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INTRODUCTION

Healthy water is vital for humans and for our progress. Our body contains
65 percent water by weight, which enables the body to perform various life
functions. For example, it carries oxygen and digested food to different body
parts, brings wastes like carbon dioxide and urea from those parts to the lungs
and kidneys for their disposal, and participates in a number of biochemical
reactions. An average adult drinks 2 liters (2.1 quarts) of water per day to
carry out the vital functions; however, other personal needs require 20 gallons
of water. A public water supply provides water for drinking, preparation of
food, washing, sanitation, fire protection, swimming, and industrial use. Due
to these requirements, U.S. water consumption averages 150 gallons per per-
son per day. Treatment of raw water (from rivers, lakes, and wells) is required
to provide safe drinking water—water without any harmful chemicals and
without any waterborne pathogens (disease-causing microorganisms). Ideally,
drinking water should be sparkling clear, cool, good tasting, reasonably soft,
stable (neither corrosive nor scaling), plentiful, and cheap.

BACKGROUND

In ancient times, the Egyptians treated the drinking water by keeping it in
large containers to settle out the sediments to make it look and taste better.
Chinese boiled water to purify it. In Greece, Hippocrates, the father of med-
icine, around 400 B.C., found water as the carrier of waterborne diseases and
suggested its boiling and cloth filtering to make it safe to drink. These ideas
were the foundation for present-day sedimentation, disinfection, and filtration,
which are the three major phases of water treatment. Currently, water treat-
ment is becoming more sophisticated for an effective removal of pathogens
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and harmful chemicals. Disinfection and filtration, in particular, are getting
more attention. Disinfection is changing from plain chlorination to chlorine
dioxide treatment, ozonation, or ultraviolet light treatment. Filtration is shift-
ing from a commonly used high-rate sand filtration to membrane filtration.

A water treatment operator is responsible for treating the drinking water
24 hours a day to meet all the government requirements and the public ex-
pectations. The operator, therefore, needs a sound knowledge of fundamental
concepts of water treatment and common problems with possible solutions
during the treatment and related subjects, such as microbiology, chemistry,
mathematics, and hydraulics. This book is intended to provide this informa-
tion in a simplified manner. As a starting point, we will look at the primary
regulation governing water quality—the Safe Drinking Water Act.

SAFE DRINKING WATER ACT

Although health agencies and the public were aware of the pollution of drink-
ing water sources with contaminants such as waterborne pathogens and chem-
icals causing health problems, no serious action was taken until the 1970s.
Until 1974, the drinking water quality in the United States was controlled by
the U.S. Public Health Service (PHS), under water quality standards of 1962.
These standards, originally developed in 1914, were revised twice in 1925
and again in 1962. Only 28 contaminants—including turbidity, coliform bac-
teria, lead, copper, and zinc—were regulated, and regulations were applicable
only to the interstate water carriers. Other public water supplies used these
regulations merely as guidelines for the drinking water quality.

Two reports, one by the PHS on Community Water Supply Study (CWSS)
in 1970 and the other by the newly created U.S. Environmental Protection
Agency (EPA) on the water quality study of the Mississippi River and New
Orleans, Louisiana, in 1972, created serious concerns regarding the drinking
water quality. The CWSS report showed that a large number of community
water systems were not in compliance with the drinking water standards of
1962, and the EPA report showed the presence of a number of health-affecting
synthetic organic compounds in the New Orleans drinking water supply. In
1974, the presence of cancer-causing trihalomethanes (THMs), formed by
free-residual chlorine reacting with natural organic matter (NOM) in water,
was also discovered.

Consequently, the U.S. Congress passed two major laws: the Clean Water
Act (CWA) in 1972 and the Safe Drinking Water Act (SDWA) in 1974, the
former to stop the pollution of water bodies and the latter to control the
drinking water quality. The CWA requires wastewater treatment plants and
industries to comply with the National Pollutant Discharge Elimination Sys-
tem (NPDES) to discharge the treated wastewater into the natural water bod-
ies. The law was intended to improve, restore, and maintain the water quality
of the water bodies for normal aquatic life and for recreational purposes, and
assure a better quality of source water for drinking purposes.
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The SDWA of 1974 (Public Law 93-523) regulated the drinking water
quality with primary (enforceable) drinking water standards of various con-
taminants for all community water systems to protect the public health. Public
water supply systems were designated as community water systems and non-
community water systems. A community water system has 15 or more water
connections, or 25 or more year-round customers. Noncommunity water sys-
tems were further classified as nontransient noncommunity systems if the same
25 or more people were served for at least six months of the year, such as
schools, factories, and treatment plants; and transient noncommunity systems
when people on transit were served (e.g., restaurants, gas stations, motels,
and hotels). Water quality of noncommunity systems was classified as the
responsibility of the supplier.

The SDWA of 1974 was amended in 1986 (also called the 1986 amend-
ments of SDWA, as PL 99-339) and again in 1996 (also known as reauthor-
ization bill, as PL 104-182). According to the SDWA, the federal regulatory
agency is the EPA and the enforcement body is the state health department.
Under the current SDWA act, the EPA regulates all the problematic physical,
biological, and chemical contaminants in the drinking water. This process
involves the state and the public for setting standards and monitoring the water
quality. Each state must have its own water quality control program, with
drinking water standards equal to or more stringent than those of the EPA.
The public is kept informed through public notification in case of a serious
problem with the drinking water supply and a yearly consumer confidence
report (CCR). There are serious penalties for violations of National Primary
Drinking Water Regulation (NPDWR) standards. Therefore, water treatment
has become a very serious business.

Various contaminants—microbiological and chemical—are regulated by
different rules under the SDWA:

1. Microbiological quality. Microbiological contaminants are controlled
under the Surface Treatment Rule and the Coliform Rule. These rules
emphasize the proper filtration and disinfection of all surface waters for
adequate removal or inactivation of waterborne pathogens. Water quality
is monitored daily for turbidity, proper disinfection, and the presence
of coliform bacteria.

2. Chemical quality. Chemical quality is controlled by various rules, de-
pending on the type and source of chemicals. There are five major
groups of chemical contaminants:
1. Disinfectants and disinfection byproducts. Contaminants such as tri-

halomethanes and haloacetic acids (HAAs) are controlled by the
Disinfectants and Disinfection Byproducts Rule.

2. Corrosion byproducts. Corroded metals such as lead and copper are
controlled by the Lead and Copper Rule.

3. Agricultural chemicals. Pesticides and other agricultural chemicals
are controlled by the Synthetic Organic Compounds (SOC) Rule.
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4. Volatile organic compounds (VOC). These contaminants are con-
trolled through the Volatile Organic Compounds Rule.

5. Radionuclides. These are regulated under the Radionuclide Rule.

The EPA selects and regulates all the contaminants showing health effects
(candidate contaminants) by setting the maximum contaminant levels (MCL),
and maximum contaminant level goal (MCLG) under different rules. It revises
them periodically. MCL should be as close to MCLG as feasible. MCLG is
set at a level where a contaminant has no known adverse health effects with
an adequate margin of safety. The benefits of MCL should justify the treat-
ment cost. Every state has primary responsibility for enforcement of all the
rules. The EPA has the authority to take action against public water systems
in violation of the SDWA. Since 1998, all public water systems have been
required to prepare and mail a yearly CCR to all customers in July showing
all the contaminants detected during the year in the drinking water, their
levels, and health risks associated with them. In case of a violation, a water
utility is required by law to take appropriate action, inform the state agency,
and notify the public. Thus, the water quality is assured to be adequate and
safe for the public health.

Table 1-1 shows all currently regulated contaminants, their MCL, MCLG,
health effects, and sources.

This is a brief overview of the SDWA. It is important for a utility to know
the latest information on the SDWA because new regulations are promulgated,
old regulations are revised, and more regulations are anticipated. For the latest
information, contact the State Public Health Department, the American Water
Works Association (AWWA), and the U.S. EPA. Their phone numbers and
Web sites are given in the Appendix A.

Besides the compliance with the primary drinking water standards, the
public expects the drinking water to be colorless, odorless, good tasting, non-
staining, and nondepositing type, for cosmetic and aesthetic reasons. For that,
there are nonenforceable standards, which are called National Secondary
Drinking Water Standards. Mostly, these are used as treatment guidelines for
good public relations. Table 1-2 presents a list of 15 contaminants and their
standards.

A plentiful and healthy water supply made civilizations flourish, and lack
of it made them perish. A knowledgeable public water utility, especially op-
erating staff, is essential for a community.
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Table 1-2 National Secondary Drinking Water Standards

Contaminant Secondary Standard

Aluminum 0.05 to 0.2 mg/L
Chloride 250 mg/L
Color 15 (color units)
Copper 1.0 mg/L
Corrosivity noncorrosive
Fluoride 2.0 mg/L
Foaming agents 0.5 mg/L
Iron 0.3 mg/L
Manganese 0.05 mg/L
Odor 3 threshold odor number
pH 6.5–8.5
Silver 0.10 mg/L
Sulfate 250 mg/L
Total dissolved solids 500 mg/L
Zinc 5 mg/L

QUESTIONS

1. Why is water so important for life?

2. Give three important uses of water.

3. What is the role of Hippocrates in water treatment?

4. Explain the role of the U.S. EPA and a state in the Safe Drinking Water
Act enforcement.

5. What happened in the 1970s to make the U.S. Congress act and pass water
pollution and water quality control bills?

6. Define the terms community water systems and noncommunity water sys-
tems.

7. Explain the terms CCR, MCL, and MCLG.

8. In case of a violation of the SDWA, what is the course of action for the
water utility?


