the
hemiacetal form. Materials may also comprise other entities such as polymers. These may
be inorganic or organic and sometimes a combination of inorganic and organic.
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COMMON CHEMICAL USED |

N WATER TREATMENT PROCESS

CHEMICAL NAME

CHEMICAL USE IN PROCESS

FLUORIDE Helps Build Strong Teeth
SODIUM HYPOCLORITE Used For Disinfection
POLYMERS (Cationic) Aids In The Process Of Drying And Consolidating Sludge
BLEACH Used For Odor Control And Disinfection
FERRIC CHLORIDE Used To Help Remove Impurities In Water
SODIUM PERMANGANATE Used For The Control Of Biological Growth
CAUSTIC SODA Used For The Control Of pH (Raises pH)
HYDROCHLORIC ACID Used For The Control Of pH (Lowers pH)
ALUMINUM SULFATE Used To Help Clarify Drinking Water
CHLORINE Used For Disinfection (Primary Disinfection Chemical)

Technical
Learning
College

Chlorine & Disinfection©7/18/2022
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Substances versus Mixtures

All matter consists of various elements and chemical compounds, but these are often
intimately mixed together. Mixtures contain more than one chemical substance, and they
do not have a fixed composition. In principle, they can be separated into the component
substances by purely mechanical processes. Butter, soil and wood are common examples
of mixtures.

Grey iron metal and yellow sulfur are both chemical elements, and they can be mixed
together in any ratio to form a yellow-grey mixture. No chemical process occurs, and the
material can be identified as a mixture by the fact that the sulfur and the iron can be
separated by a mechanical process, such as using a magnet to attract the iron away from
the sulfur.

In contrast, if iron and sulfur are heated together in a certain ratio (1 atom of iron for each
atom of sulfur, or by weight, 56 grams (1 mol) of iron to 32 grams (1 mol) of sulfur), a
chemical reaction takes place and a new substance is formed, the compound iron(ll)
sulfide, with chemical formula FeS.

The resulting compound has all the properties of a chemical substance and is not a
mixture. lron(ll) sulfide has its own distinct properties such as melting point and solubility,
and the two elements cannot be separated using normal mechanical processes; a magnet
will be unable to recover the iron, since there is no metallic iron present in the compound.

Chemicals Versus Chemical Substances

While the term chemical substance is a precise technical term that is synonymous with
"chemical" for professional chemists, the meaning of the word chemical varies for non-
chemists within the English speaking world or those using English.

For industries, government and society in general in some countries, the word chemical
includes a wider class of substances that contain many mixtures of such chemical
substances, often finding application in many vocations. In countries that require a list of
ingredients in products, the "chemicals" listed would be equated with "chemical
substances".

Within the chemical industry, manufactured "chemicals" are chemical substances, which
can be classified by production volume into bulk chemicals, fine chemicals and chemicals
found in research only:

e Bulk chemicals are produced in very large quantities, usually with highly
optimized continuous processes and to a relatively low price.

e Fine chemicals are produced at a high cost in small quantities for special low-
volume applications such as biocides, pharmaceuticals and specialty chemicals
for technical applications.

e Research chemicals are produced individually for research, such as when
searching for synthetic routes or screening substances for pharmaceutical
activity. In effect, their price per gram is very high, although they are not sold.

The cause of the difference in production volume is the complexity of the molecular
structure of the chemical.
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Bulk chemicals are usually much less complex. While fine chemicals may be more
complex, many of them are simple enough to be sold as "building blocks" in the synthesis
of more complex molecules targeted for single use, as named above.

The production of a chemical includes not only its synthesis but also its purification to
eliminate by-products and impurities involved in the synthesis. The last step in production
should be the analysis of batch lots of chemicals in order to identify and quantify the
percentages of impurities for the buyer of the chemicals.

The required purity and analysis depends on the application, but higher tolerance of
impurities is usually expected in the production of bulk chemicals. Thus, the user of the
chemical in the US might choose between the bulk or "technical grade" with higher
amounts of impurities or a much purer "pharmaceutical grade" (labeled "USP", United
States Pharmacopeia).

Naming and Indexing

Every chemical substance has one or more systematic names, usually named according
to the IUPAC rules for naming. An alternative system is used by the Chemical Abstracts
Service (CAS).

Many compounds are also known by their more common, simpler names, many of which
predate the systematic name. For example, the long-known sugar glucose is now
systematically named 6-(hydroxymethyl)oxane-2,3,4,5-tetrol.

Natural products and pharmaceuticals are also given simpler names, for example the mild
pain-killer Naproxen is the more common name for the chemical compound (S)-6-
methoxy-a-methyl-2-naphthaleneacetic acid.

Chemists frequently refer to chemical compounds using chemical formulae or molecular
structure of the compound. There has been a phenomenal growth in the number of
chemical compounds being synthesized (or isolated), and then reported in the scientific
literature by professional chemists around the world.

An enormous number of chemical compounds are possible through the chemical
combination of the known chemical elements.

CAS provides the abstracting services of the chemical literature, and provides a numerical
identifier, known as CAS registry number to each chemical substance that has been
reported in the chemical literature (such as chemistry journals and patents).

This information is compiled as a database and is popularly known as the Chemical
substances index. Other computer-friendly systems that have been developed for
substance information, are: SMILES and the International Chemical Identifier or InChl.
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Understanding the Atom

The atom is the basic unit of chemistry. It consists of a dense core called the atomic
nucleus surrounded by a space called the electron cloud.

NEUTRON

BASICS OF AN ATOM

The nucleus is made up of positively charged protons and uncharged neutrons (together
called nucleons), while the electron cloud consists of negatively-charged electrons which
orbit the nucleus. In a neutral atom, the negatively-charged electrons balance out the
positive charge of the protons. The nucleus is dense; the mass of a nucleon is 1,836 times
that of an electron, yet the radius of an atom is about 10,000 times that of its nucleus.

SODIUM ATOM (Na) CHLORINE ATOM (Cl) |SODIUM ION (Na*) CHLORIDE ION (CI ')lI

1
SODIUM CHLORIDE MOLECULE (NacCl)

The atom is also the smallest entity that can be envisaged to retain the chemical properties
of the element, such as electronegativity, ionization potential, preferred oxidation state(s),
coordination number, and preferred types of bonds to form (e.g., metallic, ionic, covalent).
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__ELECTRONS = 17
() PROTONS = 17
_NEUTRONS = 18

NUCLEUS

CHLORINE

Element
Standard form of the periodic table of chemical elements. The colors represent different
categories of elements.

A chemical element is a pure substance which is composed of a single type of atom,
characterized by its particular number of protons in the nuclei of its atoms, known as the
atomic number and represented by the symbol Z.

The mass number is the sum of the number of protons and neutrons in a nucleus.

Although all the nuclei of all atoms belonging to one element will have the same atomic
number, they may not necessarily have the same mass number; atoms of an element
which have different mass numbers are known as isotopes.

For example, all atoms with 6 protons in their nuclei are atoms of the chemical element
carbon, but atoms of carbon may have mass numbers of 12 or 13.

The standard presentation of the chemical elements is in the periodic table, which orders
elements by atomic number. The periodic table is arranged in groups, or columns, and
periods, or rows. The periodic table is useful in identifying periodic trends.
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Molecule Sub-Section

A molecule is the smallest indivisible portion of a pure chemical substance that has its
unique set of chemical properties, that is, its potential to undergo a certain set of chemical
reactions with other substances. However, this definition only works well for substances
that are composed of molecules, which is not true of many substances (see below).
Molecules are typically a set of atoms bound together by covalent bonds, such that the
structure is electrically neutral and all valence electrons are paired with other electrons
either in bonds or in lone pairs.

BARE CALCIUM ION

HYDRATED CALCIUM ION

HZO
WATER MOLECULE

Thus, molecules exist as electrically neutral units, unlike ions. When this rule is broken,
giving the "molecule" a charge, the result is sometimes named a molecular ion or a
polyatomic ion. However, the discrete and separate nature of the molecular concept
usually requires that molecular ions be present only in well-separated form, such as a
directed beam in a vacuum in a mass spectrometer.

Charged polyatomic collections residing in solids (for example, common sulfate or nitrate
ions) are generally not considered "molecules" in chemistry.

The "inert" or noble gas elements (helium, neon, argon, krypton, xenon and radon) are
composed of lone atoms as their smallest discrete unit, but the other isolated chemical
elements consist of either molecules or networks of atoms bonded to each other in some
way. Identifiable molecules compose familiar substances such as water, air, and many
organic compounds like alcohol, sugar, gasoline, and the various pharmaceuticals.

However, not all substances or chemical compounds consist of discrete molecules, and
indeed most of the solid substances that make up the solid crust, mantle, and core of the
Earth are chemical compounds without molecules. These other types of substances, such
as ionic compounds and network solids, are organized in such a way as to lack the
existence of identifiable molecules per se. Instead, these substances are discussed in
terms of formula units or unit cells as the smallest repeating structure within the substance.
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Examples of such substances are mineral salts (such as table salt), solids like carbon and
diamond, metals, and familiar silica and silicate minerals such as quartz and granite.

One of the main characteristics of a molecule is its geometry often called its structure.
While the structure of diatomic, triatomic or tetra atomic molecules may be ftrivial, (linear,
angular pyramidal etc.) the structure of polyatomic molecules, that are constituted of more
than six atoms (of several elements) can be crucial for its chemical nature.

Substance and Mixture
A chemical substance is a kind of matter with a definite composition and set of properties.
A collection of substances is called a mixture. Examples of mixtures are air and alloys.

Mole and Amount of Substance
The mole is a unit of measurement that denotes an amount of substance (also called
chemical amount).

The mole is defined as the number of atoms found in exactly 0.012 kilogram (or 12 grams)
of carbon-12, where the carbon-12 atoms are unbound, at rest and in their ground state.
The number of entities per mole is known as the Avogadro constant, and is determined
empirically to be approximately 6.022x102% mol=".

Molar concentration is the amount of a particular substance per volume of solution, and is
commonly reported in moldm™3.
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Phase

In addition to the specific chemical properties that distinguish different chemical
classifications, chemicals can exist in several phases. For the most part, the chemical
classifications are independent of these bulk phase classifications; however, some more
exotic phases are incompatible with certain chemical properties. A phase is a set of states
of a chemical system that have similar bulk structural properties, over a range of
conditions, such as pressure or temperature.

CONDENSATE

SOLIDIFICATION

EVAPORATE

SOLID LIQUID GAS

STATES OF MATTER

Physical properties, such as density and refractive index tend to fall within values
characteristic of the phase. The phase of matter is defined by the phase transition, which
is when energy put into or taken out of the system goes into rearranging the structure of
the system, instead of changing the bulk conditions.

Sometimes the distinction between phases can be continuous instead of having a discrete
boundary, in this case the matter is considered to be in a supercritical state. When three
states meet based on the conditions, it is known as a triple point and since this is invariant,
it is a convenient way to define a set of conditions.
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STATES OF MATTER
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The most familiar examples of phases are solids, liquids, and gases. Many substances
exhibit multiple solid phases. For example, there are three phases of solid iron (alpha,
gamma, and delta) that vary based on temperature and pressure.

A principal difference between solid phases is the crystal structure, or arrangement, of the
atoms. Another phase commonly encountered in the study of chemistry is the aqueous
phase, which is the state of substances dissolved in aqueous solution (that is, in water).
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Less familiar phases include plasmas, Bose—Einstein condensates and fermionic
condensates and the paramagnetic and ferromagnetic phases of magnetic materials.
While most familiar phases deal with three-dimensional systems, it is also possible to

define analogs in two-dimensional systems, which has received attention for its relevance
to systems in biology.
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Bonding

D @

HYDROGEN (H, ) OXYGEN (0,) NITROGEN (N,) CHLORINE (Cl,)
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NITROGEN OXIDE (NO) WATER (H,0) NITROGEN DIOXIDE (NOZ) CARBON DIOXIDE (CO,)

Atoms sticking together in molecules or crystals are said to be bonded with one another.
A chemical bond may be visualized as the multipole balance between the positive charges
in the nuclei and the negative charges oscillating about them. More than simple attraction
and repulsion, the energies and distributions characterize the availability of an electron to
bond to another atom.
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A chemical bond can be a covalent bond, an ionic bond, a hydrogen bond or just because
of Van der Waals force. Each of these kinds of bonds is ascribed to some potential. These
potentials create the interactions which hold atoms together in molecules or crystals. In
many simple compounds, valence bond theory, the Valence Shell Electron Pair Repulsion
model (VSEPR), and the concept of oxidation number can be used to explain molecular
structure and composition.

An ionic bond is formed when a metal loses one or more of its electrons, becoming a
positively charged cation, and the electrons are then gained by the non-metal atom,
becoming a negatively charged anion.
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IONIC BOND

SODIUM CHLORIDE

The two oppositely charged ions attract one another, and the ionic bond is the electrostatic
force of attraction between them. For example, sodium (Na), a metal, loses one electron
to become an Na* cation while chlorine (Cl), a non-metal, gains this electron to become

CI. The ions are held together due to electrostatic attraction, and that compound sodium
chloride (NaCl), or common table salt, is formed.
n I
|
CRYSTAL LATTICE OF NaCl (Table Salt)
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Energy

In the context of chemistry, energy is an attribute of a substance as a consequence of its
atomic, molecular or aggregate structure. Since a chemical transformation is accompanied
by a change in one or more of these kinds of structures, it is invariably accompanied by
an increase or decrease of energy of the substances involved. Some energy is transferred
between the surroundings and the reactants of the reaction in the form of heat or light;
thus the products of a reaction may have more or less energy than the reactants.

A reaction is said to be exergonic if the final state is lower on the energy scale than the
initial state; in the case of endergonic reactions the situation is the reverse. A reaction is
said to be exothermic if the reaction releases heat to the surroundings; in the case of
endothermic reactions, the reaction absorbs heat from the surroundings.

Chemical reactions are invariably not possible unless the reactants

surmount an energy barrier known as the activation energy. The
speed of a chemical reaction (at given temperature T) is related to
the activation energy E, by the Boltzmann's population factor - that -

is the probability of a molecule to have energy greater than or
equal to E at the given temperature T.

This exponential dependence of a reaction rate on temperature is known as the Arrhenius
equation. The activation energy necessary for a chemical reaction to occur can be in the
form of heat, light, electricity or mechanical force in the form of ultrasound.

A related concept free energy, which also incorporates

entropy considerations, is a very useful means for predicting
the feasibility of a reaction and determining the state of
equilibrium of a chemical reaction, in chemical -

thermodynamics. A reaction is feasible only if the total
change in the Gibbs free energy is negative, if it is equal to zero the chemical reaction is
said to be at equilibrium.

There exist only limited possible states of energy for electrons, atoms and molecules.
These are determined by the rules of quantum mechanics, which require quantization of
energy of a bound system. The atoms/molecules in a higher energy state are said to be
excited. The molecules/atoms of substance in an excited energy state are often much
more reactive; that is, more amenable to chemical reactions.

The phase of a substance is invariably determined by its energy and the energy of its
surroundings.

When the intermolecular forces of a substance are such that
the energy of the surroundings is not sufficient to overcome
them, it occurs in a more ordered phase like liquid or solid as
is the case with water (H20); a liquid at room temperature
because its molecules are bound by hydrogen bonds.

H,S
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Whereas hydrogen sulfide (H2S) is a gas at room temperature and standard pressure, as
its molecules are bound by weaker dipole-dipole interactions.

The transfer of energy from one chemical substance to another depends on the size of
energy quanta emitted from one substance. However, heat energy is often transferred
more easily from almost any substance to another because the phonons responsible for
vibrational and rotational energy levels in a substance have much less energy than
photons invoked for the electronic energy transfer.

Thus, because vibrational and rotational energy levels are more closely spaced than
electronic energy levels, heat is more easily transferred between substances relative to
light or other forms of electronic energy. For example, ultraviolet electromagnetic radiation
is not transferred with as much efficacy from one substance to another as thermal or
electrical energy.

VIOLET

BLUE

! GREEN

YELLOW

PRISM

CONTINOUS EMMISSION SPECTRUM

The existence of characteristic energy levels for different chemical substances is useful
for their identification by the analysis of spectral lines. Different kinds of spectra are often
used in chemical spectroscopy, e.g. IR, microwave, NMR, ESR, etc. Spectroscopy is also
used to identify the composition of remote objects - like stars and distant galaxies - by
analyzing their radiation spectra.

The term chemical energy is often used to indicate the potential of a chemical substance
to undergo a transformation through a chemical reaction or to transform other chemical
substances.
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Reaction

MOLECULES OF AN ELEMENT

MOLECULES OF A COMPOUND MIXTURE OF TWO ELEMENTS
AND A COMPOUND

During chemical reactions, bonds between atoms break and form, resulting in different
substances with different properties. In a blast furnace, iron oxide, a compound, reacts
with carbon monoxide to form iron, one of the chemical elements, and carbon dioxide.

When a chemical substance is transformed as a result of its interaction with another
substance or with energy, a chemical reaction is said to have occurred.

A chemical reaction is therefore a concept related to the "reaction” of a substance when it
comes in close contact with another, whether as a mixture or a solution; exposure to some
form of energy, or both. It results in some energy exchange between the constituents of
the reaction as well as with the system environment, which may be designed vessels—
often laboratory glassware.

Chemical reactions can result in the formation or dissociation of molecules, that is,
molecules breaking apart to form two or smaller molecules, or rearrangement of atoms
within or across molecules. Chemical reactions usually involve the making or breaking of
chemical bonds. Oxidation, reduction, dissociation, acid-base neutralization and
molecular re-arrangement are some of the commonly used kinds of chemical reactions.
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A chemical reaction can be symbolically depicted through a chemical equation. While in a
non-nuclear chemical reaction the number and kind of atoms on both sides of the equation
are equal, for a nuclear reaction this holds true only for the nuclear particles viz. protons
and neutrons.

The sequence of steps in which the reorganization of chemical bonds may be taking place
in the course of a chemical reaction is called its mechanism. A chemical reaction can be
envisioned to take place in a number of steps, each of which may have a different speed.

Many reaction intermediates with variable stability can thus be envisaged during the
course of a reaction.

Reaction mechanisms are proposed to explain the kinetics and the relative product mix of
a reaction. Many physical chemists specialize in exploring and proposing the mechanisms
of various chemical reactions. Several empirical rules, like the Woodward—Hoffmann rules
often come in handy while proposing a mechanism for a chemical reaction.

According to the IUPAC gold book, a chemical reaction is "a process that results in the
interconversion of chemical species." Accordingly, a chemical reaction may be an
elementary reaction or a stepwise reaction.

An additional caveat is made, in that this definition includes cases where the
interconversion of conformers is experimentally observable.

Such detectable chemical reactions normally involve sets of molecular entities as
indicated by this definition, but it is often conceptually convenient to use the term also for
changes involving single molecular entities (i.e. 'microscopic chemical events').

lons and Salts

An jon is a charged species, an atom or a molecule, that has lost or gained one or more
electrons. When an atom loses an electron and thus has more protons than electrons, the
atom is a positively-charged ion or cation.

When an atom gains an electron and thus has more electrons than protons, the atom is a
negatively-charged ion or anion. Cations and anions can form a crystalline lattice of neutral
salts, such as the Na* and CI- ions forming sodium chloride, or NaCl.

Examples of polyatomic ions that do not split up during acid-base reactions are hydroxide
(OH") and phosphate (PO43").

Plasma is composed of gaseous matter that has been completely ionized, usually through
high temperature.
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Acidity and Basicity

HYDROCHLORIC
ACID

S0ODIUM
HYDROXIDE

0"5>°+°’

ACIDS AND BASES (COMPARISON DIAGRAM)

Acid or a Base?

A substance can often be classified as an acid or a base. There are several different
theories which explain acid-base behavior. The simplest is Arrhenius theory, which states
than an acid is a substance that produces hydronium ions when it is dissolved in water,
and a base is one that produces hydroxide ions when dissolved in water. According to
Brgnsted—Lowry acid—base theory, acids are substances that donate a positive hydrogen
ion to another substance in a chemical reaction; by extension, a base is the substance
which receives that hydrogen ion.

A third common theory is Lewis acid-base theory, which is based on the formation of new
chemical bonds. Lewis theory explains that an acid is a substance which is capable of
accepting a pair of electrons from another substance during the process of bond formation,
while a base is a substance which can provide a pair of electrons to form a new bond.

According to this theory, the crucial things being exchanged are charges. There are
several other ways in which a substance may be classified as an acid or a base, as is
evident in the history of this concept.

Acid strength is commonly measured by two methods.

One measurement, based on the Arrhenius definition of acidity, is pH, which is a
measurement of the hydronium ion concentration in a solution, as expressed on a negative
logarithmic scale. Thus, solutions that have a low pH have a high hydronium ion
concentration, and can be said to be more acidic.

The other measurement, based on the Bransted—Lowry definition, is the acid dissociation
constant (K,), which measures the relative ability of a substance to act as an acid under
the Brgnsted—Lowry definition of an acid. That is, substances with a higher K; are more
likely to donate hydrogen ions in chemical reactions than those with lower K values.
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Redox

Redox (reduction-oxidation) reactions include all chemical reactions in which atoms have
their oxidation state changed by either gaining electrons (reduction) or losing electrons
(oxidation).

Substances that have the ability to oxidize other substances are said to be oxidative and
are known as oxidizing agents, oxidants or oxidizers. An oxidant removes electrons from
another substance. Similarly, substances that have the ability to reduce other substances
are said to be reductive and are known as reducing agents, reductants, or reducers.

A reductant transfers electrons to another substance, and is thus oxidized itself. And
because it "donates" electrons it is also called an electron donor. Oxidation and reduction
properly refer to a change in oxidation number—the actual transfer of electrons may never

occur. Thus, oxidation is better defined as an increase in oxidation number, and reduction
as a decrease in oxidation number.

REDUCING AGENTS OXIDIZING AGENTS

A g

A LOSES ELECTRONS

B GAINS ELECTRONS

>
%

A IS OXIDIZED B IS REDUCED

B

Equilibrium

Although the concept of equilibrium is widely used across sciences, in the context of
chemistry, it arises whenever a number of different states of the chemical composition are
possible, as for example, in a mixture of several chemical compounds that can react with
one another, or when a substance can be present in more than one kind of phase. A
system of chemical substances at equilibrium, even though having an unchanging
composition, is most often not static; molecules of the substances continue to react with
one another thus giving rise to a dynamic equilibrium. Thus the concept describes the
state in which the parameters such as chemical composition remains unchanged over
time.
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pH Section

11.0-12.0

[ ]
MORE ACIDIC NEUTRAL MORE BASE

pH SCALE

In water and wastewater processes, pH is a measure of the acidity or basicity of an
aqueous solution. Solutions with a pH greater than 7 are basic or alkaline and solution or
samples with a pH less than 7 are said to be acidic. Pure water has a pH very close to 7.

Primary pH standard values are determined using a concentration cell with transference,
by measuring the potential difference between a hydrogen electrode and a standard
electrode such as the silver chloride electrode. The pH scale is traceable to a set of
standard solutions whose pH is established by international agreement.

Measurement of pH for aqueous solutions can be done with a glass electrode and a pH
meter, or using indicators like strip test paper.

pH measurements are important in water and wastewater processes (sampling) but also
in medicine, biology, chemistry, agriculture, forestry, food science, environmental science,
oceanography, civil engineering, chemical engineering, nutrition, water treatment & water
purification, and many other applications.

pH - VALUE
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Mathematically, pH is the measurement of hydroxyl ion activity and expressed as the
negative logarithm of the activity of the (solvated) hydronium ion, more often expressed
as the measure of the hydronium ion concentration.

14 13 12 11 10 9 8 7 6 L) 4 3 2 1 0
pOH I
I I 1 I ] ] ] I I I I 1 1 ]
T T T T T T T T T T T T T ]
H |
Z 0 1 2 3 4 =] 6 7 8 9 10 1 12 13 14
IN RELATION BETWEEN p(OH) AND p(H) (red= ACIDIC / blue= BASIC)
Contents
History

The scientific discovery of the p[H] concept of was first introduced by Danish chemist
Saren Peder Lauritz Sgrensen at the Carlsberg Laboratory back in 1909 and revised to
the modern pH in 1924 to accommodate definitions and measurements in terms of
electrochemical cells. In the first papers, the notation had the "H" as a subscript to the

lowercase "p", as so: pH.

Alkalinity

Alkalinity is the quantitative capacity of an aqueous solution to neutralize an acid.
Measuring alkalinity is important in determining a stream's ability to neutralize acidic
pollution from rainfall or wastewater. It is one of the best measures of the sensitivity of the
stream to acid inputs. There can be long-term changes in the alkalinity of rivers and
streams in response to human disturbances.

CAUSES PITTING BALANCED |SCALE-FORMING |
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CALCIUM HARDNESS MEASUREMENT

Reference. Bates, Roger G. Determination of pH: theory and practice. Wiley, 1973.
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pH Definition and Measurement
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Technical Definition of pH
In technical terms, pH is defined as the decimal logarithm of the reciprocal of the hydrogen
ion activity, aH+, in a solution.

1
pH=-log,(ayt+) =logy, (aH_+

lon-selective electrodes are often used to measure pH, respond to activity.

In this calculation of electrode potential, E, follows the Nernst equation, which, for the
hydrogen ion can be written as

2.303RT

E=E°+ﬂln(a +)=E° -
f F

H
F p

where E is a measured potential, E° is the standard electrode potential, R is the gas
constant, T is the temperature in kelvin, F is the Faraday constant. For H* number of
electrons transferred is one. It follows that electrode potential is proportional to pH when
pH is defined in terms of activity.
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International Standard ISO 31-8 is the standard for the precise measurement of pH as
follows: A galvanic cell is set up to measure the electromotive force (EMF) between a
reference electrode and an electrode sensitive to the hydrogen ion activity when they are
both immersed in the same aqueous solution.

The reference electrode may be a silver chloride electrode or a calomel electrode. The
hydrogen-ion selective electrode is a standard hydrogen electrode.

Reference electrode | concentrated solution of KCI || test solution | Hz | Pt

Firstly, the cell is filled with a solution of known hydrogen ion activity and the emf, Esg, is
measured. Then the emf, Ex, of the same cell containing the solution of unknown pH is

measured.
E s E X

Z

The difference between the two measured emf values is proportional to pH. This method
of calibration avoids the need to know the standard electrode potential. The
proportionality

pH(X) = pH(S) +

1

constant, 1/z is ideally equal to 2-303RT.-"" Fthe "Nernstian slope".

If you were to apply this practice the above calculation, a glass electrode is used rather
than the cumbersome hydrogen electrode. A combined glass electrode has an in-built
reference electrode. It is calibrated against buffer solutions of known hydrogen ion activity.
IUPAC has proposed the use of a set of buffer solutions of known H* activity.

Two or more buffer solutions should be used in order to accommodate the fact that the
"slope" may differ slightly from ideal.

The electrode is first immersed in a standard solution and the reading on a pH meter is
adjusted to be equal to the standard buffer's value, to implement the proper calibration.
The reading from a second standard buffer solution is then adjusted, using the "slope"
control, to be equal to the pH for that solution. Further details, are given in the IUPAC
recommendations.

When more than two buffer solutions are used the electrode is calibrated by fitting
observed pH values to a straight line with respect to standard buffer values. Commercial
standard buffer solutions usually come with information on the value at 25 °C and a
correction factor to be applied for other temperatures. The pH scale is logarithmic and pH
is a dimensionless quantity.
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pH Indicators

Visual comparison of the color of a test solution with a standard color chart provides a
means to measure pH accurate to the nearest whole number. Indicators may be used to
measure pH, by making use of the fact that their color changes with pH. More precise
measurements are possible if the color is measured spectrophotometrically, using a
colorimeter of spectrophotometer. Universal indicator consists of a mixture of indicators
such that there is a continuous color change from about pH 2 to pH 10. Universal indicator
paper is made from absorbent paper that has been impregnated with universal indicator.

pOH

pOH is sometimes used as a measure of the concentration of hydroxide ions, OH", or
alkalinity. pOH values are derived from pH measurements. The concentration of hydroxide
ions in water is related to the concentration of hydrogen ions by

Kw
OH™| =
O =
where Ky is the self-ionization constant of water. Taking logarithms

pOH = pI<\\’ — pH

So, at room temperature pOH = 14 - pH. However this relationship is not strictly valid in
other circumstances, such as in measurements of soil alkalinity.

Extremes of pH

Measurement of pH below about 2.5 (ca. 0.003 mol dm acid) and above about 10.5 (ca.
0.0003 mol dm™ alkali) requires special procedures because, when using the glass
electrode, the Nernst law breaks down under those conditions.

Extreme pH measurements imply that the solution may be concentrated, so electrode
potentials are affected by ionic strength variation. At high pH the glass electrode may be
affected by "alkaline error", because the electrode becomes sensitive to the concentration
of cations such as Na* and K* in the solution. Specially constructed electrodes are
available which partly overcome these problems. Runoff from industrial outfalls, restaurant
grease, mines or mine tailings can produce some very low pH values.

Non-aqueous Solutions

Hydrogen ion concentrations (activities) can be measured in non-aqueous solvents. pH
values based on these measurements belong to a different scale from aqueous pH values,
because activities relate to different standard states. Hydrogen ion activity, ay*, can be
defined as:

g+ = exp (—NHJFR_TNH+ )

where uy* is the chemical potential of the hydrogen ion, p°4* is its chemical potential in the
chosen standard state, R is the gas constant and T is the thermodynamic temperature.
Therefore pH values on the different scales cannot be compared directly, requiring an
intersolvent scale which involves the transfer activity coefficient of hydrolyonium ion.

pH is an example of an acidity function. Other acidity functions can be defined. For
example, the Hammett acidity function, Ho, has been developed in connection with
superacids.
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The concept of "Unified pH scale" has been developed on the basis of the absolute
chemical potential of the proton. This scale applies to liquids, gases and even solids.

Applications

Water has a pH of pKu/2, so the pH of pure water is about 7 at 25 °C; this value varies
with temperature. When an acid is dissolved in water, the pH will be less than that of pure
water. When a base, or alkali, is dissolved in water, the pH will be greater than that of pure
water.

A solution of a strong acid, such as hydrochloric acid, at concentration 1 mol dm=2 has a
pH of 0. A solution of a strong alkali, such as sodium hydroxide, at concentration 1 mol
dm=3, has a pH of 14. Thus, measured pH values will lie mostly in the range 0 to 14, though
negative pH values and values above 14 are entirely possible.

Since pH is a logarithmic scale, a difference of one pH unit is equivalent to a tenfold
difference in hydrogen ion concentration.

The pH of an aqueous solution of pure water is slightly different from that of, a salt such
as sodium chloride even though the salt is neither acidic nor basic. In this case, the
hydrogen and hydroxide ions' activity is dependent on ionic strength, so K varies with
ionic strength. The pH of pure water decreases with increasing temperatures. One
example is the pH of pure water at 50 °C is 6.55.

Seawater

The pH of seawater plays an important role in the ocean's carbon cycle, and there is
evidence of ongoing ocean acidification caused by carbon dioxide emissions. pH
measurement can be complicated by the chemical properties of seawater, and several
distinct pH scales exist in chemical oceanography.

As part of its operational definition of the pH scale, the IUPAC defines a series of buffer
solutions across a range of pH values (often denoted with NBS or NIST designation).

These solutions have a relatively low ionic strength (~0.1) compared to that of seawater
(~0.7), and, as a consequence, are not recommended for use in characterizing the pH of
seawater, since the ionic strength differences cause changes in electrode potential.

To resolve this problem, an alternative series of buffers based on artificial seawater was
developed. This new series resolves the problem of ionic strength differences between
samples and the buffers. The newest pH scale is referred to as the total scale, often
denoted as pHr.
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Calculations of pH

The calculation of the pH of a solution containing acids and/or bases is an example of a
chemical speciation calculation, that is, a mathematical procedure for calculating the
concentrations of all chemical species that are present in the solution.

The complexity of the procedure depends on the nature of the solution.

If the pH of a solution contains a weak acid requires the solution of a quadratic equation.
If the pH of a solution contains a weak base may require the solution of a cubic equation.
For strong acids and bases no calculations are necessary except in extreme situations.

The general case requires the solution of a set of non-linear simultaneous equations.

A complicating factor is that water itself is a weak acid and a weak base. It dissociates
according to the equilibrium

with a dissociation constant, Ky defined as

K, = [HOH]

where [H*] represents for the concentration of the aquated hydronium ion and [OH]
stands for the concentration of the hydroxide ion. K, has a value of about 10-'4 at 25 °C,
so pure water has a pH of approximately 7.

This equilibrium needs to be considered at high pH and when the solute concentration is
extremely low.
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ACID

ADD ACID TO WATER NEVER ADD WATER
TO ACID
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Strong Acids and Bases

Cl, + H,OzHOCI + H + CI

CHLORINE HYPOCHLOROUS
GAS ACID

HOCI ——0CI + H

HYPOCHLORITE
ION

Strong Acids and Bases

Strong acids and bases are compounds that, for practical purposes, are completely
dissociated in water. Under normal circumstances this means that the concentration of
hydrogen ions in acidic solution can be taken to be equal to the concentration of the acid.
The pH is then equal to minus the logarithm of the concentration value.

Hydrochloric acid (HCI) is an example of a strong acid. The pH of a 0.01M solution of HCI
is equal to —1og10(0.01), that is, pH = 2.

Sodium hydroxide, NaOH, is an example of a strong base. The p[OH] value of a 0.01M
solution of NaOH is equal to -1og10(0.01), that is, p[OH] = 2.

From the definition of p[OH] above, this means that the pH is equal to about 12. For
solutions of sodium hydroxide at higher concentrations the self-ionization equilibrium must
be taken into account.

Weak Acids and Bases
A weak acid or the conjugate acid of a weak base can be treated using the same
formalism.

Acid: HA= H" + A~
Base: HAT = H" + A

First, an acid dissociation constant is defined as follows. Electrical charges are omitted
from subsequent equations for the sake of generality
o _ HIA]
©[HA]

and its value is assumed to have been determined by experiment. This being so, there
are three unknown concentrations, [HA], [H*] and [A7] to determine by calculation. Two
additional equations are needed.
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One way to provide them is to apply the law of mass conservation in terms of the two

"reagents" H and A.
Ca=[A] + [HA]
Cy = [H|+ [HA]

C stands for analytical concentration. In some texts one mass balance equation is
replaced by an equation of charge balance. This is satisfactory for simple cases like this
one, but is more difficult to apply to more complicated cases as those below.

Together with the equation defining K,, there are now three equations in three unknowns.
When an acid is dissolved in water Ca = Cy = C,, the concentration of the acid, so [A] =
[H]. After some further algebraic manipulation an equation in the hydrogen ion
concentration may be obtained.

[H? + Ko[H] — K.Cy =0

CONCENTRATED
HYDROCHLORIC
ACID

POTASSIUM
MANGANATE
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Alkalinity Sub-Section

Introduction

Alkalinity of water is its acid-neutralizing capacity. It is the sum of all the titratable bases.
The measured value may vary significantly with the end-point pH used. Alkalinity is a
measure of an aggregate property of water and can be interpreted in terms of specific
substances only when the chemical composition of the sample is known.

Alkalinity and pH Adjustment

Adjusting pH and alkalinity is the most common corrosion control method because it is
simple and inexpensive. pH is a measure of the concentration of hydrogen ions present
in water; alkalinity is a measure of water’s ability to neutralize acids.

Generally, water pH less than 6.5 is associated with uniform corrosion, while pH between
6.5 and 8.0 can be associated with pitting corrosion. Some studies have suggested that
systems using only pH to control corrosion should maintain a pH of at least 9.0 to reduce
the availability of hydrogen ions as electron receptors. However, pH is not the only factor
in the corrosion equation; carbonate and alkalinity levels affect corrosion as well.

Generally, an increase in pH and alkalinity can decrease corrosion rates and help form a
protective layer of scale on corrodible pipe material.

Chemicals commonly used for pH and
alkalinity adjustment are hydrated lime
(CaOH; or calcium hydroxide), caustic
soda (NaOH or sodium hydroxide), soda
ash (Na2COs3 or sodium carbonate), and
sodium bicarbonate (NaHCO3, essentially
baking soda).

Care must be taken, however, to maintain
pH at a level that will control corrosion but
not conflict with optimum pH levels for
disinfection and control of disinfection by-
products.

Corrosion Inhibitors %- U |
Inhibitors reduce corrosion by forming protective coatings on pipes. The most common
corrosion inhibitors are inorganic phosphates, sodium silicates and mixtures of
phosphates and silicates. These chemicals have proven successful in reducing corrosion
in many water systems.

The phosphates used as corrosion inhibitors include polyphosphates, orthophosphates,
glassy phosphates and bimetallic phosphates. In some cases, zinc is added in conjunction
with orthophosphates or polyphosphates.

Glassy phosphates, such as sodium hexametaphosphate, effectively reduce iron
corrosion at dosages of 20 to 40 mg/I.
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Glassy phosphate has an appearance of broken glass and can cut the operator. Sodium
silicates have been used for over 50 years to inhibit corrosion. The effectiveness depends
on the water pH and carbonate concentration.

Sodium silicates are particularly effective for systems with high water velocities, low
hardness, low alkalinity and a pH of less than 8.4.

Typical coating maintenance doses range from 2 to 12 mg/1. They offer advantages in

hot water systems because of their chemical stability. For this reason, they are often used
in the boilers of steam heating systems.

J' LOW ALKALINITY

HIGH ALKALINITY

{1 f} [} {} —
TIME OF DAY

ALKALINITY CAN CHANGE THROUGHOUT THE DAY DIAGRAM
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Alkalinity Testing

Introduction

Alkalinity of water is its acid-neutralizing capacity. It is the sum of all the titratable bases.
The measured value may vary significantly with the end-point pH used. Alkalinity is a
measure of an aggregate property of water and can be interpreted in terms of specific
substances only when the chemical composition of the sample is known.

Alkalinity is significant in many uses and treatments of natural waters and
wastewaters. Because the alkalinity of many surface waters is primarily a function of
carbonate, bicarbonate, and hydroxide content, it is taken as an indication of the
concentration of these constituents.

The measured values also may include contributions from borates, phosphates, silicates
or other bases if these are present. Alkalinity in excess of alkaline earth metal
concentrations is significant in determining the suitability of water for irrigation. Alkalinity
measurements are used in the interpretation and control of water and wastewater
treatment processes.

Titration Method

a. Principle

Hydroxyl ions present in a sample, as a result of dissociation or hydrolysis of solutes react
with additions of standard acid. Alkalinity thus depends on the end-point pH used.

b. Reagents

i) Standard Hydrochloric Acid — 0.02 N.

i) Methyl Orange Indicator — Dissolve 0.1 g of methyl orange in distilled water and dilute
to 1 liter.

iii) Sodium carbonate solution, 0.02 N: Dry 3 to 5 g primary standard Na,COs at 250°C
for 4 h and cool in a desiccator. Weigh 1.03 gm.

(to the nearest mg), transfer to a 1-L volumetric flask, fill flask to the mark with distilled
water, dissolve and mix reagent. Do no keep longer than 1 week.

c. Procedure

Titrate over a white surface 100 ml of the sample contained in a 250-ml conical flask
with standard hydrochloric acid using two or three drops of methyl orange Indicator.
(NOTE — If more than 30 ml of acid is required for the titration, a smaller suitable aliquot
of the sample shall be taken.)

d. Calculation
Total alkalinity (as CaCO3), mg/l = 10 V or NxVx50x1000

T.A. (as CaCOs3) =
Sample Amount
Where N = Normality of HCI used
V = volume in ml of standard hydrochloric acid used in the titration.

Alkalinity to Phenolphthalein
The sample is titrated against standard acid using phenolphthalein indicator.
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a. Reagents

i) Phenolphthalein Indicator Solution :

Dissolve 0.1 g of phenolphthalein in 60 ml of ETHANOL and dilute with Distilled water to
100 ml.

ii) Standard hydrochloric Acid — 0.02 N.

b. Procedure
Add 2 drops of phenolphthalein indicator solution to a sample of suitable size, 50 or 100
ml, in a conical flask and titrate over a while surface with standard hydrochloric acid.

c. Calculation
1000 V4

Alkalinity to phenolphthalein (as CaCO3), mg/l =
V2

Where

V1 = volume in ml of standard hydrochloric acid used in the titration , and

V2 = Volume in ml of the sample taken for the test.

Caustic Alkalinity

a. General

Caustic alkalinity is the alkalinity corresponding to the hydroxides present in water and is
calculated from total alkalinity (T) and alkalinity to phenolphthalein (P).

b. Procedure
Determine total alkalinity and
alkalinity to phenolphthalein and

calculate caustic alkalinity as Caustic

shown in Table below. Alkalinity or Carbonate Bicarbonate
Result of Titration Caustic Hydroxide Alkalinity as |Concentration as
Alkalinity or Hydroxide Alkalinity |Alkalinity as CaCoO; CaCoO;

as CaCOj; Carbonate Alkalinity |CaCO;
as CaCOg; Bicarbonate
Concentration as CaCOj;

Result of Titration

P=0 0 0 0
P<1/2T 0 2P T-2P
P=1/2T 0 2P 0
P>1/2T 2P-T 2(T-P) 0
P=T T 0 0

The alkalinity of water is a measure of its capacity to neutralize acids. The alkalinity of
natural water is due to the salts of carbonate, bicarbonate, borates, silicates and
phosphates along with the hydroxyl ions in free state. However, the major portion of the
alkalinity in natural waters is caused by hydroxide, carbonate, and bicarbonates which
may be ranked in order of their association with high pH values. Alkalinity values provide
guidance in applying proper doses of chemicals in water and waste water treatment
processes, particularly in coagulation and softening.
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Alkalinity (Total)

References: ASTM D 1067-92, Acidity or Alkalinity of Water.
APHA Standard Methods, 19th ed., p. 2-26, method 2320B (1995).
EPA Methods for Chemical Analysis of Water and Wastes, method 310.1 (1983).

The alkalinity of water is a measurement of its buffering capacity or ability to react with
strong acids to a designated pH. Alkalinity of natural waters is typically a combination of
bicarbonate, carbonate, and hydroxide ions. Sewage and wastewaters usually exhibit
higher alkalinities either due to the presence of silicates and phosphates or to a
concentration of the ions from natural waters.

Alkalinity inhibits corrosion in boiler and cooling waters and is therefore a desired quality
which must be maintained. It is also measured as a means of controlling water and
wastewater treatment processes or the quality of various process waters. In natural
waters, excessive alkalinity can render water unsuitable for irrigation purposes and may
indicate the presence of industrial effluents.

The Titrimetric Method. CHEMetrics' tests determine total or "M" alkalinity using an acid
titrant and a pH indicator. The end point of the titration occurs at pH 4.5. Results are
expressed as ppm (mg/L) CaCO3.

Hardness (calcium)
Reference: West, T. S., DSC, Ph.D., Complexometry with EDTA and Related Reagents,
3rd ed., p. 46, 164 (1969).

Originally described as water's capacity to precipitate soap, hardness is one of the most
frequently determined qualities of water. It is a composite of the calcium, magnesium,
strontium, and barium concentrations in a sample. The current practice is to assume total
hardness refers to the calcium and magnesium concentrations only.

Completely de-hardened water, resulting from sodium zeolite or other suitable ion
exchange treatment, is required for various processes-including power generation,
printing and photo finishing, pulp and paper manufacturing, and food and beverage
processing. Hard water can cause scale formation on heat exchange surfaces, resulting
in decreased heat transfer and equipment damage.

The Titrimetric Method. This method is specific for calcium hardness. The EGTA titrant in
alkaline solution is employed with zincon indicator. Results are expressed as ppm (mg/L)
CaCos.

Shelf-life. 8 months. Although the reagent itself is stable, the end point indicator has a
limited shelf-life. We recommend stocking quantities that will be used within 7 months.
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Halogen Sub-Section
Fluorine Section

Name: Fluorine

Symbol: F

Atomic Number: 9

Atomic Mass: 18.998404 amu

Melting Point: -219.62 °C (53.530006 K, -363.31598 °F)
Boiling Point: -188.14 °C (85.01 K, -306.652 °F)
Number of Protons/Electrons: 9

Number of Neutrons: 10

Classification: Halogen

Crystal Structure: Cubic

Density @ 293 K: 1.696 g/cm?

Color: Greenish

Atomic Structure

( ELECTRONS =9
() PROTONS =9

() NEUTRONS = 10

NUCLEUS
Isotopes
Isotope Half Life
F-18 1.8 hours
F-19 Stable
Facts

Date of Discovery: 1886

Discoverer: Joseph Henri Moissan

Name Origin: From the Latin word fluo (flow)
Uses: Refrigerants

Obtained From: Mineral fluorite
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Bromine Section

Name: Bromine

Symbol: Br

Atomic Number: 35

Atomic Mass: 79.904 amu

Melting Point: -7.2 °C (265.95 K, 19.04
°F)

Boiling Point: 58.78 °C (331.93 K,
137.804 °F)

Number of Protons/Electrons: 35
Number of Neutrons: 45

Atomic Structure

Isotopes

Isotope |Half Life
Br-76 16.0 hours
Br-77 2.4 days
Br-79 Stable

Br-80 17.7 minutes
Br-80m 4.42 hours
Br-81 Stable

Br-82 1.5 days
Br-83 2.4 hours
Br-84 31.8 minutes
Br-85 2.9 minutes
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Classification: Halogen

Crystal Structure: Orthorhombic
Density @ 293 K: 3.119 g/cm3
Color: Red

Date of Discovery: 1826
Discoverer: Antoine J. Balard
Name Origin: From the Greek word
brémos (stench)

Uses: Poisonous

Obtained From: Sea Water

(_ELECTRONS = 35
(O PROTONS = 35
() NEUTRONS = 45

NUCLEUS
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lodine Section

Name: lodine

Symbol: |

Atomic Number: 53
Atomic Mass: 126.90447 amu
Melting Point: 113.5 °C (386.65 K,

236.3 °F)

Boiling Point: 184.0 °C (457.15 K,

363.2 °F)

Number of Protons/Electrons: 53
Number of Neutrons: 74
Classification: Halogen

Atomic Structure

Isotopes
Isotope
1-122
1-123
1-124
1-125
1-126
1-127

1-128

Half Life
3.6 minutes
13.2 hours
4.2 days
60.1 days
13.0 days
Stable

25.0
minutes
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Crystal Structure: Orthorhombic
Density @ 293 K: 4.93 g/cm?
Color: Blackish

Facts:

Date of Discovery: 1811
Discoverer: Bernard Courtois
Name Origin: From the Greek word
i6des (violet)

Uses: Required in humans
Obtained From: Sodium and potassium
compounds

(_ELECTRONS = 53
() PROTONS = 53

(_)NEUTRONS = 74

NUCLEUS

e T
1-130 12.4 hours
1-131 8.0 days
1-132 2.3 hours
1-133 20.8 hours
1134 020

minutes
1-135 6.6 hours
1-136 1.4 minutes
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Astatine Section

Name: Astatine

Symbol: At

Atomic Number: 85

Atomic Mass: (210.0) amu
Melting Point: 302.0 °C (575.15 K,
575.6 °F)

Boiling Point: 337.0 °C (610.15 K,
638.6 °F)

Number of Protons/Electrons: 85
Number of Neutrons: 125

Atomic Structure

Isotopes

Isotope | Half Life
At-206 29.4 minutes
At-208 1.6 hours
At-211 7.2 hours

At-215 | 91
milliseconds

At-217 | 320
milliseconds

At-218 1.6 seconds
At-219 50.0 seconds

Chlorine & Disinfection©7/18/2022 TLC

Classification: Halogen

Crystal Structure: Unknown
Density @ 293 K: Unknown

Color: Unknown

Date of Discovery: 1940
Discoverer: D.R. Corson

Name Origin: From the Greek word
astatos (unstable)

Uses: No uses known

Obtained From: Man-made

(_ELECTRONS = 85

(U PROTONS = 85

2 (UNEUTRONS = 125

NUCLEUS
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Hard Water Sub-Section

Hard water is caused by soluble, divalent, metallic cations, (positive ions having valence of 2).
The principal chemicals that cause water hardness are calcium (Ca) and magnesium (Mg).
Strontium, aluminum, barium, and iron are usually present in large enough concentrations to
contribute significantly to the total hardness.

Water hardness varies considerably in different geographic areas of the contiguous 48 states.
This is due to different geologic formations, and is also a function of the contact time between
water and limestone deposits.

Magnesium is dissolved as water passes over and through dolomite and other magnesium-
bearing minerals. Because groundwater is in contact with these formations for a longer period
of time than surface water, groundwater is normally harder than surface water.

Expressing Water Hardness Concentration

Water hardness is generally expressed as a concentration of calcium carbonate, in terms of
milligrams per liter as CaCOs. The degree of hardness that consumers consider objectionable
will vary, depending on other qualities of the water and on the hardness to which they have
become accustomed. We will show two different classifications of the relative hardness of water:

Comparative classifications of water for softness and hardness

Classification mg/L as CaCO;" mg/L as CaCO;*
Soft 0-75 0-60
Moderately hard 75-150 61-120
Hard 150 — 300 121 -180
Very hard Over 300 Over 180

Source: Adapted from sawyer 1960 and Briggs and Ficke 1977.
* Per Sawyer (1960)
+ Per Briggs and Ficke (1977)

Types of Water Hardness

Hardness can be categorized by either of two methods: calcium versus magnesium hardness
and carbonate versus non-carbonate hardness. The calcium-magnesium distinction is based on
the minerals involved.

Hardness caused by calcium is called calcium hardness, regardless of the salts associated with
it, which include calcium sulfate (CaS0,), calcium chloride (CaCl;), and others. Likewise,
hardness caused by magnesium is called magnesium hardness. Calcium and magnesium are
normally the only significant minerals that cause harness, so it is generally assumed that

Total harness = calcium hardness + magnesium hardness

The carbonate-noncarbonate distinction, however, is based on hardness from either the
bicarbonate salts of calcium or the normal salts of calcium and magnesium involved in causing
water hardness.
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Carbonate hardness is caused primarily by the bicarbonate salts of calcium and magnesium,
which are calcium bicarbonate, Ca(HCO3),, and magnesium bicarbonate Mg(HCO3)s.

Calcium and magnesium combined with carbonate (CO3) also contribute to carbonate hardness.
Noncarbonate hardness is a measure of calcium and magnesium salts other than carbonate
and bicarbonate salts. These salts are calcium sulfate, calcium chloride, magnesium sulfate

(MgSO0s), and magnesium chloride (MgCly).

Calcium and magnesium combined with nitrate may also contribute to noncarbonate hardness,
although it is a very rare condition. For carbonate and noncarbonate hardness,

Total hardness = carbonate hardness + noncarbonate hardness
When hard water is boiled, carbon dioxide (CO.) is driven off, and Bicarbonate salts of calcium
and magnesium then settle out of the water to form calcium and magnesium carbonate

precipitates. These precipitates form the familiar chalky deposits on teapots.

Because it can be removed by heating, carbonate hardness is sometimes called “Temporary
hardness.”

Because noncarbonated hardness cannot be removed or precipitated by prolonged boiling, it is
sometimes called “permanent hardness.”
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Total Dissolved Solids (TDS)

Total dissolved solids (TDS) represents the combined total of all organic and inorganic
substances found in drinking water. The total dissolved solids present in water is one of the
leading causes of particles and sediments in drinking water, which give water its color, odor,
and flavor, and can be a general indicator of water quality.

Organic substances found in drinking water may include:

e Algae e Herbicides

e Bacteria o Fertilizers

e Fungi o Disinfectants

e Hair ¢ Pharmaceuticals
o Pesticides

Inorganic substances found in drinking water may include:

e Arsenic ¢ Calcium
e Lead ¢ Potassium
e Mercury e Magnesium
e Chlorine ¢ Fluoride
e Sodium
0 50 100 200 300 400 500+

| I | | : | | |
MARGINALLY ACCEPTABLE | |HIGH TDS WATER FROM MINERAL

[HARD WATER (170+] | SPRINGS OR TAP .
CARBON FILTRATION. CONTAMINATION LEVEL
DISTILLATION & D.I. ) L
MOUNTAIN SPRING OR I AVERAGE TAP WATER RANGE | (McL's)
AQUIFERS | |
| GOOD DRINKING WATER RANGE ]  |TDS: Total Dissolved Solids, any salts, other chemicals,
| | and salt metals dissolved in water. Measurements are in
milligrams per unit volume (or parts per million, ppm)
4Technical
s~ Learning & £ &
~ College TDS (Total Dissolved Solids) Explained
Secondary Standard

TDS is most often measured in parts per million (ppm) or milligrams per liter of water (mg/L). The
normal TDS level ranges from 50 ppm to 1,000 ppm. The Environmental Protection Agency (EPA),
which is responsible for drinking water regulations in the United States, has identified TDS as a
secondary standard, meaning that it is a voluntary guideline. While the United States set legal
standards for many harmful substances, TDS, along with other contaminants that cause aesthetic,
cosmetic, and technical effects, has only a guideline.
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Levels of TDS (milligrams per litre) Rating
Less than 300 Excellent

300 - 600 Good

600 - 900 Fair

900 - 1,200 Poor

Above 1,200 Unacceptable

Increased concentrations of dissolved solids can also have technical effects. Dissolved solids can
produce hard water, which leaves deposits and films on fixtures and can corrode the insides of hot
water pipes and boilers.

TOTAL SUSPENDED SOLIDS |
PARAMETERS CLARITY TURBIDITY (TSS)
HOW FAR LIGHT CAN PASS | MEASURES THE DEGREE TO | PARTICLES THAT ARE LARGER
DEFINITION THROUGH THE WHICH WATER LOSES THAN 2 MICRONS FOUND IN
WATER COLUMN IT'S TRANPARENCY THE WATER COLUMN

TURBIDITY AND CLARITY ARE DIRECTLY RELATED.

TURBIDITY IS A MEASURE OF THE WATER'S CLARITY WIS fnd DAE I EASFECTD

TURBIDITY, TURBIDITY IS NOT

COMMENTS High Turbidity = Low Clarity A DIRECT MEASUREMENT OF
Low Turbidity = High Clarity TOTAL SUSPENDED SOLIDS
ORGANIC AND INORGANIC SUSPENDED SOLIDS, LIKE CLAY, ORGANIC AND INORGANIC
WHAT IS SILT, SEDIMENT, ALGAE AND BATERIA SUSPENDED SOLIDS
+ SETTLEABLE SOLIDS
MEASURED? (Solids that are moved along the

DISSOLVED COLORED MATERIALS (Smaller than 2 Microns) | bottom of water by strong flow)
DIRECT MEASUREMENT: TURBIDIMETER or TURBIDITY SENSOR

HOWISIT TO MEASURE TSS, A WATER
MEASURED? INDIRECT MEASUREMENT: SECCHI DISK or TURBIDITY TUBE SAMPLE IS FILTERED, DRIED
AND WEIGHED

Indirect Methods are Quick and Expensive but are Dependent
on the Visual Acuity of the Observer

TOTAL DISSOLVED SOLIDS / WATER TREATMENT

Technical
Learning
College

168
Chlorine & Disinfection©7/18/2022 TLC (866) 557-1746



Langelier Saturation Index

The Langelier Saturation index (LSI) is an equilibrium model derived from the theoretical concept
of saturation and provides an indicator of the degree of saturation of water with respect to calcium
carbonate. It can be shown that the Langelier saturation index (LSI) approximates the base 10
logarithm of the calcite saturation level. The Langelier saturation level approaches the concept of
saturation using pH as a main variable. The LSI can be interpreted as the pH change required to
bring water to equilibrium.

si=] [eu]+ [m] o+ fer] + [af] - DST]

SATURATION pHAS TEMPERATURE CALCIUM ALKALINITY TDS
INDEX TESTED FACTOR FACTOR FACTOR FACTOR
0.4 02 -01 +0.1  +0.2 +0.4
1 f I 1 1 1 I I
| | 1 | 1 1
CORROSION BALANCED WATER SCALING
[

|

‘THE IDEAL RANGE FOR "BALANCED" WATER IS BETWEEN -0.3 to +0.3 |

LANGELIER SATURATION INDEX

Water with a Langelier saturation index of 1.0 is one pH unit above saturation. Reducing the pH by
1 unit will bring the water into equilibrium. This occurs because the portion of total alkalinity present
as CO3* decreases as the pH decreases, according to the equilibria describing the dissociation of
carbonic acid:

H,CO, & HCO, + H'
HCO, & CO,” +H*

If LS| is negative: No potential to scale, the water will dissolve CaCOs

If LSl is positive: Scale can form and CaCOs precipitation may occur

If LSl is close to zero: Borderline scale potential.

Water quality or changes in temperature, or evaporation could change the index.

The LSl is probably the most widely used indicator of cooling water scale potential. It is purely an
equilibrium index and deals only with the thermodynamic driving force for calcium carbonate scale
formation and growth. It provides no indication of how much scale or calcium carbonate will actually
precipitate to bring water to equilibrium.

It simply indicates the driving force for scale formation and growth in terms of pH as a master
variable. In order to calculate the LS|, it is necessary to know the alkalinity (mg/l as CaCOQs3), the
calcium hardness (mg/l Ca?* as CaCOs), the total dissolved solids (mg/l TDS), the actual pH, and
the temperature of the water (°C).
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If TDS is unknown, but conductivity is, one can estimate mg/L TDS using a conversion table.
LSl is defined as:

LSI = pH - pHs

Where:
pH is the measured water pH
pHs is the pH at saturation in calcite or calcium carbonate and is defined as:

pHs = (9.3 + A + B) - (C + D)

Where:
A = (Log1 [TDS] - 1)/ 10
=-13.12 x Log1o (°C + 273) + 34.55
C = Log1o [Ca?* as CaCO3] - 0.4
D = Log+o [alkalinity as CaCO3]
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Water Chemistry Post Quiz

pH Section

1. What is the proper term used that are determined using a concentration cell with
transference, by measuring the potential difference between a hydrogen electrode and a
standard electrode such as the silver chloride electrode?

2. In chemistry, pH is a measure of the acidity or basicity of an aqueous solution. Solutions
with a pH less than 7 are said to be acidic and solutions with a pH greater than 7 are basic
or alkaline. Pure water has a pH very close to?

3. Mathematically, pH is the negative logarithm of the activity of the (solvated) hydronium
ion, more often expressed as the measure of the?

4. Which terms is used for aqueous solutions can be done with a glass electrode and a
pH meter, or using indicators?

5. The pH scale is logarithmic and therefore pH is?

6. Measuring alkalinity is important in determining a stream's ability to neutralize acidic
pollution from rainfall or wastewater. It is one of the best measures of the sensitivity of the
stream to acid inputs. There can be long-term changes in the of
rivers and streams in response to human disturbances.

7. pH is defined as the decimal logarithm of the reciprocal of the , ant, in
a solution.

8. Alkalinity is the name given to the quantitative capacity of an aqueous solution to
neutralize an?

9. What is the term used for the color of a test solution with a standard color chart provides
a means to measure pH accurate to the nearest whole number?

10. The calculation of the pH of a solution containing acids and/or bases is an example of
a chemical speciation calculation, that is, a mathematical procedure for calculating the
concentrations of all chemical species that are present in the solution. The complexity of
the procedure depends on the?
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11. Under normal circumstances this means that the concentration of hydrogen ions in
acidic solution can be taken to be equal to the concentration of the acid. The pH is then
equal to minus the logarithm of?

12. Alkalinity of water is its acid-neutralizing capacity. It is the sum of all the titratable
bases. The measured value may vary significantly with the?

13. For strong acids and bases no calculations are necessary except in extreme situations.
The pH of a solution containing a weak acid requires the solution of a quadratic equation.
The pH of a solution containing a weak base may require the?

14. Alkalinity is a measure of this and can be interpreted in terms
of specific substances only when the chemical composition of the sample is known.

15. More precise measurements are possible if the color is measured
spectrophotometrically, using a?

16. For strong acids and bases no calculations are necessary except in extreme
situations. The pH of a solution containing a weak acid requires?

17. The calculation of the pH of a solution containing acids and/or bases is an example of
a calculation, that is, a mathematical procedure for calculating the
concentrations of all chemical species that are present in the solution

18. What is the term used for measurements in the interpretation and control of water and
wastewater treatment processes?

19. What is the term used for compounds that, for practical purposes, are completely
dissociated in water?

20. Sodium hydroxide, NaOH, is an example of a?
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Chapter 4 -Chlorine Section

Section Focus: You will learn the basics of water disinfection with an emphasis on Chlorine. At
the end of this section, you will be able to describe chlorination. There is a post quiz at the end of
this section to review your comprehension and a final examination in the Assignment for your
contact hours.

Scope/Background: Traditionally, the use of chlorine gas was the most common method of water
disinfection. Chlorine gas itself is relatively inexpensive but is a highly toxic chemical that must be
transported and handled with extreme caution. It is stored under pressure in large tanks and is
released into the water or wastewater as a gas.

CHLORINE

AVOID CONTACT

DO NOT TAKE INTERNALLY
WITH EYES, MOUTH

FLAMMABLE - KEEP FIRE AWAY

USE ONLY IN WELL VENTILATED AREAS.
USE ONLY WHERE THERE ARE NO OPEN FLAMES
OR OTHER SOURCES OF IGNITION
EXTREMELY FLAMMABLE

KEEP AWAY FROM HEAT, SPARKS AND OPEN FLAME
KEEP CONTAINER CLOSED

AVOID
BREATHING FUMES

HAZARD IDENTIFICATION| CODE NUMBERS

4 - SEVERE

3 - SERIOUS

2 - MODERATE
1 - SLIGHT

0 - MINIMAL

Upon adding chlorine to water, two chemical species, known together as free chlorine, are
formed. These species, hypochlorous acid (HOCI, electrically neutral) and hypochlorite ion
(OCI-, electrically negative), behave very differently. Hypochlorous acid is not only more
reactive than the hypochlorite ion, but is also a stronger disinfectant and oxidant.
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1-Ton Containers
The top line or valve is for extracting the gas, and the bottom line is for extracting the Cl2
liquid. Never place water on a leaking metal cylinder. Water will help create acid which
will make the leak larger.
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Chlorine Timeline

1879 - This marked the first time that chlorine was applied as a disinfectant. William Soper of
England treated the feces of typhoid patients before disposal into the sewer. He used chlorinated
lime, which was a common form of chlorine used initially. (White, 1972)

1893 - This date was the first time that chlorine was applied as a disinfectant on a plant scale
basis. This application was made at Hamburg, Germany. (White, 1972)

1903 - This marked the first time chlorine gas was used as a disinfectant in drinking water. This
took place in Middlekerke, Belgium. Prior to this date, chlorine was applied through the use of
hydrated lime, chloride of lime, or bleaching powder. The use of chlorine gas was designed by
Maurice Duyk, a chemist for the Belgian Ministry of Public Works. (Pontius, 1990)

1908 - The first full scale chlorine installation at a drinking water plant in the United States was
initiated in this year. This installation took place at the Bubbly Creek Filter Plant in Chicago. This
plant served the Chicago Stockyards and was designed by George A. Johnson. The raw water
contained a large amount of sewage which was causing sicknesses in the livestock. Johnson
implemented chlorine through chloride of lime, and the bacterial content of the water dropped
drastically. (Pontius, 1990)

1910 - C. R. Darnall became the first to use compressed chlorine gas from steel cylinders, which
is an approach still commonly used today. His installation was in Youngstown, Ohio. His
implementation used a pressure-reducing mechanism, a metering device, and an absorption
chamber. It was moderately successful, but his setup was only used once.

1912 - John Kienle, chief engineer of the Wilmington, Delaware water department, invented
another way to apply chlorine to drinking water. He developed a way to push compressed chlorine
from cylinders into an absorption tower in which water was flowing opposite the flow of the
chlorine. Because the gas flow was opposite the water flow, the chlorine was able to disinfect the
water. (Pontius, 1990)

1913 - An Ornstein chlorinator was installed at Kienle's Wilmington, Delaware water treatment
plant. This marked the first time a commercial chlorination system was installed at a municipal
water treatment plant. The chlorinator used the same basic premise that Kienle's previous
installation did, but the Ornstein chlorinator used both a high and low pressure gauge to more
accurately control the amount of chlorine added to the system. (Pontius, 1990)

1914 - On October 14, 1914, the Department of the Treasury enacted the first set of standards
that required the use of disinfection for drinking water. These standards called for a maximum
level of bacterial concentration of 2 coliforms per 100 milliliters. Because chlorination was the
main disinfectant at the time, these standards dramatically increased the number of treatment
plants using chlorine. (White, 1972)

1919 - Two important discoveries were made during this year. Wolman and Enslow discovered
the concept of chlorine demand which states that the amount of chlorine needed to disinfect the
water is related to the concentration of the waste and the amount of time the chlorine has to
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contact the water. The other important discovery of 1919 was by Alexander Houston. He
discovered that chlorine can also eliminate taste and odor problems in water. (Pontius, 1990)

1925 - New drinking water standards were enacted that reduced the maximum permissible limit
of coliforms from 2 to 1 coliform per 100 milliliters. This increased the amount and frequency of
chlorination again. (White, 1972)

1939 - The theory of the chlorine breakpoint was discovered in this year. Chlorine breakpoint
theory is discussed in the following section. (White, 1972)

1960 - A new implementation practice was discovered in this year. The compound loop principle
of chlorinator control was implemented, which is the most recent major discovery in chlorine
application. (White, 1972)

1972 - A report entitled "Industrial Pollution of the Lower Mississippi River in Louisiana" was
published containing the first evidence of disinfection byproducts in drinking water resulting from
organic pollution in source water. (Pontius, 1990)

As is evident by the dates in the timeline, most of the innovation in chlorination occurred over 70
years ago. Very few innovations or discoveries have been made recently. Most of the current
research is being performed in other areas of disinfection. These areas include ozone, chlorine
dioxide, and UV radiation.

CHLORINE
LiQUID IN

CHLORINE
GAS OUT

=

t

= VACCUM
REGULATOR

VACUUM

| N

CHLORINE
SOLUTION

. INJECTOR
CHLORINE

- hl

~ffmmm CHLORINE GAS

CHLORINE i
RESIDUAL | ]

CHLORINE 1-TON CYLINDER

Chlorine is still the most widely used disinfectant in the United States, but other areas of
the world are beginning to use other methods of disinfection with increasing frequency.
Since chlorine is still widely used, a thorough understanding of how it disinfects and is
implemented is important to those interested in water treatment.
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Chlorine Diagrams # 1

y

150 pound chlorine cylinder

RATE VALVE

TO
VACCUM SEAL VENT
"O" RING

OUTLET

INLET CONNECTION
SAFETY
LEAD VALVE
GASKET
CYLINDER
VALVE
VACUUM
LINE
YOKE
CLAMP VALVE
“\ RATE
INDICATOR
EJECTOR AND
CHECK VALVE
ASSEMBLY

REGULATING DIAPHRAGM
ASSMBLY

CHLORINE

WATER SUPPLY = SOLUTION

CYLINDER

150 Lb. SINGLE CYLINDER CHLORINATOR
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COAGULANT LIME CARBON
(aluminum sulfate)

i i

SOFTENER
RAW WATER

AERATOR
SODA
TREATMENT

CHLORINE

TREATED
WATER

Water treatment plant chlorine addition diagram
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L

Top photograph, adjusting the chlorine leak alarm sensor. Bottom photograph,
chlorine container weight scales.
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Hard to tell, but these are one-ton chlorine gas containers. Notice the five-gallon
bucket of motor oil in the bottom photograph. Do you have an eye wash and
emergency shower?
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Elemental Chlorine - Introduction

cl,

Cl -Cl

CHLORINE MOLECULE

Name: Chlorine

Symbol: CI

Atomic Number: 17

Atomic Mass: 35.4527 amu

Melting Point: -100.98 °C (172.17 K, -149.764 °F)
Boiling Point: -34.6 °C (238.55 K, -30.279997 °F)
Number of Protons/Electrons: 17

Number of Neutrons: 18

Classification: Halogen

Crystal Structure: Orthorhombic

Density @ 293 K: 3.214 g/cm?3

Color: Green

Uses: Water purification, bleaches

Obtained From: Salt

Date of Discovery: 1774

Discoverer: Carl Wilhelm Scheele

Name Origin: From the Greek word khléros (green)

Chlorine Gas Information
Identifiers

1. CAS No.: 7782-50-5

2. RTECS No.: FO2100000
3. DOT UN: 1017 20

4. DOT label: Poison gas
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Safety Data

NIOSH IDHL: 10 ppm

NIOSH Ceiling: 0.5ppm/15 minutes

PEL/TWA: 1 ppm

TLVITWA: 1 ppm

TLV/STEL: 3 ppm

TLV/IDLH: 1993-1994 ACGIH TLV: 0.5 ppm (1.5 mg/m3) TWA, 1 ppm (2.9 mg/m?3)
STEL

Physical Data

1. Molecular weight: 70.9

2. Boiling point (at 760 mm Hg): -34.6 degrees C (-30.28 degrees F)

3. Specific gravity (liquid): 1.41 at 20 degrees C (68 degrees F) and a pressure of 6.86
atm

4. Vapor density: 2.5

5. Melting point: -101 degrees C (-149.8 degrees F)

6. Vapor pressure at 20 degrees C (68 degrees F): 4,800 mm Hg

7. Solubility: Slightly soluble in water; soluble in alkalis, alcohols, and chlorides.

8. Evaporation rate: Data not available.

Chlorine’s Appearance and Odor
Chlorine is a greenish-yellow gas with a characteristic pungent odor. It condenses to an
amber liquid at approximately -34 degrees C (-29.2 degrees F) or at high pressures.

Odor thresholds ranging 0.3-0.5 parts per million (ppm) parts of air have been reported.
Prolonged exposures may result in olfactory fatigue.

Reactivity
1. Conditions Contributing to Instability: Cylinders of chlorine may burst when exposed
to elevated temperatures. Chlorine in solution forms a corrosive material.

2. Incompatibilities: Flammable gases and vapors form explosive mixtures with chlorine.
Contact between chlorine and many combustible substances (such as gasoline and
petroleum products, hydrocarbons, turpentine, alcohols, acetylene, hydrogen, ammonia,
and sulfur), reducing agents, and finely divided metals may cause fires and explosions.
Contact between chlorine and arsenic, bismuth, boron, calcium, activated carbon, carbon
disulfide, glycerol, hydrazine, iodine, methane, oxomonosilane, potassium, propylene, and
silicon should be avoided.

Chlorine reacts with hydrogen sulfide and water to form hydrochloric acid, and it reacts
with carbon monoxide and sulfur dioxide to form phosgene and sulfuryl chloride. Chlorine
is also incompatible with moisture, steam, and water.

3. Hazardous Decomposition Products: None reported.

4. Special Precautions: Chlorine will attack some forms of plastics, rubber, and coatings.
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Flammability

Chlorine is a non-combustible gas.

The National Fire Protection Association has assigned a flammability rating of 0 (no fire
hazard) to chlorine; however, most combustible materials will burn in chlorine.

1. Flash point: Not applicable.

2. Autoignition temperature: Not applicable.

3. Flammable limits in air: Not applicable.

4. Extinguishant: For small fires use water only; do not use dry chemical or carbon
dioxide. Contain and let large fires involving chlorine burn. If fire must be fought, use water
spray or fog.

Fires involving chlorine should be fought upwind from the maximum distance
possible.

Keep unnecessary people away; isolate the hazard area and deny entry. For a massive
fire in a cargo area, use unmanned hose holders or monitor nozzles; if this is impossible,
withdraw from the area and let the fire burn. Emergency personnel should stay out of low
areas and ventilate closed spaces before entering.

Containers of chlorine may explode in the heat of the fire and should be moved from the
fire area if it is possible to do so safely. If this is not possible, cool fire exposed containers
from the sides with water until well after the fire is out. Stay away from the ends of
containers. Firefighters should wear a full set of protective clothing and self- contained
breathing apparatus when fighting fires involving chlorine.

FIRE TRIANGLE DIAGRAM
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Chlorine Exposure Limits

* OSHA PEL

The current OSHA permissible exposure limit (PEL) for chlorine is 1 ppm (3 milligrams
per cubic meter (mg/m®)) as a ceiling limit. A worker's exposure to chlorine shall at no
time exceed this ceiling level [29 CFR 1910.1000, Table Z-1].

* NIOSH REL

The National Institute for Occupational Safety and Health (NIOSH) has established a
recommended exposure limit (REL) for chlorine of 0.5 ppm mg/m®) as a TWA forup to a
10-hour workday and a 40-hour workweek and a short-term exposure limit (STEL) of 1
ppm (3 mg/mGHNIOSH 1992].

* ACGIH TLV

The American Conference of Governmental Industrial Hygienists (ACGIH) has assigned
chlorine a threshold limit value (TLV) of 0.5 ppm (1.5 mg/m®) as a TWA for a normal 8-
hour workday and a 40-hour workweek and a STEL of 1 ppm (2.9 mg/m®®)) for periods not
to exceed 15 minutes. Exposures at the STEL concentration should not be repeated more
than four times a day and should be separated by intervals of at least 60 minutes [ACGIH
1994, p. 15].

* Rationale for Limits

The NIOSH limits are based on the risk of severe eye, mucous membrane and skin
irritation [NIOSH 1992]. The ACGIH limits are based on the risk of eye and mucous
membrane irritation [ACGIH 1991, p. 254].

Chlorine’s Atomic Structure
(U ELECTRONS = 17
) PROTONS = 17

S () NEUTRONS = 18

NUCLEUS
Isotopes
Isotope Half Life
CI-35 Stable
Cl-36 301000.0 years
CI-37 Stable
Cl-38 37.2 minutes
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Chlorine Disinfectant Qualities

Chlorine is one of 90 natural elements, the basic building blocks of our planet. To be
useful, an element must be relatively abundant or have extremely desirable properties.
Chlorine has both characteristics. As a result -- over the course of many decades of careful
research and development -- scientists have learned to use chlorine and the products of
chlorine chemistry to make drinking water safe, destroy life-threatening germs, produce
life-saving drugs and medical equipment, shield police and fire fighters in the line of duty,
and ensure a plentiful food supply.

In 1774, in his small experimental laboratory, Swedish pharmacist Carl Wilhem Scheele
released a few drops of hydrochloric acid onto a piece of manganese dioxide. Within
seconds, a greenish-yellow gas arose. Although he had no idea at the time, he had just
discovered chlorine.

The fact that the greenish-yellow gas was actually an element was only recognized several
decades later by English chemist Sir Humphrey Davy. Until that time, people were
convinced that the gas was a compound of oxygen. Davy gave the element its name on
the basis of the Greek word khloros, for greenish-yellow. In 1810 he suggested the name
"chloric gas" or "chlorine."

One of the most effective and economical germ-killers, chlorine also destroys and
deactivates a wide range of dangerous germs in homes, hospitals, swimming pools,
hotels, restaurants, and other public places. Chlorine's powerful disinfectant qualities
come from its ability to bond with and destroy the outer surfaces of bacteria and viruses.
First used as a germicide to prevent the spread of "child bed fever" in the maternity wards
of Vienna General Hospital in Austria in 1846, chlorine has been one of society's most
potent weapons against a wide array of life-threatening infections, viruses, and bacteria
for 150 years.

When the first men to set foot on the moon returned to earth (Apollo 11 mission: 24.7.69)
a hypochlorite solution was chosen as one of the disinfectants for destroying any
possible moon germs.

What Happens to Chlorine When it Enters the Environment?
e« When released to air, chlorine will react with water to form hypochlorous acid and
hydrochloric acid, which are removed from the atmosphere by rainfall.

e Chlorine is slightly soluble in water. It reacts with water to form hypochlorous acid
and hydrochloric acid. The hypochlorous acid breaks down rapidly. The
hydrochloric acid also breaks down; its breakdown products will lower the pH of
the water (makes it more acidic).

e Since chlorine is a gas it is rarely found in soil. If released to soil, chlorine will react
with moisture forming hypochlorous acid and hydrochloric acid. These compounds
can react with other substances found in soil.

e Chlorine does not accumulate in the food chain.
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Restaurants and meat and poultry processing plants rely on chlorine bleach and other chlorine-
based products to kill harmful levels of bacteria such as Salmonella and E. coli on food
preparation surfaces and during food processing. Chlorine is so important in poultry processing
that the US Department of Agriculture requires an almost constant chlorine rinse for much of
the cutting equipment. In fact, no proven economical alternative to chlorine disinfection exists
for use in meat and poultry processing facilities.

Properties

Because it is highly reactive, chlorine is usually found in nature bound with other elements like
sodium, potassium, and magnesium. When chlorine is isolated as a free element, chlorine is a
greenish yellow gas, which is 2.5 times heavier than air. It turns to a liquid state at -34°C (-
29°F), and it becomes a yellowish crystalline solid at -103°C (-153°F). Chemists began
experimenting with chlorine and chlorine compounds in the 18th century. They learned that
chlorine has an extraordinary ability to extend a chemical bridge between various elements and
compounds that would not otherwise react with each other. Chlorine has been especially useful
in studying and synthesizing organic compounds -- compounds that have at least one atom of
the element carbon in their molecular structure. All living organisms, including humans, are
composed of organic compounds.

Chlorine is one of the most abundant chemical elements on Earth. It is ubiquitous in soils,
minerals, plants and animals. Seawater is a huge reservoir of dissolved chlorine weathered
from the continents and transported to the oceans by Earth's rivers.

Chlorine is also one of the most useful chemical elements. Each chemical element has its own
set of unique properties and chlorine is known as a very reactive element--so reactive, in fact,
that it is usually found combined with other elements in the form of compounds. More than
3,500 naturally occurring chlorinated organic (associated with living organisms) compounds
alone have been identified.

Chlorine's chemical properties have been harnessed innovatively for good use. For example,
this element plays a huge role in public health. Chlorine-based disinfectants are capable of
removing a wide variety of disease-causing germs from drinking water and wastewater as well
as from hospital and food production surfaces. Additionally, chlorine plays an important role in
the manufacture of thousands of products we depend upon every day, including such diverse
items as cars, computers, pharmaceuticals and military flak jackets. As the ninth largest
chemical produced in the U.S. by volume, chlorine is truly a "workhorse chemical."

Released From the Salt of the Earth
Chlorine is produced industrially from the compound sodium chloride, one of the many salts
found in geologic deposits formed from the slow evaporation of ancient seawater. When
electricity is applied to a brine solution of sodium chloride, chlorine gas (CI2), caustic soda
(NaOH) and hydrogen gas (H.) are generated according to the following reaction:
Chilorine Caustic Hydrogen
Salt + Vater s gas + coda + Ygasg

2NaCl * 2H,0 - Cl + 2NaOH * H.
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Co-Products

As the reaction demonstrates, chlorine gas cannot be produced without producing caustic soda,
so chlorine and caustic soda are known as "co-products,” and their economics are inextricably
linked. Caustic soda, also called "alkali," is used to produce a wide range of organic and
inorganic chemicals and soaps. In addition, the pulp and paper, alumina and textiles industries
use caustic soda in their manufacturing processes. Thus, the "chlor-alkali" industry obtains two
very useful chemicals by applying electrical energy to sea salt.

Definitions

Chlorine Gas Feed Room

A chlorine gas feed room, for the purposes of this document, is a room that contains the
chlorinator(s) and active cylinder(s) used to apply chlorine gas at a water or wastewater facility.

Chlorine Gas Storage Room

A chlorine gas storage room, for the purposes of this document, is a room other than a chlorine
gas feed room, in which full, partial, or empty chlorine gas cylinders or ton containers are stored
at a water or wastewater facility.

Gas Chlorinator

A gas chlorinator is a device used to meter and control the application rate of chlorine gas into
a liquid. There is the danger of the gas escaping at a treatment facility. The gas chlorinator
should be isolated from a treatment plant.

Chlorine Cabinet

A chlorine cabinet is a pre-assembled or factory built unit that contains the equipment used to
apply chlorine gas at a water or wastewater treatment facility. It is isolated from a water or
wastewater treatment plant.
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Chlorine Gas Sub-Section

Background: Chlorine gas is a pulmonary irritant with intermediate water
solubility that causes acute damage in the upper and lower respiratory
tract. Chlorine gas was first used as a chemical weapon at Ypres, France
in 1915. Of the 70,552 American soldiers poisoned with various gasses in
World War |, 1843 were exposed to chlorine gas. Approximately 10.5
million tons and over 1 million containers of chlorine are shipped in the
U.S. each year, so it can be and is handled safely.

CONCENTRATED
HYDROCHLORIC
ACID

POTASSIUM
MANGANATE

Chlorine is a yellowish-green gas at standard temperature and pressure. It is extremely reactive
with most elements. Because its density is greater than that of air, the gas settles low to the
ground. ltis a respiratory irritant, and it burns the skin. Just a few breaths of it are fatal. Cl, gas
does not occur naturally, although chlorine can be found in a number of compounds.

Chlorine gas is likely the most widely used oxidizing microbiocide. Beside water and wastewater
treatment, it has traditionally been the biocide of choice in many cooling water treatment
systems. It is a strong oxidizer that is relatively easy to feed and is quite inexpensive. Upon
introduction into the water stream, chlorine hydrolyzes into hypochlorous acid (HOCI) and
hydrochloric acid (HCI).

This hydrolyzation provides the most active toxicant, HOCI, which is pH-dependent. In alkaline
conditions, it readily dissociates to form the hypochlorite ion (OCI-). This dissociation
phenomenon is important to remember in alkaline conditions, OCI- becomes the predominant
species and lacks the biocidal efficacy of the non-dissociated form. Considerably more HOCI is
present at a pH of 7.0 than at pH 8.5.
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It is also widely known that chlorine is non-selective, making it very sensitive to contamination
from either cooling water makeup or from in-plant process leaks. Ammonia, organic acids and
organic compounds, sulfides, iron and manganese all easily react with HOCI. The amount of
chlorine needed to react with these contamination species is referred to as chlorine demand
and it must be satisfied before active HOCI is available to provide a free chlorine residual.

The combination of high chlorine demand in process-contaminated systems and the
dissociation process in alkaline systems creates the need for greater chlorine feed to obtain the
same microbial efficacy. This results in a higher concentration of HCI in the cooling system.
Since HCI removes alkalinity, pH depression and system corrosion could occur. In low pH
water, the passive metal oxide layers protecting the metal may resolubulize, exposing the
surface to corrosion.

At free mineral acidity (pH <4.3), many passivating inhibitors become ineffective, and corrosion
will proceed rapidly. Increased chloride may also have a negative impact on system corrosion.
The chloride ion (Cl-) can damage or penetrate the passive oxide layer, leading to localized
damage of the metal surface.

High chlorine concentrations have also been shown to directly attack traditional organic-based
corrosion inhibitors. When these inhibitors are "deactivated," the metal surface would then be
susceptible to corrosion. Process Safety Management (PSM) guidelines dictated by the U.S.
Occupational Safety and Health Administration (OSHA), discharge problems related to
chlorinated organic compounds such as trihalomethane (THM), dezincification of admiralty
brass and delignification of cooling tower wood are other significant concerns associated with
the use of chlorine.

Pathophysiology

Chlorine is a greenish-yellow, noncombustible gas at room temperature and atmospheric
pressure. The intermediate water solubility of chlorine accounts for its effect on the upper airway
and the lower respiratory tract.

Exposure to chlorine gas may be prolonged because its moderate water solubility may not
cause upper airway symptoms for several minutes. In addition, the density of the gas is greater
than that of air, causing it to remain near ground level and increasing exposure time.

The odor threshold for chlorine is approximately 0.3-0.5 parts per million (ppm); however,
distinguishing toxic air levels from permissible air levels may be difficult until irritative symptoms
are present.

Mechanism of Activity

The mechanisms of the above biological activity are poorly understood and the predominant
anatomic site of injury may vary, depending on the chemical species produced. Cellular injury
is believed to result from the oxidation of functional groups in cell components, from reactions
with tissue water to form hypochlorous and hydrochloric acid, and from the generation of free
oxygen radicals.
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Although the idea that chlorine causes direct tissue damage by
generating free oxygen radicals was once accepted, this idea is
now controversial. The cylinders on the right contain chlorine gas.

The gas comes out of the cylinder through a gas regulator. The
cylinders are on a scale that operators use to measure the amount
used each day. The chains are used to prevent the tanks from
falling over. Chlorine gas is stored in vented rooms that have panic
bar equipped doors.

Operators have the equipment necessary to reduce the impact of a
gas leak, but usually rely on trained emergency response teams to
contain leaks.

Solubility Effects

Hydrochloric acid is highly soluble in water. The predominant
targets of the acid are the epithelia of the ocular conjunctivae and
upper respiratory mucus membranes. Hypochlorous acid is also
highly water soluble with an injury pattern similar to hydrochloric
acid.

Hypochlorous acid may account for the toxicity of elemental chlorine and hydrochloric acid to
the human body.

Early Response to Chlorine Gas

Chlorine gas, when mixed with ammonia, reacts to form chloramine gas. In the presence of
water, chloramines decompose to ammonia and hypochlorous acid or hydrochloric acid. The
early response to chlorine exposure depends on the

(1) concentration of chlorine gas,

(2) duration of exposure,

(3) water content of the tissues exposed, and

(4) individual susceptibility.

Immediate Effects

The immediate effects of chlorine gas toxicity include acute inflammation of the conjunctivae,
nose, pharynx, larynx, trachea, and bronchi. Irritation of the airway mucosa leads to local edema
secondary to active arterial and capillary hyperemia. Plasma exudation results in filling the
alveoli with edema fluid, resulting in pulmonary congestion.

Pathological Findings
Pathologic findings are nonspecific. They include severe pulmonary edema, pneumonia,
hyaline membrane formation, multiple pulmonary thromboses, and ulcerative tracheobronchitis.

The hallmark of pulmonary injury associated with chlorine toxicity is pulmonary edema,
manifested as hypoxia. Noncardiogenic pulmonary edema is thought to occur when there is a
loss of pulmonary capillary integrity.
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What handling and storage practices should be used when working with

chlorine?

Handling: In event of a spill or leak, immediately put on escape-type respirator and exit the
area. Immediately report leaks, spills or failures of the safety equipment (e.g. ventilation
system). Secure cylinder in an up-right position. Protect cylinders from damage. Use a suitable
hand truck to move cylinders; do not drag, roll, slide, or drop. Use the pressure regulator

appropriate for cylinder pressure and contents.

Storage: Store in an area that is: cool, dry, well-ventilated, out of direct sunlight and away from
heat and ignition sources, secure and separate from work areas, separate from incompatible
materials, on the ground floor or preferably, in an isolated, detached building. Always secure
(e.g. chain) cylinders in an upright position to a wall, rack or other solid structure. Label
container with date received, date opened and disposal date. Use a first-in, first-out inventory
system. Empty containers may contain hazardous residue. Store separately. Keep closed.

Comply with all applicable health and safety regulations, fire and building codes.
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Chlorine Diagrams #2

BACTERIA / VIRUS DISINFECTION TIME FOR FECAL CONTAMINANTS IN CHLORINATED WATER

E. COLI
(BACTERIUM) LESS THAN 1 MINUTE OF CONTACT TIME
HEPATITUS A
(VIRUS) APPROXIMATELY 16 MINUTES CONTACT TIME
GIARDIA
(PARASITE) APPROXIMATELY 45 MINUTES CONTACT TIME

CRYPTOSPORIDIUM

(PARASITE) APPROXIMATELY 10.6 DAYS (15,300 minutes)

CHLORINE TIMETABLE FOR PROPER DISINFECTION

SYMPTOM OF CHLORINE POISONING:

DIFFICULTY IN BREATHING, ACCUMULATION IN LUNGS

BURNING SENSATION IN MOUTH, THROAT SWELLING

THROAT AND STOMACH PAIN, VOMITING

ACIDITY LEVELS IN BODY CHANGE, LOW BLOOD PRESSURE

BURNING AND IRRITATION OF EYES, TEMPORARY LOSS OF VISION

TISSUE DAMAGE, BURNS AND IRRITATION OF THE SKIN
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REQUIRED CT-value (concentration X time) for disinfection
(A LOW VALUE REPRESENTS A HIGHER DISINFECTION EFFECTIVENESS)

OZONE

CHLORINE
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I
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CONTACT VALUES FOR VARIOUS TYPES OF DISINFECTANTS USED IN WATER TREATMENT

AMOUNT
AVAILABLE FOR
DISINFECTION

AMOUNT
INACTIVATED BY
pH EFFECTS

AMOUNT
CONSUMED BY
ORGANICS

CHLORINE
(Cl3)

CHLORINE DIOXIDE
(ClO;)

AMOUNT
AVAILABLE FOR
DISINFECTION

AMOUNT
CONSUMED BY
ORGANICS

THE DIFFERENCE IN USING CHLORINE AND CHLORINE DIOXIDE AS A DISINFECTANT
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Chlorine’s Effectiveness

The effectiveness of chlorination depends on the chlorine demand of the water, the
concentration of the chlorine solution added, the time that chlorine is in contact with the
organism, and water quality. These effects can be summarized in the following manner:

e As the concentration of the chlorine increases, the required contact time to disinfect
decreases.
Chlorination is more effective as water temperature increases.
Chlorination is less effective as the water's pH increases (becomes more alkaline).
Chlorination is less effective in cloudy (turbid) water.
When chlorine is added to the water supply, part of it combines with other chemicals in
water (like iron, manganese, hydrogen sulfide, and ammonia) and is not available for
disinfection. The amount of chlorine that reacts with the other chemicals plus the amount
required to achieve disinfection is the chlorine demand of the water.

The safest way to be sure that the amount of chlorine added is sufficient is to add a little more
than is required. This will result in a free chlorine residual that can be measured easily. This
chlorine residual must be maintained for several minutes depending on chlorine level and water
quality. Table 4 lists the free chlorine residual level needed for different contact times, water
temperatures and pH levels.

Kits are available for measuring the chlorine residual by looking for a color change after the test
chemical is added. The test is simple and easy for a homeowner to perform. If chlorination is
required for the water supply, the chlorine residual should be tested regularly to make sure the
system is working properly. The kit should specify that it measures the free chlorine residual
and not the total chlorine. Once chlorine has combined with other chemicals it is not effective
as a disinfectant. If a test kit does not distinguish between free chlorine and chlorine combined
with other chemicals, the test may result in an overestimation of the chlorine residual.
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Chlorine will kill bacteria in water, but it takes some time (Table 4) . The time needed depends
on the concentration of chlorine. Two methods of chlorination are used to disinfect water:
simple chlorination and superchlorination.

Table 4. Necessary chlorine residual to disinfect water for various contact times, water
temperatures and pH

Water Temp. 50 degrees F

Necessary chlorine residual (mg/l)

Contact time (minutes)

40
30
20
10
5
2
1

pH7
0.2
0.3
0.4
0.8
1.6
4.0
8.0

Water Temp. 32 - 40 degrees F

pH 7.5
0.3
0.4
0.6

1.2
2.4
6.0
12.0

pH 8
0.4
0.5
0.8
1.6
3.2
8.0
16.0

Necessary chlorine residual (mg/l)

Contact time (minutes)

40
30
20

pH7
0.3
0.4
0.6
1.2
24
6.0
12.0

pH 7.5
0.5

0.6

0.9

1.8
3.6

9.0
18.0

pH 8
0.6
0.8
1.2
24
4.8
12.0
24.0

Example: What is the necessary chlorine residual for well water with pH 7.5?

The well water is 38 degrees F when it enters the house. The pump delivers 7 gallons per

minute and after the chlorine is added it is held in a 100 gallon holding tank.
1.
2.
3.

Contact time (from Table 5) - gallons per minute for 50 gallon tank = 5 minutes

Multiply by 2 for a 100 gallon tank = 10 minutes.

Necessary chlorine residual (from Table 4)- for water at 38 degrees F and pH 7.5 =1.8

mg/l.

Simple chlorination involves maintaining a low level of free residual chlorine at a concentration
between 0.30 to .5 mg/l for at least 30 minutes. The residual is measured at the faucet most

distant from the where chlorine is added to the water supply.

To ensure the proper contact time of at least 30 minutes, a holding tank can be installed (Table
5). Pressure tanks, while often thought to be sufficient, are usually too small to always provide
30 minutes of contact time.
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Table 5. Available contact time from a 50-gallon holding tank
Water flow rate (gallons per minute) Holding time (minutes)

5 7
7 5
10 3.5

Another way to maintain necessary contact time is to run the chlorinated water through a coil
of pipe (Table 6).

Table 6. Available contact time from 1000 feet of 1-1/4 inch pipe
Water flow rate (gallons per minute) |Holding time (minutes)

5 9.2
7 6.6
10 4.6

When the water cannot be held for at least 30 minutes before it is used, super chlorination is
an alternative. For superchlorination, a chlorine solution is added to the water to produce a
chlorine residual of between 3.0 and 5.0 mg/I, which is about ten times stronger than for simple
chlorination.

The necessary contact time for this concentration is reduced to less than five minutes (Table
4). The water will have a very strong chlorine smell. If this is not desirable, the chlorine can be
removed just before it is used with a carbon filter (Note: may not be currently allowed under
your Department of Health for private water supplies).

Oxidation Chemistry

Oxidation chemistry has long been an accepted and effective part of many water treatment
programs. Oxidizing chemicals used in today's water treatment programs include: chlorine,
chlorine dioxide, bromine, bromine/chlorine releasing compounds, ozone and hydrogen
peroxide.

Oxidizing microbiocides are often found at the forefront of many cooling water treatment
programs. In large volume or once-through cooling systems they are usually the primary biocide
and often are the most cost-effective programs available to a plant. When selecting these
economical and versatile chemicals, several factors should be considered before a technically
sound program is implemented. Environmental and regulatory impact, system pH, process
contamination, and equipment capital and maintenance expense all play a role in the decision-
making process.

The primary kiling mechanism these types of microbiocides use is oxidizing protein groups
within a microorganism. Proteins are the basic components of essential cellular enzymes that
are necessary for life-sustaining cellular processes such as respiration. The destruction of these
proteins deprives the cell of its ability to carry out fundamental life functions and quickly kills it.
One oxidant is chlorine dioxide, which appears to provide an additional killing mechanism.
Chlorine dioxide is able to diffuse readily through hydrophobic lipid layers of an organism,
allowing it to react with cellular amino acids, which directly inhibits protein synthesis. Since
amino acids are the basic building blocks of all cellular proteins, destruction of these molecules
has a devastating effect on the microorganism.
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Staff shall be familiar with the locations of the chemical feed building as indicated by a
posted site plan. Self-contained breathing apparatus (SCBA) and personal protective
equipment should be facing the chemical feed building. Emergency repair kits “B” and
“C” should be stored on site close to the chemical feed building.

Chlorine scrubber
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The Benefits of Chlorine

Potent Germicide

Chlorine disinfectants can reduce the level of many disease-causing microorganisms in drinking
water to almost immeasurable levels. Chlorine is added to drinking water to destroy pathogenic
(disease-causing) organisms. It can be applied in several forms: elemental chlorine (chlorine
gas), sodium hypochlorite solution (bleach) and dry calcium hypochlorite.

When applied to water, each of these forms “free chlorine”. One pound of elemental chlorine
provides approximately as much free available chlorine as one gallon of sodium hypochlorite
(12.5% solution) or approximately 1.5 pounds of calcium hypochlorite (65% strength).

While any of these forms of chlorine can effectively disinfect drinking water, each has distinct
advantages and limitations for particular applications. Almost all water systems that disinfect
their water use some type of chlorine-based process, either alone or in combination with other
disinfectants.

Taste and Odor Control

Chlorine disinfectants reduce many disagreeable tastes and odors. Chlorine oxidizes many
naturally occurring substances such as foul-smelling algae secretions, sulfides and odors from
decaying vegetation.

Biological Growth Control
Chlorine disinfectants eliminate slime bacteria, molds and algae that commonly grow in water
supply reservoirs, on the walls of water mains and in storage tanks.

Chemical Control

Chlorine disinfectants destroy hydrogen sulfide (which has a rotten egg odor) and remove
ammonia and other nitrogenous compounds that have unpleasant tastes and hinder
disinfection. They also help to remove iron and manganese from raw water.

Water Treatment

Every day, approximately 170,000 (U.S. EPA, 2002) public water systems treat and convey
billions of gallons of water through approximately 880,000 miles (Kirmeyer, 1994) of distribution
system piping to U.S. homes, farms and businesses. Broadly speaking, water is treated to
render it suitable for human use and consumption.

While the primary goal is to produce a biologically (disinfected) and chemically safe product,
other objectives also must be met, including: no objectionable taste or odor; low levels of color
and turbidity (cloudiness); and chemical stability (non-corrosive and non-scaling). Individual
facilities customize treatment to address the particular natural and manmade contamination
characteristic of their raw water.

Surface water usually presents a greater treatment challenge than groundwater, which is
naturally filtered as it percolates through sediments. Surface water is laden with organic and
mineral particulate matter, and may harbor protozoan parasites such as Cryptosporidium
parvum and Giardia lamblia.
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Water Distribution

In storage and distribution, drinking water must be kept safe from microbial contamination.
Frequently, slippery films of bacteria, known as biofilms, develop on the inside walls of pipes
and storage containers. Among disinfection techniques, chlorination is unique in that a pre-
determined chlorine concentration may be designed to remain in treated water as a measure
of protection against harmful microbes encountered after leaving the treatment facility. In the
event of a significant intrusion of pathogens resulting, for example, from a broken water main,
the level of the average “chlorine residual” will be insufficient to disinfect contaminated water.
In such cases, it is the monitoring of the sudden drop in the chlorine residual that provides the
critical indication to water system operators that there is a source of contamination in the
system.

The Challenge of Disinfection Byproducts

While protecting against microbial contamination is the top priority, water systems must also
control disinfection byproducts (DBPs), chemical compounds formed unintentionally when
chlorine and other disinfectants react with natural organic matter in water. In the early 1970s,
EPA scientists first determined that drinking water chlorination could form a group of byproducts
known as trihalomethanes (THMs), including chloroform.

EPA set the first regulatory limits for THMs in 1979. While the available evidence does not prove
that DBPs in drinking water cause adverse health effects in humans, high levels of these
chemicals are certainly undesirable. Cost-effective methods to reduce DBP formation are
available and should be adopted where possible.

Chemical Safety (IPCS 2000) Strongly Cautions:

The health risks from these byproducts at the levels at which they occur in drinking water are
extremely small in comparison with the risks associated with inadequate disinfection. Thus, it
is important that disinfection not be compromised in attempting to control such byproducts.
Recent EPA regulations have further limited THMs and other DBPs in drinking water. Most
water systems are meeting these new standards by controlling the amount of natural organic
material prior to disinfection.

Chlorine and Water System Security

The prospect of a terrorist attack has forced all water systems, large and small, to re-evaluate
and upgrade existing security measures. Since September 11th, 2001, water system managers
have taken unprecedented steps to protect against possible attacks such as chemical or
biological contamination of the water supply, disruption of water treatment or distribution, and
intentional release of treatment chemicals.

With passage of the Public Health Security and Bioterrorism Response Act of 2002, Congress
required community water systems to assess their vulnerability to a terrorist attack and other
intentional acts. As part of these vulnerability assessments, systems assess the transportation,
storage and use of treatment chemicals.

These chemicals are both critical assets (necessary for delivering safe water) and potential
vulnerabilities (may pose significant hazards, if released). Water systems using elemental
chlorine, in particular, must determine whether existing protection systems are adequate. If not,
they must consider additional measures to reduce the likelihood of an attack or to mitigate the
potential consequences.
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Disinfection is crucial to water system security, providing the “front line” of defense against
biological contamination. However, conventional treatment barriers in no way guarantee safety
from biological attacks. Additional research and funding are needed to improve prevention,
detection and responses to potential threats.

The Future of Chlorine Disinfection

Despite a range of new challenges, drinking water chlorination will remain a cornerstone of
waterborne disease prevention. Chlorine’s wide array of benefits cannot be provided by any
other single disinfectant. While alternative disinfectants (including chlorine dioxide, ozone, and
ultraviolet radiation) are available, all disinfection methods have unique benefits, limitations,
and costs. Water system managers must consider these factors, and design a disinfection
approach to match each system’s characteristics and source water quality.

Understanding Disinfection Byproducts (DBPS)

Chlorine and other chemical disinfectants have been widely used by public water systems
(along with filtration) to protect the public from microbial pathogens in drinking water. DBPs are
formed when certain disinfectants react with DBP precursors (organic and inorganic materials)
in source waters. In most cases, natural organic matter (NOM) is an important factor that affects
the levels of DBPs that form (NOM is usually measured as TOC). The levels of DBPs in drinking
water can vary significantly from one point in a distribution system to another, as many continue
to form in the distribution system. DBP levels are generally higher in surface water systems
because surface water usually contains higher DBP precursor levels and requires stronger
disinfection.

Updating the Safe Drinking Water Act Regulations

EPA has regulated DBPs in drinking water since 1979. The first DBP standards limited THM
levels to 100 parts per billion (ppb) for systems serving more the 10,000 people. In the 1996
Safe Drinking Water Act (SDWA) reauthorization, Congress called for EPA to revise its
standards for disinfectants and DBPs in two stages. The revised regulations are designed to
reduce potential DBP risks, while ensuring that drinking water is protected from microbial
contamination.

Stage 1 DBP Rule

In December 1998 USEPA issued the Stage 1 Disinfectants and Disinfection Byproducts (Stage
1 DBP) rule. The regulations are based on an agreement between members of a Federal
Advisory Committee that included representatives from water utilities, the Chlorine Chemistry
Division of the American Chemistry Council, public health officials, environmentalists and other
stakeholder groups. This diverse group of experts developed a consensus set of
recommendations to cost-effectively reduce DBP levels, without compromising protection from
microbial contaminants.

The Stage 1 DBP rule mandates a process called enhanced coagulation to remove natural
organic matter, reducing the potential for DBPs to form. The rule also sets enforceable
Maximum Contaminant Levels (MCLs) for total trihalomethanes at 80 ppb and the sum of five
Haloacetic Acids (HAAs) at 60 ppb. These MCLs are based on system-wide running annual
averages, meaning that concentrations may be higher at certain times and at certain points in
the system, as long as the system-wide average for the year is below the MCL. In developing
the Stage 1 DBP rule, EPA was very cautious about encouraging the use of alternative
disinfectants.
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The Agency recognized that alternative disinfectants might reduce THMs and HAAs, but
produce other, less understood, byproducts. The Agency also avoided making
recommendations that would encourage utilities to reduce the level of disinfection currently
being practiced.

Large water systems (those serving more than 10,000 persons) were required to comply with
the Stage 1 DBP rule by December 2001. Systems serving fewer than 10,000 persons must
comply by December 2003.

Stage 2 DBP Rule

As the Stage 1 rule is coming into full force, EPA is completing work on its Stage 2 DBP rule.
The Stage 2 rule is being developed simultaneously with the Long Term 2 Enhanced Surface
Water Treatment Rule (LT2) in order to address the risk trade-offs between pathogen control
and exposure to DBPs. The LT2 rule deals primarily with controlling Cryptosporidium and other
resistant pathogens discussed in Chapter 3. Again, the EPA sought recommendations from an
advisory group, the Stage 2 Microbial and Disinfection Byproducts Federal Advisory
Committee.

As outlined in the advisory committee’s September 2000 Agreement in Principle, the MCLs for
THMs and five HAAs will remain 80 ppb and 60 ppb respectively, based on each utility’s system-
wide running annual averages. However, the Stage 2 rule will also limit DPB levels at specific
locations within distribution systems. When fully implemented, these locational running annual
average limits will mean that no part of the distribution system will be allowed to exceed the
MCLs for these substances.

Total Trihalomethanes

Trihalomethanes (THMs) are chemical compounds in which three of the four hydrogen atoms
of methane (CH4) are replaced by halogen atoms. Many trihalomethanes find uses in industry
as solvents or refrigerants. THMs are also environmental pollutants, and many are considered
carcinogenic.

Trihalomethanes with all the same halogen atoms are called haloforms. Trihalomethanes are
formed as a by-product predominantly when chlorine is used to disinfect water for drinking.
They represent one group of chemicals generally referred to as disinfection by-products. They
result from the reaction of chlorine and/or bromine with organic matter present in the water
being treated.

The THMs produced have been associated through epidemiological studies with some adverse
health effects. Many governments set limits on the amount permissible in drinking water.
However, trihalomethanes are only one group of many hundreds of possible disinfection by-
products—the vast majority of which are not monitored—and it has not yet been clearly
demonstrated which of these are the most plausible candidate for causation of these health
effects.

In the United States, the EPA limits the total concentration of the four chief constituents
(chloroform, bromoform, bromodichloromethane, and dibromochloromethane), referred to as
total trihalomethanes (TTHM), to 80 parts per billion in treated water.
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THM Treatment

THM levels tend to increase with pH, temperature, time, and the level of "precursors" present.

Precursors are organic material which reacts with chlorine to form THM's. One way to decrease
THM's is to eliminate or reduce chlorination before the filters and to reduce precursors. There
are more precursors present before filtration, so we want to reduce or eliminate the time chlorine
is in contact with this water.

If some oxidation before filtration is required, an alternative disinfectant like potassium
permanganate or peroxide could be considered. Note that this may not be an option if
prechlorination is necessary to achieve required CT values.

The EPA has indicated that the best available technology for THM control at treatment plants
is removal of precursors through "enhanced coagulation”.

Enhanced coagulation refers to the process of optimizing the filtration process to maximize
removal of precursors. Removal is improved by decreasing pH (to levels as low as 4 or 5),
increasing the feed rate of coagulants, and possibly using ferric coagulants instead of alum.
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Measuring Chlorine Residual Sub-Section

Amperometric Titration

Amperometric titrations have been successfully used for accurate determination of
residual chlorine in water at many plants to maintain regulatory compliance. Different species of
chlorine have also been determined, with suitable modification of the method, as free available
chlorine, chloramine, chlorine dioxide, and chlorite.

Various dual polarizable electrodes have been used for the amperometric titration of low
concentrations of residual chlorine in water. In particular, amperometric (lodometric) titrations with
dual platinum electrodes have gained considerable interest in the determination of total residual
chlorine in water.

Selective iodometric titrations with dual polarizable electrodes have also been found to be useful for
the speciation of chlorine in water, providing the ability to distinguish between free and combined
residual chlorine, and between monochloramine and dichloramine in water.

In the amperometric determination of free chlorine, chlorine is titrated with a standard reducing agent
such as thiosulfate or phenyl arsine oxide (PAO) at pH 7. As long as the oxidant (free chlorine) is
present in the titrated sample, a current flows through the cell.

The standard amperometric sensor design consists of two electrodes (anode and cathode) that
measure a change in current caused by the chemical reduction of hypochlorous acid at the
cathode. The current that flows because of this reduction is :
proportional to the chlorine concentration. A membrane and
electrolyte help to control the reaction. Flow rate and pressure must
be carefully controlled for accurate measurement.

The effect of pH on the disassociation of hypochlorous acid to the
hypochlorite ion is quite significant. A standard sensor design is
suitable for a constant pH in the range of 6.8-8.0. Calibration of the
system enables compensation for the pH of the sample.

Varying pH

For applications with varying pH, or pH values beyond this range, an
extended pH range sensor is available using a 4.0 pH electrolyte in the membrane cap. This
enables conversion of the hypochlorite ion to hypochlorous acid, enabling accurate chlorine
readings in solutions between pH 4.0-12.0.

Time for Measurement

The amount of time to achieve an accurate reading is only 30 seconds for a standard sensor,
two minutes for an extended pH range sensor. Flow to the sensor must be consistently
controlled in the range of 8-26.4 gal/hr; with a maximum pressure of 1 atm (discharge of sensor
must be to atmospheric pressure). Each sensor typically has a required flow cell configuration
to enable accurate measurements. During initial start-up, the sensor must be conditioned in the
flow stream for 12-24 hours before attempting any calibration.
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Using DPD Method for Chlorine Residuals
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Small portable chlorine measuring kit. The redder the mixture the “hotter” or stronger
the chlorine in solution.

Measuring Chlorine Residual

Chlorine residual is the amount of chlorine remaining in water that can be used for disinfection.
A convenient, simple and inexpensive way to measure chlorine residual is to use a small
portable kit with pre-measured packets of chemicals that are added to water. (Make sure you
buy a test kit using the DPD method, and not the outdated orthotolodine method.)

Chlorine test kits are very useful in adjusting the chlorine dose you apply. You can measure
what chlorine levels are being found in your system (especially at the far ends).

Free chlorine residuals need to be checked and recorded daily. These results should be kept
on file for a health or regulatory agency inspection during a regular field visit.

The most accurate method for determining chlorine residuals is to use the laboratory
amperometric titration method.
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Additional Drinking Water Methods (Non-EPA) for Chemical
Parameters

Method
4500-ClI' B

4500-CI'D

4500-CI D

4500-Cl E

4500-CI F

4500-Cl G

4500-CI H

4500-Cl |

4500-ClO2 C

4500-ClO2 D

4500-CIO2 E

Method Focus

Chloride by Silver
Nitrate Titration

Chloride by
Potentiometric Method

Chlorine Residual by
Amperometric Titration
(Stage 1 DBP use SM
19th Ed. only)

Chlorine Residual by
Low Level
Amperometric Titration
(Stage 1 DBP use SM
19th Ed. only)

Chlorine Residual by
DPD Ferrous Titration
(Stage 1 DBP use SM
19th Ed. only)

Chlorine Residual by
DPD Colorimetric
Method

(Stage 1 DBP use SM
19th Ed. only)

Chlorine Residual by
Syringaldazine
(FACTS) Method
(Stage 1 DBP use SM
19th Ed. only)

Chlorine Residual by
lodometric Electrode
Technique

(Stage 1 DBP use SM
19th Ed. only)

Chlorine Dioxide by the
Amperometric Method |

Chlorine Dioxide by the
DPD Method

(Stage 1 DBP use SM
19th Ed. only)

Chlorine Dioxide by the
Amperometric Method
Il (Stage 1 DBP use
SM 19th Ed. only)

Title

Standard Methods for the
Examination of Water and
Wastewater, 18th & 19th
Ed.

Standard Methods for the
Examination of Water and
Wastewater, 18th, 19th &
20th Editions

Standard Methods for the
Examination of Water and
Wastewater, 18th, 19th &
20th Editions

Standard Methods for the
Examination of Water and
Wastewater, 18th, 19th &
20th Editions

Standard Methods for the
Examination of Water and
Wastewater, 18th, 19th &
20th Editions

Standard Methods for the
Examination of Water and
Wastewater, 18th, 19th &
20th Editions

Standard Methods for the
Examination of Water and
Wastewater, 18th, 19th &
20th Editions

Standard Methods for the
Examination of Water and
Wastewater, 18th, 19th &
20th Editions

Standard Methods for the
Examination of Water and
Wastewater, 18th, 19th &
20th Editions

Standard Methods for the
Examination of Water and
Wastewater, 18th, 19th &
20th Editions

Standard Methods for the
Examination of Water and
Wastewater, 18th, 19th &
20th Editions
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Included in
Standard
Methods

Included in
Standard
Methods

Included in
Standard
Methods

Included in
Standard
Methods

Included in
Standard
Methods

Included in
Standard
Methods

Included in
Standard
Methods

Included in
Standard
Methods

Included in
Standard
Methods

Included in
Standard
Methods

Included in
Standard
Methods

Source

American Water Works
Assn. (AWWA)

American Water Works
Assn. (AWWA)

American Water Works
Assn. (AWWA)

American Water Works
Assn. (AWWA)

American Water Works
Assn. (AWWA)

American Water Works
Assn. (AWWA)

American Water Works
Assn. (AWWA)

American Water Works
Assn. (AWWA)

American Water Works
Assn. (AWWA)

American Water Works
Assn. (AWWA)

American Water Works
Assn. (AWWA)
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1. Do The Basics 2. Choose A Chlorinator

|:| TESTWATER CHEMISTRY

[ ] LIQUID CHLORINATOR OR DRY FEED
[ | CHECK WATER FLOW RATE

D ESTIMATE CHLORINE DEMAND WHERE TO INSTALL CHLORINATOR
BEFORE | AFTER PRESSURE TANK

|| DETERMINE CONTACT TANK SIZE

PERISTALTIC METERING PUMP
NOTE THE LINE PRESSURE WHERE OR DIAPHRAGM PUMP
CHLORINE WILL BE INJECTED INTO
4. Quality Control 3. Installation
[ ] SET-UP MAINTENANCE SCHEDULE [ ] BUYDIRECTLY AND INSTALL
OR
[ ] CLIPBOARD WITH CHECKLIST « || BUYDIRECTLY AND HIRE PLUMBER
OR
| | TEST THE WATER ANNUALLY [ ] BUY FROM WATER TREATMENT DEALER

HOW TO DETERMINE A CHLORINATION SYSTEM

208
Chlorine & Disinfection©7/18/2022 TLC (866) 557-1746




Chlorine Residual Sub-Section

Chlorine Demand: The minimum amount of chlorine needed to react in a water purification
system; used as a monitoring measurement by system operators.

Chlorine Residual: The concentration of chlorine in the water after the chlorine demand has
been satisfied. The concentration is normally expressed in terms of total chlorine residual,
which includes both the free and combined or chemically bound chlorine residuals.

Combined Chlorine Residual: The amount of chlorine used up in a water purification system;
used as a monitoring measurement by system operators. Combined chlorine is defined as the
residual chlorine existing in water in chemical combination with ammonia or organic amines
which can be found in natural or polluted waters. Ammonia is sometimes deliberately added to
chlorinated public water supplies to provide inorganic chloramines.

Free Chlorine: Free chlorine is defined as the concentration of residual chlorine in water
present as dissolved gas (Cl.), hypochlorous acid (HOCI), and/or hypochlorite ion (OCI-). The
three forms of free chlorine exist together in equilibrium.

Cl, + H20O HOCI + H* + CI-
HOCI H* + OCI

Their relative proportions are determined by the pH value and temperature. Regardless of
whether pre-chloration is practiced or not, a free chlorine residual of at least 1.0 mg/L should
be maintained in the clear well or distribution reservoir immediately downstream from the point
of post-chlorination and .2 mg/L in the distribution system to guard against backflow.

Total Chlorine Residual: The total of free residual and combined residual chlorine in a water
purification system; used as a monitoring measurement by system operators.

Total chlorine is the sum of free and combined chlorine. When chlorinating most potable water
supplies, total chlorine is essentially equal to free chlorine since the concentration of ammonia
or organic nitrogen compounds (needed to form combined chlorine) will be very low. When
chloramines are present in the municipal water supply, then total chlorine will be higher than
free chlorine.

Common Terms

Pre-chlorination: The addition of chlorine at the plant headworks or prior to other water
treatment or groundwater production processes and mainly used for disinfection and control of
tastes, odors, and aquatic growths.

Post-chlorination: The addition of chlorine after a process or adding chlorine downstream to
meet a demand in the system.

Breakpoint chlorination: Breakpoint chlorination means adding Cl; to the water until the ClI;
demand is satisfied. Until all the microorganisms are killed.
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What is the process of chlorination called as a treatment process and how does it
differ from sterilization?

Chlorination: A method of water disinfection where gaseous, liquid, or dissolved chlorine is
added to a water supply system. Water which has been treated with chlorine is effective in
preventing the spread of disease. The chlorination of public drinking supplies was originally
met with resistance, as people were concerned about the health effects of the practice. The
use of chlorine has greatly reduced the prevalence of waterborne disease as it is effective
against almost all bacteria and viruses, as well as amoeba. Sterilization kills everything.

What are the physical properties of chlorine, what hazards does it present, what
advantages does it have over most other disinfectants, and how does it react with
bacteria?

Physical and chemical properties of chlorine: A yellowish green, nonflammable and liquefied
gas with an unpleasant and irritating smell. Can be readily compressed into a clear, amber-
colored liquid, a noncombustible gas, and a strong oxidizer. Liquid chlorine is about 1.5 times
heavier than water and gaseous chlorine is about 2.5 times heavier than air. Atomic number of
chlorine is 17. Cl is the elemental symbol and Cl. is the chemical formula.

Chlorine reacts with bacteria as if it was very corrosive and burns the skin or covering Killing
the bacteria.

What is the purpose of a fusible plug, at what temperature does it melt, and where is it
located on 150-Ib. and 1-ton cylinders?

Fusible plug is a safety device that melts. If the temperature of a full CI2 cylinder is increased
by 50° F or 30° C, a rupture may occur. It will melt at 158 to 165 degrees F. It is found on the
side of a 1-ton container and on top of the 150-pound cylinder and is located in the valve below
the valve seat.

What is the correct procedure to follow in changing a chlorine cylinder and what item
should always be replaced with a new one in doing so?

Hook up the chlorinator to the container or cylinder with the chlorine valve turned off. Use the
gas side not the liquid if using a 1-ton container.

Remove the cylinder valve outlet cap and check the valve face or damage. Clean with wire
brush if necessary. If the valve face is smooth, clean proceed with hooking up the cylinder.

Check the inlet face of the chlorinator and clean if necessary. Place a new lead gasket on the
chlorinator inlet, place the chlorinator on the cylinder valve, install the yoke clamp and slowly
tighten the yoke clamp until the two faces are against the lead gasket. Tighten the yoke,
compressing the gasket one half to three quarters turn, do not over tighten. Replace the lead
gasket with every change out.

How, when and where should chlorine residuals be taken and what information do they
provide? The sample must be taken within the distribution system of your PWS. If you take it
before the distribution system you will not get an accurate reading. The sample must be taken
at the same tap that you take the Bac-t sample.
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Types of Residual

If water were pure, the measured amount of chlorine in the water should be the same as the
amount added. Nevertheless, water is not 100% pure. There are always other substances
(interfering agents) such as iron, manganese, turbidity, etc., which will combine chemically with
the chlorine.

CHLORINE IN USE

ANIYOTHO VL0l

CHLORINE IN USE + FREE CHLORINE = TOTAL CHLORINE

This is called the chlorine demand. Naturally, once chlorine molecules are combined with
these interfering agents, they are not capable of disinfection. It is free chlorine that is much
more effective as a disinfecting agent.

Chlorine Demand
The minimum amount of chlorine needed to react in a water purification system; used as a
monitoring measurement by system operators.

Chlorine Residual

The concentration of chlorine in the water after the chlorine demand has been satisfied. The
concentration is normally expressed in terms of total chlorine residual, which includes both the
free and combined or chemically bound chlorine residuals.

Combined Chlorine Residual

The amount of chlorine used up in a water purification system; used as a monitoring
measurement by system operators. Combined chlorine is defined as the residual chlorine
existing in water in chemical combination with ammonia or organic amines that can be found in
natural or polluted waters.

Ammonia is sometimes deliberately added to chlorinated public water supplies to provide
inorganic chloramines.
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Free Chlorine
Free chlorine is defined as the concentration of residual chlorine in water present as dissolved
gas (Cl2), hypochlorous acid (HOCI), and/or hypochlorite ion (OCI-). The three forms of free
chlorine exist together in equilibrium.
Cl> + H20 HOCI + H* + CI
HOCI H* + OCI

Their relative proportions are determined by the pH value and temperature. Regardless of
whether pre-chloration is practiced or not, a free chlorine residual of at least 1.0 mg/L should
be maintained in the clear well or distribution reservoir immediately downstream from the point
of post-chlorination and .2 mg/L in the distribution system to guard against backflow.

Total Chlorine Residual

The total of free residual and combined residual chlorine in a water purification system; used
as a monitoring measurement by system operators.

Total chlorine is the sum of free and combined chlorine. When chlorinating most potable water
supplies, total chlorine is essentially equal to free chlorine since the concentration of ammonia
or organic nitrogen compounds (needed to form combined chlorine) will be very low.

When chloramines are present in the municipal water supply, then total chlorine will be higher
than free chlorine.

Free, Total, and Combined Chlorine
When a chlorine residual test is taken, either a total or a free chlorine residual can be read.

Total residual is all chlorine that is available for disinfection.

Total chlorine residual = free + combined chlorine residual.

Free chlorine residual is a much stronger disinfecting agent. Therefore, most water regulating
agencies will require that your daily chlorine residual readings be of free chlorine residual.

Break-point chlorination is where the chlorine demand has been satisfied, and any additional
chlorine will be considered free chlorine.
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Chlorine Diagrams #3
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Disinfection to eliminate fecal and coliform bacteria may not be sufficient to adequately reduce
pathogens such as Giardia or viruses to desired levels. Use of the "CT" disinfection concept is
recommended to demonstrate satisfactory treatment, since monitoring for very low levels of
pathogens in treated water is analytically very difficult.

The CT concept, as developed by the United States Environmental Protection Agency (Federal
Register, 40 CFR, Parts 141 and 142, June 29, 1989), uses the combination of disinfectant
residual concentration (mg/L) and the effective disinfection contact time (in minutes) to measure
effective pathogen reduction. The residual is measured at the end of the process, and the
contact time used is the T10 of the process unit (time for 10% of the water to pass).

CT (Contact time) = Concentration (mg/L) x Time (Minutes)

Required Giardia/Virus Reduction

All surface water treatment systems shall ensure a minimum reduction in pathogen levels:
3-log reduction in Giardia and 4-log reduction in viruses. These requirements are based on
unpolluted raw water sources with Giardia levels of = 1 cyst/100 L, and a finished water goal of
1 cyst/100,000 L (equivalent to 1 in 10,000 risk of infection per person per year). Higher raw
water contamination levels may require greater removals as shown on Table 4.1.

BACTERIA / VIRUS DISINFECTION TIME FOR FECAL CONTAMINANTS IN CHLORINATED WATER

E. COLI

(BACTERIUM) LESS THAN 1 MINUTE OF CONTACT TIME

HEPATITUS A
(VIRUS) APPROXIMATELY 16 MINUTES CONTACT TIME
GIARDIA
(PARASITE) APPROXIMATELY 45 MINUTES CONTACT TIME

CRYPTOSPORIDIUM
(PARASITE) APPROXIMATELY 10.6 DAYS (15,300 minutes)

CHLORINE TIMETABLE FOR PROPER DISINFECTION

TABLE 4.1
LEVEL OF GIARDIA REDUCTION
Raw Water Giardia Levels*
Recommended Giardia Log
Reduction
<1 cyst/100 L 3-log
1 cyst/100 L - 10 cysts/100 L 3-log - 4-log
10 cysts/100 L - 100 cysts/100 L 4-log - 5-log
> 100 cysts/100 L > 5-log
*Use geometric means of data to determine raw water Giardia levels for compliance.
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Required CT Value
Required CT values are dependent on pH, residual concentration, temperature, and the
disinfectant used.

Calculation and Reporting of CT Data

Disinfection CT values shall be calculated daily, using either the maximum hourly flow and the
disinfectant residual at the same time, or by using the lowest CT value if it is calculated more
frequently. Actual CT values are then compared to required CT values.

Results shall be reported as a reduction Ratio, along with the appropriate pH, temperature, and
disinfectant residual. The reduction Ratio must be greater than 1.0 to be acceptable. Users
may also calculate and record actual log reductions.

Reduction Ratio = CT actual + CT required

AMOUNT
AVAILABLE FOR
DISINFECTION
AMOUNT
INACTIVATED BY
pH EFFECTS
AMOUNT
AVAILABLE FOR
DISINFECTION
AMOUNT
CONSUMED BY
ORGANICS
AMOUNT
CONSUMED BY
CHLORINE CHLORINE DIOXIDE
(cl,) (ClOy)

DIFFERENCE IN USING CHLORINE VS CHLORINE DIOXIDE AS DISINFECTANT
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Understanding Chlorine Residual
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The amount of available chlorine present in water or wastewater after a given contact time (20
minutes at peak flow; 30 minutes at average flow), and under specific conditions including pH
and temperature.

For effective water treatment, the water supply industry has recognized the need for adequate
exposure to the disinfectant and sufficient disinfectant dosage for a certain amount of time. In
the 1980s, the two functions were combined with the development of the CT values for various
disinfectants.

CT represents the combination of the disinfectant dosage and the length of time water has been
exposed to a minimum amount of the disinfectant residual.

Mathematically it is represented as CT = concentration x time
concentration = final disinfectant concentration in mg/I
time = minimum exposure time in minutes

In an assessment of disinfection effectiveness, two types of organisms have been chosen as
disinfection surrogates — the protozoan Giardia and viruses.

CT values established for disinfection of surface waters require treatment plants to achieve a
three-log or 99.9% reduction in Giardia and a four-log or 99.99% virus reduction. It is important
to recognize that the use of chlorine as the disinfectant is only one part of the treatment process.
Equally important is the need for improved filtration to remove organisms.
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A combination of proper disinfection and filtration is most effective in providing safe drinking
water. Recent experiments in controlling Cryptosporidium also suggest the effectiveness of
filtration in the water treatment process.

Free residual chlorination involves the application of chlorine to water to produce--either directly
or by first destroying any naturally present ammonia--a free available chlorine residual and to
maintain this residual through part or all of the water treatment plant and distribution system.
Free available residual forms have higher oxidation potentials than combined available chlorine
forms and are more effective as disinfectants.

When free available chlorine residuals are desired, the characteristics of the water will
determine how this will be accomplished. This may have to be considered:

1. If the water contains no ammonia or other nitrogen compounds, any application of chlorine
will yield a free residual once it has reacted with any bacteria, virus and other microorganisms
present in the water.

2. If the water contains ammonia, it results in the formation of a combined residual, which must
be destroyed by applying an excess of chlorine.

WHO
{(World Health Organization)
Maximum Sppm

.= ‘\.\k e |Sample of CI2 Decay Curve |

| Free Chlorine Residual (mg/L) ]

0 4 8 12 16 20 24

TIME (Storage after chlorine addition)
CHLORNE DECAY CURVE DIAGRAM #1
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Breakpoint Chlorination

Breakpoint chlorination is the name of the process of adding chlorine to water until the chlorine
demand has been satisfied. Chlorine demand equals the amount of chlorine used up before a
free available chlorine residual is produced. Further additions of chlorine will result in a chlorine
residual that is directly proportional to the amount of chlorine added beyond the breakpoint.
Public water supplies normally chlorinate past the breakpoint.

\REACTIONS OF CHLORINE IN WATER\
FORMATION OF FREE RESIDUAL [P
| I
g5 | f——} CHLORINE DEMAND | |
|
= —-l——-j [ :
;,‘ 04 f—" ‘ |
£ , | pEsTRUCTIONOF |
= FORMATION OF CHLORO-ORGANIC | CHLORAMINES AND |
g | COMPOUNDS AND CHLORAMINES CHLORO-ORGANIC
al 03— | [ COMPOUNDS I
@ 1 [ |
o [
x I
a| °2I7 | | BREAKING POINT |
S | [ I
° | [ ’/J[ ——————— —_
- 01— 1 : i
I | |
0 1 ] 1 : 1 1 | | ]
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
|CHLORINE ADDED mgL!

When chlorine is initially added to water, the following may happen:

1. If the water contains some iron, manganese, organic matter, and ammonia, the chlorine
reacts with these materials and no residual is formed, meaning that no disinfection has taken
place.

2. If additional chlorine is added at this point, it will react with the organics and ammonia to form
chloramines. The chloramines produce a combined chlorine residual. As the chlorine is
combined with other substances, it loses some of the disinfection strength. Combined residuals
have poor disinfection power and may be the cause of taste and odor problems.

3. With a little more chlorine added, the chloramines and some of the chlororganics are
destroyed.

4. With still more chlorine added, a free chlorine residual is formed, free in the sense that it can
react quickly.

Free available chlorine is the best residual for disinfection. It disinfects faster and without the
swimming-pool odor of combined residual chlorine. The free available residual forms at the
breakpoint; therefore, the process is called breakpoint chlorination. The common practice today
is to go just beyond the breakpoint to a residual of about .2 to .5 ppm.

A variety of reactions take place during chlorination. When chlorine is added to a water
containing ammonia (NHs3), the ammonia reacts with hypochlorous acid (HOCL) to form
monochloramine, dichloramine, and trichloramine. The formation of these chloramines depends
on the pH of the water and the initial chlorine-ammonia ratio.
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Ammonia + Hypochlorous acid ----> Chloramine + Water

NH3 + HOC1----————---- > NH2C1 + H20 Monochloramine
NH2C1 + HOC1-————-———-- > NHC12 + H20 Dichloramine
NHC12 + HOC1----==mm-- > NC13 + H20 Trichloramine

At the pH of most natural water (pH 6.5 to 7.5), monochloramine and dichloramine exist
together. At pH levels below 5.5, dichloramine exists by itself. Below pH 4.0, trichloramine is
the only compound found. The monochloramine and dichloramine forms have a definite
disinfection power. Dichloramine is a more effective disinfecting agent than monochloramine.
However, dichloramine is not recommended as a disinfectant due to the possibility of the
formation of taste and odor compounds. Chlorine reacts with phenol and salicylic acid to form
chlorophenol, which has an intense medicinal odor. This reaction is much slower in the
presence of monochloramines.

Both the chlorine residual and the contact time are essential for effective disinfection. It is
important to have complete mixing. The operator also needs to be aware that changes in the
pH may affect the ability of the chlorine to disinfect the water. The operator must examine the
application and select the best point of feed and the best contact time to achieve the results
desired. The operator needs to consider:

1. Whether the injection point and the method of mixing is designed so that the disinfectant is
able to get into contact with all of the water to be disinfected. This also depends on whether
pre- and/or post-chlorination is being used.

2. Contact time. In situations of good initial mixing, the longer the contact time, the more
effective the disinfection.

3. Effectiveness of upstream treatment processes. The lower the turbidity of the water, the more
effective the disinfection.

4. Temperature. At higher temperatures the rate of disinfection is more rapid.

5. Dosage and type of chemical. Usually the higher the dose, the quicker the disinfection rate.
The form of disinfectant (chloramine or free chlorine) and the type of chemical used influence
the disinfection rate.

6. pH. The lower the pH, the better the disinfection.

Chlorine Demand

Chlorine combines with a wide variety of materials. These side reactions complicate the use of
chlorine for disinfecting purposes. Their demand for chlorine must be satisfied before chlorine
becomes available to accomplish disinfection. The amount of chlorine required to react on
various water impurities before a residual is obtained. In addition, it means the amount of
chlorine required to produce a free chlorine residual of 0.1 mg/l after a contact time of fifteen
minutes as measured by lodometric method of a sample at a temperature of twenty degrees in
conformance with Standard methods.

Disinfection Information

» Contact time is required
» 99% or 2 log inactivation of crypto
» 99.9% or 3 log inactivation of giardia lamblia cysts
» 99.99% or 4 log inactivation of enteric viruses

» CT = Concentration of disinfectant x contact time

» The chlorine residual leaving the plant must be = or > 0.2 mg/L and

measurable throughout the system.
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Understanding Combined Chlorine Residual

The residual consisting of chlorine that is combined with ammonia, nitrogen, or nitrogenous
compounds (chloramines).

Understanding Free Available Chlorine
The residual consisting of hypochlorite ions (OCI-), hypochlorous acid (HOCI) or a combination
of the two. These are the most effective in killing bacteria.

Total Combined Chlorine Residual
The total amount of chlorine present in a sample. This is the sum of the free chlorine residual
and the combined available chlorine residual.

Understanding Pre-Chlorination

Chlorination is the application of chlorine to water to accomplish some definite purpose. In this
lesson, we will be concerned with the application of chlorine for the purpose of disinfection, but
you should be aware that chlorination can also be used for taste and odor control, iron and
manganese removal, and to remove some gases such as ammonia and hydrogen sulfide.

Chlorination is currently the most frequently used form of disinfection in the water treatment
field. However, other disinfection processes have been developed. These alternatives will be
discussed at the end of this lesson.

Pre-Chlorination and Post-Chlorination

Like several other water treatment processes, chlorination can be used as a pretreatment
process (prechlorination) or as part of the primary treatment of water (postchlorination).
Treatment usually involves either postchlorination only or a combination of prechlorination and
postchlorination.

Pre-chlorination is the act of adding chlorine to the raw water. The residual chlorine is useful in
several stages of the treatment process - aiding in coagulation, controlling algae problems in
basins, reducing odor problems, and controlling mudball formation. In addition, the chlorine has
a much longer contact time when added at the beginning of the treatment process, so
prechlorination increases safety in disinfecting heavily contaminated water.

Post-chlorination is the application of chlorine after water has been treated but before the water
reaches the distribution system. At this stage, chlorination is meant to kill pathogens and to
provide a chlorine residual in the distribution system.

Post-chlorination is nearly always part of the treatment process, either used in combination with
prechlorination or used as the sole disinfection process.

Until the middle of the 1970s, water treatment plants typically used both prechlorination and
post-chlorination. However, the longer contact time provided by prechlorination allows the
chlorine to react with the organics in the water and produce carcinogenic substances known as
trihnalomethanes. As a result of concerns over trihalomethanes, prechlorination has become
much less common in the United States. Currently, prechlorination is only used in plants where
trihalomethane formation is not a problem.
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Understanding Breakpoint Chlorination

Addition of chlorine to water until the chlorine demand has been satisfied. Since ammonia is
present in all domestic wastewaters, the reaction of ammonia with chlorine is a great
significance. When chlorine is added to waters containing ammonia, the ammonia reacts with
hypochlorous acid (HOCI) to form monochloramine, dichloramine and trichloramine. The
formation of these chloramines depends on the pH of the solution and the initial chlorine-
ammonia ratio.

Chlor-Alkali Membrane Process

The chloralkali process (also chlor-alkali and chlor alkali) is an industrial process for the
electrolysis of sodium chloride solution (brine). Depending on the method, several products
besides hydrogen can be produced. If the products are separated, chlorine and sodium
hydroxide (caustic soda) are the products; by mixing, sodium hypochlorite or sodium chlorate
are produced, depending on the temperature. Higher temperatures are needed for the
production of sodium chlorate instead of sodium hypochlorite. Industrial scale production began
in 1892. When using calcium chloride or potassium chloride, the products contain calcium or
potassium instead of sodium.

The process has a high energy consumption, for example over 4 billion kWh per year in West
Germany in 1985, and produces equal (molar) amounts of chlorine and sodium hydroxide,
which makes it necessary to find a use for the product for which there is less demand, usually
the chlorine. There are three production methods in use. While the mercury cell method
produces chlorine-free sodium hydroxide, the use of several tons of mercury leads to serious
environmental problems. In a normal production cycle a few hundred pounds of mercury per
year are emitted, which accumulate in the environment. Additionally, the chlorine and sodium
hydroxide produced via the mercury-cell chloralkali process are themselves contaminated with
trace amounts of mercury. The membrane and diaphragm method use no mercury, but the
sodium hydroxide contains chlorine, which must be removed.

Understanding Chlorine’s Effectiveness

In 1881, German bacteriologist Robert Koch demonstrated under controlled laboratory
conditions that pure cultures of bacteria could be destroyed by hypochlorite (bleach). The bulk
of chlorine disinfection research, which was conducted from the 1940s to the 1970s with a focus
on bacteria, provided observations as to how chlorine kills the microorganism. The observations
that (1) bacterial cells dosed with chlorine release nucleic acids, proteins and potassium and
(2) membrane functions such as respiration and active transport are affected more by chlorine
than are cytoplasmic processes, directed researchers’ attention to the surface of the bacterial
cell. The hypothesis was that the bacterial cell wall, under environmental stress, could interact
with chlorine.

Chlorine exposure appears to cause physical, chemical, and biochemical alterations to the cell
wall, thus destroying the cell’'s protective barrier, terminating vital functions, resulting in death
of the microorganism. A possible sequence of events during chlorination would be: (1)
disruption of the cell wall barrier by reactions of chlorine with target sites at the cell surface, (2)
release of vital cellular constituents from the cell, (3) termination of membrane-associated
functions, and (4) termination of cellular functions within the cell. During the course of this
sequence of events, the microorganism dies, meaning it is no longer capable of growing or
causing disease.
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Understanding Chlorine Solubility Effects

Chlorine is only slightly soluble in water; its maximum solubility is approximately one percent at
49° C. At temperatures below this point it combines with water to form chlorine ice, a crystalline
substance. When the water supply to a gas chlorinator is below normal room temperature, it
may cool the chlorine gas to the point at which chlorine ice is formed and accumulates on the
needle valve and gas outlet tube, resulting in erratic feed results. Because the vapor pressure
of chlorine increases with rising temperatures, its solubility also decreases. At 212° F. chlorine
is insoluble in water.

Chlorine dissolved in water forms a weak corrosive mixture of hydrochloric and hypochlorous
acid. The corrosivity of chlorine solutions in water creates problems in handling chlorine spills
and chlorine containers. Chlorine reacts with many compounds. Because of its great affinity
for hydrogen, it removes hydrogen from some compounds, such as hydrogen sulfide. It also
reacts with ammonia or other nitrogen-containing compounds to form various mixtures of
chloramines. It reacts with organic materials, sometimes with explosive violence.

Chemicals like chlorine, bromine, and ozone are examples of oxidizers. It is their ability to
oxidize or steal electrons from other substances that makes them good water sanitizers. As
soon as the oxidizing agent is added to the water, it begins to combine with microorganisms
like bacteria, algae, and whatever else the water may contain.

Now the free and available oxidizer is combining with contaminants and its effectiveness is
reduced according to how much combining took place. Although the hydrogen ion does not
play a direct reduction role on copper surfaces, pH can influence copper corrosion by altering
the equilibrium potential of the oxygen reduction half-reaction and by changing the speciation
of copper in solution (Reiber, 1989). Copper corrosion increases rapidly as the pH drops below
6; in addition, uniform corrosion rates can be high at low pH values (below about pH 7), causing
metal thinning.

At higher pH values (above about pH 8), copper corrosion problems are almost always
associated with non-uniform or pitting corrosion processes (Edwards et al., 1994a; Ferguson
et al., 1996). Edwards et al. (1994b) found that for new copper surfaces exposed to simple
solutions that contained bicarbonate, chloride, nitrate, perchlorate or sulfate, increasing the pH
from 5.5 to 7.0 roughly halved corrosion rates, but further increases in pH yielded only subtle
changes.

The prediction of copper levels in drinking water relies on the solubility and physical properties
of the cupric oxide, hydroxide and basic carbonate solids that comprise most scales in copper
water systems (Schock et al., 1995). In the cupric hydroxide model of Schock et al. (1995), a
decrease in copper solubility with higher pH is evident. Above a pH of approximately 9.5, an
upturn in solubility is predicted, caused by carbonate and hydroxide complexes increasing the
solubility of cupric hydroxide. Examination of experience from 361 utilities reporting copper
levels under the U.S. EPA Lead and Copper Rule revealed that the average 90th-percentile
copper levels were highest in waters with pH below 7.4 and that no utilities with pH above 7.8
exceeded the U.S. EPA's action level for copper of 1.3 mg/L (Dodrill and Edwards, 1995).
However, problems associated with copper solubility were also found to persist up to about pH
7.9 in cold, high-alkalinity and high-sulfate groundwater (Edwards et al., 1994a).

In the pH range of 7-9, both the corrosion rate and the degree of tuberculation of iron distribution
systems generally increase with increasing pH (Larson and Skold, 1958; Stumm, 1960; Hatch,
1969; Pisigan and Singley, 1987).
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Iron levels, however, were usually reported to decrease with increasing pH (Karalekas et al.,
1983; Kashinkunti et al., 1999; Broo et al., 2001; Sarin et al., 2003). In a pipe loop system
constructed from 90- to100-year-old unlined cast iron pipes taken from a Boston distribution
system, iron concentrations were found to steadily decrease when the pH was raised from 7.6
to 9.5 (Sarin et al., 2003).

Similarly, when iron was measured in the distribution system following a pH increase from 6.7
to 8.5, a consistent downward trend in iron concentrations was found over 2 years (Karalekas
et al., 1983). These observations are consistent with the fact that the solubility of iron-based
corrosion by-products decreases with increasing pH.

Water with low pH, low alkalinity and low calcium is particularly aggressive towards cement
materials. The water quality problems that may occur are linked to the chemistry of the cement.
Lime from the cement releases calcium ions and hydroxyl ions into the drinking water. This, in
turn, may result in a substantial pH increase, depending on the buffering capacity of the water
(Leroy et al., 1996). Pilot-scale tests were conducted to simulate low-flow conditions of newly
lined cement mortar pipes carrying low-alkalinity water (Douglas et al., 1996). In the water with
an initial pH of 7.2, alkalinity of 14 mg/L as calcium carbonate and calcium at 13 mg/L as calcium
carbonate, measures of pH as high as 12.5 were found.

Similarly, in the water with an initial pH of 7.8, alkalinity of 71 mg/L as calcium carbonate and
calcium at 39 mg/L as calcium carbonate, measures of pH as high as 12 were found. The most
significant pH increases were found during the 1st week of the experiment, and pH decreased
slowly with aging of the lining. In a series of field and test rig trials to determine the impact of in
situ cement mortar lining on water quality,
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Understanding Amperometric Titration

It appears that DPD colorimetric determination and amperometric titration as described in
Standard Methods are the procedures most commonly used for routine measurement of total
chlorine. Few studies have been conducted to evaluate these or other total residual chlorine
measurement techniques. Bender studied approximately 10 test procedures and found that
results using the DPD colorimetric procedure were consistently higher than those using
amperometric titration. Brooks and Seegert described an amperometric titration procedure
employing a recording polargraph and microburette, which was reported to be accurate and
free from interference. The reliability of the DPD colorimetric method for free chlorine has been
increasingly questioned in recent years. The suitability of that procedure for accurate total
chlorine determinations appears to the authors to be questionable, as well. Amperometric
titration as described in Standard Methods cannot be used to measure total chlorine
concentrations less than about 0.05 mg/L, which is at least an order of magnitude greater than
levels of concern in natural waters for potential toxicity to aquatic organisms. A reliable, simple
procedure for low-level total chlorine determinations is clearly needed.

Analytical Procedure

Section 409C of Standard Methods includes a General Discussion section on amperometric
titration for the determination of chlorine in aqueous solutions. That discussion is applicable to
the procedure used by the authors. Also included in Standard Methods is a section concerning
the titration apparatus. Basically, the titration equipment consists of a buret capable of
accurately delivering 0.01 mL of titrant, a sample cup, and a stirring device in which is housed
a platinum electrode and a KCI reference electrode. Several companies manufacture
amperometric titrators that fit this general description. The experience of the senior author is
that some of the commercial titrators are less suitable than others, primarily because of the
small surface area of some of the electrodes employed. A Wallace and Tiernan amperometric
titrator was used by the authors in developing and applying the procedure described below.

Reagents

a. Chlorine-free water. Only distilled or demineralized water that is free of chlorine should be
used in preparing reagents. Chlorine-free water may be prepared by passing distilled or
demineralized water through a suitable activated carbon filter adsorption column. The water
may be tested for the presence of chlorine by titrating a sample as described in the Procedure
section. Any deflection in the meter upon the addition of PAO titrant indicates the presence of
chlorine or other oxidants that would interfere in the titration procedure.

b. Standard phenylarsine oxide (PAO), 0.00564 N. See Standard Methods Section 409B,
paragraph 3a.

Standardization — Dilute 50.00 mL of freshly prepared 0.0002256 N potassium biniodate to 200
mL in chlorine-free water. Add approximately 1.5 g Kl and stir to dissolve. Add 1 mL acetate
buffer and allow to stand in the dark for 6 minutes. Titrate using the amperometric titrator and
determine the equivalence point as detailed in the Procedure section. If the standard PAO is
0.00564 N, exactly 2.00 mL of PAO will be required to reach the equivalence point.

c. Phenylarsine oxide titrant, 0.000564 N. Dilute 10.00 mL of 0.00564 N PAO to 100.0 mL in
chlorine-free water.

Standardization — Dilute 5.00 mL of 0.0002256 N potassium biniodate to 200 mL with chlorine-
free water. Add approximately 1.5 g Kl and stir to dissolve. Add 1 mL acetate buffer and allow
to stand in the dark for 6 minutes.
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Titrate using the amperometric titrator and determine the equivalence point as detailed in the
Procedure section below. If the PAO titrant is 0.000564 N, exactly 2.00 mL of PAO will be
required to reach the equivalence point.

d. Potassium biniodate, 0.0002256 N. Dissolve 0.7332 g reagent grade KH(IO3)2 in 500 mL
chlorine-free water and dilute to 1.00 L. Dilute 10.00 mL of that solution to 100.0 mL with
chlorine-free water. That solution is used for the standardization of the PAO and should be
freshly prepared.

e. Acetate buffer solution, pH 4. See Standard Methods1 Section 409B, paragraph 3e.

f. Potassium iodide, (KI), reagent grade crystals.

Procedure

a. Titrant selection. Normally a 200-mL sample is used in titration. Each 0.1 mL of 0.000564 N
PAO corresponds to 0.01 mg/L in a 200-mL sample. The titrant normality should be selected
such that no more than about 4 mL of titrant will be required to reach the equivalence point.
Thus, if the chlorine concentration in the majority of the samples to be titrated is less than about
0.4 mg/L, use 0.000564 N PAO as the titrant. If only samples containing chlorine concentrations
in excess of 0.4 mg/L are to be analyzed, use 0.00564 N PAO as the titrant. If samples
containing concentrations of chlorine in excess of about 0.4 mg/L are to be titrated only
occasionally and the volume of 0.000564 N PAO required for titration is found to be excessive,
a suitable subsample may be used and diluted to 200 mL with chlorine-free water.

b. Titration procedure (total residual chlorine). Prior to beginning the titration, rinse the buret
with PAO titrant by filling it completely and allowing the titrant to run into an empty sample cup.
Repeating this operation three or four times will ensure that the correct titrant concentration
reaches the sample cup. Remove the sample cup and rinse with distilled water and with the
sample to be titrated. Add 200 mL of the sample to the sample cup. Add approximately 1.5 g (x
0.2 g) crystalline Kl and allow to dissolve, using the agitator on the titrator for mixing.

The exact amount of Kl added is not critical, but the analyst should weigh 1.5 g of this reagent
periodically to become familiar with the approximate amount required. Add 1 mL of acetate
buffer and allow the microammeter on the titrator to reach a stable reading; the titration should
be started within about 30 seconds following the addition of the Kl to the sample.

Full-scale deflection on the microammeter is 100 units. The meter should be initially adjusted
to read between 90 and 100 units. Record the initial reading prior to the addition of titrant. Titrate
by adding suitable volumes of titrant and recording the titrant volume added and the resultant
current reading. At least three (and preferably five to ten) readings of current and titrant volume
added should be obtained prior to passing the equivalence point; then add excess titrant to
ensure that there is no further meter deflection. Record the final meter reading. If, during the
titration, the meter reading falls to near or below 10 units, record the low reading, re-adjust the
meter to read between 90 and 100 units, record the high reading, and continue the titration.
This approach allows calculation of the total meter deflection, which is used in determining the
equivalence point.

The equivalence point is determined by plotting the total meter deflection as a function of titrant
volume added. It is important that the total meter deflection be used in preparing this plot. A
straight line is drawn through the first few points in the plot and a second straight line is drawn
parallel to the abscissa and corresponding to the final total deflection in the meter reading.

The equivalence point is determined by the intersection of those two lines. When 0.000564 N
PAO is used as the titrant, the chlorine concentration is 0.1-times the titrant volume at the
equivalence point.
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This plotting procedure is also outlined in the ASTM Water Manual8 under procedures ASTM
D1253 (Tests for Residual Chlorine in Water) and ASTM D1427 (Tests for Residual Chlorine in
Waste Water).

c. Sample storage and handling. Chlorine measurements should be made as soon after sample
collection as possible. Samples to be analyzed for chlorine should be stored in the dark and
packed on ice if they must be held for more than a few minutes before analysis. Chlorine
compounds are highly reactive and may be rapidly lost from samples due to the effects of
volatilization, phototransformation, and chlorine demand. Storage of samples on ice and in the
dark between sampling and analysis will help minimize the rate of dissipation. It is important to
estimate the changes that occur in chlorine content in the subject water between sample
collection and analysis.

This can be accomplished by performing a “time-lag” test. To perform a time-lag test, a single
large (approximately 2-L) sample of the water being analyzed is collected. The chlorine
concentration in that sample is determined six to ten times over a period of one to three hours,
depending on the normal sample holding time. The measured concentrations are then plotted
as a function of time, normally on semilog paper. In most cases, the decrease in chlorine
concentration over time can be described by first-order reaction kinetics.

The original chlorine content in any sample can be computed given the measured concentration
and the holding time. A time-lag study should be performed on a regular basis for each type of
water being analyzed because of variability in water compositions.

The sample set used for the study should be handled in the same way as other samples (i.e.,
the samples should be kept cold and in the dark). Even when time-lag studies are made a part
of the routine analytical procedure, it is important that the delay between sample collection and
chlorine analysis be held to a minimum.

Sodium Hypochlorite

Sodium Hypochlorite, or bleach, is produced by adding elemental chlorine to sodium hydroxide.
Typically, hypochlorite solutions contain from 5 to 15% chlorine, and are shipped by truck in
one- to 5,000- gallon containers.

Advantages
v" Solution is less hazardous and easier to handle than elemental chlorine
v Fewer training requirements and regulations than elemental chlorine

Limitations

Limited shelf-life

Potential to add inorganic byproducts (chlorate, chlorite and bromate) to water
Corrosive to some materials and more difficult to store than most solution chemicals
Higher chemical costs than elemental chlorine

DN NN
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Chemistry of Chlorination

Chlorine can be added as sodium hypochlorite, calcium hypochlorite or chlorine gas. When any
of these is added to water, chemical reactions occur as these equations show:

Cl2+H 20O — HOCI + HCI
(chlorine gas) (water) (hypochlorous acid) (hydrochloric acid)

CaOCl +H 2 O — 2HOCI + Ca(OH)
(calcium hypochlorite) (water) (hypochlorous acid) (calcium hydroxide)

NaOCI + H2 O — HOCI + Na(OH)
(sodium hypochlorite) (water) (hypochlorous acid) (sodium hydroxide)

All three forms of chlorine produce hypochlorous acid (HOCI) when added to water.
Hypochlorous acid is a weak acid but a strong disinfecting agent. The amount of hypochlorous
acid depends on the pH and temperature of the water. Under normal water conditions,
hypochlorous acid will also chemically react and break down into a hypochlorite ion. The
direction of this reaction is highly pH and temperature dependent

(OCl -): HOCI H + + OCI — Also expressed HOCI — H + + OCI -
(hypochlorous acid) (hydrogen) (hypochlorite ion)

The hypochlorite ion is a much weaker disinfecting agent than hypochlorous acid; about 100
times less effective.

Let’s now look at how pH and temperature affect the ratio of hypochlorous acid to hypochlorite
ions. As the temperature is decreased, the ratio of hypochlorous acid increases. Temperature
plays a small part in the acid ratio. Although the ratio of hypochlorous acid is greater at lower
temperatures, pathogenic organisms are actually harder to kill. All other things being equal,
higher water temperatures and a lower pH are more conducive to chlorine disinfection.

Types of Residual

If water were pure, the measured amount of chlorine in the water should be the same as the
amount added. But water is not 100% pure. There are always other substances (interfering
agents) such as iron, manganese, turbidity, etc., which will combine chemically with the
chlorine.

These products have no disinfection value and are called the chlorine demand. Naturally, once
chlorine molecules are combined with these interfering agents, they are not capable of
disinfection. Next, ammonia combines to form chlorimines. It is free chlorine that is much more
effective as a disinfecting agent.

So let’s look now at how free, total and combined chlorine are related. When a chlorine residual
test is taken, either a total or a free chlorine residual can be read.

Total residual is all chlorine that is available for disinfection.

Total chlorine residual = free + combined chlorine residual.
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Free chlorine residual is a much stronger disinfecting agent. Therefore, most water regulating
agencies will require that your daily chlorine residual readings be of free chlorine residual.

Break-point chlorination is where the chlorine demand has been satisfied; and any additional
chlorine will be considered free chlorine.

BACTERIA / VIRUS DISINFECTION TIME FOR FECAL CONTAMINANTS IN CHLORINATED WATER

E. COLI
(BACTERIUM) LESS THAN 1 MINUTE OF CONTACT TIME
HEPATITUS A
(VIRUS) APPROXIMATELY 16 MINUTES CONTACT TIME
GIARDIA
(PARASITE) APPROXIMATELY 45 MINUTES CONTACT TIME

CRYPTOSPORIDIUM

(PARASITE) APPROXIMATELY 10.6 DAYS (15,300 minutes)

CHLORINE TIMETABLE FOR PROPER DISINFECTION
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Residual Concentration/Contact Time (CT) Requirements

Disinfection to eliminate fecal and coliform bacteria may not be sufficient to adequately reduce
pathogens such as Giardia or viruses to desired levels. Use of the "CT" disinfection concept is
recommended to demonstrate satisfactory treatment, since monitoring for very low levels of
pathogens in treated water is analytically very difficult.

The CT concept, as developed by the United States Environmental Protection Agency (Federal
Register, 40 CFR, Parts 141 and 142, June 29, 1989), uses the combination of disinfectant
residual concentration (mg/L) and the effective disinfection contact time (in minutes) to measure
effective pathogen reduction. The residual is measured at the end of the process, and the
contact time used is the T10 of the process unit (time for 10% of the water to pass).

CT = Concentration (mg/L) x Time (minutes)

The effective reduction in pathogens can be calculated by reference to standard tables of
required CTs.

Required Giardia/Virus Reduction
All surface water treatment systems shall ensure a minimum reduction in pathogen levels:
3-log reduction in Giardia; and 4-log reduction in viruses.

These requirements are based on unpolluted raw water sources with Giardia levels of = 1
cyst/100 L, and a finished water goal of 1 cyst/100,000 L (equivalent to 1 in 10,000 risk of
infection per person per year). Higher raw water contamination levels may require greater
removals as shown on Table 4.1.

TABLE 4.1

Level of Giardia Reduction

Raw Water Giardia Levels*

Recommended Giardia Log Reduction

<1 cyst/100 L 3-log

1 cyst/100 L - 10 cysts/100 L 3-log - 4-log

10 cysts/100 L - 100 cysts/100 L 4-log - 5-log

> 100 cysts/100 L > 5-log

*Use geometric means of data to determine raw water Giardia levels for compliance.

Required CT Value
Required CT values are dependent on pH, residual concentration, temperature, and the
disinfectant used.
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Calculation and Reporting of CT Data

Disinfection CT values shall be calculated daily, using either the maximum hourly flow and the
disinfectant residual at the same time, or by using the lowest CT value if it is calculated more
frequently. Actual CT values are then compared to required CT values.

Results shall be reported as a reduction Ratio, along with the appropriate pH, temperature, and
disinfectant residual. The reduction Ratio must be greater than 1.0 to be acceptable.

Users may also calculate and record actual log reductions.

Reduction Ratio = CT actual divide by CT required.
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Disinfection Summary

Wastewater Disinfection

There are a number of chemicals and processes that will disinfect wastewater, but none are
universally applicable. Most septic tanks discharge into various types of subsurface wastewater
infiltration systems (SWIS), such as tile fields or leach fields. These applications rely on the
formation of a biomat at the gravel-soil interface where "biodegradation and filtration combine
to limit the travel of pathogens."

Aerobic treatment processes reduce pathogens, but not enough to qualify as a disinfection
process. "Chlorination/dechlorination has been the most widely used disinfection technology in
the U.S.; ozonation and UV light are emerging technologies." Each of these three methods
have different considerations for the disinfection of wastewater.

Water Disinfection

Disinfection is usually the final stage in the water treatment process in order to limit the effects
of organic material, suspended solids and other contaminants. Like the disinfection of
wastewater, the primary methods used for the disinfection of water in very small (25-500
people) and small (501-3,300 people) treatment systems are ozone, ultraviolet irradiation (UV)
and chlorine.

There are numerous alternative disinfection processes that have been less widely used in small
and very small water treatment systems, including chlorine dioxide, potassium permanganate,
chloramines and peroxone (ozone/hydrogen peroxide).

Surface waters have been the focal point of water disinfection regulations since their inception,
as groundwaters (like wells) have been historically considered to be free of microbiological
contamination. Current data indicates this to not be true. Amendments to the Safe Drinking
Water Act in 1996 mandate the development of regulations to require disinfection of
groundwater "as necessary."

While these regulations will apply to very small systems serving twenty-five people at least 60
days out of the year, the rules will not apply to private wells. However, the EPA recommends
that wells be tested at least once per year and disinfected as necessary.

While these proposed regulations have not yet been finalized, they will likely include; testing by
each state, identification of contaminated water supplies, corrective action requiring disinfection
and compliance monitoring. The rules are currently scheduled to be implemented in July 2003.

Residual Disinfection

The EPA requires a residual level of disinfection of water in pipelines to prevent microbial re-
growth and help protect treated water throughout the distribution system. EPA’s maximum
residual disinfection levels (MRDLs) are 4 mg/I for chlorine, 4 mg/l for chloramines and 0.8 mg/I
for chlorine dioxide. Although chlorine levels are usually significantly lower in tap water, EPA
believes that levels as high as the MRDLs pose no risk of adverse health effects, allowing for
an adequate margin of safety (U.S. EPA, 1998a).
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Chlorate lon

The chlorate anion has the formula CIO-3. In this case, the chlorine atom is in the +5 oxidation
state. "Chlorate" can also refer to chemical compounds containing this anion; chlorates are the
salts of chloric acid. "Chlorate", when followed by a roman numeral in parentheses, e.g. chlorate
(VII), refers to a particular oxyanion of chlorine. As predicted by VSEPR, chlorate anions have
trigonal pyramidal structures.

Chlorates are powerful oxidizers and should be kept away from organics or easily oxidized
materials. Mixtures of chlorate salts with virtually any combustible material (sugar, sawdust,
charcoal, organic solvents, metals, etc.) will readily deflagrate. Chlorates were once widely
used in pyrotechnics for this reason, though their use has fallen due to their instability. Most
pyrotechnic applications which formerly used chlorates in the past now use the more stable
perchlorates instead

Examples of chlorates include
v potassium chlorate, KCIO3;
v sodium chlorate, NaClO3;
v" magnesium chlorate, Mg(ClO3)2

Chloride lon

The chloride ion is formed when the element chlorine, a halogen, gains an electron to form an
anion (negatively-charged ion) Cl-. The salts of hydrochloric acid contain chloride ions and can
also be called chlorides. The chloride ion, and its salts such as sodium chloride, are very soluble
in water. It is an essential electrolyte located in all body fluids responsible for maintaining
acid/base balance, transmitting nerve impulses and regulating fluid in and out of cells.

The word chloride can also form part of the name of chemical compounds in which one or more
chlorine atoms are covalently bonded. For example, methyl chloride, more commonly called
chloromethane, (CHsCl) is an organic covalently bonded compound, which does not contain a
chloride ion.

Chloride is used to form salts that can preserve food such as sodium chloride. Other salts such
as calcium chloride, magnesium chloride, potassium chloride have varied uses ranging from
medical treatments to cement formation.

An example is table salt, which is sodium chloride with the chemical formula NaCl. In water, it
dissociates into Na+ and CI- ions.

Examples of inorganic covalently bonded chlorides that are used as reactants are:
v" Phosphorus trichloride, phosphorus pentachloride, and thionyl chloride, all three of
which reactive chlorinating reagents that have been used in a laboratory.
v Disulfur dichloride (S2Cl), used for vulcanization of rubber.

A chloride ion is also the prosthetic group present in the amylase enzyme. Another example is
calcium chloride with the chemical formula CaClz. Calcium chloride is a salt that is marketed in
pellet form for removing dampness from rooms.
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Calcium chloride is also used for maintaining unpaved roads and for sanite fortifying roadbases
for new construction. In addition, Calcium chloride is widely used as a deicer since it is effective
in lowering the melting point when applied to ice.

In the petroleum industry, the chlorides are a closely monitored constituent of the mud system.
An increase of the chlorides in the mud system may be an indication of drilling into a high-
pressure saltwater formation. Its increase can also indicate the poor quality of a target sand.
Chloride is also a useful and reliable chemical indicator of river / groundwater fecal
contamination, as chloride is a non-reactive solute and ubiquitous to sewage & potable water.
Many water regulating companies around the world utilize chloride to check the contamination
levels of the rivers and potable water sources.

Chlorite lon

The chlorite ion is ClO2-. A chlorite (compound) is a compound that contains this group, with
chlorine in oxidation state +3. Chlorites are also known as salts of chlorous acid. Chlorine can
assume oxidation states of -1, +1, +3, +5, or +7 within the corresponding anions Cl-, CIO-, CIO»-
, ClOs-, or ClO4-, known commonly and respectively as chloride, hypochlorite, chlorite, chlorate,
and perchlorate. An additional oxidation state of +4 is seen in the neutral compound chlorine
dioxide ClO2, which has a similar structure to chlorite ClIO,- (oxidation state +3) and the cation
chloryl (ClO2+) (oxidation state +5).

Chlorine Dioxide

Chlorine dioxide is a chemical compound with the formula CIO,. This yellowish-green gas
crystallizes as bright orange crystals at -59 °C. As one of several oxides of chlorine, it is a potent
and useful oxidizing agent used in water treatment and in bleaching. The molecule CIO, has an
odd number of valence electrons and it is therefore a paramagnetic radical. Its electronic
structure has long baffled chemists because none of the possible Lewis structures are very
satisfactory. In 1933 L.O. Brockway proposed a structure that involved a three-electron bond.

Chemist Linus Pauling further developed this
idea and arrived at two resonance structures
involving a double bond on one side and a
single bond plus three-electron bond on the
other.

In Pauling's view the latter combination should
represent a bond that is slightly weaker than
the double bond. In molecular orbital theory
this idea is commonplace if the third electron is
placed in an anti-bonding orbital. Later work
has confirmed that the HOMO is indeed an
incompletely-filled orbital.

Chlorine dioxide is a highly endothermic CHLORINE DIOXIDE MOLECULE
compound that can decompose extremely

violently when separated from diluting substances.
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As a result, preparation methods that involve producing solutions of it without going through a
gas phase stage are often preferred. Arranging handling in a safe manner is essential.

In the laboratory, ClO; is prepared by oxidation of sodium chlorite:
2 NaClO; + Cl; - 2 CIO, + 2 NaCl

Over 95% of the chlorine dioxide produced in the world today is made from sodium chlorate
and is used for pulp bleaching. It is produced with high efficiency by reducing sodium chlorate
in a strong acid solution with a suitable reducing agent such as methanol, hydrogen peroxide,
hydrochloric acid or sulfur dioxide. Modern technologies are based on methanol or hydrogen
peroxide, as these chemistries allows the best economy and do not co-produce elemental
chlorine. The overall reaction can be written;

Chlorate + Acid + reducing agent - Chlorine Dioxide + By-products

The reaction of sodium chlorate with hydrochloric acid in a single reactor is believed to proceed
via the following pathway:

HCIO3; + HCI - HCIO, + HOCI
HCIO3 + HCIO, - 2 CIO, + Cl> + 2 H20O
HOCI + HCI - Cl; + H,O

The commercially more important production route uses methanol as the reducing agent and
sulfuric acid for the acidity. Two advantages by not using the chloride-based processes are that
there is no formation of elemental chlorine, and that sodium sulfate, a valuable chemical for the
pulp mill, is a side-product. These methanol-based processes provide high efficiency and can
be made very safe.

A much smaller, but important, market for chlorine dioxide is for use as a disinfectant. Since
1999 a growing proportion of the chlorine dioxide made globally for water treatment and other
small-scale applications has been made using the chlorate, hydrogen peroxide and sulfuric acid
method, which can produce a chlorine-free product at high efficiency.

Traditionally, chlorine dioxide for disinfection applications has been made by one of three
methods using sodium chlorite or the sodium chlorite - hypochlorite method:

2 NaCIO2 + 2 HCI + NaOCl - 2 CIO2 + 3 NaCl + H>O
or the sodium chlorite - hydrochloric acid method:

5 NaClO; + 4 HCI - 5 NaCl + 4 CIO2 + 2 H20

236
Chlorine & Disinfection©7/18/2022 TLC (866) 557-1746



All three sodium chlorite chemistries can produce chlorine dioxide with high chlorite conversion
yield, but unlike the other processes the chlorite-HCI method produces completely chlorine-free
chlorine dioxide but suffers from the requirement of 25% more chlorite to produce an equivalent
amount of chlorine dioxide. Alternatively, hydrogen peroxide may efficiently be used also in
small scale applications.

Very pure chlorine dioxide can also be produced by electrolysis of a chlorite solution:
2 NaClO; + 2 H,0 - 2 CIO, + 2 NaOH + H;

High purity chlorine dioxide gas (7.7% in air or nitrogen) can be produced by the Gas: Solid
method, which reacts dilute chlorine gas with solid sodium chlorite.

2 NaClO; + Cl; - 2 CIO2 + 2 NaCl
These processes and several slight variations have been reviewed.

Haloacetic Acids

Haloacetic acids are carboxylic acids in which a halogen atom takes the place of a hydrogen
atom in acetic acid. Thus, in a monohaloacetic acid, a single halogen would replace a hydrogen
atom.

For example, chloroacetic acid would have the structural formula CH2CICOzH. In the same
manner, in dichloroacetic acid two chlorine atoms would take the place of two hydrogen atoms
(CHCI2COzH). The inductive effect caused by the electronegative halogens often result in the
higher acidity of these compounds by stabilizing the negative charge of the conjugate base.

Contaminants in Drinking Water

Haloacetic acids (HAAs) are a common undesirable by-product of drinking water chlorination.
Exposure to such disinfection by-products in drinking water has been associated with a number
of health outcomes by epidemiological studies, although the putative agent in such studies has
not been identified.

In water, HAAs are stable, with the five most common being:
monochloroacetic acid (MCA) CICH,COOH;
dichloroacetic acid (DCA) CI,CHCOOH;

trichloroacetic acid (TCA) CIsCCOOH,;

monobromoacetic acid (MBA) BrCH,COOH;
dibromoacetic acid (DBA) Br,CHCOOH.

ANANENENEN

Collectively, these are referred to as the HAA5. HAAs can be formed by chlorination, ozonation
or chloramination of water with formation promoted by slightly acidic water, high organic matter
content and elevated temperature.

Chlorine from the water disinfection process can react with organic matter and small amounts
of bromide present in water to produce various HAAs. A study published in August 2006 found
that total levels of HAAs in drinking water were not affected by storage or boiling, but that
filtration was effective in decreasing levels.

237
Chlorine & Disinfection©7/18/2022 TLC (866) 557-1746



Hypochlorites

Hypochlorites are calcium or sodium salts of hypochlorous acid and are supplied either dry or
in liquid form (as, for instance, in commercial bleach). The same residuals are obtained as with
gas chlorine, but the effect on the pH of the treated water is different. Hypochlorite compounds
contain an excess of alkali and tend to raise the pH of the water.

Calcium hypochlorite tablets are the predominant form in use in the United States for swimming
pools. Sodium hypochlorite is the only liquid hypochlorite disinfectant in current use. There are
several grades and proprietary forms available. Pound-for-pound of available chlorine,
hypochlorite compounds have oxidizing powers equal to gas chlorine and can be employed for
the same purposes in water treatment. Gas chlorination requires a larger initial investment for
feed equipment than what is needed for hypochlorite compounds.

Calcium hypochlorite materials used in the water industry are chemically different from those
materials variously marketed for many years as bleaching powder, chloride of lime, or
chlorinated lime. Materials now in common use are high-test calcium hypochlorites containing
about 70 percent available chlorine and marketed under several trade names.

High-test calcium hypochlorites are white corrosive solids that give off a strong chlorine odor.
Granular powdered or tablet forms are commercially available and all are readily soluble in
water.

Sodium hypochlorite is sold only as a liquid and is normally referred to as liquid bleach. It is
generally available in concentrations of 5 to 15 percent available chlorine. These solutions are
clear, light yellow, strongly alkaline, and corrosive in addition to having a strong chlorine smell.

High-test hypochlorites, though highly active, are relatively stable throughout production,
packaging, distribution, and storage. Storage at 86° F. for a year may reduce the available
chlorine by about 10 percent.

Storing at lower temperatures reduces the loss. All sodium-hypochlorite solutions are unstable
to some degree and deteriorate more rapidly than the dry compounds. Most producers
recommend a shelf life of 60 to 90 days. Because light and heat accelerate decomposition,
containers should be stored in a dry, cool, and dark area.

Disinfection Byproducts
Disinfection byproducts are formed when disinfectants used in water treatment plants react with
bromide and/or natural organic matter (i.e., decaying vegetation) present in the source water.

Different disinfectants produce different types or amounts of disinfection byproducts.
Disinfection byproducts for which regulations have been established have been identified in
drinking water, including trihalomethanes, haloacetic acids, bromate, and chlorite.

238
Chlorine & Disinfection©7/18/2022 TLC (866) 557-1746



Trihalomethanes (THM)

Trihalomethanes (THM) are a group of four chemicals that are formed along with other
disinfection byproducts when chlorine or other disinfectants used to control microbial
contaminants in drinking water react with naturally occurring organic and inorganic matter in
water.

The trihalomethanes are chloroform, bromodichloromethane, dibromochloromethane, and
bromoform. EPA has published the Stage 1 Disinfectants/Disinfection Byproducts Rule to
regulate total trihalomethanes (TTHM) at a maximum allowable annual average level of 80 parts
per billion. This standard will replace the current standard of a maximum allowable annual
average level of 100 parts per billion in December 2001 for large surface water public water
systems. The standard became effective for the first time in December 2003 for small surface
water and all ground water systems.

Haloacetic Acids (HAAS)

Haloacetic Acids (HAAS5) are a group of chemicals that are formed along with other disinfection
byproducts when chlorine or other disinfectants used to control microbial contaminants in
drinking water react with naturally occurring organic and inorganic matter in water. The
regulated haloacetic acids, known as HAA5, are: monochloroacetic acid, dichloroacetic acid,
trichloroacetic acid, monobromoacetic acid, and dibromoacetic acid. EPA has published the
Stage 1 Disinfectants/Disinfection Byproducts Rule to regulate HAA5 at 60 parts per billion
annual average. This standard became effective for large surface water public water systems
in December 2001 and for small surface water and all ground water public water systems in
December 2003.

Bromate is a chemical that is formed when ozone used to disinfect drinking water reacts with
naturally occurring bromide found in source water. EPA has established the Stage 1
Disinfectants/Disinfection Byproducts Rule to regulate bromate at annual average of 10 parts
per billion in drinking water. This standard became effective for large public water systems by
December 2001 and for small surface water and all ground public water systems in December
2003.

Chlorite

Chlorite is a byproduct formed when chlorine dioxide is used to disinfect water. EPA has
published the Stage 1 Disinfectants/Disinfection Byproducts Rule to regulate chlorite at a
monthly average level of 1 part per million in drinking water. This standard became effective for
large surface water public water systems in December 2001 and for small surface water and
all ground water public water systems in December 2003.

Chloroform

Chloroform, typically the most prevalent THM measured in chlorinated water, is probably the
most thoroughly studied disinfection byproduct. Toxicological studies have shown that high
levels of chloroform can cause cancer in laboratory animals. Extensive research conducted
since the early 1990s provides a clearer picture of what this means for humans exposed to far
lower levels through drinking water.

One study (Larson et al. 1994a) conducted by the Centers for Health Research (CIIT) observed
that a very large dose of chloroform, when given to mice once per day into the stomach (a
procedure known as gavage), produced liver damage and eventually cancer. In a second CIIT
cancer study (Larson et al., 1994b), mice were given the same daily dose of chloroform through
the animals’ drinking water.
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This time, no cancer was produced. Follow-up research showed that the daily gavage doses
overwhelmed the capability of the liver to detoxify the chloroform, causing liver damage, cell
death and regenerative cell growth, thereby increasing risks for cell mutation and cancer in
exposed organs. When chloroform was given through drinking water, however, the liver could
continually detoxify the chloroform as the mice sipped the water throughout the day. Without
the initial liver toxicity, there was no cancer in the liver, kidney or other exposed organs
(Butterworth et al., 1998).

In its most recent risk assessment, EPA considered the wealth of available information on
chloroform, including the important work done at CIIT. EPA concludes that exposure to
chloroform below the threshold level that causes cell damage is unlikely to increase the risk of
cancer. While chloroform is likely to be carcinogenic at a high enough dose, exposures below
a certain dose range are unlikely to pose any cancer risk to humans (US EPA, 2002a). For
drinking water meeting EPA standards, chloroform is unlikely to be a health concern.

Sodium Chlorate

Sodium chlorate is a chemical compound with the chemical formula (NaClOz). When pure, it is
a white crystalline powder that is readily soluble in water. It is hygroscopic. It decomposes
above 250 °C to release oxygen and leave sodium chloride. Industrially, sodium chlorate is
synthesized from the electrolysis of a hot sodium chloride solution in a mixed electrode tank:

NaCl + 3H20 - NaCIO3 + 3H>

It can also be synthesized by passing chlorine gas into a hot sodium hydroxide solution. It is
then purified by crystallization.

Chemical Oxygen Generation

Chemical oxygen generators, such as those in commercial aircraft, provide emergency oxygen
to passengers to protect them from drops in cabin pressure by catalytic decomposition of
sodium chlorate. The catalyst is normally iron powder. Barium peroxide (BaO-) is used to
absorb the chlorine which is a minor product in the decomposition. Iron powder is mixed with
sodium chlorate and ignited by a charge which is activated by pulling on the emergency mask.
The reaction produces more oxygen than is required for combustion. Similarly, the Solidox
welding system used pellets of sodium chlorate mixed with combustible fibers to generate
oxygen.

Toxicity in Humans

Due to its oxidative nature, sodium chlorate can be very toxic if ingested. The oxidative effect
on hemoglobin leads to methemoglobin formation, which is followed by denaturation of the
globin protein and a cross-linking of erythrocyte membrane proteins with resultant damage to
the membrane enzymes.

This leads to increased permeability of the membrane, and severe hemolysis. The denaturation
of hemoglobin overwhelms the capacity of the G6PD metabolic pathway. In addition, this
enzyme is directly denatured by chlorate reducing its activity. Therapy with ascorbic acid and
methylene blue are frequently used in the treatment of methemoglobinemia.
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However, since methylene blue requires the presence of NADPH that requires normal
functioning of G6PD system, it is less effective than in other conditions characterized by
hemoglobin oxidation.

Acute severe hemolysis results, with multi-organ failure, including DIC and renal failure. In
addition, there is a direct toxicity to the proximal renal tubule. The treatment will consist of
exchange transfusion, peritoneal dialysis or hemodialysis.

Developmental and Reproductive Effects

Several epidemiology studies have reported a possible association between disinfection
byproducts and adverse reproductive outcomes, including spontaneous abortion (miscarriage).
One study of women in several California communities (Waller et al. 1998) found a stronger
association with bromodichloromethane (BDCM) than with other byproducts. Because the
available studies have significant limitations, EPA and the American Water Works Association
Research Foundation are sponsoring a new epidemiology study to replicate the 1998 Waller
study.

When the Waller study was published, the available toxicology data on reproductive and
developmental effects of some DBPs was quite limited. It was recognized that BDCM, in
particular, should be thoroughly studied for a potential causal relationship to reproductive and
developmental toxicity.

The Research Foundation for Health and Environmental Effects, a tax-exempt foundation
established by the Chlorine Chemistry Division of the American Chemistry Council, sponsored
a set of animal studies (Christian et al. 2001, 2002) including two developmental toxicity studies
on BDCM, a reproductive toxicity study on BDCM, and a reproductive toxicity study on
dibromoacetic acid (DBA). The studies, published in the International Journal of Toxicology,
found no adverse effects from BDCM and DBA at dose levels thousands of times higher than
what humans are exposed to through drinking water. The studies were designed to comply with
stringent EPA guidelines, and each study was independently monitored and peer reviewed.

Formulations

Sodium chlorate comes in dust, spray and granule formulations. There is a risk of fire and
explosion in dry mixtures with other substances, especially organic materials, and other
herbicides, sulfur, phosphorus, powdered metals, strong acids. In particular, when mixed with
sugar, it has explosive properties.

If accidentally mixed with one of these substances it should not be stored in human dwellings.
Marketed formulations contain a fire retardant, but this has little effect if deliberately ignited.
Most commercially available chlorate weedkillers contain approximately 53% sodium chlorate
with the balance being a fire depressant such as sodium metaborate or ammonium phosphates.

Sodium Chlorite

Sodium chlorite, like many oxidizing agents, should be protected from inadvertent
contamination by organic materials to avoid the formation of an explosive mixture. The chemical
explodes on percussive impact, and will ignite if combined with a strong reducing agent.
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Toxicity

Sodium chlorite is a strong oxidant and can therefore be expected to cause clinical symptoms
similar to the well-known sodium chlorate: methemoglobinemia, hemolysis, renal failure. A dose
of 10-15 grams of sodium chlorate can be lethal. Methemoglobemia had been demonstrated in
rats and cats, and recent studies by the EMEA have confirmed that the clinical symptomatology
is very similar to the one caused by sodium chlorate in the rat, mouse, rabbit, and the green
monkey.

There is only one human case in the medical literature of chlorite poisoning. It seems to confirm
that the toxicity is equal to sodium chlorate. From the analogy with sodium chlorate, even small
amounts of about 1 gram can be expected to cause nausea, vomiting and even life-threatening
hemolysis in Glucose-6-Phosphate Dehydrogenase deficient persons. The EPA has set a
maximum contaminant level of 1 milligram of chlorite per liter (1 mg/L) in drinking water.

Manufacture

The free acid, chlorous acid, HCIO;, is only stable at low concentrations. Since it cannot be
concentrated, it is not a commercial product. However, the corresponding sodium salt, sodium
chlorite, NaClO; is stable and inexpensive enough to be commercially available. The
corresponding salts of heavy metals (Ag+, Hg+, T+, Pb2+, and also Cu2+ and NHs+)
decompose explosively with heat or shock.

Sodium chlorite is derived indirectly from sodium chlorate, NaClOs. First, the explosive (only at
concentrations greater than 10% in atmosphere) chlorine dioxide, ClO; is produced by reducing
sodium chlorate in a strong acid solution with a suitable reducing agent (for example, sodium
sulfite, sulfur dioxide, or hydrochloric acid). The chlorine dioxide is then absorbed into an
alkaline solution and reduced with hydrogen peroxide (H20-), yielding sodium chlorite.

Stachybotrys

Stachybotrys is a genus of molds, or asexually-reproducing, filamentous fungi. Closely related
to the genus Memnoniella, most Stachybotrys species inhabit materials rich in cellulose. The
genus has a widespread distribution, and contains about 50 species.

The most infamous species, S. chartarum (also known as S. atra) and S. chlorohalonata are
known as "black mold" or "toxic black mold" in the U.S. and are frequently associated with poor
indoor air quality that arises after fungal growth on water-damaged building materials

Symptoms of Stachybotrys Exposure in Humans
Exposure to the mycotoxins present in Stachybotrys chartarum or Stachybotrys atra can have
a wide range of effects.

Depending on the length of exposure and volume of spores inhaled or ingested, symptoms can
manifest as chronic fatigue or headaches, fever, irritation to the eyes, mucous membranes of
the mouth, nose and throat, sneezing, rashes, and chronic coughing. In severe cases of
exposure or cases exacerbated by allergic reaction, symptoms can be extreme including
nausea, vomiting, and bleeding in the lungs and nose.
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Understanding Commonly Used Water Disinfectants
Almost all U.S. systems that disinfect their water use some type of chlorine-based process,
either alone or in combination with other disinfectants. In addition to controlling disease-causing
organisms, chlorination offers a number of benefits including:
» Reduces many disagreeable tastes and odors;
» Eliminates slime bacteria, molds and algae that commonly grow in water supply
reservoirs, on the walls of water mains and in storage tanks;
» Removes chemical compounds that have unpleasant tastes and hinder disinfection; and
» Helps remove iron and manganese from raw water.
As importantly, only chlorine-based chemicals provide “residual disinfectant” levels that prevent
microbial re-growth and help protect treated water throughout the distribution system.

The Risks of Waterborne Disease

Where adequate water treatment is not readily available, the impact on public health can be
devastating. Worldwide, about 1.2 billion people lack access to safe drinking water, and twice
that many lack adequate sanitation. As a result, the World Health Organization estimates that
3.4 million people, mostly children, die every year from water-related diseases.

Even where water treatment is widely practiced, constant vigilance is required to guard against
waterborne disease outbreaks. Well-known pathogens such as E. coli are easily controlled with
chlorination, but can cause deadly outbreaks given conditions of inadequate or no disinfection.

A striking example occurred in May 2000 in the Canadian town of Walkerton, Ontario. Seven
people died and more than 2,300 became ill after E. coli and other bacteria infected the town’s
water supply. A report published by the Ontario Ministry of the Attorney General concludes that,
even after the well was contaminated, the Walkerton disaster could have been prevented if the
required chlorine residuals had been maintained.

Some emerging pathogens such as Cryptosporidium are resistant to chlorination and can
appear even in high quality water supplies.

Cryptosporidium was the cause of the largest reported drinking water outbreak in U.S. history,
affecting over 400,000 people in Milwaukee in April 1993. More than 100 deaths are attributed
to this outbreak.

New regulations from the U.S. Environmental Protection Agency (EPA) will require water
systems to monitor Cryptosporidium and adopt a range of treatment options based on source
water Cryptosporidium concentrations. Most water systems are expected to meet EPA
requirements while continuing to use chlorination.
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Conclusions

e Chlorine is one of nature's most common chemical elements.

o Electricity applied to salt solutions enables the chlor-alkali industry to harness chlorine
captured in salt deposits of ancient oceans.

e Chlorine's chemical properties make it an extremely effective disinfectant and essential
component in the chemical manufacture of literally thousands of vital products used
every day.

e Pairs of substances that chlorine will react explosively or form explosive compounds
with are acetylene and ether, turpentine and ammonia and hydrogen and finely divided
metals.

¢ Monochloramine, dichloramine, and trichloramine are known as combined available
chlorine.

e The chlorine pressure reducing valve should be located downstream of the evaporator
when using an evaporator.

e Chlorine is added to the effluent before the contact chamber for complete mixing. What
is the reason for not adding it directly to the chamber? The chamber has very little mixing
due to low velocities.

¢ The two main chemical species formed by chlorine in water and the name that are they
are known collectively are HOCI and OCI-; free available chlorine.

o When chlorine gas is added to water, it rapidly hydrolyzes. The chemical equation that
best describes this reaction is Ci, + H.O --> H+ + CI- + HOCI.

o Yoke-type connectors should be used on a chlorine cylinder's valve; always assume the
threads on the valve may be worn.

e Excessive chlorine can kill the aerobic organisms in the secondary treatment plant.
Take precaution when applying chlorine in the sewer line near a wastewater treatment
plant to control hydrogen sulfide production and anaerobic bacteria.

¢ When replacing the connection from a chlorine cylinder to a chlorinator always use a
new, approved gasket on the connector and follow the manufacturer’s instructions.

o Safety precautions when using chlorine gas: In addition to protective clothing and
goggles, chlorine gas should be used only in a well-ventilated area so that any leaking
gas cannot concentrate.

e Several symptoms of chlorine exposure: Burning of eyes, nose, and mouth, coughing,
sheezing, choking, nausea and vomiting; headaches and dizziness; fatal pulmonary
edema, pneumonia, and skin blisters.

¢ Approved method for storing a chlorine cylinder: Secure each cylinder in an upright
position, attach the protective bonnet over the valve and firmly secure each cylinder.

o Emergency procedures in the case of a large uncontrolled chlorine leak: Notify local
emergency response team, warn and evacuate people in adjacent areas, be sure that
no one enters the leak area without adequate self-contained breathing equipment.
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Chlorine Facts Review
This information is necessary to pass your post-quiz.

* OSHA PEL 1 PPM - IDLH 10 PPM and Fatal Exposure Limit 1,000 PPM

The current Occupational Safety and Health Administration (OSHA) permissible exposure limit
(PEL) for chlorine is 1 ppm (3 milligrams per cubic meter (mg/m®))) as a ceiling limit. A worker's
exposure to chlorine shall at no time exceed this ceiling level. * IDLH 10 PPM

Physical and chemical properties of chlorine: A yellowish green, nonflammable and liquefied
gas with an unpleasant and irritating smell. Can be readily compressed into a clear, amber-
colored liquid, it is a noncombustible gas, and a strong oxidizer.

Liquid chlorine is about 1.5 times heavier than water and gaseous chlorine is about 2.5 times
heavier than air. Atomic number of chlorine is 17. Cl is the elemental symbol and Cl is the
chemical formula.

Monochloramine, dichloramine, and trichloramine are also known as Combined Available
Chlorine. Cly + NHyq,

HOCI and OCI-; The OCL- is the hypochlorite ion and both of these species are known as free
available chlorine. These are the two main chemical species formed by chlorine in water and
they are known collectively as hypochlorous acid and the hypochlorite ion.

When chlorine gas is added to water, it rapidly hydrolyzes. The chemical equation that best
describes this reaction is CI2 + H,0 --> H+ + CI- + HOCI. Hypochlorous acid is the most
germicidal of the chlorine compounds with the possible exception of chlorine dioxide.

Yoke-type connectors should be used on a chlorine cylinder's valve, as a safer connection in
case the threads on the valve may be worn.

The connection from a chlorine cylinder to a chlorinator should be made by using a new,
approved gasket on the connector every time. Always follow your manufacturer’s instructions.

On 1-ton chlorine gas containers, the chlorine pressure reducing valve should be located
downstream of the evaporator when using an evaporator. This is the liquid chlorine supply line
and it is going to be made into chlorine gas.

In water treatment, chlorine is added to the effluent before the contact chamber (before the
clear well) for complete mixing. One reason for not adding it directly to the chamber is that the
chamber has very little mixing due to low velocities.

Here are several safety precautions when using chlorine gas. In addition to protective clothing
and goggles, chlorine gas should be used only in a well-ventilated area so that any leaking gas
cannot concentrate.

Emergency procedures in the case of a large uncontrolled chlorine leak are as follows: Notify
local emergency response team, warn and evacuate people in adjacent areas, and be sure that
no one enters the leak area without adequate self-contained breathing equipment.
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Here are several symptoms of chlorine exposure. Burning of eyes, nose, and mouth, coughing,
sneezing, choking, nausea and vomiting, headaches and dizziness, fatal pulmonary edema,
pneumonia, skin blisters and a little Cl, will corrode the teeth and then progress to throat cancer.

Approved method for storing a 150 - 200-pound chlorine cylinder: Secure each cylinder in an
upright position, attach the protective bonnet over the valve and firmly secure each cylinder.
Never store near heat. Always store the empty in an upright, secure position with proper
signage.

CHLORINE SENSOR
READING (ppm)

SCBA STORAGE
CABINET sl

FIBERGLASS CHLORINE STORAGE SHELTER

Operator and Public Safety
The design of gas chlorine facilities should consider operator and public safety as well as
maintaining long-term plant reliability and operation.

Chlorination facilities are designed such that chlorine gas can be contained in the chlorine
storage room. Doors and windows should be gas-tight to minimize escape of gaseous chlorine
to the exterior atmosphere or building interior.

Leak detectors should be located 1 foot above the floor of the chlorine storage room and should
activate an alarm when a chlorine leak occurs. It is preferable that the detector be capable of
differentiating between two or more chlorine concentrations to alert personnel of the severity of
the release. This would help determine the appropriate procedure for entrance to the room,
ventilation, or other solutions.

Self-contained breathing apparatus (SCBA) should not be located within the chlorine storage
room. It is preferable that this equipment be located in a convenient location where personnel
can easily access it in the event of an emergency.
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Chlorine Section Post Quiz

1. How should the connection from a chlorine cylinder to a chlorinator be replaced?

2. How many turns should a chlorine gas cylinder be initially opened?

3. If the temperature of a full chlorine cylinder is increased by 50°F or 30°C, what is
the most likely result?

4. What is meant by the specific gravity of a liquid?

5. Which metals are the only metals that are TOTALLY inert to moist chlorine gas?

6. What will be discharged when opening the top valve on a one-ton chlorine
cylinder?

7. What are the approved methods for storing a chlorine cylinder?

8. What are normal conditions for a gas chlorination start-up?

9. Name a safety precaution when using chlorine gas?

10. What compounds are formed in water when chlorine gas is introduced?

11. Why should roller bearings not be used to rotate a one-ton chlorine cylinder?

12. What are the physical and chemical properties of chlorine?

13. What are the necessary emergency procedures in the case of a large uncontrolled
chlorine leak?
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14. Name several symptoms of chlorine exposure.

15. 5 Ibs. of a 70% concentration sodium hypochlorite solution is added to a tank
containing 650 gallons of water. What is the chlorine dosage?

16. As soon as Cl2 gas enters the throat area, a victim will sense a sudden stricture in
this area - nature's way of signaling to prevent passage of the gas to the lungs. At this
point, the victim must attempt to do two things. Name them.

17. Positive pressure SCBAs and full face piece SARs can be used in oxygen deficient
atmospheres containing less than what percentage of oxygen in the atmosphere?

18. Death is possible from asphyxia, shock, reflex spasm in the larynx, or massive
pulmonary edema. Populations at special risk from chlorine exposure are individuals
with pulmonary disease, breathing problems, bronchitis, or chronic lung conditions.

A. TRUE B. FALSE

19. Chlorine gas reacts with water producing a strongly oxidizing solution causing
damage to the moist tissue lining the respiratory tract when the tissue is exposed to
chlorine. The respiratory tract is rapidly irritated by exposure to 10-20 ppm of chlorine
gas in air, causing acute discomfort that warns of the presence of the toxicant.

A. TRUE B. FALSE

20. Even brief exposure to 1,000 ppm of Cl2 can be fatal.
A. TRUE B. FALSE

21. What are the two main chemical species formed by chlorine in water and what
name are they are known collectively as?

22. When chlorine gas is added to water, it rapidly hydrolyzes according to the
reaction:
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Chapter 5- Hypochlorites and Chloramines

Section Focus: You will learn the basics of water disinfection with an emphasis on
hypochlorites, and chloramines. At the end of this section, you will be able to describe
disinfection using hypochlorites and chloramines. There is a post quiz at the end of this section
to review your comprehension and a final examination in the Assignment for your contact hours.

Scope/Background: Chloramines - Sodium or Calcium hypochlorite is a diluted liquid form of
chlorine that is also commonly used for disinfection.
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CHLORAMINATION

Reviewing Chloramines in Drinking Water

Chloramines are disinfectants used to treat drinking water. Chloramines are most commonly
formed when ammonia is added to chlorine to treat drinking water. The typical purpose of
chloramines is to provide longer-lasting water treatment as the water moves through pipes to
consumers. This type of disinfection is known as secondary disinfection. Chloramines have
been used by water utilities for almost 90 years, and their use is closely regulated. More than
one in five Americans uses drinking water treated with chloramines. Water that contains
chloramines and meets EPA regulatory standards is safe to use for drinking, cooking, bathing
and other household uses.

Many utilities use chlorine as their secondary disinfectant; however, in recent years, some of
them changed their secondary disinfectant to chloramines to meet disinfection byproduct
regulations. In order to address questions that have been raised by consumers about this
switch, EPA scientists and experts have answered 29 of the most frequently asked questions
about chloramines. We have also worked with a risk communication expert to help us organize
complex information and make it easier for us to express current knowledge.
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Water Treatment
The following is a schematic of a water treatment plant.

COAGULATION
Rapid Mix

SEDIMENATION

FLOCCULATION FILTRATION
Slow Mix

In water treatment, pre-chlorination is utilized mainly in situations where the inflow is taken from
a surface water source such as a river, lake, or reservoir.

Chlorine is usually added in the rapid mixing chamber and effectively prevents the majority of
algal growth.

Algae is a problem in water treatment plants because it builds up on the filter media and
increases the head which means that the filters need to be backwashed more frequently. In
addition, the algal growth on the filter media causes taste and odor problems in the treated
water.

Post Chlorination

Post chlorination is almost always done in water treatment, but can be replaced with chlorine
dioxide or chloramines. In this stage chlorine is fed to the drinking water stream which is then
sent to the chlorine contact basin to allow the chlorine a long enough detention time to kill all
viruses, bacteria, and protozoa that were not removed and rendered inactive in the prior stages
of treatment.

Drinking water requires a large addition of chlorine because there must be a residual amount
of chlorine in the water that will carry through the system until it reaches the tap of the user.
After post chlorination, the water is retained in a clear well prior to distribution.
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Chloramine Sub-Section

This process involves the addition of ammonia and chlorine compounds to a water filtration
plant. When properly controlled, the mixture forms chloramines. They are commonly used to
maintain a residual in the distribution system following treatment with a stronger disinfectant,
such as free chlorine.

Chloramine Advantages

Persistent residual.

Taste and odor minimization.

Lower levels of trihalomethane (THM) and haloacetic acid (HAA) formation.
Effective disinfection of biofilms in the distribution system.

Chloramine Disadvantages

Produces disinfection by-products (DBPs), including nitrogen-based compounds and
chloral hydrate, which may be regulated as a DBP in the future. There is limited
information on the toxicity of chloramine DBPs. In an analysis of the health effects of
alternatives, Bull states that "there is little information on which to base an estimate of
the health hazard that chloramine poses."

Presents problems to individuals on dialysis machines. Chloramine residuals in tap
water can pass through membranes in dialysis machines and directly induce oxidant
damage to red blood cells.

Causes eye irritation. Exposure to high levels of chloramine may result in eye irritation.
Requires increased dosage and contact time (higher CT values, i.e., concentration X
time).

Has questionable value as viral and parasitic biocide.

Can promote growth of algae in reservoirs and an increase in distribution system
bacteria due to residual ammonia.

Can produce HAAs.

Provides weaker oxidation and disinfection capabilities than free chlorine.
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Chloramine Breakdown

Monochloramine and dichloramine are formed in the pH range of 4.5 to 8.5, however,
monochloramine is most common when the pH is above 8. When the pH of the water is below
4.5, the most common form of chloramine is trichloramine which produces a very foul odor. The
equations for the formation of the different chloramines are as follows: (Reynolds & Richards,
1996)

Monochloramine: NH3 + HOCI -> NH,CI + H.0O
Dichloramine: NH.CIl + 2HOCI -> NHCI; + 2H,0
Trichloramine: NHCI2 + 3HOCI -> NHClI; + 3H,0O

Chloramines are an effective disinfectant against bacteria but not against viruses. As a result,
it is necessary to add more chlorine to the water to prevent the formation of chloramines and
form other stronger forms of disinfectants.

The final step is that additional free chlorine reacts with the chloramine to produce hydrogen
ion, water, and nitrogen gas which will come out of solution. In the case of the monochloramine,
the following reaction occurs:

2NH:CI + HOCI -> N2 + 6HCI + H.0

Thus, added free chlorine reduces the concentration of chloramines in the disinfection process.
Instead the chlorine that is added is allowed to form the stronger disinfectant, hypochlorous
acid.

Perhaps the most important stage of the water or wastewater treatment process is the
disinfection stage. This stage is most critical because it has the greatest effect on public health
as well as the health of the world's aquatic systems. It is important to realize that water or
wastewater treatment is not a cut and dry process but requires in depth knowledge about the
type of wastewater being treated and its characteristics to obtain optimum results.
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The graph shown depicts the chlorine residual as a function of increasing chlorine dosage with
descriptions of each zone given below (Drawing by Erik Johnston, adapted from Reynolds and
Richards, 1996).

Zone |: Chlorine is reduced to chlorides.
Zone lI: Chloramines are formed.

Zone llI: Chloramines are broken down and converted to nitrogen gas which leaves the
system (Breakpoint).

Zone IV: Free residual.

Therefore, it is very important to understand the amount and type of chlorine that must be
added to overcome the difficulties in the strength of the disinfectant which results from the
water or wastewater's characteristics.

253
Chlorine & Disinfection©7/18/2022 TLC (866) 557-1746



254
Chlorine & Disinfection©7/18/2022 TLC (866) 557-1746



Sodium Hypochlorite - Introduction

CHEMICAL
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CHLORINE GAS VS. SODIUM HYPOCHLORITE (BLEACH)

Physical Properties - Sodium Hypochlorite

Description: Clear greenish yellow liquid.

Warning properties: Chlorine odor; inadequate warning of hazardous concentrations.
Molecular weight: 74.44 daltons

Boiling point (760 mm Hg): Decomposes above 40°C (HSDB 2001)

Freezing point: 6°C (21°F)

Specific gravity: 1.21 (14% NAOCI solution) (water=1)

Water solubility: 29.3 g/100 g at 32°F (0°C)

Flammability: Not flammable

Alternative Names
Bleach; Clorox; Carrel-Dakin solution

Incompatibilities
Calcium or sodium hypochlorite react explosively or form explosive compounds with many
common substances such as ammonia, amines, charcoal, or organic sulfides

Introduction

The world's most universal and reliable means of water and wastewater disinfection is chlorination.
Two fundamental methods include gas chlorination (Cl;) and liquid chlorination (NaOCI) otherwise
known as Sodium Hypochlorite. Sodium hypochlorite (NaOCI) is a solution made from reacting
chlorine with a sodium hydroxide solution. These two reactants are the major co-products from
most chlor-alkali cells. Sodium hypochlorite has a variety of uses and is an excellent
disinfectant/antimicrobial agent. Sodium hypochlorite also significantly increases the pH of the
water. When sodium hypochlorite is used, it must be counterbalanced by a strong acid like sodium
bisulfate or muriatic acid to keep the pH within the ideal range.

The hypochlorite form of chlorine has been used since 1850. The most widely used form of
hypochlorite is the liquid, sodium hypochlorite (NaOCI), with more than 150 tons per day consumed
in the United States.
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Sodium hypochlorite application in cooling water is essentially the same as with gas chlorine; HOCI
is produced as the active toxicant. The HOCI is equally susceptible to process contamination, has
the same chlorine demand as gas chlorine and displays the same tendency to dissociate.

Sodium hypochlorite differs from chlorine gas in two respects: method of feed and hydrolyzation
properties. Sodium hypochlorite can either be gravity-fed or applied with a metering pump. The
latter is generally recognized as a consistently more accurate method. The second difference, in
hydrolysis, lies in the end products. The NaOCI reaction with water liberates sodium hydroxide
(NaOH).

The addition of NaOH differs in that it tends to add alkalinity to the water. In large concentrations
it may artificially elevate pH, leading to precipitation of calcium carbonate. While NaOCI eliminates
low pH corrosion as a concern, the use of large quantities in contaminated systems still introduces
a high concentration of the chloride ion, which can be very aggressive to cooling system metals.
Many of the other problems associated with chlorine remain present with sodium hypochlorite.

When was Sodium Hypochlorite Discovered?

Sodium hypochlorite has a long history. Around 1785 the Frenchman Berthollet developed liquid
bleaching agents based on sodium hypochlorite. The Javel company introduced this product and
called it 'liqueur de Javel'. At first, it was used to bleach cotton. Because of its specific
characteristics it soon became a popular compound. Hypochlorite can remove stains from clothes
at room temperature. In France, sodium hypochlorite is still known as 'eau de Javel'.

Characteristics of Sodium hypochlorite
Sodium hypochlorite is a clear, slightly yellowish solution with a characteristic odor.

Sodium hypochlorite has a relative density of is 1.1 (5.5% watery solution).

As a bleaching agent for domestic use it usually contains 5% sodium hypochlorite (with a pH of
around 11, it is irritating). If it is more concentrated, it contains a concentration 10-15% sodium
hypochlorite (with a pH of around 13, it burns and is corrosive).

Sodium hypochlorite is unstable. Chlorine evaporates at a rate of 0,75 gram active chlorine per
day from the solution. Then heated sodium hypochlorite disintegrates. This also happens when
sodium hypochlorite comes in contact with acids, sunlight, certain metals and poisonous and
corrosive gasses, including chlorine gas. Sodium hypochlorite is a strong oxidator and reacts with
flammable compounds and reductors. Sodium hypochlorite solution is a weak base that is
inflammable. These characteristics must be kept in mind during transport, storage and use of
sodium hypochlorite.

pH value When Sodium Hypochlorite is Added to Water

Due to the presence of caustic soda in sodium hypochlorite, the pH of the water is increased.
When sodium hypochlorite dissolves in water, two substances form, which play a role in oxidation
and disinfection. These are hypochlorous acid (HOCI) and the less active hypochlorite ion (OCI-).
The pH of the water determines how much hypochlorous acid is formed. While sodium hypochlorite
is used, hydrochloric (HCI) is used to lower the pH. Sulfuric acid (H2SO4) can be used as an
alternative for acetic acid. Less harmful gasses are produced when sulfuric acid is used. Sulfuric
acid is a strong acid that strongly reacts with bases and is very corrosive.
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How Can Sodium Hypochlorite be produced?

Sodium hypochlorite can be produced in two ways:

- By dissolving salt in softened water, which results in a concentrated brine solution. The solution
is electrolyzed and forms a sodium hypochlorite solution in water. This solution contains 150 g
active chlorine (Cl.) per liter. During this reaction the explosive hydrogen gas is also formed.

- By adding chlorine gas (Cl») to caustic soda (NaOH). When this is done, sodium hypochlorite,
water (H20) and salt (NaCl) are produced according to the following reaction:

ClI2 + 2NaOH — NaOCI + NaCl + H20

Applications of Sodium Hypochlorite

Sodium hypochlorite is used on a large scale; for example agriculture, chemical industries, paint-
and lime industries, food industries, glass industries, paper industries, pharmaceutical industries,
synthetics industries and waste disposal industries all use it. In the textile industry sodium
hypochlorite is used to bleach textile. It is sometimes added to industrial waste water--this is done
to reduce odors.

Hypochlorite neutralizes sulfur hydrogen gas (SH) and ammonia (NHs). It is also used to detoxify
cyanide baths in metal industries. Hypochlorite can be used to prevent algae and shellfish growth
in cooling towers. In water treatment, hypochlorite is used to disinfect water. In households,
hypochlorite is used frequently for the purification and disinfection of the house.

How does Sodium Hypochlorite Disinfection Work?
By adding hypochlorite to water, hypochlorous acid (HOCI) is formed:

NaOCl + H.O — HOCI + NaOH

Hypochlorous acid is divided into hydrochloric acid (HCI) and oxygen (O). The oxygen atom is a
very strong oxidant.

Sodium hypochilorite is effective against bacteria, viruses and fungi. Sodium hypochlorite disinfects
the same way as chlorine does.

There are various ways to use sodium hypochlorite. For on-site salt electrolysis, a solution of salt
(NaCl) in water is applied. Sodium (Na+) and chloride (CI-) ions are produced.

4NaCl — 4Na+ + 4CI-
Subsequently, chlorine and hydroxide react to form hypochlorite:

OH- + Cl, — HOCI + CI-

Salt Electrolysis System

The advantage of the salt electrolysis system is that no transport or storage of sodium hypochlorite
is required. When sodium hypochlorite is stored for a long time, it becomes inactive. Another
advantage of the onsite process is that chlorine lowers the pH and no other acid is required to
lower pH.
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The hydrogen gas that is produced is explosive and as a result ventilation is required for explosion
prevention. This system is slow and a buffer of extra hypochlorous acid needs to be used. The
maintenance and purchase of the electrolysis system is much more expensive than sodium
hypochlorite.

When sodium hypochlorite is used, acetic or sulfuric acid are added to the water. An overdose can
produce poisonous gasses. If the dosage is too low, the pH becomes too high and can irritate the
eyes.

Because sodium hypochlorite is used both to oxidize pollutants (urine, sweat, cosmetics) and to
remove pathogenic microorganisms, the required concentration of sodium hypochlorite depends
on the concentrations of these pollutions. Especially the amount of organic pollutants helps
determine the required concentration. If the water is filtered before sodium hypochlorite is applied,
less sodium hypochlorite is needed.

Theory

Disinfection with chlorine is very popular in water and wastewater treatment because of its low
cost, ability to form a residual, and its effectiveness at low concentrations. Although it is used as a
disinfectant, it is a dangerous and potentially fatal chemical if used improperly.

Despite the fact the disinfection process may seem simple, it is actually a quite complicated
process. Chlorination in wastewater treatment systems is a fairly complex science which requires
knowledge of the plant's effluent characteristics.

When free chlorine is added to the water, it takes on various forms depending on the pH of the
wastewater. It is important to understand the forms of chlorine which are present because each
has a different disinfecting capability. The acid form, HOCL, is a much stronger disinfectant than
the hypochlorite ion, OCL-.

Ammonia present in the effluent can also cause problems as chloramines are formed, which have
very little disinfecting power. Some methods to overcome the types of chlorine formed are to adjust
the pH of the water prior to chlorination or to simply add a larger amount of chlorine. An adjustment
in the pH would allow the operators to form the most desired form of chlorine, hypochlorous acid,
which has the greatest disinfecting power.

Adding larger amounts of chlorine would be an excellent method to combat the chloramines
because the ammonia present would bond to the chlorine but further addition of chlorine would
stay in the hypochlorous acid or hypochlorite ion state.

a) Chlorine gas, when exposed to water reacts readily to form hypochlorous acid, HOCI, and
hydrochloric acid. Cl, + H,O -> HOCI + HCI

b) If the pH of the water is greater than 8, the hypochlorous acid will dissociate to yield hypochlorite
ion. HOCI <-> H* + OCI- If however, the pH is much less than 7, and then HOCI will not dissociate.
c¢) If ammonia is present in the wastewater effluent, then the hypochlorous acid will react to form
one three types of chloramines depending on the pH, temperature, and reaction time.
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Sodium Hypochlorite Solutions

Recommendations for Preparing/Handling/Feeding

Y
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APPLICATION

SODIUM HYPOCHLORITE FEEDING

As a result of the pressures brought to bear by Health and Safety requirements, some users of
gas have chosen to seek alternative forms of disinfectants for their water and wastewater treatment
plants. One of these alternative forms is sodium hypochlorite (NaOCI)). This is often purchased
commercially at 10 to 15% strength.

The handling and storage of NaOCI presents the plant with a new and sometimes unfamiliar, set
of equipment installation configurations and operating conditions.

Product Stability The oxidizing nature of this substance means that it should be handled with
extreme care. As NaOCl is relatively unstable, it degrades over time.

There are Three Ways in Which NaOCI Solutions Degrade

* Chlorate-forming reaction due to age, temperature, light and minor reduction in pH.

» Oxygen-producing reaction that occurs when metals, such as iron, copper or nickel, or metal
oxides are brought into contact with the solution.

* Chlorine-producing reaction when solution pH falls below 6.

There are Many Factors that Affect the Stability of a NaOCI Solution
* Initial solution strength.

* pH solution.

» Temperature of the solution.

* Exposure of the solution to sunlight.
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Exposure

There is no threshold value for to sodium hypochlorite exposure. Various health effects occur after
exposure to sodium hypochlorite. People are exposed to sodium hypochlorite by inhalation of
aerosols. This causes coughing and a sore throat. After swallowing sodium hypochlorite the effects
are stomach ache, a burning sensation, coughing, diarrhea, a sore throat and vomiting. Sodium
hypochlorite on skin or eyes causes redness and pain. After prolonged exposure, the skin can
become sensitive. Sodium hypochlorite is poisonous for water organisms. It is mutagenic and very
toxic when it comes in contact with ammonium salts.

Routes of Exposure

Inhalation

Hypochlorite solutions can liberate toxic gases such as chlorine. Chlorine's odor or irritant
properties generally provide adequate warning of hazardous concentrations. However, prolonged,
low-level exposures, such as those that occur in the workplace, can lead to olfactory fatigue and
tolerance of chlorine's irritant effects.

Chlorine is heavier than air and may cause asphyxiation in poorly ventilated, enclosed, or low-lying
areas. Children exposed to the same levels of gases as adults may receive a larger dose because
they have greater lung surface area/body weight ratios and higher minute volumes/weight ratios.
Children may be more vulnerable to corrosive agents than adults because of the smaller diameter
of their airways. In addition, they may be exposed to higher levels than adults in the same location
because of their short stature and the higher levels of chlorine found nearer to the ground.

Skin/Eye Contact

Direct contact with hypochlorite solutions, powder, or concentrated vapor causes severe chemical
burns, leading to cell death and ulceration. Because of their relatively larger surface area/weight
ratio, children are more vulnerable to toxicants affecting the skin.

Ingestion

Ingestion of hypochlorite solutions causes vomiting and corrosive injury to the gastrointestinal tract.
Household bleaches (3 to 6% sodium hypochlorite) usually cause esophageal irritation, but rarely
cause strictures or serious injury such as perforation. Commercial bleaches may contain higher
concentrations of sodium hypochlorite and are more likely to cause serious injury. Metabolic
acidosis is rare, but has been reported following the ingestion of household bleach. Pulmonary
complications resulting from aspiration may also be seen after ingestion.

Sources/Uses

Sodium and calcium hypochlorite are manufactured by the chlorination of sodium hydroxide or
lime. Sodium and calcium hypochlorite are used primarily as oxidizing and bleaching agents or
disinfectants. They are components of commercial bleaches, cleaning solutions, and disinfectants
for drinking water and waste water purification systems and swimming pools.

Sodium Hypochlorite as a Disinfectant has the Following Advantages:

It can be easily stored and transported when it is produced on-site. Dosage is simple; transport
and storage of sodium hypochlorite are safe. Sodium hypochlorite is as effective as chlorine gas
for disinfection. Sodium hypochlorite produces residual disinfectant.
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Disadvantages

Sodium hypochlorite is a dangerous and corrosive substance. While working with sodium
hypochlorite, safety measures have to be taken to protect workers and the environment. Sodium
hypochlorite should not come in contact with air, because that will cause it to disintegrate. Both
sodium hypochlorite and chlorine do not deactivate Giardia Lambia and Cryptosporidium. The
regulation for sodium hypochlorite is the same as the regulation considering chlorine. Household
bleaches usually contain sodium hypochlorite in a 3% to 6% solution. Some sodium hydroxide
(lye) is added to keep the pH high to avoid decomposition. If the solution is made more acidic,
sodium hypochlorite will dissociate, producing chlorine gas and oxygen. It is made by bubbling
chlorine gas through a solution of sodium hydroxide. In the environment, it breaks down into water,
oxygen, and table salt.

Conditions that tend to increase gassing in Sodium Hypochlorite Solutions are:
* Elevated temperatures

* High concentration solution

* Exposure to sunlight or UV rays
* Reduction in pressure

* Cavitation

* Poor piping conditions

* Contact with metallic impurities
* Contact with organic impurities
* Age of solution

* Quality of solution

Reciprocating Piston Metering Pumps

When handling sodium hypochlorite and acids, be certain to wear gloves and a face shield for
protection. Sodium hypochlorite is introduced to treated water by a chemical feeder (pump.)
Chemical feeders tend to clog often, so it's important to clean the feeder regularly. Sodium
Hypochlorite is subject to degradation within the piping and pump systems as it releases oxygen
gas and results in crystallization of the residual. If the oxygen gas or vapor is allowed to build up
within the piping and reagent head in sufficient volume, a typical reciprocating piston metering
pump, used for accurately feeding chlorine to the process, will not function properly as gas in the
pump head is compressed, minimizing the discharge check valve to open upon discharge stroke
of the pump.

Consequently, this effect could require that the pump be re-primed for operation. Reciprocating
piston metering pumps or diaphragm metering pumps have been historically preferred in the
dispensing of Sodium Hypochlorite because of their superior ability to accurately dose chemicals
into a process stream with great precision and repeatability at a constant pressure. Additionally,
the diaphragm metering pump is sealless and leak proof by design with negligible maintenance
and simple commissioning.

Traditionally, the diaphragm metering pump industry has promoted the use of degas valves on the
discharge port of the pump which diverts gas back to the suction supply source of the bleach. This
method has been widely accepted and successful in many applications. However, the small
diameter ports in the valve system tend to plug and require continuous flushing or cleaning through
human intervention since the system is open to atmosphere on the discharge side of the orifice.
Additionally, an external bypass piping system and degas valve assembly require additional costs
and maintenance while presenting more opportunities for undesired chlorine leak paths.
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USING 5.25 - 8.25 % CHLORINE (HOUSEHOLD BLEACH)
TO TREAT WATER

VOLUME OF WATER TO BE TREATED BLEACH SOLUTION TO BE ADDED
1 QUART /1 LITER 5 DROPS
1/2 GALLON/2 QUARTS / 2 LITERS 10 DROPS
1 GALLON 1/4 TEASPOON
5 GALLONS 1 TEASPOON
10 GALLONS 2 TEASPOONS

USING HOUSEHOLD BLEACH TO TREAT WATER
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Troubleshooting Hypochlorination Problems

Problem

1. Chemical feed pump won’t run.
2. Low chlorine residual at POE.

2. Low chlorine residual at POE.

3. Chemical feed pump won’t prime.
4. Loss of prime

Possible Causes

1A. No power.

1B. Electrical problem with signal from well pump or flow sensor.
1C. Motor failure.

2A. Improper procedure for running chlorine residual test or expired chemical reagents.
2B. Pump not feeding an adequate quantity of chlorine.

2C. Change in raw water quality.

2D. Pump air bound.

2E. Chlorine supply tank empty.

2F. Reduced effectiveness of chlorine solution.

2G. Damaged suction or discharge lines. (cracks or crimps)
2H. Connection at point of injection clogged or leaking.
3A. Speed and stroke setting inadequate.

3B. Suction lift too high due to feed pump relocation.

3C. Discharge pressure too high.

3D. Suction fitting clogged.

3E. Trapped air in suction line.

3F. Suction line not submerged in solution.

4A. Solution tank empty.

4B. Air leaks in suction fittings.

4C. Foot valve not in vertical position.

4D. Air trapped in suction tubing.

Possible Solutions

1A. Check to see if plug is securely in place.

Insure that there is power to the outlet and control systems.

1B. Check pump motor starter. Bypass flow sensor to determine if pump will operate manually.
1C. Check manufacturer’s information.

2A Check expiration date on chemical reagents. Check test procedure as described in test kit
manual. Speed or stroke setting too low.

2B. Damaged diaphragm or suction leak.

2C. Test raw water for constituents that may cause increased chlorine demand. (i.e. iron,
manganese, etc.)

2D. Check foot valve.

2E. Fill supply tank.

2F. Check date that chlorine was received. Sodium hypochlorite solution may lose effectiveness
after 30 days. If that is the case, the feed rate must be increased to obtain the desired residual.
2G. Clean or repair lines with problems.

2H. Flush line and connection with mild acid such as Acetic or Muriatic. Replace any damaged
parts that may be leaking.

3A. Check manufacturers’ recommendations for proper settings to prime pump.
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3B. Check maximum suction lift for pump and relocate as necessary.
3C. Check well pump discharge pressure.

Check pressure rating on chemical feed pump.

3D. Clean or replace screen.

3E. Insure all fittings are tight.

3F. Add chlorine solution to supply tank.

4A. Fill tank.

4B. Check for cracked fittings.

4C. Adjust foot valve to proper position.

4D. Check connections and fittings.

Small chlorine solution tank, normally found on small wells or post-chlorination areas in
the disitribution system
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Shock Chlorination — Simple Well Maintenance- Small Example

Shock chlorination is a relatively inexpensive and straightforward procedure used to control
bacteria in water wells. Many types of bacteria can contaminate wells, but the most common are
iron and sulfate-reducing bacteria.

Although not a cause of health problems in humans, bacteria growth will coat the inside of the well
casing, water piping and pumping equipment, creating problems such as:

» Reduced well yield

» Restricted water flow in distribution lines

» Staining of plumbing fixtures and laundry

» Plugging of water treatment equipment

» “Roftten egg” odor.

Bacteria may be introduced during drilling of a well or when pumps are removed for repair and
laid on the ground. However, iron and sulfate-reducing bacteria (as well as other bacteria) can
exist naturally in groundwater.

A well creates a direct path for oxygen to travel into the ground where it would not normally exist.
When a well is pumped, the water flowing in will also bring in nutrients that enhance bacterial
growth.

Note: All iron staining problems are not necessarily caused by iron bacteria. The iron
naturally present in the water can be the cause.

Ideal Conditions for Iron Bacteria

Water wells provide ideal conditions for iron bacteria. To
thrive, iron bacteria require 0.5-4 mg/L of dissolved oxygen, as
little as 0.01 mg/L dissolved iron and a temperature range of 5
to 15°C. Some iron bacteria use dissolved iron in the water as
a food source.

Signs of Iron and Sulfate-Reducing Bacteria
There are a number of signs that indicate the presence of iron
and sulfate-reducing bacteria. They include:

» Slime growth

» Rotten egg odor

» Increased staining.

Slime Growth
The easiest way to check a well and water system for iron bacteria is to examine the inside surface
of the toilet flush tank. If you see a greasy slime or growth, iron bacteria are probably present. Iron
bacteria leave this slimy by-product on almost every surface the water is in contact with.

Rotten Egg Odor

Sulfate-reducing bacteria can cause a rotten egg odor in water. Iron bacteria aggravate the
problem by creating an environment that encourages the growth of sulfate-reducing bacteria in the
well. Sulfate-reducing bacteria prefer to live underneath the slime layer that the iron bacteria form.
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Some of these bacteria produce hydrogen sulfide as a by-product, resulting in a “rotten egg” or
sulfur odor in the water. Others produce small amounts of sulfuric acid which can corrode the well
casing and pumping equipment.

Increased Staining Problems
Iron bacteria can concentrate iron in water sources with low iron content. It can create a staining
problem where one never existed before or make an iron staining problem worse as time goes

by.

Use the following checklist to determine if you have an iron or sulfate-reducing bacteria problem.
The first three are very specific problems related to these bacteria. The last two problems can be
signs of other problems as well.

Checklist to Determine an Iron or Sulfate-Reducing Bacteria Problem
Greasy slime on inside surface of toilet flush tank

Increased red staining of plumbing fixtures and laundry

Sulfur odor

Reduced well yield

Restricted water flow

VVVYYVY

Mixing a Chlorine Solution

Add a half gallon of bleach to a clean pail with about 3 gallons of water. This is generally sufficient
to disinfect a 4 inch diameter well 100 feet deep or less. For wells greater than 100 feet deep or
with a larger casing diameter, increase the amount of bleach proportionately.

If you have a dug well with a diameter greater than 18 inches, use 2 to 4 gallons of bleach added
directly to the well. Please note that many dug wells are difficult or impossible to disinfect due to
their unsanitary construction.

Shock Chlorination — Well Maintenance

Shock Chlorination Method
Shock chlorination is used to control iron and sulfate-reducing bacteria and to eliminate fecal
coliform bacteria in a water system. To be effective, shock chlorination must disinfect the following:
» The entire well depth
» The formation around the bottom of the well
» The pressure system
» Some water treatment equipment
» The distribution system.
To accomplish this, a large volume of super chlorinated water is siphoned down the well to displace
all the water in the well and some of the water in the formation around the well.

Effectiveness of Shock Chlorination

With shock chlorination, the entire system (from the water-bearing formation, through the well-bore
and the distribution system) is exposed to water which has a concentration of chlorine strong
enough to kill iron and sulfate reducing bacteria. Bacteria collect in the pore spaces of the formation
and on the casing or screened surface of the well.

To be effective, you must use enough chlorine to disinfect the entire cased section of the well and
adjacent water-bearing formation.
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The procedure described below does not completely eliminate iron bacteria from the water system,
but it will hold it in check.

To control the iron bacteria, you may have to repeat the procedure each spring and fall as a regular
maintenance procedure. If your well has never been shock chlorinated or has not been done for
some time, it may be necessary to use a stronger chlorine solution, applied two or three times,
before you notice a significant improvement in the water.

You might also consider hiring a drilling contractor to thoroughly clean and flush the well before
chlorinating in order to remove any buildup on the casing.

In more severe cases, the pump may have to be removed and chemical solutions added to the
well and vigorous agitation carried out using special equipment. This is to dislodge and remove
the bacterial slime. This should be done by a drilling contractor.

Shock Chlorination Procedure for Small Drilled Wells
A modified procedure is also provided for large diameter wells.

Caution: If your well is low yielding or tends to pump any silt or sand, you must be very
careful using the following procedure because over pumping may damage the well.

When pumping out the chlorinated solution, monitor the water discharge for sediment.

Follow these steps to shock chlorinate your well.

Store sufficient water to meet farm and family needs for 8 to 48 hours.

Pump the recommended amount of water (see Amount of Chlorine Required to Obtain a Chlorine
Concentration of 1000 PPM) into clean storage. A clean galvanized stock tank or pickup truck box
lined with a 4 mil thick plastic sheet is suitable. The recommended amount of water to use is twice

the volume of water present in the well casing. To measure how much water is in the casing,
subtract the non-pumping water level from the total depth of the well.
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12% industrial sodium hypochlorite and 70% high test hypochlorite are available from:
» Water treatment suppliers

* Drilling contractor

» Swimming pool maintenance suppliers

* Dairy equipment suppliers

» Some hardware stores.

Amount of Chlorine required to obtain a Chlorine Concentration of 1000 PPM. Since a dry
chemical is being used, it should be mixed with water to 