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Chapter 1: Water Resources and The Origin of Contaminants

4} Learning Objectives

After reading this section, you should be able to:

o Understand and describe water sources
o Describe the water cycle
o Compare the term water contaminants with water pollutants

This chapter presents a brief introduction to the water sources that are available for potable supply; detailed information is
presented in Water 132 (Water Supply). Understanding drinking water sources is important to assess the variety of contaminants
that can be present in water.

Water Sources

According to the United States Geological Survey (USGS), 71% of the Earth’s surface is covered in water, and of that 97% are the
oceans. The Earth’s water can be broken into two different categories: freshwater and salt water. Fresh water is simply water that is
not salty and can be found in the planet’s surface water such as streams, lakes, and frozen as ice, but also underground in aquifers.
Fresh water is stored on the surface as surface water or stored underground in aquifers as groundwater. Salt water can be found in
the world’s oceans.

Figure 1.1 shows that our planet’s water sources are limited. Freshwater is much easier to use for potable (drinkable) applications
because it requires simpler treatment. However, it represents only a small fraction of the Earth’s water portfolio. A large proportion
of the freshwater is locked in glaciers and is not accessible. As a result, less than 1% of the water present on the planet is
groundwater and surface water that can be more easily used as potable water source. Although desalination plants have become
more prevalent, they are very costly, and their overall environmental impacts are unknown.

Distribution of Earth's Water
Frash-

water 3% Other 0.9% Rivers 2%
A— . Surface 4

waler
Ground I 0.3%

water

Earth's water Freshwater Fresh
surface water

{iquid)
Figure Chapterl.1: Distribution of Earth’s Water. (Timothy Bralower is licensed under CC BY-NC-SA 3.0)

The origin of a water source determines its characteristics and the presence of specific contaminants. The concentration and
composition of contaminants in water is also influenced by the movements of water, which is illustrated by the water hydrologic
cycle (Figure 1.2). The Water Cycle is both driven by gravity (i.e., water flows downhill) and sunlight (i.e., water evaporates and

condenses).
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Figure Chapterl.2: Water Hydrologic Cycle. (USGS is in the public domain)

[1] This page titled 9.9: Water Contamination is shared under a CC BY-NC-SA license and was authored, remixed, and/or curated
by Chris Johnson, Matthew D. Affolter, Paul Inkenbrandt, & Cam Mosher (OpenGeology) .

This page titled Chapter 1: Water Resources and The Origin of Contaminants is shared under a not declared license and was authored, remixed,
and/or curated by Chris Johnson, Matthew D. Affolter, Paul Inkenbrandt, & Cam Mosher (OpenGeology) (ZTC Textbooks) .
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1.1: Classifications of Contaminants

According to the Safe Drinking Water Act, a contaminant is any physical, chemical, biological, or radiological substance in water. While some contaminants are harmless, others are deadly.
Contaminants can even mix with water molecules in the atmosphere. Technically, any compound that is not a water molecule is a contaminant when it comes to water.

Pin It! Misconception Alert

Many people think that all contaminants are manmade. They are not! Some have natural sources in the soil, such as arsenic and uranium. These can be expensive to rer
rocks around the water source.

Water can be contaminated by various human-caused (anthropogenic) activities or by existing natural features (natural contaminants) like mineral-rich geologic formations. It is not uncommon to find
naturally occurring fluoride or arsenic in water.

Agricultural activities, industrial operations, landfills, animal operations, and small and large scale sewage treatment processes, among many other things, all can potentially contribute to
contamination. As water runs over the land or infiltrates into the soil and groundwater, it dissolves material left behind by these potential contaminant sources.

There are three major groups of contamination: inorganic chemicals, organic chemicals, and biological agents. The risks and type of remediation for a contaminant depend on the type of chemicals
present.

Pin It! Misconception Alert

People use the words contaminants and pollutants interchangeably. What is the difference between a

contaminant and a pollutant?

« A contaminant is a substance that is not normally expected.

o A pollutant is a substance found at a concentration that has reached a level that adversely affects
the suitability of the water for its intended purpose.

This page titled 1.1: Classifications of Contaminants is shared under a not declared license and was authored, remixed, and/or curated by Don Kendall & Stephanie Anagnoson (ZTC Textbooks) .
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1.2: Key Terms

Key Terms

o anthropogenic contaminants — human-caused (manmade) contaminants
e contaminant — a substance that is not normally expected
o groundwater — water stored in the ground

¢ natural contaminants — contaminants in soil geology, erosion of soils, etc. Examples of contaminants include fluoride and
arsenic

o pollutant — a substance found at a concentration that has reached a level that adversely affects the suitability of the water for its
intended purpose

« surface water — water on the surface of the earth

This page titled 1.2: Key Terms is shared under a not declared license and was authored, remixed, and/or curated by Don Kendall & Stephanie
Anagnoson (ZTC Textbooks) .

https://workforce.libretexts.org/@go/page/38879
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1.3: Review Questions

Review Questions
1. Outline the water cycle highlighting water sources.

2. List the major contaminants of water in the environment.

This page titled 1.3: Review Questions is shared under a not declared license and was authored, remixed, and/or curated by Don Kendall &

Stephanie Anagnoson (ZTC Textbooks) .

https://workforce.libretexts.org/@go/page/38880


https://libretexts.org/
https://workforce.libretexts.org/@go/page/38880?pdf
https://workforce.libretexts.org/Bookshelves/Water_Systems_Technology/Water_135%3A_Water_Quality/01%3A_Water_Resources_and_The_Origin_of_Contaminants/1.03%3A_Review_Questions
https://workforce.libretexts.org/Bookshelves/Water_Systems_Technology/Water_135%3A_Water_Quality/01%3A_Water_Resources_and_The_Origin_of_Contaminants/1.03%3A_Review_Questions
https://workforce.libretexts.org/Bookshelves/Water_Systems_Technology/Water_135%3A_Water_Quality/01%3A_Water_Resources_and_The_Origin_of_Contaminants/1.03%3A_Review_Questions?no-cache
https://workforce.libretexts.org/Bookshelves/Water_Systems_Technology/Water_135%3A_Water_Quality/01%3A_Water_Resources_and_The_Origin_of_Contaminants/1.03%3A_Review_Questions?no-cache
https://www.canyons.edu/academics/onlineeducation/ztc/textbooks.php

LibreTexts"

1.4: Chapter Quiz

Chapter Quiz
. How much water on planet earth is easily treated for drinking water?

. 96%

. 20.9%

. 32%

. <1.0%

. Most of the water on earth is found in the
. atmosphere

. ocean

. ground
. rivers

WA WNRFR, N A WNR -

. Which of the following is a natural contaminant?

. Pesticides

. Nitrates

. Phosphates
. Fluoride

A b WOWDN PR

. Anthropogenic contaminants refers to

. turbidity

. geological contaminants
. inorganic contaminants

. manmade contamination

The is(are) essential for the maintenance of most life and ecosystems on the planet.

. climate

. water cycle

. aesthetic characteristic of water
. atmospheric circulation

The drive(s) the water cycle.

. types of precipitation
. 0Xygen concentration
. nutrient levels

sun

N A WNERE O OAWNRE, A WNR

. What portion of surface water is found in the permafrost and ice?

69%

. 68.7%
. 96.5%
. 30.1%

This page titled 1.4: Chapter Quiz is shared under a not declared license and was authored, remixed, and/or curated by Don Kendall & Stephanie
Anagnoson (ZTC Textbooks) .
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Chapter 2: Introduction to Chemistry and Matter

€0 Learning Objectives

After reading this section, you should be able to:

¢ Discuss matter, elements, molecules, and atoms
o Explain electronegativity

o Explain chemical bonding and compounds

e Explain chemical equations and reactions

o Discuss physical states of matter

This chapter presents the fundamentals of chemistry, starting with an introduction on matter and its elemental constituents.
Molecular arrangements and chemical bonding are then introduced, followed by examples of chemical nomenclature.

Composition of Matter

Matter can be viewed as anything that has a mass and occupies a space, i.e., that has a specific volume. Mass is defined as a
measurement of the quantity of matter present.

Pin It! Misconception Alert

Mass is different than weight though people commonly use them
interchangeably. Mass is how much matter is present. Weight is a
measure of the gravitational pull on the object. So, your weight
will change if you travel to the moon, but your mass will not!

Elements and Atoms

At the center of all matter are elements. Elements are basic substances that cannot be broken down without altering their basic
identities; they cannot be further simplified (e.g., hydrogen, H; oxygen, O). An atom is the smallest amount of an element. The
center of each atom contains a nucleus made of protons (very small particles with a positive electric charge) and neutrons (very
small particles, without electrical charge), with electrons (very small, negatively charged particles) that gravitate around the
nucleus. Electrons have an insignificant mass compared to protons and neutrons.

11: Sodium 2,8,1
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Figure Chapter2.1: Electron Shells Gravitating Around Sodium Atom. (Image by Greg Robson is licensed under CC BY-SA 2.0)
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Electrons gravitate around the nucleus of protons and neutrons in layers or shells (Figure Chapter2.1. There is only a limited
number of electrons per shell, as shown in Figure \(\PageIndex{2}\.

Nucleus. 2) 8

Figure Chapter2.2: Maximum Number of Electrons per Shell. (Image by COC OER is licensed under CC BY 4.0)

Atoms have the same number of protons and electrons; thus, atoms have a neutral electrical charge. However, most atoms tend to
gain or lose electrons to complete their last electron shell and obtain a stable electron configuration. Only the Noble Gasses (such
as helium, neon, and argon) do not tend to gain or lose electrons because their electron configuration is naturally stable. An atom
with an unequal number of protons and electrons is called an ion. Atoms that lose electron(s) become positively charged and are
called cation (e.g., sodium, Na*). Atoms that gain electron(s) become negatively charged and are called anion (e.g., chloride, CI").
Note that only electrons are gained, lost, or shared because they are readily available; only radioactive compounds can release
protons and neutrons.

Pin It! Misconception Alert

Be careful distinguishing between cations and anions. An atom
with an unequal number of protons and electrons is an ion. Cations
are positively charged ions and anions are negatively charged ions.

The Periodic Table illustrates all elements that have been found or were synthesized to date (Figure Chapter2.3. In this table,
elements are ordered in increasing number of protons (from left to right in each row; rows are called periods) and are grouped in
columns (called groups) by electron configuration. For example, chlorine appears as number 17 in the Periodic Table (i.e., its
atomic number is 17), which means that it has 17 protons. Chlorine is part of the Halogen Family, which all tend to gain an electron

to stabilize their last electron shell. While gaining this electron, they become negative charged (e.g., chlorine becomes chloride,
CI). Each column represents a family, e.g., Alkali Metals (Column 1), Alkali Earth Metals (Column 2), Halogens (Column 17), and
Noble Gases (Column 18). Some families are named after their first element, e.g., Boron Family (Column 13), Nitrogen Family
(Column 15), and Oxygen Family (Column 16). Additional characteristics are presented later.
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Figure Chapter2.3: Period Table of the Elements. (Image is in the public domain)

The valence (also called the ionic state or oxidation state) is the number of electrons gained, lost, or shared between atoms.
Because all elements of a family share similar electron configuration, they all tend to have the same valence, as follows:

o Noble Gases are stable, thus their valence is 0.

o Alkali Metals tend to lose one electron, thus their valence is +1.

o Alkali Earth Metals tend to lose two electrons, thus their valence is +2.

o Elements of the Boron Family tend to lose three electrons, thus their valence is +3.

o Halogens tend to gain one electron, thus their valence is -1.

o Elements of the Oxygen Family tend to gain two electrons, thus their valence is -2.

o Elements of the Nitrogen Family tend to gain three electrons, thus their valence is -3.

Certain elements have multiple valences with different characteristics based on their valence. For example, ferrous iron, Fe?*, has
lost two electrons (it has a valence of +2) and is highly soluble in water. On the other hand, ferric iron, Fe3* (valence of +3), has
lost three electrons and is insoluble in water, i.e., it forms a solid and precipitates. Trivalent chromium (i.e., chromite, also called
chromium 3, Cr (III), or Cr>") has lost three electrons and has a valence of +3. It is an essential element that helps regulate the
body’s use of sugar, proteins, and fats. However hexavalent chromium (i.e., chromate, also called chromium 6, Cr (VI), or Cr®")
has lost six electrons (valence of +6) and is toxic to humans.

Electronegativity is the degree of attraction of an element for electrons; it defines an element’s affinity for electrons.

Electronegativity determines whether an atom will gain, lose, or share electrons.

Molecules and Compounds

Molecules or compounds result from the combination of two or more atoms that are chemically joined (or bonded); e.g., oxygen in
the air, Op; water, H,O. Atoms will tend to combine in such ways to increase their stability and complete their electron
configuration. For some molecules, this means that they will obtain a zero net electrical charge.

Chemical bonds can be grouped in two broad categories, as illustrated in Figures \(\PageIndex{4}\ and \(\PageIndex{5}\.
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2H + @
Figure Chapter2.4: Example of a covalent bond. (Image by OpenStax is licensed under CC BY4.0)

Figure Chapter2.5: Example of an ionic bond. (Image by OpenStax is licensed under CC BY 4.0)

1. In an ionic bond, electrons are transferred from one atom to another. The atom that loses electron(s) becomes positively
charged and is called a cation. Conversely, the atom that gains electron(s) becomes negatively charged and is called an anion.
Examples of ionic bonds are shown in Table \(\PageIndex{1}\.

2. In a covalent bond, electrons are shared between atoms. The electronegativity of each atom will determine the polarity of the
resulting molecule.

Table \(\PageIndex{1}\: Examples of Ionic Bonds

Example Explanation

1. Sodium tends to lose 1 electron to become Na*
Sodium chloride, NaCl 2. Chloride tends to gain 1 electron to become CI°
3. Net zero charge: Na*! + CI"! = NaCl°

1. Sodium tends to lose 1 electron to become Na*
Sodium oxide, NayO 2. Oxygen tends to gain 2 electrons to become 0%
3. Net zero charge: (2 x Na+1) +(1x 02') = Nay,O

Table \(\PageIndex{2}\: Examples of Covalent Bonds
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Example Explanation

Hydrogen, Hy:
Single covalent bond: H- H
Chlorine, CI2:

Homonuclear molecules: Single covalent bond: C} Cl

Equal attraction for the shared electron(s) Oxygen, O»:

Double covalent bond: O = O
Nitrogen, N»:
Triple covalent bond: N = N

1. Hydrogen, H*

Valence of +1: Need 1 bond
2. Oxygen, O%

Valence of -2: Need 2 bonds
3. Net zero charge:

@xHY+(1x0*)=H,0

Heteronuclear molecule:
Unequal attraction for the shared electron(s)
Example: Water, H20

The key differences between ionic and covalent bonds are summarized in Table \(\PageIndex{3}\ on the following page.

Table \(\PageIndex{3}\: Comparison of Ionic Bonds and Covalent Bonds

Ionic Bonds Covalent Bonds

o Electrons are shared between atoms
e Transfer of electron(s) from one atom to another ]
. . Organic compounds
e Tend to be inorganic

e High melting point
e Often solid at room temperature

e Low melting point

e Solid, liquid or gas at room temperature

e Poor conductor

e Good conductor ) .

¢ Resulting substance is called a molecule or molecular

o Resulting substance is called a compound
compound

Dissociation

Molecules that result from polar covalent bond (i.e., atoms of different types that share electrons) may breakdown or dissociate.
This is the case for water, H,O, which dissociates into hydrogen ion, H*, and hydroxide, OH". The dissociation of water is
measured as pH.

Chemical Names?
The Period Table (Figure Chapter2.3 presents all the elements that are known to mankind to this day.

Cations keep is the same name as the element name listed in the Periodic Table. For example, the sodium ion Na*. Anions have "-
ide" at the end when they are formed from elements. For example, chloride, Cl" is the anion of the element chlorine.

Binary compounds (contain only two elements) are a little more complicated to name based on whether they have ionic or covalent
bonds. If they are composed of a metal and a polyatomic ion (non-metal), then you use the name of the metal in the periodic table
and then the name of the polyatomic ion. If the polyatomic ion is a single element, then change the ending to “ide”, even if one
element has multiple atoms: for example, magnesium chloride, MgCl,.

Metals with variable valences, such as the Transition Metals (Columns 3 through 12 of the Periodic Table, Figure Chapter2.3, are
more complex because they are followed by a symbol that reflects the valence. This was introduced earlier in Section 2.1.1. For
example, trivalent chromium (i.e., chromite) has a valence of +3, and is referred to as Cr(III), or Cr®*; hexavalent chromium (i.e.,
chromate) has a valence of +6 and is referred to as Cr(VI), or Cr®".

Naming acids and their derivatives is more complex and may depend on the acid’s oxidation state. Generally, the acids with the
highest oxidation state end in —ic; e.g., sulfuric acid (H,SO,), nitric acid (HNOj3), or phosphoric acid (H3PO,). Their salts end in —
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ate; e.g., sulfate (S04%), nitrate (NO3"), or phosphate (PO42). Acids with the next lowest oxidation state end in —ous; e.g., sulfurous
acid, H,SO3. Their salts end in —ite; e.g., sulfite, SO3%". Acids with the lowest oxidation state begin in hypo— and end in —ous; e.g.,
hypochlorous acid, HOCI. Their salts begin in hypo— and end in —ite; e.g., hypochlorite ion, OCI".

Physical States of Matter

States of matter are distinct forms that matter can take. They are based on how elements are arranged in matter. Matter can take
four different states (Figure Chapter2.6:

1. Solid: Volume and shape are fixed;

2. Liquid: Fixed volume, but variable shape that adapts to its container;
3. Gas: Volume and shape are variable;

4. Plasma: Variable volume and shape, with electrical charges.

The physical states of matter reflect different energy levels: solids have the lowest energy level, followed by liquids. Gases have
higher energy levels, and plasma have the highest energy level. In water, the first three states (i.e., solid, liquid and gas) are

important.
Sublimation
Melting Vaporization lIonization
| =
= S -
Solid Freezing Liquid Condensation Gas Deionization Plasma
Deposition
Enthalpy of the system .
Figure Chapter2.4: Physical States of Matter. (Image by ElfQrin is licensed under CC BY-SA 4.0)
Key Terms

e anion — an atom that gains electrons and becomes negatively charged

e cation — an atom that loses one or more electrons and becomes positively charged

o covalent bond — A type of bond in which electrons are shared between atoms; organic compounds; low melting point; solid,
liquid or gas at room temperature; poor conductor; resulting substance is called a molecule or molecular compound

o electronegativity — the degree of attraction of an element for electrons; it defines an element’s affinity for electrons.
Electronegativity determines whether an atom will gain, lose, or share electrons.

o ionic bond — Transfer of electron(s) from one atom to another; tend to be inorganic; High melting point; often solid at room
temperature; good conductor; resulting substance is called a compound

e mass — a measurement of the quantity of matter present

o matter — anything that has a mass and occupies a space; can take on four states (solid, liquid, gas, and plasma)

o periodic table — an organization of all elements that have been found or synthesized in order from increasing number of protons
(from left to right in each row); rows are called periods and columns are called groups

o valence - also called the ionic state or oxidation state; the number of electrons gained, lost, or shared between atoms. Because
all elements of a family share similar electron configuration, they all tend to have the same valence

[1] Nomenclature is shared under a CC BY license and was authored, remixed, and/or curated by LibreTexts.

This page titled Chapter 2: Introduction to Chemistry and Matter is shared under a not declared license and was authored, remixed, and/or curated
by Don Kendall & Stephanie Anagnoson (ZTC Textbooks) .
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2.1: Review Questions
Review Questions
1. Define matter.
2. Define element.
3. Define atom.
4. Define electronegativity.
5. List the types of chemical bonding and define each one.
6. What is a chemical reaction?

7. List the physical states of matter and describe each one.

This page titled 2.1: Review Questions is shared under a not declared license and was authored, remixed, and/or curated by Don Kendall &

Stephanie Anagnoson (ZTC Textbooks) .

https://workforce.libretexts.org/@go/page/38887
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2.2: Chapter Quiz

Chapter Quiz

determines whether an atom will gain, lose, or share electrons.

. Covalent bonding

. Tonic bonding

. Physical states of matter
. Electronegativity

. The physical states of matter reflect different energy levels; have the lowest energy level.
solids

. liquids

gas

plasma

w A WO N - N A W N R =

are basic substances that cannot be broken down without altering their basic identities; they cannot be further
simplified.

Atoms

. Molecules
. Electrons
. Protons

. The center of each atom contains a nucleus made of protons (very small particles with a positive electric charge) and neutrons
(very small particles, without electrical charge), with electrons (very small, negatively charged particles) that gravitate around
the nucleus.

. protons and neutrons
. electrons
. neutrons

A W N -

. protons
are very small particles with a positive electric charge.

. protons and neutrons
. electrons

. neutrons

protons

are very small, negatively charged particles.

. protons and neutrons
. electrons

. neutrons

. protons

N A WNER O ORAWNPR U

cannot be created or destroyed over the course of chemical reactions. Thus, the number of must be the same
for each element and on each side of the equation.

. Molecules, molecules
. Reactants, products

. Atoms, atoms

. Products, reactants

1
2
3
4

This page titled 2.2: Chapter Quiz is shared under a not declared license and was authored, remixed, and/or curated by Don Kendall & Stephanie
Anagnoson (ZTC Textbooks) .

https://workforce.libretexts.org/@go/page/38888
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Chapter 3: Chemical Equations

4b Learning Objectives

After reading this section, you should be able to:

o Describe ionic, covalent, and hydrogen bonding
o Explain synthesis, decomposition, exchange, and combustion reactions
e Describe the energy flow through chemical reactions

Bonding

The model of the atom presented in Chapter 2 is known as the “Bohr” model, and was developed in 1913, by Danish scientist Niels
Bohr (1885-1962). His model shows the atom as a central nucleus containing protons and neutrons, with the electrons in circular
orbitals at specific distances from the nucleus, as Figure 3.1 illustrates. These orbits form electron shells or energy levels, which
are a way of visualizing the number of electrons in the outermost shells. These energy levels are designated by a number and the
symbol “n.” For example, 1n represents the first energy level located closest to the nucleus.

Figure Chapter3.1: In 1913, Niels Bohrs developed the Bohr model in which electrons exist within principal shells. An electron
normally exists in the lowest energy shell available, which is the one closest to the nucleus. Energy from a photon of light can
bump it up to a higher energy shell, but this situation is unstable, and the electron quickly decays back to the ground state. In the
process, it releases a photon of light. (Copyright; by OpenStax is licensed under CC BY 4.0)
Electrons fill orbitals in a consistent order: they first fill the orbitals closest to the nucleus, then they continue to fill orbitals of
increasing energy further from the nucleus. If there are multiple orbitals of equal energy, they fill with one electron in each energy
level before adding a second electron. The electrons of the outermost energy level determine the atom's energetic stability and its
tendency to form chemical bonds with other atoms to form molecules. We refer to the outermost energy level as the valence shell.

Under standard conditions, atoms fill the inner shells first, often resulting in a variable number of electrons in the outermost shell.
The innermost shell has a maximum of two electrons, but the next two electron shells can each have a maximum of eight electrons.
With the exception of the innermost shell, atoms are more stable energetically when they have eight electrons in their valence shell.
This is an atom’s natural preferred configuration. As such, an atom may give, take, or share electrons with another atom to achieve
a full valence shell, and is how covalent and ionic bonds are formed. Refer back to Tables 2.1 and 2.2 in Chapter 2, for examples of
these types of bonds.

Remember,

1. In an ionic bond, electrons are transferred from one atom to another. The atom that loses electron(s) becomes positively
charged and is called a cation. Conversely, the atom that gains electron(s) becomes negatively charged and is called an anion.
Examples of ionic bonds are shown in Table 2.5.

2. In a covalent bond, electrons are shared between atoms. The electronegativity of each atom will determine the polarity of the
resulting molecule.

There is one more bond to talk about, the hydrogen bond.
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Hydrogen Bonds

A hydrogen bond is a special type of bond which occurs when a hydrogen atom bonded to a strongly electronegative atom (like
oxygen) in the vicinity of another electronegative atom with a lone pair of electrons. These bonds are much weaker than covalent
and ionic bonds.

For a hydrogen bond to occur there must be both a hydrogen donor and an acceptor present. The donor in a hydrogen bond is the
atom to which the hydrogen atom participating in the hydrogen bond is covalently bonded, and is usually a strongly electronegative
atom such as N, O, or F. The hydrogen acceptor is the neighboring electronegative ion or molecule and must possess a lone electron
pair in order to form a hydrogen bond.

The most common example of hydrogen bonding in the natural world occurs between molecules of water. It happens before your
eyes whenever two raindrops merge into a larger bead, or a creek spills into a river. Hydrogen bonding occurs because the weakly
negative oxygen atom in one water molecule is attracted to the weakly positive hydrogen atoms of two other water molecules
(Figure Chapter3.2).

Covalent bond

o o “ o

’

>

Hydrogen bond

Figure Chapter3.2: Hydrogen Bonds between Water Molecules. Notice that the bonds occur between the weakly positive charge on

the hydrogen atoms and the weakly negative charge on the oxygen atoms. Hydrogen bonds are relatively weak, and therefore are

indicated with a dotted (rather than a solid) line. ( Image by OpenStax is licensed under CC BY 4.0.)
Water molecules also strongly attract other types of charged molecules as well as ions. This explains why “table salt,” for example,
actually is a molecule called a “salt” in chemistry, which consists of equal numbers of positively-charged sodium (Na*) and
negatively-charged chloride (CI"), dissolves so readily in water, in this case forming dipole-ion bonds between the water and the
electrically-charged ions (electrolytes). Water molecules also repel molecules with nonpolar covalent bonds, like fats, lipids, and
oils. You can demonstrate this with a simple kitchen experiment: pour a teaspoon of vegetable oil, a compound formed by nonpolar
covalent bonds, into a glass of water. Instead of instantly dissolving in the water, the oil forms a distinct bead because the polar
water molecules repel the nonpolar oil.

Types of Hydrogen Bonds

Hydrogen bonds can occur within one single molecule, between two like molecules, or between two unlike molecules.

o Intramolecular hydrogen bonds: Intramolecular hydrogen bonds are those which occur within one single molecule. This
occurs when two functional groups of a molecule can form hydrogen bonds with each other. In order for this to happen, both a
hydrogen donor an acceptor must be present within one molecule, and they must be within close proximity of each other in the
molecule. For example, intramolecular hydrogen bonding occurs in ethylene glycol (C,H,4(OH),) between its two hydroxyl
groups due to the molecular geometry.

o Intermolecular hydrogen bonds: Intermolecular hydrogen bonds occur between separate molecules in a substance. They can
occur between any number of like or unlike molecules as long as hydrogen donors and acceptors are present in positions in
which they can interact. For example, intermolecular hydrogen bonds can occur between NH3 molecules alone, between H,O
molecules alone, or between NH3 and H>O molecules.
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Hydrogen bonding plays a crucial role in many biological processes and can account for many natural phenomena such as the
unusual characteristics of water. In addition to being present in water, hydrogen bonding is also important in the water transport
system of plants, protein structure, and nucleic acids.

Molecular Mass and Moles

The molecular mass of a substance is the sum of the average masses of the atoms in one molecule of a substance. It is calculated by
adding together the atomic masses of the elements in the substance, each multiplied by its subscript (written or implied) in the
molecular formula. Because the units of atomic mass are atomic mass units, the units of molecular mass are also atomic mass units.

A mole is defined as the amount of a substance that contains the number of carbon atoms in exactly 12 g of isotopically pure
carbon-12. According to the most recent experimental measurements, this mass of carbon-12 contains 6.022142 x 10%3 atoms, but
for most purposes 6.022 x 10?3 provides an adequate number of significant figures. Just as 1 mole of atoms contains 6.022 x 10%3
atoms, 1 mole of eggs contains 6.022 x 10?3 eggs. The number in a mole is called Avogadro’s number, after the 19th-century Italian
scientist who first proposed how to measure the number of molecules in a gas.

The mole provides a bridge between the atomic world (amu) and the laboratory (grams). It allows determination of the number of
molecules or atoms by weighing them. The numerical value of Avogadro's number, usually written as No, is a consequence of the
arbitrary value of one kilogram, called the International Prototype Kilogram, and the choice of reference for the atomic mass unit
scale, one atom of carbon-12. Why? Because the number of carbon atoms in exactly 12 g of isotopically pure carbon-12 contains

023

almost exactly 6.022 x 10-° atoms.

So how much does 1 mole of H,O weigh? The atomic mass of hydrogen is 1. We have two of them in water. The atomic mass of
oxygen is 16. So 2 x 1)H + (16)0=18 g

Chemical Reactions

Chemical energy is the form of potential energy in which energy is stored in chemical bonds. When those bonds are formed,
chemical energy is invested, and when they break, chemical energy is released. Notice that chemical energy, like all energy, is
neither created nor destroyed; rather, it is converted from one form to another.

All chemical reactions begin with a reactant, the general term for the one or more substances that enter into the reaction. Sodium
and chloride ions, for example, are the reactants in the production of table salt. The one or more substances produced by a chemical
reaction are called the product.

In chemical reactions, the components of the reactants—the elements involved and the number of atoms of each—are all present in
the product(s). Similarly, there is nothing present in the products that are not present in the reactants. This is because chemical
reactions are governed by the law of conservation of mass, which states that matter cannot be created or destroyed in a chemical

reaction.

Just as you can express mathematical calculations in equations such as 2 + 7 = 9, you can use chemical equations to show how
reactants become products. As in math, chemical equations proceed from left to right, but instead of an equal sign, they employ an
arrow or arrows indicating the direction in which the chemical reaction proceeds. For example, the chemical reaction in which one
atom of nitrogen and three atoms of hydrogen produce ammonia would be written as N+3H - NH,. Correspondingly, the
breakdown of ammonia into its components would be written as NH3 — N + 3H.

Notice that, in the first example, a nitrogen (N) atom and three hydrogen (H) atoms bond to form a compound. This anabolic
reaction requires energy, which is then stored within the compound’s bonds. Such reactions are referred to as synthesis reactions. A
synthesis reaction is a chemical reaction that results in the synthesis (joining) of components that were formerly separate (Figure
Chapter3.3. Again, nitrogen and hydrogen are reactants in a synthesis reaction that yields ammonia as the product. The general

equation for a synthesis reaction is A + B -~ AB.
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a) In a synthesis reaction, two components bond to make a larger molecule. Energy is required and is stored in
the bond:

NOTE + BOOK—=NOTEBOOK

b) In a decomposition reaction, bonds between components of a larger molecule are broken, resulting in smaller
products:

BOOKWORM —= BOOK + WORM

c) In an exchange reaction, bonds are both formed and broken such that the components of the reactants are
rearranged:

NOTEBOOK + WORM —=NOTE + BOOKWORM

Figure Chapter3.3: The Three Fundamental Chemical Reactions. The atoms and molecules involved in the three fundamental
chemical reactions can be imagined as words. (Copyright; by OpenStax is licensed and modified under CC BY 4.0.)
In the second example, ammonia is catabolized into its smaller components, and the potential energy that had been stored in its
bonds is released. Such reactions are referred to as decomposition reactions. A decompeosition reaction is a chemical reaction that
breaks down or “de-composes” something larger into its constituent parts (see Figure 3.3). The general equation for a
decomposition reaction is: AB - A+BAB — A+B.

An exchange reaction is a chemical reaction in which both synthesis and decomposition occur, chemical bonds are both formed
and broken, and chemical energy is absorbed, stored, and released (see Figure Chapter3.3). The simplest form of an exchange
reaction might be: A+BC — AB+C. Notice that, to produce these products, B and C had to break apart in a decomposition reaction,
whereas A and B had to bond in a synthesis reaction. A more complex exchange reaction might be: AB+CD — AC+BD. Another
example might be: AB+CD — AD+BC.

In theory, any chemical reaction can proceed in either direction under the right conditions. Reactants may synthesize into a product
that is later decomposed. Reversibility is also a quality of exchange reactions. For instance, A+BC — AB+C could then reverse to
AB+C - A+BC. This reversibility of a chemical reaction is indicated with a double arrow: A+BC2AB+C. Many chemical
reactions do proceed in a predictable direction, either one way or the other. You can think of this more predictable path as the path
of least resistance because, typically, the alternate direction requires more energy.

Combustion Reactions

Combustion reactions are types of chemical reactions where compounds and oxidants react to produce heat and new products. A
common combustion reaction is the reaction between oxygen and hydrocarbons to yield water and carbon dioxide:

(Oxygen) + (Hydrocarbon) (Carbon Dioxide) + (Water) + heat
For example:

e 2H, + Oy — 2H50 + heat
L] CH4 + 202 - C02 + 2H20 + heat

It is also common for a combustion reaction to release light and produce a flame. However, it is not necessary. For a combustion
reaction to be initiated, the activation energy for the reaction must be overcome. Often combustion reactions are started with a

flame, which provides the heat to initiate the reaction. Once combustion begins, the heat that is produced sustains the reaction until
the reactants are used.

In order to recognize combustion reactions, oxygen will be on the reactant side of the equation and the release of heat will be on the
product side of the equation. Sometimes the fuel molecule contains oxygen. For example, the combustion of ethanol:

CoHsOH + 30, - 2C0O; + 3H,0
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Combustion is an exothermic reaction so that it releases heat. However, sometimes the reaction proceeds so slowly that a
temperature change is not noticeable. The signs that a combustion reaction occurs is the presence of oxygen as a reactant and
carbon dioxide, water, and heat as products. Inorganic combustion reaction may not form the same types of products; however, they
are recognizable by the reaction of oxygen. The surest method of recognizing a combustion reaction is that the products contain
carbon dioxide and water.

Combustion does not always proceed to completion or 100-percent efficiency. The reactions are prone to limiting reactants. Two
types of combustion reactions exist:

1. Complete Combustion: known as clean combustion where oxidation of the reactants (hydrocarbons) produces only carbon
dioxide and water. The burning of candle wax, where the heat from the wick vaporizes the wax (hydrocarbon), is an example.
The reaction results from the oxygen in the air so that carbon dioxide and water are the products. All of the wax burns so that
nothing remains once the candle is consumed. The water vapor and carbon dioxide dissipate into the atmosphere.

2. Incomplete Combustion: incomplete combustion is the oxidation of a hydrocarbon that is incomplete or dirty. The products are
carbon monoxide and carbon (soot) in addition to carbon dioxide. An example would be the combustion of coal, where soot and
carbon monoxide are the products. Fossil fuels oxidize incompletely, and they release waste products.

Energy Flow in Chemical Reactions

Chemical bonds represent stored chemical energy, and chemical reactions ultimately result in net absorption or release of energy.
Reactions that release energy are called exergonic reactions. These reactions yield products with less energy than the initial
reactants, along with energy that can be harvested for use. Catabolic and oxidative reactions are exergonic for the most part.

The products of energy absorbing, endergonic, reactions contain potential energy in their chemical bonds which is more than the
energy that the reactants contained. Anabolic reactions are energy absorbing reactions. For example, the energy released when fuel
molecules are broken down (oxidized) is captured in ATP molecules and used to synthesize complex biological molecules the body
needs to sustain life.

Factors that Influence the Rate of Chemical Reactions

If chemical reactions are to occur quickly, the atoms in the reactants have to have easy access to one another. Thus, the greater the
surface area of the reactants, the more readily they will interact. As a general rule, gases tend to react faster than liquids or solids,
again because it takes energy to separate particles of a substance, and gases by definition already have space between their
particles. Similarly, the larger the molecule, the greater the number of total bonds, so reactions involving smaller molecules, with
fewer total bonds, would be expected to proceed faster.

Reactions that involve highly reactive elements like hydrogen proceed more quickly than reactions that involve less reactive
elements. Reactions involving stable elements like helium are not likely to happen at all.

Increasing the temperature of a substance increases the kinetic energy of its particles and the force of their collisions. Chemical
reactions proceed more quickly at higher temperatures.

Chemical reactions progress more rapidly when the reacting particles are present in high numbers, concentrations, because the
chance of collisions are greater. As the concentrations of the reactants declines, the reaction slows. Chemical equilibrium eventually
occurs unless additional reactants are added or products are removed from the reaction site.

Smaller particles move faster than large particles and tend to collide more frequently and more forcefully. The smaller the reacting
particles, the faster a chemical reaction proceeds at a given temperature and concentration.

Chemical reactions in nonliving systems can be speeded up by heating. However drastic increases in body temperature are life
threatening because important biological molecules are destroyed. At normal body temperature, most chemical reactions would
proceed at too slow of a pace to maintain life, if catalysts were not present. Catalysts are substances that increase the rate of
chemical reactions without becoming chemically changed or part of the product. Biological catalysts are called enzymes.

Key Terms

catalysts — substances that increase the rate of chemical reactions without becoming chemically charged or part of the product;
biological catalysts are called enzymes
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combustion reactions — types of chemical reactions where compounds and oxidants react to produce heat and new products
decomposition reactions — a reaction in which larger molecules are split into smaller molecules, ions, or atoms

mole — one mole of a substance is its molecular weight expressed in grams

synthesis reactions — a reaction in which two or more atoms, ions, or molecules combine to form new and larger molecules

[1] 2.1 Atoms, Isotopes, Tons, and Molecules: The Building Blocks by OpenStax is licensed under CC BY 4.0 and was modified by
Donald Kendall.

[2] Hydrogen Bonding is shared under a CC BY-NC-SA 4.0 license and was authored, remixed, and/or curated by Jose Pietri.

[3] This page titled Chapter 1.7: The Mole and Molar Mass is shared under a CC BY-NC-SA 4.0 license and was authored,
remixed, and/or curated by Anonymous.

[4] 2.3 Chemical Reactions by OpenStax is licensed and modified under CC BY 4.0.
[5] Image by OpenStax is licensed under CC BY 4.0.
[6] 2.3 Chemical Reactions by OpenStax is licensed and modified under CC BY 4.0.

This page titled Chapter 3: Chemical Equations is shared under a not declared license and was authored, remixed, and/or curated by Don Kendall
& Stephanie Anagnoson (ZTC Textbooks) .
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3.1: Review Questions
Review Questions
1. Describe hydrogen bonding.
2. Describe synthesis reactions.
3. Describe decomposition reactions.
4. Describe exchange reactions.

5. Describe combustion reactions

This page titled 3.1: Review Questions is shared under a not declared license and was authored, remixed, and/or curated by Don Kendall &

Stephanie Anagnoson (ZTC Textbooks) .
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3.2: Chapter Quiz

Chapter Quiz
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The or combining capacity of an atom is the number of extra or missing electrons in its outermost electron shell.

. valence

. atomic number
. exchange rate

. nucleus

is the oxidation of a hydrocarbon that is incomplete or dirty. The products are carbon monoxide and carbon (soot) in
addition to carbon dioxide.

. Complete combustion

. Incomplete combustion
. Reduction

. Decomposition

is where a hydrogen atom that is covalently bonded to one oxygen or nitrogen atom is attracted to another oxygen or
nitrogen atom. These bonds are weak and do not bind atoms into molecules.

. Ionic bonding

. Covalent bonding

. Hydrogen bonding
. Temporary bonding

is an attraction between ions of opposite charge that holds them together to form a stable molecule.

. Ionic bonding

. Covalent bonding

. Hydrogen bonding
. Temporary bonding

are stronger and more common in living organisms than are true ionic bonds. In the hydrogen molecules, Hy, two
hydrogen atoms share a pair of electrons.

. Ionic bonds

. Covalent bonds

. Hydrogen bonds
. Temporary bonds

represent stored energy.

. Chemical bonds
. Hydrogen bonds
. Covalent bonds
. Tonic bonds

When two or more atoms, ions, or molecules combine to form new and larger molecules, the reaction is called a

decomposition reaction

. exchange reaction
. combustion reaction
. synthesis reaction

are substances that increase the rate of chemical reactions without becoming chemically changed or part of the
product.

. Products

https://workforce.libretexts.org/@go/page/38892
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. Reactants
. Catalysts
. Chemical bonds

. For a combustion reaction to be initiated, the energy for the reaction must be overcome.

. kinetic
. potential
. activation

2
3
4
9
1
2
3
4

This page titled 3.2: Chapter Quiz is shared under a not declared license and was authored, remixed, and/or curated by Don Kendall & Stephanie
Anagnoson (ZTC Textbooks) .

. decomposition
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Chapter 4: Organic Chemistry

4) Learning Objectives

After reading this section, you should be able to:

e Explain carbon-based compounds

e Describe molecular structure

¢ Describe organic matter

¢ Describe methane, trihalomethanes, acetic acid, haloacetic acid

Organic compounds contain carbon. All organic compounds are covalently bonded molecules, and most organic compounds are
large molecules. All other chemicals are considered inerganic compounds, which do not contain carbon. Inorganic compounds
include water, salts, and many acids and bases. Organic and inorganic compounds are equally essential for life.

Organic materials are derived from plant fibers and animal tissues, which are produced by synthesis reactions that produce
materials like rubber, plastics, and other compounds; and fermentation reactions that produce alcohols, acids, antibodies, and other
compounds.

Pin It! Misconception Alert

In chemistry, the word “organic” refers to compounds containing
carbon. It does not refer to organic food (e.g., grown without
chemical fertilizers or pesticides).

Inorganic compounds, in contrast to organic compounds, are combustible, high in molecular weight, and sparingly soluble in water
and a source of food for animal consumers and microbial decomposers.

Organic compounds essential life include carbohydrates, lipids, proteins, and nucleotides. Each of these molecules contain carbon
and they are referred to as organic compounds. Organic compounds are distinguished by the fact that they contain carbon, and
inorganic compounds are defined as compounds that lack carbon. However, carbon dioxide and carbon monoxide are carbon
containing compounds but are considered inorganic compounds.

Organic molecules are large molecules. Only small, reactive parts of their structure interact with other compounds. These areas are
referred to as active sites and are functional groups, such as acid groups, amines, and others.

Carbon is a special atom. No other small atom is so electroneutral. The consequence of its electroneutrality is that carbon does not
lose or gain electrons. It shares them. With four valence shell electrons, carbon forms four covalent bonds with other elements, as
well as with other carbon atoms. As a result, carbon helps to form long, chainlike molecules, ring structures, and other structures
that are uniquely suited for specific roles in living systems.

Many biologic molecules are polymers like carbohydrates and proteins. Polymers are chainlike molecules made of many similar or
repeating units, monomers, which are joined together by dehydration synthesis. During dehydration syntheses, a hydrogen atom is
removed from one monomer and a hydroxyl group is removed from another monomer. The resultant products are joined together
with a covalent bond, and in the process, a water molecule is released. The removal of a water molecule at the bond site occurs
each time a monomer is added to the growing polymer chain.

Hydrocarbons

In organic chemistry, any chemical compound that consists of the elements of carbon and hydrogen is a hydrecarbon. Carbon and
hydrogen atoms share an electron pair forming covalent bonds in hydrocarbons. One of the special properties of carbon is its ability
to form double and triple bonds.

Saturated hydrocarbons contain only the elements of carbon and hydrogen with single bonds between carbon atoms. Methane is the
simplest hydrocarbon, and it is a gas produced in the anaerobic decomposition of organic compounds.
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When hydrocarbon molecules include one or more double or triple bonds between some of the carbon atoms it is not possible for as
many hydrogen atoms to be included in the molecule as when the bonds are single bonds. The term used to describe the presence of
one or more double or triple bonds in a molecule of an organic compound is unsaturated. If the organic compound contains all
single bonds, it is called saturated.

Alkanes, Alkenes, and Alkynes

Hydrocarbons are classified as unsaturated or saturated. Alkanes are a group of saturated hydrocarbons meaning that the
hydrocarbon contains only single bonded carbon atoms represented as:

C-C-C-C (CyHape)

Alkenes are a group of unsaturated hydrocarbons meaning that the hydrocarbon contains double carbon-carbon bonds represented
as:

C=C=C (CnHZn)
Alkynes are hydrocarbons that include triple carbon-carbon bonds (C,Hzp-2).
A bromine solution is used to test for unsaturation of hydrocarbon molecules. Bromine solution is orange in color. When an alkene
is added to a bromine solution, the orange color disappears resulting in a colorless solution. Bromine reacts with alkenes forming a

new colorless compound. This test is useful in distinguishing alkenes from alkanes because alkanes do not react with bromine
solution.

Unsaturated hydrocarbons are distinguished from paraffins by the presence of multiple bonds between some carbon atoms. The
multiple bonds between carbon atoms displace hydrogen atoms, creating molecules containing fewer hydrogen atoms.

Vegetable shortenings available as solid fats are produced from oils through the process of hydrogenation which adds hydrogen
atoms through the addition of hydrogen gas under controlled conditions. Reducing the number of unsaturated bonds increases the
melting point, converting an oil to a solid fat.

e

Figure Chapter4.1: Vegetable shortening. (Image by doornekamph on Pixabay)

Chemical Structure

The parent compound of aromatic hydrocarbons is benzene. Benzene is a 6-carbon ring with double bonds between alternate
atoms. Benzene is used in the manufacture of a variety of commercial products including insecticides, plastics, solvents,
explosives, and dyes.

Alcohols

Alcohols are formed from hydrocarbons by replacing one or more hydrogen atoms by hydroxyl groups (-OH). Methanol is
manufactured synthetically by a catalytic process from carbon monoxide and hydrogen. It is used extensively in manufacturing
organic compounds, like solvents, fuel additives, and formaldehyde. Ethyl alcohol for beverage purposes is produced through the
fermentation of a variety of natural organic materials, like corn, wheat, rice, and potatoes. Industrial ethanol is produced from
fermentation of waste solutions containing sugars, like blackstrap molasses and residues resulting from the purification of cane
sugar.
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Figure Chapter4.2: Grains of cane sugar. (Image by Eritzs is licensed under CC BY-SA 3.0)

Propanol has two isomers, the more common is isopropyl alcohol, which is widely used by industry and sold as a medicinal
rubbing alcohol. The three primary alcohols have boiling points less than 100°C, and they are miscible with water.

e Methanol or methyl alcohol (CH30H)
¢ Ethanol or ethyl alcohol (CH3CH,OH)
o Isopropyl alcohol or 2-Propano (CH3CH3CHOH)

Miscible liquids are homogenous when mixed together.

The derivative of benzene containing one hydroxyl group, known as phenol, has a molecular formula of CgH;OH. The formula and
—ol in the name indicate the characteristics of an alcohol; however, phenol, known as carbolic acid, ionizes in water yielding
hydrogen ions, and exhibits features of an acid. It occurs as natural component of wastes from coal, gas, petroleum, and a variety of
industrial wastes where phenol is used as a raw material. Phenol is a strong toxin that makes the waste materials particularly
difficult to treat in biological systems. Phenols impart undesirable tastes to water at low concentrations.

Aldehydes and Ketones

Aldehydes and ketones are compounds containing a carbonyl group. Formaldehyde is used to produce plastics and resins.
Acetone (dimethyl ketone) is a good solvent of fats and is a common cleaning agent for laboratory glassware.

e Formaldehyde (CH,OH)
e Acetone (CH3CHCOH)

Figure Chapter4.3: Nail polish remover (Image by Chris is licensed under CC BY-NC-SA 2.0)
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Carboxylic Acids

Organic acids contain the carboxyl group, -COOH. Carboxylic acid is the highest state of oxidation that an organic radical can
achieve. Further oxidation results in the formation of carbon dioxide and water. Acids through 9-carbons are liquids, and those
acids with more carbons are greasy solids, fatty acids. Organic acids are weak and ionize poorly.

Formic, acetic, and propionic acids have sharp penetrating odors, and butyric and valeric acids have extremely disagreeable odors
associated with rancid fats and oils. Anaerobic decomposition of long chain fatty acids result in the production of 2 and 3-carbon
acids, which are converted to methane and carbon dioxide gas in decomposition reactions.

e Formic acid (HCOOH)

e Acetic acid (CH;COOH)

¢ Propionic acid (CH3CH,COOH)

e Butyric acid (CH3CH,CH>COOH)
o Valeric acid (C4H9COOH)

e Caproic acid (CsH;;COOH)

Basic compounds react with acids to produce salts. NaOH, sodium hydroxide, reacts with acetic acid to produce sodium acetate.
Soaps are salts of long chain fatty acids. Other derivatives of carboxylic acids include esters, such as ethyl acetate and amides.

e Methylamine (CH3;NH,,

Organic Matter

Biodegradable organic matter in water is classified into three categories: fats, carbohydrates, and proteins. Carbohydrates consist
of sugar units containing the elements of carbon, hydrogen, and oxygen. A single sugar is known as a monosaccharide.
Disaccharides are composed of two monosaccharide units. Sucrose, table sugar, is glucose plus fructose. The most prevalent sugar
in milk is lactose, consisting of glucose plus galactose. Polysaccharides, long chains of sugar units, are divided into two groups:
readily degradable starches, like potatoes, rice, corn, and other edible plants; and cellulose which is found in wood, cotton, paper,
and similar plant tissues. Cellulose compounds degrade biologically at a slower rate than starches.

Proteins are long strings of amino acids containing carbon, hydrogen, oxygen, nitrogen, and phosphorus. They form an essential
part of living tissue and constitute a diet necessary for higher life forms.

Fats refer to a variety of biochemical substances that have the property of being soluble to varying degrees in organic solvents, like
ether, ethanol, acetone, and hexane, while being sparingly soluble in water. Because of their limited solubility, degradation by
microorganisms is very slow. A simple fat is a triglyceride composed of a glycerol unit with short or long chain fatty acids attached.

The majority of carbohydrates, fats, and proteins in nature are in the form of large molecules that cannot penetrate the cell
membrane of microorganisms. Bacteria, in order to metabolize high-molecular weight substances, must be capable of breaking
down the large molecules into diffusible fractions for assimilation into the cell. The first step in bacterial decomposition of organic
compounds is hydrolysis of carbohydrates into soluble sugars, proteins into amino acids, and fats into short fatty acids. Aerobic
biodegradation results in the formation of carbon dioxide and water. Anaerobic digestion, decomposition in the absence of oxygen,
results in the formation of organic acids, alcohols, and other liquid intermediates as well as gaseous entities of carbon dioxide,
methane, and hydrogen sulfide.

Several organic compounds, like cellulose, long chain saturated hydrocarbons, and complex compounds, although available as a
bacterial substrate, are considered non-biodegradable because of the time and environmental limitations of biological treatment
systems. Petroleum derivatives, detergents, pesticides, and synthetic organic compounds are also resistant to biodegradation, and
some of these compounds are toxic and inhibit the activity of microorganisms in biological processes.

Some waste odors are inorganic compounds, like hydrogen sulfide gas; however, many odors are caused by volatile organic
compounds, such as mercaptans and butyric acid. Industries may produce a variety of medicinal odors in the processing of raw
materials. Surface water supplies plagued with blooms of blue green algae have fishy or pigpen odors. The cause of odors can be
anaerobic decomposition, industrial chemicals, or growths of obnoxious microorganisms.
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Figure Chapter4.4: Green ocean water. (Image by Tom Archer is in the public domain.

)

Methane and Trihalomethane

Chlorine is used to inhibit or destroy harmful organisms. This method of disinfection alters cell chemistry causing microorganisms
to die. Chlorine is the most widely used disinfectant chemical. Chlorine is relatively inexpensive and leaves a residual chlorine that
can be measured. An increased interest in disinfection other than chlorine has developed because of the carcinogenic compounds
that chlorine may form, trihalomethanes, THMs.

The exact mechanism of chlorine disinfection action is not fully understood. It is felt that chlorine exerts a direct action against
bacterial cell, destroying them. Another theory is that the toxic character of chlorine inactivates the enzymes, which enable living
microorganisms to use their food supply. As a result, the organisms die. However, the exact mechanism of chlorine disinfection is
less important than its demonstrated effects as a disinfectant.

When chlorine is added to water, several chemical reactions take place. Some of the reactions involve the molecules of the water,
and some reactions involve organic and inorganic substances suspended in the water.

Chlorine combines with organic and inorganic materials to form chlorine compounds. If chlorine is added continuously, eventually
all of the materials in the water that will react with chlorine are used and the chlorine reactions stop. At this point, the chlorine
demand is satisfied.

The chemical reactions between chlorine and organic and inorganic substances produce chlorine compounds. Some chlorine
compounds have disinfecting properties, and some compounds do not. Chlorine also reacts with the water and produces substances
with disinfecting properties. The total of all of the compounds with disinfection properties plus any remaining free, uncombined,
chlorine is known as the chlorine residual. The presence of this measurable chlorine residual indicates that all possible chemical
reactions with chlorine have taken place and that a sufficient available residual of chlorine is available to kill microorganisms
present in the water.

When organic materials are present in water being disinfected with chlorine, the chemical reactions that take place can produce
suspected carcinogenic compounds, THMs. The formation of these compounds can be prevented by limiting the amount of
chlorination and by removing the organic materials before chlorination of the water.

Methane

Methane is a colorless, odorless, flammable gas, and it is the primary constituent of marsh gas and the firedamp of coal mines. It is
obtained commercially from natural gas, and it is the first member of the alkane series of hydrocarbons. The formation of methane
can occur through organic matter decomposition or through organic synthesis which involve microorganisms, methanogenesis. The
synthesis involves anaerobic and aerobic processes. Naturally occurring methane is produced by microbial methanogenesis. This
multistep process is used by microorganisms as an energy source. The net reaction is:

CO, + 8H* - CH, +2 H,0

The final step in the process is catalyzed by the enzyme coenzyme-B sulfoethylthiotransfersase. Methanogenesis is a form of
anaerobic respiration used by organisms that occupy landfills, ruminants, and the guts of termites.

Trihalomethanes

Trihalomethanes are harmful by-products arising from a process of water disinfection with chlorine. Trihalomethanes are formed
when organic materials react with chlorine to form chlorinated by-products. Trihalomethanes are chemical compounds where 3 of
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the 4-hydrogen atoms of methane are replaced by halogen atoms. Trihalomethanes (THMs) are used in industry as solvents or
refrigerants. THMs are environmental pollutants, and many of them are considered carcinogenic. Trihalomethanes with all the
same halogen atoms are called haloform, and they are considered to be volatile organics. Some examples of trihalomethanes are:

¢ Chloroform

¢ Bromodichloromethane
¢ Bromoform

e Carbon tetrachloride

o Tetrachloroethlene

Trihalomethanes are formed as a by-product when chlorine is used to disinfect drinking water. They represent a group of chemicals
referred to as disinfection by-products. They result from the reaction of chlorine or bromine with organic matter present in the
water being treated. THMs have been associated through epidemiological studies with adverse health effects. Governmental
agencies have set limits on the amount permissible in drinking water. The EPA limits the total concentration of the four chief
constituents, chloroform, bromoform, bromodichloromethane, and dibromochloromethane, referred to as total TTHMs to 80 parts
per billion in drinking water.

In drinking water, THM levels tend to increase with pH, temperature, contact time with chlorine, and the level of the organic
precursors. The precursors, organic material, reacts with chlorine to form THMs. One method that is used to decrease THMs is to
eliminate or reduce chlorination before the filters and to reduce precursors. Since more precursors are present before filtration, the
treatment process is directed toward reducing or eliminating the time chlorine is in contact with the water. If some oxidation before
filtration is required, an alternative disinfectant like potassium permanganate or peroxide should be considered. This strategy is not
an option if pre-chlorination is necessary to achieve the required CT, contact time, values.

The EPA has advocated that the best available technology for THM control at treatment facilities is to remove precursors through
enhanced coagulation. Enhanced coagulation refers to a process of optimizing the filtration process to maximize removal of
precursors. Removal is improved by decreasing pH levels to 4 or 5, increasing the feed rate of coagulants, and using ferric
coagulants in place of alum.

Acetic Acid and Haloacetic Acid

Haloacetic acids (HAA) are carboxylic acids where a halogen atom takes the place of hydrogen atoms in acetic acid. In
monohaloacetic acid, a single halogen replaces a hydrogen atom. Chloroacetic acid has the structural formula of CH,CICO,H. In
this manner, two chlorine atoms are present in dichloroacaetic acid where two hydrogen atoms are replaced with chlorine atoms.
Dichloroacetic acid has a structural formula of CHCI,CO,H.

Haloacetic acids (HAA) are a common undesirable by-product of drinking water chlorination. Exposure to such disinfection by-
products in drinking water, at high levels has been associated with undesirable health outcomes through epidemiological studies.
The five most common HAAs in water are:

¢ Monochloroacetic acid (CLCH,COOH)
¢ Dichloroacetic acid (Cl,CHCOOH)

o Trichloroacetic acid (ClI3CCOOH)

¢ Monobromoacetic acid (BrCH,COOH)
e Dibromoacetic acid (Br,CHCOOH)

Collectively, these chemicals are called HAAs.

HAAs can be formed by chlorination, ozonation, or chloramination of water with the formation of HAAs promoted by slightly
acidic water, high organic matter content, and elevated temperature. Chlorine from the water disinfection process reacts with
organic matter and small amounts of bromide present in the water to produce various HAAs.

Key Terms

¢ acetone — a good solvent of fats and is a common cleaning agent for laboratory glassware
o carbohydrates — sugar units containing the elements of carbon, hydrogen, and oxygen
o carboxylic acid — the highest state of oxidation that an organic radical can achieve
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ethyl alcohol — alcohol for beverage purposes that is produced through the fermentation of a variety of natural organic
materials, like corn, wheat, rice, and potatoes

fats — a variety of biochemical substances that have the property of being soluble to varying degrees in organic solvents, like
ether, ethanol, acetone, and hexane, while being sparingly soluble in water

formaldehyde — used to produce plastics and resins

haloacetic acids (HAA) — carboxylic acids where a halogen atom takes the place of hydrogen atoms in acetic acid, a common
undesirable by-product of drinking water chlorination

inorganic compounds — molecules that do not contain carbon

isopropyl alcohol — a type of alcohol, which is widely used by industry and sold as a medicinal rubbing alcohol.

methanol - a type of alcohol manufactured synthetically by a catalytic process form carbon monoxide and hydrogen; used
extensively in manufacturing organic compounds, like solvents, fuel additives, and formaldehyde

methane — a colorless, odorless, flammable gas, and it is the primary constituent of marsh gas and the firedamp of coal mines
organic compounds — molecules that contain carbon

proteins — long strings of amino acids containing carbon, hydrogen, oxygen, nitrogen, and phosphorus.

trihalomethanes (THMs) — harmful by-products arising from a process of water disinfection with chlorine; formed when
organic materials react with chlorine to form chlorinated by-product

This page titled Chapter 4: Organic Chemistry is shared under a not declared license and was authored, remixed, and/or curated by Don Kendall
& Stephanie Anagnoson (ZTC Textbooks) .
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4.1: Review Questions
Review Questions
1. What is an organic compound?
2. List some types of organic compounds.

3. Define an inorganic compound.

This page titled 4.1: Review Questions is shared under a not declared license and was authored, remixed, and/or curated by Don Kendall &
Stephanie Anagnoson (ZTC Textbooks) .
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4.2: Chapter Quiz

Chapter Quiz
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. Biodegradable organic matter in water is classified into three categories
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are covalently bonded molecules, and most are large molecules.

. Inorganic compounds
. Hydrocarbons

. Aldehydes

. Organic compounds

are harmful by-products arising from a process of water disinfection with chlorine. They are formed when
organic materials react with chlorine to form chlorinated by-products.

. Ketones

. Trihalomethanes

. Organic compounds
. Alkehydes

can be formed by chlorination, ozonation, or chloramination of water. They are promoted in slightly acidic water,
high organic matter content, and elevated temperature. These compounds are precursors to Trihalomethanes.

. Haloacetic acids

. Organic compounds

. Inorganic compounds
. Carboxylic acids

is(are) a colorless, odorless, flammable gas, and it is the primary constituent of marsh gas and the firedamp of coal
mines.

. Bromides

. Chlorates

. Methane

. Chloroform

is the highest state of oxidation that an organic radical can achieve. Further oxidation results in the formation of
carbon dioxide and water.

. Haloacetic acids

. Organic compounds

. Inorganic compounds
. Carboxylic acids

THMs, HAADSs, carboxylic acids

. fats, carbohydrates, and proteins
. alkanes, alkenes, alkynes
. chloroform, bromodichloromethane, bromoform

. The parent compound of aromatic hydrocarbons is

. benzene

alcohol

. chloroform
. acetic acid

. Hydrocarbons are classified as unsaturated or saturated. are a group of saturated hydrocarbons meaning that the

hydrocarbon contains only single bonded carbon atoms.

A
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2: AiKEHES
3. Alkynes
4. Acetic acids

9. are derived from plant fibers and animal tissues, which are produce by synthesis reactions that produce materials
like rubber, plastics, and other compounds; and fermentation reactions that produce alcohols, acids, antibodies, and other
compounds.

1. Inorganic materials
2. Biologic acids

3. Hydrocarbons

4. Organic materials

This page titled 4.2: Chapter Quiz is shared under a not declared license and was authored, remixed, and/or curated by Don Kendall & Stephanie
Anagnoson (ZTC Textbooks) .
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Chapter 5: Acids, Bases, and Salts

4) Learning Objectives

After reading this section!, you should be able to:

o Explain the properties of water

e Describe inorganic and organic acids
e Describe inorganic bases

o Explain pH, acids, and bases

o Describe buffers

Water is the most abundant and important inorganic compound on earth. It makes up 60 to 89-percent of the volume of most living
cells, and it possesses several properties that make it vital to life. The capability for a molecule to absorb heat energy is called heat
capacity. Water has the highest heat capacity of any liquid. It would require calorie of heat energy to change the temperature of
water by 1. As a result, it takes water a long time to heat and a long time to cool. This property prevents sudden changes in
temperature caused by external factors, such as sun or wind exposure, or by internal conditions that release heat rapidly, such as
vigorous muscle activity. As part of blood system or the environment, water redistributes heat among adjacent structures ensuing
the temperature remains homeostatic.’

When water evaporates, or vaporizes, water changes from a liquid to a gas, water vapor. The transformation requires that large
amounts of heat be absorbed to break hydrogen bonds that hold water molecules together. This property is beneficial because as
water evaporates from an object or organism large amounts of heat are removed providing efficient cooling. This property is
referred to as high heat of vaporization.

Water is the best solvent in nature. It is called the universal solvent. Biological molecules do not react chemically unless they are in
solution, and virtually all chemical reactions that occur in the living cells depend on water’s solvent properties. Water molecules are
referred to as being polar. They orient with their slightly negative ends toward the positive ends of the solutes. . This characteristic
is called polarity, and it explains the reason that ionic compounds and other small reactive molecules, such as acids and bases,
dissociate in water, where their ions separating from each other and become evenly scattered in the water forming a true solution.

Water also forms layers of water molecules, called hydration layers, around large, charged molecules such as protein, shielding
them from the effects of other charged substances in the areas and preventing them from settling out of solution. Such protein water
mixtures are biological colloids. Water is also the major transport medium because it is an excellent polar solvent. Nutrients, gases,
and metabolic wastes are carried dissolved in water based fluids. Wastes are excreted form living organisms in watery fluids.
Specialized molecules that lubricate organisms also use water as the dissolving medium.

As a reactant, water is involved in many important chemical reactions. Nutrients are decomposed by adding a water molecule to
each chemical bond that is broken. Decomposition reactions are more specifically referred to as hydrolysis reactions. When large
carbohydrates or protein molecules are synthesized from smaller molecules, a water molecule is removed for every bond formed, a
reaction that is called dehydration synthesis.

Water forms resilient cushions, cushioning around certain biological structures providing protection from physical trauma.

Other than binary molecular compounds, most inorganic compounds can be classified as acids, bases, or salts. Acids are
characterized by the H*ion, the presence of which in water, makes the water acidic. An acid either contains this ion or produces it
when it dissolves in water. A base either contains hydroxide ion, OH", or reacts with water to produce hydroxide. Most bases that
contain hydroxide consist of metal cations and hydroxide; examples are sodium hydroxide, NaOH, and calcium hydroxide,
Ca(OH);. Acids and bases react to form a salt, an ionic compound that has a cation other than H+ and an anion other than OH".
This kind of reaction always produces water.

Acids

Salts, acids, and bases are electrolytes. They ionize and dissociate in water and can conduct an electrical current.
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Acids have a sour taste, and they can react with or dissolve metals. The definition of an acid is a substance that releases hydrogen
ions (H") in measurable amounts. Acids are also characterized as being proton donors because a hydrogen ion is a hydrogen
nucleus, or a single proton.

When acids dissolve in water, they release hydrogen ions (protons) and anions, negative charged particles. The concentration of the
protons determines the acidity of the solution. The anions have little or no effect on the acidity of the solution. Hydrochloric acid
(HCI) dissociates into a proton and a chloride ion:

HCl - H*, proton + CI, anion

Living organisms require a balance of acids and bases to function. We can measure this balance by determining the number by the
amount of H*, and OH- dissociated in a solution. Simply stated, more H* hydrogen ions in a solution means more acidic. More OH-
hydroxide ions means more basic (alkaline).

Biochemical reactions are sensitive to small changes in the acidity or alkalinity of the environment in which they occur. H" and
OH™ are involved in almost all biochemical processes, and any deviation from a narrow band of the normal H* and OH
concentration dramatically modifies the systems’ functioning. Acids and bases that are formed in living systems must be kept in
balance.

It is convenient to express the amount of H in a solution by a logarithmic pH scale that ranges from 0 to 14. The term pH means
potential of hydrogen ion concentration. On a log scale, a change of one whole number has 100 times more hydrogen ions than a
solution of pH 2, and a pH of 2 has 100 times more hydrogen ions than a solution of pH 3.

Acidic solutions contain more H" than OH™ and have a pH lower than 7. If a solution has more OH" than H", it is a basic or alkaline
solution. In pure water, a small percentage of molecules are dissociated into H" and OH" ions so that it has a pH of 7. When the ion
concentrations of a solution are equal, the solution has a pH of 7 and is considered to be neutral.

+ + -
. H H on  OH
H* OH'
H* OH- H*
H+ OH.
)
' w ow OH OH

Low pH = lots of H* Lots of OH = High [;H

Figure Chapter5.1: Depiction demonstrating the concentrations of H+ and OH- at differing pH levels. (Copyright; [3] Image by
COC OER is licensed under CC BY 4.0.)

The pH of a solution can be managed with buffers. Buffers resist a change in pH and will be discussed later in the chapter.

Bases

Bases have a bitter taste, feel slippery, and are proton acceptors. They take up hydrogen ions in measurable amounts. Common
inorganic bases include the hydroxides like magnesium hydroxide and sodium hydroxide. Lye acids, hydroxides dissociate when
dissolved in water. In this case, hydroxyl ions (OH") and cations are released. Ionization of sodium hydroxide produces a hydroxyl
ion and a sodium ion. The hydroxyl ion binds to a proton present in the solution. This reaction produces water and simultaneously
reduces the acidity of the solution by taking up free H" ions:

NaOH - Na* + OH
OH- + H* - H,0

The term pH is used to express the intensity of an acid or alkaline solution.
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pH Scale: What is Acidic, What is Alkaline?
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Figure Chapter5.2: pH scale from 0 to 14 demonstrating acid, neutral, and base. (Copyright; Image by Heinrich-Boll-Stiftung is
licensed under CC BY-SA 2.0)

Salts and Neutralization

Acids and bases react to form salts, an ionic compound that has a cation other than H+ and an anion other than OH". This kind of
reaction always produces water and is known as a neutralization reaction. The most well-known salt is sodium chloride, NaCl.

HCIl + NaOH - NaCl + H,O
Acid Base Salt Water

The salt produced is dissolved in the aqueous solution and disassociated into Na* and Cl” ions. Although sodium chloride is
commonly what one means in referring to “salt,” there are many other salts as well. For example, Sodium sulfate, Na;SQOy,
dissociates into two Na* ions and one SO4™2. The salt dissociates because the ions are formed. The water overcomes the attraction
between the oppositely charged ions, and they disassociate.

All ions are electrolytes which are substances that conduct an electrical current in solution. Salts dissociate in aqueous solutions
into ions, and the most common salts are sodium salts. In their ionized form, salts play a vital role in nature and aqueous solutions.

Buffers

How can organisms whose bodies require a near-neutral pH ingest acidic and basic substances (a human drinking orange juice, for
example) and survive? Buffers are the key. Buffers usually consist of a weak acid and its conjugate base; this enables them to
readily absorb excess H" or OH", keeping the system’s pH within a narrow range. Organisms are extremely sensitive to slight
changes in the pH of the environment. In high concentrations, acids and bases are damaging to cells. Homeostasis of acid-base
balance is regulated by chemical systems called buffers.

Buffers resist abrupt and large changes in the pH of a solution by releasing hydrogen ions when the pH begins to rise and by
binding hydrogen ions when the pH drops.

Chemical buffer systems react by binding hydrogen ions or by releasing hydrogen ions. The acidity of a solution reflects the free
hydrogen ions and not the hydrogen ions bound to anions. Acids that dissociate completely and irreversibly in water are called
strong acids. They can dramatically change the pH of a solution. Acids that do not dissociate completely, like carbonic acid
(H,CO3) and acetic acid, are weak acids. Undissociated acids do not affect pH, so that acetic acid solutions are much less acidic
than hydrochloric acid solution. Weak acids disassociate in predictable ways, and molecules of the intact acid are in dynamic
equilibrium with the dissociated ions.

For this reason, when a strong acid is added to a solution of a weak acid the equilibrium will shift to the left and some H" will
recombine to form acetic acid. On the other hand, if a strong base is added and the pH begins to rise, the equilibrium shifts to the
right and more acetic molecules disassociate to release H" ions. This characteristic of weak acids allows them to play a role in the
chemical buffer systems found in nature.

H* acetic acid < H* + Acetic”

Bases are proton acceptors. Strong bases are those bases, like hydroxides, which dissociate easily in water and quickly bind H*
ions. Sodium bicarbonate ionizes incompletely and reversibly. Since it accepts relatively few protons, its released bicarbonate ion is
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considered to be a weak base.

One of the buffer system that helps to maintain the pH in aqueous solutions is the carbonic acid-bicarbonate system. Carbonic acid
dissociates reversibly in aqueous solutions releasing bicarbonate ions and protons, H*. The chemical equilibrium between carbonic
acid, a weak acid, and bicarbonate ion, a weak base, resists changes in pH by shifting to the right or the left as H* ions are added to
or removed from the solution:

Rise in pH
H,CO3 < H"+ HCO3
Drop in pH
As the pH rises and becomes more alkaline, the equilibrium shifts to the right, forcing more carbonic acid to dissociate. Similarly,
as the pH begins to drop, the equilibrium shifts to the left as more bicarbonate ions begin to bind with protons. Strong bases are

replaced by a weak base, bicarbonate ion. Protons are released by strong acids and are tied up in weak acids, carbonic acid. As a
result, the pH changes are much less than they would be in the absence of the buffering system.

Key Terms

¢ acid — a substance that dissociates into one or more hydrogen ions (H+); proton donors; acids release hydrogen ions in
measurable amounts; sour taste

o base — a substance that dissociates into one or more positive ions (cations) that can accept or combine with protons; proton
acceptors; bases take up hydrogen ions in measurable amounts; bitter taste

o buffer — buffers prevent the pH of a solution from changing drastically

o pH - the potential of hydrogen ion concentration

[1] This page titled 4.10: Acids, Bases and Salts is shared under a CC BY-NC-SA 4.0 license and was authored, remixed, and/or
curated by Stanley E. Manahan.

[2] This page titled 2.14: Water - High Heat Capacity is shared under a CC BY-SA 4.0 license and was authored, remixed, and/or
curated by Boundless.

[3] This page titled 2.4.2: pH, Buffers, Acids, and Bases is shared under a CC BY-SA 4.0 license and was authored, remixed, and/or
curated by Boundless.

This page titled Chapter 5: Acids, Bases, and Salts is shared under a not declared license and was authored, remixed, and/or curated by Don
Kendall & Stephanie Anagnoson (ZTC Textbooks) .
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5.1: Review Questions

Review Questions
1. What properties of water make it essential for life?
2. What are acids and bases?

3. Define a buffer.

This page titled 5.1: Review Questions is shared under a not declared license and was authored, remixed, and/or curated by Don Kendall &
Stephanie Anagnoson (ZTC Textbooks) .
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5.2: Chapter Quiz

Chapter Quiz
is the most abundant and important inorganic compound on earth.

Salt

Water

. Bicarbonate
. Oxygen

I e o e

A(n) can be defined as a substance that dissociates into one or more hydrogen ions (H+) and one or more negative ions
(anions) an acid is also called a proton donor (H+).

base

. buffer
acid
salt

are added to solutions or to the natural environment to prevent changes in pH.

Base
Buffer
Acid
Salt

N e

have a bitter taste, feel slippery, and are proton acceptors. They take up hydrogen ions in measurable amounts.

Bases

. Buffers
Acids
Salts

I N

. When acids and bases are mixed, they react with each other in displacement reactions to form water and a(n)

base

. buffer
acid
salt

. Nutrients are decomposed by adding to each chemical bond that is broken.

a salt

water

. bicarbonate
oxygen

N AWNE O AW N e

system that helps to maintain the pH in aqueous solutions is the carbonic acid-bicarbonate system.

A base

. A buffer
. An acid
. A salt

1.
2
3
4

This page titled 5.2: Chapter Quiz is shared under a not declared license and was authored, remixed, and/or curated by Don Kendall & Stephanie
Anagnoson (ZTC Textbooks) .
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Chapter 6: Basic Microbiology Principles

4} Learning Objectives

After reading this section, you should be able to:

o Describe the nomenclature and classification that is used for microorganisms
o Evaluate the factors that affect growth of microorganisms
o Describe the structure of microorganisms

In a simpler time when scientists began to classify all living things visible to the naked eye, there were only two categories or so
called “Kingdoms” to consider for living things. You were either a plant or an animal. Botanist and physician Carolus Linnaeus was
responsible for initial significant developments in the science of classifying living things with his publication Systema Naturae, in
1735. During that era, new discoveries were being made through observations in microscopes and what appeared to be very small
living things. These small living things are referred to as microorganisms, or microbes for short. You can imagine how complex
the classification of life forms was about to become. Of course, today we now know just how ubiquitous microbes are. They are
found in all of nature; on land, soil and water including oceans and lakes. They include bacteria, algae, yeasts, molds, mushrooms,
and other fungi. The human body alone contains millions of microorganisms.

Currently, almost 2 million organisms have been identified so far, and the estimate is that 10-100 million total organisms occupy
the earth. All cellular organisms evolved from a common ancestor.

Naturally occurring microbes play an important role in many processes necessary to sustain life on our planet. Microbes are used in
food preparation, pharmaceuticals, food supplements and even to safely reduce pollutants in the environment.

Figure Figure Chapter6.2 White Vinegar
(Image by Willis Lam is licensed under CC
BY-SA 2.0)

Figure Figure Chapter6.3 Yogurt (Image by
Jin Zan is licensed under CC BY-SA)

Figure Figure Chapter6.1. Beer (Image by
Engin_Akyurt on Pixabay)
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A minority of microorganisms are pathogenic or disease-producing.

Pin It! Misconception Alert
People frequently think all microorganisms are pathogenic. But
only a few are actually pathogenic or disease-producing!

Classifying Microbes

The process of classifying all living things is called Taxonomy. The Meriam Webster dictionary defines taxonomy as:

The study of the general principles of orderly scientific classification of plants and animals according to their presumed natural
relationships.

Carolus Linnaeus introduced a binomial nomenclature system, where each species is given a unique two-part Latin name; a genus
and species. For example, a domestic dog would have the scientific name Canis lupus familiaris. Genus: Canis, Species: lupus. A
wolf is also from the Genus: Canis. Linnaeus' work laid the foundation for the modern system of naming and categorizing living
organisms. All living things can be identified and classified based on their evolutionary relationships. The hierarchy, from broader
to more specific levels, is shown in the figure below.

Figure Chapter6.4: Hierarchal system of scientific nomenclature for classification of living organisms. (Copyright; Image by Pengo
is in the public domain)

Kingdoms

In 1969, a five-kingdom scheme proposed by biologist Robert Whittaker gained attention and it serves as the basis for current
classification systems. Whittaker organized living organisms into five kingdoms based on their cellular organization, nutritional
patterns, and other characteristics:

1. Kingdom Prokaryote, which includes all bacteria.

2. Kingdom Protista (unicellular eukaryotes) are algae and protozoa, and they are nutritionally diverse: autotrophs, heterotrophs,
and intracellular parasite.

3. Kingdom Fungi are yeasts, molds, and mushrooms that absorb organic material through their plasma membrane.

4. Kingdom Animalia are multicellular animals that ingest organic food through a mouth and have cells organized into tissues.

5. Kingdom Plantae are multicellular plants that undergo photosynthesis to convert carbon dioxide and water into organic
molecules. This Kingdom has cells that are organized into tissues.
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Domains

The most popular scheme found in textbooks today is one which basically classifies life forms based on whether it is a bacteria or
not a bacteria. That’s pretty much it. So, what is so special about bacteria? Well, when you study tiny microbes with taxonomy in
mind, you are looking at similarities in appearance of cells and how they will react with dyes and stains, and also cell chemistry.

# Definition: Term

The Oxford dictionary defines a microscopic cell as:

e The smallest structural and functional unit of a living organism.

e That cell contains all the structure like the cell nucleus and information necessary for energy capture, growth, and
reproduction.

o But bacteria do not have a distinct cell nucleus. All other life forms do have a distinct nucleus.

Biologists refer to cells without a distinct nucleus as prokaryotes and cells with a distinct nucleus as eukaryotes. Another way to
classify if a life form is a bacteria or not can be described as either being a prokaryote (bacteria) or eukaryote (everything else). It
should be noted that bacteria represent the oldest life forms on our planet. They have a simple cell structure with an average size of
1 to 2 micrometers. Biologists have identified ancient types of bacteria which have some differences from other bacteria. So much
so, that the classification system of bacteria or not bacteria is officially comprised of three domains which you will find in most
microbiology textbooks. We call this the Three Domain System.

e Domain Eubacteria
e Domain Archaea
e Domain Eukarya.

The Domain, Archaea is where you will find the ancient bacteria. Fungi, Plantae, and Animalia Kingdoms are all included in the
Domain Eukarya. Most scientists will refer to Eubacteria and Archaea as bacteria, and not make a distinction. So, think of
Eubacteria and Archaea simply as bacteria (prokaryotes).

Eukaryotes have a complex cell structure and are much larger than prokaryotes on average by several thousand in terms of volume.

Bacteria may be further differentiated by their morphology. They are classified into five groups based on their basic cell shapes.
These shapes include spherical (cocci), spiral (spirilla), rod (bacilli), comma (vibrios), or corkscrew (spirochaetes). These cells can

exist as single cells, in pairs, chains, or in clusters.
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Common Prokaryotic Cell Shapes

Name Description lllustration
Coccus Round )
(pl. cocci)
Bacillus Rod
(pl. bacilli)
Vibrio Curved rod
(pl. vibrios)
i
Coccobacillus Short rod g
(p!. coccobacilli) -
Spirillum Spiral 4
(pl. spirilla)
Spirochete Long, loose, a RN _
(pl. spirochetes) helical spiral N J_r"“’v‘"-’
. i ‘ e ]
- 2 S P d

Figure Chapter6.5: Basic Shapes of Bacteria. (Copyright; Image by OpenStax is licensed under CC BY 4.0.)

Another method used to classify bacteria based on their cell wall structure and composition is the Gram stain method. It was
developed in 1884 by Hans Christian Gram and remains a hallmark technique used by microbiologists. Bacteria are classified into
two groups, either Gram positive (purple) or Gram negative (red or pink).

Structure

Prokaryotes—Structure/Function

Prokaryotes are distinguished from eukaryotes by their smaller size (0.2- 10pm), their lack of internal organelles (mitochondria),
the presence of a cell wall, and their cell division by binary fission rather than mitosis. They lack introns, are not capable of
endo/exocytosis, and have single-stranded circular DNA rather than multiple discrete chromosomes.

Gram positive bacteria have a large peptidoglycan structure. This structure accounts for the differential staining with Gram stain.

Some Gram positive bacteria are also capable of forming spores under stressful environmental conditions such as when there is
limited availability of carbon and nitrogen. Spores therefore allow bacteria to survive exposure to extreme conditions.
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Gram negative bacteria have a small peptidoglycan layer but have an additional membrane, the outer cytoplasmic membrane. This
membrane creates an additional permeability barrier and results in the need for transport mechanisms across it. A major component
of the cytoplasmic membrane that is unique to Gram negatives is endotoxin.

Gram Staining Procedure Gram Positive Cell Wall Gram Negative Cell Wall
r of Appearance of T 7.
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X . i remains S = TeImaIns
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Figure Chapter6.6: Gram staining of bacterial cell for identification. ( Image by Michigan State University. Microbiology 301-702
Summer 2016 is licensed under CC BY-SA 4.0)

Microorganism Identification

The classification is based on morphological characteristics that refer to size, shape, cellular characteristics (capsule, flagella,
endospores), differential staining (Gram stain, Acid fast stain), and biochemical tests that probe for specific enzyme activities that
lead to carbohydrate fermentation, nitrogen fixation, sulfur oxidation, gas production, acid production, and nitrate reduction.

Cocci Bacilli Spirilla

Figure Chapter6.7: lassification of bacteria by shape and environmental appearance. (Image by CKRobinson is licensed under CC
BY-SA 4.0)
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Figure Chapter6.8: Morphology of bacterial cells ( Image by LadyofHats is in the public domain)

Growth of Microorganisms

All microorganisms require energy to grow. They obtain their energy primarily from chemical reactions or the sun utilizing
photosynthesis. They use the energy to help produce nutrients to help them grow. Almost half of a bacteria’s dry weight is carbon.
They need it to grow and can access it from the environment, or from carbon dioxide.

Microbe requirements can include nitrogen, phosphorous and sulfur. Water is a requirement for almost all microbes. Most
microorganisms require oxygen, but there are some which thrive in a zero oxygen environment. Other microbes also utilize the so-
called trace elements of zinc, copper, and iron to grow. Iron bacteria, which is a common nuisance in groundwater wells, is a good
example.

Microorganisms can grow in cold temperatures as low as O , or at temperatures higher than 40 ,. But most prefer temperatures
between 20, to 40 ,. Different species have typically their own optimal temperature that will produce a maximum growth rate.

The pH is also very important. For bacteria, the range is between 6.5 to 7.5. Some bacteria used in food processing prefer a pH less
than 6 (an acidic environment).

Another growth factor involves the osmotic pressure in a microorganism and is largely influenced by the salt concentration in its
surroundings. If the salt concentration is less than 1%, microbes will grow well. If the salt concentration rises, the microbe is likely
to die as water will flow out of the cell. As you can probably surmise, one way to control the growth of microorganisms is to create
an environment which keeps them out of their optimal chemical and physical ranges to grow and thrive.

Phylogenetic Tree of Life for Microbes

A universal Phylogenetic Tree has been developed for living organisms that establishes a tripartite division of all living organisms—
bacteria, archaea, and eukarya. The classification is based on a comparison of 16s ribosomal RNA sequences. These sequences are
highly conserved and undergo change at a slow, gradual, and consistent rate. They are therefore useful for making comparisons

among different living organisms.
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Phylogenetic Tree of Life
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Figure Chapter6.1: Phylogenetic Tree for microorganisms (Copyright; Image by OpenStax is licensed under CC BY 4.0)

Taxonomic/Phylogenetic Hierarchy groups are based on similarities. The groups begin very general and become more restricted.
DNA hybridization and rRNA sequencing are used to determine evolutionary relationships and classification. Organisms that are
grouped together are based on relatedness; very general relatedness at the top, followed by more and more specific and restricted
subgroups where genus is all related species, and species is a single unique organism group.

Prokaryotic Classification-prokaryotes have two domains:

1. Eubacteria are all pathogenic prokaryotes, many non-pathogenic prokaryotes, and all photoautotrophic prokaryotes. They
include the oldest and smallest living organisms ever discovered which date back 3.5 million years.

2. Archaea are all prokaryotes with walls that are not peptidoglycan, that carryout unusual metabolism and live in extreme
environments, and are groupings based entirely on gene sequencing since most look similar. Archaea are associated with
extreme environments.

Viral Classification

Viruses do not fit into a domain system because they are acellular. They are usually only classified by Family and Genus. Viral
species are defined as a population of viruses with similar characteristics (including morphology, genes, and enzymes) that occupy
a particular ecological niche.

In early 2020, one virus that became very well-known was coronavirus-19, which swept the world as a pandemic. This virus was a
type of coronavirus that was extremely contagious and had a wide range of symptoms. It is currently not well understood
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Figure Chapter6.1: Corona Virus(Copyright; Image by OpenStax is licensed under CC BY 4.0)

Key Terms

o algae — diverse group of photosynthetic eukaryotic protists| 1]

o Archaea — prokaryotes that are found in extreme environments; non-disease causing

o Bacteria (prokaryotes) — the domain that includes the pathogenic prokaryotes as well as many of the nonpathogenic
prokaryotes found in soil and water; simple single-celled organisms

o Eukarya (eukaryotes) — the domain that includes animals, plants, and fungi

o fungi — eukaryotes with cells which contain a distinct membrane bound nucleus, mitochondria, and a complex system of
internal membranes|? |

e gram negative — bacteria with a small peptidoglycan structure and additional membranes that creates additional permeability
barriers and results in the need for transport mechanisms across it

e gram positive — bacteria with a large peptidoglycan structure and causes differential staining with Gram staining

o pathogenic — disease-causing

o peptidoglycan - a building block of cell walls of bacteria

o Prokarya (prokaryotes) — distinguished from eukaryotes by their smaller size (0.2- 10pm), their lack of internal organelles
(mitochondria), the presence of a cell wall, and their cell division by binary fission rather than mitosis

e protozoa — unicellular eukaryotic protists which have the ability to move with some sort of cilia or flagella and must obtain
their energy from other sources| 3]

o scientific nomenclature — a binomial nomenclature so that every organism has a unique binomial identification that indicates
the individual and its taxonomic placement among other organisms

o taxonomy — the science of classification.

¢ viruses — microorganisms so small that most can be seen only with an electron microscope; acellular; reproduction occurs using
cellular machinery of other organisms

[1] This page titled 5.4 Algae is shared under a CC BY 4.0 license and was authored, remixed, and/or curated by OpenStax via
source content that was edited to the style and standards of the LibreTexts platform; a detailed edit history is available upon
request.

[2] This page titled 13.4: Fungi is shared under a CC BY 4.0 license and was authored, remixed, and/or curated by OpenStax.

[3] This page titled 8.4: Protozoa is shared under a CK-12 license and was authored, remixed, and/or curated by CK-12 Foundation
via source content that was edited to the style and standards of the LibreTexts platform; a detailed edit history is available upon
request.

(4]
(5]
(6]
[7] Image by CKRobinson is licensed under CC BY-SA 4.0

[8] Image by LadyofHats is in the public domain
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[9] Image by OpenStax is licensed under CC BY 4.0
[10] Image by the CDC is in the public domain.

This page titled Chapter 6: Basic Microbiology Principles is shared under a not declared license and was authored, remixed, and/or curated by
Don Kendall & Stephanie Anagnoson (ZTC Textbooks) .
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6.1: Review Questions

Review Questions
1. Name the two major types of cells found in nature.
2. List and describe the five types of microorganisms.

3. List the classifications in descending order for the hierarchal system of scientific nomenclature for the classification of
living organisms.

4. Distinguish the features between gram positive and gram negative bacteria.

This page titled 6.1: Review Questions is shared under a not declared license and was authored, remixed, and/or curated by Don Kendall &

Stephanie Anagnoson (ZTC Textbooks) .

https://workforce.libretexts.org/@go/page/38905
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6.2: Chapter Quiz

Chapter Quiz
. Microorganisms that are disease-producing are

. pathogenic

. Streptococcus

. Staphylococcus
. gram negative

. Bacteria and archaea are referred to as cells.
. eukaryotic
. prokaryotic

. gram negative
. gram positive

WA WNRFR, N A WNR &

. Cells with cell walls that lack peptidoglycan are

. bacteria

. algae

. protozoans
. archaea

~ A WON =

are eukaryotes. They are organisms whose cells have a distinct nucleus containing the cell’s genetic material,
surrounded by a special envelope called a nuclear membrane.

. Archaea
. Bacteria
. Viruses
. Fungi

oA W N R

bacteria have a large peptidoglycan structure.

. Streptococcus

. Staphylococcus
. Gram negative
. Gram positive

. Most bacteria grow best in a narrow pH range near neutrality, between

.2.0t0 6.5
.6.5t07.5
.8.0t0 10.0
. 11.0 to 14.0

N A WNR O A WNR

is a binomial nomenclature so that every organism has a unique binomial identification that indicates the
individual and its taxonomic placement among other organisms.

. Taxonomy

. Scientific nomenclature
. DNA hybridization

. Genus species

is the science of classification.

. Taxonomy
. Scientific nomenclature

. DNA hybridization

https://workforce.libretexts.org/@go/page/38906
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4. Genus species

This page titled 6.2: Chapter Quiz is shared under a not declared license and was authored, remixed, and/or curated by Don Kendall & Stephanie
Anagnoson (ZTC Textbooks) .
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Chapter 7: Microbiology Regulations

4b Learning Objectives

After reading this section, you should be able to:

o Explain the Total Coliform Rule
o Compare the Groundwater Treatment Rule and Surface Water Treatment Rule
o Describe the concern with Cryptosporidium

Total Coliform Rule

The Total Coliform Rule (TCR), a National Primary Drinking Water Regulation (NPDWR), was published in 1989 and became
effective in 1990. The rule sets a health goal (Maximum Contaminant Level Goal (MCLG)) and legal limits (Maximum
Contaminant Levels, MCLs)) for the presence of total coliforms in drinking water.

The Environmental Protection Agency (EPA) published the Revised Total Coliform Rule (RTCR) in the Federal Register (FR) in
February 2013 (78 FR 10269) and minor corrections in February 2014 (79 FR 10665). The RTCR is the revision to the 1989 Total
Coliform Rule (TCR) and is intended to improve public health protection. All public water systems (PWSs), except aircraft PWSs
subject to the Aircraft Drinking Water Rule (ADWR) (40 CFR 141 Subpart X), must comply with the RTCR starting April 2016, or
an earlier state effective date.

Total coliforms are a group of related bacteria that are, with few exceptions, not harmful to humans. This is very important to note.
The EPA considers total coliforms a useful indicator of other pathogens for drinking water. Total coliforms are used to determine
the adequacy of water treatment and the integrity of the distribution system.

Key provisions of the RTCR include:

1. Setting a maximum contaminant level goal (MCLG) and maximum contaminant level (MCL) for E. coli for protection against
potential fecal contamination.

2. Setting a total coliform treatment technique (TT) requirement.

3. Requirements for monitoring total coliforms and E. coli according to a sample siting plan and schedule specific to the PWS.

4. Provisions allowing PWSs to transition to the RTCR using their existing Total Coliform Rule(TCR) monitoring frequency,
including PWSs on reduced monitoring under the existing TCR.

5. Requirements for seasonal systems (such as, Non-Community Water Systems not operated on a year-round basis) to monitor
and certify the completion of a state-approved start-up procedure.

6. Requirements for assessments and corrective action when monitoring results show that PWSs may be vulnerable to
contamination.

7. Public notification (PN) requirements for violations.

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

Revised Total Coliform Rule

Overview of the Rule

Revised Total Coliform Rule (RTCR) 78 FR 10269, February 2013, Vol. 78, No. 30

Purpose: Increase public health protection through the reduction of potential pathways of entry for fecal contamination into
distribution systems.

General Description

The rule establishes a maximum contaminant level (MCL) for E. coli and uses E. coli and total coliforms to initiate a find and fix
approach to address fecal contamination that could enter into the distribution system. It requires public water systems (PWSs) to
perform assessments to identify sanitary defects and subsequently take action to correct them.

The Total Coliform Rule applies to all Public Water Systems.
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Implementation of the Total Coliform Rule will result in:

1. A decrease in the pathways by which fecal contamination can enter the drinking water distribution system.
2. Reduction in fecal contamination should reduce the potential risk from all waterborne pathogens including bacteria, viruses,
parasitic protozoa, and their associated illnesses.

Requirements:
1. Public Water Systems must develop a written sample siting plan that identifies the system’s sample collection schedule and all
sample sites, including sites for routine and repeat monitoring.
2. PWSs monitoring quarterly or annually must also identify additional routine monitoring sites in their sample siting plans.
3. Sample siting plans are subject to state review and revision.

Routine Sampling Requirements
1. Total coliform samples must be collected by Public Water Systems at sites which are representative of water quality throughout
the distribution system according to a written sample siting plan subject to state review and revision.
2. For Public Water Systems collecting more than one sample per month, collect total coliform samples at regular intervals
throughout the month, except that ground water systems serving 4,900 or fewer people may collect all required samples on a
single day if the samples are taken from different sites.

Repeat Sampling Requirements

Within 24 hours of learning of a Total Coliform positive routine sample result, at least 3 repeat samples must be collected and
analyzed for total coliform:

1. One repeat sample must be collected from the same tap as the original sample.

2. One repeat sample must be collected from within five service connections upstream.

3. One repeat sample must be collected from within five service connections downstream.

4. The PWS may propose alternative repeat monitoring locations that are expected to better represent pathways of contamination
into the distribution system.

If one or more repeat sample is Total Coliform Positive:

1. The TC+ sample must be analyzed for the presence of E. coli.

2. If any repeat TC+ sample is also EC+, then the EC+ sample result must be reported to the state by the end of the day that the
PWS is notified.

3. The PWS must collect another set of repeat samples, unless an assessment has been triggered and the PWS has notified the
state.

Routine Sampling Requirements

1. Each total coliform-positive (TC+) routine sample must be tested for the presence of E. coli.

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

3. If any routine sample is TC+, repeat samples are required.

4. Public Water Systems on quarterly or annual monitoring must take a minimum of three additional routine samples (known as
additional routine monitoring) the month following a TC+ routine or repeat sample.

5. Reduced monitoring may be available for Public Water Systems using only ground water and serving 1,000 or fewer persons
that meet certain additional Public Water System criteria.

Assessments and Corrective Action

The RTCR requires PWSs that have an indication of coliform contamination (e.g., as a result of TC+ samples, E. coli MCL
violations, performance failure) to assess the problem and take corrective action. Two levels of assessments exist (i.e., Level 1 and
Level 2) based on the severity or frequency of the problem.
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Purpose of Level 1 and Level 2 Assessments
To find sanitary defects at the Public Water System including:

1. Sanitary defects that could provide a pathway of entry for microbial contamination

2. Sanitary defects that indicate failure (existing or potential) of protective barriers against microbial contamination.
Deadline for Completing Corrective Actions

When sanitary defects are identified during a Level 1 or Level 2 Assessment, they should be corrected as soon as possible to protect
public health. The Public Water System must complete corrective actions by one of the following timeframes:

1. No later than the time the assessment form is submitted to the state, which must be within 30 days of triggering the assessment,
or
2. Within state-approved timeframe which was proposed in the assessment form.
Level 1 Assessments
Conducting Level 1 Assessments
1. Performed by the PWS owner or operator each time a Level 1 Assessment is triggered.
2. Upon trigger of a Level 1 Assessment, the Level 1 Assessment form must be submitted within 30 days to the state.
Level 1 Assessment Triggers

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

1. A Public Water System collecting fewer than 40 samples per month has 2 or more TC+ routine/ repeat samples in the same
month.
2. A PWS collecting at least 40 samples per month has greater than 5.0 percent of the routine/repeat samples in the same month
that are TC+.
3. A PWS fails to take every required repeat sample after any single TC+ sample.
Level 2 Assessments
Conducting Level 2 Assessments

Performed by the state or state-approved entity each time a Level 2 Assessment is triggered.

1. The Public Water System is responsible for ensuring that the Level 2 Assessment is conducted regardless of the entity
conducting the Level 2 Assessment.
2. (3)Upon trigger of a Level 2 Assessment, the Level 2 Assessment form must be submitted within 30 days to the state.
Level 2 Assessment Triggers

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

1. A Public Water System incurs an E. coli MCL violation.

2. A Public Water System has a second Level 1 Assessment within a rolling 12-month period.

3. A Public Water System on state-approved annual monitoring has a Level 1 Assessment trigger in 2 consecutive years.
Seasonal System Provisions

The Total Coliform Rule defines seasonal systems and specifies additional requirements for these types of PWSs:

1. A seasonal system is defined as a non-community water system that is not operated as a PWS on a year round basis and starts
up and shuts down at the beginning and end of each operating season.

Start-up Procedures for Seasonal Systems

At the beginning of each operating period, before serving water to the public, seasonal water systems must:

1. Conduct state-approved start-up procedures.
2. Certify completion of state-approved start-up procedures.
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3. An exemption from conducting state-approved start-up procedures may be available for seasonal systems that maintain pressure
throughout the distribution system during non-operating periods.

Examples of state-approved start-up procedures, which need to be completed prior to serving water to the public, may include one
or more of the following:

1. Disinfection.

2. Distribution system flushing.

3. Sampling for total coliform and E. coli.

4. Site visit by state.

5. Verification that any current or historical sanitary defects have been corrected.

Routine Monitoring for Seasonal Systems
1. The baseline monitoring frequency for seasonal systems is monthly.
2. A reduced monitoring frequency may be available for seasonal systems that use ground water only and serve fewer than 1,000
persons.
Other Provisions for the State Drinking Water Agency Special Monitoring Evaluation

The state must perform a special monitoring evaluation at all ground water systems serving 1,000 or fewer persons during each
sanitary survey to review the status of the Public Water System and to determine whether the sample sites and monitoring schedule
need to be modified.

Major Violations

E. coli MCL Violation

A Public Water System will receive an E. coli MCL violation when there is any combination of an E.coli positive sample result
with a routine/repeat Total Coliform positive or E. coli positive sample result:

E. coli MCL Violation Occurs with the Following Sample Result Combination
Routine Repeat

e EC+TC+

e EC+ Any missing sample

o EC+EC+

o TC+ EC+

e TC+ TC+ (but no E. coli analysis)

Treatment Technique Violation

A PWS will receive a Treatment Technique violation when any of the following occur:

1. Failure to conduct a Level 1 or Level 2 Assessment within 30 days of a trigger.

2. Failure to correct all sanitary defects from a Level 1 or Level 2 Assessment within 30 days of a trigger or in accordance with the
state-approved timeframe.

3. Failure of a seasonal system to complete state-approved start-up procedures prior to serving water to the public.

Key Points for Public Water Systems to Remember

Find and correct sanitary defects as soon as you become aware of them. This can help reduce E. coli MCL violations, which trigger
a Level 2 Assessment. This can help reduce TC+ sample results, which may trigger a Level 1 Assessment.

Make sure to collect all routine and repeat samples as required. Timely and correct monitoring can help reduce triggering a Level 1
or Level 2 Assessment because:

1. Failure to conduct repeat monitoring triggers a Level 1 Assessment.
2. A Level 1 Assessment triggered twice within a certain timeframe triggers a Level 2 Assessment.
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Ground Water Treatment Rule

EPA issued the Ground Water Rule (GWR) to improve drinking water quality and provide protection from disease-causing
microorganisms. Water systems that have groundwater sources may be susceptible to fecal contamination. In many cases, fecal
contamination can contain disease-causing pathogens.

The purpose of the Ground Water Rule (GWR) is to reduce disease incidence associated with harmful microorganisms in drinking
water.

The Ground Water Rule applies to public water systems that use ground water as a source of drinking water. The rule also applies
to any system that delivers surface and ground water to consumers where the ground water is added to the distribution system
without treatment. The Ground Water Rule was published in the Federal Register in November 2006.

Overview of the Rule

Ground Water Rule (GWR)
71 FR 65574, November 2006, Vol. 71, No. 216

Correction 71 FR 67427, November 2006, Vol. 71, No. 224

Purpose

The rule should reduce the risk of illness caused by microbial contamination in public ground water systems (GWSs).

General Description

The Groundwater Rule establishes a risk-targeted approach to identify groundwater systems susceptible to fecal contamination, and
the rule requires corrective action to correct significant deficiencies and source water fecal contamination in all public groundwater
systems.

Utilities Covered

The Ground Water Rule applies to all public water systems that use groundwater, including consecutive systems, except that it does
not apply to public water systems that combine their groundwater with surface water or with groundwater under the direct
influence of surface water prior to treatment.

Public Health Benefits

Targeted protection for over 70 million people served by groundwater sources that are not disinfected or receive less than 4-log
treatment or reduction in 99.99% harmful microorganisms. Implementation created an avoidance of 42,000 viral illnesses and 1
related death annually.

Requirements for Drinking Water Systems

New groundwater sources must meet triggered source water monitoring requirements or conduct compliance monitoring.
Groundwater systems must conduct triggered source water monitoring if the system does not provide at least 4-log virus
inactivation, removal, or a state-approved combination of these technologies before or at the first customer and the system is
notified that a sample collected for the Total Coliform Rule (TCR) is total coliform-positive.

Groundwater systems identified as a significant deficiency and systems that have had at least one of the five additional
groundwater source samples that has tested positive for fecal contamination must comply with the treatment technique
requirements.

Analytical Methods for Source Water Monitoring
Fecal Indicator Methodology Method

EPA Method 1604
1. E. coli Colilert
2. Colisure
3. Membrane Filter Method with MI Agar
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. m-ColiBlue24 Test

. E*Colite Test

EC-MUG

. NA-MUG

.9223 B

.9223 B

10. 9221 F

11.9222 G

12. Enterococci Multiple-Tube Technique

© ® N U A

13. Membrane Filter Technique

14. Enterolert

15.9230 B

16. 9230 C

17. EPA Method 1600.

18. Coliphage Two-Step, Enrichment, Presence-Absence Procedure
19. Single Agar Layer Procedure

20. EPA Method 1601

21. EPA Method 1602

Major Provisions of Rule

1. Compliance Monitoring

2. Treatment

3. Technique

4. Compliance

5. Monitoring
In order not to be subject to triggered source water monitoring, a groundwater system can notify the state that it provides at least 4-
log treatment of viruses using virus inactivation, removal, or a state-approved combination of 4-log virus inactivation and removal

before or at the first customer. The groundwater system must then begin compliance monitoring designed to show the effectiveness
of their treatment processes.

Groundwater systems that use chemical disinfection and serve more than 3,300 people must continuously monitor their disinfectant
concentration. These systems must maintain the minimum disinfectant residual concentration determined by the state.

Groundwater systems that use chemical disinfection and serve 3,300 people or fewer must take daily grab samples or meet the
continuous monitoring requirements described for public groundwater systems serving more than 3,300 people.

Groundwater systems using membrane filtration for 4-log treatment of viruses must monitor the membrane filtration process
according to state-specified monitoring requirements.

Groundwater systems may use alternative treatment technologies (e.g., ultraviolet radiation [UV]) approved by the state.
Groundwater systems must monitor the alternative treatment according to state specified monitoring requirements and must operate
the alternative treatment according to compliance requirements established by the state.

Source Water Monitoring

Triggered Source Water Monitoring

Groundwater systems that do not conduct compliance monitoring and are notified of a total coliform-positive routine sample
collected in compliance with the Total Coliform Rule (40 CFR 141.21) must conduct triggered source water monitoring.

Groundwater systems must collect at least one ground water source sample from each source in use at the time the total coliform-
positive sample was collected. The triggered source water sample must be analyzed for the presence of a fecal indicator as specified
in the rule.
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If the triggered source water sample is fecal indicator-positive, the Groundwater system must either take corrective action, as
directed by the state, or if corrective action is not required by the state and the sample is not invalided by the state, the Groundwater
system must conduct additional source water sampling.

States may waive the triggered source water monitoring requirement if the state determines and documents, in writing, that the total
coliform-positive routine sample is the result of a documented distribution system deficiency.

States may develop criteria for distribution system conditions that cause total coliform positive samples. A Groundwater system can
document to the state that it met the state criteria within 30 days of the total coliform-positive sample and be exempt from
collecting triggered source water sample(s).

States may invalidate a fecal indicator-positive groundwater source sample under specific conditions. If a fecal indicator-positive
source sample is invalidated, the Groundwater system must collect another source water sample within 24 hours of being notified
by the state of its invalidation decision.

Additional Source Water Sampling

If the state does not require corrective action in response to a fecal indicator-positive triggered source water sample, the
Groundwater system must collect five additional source water samples (from the same source), using the same indicator as used in
triggered source water monitoring, within 24 hours of being notified of the fecal indicator-positive sample.

Assessment Source Water Monitoring

States have the opportunity to target higher risk GWSs for additional testing. States independently can determine on a case by case
basis whether monitoring is necessary and when corrective action needs to be taken.

Treatment Technique Requirements

Groundwater Systems with Significant Deficiencies or Source Water Fecal Contamination

Groundwater systems must take corrective action if a significant deficiency is identified, or if the initial source samples (if required
by the state) or one of the five additional groundwater source samples tests positive for fecal contamination. The Groundwater
systems must implement at least one of the following corrective actions:

1. Correct all significant deficiencies

2. Provide an alternate source of water

3. Eliminate the source of contamination

4. Provide treatment that reliably achieves at least 4-log treatment of viruses (using inactivation, removal, or a state-approved
combination of 4-log virus inactivation and removal) before or at the first customer for the groundwater source.

New Sources

New Ground Water Sources

New sources which come online after November 2009 are required either to conduct triggered source water monitoring as required
by the Groundwater Rule, or provide at least 4-log inactivation, removal, or a state-approved combination of these technologies and
conduct compliance monitoring within 30 days of the source being put in service.

Sanitary Surveys

All Ground Water Systems

States are required to conduct sanitary surveys of all Groundwater systems in order to identify significant deficiencies, including
deficiencies which may make a system susceptible to microbial contamination.

Following the initial sanitary survey, states must conduct sanitary surveys every 3 years for most Community Water Systems and
every 5 years for Non-community Water Systems that provide at least 4-log treatment of viruses or have outstanding performance
records, as determined by the state.
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Surface Water Treatment Rule

The purpose of the Surface Water Treatment Rules (SWTRs) is to reduce illnesses caused by pathogens in drinking water. The
disease-causing pathogens include Legionella, Giardia lamblia, and Cryptosporidium.

The SWTRs requires water systems to filter and disinfect surface water sources. Some water systems are allowed to use
disinfection only for surface water sources that meet criteria for water quality and watershed protection. This combination of rules
is designed to provide protection from microbial pathogens.

Simultaneously, the rules minimize health risks to the population from disinfection byproducts.

For PWSs that use surface water sources and are not required to filter, existing regulations do not require any treatment for
Cryptosporidium. New survey data suggest that typical Cryptosporidium levels in the treated water of unfiltered PWSs are higher
than in the treated water of filtered PWSs. Thus, Cryptosporidium treatment by unfiltered PWSs is needed to achieve comparable
public health protection.

Further, results from recent treatment studies has allowed EPA to develop standards for the inactivation of Cryptosporidium by
ozone, ultraviolet (UV) light, and chlorine dioxide. Based on these developments, the EPA has established requirements for all
unfiltered PWSs to treat for Cryptosporidium, with the required degree of treatment depending on the source water contamination
level. Additionally, the long-term rule addresses risks in uncovered finished water storage facilities, in which treated water can be
subject to significant contamination as a result of runoff, bird and animal wastes, human activity, algal growth, insects, fish, and
airborne deposition. Existing regulations prohibit the building of new uncovered finished water storage facilities. Under the long-
term rule, PWSs must limit potential risks by covering or treating the discharge of such storage facilities. The requirements in the
Surface Water Treatment Rule reflect consensus recommendations from the Stage 2 Microbial and Disinfection Byproducts (M-
DBP) Federal Advisory Committee. These recommendations are set forth in the Stage 2 M—DBP Agreement in Principle.

Long-Term Surface Water Treatment Rule

Source Water Monitoring. The rule requires PWSs using surface water or groundwater under the direct influence (GWUDI) of
surface water to monitor their source water (the influent water entering the treatment plant) to determine an average
Cryptosporidium level. Monitoring results determine the extent of Cryptosporidium treatment requirements.

Large PWSs (serving at least 10,000 people) must monitor for Cryptosporidium (plus E. coli and turbidity in filtered PWSs) for a
period of two years. To reduce monitoring costs, small filtered PWSs (serving fewer than 10,000 people) initially monitor just for
E. coli for one year as a screening analysis and are required to monitor for Cryptosporidium only if their E. coli levels exceed
specified trigger values. Small filtered PWSs that exceed the E. coli trigger, as well as all small unfiltered PWSs, must monitor for
Cryptosporidium for one or two years, depending on the sampling frequency.

Under the long-term rule, specific criteria are set for sampling frequency and schedule, sampling location, using previously
collected data, providing treatment instead of monitoring, sampling by PWSs that use surface water for only part of the year, and
monitoring of new plants and sources. The long-term rule also establishes requirements for reporting of monitoring results, using
analytical methods, and using approved laboratories. The rule also requires a second round of monitoring to begin approximately
6.5 years after the first round concludes in order to determine if source water quality has changed to a degree that should affect
treatment requirements.

The long-term rule establishes risk-targeted treatment technique requirements to control Cryptosporidium in PWSs using surface
water or GWUDI. These treatment requirements supplement those established by existing regulations. Filtered PWSs are classified
in one of four treatment categories (or bins) based on the results of the source water Cryptosporidium monitoring. This bin
classification determines the degree of additional Cryptosporidium treatment, if any, that filtered PWS must provide. PWSs
classified in Bins 2, 3, or 4 must achieve 1.0 to 2.5-log of treatment (90 to 99.7 percent reduction) for Cryptosporidium over and
above that provided with conventional treatment. Different additional treatment requirements may apply to PWSs using other than
conventional treatment, such as direct filtration, membranes, or cartridge filters.

Filtered PWSs must meet the additional Cryptosporidium treatment required in Bins 2, 3, or 4 by using one or more treatment or
control processes from a microbial toolbox of options. The long-term rule requires all unfiltered PWSs to provide at least 2-log (99
percent) inactivation of Cryptosporidium. If the average source water Cryptosporidium level exceeds 0.01 oocysts/L, the unfiltered
PWS must provide at least 3-log (99.9 percent) inactivation of Cryptosporidium. Further, under the long-term rule, unfiltered PWSs
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must achieve their overall inactivation requirements (including Giardia lamblia and virus inactivation) using a minimum of two
disinfectants.

PWSs with uncovered finished water storage facilities must take steps to address contamination risks. Existing regulations require
PWSs to cover all new storage facilities for finished water but do not address existing uncovered finished water storage facilities.
Under the long-term rule, PWSs using uncovered finished water storage facilities must cover the storage facility or treat the storage
facility discharge to achieve inactivation and/or removal of 4-log virus, 3-log Giardia lamblia, and 2-log Cryptosporidium on a
state-approved schedule.

The rule applies to all PWSs using surface water or GWUDI, including large and small PWSs, community and non-community
PWSs, and non-transient and transient PWSs. Wholesale PWSs must comply with the requirements of the rule based on the
population of the largest PWS in the combined distribution system.

Consecutive PWSs that purchase treated water from wholesale PWSs that fully comply with the monitoring and treatment
requirements of the rule are not required to take additional steps for that water.

Existing Regulations for Microbial Pathogens in Drinking Water
1. The Surface Water Treatment Rule (SWTR) (54 FR 27486, June 1989) applies to all PWSs using surface water or ground water
under the direct influence (GWUDI) of surface water as sources (Subpart H PWSs). It established MCLGs of zero for Giardia
lamblia, viruses, and Legionella, and includes the following treatment technique requirements to reduce exposure to pathogenic
microorganisms:

a. Filtration, unless specific avoidance criteria are met

b. Maintenance of a disinfectant residual in the distribution system

c. Removal and/or inactivation of 3-log (99.9%) of Giardia lamblia and 4-log (99.99%) of viruses

d. Maximum allowable turbidity in the combined filter effluent (CFE) of 5 nephelometric turbidity units

e. (NTU) and 95th percentile CFE turbidity of 0.5 NTU or less for plants using conventional treatment or direct filtration
f. Watershed protection and source water quality requirements for unfiltered PWSs

2. The Total Coliform Rule (TCR) (54 FR 27544, June 1989) applies to all PWSs. It established an MCLG of zero for total and
fecal coliform bacteria and an MCL based on the percentage of positive samples collected. Coliforms are used as an indicator of
fecal contamination and to determine the integrity of the water treatment process and distribution system. Under the Total
Coliform Rule, no more than 5 percent of distribution system samples collected in any month may contain coliform bacteria (no
more than 1 sample per month may be coliform positive in those PWSs that collect fewer than 40 samples per month). The
number of samples to be collected in a month is based on the number of people served by the PWS.

3. Interim Enhanced Surface Water Treatment Rule (63 FR 69478, December 16, 1998) (USEPA 1998a) applies to PWSs serving
at least 10,000 people and using surface water or GWUDI sources. Key provisions established by the interim rule include the
following:

a. An MCLG of zero for Cryptosporidium

b. Cryptosporidium removal requirements of 2-log (99 percent) for PWSs that filter

c. More stringent turbidity performance standards of 1.0 NTU as a maximum and 0.3 NTU or less at the 95th percentile
monthly for treatment plants using conventional treatment or direct filtration

d. Requirements for individual filter turbidity monitoring

e. Disinfection benchmark provisions to assess the level of microbial protection that PWSs provide as they take steps to
comply with new disinfection by-products standards

f. Inclusion of Cryptosporidium in the definition of GWUDI and in the watershed control requirements for unfiltered PWSs

g. Requirements for covers on new finished water storage facilities

h. Sanitary surveysfor all surface water systems regardless of size

The interim surface water treatment rule was developed in conjunction with the Stage 1 Disinfectants and Disinfection Byproducts
Rule (Stage 1 DBPR) (63 FR 69389, December 1998), which reduced allowable levels of certain DBPs, including trihalomethanes,
haloacetic acids, chlorite, and bromate.
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4. Long Term 1 Enhanced Surface Water Treatment Rule (67 FR 1812, January 2002) builds on the microbial control provisions
established by the interim rule for large PWSs through extending similar requirements to small PWSs. The long-term interim
rule applies to PWSs that use surface water or GWUDI as sources and that serve fewer than 10,000 people. Like the interim
rule, the long-term rule established the following:

a. 2- log (99 percent) Cryptosporidium removal requirements by PWSs that filter

b. Individual filter turbidity monitoring and more stringent combined filter effluent turbidity standards for conventional and
direct filtration plants

c. Disinfection profiling and benchmarking; inclusion of Cryptosporidium in the definition of GWUDI and in the watershed
control requirements for unfiltered PWSs

d. The requirement that new finished water storage facilities be covered.

5. Filter Backwash Recycle Rule (66 FR 31085, June 2001) requires PWSs to consider the potential risks associated with
recycling contaminants removed during the filtration process. The provisions of the filter backwash rule apply to all PWSs that
recycle, regardless of population served. In general, the provisions include the following:

a. PWSs must return certain recycle streams to a point in the treatment process that is prior to primary coagulant addition
unless the State specifies an alternative location

b. Direct filtration PWSs recycling to the treatment process must provide detailed recycle treatment information to the State

c. Certain conventional PWSs that practice direct recycling must perform a one-month, one-time recycling self-assessment

Introduction to Cryptosporidium

Concern with Cryptosporidium in Drinking Water

EPA is promulgating the Long-Term Surface Water Treatment Rule to reduce the public health risk associated with

Cryptosporidium in drinking water.
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Figure Chapter7.1: Cryptosporidiosis.(Copyright: Image by the CDC is in the public domain)

Cryptosporidium is a protozoan parasite that lives and reproduces entirely in one host. Ingestion of Cryptosporidium can cause
cryptosporidiosis, a gastrointestinal (GI) illness. Cryptosporidium is excreted in feces. Transmission of cryptosporidiosis occurs
through consumption of water or food contaminated with feces or by direct or indirect contact with infected persons or animals. In
the environment, Cryptosporidium is present as a thick-walled oocyst containing four organisms (sporozoites).

The oocyst wall insulates the sporozoites from harsh environmental conditions. Oocysts are 4-5 microns in length and width. Upon
a host’s ingestion of oocysts, enzymes and chemicals produced by the host’s digestive system cause the oocyst to excyst, or break
open. The excysted sporozoites embed themselves in the surfaces of the epithelial cells of the lower small intestine. The organisms
then begin absorbing nutrients from their host cells. When these organisms sexually reproduce, they produce thick and thin-walled
oocysts. The host excretes the thick-walled oocysts in its feces. The thin-walled oocysts excyst within the host and contribute to
further host infection.

The exact mechanism by which Cryptosporidium causes GI illness is not known. Factors may include damage to intestinal
structure and cells, changes in the absorption/secretion processes of the intestine, toxins produced by Cryptosporidium or the host,
and proteins that allow Cryptosporidium to adhere to host cell surfaces. Upon excretion, Cryptosporidium oocysts may survive for
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months in various environmental media, including soil, river water, seawater, and human and cattle feces at ambient temperatures.
Cryptosporidium can also withstand temperatures as low as 20 °C for periods of a few hours, but they are susceptible to
desiccation.

Cryptosporidium is a widespread contaminant in surface water used as drinking water supplies. Cryptosporidium contamination
can come from animal agriculture, wastewater treatment plant discharges, slaughterhouses, birds, wild animals, and other sources
of fecal matter. Cryptosporidium parvum (C. parvum) has been the primary species of concern to humans.

Cryptosporidium infection is characterized by mild to severe diarrhea, dehydration, stomach cramps, and/or a slight fever.
Incubation is thought to range from 2 to 10 days. Symptoms typically last from several days to 2 weeks. In a small percentage of
cases, the symptoms may persist for months or longer in healthy individuals. Symptoms may be more severe in
immunocompromised persons. Such persons include those with AIDS, cancer patients undergoing chemotherapy, organ transplant
recipients treated with drugs that suppress the immune system, and patients with autoimmune disorders.

Cryptosporidium oocysts are highly resistant to standard disinfectants like chlorine and chloramines. Consequently, control of
Cryptosporidium in most treatment plants is dependent on physical removal processes. However, due to their size (4-5 microns),
oocysts can sometimes pass through filters. Monitoring data on finished water show that Cryptosporidium is sometimes present in
filtered, treated drinking water.

Certain alternative disinfectants can be more effective in treating for Cryptosporidium. Ozone and chlorine dioxide have been
shown to inactivate Cryptosporidium at doses higher than those required to inactivate Giardia, which has typically been used to set
disinfectant doses. Studies have also demonstrated a synergistic effect of treatment using ozone followed by chlorine or
monochloramine. UV light has recently been shown to achieve high levels of Cryptosporidium inactivation at feasible doses. Other
processes that can help reduce Cryptosporidium levels in finished water include watershed management programs, pretreatment
processes like bank filtration, and additional clarification and filtration processes during water treatment. Further, optimizing
treatment performance and achieving very low levels of turbidity in the finished water has been shown to improve Cryptosporidium
removal in treatment plants.

Cryptosporidium has caused a number of waterborne disease outbreaks since 1984 when the first was reported in the United States.
Data from the Centers for Disease Control and Prevention include ten outbreaks caused by Cryptosporidium in drinking water
between 1984 and 2000, with approximately 421,000 cases of illness. The most serious outbreak occurred in 1993 in Milwaukee;
an estimated 403,000 people became sick, and at least 50 Cryptosporidium-associated deaths occurred among the severely
immunocompromised.

A PWS that begins using a new surface water source after the date the PWS is required to conduct source water monitoring under
the Long-Term 2 Surface Water Treatment Rule must monitor the new source on a schedule approved by the State. This applies to
new plants that begin operation and previously operating plants that bring a new source on-line after the required monitoring date
for the PWS. The State may determine that monitoring should be conducted before a new plant or source is brought on-line or
initiated within some time period afterward.

The new source monitoring must meet all long-term rule requirements. The PWS must also determine its treatment bin
classification and comply with any additional Cryptosporidium treatment requirements based on the monitoring results on a
schedule approved by the State.

Background and Analysis Monitoring requirements in the rule are designed to ascertain Cryptosporidium levels with suitable
accuracy for making treatment bin classifications and in a time frame that does not delay the installation of Cryptosporidium
treatment where needed. A mean Cryptosporidium concentration of 0.01 oocysts/L determines whether unfiltered PWSs are
required to provide 2 or 3-log Cryptosporidium inactivation. No E. coli concentration was effective in determining whether PWSs
were likely to fall above or below this level. Consequently, the rule requires all unfiltered PWSs to monitor for Cryptosporidium,
unless they choose to provide 3-log Cryptosporidium inactivation.

Sampling location

The requirements in the rule for the source water sample collection location are designed to achieve two objectives:

1. Characterize the influent water to the treatment plant at the time each sample is collected.
2. Ensure that samples are not affected by treatment chemicals that could interfere with Cryptosporidium analysis.
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The first objective is the basis for requiring PWSs that use multiple sources to analyze a blended source sample or calculate a
weighted average of sources that reflects the influent at the time of sample collection. It is also the reason that PWSs are required to
sample after certain pretreatment processes like bank filtration that do not involve chemical addition.

The second objective is why PWSs are generally required to sample upstream of chemical addition and prior to backwash addition
(for PWSs that recycle filter backwash). However, EPA recognizes that in some situations, sampling prior to chemical addition will
not be feasible and discontinuing chemical addition for a period of time prior to sampling will not be advisable. This situation could
occur when a treatment chemical is added at an intake that is difficult to access. Further, some treatment chemicals may not
interfere with Cryptosporidium analyses when present at very low levels. Consequently, the rule allows States to approve PWSs
sampling after chemical addition when the State determines that collection prior to chemical treatment is not feasible, and the
treatment chemical is not expected to interfere with the analysis of the sample. EPA believes that States should review source water
monitoring locations for their PWSs.

Sampling Schedule

The requirement will help to ensure that monitoring determines the mean concentration of Cryptosporidium in the treatment plant
influent. To achieve this objective, the timing of sample collection must not be adjusted in response to fluctuations in water quality,
such as the avoidance of sampling when the influent water is expected to be of poor quality. EPA believes that the 5-day window
for sample collection and associated allowances for sampling outside this window provide sufficient flexibility. If circumstances
arise that prevent the PWS from sampling within the scheduled 5-day window, such as a weather event or plant emergency, the
PWS must collect a sample as soon as feasible. In this case, feasibility includes the ability of the PWS to safely collect a sample
and the availability of an approved laboratory to conduct the analysis within method specifications. In addition, the rule allows
States to authorize a different date for collecting the delayed sample.

Failing to Monitor

For most monitoring and testing procedure violations under the Long-Term Rule 2, PWSs must provide a Tier 3 public notification,
which is standard for this type of violation under an NPDWR. However, if a PWS fails to collect three or more Cryptosporidium
samples, the violation is elevated to a Tier 2 special public notice. The reason for elevating the public notice at this point is the
persistence of the violation and the difficulty the PWS will have in collecting the required number of samples for bin classification
by the compliance date. The rule requires bin classification within six months following the end of the monitoring period specified
for the PWS. This six-month period provides some opportunity for collecting and analyzing missed samples. The number of
samples that can be made up in this period is limited, though, due to the need for samples to be evenly distributed throughout the
year, as well as for PWSs and States to spend time during this period evaluating monitoring results to determine bin classification.

Failure by a PWS to collect the required number of Cryptosporidium samples for bin classification by the compliance date is a
treatment technique violation with a required Tier 2 public notice. This violation reflects the inability of the PWS to determine and
comply with its Cryptosporidium treatment requirements under the rule and provide the appropriate level of public health
protection. The violation ends when the State determines that the PWS is carrying out a monitoring plan that will lead to bin
classification.

A PWS that has already provided a Tier 2 public notice for missing three sampling dates and is successfully meeting a State-
approved sampling schedule is not required to issue another public notice for missing the bin classification date. Alternatively, the
PWS can choose to provide the highest level of Cryptosporidium treatment required under the rule, which is 5.5-log for filtered
PWSs and 3-log for unfiltered PWSs.

Requirements for grandfathering previously collected monitoring data in the rule based on the principle that to be eligible for
grandfathering, previously collected data must be equivalent in quality to data that will be collected under the rule.

The Stage 2 M-DBP Advisory Committee recommended that EPA accept previously collected Cryptosporidium data that are
equivalent in sample number, frequency, and data quality (volume analyzed, percent recovery) to data that would be collected
under the long-term rule to determine bin classification in lieu of further monitoring.

Ongoing watershed assessment treatment requirements under the rule are based on source water quality. Consequently, the rule
requires watershed assessment and, a second round of monitoring following initial bin classification to determine if source water
quality has changed to the degree that the treatment level should be modified. States are allowed to use programs other than the
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sanitary survey to assess changes in the watershed. The rule leverages the existing requirement for States to perform sanitary
surveys on surface water PWSs. During the source water review in the sanitary survey, the rule requires States to determine if
significant changes have occurred in the watershed that could lead to increased contamination by Cryptosporidium. The State can
also choose to make this determination through an equivalent review of the source water under a program other than the sanitary
survey, such as a Source Water Protection Assessment. If the State determines that significant changes have occurred, the State may
specify that the PWS conduct additional source water monitoring or treat the potential contamination. This approach allows the
PWS and State to respond to a significant change in source water quality prior to initiating a second round of monitoring or any
time thereafter.

Second Round of Monitoring

A more rigorous reassessment of the source water occurs through a second round of monitoring that begins six years after initial
bin classification. If EPA does not develop and finalize modifications to the rule prior to the date when PWSs must begin the
second round of monitoring, then this second round must conform to the same requirements that applied to the initial round of
monitoring. PWSs may be classified in a different treatment bin, depending on the results of the second round of monitoring.

Process Summary

Source water monitoring to determine additional treatment requirements for Cryptosporidium.

1. Sampling parameters and frequency, sampling location, sampling schedule, monitoring plants that operate only part-year,
failing to monitor, providing treatment instead of monitoring, grandfathering previously collected data, ongoing source water
assessment, second round of monitoring, and new source monitoring.

The Rule requires filtered PWSs using surface water or GWUDI sources to provide greater levels of treatment if their source waters
have higher concentrations of Cryptosporidium. Filtered PWSs are classified in one of four treatment bins based on results from the
source water monitoring. PWSs classified in the lowest concentration bin are subject to no additional treatment requirements, while
PWSs assigned to higher concentration bins must reduce Cryptosporidium levels. All PWSs must continue to comply with the
requirements of the SWTR, IESWTR, and LTIESWTR, as applicable. This section addresses procedures for classifying filtered
PWSs in Cryptosporidium treatment bins and the treatment requirements associated with each bin. Microbial toolbox that PWSs
must use to meet additional Cryptosporidium treatment requirements.

¢ Bin classification-after completing initial source water monitoring, filtered PWSs must calculate a Cryptosporidium bin
concentration for each treatment plant where Cryptosporidium monitoring is required. This Cryptosporidium bin concentration
is used to classify filtration plants in one of the four treatment bins.

In general, the Cryptosporidium bin concentration is calculated by averaging individual sample results from one or more years of
monitoring. Specific procedures vary, however, depending on the frequency and duration of monitoring. These procedures are as
follows:

1. For PWSs that collect a total of at least 24 but not more than 47 Cryptosporidium samples over two or more years, the
Cryptosporidium bin concentration is equal to the highest arithmetic mean of all sample concentrations in any 12 consecutive
months of Cryptosporidium monitoring.

2. For PWSs that collect a total of at least 48 samples, the Cryptosporidium bin concentration is equal to the arithmetic mean of all
sample concentrations.

3. For PWSs that serve fewer than 10,000 people and monitor for Cryptosporidium for only one year (collect 24 samples in 12
months), the Cryptosporidium bin concentration is equal to the arithmetic mean of all sample concentrations.

4. For PWSs with plants that operate only part-year that monitor for less than 12 months per year, the Cryptosporidium bin
concentration is equal to the highest arithmetic mean of all sample concentrations during any year of Cryptosporidium
monitoring.

In data sets with variable sampling frequency, PWSs must first calculate an arithmetic mean for each month of sampling and then
apply one of these four procedures using the monthly mean concentrations. PWSs may grandfather previously collected
Cryptosporidium data where the sampling frequency varies (one year of monthly sampling and one year of twice-per- month
sampling). Filtered PWSs serving fewer than 10,000 people are not required to monitor for Cryptosporidium if they demonstrate a
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mean E. coli concentration less than or equal to 10/ 100 mL for lake/reservoir sources or 50/ 100 mL for flowing stream sources or
do not exceed an alternative State-approved indicator trigger. PWSs that meet this criterion are classified in Bin 1.

When determining the Cryptosporidium bin concentration, PWSs must calculate individual sample concentrations as the total
number of oocysts counted, divided by the volume as saved. In samples where no oocysts are detected, the result is assigned a
value of zero for the purpose of calculating the bin concentration. Sample analysis results are not adjusted for analytical method
recovery or the percent of Cryptosporidium oocysts that are infectious. PWSs must report their treatment bin classification to the
State for approval following initial source water monitoring. The report must include a summary of the data and calculation
procedure used to determine the bin concentration. PWSs must recalculate their bin classification after completing the second
round of monitoring and report the results to the State for approval. If the State does not respond to a PWS regarding its bin
classification after either report, the PWS must comply with the Cryptosporidium treatment requirements of the rule based on the
reported bin classification.

¢ Bin treatment requirements. All filtered PWSs must comply with the treatment requirements based on their bin classification.

The total Cryptosporidium treatment required for plants in Bins 2, 3, and 4 is 4.0-log, 5.0-log, and 5.5-log, respectively.
Conventional treatment (including softening), slow sand, and diatomaceous earth filtration plants in compliance with the IESWTR
or LTIESWTR, as applicable, receive a prescribed 3.0-log Cryptosporidium treatment credit toward these total bin treatment
requirements. Accordingly, these plant types must provide 1.0 to 2.5-log of additional treatment when classified in Bins 24,
respectively. Direct filtration plants in compliance with existing regulations receive a prescribed 2.5-log treatment credit and,
consequently, must achieve 0.5-log greater treatment to comply with Bins 2—4.

For PWSs using alternative filtration technologies, such as membranes, bag filters, or cartridge filters, no prescribed treatment
credit is available because the performance of these processes is specific to individual products. Consequently, when PWSs using
these processes are classified in Bins 2—4, the State must determine additional treatment requirements based on the credit the State
awards to a particular technology. The additional treatment requirements must ensure that plants classified in Bins 2—4 achieve total
Cryptosporidium reductions of 4.0- to 5.5-log, respectively. PWSs can achieve additional Cryptosporidium treatment credit through
implementing pretreatment processes like pre-sedimentation or bank filtration, by developing a watershed control program, and by
applying additional treatment steps like ozone, chlorine dioxide, UV, and membranes. In addition, PWSs can receive a higher level
of credit for existing treatment processes through achieving very low filter effluent turbidity or through a demonstration of
performance.

A combination of options from the microbial toolbox can be used to gather additional credit. PWSs in Bin 2 can meet additional
Cryptosporidium treatment requirements by using any option or combination of options from the microbial toolbox. For Bins 3 and
4, PWSs must achieve at least 1-log of the additional treatment requirement by using ozone, chlorine dioxide, UV, membranes, bag
filtration, cartridge filtration, or bank filtration.

o The rule increases protection against Cryptosporidium and other pathogens in PWSs with the highest source water
contamination levels. This targeted approach builds upon existing regulations under which all filtered PWSs must provide the
same level of treatment regardless of source water quality. The rule is to ensure that PWSs with higher risk source waters
achieve public health protection commensurate with PWSs with less contaminated sources.

The rule establishes risk-targeted Cryptosporidium treatment requirements and sets specific bin concentration ranges and treatment
requirements that apply to filtered PWSs. The IESWTR established a Cryptosporidium MCLG of zero and requires large filtered
PWSs to achieve 2-log Cryptosporidium removal. The LTIESWTR extended this requirement to small PWSs. After these rules
were promulgated, advances were made in analytical methods and treatment for Cryptosporidium, and EPA collected new
information on Cryptosporidium occurrence and infectivity. Consequently, EPA assessed the implications of these developments
for further controlling Cryptosporidium to approach the zero MCLG. The risk-targeted approach for filtered PWSs in the rule stems
from four general findings based on new information on Cryptosporidium:

1. New data on Cryptosporidium infectivity suggest that the risk associated with a particular level of Cryptosporidium is most
likely higher than EPA estimated at the time of earlier rules.

2. New data on Cryptosporidium occurrence indicate that levels are relatively low in most water sources, but a subset of sources
has substantially higher concentrations.
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3. The finding that UV light can readily inactivate Cryptosporidium, as well as other technology developments, makes achieving
high levels of treatment for Cryptosporidium feasible for PWSs of all sizes.
4. EPA Methods 1622 and 1623 are capable of assessing annual mean levels of Cryptosporidium in drinking water sources.

These findings led EPA to conclude that most filtered PWSs currently provide sufficient treatment for Cryptosporidium, but
additional treatment is needed in those PWSs with the highest source water Cryptosporidium levels to protect public health.
Further, PWSs can characterize Cryptosporidium levels in their source waters with available analytical methods and can provide
higher levels of treatment with available technologies. Consequently, risk-targeted treatment requirements for Cryptosporidium
based on source water contamination levels are appropriate and feasible to implement.

Basis for bin concentration ranges and treatment requirements. To establish the risk-targeted treatment requirements in today’s rule,
EPA had to determine the degree of treatment that should be required for different source water Cryptosporidium levels to protect
public health. This determination involved addressing several questions:

1. What is the risk associated with Cryptosporidium in a drinking water source?

2. How much Cryptosporidium removal do filtration plants achieve?

3. What is the appropriate statistical measure for classifying PWSs into treatment bins?

4. What degree of additional treatment is needed for higher source water Cryptosporidium levels?
5. How should PWSs calculate their treatment bin classification?

The risk of infection from Cryptosporidium in drinking water is a function of exposure (the dose of oocysts ingested) and
infectivity (likelihood of infection as a function of ingested dose). Primary (direct) exposure to Cryptosporidium depends on the
concentration of oocysts in the source water, the fraction removed by the treatment plant, and the volume of water consumed
(secondary exposure occurs through interactions with infected individuals). Thus, the daily risk of infection (DR) is as follows:

DR = (oocysts/L in source water) x (fraction remaining after treatment) x (liters consumed per day) x (likelihood of infection per
oocyst dose). Assuming 350 days of consumption per year for people served by community water systems (CWSs), the annual risk
(AR) of infection is as follows: AR =1 ¥ (1 ¥ DR)350.

EPA has estimated the mean likelihood of infection from ingesting one Cryptosporidium oocyst to range from 4 to 16 percent.
Median individual daily water consumption is estimated as 1.07 L/day.

Key Terms

o Cryptosporidium - a protozoan parasite that lives and reproduces entirely in one host; ingestion of Cryptosporidium can cause
cryptosporidiosis, a gastrointestinal (GI) illness; cryptosporidium is excreted in feces.

o Ground Water Rule (GWR) — the purpose is to improve drinking water quality and provide protection from disease-causing
microorganisms; water systems that have groundwater sources may be susceptible to fecal contamination; applies to public
water systems that use ground water as a source of drinking water

o Surface Water Treatment Rules (SWTRs) — the purpose is to reduce illnesses caused by pathogens in drinking water,
including Legionella, Giardia lamblia, and Cryptosporidium; the SWTRs requires water systems to filter and disinfect surface
water sources.

o Total Coliform Rule (TCR) - a National Primary Drinking Water Regulation (NPDWR), published in 1989 and became
effective in 1990; sets a health goal (Maximum Contaminant Level Goal (MCLG)) and legal limits (Maximum Contaminant
Levels, MCLs)) for the presence of total coliforms in drinking water

This page titled Chapter 7: Microbiology Regulations is shared under a not declared license and was authored, remixed, and/or curated by Don
Kendall & Stephanie Anagnoson (ZTC Textbooks) .
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7.1: Review Questions

Review Questions
1. What are the primary components of the Total Coliform Rule?
2. What is the basis of the Total Coliform Rule?
3. What is the primary requirement in the Groundwater Rule?

4. List four EAP approved laboratory methods for testing for coliforms.

This page titled 7.1: Review Questions is shared under a not declared license and was authored, remixed, and/or curated by Don Kendall &

Stephanie Anagnoson (ZTC Textbooks) .
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7.2: Chapter Quiz

Chapter Quiz

1
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o

. Total coliforms are used as a(n) of the possible presence of pathogens in drinking water. Total coliforms are used to

determine the adequacy of water treatment and the integrity of the distribution system.

. indicator

. model

. log removal
. alternative

. The Revised Total Coliform Rule establishes for E. coli and uses E. coli and total coliforms to initiate a find and fix

approach to address fecal contamination that could enter into the distribution system.

. alog removal

. a maximum contaminant level (MCL)

. a secondary maximum contaminant level (SMCL)
. a model

. Within 24 hours of learning of a Total Coliform positive routine sample result, at least repeat samples must be collected

and analyzed for total coliform.

A W N -

. States are required to conduct of all groundwater systems in order to identify significant deficiencies, including

deficiencies which may make a system susceptible to microbial contamination.

. hydrologic studies

. microbial examinations
. a sanitary survey

. laboratory studies

. The Surface Water Treatment Rule requires water systems to surface water sources.

. filter and disinfect
. conserve

. aerate

. disinfect

. In order not to be subject to triggered source water monitoring under the Groundwater Rule, a groundwater system can notify

the state that it provides at least treatment of viruses using virus inactivation, or removal, before or at the first
customer.

. 2-log
. 3-log
. 4-log
. 6-log

. The Long-Term Surface Water Rule establishes risk-targeted treatment technique requirements to control in PWSs

using surface water or groundwater under the influence of surface water.

1. E.coli

2. Giardiasis lambdia
3
4

. Cryptosporidium
. Coliforms

https://workforce.libretexts.org/@go/page/38913
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. What is the maximum allowable turbidity in the combined filter effluent?

8

1.0.5NTU

2.1.0NTU

3.3.0NTU

4.5.0 NTU

9. EPA promulgated the Long-Term Surface Water Treatment Rule to reduce the public health risk associated with in
drinking water.

1. Giardiasis lambdia
2. Cryptosporidium
3. Coliforms
4. E. coli

This page titled 7.2: Chapter Quiz is shared under a not declared license and was authored, remixed, and/or curated by Don Kendall & Stephanie
Anagnoson (ZTC Textbooks) .
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Chapter 8: Total Coliform Rule

4} Learning Objectives

After reading this section, you should be able to:

e Describe biofilms
o Explain common microbiological techniques
e Outline and describe coliform bacterial analysis

Biofilms

Bacteria may grow and persist in the environment as free floating (planktonic) cells in liquids or attached to surfaces as biofilm. In
1683, Antoni van Leeuwenhoek observed and described biofilms by using his primitive microscope on matter from his own teeth.
Biofilm form when bacteria adhere to environmental surfaces, especially those located in the presence of high moisture. Biofilm
typically persist in a matrix containing slimy, glue-like substances (extracellular polymeric substances) which facilitate their
attachment to many hard surfaces. The biofilm matrix provides embedded bacteria with protection from dehydration and other
environmental stresses and may interfere with the action of chemical disinfectants.!

Figure Chapter8.1: Copy and Paste Caption here. (Copyright; Image by CDC is in the public domain)

A biofilm is considered to a hydrogel. According to Wang et. al (2020), hydrogels are “three-dimensional (3D) cross-linked
polymer networks that can absorb and retain large amount of water. Because of their tunable properties as well as their versatile
fabrication methods, hydrogel materials have been applied in a wide range of biomedical and engineering applications, ranging
from tissue engineering and regenerative medicine to wastewater treatment...”

Culture Media

Culture medium or growth medium is a liquid or gel designed to support the growth of microorganisms. There are different types
of media suitable for growing different types of cells. Nutrient broths and agar plates are the most common growth media, although
specialized media are sometimes required for microorganism and cell culture growth. Some organisms, termed fastidious
organisms, need specialized environments due to complex nutritional requirements. Viruses, for example, are obligate intracellular
parasites and require a growth medium containing living cells. Many human microbial pathogens also require the use of human

cells or cell lysates to grow on a media. The most common growth media nutrient broths (liquid nutrient medium) or LB medium
(Lysogeny Broth) are liquid. These are often mixed with agar and poured into Petri dishes to solidify. These agar plates provide a
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solid medium on which microbes may be cultured. They remain solid, as very few bacteria are able to decompose agar. Many
microbes can also be grown in liquid cultures comprised of liquid nutrient media without agar.

Figure Chapter8.2: Petri Dish #1. Figure Chapter8.3: Petri Dish #2. Figure Chapter8.4: Petri Dish #3.
(Copyright; Image by Ninjatacoshell is (Copyright; Image by NASA is in the (Copyright; Image by the CDC is in the
licensed under CC BY-SA 3.0) public domain) public domain)

Chemically Defined Medium

A defined culture medium will have known quantities of all ingredients. For microorganisms, it provides trace elements and
vitamins required by the microbe and especially a defined carbon and nitrogen source. Glucose or glycerol are often used as carbon
sources, and ammonium salts or nitrates as inorganic nitrogen sources. A chemically defined medium is entirely free of animal-
derived components (including microbial derived components such as yeast extract) and represents the purest and most consistent
cell culture environment.

Complex Undefined Media

An undefined medium has some complex ingredients, such as yeast extract or casein hydrolysate, which consist of a mixture of
many, many chemical species in unknown proportions. Undefined media are sometimes chosen based on price and sometimes by
necessity — some microorganisms have never been cultured on defined media. A defined medium (also known as chemically
defined medium or synthetic medium) is a medium in which all the chemicals used are known, no yeast, animal, or plant tissue is
present.

Anaerobic Growth Media and Methods

Quite a few human pathogens are strict anaerobes. One way to culture and grow anaerobes is the use of reduced media--media
without oxygen. Thioglycollate broth has a reducing agent in it---the chemical thioglycollate---which binds any free oxygen within
the medium. These tubes have screw caps, allowing a tight closure, to reduce oxygen entry. However, some oxygen will be in the
tube between the cap and the broth and there is no way to get rid of it. So, there will be some diffusion of oxygen into the top

portion of the broth, and that is where any aerobic bacteria may grow.
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Figure Chapter8.5: Nutrient Broth. ( Image by LibreTexts is licensed under CC BY-SA 3.0.[8])

Special Culture Techniques

Microbes are incredibly varied in what they use as a food source, the environments they live in, and the danger levels they may
have for humans and other organisms they may compete with. Therefore, they need special nutrient and growth environments that
are not easily accommodated. For example, a microaerophile is a microorganism that requires oxygen to survive but requires
environments containing lower levels of oxygen than are present in the atmosphere (~20% concentration). Many microphiles also
require an elevated concentration of carbon dioxide. In the laboratory they can be easily cultivated in a candle jar. A candle jar is a
container into which a lit candle is introduced before sealing the container’s airtight lid. The candle’s flame burns until
extinguished by oxygen deprivation, which creates a carbon dioxide-rich, oxygen-poor atmosphere in the jar.

Pure Cultures

It is often essential to isolate a pure culture of microorganisms. A pure (or axenic) culture is a population of cells or multicellular
organisms growing in the absence of other species or types. A pure culture may originate from a single cell or single organism, in
which case the cells are genetic clones of one another. Microbiological cultures can be grown in petri dishes of differing sizes that
have a thin layer of agar-based growth medium. Once the growth medium in the petri dish is inoculated with the desired bacteria,
the plates are incubated at the best temperature for the growing of the selected bacteria.

But most bacteria samples contain a variety of different kinds and would be termed a mixed culture. However, it is possible to
isolate specific bacteria by depositing the sample into a petri dish with agar with an inoculating loop or sterile cotton swab. using
the streak plate method. If you swab a door handle, where bacteria are likely to be present, and then pass the swab across the
surface of a petri plate, cells would be deposited onto the surface from the swab. Initially, the swab may have a fairly high
concentration of cells and the area touched by it will have lots of different cell types placed close together. After these grow up, the
cells’ progeny will crowd together and overlap with other cells’ progeny forming areas called confluent growth. As the swab moves
across the agar leaving cells on the agar in a zig zag pattern as shown in Figure 8.6, regions touched later in the process will have

fewer and fewer cells. Individual cells are far enough apart that each one would grow into a discrete isolated colony.
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Figure Chapter8.6: Streak plate pure cultures. (Copyright;Image by Bill Branson is in the public domain.

Coliform Bacterial Analysis

Municipal sewage contains human feces and water contaminated with these effluents may contain pathogenic (disease-causing)
organisms and, consequently, may be hazardous to human health if used as drinking-water or in food preparation. Fecal
contamination of water is routinely detected by microbiological analysis.

It is impractical to attempt the routine isolation of pathogens because they are present in relatively small numbers compared with
other types of microorganism. Moreover, many types of pathogens exist, and each organism requires a unique microbiological
isolation technique. The approach that has been adopted is to analyze samples for indicator organisms that inhabit the gut and are
excreted in human feces. The presence of these indicator organisms in water is evidence that fecal contamination is present, and a
risk exists that pathogens are present.

If indicator organisms are present in large numbers, the contamination is considered to be recent and/or severe. Bacteria in water
are, in general, not present individually, but as clumps or in association with particulate matter. When enumerating bacteria in water
it is not the number of individual bacteria present which are counted, but the number of clumps of bacteria or the particles and their
associated bacteria. Each clump or particle may have many bacteria associated with it.

Total Coliforms

The term total coliforms refer to a large group of Gram-negative, rod-shaped bacteria that share several characteristics. The group
includes heat-tolerant coliforms and bacteria of fecal origin, as well as some bacteria that may be isolated from environmental
sources. The presence of total coliforms may or may not indicate fecal contamination. In extreme cases, a high count for the total
coliform group may be associated with a low, or zero, count for thermos-tolerant coliforms. A result of this nature would not
necessarily indicate the presence of fecal contamination. It might be caused by entry of soil or organic matter into the water or by
conditions suitable for the growth of other types of coliform. In the laboratory total coliforms are grown in or on a medium
containing lactose, at a temperature of 35 or 37 °C. They are provisionally identified by the production of acid and gas from the
fermentation of lactose.

The term fecal coliform has been used in water microbiology to denote coliform organisms which grow at 44 or 44.5 C and ferment
lactose to produce acid and gas. In practice, some organisms with these characteristics may not be of fecal origin and the term
thermos-tolerant coliform is, therefore, more correct and is becoming more commonly used. Nevertheless, the presence of thermos-
tolerant coliforms nearly always indicates fecal contamination.

Usually, more than 95 percent of thermos-tolerant coliforms isolated from water are the gut organism Escherichia coli, the presence
of which is definitive proof of fecal contamination. As a result, it is often unnecessary to undertake further testing to confirm the
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specific presence of E. coli.

The presence of fecal streptococci is evidence of fecal contamination. Fecal streptococci tend to persist longer in the environment
than thermos-tolerant or total coliforms and are highly resistant to drying. It is, therefore, possible to isolate fecal streptococci from
water that contains few or no thermos-tolerant coliforms as, for example, when the source of contamination is distant in time or
space from the sampling point. Fecal streptococci grow in or on a medium containing sodium azide, at a temperature of 37-44°C.
They are usually detected by the reduction of a dye (a tetrazolium-containing compound) or the hydrolysis of aesculin. Routine
methods may give false positives and additional confirmatory tests may be required.

Key Terms

o biofilm — three-dimensional structures that create a matrix referred to commonly as a slime

o culture — the microbes that grow or multiply in or on a culture medium

e culture medium — a nutrient material prepared for the growth of microorganisms in a laboratory

e inoculum — microbes introduced into a culture medium to initiate growth

o streak plate method — an isolation method to achieve pure cultures by streaking a pattern over a surface of nutrient medium

o total coliform — a large group of Gram-negative, rod-shaped bacteria that share several characteristic and include heat-tolerant
coliforms and bacteria of fecal origin, as well as some bacteria that may be isolated from environmental sources

[1] (Efficacy Test Methods, Test Criteria, and Labeling Guidance for Antimicrobial Products with Claims Against Biofilm on Hard,
Non-Porous Surfaces https://www.epa.gov/pesticide-analyt...eling-guidance)

[2] Wang, W. Narain, R.,, & Zeng, H. (2020). Hydrogels. Polymer Science and Nanotechnology, 203-244.
https://doi.org/10.1016/b978-0-12-816806-6.00010-8

This page titled Chapter 8: Total Coliform Rule is shared under a not declared license and was authored, remixed, and/or curated by Don Kendall
& Stephanie Anagnoson (ZTC Textbooks) .
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8.1: Review Questions
Review Questions
1. Describe a biofilm. Give two examples.
2. What does the term “coliforms” refer to? How are “coliforms” different than “fecal coliform”?

3. What is a culture medium?

This page titled 8.1: Review Questions is shared under a not declared license and was authored, remixed, and/or curated by Don Kendall &
Stephanie Anagnoson (ZTC Textbooks) .

https://workforce.libretexts.org/@go/page/38918
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8.2: Chapter Quiz

Chapter Quiz
. A nutrient material prepared for the growth of microorganisms in a laboratory is called a

. enrichment medium
. culture medium
. selective media
. complex media

N R WON R~ =

. Most investigations of microbes require a pure culture, or clones of bacteria. The isolation method used to achieve pure cultures
is the

. selective selection

. streak plate method

. inoculation method

. defined medium method

W A~ W N

. The term refer(s) to a large group of Gram-negative, rod-shaped bacteria that share several characteristics. The group

includes heat-tolerant bacteria of fecal origin.

. virus

. protozoan

. parasite

. total coliforms

A WO NP

assume that each bacterium, clump of bacteria, or particle with bacteria attached, will give rise to a single visible
colony. Each clump or particle is, therefore, a colony forming unit (cfu) and the results are expressed as colony forming units
per unit volume.

. Multiple Fermentation Tube Technique
. Membrane Filter Technique

. Heterotrophic Plate Count

. Sabouraud

A~ W N

count includes microorganisms that are capable of growing in or on a nutrient-rich solid agar medium.

. Multiple Fermentation Tube Technique
. Membrane Filter Technique

. Heterotrophic Plate Count

. Sabouraud

DA W N

. More than 95-percent of thermos-tolerant coliforms isolated from water are the gut organism, , the presence of which is
definitive proof of fecal contamination.

. Streptococcus
E. coli
. Staphylococcus

1
2.
3
4

This page titled 8.2: Chapter Quiz is shared under a not declared license and was authored, remixed, and/or curated by Don Kendall & Stephanie
Anagnoson (ZTC Textbooks) .

. Bacteroides
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Chapter 9: Primary Standards

4) Learning Objectives

After reading this section, you should be able to:

o Define primary standards

o Describe the primary metal contaminants

o Describe the primary organic contaminants

e Describe the primary synthetic organic contaminants
o Describe sampling guidelines

o Describe the Radiologic Rule

o Describe the Total Coliform Rule

Federal (Environmental Protection Agency, EPA)

The process by which EPA sets drinking water standards is long and complicated. It involves deciding which contaminants may
endanger public health, conducting studies of the effects of these contaminants, defining the maximum safe level of each
contaminant, estimating the costs and benefits of regulation, proposing a standard or limit, listening to and evaluating public
reactions to the proposed standard, revising the standard (if needed), proposing the standard in final form, seeking and evaluating
additional public input, and finally, publishing the standard. The primary standards are referred to as the Maximum Contaminant
Level (MCL). When the level of a contaminant is above the MCL, it is considered to be a health hazard. MCLs are enforceable by
law.

The entire process by which a standard is proposed and promulgated is governed by strict procedural guidelines. It often takes three
or more years to produce a standard.

Types of Contaminants

Five types of primary contaminants are considered to be of public health importance:

1. Inorganic contaminants, such as lead and mercury;

2. Organic contaminants, which include pesticides, herbicides, THMs, solvents, and other synthetic organic compounds;
3. Turbidity, such as small particles suspended in water that interfere with light penetration and disinfection;

4. Microbial contaminants, such as bacteria, viruses, and protozoa; and

5. Radiolegic contaminants, which include natural and manmade sources of radiation.

Identifying Contaminants to Be Regulated

The 1986 Safe Drinking Water Act (SDWA) required EPA to establish a priority list of contaminants that may have adverse health
effects and may require regulation. The 1996 SDWA amendments retained the list of 83 contaminants developed earlier but revised
the process by which contaminants are selected for regulation. Before selecting a contaminant for regulation, the EPA must now
consult with the scientific community, solicit public comments, and demonstrate that the contaminant actually occurs in public
water systems. For this latter purpose, the 1996 amendments required EPA to establish an occurrence database by August 1999. The
database contains information concerning regulated and unregulated contaminants and the information is available to the public.

To regulate a substance, EPA must demonstrate that the contaminant meets three criteria:

1. The contaminant has an adverse effect on human health;
2. It occurs, or is likely to occur, in public water systems at a frequency and concentration of significance to public health; and
3. Regulation of the contaminant offers a meaningful opportunity to reduce health risks for people served by public water systems.

In addition to meeting these three criteria, EPA must also weigh the relative health risks of various contaminants being considered
for regulation, the risk reduction that regulation would accomplish, and the costs of implementing the regulations.

Working on a 5-year cycle, the EPA is required to select at least five contaminants from its Drinking Water Contaminant Candidate
List (DWCCL) and decide whether there sufficient reason exists to regulate them. The first DWCCL included 50 chemicals and 10
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microbial contaminants. In June 2002, the EPA announced a preliminary finding that their research revealed no need to regulate ten
of the listed contaminants. Based on public comments and continued research and evaluation, EPA will make a final determination
about regulating any of these contaminants and will begin to develop proposed regulations as necessary.

Unregulated Contaminants

EPA uses the Unregulated Contaminant Monitoring (UCM) program to collect data for contaminants suspected to be present in
drinking water, although they do not have health-based standards set under the SDWA. Every 5 years, EPA reviews the list of
contaminants, largely based on the Contaminant Candidate List.

The SDWA Amendments of 1996 provide for the following:

e Monitoring no more than 30 contaminants per 5-year cycle

o Monitoring only a representative sample of public water systems

o serving fewer than 10,000 people

e Storing analytical results in a National Contaminant Occurrence Database (NCOD)

The UCM program has progressed in several stages. Currently, EPA manages the program directly as specified in the Unregulated
Contaminant Monitoring Regulation (UCMR). EPA has established a timeline and plans for monitoring unregulated contaminants
through 2015.

Under the UCMR, community water systems and non-transient non-community water systems serving more than 10,000 people are
required to monitor for unregulated contaminants; smaller systems may also have to conduct monitoring if required by the state.
Transient water systems are not affected by the UCMR.

Always keep in mind that EPA’s regulatory process is basically just a process. No list is permanent; regulations change frequently
as new information becomes available. Water treatment plant operators must continually seek opportunities to learn about the
regulations that affect the water industry. Also, operators should feel free to express their concerns regarding the regulations and the
regulatory process to EPA.

Primary Standards

Inorganic chemicals are metals, salts, and other chemical compounds that do not contain carbon. The health concerns about
inorganic chemicals are not centered on cancer, but rather on their suspected links to several different human disorders. For
example, lead is suspected of contributing to mental retardation in children. Waters exceeding the MCL for these elements for short
periods of time will pose no immediate threat to health. However, studies show that these substances must be controlled because
consumption of drinking water that exceeds these standards over long periods of time may prove harmful.

Antimony

In the Code of Federal Regulations Reference: 40 CFR 721.1930, antimony is used in the production of ceramics, glassware, and
pigments. Most exposures to antimony occur in industrial settings where workers may inhale dust containing particles of the metal.

Purpose of Regulating Antimony: To improve public health protection by reducing exposure to the amount of antimony in
drinking water.

Public Health Benefit: Ingestion of antimony can alter cholesterol and glucose levels and may cause chromosome damage.

MCL/MCLG: 0.006 mg/L/0.006 mg/L

Monitoring Requirements: Once a year for surface water; once every 3 years for groundwater. To minimize monitoring costs, use
historical data, waivers, susceptibility waivers, or make composite samples.

Arsenic

In the Code of Federal Regulations Reference: 40 CFR 141 Subpart B. arsenic occurs naturally in the environment, especially in
the western United States, and it is used in insecticides. Arsenic is found in foods, tobacco, shellfish, drinking water, and in the air
in some locations. Anyone who drinks water that continuously exceeds the national standard by a substantial amount over a lifetime
may experience fatigue and loss of energy. Extremely high levels of arsenic can cause poisoning.
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The regulation of arsenic has been vigorously debated. In 1997, EPA released a health effects study plan. Under this plan, EPA
worked with the Water Research Foundation (WRF) and the Association of California Water Agencies to assess the health risks
from exposure to low levels of arsenic. Based on the results of these studies, EPA proposed an MCL for arsenic in June 2000, and a
final rule was issued January 22, 2001. Technologies available for removing arsenic include ion exchange, iron hydroxide
coagulation followed by microfiltration, and activated alumina.

Purpose of Regulating Arsenic: To improve public health protection by reducing exposure to arsenic in drinking water.

Public Health Benefit: The avoidance of bladder and lung cancer, dental problems, and a reduction in the frequency of non-
carcinogenic diseases.

MCL/MCLG: 0.010 mg/L/zero

Monitoring Requirements: Once a year for surface water; once every 3 years for groundwater. To minimize monitoring costs, use
historical data, waivers, susceptibility waivers, or make composite samples.
Asbestos

In the Code of Federal Regulations Reference: 40 CFR 141.62, the general term asbestos refers to a family of fibrous silicate
minerals that have been widely used in the manufacture of commercial products. Some examples of products containing asbestos
include floor and ceiling tiles, paper products, paint and caulking, plastics, brake linings, insulation, cement, and filters.

Asbestos in cement pipes is a potential source of contamination of drinking water. Deterioration of this material with age and
exposure to corrosive water is thought to release asbestos particles. Mining for asbestos minerals has also contributed to the
contamination of some drinking water sources throughout the United States. Scientific evidence on the harmful effects of asbestos
consumed in drinking water is less conclusive than the evidence relating to inhaled asbestos.

Purpose of Regulating Asbestos: To improve public health protection by reducing exposure to asbestos in drinking water.
Public Health Benefit: To reduce the risk of developing benign intestinal polyps.
MCL/MCLG: 7 million fibers per liter (MFL)/7 MFL

Monitoring Requirements: Once every 9 years.

Barium

Code of Federal Regulations Reference: 40 CFR 141.62, although not as widespread as arsenic, this element also occurs naturally
in the environment in some areas of the US. Barium can also enter water supplies through industrial waste discharges. Small doses
of barium are not harmful. However, it is quite dangerous when consumed in large quantities and will bring on increased blood
pressure, nerve damage, and death.

Purpose of Regulating Barium: To improve public health protection by reducing exposure to large quantities of barium in
drinking water.

Public Health Benefit: To reduce the risk of high blood pressure.
MCL/MCLG: 2 mg/L/2 mg/L
Monitoring Requirements: Once a year for surface water; once every 3 years for groundwater. To minimize monitoring costs, use

historical data, waivers, susceptibility waivers, or make composite samples.

Beryllium

In the Code of Federal Regulations Reference: 40 CFR 141.62, the major source of beryllium in the environment is the combustion
of coal and oil. Airborne particulates containing beryllium can be inhaled or washed by precipitation into drinking water supplies.
Animal studies show that when large doses of beryllium are ingested, it is carried by the bloodstream from the stomach to the liver;
however, it is gradually transferred to the animal’s bones.

Purpose of Regulating Beryllium: To improve public health protection by reducing exposure to large quantities of beryllium in
drinking water.

Public Health Benefit: To reduce the risk of intestinal lesions.
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MCL/MCLG: 0.004 mg/L/0.004 mg/L
Monitoring Requirements: Once a year for surface water; once every 3 years for groundwater. To minimize monitoring costs, use

historical data, waivers, susceptibility waivers, or make composite samples.

Bromate

In the Code of Federal Regulations Reference: 40 CFR Parts 9, 141, and 142, bromate is formed as a byproduct of ozone
disinfection of drinking water. Ozone reacts with the naturally occurring bromide ion in the water to form bromate. Bromate is an
inorganic ion that is tasteless, colorless, and has a low volatility. Bromate dissolves easily in water and is fairly stable. Bromate is
not typically derived from natural sources. It is commonly found in raw water supplies such as streams, lakes, and reservoirs.

Purpose of Regulating Bromate: To improve public health protection by reducing exposure to bromate in drinking water.
Public Health Benefit: To reduce the risk of cancer.
MCL/MCLG: 0.010 mg/L/zero

Monitoring Requirements: Monthly (ozone systems only).

Cadmium

In the Code of Federal Regulations Reference: 40 CFR 141.62, only extremely small amounts of cadmium are found in natural
waters in the United States. Waste discharges from the electroplating, photography, insecticide, and metallurgy industries can
increase cadmium levels. The most common source of cadmium in drinking water is from galvanized pipes and fixtures.

Purpose of Regulating Cadmium: To improve public health protection by reducing exposure to cadmium in drinking water.
Public Health Benefit: To prevent kidney damage.
MCL/MCLG: 0.005 mg/L/0.005 mg/L

Monitoring Requirements: Once a year for surface water; once every 3 years for groundwater. To minimize monitoring costs, use
historical data, waivers, susceptibility waivers, or make composite samples.

Chlorite

In the Code of Federal Regulations Reference: 40 CFR Parts 9, 141,and 142, the main source of chlorite in drinking water is
chlorine dioxide used for disinfection. Chlorite forms as the chlorine dioxide breaks down during the disinfection process. Chlorite
is an inorganic ion that is colorless, odorless, tasteless, and dissolves easily in water. Chlorite is one of the two or three chemicals
involved in the process of generating chlorine dioxide for water treatment. Chlorite is not typically derived from natural sources.

Purpose of Regulating Chlorite: To improve public health protection by reducing exposure to chlorite in drinking water,
especially for infants and young children.

Public Health Benefit: To prevent adverse effects of the nervous system and anemia.
MCL/MCLG: 1.0 mg/L/0.8 mg/L
Monitoring Requirements: For systems that add chlorine dioxide, daily samples are required at distribution system entry points.

Chromium

In the Code of Federal Regulations Reference: 40 CFR 141.62, chromium is found in cigarettes, some foods, and the air. It is also
discharged from steel and pulp mills and the erosion of natural deposits. Some studies suggest that in very small amounts,
chromium may be essential to human beings, but it has not been proven.

Purpose of Regulating Chromium: To improve public health protection by reducing exposure to chromium in drinking water.
Public Health Benefit: To prevent allergic dermatitis.
MCL/MCLG: 0.1 mg/L/0.1 mg/L

Monitoring Requirements: Once a year for surface water; once every 3 years for groundwater. To minimize monitoring costs, use
historical data, waivers, susceptibility waivers, or make composite samples.
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Copper

In the Code of Federal Regulations Reference: 40 CFR 141.86, copper in drinking water usually results from the reaction of water
on copper plumbing. Treatment of surface water in storage reservoirs to control algae may also cause high levels of copper. Copper
is an essential nutrient; adults require 2 mg daily and children of preschool age require about 0.1 mg daily for normal growth.

The presence of copper in drinking water is also undesirable because of its aesthetic effects. At low levels (0.5 mg/L in soft waters)
blue or blue-green staining of porcelain occurs. At higher levels (4 mg/L), it will stain clothing and blond hair. Concentrations
greater than 1 mg/L can produce insoluble green curds when reacting with soap.

The primary standard for copper includes a treatment technique of the taps sampled exceed the action level (AL) of 1.3 mg/L.

Action levels communicate health or physical hazards by categorizing these hazards into levels. Action levels are used by
OSHA and NIOSH to determine how harmful a substance or activity is.Purpose of Regulating Copper: To
improve public health protection by reducing water corrosivity.

Public Health Benefit: To prevent gastrointestinal, kidney, and liver problems.
MCL/MCLG: A treatment technique (TT) is triggered at AL = 1.3 mg/L/1.3 mg/L

Monitoring Requirements: Residential sample taken at the kitchen or bathroom sink tap. ALs must be met in 90 percent of the
samples. Follow-up monitoring every 6 months after corrosion controls initiated or optimized. Reduced monitoring for systems
consistently meeting AL.

Cyanide
In the Code of Federal Regulations Reference: 40 CFR 141.62, cyanide is a common ingredient of rat poisons, silver and metal

polishes, and photo processing chemicals. The major source of cyanide in drinking water is discharge from industrial chemical
factories.

Ingestion of even very small amounts of sodium cyanide or potassium cyanide can cause death within a few minutes to a few
hours. Typical symptoms of cyanide poisoning include nausea without vomiting, anxiety, vertigo, lower jaw stiffness, convulsions,
paralysis, irregular heartbeat, and coma.

Purpose of Regulating Cyanide: To improve public health protection by reducing long-term exposure to cyanide.

Public Health Benefit: To prevent thyroid/neurological damage.

MCL/MCLG: 0.2 mg/L/0.2 mg/L

Monitoring Requirements: Once a year for surface water; once every 3 years for groundwater. To minimize monitoring costs, use
historical data, waivers, susceptibility waivers, or make composite samples.

Fluoride

In the Code of Federal Regulations Reference: 40 CFR 141.62, fluoride is a natural mineral and many sources of drinking water
contain some fluoride. Fluoride produces two effects, depending on its concentration. EPA has set primary and secondary limits to
regulate it. Many communities add fluoride to their drinking water to promote dental health. The decision to fluoridate a water
supply is made by the state or local municipality, and is not mandated by EPA or any other federal entity.

However, EPA has completed and peer-reviewed a quantitative dose-response assessment based on the available data for severe
dental fluorosis as recommended by the National Research Council (NRC). At levels of 6 to 8 mg/L, fluoride may cause brittle
bones and stiffening of the joints. On the basis of this health hazard, fluoride has been added to the list of primary standards.

At levels of 2 mg/L and greater, fluoride may cause dental fluorosis, which is discoloration and mottling of the teeth, especially in
children. EPA has reclassified dental fluorosis as a cosmetic effect, raised the primary drinking water standard from 1.4—2 mg/L to
4 mg/L, and established a secondary standard of 2 mg/L for fluoride.

Purpose of Regulating Fluoride: To improve public health protection by preventing long-term exposure to fluoride.
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Public Health Benefit: To prevent bone disease.
MCL/MCLG: 4.0 mg/L/4.0 mg/L

Monitoring Requirements: Once a year for surface water; once every 3 years for groundwater. To minimize monitoring costs, use
historical data, waivers, susceptibility waivers, or make composite samples.

Lead and Copper

In the Code of Federal Regulations Reference: 40 CFR 141 Subpart I, is concerned with the control of lead and copper. Basic
Requirements of the Lead and Copper Rule (LCR) are:

1. Require water suppliers to optimize their treatment system to control corrosion in customers’ plumbing.

2. Determine tap-water levels of lead and copper for customers who have lead service lines or lead-based solder in their plumbing
system.

3. Rule out the source water as a source of significant lead levels.

4. If lead ALs are exceeded, require the suppliers to educate their customers about lead and suggest actions they can take to reduce
their exposure to lead through public notices and public education programs. If a water system, after installing and optimizing
corrosion control treatment, continues to fail to meet the lead AL, it must begin replacing the lead service lines under its
ownership.

Revisions to the Lead and Copper Rule (LCR)—EPA is promulgating a rule that makes several targeted regulatory revisions to the
existing national primary drinking water regulations

(NPDWRs) for lead and copper. The revisions to the LCR will do the following:

1. Enhance the implementation of the LCR in the areas of monitoring, treatment, customer awareness, and lead service line
replacement

2. Improve compliance with the public education requirements of the LCR to ensure drinking water consumers receive
meaningful, timely, and useful information needed to help them limit their exposure to lead in drinking water

Lead is a naturally occurring metal that was used regularly in a number of industrial capacities and commonly used in household
plumbing materials and water service lines. Lead was used as a component of paint, piping, solder, brass, and as a gasoline additive
until the 1980s. The greatest exposure to lead is swallowing or breathing it in lead paint chips and dust. Research has confirmed
that lead is highly toxic.

Lead is rarely found in source water. Mostly, lead contamination occurs after water has left the treatment plant due to corrosion of
plumbing materials. Since water is naturally corrosive, it corrodes the pipes and plumbing through which it passes. Homes built
before 1986 are more likely to have lead pipes, fixtures, and solder. However, new homes are also at risk because even legally lead-
free plumbing may contain up to 8-percent lead. Grounding of electrical circuits in homes to water pipes and galvanic action
between two dissimilar metals may increase corrosion that could cause lead to leach into the water.

Purpose of Regulating Lead: To protect public health by minimizing lead levels in drinking water, primarily by reducing water
COITOSIVity.

Public Health Benefit: To prevent kidney problems, high blood pressure, and delays in physical and mental development in infants
and children.

MCL/MCLG: ATT is triggered at AL = 0.015 mg/L/zero

Monitoring Requirements/Comments: Residential samples taken at the kitchen or bathroom sink tap. ALs must be met in 90
percent of the samples. Follow-up monitoring every 6 months after corrosion controls initiated or optimized. Reduced monitoring
requirements for systems consistently meeting the AL. An AL exceedance is not a violation but can trigger other requirements that
include monitoring for the following water quality indicators: pH, corrosion, control treatment, source water monitoring/treatment,
public education, and lead service line replacement.

Copper is a metal found in natural deposits such as ores containing other elements. Copper is widely used in household plumbing
materials.
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Purpose of Regulating Copper: To protect public health by minimizing the risk of ingesting copper in drinking water, primarily
from the corrosion of pipes.

Public Health Benefit: To prevent gastrointestinal distress due to short-term exposure and to prevent liver or kidney damage from
long-term exposure.

MCL/MCLG: ATT is triggered at AL = 1.3 mg/L/1.3 mg/L

Monitoring Requirements/Comments: Residential samples taken at the kitchen or bathroom sink tap. ALs must be met in 90
percent of the samples. Follow-up monitoring every 6 months after corrosion controls initiated or optimized. There are reduced
monitoring requirements for systems consistently meeting the AL. An AL exceedance is not a violation but can trigger other
requirements that include monitoring for the following water quality indicators: pH, corrosion control treatment, source water
monitoring/treatment, public education, and lead service line replacement.

All water systems are required to optimize corrosion control; that is to say, they must do the best they can to control corrosion.
Small- and medium-sized systems are considered to have optimized corrosion control if they meet the lead and copper action levels
during each of two consecutive six-month sampling periods. Large systems have optimized corrosion control if the difference
between the source water lead level and the 90th percentile tap-water lead level is less than 0.005 mg/L, and the 90 percentile
copper concentration is less than or equal to half the copper action level (0.65 mg/L) for two consecutive six-month periods.

Any system that is achieving optimal corrosion control and meeting the action limits is permitted to reduce monitoring and
reporting frequencies. Large water systems that do not meet the guidelines for optimal corrosion control are required to conduct
studies of various types of corrosion control treatment and then submit to the state a plan that would adequately control corrosion in
their distribution system.

Small- and medium-sized systems exceeding the action levels must make a written recommendation to the state for a proposed
treatment method, but may also be required to conduct similar studies before the state makes a final determination.

Once the state directs a water supplier to install treatment, the agency has 24 months to install the specified treatment and 12
months to collect follow-up samples to determine if the system is working. The state will also determine maximum acceptable
levels for pH, alkalinity, calcium (if carbonate stabilization is used), orthophosphate (if an inhibitor with a phosphate compound is
used), and silica (if an inhibitor with a silicate compound is used). The system must then continue to operate within these water
quality guidelines.

If corrosion control methods fail to reduce lead and copper concentrations below the action levels, the water supplier must collect
and analyze source water samples. Data from this sampling is sent to the state along with the water agency’s recommended
treatment plan for reducing contaminant levels. The state may accept the agency’s recommended plan or may require some
alternative treatment such as ion exchange, reverse osmosis, lime softening, or coagulation-filtration.

When required to install source water treatment, the agency is allowed 24 months for installation and 12 months to collect follow-
up samples of specific water quality indicators. Based on the results of the follow-up sampling, the state determines the maximum
allowable source water lead and copper concentrations and the water system is required to meet these state limits on an ongoing
basis.

Water systems that continue to exceed the lead action level after installing optimal corrosion control treatment and source water
treatment will have to begin a program to replace lead service lines within a maximum of 15 years.

Sampling Guidelines

The sampling required by the Lead and Copper Rule includes tap-water sampling at the consumer’s faucet and distribution system
sampling. Tap-water samples for initial and routine lead and copper monitoring must be collected at high-risk locations, which are
defined as homes with lead solder installed after 1982, homes with lead pipes, and homes with lead service lines.

Tap-water samples for water quality indicators should be taken from representative taps throughout the distribution system. The
representative taps can be the same as total coliform sampling sites. These samples will be analyzed for water quality indicator
levels to identify optimal treatment and monitor compliance with the rule.
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The rule calls for first-draw or first-flush samples, which are water samples taken after the water stands motionless in the plumbing
pipes for at least six hours. This rule usually means taking a sample early in the day before water is used in the kitchen or
bathroom. The rule permits water utilities to instruct consumers in sampling techniques so that they may collect the samples.

One-liter samples are needed.

Distribution system sampling conducted in connection with corrosion control studies requires samples from representative taps
throughout the system as well as samples from entry points to the distribution system.

Initial and Base Monitoring Sample Sites

Compliance with the Lead and Copper Rule depends on meeting the action levels during two consecutive six-month monitoring
periods. All public water systems are required to collect one sample for lead and copper analysis from a number of sites depending
on population during each six-month monitoring period.

If a system meets the lead and copper action levels or maintains optimal corrosion control treatment for two consecutive six-month
periods, tap-water sampling for lead and copper can be reduced to once per year and half the number of sites. After three
consecutive years of acceptable performance, tap-water sampling can be reduced to once every three years at the reduced number
of sites listed above.

Water Quality Indicator Frequency

All large systems (more than 50,000 persons) and any small- or medium-sized system that exceeds the lead or copper action level
will be required to monitor for the following water quality indicators: pH, alkalinity, calcium, conductivity, orthophosphate, silica,
and water temperature. Samples must be taken from representative taps throughout the system and at entry points to the distribution
system. Two tap-water samples must be collected for each applicable water quality indicator.

In addition to the sampling from representative taps, one sample must be collected every two weeks for each applicable water
quality indicator at each entry point to the distribution system.

All large water systems and any small- and medium-sized system that exceed the lead or copper action levels after installing
optimal corrosion control treatment must continue to collect samples as follows:

1. 2 samples for each applicable water quality indicator at each of the sampling sites (taps) every 6 months.

2. 1 sample for each applicable water quality indicator at each entry point to the distribution system every 2 weeks.

3. After meeting water quality guidelines for 2 consecutive 6-month monitoring periods, systems may reduce the number of tap
samples collected, and after 3 consecutive years of acceptable performance they will be permitted to collect annual samples at
the reduced number of sampling points.

Calculation of the 90" Percentile

The action levels that trigger implementation of treatment techniques to reduce lead and copper concentrations are based on the
principle that no more than 10 percent of the samples should exceed the limit. To determine whether a system meets this test, it is
necessary to figure out the lead or copper concentration on the sample that falls at the 90th percentile.

To calculate the 90th percentile value, write down the results from a set of samples arranging them in order of increasing or
decreasing concentration. Number each sample beginning with the number 1 for the smallest concentration. Multiply the total
number of samples (which will be the same as the number assigned to the highest concentration) by 0.9. Then, use the value from
this calculation to identify the sample with the same number.

The concentration of the sample whose number matches the calculated value is the 90th percentile and is used in determining
compliance with the action level. For systems serving fewer than 100 people, the 90th percentile is the average of the highest
concentration and the second highest concentration.

Public Education

A public education program developed by the EPA must be delivered to water system customers within 60 days whenever the
system exceeds the lead or copper action levels. The information describes the harmful effects of lead in drinking water and tells
customers what they can do to reduce their exposure. The education program should continue as long as the system fails to meet
the lead or copper action levels. In conjunction with the public education program, the water system must offer to sample a
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customer’s water if asked to do so. However, the water system is not required to pay for the sampling and analysis and is not
required to collect and analyze the sample.

Lead Service Line Replacement

Any water system that continues to exceed the lead and copper action levels even after optimizing corrosion control and installing
source water treatment will be required to replace its lead distribution pipes within a maximum of 15 years. A lead pipeline
qualifies for replacement if it contributes more than 15 parts per billion to the total tap-water lead levels. Seven percent of the lines
meeting this standard must be replaced annually. Customers must be notified 45 days before replacing the lines.

Mercury

In the Code of Federal Regulations Reference: 40 CFR 141.62, mercury is found naturally throughout the environment. Large
increases in mercury levels in water can be caused by industrial and agricultural use. The health risk from mercury is greater from
mercury in fish than simply from waterborne mercury.

Mercury poisoning may have an acute health effect in large doses, or a chronic health effect in lower doses taken over an extended
time period.

Purpose of Regulating Mercury: To improve public health protection and reduce ingestion of mercury.

Public Health Benefit: To prevent kidney damage.

MCL/MCLG: 0.002 mg/L/0.002 mg/L

Monitoring Requirements: Once a year for surface water; once every 3 years for groundwater. To minimize monitoring costs, use

historical data, waivers, susceptibility waivers, or make composite samples.

Nitrate

In the Code of Federal Regulations Reference: 40 CFR 141.62, nitrate (as N) in drinking water above the national standard of 10
mg/L poses an immediate threat to children under three months of age. In some infants, excessive levels of nitrate have been known
to react with intestinal bacteria that change nitrate to nitrite. It is often difficult to pinpoint sources of nitrate because so many
possibilities exist.

Sources of nitrogen may include runoff or seepage from fertilized agricultural lands, municipal and industrial wastewater, refuse
dumps, animal feedlots, septic tanks and private sewage disposal systems, urban drainage, and decaying plant debris.

Purpose of Regulating Nitrate: To improve public health protection.

Public Health Benefit: To prevent methemoglobinemia (blue baby syndrome)/diuresis.

MCL/MCLG: 10 mg/L/10 mg/L

Monitoring Requirements: Groundwater annually; surface water quarterly initially, then annually.

Nitrite

Code of Federal Regulations Reference: 40 CFR 141.62, nitrite reacts with hemoglobin in the blood. This reaction will reduce the
oxygen-carrying ability of the blood and produce an anemic condition commonly known as blue baby syndrome. Sources of nitrite

may include runoff or seepage from fertilized agricultural lands, municipal and industrial wastewater, refuse dumps, animal
feedlots, septic tanks and private sewage disposal systems, urban drainage, and decaying plant debris.

Purpose of Regulating Nitrite: To improve public health protection.

Public Health Benefit: To prevent methemoglobinemia (blue baby syndrome)/diuresis.

MCL/MCLG: 1 mg/L/1 mg/L

Monitoring Requirements: One sample during first 3-year compliance period. Repeat frequency determined by state.

Selenium

In the Code of Federal Regulations Reference: 40 CFR 141.62, this mineral occurs naturally in soil and plants, especially in
western states. Selenium is found in meat and other foods. Although it is believed to be essential in the diet, indications exist that
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excessive amounts of selenium may be toxic.

Studies are underway to determine the amount required for good nutrition and the amount that may be harmful. If a person’s intake
of selenium came only from drinking water, it would take an amount many times greater than the standard to produce any ill
effects.

Purpose of Regulating Selenium: To improve public health protection.

Public Health Benefit: To prevent hair or fingernail loss, numbness of fingers or toes, and circulatory problems.
MCL/MCLG: 0.05 mg/L/0.05 mg/L

Monitoring Requirements: Once a year for surface water; once every 3 years for groundwater. To minimize monitoring costs, use
historical data, waivers, susceptibility waivers, or make composite samples.

Thalliumo

In the Code of Federal Regulations Reference: 40 CFR 141.62, thallium is a metal found in natural deposits such as ores containing
other elements. An average of 23 ppb of thallium in surface water and 11 ppb in groundwater have been found at hazardous waste
sites. Since thallium compounds mix easily in water, you can be exposed if you live near a chemical waste site where thallium
emissions have contaminated the water.

The greatest use of thallium is in specialized electronic research equipment. It is also used for production of optical lenses, jewelry,
semiconductors, dyes, and pigments. The most common source of thallium poisoning is ingestion of rat poisons and insecticides.

Purpose of Regulating Thallium: To improve public health protection.
Public Health Benefit: To protect nervous system, lung/heart/kidney/liver/intestinal problems.

MCL/MCLG: 0.002 mg/L/0.0005 mg/L

Monitoring Requirements: Once a year for surface water; once every 3 years for groundwater. To minimize monitoring costs, use
historical data, waivers, susceptibility waivers, or make composite samples.

Organic Standards

Organic chemicals are either natural or synthetic chemical compounds that contain carbon. Synthetic organic chemicals (SOCs) are
manmade compounds and are used throughout the world as pesticides, paints, dyes, solvents, plastics, and food additives. Volatile
organic chemicals (VOCs) are a subcategory of organic chemicals. These chemicals are termed volatile because they evaporate
easily.

The most commonly found VOCs are THMs, trichloroethylene (TCE), tetrachloroethylene, and 1,1-dichloroethylene. THMs were
the first regulated VOCs when EPA finalized regulations in 1979. The most common sources of organic contamination of drinking
water are pesticides and herbicides, industrial solvents, and DBPs (THMs and haloacetic acids).

Millions of pounds of pesticides are used on croplands, forests, lawns, and gardens in the United States each year. They drain off
into surface waters or seep into underground water supplies. Spills, poor storage, improper application, and haphazard disposal of
organic chemicals have resulted in widespread groundwater contamination. A critical problem occurs once groundwater is
contaminated, it may remain that way for a long time. Many organic chemicals pose health problems if they get into drinking water
and the water is not properly treated.

In 2011, EPA decided to address up to 16 volatile organic compounds (VOCs) as a group that may cause cancer. The agency
determined that they represent a near-term opportunity and it is likely that the public health goal for all VOCs would likely be set at
zero because they may cause cancer. A preliminary evaluation of occurrence indicates that some of these VOCs may co-occur. This
group will include trichloroethylene (TCE) and tetrachloroethylene (PCE).

EPA determined in March 2010 that the drinking water standards for TCE and PCE need to be revised. Addressing these VOCs as a
group will help reduce exposure to these contaminants.
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Trichloroethylene (TCE)

In the Code of Federal Regulations Reference: 40 CFR 141.50, although the use of TCE is declining because of stringent
regulations, it was, for many years, a common ingredient in household products (spot removers, rug cleaners, and air fresheners),
dry cleaning agents, industrial metal cleaners and polishes, refrigerants, and even anesthetics. Its wide range of use is perhaps why
TCE is the organic contaminant most frequently encountered in groundwater.

Purpose of Regulating Trichloroethylene: To improve public health protection.
Public Health Benefit: To prevent cancer risks; liver problems.
MCL/MCLG: 0.005 mg/L/zero

Monitoring Requirements: Four consecutive quarterly samples during first compliance period. Compliance is based on annual
average of quarterly samples. If no detections are found during the initial round, two quarterly samples are required each year for
systems serving greater than 3,300; one sample is required every 3 years for smaller systems. These requirements apply to
community and non-community water systems.

1,1-Dichloroethylene

In the Code of Federal Regulations Reference: 40 CFR 141.50, this solvent is used in manufacturing plastics and, more recently, in
the production of 1,1,1-trichloroethane.

Purpose of Regulating 1,1-Dichloroethylene: To improve public health protection.
Public Health Benefit: To prevent impacts to the liver, kidneys, heart, and central nervous system
MCL/MCLG: 0.007 mg/L/0.007 mg/L

Monitoring Requirements/Comments: For VOCs: Four consecutive quarterly samples during first compliance period.
Compliance is based on annual average of quarterly samples. If no detections are found during the initial round, two quarterly
samples are required each year for systems serving greater than 3,300; one sample is required every 3 years for smaller systems.

With the completion of source water assessments, primacy agencies are allowed to develop alternative monitoring requirements.
Applies to community water systems and non-transient

Non-community water systems.

Vinyl Chloride

In the Code of Federal Regulations Reference: 40 CFR 141.50, billions of pounds of this solvent are used annually in the United
States to produce polyvinyl chloride (PVC), the most widely used ingredient for manufacturing plastics throughout the world. Also,
evidence exists that vinyl chloride may be a biodegradation end-product of TCE and PCE under certain environmental conditions.
Purpose of Regulating Vinyl Chloride: To improve public health protection.

Public Health Benefit: To prevent cancer in humans.

MCL/MCLG: 0.002 mg/L/zero

Monitoring Requirements/Comments: For VOCs: Four consecutive quarterly samples during first compliance period.
Compliance is based on annual average of quarterly samples. If no detections are found during the initial round, two quarterly
samples are required each year for systems serving greater than 3,300; one sample is required every 3 years for smaller systems.

With the completion of source water assessments, primacy agencies are allowed to develop alternative monitoring requirements.
Applies to community water systems and non-transient non-community water systems.
Carbon Tetrachloride

In the Code of Federal Regulations Reference: 40 CFR 141.50, carbon tetrachloride was once a popular household solvent, a
frequently used dry cleaning agent, and a charging agent for fire extinguishers. Since 1970, however, carbon tetrachloride has been
banned from all use in consumer goods in the United States.
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In 1978, carbon tetrachloride was banned as an aerosol propellant. Currently, its principal use is in the manufacture of
fluorocarbons, which are used as refrigerants.

Purpose of Regulating Carbon Tetrachloride: To improve public health protection.
Public Health Benefit: To prevent liver problems and cancer.
MCL/MCLG: 0.005 mg/L/zero

Monitoring Requirements: Four consecutive quarterly samples during first compliance period. Compliance is based on annual
average of quarterly samples. If no detections are found during the initial round, two quarterly samples are required each year for
systems serving greater than 3,300; one sample is required every 3 years for smaller systems. These requirements apply to
community and non-community water systems.

Benzene

In the Code of Federal Regulations Reference: 40 CFR 141.50, benzene is used primarily in the synthesis of styrene (for plastics),
phenol (for resins), and cyclohexane (for nylon). Other uses include the production of detergents, drugs, dyes, and insecticides.
Benzene is still being used as a solvent and as a component of gasoline. It is also discharged from factories and leaches from gas
storage tanks and landfills.

Purpose of Regulating Benzene: To improve public health protection.
Public Health Benefit: To prevent anemia, a decrease in blood platelets, and cancer.
MCL/MCLG: 0.005 mg/L/zero

Monitoring Requirements: Four consecutive quarterly samples during first compliance period. Compliance is based on annual
average of quarterly samples. If no detections are found during the initial round, two quarterly samples are required each year for
systems serving greater than 3,300; one sample is required every 3 years for smaller systems. These requirements apply to
community and non-community water systems.

Para-Dichlorobenzene (p-Dichlorobenzene)?

In the Code of Federal Regulations Reference: 40 CFR 141.50, the principal uses of p-dichlorobenzene are in moth control (moth
balls and powders) and as lavatory deodorants. It is also used as an insecticide and fungicide on crops; in the manufacture of other
organic chemicals; and in plastics, dyes, and pharmaceuticals.

The major source of p-dichlorobenzene in drinking water is from surface water sources. Low levels at best since it does not
dissolve easily in water and quickly evaporate into the air.

Purpose of Regulating Para-Dichlorobenzene (p-Dichlorobenzene): To improve public health protection.
Public Health Benefit: To prevent kidney/liver/spleen/circulatory system problems.
MCL/MCLG: 0.075 mg/L/0.075 mg/L

Monitoring Requirements: Four consecutive quarterly samples during the first compliance period. Compliance is based on annual
average of quarterly samples. If no detections are found during the initial round, two quarterly samples are required each year for
systems serving greater than 3,300; one sample is required every 3 years for smaller systems. These requirements apply to
community and non-community water systems.

Disinfection By-Products®

Disinfection of drinking water by the addition of chlorine has long been considered a highly effective yet relatively low-cost
method of preventing widespread outbreaks of waterborne diseases. In addition to reacting with disease-causing organisms in
water, however, chlorine also reacts with many other types of organic materials.

The EPA has published information on scientific research which indicates that certain byproducts of water disinfection are linked to
increases cancer incidence. In some cases, the research results are contradictory, showing no adverse health effects. EPA regulators
weigh the public health benefits of disinfection against the risks of potentially harmful disinfection byproducts and continue to
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conduct research. They have adopted enforceable regulations to limit occurrence of disinfection byproducts in drinking water for a
group of four total trihalomethanes (TTHMs) and the individual byproducts chlorite and bromate.

THMs are an example of a compound formed by the reaction of chlorine with organic matter in water. THMs are suspected of
being carcinogenic and have been regulated by EPA in the 1996 SDWA amendments. The MCL for TTHM:s is 0.080 milligram per
liter or 80 micrograms per liter.

In May 1996, EPA published the Information Collection Rule (ICR). This rule required large public water systems to undertake
extensive monitoring of microbial contaminants and DBPs in their water systems. Also, some water systems conducted studies on
the use of granular activated carbon and membrane processes. The data reported under the ICR were used by EPA to study the risks
and tradeoffs involved in disinfecting drinking water and adopt additional regulations if necessary. The ICR data form the scientific
basis for EPA’s development of the Enhanced Surface Water Treatment Rule and the Disinfectants and Disinfection Byproducts
Rule.

EPA issued the Stage 1 DBPR on December 16, 1998 (Federal Register 63, No. 241). This rule set new MCLGs and MCLs for
TTHMSs, HAAS, bromate, and chlorite. Maximum residual disinfectant level goals (MRDLGs) and maximum residual disinfectant
levels (MRDLs) have also been set for chlorine, chloramine, and chlorine dioxide.

The Stage 1 DBPR attempts to further reduce potential formation of harmful DBPs by requiring the removal of THM precursors. A
treatment technique of enhanced coagulation, enhanced softening, or use of granular activated carbon (GAC) applies to
conventional filtration systems. In most cases, systems must reduce total organic carbon (TOC) levels based on specific source
water quality factors.

For large systems (serving more than 10,000 persons) that use surface water or groundwater under the direct influence of surface
water, the compliance date for the Stage 1 DBPR was January 1, 2002. Small systems (serving fewer than 10,000) that use surface
water or groundwater under the direct influence of surface water and all groundwater systems must have complied by January 1,
2004.

The Stage 1 DBPR has very specific laboratory and monitoring requirements. The routine monitoring requirements include the
following regulated contaminants/disinfectants:

1. TTHM/HAAS

2. Bromate

3. Chlorite

4. Chlorine/chloramines

5. Chlorine dioxide

6. DBP precursors (TOC/alkalinity/specific UV absorbance)

Also, the Stage 1 DBPR specifies the monitoring coverage in terms of surface water, groundwater, and groundwater under direct
influence (GWUDI), population served, and the type of filtration system and disinfection system. Monitoring frequency depends on
the type of source water, population served, and type of treatment and disinfection system. The routine monitoring requirements are
based on the regulated contaminants/disinfectants and include the MCL, MRDL, analytical method, preservation/quenching agent,
holding time for sample/extract, and sample container size and type.

On December 15, 2005, EPA promulgated the Stage 2 DBPR. This rule reduces potential cancer and reproductive and
developmental health risks from DBPs in drinking water, which form when disinfectants are used to control microbial pathogens.
This final rule strengthens public health protection for consumers by tightening compliance monitoring requirements for two
groups of DBPs: TTHMs and HAAS.

The rule targets systems with the greatest risk and builds incrementally on existing rules. This regulation reduces DBP exposure
and related potential health risks and provides more equitable public health protection. The Stage 2 DBPR was promulgated
simultaneously with the Long Term 2 Enhanced Surface Water Treatment Rule to address concerns about risk tradeoffs between
pathogens and DBPs.

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 DBP concentrations. These locations are used by the systems as the sampling
sites for Stage 2 DBPR compliance monitoring.
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Compliance with the maximum contaminant levels for two groups of DBPs (TTHMSs and HAADS) is calculated for each monitoring
location in the distribution system. This approach,

referred to as the locational running annual average (LRAA), differs from previous 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 levels that may jeopardize their compliance with the DBP MCLs.

Radionucleotide Standards

EPA promulgated the Radionuclides Rule on December 7, 2000. The purpose of the Radionuclides Rule is to reduce the exposure
to radionuclides in drinking water, which reduces the risk of cancer. This rule also improves public health protection by reducing
exposure to all radionuclides. The rule applies to all community water systems.

The public health benefits from the rule include reduced exposure to uranium, which can cause toxic kidney effects and cancer.

In the Code of Federal Regulations Reference: 40 CFR 141.24, radioactivity is the only contaminant that has been shown to cause
cancer for which standards have been set. Three radioactive elements, radon, radium, and uranium, occur naturally in the ground
and dissolve into groundwater supplies. However, the possible exposure to radiation in drinking water is only a fraction of the
exposure from all natural sources. The main source of radioactive material in surface water is fallout from nuclear testing. Other
sources could be nuclear power plants, nuclear fuel processing plants, and uranium mines. Those sources are monitored constantly
and no great risk of contamination exists, barring accidents.

Alpha and radium radioactivity occur naturally in groundwater in parts of the West, Midwest, and Northeast. Standards for those
types of radioactivity and for manmade, or beta radiation, have been set at levels of safety comparable to other contaminants. The
MCLs for radiological contaminants are divided into two categories: natural radioactivity that results from well water passing
through deposits of naturally occurring radioactive materials and manmade radioactivity such as that which might result from
industrial wastes, hospitals, or research laboratories.

A pCi/L, picoCurie per Liter, is a measure of radioactivity. One picoCurie of radioactivity is equivalent to 0.037 nuclear
disintegrations per second. For surface water systems serving more than 100,000 persons and systems determined by the state to be
vulnerable. Monitoring for natural radioactivity contamination is required every four years for surface water and groundwater
community systems. Routine monitoring procedures to follow

dare:

1. Test for gross alpha activity; if gross alpha exceeds 5 pCi/L, then
2. Test for radium 226; if radium 226 exceeds 3 pCi/L, then
3. Test for radium 228.

The MCL for gross beta particle activity is 4 mrem/yr for water systems using surface water and serving more than 100,000 people,
and for any other community system determined by the state to be vulnerable to this type of contamination. After the initial
monitoring period, beta radiation must be monitored every 4 years unless the MCL is exceeded or the state determines that more
frequent monitoring is appropriate.

Regulation of radon continues to be a source of considerable debate. EPA proposed a maximum contaminant level in 1991 and then
withdrew the proposed MCL in 1997 in response to the 1996 SDWA amendments. EPA published a proposed regulation for radon
in 1999, but the final MCL has not been published.

The final Radionuclides Rule was published in 2000. The rule retains the current standards for radium 226 and 228, gross alpha
activity, and gross beta particle activity, but establishes a new MCL 30 pg/L for uranium. The EPA has indicated that it will
continue to review the standard for beta particle activity and may revise the MCL in the future. EPA must base its new rules on a
scientific risk assessment and an analysis of the amount of health risk reduction that will be achieved and the cost of implementing
the new rules.
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Microbial Standards

Microbial contamination of drinking water can pose a potential public health risk in terms of acute outbreaks of disease. Bacteria,
viruses, and other organisms have long been recognized as serious contaminants of drinking water. Organisms such as Giardia,
Cryptosporidium, and E. coli (a type of coliform bacteria) cause almost immediate gastrointestinal illness when people consume
them in water. Waterborne diseases such as typhoid, cholera, infectious hepatitis, and dysentery have been traced to improperly
disinfected drinking water.

In most communities, drinking water is treated to remove contaminants before being piped to consumers, and bacterial
contamination of municipal water supplies has been largely eliminated by adding chlorine or applying other forms of disinfection
to drinking water to prevent waterborne diseases. By treating drinking water and wastewater, diseases such as typhoid and cholera
have been virtually eliminated.

Many types of coliform bacteria from human and animal wastes may be found in drinking water if the water is not properly treated.
Often, the bacteria do not cause diseases transmitted by water, although certain coliforms have been identified as the cause of
traveler’s diarrhea. In general, however, the presence of coliform bacteria indicates that other harmful organisms may be present in
the water.

Throughout the early 1990s, chemical contaminants in drinking water were the focus of EPA’s regulatory efforts. With passage of
the 1996 SDWA amendments, Congress directed EPA to focus on microbial contaminants and to promulgate a series of new
regulations to improve treatment effectiveness. Significant new regulations of the microbial contaminant Cryptosporidium were
promulgated in December 1998. The new regulations consist of mandatory treatment techniques similar to the current regulations
for Giardia and coliform bacteria. Filtration and disinfection requirements for surface water systems are currently in place and the
final Ground Water Rule was signed in 2006. These regulations significantly affect the water treatment processes of most water
suppliers.

Total Coliform Rule

In the Code of Federal Regulations Reference: 40 CFR 141 Subpart C, coliforms are bacteria that are always present in the
digestive tracts of animals, including humans, and are found in their wastes. They are also found in plant and soil material. The
most basic test for bacterial contamination of a water supply is the test for total coliform bacteria. Total coliform counts give a
general indication of the sanitary condition of a water supply.

Coliforms include the following:

1. Total coliforms—include bacteria that are found in the soil, in water that has been influenced by surface water, and in human or
animal waste.

2. Fecal coliforms—are the group of the total coliforms that are considered to be present specifically in the gut and feces of warm-
blooded animals. Because the origins of fecal coliforms are more specific than the origins of the more general total coliform
group of bacteria, fecal coliforms are considered a more accurate indication of animal or human waste than the total coliforms.

Escherichia coli (E. coli) is the major species in the fecal coliform group. Of the five general groups of bacteria that comprise the
total coliforms, only E. coli is generally not found growing and reproducing in the environment. Consequently, E. coli is considered
to be the species of coliform bacteria that is the best indicator of fecal pollution and the possible presence of pathogens.

2012 Revised Total Coliform Rule (RTCR)

EPA has revised the Total Coliform Rule so that public water systems in the US take steps to ensure the integrity of the drinking
water distribution system and monitoring for the presence of microbial contamination. Public water systems and the state and local
agencies that oversee them must comply with the RTCR beginning April 1, 2016. The final RTCR requires the following:

1. Public water systems are to notify the public if a test exceeds the MCL for E. coli in drinking water

2. Public water systems that are at risk and therefore vulnerable to microbial contamination are required to identify and fix the
problems, including the potential sources and the pathways of contamination

3. Criteria will be used for public water systems that are well operated to qualify for and stay on reduced monitoring, which could
reduce water system burden

4. Provide incentives for better system operation, in particular small systems
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5. Require additional monitoring requirements for seasonal systems such as campgrounds and state and national parks

The RTCR establishes an MCLG and an MCL for E. coli and eliminates the MCLG and MCL for total coliforms, replacing them
with treatment techniques for coliforms that require assessment and corrective action. EPA has established an MCLG of zero for E.
coli, which is a more specific indicator of fecal contamination and those pathogens that are potentially more harmful than total
coliform. EPA has removed the 1989 MCLG and MCL for total coliforms, although the acute total coliform MCL violation under
the 1989 TCR has been maintained as the MCL for E. coli under the RTCR.

Under the new treatment technique, total coliforms serve as the indicator of a potential pathway of contamination into the system’s
distribution system. Public water supplies that exceed a specified frequency of total coliform occurrence must conduct an
assessment to determine if any sanitary deficiencies exist; if found, they must be corrected. A public water system that experiences
an E. coli MCL violation must conduct an assessment and correct any sanitary defects that are identified.

Monthly notification requirements based only on the presence of total coliforms will no longer be required. Instead, the RTCR will
require public notification when an E. coli MCL violation occurs, indicating a potential health threat or when a water system fails
to assess and take corrective action.

Sanitary Survey

In the Code of Federal Regulations Reference: 40 CFR 141.2, sanitary surveys are conducted to identify possible health risks that
may not be discovered by routine coliform sampling. The

Total Coliform Rule requires community water systems serving fewer than 4,100 persons to complete an initial sanitary survey by
June 1994 and to conduct subsequent surveys every 5 years.

Non-community water systems are required to complete an initial sanitary survey by June 1999 and subsequent surveys every 5
years with the exception of those systems with protected and disinfected groundwater sources, which are allowed 10 years for
subsequent surveys.

A sanitary survey requires detailed planning, a thorough system survey, and reporting of the results. The planning portion involves
a review of water quality records for compliance with applicable microbial, inorganic chemical, organic chemical, and radiological
contaminant MCLs as well as the records of compliance with the monitoring requirements for those contaminants.

The actual field survey is a detailed evaluation and inspection of the source of the water supply and all conveyances, storage,
treatment, and distribution facilities to ensure protection from all pollution sources.

The final report includes the date(s) of the survey, who was present during the survey, the survey findings, the recommended
improvements to correct identified problems, and the target dates of completion for any improvements.

Sampling Plan

The Total Coliform Rule requires each water supply system to develop and follow a written sampling plan. Each plan must
specifically identify sampling points throughout the distribution system. Sampling plans must be approved by the state regulatory
agency, and it is necessary to check with the state agency to determine the details of their review process and what documents need
to be submitted.

Laboratory Procedures

In the Code of Federal Regulations Reference: 40 CFR 141.21 and 40 CFR 141 Subpart C, with regard to coliform testing
methodology, EPA maintains a current list of analytical methods that are approved for monitoring drinking water supplies that is
published and updated in 40 CFR 141. Examples of the acceptable analytical methods for determining total coliforms include the
following:

1. Multiple-tube fermentation technique (MTF)
2. Membrane filter technique (MF)

3. Presence-absence coliform test (P-A)

4. Colilert™ system (ONPG-MUG test)

5. Colisure test
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Regardless of the method used, the standard sample volume for total coliform testing is now 100 ml. This volume is an increase
over the past testing method using 50 mL for the MTF technique.

The multiple-tube fermentation method of testing for coliforms determines the presence or absence of coliforms by the multiple-
tube dilution method. This test is a process whereby equal portions of a sample (100 mL) are added to 10 tubes containing a culture
medium and an inverted vial. If gas accumulates in the inverted vial, it indicates presumptive evidence of coliform organisms and
the sample is considered coliform-positive. If no gas forms in any of the vials, the sample is coliform-negative.

The membrane filter method provides for filtering a 100 mL water sample through a thin, porous, cellulose membrane filter under a
partial vacuum. The filter is placed in a sterile container and incubated in contact with a special liquid called a culture medium,
which the bacteria use as a food source. Colonies of bacteria then grow on the media. The coliform colonies are visually identified,
counted, and recorded as the number of coliform colonies per 100 mL of sample.

Figure Chapter9.1: Membrane filter test for coliforms.. (Copyright;[4] Image by the EPA is in the public domain)

The presence-absence (P-A) test for the coliform group is a simple modification of the multiple-tube procedure. Even though this
simplified test uses only one large test portion (100 mL) in a single culture bottle, the results still indicate the presence or absence
of coliform bacteria and thus meet the testing requirements.

The Colilert™ system is a privately developed version of the ONPG-MUG test procedure that meets the EPA’s laboratory methods
requirements. The ONPG-MUG test indicates the presence or absence of coliform bacteria within 24 hours. Although the Colilert™
method can yield presence-absence results within 24 hours and is easier to perform than the Membrane Filtration (MF) method,
operators should be aware of the limitations of these tests in evaluating samples for regulatory purposes. The results for the
Colilert™ and MF tests are not always comparable, which may be due to the following:

1. Interferences in the sample that may suppress or mask bacterial growth
2. Greater sensitivity of the Colilert™ media

3. Added stress to organisms related to filtering

4. The fact that different media may obtain better growth for some bacteria

These test methods are approved by the EPA for reporting under the Safe Drinking Water Program. When these tests produce
conflicting results, however, the safest course of action is to increase monitoring and treatment efforts until the results for each test
is negative.

The Colisure test is a presence-absence test for coliform bacteria. A sample of water is added to a dehydrated medium and, after 24
to 48 hours, the medium is examined for the presence of coliforms.

Table Chapter9.1: Total Coliform Indicator Color Chart

Positive Test Negative Test

* Many gas bubbles present e Liquid above gel is clear
e Gel rises to surface d 8
e Liquid below gel is cloudy

e Indicator turns yellow

e Indicator remains red or turns yellow with no gas bubbles
e Gel remains at bottom of tube
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Water supply systems may contain various other types of bacteria besides coliforms. These organisms are nonpathogenic bacteria
and are sometimes referred to as heterotrophic bacteria. During the analyses of water samples for coliforms, heterotrophic bacteria
sometimes interfere with the test causing one of the following reactions:

1. MTF technique: a turbid culture with no gas production
2. P-A test: a turbid culture in the absence of an acid reaction
3. MF technique: confluent growth or a coliform colony number too numerous to count

The sample being tested can be considered invalid if any of these situations occurs and total coliforms are not detected. A
replacement sample must be taken from the same location within 24 hours of receiving the laboratory results. If the replacement
sample also shows heterotrophic interference but tests positive for total coliforms, the sample is considered valid.

Monitoring Frequency

The routine monitoring frequency for community water systems is based on the population served. Routine monitoring frequencies
for non-community systems are based on the source of supply and, in some cases, the population served. Whenever a routine
sample tests positive for total coliform, two provisions of the Total Coliform Rule take effect: repeat samples (formerly referred to
as check samples) must be taken and the original coliform-positive sample must be tested for the presence of fecal coliforms or E.
coli to determine whether an actual or potential violation of the coliform MCL exists.

The reason repeat samples are required is to investigate whether the original coliform-positive sample was caused by a
contamination problem that exists throughout the distribution system or if it is a localized problem that exists only at that one
sampling point. With this information, appropriate corrective action can be taken to eliminate the problem as quickly as possible.

The Total Coliform Rule specifies how many repeat samples must be taken, when, and from what locations. It also directs the water
utility to collect a specific number of samples the following month, based on the number of routine samples ordinarily collected.

Non-community systems serving more than 1,000 people have the same requirements as community water systems. Non-
community systems serving fewer than 1,000 people are required to collect one routine sample per quarter. When the routine
sample tests positive, four repeat samples are required in the same quarter and five samples are required the following quarter.

Whenever a routine or repeat sample tests positive for total coliform, the water agency must collect a set of three or four repeat
samples within 24 hours of receiving the laboratory results. At least one of the repeat samples must be taken from the same tap as
the original coliform-positive sample; the remaining repeat samples in the set must be collected at nearby taps (within five service
connections of the original sampling point), upstream and downstream of the original.

Repeat samples must be taken until no coliforms are detected or until the MCL is exceeded and the state is notified.

Determining Compliance

The MCLG for total coliforms (including fecal coliforms and E. coli) is zero. The MCL, based on the presence-absence concept, is
as follows:

1. For water systems analyzing at least 40 samples per month, no more than 5.0 percent of the samples (including routine and
repeat samples) may be positive for total coliforms.

2. For water systems analyzing fewer than 40 samples per month, no more than one sample per month may be positive for total
coliforms.

The Revised Total Coliform Rule makes another significant change in the way compliance is calculated. All valid coliform-positive
samples, routine and repeat samples, must be counted when calculating compliance with the monthly MCL. Under previous
regulations, check or repeat samples were not included in the monthly MCL calculation. On a case-by-case basis, the state may
declare a sample invalid for one of several reasons, including interference by heterotrophic bacteria during laboratory analysis, as
previously discussed.

Total-coliform-positive samples may be invalidated by the state under any of the following conditions:

1. The analytical laboratory acknowledges that improper sample analysis caused the positive result
2. The state determines that the contamination is a local plumbing problem
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3. The state has substantial grounds to believe that the positive result was unrelated to the quality of drinking water in the
distribution system

Reporting and Notification Requirements

Reporting frequencies for coliform test results increase in step with the urgency of the problem. A water agency must report the
results of monthly coliform testing to the state regulatory agency within the first 10 days of the following month.

Any time a water agency fails to collect a sample as required, the state must be notified within 10 days after the system learns of
the violation. An invalid sample result is considered a failure to monitor and must be reported.

If the MCL is exceeded, the state must be notified no later than the end of the next business day and the public within 14 days. This
requirement could occur when the water agency exceeds its monthly coliform-positive limit or when test results show the presence
of fecal coliforms or E. coli in any sample.

The most critical situation exists when either of two situations occurs:

1. A routine sample tests positive for total coliforms and for fecal coliforms or E. coli, and any repeat sample tests positive for
total coliforms.

2. A routine sample tests positive for total coliforms and negative for fecal coliforms or E. coli, and any repeat sample tests
positive for fecal coliforms or E. coli.

These situations are considered an acute risk to health. This occurrence is a Tier 1 violation, which requires that the state and the
public be notified within 24 hours.

Key Terms

o Inorganic contaminants — non-Carbon-based contaminants, such as lead and mercury;

¢ Microbial contaminants - bacteria, viruses, and protozoa

e Organic contaminants — Carbon-based contaminants, which include pesticides, herbicides, THMs, solvents, and other
synthetic organic compounds

o Primary standards — federal and state standards of contaminants with health effects; the Maximum Contaminant Level (MCL)
for a contaminant

o Secondary standards — federal and state standards for contaminants that affect the aesthetic qualities relating to the public
acceptance of drinking water

« Radiologic contaminants - natural and manmade sources of radiation, including uranium

o Volatile organic compounds — a subcategory of organic chemicals. These chemicals are termed volatile because they evaporate
easily.

o Turbidity, such as small particles suspended in water that interfere with light penetration and disinfection

[1] Agency for Toxic Substances and Disease Registry (ATSDR). 1992 Toxicological profile for thallium. Atlanta, GA: U.S.
Department of Health and Human Services, Public Health Service.

[2] https://www.atsdr.cdc.gov/toxfags/tfacts10.pdf

[3] https://www.epa.gov/sites/default/files/2015-09/documents/why_are_disinfection_byproducts_a_public_health_concern.pdf

This page titled Chapter 9: Primary Standards is shared under a not declared license and was authored, remixed, and/or curated by Don Kendall &
Stephanie Anagnoson (ZTC Textbooks) .
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9.1: Review Questions

Review Questions

1. List the metals in the Safe Drinking Water Act that are considered to be primary contaminants.

MCLG MCL or TT Potential Health Effects Sources of Contaminant
(mg/L) (mg/L) from Ingestion of Water  in Drinking Water

Contaminant

2. List the radiologic contaminants that drinking water plants are required to be tested for in the Safe Drinking Water Act.
3. What is the action level for lead and copper in the Safe Drinking Water Act?

4. What is the MCL for nitrate in drinking water?

5. Which contaminant has a primary and secondary contaminant limit?

6. List the disinfection by-products that are monitored and controlled in the Safe Drinking Water Act?

7. Describe a Sanitary Survey.

This page titled 9.1: Review Questions is shared under a not declared license and was authored, remixed, and/or curated by Don Kendall &
Stephanie Anagnoson (ZTC Textbooks) .

https://workforce.libretexts.org/@go/page/38923
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9.2: Chapter Quiz

Chapter Quiz
. In the Code of Federal Regulations, 40CFR 141.2, a sanitary survey should be conducted every .

. one per year
. every two years
. every five years
. every six years

N R WON R~ =

. EPA uses the to collect data for contaminants suspected to be present in drinking water, although they do not have
health-based standards set under the Safe Drinking Water Act.

. Maximum Contaminant Level

. Maximum Contaminant Level Goal

. Unregulated Contaminant Monitoring

. Secondary Maximum Contaminant Level

. Which of the primary contaminants has an action level rather than an MCL?

. THMs and HAAS5s
. Arsenic

. Mercury

. Lead and Copper

A A WOWNNRFRE W A WNRF

. In the Code of Federal Regulations Reference: 40 CFR 141.62, the amounts of cadmium that are found in natural waters in the
United States is small. Waste discharges from the electroplating, photography, insecticide, and metallurgy industries can
increase cadmium levels. The most common source of cadmium in drinking water is from galvanized pipes and fixtures. What
is the MCL and MCLG for Cadmium?

.5ppb
. 50 ppb
.5 ppm
. 50 ppm

1
2
3
4

This page titled 9.2: Chapter Quiz is shared under a not declared license and was authored, remixed, and/or curated by Don Kendall & Stephanie
Anagnoson (ZTC Textbooks) .

https://workforce.libretexts.org/@go/page/38926
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Chapter 10: Secondary Standards

4) Learning Objectives

After reading this section, you should be able to:

o Describe the secondary standards

o Outline the secondary contaminants
o Explain physical standards

e Outline levels of violations

Enforcement of Regulations

The National Secondary Drinking Water Regulations control contaminants in drinking water that primarily affect the aesthetic
qualities relating to the public acceptance of drinking water. These regulations are called secondary standards. At considerably
higher concentrations of these contaminants, health implications may also exist as well as aesthetic (or appearance) degradation.
These regulations are not federally enforceable; however, some states have passed laws requiring the state health agency to enforce
the regulations.

Secondary Maximum Contaminant Levels

Secondary Maximum Contaminant Levels (SMCLs) apply to public water systems and, in the judgment of the EPA
Administrator, are necessary to protect the public welfare or for public acceptance of the drinking water. The SMCL means the
maximum permissible level of a contaminant that is delivered to the free-flowing outlet of the ultimate user of a public water
system.

Contaminants added to the water under circumstances controlled by the user, except those contaminants resulting from corrosion of
piping and plumbing caused by water quality, are excluded by definition. The only exceptions are those resulting from corrosion of
piping and plumbing caused by water quality. Currently, 15 secondary standards exist. States may establish higher or lower levels
depending on local conditions, providing that public health and welfare are adequately protected.

Aesthetic qualities are important factors in public acceptance and confidence in a public water system. States are encouraged to
implement SMCLs so that the public will not be driven to obtain drinking water from potentially lower-quality, higher risk sources.
Many states have chosen to enforce Primary and SMCLs to ensure that the consumer is provided with the best quality water
available.

Monitoring

In order to monitor, you must collect samples for secondary contaminants at a free-flowing outlet of water being delivered to the
consumer. Monitor contaminants in these regulations at least as often as the monitoring performed for inorganic chemical
contaminants listed in the Primary Drinking Water Regulations as applicable to community water systems. For surface water
systems, the rule means yearly monitoring is required; for groundwater systems, monitor at least once every three years. Collect
monthly distribution system physical water quality monitoring samples for color and odors. More frequent monitoring would be
appropriate for specific contaminants such as pH, color, odor, or others, under certain circumstances as directed by the state.

Secondary Contaminants

Aluminum

Until relatively recently, most environmental aluminum was found in forms that did not greatly affect humans and other animals.
Acid rain, however, has caused a significant increase in aluminum exposure. The average daily intake of aluminum in the general
population is about 20 milligrams per day; the SMCL is 0.05 to 0.2 mg/L. Although aluminum is regulated as a secondary
contaminant because precipitates of the metal can cause cloudy-looking water, aluminum compounds may also interfere with
absorption of fluoride in the gastrointestinal tract and may decrease the absorption of calcium, iron, and cholesterol. Many over-
the-counter antacids contain aluminum and use of these products frequently causes constipation, which is thought to be the result of
the gastrointestinal effects.
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Chloride
The SMCL for chloride is 250 mg/L.

Undesirable Effects
e Objectionable salty taste in water
o Corrosion of the pipes in hot water systems and other pipelines

Studies Concerning the Mineralization Effects of Water Indicate

e Major taste effects are produced by anions (where TDS was studied).

o Chloride produces a taste effect somewhere between the milder sulfate and the stronger carbonate.
o Laxative effects are caused by highly mineralized waters.

Mineralized waters often contain chloride as well as high levels of sodium and magnesium sulfate.

Corrosion Effects

¢ Studies indicate that corrosion depends on concentration of TDS (TDS may contain 50 percent chloride ions).

e Domestic plumbing, water heaters, and municipal waterworks equipment will deteriorate when high concentrations of chloride
ions are present.

Example

Where the TDS = 200 mg/L (Chloride = 100 mg/L), water heater life will range from 10 to 13 years. Water heater life declines
uniformly as a function of TDS-1 year shortened life per 200 mg/L additional TDS.

Color

The SMCL for color is 15 color units. The level of this water quality indicator is not known to be a measure of the safety of water.
However, high color content may indicate the following:

¢ High organic chemical contamination
o Inadequate treatment
o High disinfectant demand and the potential for production of excess amounts of DBPs

Color may be caused by:

o Natural color-causing solids such as aromatic, polyhydroxy, methoxy, and carboxylic acids
o Fulvic and humic acid fractions
o Presence of metals such as copper, iron, and manganese

Rapid changes in color levels may provoke more citizen complaints than relatively high, constant color levels.

Copper

The SMCL for copper is 1.0 mg/L. Soft water containing a low level (0.5 mg/L) of copper may cause blue or blue-green staining of
porcelain. Higher levels (4 mg/L) of copper will stain clothing and blond hair. When soap is used with water having a copper
concentration greater than 1 mg/L, insoluble green curds will form.

Corrosivity

The corrosivity of water indicates the rate at which water causes the gradual decomposition or destruction of a material (such as a
metal or cement lining). The severity and type of corrosivity are dependent on the chemical and physical characteristics of the
water and the material.

Corrosivity causes materials to deteriorate and go into solution (be carried by the water). Corrosion of toxic metal pipe materials
such as lead can create a serious health hazard. Corrosion of iron may produce a flood of unpleasant telephone calls from
consumers complaining about rusty water, stained laundry, and bad tastes.

Corrosivity can cause the reduction of the carrying capacity of a water main. This reduced carrying capacity can cause an increase
in pump energy costs and may reduce distribution system pressures. Leaks in water mains due to corrosivity may eventually require
replacement of a water main.
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Fluoride

Fluoride produces two effects, depending on its concentration. At levels of 6 to 8 mg/L, fluoride may cause skeletal fluorosis (the
bones become brittle) and stiffening of the joints. For this reason, fluoride has been added to the list of primary standards (having
health effects).

At levels of 2 mg/L and greater, fluoride may cause dental fluorosis, which is discoloration and mottling of the teeth, especially in
children. EPA has recently reclassified dental fluorosis as a cosmetic effect, raised the primary drinking water standard from 1.4 to
2 mg/L to 4 mg/L, and established a secondary standard of 2 mg/L for fluoride.

Foaming Agents
The SMCL for foaming agents is 0.5 mg/L.

Undesirable Effects
1. Causes frothing and foaming, which are associated with contamination (greater than mg/L).
2. Imparts an unpleasant taste (oily, fishy, perfume-like) (less than 1.0 mg/L).

Information

1. Because no convenient foamability test exists and because surfactants are one major class of substances that cause foaming, this
property is determined indirectly by measuring the anionic surfactant (MBAS) concentration in the water.

2. Surfactants are synthetic organic chemicals and are the principal ingredient of household detergents.

3. The requirement for biodegradability led to the widespread use of linear alkylbenzene sulfonate (L.AS), an anionic surfactant.

4. Concentrations of anionic surfactants found in drinking waters range from 0 to 2.6 mg/L in well supplies and 0 to 5 mg/L in
surface water supplies.

5. LAS is essentially odorless. The odor and taste characteristics are likely to arise from the degradation of waste products rather
than the detergents.

6. If water contains an average concentration of 10 mg/L surfactants, the water is likely to be entirely of wastewater origin.

7. From a toxicological standpoint, an MCL of 0.5 mg/L, assuming a daily adult human water intake of 2 liters, would give a
safety factor of 15,000.

Iron and Manganese
1. Iron and manganese are frequently found together in natural waters and produce similar adverse environmental effects and color
problems. Excessive amounts of iron and manganese are usually found in groundwater and in surface water contaminated by
industrial waste discharges.
2. Before 1962, these elements were covered by a single recommended limit.

w

. In 1962, the US Public Health Service recommended separate limits for iron and manganese to reflect more accurately the
levels at which adverse effects occur for each.

. Each are highly objectionable in large amounts in water supplies for domestic and industrial use.

. Each element imparts color to laundered goods and plumbing fixtures.

. Taste thresholds in drinking water are considerably higher than the levels that produce staining effects.

. Each element is part of the daily nutritional requirements; however, these requirements are not met by the consumption of

N U A~

drinking water.

Iron
The SMCL for iron is 0.3 mg/L.

Undesirable Effects
1. At levels greater than 0.05 mg/L some color may develop, staining of fixtures may occur, and precipitates may form.
2. The magnitude of the staining effect is directly proportional to the concentration.
3. Depending on the sensitivity of taste perception, a bitter, astringent taste can be detected from 0.1 mg/L to 1.0 mg/L.
4. Precipitates that are formed create not only color problems but also lead to bacterial growth of slimes and of the iron loving
bacteria, Crenothrix, in wells and distribution piping.
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Nutritional Requirements
1. Daily requirement is 1 to 2 mg; however, intake of larger quantities is required as a result of poor absorption.

2. The limited amount of iron permitted in water (because of objectionable taste or staining effects) constitutes only a small
fraction of the amount normally consumed and does not have toxicologic (poisonous) significance.

Manganese
The SMCL for manganese is 0.05 mg/L.

Undesirable Effects
1. A concentration of more than 0.02 mg/L may cause buildup of coatings in distribution piping.

2. If these coatings slough off, they can cause brown blotches in laundry items and black precipitates.
3. Manganese imparts a taste to water above 0.15 mg/L.

3. The application of chlorine, even at low levels, increases the likelihood of precipitation of manganese at low levels.
4. Unless the precipitate is removed, precipitates reaching pipelines will promote bacterial growth.

Toxic Effects
1. Toxic effects are reported as a result of inhalation of manganese dust or fumes. Liver cirrhosis has arisen in controlled feeding

of rats.
2. Neurological effects have been suggested; however, these effects have not been scientifically confirmed.

Nutritional Requirements
1. Daily intake of manganese from a normal diet is about 10 mg.
2. Manganese is essential for proper nutrition.
3. Diets deficient in manganese will interfere with growth, blood and bone formation, and reproduction.

Odor
The SMCL for odor is a Threshold Odor Number (TON) of 3.

Important facts to remember when dealing with odors include:

1. Taste and odor go hand-in-hand.

2. Absence of taste and odor helps to maintain the consumers’ confidence in the quality of their water, even though it does not
guarantee that the water is safe.

3. Research indicates that there are only four true taste sensations: sour, sweet, salty, and bitter.

4. All other sensations ascribed to the sense of taste are actually odors, even though the sensation is not noticed until the material

is taken into the mouth.
. Odor tests are less fatiguing to people than taste tests when testing for tastes and odors.
. Taste and odor tests are useful:

= o Ul

. As a check on the quality of raw10 and treated water

N

. To help control odor throughout the plant

~N

. Odor is a useful test:

1. For determining the effectiveness of different kinds of treatment
2. As a means for tracing the source of contaminants

8. Hydrogen sulfide is included under the odor SMCL.
pH

The SMCL for pH is defined as pH values beyond the acceptable range from 6.5 to 8.5. A wide range of pH values in drinking
water can be tolerated by consumers.

Undesirable Effects
1. When the pH increases, the disinfection activity of chlorine falls significantly.


https://libretexts.org/

LibreTexts"

2. High pH may cause increased halogen reactions, which produce chloroform and other THMs during chlorination.

3. Both excessively high and low pHs may cause increased corrosivity, which can, in turn, create taste problems, staining
problems, and significant health hazards.

4. Metallic piping in contact with low-pH water will impart a metallic taste.

5. If the piping is iron or copper, high pH will cause oxide and carbonate compounds to be deposited, leaving red or green stains
on fixtures and laundry.

6. At a high pH, drinking water acquires a bitter taste.

7. The high degree of mineralization often associated with basic waters results in encrustation of water pipes and water-using
appliances.

Silver

Silver is a nonessential element, providing no beneficial effects from its ingestion in trace amounts. Chronic toxicity causes an
unsightly blue-gray discoloration of the skin, mucous membranes, and eyes. Apparently, beside cosmetic changes, no physiologic
effects are known. Ingestion of trace amounts of silver or silver salts results in its accumulation in the body, particularly the skin
and eyes. Some evidence exists that changes to the kidneys, liver, and spleen can occur.

The SMCL for silver is 0.10 mg/L.

Sulfate
The SMCL for sulfate is 250 mg/L.

Undesirable Effects

1. Tends to form hard scales in boilers and heat exchangers.

2. Causes taste effects.

3. Causes a laxative effect. This effect is commonly noted by newcomers or casual or intermittent users of water high in sulfate.
Water containing more than 750 mg/L of sulfate usually produces the laxative effect while water with less than 600 mg/L
sulfate usually does not. An individual can adjust to sulfate in drinking water.

4. Sodium sulfate and magnesium sulfate are more active as laxatives, whereas calcium sulfate is less active.

5. When the magnesium sulfate content is 200 mg/L, the most sensitive person will feel the laxative effect; however, magnesium
sulfate levels between 500 mg/L and 1,000 mg/L will induce diarrhea in most individuals.

6. Tastes may sometimes be detected at 200 mg/L of sulfate, but generally are detected in the range of 300 to 400 mg/L.

Total Dissolved Solids (TDS)
The SMCL for total dissolved solids is 500 mg/L.

Undesirable Effects

1. TDS imparts adverse taste effects at greater than 500 mg/L.

2. Highly mineralized water influences the deterioration of distribution systems as well as domestic plumbing and appliances (the
life of a water heater will decrease one year with each additional 200 mg/L of TDS above a typical 200 mg/L value).

3. Mineralization can also cause precipitates to form in boilers and other heating units, sludge in freezing processes, rings on
utensils, and precipitates in food being cooked.

4. There may be a great difference between a detectable concentration and an objectionable concentration of the neutral salts.
Many people can become accustomed to high levels.

5. Studies show that the temperature of mineralized waters influences their acceptability to the public.

Zinc
The SMCL for zinc is 5 mg/L.
Undesirable Effects
1. High concentrations of zinc produce adverse physiological effects.
2. Zinc imparts a bitter, astringent taste that is distinguishable at 4 mg/L. Also, at 4 mg/L a metallic taste will exist.

3. Zinc will cause a milky appearance in water at 30 mg/L.
4. Zinc may increase lead and cadmium concentrations.
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5. The activity of several enzymes is dependent on zinc. Enzymes are proteins that catalyze chemical reactions. Zinc is an
essential enzyme growth element in terms of nutrition at low doses (zinc must be present) and is toxic to enzymes at high doses.
6. Cadmium and lead are common contaminants of zinc used in galvanizing steel pipe.

Physiological Effects
1. A concentration of 30 mg/L can cause nausea and fainting.
2. Zinc salts act as gastrointestinal irritants. This symptom of illness is acute and transitory.
3. The vomiting concentration range is 675 to 2,280 mg/L.
4. A wide margin of safety exists between normal food intake and concentrations in water high enough to cause oral toxicity.

Dietary Requirements
1. The daily requirement for preschool children is 0.3 mg Zn/ kg of weight.

2. Total zinc in an adult human body averages two grams.
3. Zinc most likely concentrates in the retina of the eye and in the prostate.
4. Zinc deficiency in animals leads to growth retardation.

Key Terms

o Secondary standards — federal and state standards for contaminants that affect the aesthetic qualities relating to the public
acceptance of drinking water

¢ Secondary Maximum Contaminant Level — levels that apply to public water systems and are necessary to protect public
welfare or for public acceptance of the drinking water

This page titled Chapter 10: Secondary Standards is shared under a not declared license and was authored, remixed, and/or curated by Don
Kendall & Stephanie Anagnoson (ZTC Textbooks) .
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10.1: Review Questions
Review Questions
1. Explain the Secondary Maximum Contaminant Levels found in the Safe Drinking Water Act.
2. What is the SMCL for chloride?
3. What is the SMCL for color?
4. What is the MCL and the SMCL for fluoride?
5. What is the SMCL for TDS (total dissolved solids)?

This page titled 10.1: Review Questions is shared under a not declared license and was authored, remixed, and/or curated by Don Kendall &
Stephanie Anagnoson (ZTC Textbooks) .

https://workforce.libretexts.org/@go/page/38931
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10.2: Chapter Quiz

Chapter Quiz
1. apply to public water systems and, in the judgment of the EPA, are necessary to protect the public welfare or for
public acceptance of the drinking water. The rule means the maximum permissible level of a contaminant that is delivered to the
free-flowing outlet of the ultimate user of a public water system. This maximum is not enforceable under EPA, but
recommended: however, in some states, these levels are enforceable by law.

. Maximum Contaminant Levels

. Maximum Contaminant Level Goals

. Secondary Maximum Contaminant Levels
. Unregulated Contaminant Levels

NOA WN R

are important factors in public acceptance and confidence in a public water system. States are encouraged to
implement SMCLs so that the public will not be driven to obtain drinking water from potentially lower-quality, higher risk
sources. Many states have chosen to enforce Primary and Secondary Contaminant Levels to ensure that the consumer is
provided with the best quality water available.

. Biological contaminants
. Chemical contaminants
. Aesthetic qualities

A WN =

. Radiologic contaminants

3. Although is regulated as a secondary contaminant because precipitates of the metal can cause cloudy-looking water,
this contaminant may interfere with absorption of fluoride in the gastrointestinal tract and may decrease the absorption of
calcium, iron, and cholesterol.

. aluminum
. zinc

. silver

. manganese

A AW DN

may be caused by aromatic, polyhydroxy, methoxy, and carboxylic acids, as well as fulvic and humic acid fractions, and
the presence of metals such as copper, iron, and manganese. Changes to these levels may provoke citizen complaints.

. Taste

. Odor

. Color

. Laxative effects

A WO N -

This page titled 10.2: Chapter Quiz is shared under a not declared license and was authored, remixed, and/or curated by Don Kendall & Stephanie
Anagnoson (ZTC Textbooks) .

https://workforce.libretexts.org/@go/page/38932
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Chapter 11: Distribution System Water Quality

4b Learning Objectives

After reading this section, you should be able to:

e Describe sampling procedures

o Describe water quality parameters

o Explain the causes behind water degradation in the distribution system
o Explain the risks of cross-connection

o Explain corrosion

o Describe data reporting

e Outline problem resolution

Sampling

All of the drinking water regulations apply to all public water systems.

Figure Chapter11.1: An Irrigation Ditch. (Copyright; Image by Bob White is licensed under CC BY-NC-ND 2.0)

Any water system that provides services for fewer connections or persons than these rules outline are not covered by the Safe
Drinking Water Act. Certain other individuals and residences also are excluded, such as those whose water is supplied by an
irrigation, mining, or industrial water system. However, regardless of size, all operators must strive to provide consumers with
potable drinking water.

Drinking water regulations also consider the type of population served by the system and classify water systems as community or
non-community systems. EPA defines a public water system as one which provides water for human consumption through pipes
or other constructed conveyances to at least 15 service connections or serves an average of at least 25 people for at least 60 days a
year. A public water system may be publicly or privately owned.

EPA further classifies public water systems according to the number of people they serve, the source of their water, and whether
they serve the same customers year-round or on an occasional basis. EPA has defined three types of water systems!:

Community Water System: A public water system that supplies water to the same population year-round.
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Non-Transient Non-Community Water System: A public water system that regularly supplies water to at least 25 of the same
people at least six months per year. A small school would be an example of this.

Transient Non-Community Water System: A public water system that provides water in a place such as a gas station, or
campground where people do not remain for long periods of time.

Figure Chapter11.2: Gros Ventre Campground.(Copyright; Image by the NPS is in the public domain

)
Any water system that provides services for fewer connections or persons than these rules outline are not covered by the Safe
Drinking Water Act. Certain other individuals and residences also are excluded, such as those whose water is supplied by an
irrigation, mining, or industrial water system. However, regardless of size, all operators must strive to provide consumers with
potable drinking water.

EPA has revised the Total Coliform Rule so that public water systems in the US take steps to ensure the integrity of the drinking
water distribution system and monitoring for the presence of microbial contamination. Public water systems and the state and local
agencies that oversee them must comply with the Revised Total Coliform Rule (RTCR) beginning April 1, 2016. The final RTCR
requires the following:

1. Public water systems are to notify the public if a test exceeds the MCL for E. coli in drinking water

2. Public water systems that are at risk and therefore vulnerable to microbial contamination are required to identify and fix the
problems, including the potential sources and the pathways of contamination

3. Criteria will be used for public water systems that are well operated to qualify for and stay on reduced monitoring, which could
reduce water system burden

4. Provide incentives for better system operation, in particular small systems

5. Require additional monitoring requirements for seasonal systems such as campgrounds and state and national parks

The RTCR establishes an MCLG and an MCL for E. coli and eliminates the MCLG and MCL for total coliforms, replacing them
with treatment techniques for coliforms that require assessment and corrective action. EPA has established an MCLG of zero for E.
coli, which is a more specific indicator of fecal contamination and those pathogens that are potentially more harmful than total
coliform. EPA has removed the 1989 MCLG and MCL for total coliforms, although the acute total coliform MCL violation under
the 1989 TCR has been maintained as the MCL for E. coli under the RTCR.

Under the new treatment technique, total coliforms serve as the indicator of a potential pathway of contamination into the system’s
distribution system. Public water supplies that exceed a specified frequency of total coliform occurrence must conduct an
assessment to determine if any sanitary deficiencies exist; if found, they must be corrected. A public water system that experiences
an E. coli MCL violation must conduct an assessment and correct any sanitary defects that are identified.
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Monthly notification requirements based only on the presence of total coliforms will no longer be required. Instead, the RTCR will
require public notification when an E. coli MCL violation occurs, indicating a potential health threat or when a water system fails
to assess and take corrective action.

Sampling Plan

The Total Coliform Rule requires each water supply system to develop and follow a written sampling plan. Each plan must
specifically identify sampling points throughout the distribution system. Sampling plans must be approved by the state regulatory
agency and it is necessary to check with the state agency to determine the details of their review process and what documents need
to be submitted.

Data and Reporting

Monitoring Frequency

The routine monitoring frequency for community water systems is based on the population served. Routine monitoring frequencies
for non-community systems are based on the source of supply and, in some cases, the population served. Whenever a routine
sample tests positive for total coliform, two provisions of the Total Coliform Rule take effect: repeat samples (formerly referred to
as check samples) must be taken and the original coliform-positive sample must be tested for the presence of fecal coliforms or E.
coli to determine whether an actual or potential violation of the coliform MCL exists.

The reason repeat samples are required is to investigate whether the original coliform-positive sample was caused by a
contamination problem that exists throughout the distribution system or if it is a localized problem that exists only at that one
sampling point. With this information, appropriate corrective action can be taken to eliminate the problem as quickly as possible.

The Total Coliform Rule specifies how many repeat samples must be taken, when, and from what locations. It also directs the water
utility to collect a specific number of samples the following month, based on the number of routine samples ordinarily collected.

Non-community systems serving more than 1,000 people have the same requirements as community water systems. Non-
community systems serving fewer than 1,000 people are required to collect one routine sample per quarter. When the routine
sample tests positive, four repeat samples are required in the same quarter and five samples are required the following quarter.

Whenever a routine or repeat sample tests positive for total coliform, the water agency must collect a set of three or four repeat
samples within 24 hours of receiving the laboratory results. At least one of the repeat samples must be taken from the same tap as
the original coliform-positive sample; the remaining repeat samples in the set must be collected at nearby taps (within five service
connections of the original sampling point), upstream and downstream of the original.

Repeat samples will be taken until no coliforms are detected or until the MCL is exceeded and the state is notified.

Determining Compliance

The MCLG for total coliforms (including fecal coliforms and E. coli) is zero. The MCL, based on the presence-absence concept, is
as follows:

1. For water systems analyzing at least 40 samples per month, no more than 5.0 percent of the samples (including routine and
repeat samples) may be positive for total coliforms.

2. For water systems analyzing fewer than 40 samples per month, no more than one sample per month may be positive for total
coliforms.

The Total Coliform Rule makes another significant change in the way compliance is calculated. All valid coliform-positive
samples, routine and repeat samples, must be counted when calculating compliance with the monthly MCL. Under previous
regulations, check or repeat samples were not included in the monthly MCL calculation. On a case-by-case basis, the state may
declare a sample invalid for one of several reasons, including interference by heterotrophic bacteria during laboratory analysis, as
previously discussed.

Total-coliform-positive samples may be invalidated by the state under any of the following conditions:

1. The analytical laboratory acknowledges that improper sample analysis caused the positive result
2. The state determines that the contamination is a local plumbing problem
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3. The state has substantial grounds to believe that the positive result was unrelated to the quality of drinking water in the
distribution system

Reporting and Notification Requirements

Reporting frequencies for coliform test results increase in step with the urgency of the problem. A water agency must report the
results of monthly coliform testing to the state regulatory agency within the first 10 days of the following month.

Any time a water agency fails to collect a sample as required; the state must be notified within 10 days after the system learns of
the violation. An invalid sample result is considered a failure to monitor and must be reported.

If the MCL is exceeded, the state must be notified no later than the end of the next business day and the public within 14 days. This
requirement could occur when the water agency exceeds its monthly coliform-positive limit or when test results show the presence
of fecal coliforms or E. coli in any sample.

The most critical situation exists when either of two situations occurs:
1. A routine sample tests positive for total coliforms and for fecal coliforms or E. coli,
and any repeat sample tests positive for total coliforms.

2. A routine sample tests positive for total coliforms and negative for fecal coliforms or E. coli, and any repeat sample tests
positive for fecal coliforms or E. coli.

These situations are considered an acute risk to health. This occurrence is a Tier 1 violation, which requires that the state and the
public be notified within 24 hours.

Water Quality

Section 304 (a)of the Clean Water Act directed EPA to develop water quality criteria not only for human health, but also aquatic life
criteria, biological criteria, and microbial/recreational criteria. But they all point towards protecting public health.

Water agencies and utilities utilize local or imported surface water and groundwater sources and then convey it to treatment plants
and distribution systems composed pipes, pumps, and storage reservoirs. Sometimes the storage reservoirs are small impoundments
to large lakes with recreation. In all cases, primary standards set by the Federal, State, and tribal governments must be met. This
extends to monitoring the health of aquatic life, water bodies in terms of the kinds of organisms present as well as bacteria and
other pathogens. It is quite a responsibility. And it is a dynamic process. Regulations may become more stringent, and it will be the
responsibility of engineers, scientists, and operators to ensure that a safe supply of water is always maintained for the public and
environment.

Furthermore, the drinking water public judges the quality of their drinking water from Secondary (aesthetic) standards. You may be
providing a safe supply of water to a customer, but if it slightly discolored from natural minerals in a groundwater supply, no one is
going to trust it.

The quality of treated water put into the water distribution system from finished water treatment plants is high. The most pervasive
water quality problem that affects most American communities results from the deterioration of water quality within water
distribution conveyance systems.

Distribution Systems

Conditions exist in the distribution system that could result in degradation of water quality in the distribution system. The system
operator must be aware of them and take corrective or protective measures where possible.

Consider how water is delivered to most of Southern California. Surface water is conveyed hundreds of miles in an aqueduct
system, possibly blended with a groundwater supply, treated, and then delivered to a retail customer. The biggest threat to water
quality degradation is typically in the last several miles of the distribution system pipeline conveyance system from the treatment
plant.
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Distribution System Integrity®
There are three components to distribution system integrity.

1. Physical Integrity of the system — the maintenance and isolation of the infrastructure (pipes, pumps, various valves including air
release and blowoff valves, tanks) from the external environment

2. Hydraulic Integrity — the maintenance of a desirable water flow, and pressure

3. Water quality integrity — the maintenance of water age and disinfection residual in the system to prevent internally derived
contamination. This involves routine continual water quality monitoring at various locations in the distribution system, particularly
at unique and vulnerable locations such as area of lower flows and dead ends times. This will be discussed in the next section.

The causes of water quality degradation are due to breaches in distribution system integrity. It should be noted that minor water

quality changes such as fluctuations in temperature, pH, alkalinity, or disinfectant residual are quite normal in the day-to-day
operation of a well maintained distribution system and treatment plant.

Causes of Quality Degradation to Distribution System

Breaches to distribution system integrity were discussed in an EPA issue paper on the Total Coliform Rule. Various causes of major
water quality degradation requiring an assessment and improvement in operations and maintenance procedures include:

Water main breaks, repairs, installation

Water distribution systems under pressure are susceptible to contamination if a break occurs. It is quite common for utilities like
natural gas and sewer lines to share common corridors (rights of way) such as streets, A major break, particularly in those areas,
create a pathway of contamination to the distribution system.

Contamination from sediment and high groundwater during repair or new installation is always a concern. Maintenance of the
systems requires it to be properly, isolated, disinfected and flushed before the line is placed back into service.

Operation and Maintenance Deficiencies

Pipeline flushing is a routine maintenance practice often conducted within the distribution system to address consumer complaints
and to reduce the retention time of water to improve water quality. Utilities have typically manually flushed water from the system
using fire hydrants or flushing hydrants to control microbial growth.|2]

These practices can affect distribution system water quality in a negative manner if not conducted properly. Improper flushing can
result in moving a contaminant further into the distribution system. The amount of time (age) water stays in a distribution system
can affect its disinfectant residual and lead to bacterial growth. Stagnant water can occur in dead-end pipes or storage facilities
that are over-sized or have periods of limited use.

Branch

) Dead End

Dead End
Sub-main System

ICut-off Valve

Main Pipe

Cut-off Valve
Sub-main

Branch Branch

Dead End

Figure Chapter11.3: Dead end in distribution system. (Copyright; Image by COC OER is licensed under CC BY 4.0)

Stagnant water provides an opportunity for suspended particulates to settle into pipe sediments, for biofilm to develop, and for
biologically mediated corrosion to accelerate (Brandt et al., 2004). Long-term water storage in finished water reservoirs (lasting
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weeks or several months) can result in waterborne heterotrophic bacteria growing in sediments, attaching to inner walls, and
spreading a biofilm over surfaces (Geldreich, 1996). Long retention time can also result in reduction in disinfectant residual and
cause the release of ammonia through the decay of chloramines (Brandt et al., 2004). Loose deposits are susceptible to entrainment
and suspension under normal hydraulic scenarios, such as flow reversals and velocity changes (Friedman et al., 2004a). Sudden
flow increases (USEPA, 1992) or hydraulic disturbances (USEPA and CA DHS, 1989) can cause accumulated biofilm, scales,
sediment, or tubercles to shear or slough, resulting in release to the water column. Also, if the distribution system is fed by multiple
sources with varying water quality, the release of biofilms, scales, or sediments may occur at the interface between the sources.

Permeation

Non-metallic pipelines may be susceptible to contaminants passing through the pipeline walls from the exterior. This is referred to
as permeation. Modern PVC pipes exhibit lower permeation, but some organic solvents are capable of permeating through plastic

pipe.
Storage tanks for treated water

Storage tanks without screens for vents, or any hatch or opening that is not locked is a pathway for contamination. Storage tank
walls must be properly lined (coated) on the inside as well.

Cross-connections

A cross-connection is typically defined as a connection between the drinking water distribution and another connection with
different source water, or any other source. It is not uncommon for water agencies to share cross connections in the event of an
emergency. But if the disinfection methods are different, or one source is not treated, then a pathway for contamination exists.

Backflow is the “undesirable reversal of flow of water or mixtures of water and other liquids, gases or other substances in the
distribution pipes of the potable water supply from any source or sources.”’®! Backflow occurs when a pressure differential exists
between the cross connection and the distribution because of a hydraulic change in the distribution. If the pressure in a water users
connection becomes greater than the pressure in the distribution system, backflow will occur.

Enforceable regulations requiring back flow prevention devices for service connections have been adopted by State and Federal
agencies.

Significant pressure reduction can occur in the event of line break. Backflow in this case is often referred to as backsiphonage.

Non-potable hazardous
substance

Potable
drinking
water supply

Normal water Change in hydraulic
supply flow condition results in
backflow

Figure Chapterl1.4: Cross-connection in distribution system. (Copyright: Image by Machovka is licensed under CCO 1.0 modified

by COC OER)
Backsiphonage is a form of backflow caused by a negative or below atmospheric pressure within the water supply piping.
Backsiphonage can develop from such causes as main breaks, an inadequate source of supply capacity, undersized mains, unusual
water demands, planned shutdowns for maintenance or repair, or the use of on-line booster pumps. Backflow caused by back

pressure can occur when the user’s water system is at a higher pressure than the public water system.
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Chemical and microbial contamination from cross connections and backsiphonage have been responsible for many distribution
system related illnesses. [4]

Corrosion and leaching

Corrosion is the gradual deterioration of metal pipe, metal fixtures, cement mortar lining in pipe, or other substances because of a
reaction with the water.[5] Corrosion can be the result of physical actions that erode the coating of a pipe, chemical dissolution that
leaches a pipe’s lining or wall material, or electrochemical reactions that remove metal from the wall of the pipe.[6 Corrosion can
result in the leaching of certain metals, such as lead and copper.

Biological growth within the distribution system can also cause corrosion by providing an environment in which physical and
chemical interaction can occur. Leaching is defined as the dissolution of metals, solids, and chemicals into drinking water (Symons
et al., 2000). Some of the factors that influence corrosion and leaching are water velocity, pipe material, and water quality within
the distribution system, such as pH, alkalinity, temperature, chlorine residual, and hardness of the water.

Figure Chapter11.5:Pipe with corrosion . (Copyright: Image by Mr pantswearer is licensed under CC BY-SA 4.0.)

Contaminants from pipe linings, tank coatings, fittings, or other materials can sometimes leach into the drinking water, causing
contamination. Cement-lined pipes and storage tanks can leach calcium carbonate into the water, which may significantly increase
the alkalinity and pH of the water. This is especially true when the cement lined material is new, but also depends on the type of
cement used, the contact time between the water and cement material, and the diameter of the pipe.

BiofimBiofilms were introduced in Chapter 8. Contaminants, including total coliforms and some
pathogens, may attach to or become enmeshed in biofiims on pipe walls in distribution systems.
Many pathogens have been found to survive, if not grow, in these pipe biofims where they are
protected from disinfectants. Over time, coliform bacteria may detach or slough from the
biofilm, causing persistent total coliform detections. Pathogens may also be included in the
detached material and may result in waterborne disease. The biofilm can result in total coliform
positive detections and other contamination events if disturbed. Organisms that have been
found in biofiims include bacteria, viruses, protozoa, invertebrates, algae, and fungi.| 7| Less
efficient treatment of source water during runoff or changing water quality conditions may
cause a change in the organic matter of treated water, which in turn may enable increased
biofilm growth in the distribution system [8]

Key Terms

o appurtenances — small (but important) parts of a water distribution system, such as valves or meters, which help control flow
o Community Water System — a public water system that has at least 15 regular service connections and regularly serves at least
25 all year residents
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¢ Cross connection - an unprotected connection between a part of a water system used or intended to be used to supply water for
drinking purposes and any source or system containing water or a substance that is not or cannot be approved as safe drinking
water. It is a connection between a regulated and approved drinking source and an unregulated drinking water source.

¢ Public Water System (PWS) — any system with at least 15 connections and regularly serves an average of 25 individuals daily
at least 60 days out of the year

[1] https://www.epa.gov/sites/default/files/2021-05/documents/issuepaper_tcr_indicators_posted.pdf

[2] Brandt, M., J. Clement, J. Powell, R. Casey, D. Holt, N. Harris, and C. Ta. 2004. Managing Distribution Retention Time to
Improve Water Quality - Phase I. AwwaRF. Denver, CO.).+

[3] USC-FCCCHR (University of Southern California Foundation for Cross-Connection Control and Hydraulic Research). 1993.
Manual of Cross-Connection Control, Ninth Edition. University of Southern California. Los Angeles, CA.

[4] Craun, G. F. and R. L. Calderon. 2001. Waterborne Disease Outbreaks Caused by Distribution System Deficiencies. Journal
AWWA 93:9:64-75

[5] AWWA. 1999a. Water Quality and Treatment, Fifth Edition. McGraw-Hill, Inc. New York, NY.

[6] AWWA. 2000. Water Distribution Systems Handbook. McGraw-Hill, Inc. New York, NY.

[7] AWWA. 2000. Water Distribution Systems Handbook. McGraw-Hill, Inc. New York, NY.

[8] USEPA, 2002. Health Risks from Microbial Growth and Biofilms in Drinking Water Distribution Systems.
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11.1: Review Questions
Review Questions
1. What is a cross-connection?
2. How can backflow occur in a drinking water distribution system?
3. Define backsiphonage.
4. Define backflow.
5. Name the common situations that can result in a cross connection in the drinking water distribution system.
6. Describe corrosion as a process in a drinking water distribution system.
7. Describe the problems associated with dead ends in the distribution system.

This page titled 11.1: Review Questions is shared under a not declared license and was authored, remixed, and/or curated by Don Kendall &
Stephanie Anagnoson (ZTC Textbooks) .
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11.2: Chapter Quiz

Chapter Quiz
1.A is defined as any system that has at least 15 service connections and regularly serves an average of at least 25
individuals daily at least 60 days out of the year.

. public water system (PWS)

. community water system (CWS)

. transient water system

. non-transient non-community water system

N R WN -

. A system that has at least 15 service connections used by all-year residents and regularly serves at least 25 all-year residents is
defined as a

. public water system (PWS)

. community water system (CWS)

. transient water system

. non-transient non-community water system

. EPA identifies some systems as if they regularly serve at least 25 of the same persons over 6 months per year.

. public water system (PWS)

. community water system (CWS)

. transient water system

. non-transient non-community systems

A A WOWDNRFRE W A WDNR

. The routine monitoring frequency for community water systems is based on the

. past history of coliforms being present in the sampling
. population served
. type of treatment

A W N -

. raw water source being surface water or ground water

This page titled 11.2: Chapter Quiz is shared under a not declared license and was authored, remixed, and/or curated by Don Kendall & Stephanie
Anagnoson (ZTC Textbooks) .
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Chapter 12: Water Treatment for Contaminant Removal

4b Learning Objectives

After reading this section, you should be able to:

o Describe water quality characteristics
o Describe disinfection processes

o Describe the classes of water quality
o Explain water quality characteristics

Water Quality Characteristics

Water functions as a solvent due to its polarity and small molecular size. It has the ability to form hydrogen bonds which allows it
to dissolve many types of molecules. It is often referred to as a “universal solvent”. Microorganisms rely on water in order to grow.
As such, pathogens which cause human illness are found in untreated surface water and groundwater. Waterborne diseases include
typhoid fever, cholera, giardia, dysentery, E coli., hepatitis A, cryptosporidium, and Salmonella.

Public water system treatment plants use a combination of different treatment methods to remove or inactivate all disease-causing
organisms and viruses. The process is referred to as a multi-barrier treatment approach. The final step in this approach involves
chemical disinfection using chlorine or chloramines. Complete sterilization like the process used in hospitals is not necessary in
water treatment.

Factors Influencing Disinfection

Several physical characteristics of a microorganism and chemical factors can influence the disinfection of water and include:

pH

Worldwide, many agencies have historically limited the range of pH values of distributed water between 6.5 and 8.5.! Although this
range is not a regulatory limit, many jurisdictions have used it as one. The antimicrobial activity of chlorine is optimal at a neutral
pH of 7.0. But an increase in pH will reduce its efficacy (pH over 8.0).

Temperature

The activity of most disinfectants will increase as the temperature increases. Chlorine is very effective at temperatures above 65 .
Temperature measurements for calculating treatment contact times is important.

Turbidity

Turbidity is the measure of the relative clarity of a liquid. Cloudy (turbid) water would be due

To the presence of clay, silt, tiny inorganic and organic matter and other microorganisms.? This would definitely interfere with the
disinfection process and is why a multi-barrier treatment approach with filtration precedes disinfection.
Organic Matter

A disinfectant like chlorine or bromine will react with natural organic residue found in water. This reduces the amount of
disinfectant available. But more importantly the formation of chemical disinfection by-products called trihalomethanes (THMs)
also occurs.® These compounds are regulated by the EPA. Consequently, most water agencies in California now use chloramines
instead of chlorine as a primary disinfectant.

Inorganic Matter

Inorganic compounds found in residual silts or a compound such as ammonia (NH3) in water will reduce the amount of
disinfectant.
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Reducing Agents

A reducing agent loses electrons and is oxidized in a chemical reaction. Examples of reducing agents include earth metals, formic
acid, and sulfite compounds.* Chlorine combines with reducing agents, thereby affecting the amount of chlorine available to
disinfect. Examples of reducing agents in water include hydrogen sulfide (H.S), ferrous ion (Fe*?), manganous ion (Mn*?),

ammonia (NH3), and nitrite (NOy").

Microorganisms

The physical characteristics of a microorganism can influence the disinfection process for example, spores are resistant to
disinfectants because the spore coat and cortex act as a barrier. But most microorganisms can be filtered or settled out prior to
disinfection.

Removal Processes®
A multi-barrier approach is used to remove pathogens before they are killed or inactivated (if a virus) by chemical disinfection.

1. Coagulation. Coagulation is often the first step in water treatment. During coagulation, chemicals with a positive charge are
added to the water (floc). The positive charge neutralizes the negative charge of dirt and other dissolved particles in the water.
When this occurs, the particles bind with the chemicals to form slightly larger particles. Common chemicals used in this step
include specific types of salts, aluminum, or iron. In an international report published in 1998, it was found that coagulation and
sedimentation alone can remove between 27 and 84 percent of viruses and between 32 and 87 percent of bacteria. Usually, the
pathogens that are removed from the water are removed because they are attached to the dissolved substances that are removed
by coagulation.®

2. Sedimentation. This refers to one of the steps water treatment plants use to separate out solids from the water. During
sedimentation, flocs settle to the bottom because they are heavier than water.

3. Filtration. Once the flocs have settled to the bottom of the water, the clear water on top is filtered to separate additional solids
from the water. During filtration, the clear water passes through filters that have different pore sizes and are made of different
materials (such as sand, gravel, and charcoal). These filters remove dissolved particles and germs, such as dust, chemicals,
parasites, bacteria, and viruses. Activated carbon filters also remove any bad odors.

Disinfection Process

After the water has been filtered, water treatment plants may add one or more chemical disinfectants (such as chlorine, chloramine,
or chlorine dioxide) to kill any remaining parasites, bacteria, or viruses. To help keep water safe as it travels to homes and
businesses, water treatment plants will make sure the water has low levels of the chemical disinfectant when it leaves the treatment
plant. This remaining disinfectant kills pathogens living in the pipes between the water treatment plant and your tap.

In addition to or instead of adding chlorine, chloramine, or chlorine dioxide, water treatment plants can also disinfect water using
UV light and ozone. They work well to disinfect water in the treatment plant, but these disinfection methods do not continue killing
germs as water travels through the pipes between the treatment plant and your tap (no disinfection residual).

Ultraviolet Rays

Advances in UV disinfection have been made in recent years. An Ultraviolet (UV) disinfection system transfers electromagnetic
energy from a mercury arc lamp to an organism's genetic material (DNA and RNA). When UV radiation penetrates the cell wall of
an organism, it destroys the cell's ability to reproduce. UV radiation, generated by an electrical discharge through mercury vapor,
penetrates the genetic material of microorganisms and retards their ability to reproduce. Unfortunately, this method leaves no
disinfectant residual and is expensive.”

Heat

Primarily used in emergencies, heating water to a boil for 5 minutes will kill all microorganisms which may have breached the
distribution system. From a practical perspective, it is an expensive and inefficient way to disinfect water for a public water system.

Chemical Disinfection
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lodine

Todine is a good disinfectant and has been utilized for potable water treatment since the early 1900’s in concentrations between 2.5
— 7 ppm. The US Army continues to issue iodine-based tablets to field soldiers and other personnel to disinfect water in
emergencies. It is expensive and is also not recommended for use as a primary disinfectant due to lack of knowledge on long-term
toxic effects.®

Bromine

Bromine is primarily used as an alternative disinfectant for swimming pools, spas and cooling tower water, but not for municipal
drinking-water, partly due to cost and partly to concerns about the formation of brominated DBPs.’

Ozone
Ozone is used to disinfect water along with reducing taste and odors. Drawbacks of ozone for disinfection include a high cost, big
physical footprint, lack of residual, difficulty in storing, and maintenance requirements.

Ozone has its advantages and disadvantages. Ozone treatment has the ability to achieve higher levels of disinfection than chlorine

or UV, however, the capital costs as well as maintenance expenditures are not competitive with available alternatives.°

Chlorine

At room temperature, chlorine is a yellow-green gas that is heavier than air and has a strong irritating odor. It can be converted to a
liquid under pressure or cold temperatures. Chlorine is mainly used as bleach in the manufacture of paper and cloth and to make a
wide variety of products. Chlorine appears as a greenish yellow gas with a pungent suffocating odor. Chlorine does not burn but,
like oxygen, supports combustion. Long-term inhalation of low concentrations or short-term inhalation of high concentrations has

ill effects. Vapors are much heavier than air and tend to settle in low areas.!!

Disinfection Action

Chlorine destroys organisms by oxidizing their cellular material. It is extremely effective for inactivating pathogens with one
exception, Cryptosporidium. Leaving chemistry out of this discussion, let’s consider what happens if 1 mg of chlorine gas is added
to 1 liter of pure distilled water. Chemical reactions will occur to form two chlorine species which are referred to as free chlorine.
That free chlorine “residual” is 1 mg/liter and has the ability to disinfect. Now consider 1 liter of water as it exists in nature. Let’s
also say there are no pathogens in the water. It will still contain natural organic compounds, non-organic elements like iron and
manganese, and other compounds found in nature like nitrites, ammonia, and hydrogen sulfide. Chlorine will also react with them
to form other compounds but won’t have the ability to disinfect. Consequently, you won’t have 1mg/liter of free chlorine residual.
It will be less. You would need to add more chlorine gas to get back to 1mg/liter.

Chlorine Reactions in Water

Chlorine and water will react to form hypochlorous acid HOCL and hydrochloric acid HCI. These are weak compounds and HOCL
will dissociate further into the hypochlorite ion OCL~. Hypochlorous acid and the hypochlorite ion are what make up the free
chlorine residual. As a disinfectant, the hypochlorite ion is only 1% as effective as hypochlorous acid.

These reactions are reversible and pH dependent.

e between pH 3.5 and 5.5, HOClI is the predominant species.
o between about pH 5.5 and 9.5, both HOCI and OCl~ species exist in various proportions.
e above pH 8, OCIl~ predominates.

Reactions with Substances in Water

Chlorine will react with natural organic and inorganic compounds. This will reduce the free chlorine residual for disinfection
purposes and necessitate the addition of additional chlorine gas. Hydrogen sulfide is a common compound found in groundwater. It
has an unpleasant smell and is responsible for many taste and odor complaints from retail customers who may be served with
groundwater sources of supply. Chlorine is very effective at removing it.

When chlorine reacts with natural organic matter, a group of disinfection byproducts, known as THM’s or trihalomethanes may
form. They may be harmful to certain segments of the population and are listed as a contaminant and regulated by the EPA.
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Consequently, many water agencies have switched from using the direct use of chlorine gas as a primary disinfectant.

Chloramination

Chloramines have been used as a disinfectant in water systems for many years, primarily to control taste and odor. They can
maintain a detectable disinfectant residual in a distribution system. But chloramine is a weaker disinfectant than chlorine.
Consequently, higher chloramine doses and longer contact times are required to achieve the same level of disinfectant effectiveness
as chlorine. A big advantage of using chloramines is to significantly reduce trihalomethane (THM) levels in order to meet the
regulatory requirements of the Surface Water Treatment Rule.

Chloramines are formed when chlorine reacts with ammonia. They will form when natural untreated water contains ammonia. To
maintain very low THM levels but maintain effective disinfection residuals, treatment plant operators will apply chlorine gas with
ammonia concurrently in the treatment plant influent, or sequentially at a different downstream location in order to create a high
chorine residual in part of the treatment process.

Hypochlorite

Rather than use chlorine gas, hypochlorite is available as calcium hypochlorite or sodium hypochlorite. They are a good alternative
to supplying chlorine. Calcium hypochlorite is available as a solid. Sodium hypochlorite is available in solution.

Chlorine Dioxide

Chlorine dioxide (ClO,) is an effective disinfectant. Chlorine dioxide does not form THM’s like chlorine gas. It is more costly, and
more hazardous to use. Chlorine dioxide is highly reactive and flammable.

UV Disinfection and Treatment of Water

Ultraviolet (UV) rays are part of the light that comes from the sun. The UV spectrum is higher in frequency than visible light and
lower in frequency compared to x-rays. The UV spectrum has a larger wavelength than x-rays and a smaller wavelength than
visible light and the order of energy, from low to high, is visible light, UV, and x-rays.

UV is known to be an effective disinfectant due to its strong germicidal (inactivating) ability. UV disinfects water containing
bacteria and viruses and can be effective against protozoans, such as Giardia lamblia cysts or Cryptosporidium oocysts. UV is used
in the pharmaceutical, cosmetic, beverage, and electronics industries. In the United States, it is used for drinking water disinfection;
however, high operating costs compared to disinfection by chlorination has limited its usage.

Because of safety issues associated with the reliance of chlorination and improvements in UV technology, UV has experienced
increased acceptance in municipal water systems. Two classes of disinfection systems are certified and classified by the NSF under
Standard 55, Class A and Class B Units.

1. Class A These ultraviolet water treatment systems must have an intensity and saturation rating of at least 40,000 uw-sec/cm?
and possess designs that will allow them to disinfect and/or remove microorganisms from contaminated water. Affected
contaminants should include bacteria and viruses. Class A point-of-entry and point-of-use systems covered by this standard are
designed to inactivate and/or remove microorganisms, including bacteria, viruses, and Cryptosporidium oocyst and Giardia
cysts from contaminated water. Systems covered by this standard are not intended for the treatment of water that has obvious
contamination or intentional source contamination, such as raw sewage, nor are these systems intended to convert wastewater to
drinking water. These systems are intended to be installed on visually clear water.

2. Class B These ultraviolet water treatment systems must have an intensity and saturation rating of at least 16,000 uw-sec/cm?
and possess designs that will allow them to provide supplemental bactericidal treatment of water already deemed safe, such that
no elevated levels of E. coli or a standard plate count of less than 500 colonies per 1 ml exists. NSF Standard 55 suggests Class
B UV systems are designed to operate at a minimum dosage and are intended to reduce normally occurring non-pathogenic or
nuisance microorganisms only. The Class B or similar non-rated UV systems are not intended for the disinfection of
microbiologically unsafe water.

The type of unit depends on the situation for use, source of water, and water quality. Transmitted UV light dosage is affected by
water clarity. Water treatment devices are dependent on the quality of the raw water. When turbidity is 5 NTU or greater and/or
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total suspended solids are greater than 10 ppm, pre-filtration of the water is highly recommended. Normally, it is advisable to
install a 5 to 20 micron filter prior to a UV disinfection system.

UV disinfection is based on the principles associated with wave lengths of light that damage the nucleic acids of water borne
pathogens. UV radiation has three wavelength zones, UV-A, UV-B, and UV-C, and it is the last region, the shortwave UV-C, that
has germicidal properties for disinfection. A low-pressure mercury arc lamp resembling a fluorescent lamp produces the UV light
in the range of 254 manometers (nm). These lamps contain elemental mercury and an inert gas, such as argon, in a UV-transmitting
tube, usually quartz. Traditionally, most mercury arc UV lamps have been the low-pressure type because they operate at a relatively
low partial pressure of mercury, low overall vapor pressure (about 2 mbar), low external temperature (50-100° C), and low power.
These lamps emit nearly monochromatic UV radiation at a wavelength of 254 nm, which is in the optimum range for UV energy
absorption by nucleic acids (about 240-280 nm).

In recent years, medium pressure UV lamps that operate at much higher pressures, temperatures, and power levels have been
installed. They emit a broad spectrum of higher UV energy between 200 and 320 nm.

An essential requirement for UV disinfection with lamp systems is an available and reliable source of electricity. While the power
requirements of low-pressure mercury UV lamp disinfection systems are modest, they are essential for lamp operation to disinfect
water. Since most microorganisms are affected by radiation around 260 nm, UV radiation is in the appropriate range for germicidal
activity. UV lamps are available that produce radiation in the range of 185 nm, and they are effective in reducing microorganisms
as well. They will also reduce the total organic carbon (TOC) content of the water.

For typical UV systems, approximately 95-percent of the radiation passes through a quartz glass sleeve and into the untreated
water. The water is flowing as a thin film over the lamp. The glass sleeve is designed to keep the lamp at an ideal temperature of
approximately 104° F.

UV radiation affects microorganisms by altering the DNA in the cells and impeding reproduction. UV treatment does not remove
organisms from the water. It inactivates them. The effectiveness of this process is related to exposure time and lamp intensity, as
well as general water quality parameters.

The exposure time is reported as microwatt-seconds per square centimeter (uwatt-sec/cm?), and the U.S. Department of Health and
Human Services has established a minimum exposure of 16,000 pwatt-sec/cm?® for UV disinfection systems. Most manufacturers
provide a lamp intensity of 30,000-50,000pwatt-sec/cm?. In general, coliform bacteria are destroyed at 7,000 pwatt-sec/cm?.

Since lamp intensity decreases over time with use, lamp replacement and proper pretreatment are key to the success of UV
disinfection. In addition, UV systems should be equipped with a warning device to alert operators when lamp intensity falls below
the germicidal range.

Used alone, UV radiation does not improve the taste, odor, or clarity of water. UV light is a very effective disinfectant, although the
disinfection can only occur inside the unit. No residual disinfection in the water exists to inactivate bacteria that may survive or
may be introduced after the water passes by the light source. The percentage of microorganisms destroyed depends on the intensity
of the UV light, the contact time, raw water quality, and proper maintenance of the equipment.

If material builds up on the glass sleeve or the particle load is high, the light intensity and the effectiveness of treatment are
reduced. At sufficiently high doses, all waterborne enteric pathogens are inactivated by UV radiation. The general order of
microbial resistance (from least to most) and corresponding UV doses for extensive (>99.9%) inactivation are vegetative bacteria

and the protozoan parasites Cryptosporidium parvum and Giardia lamblia at low doses (1-10 mJ/cm?) and enteric viruses and
bacterial spores at high doses (30-150 mJ/cm?).
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Figure Chapter12.1: UV light used for disinfection in water treatment. (Copyright; mage by Pam Broviak is licensed under CC BY-

SA 2.0)
Most low-pressure mercury lamp UV disinfection systems can readily achieve UV radiation doses of 50-150 mJ/cm? in high
quality water; and therefore, efficiently disinfect waterborne pathogens. However, dissolved organic matter, such as natural organic
matter, certain inorganic solutes such as iron, sulfites and nitrites, and suspended matter (particulates or turbidity) will absorb UV
radiation or shield microbes from UV radiation, resulting in lower delivered UV doses and reduced microbial disinfection. Another
concern surrounding disinfecting microbes with lower doses of UV radiation is the ability of bacteria and other cellular microbes to
repair UV-induced damage and restore pathogenicity, which is a phenomenon known as reactivation.

UV inactivates microbes primarily by chemically altering nucleic acids. However, the UV-induced chemical lesions can be repaired
by cellular enzymatic mechanisms, some enzymes act independent of light (dark repair) and other enzymes require visible light
(photo-repair or photo-reactivation). Therefore, achieving optimum UV disinfection of water requires delivering a sufficient UV
dose to induce greater levels of nucleic acid damage; and thereby, overcome DNA repair mechanisms.

UV units have a maximum flowrate capacity and some equipment have minimum flowrates. If the flow is too high, water will pass
through without enough UV exposure. If the flow is too low, heat may build up which can damage the UV lamp. A UV unit with
minimum flow requirements should not be placed on the water line supplying pressure stations in a non-recirculating system. UV
units are most often used in constant flow systems.

UV lamps do not burn out as normal florescent lamps do. Instead, the UV lamps will solarize, which reduce their intensity to about
60% of a new lamp after about one year of continuous use. When lamps are new, they will generate a dosage level near 60,000 pW-
s/cm®. When the dosage drops to 30,000 pW-s/cm?, the minimum dosage needed to effectively kill bacteria, lamps should be
replaced. Lamp life will be shortened significantly if the lamp is turned on and off more frequently than once every eight hours.

Water should be sampled and tested for bacteria counts regularly. Sample before and after the UV unit to test its performance.
Water should also be sampled in the distribution since bacterial regrowth can occur downstream of the UV unit.

As water passes through the UV unit, minerals, debris, and other material in the water will deposit onto the quartz or Teflon sleeve.
This activity will limit the penetration of UV rays through the sleeve and into the water. To maintain high clarity, the glass around
the lamp must be cleaned regularly. Cleaning frequency depends on the water quality and will be minimal with RO treatment
upstream.

UV light intensity meters are available which indicate the penetration of UV light through the glass sleeve and the water. Low
intensity means the UV dose is too low to provide adequate disinfection. This meter will indicate when cleaning or lamp
replacement is needed.
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Ozone

Ozone is one of the most powerful water treatment compounds available to system managers today. It is a technology that has been
in continual commercial use for over 100 years and has distinct properties that allow disinfection of even heavily compromised
water streams. With the 1996 reauthorization of the Safe Drinking Water Act, ozone was named as among the best available
technologies for water system compliance with National Primary Drinking Water Regulations as overseen by the US
Environmental Protection Agency.

Ozone (O3) is formed when oxygen molecules are exposed to electron flow. Ozone molecules are unstable and will lose the third
oxygen atom over time. Ozone is formation characterization:

1. Ozone generators provide an electron flow between dielectric and SS tubes.

2. Oxygen is passed through the gap between dielectrics resulting in ozone generation.

3. Oxygen feed gas must be dry and free of particles.

4. Ozone generators must be cooled, and cooling water removes .90 percent of the heat that is generated.

Ozone is a powerful oxidant with high disinfectant capacity. Ozone residuals between 0.3 to 2.0 mg/L inactivate viruses.
Inactivation rates range from >3.9-log to >6-log, and occur within very short contact periods, 5 seconds. Microorganisms in natural
waters are very sensitive to ozone. Giardia and enteric viruses are inactivated by ozone, as a primary disinfectant, with 5 minutes
of contact time. Ozone residuals of 0.5 to 0.6 mg/L result in 3-log and 4-log removals, respectively. When ozone is used as a
primary treatment, the criterion for its use is based on ozone residuals, competing ozone demands, and a minimum contact time to
meet the required cyst and viral inactivation requirements.

Ozone is the strongest oxidant and strongest disinfectant available for potable water treatment. This unique material can be utilized
for a number of specific water treatment applications, including disinfection, taste and odor control, color removal, iron and
manganese oxidation, hydrogen sulfide removal, nitrite and cyanide destruction, oxidation of organics such as phenols, pesticides,
and some detergents, algae destruction and removal, and as a coagulant aid. Even though ozone is the strongest chemical
disinfectant available for water treatment, some refractory organics are not oxidized, or oxidize too slowly. In such cases, ozone can
be combined with UV radiation and/or hydrogen peroxide to produce hydroxyl free radicals, HO", which is a stronger oxidant than
molecular ozone, O3. Deliberate production of hydroxyl free radicals starting with ozone has been termed ozone advanced
oxidation. Groundwater that is contaminated with chlorinated organic solvents and some refractory hydrocarbons are being treated
successfully with ozone advanced oxidation techniques.

At ambient temperatures, ozone is an unstable gas, partially soluble in water; generally, more soluble than oxygen. Due to its
instability, ozone quickly reverts to oxygen. Ozone cannot be produced at a central manufacturing site, bottled, shipped, and stored
prior to use. It must be generated and applied on-site. The installation of an ozone production plant requires storage of pure oxygen
on-site as the feed gas. Ozone is generated for commercial uses using corona discharge or ultraviolet radiation. The UV technique
produces low concentrations of ozone, whereas corona discharge produces ozone concentrations in the range of 1 — 4.5 % when dry
air is fed to the ozone generator. When concentrated oxygen is used as the feed gas, gas phase ozone concentrations of up to 14 to
18% can be produced. Since ozone is only partially soluble in water, once it has been generated it must be contacted with the water
to be treated in such a manner as to maximize the transfer of ozone from the gas phase into water. For this purpose, many types of
ozone contactors have been developed. However, as higher concentrations of ozone gas are employed, contacting system designs
become more critical because of the lower gas to liquid ratios.

The use of oxygen as the feed gas can result in oxygen super saturation of the treated water causing operational problems and
corrosion in the distribution system. Ozone contacting system options include atmospheric tall towers or pressurized gas to liquid
mass transfer processes. Fine bubble diffusers, static mixers, or venturi injectors can be used to mix the gas with the water to be
treated in full flow or side stream configurations. Once dissolved in water, ozone is available to act on water contaminants to
accomplish its intended purposes of disinfection and/or oxidation. At pH levels of 3-6, ozone is present primarily in its molecular
form (O3). However, as the pH rises, the decomposition of ozone to produce the hydroxyl free radical (HO") becomes increasingly
rapid. At pH 7 about 50% of the ozone transferred into water produces HO". At pH >10, the conversion of molecular O3 to HO™ is
virtually instantaneous.

Because ozone is such a powerful oxidant/disinfectant, the trick to applying it to solve water treatment problems is to do so in a
manner that is effective for water treatment, yet at the same safe for the people in the vicinity. Ozone safety issues are handled
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easily by using proper ambient ozone monitoring, tank venting, and ozone destruction. In the case of systems driven solely by a
pumping/injector system, ozone may be produced under vacuum, which ensures no leakage of ozone into the operating
environment.

The five basic components of an ozone system include:

1. Gas preparation—either drying gas to a suitable dew point or using oxygen concentrators
2. A suitable electrical power supply

3. A properly sized ozone generator(s)

4. An ozone contacting system

5. Ozone off-gas destruction or suitable venting system

Moisture in the feed gas causes two operating problems:

1. The amount of ozone produced by application of a given electrical energy level is lowered as relative humidity rises.
Consequently, it is usually cost-effective to dry the air to a recommended dew point of minus 65’C (-65’C or -76’F) or lower.

2. Ozone generated using air in the presence of moisture allows small amounts of nitrogen oxides to react with the moisture to
produce nitric acid. In this instance, gas condensation at the cooling/heat transfer surfaces produces a corrosive compound
which can cause corrosion problems in the ozone generation equipment with concomitant increases in equipment maintenance
requirements.

Because of the high oxidative qualities of gas-phase ozone and the chance of moisture from a failing feed gas unit, system
managers must take extra care to make certain that all components in the ozone generator, ozone supply line, ozone gas to liquid
mass transfer equipment and the contact vessel are ozone-compatible.

For large scale ozone systems, the equipment for cleaning and drying feed gases can become quite complex. For example, effective
air drying can involve multiple treatment steps including air filtration, compression, cooling, desiccation, and final filtration prior
to passage into an operating corona discharge ozone generator.

A need exists for efficient ozone contacting and destruction of excess ozone in contactor off-gases. Absent an effective ozone off-
gas destruct unit, excess ozone would be present for people in the vicinity to breathe, which is not recommended because of its
strong oxidizing nature. Additionally, ozone is heavier than ambient air, and can settle in the vicinity, and attack oxidizable
materials. Destruction of contactor off-gas ozone is readily accomplished thermally (370°C), catalytically, thermal-catalytically, and
by passing the off-gas through granular activated carbon. Care should be exercised in selecting an ozone destruct method whenever
very high concentrations of ozone are encountered.

Ozone is a critical process for non-reverse osmosis purification. It is usually coupled with biologic activated carbon filtration. The
process reduces TOC and trace chemical pollutants, removes protozoans, kills viruses, and is a flocculation aid. Ozone treatment is
an oxidation process used as a disinfection and oxidant prior to biologic activated carbon filtration.

Instrumentation and controls for ensuring effective and safe operation of ozone systems are concerned with applying ozone
effectively and affordably. System processes control ozone generation, oxygen usage, drying, ozone injection and diffusing, and
ozone destruction.

The instrumentation monitors each step, and each step has an alarm associated with the process.

Key Terms

o Coagulation — a process that is followed by sedimentation and filtration will remove 90 to 95-percent of the pathogenic
organisms depending on which chemicals are used; alum usage in coagulation can increase virus removals up to 99-percent.

o Disinfection — a process that destroys harmful organisms physically or chemically

o Filtration — a process through granular filters is an effective means of removing pathogenic and other organisms form water;
removal rates vary from 20 to 99-percent, depending on the coarseness of the filter media and the type of effectiveness of
pretreatment.

o Sedimentation — a process through which pathogenic organisms settle out by gravity, assisted by chemical floc; proper design
of sedimentation processes can effectively remove 20 to 70-percent of the pathogenic microorganisms
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12.1: Review Questions

Review Questions
List the factors that affect chlorination of drinking water?
Describe disinfection as a process in drinking water treatment.
What is the purpose of chloramination in drinking water?

1.

2.

3.

4. What is ozonation of drinking water?

5. How does UV light effect microorganisms?
6.

Describe the primary reason that chlorine may not be used for drinking water disinfection at a particular drinking

water facility.

This page titled 12.1: Review Questions is shared under a not declared license and was authored, remixed, and/or curated by Don Kendall &
Stephanie Anagnoson (ZTC Textbooks) .
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12.2: Chapter Quiz

Chapter Quiz
1. is the process designed to kill or inactivate most microorganisms in water, including essentially all pathogenic
(disease-causing) bacteria.

. Sterilization

. UV treatment

. Application of chlorine
. Disinfection

. Which of the diseases listed is not caused by a waterborne pathogenic organism?

. Gastrointestinal anthrax
. Shigellosis
. Polio

. All of these are water borne diseases
. Hypochlorous Acid and hypochlorite when considered together are also known as the

. chlorine dose

. chlorine demand
. free chlorine

. chlorine residual

A APWONE W wbdNDE M BAWNR

is a gas that does not form carcinogenic compounds like those compounds formed by chlorine disinfection. It also is
not affected by ammonia, and it is a very effective disinfectant at higher pH levels. It is also used to diminish taste and odor
problems in the distribution system. It is especially useful in inhibiting Legionella.

. Chloramination
. Chlorine dioxide
. Hydrogen peroxide

A W N -

. Potassium permanganate
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Chapter 13: Customer Questions, Complaints, and Investigation

4b Learning Objectives

After reading this section, you should be able to:

e Outline common customer questions and complaints
o Explain recording keeping
o Explain response process to customer inquiries and complaints

Questions and Issues

Water agencies rely on customer inquiries or complaints for effective monitoring water quality in a distribution system. Most
customer questions are regarding secondary or aesthetic concerns:

e Why does my water look this way?
e Why does it taste this way?
¢ Why does it have this smell?

Many of these questions can be answered without launching a full investigation. But water quality complaints at times may provide
an early warning of a more serious water quality incident. As such, well run agencies have established effective customer complaint
monitoring and communication programs.

EPA designed a Water Quality Surveillance and Response System, in 2017, which includes a customer complaint component. It
was designed for the water resource professional and is flexible and adaptable based on a water utility’s goals.! It is based on a
“Funnel, Filter and Focus” approach whereby utilities can quickly identify which complaints may identify an actual water quality
incident.

Water utility customer service departments typically follow this approach:

1. Collect Data. (Funnel and Filter) Customer contact is directed to a central location to representatives who are trained to collect
and filter information based on the type of complaint, including the customer’s contact information, description of the problem,
and dates that it started (and ended, if it did).

2. Investigate. (Focus) Forward the complaint to the proper department or person for evaluation, if necessary. Then the relevant
department should initiate an investigation, consider potential causes, gather additional data from the customer and other
sources such as operations records of the plant or distributions system, laboratory, or field testing results on water samples, and
distribution system inspection results, such as cross connections and proper valve operation. Water quality staff will determine
if the complaint could indicate contamination and take corrective action if necessary.

3. Communicate. Keep the customer informed of the results of the complaint investigation. If it is an actual water quality
incident, notification rules to the public and other agencies may be required.

Open, positive, and transparent communication with the public cannot be overstated. All utility employees should be provided with
training by the water utility they represent. Customer service representatives should be able to respond to billing or meter reading
concerns and general water quality complaints related to minor issues such as taste and odor changes when switching from
chloramine to free chlorine. All water operators should have the knowledge and basic understanding of all aspects of their source
water, distribution system, and treatment plant. They will likely encounter regulators from other agencies in the course of their
career.

Social media is a major resource employed by well-run agencies to reach customers, address complaints and manage water quality
issues. Social media platforms like “Facebook” and community based “Nextdoor” are presently used by many agencies. The irony
is that the public will judge its water supply on secondary standards (cloudy, rust colored, musty smell) and not primary standards.
Social media can go a long way towards explaining what is taking place when these nuisance water quality issues arise.
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Figure Chapter13.1: A water utility customer service department. (Copyright; [1] of SCV Water )

Pin It! Misconception Alert

It’s easy to dismiss customer concerns, particularly if they are
vocalized loudly or rudely. All complaints should be treated as
legitimate.

It is important for customers to know how to communicate complaints to their utility and that all complaints are captured and
funneled into one location regardless of how they are received. The near real-time acquisition of this information is invaluable in
the event of a real emergency.

Agencies have used their Consumer Confidence Reports to clearly explain how to report water quality issues. They include
examples of the type of information the customer should provide (taste, odor, appearance of the water).

Records

Written records should be kept on all facilities in the distribution system. These records should describe the facility, its
construction, date installed, repairs and maintenance work completed, manufacture, and condition during the latest inspection.

As new facilities are installed, they should be included in the existing record system. Records should also note those facilities
retired from service. Other types of records that should be kept are:

—_

. Results of water quality monitoring

. Cross-connection control

. Main flushing

. Main cleaning

Consumer questions, complaints and conservation programs participated in
. Disinfection

. Pressure surveys

. Leaks

. Engineering reports

© N U A WN

—_
=]

. Any operations done in compliance with the request of the health department

—_
[N

. A daily log kept on any and all unusual events occurring, such as equipment malfunction, unusual weather conditions, and
natural or manmade disasters.
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Each public water system is required by the primary Drinking Water Regulations to maintain records of water quality analyses,
written reports, variances or exemptions, and actions taken to correct violations of the regulations.

Complaints

Customer complaints may vary based on geographic region. Within the southwestern United States, complaints about hard water
are very common. Customers may complain about the water containing “floating objects,” which are often calcium or magnesium.
These are minerals that are naturally occurring in groundwater, but may cause customers to think the water is not safe to drink. It is
not common for many customers to utilize water softener services and under sink filtration and reverse osmosis treatment systems.

Many water quality complaints originate within the customers own plumbing system downstream from their retail service
connection. There may be low pressure problems or rusty colored water incidents due to the customer’s valves or water lines. It is
not uncommon for a utility to dispatch an employee to take a water quality sample at the customer’s residence and report back with
the results.

Water utilities will also receive complaints about illnesses in a home due to the drinking water. The customer should also be
referred to city or county public health agencies while the utility is performing its own investigation.

Surveys

Most utilities go directly to their customers to find out how the customers feel about the system and its operations. The process is
part of an overall plan by utility to self-evaluate and collect customer opinions. Follow-up after a survey with consumers, and
develop an improvement program to address the issues that were uncovered in the questionnaire. The questionnaires should be
designed to ask questions that a layperson could understand, and it may be advantageous to field test the survey before wide
distribution. Problems can be identified, and priorities can be designated as to which problems can be solved soon and which must
wait for solutions at some later date. Again, social media can be a valuable platform for this.

When customers or stakeholders complain about an aspect of the drinking water or service, document the complaints. Maintain a
data file of all complaints that are received and use it to monitor underlying symptoms of problems that are larger than the
immediate issue raised. The data file should be such that it can be searched for any patterns that could surface from the complaints.
Importantly, the utility should use the complaints as a tool for early detection of potential problems.

[1] USEPA, Designing Customer Complaint Surveillance For Water Quality Surveillance and Response Systems
https://www.epa.gov/sites/default/files/2018-02/documents/customer_complaint_surveillance_design_guidance.pdf)
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13.1: Review Questions

Review Questions
1. Outline the steps that should be implemented when responding to customer complaints concerning drinking water
quality.
2. What is a common consumer complaint that is received by the drinking water treatment plant?

3. Why should complaint logs and responses to customer complaints be reviewed periodically?

This page titled 13.1: Review Questions is shared under a not declared license and was authored, remixed, and/or curated by Don Kendall &

Stephanie Anagnoson (ZTC Textbooks) .
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13.2: Chapter Quiz

Chapter Quiz

The of a utility are responsible for customer relations and for positive customer communication.

. customer service personnel
. employees (all)

. public relations officer

. operators

. Which of the following is not included in the process of dealing with a consumer complaint?

. Collect as much information from the consumer as possible

. Direct the complaint to the proper department or person for evaluation, if necessary
. Consider different potential causes of the problem and methods of testing

. Correcting the complaint and having as little public contact as possible is the goal

W OA WNRE, N A WNR~ R~

When presented with a complaint, should show concern, listen carefully, and calmly offer to look into the complaint.
Help correct any problems that are found within the system and answer questions or obtain answers to questions.

. customer service personnel
. employees (all)

. public relations officer

. operators

A B~ WD R

. Sometimes, it is through that a water utility learns the service being provided is not satisfactory.

. complaints

. award applications
. records

surveys

oA W N R

. A customer may complain about a lack of in the home which is typically due to valving problems in the home’s

plumbing.

. pressure
. red water or dirty water

. illness resulting from drinking water
. too much chlorine

A W N
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