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Critical Turning Points 

 Extensive historical use of night soil on farms
 Advances in sanitation/treatment practices
 Evolution of “Land Treatment” from “disposal” 

to “sustainable land application practices”
 Lake Erie algae blooms/Cuyahoga River 

catching on fire … passage of the FWPCA 
Amendments of 1972 (the Clean Water Act); 
secondary treatment requirements;  
Construction Grants Program

 Development  & implementation of established 
treatment technologies … reclaimed water 
projects & dual water distribution systems
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 Water shortages … increasing demand for 
sustainable water supplies

 Establishment of State water reuse standards, 
EPA guidelines for water reuse, case study 
reports, white papers, etc.

 Funding (by EPA, BuREC, etc.) of full-scale 
reclamation projects (including indirect potable 
projects), research evaluations, NRC/NAS 
studies, national demonstration projects, 
NASA/space station interest in reuse, etc.

 High-end reuse projects and greater 
acceptance by the public

 Increasing awareness of nutrient impaired 
water bodies, establishment of nutrient 
standards, etc.

Extensive historical use of night soil on farms     
in Asia, sewage in Germany, UK, Scotland, 

Australia, and U.S.
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Extensive historical use of night soil on 
farms in Asia, sewage in Germany, UK, 
Scotland, Australia, and U.S.
 Viewed by some as the only adequate 

technology to help alleviate gross pollution 
impacts on surface waters

 Nutrient value and improved crop productivity 
lead to promotion as a profitable practice

 Pollutant and soil interactions considered to 
function as a purifying process

 By the 1890’s it was recognized that the  
“living system” had limitations and could be 
overloaded resulting in system failure

"Pumping Sewage on Crops for Fertilizer"
Source: Harper’s Weekly, 1890, Photo IV.1; 
from The Search For The Ultimate Sink by Joel A. Tarr, 
The University of Akron Press, 1996 
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Between 1840 and 1890, many of the basic 
wastewater treatment processes in use 
today were developed (e.g., chemical 
precipitation, activated carbon adsorption, 
trickling filters, biological contact beds, 
intermittent filtration)

 Introduction of chlorination in 1910 lead to 
the elimination of major epidemics of 
typhoid and cholera

By late 1890s, discharge of partially treated 
wastewater effluents was considered to be 
a safe and cost-effective alternative

History of Sanitation
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By the late 1890’s, previously promoted as 
profitable ventures, land treatment of raw 
sewage had been shown to be unprofitable
 Many land treatment systems installed in the mid-

1800’s were used for 30 to 50 years without 
increasing their size in response to growing 
populations resulting in overloaded conditions

Between 1890 to 1905, land treatment was 
considered the most effective alternative in the 
U.S. and was used by many communities
 From the outset, American engineers considered 

sewage farming and other land application practices 
to be primarily “disposal” systems

Land treatment for “disposal” was used by 
many food processors for many years (e.g., 
Seabrook Farms, Campbell Soup, WA & ID 
potato processors)
 Such projects were generally designed to 

maximize the amount of waste applied per acre 
rather than to use conventional irrigation 
procedures and historically accepted practices    
for recycling animal manure back to the land       
to optimize their use as a source of water for 
irrigation and/or nutrients

Similar practices were attempted by some 
cities as a means of disposal of municipal 
effluents and sewage sludge 
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Land treatment for “disposal” often resulted 
in problems such as: 
 elevated nitrates in the underlying groundwater

 high nitrate forage

 severe erosion and runoff from application sites 
into nearby water bodies

 poor cover crop performance

 odors and other undesirable site conditions  
developed due to excess moisture, organic matter, 
and nutrient loadings

Similar problems have resulted from 
excessive manure application rates to 
farmland in some areas of the country

The development of 
Sustainable Land Application Practices

Modern “Sustainable Land Application” 
practices optimized for “treatment” and 
“reuse” while protecting the environment 
and/or use conventional irrigation 
procedures and historically accepted 
practices for recycling animal manure 
back to the land
Land treatment of municipal & industrial 

effluents
Reuse of treated effluents for irrigation 
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EPA430/9-79-012

April 1979

authored by:

Bill  Jewell, Cornell Univ.  
Belford Seabrook, U.S.EPA

EPA Project  Officer:

Dick Thomas
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The Cuyahoga River Fire of 1969 
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Progress in Water Quality:  An Evaluation of the National 
Investment in Municipal Wastewater Treatment 

(EPA-832-R-00-008; June 2000)

http://www.epa.gov/owm/wquality/wquality.pdf
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Municipal Wastewater Treatment; Evaluating Improvements in 
National Water Quality

by Andrew Stoddard, Jon B. Harcum, Jonathan T. Simpson,  James R. Pagenkopf,  
Robert K. Bastian

August 2002 Hardcover (E-Book also available)

http://www.wiley.com/WileyCDA/WileyTitle/productCd-0471243604.html
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Increasing Proportion of the 
U.S. Population Served by POTWs
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Wastewater Technology Publications

http://water.epa.gov/scitech/wastetech/publications.cfm
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Established Technologies:
- Air Stripping
- Screening

○ Fine Screening ○ Micro Screening   ○ Microsieves 

○ Rotary Screening ○ Step Screening 

- Vortex Separation 
- Grit Removal 
- Flocculation 
- Chemical Precipitation* 

○ Alum Addition ○ Zeolite    ○ Iron Salts Addition 

- Dissolved Air Flotation … including high rate

- Dispersed Air Flotation
- Enhanced/High Rate Clarification

Ballasted Flocculation (Actiflo® and Microsep®) 
○ Lamella Plate Settlers 

Established Technologies (Cont’d):

- Chemically Enhanced Primary Treatment
- Solids Contact Clarifier for P Removal 
- Ion-Exchange 
- Chemical Oxidation* 

○ Hydroxyl Radical 
○ Oxygen (Atomic and Molecular) 
○ Ozone 
○ Hydrogen Peroxide 
○ Hypochlorite/Chlorine/Chlorine Dioxide 

- Advanced Oxidation Processes
○ Supercritical Water Oxidation 
○ Catalytic Oxidation 
○ Photo Catalysis (UV + TiO2) 
○ Fenton’s Reagent (H2O2 + Ferrous Ion) 
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Established Technologies (Cont’d):

- Electrodialysis 
- Membrane Filtration  

○ Reverse Osmosis 
○ Ultrafiltration 
○ Microfiltration 

- Media Filtration 
○ Cloth Media 

[Disc Filter; Drum Filter; Diamond- Shaped Filters] 

○ Silica Media (One- and Two-Stage)
[Conventional Downflow; Deep-Bed Downflow Filters 

Deep-Bed Upflow Continuous Backwash Filters] 

○Activated Alumina Media 
○ Powdered Activated Carbon (PAC) 
○ Granular-Activated Carbon (GAC) 

46

Size ranges removed by various membrane types along the 
filtration spectrum
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Established Technologies (Cont’d):

- Denitrification Filters 
- Automatic Backwash Filters (ABW®)
- Pulsed Bed Filter 
- Disinfection 
○ Ozone 
○ Chlorine/Chlorine Dioxide/Liquid Chlorine/Dechlorination
○ Halogens (Bromine) 
○ UltraViolet (UV) Disinfection 
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Established Technologies (Cont’d):

BOD Removal and Nitrification
- Aerated Lagoons
- Complete Mix-Activated Sludge Process
- Contact Stabilization 
- Conventional Extended Aeration 
- Countercurrent Aeration System 
- High-Purity Oxygen 
- Intermittent Cycle Extended Aeration System
- Oxidation Ditch 
- Sequencing Batch Reactor (SBR) 
- Staged Activated-Sludge Process
- Step Feed & Alternating Anoxic and Aerobic   

Established Technologies (Cont’d):
Biological Nutrient Removal (BNR)

- Bardenpho® (Four Stage) 
- BiodenitroTM

- Ludzack-Ettinger 
- Modified Ludzack-Ettinger 
- OrbalTM Process 
- SchreiberTM Process 
- Simultaneous Nitrification Denitrification 
- Step Feed BNR Process 
- Wuhrman 
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Established Technologies (Cont’d):
Enhanced Biological Phosphorus Removal 

- Anaerobic/Anoxic/Oxic (A2/O) 
- Bardenpho® (Five Stage) 
- Johannesburg Process 
- Phoredox (Anaerobic/Oxic [A/O]) 
- Phostrip 
- University of Cape Town (UCT) 
- Virginia Initiative Plant (VIP) 

Established Technologies (Cont’d):

Other Biological Processes
- Fluidized Bed Bioreactor 
- Rotating Biological Contractor (RBC) 
- Submerged Rotating Biological Contactor 
- Trickling Filter  

Biological Aerated Filters 
- Biofor® 
- Biostyr® 
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Florida’s Recent Reuse History

0

200

400

600

800

1000

1200

1986 1990 1992 1996 1998 2000

Actual Reuse Flow

Reuse Capacity

Public Access Irrigation
44%

Industrial Reuse
15%

Ground Water Recharge
16%

Agricultural Irrig ation
19%

Wetlands  and  Other
6 %

Reclaimed Water Use in Florida
(Total Reclaimed Water Flow = 575mgd)

California Water Recycling Potential

1
9

9
6

2
0

0
0

2
0

0
5 2
0

1
0 2

0
2

0 V
is

io
n

0

0.5

1

1.5

2

M
ill

io
n

 A
c

re
-F

t/
Y

r

Agricultural Irrigat ion
48%

Landscape Irrigat ion and 
Impoundments

20%

Industrial Reuse
5%

Ground Water Recharge
12%

Seawater Barrier
3%

Recreat ional 
Impoundments

4%

Habitate Restorat ion
6%

Other
2%

Reclaimed Water Use in CA
(Total Reclaimed Water Flow = 358 

mgd)



29

USBR 2025 Report – Map of areas with conflict potential
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Projected Growth of Water Reuse 
in the U.S.

Projected Water Reuse
2001 to 2015
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Status in 2003

Hawaii

Alaska

Guidelines
Regulations
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2004 Guidelines for Water Reuse
EPA 625/R-04/108; August 2004

http://www.epa.gov/ord/NRMRL/pubs/625r04108/625r04108.pdf

http://www.epa.gov/ttbnrmrl/
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NRC/NAS Reviews

1994                  1996 1998

1996
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NRC/NAS Reviews

2004                    2008 2011
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86 mgd

70 mgd 70 mgd

GWR System (OCWD and OCSD)
Advanced Water Treatment Flow Diagram

GWR System (OCWD and OCSD)
Advanced Water Treatment Flow Diagram
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•  ENERGY
- IMPROVED ENERGY EFFICIENCY
- ENERGY SELF SUFFICIENT 

- ONSITE HEAT & POWER PRODUCTION
- ALTERNATIVE ENERGY SOURCES

- NET EXPORTERS OF ENERGY?

Current/Future Focus

Portfolio 
Manager
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•   CARBON FOOTPRINT / GHG EMISSIONS
- REDUCED FOOTPRINT
- ZERO CARBON FOOTPRINT
- CARBON NEUTRAL THRU OFFSETS

•   MULTIPLE BENEFITS / RESOURCE RECOVERY
- WATER REUSE
- WETLANDS / HABITAT RESTORATION 
- CARBON SEQUESTRATION
- SOIL ENHANCEMENT
- BIOFUELS, FERTILIZER RECOVERY

•  INTEGRATED WATER RESOURCES MGNT.

Current/Future Focus



38



39



40



41

Red Tides 
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WateReuse Association Products

2004 2006 2006
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2007

2008


