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Overview

• Historical perspective on water treatment 
being influenced by changes in our 
understanding of public health risk and 
remedial science/engineering

• Challenges from climate change, 
anthropogenic  contamination, defacto water 
reuse and infrastructure conditions

• Some options on how the drinking water 
industry might respond to the challenges



Major Influences on WTPs – A 
Historical Perspective (1)

• 50 years ago 
– Most PWS using surface water filtered and disinfected

– Most PWS using GWs did not disinfect 

– Waterborne disease perceived by public to be mostly 
eradicated

• 1970s
– EPA adopted public health service standards 

– First DBPs (THMs) discovered and regulated leading to 
greater precursor removal and use of alternative 
disinfectants to chlorine



Major Influences on WTPs – A 
Historical Perspective (2)

• 1980’s
– Concerns from Giardia, viruses, and bacteria led to 

promulgation of SWTR and TCR in 1989 and more stringent 
use of filtration and disinfection technologies

• 1990’s 
– Concerns from lead and copper levels led to Rule (1991) 

more effective corrosion control

– Concerns from DBPs and Cryptosporidium lead to Stage 1 
D/DBPR and IESWTR, increased use of alternative 
disinfectants to chlorine, tighter controls for filtration as 
well as increased use of GAC and membrane filtration      



Major Influences on WTPs – A 
Historical Perspective (3)

• 2000’s

– Concerns from arsenic led to rule in 2001 and 
variety of treatment responses

– Additional concerns for DBPs and Cryptosporidium 
led to Stage 2 DBPR and LT2 and further shifts to 
alternative disinfectants (including UV), GAC, 
membrane technology 



Challenges (1)

• Climate change
– Changes in water quantity; effects on water chemistry, 

biology and quality; source water quality variability 

• Wastewater and non-point source contamination
– Understanding risks from multiple low level 

contaminants and extent to which this warrants a 
remedial response

– DBP precursors from wastewater discharges

• Defacto water reuse
– Percent contributions going up especially under low 

flow conditions



Figure 4. De facto reuse under average flow and low-flow conditions (modeled by 
7Q10). Cities marked with an asterisk are calculated on the basis of 7Q10 

streamflow values from the EPA 1980 study. (The x-axis gives same site IDs as in 
Figure 2.)
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Collected by Pitts Water Sewer 
(States, 2013, Journal – AWWA)

Bromide in Allegheny River



Chlorinated & Brominated THM in Drinking 
Water

11/25/2013 U.S. Environmental Protection Agency 9

Pittsburgh Water & Sewer

Wilkinsburg Penn Joint

Westmd Mun – Sweeney Plt

(1998/1999)                     (4Q2011-3Q2012)                              

Chloroform

Bromodichloromethane

Dibromochloromethane

Bromoform

Source: 1998/1999 ICR Data
2011/2012  DBP Compliance Results



Challenges (2)

• Distribution system considerations
– Fire flow requirement influence ~ 75% of capacity 

devoted to fire flow leading to long residence 
times

– Intrusion events, increased main breaks, effects of 
pressure management, biofilm and growth and 
potential release of pathogens  

• Environmental footprint of additional 
technology  

• Dis -economies of scale for small systems



Small Systems Profile
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Some Technology Options

• Biological treatment 

• Advanced oxidation processes including UV

• GAC

• Membranes  

• Enhanced distribution management control 
strategies

• Many are combinations of above





Example - River Bank Filtration in 
Louisville, KY (2010)

• Uses natural filter and biological processes 
occurring on river bank to remove sediment, 
pathogens, organic chemicals, DBP precursors, 
herbicides, pesticides, zebra mussels, and 
asiatic clams

• Also provides stable water temperature
– cooler and more aesthetically pleasing

– reduces temperature fluctuation stress 
contributing to main breaks 



UV Opportunities? – Looking Ahead

• UV in Advanced Oxidation Processes to 
address multiple concerns
– Pathogen suite including adenovirus

• Substitutes for primary inactivation

– Multiple chemicals such as EDCs, pesticides, etc.

• To what extent can exposure/risks from 
complex mixtures be better characterized?
– Need better understanding of tradeoffs from 

different sequence applications of UV with 
conventional disinfectants and AOPs  



This research will provide reliable performance data for several innovative UV technologies for 
use as a sustainable disinfection strategy for small systems

Evaluation and Assessment Activities

• Innovative technologies, including LED devices, that can target 
specific wavelengths for optimal inactivation of pathogens.

• Evaluate innovative UV technologies applicable to small systems 
under controlled test-bed challenge studies.

• Assess dose-response & reactor performance with 4-log inactivation 
goal for highly resistant AD2 and bacterial/viral surrogates.

• Conduct subsequent UV demonstration studies at several IN, KY, and 
OH water facilities to facilitate state approval. (field performance, 
costs, system control strategies, ease of operations, and 
sustainability metrics).

UV Disinfection of Ground Water Systems
EPA Demonstration Project   
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http://www.google.com/imgres?imgurl=http://halmapr.com/news/hanovia/files/2007/07/hanovia-uv-lamp_blog.jpg&imgrefurl=http://halmapr.com/news/hanovia/2007/07/05/independent-tests-show-toc-thms-and-combined-chlorine-all-lower-following-uv-treatment/&usg=__iWoZY-AZMFM5P-b6ibi5Q9LhErc=&h=266&w=400&sz=68&hl=en&start=9&zoom=1&tbnid=1NAnPQ69LR7RTM:&tbnh=82&tbnw=124&ei=OUwZUNiqEcPo6wHBnYH4CA&prev=/search?q=UV+treatment+pictures&hl=en&safe=active&sa=X&rls=com.microsoft:en-us&tbm=isch&prmd=ivns&itbs=1
http://www.google.com/imgres?imgurl=http://www.edie.net/products/images/4354.jpg&imgrefurl=http://www.edie.net/suppliers/category.asp?id=664&title=UV+Treatment&usg=__oIOhzurlGUQ6Rm2JHjfoGXpiG44=&h=307&w=350&sz=24&hl=en&start=37&zoom=1&tbnid=R1ro8cSL57WNlM:&tbnh=105&tbnw=120&ei=bUwZUIyOF8aQ6wHPsoGIDw&prev=/search?q=UV+treatment+pictures&start=20&hl=en&safe=active&sa=N&rls=com.microsoft:en-us&tbm=isch&prmd=ivns&itbs=1


Guidance on the design, operation, and 
cost of biological treatment systems 

for removal of chemicals of emerging concern

 Pilot study that evaluated the effectiveness of 
biological water treatment for ammonia removal from 
water to reduce ammonia in water, and the formation 
of nitrites/nitrates in the distribution system

 Full-scale demonstration in Palo, Iowa

Aerobic and anaerobic pilot systems currently evaluating 
removal of multiple contaminants (perchlorate, nitrate, 
pesticides, DBP precursors, CECs)
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Small Systems Treatment
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• EPA developed technology piloted at a 
small Iowa community

• Collaboration with the State of Iowa’s 
Department of Natural Resources

• Other pilot systems are being installed in 
other facilities in Iowa, Illinois, NC and 
Ohio

• Construction on a full-scale are currently 
in the works

Biological Treatment for Drinking Water: Ammonia Removal

This research will provide guidance on the design and operation of 
biological treatment systems for ammonia oxidation


