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Notice 

The information in this report has been subjected to Agency peer and administrative review and has 
been approved for publication as an EPA document. Mention of trade names or commercial products does 
not constitute endorsement or recommendation for use. 

Abstract 

Historically drinking water utilities in the United States (U.S.) have played a major role in protecting 
public health through the reduction of waterborne disease. These reductions in waterborne disease out-
breaks were brought about by the use of sand filtration, disinfection and the application of drinking water 
standards. Coincident with the passage of the SDWA of 1974, it was discovered that chloroform was a 
disinfection by-product (DBP) resulting from the interaction of chlorine with natural organic matter in water. 
Chloroform is one of a class of compounds called trihalomethanes. This finding posed a serious dilemma 
because it raised the possibility that chemical disinfection, which clearly reduced the risk of infectious 
disease, might also result in the formation of potentially harmful chemical by-products. Although disinfec­
tion of public drinking water had dramatically reduced outbreaks of diseases attributable to waterborne 
pathogens, the identification of chloroform in drinking water raised questions about possible health risks 
associated with these exposures. In the United States, since 1974, additional DBPs have been identified 
and concerns have intensified about health risks resulting from exposures to them. Although a causal 
relationship between DBP exposures and these health risks has not been conclusively established, risk 
managers have responded, in the interest of protecting public health, by developing alternative treatment 
systems and issuing rules and regulations designed to maintain protective levels of disinfection while 
reducing potentially harmful levels of DBPs. In 1981, the USEPA issued a report intended to summarize the 
“state-of-the-art” regarding the control of disinfection by-products in drinking water. However, EPA’s current 
drinking water research program is more sophisticated than it was twenty years ago. For example, when 
the treatment technology manual was published in 1981, it reported primarily on treatment oriented re-
search. Twenty years later, the technology research program includes source water protection, treatment 
technology and distribution system studies. The research also reflects a concern over balancing the risks 
of potential carcinogenic exposure against the risks from microbial infection.This document is intended to 
summarize the research that has been conducted in technology research by EPA since the publication of 
the 1981 treatment technology document. 
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Foreword 

The U.S. Environmental Protection Agency is charged by Congress with protecting the Nation’s land, 
air, and water resources.  Under a mandate of national environmental laws, the Agency strives to formu­
late and implement actions leading to a compatible balance between human activities and the ability of 
natural systems to support and nurture life. To meet this mandate, EPA’s research program is providing 
data and technical support for solving environmental problems today and building a science knowledge 
base necessary to manage our ecological resources wisely, understand how pollutants affect our health, 
and prevent or reduce environmental risks in the future. 

The National Risk Management Research Laboratory is the Agency’s center for investigation of 
technological and management approaches for preventing and reducing risks from pollution that threat-
ens human health and the environment. The focus of the Laboratory’s research program is on methods 
and their cost-effectiveness for prevention and control of pollution to air, land, water, and subsurface 
resources; protection of water quality in public water systems; remediation of contaminated sites, sedi­
ments and ground water; prevention and control of indoor air pollution; and restoration of ecosystems. 
NRMRL collaborates with both public and private sector partners to foster technologies that reduce the 
cost of compliance and to anticipate emerging problems.  NRMRL’s research provides solutions to envi­
ronmental problems by: developing and promoting technologies that protect and improve the environ­
ment; advancing scientific and engineering information to support regulatory and policy decisions; and 
providing the technical support and information transfer to ensure implementation of environmental regu­
lations and strategies at the national, state, and community levels. 

This publication has been produced as part of the Laboratory’s strategic long-term research plan.  It 
is published and made available by EPA’s Office of Research and Development to assist the user com­
munity and to link researchers with their clients. 

E. Timothy Oppelt, Director
 
 

National Risk Management Research Laboratory
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Preface 
As part of his response to a letter from Robert Hooke, Sir Isaac Newton wrote, “If I have seen further 

. . . it is by standing on the shoulders of giants.” This statement, made in the 17th century, could easily 
describe the progress we have made over the last 25 years in identifying and controlling disinfection by-
products (DBPs) and microbial contaminants in drinking water. In 1972, I was assigned to the staff of Dr. 
Andrew W. Breidenbach, director of EPA’s first National Environmental Research Center, and worked with Mr. 
Gordon Robeck to help bring the Water Supply Research Laboratory into existence. At the time, I had no idea 
of the impact that the program would have on drinking water in the United States and the world, nor did I have 
the slightest idea that I would eventually serve as the program’s director for 14 years. 

I joined the staff of the Water Supply Research Laboratory shortly before the passage of the Safe Drink­
ing Water Act in 1974. At that time, we were just beginning to recognize that chloroform was a by-product 
resulting from the interaction of chlorine with natural organic matter in drinking water. During my early years 
in the program, I had a chance to learn from not only Gordon Robeck, but from other such eminent scientists 
as Dr. James Symons, Mr. Leeland McCabe, and Mr. Edwin Geldreich. Although Robeck, Symons, McCabe, 
and Geldreich were “giants,” there were many other talented and highly productive individuals who contrib­
uted to the success of the program as well. In 1981, we published a document titled “Treatment Techniques 
for Controlling Trihalomethanes in Drinking Water,” which was an attempt to summarize contemporary knowl­
edge in that important area. It was highly successful and, at the time, was considered a benchmark in the 
field. It was so successful that, after the USEPA’s supply of the report was exhausted, it was republished by 
the American Water Works Association and by the Japan Water Works Association. This document is in-
tended to complement the 1981 volume by describing research completed by the National Risk Management 
Research Laboratory in the 20 years between 1981 and 2001. 

In 1972, all of the drinking water research activities conducted by the USEPA were concentrated in the 
Water Supply Research Laboratory. When the Safe Drinking Water Act was passed in 1974, the Laboratory 
was blessed with a generous allotment of funds and staff. However, through reorganizations and redirections 
over the past 20 years, various aspects of the program have been transferred to other organizational units in 
EPA. In the early 1990s, there was serious consideration of its elimination because it represented “mature 
technology.” Support from the American Water Works Association (AWWA), the American Water Works As­
sociation Research Foundation (AWWARF), and the Association of State Drinking Water Administrators 
(ASDWA) helped it survive that difficult period. 

Drinking water research has now become an integral part of the USEPA’s base research program. Each 
of the laboratories and centers in EPA’s Office of Research and Development (ORD) has a core research 
program devoted to various aspects of drinking water research. It is effectively coordinated by Dr. Fred 
Hauchman, who serves as National Drinking Water Research Program Manager, and by Mr. E. Timothy 
Oppelt who, as Director of the National Risk Management Research Laboratory (NRMRL), is the Executive 
Lead. The EPA works collaboratively with other organizations and research programs including the AWWA, 
AWWARF, ASDWA, the National Association of Water Companies, and the Association of Metropolitan Water 
Authorities. 

Just as the state of drinking water research in EPA has changed, the nature of the science and engineer­
ing support for the program has also changed. During the past 20 years, research in the areas of disinfection 
by-products and microbial contaminant control has become complex and scientifically challenging. NRMRL’s 
Water Supply and Water Resources Division (WSWRD), the direct successor of the Water Supply Research 
Laboratory that initially focused on treatment technology, has evolved into a program that is fundamental and 
science-based. It researches small systems technologies, distribution systems, and source water protection, 
and has sponsored projects throughout the world. 

The ORD drinking water program has a long and productive history in EPA and has evolved into a 
broadly based, complex, and scientifically challenging program. I believe that the material contained in this 
document reflects the progress that we have made in research related to the control of DBPs and microbial 
control in drinking water during the past 20 years.The underlying principle that continues to govern all of our 
research in WSWRD is protecting the public health of the American drinking water consumer. 

Robert M. Clark
 
 

Senior Research Engineering Advisor
 
 

Water Supply and Water Resources Division
 
 

National Risk Management Research Laboratory, USEPA
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USEPA ................... United States Environmental Protection Agency
 
 

USGS .................... United States Geological Survey
 
 

UV ......................... ultraviolet
 
 

UVA ....................... ultraviolet absorbance
 
 

WASP4 .................. Water Quality Analysis Simulation Program (release number four)
 
 

WSWRD ................ Water Supply and Water Resources Division
 
 

www ....................... World Wide Web
 
 

XAD® ...................................... A functionalized poly (styrene-di-vinylbenzene) resin
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