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Printing and Saving Instructions
The best thing to do is to download this pdf document 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 materials on your
computer or you can print it out. Once you’ve purchased the course, we'll
give you permission to print this document.

Printing Instructions: If you are going to print this document, this document
is designed to be printed double-sided or duplexed but can be single-sided.

This course booklet does not have the assignment. Please visit our website
and download the assignment also.

You can obtain a printed version from TLC for an additional $69.95 plus
shipping charges.

All downloads are electronically tracked and monitored for security purposes.
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We require the final exam to be proctored.
Do not solely depend on TLC’s Approval list for it may be outdated.
A second certificate of completion for a second State Agency $25 processing fee.

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.

Responsibility

This course contains EPA’s federal rule requirements. Please be aware that each state
implements drinking water/wastewater/safety regulations may be more stringent than
EPA’s or OSHA’s regulations. Check with your state environmental agency for more
information. You are solely responsible in ensuring that you abide with your jurisdiction or
agency’s rules and regulations.
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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. All material not credited or acknowledged is the copyright of TLC. The information in this
manual is intended for educational purposes only. Most unaccredited photographs have been taken by
TLC instructors or TLC students. We would be pleased to hear from any copyright holder and will make
good on your work if any unintentional copyright infringements were made upon these issues being
brought to our attention.

Every possible effort is made to ensure all information provided in this course is accurate. All written,
graphic, photographic or other material is provided for information only. Therefore, TLC accepts no
responsibility or liability whatsoever for the application or misuse of any information included herein.

Requests for acknowledgement or permission to make copies should be made to the following address:
TLC

P.O. Box 3060
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Information in this document is subject to change without notice. TLC is not liable for errors or omissions
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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 format and you are welcome to examine this material on your
computer with no obligation. 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 do finish the material on your leisure. Students
can also receive course materials through the mail. The CEU course or e-manual will contain all
your lessons, activities and 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 are assigned at the beginning of each course providing the
academic support you need to successfully complete each course.

No Data Mining Policy

Unlike most online training providers, we do not use passwords or will upload intrusive data mining
software onto your computer. We do not use any type of artificial intelligence in our program. Nor
will we sell you any other product or sell your data to others as with many of our competitors. Unlike
our training competitors, we have a telephone and we humanly answer.
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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.

We welcome you to complete the assignment in Word.

Once we grade it, we will mail a certificate of completion to you. Call us if you
need any help.

Contact Numbers
Fax (928) 468-0675
Email Info@tlch2o.com
Telephone (866) 557-1746
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CEU Course Description

WATER QUALITY CEU TRAINING COURSE

This CEU course is a review of Environmental Protection Agency’s Rules and Regulation related
to water quality and water sampling. This course will cover water quality fundamentals and basic
requirements of the federal rule which concerning water sampling and general laboratory
operations.

This course will also cover water sampling techniques, waterborne disease identification, general
water quality operations and definitions; disease symptoms, disease diagnosis, history,
susceptibility, and disease sources of contamination. This course will apply to all categories of
water treatment/distribution. As water professionals, it is your responsibility to identify, stop and
control all waterborne diseases, and provide drinking water that meets minimum drinking water
standards.

Attention Water Distribution, Well Drillers, Pump
Installers, and Water Treatment Operators. The
target audience for this course is the person interested in
working in a water treatment or distribution facility and
wishing to maintain CEUs for certification license, meet
education needs for promotion, or to learn how to do the
job more safely and effectively.

Water systems monitor for a wide variety of
contaminants to verify that the water they provide to the
public meets all federal and state standards. Currently,
the nation's community water systems (CWSs) and
nontransient non-community water systems (NTNCWSs)
must monitor for more than 83 contaminants.

The major classes of contaminants include volatile
organic compounds (VOCs), synthetic organic
compounds (SOCs), inorganic compounds (I0Cs),
radionuclides, and microbial organisms (including
bacteria). Testing for these contaminants takes place on
varying schedules and at different locations throughout
the water system.

Transient non-community water systems may monitor less frequently and for fewer contaminants
than CWSs. Because these types of systems serve an ever-changing population, it is most
important for them to monitor for contaminants such as microbiologicals and nitrate that can cause
an immediate, acute public health effect. Water systems also monitor for a number of contaminants
that are currently not regulated. This monitoring data provides the basis for identifying contaminants
to be regulated in the future.

Prerequisites: None
Final Examination for Credit

Opportunity to pass the final comprehensive examination is limited to three attempts per course
enroliment.
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Course Procedures for Registration and Support

All of Technical Learning College’s (TLC) 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. When students register for a distance or
correspondence course, they’ll be assigned a start date and an ending date.

It is the student's responsibility to note dates for assignments and keep up with the course work. If
a student falls behind, he/she must contact TLC and request an ending date extension in order to
complete the course. Itis the prerogative of TLC to decide whether to grant the request. All students
will be tracked by a uniquely assigned number.

Instructions for Written Assignments
The Water Quality CEU training course uses a multiple-choice answer key.

Feedback Mechanism (examination procedures)
Each student will receive a feedback form as part of his or her study packet. You will be able to
find this form in the front of the assignment.

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 will result in forfeiture of 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.

Required Texts

The Water Quality CEU training course comes complete with a short summary of the EPA's Rules
and Regulations and drinking water standards. If you need more information or a complete set of
Rules, you can download them off the EPA’s web page, www.epa.gov or contact your local state
environmental agency. You may need to contact a laboratory or state agency for certain sampling
information.

Recordkeeping and Reporting Practices

TLC will keep all student records for a minimum of seven years. It is the student’s responsibility
to give the completion certificate to the appropriate agencies. TLC will not release any records to
any party, except to the student self or the state agency. We will send the required information to
Texas, Indiana, New York 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 possible education
service possible. TLC will attempt to make your learning experience an enjoyable opportunity.
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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 with 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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Common Disinfectant Information

Chloramines
(as Cly)

Chlorine (as
Clo)
Chlorine
dioxide (as
ClOy)

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

discomfort, anemia control microbes
MRDLG=41 MRDL=4.01 Eye/nose irritation; stomach Water additive used to
discomfort control microbes

MRDLG=0.8! MRDL=0.81 Anemia; infants & young Water additive used to
children: nervous system control microbes
effects
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Water Quality Introduction

Water is basic to life and health. Over 1 billion people worldwide have no access to safe drinking
water. The United States is fortunate to have one of the best supplies of drinking water in the world.
Although tap water that meets federal and state standards is generally safe to drink, threats to
drinking water quality in the United States still exist. Outbreaks of drinking water-associated illness
and water restrictions during droughts demonstrate that we cannot take our drinking water for
granted.

We are blessed to have plentiful supplies of good drinking
water sources. Water-related ilinesses — typhoid fever, cholera,
dysentery — are almost unknown in this country today. Waste
and wastewater treatment, the development and enforcement
of drinking water guidelines, public health practices and
education — all have resulted in a decrease in water related
illnesses. Developing nations are less fortunate: 80% of their
diseases are water-related.

The price we must pay to prevent water-borne disease is
constant vigilance against bacterial contamination. Periodic
beach closures and local epidemics are evidence that the battle
is never won. These problems underscore the need for
maintaining strict control over water quality and for improving
water and wastewater treatment.

A major concern today is toxic chemicals that enter our waters :
from many different sources, including industry, agriculture and the home. Little is known about the
effects of these toxic substances on human health; often the effects do not become noticeable for
long periods of time, and it is difficult to distinguish them from the effects of other factors that impact
on our day-to-day life (e.g., nutrition, stress, air quality). Much more remains to be done to control
toxic chemical pollution. Meanwhile, we can all contribute to the prevention of water pollution by
not abusing the water or the land.

Municipalities throughout the US - from the largest cities to the smallest towns - sometimes fail to
meet EPA standards. The EPA may fine the jurisdiction responsible for the violation, but this does
not always motivate the municipality to take corrective action. In such cases, non-compliance with
SEPA may continue for many months or years after the initial violation.

This could result from the fact that the city simply doesn't have the financial resources necessary
to replace aging water pipes or upgrade their purification equipment.

In rare cases, the source water used by the municipality could be so polluted that water purification
processes can't do an adequate job. This can occur when a town is downstream from a large
sewage treatment plant or large-scale agricultural operations.

Citizens who live in such places - especially young children, the elderly, or people of any age with

autoimmune deficiencies - may suffer serious health complications as a long-term result of drinking
water from their own taps.
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Common Water Quality Definitions

Units of Measurement
mg/l = Milligrams per liter. One milligram per liter equals one packet of artificial sweetener
sprinkled into 250 gallons of iced tea.

Mg/l = Micrograms per liter. One microgram per liter is equal to one packet of artificial sweetener
sprinkled into an Olympic-size swimming pool.

NTU = Nephelometric Turbidity Units. A measurement on the cloudiness of the water.

pCi/l = Picocuries per liter. A measure of radioactivity.

Acronyms
Maximum Contaminant Level (MCL) - The highest level of a contaminant that is allowed in
drinking water.

Maximum Contaminant Level Goal (MCLG) - The level of a contaminant in drinking water
below which there is no known or expected risk to health.

Treatment Technique (TT) - A required process intended to reduce the level of a contaminant in
drinking water.

Action Level (AL) - The concentration of a contaminant that, if exceeded, triggers treatment or
other requirements which a water system must follow.
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Timeline of Existing Federal Water and State Drinking Water Quality
Regulations

<Y

I

National Interim Primary Drinking Water Regulations (NIPDWR) Promulgated 1975-1981
Contained 7 contaminants Targeted: Trihalomethanes, Arsenic, and Radionuclides Established
22 drinking water standards.

Phase 1 Standards Promulgated 1987 Contained 8 contaminants Targeted: VOCs.

Phase 2 Standards Promulgated 1991 Contained 36 contaminants Targeted: VOCs, SOCs, and
IOCs.

Phase 5 Standards Promulgated 1992 Contained 23 contaminants Targeted: VOCs, SOCs, and
IOCs.

Surface Water Treatment Rule (SWTR) Promulgated 1989 Contained 5 contaminants Targeted:
Microbiological and Turbidity.

Stage 1 Disinfectant/Disinfection By-product (D/DBP) Rule Promulgated 1998 Contained 14
contaminants Targeted: DBPs and precursors.

Interim Enhanced Surface Water Treatment Rule (IESWTR) Promulgated 1998
Contained 2 contaminants Targeted: Microbiological and Turbidity.

Radionuclide Rule Promulgated 2000 Contained 4 contaminants Targeted: Radionuclides.
Arsenic Rule Promulgated 2001 Contained 1 contaminant Targeted: Arsenic.

Filter Backwash Recycling Rule Promulgated 2001 Contained - Targeted: Microbiological and
Turbidity.
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News

Studies have shown that pharmaceuticals are present in some of our nation's waterbodies.
Further research suggests that there may be some ecological harm when certain drugs are
present.

To date, no evidence has been found of human health effects from pharmaceutical and
personal care products in the environment. This includes drinking water sources.
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Hydrogen Molecules

Water Molecules
H,O

Oxygen Molecules

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
guantities, 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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ATOMS OF AN ELEMENT MOLECULES OF AN ELEMENT

MOLECULES OF A COMPOUND MIXTURE OF TWO ELEMENTS
AND A COMPOUND

A molecule may consist of atoms of a single chemical element, as with oxygen (O.), or of different
elements, as with water (H20). Atoms and complexes connected by non-covalent bonds such as
hydrogen bonds or ionic bonds are generally not considered single molecules.

Molecules as components of matter are common in organic substances (and therefore
biochemistry). They also make up most of the oceans and atmosphere.

However, the majority of familiar solid substances on Earth, including most of the minerals that
make up the crust, mantle, and core of the Earth, contain many chemical bonds, but are not made
of identifiable molecules. Also, no typical molecule can be defined for ionic crystals (salts) and
covalent crystals (network solids), although these are often composed of repeating unit cells that
extend either in a plane (such as in graphene) or three-dimensionally (such as in diamond, quartz,
or sodium chloride).
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HYDROGEN (H, ) OXYGEN (0,) NITROGEN (N,) CHLORINE (Cl,)

A0 & &

NITROGEN OXIDE (NO) WATER (H,0) NITROGEN DIOXIDE (NO,) CARBON DIOXIDE (CO,)

Water (H20) is the oxide of hydrogen and the most familiar oxygen compound. Its bulk properties
partly result from the interaction of its component atoms, oxygen and hydrogen, with atoms of
nearby water molecules. Hydrogen atoms are covalently bonded to oxygen in a water molecule but
also have an additional attraction (about 23.3 kJ-mol™! per hydrogen atom) to an adjacent oxygen
atom in a separate molecule. These hydrogen bonds between water molecules hold them
approximately 15% closer than what would be expected in a simple liquid with just Van der Waals
forces.

Oxides, such as iron oxide or rust, Fe>Os, form when oxygen combines with other elements

Due to its electronegativity, oxygen forms chemical bonds with almost all other free elements at
elevated temperatures to give corresponding oxides. However, some elements, such as iron which
oxidizes to iron oxide, or rust, Fe»Os, readily oxidize at standard conditions for temperature and
pressure (STP).

The surface of metals like aluminum and titanium are oxidized in the presence of air and become
coated with a thin film of oxide that passivates the metal and slows further corrosion. So-called
noble metals, such as gold and platinum, resist direct chemical combination with oxygen, and
substances like gold(lll) oxide (Au203) must be formed by an indirect route.

The alkali metals and alkali earth metals all react spontaneously with oxygen when exposed to dry
air to form oxides, and form hydroxides in the presence of oxygen and water. As a result, none of
these elements is found in nature as a free metal. Cesium is so reactive with oxygen that it is used
as a getter in vacuum tubes. Although solid magnesium reacts slowly with oxygen at STP, it is
capable of burning in air, generating very high temperatures, and its metal powder may form
explosive mixtures with air.

Oxygen is present as compounds in the atmosphere in trace quantities in the form of carbon dioxide
(CO2) and oxides of nitrogen (NOy). The earth's crustal rock is composed in large part of oxides of
silicon (silica SiO., found in granite and sand), aluminum (aluminum oxide Al>O3, in bauxite and
corundum), iron (iron (111) oxide Fe>Os, in hematite and rust) and other oxides of metals.
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Molecules as components of matter are common in organic substances (and therefore
biochemistry). They also make up most of the oceans and atmosphere. However, the majority of
familiar solid substances on Earth, including most of the minerals that make up the crust, mantle,
and core of the Earth, contain many chemical bonds, but are not made of identifiable molecules.

Also, no typical molecule can be defined for ionic crystals (salts) and covalent crystals (network
solids), although these are often composed of repeating unit cells that extend either in a plane
(such as in graphene) or three-dimensionally (such as in diamond, quartz, or sodium chloride).

The theme of repeated unit-cellular-structure also holds for most condensed phases with metallic
bonding, which means that solid metals are also not made of molecules. In glasses (solids that
exist in a vitreous disordered state), atoms may also be held together by chemical bonds without
presence of any definable molecule, but also without any of the regularity of repeating units that
characterizes crystals.

Diatomic molecules are molecules composed only of two atoms, of either the same or different
chemical elements. The prefix di- is of Greek origin, meaning two. Common diatomic molecules
are hydrogen (Hy), nitrogen (N2), oxygen (O-), and carbon monoxide (CO).

Seven elements exist as homonuclear diatomic molecules at room temperature: Hz, N2, Oz, F2, Cly,
Brz, and l2. Many elements and chemical compounds aside from these form diatomic molecules
when evaporated.

In chemistry a polyatomic molecule is a molecule that consists only of atoms of a single element.
Most are nonmetals; in fact, most nonmetals form polyatomic molecules. The majority are diatomic.
These elements are so reactive that they will bond with themselves if they cannot bond with
anything else. Do not forget that these elements may exist as atoms in other compounds!
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Common Water Treatment Acronyms

AA - Activated alumina

AC - Activated carbon

ASR - Annual Status Report

As(lll) - Trivalent arsenic, common inorganic form in water is arsenite, H3AsO3
As(V) - Pentavalent arsenic, common inorganic form in water is arsenate, H2AsO4
BDAT - Best demonstrated available technology

BTEX - Benzene, toluene, ethylbenzene, and xylene
CCA - Chromated copper arsenate

CERCLA - Comprehensive Environmental Response, Compensation, and Liability Act
CERCLIS 3 - CERCLA Information System

CLU-IN - EPA’s CLeanUp INformation system

CWS - Community Water System

cy - Cubicyard

DDT - Dichloro-diphenyl-trichloroethane

DI - De-ionized

DOC - Dissolved organic carbon

DoD - Department of Defense

DOE - Department of Energy

EDTA - Ethylenediaminetetraacetic acid

EPA - U.S. Environmental Protection Agency

EPT - Extraction Procedure Toxicity Test

FRTR - Federal Remediation Technologies Roundtable
ft - feet

gpd - gallons per day

gpm - gallons per minute

HTMR - High temperature metals recovery

MCL - Maximum Contaminant Level (enforceable drinking water standard)
MF - Microfiltration

MHO - Metallurgie-Hoboken-Overpelt

mgd - million gallons per day

mg/kg - milligrams per kilogram

mg/L - milligrams per Liter

NF - Nandfiltration

NPL - National Priorities List

OCLC - Online Computer Library Center

ORD - EPA Office of Research and Development

OU - Operable Unit

PAH - Polycyclic aromatic hydrocarbons

PCB - Polychlorinated biphenyls

POTW - Publicly owned treatment works

PRB - Permeable reactive barrier

RCRA - Resource Conservation and Recovery Act
Redox - Reduction/oxidation

RO - Reverse osmosis

ROD - Record of Decision

SDWA - Safe Drinking Water Act

SMZ - Surfactant modified zeolite

SNAP - Superfund NPL Assessment Program

S/S - Solidification/Stabilization

SVOC - Semi-volatile organic compounds

Water Quality 2008 15t Edition ©TLC 25 (928) 468-0665



TCLP - Toxicity Characteristic Leaching Procedure
TNT - 2,3,6-trinitrotoluene

TWA - Total Waste Analysis

UF - Ultrafiltration

VOC - Volatile organic compounds

WET - Waste Extraction Test

ZVI| - Zero valent iron
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HOW TO READ A MINISCUS

The meniscus (plural: menisci, from the Greek for "crescent") is the curve in the upper surface of
a liquid close to the surface of the container or another object, caused by surface tension. It can be
either convex or concave.

A convex meniscus occurs when the molecules have a stronger attraction to each other (cohesion)
than to the material of the container (adhesion). This may be seen between mercury and glass in
barometers and thermometers. Conversely, a concave meniscus occurs when the molecules of the
liquid attract those of the container's, causing the surface of the liquid to cave downwards. This can
be seen in a glass of water.
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Chapter Key Words

2,4-D: A chlorinated phenoxy compound, functions as a systemic herbicide and is used to control
many types of broadleaf weeds. There are many forms or derivatives (esters, amines, salts) of 2,4-
D and these vary in solubility and volatility. Unless otherwise specified, this document will refer to
the acid form of 2,4-D. This compound is used in cultivated agriculture and in pasture and rangeland
applications, forest management, home and garden situations and for the control of aquatic
vegetation. 2,4-D was a major component (about 50%) of the product Agent Orange used
extensively throughout Vietham. However most of the problems associated with the use of Agent
Orange were associated with a contaminant (dioxin) in the 2,4,5-T component of the defoliant. The
association of 2,4-D with Agent Orange has prompted a vast amount of study on the herbicide.

ANTIMONY: A chemical element with the symbol Sb (Latin: stibium, meaning "mark") and atomic
number 51. A metalloid, antimony has four allotropic forms. The stable form of antimony is a blue-
white metalloid. Yellow and black antimony are unstable non-metals. Antimony is used in flame-
proofing, paints, ceramics, enamels, a wide variety of alloys, electronics, and rubber.

ASBESTOS: A mineral fiber that has been used commonly in a variety of building construction
materials for insulation and as a fire-retardant. EPA and CPSC have banned several asbestos
products. Manufacturers have also voluntarily limited uses of asbestos. Today, asbestos is most
commonly found in older homes, in pipe and furnace insulation materials, asbestos shingles,
millboard, textured paints and other coating materials, and floor tiles.

BARIUM: A chemical element. It has the symbol Ba, and atomic number 56. Barium is a soft
silvery metallic alkaline earth metal. It is never found in nature in its pure form due to its reactivity
with air. Its oxide is historically known as baryta but it reacts with water and carbon dioxide and is
not found as a mineral. The most common naturally occurring minerals are the very insoluble
barium sulfate, BaSO4 (barite), and barium carbonate, BaCO3; (witherite). Benitoite is a rare gem
containing barium.

BERYLLIUM: A chemical element with the symbol Be and atomic number 4. A bivalent element,
beryllium is a steel grey, strong, light-weight yet brittle alkaline earth metal. It is primarily used as a
hardening agent in alloys, most notably beryllium copper. Commercial use of beryllium metal
presents technical challenges due to the toxicity (especially by inhalation) of beryllium-containing
dusts.

BROMATE: An inorganic anion, bromate is tasteless and colorless, with a low volatility. As a
moderately strong oxidant, bromate is reactive. BrOs- is a bromine-based oxoanion. A bromate is
a chemical compound that contains this ion. Examples of bromates include sodium bromate,
(NaBrO3), and potassium bromate, (KBrOs).

CADMIUM: A chemical element with the symbol Cd and atomic number 48. A relatively abundant,
soft, bluish-white, transition metal, cadmium is known to cause cancer and occurs with zinc ores.
Cadmium is used largely in batteries and pigments, for example in plastic products.

CHLORITE: The chlorite ion is ClO,—. 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.

CHROMIUM: A chemical element which has the symbol Cr and atomic number 24. It is a steel-

gray, lustrous, hard metal that takes a high polish and has a high melting point. It is also odorless,
tasteless, and malleable.
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CONFINED AQUIFER: A water-bearing stratum that is confined or overlain by a rock layer that
does not transmit water in any appreciable amount or that is impermeable.

CONTACT TIME (CT): To inactivate viruses and bacteria, the minimum disinfection contact time
measured before the first customer should be six milligrams per minute per liter (6 mg-min/L). This
value is called “Chlorine Contact Time” or CT. To calculate CT, multiply the free chlorine residual
concentration (C) times the contact time (T). To get the required CT value of 6, adjust the free
chlorine residual concentration or the contact time.

DISINFECTION BYPRODUCTS: Disinfection byproducts are chemical, organic and inorganic
substances that can form during a reaction of a disinfectant with naturally present organic matter
in the water.

DPD METHOD: Presence of free chlorine in the distribution network is indication of correct
disinfection. Chlorine in water is determined according to ISO 7393-2 by colorimetric HACH method
on the basis of DPD (N, N-diethyl - p — phenylendiamine). The photometric detection uses the wave
lengths of 490 — 555 nm. Hach elected, for most of his DPD colorimetric systems, the wave length
of 530 nm.

FORMAZIN TURBIDITY UNIT (FTU): A unit used to measure the clarity of water. The ISO refers
to the units as FNU (Formazin Nephelometric Units). The technique is the same as that for the
NTU, but the calibration uses microspheres of the polymer formazin.

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
CH.CICOzH. In the same manner, in dichloroacetic acid two chlorine atoms would take the place
of two hydrogen atoms (CHCI.CO:H).

HIGH-TEST HYPOCHLORITE: A composition composed mainly of calcium hypochlorite is
commonly called high test hypochlorite. High-Test Hypochlorite contains not less than 60.0% of
available chlorine.

HYDROCHLORIC ACID: It is the aqueous solution of hydrogen chloride gas (HCI). It is a strong
acid, and the major component of gastric acid, and of wide industrial use. Hydrochloric acid must
be handled with appropriate safety precautions because it is a highly corrosive liquid.

INFORMATION COLLECTION RULE (ICR): EPA collected data required by the Information
Collection Rule (May 14, 1996) to support future regulation of microbial contaminants, disinfectants,
and disinfection byproducts. The rule was intended to provide EPA with information on chemical
byproducts that form when disinfectants used for microbial control react with chemicals already
present in source water (disinfection byproducts (DBPs)); disease-causing microorganisms
(pathogens), including Cryptosporidium; and engineering data to control these contaminants.

IRON BACTERIA: In the management of water-supply wells, iron bacteria are bacteria that derive
the energy they need to live and multiply by oxidizing dissolved ferrous iron (or the less frequently
available manganese and aluminum). The resulting ferric oxide is insoluble, and appears as brown
gelatinous slime that will stain plumbing fixtures, and clothing or utensils washed with the water
carrying it, and may contribute to internal corrosion of the pipes and fixtures the water flows through.
They are known to grow and proliferate in waters containing as low as 0.1mg/I of iron. However, at
least 0.3 ppm of dissolved oxygen is needed to carry out oxidation. The proliferation of iron bacteria,
in some way, increases the chance of sulfur bacteria infestation.
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LETHAL CONCENTRATION 50: Also referred to as LC50, a concentration of a pollutant or effluent
at which 50 percent of the test organisms die; a common measure of acute toxicity.

MANGANESE (IV) OXIDE: The chemical compound MnO2, commonly called manganese dioxide.
This blackish or brown solid occurs naturally as the mineral pyrolusite, which is the main ore of
manganese. It is also present in manganese nodules. The principal use for MnO2 is for dry-cell
batteries, such as the alkaline battery and the zinc-carbon battery. In 1976 this application
accounted for 500,000 tons of pyrolusite. MnO2 is also used for production of MnO4—. It is used
extensively as an oxidizing agent in organic synthesis, for example, for the oxidation of allylic
alcohols.

MAXIMUM CONTAMINANT LEVEL (MCL): The maximum concentration of a chemical that is
allowed in public drinking water systems.

MAXIMUM CONTAMINANT LEVEL GOAL (MCLG): The maximum level at which a contaminant
can exist in drinking water without having an adverse effect on human health.

NEPHELOMETRIC TURBIDITY UNIT (NTU): The unit used to describe turbidity. Nephelometric
refers to the way the instrument, a nephelometer, measures how much light is scattered by
suspended particles in the water. The greater the scattering, the higher the turbidity. Therefore, low
NTU values indicate high water clarity, while high NTU values indicate low water clarity.

PERMISSIBLE EXPOSURE LIMIT (PEL or OSHA PEL): A legal limit in the United States for
exposure of an employee to a substance or physical agent. For substances it is usually expressed
in parts per million (ppm), or sometimes in milligrams per cubic meter (mg/m?3). Units of measure
for physical agents such as noise are specific to the agent. Permissible Exposure Limits are
established by the Occupational Safety and Health Administration (OSHA).

POWDERED ACTIVATED CARDON TREATMENT (PACT): A wastewater technology in which
powdered activated carbon is added to an anaerobic or aerobic treatment system. The carbon in
the biological treatment process acts as a "buffer" against the effects of toxic organics in the
wastewater.

PPM: Abbreviation for parts per million.

QUICKLIME: A calcium oxide material produced by calcining limestone to liberate carbon dioxide,
also called “calcined lime” or “pebble lime”, commonly used for pH adjustment. Chemical formula
is CaO.

RECOMMENDED EXPOSURE LIMIT (REL): An occupational exposure limit that has been
recommended by the U.S. National Institute for Occupational Safety and Health to OSHA for
adoption as a Permissible Exposure Limit. The REL is a level that NIOSH believes would be
protective of worker safety and health over a working lifetime if used in combination with
engineering and work practice controls, exposure and medical monitoring, posting and labeling of
hazards, worker training and personal protective equipment. No REL has ever been adopted by
OSHA, but they have been used as guides by some industry and advocacy organizations.

SCADA: A remote method of monitoring pumps and equipment. 130 degrees F is the maximum
temperature that transmitting equipment is able to with stand. If the level controller may be set with
too close a tolerance 45 could be the cause of a control system that is frequently turning a pump
on and off.
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TRANSIENT, NON-COMMUNITY WATER SYSTEM: TNCWS A water system which provides
water in a place such as a gas station or campground where people do not remain for long periods
of time. These systems do not have to test or treat their water for contaminants which pose long-
term health risks because fewer than 25 people drink the water over a long period. They still must
test their water for microbes and several chemicals. A Transient Non-community Water System:
Is not required to sample for VOC'’s.

U.S. ENVIRONMENTAL PROTECTION AGENCY: In the United States, this agency responsible
for setting drinking water standards and for ensuring their enforcement. This agency sets federal
regulations which all state and local agencies must enforce.

VOLATILE ORGANIC COMPOUNDS (VOCs): Solvents used as degreasers or cleaning agents.
Improper disposal of VOCs can lead to contamination of natural waters. VOCs tend to evaporate
very easily. This characteristic gives VOCs very distinct chemical odors like gasoline, kerosene,
lighter fluid, or dry cleaning fluid. Some VOCs are suspected cancer-causing agents. Volatile
organic compounds (VOCs) are organic chemical compounds that have high enough vapor
pressures under normal conditions to significantly vaporize and enter the atmosphere. A wide range
of carbon-based molecules, such as aldehydes, ketones, and other light hydrocarbons are VOCs.
The term often is used in a legal or regulatory context and in such cases the precise definition is a
matter of law. These definitions can be contradictory and may contain "loopholes”; e.g. exceptions,
exemptions, and exclusions. The United States Environmental Protection Agency defines a VOC
as any organic compound that participates in a photoreaction; others believe this definition is very
broad and vague as organics that are not volatile in the sense that they vaporize under normal
conditions can be considered volatile by this EPA definition. The term may refer both to well
characterized organic compounds and to mixtures of variable composition.

WATER HAMMER: A surge in a pipeline resulting from the rapid increase or decrease in water
flow. Water hammer exerts tremendous force on a system and can be highly destructive.

WATERBORNE DISEASE: A disease, caused by a virus, bacterium, protozoan, or other
microorganism, capable of being transmitted by water (e.g., typhoid fever, cholera, amoebic
dysentery, gastroenteritis).

WHOLE EFFLUENT TOXICITY: The total toxic effect of an effluent measured directly with a toxicity
test.
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New EPA Water Rules

Arsenic

Arsenic is a chemical that occurs naturally in the earth's crust. When rocks, minerals and soil erode,
they release arsenic into water supplies. When people either drink this water or eat animals and
plants that drink it, they are exposed to arsenic. In the U.S., eating and drinking are the most
common ways that people are exposed to arsenic, although it can also come from industrial
sources. Studies have linked long-term exposure of arsenic in drinking water to a variety of cancers
in humans.

To protect human health, an EPA standard limits the amount of arsenic in drinking water. In January
2001, the EPA revised the standard from 50 parts per billion (ppb), ordering that it fall to 10 ppb by
2006. After adopting ppb 10 as the new standard for arsenic in drinking water, the EPA decided to
review the decision to ensure the final standard was based on sound science and accurate
estimates of costs and benefits. In October 2001, the EPA decided to move forward with
implementing the ppb 10 standard for arsenic in drinking water.

More information on the rulemaking process and the costs and benefits of setting the arsenic limit
in drinking water at 10ppb can be found at www.epa.gov/safewater/arsenic.html.

ICR

The EPA has collected data required by the Information Collection Rule (ICR) to support future
regulation of microbial contaminants, disinfectants and disinfection byproducts. The rule is intended
to provide the EPA with information on chemical byproducts that form when disinfectants used for
microbial control react with chemicals already present in source water (disinfection byproducts
(DBPs)); disease-causing microorganisms (pathogens), including Cryptosporidium; and
engineering data to control these contaminants. Drinking water microbial and disinfection byproduct
information collected for the ICR is now available in the EPA's Envirofacts Warehouse.
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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

* |[dentify 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.

* If your system is not part of a combined distribution system, compliance dates are based on the
population served by your system.
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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 LT2ZESWTR.

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

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.
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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) ?Spg")’“’ts per billion

Haloacetic Acids (HAA5) 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.

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.
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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 back in December
2001 and for small surface water and all ground water public water systems back in December
2003.

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.

e 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:
¢ Requires public water systems that are vulnerable to microbial contamination to identify and
fix problems; and
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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.

What are the key provisions PWSs must comply with under the RTCR?

Provision Category

Key Provisions

Contaminant Level

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 and 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 occurrence. Other events
such as an MCL violation or failure to take repeat samples
following a routine total coliform-positive sample will also
trigger an assessment. Any sanitary defects identified during
an 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 and location of routine and repeat
water samples.

Collect routine water samples on a regular basis (monthly,
quarterly, annually) and have them 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.

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 certain conditions indicate that they might be
vulnerable to contamination, and 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 with the addition of Level 1
and Level 2 requirements.

Violations, Public
Notification (PN) and

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
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Consumer Confidence change is no acute or monthly MCL violation for total coliform

Report (CCR) positive samples only.

e 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.

e 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.

More on the Current Stage 2 DBP Rule

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.

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.
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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.

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-, trichloro-,
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 HAAS is
representative of the occurrence of many other chlorination DBPs; thus, a reduction in the TTHM
and HAAS generally indicates a reduction of DBPs from chlorination.
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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 the water may be contaminated with germs
which can cause disease.

Fecal Coliform and E coli are bacteria whose presence indicates that 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 which 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 which enters lakes and rivers through sewage and animal waste. It
causes gastrointestinal illness (i.e. diarrhea, vomiting and cramps).

Heterotrophic Plate Count Bacteria (HPC): A broad group of bacteria including nonpathogens,
pathogens, and opportunistic pathogens; they may be an indicator of poor general biological quality
of drinking water. Often referred to as HPC. The above photo is of a SimPlate for HPC multi-dose
used for the quantification of HPC in water.
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Radionuclides

Alpha emitters. Certain minerals are radioactive and may emit a form of radiation known as alpha
radiation. Some people who drink water containing alpha emitters in excess of the EPA standards
for many years may have an increased risk of developing cancer.

Beta/photon emitters. Certain minerals are radioactive and may emit forms of radiation known as
photons and beta radiation. Some people who drink water containing beta and photon emitters in
excess of the EPA standards for many years may have an increased risk of developing cancer.

Combined Radium 226/228. Some people who drink water containing radium 226 or 228 in excess
of the EPA standards for many years may have an increased risk of developing cancer.

Radon gas can dissolve and accumulate in underground water sources such as wells or in the air
in your home. Breathing radon can cause lung cancer. Drinking water containing radon presents a
risk of developing cancer. Radon in air is more dangerous than radon in water.

Gas Chromatograph (GC)
Separates vaporized sample into individual components.

Operation

A sample is placed into a heated injection port. As the organics are driven off by heating, a
carrier gas transports them through a separation column and into a Flame lonization Detector
(FID) where individual components are identified.
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ARSENIC ENTERS THE AIR THROUGH
ROCK EROSION, FROM MINING
VOLCANO ERUPTIONS OR FOREST FIRE

WHEN CONTAMINATED
GROUNDWATER IS USED TO
IRRIGATE THE FIELDS, ARSENIC
ACCUMULATES IN THE SOIL AND
THE CROPS

THE PRIMARY SCURCE OF ARSENIC

IN OUR DRINKING WATER (Wells) 1S

ARSENIC-RICH ROCKS WHICH THE
WATER HAS BEEN FILTERED

ARSENIC CAN ENTER OUR
SURFACE WATER THROUGH
RUNOFF FROM AGRICULTURE
AND INDUSTRIAL ACTIVITIES

IN THE COMMUNITIES
WHERE RESIDENTS COOK
WITH AND DRINK THE SAME
CONTAMINATED WELLS,
THE ARSENIC INTAKE
MULTIPLIES

ARSENIC IN DRINKING WATER
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@
NATURALLY OCCURING ADSORBED IN FOODS SUCH AS INGESTED
RADIONUCLIDE IN SOIL OR ROCKS MEAT AND VEGETABLES
ALPHA PARTICLES
wemmmlll S TOPPED A SHEET OF
PAPER
BETA PARTICLES
# STOPPED BY A LAYER OF CLOTHING

OR BY AFEW MILIMETERS OF A
SUBSTANCE LIKE ALUMINUM

GAMMA RAYS & X-RAYS

\ STOPPED BY SEVERAL FEET OF

CONCRETE OR A FEW INCHES
OF LEAD

RADIATION SOURCE

PENETRATING POWER OF ALPHA / BETA PARTICLES AND
GAMMA RAYS AND X-RAYS
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'MICROBIOLOGICAL | CHEMICAL

® BACTERIA ® ORGANIC / INORGANIC

® VIRUSES ® NATURALLY OCCURING

® ANTHROPAGENIC

® PROTOZOA

IPHYSICAL AESTHETIC|

¢ TURBIDITY
@ ODOR

® TASTE

® SMELL

® APPEARANCE

WATER QUALITY BROKEN DOWN INTO 3 BROAD CATEGORIES
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Inorganic Contaminants (I0C)

Antimony Cadmium Cyanide Nitrite
Asbestos Chromium Mercury Selenium
Barium Copper Nitrate Thallium
Beryllium

Inorganic Contaminants

Arsenic. Some people who drink water containing arsenic in
excess of the EPA's standard for many years could experience
skin damage or problems with their circulatory system, and may
have an increased risk of developing cancer.

Fluoride. Many communities add fluoride to their drinking water
to promote dental health. Each community makes its own
decision about whether or not to add fluoride.

The EPA has set an enforceable drinking water standard for
fluoride of 4 mg/L (some people who drink water containing
fluoride in excess of this level over many years could develop
bone disease, including pain and tenderness of the bones). The
EPA has also set a secondary fluoride standard of 2 mg/L to
protect against dental fluorosis.

Dental fluorosis, in its moderate or severe forms, may result in a brown staining and/or pitting of
the permanent teeth. This problem occurs only in developing teeth, before they erupt from the
gums. Children under the age of nine should not drink water that has more than 2 mg/L of fluoride.

Lead typically leaches into water from plumbing in older buildings. Lead pipes and plumbing fittings
have been banned since August 1998. Children and pregnant women are most susceptible to lead
health risks. For advice on avoiding lead poisoning, see the EPA’s lead in your drinking water
fact sheet.

Synthetic Organic Contaminants, including pesticides & herbicides

2,4-D Dibromochloropropane Hexachlorobenzene

2,4,5-TP (Silvex) Dinoseb Hexachlorocyclopentadiene
Acrylamide Dioxin (2,3,7,8-TCDD) Lindane

Alachlor Diquat Methoxychlor

Atrazine Endothall Oxamyl [Vydate]

Benzoapyrene Endrin PCBs [Polychlorinated biphenyls]
Carbofuran Epichlorohydrin Pentachlorophenol

Chlordane Ethylene dibromide Picloram

Dalapon Glyphosate Simazine

Di 2-ethylhexyl adipate Heptachlor Toxaphene

Di 2-ethylhexyl phthalate Heptachlor epoxide
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Volatile Organic Contaminants (VOC)

Benzene trans-1,2-Dicholoroethylene
Carbon Tetrachloride Dichloromethane
Chlorobenzene 1,2-Dichloroethane
o-Dichlorobenzene 1,2-Dichloropropane
p-Dichlorobenzene Ethylbenzene
1,1-Dichloroethylene Styrene
cis-1,2-Dichloroethylene Tetrachloroethylene

1,2,4-Trichlorobenzene
1,1,1,-Trichloroethane
1,1,2-Trichloroethane
Trichloroethylene
Toluene

Vinyl Chloride

Xylenes

Common water sampling bottles

VOC bottles are the smaller, thin bottles with the septum tops. Be careful not to get any
air bubbles in the VOC bottles and this may take a few weeks to learn to collect a proper

sample.
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National Primary Drinking Water Regulations

Inorganic
Chemicals

Antimony

Arsenic

Asbestos
(fiber >10
micrometers)
Barium

Beryllium

Cadmium

Chromium (total)

Copper

Cyanide (as free
cyanide)

Fluoride

Lead
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MCLG MCL2
1 orTT

(mg/L) (mg/L)
4 4

0.006 0.006

none2 0.010

7 million 7 MFL

fibers per

Liter

2 2

0.004 0.004

0.005 0.005

0.1 0.1

1.3 Action
Level=1.
3;TTE

0.2 0.2

4.0 4.0

zero Action
Level=0.
015; TT¢

Potential Health
Effects from
Ingestion of Water

Increase in blood cholesterol;
decrease in blood glucose

Skin damage; circulatory
system problems; increased
risk of cancer

Increased risk of developing
benign intestinal polyps

Increase in blood pressure

Intestinal lesions

Kidney damage

Some people who use water
containing chromium well in
excess of the MCL over many
years could experience allergic
dermatitis

Short term exposure:
Gastrointestinal distress.

Long term exposure: Liver or
kidney damage. Those with
Wilson's Disease should
consult their personal doctor if
their water systems exceed the
copper action level.

Nerve damage or thyroid
problems

Bone disease (pain and
tenderness of the bones);
Children may get mottled
teeth.

Infants and children: Delays in
physical or mental
development.

Adults: Kidney problems; high
blood pressure
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Sources of
Contaminant in
Drinking Water

Discharge from petroleum
refineries; fire retardants;
ceramics; electronics; solder
Discharge from semiconductor
manufacturing; petroleum
refining; wood preservatives;
animal feed additives;
herbicides; erosion of natural
deposits

Decay of asbestos cement in
water mains; erosion of natural
deposits

Discharge of drilling wastes;
discharge from metal refineries;
erosion of natural deposits
Discharge from metal refineries
and coal-burning factories;
discharge from electrical,
aerospace, and defense
industries

Corrosion of galvanized pipes;
erosion of natural deposits;
discharge from metal refineries;
runoff from waste batteries and
paints

Discharge from steel and pulp
mills; erosion of natural
deposits

Corrosion of household
plumbing systems; erosion of
natural deposits; leaching from
wood preservatives

Discharge from steel/metal
factories; discharge from plastic
and fertilizer factories

Water additive which promotes
strong teeth; erosion of natural
deposits; discharge from
fertilizer and aluminum factories
Corrosion of household
plumbing systems; erosion of
natural deposits
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Inorganic Mercury  0.002

Nitrate (measured 10

as Nitrogen)

Nitrite (measured as 1
Nitrogen)

Selenium 0.05

Thallium 0.0005

0.002

10

0.05

0.002

Kidney damage

"Blue baby syndrome" in
infants under six months - life
threatening without immediate
medical attention.

Symptoms: Infant looks blue
and has shortness of breath.
"Blue baby syndrome" in
infants under six months - life
threatening without immediate
medical attention.

Symptoms: Infant looks blue
and has shortness of breath.
Hair or fingernail loss;
numbness in fingers or toes;
circulatory problems

Hair loss; changes in blood;
kidney, intestine, or liver
problems

Erosion of natural deposits;
discharge from refineries and
factories; runoff from landfills
and cropland

Runoff from fertilizer use;
leaching from septic tanks,
sewage; erosion of natural
deposits

Runoff from fertilizer use;
leaching from septic tanks,
sewage; erosion of natural
deposits

Discharge from petroleum
refineries; erosion of natural
deposits; discharge from mines
Leaching from ore-processing
sites; discharge from
electronics, glass, and
pharmaceutical companies

This course contains 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.

FACTOR TYPE SOURCE(S) PROBLEM
FECAL COLIFORM HUMAN SEWAGE; POSSIBLE PRESENCE OF
D= BIOLOGICAL e e PATHOGENIC (DISEASE-
CAUSING) ORGANISMS
DISSOLVED OXYGEN CHEMICAL AIR; LOW LEVELS CAN KILL
(DO) AQUATIC PLANTS AQUATIC ORGANISMS
NITROGEN AND FERTILIZERS AND DETERGENTS | EXCESSIVE ALGAE GROWTH CAN
PHOSPHORUS CHEMICAL FROM LAVWNS AND RUNOFF LEAD TO LOW DO
ZINC. ARSENIC. LEAD LANDFILLS: INDUSTRIAL GENETIC MUTATIONS OR DEATH
2 2 . CHEMICAL . IN FISH & WILDLIFE (HUMAN HEALTH
MERCURY, CADMIUM, NICKEL| DISCHARGES; RUNOFF THREATS AS WELL)
SALTWATER INTRUSION KILLS FRESHWATER SPECIES
SALT CHEMICAL (IF NEAR OCEAN) OF PLANTS AND ANIMALS
MUD, SAND, OTHER EROSION AND RUNOFF FROM REDUCES PHOTOSYNTHESIS IN AQUATIC
SOLID PARTICLES PHYSICAL [VEGETATION; INTERFERES WITH

(TURBIDITY)

DEVELOPMENT; AGRICULTURE

RESPIRATION IN AQUATIC ANIMALS
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Organic
Chemicals

Acrylamide
Alachlor
Atrazine
Benzene
Benzo(a)pyrene
Carbofuran

Carbon
tetrachloride
Chlordane

Chlorobenzene
2,4-D
Dalapon

1,2-Dibromo-3-
chloropropane
(DBCP)

o-Dichlorobenzene
p-Dichlorobenzene
1,2-Dichloroethane

1-1-
Dichloroethylene
cis-1, 2-
Dichloroethylene
trans-1,2-
Dichloroethylene
Dichloromethane

1-2-
Dichloropropane
Di(2-
ethylhexyl)adipate

Di(2-
ethylhexyl)phthalate

Dinoseb
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MCLG MCL?2

1 or TT2
(mg/L) (mg/L)
4 4

zero TTZ

zero 0.002
0.003 0.003
zero 0.005
zero 0.0002
0.04 0.04
Zero .005
zero 0.002
0.1 0.1
0.07 0.07
0.2 0.2
zero 0.0002
0.6 0.6
0.075 0.075
zero 0.005
0.007 0.007
0.07 0.07
0.1 0.1
zero 0.005
zero 0.005
0.4 0.4
zero 0.006
0.007 0.007

Potential Health
Effects from
Ingestion of Water

Nervous system or blood
problems; increased risk of
cancer

Eye, liver, kidney or spleen
problems; anemia; increased
risk of cancer
Cardiovascular system
problems; reproductive
difficulties

Anemia; decrease in blood
platelets; increased risk of
cancer

Reproductive difficulties;
increased risk of cancer

Problems with blood or
nervous system; reproductive
difficulties.

Liver problems; increased risk
of cancer

Liver or nervous system
problems; increased risk of
cancer

Liver or kidney problems

Kidney, liver, or adrenal gland
problems
Minor kidney changes

Reproductive difficulties;
increased risk of cancer

Liver, kidney, or circulatory
system problems

Anemia; liver, kidney or spleen
damage; changes in blood
Increased risk of cancer

Liver problems

Liver problems

Liver problems

Liver problems; increased risk
of cancer

Increased risk of cancer

General toxic effects or
reproductive difficulties

Reproductive difficulties; liver
problems; increased risk of
cancer

Reproductive difficulties
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Sources of
Contaminant in
Drinking Water

Added to water during
sewage/wastewater treatment

Runoff from herbicide used on
row crops

Runoff from herbicide used on
row crops

Discharge from factories;
leaching from gas storage tanks
and landfills

Leaching from linings of water
storage tanks and distribution
lines

Leaching of soil fumigant used
on rice and alfalfa

Discharge from chemical plants
and other industrial activities
Residue of banned termiticide

Discharger from chemical and
agricultural chemical factories
Runoff from herbicide used on
row crops

Runoff from herbicide used on
rights of way

Runoff/leaching from soil
fumigant used on soybeans,
cotton, pineapples, and
orchards

Discharge from industrial
chemical factories

Discharge from industrial
chemical factories

Discharge from industrial
chemical factories

Discharge from industrial
chemical factories

Discharge from industrial
chemical factories

Discharge from industrial
chemical factories

Discharge from pharmaceutical
and chemical factories
Discharge from industrial
chemical factories

Leaching from PVC plumbing
systems; discharge from
chemical factories

Discharge from rubber and
chemical factories

Runoff from herbicide used on
soybeans and vegetables
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Dioxin (2,3,7,8-
TCDD)

Diquat
Endothall
Endrin
Epichlorohydrin
Ethylbenzene

Ethelyne dibromide

Glyphosate
Heptachlor
Heptachlor epoxide
Hexachlorobenzene
Hexachlorocyclopen
tadiene

Lindane

Methoxychlor

Oxamyl (Vydate)

Polychlorinated
biphenyls (PCBs)

Pentachlorophenol
Picloram

Simazine
Styrene

Tetrachloroethylene
Toluene

Total
Trihalomethanes

(TTHMs)
Toxaphene

2,4,5-TP (Silvex)
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zZero

0.002
zero

0.7

zero

0.7
zero
zero

zero

0.05
0.0002

0.04

0.2

zero

zero
0.5

0.004
0.1

zero
1

none2

zero

0.05

0.000000 Reproductive difficulties;

03

0.02
0.1
0.002
TT?
0.7

0.00005

0.7
0.0004
0.0002

0.001

0.05
0.0002

0.04
0.2

0.0005

0.001

0.5
0.004
0.1

0.005

0.10
0.003

0.05

increased risk of cancer

Cataracts

Stomach and intestinal
problems

Nervous system effects
Stomach problems;
reproductive difficulties;
increased risk of cancer
Liver or kidney problems

Stomach problems;
reproductive difficulties;
increased risk of cancer
Kidney problems; reproductive
difficulties

Liver damage; increased risk
of cancer

Liver damage; increased risk
of cancer

Liver or kidney problems;
reproductive difficulties;
increased risk of cancer
Kidney or stomach problems

Liver or kidney problems

Reproductive difficulties

Slight nervous system effects

Skin changes; thymus gland
problems; immune
deficiencies; reproductive or
nervous system difficulties;
increased risk of cancer
Liver or kidney problems;
increased risk of cancer
Liver problems

Problems with blood

Liver, kidney, and circulatory
problems

Liver problems; increased risk
of cancer

Nervous system, kidney, or
liver problems

Liver, kidney or central
nervous system problems;
increased risk of cancer
Kidney, liver, or thyroid
problems; increased risk of
cancer

Liver problems
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Emissions from waste
incineration and other
combustion; discharge from
chemical factories

Runoff from herbicide use
Runoff from herbicide use

Residue of banned insecticide
Discharge from industrial
chemical factories; added to
water during treatment process
Discharge from petroleum
refineries

Discharge from petroleum
refineries

Runoff from herbicide use
Residue of banned termiticide
Breakdown of hepatachlor

Discharge from metal refineries
and agricultural chemical
factories

Discharge from chemical
factories

Runoff/leaching from insecticide
used on cattle, lumber, gardens
Runoff/leaching from insecticide
used on fruits, vegetables,
alfalfa, livestock
Runoff/leaching from insecticide
used on apples, potatoes, and
tomatoes

Runoff from landfills; discharge
of waste chemicals

Discharge from wood
preserving factories
Herbicide runoff

Herbicide runoff

Discharge from rubber and
plastic factories; leaching from
landfills

Discharge from factories and
dry cleaners

Discharge from petroleum
factories

Byproduct of drinking water
disinfection

Runoff/leaching from insecticide
used on cotton and cattle

Residue of banned herbicide
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1,2,4-
Trichlorobenzene
1,1,1-
Trichloroethane
1,1,2-
Trichloroethane
Trichloroethylene
Vinyl chloride

Xylenes (total)

Radionuclides
Beta particles and
photon emitters

Gross alpha particle
activity

Radium 226 and
Radium 228
(combined)

Microorganisms
Giardia lamblia
Heterotrophic plate
count

Legionella

Total Coliforms
(including fecal
coliform and E. Coli)
Turbidity

Viruses (enteric)
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0.07

0.20

0.003
zero
zero

10

MCLG
1

(mglL)
4

none2

none2

none2

MCLG
1

(mg/L)
4

zero

N/A

zero

zero

N/A

zero

0.07

0.2

0.005
0.005
0.002

10

MCL2
or TT2

(mg/L)
4

4
millirems
per year
15
picocurie
s per
Liter
(pCilL)

5 pCi/L

MCL2

or TT2
(mglL)
4

TS
TS
TS
5.0%2

TS

TS

Changes in adrenal glands

Liver, nervous system, or
circulatory problems

Liver, kidney, or immune
system problems

Liver problems; increased risk
of cancer

Increased risk of cancer

Nervous system damage

Potential Health
Effects from
Ingestion of Water

Increased risk of cancer

Increased risk of cancer

Increased risk of cancer

Potential Health
Effects from
Ingestion of Water

Giardiasis, a gastroenteric
disease

HPC has no health effects, but
can indicate how effective
treatment is at controlling
microorganisms.

Legionnaire's Disease,
commonly known as
pneumonia

Used as an indicator that other
potentially harmful bacteria
may be presentl®

Turbidity has no health effects
but can interfere with
disinfection and provide a
medium for microbial growth. It
may indicate the presence of
microbes.

Gastroenteric disease

53

Discharge from textile finishing
factories

Discharge from metal
degreasing sites and other
factories

Discharge from industrial
chemical factories

Discharge from petroleum
refineries

Leaching from PVC pipes;
discharge from plastic factories
Discharge from petroleum
factories; discharge from
chemical factories

Sources of
Contaminant in
Drinking Water

Decay of natural and man-
made deposits

Erosion of natural deposits

Erosion of natural deposits

Sources of
Contaminant in
Drinking Water

Human and animal fecal waste

n/a

Found naturally in water;
multiplies in heating systems

Human and animal fecal waste

Soil runoff

Human and animal fecal waste

(928) 468-0665



Cholera

Legionella
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National Secondary Drinking Water Regulations

National Secondary Drinking Water Regulations (NSDWRs) or secondary
standards are non-enforceable guidelines regulating contaminants which may
cause cosmetic effects (such as skin or tooth discoloration) or aesthetic effects
(such as taste, odor or color) in drinking water. The EPA recommends secondary
standards to water systems but does not require systems to comply. However,

states may choose to adopt them as enforceable standards.

Contaminant

Aluminum
Chloride

Color

Copper
Corrosivity
Fluoride
Foaming Agents
Iron
Manganese
Odor

pH

Silver

Sulfate

Total Dissolved
Solids

Zinc

Secondary Standard

0.05to 0.2 mg/L
250 mg/L

15 (color units)
1.0 mg/L
noncorrosive
2.0 mg/L

0.5 mg/L

0.3 mg/L

0.05 mg/L

3 threshold odor number
6.5-8.5

0.10 mg/L

250 mg/L

500 mg/L
5 mg/L
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Notes
T Maximum Contaminant Level Goal (MCLG) - The maximum level of a contaminant in
drinking water at which no known or anticipated adverse effect on the health effect of
persons would occur and which allows for a proper margin of safety. MCLGs are non-
enforceable public health goals.
2 Maximum Contaminant Level (MCL) - The maximum permissible level of a
contaminant in water which is delivered to any user of a public water system. MCLs are
enforceable standards. The margins of safety in MCLGs ensure that exceeding the MCL
slightly does not pose significant risk to public health.
3 Treatment Technique - An enforceable procedure or level of technical performance
which public water systems must follow to ensure control of a contaminant.
4 Units are in milligrams per liter (mg/L) unless otherwise noted.
5 MCLGs were not established before the 1986 Amendments to the Safe Drinking Water
Act. Therefore, there is no MCLG for this contaminant.
6 Lead and copper are regulated in a Treatment Technique which requires systems to
take tap water samples at sites with lead pipes or copper pipes that have lead solder
and/or are served by lead service lines. The action level, which triggers water systems
into taking treatment steps if exceeded in more than 10% of tap water samples, for
copper is 1.3 mg/L, and for lead is 0.015mg/L.
7 Each water system must certify, in writing, to the state (using third-party or
manufacturer's certification) that when acrylamide and epichlorohydrin are used in
drinking water systems, the combination (or product) of dose and monomer level does
not exceed the levels specified, as follows:

e Acrylamide = 0.05% dosed at 1 mg/L (or equivalent)

e Epichlorohydrin = 0.01% dosed at 20 mg/L (or equivalent)

8 The Surface Water Treatment Rule requires systems using surface water or ground
water under the direct influence of surface water to disinfect water, and filter water or
meet criteria for avoiding filtration so that the following contaminants are controlled at
the following levels:

e Giardialamblia: 99.9% killed/inactivated
Viruses: 99.99% killed/inactivated

e Legionella: No limit, but EPA believes if Giardia and viruses are inactivated,
Legionella will also be controlled.

e Turbidity: At no time can turbidity (cloudiness of water) go above 5
nephelolometric turbidity units (NTU); systems that filter must ensure that the
turbidity go no higher than 1 NTU (0.5 NTU for conventional or direct filtration)
in at least 95% of the daily samples in any month.

e HPC: NO more than 500 bacterial colonies per milliliter.

9 No more than 5.0% samples total coliform-positive in a month. (For water systems that
collect fewer than 40 routine samples per month, no more than one sample can be total
coliform-positive). Every sample that has total coliforms must be analyzed for fecal
coliforms. There cannot be any fecal coliforms.

0 Fecal coliform and E. coli are bacteria whose presence indicates water may be
contaminated with human animal wastes. Microbes in these wastes can cause diarrhea,
cramps, nausea, headaches or other symptoms.
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New EPA Rules for Distribution
Reduction of Lead in Drinking Water Act

Congress passed Public Law 111-380 or The Reduction of Lead in Drinking Water Act, in
2010. It's set to go into effect Jan. 4, 2014, which means municipalities, water districts and
developers who work with and pay for water infrastructure need to be preparing.

Lead, a metal found in natural deposits, is commonly used in household plumbing
materials and water service lines. The greatest exposure to lead is swallowing or breathing
in lead paint chips and dust.

But lead in drinking water can also cause a variety of adverse health effects. In babies
and children, exposure to lead in drinking water above the action level can result in delays
in physical and mental development, along with slight deficits in attention span and
learning abilities. In adults, it can cause increases in blood pressure. Adults who drink this
water over many years could develop kidney problems or high blood pressure.

Lead is rarely found in source water, but enters tap water through corrosion of plumbing
materials. Homes built before 1986 are more likely to have lead pipes, fixtures and solder.
However, new homes are also at risk: even legally “lead-free” plumbing may contain up to
8 percent lead. The most common problem is with brass or chrome-plated brass faucets
and fixtures which can leach significant amounts of lead into the water, especially hot
water.

Congress enacted the Reduction of Lead in Drinking Water Act on January 4, 2011, to
amend Section 1417 of the Safe Drinking Water Act (SDWA) regarding the use and
introduction into commerce of lead pipes, plumbing fittings or fixtures, solder and flux. The
Act established a prospective effective date of January 4, 2014, which provided a three
year timeframe for affected parties to transition to the new requirements.

Pervasive Environmental Contaminant

Lead is a pervasive environmental contaminant. The adverse health effects of lead
exposure in children and adults are well documented, and no safe blood lead threshold in
children has been identified. Lead can be ingested from various sources, including lead
paint and house dust contaminated by lead paint, as well as soil, drinking water, and food.
The concentration of lead, total amount of lead consumed, and duration of lead exposure
influence the severity of health effects. Because lead accumulates in the body, all sources
of lead should be controlled or eliminated to prevent childhood lead poisoning.

Beginning in the 1970s, lead concentrations in air, tap water, food, dust, and soil began to
be substantially reduced, resulting in significantly reduced blood lead levels (BLLs) in
children throughout the United States. However, children are still being exposed to lead,
and many of these children live in housing built before the 1978 ban on lead-based
residential paint. These homes might contain lead paint hazards, as well as drinking water
service lines made from lead, lead solder, or plumbing materials that contain lead.
Adequate corrosion control reduces the leaching of lead plumbing components or solder
into drinking water.

The majority of public water utilities are in compliance with the Safe Drinking Water Act
Lead and Copper Rule (LCR) of 1991. However, some children are still exposed to lead
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in drinking water. EPA is reviewing LCR, and additional changes to the rule are expected
that will further protect public health. Childhood lead poisoning prevention programs
should be made aware of the results of local public water system lead monitoring
measurement under LCR and consider drinking water as a potential cause of increased
BLLs, especially when other sources of lead exposure are not identified.

This review describes a selection of peer-reviewed publications on childhood lead
poisoning, sources of lead exposure for adults and children, particularly children aged <6
years, and LCR. What is known and unknown about tap water as a source of lead
exposure is summarized, and ways that children might be exposed to lead in drinking
water are identified.

This report does not provide a comprehensive review of the current scientific literature but
builds on other comprehensive reviews, including the Toxicological Profile for Lead and
the 2005 CDC statement Preventing Lead Poisoning Among Young Children). When
investigating cases of children with BLLs at or above the reference value established as
the 97.5 percentile of the distribution of BLLs in U.S. children aged 1-5 years, drinking
water should be considered as a source. The recent recommendations from the CDC
Advisory Committee on Childhood Lead Poisoning Prevention to reduce or eliminate lead
sources for children before they are exposed underscore the need to reduce lead
concentrations in drinking water as much as possible.

Background

Lead is a relatively corrosion-resistant, dense, ductile, and malleable metal that has been
used by humans for at least 5,000 years. During this time, lead production has increased
from an estimated 10 tons per year to 1,000,000 tons per year, accompanying population
and economic growth. The estimated average BLL for Native Americans before European
settlement in the Americas was calculated as 0.016 pg/dL. During 1999-2004, the
estimated average BLL was 1.9 ug/dL for the non-institutionalized population aged 1-5
years in the United States, approximately 100 times higher than ancient background
levels, indicating that substantial sources of lead exposure exist in the environment.

January 4, 2014

On January 4, 2014, the "Reduction of Lead in Drinking Water Act" becomes effective
nationwide. This amendment to the 1974 Safe Drinking Water Act reduces the allowable
lead content of drinking water pipes, pipe fittings and other plumbing fixtures. Specifically,
as of January 4, 2014, it shall be illegal to install pipes, pipe fittings, and other plumbing
fixtures that are not "lead free." "Lead free" is defined as restricting the permissible levels
of lead in the wetted surfaces of pipes, pipe fittings, other plumbing fittings and fixtures to
a weighted average of not more than 0.25%.

This new requirement does not apply to pipes, pipe fittings, plumbing fittings or fixtures
that are used exclusively for non-potable services such as manufacturing, industrial
processing, irrigation, outdoor watering, or any other uses where water is not anticipated
to be used for human consumption. The law also excludes toilets, bidets, urinals, fill
valves, flushometer valves, tub fillers, shower valves, service saddles, or water distribution
main gate valves that are 2 inches in diameter or larger.

Accordingly, effective January 4, 2014, only accepted products that are "lead free" may

be utilized with regards to any plumbing providing water for human consumption (unless
meeting the exception outlined above).
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Installers and inspectors may check their products to determine if they meet these
requirements by looking to see if the products are certified to the following standards:

A. NSF/ANSI 61-G;

B. NSF/ANSI 61, section 9-G; OR

C. Both NSF/ANSI 61 AND NSF/ANSI 372.

As existing products may still be utilized for non-potable purposes. The burden of following
these requirements shall be on installers. Plumbing inspectors (who will be covering these
requirements in continuing education) shall have the right to question installers, who must
be able to prove that no non-compliant products are installed on or after January 4, 2014.

What does the law say?

It reduces the maximum amount of lead that can be used in the wetted surfaces of service
brass from 8 percent to 0.25 percent. It prohibits the sale of traditional brass pipe fittings,
valves and meters for potable water applications as well as their installation after Jan. 4,
2014.

Does The Reduction of Lead in Drinking Water Act apply to all water infrastructure?
No. Service brass used in industrial or non-potable infrastructure is exempt from the law.
Also, the law only applies to wetted surfaces. Saddles and other exterior pipe are also
exempt.

Are there any exceptions to the New Regulations?

Exceptions to the new lead-free law include: pipes, pipe fittings, plumbing fittings, or
fixtures, including backflow preventers, that are used exclusively for non-potable services
such as manufacturing, industrial processing, irrigation, outdoor watering, or any other
uses where the water is not anticipated to be used for human consumption. In addition,
toilets, bidets, urinals, fill valves, flushometer valves, tub fillers, shower valves, service
saddles, or water distribution main gate valves that are 2 inches in diameter or larger are
excluded from the new lead-free law.

Who does the New Regulations apply to?

If you use or introduce into commerce any pipe, valves, plumbing fittings or fixtures, solder,
or flux intended to convey or dispense water for human consumption, your products must
comply with the law. Additionally, if you introduce into commerce solder or flux, your
products must comply with the law.

If | am a homeowner, how do | know my water system is lead-free?

Many manufacturers have already complied with the January 4th, 2014 implementation
date of the federal “Reduction of Lead in Drinking Water Act.” Even without federal
certification requirements regarding the lead content of plumbing products, California’s
mandate for third-party certification will be followed by most manufacturers seeking a
single approval path that covers both federal and state requirements. For that reason, it is
important to use and install only clearly marked low-lead products.

If you are a homeowner and are concerned about potential lead exposure from your

private water system, have your water tested by a state certified water testing laboratory
in your area.
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Is there a difference between low-lead and no-lead brass?

No. There are several terms flying around to refer to the low-lead service brass products
— no lead, lead free, low lead, and others. They all refer to the same products: service
brass with 0.25 percent or less lead on wetter surfaces.

How are the new alloys different?

Functionally, there is almost no difference. For water utilities and contractors working with
the material, it will handle just like traditional service brass. The difference is in the
manufacturing. Lead has traditionally been used to fill gaps, seal the surface and create a
smooth pipe interior that doesn’t have gaps or pits where debris can settle and erode the
metal.

Instead of lead, manufacturers will have to use different and more expensive materials
and take more care in the manufacturing process. That means the cost of the new low-
lead brass will be 25 to 40 percent higher than traditional brass pipe fittings and meters.

What are the biggest concerns for developers, municipalities and water districts?
There are two big concerns that should inspire anyone responsible for laying water
infrastructure to act soon. If you have inventory of traditional services brass, now is the
time to find a place to use it. Work ahead on projects if you can because that inventory
will be wasted if you don’t use it before January 2014.

The second concern is cost. If you don’'t have an inventory of traditional brass but you
have upcoming projects, this might be the ideal time to start them. Order traditional brass
pipe fittings and meters from suppliers who are offering their traditional service brass at
steep discounts ahead of the new law. After the law goes into effect, service brass costs
will skyrocket and significantly increase your costs.

Lead-free Alternatives

There are several materials that utilities should consider when selecting a lead-free meter
alternative. Various options include epoxy coated ductile and cast iron, stainless steel, low
lead bronze and composite.

When choosing a lead-free alternative material, utilities must consider traditional meter
requirements such as strong flow capability and durability. However, the difference
between lead-free and zero lead meters should also be considered. Some “lead-free”
meters contain as much as 0.25 percent lead.

While a 0.25 percentage of lead in meters allows utilities to meet current regulations,
implementing these “lead-free” meters could put utilities at risk for the cost of another
meter change out should future regulations require complete lead elimination from water
meters.

Most water meters are expected to last more than 20 years, meaning that the next
amendment to SDWA could come before the meter fleet must be replaced. This could be
potentially devastating for utility companies still using older systems should completely
lead-free meters become mandated.
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Composite Meters

Composite meters are one example of a zero lead alternative that is not susceptible to
future no-lead regulations. This meter material is also gaining popularity due to its strength
and cost stability. Composite meters do not depend on metal pricing fluctuations and,
more importantly, have zero lead as opposed to low lead or even bronze meters.

Made of materials that have already proven their strength and durability in the automotive
and valve industries, composite meters boast longevity and resistance to corrosion from
aggressive water and from the chlorinated chemicals used to make water drinkable.
Composite meters are also equipped to withstand the pressure required to maintain a
water system.

Composite meters are constructed using a blend of plastic and fiberglass. When
compared to bronze water meter products, composites are lighter and require less time
and energy to manufacture, ship and install. Composite meters attached with composite
threads have been found to eliminate the “friction feeling” typically experienced with metal
threads and metal couplings, facilitating easier installation.

Through comprehensive testing, composite meters have demonstrated a burst pressure
that is significantly greater than bronze and an equal longevity. Composite technology
today allows for better, more environmentally friendly composite products that will last up
to 25 years in residential applications. Manufacturers have a wide range of “lead-free” or
zero lead products on the market and it is critical that utilities consider all of their options
when selecting a new fleet of meters.

Most importantly, everyone deserves access to safe, clean water. It is essential that
manufacturers continually develop and deliver products that meet the highest standards
for safety, quality, reliability and accuracy to ensure availability to, and conservation of,
this most precious resource.

Lead in Drinking Water

Lead is unlikely to be present in source water unless a specific source of contamination
exists. However, lead has long been used in the plumbing materials and solder that are in
contact with drinking water as it is transported from its source into homes. Lead leaches
into tap water through the corrosion of plumbing materials that contain lead. The greater
the concentration of lead in drinking water and the greater amount of lead-contaminated
drinking water consumed, the greater the exposure to lead. In children, lead in drinking
water has been associated both with BLLs =10 pg/dL as well as levels that are higher than
the U.S. GM level for children (1.4 ug/dL) but are <10 ug/dL.

History of Studies on Lead in Water

In 1793, the Duke of Wirttemberg, Germany, warned against the use of lead in drinking
water pipes, and in 1878, lead pipes were outlawed in the area as a result of concerns
about the adverse health effects of lead in water. In the United States, the adverse health
consequences of lead-contaminated water were recognized as early as 1845. A survey
conducted in 1924 in the United States indicated that lead service lines were more
prevalent in New England, the Midwest, Montana, New York, Oklahoma, and Texas.
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A nationwide survey conducted in 1990 indicated that 3.3 million lead service lines were
in use, and the areas where they were most likely to be used were, again, the Midwestern
and northeastern regions of the United States. This survey also estimated that
approximately 61,000 lead service lines had been removed through voluntary programs
during the previous 10 years.

Research on exposure to lead in water increased as concern about the topic increased,
and efforts were made to establish a level of lead in water that, at the time of the studies,
was considered acceptable. A 1972 study in Edinburgh, Scotland, obtained 949 first-flush
water samples (i.e., samples of water from the tap that have been standing in the plumbing
pipes for at least 6 hours) matched with 949 BLLs, as well as 205 running water samples
matched to 205 BLLs . No dose-response relationship could be determined when
comparing BLLs with four levels of lead in both first-flush water and in running water (<0.24
umol/L; 0.24—-0.47 uymol/L; 0.48-1.43 umol/l; and =21.44 umol/L).

The study concluded that the findings challenged whether it was necessary to lower the
water lead concentration to <100 ppb, which at that time was the acceptable concentration
established by the World Health Organization. However, the study also reported that low
levels of environmental lead exposure could have adverse health effects; therefore,
knowing the degree of lead exposure from household water relative to other sources is
important. Another study, in 1976, of 129 randomly selected homes in Caernarvonshire,
England, reported a similar finding, describing the relationship between blood and water
lead as slight.

Monitoring and Reporting

To ensure that drinking water supplied by all public water supply systems as defined by
the EPA meet Federal and State requirements, water system operators are required to
collect samples regularly and have the water tested. The regulations specify minimum
sampling frequencies, sampling locations, testing procedures, methods of keeping
records, and frequency of reporting to the State. The regulations also mandate special
reporting procedures to be followed if a contaminant exceeds an MCL.

All systems must provide periodic monitoring for microbiological contaminants and some
chemical contaminants. The frequency of sampling and the chemicals that must be tested
for depend on the physical size of the water system, the water source, and the history of
analyses. General sampling procedures are covered in more detail under the topic of
Public Health Considerations to follow.

State policies vary on providing laboratory services. Some States have laboratory facilities
available to perform all required analyses or, in some cases, a certain number of the
required analyses for a system. In most States, there is a charge for all or some of the
laboratory services. Sample analyses that are required and cannot be performed by a
State laboratory must be taken or sent to a State-certified private laboratory.

If the analysis of a sample exceeds an MCL, resampling is required, and the State should
be contacted immediately for special instructions. There is always the possibility that such
a sample was caused by a sampling or laboratory error, but it must be handled as though
it actually was caused by contamination of the water supply.
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The results of all water analyses must be periodically sent to the State of origin. Failure to
have the required analysis performed or to report the results to the State usually will result
in the water system being required to provide PN. States typically have special forms for
submitting data, and specify a number of days following the end of the monitoring period
by which the form is due.

General Disinfection Requirements

Disinfection is absolutely required for all water systems using surface water sources.
Various chemicals other than chlorine can be used for treatment of surface water, but as
the water enters the distribution system, it must carry a continuous chlorine residual that
will be retained throughout the distribution system. Water samples from points on the
distribution system must be analyzed periodically to make sure an adequate chlorine
residual is being maintained.

In spite of the fact that use of chlorine has almost completely eliminated occurrences of
waterborne diseases in the United States, there is no concern for byproducts formed when
chlorine reacts with naturally occurring substances in raw water (such as decaying
vegetation containing humic and fulvic acids). The first group of byproduct chemicals
identified was tri-halo-methane (THM), a group of organic chemicals that are known
carcinogens (cancer-forming) to some animals, so they are assumed also to be
carcinogenic to humans. Other byproducts of disinfection have been identified that may
be harmful, and there also is concern now that disinfectants themselves may cause some
adverse health reactions.

Consumer Confidence Reports

One of the very significant provisions of the 1996 SDWA amendments is the consumer
confidence report (CCR) requirement. The purpose of the CCR is to provide all water
customers with basic facts regarding their drinking water so that individuals can make
decisions about water consumption based on their personal health. This directive has
been likened to the requirement that packaged food companies disclose what is in their
food product.

The reports must be prepared yearly by every community water supply system. Water
systems serving more than 10,000 people must mail the report to customers. Small
systems must notify customers as directed by the State primacy agency. Beginning in the
year 2000, reports were to be delivered by July 1 of the calendar year.

A water system that only distributes purchased waster (i.e., a satellite system) must
prepare the report for their consumers. Information on the source water and chemical
analyses must be furnished to the satellite system by the system selling the water (parent
company).

Some States are preparing much of the information for their water systems, but the system
operator still must add local information. Templates for preparing a report also are
available from the American Water Works Association (AWWA) and the National Rural
Water Association (NRWA). Water system operators should keep in mind that CCRs
provide an opportunity to educate consumers about the sources and quality of their
drinking water. Educated consumers are more likely to help protect drinking water sources
and be more understanding of the need to upgrade the water system to make their drinking
water safe.
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Commonly Found Distribution System Water Quality Problems

Turbidity

Turbidity is caused by particles
suspended in water. These
particles scatter or reflect light rays,
making the water appear cloudy.
Turbidity is expressed in
nephelometric turbidity units (ntu)
and a reading in excess of 5 ntu is
generally noticeable to water
system customers.

Besides the appearance being
unpleasant to customers, turbidity
in water is significant from a public
health standpoint because
suspended particles could shelter
micro-organisms from the
disinfectant and allow them to still
be viable when they reach the
customer.

EPA regulations direct that, for
most water systems, the turbidity of
water entering the distribution
system must be equal or less than
0.5 ntu in at least 95 percent of the
measurements taken each month. At no time may the turbidity exceed 5 ntu.

Turbidity changes in the distribution system can indicate developing problems. Increases
in turbidity may be caused by changes in velocity or inadequate flushing following main
replacement.

Hardness

Hardness is a measure of the concentration of calcium and magnesium in water. Water
hardness usually comes from water contacting rock formations, such as water from wells
in limestone formations. Soft ground water may occur where topsoil is thin and limestone
formations are sparse or absent. Most surface water is of medium hardness.

Hard and soft water are both satisfactory for human consumption, but customers may
object to very hard water because of the scale it forms in plumbing fixtures and on
cooking utensils. Hardness is also a problem for some industrial and commercial users
because of scale buildup in boilers and other equipment.

Water generally is considered most satisfactory for household use when the hardness is
between 75 and 100 mg/L as calcium carbonate (CaCO3). Water with 300 mg/L of
hardness usually is considered hard. Very soft water of 30 mg/L or less is found in some
section of the United States. Soft water usually is quite corrosive, and may have to be
treated to reduce the corrosivity.
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Iron

Iron occurs naturally in rocks and soils and is one of the most abundant elements. It occurs
in two forms. Ferrous iron (Fe2) is in a dissolved state, and water containing ferrous iron
is colorless. Ferric iron (Fe3) has been oxidized, and water containing it is rust-colored.
Water from some well sources contains significant levels of dissolved iron, which is
colorless, but rapidly turns brown as air reaches the water and oxidizes the iron.

There are no known harmful effects to humans from drinking water containing iron, but
NSDWR suggest a limit of 0.5 mg/L. At high levels, the staining of plumbing fixtures and
clothing becomes objectionable. Iron also provides nutrient source for some bacteria that
grow in distribution systems and wells. Iron bacteria, such as Gallionella, cause red water,
tastes and odors, clogged pipes, and pump failure.

Whenever tests on water samples show increased iron concentrations between the point
where water enters the distribution system and the consumer’s tap, either corrosion, iron
bacteria, or both are probably taking place. If the problem is caused by bacteria, flushing
mains, shock chlorination, and carrying increased residual chlorine are alternatives to
consider.

Manganese
Manganese in ground water creates problems similar to iron. It does not usually discolor
the water, but will stain washed clothes and plumbing fixtures black; this is very unpopular
with customers. Consumption of manganese has no known harmful effects on humans,
but the NSDWR recommend a concentration not to exceed 0.05 mg/L to avoid customer
complaints.

Water Quality Safeguards
The critical safeguard for water distribution system operations are
e continuous positive pressure in the mains; 20 pounds per square inch (psi)
minimum residual pressure is recommended;
e maintenance of chlorine residual;
e cross-connection control; and
o frequent testing.
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Drinking Water Rule Section Review Answers at end of practice exam.

1. The first list was called the drinking water . CCL contained 60
contaminants/contaminant groups, included 10 pathogens, and was published in the
Federal Register on March 2, 1998. A decision concerning whether to regulate >5
contaminants from CCL was required by August 2001.

Total Coliform Rule (TCR)

1996 SDWA amendments

Safe Drinking Water Act (SDWA) of 1974

Contaminant Candidate List (CCL)

Surface Water Treatment Rule (SWTR)

moow>

2. Public water systems are regulated under the and its
subsequent 1986 and 1996 amendments. Under it, the EPA is authorized to set national
standards to protect drinking water and its sources against naturally occurring or man-
made contaminants.

Total Coliform Rule (TCR)

1996 SDWA amendments

Safe Drinking Water Act (SDWA) of 1974

Contaminant Candidate List (CCL)

Surface Water Treatment Rule (SWTR)

moow>

3. The require the EPA to publish a list every 5 years of
contaminants that are known or anticipated to occur in public water systems and that might
need to be regulated.

Total Coliform Rule (TCR)

1996 SDWA amendments

Safe Drinking Water Act (SDWA) of 1974

Contaminant Candidate List (CCL)

Surface Water Treatment Rule (SWTR)

moow>

Microbial contamination is regulated under the Total Coliform Rule (TCR) of 1989 and
e of 1989.

Total Coliform Rule (TCR)

1996 SDWA amendments

Safe Drinking Water Act (SDWA) of 1974

Contaminant Candidate List (CCL)

Surface Water Treatment Rule (SWTR)

Moow>»s5»

covers all water systems that use surface water or groundwater
nder the direct influence of surface water.

Total Coliform Rule (TCR)

1996 SDWA amendments

Safe Drinking Water Act (SDWA) of 1974

Contaminant Candidate List (CCL)

Surface Water Treatment Rule (SWTR)

c o

moow>

Water Quality 2008 15t Edition ©TLC 67 (928) 468-0665



is intended to protect against exposure to Giardia intestinalis,
iruses, and Legionella, as well as selected other pathogens.

Total Coliform Rule (TCR)

1996 SDWA amendments

Safe Drinking Water Act (SDWA) of 1974

Contaminant Candidate List (CCL)

Surface Water Treatment Rule (SWTR)

<. o

moow>

7. In 1998, the EPA promulgated the , Which provides additional
protection against Cryptosporidium and other waterborne pathogens for systems that
serve >10,000 persons.

A. Total Coliform Rule (TCR)

B. 1996 SDWA amendments

C. Interim Enhanced Surface Water Treatment Rule (IESWTR)

D

E

. Long Term 1 Enhanced SWTR (LT1ESWTR)
. Surface Water Treatment Rule (SWTR)

8. In 2002, the EPA finalized the for public water systems that use
surface water or groundwater under the direct influence of surface water and serve
<10,000 persons.

A. Total Coliform Rule (TCR)

B. 1996 SDWA amendments

C. Interim Enhanced Surface Water Treatment Rule (IESWTR)

D

E

. Long Term 1 Enhanced SWTR (LT1ESWTR)
. Surface Water Treatment Rule (SWTR)

©

was proposed in combination with the Filter Backwash
Recycllng Rule (FBRR), which was finalized in 2001.

Total Coliform Rule (TCR)

Filter Backwash Recycling Rule (FBRR)

Interim Enhanced Surface Water Treatment Rule (IESWTR)

Long Term 1 Enhanced SWTR (LT1ESWTR)

Surface Water Treatment Rule (SWTR)

moow>

10. The require the EPA to develop regulations that require
disinfection of groundwater systems as necessary to protect the public health; EPA has
proposed the Ground Water Rule (GWR) to meet this mandate.

Total Coliform Rule (TCR)

1996 SDWA amendments

Interim Enhanced Surface Water Treatment Rule (IESWTR)

Long Term 1 Enhanced SWTR (LT1ESWTR)

Surface Water Treatment Rule (SWTR)

moow>

11. specifies the appropriate use of disinfection in groundwater
and addresses other components of groundwater systems to ensure public health
protection. GWR applies to public groundwater systems (systems that have >15 service
connections or regularly serve >25 persons/day for >60 days/year).

A. Total Coliform Rule (TCR)

B. 1996 SDWA amendments

C. Interim Enhanced Surface Water Treatment Rule (IESWTR)

D. Ground Water Rule (GWR)
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12. This rule also applies to any system that mixes surface and groundwater if the
groundwater is added directly to the distribution system and provided to consumers
without treatment. does not apply to privately owned wells.

A. Total Coliform Rule (TCR)

B. 1996 SDWA amendments

C. Interim Enhanced Surface Water Treatment Rule (IESWTR)

D

E

. Ground Water Rule (GWR)
. Surface Water Treatment Rule (SWTR)

13. To fill gaps in existing data regarding occurrence of microbial pathogens and other
indicators of microbial contamination, occurrence of disinfection byproducts, and
characterization of treatment processes, the EPA promulgated the
in 1996, which required systems serving >100,000 persons to
provide treatment data and monitor disinfection byproducts and source-water--quality
parameters.

Information Collection Rule

1996 SDWA amendments

Interim Enhanced Surface Water Treatment Rule (IESWTR)

Ground Water Rule (GWR)

Surface Water Treatment Rule (SWTR)

moow>

14. are also required to monitor for the presence of
Cryptosporidium, Giardia, total culturable viruses, and total* and fecal coliforms or
Escherichia coli >1 time/month for 18 months. The required monitoring ended in
December 1998, and data were analyzed.

A. Information Collection Rule

B. 1996 SDWA amendments

C. Interim Enhanced Surface Water Treatment Rule (IESWTR)

D

E

. Ground Water Rule (GWR)
. None of the above

15. The EPA also made minor changes in 2000 to the to
streamline requirements, promote consistent national implementation, and in certain
cases, reduce the burden for water systems. The action levels of 0.015 mg/L for lead and
1.3 mg/L for copper remain the same.

Information Collection Rule

Lead and Copper Rule

Interim Enhanced Surface Water Treatment Rule (IESWTR)

Ground Water Rule (GWR)

None of the above

moow>

1.D, 2.C, 3.B, 4.E, 5.E, 6.E, 7.C, 8.D, 9.C, 10.B, 11.D, 12.D, 13.A, 14.E, 15.B
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Transient, Non-Community Water System: A water system which provides water in a
place such as a gas station or campground where people do not remain for long periods
of time. These systems do not have to test or treat their water for contaminants which
pose long-term health risks because fewer than 25 people drink the water over a long
period. They still must test their water for microbes and several chemicals.

Treatment Technique: A required process intended to reduce the level of a contaminant
in drinking water.

Turbidity: The cloudy appearance of water caused by the presence of tiny particles. High
levels of turbidity may interfere with proper water treatment and monitoring.

Variance: State or EPA permission not to meet a certain drinking water standard. The
water system must prove that: (1) it cannot meet a MCL, even while using the best
available treatment method, because of the characteristics of the raw water, and (2) the
variance will not create an unreasonable risk to public health. The State or EPA must
review, and allow public comment on, a variance every three years. States can also grant
variances to water systems that serve small populations and which prove that they are
unable to afford the required treatment, an alternative water source, or otherwise comply
with the standard.

Violation: A failure to meet any state or federal drinking water regulation.
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Common Water Laboratory Procedure Photographs

This lab equipment is used for testing parameters in water such as Metals, Pesticides and
Hydrocarbons.  Often geotechnical water testing that is performed to support
characterization regarding the fate and transport of contaminants in soils and sediments.
Information such as the grain size distribution provides insight into the absorption,
accumulation and movement of contaminants as it may relate to various particle sizes.
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Top Photo: Extraction is a process used to concentrate trace levels of materials, in this
case metals. Some metals are able to be complexed with an organic chelating agent.
The organic chelating agent, Ammonium pyrrolidine dithiocarbamate (APDC), chemically
binds the metals in the water. APDC is easily dissolved in the nonpolar organic solvent,
methyl isobutyl ketone (MIBK). Because MIBK is nonpolar, it will not dissolve in water
and will separate from the water like oil and water.

Bottom Photo: Atomic absorption requires the presence of ground state metal atoms
(Me®). The initial process which takes place in an atomic absorption spectrophotometer
is to create a population of ground state atoms. This is accomplished in a variety of
ways, usually classified as flame and non-flame. The simplest and most common
method uses a flame to produce these atoms.
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Vapor atomic fluorescence spectroscopy (CVAFS) analytical techniques were designed
by the EPA for the analysis of Mercury at low and sub parts per trillion (ppt)
concentrations. Low detection limits were developed to support risk assessment,
Mercury bioaccumulation in fish is a heightened concern. Thirty-nine states have issued
fish consumption advisories due to mercury contamination. Mercury is a toxic pollutant
across most regulatory programs (air, water, hazardous waste & pollution prevention). It
is persistent and harmful to human health and the environment at relatively low levels.
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This lab’s Quality Assurance Quality Control (QAQC) methods includes spikes,
performance samples, replicates, detection limits and blanks.
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Prepared samples stored for metal analysis.
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Top Photo: This form shows a typical ion chromatography run will have a standard curve
consisting of 4 or 5 points for each ion of interest. A combined ion stock standard is
used. The correlation coefficient of the standard curve for each ion should be >.998. The

coefficient is calculated by plotting the peak area against the standard concentration
using a linear fit.

Bottom Photo: Some labs have the luxury of automatic filling dilution water for BOD
bottles. If the BOD bottle is filled too rapidly, excessive agitation and bubbling may result

in supersaturated water. This device also has the capability of measuring the oxygen
level.
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Top Photo: Running a BOD analysis on a sample consists of placing a portion of a
sample (along with prepared dilution water) into an air-tight bottle (300 ml volume) and
incubating the bottle at 20 +/- 1 deg C for (usually) 5 days.

Bottom Photo: Dissolved oxygen is often measured to determine the oxygen level in
receiving streams, in the aeration basin, and in the BOD test. The DO meter and
electrode work in similar fashion to other electronic meters but unlike the others, this
meter must be continually "on" to remain polarized.
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Top Photo: Collecting the seed in a 500 ml bottle and let settle at least 1 hour and up to
36 hours. This will allow settleable solids to settle and help assure the seed is
homogeneous.

Bottom Photo: In order to validate the BOD test conditions, reagents, and procedure, it is
necessary to measure a solution with a known amount of organics. A solution that has a
known value is called a standard.
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Top Photo: This area is used for Fecal coliform which the most common dilution is

prepared by transferring 11 ml of sample to 99 ml of sterile phosphate dilution water
using a sterile serological pipet.

Bottom Photo: Some labs perform a variation of coliform testing this technician is making
sure his area follows QAQC standards.
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IDEXX bottles are clear plastic disposable containers that are supplied by the
manufacturer with the colilert testing kits. Many labs that use the colilert method also
issue the IDEXX bottles. Positive identification of total coliform is indicated by fluorescent
under the UV light. E-coli are indicated by fluorescent blue colonies.
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Top Photo: This technician is using Colilert which is a commercially available enzyme-
substrate liquid-broth medium (IDEXX Laboratories, Inc.) that allows the simultaneous
detection of total coliforms and Escherichia coli (E. coli). It is available in the most-
probable number (MPN) or the presence/absence (PA) format. The MPN method is
facilitated by use of a specially designed disposable incubation tray called the Quanti-
Tray®.

Bottom Photo: Another method is using a petri dish with a filter membrane. The broth
and membrane used vary depending on the sample type for water or wastewater.
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The MPN method (also called Multiple Tube Fermentation Technique) for fecal coliform
detection is often used when the sample has excessive turbidity. Excessive turbidity in the
sample will plug the membrane filter, causing poor bacteria recovery and slow filtration
times.

The MPN method involves adding the wastewater sample to a series of 5 sets of tubes,
each of which contains either lactose broth or lauryl tryptose broth and an inverted tube.
The tubes are then incubated at 35 + 0.50C for 24 to 48 hours.
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Top Photo: Analytical funnels are 100 ml filtration units that allow the membrane to be
removed.

Bottom Photo: The heterotrophic plate count (HPC) is a procedure for estimating the
number of live heterotrophic bacteria (requiring organic compounds of carbon and

nitrogen for nourishment) in water. The technician will count the colored holes for the
results.
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SPECTROSCOPY

Spectroscopy

The emission spectrum of a chemical element or chemical compound is the spectrum of
frequencies of electromagnetic radiation emitted due to an atom's electrons making a
transition from a high energy state to a lower energy state. The energy of the emitted
photon is equal to the energy difference between the two states. There are many possible
electron transitions for each atom, and each transition has a specific energy difference.
This collection of different transitions, leading to different radiated wavelengths, make up
an emission spectrum. Each element's emission spectrum is unique. Therefore,
spectroscopy can be used to identify the elements in matter of unknown composition.
Similarly, the emission spectra of molecules can be used in chemical analysis of
substances.

Light consists of electromagnetic radiation of different wavelengths. Therefore, when the
elements or their compounds are heated either on a flame or by an electric arc they emit
energy in form of light. Analysis of this light, with the help of a spectroscope gives us a
discontinuous spectrum. A spectroscope or a spectrometer is an instrument which is used
for separating the components of light, which have different wavelengths. The spectrum
appears in a series of lines called the line spectrum.

This line spectrum is also called the Atomic Spectrum because it originates in the element.
Each element has a different atomic spectrum. The production of line spectra by the atoms
of an element indicate that an atom can radiate only a certain amount of energy. This
leads to the conclusion that bound electrons cannot have just any amount of energy but
only a certain amount of energy. The emission spectrum can be used to determine the
composition of a material, since it is different for each element of the periodic table.
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Water Quality & River Sampling Photographs

Top Photo: Technicians use several different devices to sample wells depending on the
depth of the water table. Some use hand bailers or small gas powered submersible
pumps.

Bottom Photo: Technicians are always concerned with Quality Assurance; here the
containers have DI water for rinsing in the field. The containers that look like milk bottles
are used for the equal width depth integrated sampler.
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Top Photo: This multi probe device measures dissolved oxygen (DO), pH, conductivity
and total dissolved solids (TDS), the device requires calibration for each parameter.

Bottom Photo: Collection of isokinetic, depth-integrated samples is done using either an
equal-width-increment (EWI) or equal-discharge-increment (EDI) sampling method. The
methods typically result in a composite sample that represents the streamflow-weighted
concentrations of the stream cross section being sampled. That sample is poured into
the bottles that resemble old fashion milk bottles.
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The churn splitter was designed to facilitate the withdrawal of a representative subsample
from a large composite sample of a water-sediment mixture. For example, samples from
several verticals in a stream cross section, differing slightly from each other in chemical
quality and sediment concentration, can be placed in the churn and be mixed into a
relatively homogenous suspension, any subsample withdrawn from the churn should be
equal in chemical quality and sediment concentration to any other subsample from the
churn.
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Ampullariidae, common name the apple snails, is a family of large freshwater snails,
aquatic gastropod mollusks with a gill and an operculum. This family is in the superfamily
Ampullarioidea and is the type family of that superfamily. The Ampullariidae are unusual
because they have both a gill and a lung, the mantle cavity being divided in order to
separate the two types of respiratory structures. This adaptation allows these snails to be
amphibious. Bottom photo, snail eggs clusters on rocks.
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Top Photo: When sampling in the river it is suggested that a minimum of two people

participate. One person is holding the collection net while the other carefully disturbs the
sediment for collection.

Bottom Photo: This river contained larvae of mayfly and stone flies along with leaches.
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Sieving invertebrate samples reduces the volume of sediment that must be sorted through
in the lab. A #60 sieve is recommended because the smaller invertebrates will be retained
by the #60 sieve and should yield more complete invertebrate community data for a site.
Any large debris should be cleaned (remove invertebrates and add them to the sample)
and removed from the sample. The sample is then washed through the sieve over the side
of the boat or in a tub with site water until no more fine sediment washes through the
mesh.
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Waterborne Disease Section

Bacteria, viruses and protozoans that cause disease are known as pathogens. Most
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 the 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 will ensure eliminating the spread of 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 handle toys that other children put into their mouths. You
will usually be asked to sample at these facilities for Giardia.

The general public and some of the medical community usually refer to diarrhea symptoms
as “stomach flu.” Technically, influenza is an upper respiratory illness 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.

Chain of Transmission

When water is contaminated with feces, this contamination may be of human or animal
origin. If the human or animal source is not infected with a pathogen (disease-causing
bacteria, viruses or protozoa), no disease will result.
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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 and 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
in order for iliness (disease) to occur. 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.

Bacterial Diseases (More detailed information in the next chapters)
Campylobacteriosis is the most common diarrheal illness caused by bacteria. Symptoms
include abdominal pain, malaise, fever, nausea and vomiting, and usually 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 unpasteurized milk as well as unchlorinated 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.

Viral Diseases or Viruses

Hepatitis A is a common example of a 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.

Terrorism

Recent investigations have shown proof the terrorist organizations have been able to
reproduce most of these pathogens and have the technology and funding to attack our
public water supply system. You will need to know these diseases and how to deal with
these issues. Even diseases that we have not seen in years are easily and readily
available for a terrorist to backflow into our distribution system, or pour into a wellhead or
clearwell.
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The Main Players- History and Biology

Before we define the major waterborne diseases, let’s first examine the germs and other
creatures that cause the diseases. Most of the following information may be simple or
instruction that you already know. But to be safe, let’s review the basics.

History of Research

By the last half of the 19th century, the microbial world was known to consist of protozoa,
fungi, and bacteria, all visible with a light microscope. In the 1840s, the German scientist
Jacob Henle suggested that there were infectious agents too small to be seen with a light
microscope, but for the lack of direct proof, his hypothesis was not accepted. Although the
French scientist Louis Pasteur was working to develop a vaccine for rabies in the 1880s,
he did not understand the concept of a virus.

LOVIS PASTEUR

During the last half of the 19th century, several key discoveries were made that set the
stage for the discovery of viruses. Pasteur is usually credited for dispelling the notion of
spontaneous generation and proving that organisms reproduce new organisms. The
German scientist Robert Koch, a student of Jacob Henle, and the British surgeon Joseph
Lister developed techniques for growing cultures of single organisms that allowed the
assignment of specific bacteria to specific diseases.
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First Experiment

The first experimental transmission of a viral infection was accomplished in about 1880 by
the German scientist Adolf Mayer, when he demonstrated that extracts from infected
tobacco leaves could transfer tobacco mosaic disease to a new plant, causing spots on
the leaves. Because Mayer was unable to isolate a bacterium or fungus from the tobacco
leaf extracts, he considered the idea that tobacco mosaic disease might be caused by a
soluble agent, but he concluded incorrectly that a new type of bacteria was likely to be the
cause.

The Russian scientist Dmitri lvanofsky extended Mayer’s observation and reported in 1892
that the tobacco mosaic agent was small enough to pass through a porcelain filter known
to block the passage of bacteria. He too failed to isolate bacteria or fungi from the filtered
material. But Ivanofsky, like Mayer, was bound by the dogma of his times and concluded
in 1903 that the filter might be defective or that the disease agent was a toxin rather than
a reproducing organism.

Unaware of lvanofsky’s results, the Dutch scientist Martinus Beijerinck, who collaborated
with Mayer, repeated the filter experiment but extended this finding by demonstrating that
the filtered material was not a toxin because it could grow and reproduce in the cells of
the plant tissues. In his 1898 publication, Beijerinck referred to this new disease agent as
a contagious living liquid—contagium vivum fluid—initiating a 20-year controversy over
whether viruses were liquids or particles.

The conclusion that viruses are particles came from several important observations. In
1917 the French-Canadian scientist Félix H. d’'Hérelle discovered that viruses of bacteria,
which he named bacteriophage, could make holes in a culture of bacteria. Because each
hole, or plaque, developed from a single bacteriophage, this experiment provided the first
method for counting infectious viruses (the plaque assay). In 1935 the American
biochemist Wendell Meredith Stanley crystallized tobacco mosaic virus to demonstrate
that viruses had regular shapes, and in 1939 tobacco mosaic virus was first visualized
using the electron microscope.

In 1898 the German bacteriologists Friedrich August Johannes Loffler and Paul F. Frosch
(both trained by Robert Koch) described foot-and-mouth disease virus as the first filterable
agent of animals, and in 1900, the American bacteriologist Walter Reed and colleagues
recognized yellow fever virus as the first human filterable agent. For several decades
viruses were referred to as filterable agents, and gradually the term virus (Latin for “slimy
liquid” or “poison”) was employed strictly for this new class of infectious agents. Through
the 1940s and 1950s many critical discoveries were made about viruses through the study
of bacteriophages because of the ease with which the bacteria they infect could be grown
in the laboratory. Between 1948 and 1955, scientists at the National Institutes of Health
(NIH) and at Johns Hopkins Medical Institutions revolutionized the study of animal viruses
by developing cell culture systems that permitted the growth and study of many animal
viruses in laboratory dishes.

Germ Theory of Disease History

Louis Pasteur along with Robert Koch developed the germ theory of disease which states
that "a specific disease is caused by a specific type of microorganism."

In 1876, Robert Koch established an experimental procedure to prove the germ theory of
disease. This scientific procedure is known as Koch's postulates.
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Koch's Postulates

+ the causative agent must be present in every case of the disease and must not be
present in healthy animals.

« the pathogen must be isolated from the diseased host animal and must be grown in pure
culture.

* the same disease must be produced when microbes from the pure culture are inoculated
into healthy susceptible animals.

* the same pathogen must be recoverable once again from this artificially infected animal
and it must be able to be grown in pure culture.

Koch’s postulates not only proved the germ theory but also gave a tremendous boost to
the development of microbiology by stressing a laboratory culture and identification of
microorganisms.

Circumstances under which Koch’s postulates do not easily apply

* Many healthy people carry pathogens but do not exhibit the symptoms of disease. These
"carriers" may transmit the pathogens to others who then may become diseased.
Example: epidemics of certain hospital acquired (nosocomial) infections, gonorrhea,
typhoid, pneumonia, and AIDS.

» Some microbes are very difficult to grow under in-vitro (in the laboratory) conditions.
Example: viruses, chlamydia, rickettsias, and bacteria that cause leprosy and syphilis.
Some of the fastidious organisms can now be grown in cultures of human or animal cells
or in small animals.

* Not all laboratory animals are susceptible to all pathogens. Many pathogens are species
specific. Ethical considerations limit the use of laboratory animals and human volunteers.
 Certain diseases develop only when an opportunistic pathogen invades a susceptible
host. These secondary invaders or opportunists cause disease only when a person is ill
or recovering from another disease. For example, in the case of pneumonia and ear
infections following influenza, isolation of bacteria causing pneumonia may mislead the
isolation of influenza virus.

* Not all diseases are caused by microorganisms. Many diseases are caused by dietary
deficiencies (scurvy, rickets). Some of the diseases are inherited or are caused by
abnormality in chromosomes. Still others, such as cancer of the lungs and skin, are
influenced by environmental factors.

Cells

Robert Hooke observed small empty chambers in the structure of cork with the help of his
crude microscope. He called them cells. With the help of advanced microscopes it is now
known that a cell is composed of many different substances and contains tiny particles
called organelles that have important functions. Two German biologists Matthias
Schleiden and Thedore Schwann proposed the "Cell theory' in 1838. According to this
theory, all living things are composed of cells.

Rudolph Virchow completed the cell theory with the idea that all cells must arise from
preexisting cells.

In biology, a cell is defined as the fundamental living unit of any organism and exhibits the

basic characteristics of life. A cell obtains food from the environment to produce energy
and nutrients for metabolism.
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Metabolism
Metabolism is a term that describes all the chemical reactions by which food is transformed
for use by the cells.

Through its metabolism, a cell can grow, reproduce and it can respond to changes in its
environment. As a result of accidental changes in its environment, a cell can undergo
changes in its genetic material. This is called mutation.
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Bacteria

Bacteria consist of only a single cell, but don't let their small size and seeming simplicity
fool you. They're an amazingly complex and fascinating group of creatures. Bacteria have
been found that can live in temperatures above the boiling point and in cold that would
freeze your blood. They "eat" everything from sugar and starch to sunlight, sulfur and iron.
There's even a species of bacteria—Deinococcus radiodurans—that can withstand blasts
of radiation 1,000 times greater than would kill a human being.
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THE DIFFERENT SHAPES OF BACTERIA

“Bacteria” is a plural word. The singular for this word is “bacterium” (bacter = rod, staff).
Bacteria are prokaryotes (Kingdom Monera), which means that they have no true nucleus.
They do have one chromosome of double-stranded DNA in a ring. They reproduce by
binary fission. Most bacteria lack or have very few internal membranes, which means that
they don’t have some kinds of organelles (like mitochondria or chloroplasts). Most bacteria
are benign (benign = good, friendly, kind) or beneficial, and only a few are “bad guys” or
pathogens.

Kingdom Monera is a very diverse group. There are some bacteria relatives that can do
photosynthesis--they don’t have chloroplasts, but their chlorophyll and other needed
chemicals are built into their cell membranes.
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These organisms are called Cyanobacteria (cyano = blue, dark blue) or bluegreen algae,
although they’re not really algae (real algae are in Kingdom Protista). Like us, some kinds
of bacteria need and do best in O, while others are poisoned or killed by it.

Prokaryotes

Bacteria and archaea are the only prokaryotes. All other life forms are Eukaryotes (you-
carry-oats), creatures whose cells have nuclei. (Note: viruses are not considered true
cells, so they don't fit into either of these categories; this will be covered in the next few

pages.)
PROKARYOTE EUKARYOTE

BACTERIUM

PROTOZOAN

PROKARYOTE ARE SIMPLER THAN EUKARYOTE
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Early Origins

Bacteria are among the earliest forms of life that appeared on Earth thousands of years
ago. Scientists think that bacteria helped shape and change the young planet's
environment, eventually creating atmospheric oxygen that enabled other, more complex
life forms to develop. Many believe that more complex cells developed as once free-living
bacteria took up residence in other cells, eventually becoming the organelles in modern
complex cells.

The mitochondria (mite-oh-con-dree-uh) that make energy for your body cells is one
example of such an organelle. There are thousands of species of bacteria, but all of them
are basically one of three different shapes. Some are rod - or stick-shaped and called
bacilli (buh-sill-eye).
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_.

PLASMID
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Others are shaped like little balls and called cocci (cox-eye). Others still are helical or
spiral in shape. Some bacterial cells exist as individuals while others cluster together to
form pairs, chains, squares or other groupings. Bacteria live on or in just about every
material and environment on Earth from soil to water to air, and from your house to arctic
ice to volcanic vents. Each square centimeter of your skin averages about 100,000
bacteria. A single teaspoon of topsoil contains more than a billion (1,000,000,000)
bacteria.
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Peptidoglycan
Most bacteria secrete a covering for themselves which we call a cell wall.

However, bacterial cell walls are a totally different thing than the cell walls we talk about
plants having. Bacterial cell walls do NOT contain cellulose like plant cell walls do.
Bacterial cell walls are made mostly of a chemical called peptidoglycan (made of
polypeptides bonded to modified sugars), but the amount and location of the
peptidoglycan are different in the two possible types of cell walls, depending on the
species of bacterium.

Some antibiotics, like penicillin, inhibit the formation of the chemical cross linkages needed
to make peptidoglycan.

These antibiotics don’t kill the bacteria outright; just stop them from being able to make
more cell wall so they can grow.

That's why antibiotics must typically be taken for ten days until the bacteria, unable to
grow, die of “old age”. If a person stops taking the antibiotic sooner, any living bacteria
could start making peptidoglycan, grow, and reproduce.

Gram?
C )

Lactobacillus acidophilus

Streptococcus thermophilus

Gram-

Escherichia coli
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Gram Stain

However, because one of the two possible types of bacterial cell walls has more
peptidoglycan than the other, antibiotics like penicillin are more effective against bacteria
with that type of cell wall and less effective against bacteria with less peptidoglycan in their
cell walls. Thus it is important, before beginning antibiotic treatment, to determine with
which of the two types of bacteria one is dealing. Dr. Hans Christian Gram, a Danish
physician, invented a staining process to tell these two types of bacteria apart, and in his
honor, this process is called Gram stain. In this process, the amount of peptidoglycan in
the cell walls of the bacteria under study will determine how those bacteria absorb the
dyes with which they are stained; thus, bacterial cells can be Gram* or Gram -. Gram*
bacteria have simpler cell walls with lots of peptidoglycan, and stain a dark purple color.
Gram- bacteria have more complex cell walls with less peptidoglycan, thus absorb less of
the purple dye used and stain a pinkish color instead. Also, Gram- bacteria often
incorporate toxic chemicals into their cell walls, and thus tend to cause worse reactions in
our bodies. Because Gram- bacteria have less peptidoglycan, antibiotics like penicillin are
less effective against them. As we have discussed before, taking antibiotics that don’t work
can be bad for you, thus a good doctor should always have a culture done before
prescribing antibiotics to make sure the person is getting something that will help.

Pseudomonas aeruginosa is a strictly aerobic, oxidase
positive, gram-negative nonfermentative bacterium. The
Gram-stain appearance is not particularly characteristic
although rods are somewhat thinner than those seen for the
enteric-like bacteria. Mucoid strains that produce an
extracellular polysaccharide are frequently isolated from
patients with cystic fibrosis and this capsular material can be [ﬁ.
seen in the photo.

Two types of cells- Procaryotes and Eucaryotes
A Prokaryotic cell exhibits all the characteristics of life but it lacks the complex system of
membranes and organelles. Example: Bacterial cells and cyanobacteria.

A Eukaryotic cell has a complex structure. It contains a true nucleus and many membrane
bound organelles. Example: Protozoa, fungi, algae, all plants and animal cells.

Structure of a Eukaryotic Cell

Cell Membrane: The cell is enclosed and held intact by the cell membrane/plasma
membrane/cytoplasmic membrane. It is composed of large molecules of proteins and
phospholipids. These large molecules permit the passage of nutrients, waste products and
secretions across the cellular membrane. The cell membrane is selectively permeable.

Nucleus

The Nucleus unifies, controls and integrates the function of the entire cell. The nucleus is
enclosed in the nuclear membrane and contains chromosomes; the number and
composition of chromosomes and the number of genes on each chromosome are
characteristic of each species. Human cells have 46 (23 pairs) chromosomes.

Each chromosome consists of many genes. A gene is a coiled unit made up of DNA and
proteins that code for or determine a particular characteristic of an individual organism.
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Cytoplasm

Cytoplasm is the cellular material outside the nucleus. It is composed of a semifluid
gelatinous nutrient matrix and cytoplasmic organelles including endoplasmic reticulum,
ribosomes, Golgi complex, mitochondria, centrioles, microtubules, lysosomes and
vacuoles.

Cell Wall

A cell wall is found as an external structure of plant cells, algae, and fungi. It consists of
cellulose, pectin, chitin, and some mineral salts. A rigid exterior cell wall defines the shape
of bacterial cells. It is different from the simple cell wall of plant cells and is made up of
macromolecular polymer-peptidoglycan (protein and polysaccharide chain). The thickness
and its exact composition varies with the species of bacteria.

Cilia and Flagella

Some eukaryotic cells possess relatively long and thin structures called flagella. These
are organs of locomotion. Cilia are also organs of locomotion but are shorter and more
numerous

Structure of a Prokaryotic Cell
All bacteria are procaryotes and are simple cells. They divide by binary fission.

Chromosome

The chromosome of a prokaryotic cell is
not surrounded by a nuclear membrane, it
has no definite shape and no protein
material associated with it. It usually
consists of a single circular DNA molecule
and serves as the control center of the
bacterial cell. A typical Dbacterial
chromosome contains  approximately
10,000 genes.

CELL DIVISION

DAUGHTER CELLS

Cytoplasm

Cytoplasm is a semi-liquid that surrounds the chromosome and is contained within the
plasma membrane. Located within the cytoplasm are several ribosomes, which are the
sites of protein synthesis. Cytoplasmic granules occur in certain species of bacteria which
can be specifically stained and used to identify the bacteria.

Cell Membrane

The Cell Membrane is similar to that of the eukaryotic cell membrane. It is selectively
permeable and controls the substances entering or leaving the cell. It is very thin and can
be seen by electron microscopes only.

Capsules

Some bacteria have a layer of material outside the cell wall. When highly organized and
firmly attached to the cell wall, this layer is called a capsule or if it is not highly organized
and not firmly attached, a slime layer. Capsules consist of complex sugars or
polysaccharides combined with lipids and proteins. The composition of the capsule is
useful in differentiating between different types of bacteria. Capsules are usually detected
by negative staining, where the bacterial cell and the background become stained but the
capsule remains unstained.
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Encapsulated bacteria produce colonies on nutrient agar that are smooth, mucoid and
glistening, whereas the noncapsulated bacteria produce rough and dry colonies. Capsules
enable the bacterial species to attach to mucus membranes and protect the bacteria from
phagocytosis.

Flagella

Flagella are thread-like proteins that enable the bacteria to move. Flagellated bacteria are
said to be motile while non-flagellated bacteria are generally non-motile. The number and
arrangement of flagella are species specific and can be used to classify bacteria.
Peritrichous bacteria- possess flagella over the entire surface.

Lophotrichous bacteria-possess a tuft of flagella at one or both ends.

Amphitrichous bacteria-bacteria with one flagellum at each end.

Monotrichous bacteria-bacteria with a single polar flagellum.

Pili or Fimbriae

Pili or Fimbriae are thin hair-like structures observed on gram negative bacteria. They are
not associated with motility. They enable the bacteria to attach to other bacteria or to
membrane surfaces such as intestinal linings or RBC. They are also used to transfer
genetic material from one bacteria cell to another.

Spores

Some bacteria are capable of forming spores (also called endospore) as a means of
survival under adverse conditions. During sporulation the genetic material is enclosed in
several protein coats that are resistant to heat, drying and most chemicals. Spores have
been shown to survive in soil or dust. When the dried spore lands on a nutrient rich
surface, it forms a new vegetative cell. Spore formation is related to the survival of
bacterial cells, not reproduction.

Bacterial Nutrition

All life has the same basic nutritional requirements which include:

Energy. This may be light (the sun or lamps) or inorganic substances like sulfur, carbon
monoxide or ammonia, or preformed organic matter like sugar, protein, fats etc. Without
energy life cannot exist and quickly dies or becomes inactive.

Nitrogen. This may be nitrogen gas, ammonia, nitrate/nitrite, or a nitrogenous organic
compound like protein or nucleic acid.

Carbon. This can be carbon dioxide, methane, carbon monoxide, or a complex organic
material.

Oxygen. All cells use oxygen in a bound form and many require gaseous oxygen (air),
but oxygen is lethal to many microbes.

Phosphorous, Sulfur, Magnesium, Potassium, and Sodium.

Calcium. Most cells require calcium in significant quantities, but some seem to only
need it in trace amounts.

Water. All life requires liquid water in order to grow and reproduce; which is why the
Mars Mission is so interested in water on Mars. Some resting stages of cells, like
bacterial spores, can exist for long periods without free water, but they do not grow or
metabolize.

Iron, Zinc, Cobalt. These are called trace metals that are required by some enzymes to
function.
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The sources of these various requirements define an organism, so a description of every
organism should include this information.

Fastidious

Many bacteria can synthesize every complex molecule they need from the basic minerals,
but others, said to be fastidious, require preformed organic molecules like vitamins, amino
acids, nucleic acids, carbohydrates; humans are fastidious. In general bacterial
pathogens need more preformed organic molecules than do nonpathogens, but that is not
always true. For example, some bacteria that are found in milk hardly make any of their
own basic organic molecules; that is, they let the cow (or more to the point the number of
microbes that live in the cow's gut) make these things for them. A simple rule of thumb is
"if humans can use something for food, many microbes will also love it". The reverse
is not always true, as microbes can "digest" some very strange substances including
cellulose, sulfur, some plastics, turkey feathers and asphalt, just to name a few.

Table of differences between Archaea, Bacteria and Eukaryotes

Characteristic Archaea |Bacteria |[Eukaryotes
Predominantly multicellular No No Yes
Cell contains a nucleus and other membrane bound

organelles No No Yes
DNA occurs in a circular form* Yes Yes No
Ribosome size 70s 70s 80s
Membrane lipids ester-linked** No Yes Yes
Photosynthesis with chlorophyll No Yes Yes
Capable of growth at temperatures greater than 80 C Yes Yes No
Histone proteins present in cell Yes No Yes
Methionine used as tRNA Initiator*** Yes No Yes
Operons present in DNA Yes Yes No
Interon present in most genes No No Yes
Capping and poly-A tailing of mMRNA No No Yes
Gas vesicles present Yes Yes No
Capable of Methanogenesis Yes No No
St(;:-gsi’:)i\é]ey’tc:ci)nchIoramphenicol, kanamycin and No Yes No
Transcription factors required No Yes Yes
Capable of Nitrification No Yes No
Capable of Denitrification Yes Yes No
Capable of Nitrogen Fixation Yes Yes No
Capable of Chemolithotrophy Yes Yes No

* Eukaryote DNA is linear
** Archaea membrane lipids are ether-linked
*** Bacteria use Formylmethionine
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What in the World is an Eukaryote?

Eukaryotes are organisms with complex cells, in which the genetic material is organized
into membrane-bound nuclei. They include the animals, plants, and fungi, which are
mostly multicellular, as well as various other groups called protists, many of which are
unicellular. In contrast, other organisms such as bacteria lack nuclei and other complex
cell structures, and are called prokaryotes. The eukaryotes share a common origin, and
are often treated formally as a superkingdom, empire, or domain. The name comes from
the Greek eus or true and karyon or nut, referring to the nucleus.

What are Protists?

¢ They are eukaryotes because they all have a nucleus.

e Most have mitochondria although some have later lost theirs. Mitochondria were
derived from aerobic alpha-proteobacteria (prokaryotes) that once lived within their
cells.

e Many have chloroplasts with which they carry on photosynthesis. Chloroplasts
were derived from photosynthetic cyanobacteria (also prokaryotes) living within
their cells.
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Eukaryotic Cells

Eukaryotic cells are generally much larger than prokaryotes, typically with a thousand
times their volumes. They have a variety of internal membranes and structures, called
organelles, and a cytoskeleton composed of microtubules and microfilaments, which plays
an important role in defining the cell's organization. Eukaryotic DNA is divided into several
bundles called chromosomes, which are separated by a microtubular spindle during
nuclear division. In addition to asexual cell division, most eukaryotes have some process
of sexual reproduction via cell fusion, which is not found among prokaryotes.

Eukaryotic cells include a variety of membrane-bound structures, collectively referred to
as the endomembrane system. Simple compartments, called vesicles or vacuoles, can
form by budding off of other membranes. Many cells ingest food and other materials
through a process of endocytosis, where the outer membrane invaginates and then
pinches off to form a vesicle. It is probable that most other membrane-bound organelles
are ultimately derived from such vesicles.
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The nucleus is surrounded by a double membrane, with pores that allow material to move
in and out. Various tube- and sheet-like extensions of the nuclear membrane form what is
called the endoplasmic reticulum or ER, which is involved in protein transport. It includes
rough sections where ribosomes are attached, and the proteins they synthesize enter the
interior space or lumen. Subsequently, they generally enter vesicles, which bud off from
the smooth section. In most eukaryotes, the proteins may be further modified in stacks of
flattened vesicles, called Golgi bodies or dictyosomes.

Vesicles may be specialized for various purposes. For instance, lysosomes contain
enzymes that break down the contents of food vacuoles, and peroxisomes are used to
break down peroxide which is toxic otherwise.

Contractile Vacuoles

Many protozoa have contractile vacuoles, which collect and expel excess water, and
extrusomes, which expel material used to deflect predators or capture prey. In multicellular
organisms, hormones are often produced in vesicles. In higher plants, most of a cell's
volume is taken up by a central vacuole or tonoplast, which maintains its osmotic pressure.

Many eukaryotes have slender motile projections, usually called flagella when long and
cilia when short. These are variously involved in movement, feeding, and sensation. These
are entirely distinct from prokaryotic flagella. They are supported by a bundle of
microtubules arising from a basal body, also called a kinetosome or centriole,
characteristically arranged as nine doublets surrounding two singlets. Flagella also may
have hairs or mastigonemes, scales, connecting membranes, and internal rods. Their
interior is continuous with the cell's cytoplasm.

Centrioles

Centrioles are often present even in cells and groups that do not have flagella. They
generally occur in groups of one or two, called kinetids that give rise to various
microtubular roots. These form a primary component of the cytoskeletal structure, and are
often assembled over the course of several cell divisions, with one flagellum retained from
the parent and the other derived from it.

Centrioles may also be associated in the formation of a spindle during nuclear division.
Some protists have various other microtubule-supported organelles. These include the
radiolaria and heliozoa, which produce axopodia used in flotation or to capture prey, and
the haptophytes, which have a peculiar flagellum-like organelle called the haptonema.
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Figure 1. A diagram of Paramecium sp. with major organelles indicated.
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Figure 2. The contractile vacuole when full (top) and after contraction (bottom).

Paramecium

Members of the genus Paramecium are single-celled, freshwater organisms in the
kingdom Protista. They exist in an environment in which the osmotic concentration in their
external environment is much lower than that in their cytoplasm. More specifically, the
habitat in which they live is hypotonic to their cytoplasm. As a result of this, Paramecium
is subjected to a continuous influx of water, as water diffuses inward to a region of higher
osmotic concentration. If Paramecium is to maintain homeostasis, water must be
continually pumped out of the cell (against the osmotic gradient) at the same rate at which
it moves in. This process, known as osmoregulation, is carried out by two organelles in
Paramecium known as contractile vacuoles (Figures 1 and 2).
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Viruses

Viruses are acellular microorganisms. They are made up of only genetic material and a
protein coat. Viruses depend on the energy and metabolic machinery of the host cell to
reproduce. A virus is an infectious agent found in virtually all life forms, including humans,
animals, plants, fungi, and bacteria. Viruses consist of genetic material—either
deoxyribonucleic acid (DNA) or ribonucleic acid (RNA)—surrounded by a protective
coating of protein, called a capsid, with or without an outer lipid envelope. Viruses are
between 20 and 100 times smaller than bacteria and hence are too small to be seen by
light microscopy.
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Viruses vary in size from the largest poxviruses of about 450 nanometers (about 0.000014
in) in length to the smallest polioviruses of about 30 nanometers (about 0.000001 in).
Viruses are not considered free-living, since they cannot reproduce outside of a living cell;
they have evolved to transmit their genetic information from one cell to another for the
purpose of replication.

Viruses often damage or kill the cells that they infect, causing disease in infected
organisms. A few viruses stimulate cells to grow uncontrollably and produce cancers.
Although many infectious diseases, such as the common cold, are caused by viruses,
there are no cures for these ilinesses. The difficulty in developing antiviral therapies stems
from the large number of variant viruses that can cause the same disease, as well as the
inability of drugs to disable a virus without disabling healthy cells. However, the
development of antiviral agents is a major focus of current research, and the study of
viruses has led to many discoveries important to human health.

Virions

Individual viruses, or virus particles, also called virions, contain genetic material, or
genomes, in one of several forms. Unlike cellular organisms, in which the genes always
are made up of DNA, viral genes may consist of either DNA or RNA. Like cell DNA, almost
all viral DNA is double-stranded, and it can have either a circular or a linear arrangement.
Almost all viral RNA is single-stranded; it is usually linear, and it may be either segmented
(with different genes on different RNA molecules) or nonsegmented (with all genes on a
single piece of RNA).
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Capsids

The viral protective shell, or capsid, can be either helical (spiral-shaped) or icosahedral
(having 20 triangular sides). Capsids are composed of repeating units of one or a few
different proteins. These units are called protomers or capsomers. The proteins that make
up the virus particle are called structural proteins. Viruses also carry genes for making
proteins that are never incorporated into the virus particle and are found only in infected
cells. These viral proteins are called nonstructural proteins; they include factors required
for the replication of the viral genome and the production of the virus particle.

Capsids and the genetic material (DNA or RNA) they contain are together referred to as
nucleocapsids. Some virus particles consist only of nucleocapsids, while others contain
additional structures.

Some icosahedral and helical animal viruses are enclosed in a lipid envelope acquired
when the virus buds through host-cell membranes. Inserted into this envelope are
glycoproteins that the viral genome directs the cell to make; these molecules bind virus
particles to susceptible host cells.

Bacteriophages

The most elaborate viruses are the bacteriophages, which use bacteria as their hosts.
Some bacteriophages resemble an insect with an icosahedral head attached to a tubular
sheath. From the base of the sheath extend several long tail fibers that help the virus
attach to the bacterium and inject its DNA to be replicated, direct capsid production, and
virus particle assembly inside the cell.

Viroids and Prions

Viroids and prions are smaller than viruses, but they are similarly associated with disease.
Viroids are plant pathogens that consist only of a circular, independently replicating RNA
molecule. The single-stranded RNA circle collapses on itself to form a rodlike structure.
The only known mammalian pathogen that resembles plant viroids is the deltavirus
(hepatitis D), which requires hepatitis B virus proteins to package its RNA into virus
particles. Co-infection with hepatitis B and D can produce more severe disease than can
infection with hepatitis B alone. Prions are mutated forms of a normal protein found on the
surface of certain animal cells.

Virus Classification

Viruses are classified according to their type of genetic material, their strategy of
replication, and their structure. The International Committee on Nomenclature of Viruses
(ICNV), established in 1966, devised a scheme to group viruses into families, subfamilies,
genera, and species. The ICNV report published in 1995 assigned more than 4000 viruses
into 71 virus families. Hundreds of other viruses remain unclassified because of the lack
of sufficient information.
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Replication

The first contact between a virus particle and its host cell occurs when an outer viral
structure docks with a specific molecule on the cell surface. For example, a glycoprotein
called gp120 on the surface of the human immunodeficiency virus (HIV, the cause of
acquired immunodeficiency syndrome, or AIDS) virion specifically binds to the CD4
molecule found on certain human T lymphocytes (a type of white blood cell). Most cells
that do not have surface CD4 molecules generally cannot be infected by HIV.

After binding to an appropriate cell, a virus must cross the cell membrane. Some viruses
accomplish this goal by fusing their lipid envelope to the cell membrane, thus releasing
the nucleocapsid into the cytoplasm of the cell.
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Other viruses must first be endocytosed (enveloped by a small section of the cell’s plasma
membrane that pokes into the cell and pinches off to form a bubble-like vesicle called an
endosome) before they can cross the cell membrane. Conditions in the endosome allow
many viruses to change the shape of one or more of their proteins.

These changes permit the virus either to fuse with the endosomal membrane or to lyse
the endosome (cause it to break apart), allowing the nucleocapsid to enter the cell
cytoplasm.

Once inside the cell, the virus replicates itself through a series of events. Viral genes direct
the production of proteins by the host cellular machinery. The first viral proteins
synthesized by some viruses are the enzymes required to copy the viral genome. Using a
combination of viral and cellular components, the viral genome can be replicated
thousands of times. Late in the replication cycle for many viruses, proteins that make up
the capsid are synthesized. These proteins package the viral genetic material to make
newly formed nucleocapsids.
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To complete the virus replication cycle, viruses must exit the cell. Some viruses bud out
of the cell’'s plasma membrane by a process resembling reverse endocytosis. Other
viruses cause the cell to lyse, thereby releasing newly formed virus particles ready to infect
other cells. Still other viruses pass directly from one cell into an adjacent cell without being
exposed to the extracellular environment. The virus replication cycle can be as short as a
couple of hours for certain small viruses or as long as several days for some large viruses.

Virus Battle

Some viruses Kill cells by inflicting severe damage resulting in cell lysis; other viruses
cause the cell to kill itself in response to virus infection. This programmed cell suicide is
thought to be a host defense mechanism to eliminate infected cells before the virus can
complete its replication cycle and spread to other cells. Alternatively, cells may survive
virus infection, and the virus can persist for the life of its host. Virtually all people harbor
harmless viruses.

Retroviruses

Retroviruses, such as HIV, have RNA that is transcribed into DNA by the viral enzyme
reverse transcriptase upon entry into the cell. (The ability of retroviruses to copy RNA into
DNA earned them their name because this process is the reverse of the usual transfer of
genetic information, from DNA to RNA.) The DNA form of the retrovirus genome is then
integrated into the cellular DNA and is referred to as the provirus. The viral genome is
replicated every time the host cell replicates its DNA and is thus passed on to daughter
cells.

Hepatitis B Virus

Hepatitis B virus can also transcribe RNA to DNA, but this virus packages the DNA version
of its genome into virus particles. Unlike retroviruses, hepatitis B virus does not integrate
into the host cell DNA.

Viral Infections

Most viral infections cause no symptoms and do not result in disease. For example, only
a small percentage of individuals who become infected with Epstein-Barr virus or western
equine encephalomyelitis virus ever develop disease symptoms. In contrast, most people
who are infected with measles, rabies, or influenza viruses develop the disease.

A wide variety of viral and host factors determine the outcome of virus infections. A small
genetic variation can produce a virus with increased capacity to cause disease. Such a
virus is said to have increased virulence.

Infection

Viruses can enter the body by several routes. Herpes simplex virus and poxviruses enter
through the skin by direct contact with virus-containing skin lesions on infected individuals.
Ebola, hepatitis B, and HIV can be contracted from infected blood products. Hypodermic
needles and animal and insect bites can transmit a variety of viruses through the skin.
Viruses that infect through the respiratory tract are usually transmitted by airborne droplets
of mucus or saliva from infected individuals who cough or sneeze.

Viruses that enter through the respiratory tract include orthomyxovirus (influenza),
rhinovirus and adenovirus (common cold), and varicella-zoster virus (chicken pox).
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Viruses such as rotavirus, coronavirus, poliovirus, hepatitis A, and some adenoviruses
enter the host through the gastrointestinal tract. Sexually transmitted viruses, such as
herpes simplex, HIV, and human papilloma viruses (HPV), gain entry through the
genitourinary route. Other viruses, including some adenoviruses, echoviruses, Coxsackie
viruses, and herpes viruses, can infect through the eye.

Localized or Systemic Infections

Virus infections can be either localized or systemic. The path of virus spread through the
body in systemic infections differs among different viruses. Following replication at the
initial site of entry, many viruses are spread to their target organs by the bloodstream or
the nervous system.

The particular cell type can influence the outcome of virus infection. For example, herpes
simplex virus undergoes lytic replication in skin cells around the lips but can establish a
latent or dormant state in neuron cell bodies (located in ganglia) for extended periods of
time. During latency, the viral genome is largely dormant in the cell nucleus until a stimulus
such as a sunburn causes the reactivation of latent herpes virus, leading to the lytic
replication cycle. Once reactivated, the virus travels from the ganglia back down the nerve
to cause a cold sore on the lip near the original site of infection. The herpesvirus genome
does not integrate into the host cell genome.

Virus-induced llinesses

Virus-induced illnesses can be either acute, in which the patient recovers promptly, or
chronic, in which the virus remains with the host or the damage caused by the virus is
irreparable. For most acute viruses, the time between infection and the onset of disease
can vary from three days to three weeks. In contrast, onset of AIDS following infection with
HIV takes an average of 7 to 11 years.

Several human viruses are likely to be agents of cancer, which can take decades to
develop. The precise role of these viruses in human cancers is not well understood, and
genetic and environmental factors are likely to contribute to these diseases. But because
a number of viruses have been shown to cause tumors in animal models, it is probable
that many viruses have a key role in human cancers.

Alphaviruses and Flaviviruses

Some viruses—alphaviruses and flaviviruses, for example—must be able to infect more
than one species to complete their life cycles. Eastern equine encephalomyelitis virus, an
alphavirus, replicates in mosquitoes and is transmitted to wild birds when the mosquitoes
feed. Thus, wild birds and perhaps mammals and reptiles serve as the virus reservoir, and
mosquitoes serve as vectors essential to the virus life cycle by ensuring transmission of
the virus from one host to another. Horses and people are accidental hosts when they are
bitten by an infected mosquito, and they do not play an important role in virus transmission.

Defense

Although viruses cannot be treated with antibiotics, which are effective only against
bacteria, the body’s immune system has many natural defenses against virus infections.
Infected cells produce interferons and other cytokines (soluble components that are
largely responsible for regulating the immune response), which can signal adjacent
uninfected cells to mount their defenses, enabling uninfected cells to impair virus
replication.
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Cytokines

Some cytokines can cause a fever in response to viral infection; elevated body
temperature retards the growth of some types of viruses. B lymphocytes produce specific
antibodies that can bind and inactivate viruses. Cytotoxic T cells recognize virus-infected
cells and target them for destruction. However, many viruses have evolved ways to
circumvent some of these host defense mechanisms.

The development of antiviral therapies has been thwarted by the difficulty of generating
drugs that can distinguish viral processes from cellular processes. Therefore, most
treatments for viral diseases simply alleviate symptoms, such as fever, dehydration, and
achiness. Nevertheless, antiviral drugs for influenza virus, herpesviruses, and HIV are
available, and many others are in the experimental and developmental stages.

Prevention has been a more effective method of controlling virus infections. Viruses that
are transmitted by insects or rodent excretions can be controlled with pesticides.
Successful vaccines are currently available for poliovirus, influenza, rabies, adenovirus,
rubella, yellow fever, measles, mumps, and chicken pox.

Vaccines are prepared from killed (inactivated) virus, live (attenuated or weakened) virus,
or isolated viral proteins (subunits). Each of these types of vaccines elicits an immune
response while causing little or no disease, and there are advantages and disadvantages
to each. (For a more complete discussion of vaccines, see the Immunization article.)

Vaccination

The principle of vaccination was discovered by British physician Edward Jenner. In 1796
Jenner observed that milkmaids in England who contracted the mild cowpox virus infection
from their cows were protected from smallpox, a frequently fatal disease. In 1798 Jenner
formally demonstrated that prior infection with cowpox virus protected those that he
inoculated with smallpox virus (an experiment that would not meet today’s protocol
standards because of its use of human subjects).

Mutation

Viruses undergo very high rates of mutation (genetic alteration) largely because they lack
the repair systems that cells have to safeguard against mutations. A high mutation rate
enables the virus to continually adapt to new intracellular environments and to escape
from the host immune response.

Co-infection of the same cell with different related viruses allows for genetic re-assortment
(exchange of genome segments) and intramolecular recombination. Genetic alterations
can alter virulence or allow viruses to gain access to new cell types or new animal hosts.

Many scientists believe that HIV is derived from a closely related monkey virus, SIV

(simian immunodeficiency virus), that acquired the ability to infect humans. Many of
today’s emerging viruses may have similar histories.
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Protozoa Section

The diverse assemblage of organisms that carry out all of their life functions within the
confines of a single, complex eukaryotic cell are called protozoa.

Paramecium, Euglena, and Amoeba are well-known examples of these major groups of
organisms. Some protozoa are more closely related to animals, others to plants, and still
others are relatively unique. Although it is not appropriate to group them together into a
single taxonomic category, the research tools used to study any unicellular organism are
usually the same, and the field of protozoology has been created to carry out this research.
The unicellular photosynthetic protozoa are sometimes also called algae and are
addressed elsewhere. This report considers the status of our knowledge of heterotrophic
protozoa (protozoa that cannot produce their own food).
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Free-living Protozoa

Protozoans are found in all moist habitats within the United States, but we know little about
their specific geographic distribution. Because of their small size, production of resistant
cysts, and ease of distribution from one place to another, many species appear to be
cosmopolitan and may be collected in similar microhabitats worldwide (Cairns and
Ruthven 1972). Other species may have relatively narrow limits to their distribution.

Marine ciliates inhabit interstices of sediment and beach sands, surfaces, deep sea and

cold Antarctic environments, planktonic habitats, and the algal mats and detritus of
estuaries and wetlands.
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Amoebas

Amoebas (Phylum Rhizopoda) are unicellular protists that are able to change their shape
constantly. Each species has its own distinct repertoire of shapes.

How does an amoeba locomote?

Amoebas locomote by way of cytoplasmic movement. (cytoplasm is the cell content
around the nucleus of the cell) The amoeba forms pseudopods (false feet) with which they
'flow' over a surface. The cytoplasma not only flows, it also changes from a fluid into a
solid state.

These pseudopods are also used to capture prey, they simply engulf the food. They can
detect the kind of prey and use different 'engulfing tactics'.

The image from the last page shows several cell organelles. Left from the center we can
see aspherical water expelling vesicle and just right of it, the single nucleus of this species
can be seen. Other species may have many nuclei. The cell is full of brown food vacuoles
and also contains small crystals.

Protozoa Information

Our actual knowledge of salinity, temperature, and oxygen requirements of marine
protozoa is poor (although some groups, such as the foraminifera, are better studied than
others), and even the broadest outlines of their biogeographic ranges are usually a
mystery.

In general, freshwater protozoan communities are similar to marine communities except
the specialized interstitial fauna of the sand is largely missing. In freshwater habitats, the
foraminifera and radiolaria common in marine environments are absent or low in numbers
while testate amoebae exist in greater numbers. Relative abundance of species in the
marine versus freshwater habitat is unknown.

Soil-dwelling protozoa have been documented from almost every type of soil and in every
kind of environment, from the peat-rich soil of bogs to the dry sands of deserts. In general,
protozoa are found in greatest abundance near the soil surface, especially in the upper 15
cm (6 in), but occasional isolates can be obtained at depths of a meter (yard) or more.

Protozoa do not constitute a major part of soil biomass, but in some highly productive
regions such as forest litter, the protozoa are a significant food source for the
microinvertebrates, with a biomass that may reach 20 g/m2 of soil surface area there.

Environmental Quality Indicators

Polluted waters often have a rich and characteristic protozoan fauna. The relative
abundance and diversity of protozoa are used as indicators of organic and toxic pollution
(Cairns et al. 1972; Foissner 1987; Niederlehner et al. 1990; Curds 1992). Bick (1972), for
example, provided a guide to ciliates that are useful as indicators of environmental quality
of European freshwater systems, along with their ecological distribution with respect to
parameters such as amount of organic material and oxygen levels.

Foissner (1988) clarified the taxonomy of European ciliates as part of a system for
classifying the state of aquatic habitats according to their faunas.
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Symbiotic Protozoa

Parasites

Protozoa are infamous for their role in causing disease, and parasitic species are among
the best-known protozoa. Nevertheless, our knowledge has large gaps, especially of
normally free-living protozoa that may become pathogenic in immunocompromised
individuals. For example, microsporidia comprise a unique group of obligate, intracellular
parasitic protozoa. Microsporidia are amazingly diverse organisms with more than 700
species and 80 genera that are capable of infecting a variety of plant, animal, and even
other protist hosts.

They are found worldwide and have the ability to thrive in many ecological conditions. Until
the past few years, their ubiquity did not cause a threat to human health, and few
systematists worked to describe and classify the species. Since 1985, however,
physicians have documented an unusual rise in worldwide infections in AIDS patients
caused by four different genera of microsporidia (Encephalitozoon, Nosema, Pleistophora,
and Enterocytozoon). According to the Centers for Disease Control in the United States,
difficulties in identifying microsporidian species are impeding diagnosis and effective
treatment of AIDS patients.

Protozoan Reservoirs of Disease

The presence of bacteria in the cytoplasm of protozoa is well known, whereas that of
viruses is less frequently reported. Most of these reports simply record the presence of
bacteria or viruses and assume some sort of symbiotic relationship between them and the
protozoa. Recently, however, certain human pathogens were shown to not only survive
but also to multiply in the cytoplasm of free-living, nonpathogenic protozoa. Indeed, it is
now believed that protozoa are the natural habitat for certain pathogenic bacteria. To date,
the main focus of attention has been on the bacterium Legionella pneumophila, the
causative organism of Legionnaires' disease; these bacteria live and reproduce in the
cytoplasm of some free-living amoebae (Curds 1992). More on this subject in the following
chapters.

Symbionts

Some protozoa are harmless or even beneficial symbionts. A bewildering array of ciliates,
for example, inhabit the rumen and reticulum of ruminates and the cecum and colon of
equids. Little is known about the relationship of the ciliates to their host, but a few may aid
the animal in digesting cellulose.

Data on Protozoa

While our knowledge of recent and fossil foraminifera in the U.S. coastal waterways is
systematically growing, other free-living protozoa are poorly known. There are some
regional guides and, while some are excellent, many are limited in scope, vague on
specifics, or difficult to use. Largely because of these problems, most ecologists who
include protozoa in their studies of aquatic habitats do not identify them, even if they do
count and measure them for biomass estimates (Taylor and Sanders 1991).

Parasitic protozoa of humans, domestic animals, and wildlife are better known although
no attempt has been made to compile this information into a single source. Large gaps in
our knowledge exist, especially for haemogregarines, microsporidians, and
myxosporidians (see Kreier and Baker 1987).
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Museum Specimens

For many plant and animal taxa, museums represent a massive information resource. This
is not true for protozoa. In the United States, only the National Natural History Museum
(Smithsonian Institution) has a reference collection preserved on microscope slides, but it
does not have a protozoologist curator and cannot provide species' identification or
verification services. The American Type Culture Collection has some protozoa in culture,
but its collection includes relatively few kinds of protozoa.

Ecological Role of Protozoa

Although protozoa are frequently overlooked, they play an important role in many
communities where they occupy a range of trophic levels. As predators upon unicellular
or filamentous algae, bacteria, and microfungi, protozoa play a role both as herbivores
and as consumers in the decomposer link of the food chain. As components of the micro-
and meiofauna, protozoa are an important food source for microinvertebrates. Thus, the
ecological role of protozoa in the transfer of bacterial and algal production to successive
trophic levels is important.

Factors Affecting Growth and Distribution

Most free-living protozoa reproduce by cell division (exchange of genetic material is a
separate process and is not involved in reproduction in protozoa). The relative importance
for population growth of biotic versus chemical-physical components of the environment
is difficult to ascertain from the existing survey data. Protozoa are found living actively in
nutrient-poor to organically rich waters and in fresh water varying between 0°C (32°F) and
50°C (122°F). Nonetheless, it appears that rates of population growth increase when food
is not constrained and temperature is increased (Lee and Fenchel 1972; Fenchel 1974;
Montagnes et al. 1988).

Comparisons of oxygen consumption in various taxonomic groups show wide variation
(Laybourn and Finlay 1976), with some aerobic forms able to function at extremely low
oxygen tensions and to thereby avoid competition and predation.

Many parasitic and a few free-living species are obligatory anaerobes (grow without
atmospheric oxygen). Of the free-living forms, the best known are the plagiopylid ciliates
that live in the anaerobic sulfide-rich sediments of marine wetlands (Fenchel et al. 1977).
The importance of plagiopylids in recycling nutrients to aerobic zones of wetlands is
potentially great.

Because of the small size of protozoa, their short generation time, and (for some species)
ease of maintaining them in the laboratory, ecologists have used protozoan populations
and communities to investigate competition and predation.

The result has been an extensive literature on a few species studied primarily under
laboratory conditions. Few studies have been extended to natural habitats with the result
that we know relatively little about most protozoa and their roles in natural communities.
Intraspecific competition for common resources often results in cannibalism, sometimes
with dramatic changes in morphology of the cannibals (Giese 1973). Field studies of
interspecific competition are few and most evidence for such species interactions is
indirect (Cairns and Yongue 1977).
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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

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.
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 are not 100% effective.

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 of 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 illness. 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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Waterborne Diseases

Name

Causative organism

Source of organism

Disease

Viral
gastroenteritis

Rotavirus (mostly in young
children)

Human feces

Diarrhea
or vomiting

Norwalk Agent

Noroviruses (genus Norovirus,
family Caliciviridae) ™

Human feces; also,
shellfish; lives in polluted
waters

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,
shellfish; lives in many
coastal waters

Vomiting, severe
diarrhea, rapid
dehydration,
mineral loss-high
mortality

Hepatitis A

Hepatitis A virus

Human feces; shellfish
grown in polluted waters

Yellowed skin,
enlarged liver,
fever, vomiting,
weight loss,
abdominal pain-
low mortality, lasts
up to four months

Amebiasis

Entamoeba histolytica
(protozoan)

Human feces

Mild diarrhea,
dysentery, extra
intestinal infection

Giardiasis

Giardia lamblia (protozoan)

Animal or human feces

Diarrhea,

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

Cryptosporidiosis

Cryptosporidium parvum

Animal or human feces

Diarrhea, stomach
pain — lasts
(protozoan) days
to weeks

Notes:

*1 http:/lwww.cdc.gov/
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Waterborne Disease Section Review Assignment

Example Question, fill-in-the blank with one correct answer.

is usually credited for dispelling the notion of spontaneous
generation and proving that organisms reproduce new organisms.

Louis Pasteur

Martinus Beijerinck

Dimitri lvanofsky

Adolf Mayer

Robert Koch

moow>

Review, you can check your answers at the end of this section.

1. The German scientist , a student of Jacob Henle, and the
British surgeon Joseph Lister developed techniques for growing cultures of single
organisms that allowed the assignment of specific bacteria to specific diseases.

A.
B.
C.
D.
E.

2.

Louis Pasteur
Martinus Beijerinck
Dimitri lvanofsky
Adolf Mayer
Robert Koch

The first experimental transmission of a viral infection was accomplished in about 1880

by the German scientist , when he demonstrated that extracts from
infected tobacco leaves could transfer tobacco mosaic disease to a new plant, causing
spots on the leaves.

moow>

w

Louis Pasteur
Martinus Beijerinck
Dimitri Ivanofsky
Adolf Mayer
Robert Koch

Because was unable to isolate a bacterium or fungus from the

tobacco leaf extracts, he considered the idea that tobacco mosaic disease might be
caused by a soluble agent, but he concluded incorrectly that a new type of bacteria was
likely to be the cause.

moow>

4.

Louis Pasteur
Martinus Beijerinck
Dimitri Ivanofsky
Adolf Mayer
Robert Koch

The Russian scientist extended Mayer's observation and

reported in 1892 that the tobacco mosaic agent was small enough to pass through a
porcelain filter known to block the passage of bacteria.

A.
B.
C.
D.
E.

Louis Pasteur
Martinus Beijerinck
Dimitri lvanofsky
Adolf Mayer
Robert Koch

Answers in rear of assignment.
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5. In 1917 the French-Canadian scientist discovered that viruses
of bacteria, which he named bacteriophage, could make holes in a culture of bacteria.
Louis Pasteur

Robert Koch

Félix H. d’'Hérelle

Wendell Meredith Stanley

Walter Reed

moow>

6. In 1935 the American biochemist crystallized tobacco mosaic
virus to demonstrate that viruses had regular shapes, and in 1939 tobacco mosaic virus
was first visualized using the electron microscope.

Louis Pasteur

Robert Koch

Félix H. d’'Hérelle

Wendell Meredith Stanley

Walter Reed

moow>

7. In 1898 the German bacteriologists Friedrich August Johannes Loffler and Paul F.
Frosch (both trained by ) described foot-and-mouth disease virus
as the first filterable agent of animals.

Louis Pasteur

Robert Koch

Félix H. d’Hérelle

Wendell Meredith Stanley

Walter Reed

moow»

8. In 1900, the American bacteriologist and colleagues recognized
yellow fever virus as the first human filterable agent.

Louis Pasteur

Robert Koch

Félix H. d’'Hérelle

Wendell Meredith Stanley

Walter Reed

moow>

9. For several decades viruses were referred to as filterable agents, and gradually the
term virus (Latin for “ > or “poison”) was employed strictly for this
new class of infectious agents.

Slimy liquid

Bacteriophages

Cell culture systems

Microorganism

Germ theory

moow>

10. Through the 1940s and 1950s many critical discoveries were made about viruses
through the study of because of the ease with which the bacteria
they infect could be grown in the laboratory.

Slimy liquid

Bacteriophages

Cell culture systems

Microorganism

Germ theory

moow>
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11. Between 1948 and 1955, scientists at the National Institutes of Health (NIH) and at
Johns Hopkins Medical Institutions revolutionized the study of animal viruses by
developing that permitted the growth and study of many animal
viruses in laboratory dishes.

Slimy liquid

Bacteriophages

Cell culture systems

Microorganism

Germ theory

moow>

12. Louis Pasteur along with developed the germ theory of
disease which states that "a specific disease is caused by a specific type of
microorganism."

Robert Koch

Matthias Schleiden

Rudolph Virchow

Thedore Schwann

Robert Hooke

moow»

13. In 1876, established an experimental procedure to prove the
germ theory of disease. This scientific procedure is known as Koch's postulates.

Robert Koch

Matthias Schleiden

Rudolph Virchow

Thedore Schwann

Robert Hooke

moow>

14. postulates not only proved the germ theory but also gave a
tremendous boost to the development of microbiology by stressing a laboratory culture
and identification of microorganisms.

Robert Koch

Matthias Schleiden

Rudolph Virchow

Thedore Schwann

Robert Hooke

moow»

15. observed small empty chambers in the structure of cork with
the help of his crude microscope. He called them cells.

Robert Koch

Matthias Schleiden

Rudolph Virchow

Thedore Schwann

Robert Hooke

moow>

16. Two German biologists and Thedore Schwann proposed the
"Cell theory' in 1838. According to this theory, all living things are composed of cells.
Robert Koch

Matthias Schleiden

Rudolph Virchow

Thedore Schwann

Robert Hooke

moow>
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17. completed the cell theory with the idea that all cells must arise
from preexisting cells.

Robert Koch

Matthias Schleiden

Rudolph Virchow

Thedore Schwann

Robert Hooke

moow>

18. There's even a species of —Deinococcus radiodurans—that
can withstand blasts of radiation 1,000 times greater than would kill a human being.
Metabolism

Cell

Mutation

Bacteria

None of the above

moow>

19. “Bacteria” is a singular word. The plural for this word is “bacterium” (bacter = rod,
staff).

A. True

B. False

20. Bacteria are prokaryotes (Kingdom Monera), which means that they have a large
nucleus.
A. True
B. False

21. Bacteria do have one chromosome of single-stranded DNA in a ring. They reproduce
by binary fission.

A. True

B. False

22. Most bacteria lack or have very few internal membranes, which means that they don’t
have some kinds of organelles (like mitochondria or chloroplasts). Most bacteria are
benign (benign = good, friendly, kind) or beneficial, and only a few are “bad guys” or
pathogens.

A. True

B. False

23. Kingdom Monera is a very diverse group. All bacteria relatives can do
photosynthesis—because they have chloroplasts, because chlorophyll and other needed
chemicals are built into their cell membranes.

A. True

B. False

24. These organisms are called Cyanobacteria (cyano = blue, dark blue) or bluegreen
algae, although they’re not really algae (real algae are in Kingdom Protista). Like us, some
kinds of bacteria need and do best in O3, while others are poisoned/killed by it.

A. True

B. False
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25. Bacteria fall into a category of life called the Prokaryotes (pro-carry-oats). Prokaryotes'
genetic material, or DNA, is not enclosed in a cellular compartment called the nucleus.
A. True

B. False

26. Bacteria and archaea are the only prokaryotes. All other life forms are Eukaryotes
(you-carry-oats), creatures whose cells have nuclei.

A. True

B. False

27. The mitochondria (mite-oh-con-dree-uh) that make energy for your body cells is one
example of such an organelle.

A. True

B. False

28. There are less than 200 hundred of species of bacteria, but all of them are basically
one of five different shapes.

A. True

B. False

29. Some bacteria are rod - or stick-shaped and are called
Borrelia

Bacilli

Cocci

Peptidoglycan

None of the above

moow>

30. Some bacterial cells exist as individuals while others cluster together to form pairs,
chains, squares or other
A. Borrelia

B. Bacilli

C. Cocci

D. Peptidoglycan

E. None of the above

31. Most bacteria secrete a covering for themselves which we call a cell wall.
A. True
B. False

32. Bacterial cell walls do contain cellulose like plant cell walls do.
A. True
B. False

33. Bacterial cell walls are made mostly of a chemical called peptidoglycan (made of
polypeptides bonded to modified sugars), but the amount and location of the
peptidoglycan are different in the two possible types of cell walls, depending on the
species of bacterium.

A. True

B. False
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34. All antibiotics, like penicillin, prohibit the formation of the chemical cross linkages
needed to make peptidoglycan.

A. True

B. False

35. That’s why antibiotics must typically be taken for ten days until the bacteria, unable to
grow, die of “old age”. If a person stops taking the antibiotic sooner, any living bacteria
could start making peptidoglycan, grow, and reproduce.

A. True

B. False

36. However, because one of the two possible types of bacterial cell walls has more
peptidoglycan than the other, antibiotics like penicillin are more effective against bacteria
with that type of cell wall and less effective against bacteria with less peptidoglycan in their
cell walls.

A. True

B. False

37. Thus it is important, before beginning antibiotic treatment, to determine with which of
the two types of bacteria one is dealing. Dr. Hans Christian Gram, a Danish physician,
invented a staining process to tell these two types of bacteria apart, and in his honor, this
process is called Heterotopic Gram Count.

A. True

B. False

38. In this process, the amount of cellulose in the cell walls of the bacteria under study
will determine how those bacteria absorb the dyes with which they are stained, thus
bacterial cells can be Gram* or Gram .

A. True

B. False

39. Gram* bacteria have simpler cell walls with lots of peptidoglycan, and stain a dark
purple color.

A. True

B. False

40. Human cells have 46 (23 pairs) chromosomes. Each consists
of many genes.

A. Golgi complex

B. Nucleus

C. Chromosome

D. DNA

E. Genes

41. A gene is a coiled unit made up of and proteins that codes for,
or determines, a particular characteristic of an individual organism.

Golgi complex

Nucleus

Chromosome

DNA

Genes

moow>
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42. The cellular material outside the ; composed of a semifluid
gelatinous nutrient matrix and cytoplasmic organelles including endoplasmic reticulum,
ribosomes, Golgi complex, mitochondria, centrioles, microtubules, lysosomes and
vacuoles.

Golgi complex

Nucleus

Chromosome

DNA

Genes

moow>

43. Some eukaryotic cells possess relatively longand thin structures called
. These are organs of locomotion.

Flagella

Cilia
Prokaryotes
Cytoplasm
Chromosome

moow>

44, are also organs of locomotion but are shorter and more
numerous.

A. Flagella

B. Cilia

C. Prokaryotes

D. Cytoplasm

E. Chromosome

45. All bacteria are
Flagella

Cilia
Prokaryotes
Cytoplasm
Chromosome

moow>

46. The of a prokaryotic cell is not surrounded by a nuclear
membrane, it has no definite shape and no protein material associated with it. It usually
consists of a single circular DNA molecule and serves as the control center of the bacterial
cell.

Flagella

Cilia

Prokaryotes

Cytoplasm

Chromosome

moow>

47. A typical bacterial contains approximately 10,000 genes.
Flagella

Cilia

Prokaryotes

Cytoplasm

Chromosome

moow>
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48. Semi-liquid, surrounds the chromosome and is contained within the plasma
membrane. Within the are located several ribosomes-which
are the sites of protein synthesis.

Flagella

Cilia

Prokaryotes

Cytoplasm

Chromosome

moow»

49. Eukaryotes are organisms with complex cells, in which the genetic material is
organized into membrane-bound nuclei.

A. True

B. False

50. The eukaryotes share a common origin, and are often treated formally as a
superkingdom, empire, or domain.

A. True

B. False

51. The name “eukaryotes” comes from the Greek eus or true and karyon or nut, referring
to the nucleus.

A. True

B. False

52. Protists are eukaryotes because they all have a nucleus.
A. True
B. False

53. Protists have mitochondria, although some have later lost theirs.
were derived from aerobic alpha-proteobacteria (prokaryotes) that once lived within their
cells.

Vacuoles

Mitochondria

Prokaryotes

Microtubules

Chloroplasts

moow>

54. Many Protists have chloroplasts with which they carry on photosynthesis.
were derived from photosynthetic cyanobacteria (also
prokaryotes) living within their cells.

Vacuoles

Mitochondria

Prokaryotes

Microtubules

Chloroplasts

moow>
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55. Eukaryotic cells are generally much larger than , typically with
a thousand times their volumes.

Vacuoles

Mitochondria

Prokaryotes

Microtubules

Chloroplasts

moow>

56. Eukaryotic cells have a variety of internal membranes and structures, called
organelles, and a cytoskeleton composed of and microfilaments,
which plays an important role in defining the cell's organization.

Vacuoles

Mitochondria

Prokaryotes

Microtubules

Chloroplasts

moow>

57. Eukaryotic DNA is divided into several bundles called chromosomes, which are
separated by a microtubular spindle during nuclear division. In addition to asexual cell
division, most eukaryotes have some process of sexual reproduction via cell fusion, which
is not found among
Vacuoles
Mitochondria
Prokaryotes
Microtubules
Chloroplasts

moow>

58. Eukaryotic cells include a variety of membrane-bound structures, collectively referred
to as the endomembrane system. Simple compartments, called vesicles or
, can form by budding off of other membranes.

Vacuoles
Mitochondria
Prokaryotes
Microtubules
Chloroplasts

moow»

1.E,2.D,3.D,4.C,5C,6.D,7.B,8.E, 9.A 10.B, 11.C, 12.A, 13.A, 14 A, 15.E,
16.B, 17.C, 18.D, 19.B, 20.B, 21.B, 22.A, 23.B, 24.B, 25.A, 26.A, 27 A, 28.B,
29.B, 30. E, 31.A, 32.B, 33.A,34.B, 35.A, 36.A, 37.B, 38.B, 39.A, 40.C, 41.D,
42.B,43.A,44.B,45.C, 46.E, 47.E, 48.D, 49.A, 50.A, 51.A, 52.A, 53.B, 54.E,
55.C, 56.D, 57.C, 58.A
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Microorganisms

Contaminant

Cryptosporidium

Giardia lamblia

Heterotrophic
plate count

Legionella

Total Coliforms
(including fecal
coliform and E.
Coli)

Turbidity

Viruses (enteric)

Water Quality 2008 15t Edition ©TLC

MCLG

(mg/L)

zero

Zero

n/a

Zero

zZero

n/a

zZero

MCL
orTT
(mg/L)

T2

TT

T

TT

5.0%*

TT

T

Potential Health Effects from
Ingestion of Water

Gastrointestinal iliness (e.g.,
diarrhea, vomiting, cramps)

Gastrointestinal iliness (e.g.,
diarrhea, vomiting, cramps)

HPC has no health effects; it is
an analytic method used to
measure the variety of
bacteria that are common in
water. The lower the
concentration of bacteria in
drinking water, the better
maintained the water system
is.

Legionnaire's Disease, a type
of pneumonia

Not a health threat in itself; it is
used to indicate whether other
potentially harmful bacteria
may be present®

Turbidity is a measure of the
cloudiness of water. It is used
to indicate water quality and
filtration effectiveness (e.g.,
whether disease-causing
organisms are present).
Higher turbidity levels are
often associated with higher
levels of disease-causing
microorganisms such as
viruses, parasites and some
bacteria. These organisms can
cause symptoms such as
nausea, cramps, diarrhea, and
associated headaches.

Gastrointestinal iliness (e.g.,
diarrhea, vomiting, cramps)

134

Sources of
Contaminant in
Drinking Water

Human and animal
fecal waste

Human and animal
fecal waste

HPC measures a
range of bacteria
that are naturally
present in the
environment

Found naturally in
water; multiplies in
heating systems

Coliforms are
naturally present in
the environment; as
well as feces; fecal
coliforms and E. coli
only come from
human and animal
fecal waste.

Soil runoff

Human and animal
fecal waste
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Giardiasis Giardia lamblia Section

Giardia lamblia (intestinalis) is a single celled animal, i.e., a protozoa, that moves with
the aid of five flagella. In Europe, it is sometimes referred to as Lamblia intestinalis.

Giardiasis is the most frequent cause of non-bacterial diarrhea in North America. Giardia

duodenalis, cause of giardiasis (GEE-are-DYE-uh-sis), is a one-celled, microscopic

parasite that can live in the intestines of animals and | = . e P
people. It is found in every region throughout the 1 . |
world and has become recognized as one of the

most common causes of waterborne (and o o
occasionally foodborne) iliness often referred to as .

"Beaver Fever." It is commonly known as "traveler's
diarrhea", and referred to as "Montezuma's Revenge"
by those who travel to third world countries in the
Western Hemisphere.

Approximately one week after ingestion of the
Giardia cysts, prolonged, greasy diarrhea, gas,
stomach cramps, fatigue, and weight loss begin.

It is possible to experience some, not all, of the symptoms, yet still shed cysts and pass
the parasite onto others. Typically, the disease runs its course in a week or two, although
in some cases, the disease may linger for months, causing severe iliness and weight loss.
Nonetheless, the basic biology of this parasite--including how it ravages the digestive
tract--is poorly understood.

The organism exists in two different forms--a hardy, dormant cyst that contaminates water
or food and an active, disease-causing form that emerges after the parasite is ingested.
National Institute of General Medical Sciences grantee Dr. Frances Gillin of the University
of California, San Diego and her colleagues cultivated the entire life cycle of this parasite
in the lab and identified biochemical cues in the host's digestive system that trigger
Giardia's life cycle transformations. They also uncovered several tricks the parasite uses
to evade the defenses of the infected organism. One of Giardia's techniques is to alter the
proteins on its surface, which confounds the ability of the infected animal's immune system
to detect and combat the parasite. This work reveals why Giardia infections are extremely
persistent and prone to recur. In addition, these insights into Giardia's biology and survival
techniques may enable scientists to develop better strategies to understand, prevent, and
treat Giardia infections.

Recently, Giardia has been
found to possess mitochondrial
remnants known as i -
'mitosomes', one assumption is
that the condition of
amitochondrialism is not

primitive to eukaryotes but ' ﬁa '
e b
LY

instead is a result of reductive
evolution.
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The microaerophilic Giardia uses these mitosomes in the maturation of iron-sulfur proteins
rather than in ATP synthesis as is the case in mitochondria-possessing eukaryotes.

Nature of Disease

Organisms that appear identical to those that cause human illness have been isolated
from domestic animals (dogs and cats) and wild animals (beavers and bears). A related
but morphologically distinct organism infects rodents, although rodents may be infected
with human isolates in the laboratory. Human giardiasis may involve diarrhea within 1
week of ingestion of the cyst, which is the environmental survival form and infective stage
of the organism.

Normally iliness lasts for 1 to 2 weeks, but there are cases of chronic infections lasting
months to years. Chronic cases, both those with defined immune deficiencies and those
without, are difficult to treat.

The disease mechanism is unknown, with some investigators reporting that the organism
produces a toxin while others are unable to confirm its existence. The organism has been
demonstrated inside host cells in the duodenum, but most investigators think this is such
an infrequent occurrence that it is not responsible for disease symptoms. Mechanical
obstruction of the absorptive surface of the intestine has been proposed as a possible
pathogenic mechanism, as has a synergistic relationship with some of the intestinal flora.

Giardia can be excysted, cultured and encysted in vitro; new isolates have bacterial,
fungal, and viral symbionts. Classically, the disease was diagnosed by demonstration of
the organism in stained fecal smears.

Several strains of G. lamblia have been isolated and described through analysis of their
proteins and DNA; type of strain, however, is not consistently associated with disease
severity. Different individuals show various degrees of symptoms when infected with the
same strain, and the symptoms of an individual may vary during the course of the disease.

Diagnosis of Human lliness

Giardia lamblia is frequently diagnosed by visualizing the organism, either the trophozoite
(active reproducing form) or the cyst (the resting stage that is resistant to adverse
environmental conditions) in stained preparations or unstained wet mounts with the aid of
a microscope.

A commercial fluorescent antibody kit is available to stain the organism. Organisms may
be concentrated by sedimentation or flotation; however, these procedures reduce the
number of recognizable organisms in the sample. An enzyme linked immunosorbant
assay (ELISA) that detects excretory secretory products of the organism is also available.
So far, the increased sensitivity of indirect serological detection has not been consistently
demonstrated.

Giardiasis is most frequently associated with the consumption of contaminated water. Five
outbreaks have been traced to food contamination by infected or infested food handlers,
and the possibility of infections from contaminated vegetables that are eaten raw cannot
be excluded. Cool moist conditions favor the survival of the organism.
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Relative Frequency of Disease

Giardiasis is more prevalent in children than in adults, possibly because many individuals
seem to have a lasting immunity after infection. This organism is implicated in 25% of the
cases of gastrointestinal disease and may be present asymptomatically. The overall
incidence of infection in the United States is estimated at 2% of the population. This
disease afflicts many homosexual men, both HIV-positive and HIV-negative individuals.
This is presumed to be due to sexual transmission. The disease is also common in child
day care centers, especially those in which diapering is done.

Acute outbreaks appear to be common with infants and is not usually associated with
water but is related to child care and diaper changing hygiene procedures. When | worked
for a major water provider, | would receive 2-3 calls a week about infants diagnosed with
Giardiasis. The problem lies with the water provider in that we are obligated to investigate
and analyze all water customer complaints and make sure that our water is safe.

This is an example of infectious diarrhea due to Giardia lamblia infection of the small
intestine. The small pear-shaped trophozoites live in the duodenum and become infective
cysts that are excreted. They produce a watery diarrhea. A useful test for diagnosis of
infectious diarrheas is stool examination for ova and parasites.

Course of Disease and Complications

About 40% of those who are diagnosed with giardiasis demonstrate disaccharide
intolerance during detectable infection and up to 6 months after the infection can no longer
be detected. Lactose (i.e., milk sugar) intolerance is most frequently observed. Some
individuals (less than 4%) remain symptomatic more than 2 weeks; chronic infections lead
to a malabsorption syndrome and severe weight loss.
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Chronic cases of giardiasis in immunodeficient and normal individuals are frequently
refractile to drug treatment. Flagyl is normally quite effective in terminating infections. In
some immune deficient individuals, giardiasis may contribute to a shortening of the life
span.

Target Populations
Giardiasis occurs throughout the population, although the prevalence is higher in children
than adults. Chronic symptomatic giardiasis is more common in adults than children.

Major Outbreaks
Major outbreaks are associated with contaminated water systems that do not use sand
filtration or have a defect in the filtration system.

In April 1988, the Albuguerque Environmental Health Department and the New Mexico
Health and Environment Department investigated reports of giardiasis among members
of a church youth group in Albuquerque. The first two members to be affected had onset
of diarrhea on March 3 and 4, respectively; stool specimens from both were positive for
Giardia lamblia cysts. These two persons had only church youth group activities in
common.

On August 8, 1983, the Utah Department of Health was notified by the Tooele County
Health Department (TCHD) of an outbreak of diarrheal illness in Tooele, Utah, possibly
associated with a contaminated public water supply that resulted from flooding during
Utah's spring thaw.
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Giardia Images

Photo Credit: H.D.A Lindquist, U.S. EPA
Above: Differential interference contrast (DIC) image of Giardia lamblia cysts, purified from
Mongolian gerbil fecal material. Cysts are ovoidal or elipsoidal objects, usually 11-14
microns in length. Cysts may contain as many as 4 nuclei, and residual structures from
their trophozoite or vegetative form. These residua include central axonemes, remnants

of the striated disk, and remnant median bodies. In some cysts these structures will be
indistinct. Scale bar is 10 microns.

Photo Credit: H.D.A Lindquist, U.S. EPA
Above: Immunofluorescence image of Giardia lamblia cysts, purified from Mongolian
gerbil fecal material. (Same field of view) Cysts were stained with commercially available
immunofluorescent antibodies. Cysts should have an intense apple green fluorescence

on the periphery of their cyst wall, and measure 11-14 microns in length. Scale bar is 10
microns.
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Photo Credit: H.D.A Lindquist, U.S. EPA

Above: Fluorescence image of Giardia lamblia cysts, purified from Mongolian gerbil fecal
material. (Same field of view) Cysts were stained with 4,6-diamidino 2-phenyl-indole
dihydrochloride (DAPI). DAPI interacts with nucleic acids and stains the nuclei within the
cyst. There should be 4 nuclei in each cyst. Cysts that appear to have fewer than 4 stained
nuclei may have 4 nuclei with the others not visible in this plane of focus.

Cysts with no nuclei visible, may be dead, may be resistant to DAPI staining, or may be
organisms other than G. lamblia.
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Giardiasis Giardia lamblia Section Review

1. Giardia duodenalis, cause of giardiasis, is a one-celled, microscopic parasite that can
live in the intestines of animals and people. It is found in every region throughout the
world and has become recognized as one of the most common causes of waterborne
(and occasionally foodborne) iliness often referred to as "Beaver Fever." It is commonly
known as "traveler's diarrhea", and referred to as "Montezuma's Revenge" by those who
travel to third world countries in the Western Hemisphere.

A. True

B. False

2. Giardia lamblia (intestinalis) is a single celled animal, i.e., a protozoa, that moves
with the aid of five flagella.

A. True

B. False

3. In Europe, Giardia lamblia is sometimes referred to as Lamblia intestinalis.
A. True
B. False

Giardiasis is the least frequent cause of non-bacterial diarrhea in North America.
True
False

W >~

5. Approximately one week after ingestion of the Giardia ,
prolonged, greasy diarrhea, gas, stomach cramps, fatigue, and weight loss begin.

A. Cysts
B. Immune system
C. Parasite

D. Amitochondrialism
E. None of the above

6. Itis possible to experience some, not all, of the symptoms, yet still shed

and pass the parasite onto others. Typically, the disease runs its course in a week or
two, although in some cases, the disease may linger for months, causing severe illness
and weight loss. Nonetheless, the basic biology of this parasite--including how it ravages
the digestive tract--is poorly understood.

A. Cysts

B. Immune system

C. Parasite

D. Amitochondrialism

E. None of the above
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7. The organism exists in two different forms--a hardy, dormant that
contaminates water or food and an active, disease-causing form that emerges after the
parasite is ingested. National Institute of General Medical Sciences grantee Dr. Frances
Gillin of the University of California, San Diego and her colleagues cultivated the entire
life cycle of this parasite in the lab and identified biochemical cues in the host's digestive
system that trigger Giardia's life cycle transformations. They also uncovered several
tricks the parasite uses to evade the defenses of the infected organism.

Cysts

Immune system

. Parasite

. Amitochondrialism

None of the above

moomy

(o]

. One of Giardia's techniques is to alter the proteins on its surface, which confounds the
ability of the infected animal's immune system to detect and combat the
. This work reveals why Giardia infections are extremely persistent
and prone to recur. In addition, these insights into Giardia's biology and survival
techniques may enable scientists to develop better strategies to understand, prevent, and
treat Giardia infections.

A. Cysts

B. Immune system

C. Parasite
D
E

. Amitochondrialism
. None of the above

9. Recently, Giardia has been found to possess mitochondrial remnants known as
'mitosomes’, which suggest that the condition of is not primitive to
eukaryotes but instead is a result of reductive evolution.

A. Cysts

B. Immune system

C. Parasite
D
E

. Amitochondrialism
. None of the above

10. The microaerophilic Giardia uses these in the maturation of
iron-sulfur proteins rather than in ATP synthesis as is the case in mitochondria-possessing
eukaryotes.

A. Cysts

B. Immune system

C. Parasite
D
E

. Amitochondrialism
. None of the above
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11. Several strains of G. lamblia have been isolated and described through analysis of
their and DNA; type of strain, however, is not consistently
associated with disease severity. Different individuals show various degrees of symptoms
when infected with the same strain, and the symptoms of an individual may vary during
the course of the disease.

Survival

Trophozoite

Excysted

Proteins

Enzyme

moow>

12. Giardia lamblia is frequently diagnosed by visualizing the organism, either the
(active reproducing form) or the cyst (the resting stage that is
resistant to adverse environmental conditions) in stained preparations or unstained wet
mounts with the aid of a microscope. A commercial fluorescent antibody kit is available to
stain the organism.

Survival

Trophozoite

Excysted

Proteins

Enzyme

moow>

13. Organisms may be concentrated by sedimentation or flotation; however, these
procedures reduce the number of recognizable organisms in the sample. An
linked immunosorbant assay (ELISA) that detects excretory
secretory products of the organism is also available. So far, the increased sensitivity of
indirect serological detection has not been consistently demonstrated.

Survival

Trophozoite

Excysted

Proteins

Enzyme

moow>

14. Giardiasis is most frequently associated with the consumption of contaminated water.
Five outbreaks have been traced to food contamination by infected or infested food
handlers, and the possibility of infections from contaminated vegetables that are eaten
raw cannot be excluded. Cool moist conditions favor the of the
organism.

Survival

Trophozoite

Excysted

Proteins

Enzyme

moow>

15. Giardiasis is more prevalent in children than in adults, possibly because many
individuals seem to have a lasting immunity after infection. This organism is implicated in
25% of the cases of gastrointestinal disease and may be present asymptomatically.

A. True

B. False
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16. The disease is also common in child day care centers, especially those in which
diapering is done.

A. True

B. False

17. Acute outbreaks appear to be common with infants and are not usually associated
with water but are related to child care and diaper changing hygiene procedures.

A. True

B. False

18. About 40% of those who are diagnosed with giardiasis demonstrate disaccharide
intolerance during detectable infection and up to 6 months after the infection can no longer
be detected. Lactose (i.e., milk sugar) intolerance is most frequently observed. Some
individuals (less than 4%) remain symptomatic more than 2 weeks; chronic infections lead
to a malabsorption syndrome and severe weight loss.

A. True

B. False

19. Chronic cases of giardiasis in immunodeficient and normal individuals are frequently
refractile to drug treatment.

A. True

B. False

20. Flagyl is normally quite effective in terminating infections. In some immune deficient
individuals, giardiasis may contribute to a shortening of the life span.

A. True

B. False

21. Giardiasis occurs throughout the population, although the prevalence is higher in
children than adults. Chronic symptomatic giardiasis is more common in adults than
children.
A. True
B. False

1.B,2.A,3.A,4B5A,6.A,7.A,8.C,9.D,10.E, 11.D,12.B, 13.E, 14.A, 15.A, 16.A, 17 A,
18.A, 19.A, 20.A, 21.A
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Cryptosporidiosis Cryptosporidium Section

Introduction

Until 1993, when over 400,000 people in Milwaukee became ill with diarrhea after drinking
water contaminated with the parasite, few people had heard of Cryptosporidium parvum,
or the disease it causes, cryptosporidiosis. Today, however, public health and water utility
officials are increasingly called on to provide information and make decisions about the
control of this protozoan found in public water supplies, recreational water and other areas.

Cryptosporidiosis is most particularly a danger for the immunocompromised, especially
HIV-positive persons and persons with AIDS. Individuals with CD4 cell counts below 200
are more likely to experience severe complications, including prolonged diarrhea,
dehydration, and possible death. Those with CD4 counts above 200 may recover from the
symptoms of cryptosporidiosis yet maintain the infection asymptomatically, with symptoms
potentially returning if their CD4 count later drops.

Other diseases besides AIDS can cause immunosuppression severe enough to lead to
chronic cryptosporidiosis. Persons with these diseases should also be concerned about
becoming infected. These diseases include congenital agammaglobulinemia, congenital
IgA deficiency and cancer. Persons taking corticosteroids, for cancer and bone marrow or
organ transplants, also need to be concerned about becoming infected. Even though
persons who are taking immunosuppressive drugs may develop chronic and/or severe
cryptosporidiosis, the infection usually resolves when these drugs are decreased or
stopped. Persons taking immunosuppressive drugs need to consult with their healthcare
provider if they believe they have cryptosporidiosis.

Persons at increased risk for contracting cryptosporidiosis include child care workers;
diaper-aged children who attend child care centers; persons exposed to human feces by
sexual contact; and caregivers who might come in direct contact with feces while caring
for a person infected with cryptosporidiosis.

Transmission is by an oral-fecal route, including hand contact with the stool of infected
humans or animals or with objects contaminated with stool. Transmission is also common
from ingestion of food or water contaminated with stool, including water in the recreational
water park and swimming pool settings.

Symptoms of cryptosporidiosis include, most commonly, watery diarrhea and cramps,
sometimes severe. Weight loss, nausea, vomiting, and fever are also possible. The
severity of symptoms varies with the degree of underlying immunosuppression, with
immunocompetent patients commonly experiencing watery diarrhea for a few days to 4 or
more weeks and occasionally having a recurrence of diarrhea after a brief period of
recovery.

AIDS

Patients with AIDS can have a large number of stools per day for months or even years.
There is currently no cure for cryptosporidiosis, though drug research is continuing.
Patients who suspect they may have cryptosporidiosis should drink extra fluids and may
wish to drink oral rehydration therapy liquid, to avoid dehydration.
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HIV-positive Individuals

HIV-positive individuals who suspect they have cryptosporidiosis should contact their
healthcare provider. Infected individuals should be advised to wash their hands frequently,
especially before preparing food and after going to the toilet.

They should also avoid close contact with anyone who has a weakened immune system.
Individuals with diarrhea should not swim in public bathing areas while they have diarrhea
and for at least 2 weeks after each attack of diarrhea.

Prevention
Washing hands is the most effective means of preventing cryptosporidiosis transmission.

For the immunocompromised, sex, including oral sex, that involves possible contact with
stool should be avoided. Immunocompromised individuals should also avoid the stool of
all animals and wash their hands thoroughly after any contact with animals or the living
areas of animals. Immunocompromised persons may also wish to wash, peel, or cook all
vegetables and to take extra measures, such as boiling or filtering their drinking water, to
ensure its safety.
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Life cycle of Cryptosporidium parvum and C. hominis.

Cryptosporidium stages were reproduced from Juranek DD. Cryptosporidiosis.

In: Strickland GT, editor. Hunter’s Tropical Medicine and Emerging Infectious Diseases,
8th ed. Philadelphia: WB Saunders; 2000. Originally adapted from the life cycle that
appears in Current WL, Garcia LS. Cryptosporidiosis. Clinc Microbiol Rev 1991;4:325-58.

Sporulated oocysts, containing 4 sporozoites, are excreted by the infected host through
feces and possibly other routes such as respiratory secretions.

Transmission of Cryptosporidium parvum and C. hominis occurs mainly through contact
with contaminated water (e.g., drinking or recreational water).

Occasionally food sources, such as chicken salad, may serve as vehicles for transmis-
sion. Many outbreaks in the United States have occurred in waterparks, community
swimming pools, and day care centers. Zoonotic and anthroponotic transmission of C.
parvum and anthroponotic transmission of C. hominis occur through exposure to infected
animals or exposure to water contaminated by feces of infected animals.

Following ingestion (and possibly inhalation) by a suitable host, excystation occurs. The
sporozoites are released and parasitize epithelial cells of the gastrointestinal tract or other
tissues such as the respiratory tract. In these cells, the parasites undergo asexual
multiplication (schizogony or merogony) and then sexual multiplication (gametogony)
producing microgamonts (male) and macrogamonts (female).

Upon fertilization of the macrogamonts by the microgametes, oocysts develop that
sporulate in the infected host. Two different types of oocysts are produced, the thick-
walled, which is commonly excreted from the host, and the thin-walled oocyst, which is
primarily involved in autoinfection.

Oocysts are infective upon excretion, thus permitting direct and immediate fecal-oral
transmission.

Note that oocysts of Cyclospora cayetanensis, another important coccidian parasite, are
unsporulated at the time of excretion and do not become infective until sporulation is
completed.

Refer to the life cycle of Cyclospora cayentanensis for further details.
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Cryptosporidiosis Oocysts

Cryptosporidium oocysts

Genus Cryptosporidium

Members of the genus Cryptosporidium are parasites of the intestinal tracts of fishes,
reptiles, birds, and mammals. It seems that members of this genus do not display a high
degree of host specificity, so the number of species in this genus remains a matter of
some discussion. Cryptosporidium isolated from humans is now referred to as C. parvum.
Cryptosporidium infections have been reported from a variety of wild and domesticated
animals, and in the last six or seven years literally hundreds of human infections have
been reported, including epidemics in several major urban areas in the United States.
Cryptosporidiosis is now recognized as an important opportunistic infection, especially in
immunocompromised hosts.

Cryptosporidium is a small parasite, measuring about 3-5 pm. It lives on (or just under)
the surface of the cells lining the small intestine, reproduces asexually, and oocysts are
passed in the feces. Transmission of the infection occurs via the oocysts. Many human
infections have been traced to the contamination of drinking water with oocysts from
agricultural "run-off" (i.e., drainage from pastures), so it is considered a zoonosis.

In most patients infected with cryptosporidiosis the infection causes a short term, mild
diarrhea. Since such symptoms are associated with a number of ailments, infected
individuals may not seek medical treatment, and the infection may subside on its
own. Thus, it is difficult to say how many people are infected. On the other hand, in
persons with compromised immune systems, this parasite can cause a pronounced,
chronic diarrhea; in severe cases the infected individual may produce up to 15 liters/day
of stools, and this may go on for weeks or months. Needless to say, such an infection, if
not fatal unto itself, can exacerbate other opportunistic infections common in
immunocompromised hosts.
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A scanning electron micrograph of a broken meront of Cryptosporidium showing
the merozoites within. (From: Gardiner et al., 1988, An Atlas of Protozoan
Parasites in Animal Tissues, USDA Agriculture Handbook No. 651.)

An electron micrograph showing several stages of Cryptosporidium (two are marked with
asterisks) on the intestinal epithelium of a sheep. (From: Gardiner et al., 1988, An Atlas
of Protozoan Parasites in Animal Tissues, USDA Agriculture Handbook No. 651.)
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A scanning electron micrograph of Cryptosporidium lining the intestinal tract. (From:
Gardiner et al., 1988, An Atlas of Protozoan Parasites in Animal Tissues, USDA
Agriculture Handbook No. 651.)

How is cryptosporidiosis spread?
Cryptosporidium lives in the intestine of infected humans or animals. Millions of crypto
germs can be released in a bowel movement from an infected human or animal.

Consequently, Cryptosporidium is found in soil, food, water, or surfaces that have been
contaminated with infected human or animal feces. If a person swallows the parasite they
become infected. You cannot become infected through contact with blood. The parasite
can be spread by:

Accidentally putting something into your mouth or swallowing something that has
come into contact with feces of a person or animal infected with Cryptosporidium.

Swallowing recreational water contaminated with Cryptosporidium (Recreational
water includes water in swimming pools, hot tubs, jacuzzis, fountains, lakes, rivers,
springs, ponds, or streams that can be contaminated with sewage or feces from
humans or animals.) Note: Cryptosporidium can survive for days in swimming
pools with adequate chlorine levels.

Eating uncooked food contaminated with Cryptosporidium. Thoroughly wash with
clean, safe water all vegetables and fruits you plan to eat raw.

Accidentally swallowing Cryptosporidium picked up from surfaces (such as
bathroom fixtures, changing tables, diaper pails, or toys) contaminated with feces
from an infected person.
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What are the Symptoms of Cryptosporidiosis?

The most common symptom of cryptosporidiosis is watery diarrhea. Other symptoms
include:
¢ Dehydration
Weight loss
Stomach cramps or pain
Fever
Nausea
Vomiting
Some people with crypto will have no symptoms at all. While the small intestine is the site
most commonly affected, Cryptosporidium infections could possibly affect other areas of
the digestive or the respiratory tract.

How long after infection do symptoms appear?
Symptoms of cryptosporidiosis generally begin 2 to 10 days (average 7 days) after
becoming infected with the parasite.

How long will symptoms last?

In persons with healthy immune systems, symptoms usually last about 1 to 2 weeks. The
symptoms may go in cycles in which you may seem to get better for a few days, then feel
worse again before the iliness ends.

If | have been diagnosed with Cryptosporidium , should | worry about spreading
the infection to others?

Yes, Cryptosporidium can be very contagious. Follow these guidelines to avoid spreading
the disease to others:

1. Wash your hands with soap and water after using the toilet, changing diapers, and
before eating or preparing food.

2. Do not swim in recreational water (pools, hot tubs, lakes or rivers, the ocean, etc.)
if you have cryptosporidiosis and for at least 2 weeks after diarrhea stops. You can
pass Cryptosporidium in your stool and contaminate water for several weeks after
your symptoms have ended. This has resulted in outbreaks of cryptosporidiosis
among recreational water users.

Note: Cryptosporidium can be spread in a chlorinated pool because it is resistant
to chlorine and, therefore, can live for days in chlorine-treated swimming pools.

3. Avoid fecal exposure during sexual activity.

Who is most at risk for cryptosporidiosis?
People who are most likely to become infected with Cryptosporidium include:
e Children who attend day care centers, including diaper-aged children
Child care workers
Parents of infected children
International travelers
Backpackers, hikers, and campers who drink unfiltered, untreated water
Swimmers who swallow water while swimming in swimming pools, lakes, rivers,
ponds, and streams
People who drink from shallow, unprotected wells
e People who swallow water from contaminated sources
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Contaminated water includes water that has not been boiled or filtered. Several
community-wide outbreaks of cryptosporidiosis have been linked to drinking municipal
water or recreational water contaminated with Cryptosporidium.

Who is most at risk for getting seriously ill with cryptosporidiosis?
Although Crypto can infect all people, some groups are more likely to develop more
serious illness.

e Young children and pregnant women may be
more susceptible to the dehydration resulting
from diarrhea and should drink plenty of fluids
while ill.

o If you have a severely weakened immune
system, you are at risk for more serious
disease. Your symptoms may be more severe
and could lead to serious or life-threatening
illness. Examples of persons with weakened
immune systems include those with HIV/AIDS;
cancer and transplant patients who are taking
certain immunosuppressive drugs; and those
with inherited diseases that affect the immune
system.

If you have a severely
weakened immune system,
talk to your health care
provider for additional
guidance. You can also call
the CDC AIDS HOTLINE toll-
free at 1-800-342-2437. Ask
for more information on
cryptosporidiosis, or go to the
CDC fact sheet Preventing
Cryptosporidiosis: A Guide for
People with Compromised
Immune Systems available by
visiting
http://www.cdc.gov/ncidod/dpd/
parasites/cryptosporidiosis/
factsht_crypto_prevent_ci.htm

What should | do if | think | may have
cryptosporidiosis?

If you suspect that you have cryptosporidiosis, see
your health care provider.

How is cryptosporidiosis diagnosed?

Your health care provider will ask you to submit stool samples to see if you are infected.
Because testing for Crypto can be difficult, you may be asked to submit several stool
specimens over several days. Tests for Crypto are not routinely done in most laboratories;
therefore, your health care provider should specifically request testing for the parasite.

What is the treatment for cryptosporidiosis?

Although there is no standard treatment for cryptosporidiosis, the symptoms can be
treated. Most people who have a healthy immune system will recover without treatment.
If you have diarrhea, drink plenty of fluids to prevent dehydration. Rapid loss of fluids from
diarrhea may be especially life threatening to babies; therefore, parents should talk to their
health care provider about fluid replacement therapy options for infants. Antidiarrheal
medicine may help slow down diarrhea, but talk to your health care provider before taking
it.

A new drug, nitazoxanide, has been approved for treatment of diarrhea caused by
Cryptosporidium in healthy children less than 12 years old. Consult with your health care
provider for more information. People who are in poor health or who have a weakened
immune system are at higher risk for more severe and more prolonged illness. For persons
with AIDS, anti-retroviral therapy that improves immune status will also decrease or
eliminate symptoms of Crypto. However, even if symptoms disappear, cryptosporidiosis
is usually not curable and the symptoms may return if the immune status worsens. See
your health care provider to discuss anti-retroviral therapy used to improve your immune
status.
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How Can | Prevent Cryptosporidiosis?

Practice good hygiene.

1. Wash hands thoroughly with soap and water.

a. Wash hands after using the toilet and before handling or eating food

(especially for persons with diarrhea).

b. Wash hands after every diaper change, especially if you work with diaper-
aged children, even if you are wearing gloves.
2. Protect others by not swimming if you are experiencing diarrhea (essential for

children in diapers).

Avoid water that might be contaminated.

1. Do not swallow recreational water

2. Do not drink untreated water from
shallow wells, lakes, rivers, springs,
ponds, and streams.

For information on recreational
water-related illnesses, visit CDC's
Healthy Swimming website at
http://www.cdc.gov/healthyswimming.

3. Do not drink untreated water during
community-wide outbreaks of disease
caused by contaminated drinking water.

4. Do not use untreated ice or drinking water when traveling in countries where the

water supply might be unsafe.

In the United States, nationally distributed brands
of bottled or canned carbonated soft drinks are safe
to drink. Commercially packaged non-carbonated
soft drinks and fruit juices that do not require
refrigeration until after they are opened (those that
are stored un-refrigerated on grocery shelves) also
are safe.

If you are unable to avoid using or drinking
water that might be contaminated, then you

For information on choosing safe
bottled water, see the CDC fact
sheet entitled “Preventing
Cryptosporidiosis: A Guide to
Water Filters and Bottled Water,”
available by visiting
http://www.cdc.gov/ncidod/dpd/
parasites/cryptosporidiosis/
factsht_crypto_prevent_water.htm.

can make the water safe to drink by doing one of the following:
o Heat the water to a rolling boil for at least 1 minute.

OR

e Use a filter that has an absolute pore size
of at least 1 micron or one that has been
NSF rated for "cyst removal."

Do not rely on chemicals to disinfect water and
kill Cryptosporidium. Because it has a thick outer
shell, this particular parasite is highly resistant to
disinfectants such as chlorine and iodine.
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Avoid food that might be contaminated.
1. Wash and/or peel all raw vegetables and fruits before eating.
2. Use safe, uncontaminated water to wash all food that is to be eaten raw.
3. Avoid eating uncooked foods when traveling in countries with minimal water
treatment and sanitation systems.

Take extra care when traveling.

If you travel to developing nations, you may be at a greater risk for Cryptosporidium
infection because of poorer water treatment and food sanitation. Warnings about food,
drinks, and swimming are even more important when visiting developing countries. Avoid
foods and drinks, in particular raw fruits and vegetables, tap water, or ice made from tap
water, unpasteurized milk or dairy products, and items purchased from street vendors.
These items may be contaminated with Cryptosporidium. Steaming-hot foods, fruits you
peel yourself, bottled and canned processed drinks, and hot coffee or hot tea are probably
safe. Talk with your health care provider about other guidelines for travel abroad.

Avoid fecal exposure during sexual activity.

This is another infectious agent that is becoming more frequent in immunocom-
promised patients, particularly those with AIDS. The small round blue organisms
at the lumenal border are cryptosporidia. Cryptosporidiosis produces a copious
watery diarrhea.
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Cholera Vibrio cholerae Section

Cholera has been very rare in industrialized nations for the last 100 years; however, the
disease is still common today in other parts of the world, including the Indian subcontinent
and sub-Saharan Africa. Although cholera can be life-threatening, it is easily prevented
and treated. In the United States, because of advanced water and sanitation systems,
cholera is not a major threat; however, everyone, especially travelers, should be aware of
how the disease is transmitted and what can be done to prevent it.

-]
e
%

Vibrio cholerae
Cholera, which is derived from a Greek term meaning “flow of bile,” is caused by Vibrio
cholerae and is the most feared epidemic diarrheal disease because of its severity.
Dehydration and death can occur within a matter of hours of infection.

In 1883, Robert Koch discovered V cholerae during a cholera outbreak in Egypt. The
organism is a comma-shaped, gram-negative aerobic bacillus whose size varies from 1-3
mm in length by 0.5-0.8 mm in diameter. Its antigenic structure consists of a flagellar H
antigen and a somatic O antigen. The differentiation of the latter allows for separation into
pathogenic and nonpathogenic strains. V cholerae O1 or 0139 are associated with
epidemic cholera. V cholerae O1 has 2 major biotypes: classic and El Tor.

Currently, El Tor is the predominant cholera pathogen. Organisms in both biotypes are
subdivided into serotypes according to the structure of the O antigen, as follows:

e Serotype Inaba - O antigens Aand C

e Serotype Ogawa - O antigens A and B

o Serotype Hikojima - O antigens A, B, and C

How does a person get cholera?

A person may get cholera by drinking water or eating food contaminated with the cholera
bacterium. In an epidemic, the source of the contamination is usually the feces of an
infected person. The disease can spread rapidly in areas with inadequate treatment of
sewage and drinking water. The cholera bacterium may also live in the environment in
brackish rivers and coastal waters. Shellfish eaten raw have been a source of cholera,
and a few persons in the United States have contracted cholera after eating raw or
undercooked shellfish from the Gulf of Mexico. The disease is not likely to spread directly
from one person to another; therefore, casual contact with an infected person is not a risk
for becoming ill.
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Vibrio Cholerae Bacterium

Cholera (also called Asiatic cholera) is a disease of the gastrointestinal tract caused by
the Vibrio cholerae bacterium. These bacteria are typically ingested by drinking water
contaminated by improper sanitation or by eating improperly cooked fish, especially
shellfish. Symptoms include diarrhea, abdominal cramps, nausea, vomiting, and
dehydration. Death is generally due to the dehydration caused by the illness. When left
untreated, Cholera generally has a high mortality rate. Treatment is typically an aggressive
rehydration regimen usually delivered intravenously, which continues until the diarrhea
ceases.

* About one million Vibrio cholerae bacteria must be ingested to cause cholera in
normally healthy adults, although increased susceptibility may be observed in
those with a weakened immune system, individuals with decreased gastric acidity
(as from the use of antacids), or those who are malnourished.

* 1,099,882 cases and 10,453 deaths were reported in the Western Hemisphere
between January 1991 and July 1995.

* On average, one case of cholera is reported in the United States every week.

Vibrio cholerae causes disease by producing a toxin that disables the GTPase
function of G proteins which are part of G protein-coupled receptors in intestinal
cells. This has the effect that the G proteins are locked in the "on position" binding
GTP (normally, the G proteins quickly return to "off" by hydrolyzing GTP to GDP).
The G proteins then cause adenylate cyclases to produce large amounts of cyclic
AMP (cAMP) which results in the loss of fluid and salts across the lining of the gut.

The resulting diarrhea allows the bacterium to spread to other people under unsanitary
conditions.

What is the risk for cholera in the United States?

In the United States, cholera was prevalent in the 1800s but has been virtually eliminated
by modern sewage and water treatment systems. However, as a result of improved
transportation, more persons from the United States travel to parts of Latin America,
Africa, or Asia where epidemic cholera is occurring. U.S. travelers to areas with epidemic
cholera may be exposed to the cholera bacterium. In addition, travelers may bring
contaminated seafood back to the United States; foodborne outbreaks have been caused
by contaminated seafood brought into this country by travelers.

Although cholera can be life-threatening, it is easily prevented and treated. In the United
States, because of advanced water and sanitation systems, cholera is not a major threat.
The last major outbreak of cholera in the United States was in 1911. However, everyone,
especially travelers, should be aware of how the disease is transmitted and what can be
done to prevent it.

What should travelers do to avoid getting cholera?

The risk for cholera is very low for U.S. travelers visiting areas with epidemic cholera.
When simple precautions are observed, contracting the disease is unlikely.
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All travelers to areas where cholera has occurred should observe the following
recommendations:

o Drink only water that you have boiled or treated with chlorine or iodine. Other
safe beverages include tea and coffee made with boiled water and carbonated,
bottled beverages with no ice.

o Eat only foods that have been thoroughly cooked and are still hot, or fruit that you

have peeled yourself.

Avoid undercooked or raw fish or shellfish, including ceviche.
Make sure all vegetables are cooked, avoid salads.

Avoid foods and beverages from street vendors.

Do not bring perishable seafood back to the United States.

A simple rule of thumb is "Boil it, cook it, peel it, or forget it."

Treatment

The objective of treatment is to replace fluid and electrolytes lost through diarrhea.
Depending on the condition of the person, oral or intravenous fluid will be given.
Tetracycline and other antibiotics may shorten the duration of the symptoms.

Note: Tetracycline is usually not prescribed for children until after all the permanent teeth
have come in, because it can permanently discolor teeth that are still forming.

The World Health Organization (WHQ) has developed an oral rehydration solution that is
cheaper and easier to use than the typical intravenous fluid. This solution of sugar and
electrolytes is now being used internationally.

Expectations (prognosis)
Severe dehydration can cause death. Given adequate fluids, most people will make a full
recovery.

Complications
e Severe dehydration.

Calling your health care provider
Call your health care provider if profuse watery diarrhea develops.

Call your health care provider if signs of dehydration occur, including rapid pulse (heart
rate), dry skin, dry mouth, thirst, "glassy" eyes, lethargy, sunken eyes, no tears, reduced
or no urine, and unusual sleepiness or tiredness.

Susceptibility

Recent genetic research has determined that a person's susceptibility to cholera and other
diarrheas) is affected by their blood type. Those with type O blood are the most
susceptible. Those with type AB are the most resistant, virtually immune. Between these
two extremes are the A and B blood types, with type A being more resistant than type B.

Carriers of the cystic fibrosis gene are protected from the severe effects of cholera

because they don't lose water as quickly. This explains the high incidence of cystic fibrosis
among populations which were formerly exposed to cholera.

Water Quality 2008 15t Edition ©TLC 159 (928) 468-0665



Epidemic control and preventive measures

When cholera appears in a community it is essential to ensure three things: hygienic
disposal of human feces, an adequate supply of safe drinking water, and good food
hygiene. Effective food hygiene measures include cooking food thoroughly and eating it
while still hot; preventing cooked foods from being contaminated by contact with raw
foods, including water and ice, contaminated surfaces or flies; and avoiding raw fruits or
vegetables unless they are first peeled. Washing hands after defecation, and particularly
before contact with food or drinking water, is equally important.

Routine treatment of a community with antibiotics, or "mass chemoprophylaxis", has no
effect on the spread of cholera, nor does restricting travel and trade between countries or
between different regions of a country. Setting up a cordon sanitaire at frontiers uses
personnel and resources that should be devoted to effective control measures, and
hampers collaboration between institutions and countries that should unite their efforts to
combat cholera.

Limited stocks of two oral cholera vaccines that provide high-level protection for several
months against cholera caused by V. cholerae O1 have recently become available in a
few countries. Both are suitable for use by travelers but they have not yet been used on a
large scale for public health purposes. Use of this vaccine to prevent or control cholera
outbreaks is not recommended because it may give a false sense of security to vaccinated
subjects and to health authorities, who may then neglect more effective measures.

Is a vaccine available to prevent cholera?

At the present time, the manufacture and sale of the only licensed cholera vaccine in the
United States (Wyeth-Ayerst) has been discontinued. It has not been recommended for
travelers because of the brief and incomplete immunity it offers. No cholera vaccination
requirements exist for entry or exit in any country.

Two recently developed vaccines for cholera are licensed and available in other countries
(Dukoral®, Biotec AB and Mutacol®, Berna). Both vaccines appear to provide a somewhat
better immunity and fewer side-effects than the previously available vaccine. However,
neither of these two vaccines are recommended for travelers nor are they available in the
United States.

History and spread of epidemic cholera

Cholera has smoldered in an endemic fashion on the Indian subcontinent for centuries.
There are references to deaths due to dehydrating diarrhea dating back to Hippocrates
and Sanskrit writings.

Epidemic cholera was described in 1563 by Garcia del Huerto, a Portuguese physician at
Goa, India. The mode of transmission of cholera by water was proven in 1849 by John
Snow, a London physician. In 1883, Robert Koch successfully isolated the cholera vibrio
from the intestinal discharges of cholera patients and proved conclusively that it was the
agent of the disease.

The first long-distance spread of cholera to Europe and the Americas began in 1817 and
by the early 20th century, six waves of cholera had spread across the world in devastating
epidemic fashion. Since then, until the 1960s, the disease contracted, remaining present
only in southern Asia.
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El Tor

In 1961, the "El Tor" biotype (distinguished from classic biotypes by the production of
hemolysins) reemerged to produce a major epidemic in the Philippines and to initiate a
seventh global pandemic. Since then this biotype has spread across Asia, the Middle East,
Africa, and more recently, parts of Europe.

There are several characteristics of the El Tor strain that confer upon it a high degree of
"epidemic virulence," allowing it to spread across the world as previous strains have done.
First, the ratio of cases to carriers is much less than in cholera due to classic biotypes (1:
30-100 for El Tor vs. 1: 2 - 4 for "classic" biotypes). Second, the duration of carriage after
infection is longer for the El Tor strain than the classic strains. Third, the El Tor strain
survives for longer periods in the extraintestinal environment. Between 1969 and 1974, El
Tor replaced the classic strains in the heartland of endemic cholera, the Ganges River
Delta of India.

El Tor broke out explosively in Peru in 1991 (after an absence of cholera there for 100
years), and spread rapidly in Central and South America, with recurrent epidemics in 1992
and 1993. From the onset of the epidemic in January 1991 through September 1, 1994, a
total of 1,041,422 cases and 9,642 deaths (overall case-fatality rate: 0.9%) were reported
from countries in the Western Hemisphere to the Pan American Health Organization. In
1993, the numbers of reported cases and deaths were 204,543 and 2362, respectively.

So far, the United States has been spared except for imported cases, or clusters of
infections from imported food. In the United States during 1993 and 1994, 22 and 47
cholera cases were reported to CDC, respectively. Of these, 65 (94%) were associated
with foreign travel. In 1982, in Bangladesh, a classic biotype resurfaced with a new
capacity to produce more severe illness, and it rapidly replaced the El Tor strain which
was thought to be well-entrenched. This classic strain has not yet produced a major
outbreak in any other country.

In December, 1992, a large epidemic of cholera began in Bangladesh, and large numbers
of people have been involved. The organism has been characterized as V. cholerae 0139
"Bengal". It is derived genetically from the El Tor pandemic strain but it has changed its
antigenic structure such that there is no existing immunity and all ages, even in endemic
areas, are susceptible.

The epidemic has continued to spread. and V. cholerae 0139 has affected at least 11
countries in southern Asia. Specific totals for numbers of V. cholerae 0139 cases are
unknown because affected countries do not report infections caused by O1 and 0139
separately.

Antigenic Variation and LPS Structure in Vibrio cholerae

Antigenic variation plays an important role in the epidemiology and virulence of cholera.
The emergence of the Bengal strain, mentioned above, is an example. The flagellar
antigens of V. cholerae are shared with many water vibrios and therefore are of no use in
distinguishing strains causing epidemic cholera. O antigens, however, do distinguish
strains of V. cholerae into 139 known serotypes. Almost all of these strains of V. cholerae
are nonvirulent. Until the emergence of the Bengal strain (which is "non-O1") a single
serotype, designated O1, has been responsible for epidemic cholera.
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However, there are three distinct O1 biotypes, named Ogawa, Inaba and Hikojima, and
each biotype may display the "classical" or El Tor phenotype. The Bengal strain is a new
serological strain with a unique O-antigen which partly explains the lack of residual
immunity.

Antigenic Determinants of Vibrio cholerae
Serotype O Antigens
Ogawa A, B
Inaba A, C
Hikojima |A, B, C

Endotoxin is present in Vibrio cholerae as in other Gram-negative bacteria. Fewer details
of the chemical structure of Vibrio cholerae LPS are known than in the case of E. coli and
Salmonella typhimurium, but some unique properties have been described. Most
importantly, variations in LPS occur in vivo and in vitro, which may be correlated with
reversion in nature of nonepidemic strains to classic epidemic strains and vice versa.

Cholera Toxin

Cholera toxin activates the adenylate cyclase enzyme in cells of the intestinal
mucosa leading to increased levels of intracellular cAMP, and the secretion of H20, Na*,
K*, CI, and HCOs into the lumen of the small intestine. The effect is dependent on a
specific receptor, monosialosyl ganglioside (GM1 ganglioside) present on the surface of
intestinal mucosal cells. The bacterium produces an invasin, neuraminidase, during the
colonization stage which has the interesting property of degrading gangliosides to the
monosialosyl form, which is the specific receptor for the toxin.

The toxin has been characterized and contains 5 binding (B) subunits of 11,500 daltons,
an active (A1) subunit of 23,500 daltons, and a bridging piece (A2) of 5,500 daltons that
links A1 to the 5B subunits. Once it has entered the cell, the A1 subunit enzymatically
transfers ADP ribose from NAD to a protein (called Gs or Ns), that regulates the adenylate
cyclase system which is located on the inside of the plasma membrane of mammalian
cells.

Enzymatically, fragment A1 catalyzes the transfer of the ADP-ribosyl moiety of NAD to a
component of the adenylate cyclase system. The process is complex. Adenylate cyclase
(AC) is activated normally by a regulatory protein (GS) and GTP; however activation is
normally brief because another regulatory protein (Gi), hydrolyzes GTP.

The normal situation is described as follows.

ATP = cAMP + PPI
AC-Gg-GTP
aciive
Gy
G AC-Gg GDP + Pi
inactive
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The A1 fragment catalyzes the attachment of ADP-Ribose (ADPR) to the regulatory
protein forming Gs-ADPR from which GTP cannot be hydrolyzed. Since GTP hydrolysis
is the event that inactivates the adenylate cyclase, the enzyme remains continually
activated. This situation can be illustrated as follows.

ATP = cAMF + PPi
AC-Ge-GTP
|
ADPR Gj
{continually activated) [cannot ba inactivaled)

GTP GDP + Pi
AC-Gg chol era toxin ~AC-Gig
A1 |
ADPR
MNAD MNicolinamide

Thus, the net effect of the toxin is to cause cAMP to be produced at an abnormally high
rate which stimulates mucosal cells to pump large amounts of CI- into the intestinal
contents. H,O, Na* and other electrolytes follow due to the osmotic and electrical gradients
caused by the loss of CI-.

The lost H20 and electrolytes in mucosal cells are replaced from the blood. Thus, the
toxin-damaged cells become pumps for water and electrolytes, causing the diarrhea, loss
of electrolytes, and dehydration that are characteristic of cholera.

Last Word

E. coli produces a toxin, heat labile toxin (LT) that is very similar to the cholera toxin in
structure and mode of action. The DNA that encodes the LT toxin is on a plasmid that can
be transferred to other E. coli strains and probably to other enteric bacteria, as well. Close
relationships between the genetic code for LT toxin and the cholera toxin un-doubtedly
exist but have not been documented as yet.

The genetic information for the toxin in V. cholerae is located on the bacterial chromo-
some. Other bacterial enterotoxins related to cholera toxin have been reported in non-
group O Vibrio strains and a strain of Salmonella.

Enterotoxins, toxins which act in the Gl tract, are produced by a wide variety of bacteria.

The family of heat-stable (ST) enterotoxins of E. coli, which activate guanylate cyclase,
are unrelated to LT toxin or cholera toxin. Other enterotoxins, which elicit cytotoxic effects
on intestinal epithelial cells, have been described from Escherichia, Klebsiella,
Enterobacter, Citrobacter, Aeromonas, Pseudomonas, Shigella, V. parahaemolyticus,
Campylobacter, Yersinia enterocolitica, Bacillus cereus, Clostridium perfringens, C.
difficile, and Staphylococcus aureus.
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ADP-ribosyiation o

G protein o inactivates
GTPase, thus activaling
adenylate cyclase

7

ADP-Ribose-J7 "GD‘

AT .::} cAMP

Active adenylate cyclase

Mechanism of action of cholera enterotoxin according to Finkelstein in Baron, Chapter 24.
Cholera toxin approaches target cell surface. B subunits bind to oligosaccharide of GM1
ganglioside. Conformational alteration of holotoxin occurs, allowing the presentation of the
A subunit to cell surface. The A subunit enters the cell.

The disulfide bond of the A subunit is reduced by intracellular glutathione, freeing A1 and
A2. NAD is hydrolyzed by A1, yielding ADP-ribose and nicotinamide. One of the G proteins
of adenylate cyclase is ADP-ribosylated, inhibiting the action of GTPase and locking
adenylate cyclase in the "on" mode.
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Cholera Section Review

1. Cholera, which is derived from a Greek term meaning “Running to the bathroom,” is
caused by Vibrio cholerae and is the most feared epidemic diarrheal disease because of
its severity. Dehydration and death can occur within a matter of minutes of infection.

A. True

B. False

In 1883, Louis Pasteur discovered V cholerae during a cholera outbreak in Egypt.
True
False

W >N

Cholera has been very common in industrialized nations for the last 100 years.
True
False

W >

Cholera is always life-threatening, it is easily prevented and treated with chloramines.
True
False

>~

5. In the United States, because of advanced water and sanitation systems, cholera is
not a major threat; however, everyone, especially travelers, should be aware of how the
disease is transmitted and what can be done to prevent it.

A. True

B. False

6. The V cholerae organism is a comma-shaped, gram-negative aerobic bacillus whose
size varies from 1-3 mm in length by 0.5-0.8 mm in diameter. Its antigenic structure
consists of a flagellar H antigen and a somatic O antigen.

A. True

B. False

7. The differentiation of the latter allows for separation into pathogenic and nonpathogenic
strains. V cholerae O1 or O139 are associated with epidemic cholera. V cholerae O1 has
2 major biotypes: classic and El Tor.

A. True

B. False

8. Currently, El Leche is the predominant cholera pathogen.
A. True
B. False

9. A person may get cholera by drinking water or eating food contaminated with the
cholera bacterium. In an epidemic, the source of the contamination is usually the feces
of an infected person. The disease can spread rapidly in areas with inadequate
treatment of sewage and drinking water.

A. True

B. False
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10. The cholera bacterium may also live in the environment in brackish rivers and coastal
waters. Shellfish eaten raw have been a source of cholera, and a few persons in the United
States have contracted cholera after eating raw or undercooked shellfish from the Gulf of
Mexico. The disease is not likely to spread directly from one person to another; therefore,
casual contact with an infected person is not a risk for becoming ill.

A. True

B. False

11. Cholera (also called Asiatic flu) is a disease of the respiratory tract caused by the
Vibrio cholerae bacterium. These bacteria are typically ingested by drinking water
contaminated by improper sanitation or by eating improperly cooked fish, especially
shellfish.
A. True
B. False

12. About one hundred Vibrio cholerae bacteria must be ingested to cause cholera in
normally healthy adults, although increased susceptibility may be observed in those with
a strong immune system, individuals with increased gastric acidity, or those who are
malnourished.

A. True

B. False

13. Vibrio cholerae causes disease by producing a toxin that disables the
of G proteins which are part of G protein-coupled receptors in intestinal cells. This has the
effect that the G proteins are locked in the "on position" binding GTP (normally, the G
proteins quickly return to "off" by hydrolyzing GTP to GDP).

GTPase function

G proteins

Bacterium

Antigenic

Flagellar antigens

moow»

14. The then cause adenylate cyclases to produce large amounts
of cyclic AMP (cAMP) which results in the loss of fluid and salts across the lining of the
gut.

A. GTPase function

B. G proteins

C. Bacterium

D. Antigenic

E. Flagellar antigens

15. The resulting diarrhea allows the to spread to other people
under unsanitary conditions.

GTPase function

G proteins

Bacterium

Antigenic

Flagellar antigens

moow>
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16. When cholera appears in a community it is essential to ensure three things: hygienic
disposal of human feces, an supply of safe drinking water, and
good food hygiene.

GTPase function

G proteins

Bacterium

Antigenic

None of the above

moow»

17. variation plays an important role in the epidemiology and
virulence of cholera. The emergence of the Bengal strain is an example.

GTPase function

G proteins

Bacterium

Antigenic

Flagellar antigens

moow>

18. The of V. cholerae are shared with many water vibrios and
therefore are of no use in distinguishing strains causing epidemic cholera.

GTPase function

G proteins

Bacterium

Antigenic

Flagellar antigens

moow>

19. O antigens, however, do distinguish strains of V. cholerae into 139 known

Serological strain
Nonvirulent
Serotypes
Phenotype

None of the above

moow>

20. Almost all strains of V. cholerae are
Serological strain

Nonvirulent

Serotypes

Phenotype

None of the above

moow>

21. Until the emergence of the Bengal strain (which is "non-O1") a single serotype,
designated O1, has been responsible for epidemic cholera. However, there are three
distinct O1 biotypes, named Ogawa, Inaba and Hikojima, and each biotype may display
the "classical" or El Tor

Serological strain

Nonvirulent

Serotypes

Phenotype

None of the above

moow>
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22. E. coli produces a toxin, heat labile toxin (LT) that is very similar to the cholera toxin
in structure and mode of action. The DNA that encodes the LT is
on a plasmid that can be transferred to other E. coli strains and probably to other enteric
bacteria, as well.

A. Toxin

B. In vitro

C. Adenylate cyclase enzyme

D

E

. Enterotoxins
. None of the above

23. Close relationships between the genetic code for LT and the
cholera toxin un-doubtedly exist but have not been documented as yet.

A. Toxin

B. In vitro

C. Adenylate cyclase enzyme

D

E

. Enterotoxins
. None of the above

24. The genetic information for the toxin in V. cholerae is located on the bacterial chromo-

some. Other bacterial related to cholera toxin have been reported
in non-group O Vibrio strains and a strain of Salmonella.
A. Toxin

B. In vitro

C. Adenylate cyclase enzyme
D. Enterotoxins

E. None of the above

25. , toxins which act in the Gl tract, are produced by a wide variety
of bacteria. The family of heat-stable (ST) enterotoxins of E. coli, which activate guanylate
cyclase, are unrelated to LT toxin or cholera toxin.

A. Toxin

B. In vitro

C. Adenylate cyclase enzyme

D. Enterotoxins

E. None of the above

26. Other , which elicit cytotoxic effects on intestinal epithelial cells,
have been described from Escherichia, Klebsiella, Enterobacter, Citrobacter, Aeromonas,
Pseudomonas, Shigella, V. parahaemolyticus, Campylobacter, Yersinia enterocolitica,
Bacillus cereus, Clostridium perfringens, C. difficile, and Staphylococcus aureus.

A. Toxin

B. Invitro

C. Adenylate cyclase enzyme

D

E

. Enterotoxins
. None of the above

1B,2.B,3.B,4B,5A,6.A,7.A, 8.B,9.A,10.A, 11.B, 12.B, 13.A, 14.B, 15.C, 16.E, 17.D, 18.E,
19.C, 20.B, 21.D,22.A, 23.A, 24.D, 25.D, 26.D
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Legionnaires' Disease Legionella Section

Introduction Genus: Legionella Species: pneumophila

The first discovery of bacteria from genus Legionella came in 1976 when an outbreak of
pneumonia at an American Legion convention led to 29 deaths. The causative agent, what
would come to be known as Legionella pneumophila, was isolated and given its own
genus. The organisms classified in this genus are Gram-negative bacteria that are
considered intracellular parasites. The disease has two
distinct forms:

e Legionnaires' disease, the more severe form of

infection which includes pneumonia, and
e Pontiac fever, a milder illness.

What have been the water sources for
Legionnaires' disease?

The major source is water distribution systems of large
buildings, including hotels and hospitals. Cooling
towers have long been thought to be a major source for
Legionella, but new data suggest that this is an overemphasized mode of
transmission. Other sources include mist machines, humidifiers, whirlpool spas, and hot
springs. Air conditioners are not a source for Legionnaires' disease. They were
suspected to be the source in the original American Legion outbreak in a Philadelphia
hotel, but new data now suggests that the water in the hotel
was the actual culprit.

Legionnaire’s disease is caused most commonly by the
inhalation of small droplets of water or fine aerosol
containing Legionella bacteria. Legionella bacteria are
naturally found in environmental water sources such as
rivers, lakes and ponds and may colonize man-made
water systems that include air conditioning systems,
humidifiers, cooling tower waters, hot water systems,
spas and pools.

How do people contract Legionella?
The most popular theory is that the organism is aerosolized in =~

water and people inhale the droplets containing Legionella. However, new evidence
suggests that another way of contracting Legionella is more common. "Aspiration" is the
most common way that bacteria enter into the lungs to cause pneumonia. Aspiration
means choking such that secretions in the mouth get past the choking reflexes and instead
of going into the esophagus and stomach, mistakenly, enter the lung. The protective
mechanisms to prevent aspiration is defective in patients who smoke or have lung
disease. Aspiration now appears to be the most common mode of transmission.

Legionella may multiply to high numbers in cooling towers, evaporative condensers, air
washers, humidifiers, hot water heaters, spas, fountains, and plumbing fixtures.
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Within one month, Legionella can multiply, in warm water-containing systems, from less
than 10 per milliliter to over 1,000 per milliliter of water.

Once high numbers of Legionella have been found, a relatively simple procedure for
disinfecting water systems with chlorine and detergent is available. This procedure is not
part of a routine maintenance program because equipment may become corroded.

Property owners have been sued for the spread of Legionella, resulting in expensive
settlements. Regular monitoring with a battery of DFA monoclonal antibodies for several
serogroups and species of Legionella morphologically intact bacteria provides a means
for exercising 'reasonable care' to deter potential litigation.

Currently, there are no United States government regulations concerning permissible
numbers of legionella in water systems and there are no federal or state certification
programs for laboratories that perform legionella testing of environmental samples.

Epifluorescence Microscopy DFA Method

The epifluorescence microscopy DFA method that most labs use was published in the
British Journal, Water Research 19:839-848, 1985 "Disinfection of circulating water
systems by ultraviolet light and halogenation”, R. Gilpin, et al. so we can count viable-but-
nonculturable (VBNC) legionella.

Most labs will provide a quantitative epifluorescence microscopic analysis of your cooling
tower and potable water samples for 14 serogroups of Legionella pneumophila and 15
other Legionella species (listed below).

Legionella anisa Legionella bozemanii sg 1 & 2
Legionella dumoffi Legionella feeleii sg 1 & 2
Legionella gormanii Legionella hackeliae sg 1 & 2
Legionella jordanis Legionella longbeachae sg 1& 2
Legionella maceachernii Legionella micdadei

Legionella oakridgensis Legionella parisiensis
Legionella pneumophila sg 1-14 Legionella sainthelensi
Legionella santicrucis Legionella wadsworthii

Heterotrophic bacterial CFU are often inversely proportional to numbers of Legionella in
cooling tower samples, in our experience. Routine biocide treatments will not eradicate
Legionella bacteria in the environment, only in laboratory studies.

Culture methods are good during outbreaks for biotyping; but culture methods lack
sensitivity for routine, quantitative monitoring. Many factors will inhibit growth or
identification of legionella on BCYE with or without antimicrobial agents, heat or acid
treatment.

Culture methods will not identify non-culturable legionella that can still cause outbreaks
(non-culturable, viable legionella have been reported in several peer-reviewed
journals). Only DFA tests performed by trained laboratory personnel can identify these
legionella.
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Direct fluorescent antibody (DFA) tests using a battery of monoclonal antibodies provide
more useful routine monitoring information than culture methods.

Legionella species of bacteria cause Legionnaire's disease. They are gram negative (but
stain poorly), strictly aerobic rods.

The U.S. Environmental Protection Agency and the U.S. Occupational Safety and Health
Administration recommend routine maintenance of water-containing equipment. Most
State health departments recommend monthly testing for Legionella as part of a routine
maintenance program.

As far as we know, there are no federal or state certification programs for laboratories that
perform Legionella testing of environmental samples. Therefore, care must be taken
when selecting a testing laboratory.

More on Legionnaires’ Disease Medical Aspects

Legionnaires’ disease is caused by bacteria that belong to the family Legionellaceae. This
family now includes 48 species and over 70 serogroups. Approximately half of these
species have been implicated in human disease. Legionella pneumophila is responsible
for approximately 90% of infections.

Most cases are caused by L. pneumophila, serogroup 1. Legionella species are small (0.3
to 0.9 um in width and approximately 2 um in length) faintly staining Gram-negative rods
with polar flagella (except L. oakridgensis). They generally appear as small coccobacilli in
infected tissue or secretions. They are distinguished from other saccharolytic bacteria by
their requirement for L-cysteine and iron salts for primary isolation on solid media and by
their unique cellular fatty acids and ubiquinones.

They grow well on buffered charcoal yeast extract agar, but it takes about five days to get
sufficient growth. When grown on this medium, Legionella colonies appear off-white in
color and circular in shape. Laboratory identification can also include microscopic
examination in conjunction with a direct fluorescent antibody (DFA) test. Since the initial
discovery, many species have been added to the Legionella genus, but only two are within
the scope of our discussion.

L. pneumophila and L. micdadei

L. pneumophila

L. pneumophila is the bacterium associated with Legionnaires' disease and Pontiac fever.
Respiratory transmission of this organism can lead to infection, which is usually
characterized by a gradual onset of flu-like symptoms.

Patients may experience fever, chills, and a dry cough as part of the early symptoms.
Patients can develop severe pneumonia which is not responsive to penicillins or
aminoglycosides. Legionnaires' disease also has the potential to spread into other organ-
systems of the body such as the gastrointestinal tract and the central nervous system.
Accordingly, patients with advanced infections may experience diarrhea, nausea,
disorientation, and confusion.
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The 1200 or so cases of Legionnaires' disease per year in the United States usually
involve middle-aged or immunosuppressed individuals. Pontiac fever is also caused by L.
pneumophila but does not produce the severity of the symptoms found in Legionnaires'
disease.

The flu-like symptoms are still seen in Pontiac fever patients, but pneumonia does not
develop and infection does not spread beyond the lungs. Most L. pneomophila infections
are easily treated with erythromycin.

Laboratory Indications
e Beta-lactamase +
e Hippurate hydrolysis +

L. micdadei
L. micdadei is the second most commonly isolated member of Legionella. This bacterium
can cause the same flu-like symptoms and pneomonia which characterize an L.
pneumophila infection. Unlike its relative, L. micdadei is sensitive to the penicillins
because it does not produce beta-lactamase.

Laboratory Indications
e Beta-lactamase -
e Hippurate hydrolysis -
e Acid fast

Legionella

e Time:
Worin:
$ample Bottle Lot #: CDO3!
Conta_ins Preservatives:
Sodium Thiosulfate
Do Not (ge After. 3-8-09
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Chlorine Dioxide

Prevention and Control

In the prevention and control of Legionnaires disease (legionella) causing microbes,
chlorine dioxide has taken an eminent roll. The specific characteristics of the disinfectant
make sure ClO? gets the job done where others fail.

Biofilm in the piping can protect legionella from most of the disinfectants.

Chlorine dioxide however removes the biofilm and
kills the bacteria, spores and viruses.

Other advantages are:

1. The bactericidal efficiency is relatively unaffected
by pH values between 4 and 10;

2. The required contact time for CIO? is lower;

3. Chlorine dioxide has better solubility;

4. Chlorine dioxide does not react with NH3 or NH4+;
5. It destroys THM precursors and increases
coagulation;

6. CIO? destroys phenols and has no distinct smell.

Hot and cold water systems
The advantages in using chlorine dioxide with hot and CHLORINE DIOXIDE MOLECULE
cold water systems have already been shown at the descriptions on legionella. There are
however more advantages:

1. The bactericidal efficiency is relatively unaffected by pH values between 4 and 10;

2. Chlorine dioxide is clearly superior to chlorine in the destruction of spores, bacteria's,
viruses and other pathogen organisms on an equal residual base (even cryptosporidium
and giardia);

3. The required contact time for CIO? is lower;

4. Chlorine dioxide has better solubility;

5. No corrosion associated with high chlorine concentrations. Reduces long term
maintenance costs;

6. Chlorine dioxide does not react with NH3 or NH4+;

7. It destroys THM precursors and increases coagulation;

8. CIO? destroys phenols and has no distinct smell;

9. It is better at removing iron and magnesia compounds than chlorine, especially complex
bounds.

Permission to use this information

Lenntech Water treatment & air purification Holding B.V.
Rotterdamseweg 402 M

2629 HH Delft the Netherlands

Tel. +31-15-261.09.00

Fax. +31-15-261.62.89

www.lenntech.com

info@lenntech.com
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Legionella Section Review

1.
of
A.

B.
C.
D
E.

N

The first discovery of bacteria from genus Legionella came in 1976 when an outbreak
at an American Legion convention led to 29 deaths.

Legionnaires' disease
Pneumonia
Pontiac fever

. Legionella pneumophila

None of the above

The causative agent, what would come to be known as , was

isolated and given its own genus.

moow>

w

Legionnaires' disease
Pneumonia

. Pontiac fever
. Legionella pneumophila

None of the above

The organisms classified in this genus are Gram-negative bacteria that are considered

moow>

s

Legionnaires' disease
Pneumonia

. Pontiac fever
. Intracellular parasites

None of the above

Legionnaires' disease is the more severe form of infection which includes pneumonia;
is a milder illness.

moow>

)]

Legionnaires' disease
Pneumonia

. Pontiac fever
. Legionella pneumophila

None of the above

The major source is water distribution systems of large buildings including hotels and

hospitals. Cooling towers have long been thought to be a major source for

, but new data suggest that this is an overemphasized mode of

transmission.

A.
B.
C.
D.
E

Legionnaires' disease
Pneumonia

Pontiac fever
Legionella

None of the above
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6. Other sources include mist machines, humidifiers, whirlpool spas, and hot springs. Air
conditioners are not a source for . They were suspected to be the
source in the original American Legion outbreak in a Philadelphia hotel, but new data now
suggests that the water in the hotel was the actual culprit.

A. Legionnaires' disease

B. Pneumonia

C. Pontiac fever

D

E

. Legionella pneumophila
. None of the above

N

is the most common way that bacteria enter into the lungs to
cause pneumonia. It means choking such that secretions in the mouth get past the
choking reflexes and instead of going into the esophagus and stomach, mistakenly, enter
the lung. The protective mechanisms to prevent it is defective in patients who smoke or
have lung disease.

Routine maintenance program

Aspiration

Aerosol

Naturally found

Multiply

moow>

8. Legionella may to high numbers in cooling towers, evaporative
condensers, air washers, humidifiers, hot water heaters, spas, fountains, and plumbing
fixtures. A. Routine maintenance program

B. Aspiration

C. Aerosol

D. Naturally found

E. Multiply

9. Legionnaire’s disease is caused most commonly by the inhalation of small droplets of
water or fine containing Legionella bacteria.

A. Routine maintenance program

B. Aspiration
C. Aerosol
D
E

. Naturally found
. Multiply

10. Legionella bacteria are in environmental water sources such
as rivers, lakes and ponds and may colonise man-made water systems that include air
conditioning systems, humidifiers, cooling tower waters, hot water systems, spas and
pools.

Routine maintenance program

Aspiration

Aerosol

Naturally found

Multiply

moow>
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11. Within one month, Legionella can , in warm water-containing
systems, from less than 10 per milliliter to over 1,000 per milliliter of water.

Routine maintenance program

Aspiration

Aerosol

Naturally found

Multiply

moow>

12. Once high numbers of Legionella have been found, a relatively simple procedure for
disinfecting water systems with chlorine and detergent is available. This procedure is not
part of a because equipment may become corroded.

Routine maintenance program

Aspiration

Aerosol

Naturally found

Multiply

moow>

13.  Currently, there are no United States government regulations concerning
numbers of legionella in water systems and there are no federal or
state certification programs for laboratories that perform legionella testing of
environmental samples.

Serogroups

Permissible

Ultraviolet light

Biocide

Quantitative monitoring

moow>

14. The epifluorescence microscopy DFA method that most labs use was published in
the British Journal, Water Research 19:839-848, 1985 "Disinfection of circulating water
systems by and halogenation”, R. Gilpin, et al. so we can count
viable-but-nonculturable (VBNC) legionella.

Serogroups

Permissible

Ultraviolet light

Biocide

Quantitative monitoring

moow>

15. Most labs will provide a microscopic analysis of your cooling
tower and potable water samples for 14 serogroups of Legionella pneumophila and 15
other Legionella species.

Serogroups

Permissible

Ultraviolet light

Biocide

Quantitative epifluorescence

moow»

Water Quality 2008 15t Edition ©TLC 177 (928) 468-0665



16. Culture methods will not identify legionella that can still
cause outbreaks (non-culturable, viable legionella have been reported in several peer-
reviewed journals). Only DFA tests performed by trained laboratory personnel can
identify these legionella.

Aerobic rods

Non-culturable

Ultraviolet light

Fluorescent

Quantitative monitoring

moow>

17. Direct antibody (DFA) tests using a battery of monoclonal
antibodies provide more useful routine monitoring information than culture methods.
Aerobic rods

Non-culturable

Ultraviolet light

Fluorescent

Quantitative monitoring

moow>

18. Legionella species of bacteria cause Legionnaire's disease. They are gram negative
(but stain poorly), strictly
A. Aerobic rods

B. Non-culturable

C. Ultraviolet light
D
E

. Fluorescent
. Quantitative monitoring

19. Legionnaires’ disease is caused by bacteria that belong to the family

Coccobacilli

Legionella genus
Legionellaceae
Serogroups

Legionella pneumophila

moow>

20. This family now includes 48 species and over 70
Approximately half of these species have been implicated in human dlsease
Coccobacilli

Legionella genus

Legionellaceae

Serogroups

Legionella pneumophila

moow>

—

is responsible for approximately 90% of infections.

Coccobacilli

Legionella genus
Legionellaceae
Serogroups

Legionella pneumophila

moow>N

1.B,2D,3.D,4.C,5D,6.A,7B,8.E, 9.C,10.D, 11.E, 12.A, 13.B, 14.C, 15.E, 16.B,
17.D, 18.A, 19.C, 20.D, 21.E
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Escherichia Coli Section

Fecal Coliform Bacteria. More information in the Laboratory section.

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 presentin 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.
WATER SAMPLE

ADD REAGENT TO DILUTIONS
A

50 ML OF SAMPLE 1:2 10 ML OF SAMPLE 1:10 1 ML OF SAMPLE 1:100

ADD SAMPLES TO TRAY, SHAKE UNTIL DISSOLVED,
INCUBATE 20 HOURS AT 35 DEGREES CELSIUS

| m— — =

COLILERT TEST METHOD

Reasons for Natural Variation

Unlike the other conventional water quality parameters, fecal coliform bacteria are living
organisms. They do not simply mix with the water and float straight downstream. Instead
they multiply quickly when conditions are favorable for growth, or die in large numbers
when conditions are not. Because bacterial concentrations are dependent on specific
conditions for growth, and these conditions change quickly, fecal coliform bacteria counts
are not easy to predict.

For example, although winter rains may wash more fecal matter from urban areas into a
stream, cool water temperatures may cause a major die-off. Exposure to sunlight (with its
ultraviolet disinfection properties) may have the same effect, even in the warmer water of
summertime.
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Expected Impact of Pollution

The primary sources of fecal coliform bacteria to fresh water are wastewater treatment
plant discharges, failing septic systems, and animal waste. Bacteria levels do not
necessarily decrease as a watershed develops from rural to urban. Instead, urbanization
usually generates new sources of bacteria. Farm animal manure and septic systems are
replaced by domestic pets and leaking sanitary sewers. In fact, stormwater runoff in
urbanized areas has been found to be surprisingly high in fecal coliform bacteria
concentrations.

The presence of old, disintegrating storm and sanitary sewers, misplaced sewer pipes,
and good breeding conditions are common explanations for the high levels measured.

Coliform Standards (in colonies/100ml )

DrinkKing Water........cooiii s 1FC

Total body contact (SWimMmiNg).........ccoeeviiiiiiieenieiinniineee. 200FC

Partial body contact (boating)...........ccccuvvveeeeiiiiiiiiiieeee, 1000FC
Threatened sewage effluent ................................ not to exceed 200 FC

*Total coliform (TC) includes bacteria from cold-blooded animals and various soil
organisms. According to recent literature, total coliform counts are normally about 10
times higher than fecal coliform (FC) counts.

Indicator Connection Varies

General coliforms, E. Coli, and Enterococcus bacteria are the "indicator" organisms
generally measured to assess microbiological quality of water. However, these aren't
generally what get people sick. Other bacteria, viruses, and parasites are what we are
actually worried about.

Because it is so much more expensive and tedious to do so, actual pathogens are virtually
never tested for. Over the course of a professional lifetime pouring over indicator tests, in
a context where all standards are based on indicators, water workers tend to forget that
the indicators are not the things we actually care about.

What are these indicators? More information in the Laboratory section.

¢ General coliforms indicate that the water has come in contact with plant or animal
life. General coliforms are universally present, including in pristine spring water.
They are of little concern at low levels, except to indicate the effectiveness of
disinfection. Chlorinated water and water from perfectly sealed tube wells is the
only water I've tested which had zero general coliforms. At very high levels they
indicate there is what amounts to a lot of compost in the water, which could easily
include pathogens (Ten thousand general coliform bacteria will get you a beach
closure, compared to two or four hundred fecal coliforms, or fifty enterococcus).

e Fecal coliforms, particularly E. coli, indicate that there are mammal or bird feces
in the water.

o Enterococcus bacteria also indicate that there are feces from warm blooded
animals in the water. Enterococcus are a type of fecal streptococci. They are
another valuable indicator for determining the amount of fecal contamination of
water.

According to studies conducted by the EPA, enterococci have a greater correlation
with swimming-associated gastrointestinal iliness in both marine and fresh waters
than other bacterial indicator organisms, and are less likely to "die off" in saltwater.
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The more closely related the animal, the more likely pathogens excreted with their feces
can infect us. Human feces are the biggest concern, because anything which infects one
human could infect another. There isn't currently a quantitative method for measuring
specifically human fecal bacteria (expensive genetic studies can give a presence/absence
result). Ingesting a human stranger's feces via contaminated water supply is a classic
means for infections to spread rapidly.

ENVIRONMENT Group of Total Coliform=

Environmental Contamination

|DRINKING WATER

SYSTEM /

E. Coli Bacteria

Viruses & Protozoa
Harmful but not part of group

*

GROUP OF TOTAL COLIFORM BACTERIA

The more pathogens an individual carries, the more hazardous their feces. Ingesting feces
from someone who is not carrying any pathogens may gross you out, but it can't infect
you. Infection rates are around 5% in the US, and approach 100% in areas with poor
hygiene and contaminated water supplies. Keep in the back of your mind that the ratio of
indicators to actual pathogens is not fixed. It will always be different, sometimes very
different. Whenever you are trying to form a mental map of reality based on water tests,
you should include in the application of your water intuition an adjustment factor for your
best guess of the ratio between indicators and actual pathogens.
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Pathogenic Escherichia coli MLST Database —
Clonal Group Definition

Clonal Reference
Class : Comments

Group Strain

0 N/A TWO08017  \Undefined Clonal Group
atypical

—

B13 TWO08889 [cluster within E. coli with Boydii 13 (B13 ) antigen

2 STEC 13 TW08045 |includes STEC R:H18 strain
3 EPEC 3 TW06584 |086:H34 strains from infant diarrhea
4 H51 TW08260 [cluster with H51 antigen
5 NT-1 TW08997 |no common traits
6 EPEC1 TWO06375 [Classical EPEC with H6
7 EPEC4 TW03173 |0119:H6 strains, basal to EPEC 1
8 NT-2 TW08983 |no common traits
9 NT-3 TW08990 |no common traits
Shigella Reeves Shigella Group 3 including serotypes F1a,
10 3 ] TW08837 F2a, F3a, ng, F4, F5g FY ) P
11 EHEC 1 TW08264 8;27H|;7 and relatives including atypical EPEC
12 STEC 12 TW00964 |STEC 0145 strains
13 ETEC P [TW00601 ETEC from pigs including O157:H43 clone
14 EHEC 2 TW00970 |026:H11 and O111:H8 and relatives including RDEC
15 NT-4 TW09177  |no common traits
16 EIEC2 [TW01095 |Invasive strains with O type 29, 124, 152, 164
17 EPEC 2 TW01120 |[Classical EPEC with H2 antigen
18 STEC 8 TWO04909 (S;g;)(%pe 0104:H21, includes Montana outbreak strain
19 STEC9 TWO08580 |Serotype O174:H8
20 STEC 10 TWO07618  |Various serotypes
21 STEC 11 TW07613  |Serotype O111:H28
22 EIEC1 [TW01116 [Invasive strains with O types 29, 124, 152, 164
23 ECOR A TW00073 |Includes atypical EPEC O111:H12
24 STEC 3 TW08023 |Serotype O121:H19
Shigella Reeves Shigella Group 1 including serotypes F6, D3,
25 TWO07572 D6, D7, D9, D11, D12, B1, B2, B3, B4, B8, B10, B14,
1
B15, B18
26 Shigella TW02615 Reeves Shigella Group 2 including serotypes D2, D4,
2a B9, B15
07 Str)\igella TWO01151 E;a;eves Shigella Group 2 including serotypes B5, B11,
Atypical EPEC with serotype O111:H9, includes
28 EPECS [TW04892 Fizlznd outbreak strain 9)2”1)
29 Sonnei TWO01150 [Shigella sonnei
30 STEC 2 TWO01391 |Includes serotype O113:H21 and ECOR 30
31 NT-5 TWO00676 |no common traits
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32 NT-6  TWO07795 |no common traits

33 NT-13  TWO09011  |no common traits

34 STEC 1 TWO01393 STEC with H21 antigen including B2F1

35 SMEC 1 TWO02268 [Extraintestinal strains including RS218

36 NT-7  TWO07608 |no common traits

37 Sand 2 TW09237 |[Environmental E. coli clone

38 UTI 1 TWO08018 |Uropathogens including CFT073

39 STEC 4 TWO07995 Mix of serotypes O121, 0116, also includes an EIEC
1758-70

40 NT-8 TW09214  |no common traits

41 STEC 14 TW08574  Serotype O174:H2

42 NT-7 TWO07612  |no common traits

43 STEC TWO01670 |serotype O8:H19

44 NT-10 | TW10091 no comment traits

45 NT-11 TW08942  |no comment traits

46 NT-12  TWO09069 |no comment traits
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Escherichia Coli Section Review

1. is one of hundreds of strains of the bacterium Escherichia coli.
Although most strains are harmless and live in the intestines of healthy humans and animals, this
strain produces a powerful toxin and can cause severe illness.

A. Enterohemorrhagic

B. Escherichia coli

C. E. coli O157:H7

D. Bacterium

E. None of the above

2. was first recognized as a cause of illness in 1982 during an outbreak of
severe bloody diarrhea; the outbreak was traced to contaminated ham-burgers. Since then, most
infections have come from eating undercooked ground beef.

A. Enterohemorrhagic

B. Escherichia coli

C. E. coli O157:H7

D. Bacterium

E. None of the above

3. Two types of pathogenic , enteropathogenic E. coli (EPEC)and
enterohemorrhagic E. coli (EHEC), cause diarrheal disease by disrupting the intestinal
environment through the intimate attachment of the bacteria to the intestinal epithelium.
A. Enterohemorrhagic

B. Escherichia coli

C. E. coli O157:H7

D. Bacterium

E. None of the above

4, (bacterium) found in human feces. Symptoms vary with type caused
gastroenteritis.

A. Enterohemorrhagic

B. Escherichia coli

C. E. coli O157:H7

D. Bacterium

E. None of the above

5. 0157:H7 is an emerging cause of foodborne illness. An estimated 73,000
cases of infection and 61 deaths occur in the United States each year. Infection often leads to
bloody diarrhea, and occasionally to kidney failure.

A. Enterohemorrhagic

B. Escherichia coli

C. E. coli O157:H7

D. Bacterium

E. None of the above
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6. The combination of letters and numbers in the name of the refers to the
specific markers found on its surface and distinguishes it from other types of E. coli.

A. Enterohemorrhagic

B. Escherichia coli

C. E. coli O157:H7

D. Bacterium

E. None of the above

7. Currently, there are four recognized classes of enterovirulent E. coli (collectively referred to as
the EEC group) that cause gastroenteritis in humans. Among these is the
(EHEC) strain designated E. coli O157:H7.

. Enterohemorrhagic

Escherichia coli

E. coli O157:H7

Bacterium

None of the above

moowy

o

E. coli is a normal inhabitant of the intestines of all animals, including humans. When
are used, E. coli is the dominant species found in feces.

Enterohemorrhagic
Escherichia coli

E. coli O157:H7
Bacterium

None of the above

moow>

9. are bacteria that are associated with human or animal wastes. They
usually live in human or animal intestinal tracts, and their presence in drinking water is a strong
indication of recent sewage or animal waste contamination.

A. Safe Drinking Water Act

B. Vitamins

C. Shigella dysenteriae

D. Fecal coliforms

E. Chlorine

10. The water can be treated using , Ultra-violet light, or ozone, all of which
act to kill or inactivate E. coli. Systems using surface water sources are required to disinfect to
ensure that all bacterial contamination is inactivated, such as E. coli. Systems using ground water
sources are not required to disinfect, although many of them do.

A. Safe Drinking Water Act

B. Vitamins

C. Shigella dysenteriae

D

E

. Fecal coliforms
. Chlorine
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11. According to EPA regulations, a system that operates at least 60 days per year, and serves
25 people or more or has 15 or more service connections, is regulated as a public water system
under the

A. Safe Drinking Water Act

B. Vitamins

C. Shigella dysenteriae

D. Fecal coliforms

E. Chlorine

12. If a system is not a public water system as defined by EPA regulations, it is not regulated under
the , although it may be regulated by state or local authorities.

A. Safe Drinking Water Act

B. Vitamins

C. Shigella dysenteriae
D. Fecal coliforms
E. Chlorine

13. Under the , the EPA requires public water systems to monitor for
coliform bacteria. Systems analyze first for total coliform, because this test is faster to produce
results. Any time that a sample is positive for total coliform, the same sample must be analyzed
for either fecal coliform or E. coli. Both are indicators of contamination with animal waste or human
sewage.

A. Safe Drinking Water Act

B. Vitamins

C. Shigella dysenteriae

D. Fecal coliforms

E. Chlorine

14. The largest public water systems (serving millions of people) must take at least 50 samples
per month. Smaller systems must take at least 20 samples a month unless the state has conducted
a sanitary survey — a survey in which a state inspector examines system components and ensures
they will protect public health — at the system within the last year.

A. True

B. False

15. Systems serving 25 to 1,000 people typically take one sample per month. Some states reduce
this frequency to quarterly for ground water systems if a recent sanitary survey shows that the
system is free of sanitary defects. Some types of systems can qualify for annual monitoring.
Systems using surface water, rather than ground water, are required to take extra steps to protect
against bacterial contamination because surface water sources are more vulnerable to such
contamination. At a minimum, all systems using surface waters must disinfect.

A. True

B. False

16. Disinfection will kill E. coli O157:H7.
A. True
B. False

1.C,2.C,3B,4.C,5B,6.D,7.A, 8E,9.D,10.E, 11.A, 12.A, 13.A, 14.B, 15.A, 16.A
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LEPTOSPIROSIS
HEALTH HAZARD

FRESH WATER STREAMS AND MUD
POSSIBLY POLLUTED WITH BACTERIA

SWIM OR HIKE AT YOUR OWN RISK

FOR MORE INFORMATION CALL
HAWAII DEPARTMENT OF HEALIH

' VOMITING, ! 'VASCULITIS | —_——
el 'DIARRHEA, | Rt s | DIRECT |
| JAUNDICE | __FEVER |  TOXICITY |

ACODI ATATION | Y
| VASODILATATION | l ' HEMORRHAGES

l  DEHYDRATION.

mwoieison T N b
o ' LOW BLOOD !

'**_""9'551'55'_““\ . " VOLUME
I ATNJ’*\ e P U A PP -
rj—i}_i]__:«’/-/ __________

PHYSIOPATHOLOGY OF AKI IN LEPTOSPIROSIS
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More Safe Drinking Water Act Terms

Community Water System (CWS). A public water system that serves at least 15 service
connections used by year-round residents of the area served by the system or regularly serves at
least 25 year-round residents.

Class V Underground Injection Control (UIC) Rule. A rule under development covering wells
not included in Class I, II, lll or IV in which non-hazardous fluids are injected into or above
underground sources of drinking water.

Contamination Source Inventory. The process of identifying and inventorying contaminant
sources within delineated source water protection areas through recording existing data, describing
sources within the source water protection area, targeting likely sources for further investigation,
collecting and interpreting new information on existing or potential sources through surveys, and
verifying accuracy and reliability of the information gathered.

Cryptosporidium A protozoan associated with the disease cryptosporidiosis in humans. The
disease can be transmitted through ingestion of drinking water, person-to-person contact or other
exposure routes. Cryptosporidiosis may cause acute diarrhea, abdominal pain, vomiting and fever
that last 1-2 weeks in healthy adults, but may be chronic or fatal in immuno-compromised people.

Drinking Water State Revolving Fund (DWSRF). Under section 1452 of the SDWA, the EPA
awards capitalization grants to states to develop drinking water revolving loan funds to help finance
drinking water system infrastructure improvements, source water protection, to enhance operations
and management of drinking water systems and other activities to encourage public water system
compliance and protection of public health.

Exposure Contact between a person and a chemical. Exposures are calculated as the amount of
chemical available for absorption by a person.

Giardia lamblia A protozoan, which can survive in water for 1 to 3 months, associated with the
disease giardiasis. Ingestion of this protozoan in contaminated drinking water, exposure from
person-to-person contact or other exposure routes may cause giardiasis. The symptoms of this
gastrointestinal disease may persist for weeks or months and include diarrhea, fatigue and cramps.

Ground Water Disinfection Rule (GWDR). Under section 107 of the SDWA Amendments of 1996,
the statute reads, ". . . the Administrator shall also promulgate national primary drinking
water regulations requiring disinfection as a treatment technique for all public water
systems, including surface water systems, and as necessary, ground water systems."

Maximum Contaminant Level (MCL). In the SDWA, an MCL is defined as "the maximum
permissible level of a contaminant in water which is delivered to any user of a public water
system."” MCLs are enforceable standards.

Maximum Contaminant Level Goal (MCLG). The maximum level of a contaminant in drinking
water at which no known or anticipated adverse effect on the health effect of persons would occur
and which allows for an adequate margin of safety. MCLGs are non-enforceable public health
goals.

Nephelolometric Turbidity Units (NTU). A unit of measure used to describe the turbidity of water.
Turbidity is the cloudiness in water.
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Nitrates. Inorganic compounds which can enter water supplies from fertilizer runoff and sanitary
wastewater discharges. Nitrates in drinking water are associated with methemoglobanemia, or blue
baby syndrome, which results from interferences in the blood’s ability to carry oxygen.

Non-Community Water System (NCWS). A public water system which is not a community water
system. There are two types of NCWSs: transient and non-transient.

Organics. Chemical molecules containing carbon and other elements such as hydrogen. Organic
contaminants of concern to drinking water include chlorohydrocarbons, pesticides and others.

Phase | Contaminants. The Phase | Rule became effective January 9, 1989. This rule, also called
the Volatile Organic Chemical Rule, or VOC Rule, set water quality standards for 8 VOCs and
required all community and non-transient, non-community water systems to monitor for, and if
necessary, treat their supplies for these chemicals. The 8 VOCs regulated under this rule are:
benzene, carbon tetrachloride, para-dichlorobenzene, trichloroethylene, vinyl chloride, 1,1, 2-
trichlorethane, 1,1-dichloroethylene and 1,2-dichlorothane.

Per capita. Per person; generally used in expressions of water use, gallons per capita per day
(gpcd).

Point-of-Use Water Treatment. Refers to devices used in the home or office on a specific tap to
provide additional drinking water treatment.

Point-of-Entry Water Treatment. Refers to devices used in the home where water pipes enter to
provide additional treatment of drinking water used throughout the home.

Primacy State. State that has the responsibility for ensuring a law is implemented, and has the
authority to enforce the law and related regulations. State has adopted rules at least as stringent
as federal regulations and has been granted primary enforcement responsibility.

Radionuclides. Elements that undergo a process of natural decay. As radionuclides decay, they
emit radiation in the form of alpha or beta particles and gamma photons. Radiation can cause
adverse health effects, such as cancer, so limits are placed on radionuclide concentrations in
drinking water.

Risk. The potential for harm to people exposed to chemicals. In order for there to be risk, there
must be hazard and there must be exposure.

SDWA - The Safe Drinking Water Act. The Safe Drinking Water Act was first passed in 1974 and
established the basic requirements under which the nation’s public water supplies were regulated.
The EPA is responsible for setting the national drinking water regulations while individual states
are responsible for ensuring public water systems under their jurisdiction are complying with the
regulations. The SDWA was amended in 1986 and again in 1996.

Significant Potential Source of Contamination. A facility or activity that stores, uses, or produces
chemicals or elements, and that has the potential to release contaminants identified in a state
program (contaminants with MCLs plus any others a state considers a health threat) within a source
water protection area in an amount which could contribute significantly to the concentration of the
contaminants in the source waters of the public water supply.

Sole Source Aquifer (SSA) Designation. The surface area above a sole source aquifer and its
recharge area.
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Source Water Protection Area (SWPA). The area delineated by the state for a PWS or including
numerous PWSs, whether the source is ground water or surface water or both, as part of the state
SWAP approved by the EPA under section 1453 of the SDWA.

Sub watershed. A topographic boundary that is the perimeter of the catchment area of a tributary
of a stream.

State Source Water Petition Program. A state program implemented in accordance with the
statutory language at section 1454 of the SDWA to establish local voluntary incentive-based
partnerships for SWP and remediation.

State Management Plan (SMP) Program. A state management plan under FIFRA required by the
EPA to allow states (i.e. states, tribes and U.S. territories) the flexibility to design and implement
approaches to manage the use of certain pesticides to protect ground water.

Surface Water Treatment Rule (SWTR). The rule specifies maximum contaminant level goals
for Giardia lamblia, viruses and Legionella, and promulgated filtration and disinfection
requirements for public water systems using surface water sources, or by ground water sources
under the direct influence of surface water. The regulations also specify water quality, treatment
and watershed protection criteria under which filtration may be avoided.

Susceptibility Analysis. An analysis to determine, with a clear understanding of where the
significant potential sources of contamination are located, the susceptibility of the public water
systems in the source water protection area to contamination from these sources. This analysis will
assist the state in determining which potential sources of contamination are "significant."

To the Extent Practical. States must inventory sources of contamination to the extent they have
the technology and resources to complete an inventory for a Source Water Protection Area
delineated as described in the guidance. All information sources may be used, particularly previous
federal and state inventories of sources.

Transient/Non-Transient, Non-Community Water Systems (T/NT,NCWS). Water systems
which are non-community systems: transient systems serve 25 non-resident persons per day for 6
months or less per year. Transient non-community systems typically are restaurants, hotels, large
stores, etc. Non-transient systems regularly serve at least 25 of the same non-resident persons per
day for more than 6 months per year. These systems typically are schools, offices, churches,
factories, etc.

Treatment Technique. A specific treatment method required by the EPA to be used to control the
level of a contaminant in drinking water. In specific cases where the EPA has determined it is not
technically or economically feasible to establish an MCL, the EPA can instead specify a treatment
technique. A treatment technique is an enforceable procedure or level of technical performance
which public water systems must follow to ensure control of a contaminant.

Total Coliform. Bacteria that are used as indicators of fecal contaminants in drinking water.
Toxicity. The property of a chemical to harm people who come into contact with it.
Underground Injection Control (UIC) Program. The program is designed to prevent underground

injection which endangers drinking water sources. The program applies to injection well owners
and operators on federal facilities, Native American lands, and on all U.S. land and territories.
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Watershed. A topographic boundary area that is the perimeter of the catchment area of a stream.

Watershed Approach. A watershed approach is a coordinating framework for environmental
management that focuses public and private sector efforts to address the highest priority problems
within hydrologically-defined geographic areas, taking into consideration both ground and surface
water flow.

Watershed Area. A topographic area that is within a line drawn connecting the highest points uphill
of a drinking water intake, from which overland flow drains to the intake.

Wellhead Protection Area (WHPA).The surface and subsurface area surrounding a well or well

field, supplying a PWS, through which contaminants are reasonably likely to move toward and
reach such water well or well field.

r UNCONFINED AQUIFERl— UNCONFINED AQUIFER —l

CONE OF
DEPRESSION
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Groundwater and Wells

A well can be easily contaminated if it is not properly constructed or if toxic materials are released
into the well. Toxic material spilled or dumped near a well can leach into the aquifer and
contaminate the groundwater drawn from that well.

Contaminated wells used for drinking water are especially dangerous. Wells can be tested to see
what chemicals may be present in dangerous quantities.

Groundwater is withdrawn from wells to provide water for everything from drinking water for the
home and business to water for irrigating crops. When water is pumped from the ground, the
dynamics of groundwater flow change in response to this withdrawal.

Groundwater flows slowly through water-bearing formations (aquifers) at different rates. In some
places, where groundwater has dissolved limestone to form caverns and large openings, its rate of
flow can be relatively fast, but this is exceptional.

- Zi

i —I'- —-I;ﬁi.
';".i.l h,,...“ N

Well with a mineral oil sealed vertical turbine pump.
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Many terms are used to describe the nature and extent of the groundwater resource. The level
below which all the spaces are filled with water is called the water table. Above the water table lies
the unsaturated zone. Here the spaces in the rock and soil contain both air and water. Water in
this zone is called soil moisture. The entire region below the water table is called the saturated
zone and water in this saturated zone is called groundwater.

Fractured aquifers are rocks in which the groundwater moves through cracks, joints or fractures
in otherwise solid rock. Examples of fractured aquifers include granite and basalt. Limestones are
often fractured aquifers, but here the cracks and fractures may be enlarged by solution, forming
large channels or even caverns.

Limestone terrain where solution has been very active is termed karst. Porous media such as
sandstone may become so highly cemented or recrystalized that all of the original space is filled.
In this case, the rock is no longer a porous medium. However, if it contains cracks it can still act as
a fractured aquifer.

Most of the aquifers of importance to us are unconsolidated porous media such as sand and gravel.
Some very porous materials are not permeable. Clay, for instance, has many spaces between its
grains, but the spaces are not large enough to permit free movement of water.

P

SOILZONE =~ -
PERCHED

ZONE OF AQUICLUDE
AERATION  [INFILT! WALER TABLE
WATER LEVEL

u&P“‘L‘AR ?Fﬁlqu‘r X Tt 4+ 11
~ GROUND WATER  WAITER unu:m:1
(AQUIIFFR)

ZONE OF
SATURATION
Groundwater usually flows downhill with the slope of the water table. Like surface water,
groundwater flows toward, and eventually drains into, streams, rivers, lakes and the oceans.
Groundwater flow in the aquifer’s underlying surface drainage basins, however, does not always
mirror the flow of water on the surface. Therefore, groundwater may move in different directions
below the ground than the water flowing on the surface.

Unconfined aquifers are those bounded by the water table. Some aquifers, however, lie beneath
layers of impermeable materials. These are called confined aquifers, or sometimes artesian
aquifers.

A well in such an aquifer is called an artesian well. The water in these wells, rises higher than the
top of the aquifer because of confining pressure. If the water level rises above the ground surface
a flowing artesian well occurs. The piezometric surface is the level to which the water in an
artesian aquifer will rise.
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Water Sources

Before we discuss the types of treatment it is easier to first understand how the source of water
arrives.

PRECIPITATION

—— .
CLOUD STORAGE
Se— LA e °

EVAPORATION

GROUNDWATER

BASIC WATER CYCLE

Water Cycle Terms

» Precipitation: The process by which atmospheric moisture falls onto the land or
water surface as rain, snow, hail or other forms of moisture.

Infiltration: The gradual flow or movement of water into and through the pores of the
soil.

Evaporation: The process by which the water or other liquids become a gas.
Condensation: The collection of the evaporated water in the atmosphere.

Runoff: Water that drains from a saturated or impermeable surface into stream
channels or other surface water areas. Most lakes and rivers are formed this way.

» Transpiration: Moisture that will come from plants as a byproduct of photosynthesis.

VVYVY V

Once the precipitation begins, water is no longer in its purest form. Water will be collected as
surface supplies or circulate to form in the ground. As it becomes rain or snow it may be polluted
with organisms, organic compounds and inorganic compounds. Because of this, we must treat the
water for human consumption.
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Where Does Drinking Water Come From?

A clean, constant supply of drinking water is essential to every community. People in large cities
frequently drink water comes from surface water sources, such as lakes, rivers, and
reservoirs. Sometimes these sources are close to the community. Other times, drinking water
suppliers get their water from sources many miles away. In either case, when you think about
where your drinking water comes from, it's important to consider not just the part of the river or lake
you can see, but the entire watershed.

The watershed is the land area over which water flows into the river, lake or reservoir. In rural
areas, people are more likely to drink ground water pumped from a well. These wells tap into
aquifers--the natural reservoirs under the earth's surface--that may be only a few miles wide or may
span the borders of many states. As with surface water, it is important to remember that activities
many miles away from you may affect the quality of ground water. Your annual drinking water
quality report will tell you where your water supplier gets your water.

Your water will normally contain chlorine and varying amounts of dissolved minerals including
calcium, magnesium, sodium, chlorides, sulfates and bicarbonates, depending on its source. It is
also not uncommon to find traces of iron, manganese, copper, aluminum, nitrates, insecticides
and herbicides, although the maximum amounts of all these substances are strictly limited by the
regulations. These are usually referred to as ‘contaminants’. Most of these substances are of
natural origin and are picked up as water passes around the water cycle. Some are present due
to the treatment processes which are used make the water suitable for drinking and cooking. The
water will also contain a relatively low level of bacteria, which are not generally a risk to health.

Insecticides and herbicides (sometimes referred to as pesticides)
Are widely used in agriculture, industry, leisure facilities and gardens to control weeds and insect
pests and may enter the water cycle in many ways.

Aluminum: Aluminum salts is added during water treatment to remove color and suspended solids.

Lead: Lead does not usually occur naturally in water supplies but is derived from lead distribution
and domestic pipework and fittings. Although water suppliers have removed most of the original
lead piping from the main distribution system, many older properties still have lead service pipes
and internal lead pipework. The pipework (including the service pipe) within the boundary of the
property is the responsibility of the owner of the property, not the water supplier.

Water Hardness: There are two types of hardness: temporary and permanent. Temporary
hardness comes out of the water when it's heated and is deposited as scale and fur on kettles,
coffee makers and taps and appears as a scum or film on tea and coffee. Permanent hardness is
unaffected by heating.

Cysts: These are associated with the reproductive stages of parasitic micro-organisms
(protozoans) which can cause acute diarrhea type illnesses; they come from farm animals, wild
animals and people. They are very resistant to normal disinfection processes but can be removed
by advanced filtration processes installed in water treatment works. Cysts are rarely present in the
public water supply.

Particles and rust: These come from the gradual breakdown of the lining of concrete or iron

main water pipes or from sediment which has accumulated over the years and is disturbed in
some way.
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Source Water Quality

Groundwater

Groundwater contributes most of all of the water that is derived from wells or springs. It occurs in
the natural open spaces (i.e., fractures or pore spaces between grains) in sediments and rocks
below the surface. Groundwater is distributed fairly evenly throughout the crust of the earth but is
not readily accessible or extractable everywhere. More than 90 percent of the world's total supply
of drinkable water is groundwater.

Groundwater originates as precipitation that sinks into the ground. Some of this water percolates
down to the water table (shallowest surface of the groundwater) and recharges the aquifer. For
shallow wells (i.e., less than 50-75 feet), the recharge area is often the immediate vicinity around
the well or "wellhead." Some wells are recharged in areas that may be a great distance from the
well itself.

If the downward percolating precipitation encounters any source of contamination, at the surface
or below it, the water may dissolve some of that contaminant and carry it to the aquifer.
Groundwater moves from areas where the water table is high to where the water table is low.
Consequently, a contaminant may enter the aquifer some distance upgradient from you and still
move toward your well. When a well is pumping, it lowers the water table in the immediate vicinity
of the well, increasing the tendency for water to move toward the well.

Contaminants can be lumped into three categories: microorganisms (bacteria, viruses, Giardia,
etc.), inorganic chemicals (nitrate, arsenic, metals, etc.) and organic chemicals (solvents, fuels,
pesticides, etc.).

Although it is common practice to associate contamination with highly visible features such as
landfills, gas stations, industry or agriculture, potential contaminants are widespread and often
come from common everyday activities as well, such as septic systems, lawn and garden
chemicals, pesticides applied to highway right-of-ways, stormwater runoff, auto repair shops,
beauty shops, dry cleaners, medical institutions, photo processing labs, etc. Importantly, it takes
only a very small amount of some chemicals in drinking water to raise health concerns.

For example, one gallon of pure trichloroethylene, a common solvent, will contaminate
approximately 292 million gallons of water.

Wellhead Protection

Wellhead protection refers to programs designed to maintain the quality of groundwater used as
public drinking water sources, by managing the land uses around the wellfield. The theory is that
management of land use around the well, and over water moving (underground) toward the well,
will help to minimize damage to subsurface water supplies by spills or improper use of chemicals.
The concept usually includes several stages.

Wellhead Protection Sequence

Build a community-wide planning team.

Delineate geologically the protection zone.

Perform a contaminant use inventory.

Create a management plan for the protection zone.
Plan for the future.

YVVVYYVY
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Water Rights
Appropriative: Acquired water rights for exclusive use.
Prescriptive: Rights based upon legal prescription or long use or custom.

Riparian: Water rights because property is adjacent to a river or surface water.

Surface Water

Some of the rainwater will be immediately impounded in lakes and reservoirs, and some will
collect as runoff to form streams and rivers that will then flow into the ocean. Water is known as
the universal solvent because most substances that come in contact with it will dissolve. What's
the difference between lakes and reservoirs? Reservoirs are lakes with man-made dams.

Surface water is usually contaminated and unsafe to drink. Depending on the region, some lakes
and rivers receive discharge from sewer facilities or defective septic tanks. Runoff could produce
mud, leaves, decayed vegetation, and human and animal refuse. The discharge from industry
could increase volatile organic compounds. Some lakes and reservoirs may experience seasonal
turnover. Changes in the dissolved oxygen, algae, temperature, suspended solids, turbidity and
carbon dioxide will change because of biological activities.

Quality of Water

Here are the different classifications or the way water characteristics change as it passes on the
surface and below the ground:

Physical characteristics such -

as taste, odor, temperature F— e .
and turbidity; this is how the >

consumer judges how well the

provider is treating the water.

Chemical characteristics are
the elements found that are
considered alkali, metals and
non-metals such as fluoride,
sulfides or acids. The
consumer relates it to scaling
of faucets or staining.

Biological characteristics are
the presence of living or dead
organisms. This will also
interact with the chemical : =

composition of the water. The consumer can become sick or complain about hydrogen sulfide
odors, the rotten egg smell.

Radiological characteristics are the result of water coming in contact with radioactive materials.
This could be associated with atomic energy.
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Managing Water Quality at the Source

Depending on the region, source water may have several restrictions of use as part of a Water
Shed Management Plan. In some areas it may be restricted from recreational use, discharge or
runoff from agriculture, industrial and wastewater discharge.

Another aspect of quality control is aquatic plants. The ecological balance in lakes and reservoirs
plays a natural part in purifying and sustaining the life of the lake. For example, algae and rooted
aquatic plants are essential in the food chain of fish and birds.

Algae growth is the result of photosynthesis. Algae growth is supplied by the energy of the sun. As
algae absorbs this energy, it converts carbon dioxide to oxygen. This creates aerobic conditions
that supply fish with oxygen. Without sun light, the algae would consume oxygen and release
carbon dioxide. The lack of dissolved oxygen in water is known as anaerobic conditions. Certain
vegetation removes the excess nutrients that would promote the growth of algae. Too much algae
will imbalance the lake and kill fish

Most treatment plant upsets such as taste, odor, color and filter clogging is due to algae. The type
of algae determines the problem it will cause: for instance slime, corrosion, color and toxicity. Algae
can be controlled by using chemicals such as copper sulfate. Depending on federal regulations and
the amount of copper found naturally in water, operators have used potassium permanganate,
powdered activated carbon (PAC), grander activated carbon (GAC) and chlorine. The Power of
Hydrogen (PH) and alkalinity of the water will determine how these chemicals will react. Most
systems no longer use chlorine because it reacts with the organics in the water to form
trihalomethanes.

Disinfection Byproducts (DBPS)
Disinfection byproducts form when disinfectants added to drinking water to kill germs react with
naturally-occurring organic matter in water.

Total Trihalomethanes. Some people who drink water containing trihalomethanes in excess of
EPA's standard over many years may experience problems with their liver, kidneys or central
nervous systems, and may have an increased risk of developing cancer.
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Water Treatment

For thousands of years, people have treated water intended for drinking to remove particles of solid
matter, reduce health risks and improve aesthetic qualities such as appearance, odor, color and
taste. As early as 2000 B.C., medical lore of India advised, “Impure water should be purified by
being boiled over a fire, or being heated in the sun, or by dipping a heated iron into it, or it
may be purified by filtration through sand and coarse gravel and then allowed to cool.”

The treatment needs of a water system are likely to differ depending on whether the system uses
a groundwater or surface water source. Common surface water contaminants include turbidity,
microbiological contaminants (Giardia, viruses and bacteria) and low levels of a large number of
organic chemicals. Groundwater contaminants include naturally occurring inorganic chemicals
(such as arsenic, fluoride, radium, radon and nitrate) and a number of volatile organic chemicals
(VOCs) that have recently been detected in localized areas.

When selecting among the different treatment options, the water supplier must consider a number

of factors. These include regulatory requirements, characteristics of the raw water, configuration of
the existing system, cost, operating requirements and future needs of the service area.

CHEMICAL FEED
CLARIFIED WATER
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Preliminary Treatment

Most lakes and reservoirs are not free of logs, tree limbs, sticks, gravel, sand, rocks, weeds, leaves
and trash. If not removed, these will cause problems to the treatment plant’s pumps and equipment.

The best way to protect the plant is screening.

Bar screens are made of straight steel bars at the intake of the plant. The spacing of the horizontal
bars will rank the size. Wire mesh screens are woven stainless steel material and the opening of
the fabric is narrow. Both require manual cleaning.

Mechanical bar screens vary in size and use some type of raking mechanism that travels
horizontally down the bars to scrape the debris off. The type of screening used depends on the raw

water and the size of the intake.

Mechanical bar screen

o |

T 8

Non-automated bar screen
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Pre-Treatment

Once the water passes the bar screens, sand and grit are still present. This will damage plant
equipment and pipes, so it must be removed. This is generally done with either rectangular or round
shaped clarifiers. Sedimentation basins are also used after the flocculation process.

Clarifiers

Let’s first look at the components of a rectangular clarifier. Most are designed with scrapers on the
bottom to move the settled sludge to one or more hoppers at the influent end of the tank. It could
have a screw conveyor or traveling bridge used to collect the sludge. The most common is a chain
and flight collector. Most designs will have baffles to prevent short-circuiting and scum from entering

the effluent.

SKIMMINGS
COLLECTION

INFLUENT WASTEWATES

Fo
“ trend

TO SECONDARY
TREATMENT

TO SLUDGE TREATMENT/DISPOSAL
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Flights and Chains

The most important thing to consider is the sludge and scum collection mechanism known as the
“flights and chains”. They move the settled sludge to the hopper in the clarifier for return and they
also remove the scum from the surface of the clarifier. The flights are usually wood or nonmetallic
flights mounted on parallel chains. The motor shaft is connected through a gear reducer to a shaft
which turns the drive chain. The drive chain turns the drive sprockets and the head shafts. The
shafts can be located overhead or below.

Some clarifiers may not have scum removal equipment so the configuration of the shaft may vary.
As the flights travel across the bottom of the clarifier, wearing shoes are used to protect the flights.
The shoes are usually metal and travel across a metal track.

To prevent damage due to overloads, a shear pin is used. The shear pin holds the gear solidly on
the shaft so that no slippage occurs. Remember, the gear moves the drive chain. If a heavy load is
put on the sludge collector system, then the shear pin should break. This means the gear would
simply slide around the shaft and movement of the drive chain would stop.

Rectangular basin flights and chains.
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Circular Clarifiers

In some circular or square tanks,
rotating scrapers are used. The
diagram below shows a typical
circular clarifier.

The most common type has a
center pier or column. The major
mechanic parts of the clarifier are
the drive unit, the sludge collector
mechanism and the scum
removal system.

Circular clarifier and collector
mechanism.—

INFI.UENT/
EFFLUENT
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Backwashing filters
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Conventional Treatment Overview & Direct Filtration

Improving the clarity of surface water has always presented a challenge because source quality
varies. Traditional treatments rely on expensive, construction-intensive processes with lengthy
times.

Coagulation

Raw Water —[> Flocculation —[> Filtration —|> Disinfection -|:>

Sedimeantation

Suspended particles carry an electrical charge which causes them to repel one another. The
conventional process uses alum (aluminum sulfate) and cationic polymer to neutralize the charge.
That allows suspended particles to clump together to form more easily filtered particles.

Alum combines with alkalinity in the raw water to form a white precipitate that neutralizes
suspended particles' electrical charge and forms a base for coagulating those particles.
Conventional technology uses a 30 to 50 mg/L alum dosage to form a large floc that requires
extensive retention time to permit settling.

Traditional filter systems use graded silica sand filter media. Since the sand grains all have about
the same density, larger grains lay toward the bottom of the filter bed and finer grains lay at the top
of the filter bed. As a result, filtration occurs only within the first few inches of the finer grains at the
top of the bed.

A depth filter has four layers of filtration media, each of different size and density. Light, coarse
material lies at the top of the filter bed. The media become progressively finer and denser in the
lower layers. Larger suspended particles are removed by the upper layers while smaller particles
are removed in the lower layers.

Particles are trapped throughout the bed, not in just the top few inches. That allows a depth filter to
run substantially longer and use less backwash water than a traditional sand filter.

As suspended particles accumulate in a filter bed, the pressure drop through the filter increases.
When the pressure difference between filter inlet and outlet increases by 5 - 10 psi (34 to 68 kPa)
from the beginning of the cycle, the filter should be reconditioned. Operating beyond this pressure
drop increases the chance of fouling - called "mud-balling"” - within the filter.

The reconditioning cycle consists of an up-flow backwash followed by a down-flow rinse. Backwash
is an up-flow operation, at about 14 gpm per square foot (34m/hr) of filter bed area that lasts about
10 minutes. Turbidity washes out of the filter bed as the filter media particles scour one another.
The down-flow rinse settles the bed before the filter returns to service. Fast rinse lasts about 5 to
10 minutes.
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Chemical pretreatment is often used to enhance filter performance, particularly when turbidity
includes fine colloidal particles. Suspended particles are usually electrically charged. Feeding
chemicals such as alum, ferric chloride or a cationic polymer neutralizes the charge, allowing the
particles to cling to one another and to the filter media.

Chemical pretreatment may increase filtered water clarity, measured in NTU, by 90% compared
with filtration alone. If an operator is present to make adjustments for variations in the raw water,
filtered water clarity improvements in the range of 93 to 95% are achievable.

Small water treatment package plant Coagulation, flocculation and filtration all within a 20
foot area.

Package Plants

Representing a slight modification of conventional filtration technology, package plants are usually
built in a factory, mounted on skids and transported virtually assembled to the operation site. These
are appropriate for small community systems where full water treatment is desired, but without the
construction costs and space requirements associated with separately constructed sedimentation
basins, filter beds, clear wells, etc. In addition to the conventional filtration processes, package
plants are found as two types: tube-type clarifiers and adsorption clarifiers.

Direct Filtration Plant vs. Conventional Plant

The only difference is that the sedimentation process or step is omitted from the Direct Filtration
plant.
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Conventional Treatment

This is the most prevalent form of water treatment technology in use today. This filtration process
employs a combination of physical and chemical processes in order to achieve maximum
effectiveness, as follows:

Coagulation

At the water treatment plant, aluminum sulfate, commonly called alum, is added to the water in the
"flash mix" to cause microscopic impurities in the water to clump together. The alum and the water
are mixed rapidly by the flash mixer. The resulting larger particles will be removed by filtration.

Coagulation is the process of joining together particles in water to help remove organic matter.
When solid matter is too small to be removed by a depth filter, the fine particles must be coagulated,
or "stuck together" to form larger particles which can be filtered. This is achieved through the use
of coagulant chemicals. Coagulant chemicals are required since colloidal particles by themselves
have the tendency to stay suspended in water and not settle out. This is primarily due to a negative
charge on the surface of the particles. All matter has a residual surface charge to a certain degree.
But since colloidal particles are so small, their charge per volume is significant. Therefore, the like
charges on the particles repel each other and stay suspended in water.

Coagulant chemicals such as alum (Aluminum Sulfate) work by neutralizing the negative charge,
which allows the particles to come together. Other coagulants are called cationic polymers, which
can be thought of as positively charged strings that attract the particles to them and in the process,
form a larger particle. Also, new chemicals have been developed which combine the properties of
alum-type coagulants and cationic polymers. Which chemical is used depends on the application
and will usually be chosen by the engineer designing the water treatment system.

Aluminum Sulfate is the most widely used coagulant in water treatment. Coagulation is necessary
to meet the current regulations for almost all potable water plants using surface water. Aluminum
Sulfate is also excellent for removing nutrients such as phosphorous in wastewater treatment.
Liquid Aluminum Sulfate is a 48.86% solution. Large microorganisms, including algae and amoebic
cysts, are readily removed by coagulation and filtration.

Bacterial removals of 99% are also achievable. More than 98% of poliovirus type | was removed
by conventional coagulation and filtration. Several recent studies have shown that bacteria and
viral agents are attached to organic and inorganic particulates. Hence, removal of these particulates
by conventional coagulation and filtration is a major component of effective treatment for the
removal of pathogens.

Flocculation

The process of bringing together destabilized or coagulated particles to form larger masses which
can be settled and/or filtered out of the water being treated. In this process, which follows the rapid
mixing, the chemically treated water is sent into a basin where the suspended particles can collide,
agglomerate (stick together) and form heavier particles called floc.

Gentle agitation of the water and appropriate detention times (the length of time water remains in
the basin) help facilitate this process. The water is slowly mixed in contact chambers allowing the
coagulated particles, now called floc, to become larger and stronger. As these floc particles mix in
the water, bacteria and other microorganisms are caught in the floc structure.
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Pre-Sedimentation

Depending on the quality of the source water, some plants have pre-sedimentation.

A. To allow larger particles time to settle in a reservoir or lake (sand, heavy silt) reducing solid
removal loads.

B. Provides an equalization basin which evens out fluctuations in concentrations of suspended
solids.

Sedimentation Basin Zones
A. Inlet Zone
B. Settling Zone
C. Sludge Zone
D. Outlet Zone

Shapes for a Sedimentation Basin
A. Rectangular Basins
B. Circular Basins
C. Square Basins
D. Double deck Basins

Sedimentation
The process of suspended solid particles settling out (going to the bottom of the vessel) in water.

Following flocculation, a sedimentation step may be used. During sedimentation, the velocity of the
water is decreased so that the suspended material, including flocculated particles, can settle out
by gravity. Once settled, the particles combine to form a sludge that is later removed from the
bottom of the basin.

Filtration Types
A water treatment step used to remove turbidity, dissolved organics, odor, taste and color.

The water flows by gravity through large filters of anthracite coal, silica sand, garnet and gravel.
The floc particles are removed in these filters. The rate of filtration can be adjusted to meet water
consumption needs.

Filters for suspended particle removal can also be made of graded sand, granular synthetic
material, screens of various materials and fabrics.

The most widely used are rapid-sand filters in tanks. In these units, gravity holds the material in
place and the flow is downward. The filter is periodically cleaned by a reversal of flow and the
discharge of back-flushed water into a drain.

Cartridge filters made of fabric, paper or plastic material are also common and are often much
smaller and cheaper, as well as disposable. Filters are available in several ratings, depending on
the size of particles to be removed. Activated carbon filters, described earlier, will also remove
turbidity, but would not be recommended for that purpose only.

With most of the larger particles settled out, the water now goes to the filtration process. At a rate
of between 2 and 10 gpm per square foot, the water is filtered through an approximate 36" bed of
graded sand. Anthracite coal or activated carbon may also be included in the sand to improve the
filtration process, especially for the removal of organic contaminants, taste and odor problems.
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The filtration process removes the following types of particles
% Silts and clay

+ Colloids

+» Biological forms

< Floc

Four desirable characteristics of filter media
A. Good hydraulic characteristics (permeable)
B. Does not react with substances in the water (inert and easy to clean)
C. Hard and durable
D. Free of impurities and insoluble in water

Evaluation of overall filtration process performance should be conducted on a routine basis, at least
once per day. Poor chemical treatment can often result in either early turbidity breakthrough or
rapid head loss buildup. The more uniform the media, the slower head loss buildup.

All water treatment plants that use surface water are governed by the U.S. EPA’s Surface Water
Treatment Rules (SWTR).

Declining Rate Filters

The flow rate will vary with head loss. Each filter
operates at the same rate, but can have a variable
water level.

This system requires an effluent control structure
(weir) to provide adequate media submergence.

Detention Time

The actual time required for a small amount of water
to pass through a sedimentation basin at a given
rate of flow, or the calculated time required for a
small amount of liquid to pass through a tank at a given rate of flow.

Detention Time = (Basin Volume, Gallons) (24 Hours/day)
Flow, Gallons/day

Disinfection
Chlorine is added to the water at the flash mix for pre-disinfection. The chlorine Kills or inactivates
harmful microorganisms. Chlorine is added again after filtration for post-disinfection.
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Jar Testing (More information later in manual)

Jar testing traditionally has been done on a routine basis in most water treatment plants to control
the coagulant dose. Much more information, however, can be obtained with only a small
modification in the conventional method of jar testing. It is the quickest and most economical way
to obtain good reliable data on the many variables which affect the treatment process. These
include:

Determination of most effective coagulant.

Determination of optimum coagulation pH for the various coagulants.

Evaluation of most effective polymers.

Optimum point of application of polymers in the treatment train.

Optimum sequence of application of coagulants, polymers, and pH adjustment chemicals.

Best flocculation time.

YVVVYYYVY

pH

Expression of a basic or acid condition of a liquid. The range is from 0-14, zero being the most
acid and 14 being the most alkaline. A pH of 7 is considered to be neutral. Most natural water has
a pH between 6.0 and 8.5.

Caustic
NaOH (also called Sodium Hydroxide) is a strong chemical used in the treatment process to
neutralize acidity, increase alkalinity or raise the pH value.

Polymer
A type of chemical when combined with other types of coagulants aid in binding small suspended
particles to larger particles to help in the settling and filtering processes.

Post-Chlorine
Where the water is chlorinated to make sure it holds a residual in the distribution system.

Pre-Chlorine
Where the raw water is dosed with a large concentration of chlorine.

Prechlorination:
The addition of chlorine before the filtration process will help:
» Control algae and slime growth
» Control mud ball formation
» Improve coagulation
» Precipate iron

Raw Turbidity
The turbidity of the water coming to the treatment plant from the raw water source.

Settled Solids
Solids that have been removed from the raw water by the coagulation and settling processes.

Hydrofluosilicic Acid

(H2SiF6) a clear, fuming corrosive liquid with a pH ranging from 1 to 1.5. Used in water treatment
to fluoridate drinking water.
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Corrosion Control
The pH of the water is adjusted with sodium carbonate, commonly called soda ash. Soda ash is
fed into the water after filtration.

Zinc Orthophosphate
A chemical used to coat the pipes in the distribution system to inhibit corrosion.

Taste and Odor Control

PAC Powered Activated Charcoal is
occasionally added for taste and odor control.
PAC is added to the flash mix.

Water Quality

Water testing is conducted throughout the
treatment process. Items like turbidity, pH and
chlorine residual are monitored and recorded
continuously. Some items are tested several
times per day, some once per quarter and
others once per year.

Sampling T P
Collect the water sample at least 6 inchesunder |~ [ = 1 ——
the surface by plunging the container mouth down into the water and turning the mouth towards
the current by dragging the container slowly horizontal. Care should be taken not to disturb the
bottom of the water source or along the sides so as not to stir up any settled solids. This would
create erroneous results.

Chemical Feed and Rapid Mix

Chemicals are added to the water in order to improve the subsequent treatment processes. These
may include pH adjusters and coagulants. Coagulants are chemicals, such as alum, that neutralize
positive or negative charges on small particles, allowing them to stick together and form larger
particles that are more easily removed by sedimentation (settling) or filtration. A variety of devices,
such as baffles, static mixers, impellers and in-line sprays, can be used to mix the water and
distribute the chemicals evenly.

Short-Circuiting

Short-Circuiting is a condition that occurs in tanks or basins when some of the water travels faster
than the rest of the flowing water. This is usually undesirable since it may result in shorter contact,
reaction or settling times in comparison with the presumed detention times.

Tube Settlers

This modification of the conventional process contains many metal tubes that are placed in the
sedimentation basin, or clarifier. These tubes are approximately 1 inch deep and 36 inches long,
split-hexagonal shape and installed at an angle of 60 degrees or less.

These tubes provide for a very large surface area upon which particles may settle as the water
flows upward. The slope of the tubes facilitates gravity settling of the solids to the bottom of the
basin, where they can be collected and removed. The large surface settling area also means that
adequate clarification can be obtained with detention times of 15 minutes or less. As with
conventional treatment, this sedimentation step is followed by filtration through mixed media.
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Adsorption Clarifiers

The concept of the adsorption clarifier package plant was developed in the early 1980s. This
technology uses an up-flow clarifier with low-density plastic bead media, usually held in place by a
screen. This adsorption media is designed to enhance the sedimentation/clarification process by
combining flocculation and sedimentation into one step. In this step, turbidity is reduced by
adsorption of the coagulated and flocculated solids onto the adsorption media and onto the solids
already adsorbed onto the media.

Air scouring cleans adsorption clarifiers followed by water flushing. Cleaning of this type of clarifier
is initiated more often than filter backwashing because the clarifier removes more solids. As with
the tube-settler type of package plant, the sedimentation/clarification process is followed by mixed-
media filtration and disinfection to complete the water treatment.

Clearwell

The final step in the conventional filtration process, the clearwell provides temporary storage for
the treated water. The two main purposes for this storage are to have filtered water available for
backwashing the filter and to provide detention time (or contact time) for the chlorine (or other
disinfectant) to kill any microorganisms that may remain in the water.

Public education is a key to a water treatment facility’s image. This is a difficult balance
because of new security rules that are in place since 9/11 made it difficult to open the
plant to tours.
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EPA Filter Backwash Rule

The EPA has finalized the Long Term | Enhanced Surface Water Treatment Rule and Filter
Backwash Rule (LT1FBR) to increase protection of finished drinking water supplies from
contamination by Cryptosporidium and other microbial pathogens.

This rule will apply to public water systems using surface water or ground water under the
direct influence of surface water. This rule proposes to extend protections against
Cryptosporidium and other disease-causing microbes to the 11,500 small water systems
which serve fewer than 10,000 people annually. This rule also establishes filter backwash
requirements for certain public water systems of all sizes. The filter backwash requirements
will reduce the potential risks associated with recycling contaminants removed during the
filtration process.

Background

The SDWA requires the EPA to set enforceable standards to protect public health from
contaminants which may occur in drinking water. The EPA has determined that the presence
of microbiological contaminants is a health concern. If finished water supplies contain
microbiological contaminants, disease outbreaks may result. Disease symptoms may include
diarrhea, cramps, nausea, possibly jaundice and headaches and fatigue. The EPA has set
enforceable drinking water treatment requirements to reduce the risk of waterborne disease
outbreaks. Treatment technologies such as filtration and disinfection can remove or inactivate
microbiological contaminants.

Physical removal is critical to the control of Cryptosporidium because it is highly resistant to
standard disinfection practice. Cryptosporidiosis may manifest itself as a severe infection that
can last several weeks and may cause the death of individuals with compromised immune
systems. In 1993, Cryptosporidium caused over 400,000 people in Milwaukee to experience
intestinal illness. More than 4,000 were hospitalized, and at least 50 deaths were attributed to
the cryptosporidiosis outbreak.

The 1996 Amendments to SDWA require the EPA to promulgate an Interim Enhanced Surface
Water Treatment Rule (IESWTR) and a Stage | Disinfection Byproducts Rule (announced in
December 1998). The IESWTR set the first drinking water standards to control
Cryptosporidium in large water systems, by establishing filtration and monitoring
requirements for systems serving more than 10,000 people each. The LT1FBR proposal
builds on those standards by extending the requirements to small systems.

The 1996 Amendments also require the EPA to promulgate a Long Term | Enhanced Surface
Water Treatment Rule (for systems serving less than 10,000 people) by November, 2000
((1412(b)(2)(C)) and also required the EPA to “promulgate a regulation to govern the
recycling of filter backwash water within the treatment process of a public water
system” by August, 2000 ((1412(b)(14)). The current proposed rule includes provisions
addressing both of these requirements.

What will the LT1FBR require?

The LT1FBR provisions will apply to public water systems using surface water or ground water
under the direct influence of surface water systems.
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LT1 Provisions - Apply to systems serving fewer than 10,000 people, and fall into the three
following categories:

» Turbidity

o Conventional and direct filtration systems must comply with specific combined filter
effluent turbidity requirements.

e Conventional and direct filtration systems must comply with individual filter turbidity
requirements.

» Disinfection Benchmarking

o Public water systems will be required to develop a disinfection profile unless they
perform applicability monitoring which demonstrates their disinfection byproduct levels are
less than 80% of the maximum contaminant levels.

¢ If a system considers making a significant change to their disinfection practice they
must develop a disinfection benchmark and receive State approval for implementing the
change.

» Other Requirements

¢ Finished water reservoirs for which construction begins after the effective date of the
rule must be covered.

¢ Unfiltered systems must comply with updated watershed control requirements that add
Cryptosporidium as a pathogen of concern.

» FBR Provisions - Apply to all systems which recycle regardless of population served:
e Recycle systems will be required to return spent filter backwash water, thickener
supernatant, and liquids from the dewatering process prior to the point of primary
coagulant addition unless the State specifies an alternative location.

o Direct filtration systems recycling to the treatment process must provide detailed
recycle treatment information to the State, which may require that modifications to the
recycle practice be made.

o Conventional systems that practice direct recycle, employ 20 or fewer filters to meet
production requirements during a selected month, and recycle spent filter backwash water,
thickener supernatant, and/or liquids from the dewatering process within the treatment
process must perform a one month, one-time recycle self-assessment. The self-
assessment requires hydraulic flow monitoring and that certain data be reported to the
State, which may require that modifications to the recycle practice be made to protect
public health.

VALVE

SCHMUTZDECKE
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UNDERDRAINS

SLOW SAND FILTER
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The Jar Test

Jar testing, to determine the proper coagulant dosage, continues to be one of the most

effective tools available to surface water plant operators. Finished water quality, cost of
production, length of filter runs, and overall filter life all depend on the proper application
of chemicals to the raw water entering the treatment plant.

Before You Start
The jar test, as with any coagulant test, will only provide accurate results when properly
performed.

Because the jar test is intended to simulate conditions in your plant, developing the proper
procedure is very important. Take time to observe what happens to the raw water in your
plant after the chemicals have been added, then simulate this during the jar test. THE
RPM OF THE STIRRER AND THE MINUTES TO COMPLETE THE TEST DEPEND ON
CONDITIONS IN YOUR PLANT. If, for instance, your plant does not have a static or flash
mixer, starting the test at high rpm would provide misleading results. This rule applies to
flocculator speed, length of settling time and floc development. Again, operate the jar test
to simulate conditions in your plant.

1. Scope

1.1 This practice covers a general procedure for the evaluation of a treatment to reduce
dissolved, suspended, colloidal, and non-settleable matter from water by chemical
coagulation-flocculation, followed by gravity settling. The procedure may be used to
evaluate color, turbidity, and hardness reduction.

1.2 The practice provides a systematic evaluation of the variables normally encountered
in the coagulation-flocculation = :
process.

1.3 This standard does not purport
to address the safety concerns, if
any, associated with its use. It is
the responsibility of the user of this
standard to establish appropriate
safety and health practices and
determine the applicability of
regulatory limitations prior to use.

Terms

Flocculation - Agglomeration of
particles into groups, thereby
increasing the effective diameter.

Coagulation - A chemical technique directed toward destabilization of colloidal particles.

Turbidity - A measure of the presence of suspended solid material.
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Turbidity

Particles less than or about 1 to 10 um in diameter (primarily colloidal particles) will not
settle out by gravitational forces, therefore making them very difficult to remove. These
particles are the primary contributors to the turbidity of the raw water causing it to be
cloudy. The most important factor(s) contributing to the stability of colloidal particles is
not their mass, but their surface properties.

This idea can be better understood by relating the colloidal particles’ large surface area to
their small volume (S/V) ratio resulting from their very small size. In order to remove these
small particles, we must either filter the water or somehow incorporate gravitational forces
such that these particles will settle out. In order to have gravity affect these particles, we
must somehow make them larger, somehow have them come together (conglomerate); in
other words somehow make them stick together, thereby increasing their size and mass.

The two primary forces that control whether or not colloidal particles will agglomerate are:

47qd
- g

An electrostatic force called the Zeta Potential - D

Repulsive Force

Where:

{ = Zeta Potential

g = charge per unit area of the particle

d = thickness of the layer surrounding the shear surface

through which the charge is effective

D = dielectric constant of the liquid
Attractive Force
Force due to van der Waals forces
Van der Waals forces are weak forces based on a polar characteristic induced by
neighboring molecules. When two or more nonpolar
molecules, such as He, Ar, H2, are in close proximity, T ey
the nucleus of each atom will weakly attract electrons in AT T B
the counter atom resulting, at least momentarily, in an
asymmetrical arrangement of the nucleus.
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Ways to Measure Turbidity

» Jackson Candle Test

» Secchi Disk - a black and white disk divided like a pie in 4 quadrants about 6" in
diameter.

» Turbidimeter - Light is passed through a sample. A sensitive photomultiplier tube
at a 90° angle from the incident light beam detects the light scattered by the
particles in the sample. The photomultiplier tube converts the light energy into an
electrical signal, which is amplified and displayed on the instrument.

» Units - Nephelometric Turbidity Unit (NTU) or Formazin Turbidity Unit (FTU).

How to Treat Turbidity

Supercharge the water supply - By supercharging the water supply momentarily with a
positive charge, we can upset the charge effect of the particle enough to reduce the Zeta
potential (repulsive force) thereby allowing van der Waals forces (attractive forces) to
take over.

By introducing aluminum (Als*) into the water in the form of Alum (Al2(SO4)3enH20) we can
accomplish the supercharging of the water. This is the coagulation part of the
coagulation/flocculation process; flocculation follows coagulation. During the flocculation
process the particles join together to form flocs; the larger the flocs, the faster they will
settle within a clarifier.

Other chemical coagulants used are Ferric Chloride and Ferrous Sulfate. Alum works
best in the pH range of natural waters, 5.0 - 7.5. Ferric Chloride works best at lower pH
values, down to pH 4.5. Ferrous Sulfate works well through a range of pH values, 4.5 to
9.5.

During the coagulation process, charged hydroxy-metallic complexes are formed
momentarily (i.e. Al(OH)2*, AI(OH),' etc.). These complexes are charged highly positive,
therefore upsetting the stable negative charge of the target particles, thereby momentarily
displacing the water layer surrounding the charged particle. This upset decreases the
distance “d,” in turn decreasing the Zeta potential.

The particles are then able to get close enough together for van der Waals forces to take
over and the particles begin to flocculate. The chemical reaction continues until the
aluminum ions (Al*3) reach their final form, AI(OH)s; (s), and settle out (note — the
flocculated particles settle out separately from the precipitated Al(OH)s (s)).

If too much alum is added, then the opposite effect occurs--the particles form sub
complexes with the Al*3 and gain a positive charge about them, and the particles re-
stabilize.

The final key to obtaining good flocs is the added energy put into the system by way of
rotating paddles in the flocculator tanks. By pushing (adding energy) the particles
together we can aid in the flocculation process forming larger flocs. It is important to
understand that too much energy (i.e. rotating the paddles too fast), would cause the
particles to shear (breakup), thereby reducing the size of the particles and increasing the
settling time in the clarifier.
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Key Equations

Al,(SO, ) #14.3H,0 + 6H,0 — 2AI(OH),(s) + 14.3H,0 + 3H,SO,

(2)

Al,(SO,); ®14.3H,0 + 6Na(HCO, ) — 2AI(OH),(s) + 3Na,SO, +14.3H,0 + 6CO,

(3)

Al,(SO,), 14.3H,0 + 6Na(OH) — 2AI(OH),(s) + 3Na,SO, +14.3H,0

(4)

Apparatus

VVVVYVY

Jar Test Apparatus
6 1500 mL Beakers
pH meter

Pipettes
Conductivity Meter
Turbidimeter

Procedure

VVVVYVY VY

A\

Make up a 10-g/L solution of alum.
Make up a 0.1 N solution of NaOH (buffer). (Na*' = 23 mg/mmol, O2 = 16
mg/mmol, H* = 1 mg/mmol)
Fill each of the six 1500 mL beakers with one-liter of river water.
Measure the temperature and conductivity.
Measure the initial pH
Add alum and NaOH solutions in equal portions as specified by instructor.
Mixing protocol:

o0 rapid mix - 1 minute (100 rpm)

0 slow mix - 15 minutes (20 rpm)

o off, settling - 30 minutes
Measure final turbidity. Take the sample from the center, about 2" down for each
one liter sample. Be careful not to disturb the flocs that have settled.
Measure final pH
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Information to be Recorded

Initial Turbidity = ? NTU Alum - g/L Buffer

-0.1N
Beaker | Alum (ml) | Buffer (ml) | Turbidity (NTU) | pH-Before | pH-After | Temp. °C
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Several different types of chemical and various storage tanks are found in water
treatment facilities. Always have an MSDS nearby.
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Preparing Polymers for the Jar Test

A successful Jar Test is very reliant upon the proper preparation of the polymers being
tested. Dilution technique (make down) is especially critical, since it involves compactly
coiled large molecules in emulsions, prior to activation. The polymer must be uncoiled to
provide maximum contact with the colloidal particles to be flocculated. If the following
procedures are not followed, the Jar Test results will be very unreliable.

Required equipment:

250 mL bottles with lids.

High speed hand mixer (for emulsion polymers).

Syringes (1cc, 5cc, 10cc).

250 and 500 mL beakers.

Water (it is recommended that the make-down water from the plant be used).
Graduated cylinder (100 mL).

VVYVYVYVYVY

Emulsion polymers (Prepare 1.0% solution.)

Add 198 mL of water to a beaker.

Insert Braun mixer into water and begin mixing.

Using a syringe, inject 2 mL of neat polymer into vortex.

Mix for 20 seconds. Do not exceed 20 seconds!

Allow dilute polymer to age for at least 20 minutes, but preferably overnight.
Prepare 0.1% solution.

Add 180 mL of water to 250 mL bottle.

Add 20 mL of 1.0% polymer solution.

Shake vigorously for at least one minute.

VVVVVVVYY

Solution polymers and Inorganics (Prepare a 1.0% solution.)
Add 198 mL of water to 250 mL bottle.

Using a syringe, add 2 mL of neat product to bottle.
Shake vigorously for at least 1 minute.

Prepare 0.1% solution.

Add 180 mL to 250 mL bottle.

Add 20 mL of 1 % solution.

Shake vigorously for at least one minute.

e ek TR

YVVVVVYVYY

— rpm gage
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Potassium Permanganate Jar Test

Potassium Permanganate has been used for a number of years in both water and
wastewater treatment. KMnQy is a strong oxidizer which can be used to destroy many
organic compounds of both the natural and man-made origin. KMnOy is also used to
oxidize iron, manganese and sulfide compounds and other taste and odor producing
substances usually due to the presence of very small quantities of secretions given off by
microscopic algae, which develop on the surface waters and on beds of lakes and rivers
under certain conditions of temperature and chemical composition.

KMnO4 must be used with caution, as this material produces an intense purple color when
mixed with water. As the permanganate ion is reduced during its reaction with compounds
it oxidizes, it changes color from purple, to yellow or brown. The final product formed is
manganese dioxide (MnO;), an insoluble precipitate that can be removed by
sedimentation and filtration.

All KMnO4 applied must be converted to manganese dioxide (MnO3) prior to filtration. If it
is not all converted and is still purple or pink, it will pass through the filter into the clearwell
or distribution system. This may cause the customer to find pink tap water, or the reaction
may continue in the system and the same conditions as 1

exist with naturally occurring manganese may cause " ‘
staining of the plumbing fixtures. >

Stock Solutions

(Strong Stock Solution)

5 grams potassium permanganate dissolved in 500 ml
distilled water.

(Test Stock Solution)

4 ml strong stock solution thoroughly mixed in 100 ml
distilled water.

Each 5 ml of the test stock solution added to a 2000 ml
sample equals 1 mg/l.

Jar Testing Example

If you have a six position stirrer:

Using a graduated cylinder, measure 2000 ml of the sample to be tested into each of the
six beakers. Dose each beaker to simulate plant practices in pre-treatment, pH
adjustment, coagulant,- etc. Do not add carbon or chlorine.

Using a graduated pipette, dose each beaker with the test stock solution in the following
manner.

Jar# KMnOsml KMnO4; mg/l Color
1 0.50 0.10 no pink
2 0.75 0.15 no pink
3 1.00 0.20 no pink
4 1.25 0.25 no pink
5 1.50 0.30 pink

6 1.75 0.35 pink

Water Quality 2008 15t Edition ©TLC 227 (928) 468-0665



Stir the beakers to simulate the turbulence where the KMnOy4 is to be added and observe
the color change.

As the iron and manganese begin to oxidize, the sample will turn varying shades of brown,
indicating the presence of oxidized iron and or manganese. Samples which retain a brown
or yellow color indicate that the oxidation process is incomplete and will require a higher
dosage of KMnOs.

The end point has been reached when a pink color is observed and remains for at least
10 minutes. In the preceding table a pink color first developed in beaker number 5 which
had been dosed with 1.5 ml/ 0.3 mg/l. If the first jar test does not produce the correct color
change, continue with increased dosages.

When applying potassium permanganate to raw water, care must be taken not to bring
pink water to the filter unless you have greensand. Also, permanganate generally reacts
more quickly at pH levels above 7.0.

Quick Test

A quick way to check the success of a KMnOQO4 application is by adding 1.25 ml of the test
stock solution to 1000 ml finished water. If the sample turns brown there is iron or
manganese remaining in the finished water. If the sample remains pink, oxidation is
complete. With proper application, potassium permanganate is an extremely useful
chemical treatment.

As well as being a strong oxidizer for iron and manganese, KMnO4 used as a disinfectant
in pre-treatment could help control the formation of trihalomethanes by allowing chlorine
to be added later in the treatment process or after filtration. Its usefulness also extends to
algae control, as well as many taste/odor problems.

To calculate the dosage of KMnOj4 for iron and manganese removal, here is the formula
to use.

KMnO, Dose, mg/l = 0.6(iron, mg/l) + 2.0(Manganese, mg/l)

Example:
Calculate the KMnO4 dose in mg/l for a water with 0.4 of iron. The manganese
concentration

is 1.2 mgl/l.

Known Unknown

Iron, mg/l = 0.4 mg/l KMnO4 Dose, mg/l
Manganese, mg/l = 1.2 mg/l

Calculate the KMnO4 dose in mgl/l.

KMnOs Dose, mg/l = 0.6(lron, mg/l) +
2.0(Manganese, mg/l)

=0.6(0.4 mg/l) + 2.0(1.2 mg/l)

=2.64 mg/l

" Aluminum Sulfate

TECHMICAL

Note: The calculated 2.64 mg/l KMnO4 dose is the minimum dose. This dose assumes
there are no oxidizable compounds in the raw water. Therefore, the actual dose may be
higher. Jar testing should be done to determine the required dose.
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How is the Periodic Table Organized?

The periodic table is organized with eight principal vertical columns called groups and
seven horizontal rows called periods (the groups are numbered | to VIII from left to right,
and the periods are numbered 1 to 7 from top to bottom).

All the metals are grouped together on the left side of the periodic table, and all the
nonmetals are grouped together on the right side of the periodic table. Semimetals are
found in between the metals and nonmetals.

What are the Eight Groups of the Periodic Table?

» Group I: Alkali Metals - Li, Na, K, Rb, Cs, Fr
known as alkali metals
most reactive of the metals
react with all nonmetals except the noble gases
contain typical physical properties of metals (i.e., shiny solids and good
conductors of heat and electricity)
softer than most familiar metals; can be cut with a knife

» Group lI: Alkaline Earth Metals-Be, Mg, Ca, Sr, Ba, Ra
known as alkaline earth metals
react with nonmetals, but more slowly than the Group | metals
solids at room temperature
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have typical metallic properties
harder than the Group | metals
higher melting points than the Group | metals

> Group lll: B, Al, Ga, In, Tl
boron is a semimetal; all the others are metals

» Group IV: C, Si, Ge, Sn, Pb
carbon is a nonmetal; silicon and germanium are semimetals; tin and lead are
metals

» Group V: N, P, As, Sb, Bi
nitrogen and phosphorus are nonmetals; arsenic and antimony are semimetals;
bismuth is a metal

» Group VI: O, S, Se, Te, Po
oxygen, sulfur, and selenium are nonmetals; tellurium and polonium are
semimetals

» Group VII: Halogens-F, Cl, Br, |, At
very reactive nonmetals

» Group VIlI: Noble Gases-He, Ne, Ar, Kr, Xe, Rn
very unreactive

Properties of Metals
Solids at room temperature
Conduct heat very well
Have electrical conductivities that increase with decreasing temperature
Have a high flexibility and a shiny metallic luster
Are malleable-can be beaten out into sheets or foils
Are ductile-can be pulled into thin wires without breaking
Emit electrons when they are exposed to radiation of sufficiently high energy or when They are
heated (known as photoelectric effect and thermionic effect)

Properties of Nonmetals

May be gases, liquids, or solids at room temperature

Poor conductors of heat

Are insulators-very poor conductors of electricity

Do not have a high reflectivity or a shiny metallic appearance
In solid form generally brittle and fracture easily under stress
Do not exhibit photoelectric or thermionic effects
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pH Scale

0 4ACIDITY
Battery Acid 1
Lemon Juice 2
Vinegar 3 Fish Die Acid Rain
4 No fish
reproduction
5 Normal range of
Milk 6 pH precipitation
7 [INEUTRAL Normal range of water
Baking Soda 8
9
Milk of Magnesia 10
11
Ammonia 12
Lye 13
14vBASE

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.

pH = (Power of Hydroxyl lon Activity).

The acidity of a water sample is measured on a pH scale. This scale ranges from 0 (maximum

acidity) to 14 (maximum alkalinity). The middle of the scale, 7, represents the neutral point. The
acidity increases from neutral toward 0.

Because the scale is logarithmic, a difference of one pH unit represents a tenfold change. 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.
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pH Section

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 5 4 3 2 1 0
pOH I
I 1 I ] ] ] I I I I ] | ]
I T T T T T T T T T T T T T |
R 0 1 2 3 4 5 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 Sgren 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

(PPM) 0 50 100 150 200 (250) 300 350 400 450 (500) 650 600 650 700 (ppm)

p

L 1
1 DESIRED RANGE [

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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pH

In technical terms, pH is defined as the decimal logarithm of the reciprocal of the hydrogen ion

activity, aH+, in a solution.

pH=-logy (2 t) = gy (=

r.

Ht

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

RT

E=F+—In(a,4)=F -

F

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* humber of electrons transferred is one.

2.303RT "
F p

It follows that electrode potential is proportional to pH when pH is defined in terms of activity.

Water Quality 2008 15t Edition ©TLC

235

(928) 468-0665




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, Es, is measured.
Then the emf, Ex, of the same cell containing the solution of unknown pH is measured.

Es_Ex
pH(X) = pH(S) +

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

1

constant, 1/z is ideally equal to 2303}?7‘;” 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 = pKw — 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, a4*, can be defined as:

fEt — fps
RT

where uy* is the chemical potential of the hydrogen ion, w4t 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.

A+ = eXp (

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.

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
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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= 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 Ky, 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

2H,0 = H30"(aq) + OH  (aq)
with a dissociation constant, Ky defined as

Ko = [HY[OH]

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" 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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Strong Acids and Bases

Cl,+ H,OQ=HOCI + H + CI

CHLORINE HYPOCHLOROUS
GAS ACID

HOCI ——0OCI + 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 —log10(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 —log10(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

. [H][A]
Re="ma)

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]
CH — H] -+ [H.‘l]

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)? + K.[H] — K.C, =0

CONCENTRATED
HYDROCHLORIC
ACID

POTASSIUM

MANGANATE NCHLORINE

GAS
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Alkalinity 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 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,CO3 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 CaCOs), 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 CaCOs), mg/l =
\'Z!

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 shown in Table Caustic Alkalinity Carbonate Bicarbonate

below. or Hydroxide Alkalinity as |Concentration as
Result of Titration Caustic Alkalinity or |Alkalinity as caCo y caCoO
Hydroxide Alkalinity as CaCOs CaCOs 3 3
Carbonate Alkalinity as CaCO3
Bicarbonate Concentration as CaCOs

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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Modern Water Treatment Disinfectants

Many water suppliers add a disinfectant to drinking water to kill germs such as giardia and e coli.
Especially after heavy rainstorms, your water system may add more disinfectant to guarantee that
these germs are killed.

Chlorine

Some people who use drinking water containing chlorine well in excess of EPA standards could
experience irritating effects to their eyes and nose. Some people who drink water containing
chlorine well in excess of the EPA standards could experience stomach discomfort.

Chloramine

Some people who use drinking water containing chloramines well in excess of EPA standards could
experience irritating effects to their eyes and nose. Some people who drink water containing
chloramines well in excess of the EPA standards could experience stomach discomfort or anemia.

Chlorine Dioxide

Some infants and young children who drink water containing chlorine dioxide in excess of the EPA
standards could experience nervous system effects. Similar effects may occur in fetuses of
pregnant women who drink water containing chlorine dioxide in excess of the EPA
standards. Some people may experience anemia.

Disinfectant alternatives will include Ozone, and Ultraviolet light. You will see an increase
of these technologies in the near future.

Disinfection Byproducts (DBPS)
Disinfection byproducts form when disinfectants added to drinking water to kill germs react with
naturally-occurring organic matter in water.

Total Trihalomethanes

Some people who drink water containing trihalomethanes in excess of the EPA standards over
many years may experience problems with their livers, kidneys, or central nervous systems, and
may have an increased risk of developing cancer.

Haloacetic Acids
Some people who drink water containing haloacetic acids in excess of the EPA standards over
many years may have an increased risk of developing cancer.

Bromate
Some people who drink water containing bromate in excess of the EPA standards over many
years may have an increased risk of developing cancer.

Chlorite

Some infants and young children who drink water containing chlorite in excess of the EPA
standards could experience nervous system effects. Similar effects may occur in fetuses of
pregnant women who drink water containing chlorite in excess of the EPA standards. Some
people may experience anemia.
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WATER TREATMENT CHEMICALS

FERRIC CHLORIDE USED AS A COAGULANT

CALCIUM HYDROXIDE (Lime).

HYDROCHLORIC ACID USED FOR pH CONTROL ‘

SODIUM ALUMINATE

SODIUM HYPOCHLORITE
(also known as Bleach)

y A DISINFECTANT
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Chapter Key Words

COLONY-FORMING UNITS (CFU): In microbiology, colony-forming unit (CFU) is a measure of
viable bacterial or fungal numbers. Unlike in direct microscopic counts where all cells, dead and
living, are counted, CFU measures viable cells. By convenience the results are given as colony-
forming units per milliliter.

DISTRIBUTED CONTROL SYSTEM (DCS): It refers to a control system usually of a manufacturing
system, process or any kind of dynamic system, in which the controller elements are not central in
location (like the brain) but are distributed throughout the system with each component sub-system
controlled by one or more controllers. The entire system of controllers is connected by networks for
communication and monitoring.

DCS is a very broad term used in a variety of industries, to monitor and control distributed
equipment.

GRANULAR ACTIVATED CARBON (GAC): A highly porous adsorbent material, produced by
heating organic matter, such as coal, wood and coconut shell, in the absence of air, which is then
crushed into granules. Activated carbon is positively charged and therefore able to remove negative
ions from the water such as ozone, chlorine, fluorides and dissolved organic solutes by absorption
onto the activated carbon. The activated carbon must be replaced periodically as it may become
saturated and unable to absorb. Activated carbon is not effective in removing heavy metals.

HARD WATER: A type of water that has high mineral content (in contrast with soft water). Hard
water minerals primarily consist of calcium (Caxt+), and magnesium (Mg.+) metal cations, and
sometimes other dissolved compounds such as bicarbonates and sulfates. Calcium usually enters
the water as either calcium carbonate (CaCOs3), in the form of limestone and chalk, or calcium
sulfate (CaS0O,), in the form of other mineral deposits. The predominant source of magnesium is
dolomite (CaMg(COs)2). Hard water is generally not harmful.

The simplest way to determine the hardness of water is the lather/froth test: soap or toothpaste,
when agitated, lathers easily in soft water but not in hard water. More exact measurements of
hardness can be obtained through a wet titration. The total water 'hardness' (including both Ca2+
and Mg2+ ions) is read as parts per million or weight/volume (mg/L) of calcium carbonate (CaCO3)
in the water.

NEGATIVE SUCTION HEAD: Two priming methods are available for a negative suction head
condition--that is, when the pump lifts water to the intake (suction lift).

a. Vacuum Pump or Ejection Method. When steam, high-pressure water, or compressed air is
available, prime the pump by attaching an ejector to the highest point in the pump casing for
evacuating the air from the suction piping and casing. A vacuum may be substituted for the above
equipment. Start the ejector or vacuum pump to exhaust the air from the pump casing and suction
pipe. When water discharges from the ejector or vacuum pump, start the centrifugal pump, but
continue priming until the centrifugal pump has reached operating speed.

b. Priming a Pump with a Foot Valve. A foot valve is used at the lowest point on the suction pipe.
The foot valve retains water in the suction pipe and pump casing after the pump has been initially
primed. To prime, open the suction valve, if one is installed. Open vent valves at the highest points
on the pump casing. Fill the pump and suction line from an independent water supply. Allow to fill
until a steady steam flows from the vent valves.
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POSITIVE SUCTION HEAD: When the intake (suction) side of the pump is under pressure, use
the following priming sequence:

a. Open all suction valves to allow water to enter the suction pipe and pump casing.

b. Open all vents located on the highest point of the pump casing to allow trapped air to be released.
Note: The pump is properly primed when water flows from all open vents in a steady stream.

PPE: Personal protective equipment, or PPE, is designed to protect employees from serious
workplace injuries or illnesses resulting from contact with chemical, radiological, physical, electrical,
mechanical, or other workplace hazards. Besides face shields, safety glasses, hard hats, and
safety shoes, PPE includes a variety of devices and garments such as goggles, coveralls, gloves,
vests, earplugs, and respirators.

PROGRAMMABLE LOGIC CONTROLLER (PLC): A digital computer used for automation of
industrial processes, such as control of machinery on factory assembly lines. Unlike general-
purpose computers, the PLC is designed for multiple inputs and output arrangements, extended
temperature ranges, immunity to electrical noise, and resistance to vibration and impact. Programs
to control machine operation are typically stored in battery-backed or non-volatile memory. A PLC
is an example of a real time system since output results must be produced in response to input
conditions within a bounded time, otherwise unintended operation will result.

SHORT TERM EXPOSURE LIMIT (STEL): Itis defined by ACGIH as the concentration to which
workers can be exposed continuously for a short period of time without suffering from: irritation;
chronic or irreversible tissue damage; narcosis of sufficient degree to increase the likelihood of
accidental injury, impair self-rescue or materially reduce work efficiency.

SOFT WATER: The term used to describe types of water that contains few or no calcium or
magnesium metal cations. The term is usually related to hard water, which does contain significant
amounts of these ions. Soft water usually comes from peat or igneous rock sources, such as granite
but may also derive from sandstone sources, since such sedimentary rocks are usually low in
calcium and magnesium.

THRESHOLD LIMIT VALUE (TLV): Itis a level to which it is believed a worker can be exposed
day after day for a working lifetime without adverse health effects. Strictly speaking, TLV is a
reserved term of the American Conference of Governmental Industrial Hygienists (ACGIH).

TRIHALOMETHANES (THM): Four separate  compounds including  chloroform,
dichlorobromomethane, dibromochloromethane, and bromoform. The most common class of
disinfection by-products created when chemical disinfectants react with organic matter in water
during the disinfection process. See Disinfectant Byproducts.

UNCONFINED AQUIFER: One that is open to receive water from the surface, and whose water
table surface is free to fluctuate up and down, depending on the recharge/discharge rate. There are
no overlying "confining beds" of low permeability to physically isolate the groundwater system.

VOLATILE ORGANIC CHEMICALS (VOCs): Carbon-containing compounds that evaporate
easily from water into air at normal air temperatures. (This is why the distinctive odor of gasoline
and many solvents can easily be detected.) VOCs are contained in a wide variety of commercial,
industrial and residential products including fuel oils, gasoline, solvents, cleaners and degreasers,
paints, inks, dyes, refrigerants and pesticides.
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Chlorine Section

1-ton Chlorine Gas Containers
The top valves or lines are for extracting the gas, and the bottom valves or lines are for
extracting the Cl2 liquid. Never place water on a leaking metal container. The water will
help create acid which will make the leak larger.
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Chlorine

Formula: Clz
Structure: Not applicable.
Synonyms: Bertholite, molecular chlorine

Identifiers

1. CAS No.: 7782-50-5

2. RTECS No.: FO2100000
3. DOT UN: 1017 20

4. DOT label: Poison gas

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 from 0.08 to part per million (ppm) parts of air have been reported.
Prolonged exposures may result in olfactory fatigue.

Chemical and Physical Properties

Physical data

. Molecular weight: 70.9

. Boiling point (at 760 mm Hg): -34.6 degrees C (-30.28 degrees F)

. Specific gravity (liquid): 1.41 at 20 degrees C (68 degrees F) and a pressure of 6.86 atm
. Vapor density: 2.5

. Melting point: -101 degrees C (-149.8 degrees F)

. Vapor pressure at 20 degrees C (68 degrees F): 4,800 mm Hg

. Solubility: Slightly soluble in water; soluble in alkalies, alcohols and chlorides.

. Evaporation rate: Data not available.

ONOO PR WN -

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.

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 for up to a 10-
hour workday and a 40-hour workweek and a short-term exposure limit (STEL) of 1 ppm (3
mg/m®)[NIOSH 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].
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Chlorine (DDBP)

Today, most of our drinking water supplies are free of the micro-organisms — 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 reduce its concentration while they die.
The organic matter and other substances that are present, convert to chlorinated derivatives,
some of which are 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 some degree 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.

Chlorine By-Products

Chlorination by-products are the chemicals formed when the chlorine used to kill disease-
causing micro-organisms reacts with naturally occurring organic matter (i.e., 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 includes the haloacetic acids and haloacetonitriles.

The amount of THMs formed in drinking water can be 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.
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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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Risks and Benefits of Chlorine

Current evidence indicates 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 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 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 (i.e., 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 by-products by adsorption on activated
carbon beds. It is extremely important that water treatment plants ensure the methods used to
control chlorination by-products do not compromise the effectiveness of water disinfection.

Chlorine piping and chlorine cylinder yoke.
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Health Hazard Information

Routes of Exposure

Exposure to chlorine can occur through inhalation, ingestion, and eye or skin contact [Genium
1992].

Summary of toxicology

1. Effects on animals: Chlorine is a severe irritant of the eyes, mucous membranes, skin, and
lungs in experimental animals. The 1 hour Lethal Concentration (50) is 239 ppm in rats and 137
ppm in mice [Sax and Lewis 1989]. Animals surviving sub-lethal inhalation exposures for 15 to
193 days showed marked emphysema, which was associated with bronchiolitis and pneumonia
[Clayton and Clayton 1982]. Chlorine injected into the anterior chamber of rabbits' eyes resulted
in severe damage with inflammation, opacification of the cornea, atrophy of the iris, and injury
to the lens [Grant 1986].

2. Effects on humans: Severe acute effects of chlorine exposure in humans have been well
documented since World War | when chlorine gas was used as a chemical warfare agent. Other
severe exposures have resulted from the accidental rupture of chlorine tanks. These exposures
have caused death, lung congestion, and pulmonary edema, pneumonia, pleurisy, and
bronchitis [Hathaway et al. 1991]. The lowest lethal concentration reported is 430 ppm for 30
minutes [Clayton and Clayton 1982].

Exposure to 15 ppm causes throat irritation, exposures to 50 ppm are dangerous, and
exposures to 1000 ppm can be fatal, even if exposure is brief [Sax and Lewis 1989; Clayton
and Clayton 1982]. Earlier literature reported that exposure to a concentration of about 5 ppm
caused respiratory complaints, corrosion of the teeth, inflammation of the mucous membranes
of the nose and susceptibility to tuberculosis among chronically-exposed workers.

However, many of these effects are not confirmed in recent studies and are of very dubious
significance [ACGIH 1991]. A study of workers exposed to chlorine for an average of 10.9 years
was published in 1970. All but six workers had exposures below 1 ppm; 21 had TWAs above
0.52 ppm.

No evidence of permanent lung damage was found, but 9.4 percent had abnormal EKGs
compared to 8.2 percent in the control group. The incidence of fatigue was greater among those
exposed above 0.5 ppm [ACGIH 1991]. In 1981, a study was published involving 29 subjects
exposed to chlorine concentrations up to 2.0 ppm for 4- and 8-hour periods. Exposures of 1.0
ppm for 8 hours produced statistically significant changes in pulmonary function that were not
observed at a 0.5 ppm exposure concentration. Six of 14 subjects exposed to 1.0 ppm for 8
hours showed increased mucous secretions from the nose and in the hypopharynx.

Responses for sensations of itching or burning of the nose and eyes, and general discomfort
were not severe, but were perceptible, especially at the 1.0 ppm exposure level [ACGIH 1991].
A 1983 study of pulmonary function at low concentrations of chlorine exposure also found
transient decreases in pulmonary function at the 1.0 ppm exposure level, but not at the 0.5 ppm
level [ACGIH 1991].

Acne (chloracne) is not unusual among persons exposed to low concentrations of chlorine for

long periods of time. Tooth enamel damage may also occur [Parmeggiani 1983]. There has
been one confirmed case of myasthenia gravis associated with chlorine exposure [NLM 1995].

Water Quality 2008 15t Edition ©TLC 256 (928) 468-0665



Signs and Symptoms of Exposure

1. Acute exposure: Acute exposure to low levels of chlorine results in eye, nose, throat irritation,
sheezing, excessive salivation, general excitement, and restlessness. Higher concentrations
causes difficulty in breathing, violent coughing, nausea, vomiting, cyanosis, dizziness,
headache, choking, laryngeal edema, acute tracheobronchitis, chemical pneumonia. Contact
with the liquid can result in frostbite burns of the skin and eyes [Genium 1992].

2. Chronic exposure: Chronic exposure to low levels of chlorine gas can result in a dermatitis
known as chloracne, tooth enamel corrosion, coughing, severe chest pain, sore throat,
hemoptysis and increased susceptibility to tuberculosis [Genium 1992].

Emergency Medical Procedures: [NIOSH to supply]

» Rescue: Remove an incapacitated worker from further exposure and implement
appropriate emergency procedures (i.e., those listed on the Material Safety Data Sheet
required by OSHA's Hazard Communication Standard [29 CFR 1910.1200]).

» All workers should be familiar with emergency procedures, the location and proper use
of emergency equipment, and methods of protecting themselves during rescue
operations.

Exposure Sources and Control Methods
The following operations may involve chlorine and lead to worker exposures to this
substance:

The Manufacture and Transportation of Chlorine

» Used as a chlorinating and oxidizing agent in organic and inorganic synthesis, in the
manufacture of chlorinated solvents, automotive antifreeze and antiknock compounds,
polymers (synthetic rubber and plastics), resins, elastomers, pesticides, refrigerants,
and in the manufacture of rocket fuel.

» Used as a fluxing, purification and extraction agent in metallurgy.

» Used as a bacteriostat, disinfectant, odor control and demulsifier in treatment of drinking
water, swimming pools, and in sewage.

» Used in the paper and pulp, and textile industries for bleaching cellulose for artificial
fibers; used in the manufacture of chlorinated lime; used in detinning and dezincing iron;
used to shrink-proof wool.

» Used in the manufacture of pharmaceuticals, cosmetics, lubricants, flameproofing,
adhesives, in special batteries containing lithium or zinc and in hydraulic fluids; used in
the processing of meat, fish, vegetables and fruit.

» Used as bleaching and cleaning agents, and as a disinfectant in laundries, dishwashers,
cleaning powders, cleaning dairy equipment and bleaching cellulose.

Methods that are effective in controlling worker exposures to chlorine, depending on the

feasibility of implementation, are as follows: process enclosure, local exhaust ventilation,

general dilution ventilation, personal protective equipment.

Workers responding to a release or potential release of a hazardous substance must be

protected as required by paragraph (q) of OSHA's Hazardous Waste Operations and
Emergency Response Standard 29 CFR.
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Good Sources of Information about Control Methods are as Follows:

1. ACGIH [1992]. Industrial ventilation--a manual of recommended practice. 21st ed.
Cincinnati, OH: American Conference of Governmental Industrial Hygienists.

2. Burton DJ [1986]. Industrial ventilation--a self-study companion. Cincinnati, OH: American
Conference of Governmental Industrial Hygienists.

3. Alden JL, Kane JM [1982]. Design of industrial ventilation systems. New York, NY:
Industrial Press, Inc.

4. Wadden RA, Scheff PA [1987]. Engineering design for control of workplace hazards. New
York, NY: McGraw-Hill.

5. Plog BA [1988]. Fundamentals of industrial hygiene. Chicago, IL: National Safety Council.

Chlorine Storage

Chlorine should be stored in a cool, dry, well-ventilated area in tightly sealed containers that
are labeled in accordance with OSHA's Hazard Communication Standard [29 CFR 1910.1200].
Containers of chlorine should be protected from exposure to weather, extreme temperatures
changes, and physical damage. They should be stored separately from flammable gases and
vapors, combustible substances (such as gasoline and petroleum products, hydrocarbons,
turpentine, alcohols, acetylene, hydrogen, ammonia and sulfur), reducing agents, finely divided
metals, arsenic, bismuth, boron, calcium, activated carbon, carbon disulfide, glycerol,
hydrazine, iodine, methane, oxomonosilane, potassium, propylene, silicon, hydrogen sulfide
and water, carbon monoxide and sulfur dioxide, moisture, steam, and water.

Workers handling and operating chlorine containers, cylinders and tank wagons should
receive special training in standard safety procedures for handling compressed corrosive
gases. All pipes and containment used for chlorine service should be regularly inspected and
tested. Empty containers of chlorine should have secured protective covers on their valves
and should be handled appropriately.

Spills and Leaks

In the event of a spill or leak involving chlorine,
persons not wearing protective equipment and fully-
encapsulating, vapor-protective clothing should be
restricted from contaminated areas until cleanup has
been completed. The following steps should be
undertaken following a spill or leak:

1. Notify safety personnel.

2. Remove all sources of heat and ignition.

3. Keep all combustibles (wood, paper, oil, etc.)
away from the leak.

4. Ventilate potentially explosive atmospheres.

5. Evacuate the spill area for at least 50 feet in all directions.

6. Find and stop the leak if this can be done without risk; if not, move the leaking container to
an isolated area until gas has dispersed. The cylinder may be allowed to empty through a
reducing agent such as sodium bisulfide and sodium bicarbonate.

7. Use water spray to reduce vapors; do not put water directly on the leak or spill area.
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Special Requirements

The EPA requirements for emergency planning, reportable quantities of hazardous releases,
community right-to-know and hazardous waste management may change over time. Users are
therefore advised to determine periodically whether new information is available.

Emergency Planning Requirements
Employers owning or operating a facility at which there are 100 pounds or more of chlorine
must comply with the EPA's emergency planning requirements [40 CFR Part 355.30].

Reportable Quantity Requirements for Hazardous Releases

A hazardous substance release is defined by the EPA as any spilling, leaking, pumping,
pouring, emitting, emptying, discharging, injecting, escaping, leaching, dumping or disposing
into the environment including the abandonment or discarding of contaminated containers) of
hazardous substances. In the event of a release that is above the reportable quantity for that
chemical, employers are required to notify the proper federal, state and local authorities [40
CFR].

The Reportable Quantity of Chlorine is 10 Pounds.
If an amount equal to or greater than this quantity is released within a 24-hour period in a
manner that will expose persons outside the facility, employers are required to do the following:

Notify the National Response Center immediately at (800) or at 202-426-2675 in Washington,
D.C. [40 CFR 302.6]. Notify the emergency response commission of the State likely to be
affected by the release [40 CFR 355.40]. Notify the community emergency coordinator of the
local emergency planning committee (or relevant local emergency response personnel) of any
area likely to be affected by the release [40 CFR 355.40].

Community Right-to-Know Requirements

Employers who own or operate facilities in SIC codes 20 to 39 that employ 10 or more workers
and that manufacture 25,000 pounds or more of chlorine per calendar year or otherwise use
10,000 pounds or more of chlorine per calendar year are required by the EPA [40 CFR Part
372.30] to submit a Toxic Chemical Release Inventory form (Form R) to the EPA reporting the
amount of chlorine emitted or released from their facility annually.

Hazardous Waste Management Requirements

The EPA considers a waste to be hazardous if it exhibits any of the following characteristics:
ignitability, corrosivity, reactivity or toxicity as defined in 40 CFR 261.21-261.24. Under the
Resource Conservation and Recovery Act (RCRA) [40 USC 6901 et seq.], the EPA has
specifically listed many chemical wastes as hazardous.

Although chlorine is not specifically listed as a hazardous waste under RCRA, the EPA requires
employers to treat waste as hazardous if it exhibits any of the characteristics discussed above.

Providing detailed information about the removal and disposal of specific chemicals is beyond
the scope of this guideline. The U.S. Department of Transportation (DOT), the EPA, state and
local regulations should be followed to ensure that removal, transport and disposal of this
substance are conducted in accordance with existing regulations.
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To be certain chemical waste disposal meets the EPA regulatory requirements,
employers should address any questions to the RCRA hotline at 703-412-9810 (in the
Washington, D.C. area) or toll-free at 800-424-9346 (outside Washington, D.C.).

In addition, relevant state and local authorities should be contacted for information on
any requirements they may have for the waste removal and disposal of this substance.
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More on Chlorine Gas

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 1,
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.

(_ELECTRONS = 17
() PROTONS = 17
o () NEUTRONS = 18

NUCLEUS

CHLORINE

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. It is a respiratory irritant and burns the skin. Just a few breaths of it are fatal. CI2 gas
does not occur naturally, although chlorine can be found in a number of compounds.

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 ppm; however, distinguishing toxic air
levels from permissible air levels may be difficult until irritative symptoms are present.
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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.

Although the idea that chlorine causes direct tissue damage by generatlng free oxy n
radicals was once accepted, this idea is now controversial. The G %
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 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 concentration of chlorine gas, duration
of exposure, water content of the tissues exposed and 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. Non-cardiogenic pulmonary edema is thought to occur when there is a
loss of pulmonary capillary integrity.
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Using DPD Method for Chlorine Residuals
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Small portable chlorine measuring kit. The redder the mixture color, 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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Amperometric Titration

The chlorination of water supplies and polluted waters serves primarily to destroy or deactivate
disease-producing microorganisms. A secondary benefit, particularly in treating drinking water,
is the overall improvement in water quality resulting from the reaction of chlorine with ammonia,
iron, manganese, sulfide and some organic substances.

Chlorination may produce adverse effects. Taste and odor characteristics of phenols and other
organic compounds present in a water supply may be intensified. Potentially carcinogenic
chloro-organic compounds such as chloroform may be formed.

Combined chlorine formed on chlorination of ammonia or amine-bearing waters adversely
affects some aquatic life. To fulfill the primary purpose of chlorination and to minimize any
adverse effects, it is essential that proper testing procedures be used with a foreknowledge of
the limitations of the analytical determination.

Chlorine applied to water in its molecular or hypochlorite form
initially undergoes hydrolysis to form free chlorine consisting of
aqueous molecular chlorine, hypochlorous acid and hypochlorite
ion. The relative proportion of these free chlorine forms is pH and
temperature-dependent. At the pH of most waters, hypochlorous
acid and hypochlorite ion will predominate.

Free chlorine reacts readily with ammonia and certain nitrogenous
compounds to form combined chlorine. With ammonia, chlorine
reacts to form the chloramines: monochloramine, dichloramine
and nitrogen trichloride.

The presence and concentrations of these combined forms depend chiefly on pH, temperature,
initial chlorine-to-nitrogen ratio, absolute chlorine demand and reaction time. Both free and
combined chlorine may be present simultaneously. Combined chlorine in water supplies may
be formed in the treatment of raw waters containing ammonia or by the addition of ammonia or
ammonium salts.

Chlorinated wastewater effluents, as well as certain chlorinated industrial effluents, normally
contain only combined chlorine. Historically the principal analytical problem has been to
distinguish between free and combined forms of chlorine.

Hach’s AutoCAT 9000™ Automatic Titrator is the newest solution to hit the disinfection industry
— a comprehensive, benchtop chlorine-measurement system that does it all: calibration,
titration, calculation, real-time graphs, graphic print output, even electrode cleaning. More a
laboratory assistant than an instrument, the AutoCAT 9000 gives you:

e High throughput: performs the titration and calculates concentration, all automatically.

e Forward titration: USEPA-accepted methods for free and total chlorine and chlorine

dioxide with chlorite.
e Back titration: USEPA-accepted method for total chlorine in wastewater.
e Accurate, yet convenient: the easiest way to complete ppb-level amperometric titration.

Water Quality 2008 15t Edition ©TLC 264 (928) 468-0665



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+H20O — HOCI + HCI
(chlorine gas) (water) (hypochlorous acid) (hydrochloric acid)

CaOCl +H 2 O — 2HOCI + Ca(OH)
(calcium hypochlorite) (water) (hypochlorous acid) (calcium hydroxide)

NaOCIl + 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.

(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.

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.

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; any additional
chlorine will be considered free chlorine.

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 EPA (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. CT= Contact time.

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. The tables attached to Appendices A and B shall be used to determine the
required CT.
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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 + CT required
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Chlorinator Parts

Ejector

Check Valve Assembly
Rate Valve

Diaphragm Assembly
Interconnection Manifold
Rotameter Tube and Float
. Pressure Gauge

. Gas Supply

ITOMMOOw»

Chlorine measurement devices or Rotameters.

Safety Information: There is a fusible plug on every chlorine tank. This metal plug
will melt at 158 ° to 165° F. This is to prevent a build-up of excessive pressure and
the possibility of cylinder rupture due to fire or high temperatures.
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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.

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)

pH7 pH 7.5 pH 8
40 0.2 0.3 0.4
30 0.3 0.4 0.5
20 0.4 0.6 0.8
10 0.8 1.2 1.6
5 1.6 24 3.2
2 4.0 6.0 8.0

8.0 12.0 16.0
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Water Temp. 32 - 40 degrees F

. . Necessary chlorine residual (mg/l)
Contact time (minutes)

H7 pH 7.5 pH 8
40 0.3 0.5 0.6
30 0.4 0.6 0.8
20 0.6 0.9 1.2
10 1.2 1.8 2.4
5 2.4 3.6 4.8
2 6.0 9.0 12.0
1 12.0 18.0 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. Contact time (from Table 5) - gallons per minute for 50-gallon tank = 5 minutes
2. Multiply by 2 for a 100-gallon tank = 10 minutes.
3. 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.

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)

S 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/l, which is about ten times stronger than for simple
chlorination.
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Oxidation Chemistry

REDUCING AGENTS OXIDIZING AGENTS

A

A LOSES ELECTRONS B GAINS ELECTRONS

B

A IS OXIDIZED B IS REDUCED

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 killing 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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Chlorination Equipment Requirements

For all water treatment facilities, chlorine gas under pressure shall not be permitted outside the
chlorine room. A chlorine room is where chlorine gas cylinders and/or ton containers are stored.
Vacuum regulators shall also be located inside the chlorine room. The chlorinator, which is the
mechanical gas proportioning equipment, may or may not be located inside the chlorine room.

For new and upgraded facilities, from the chlorine room, chlorine gas vacuum lines should be
run as close to the point of solution application as possible. Injectors should be located to
minimize the length of pressurized chlorine solution lines. A gas pressure relief system shall be
included in the gas vacuum line between the vacuum regulator(s) and the chlorinator(s) to
ensure that pressurized chlorine gas does not enter the gas vacuum lines leaving the chlorine
room.

The gas pressure relief system shall vent pressurized gas to the atmosphere at a location that
is not hazardous to plant personnel; the vent line should be run in such a manner that moisture
collecting traps are avoided. The vacuum regulating valve(s) shall have positive shutdown in
the event of a break in the downstream vacuum lines.

As an alternative to chlorine gas, it is permissible to use hypochlorite with positive displacement
pumping. Anti-siphon valves shall be incorporated in the pump heads or in the discharge piping.

Capacity
The chlorinator shall have the capacity to dose enough chlorine to overcome the demand and
maintain the required concentration of the free or combined chlorine.

Methods of Control

The chlorine feed system shall be automatic proportional controlled, automatic residual
controlled or compound loop controlled. In the automatic proportional controlled system, the
equipment adjusts the chlorine feed rate automatically in accordance with the flow changes to
provide a constant pre-established dosage for all rates of flow. In the automatic residual
controlled system, the chlorine feeder is used in conjunction with a chlorine residual analyzer
which controls the feed rate of the chlorine feeders to maintain a particular residual in the
treated water.

In the compound loop control system, the feed rate of the chlorinator is controlled by a flow
proportional signal and a residual analyzer signal to maintain particular chlorine residual in the
water.

A manual chlorine feed system may be installed for groundwater systems with constant flow
rates.

Standby Provision

As a safeguard against malfunction and/or shut-down, standby chlorination equipment having
the capacity to replace the largest unit shall be provided. For uninterrupted chlorination, gas
chlorinators shall be equipped with an automatic changeover system. In addition, spare parts
shall be available for all chlorinators.
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Weigh Scales

Scales for weighing cylinders shall be provided at all plants using chlorine gas to permit an
accurate reading of total daily weight of chlorine used. At large plants, scales of the recording
and indicating type are recommended. At a minimum, a platform scale shall be provided. Scales
shall be of corrosion-resistant material.

Securing Cylinders

All chlorine cylinders shall be securely positioned to
safeguard against movement. Tag the cylinder empty
and store upright and chained.

Ton containers may not be stacked.

Chlorine Leak Detection

Automatic chlorine leak detection and related alarm
equipment shall be installed at all water treatment plants using chlorine gas. Leak detection
shall be provided for the chlorine rooms. Chlorine leak detection equipment should be
connected to a remote audible and visual alarm system and checked on a regular basis to verify
proper operation.

Leak detection equipment shall not automatically
activate the chlorine room ventilation system in
such a manner as to discharge chlorine gas.
During an emergency, if the chlorine room is
unoccupied, the chlorine gas leakage shall be
contained within the chlorine room itself in order to
facilitate a proper method of clean-up.

Consideration should also be given to the
provision of caustic soda solution reaction tanks
for absorbing the contents of leaking one-ton
cylinders where such cylinders are in use.

Chlorine leak detection equipment may not be
required for very small chlorine rooms with an
exterior door (i.e., floor area less than 3m?).

g L
i
You can use a spray solution of Ammonia or a rag AR .

soaked with Ammonia to detect a small Cl, leak. If there is a leak, the ammonia will create a
white colored smoke. Ammonium Chloride.

il

Safety Equipment

The facility shall be provided with personnel safety equipment including the following:
Respiratory equipment, safety shower, eyewash, gloves, eye protection, protective clothing,
cylinder and/or ton repair kits.

Respiratory equipment shall be provided which has been approved under the OHSA, General

Safety Regulation - Selection of Respiratory Protective Equipment. Equipment shall be in close
proximity to the access door(s) of the chlorine room.
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Chlorine Room Design Requirements

Where gas chlorination is practiced, the gas cylinders and/or the ton containers up to the
vacuum regulators shall be housed in a gas-tight, well illuminated, corrosion resistant, and
mechanically ventilated enclosure. The chlorinator may or may not be located inside the
chlorine room. The chlorine room shall be located at the ground floor level.

Ventilation

Gas chlorine rooms shall have entirely separate exhaust ventilation systems capable of
delivering one complete air change per minute during periods of chlorine room occupancy only.
The air outlet from the room shall be 150 mm above the floor and the point of discharge located
to preclude contamination of air inlets to buildings or areas used by people. The vents to the
outside shall have insect screens.

Air inlets should be louvered near the ceiling, the air being of such temperature as to not
adversely affect the chlorination equipment. Separate switches for fans and lights shall be
outside the room at all entrance or viewing points, and a clear wire-reinforced glass window
shall be installed in such a manner as to allow the operator to inspect from the outside of the
room.

Heating

Chlorine rooms shall have separate heating systems, if a forced air system is used to heat the
building. The hot water heating system for the building will negate the need for a separate
heating system for the chlorine room. The heat should be controlled at approximately 15°C.

Cylinders or containers shall be protected to ensure that the chlorine maintains its gaseous
state when entering the chlorinator.

Access

All access to the chlorine room shall only be from the exterior of the building. Visual inspection
of the chlorination equipment from inside may be provided by the installation of glass window(s)
in the walls of the chlorine room. Windows should be at least 0.20 m2 in area and be made of
clear wire reinforced glass.

There should also be a panic bar on the inside of the chlorine room door for emergency exit.

Storage of Chlorine Cylinders

If necessary, a separate storage room may be provided to simply store the chlorine gas
cylinders, with no connection to the line. The chlorine cylinder storage room shall have access
either to the chlorine room or from the plant exterior, and arranged to prevent the uncontrolled
release of spilled gas.

The chlorine gas storage room shall have provision for ventilation at thirty air changes per hour.
Viewing glass windows and a panic button on the inside of door should also be provided.

In very large facilities, entry into the chlorine rooms may be through a vestibule from outside.
Scrubbers

For facilities located within residential or densely populated areas, consideration shall be
given to provide scrubbers for the chlorine room.
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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. Chlorine demand is the amount of chlorine
required to react on various water impurities before a residual is obtained. Also, the amount of
chlorine required to produce a free chlorine residual of 0.1 mg/l after a contact time of 15 minutes
as measured by iodmetic method of a sample at a temperature of 20 degrees in conformance
with standard methods.

Chlorine Questions and Answer Review

Downstream from the point of post chlorination, what should the concentration of a free chlorine
residual be in a clear well or distribution reservoir? 0.5 mg/L.

True or False. Even brief exposure to 1,000 ppm of Cl, can be fatal. True

How does one determine the ambient temperature in a chlorine room? Use a regular thermometer
because ambient temperature is simply the air temperature of the room.

How is the effectiveness of disinfection determined? From the results of coliform testing.

How often should chlorine storage ventilation equipment be checked? Daily.
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ASSESSMENT TO DETERMINE EFFECTIVE DISINFECTION METHODS

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
POTASESIUM PERMANGANATE USED TO REMOVE IRON AND HYDROGEN SULFIDE, AND ALSO USED
(KMnOy) IN TREATMENT PLANTS TO CONTROL ZEBRA MUSSEL FORMATIONS
COPPER SULFATE
USED CONTROL PLANT AND ALGAE GROWTH
(CusS0y,)

CALCIUM HYPOCHLORITE
(Ca(Cl10)2)

DESTROYS DISEASE-CAUSING ORGANISMS INCLUDING BACTERIA,
YEAST, FUNGUS, SPORES AND VIRUSES

CALCIUM HYDROXIDE (Lime)
(Ca0)

USED FOR pH CONTROL IN WATER TREATMENT TO PREVENT
CORROSION OF PIPING

TYPES OF DISINFECTION FOR WATER TREATMENT
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STAGE 1 STAGE 4
OXYGEN MOLECULES (0,) ACTIVE OZONE OXIDIZES
CONTAMINATES

STAGE 2 STAGE 3
HIGH VOLTAGE SPLITS THE NEW OZONE MOLECULES
OXYGEN MOLECULE (O,) ARE FORMED (0,)
INTO ATOMIC OXYGEN (O4) 3

HOW OZONE IS PRODUCED

S
DISINFECTANT AS A DISINFECTANT
X No
X No
X No
X No
X Yes
X Yes

CHLORINE vs. UV FOR DISINFECTION
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Alternate Disinfectants

Chloramine
Chloramine is a very weak disinfectant for Giardia and virus reduction. It is recommended that it
be used in conjunction with a stronger disinfectant. It is best utilized as a stable distribution system
disinfectant.

In the production of chloramines, the ammonia residuals in the finished water, when fed in excess
of the stoichiometric amount needed, should be limited to inhibit growth of nitrifying bacteria.

Chlorine Dioxide

Chlorine dioxide may be used for either taste and odor control or as a pre-disinfectant. Total
residual oxidants (including chlorine dioxide and chlorite, but excluding chlorate) shall not exceed
0.30 mg/L during normal operation or 0.50 mg/L (including chlorine dioxide, chlorite and chlorate)
during periods of extreme variations in the raw water supply.

Chlorine dioxide provides good Giardia and virus protection but its use is limited by the restriction
on the maximum residual of 0.5 mg/L ClO2/chlorite/chlorate allowed in finished water. This limits
usable residuals of chlorine dioxide at the end of a process unit to less than 0.5 mg/L.

Where chlorine dioxide is approved for use as an oxidant, the preferred method of generation is to
entrain chlorine gas into a packed reaction chamber with a 25% aqueous solution of sodium chlorite
(NaClOy).

Warning: Dry sodium chlorite is explosive and can cause fires in feed equipment if leaking solutions
or spills are allowed to dry out.

Ozone

Ozone is a very effective disinfectant for both Giardia and viruses. Ozone CT(Contact time) values
must be determined for the ozone basin alone; an accurate T10 value must be obtained for the
contact chamber, residual levels measured through the chamber and an average ozone residual
calculated.

Ozone does not provide a system residual and should be used as a primary disinfectant only in
conjunction with free and/or combined chlorine.

Ozone does not produce chlorinated byproducts (such as trihalomethanes) but it may cause an
increase in such byproduct formation if it is fed ahead of free chlorine; ozone may also produce its
own oxygenated byproducts such as aldehydes, ketones or carboxylic acids. Any installed
ozonation system must include adequate ozone leak detection alarm systems, and an ozone off-
gas destruction system.

Ozone may also be used as an oxidant for removal of taste and odor or may be applied as a pre-
disinfectant.
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Additional Drinking Water Methods (non EPA) for Chemical

Parameters

Method
4500-CI' B

4500-CI'D

4500-CI D

4500-CI E

4500-CI F

4500-CI G

4500-CI H

4500-Cl |

4500-CIO2

Cc

4500-CIO2

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 |l
(Stage 1 DBP use SM
19th Ed. only)
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Standard Methods for the
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Standard Methods for the
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Chlorine Dioxide Methods

Most tests for chlorine dioxide rely upon its oxidizing properties. Consequently, numerous
test kits are readily available that can be adapted to measure chlorine dioxide. In addition,
new methods that are specific for chlorine dioxide are being developed. The following are the
common analytical methods for chlorine dioxide:

DPD Chlorophenol Direct lodometric | Amperometric
glycine Red Absorbance Titration Titration
Method Type: Colorimetric Colorimetric Colorimetric Titrimetric Titrimetric
How It Works Glycine ClOz bleaches | The direct Two aliquots are taken one is
removes Clz; chlorophenol measurement | sparged with N2 to remove
ClO2 forms a red indicator. of ClOz2 is ClOs2. Kl is added to the other
pink color, The degree of | determined sample at pH7 and titrated to
whose bleaching is between 350 | a colorless endpoint. The pH
intensity is proportional to | and 450 nM. is lower to 2, the color
proportional the allowed to reform and the
to the CIO2 concentration titration continued. These
concentration. | of ClOx. titrations are repeated on the

sparged sample.

Range 0.5t05.0 100 to 1000

0.1 to 1.0 ppm >1 ppm <1ppm
ppm. pp ppm pp pp
Interferences Oxidizers None Color, Oxidizers
turbidity
Complexity Simple Moderate Simple Moderate High
Equipment Spectrophotometer Titration Amperometric
Required or Colorimeter equipment Titrator
EPA Status Approved Not Not Not Approved
bp approved approved approved PP
Recommendation Marginal Yes Marginal Yes Marginal
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Chlorine Exposure Limits
This information is necessary to pass your certification exam.

* OSHA PEL 1 PPM - IDLH 10 PPM and Fatal Exposure Limit 1,000 PPM
The current OSHA 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. It can be readily compressed into a clear, amber-colored
liquid, a noncombustible gas, and a strong oxidizer. Solid 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. Clz + NHas.

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 by collectively as hypochlorous acid and the hypochlorite ion. When chlorine gas is
added to water, it rapidly hydrolyzes. The chemical equations best describes this reaction is CI2 +
H20 --> 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 ,assuming that the threads
on the valve may be worn.

The connection from a chlorine cylinder to a chlorinator should be replaced by using a new,
approved gasket on the connector. Always follow your manufacturer’s instructions.

On a one-ton container, 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 ad