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Presentation Overview

• Thinking about water in a 
different manner.

• Water reuse nationally and in 
Chesapeake region.

• Research on nutrient loading.
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We MUST Reduce Our Demand for WaterWe MUST Reduce Our Demand for Water
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World’s Current Vulnerability to Water 
Scarcity
World’s Current Vulnerability to Water 
Scarcity
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WSR = Total Withdrawal
Total Renewable



2050 Water Stress Index2050 Water Stress Index
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Scarcity is the “New Normal”Scarcity is the “New Normal”
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July 2011 August 2014

• Climate change impacts
• Water shortages/drought
• Catastrophic events
• Degradation of water quality

• Reliability and redundancy limitations
• Population growth w/ reduced consumption
• Demand for lower-cost solutions

Challenges Include:

Lake Oroville, CA



Sustainability of Water Supplies is the “New 
Normal”
Sustainability of Water Supplies is the “New 
Normal”
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July 2011 August 2014

• Adaptable to climate change
• Drought-proof
• Robust and secure
• Superior water quality

• Reliable and redundant
• Reduced energy
• Affordable

Lake Oroville, CA www.blue-economy.ca
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Then WE Need to Think of Water Differently!Then WE Need to Think of Water Differently!
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July 2011 August 2014

Lake Oroville, CA

Lawaterkeeper.org

• Drinking water
• Wastewater
• Industrial water
• Seawater
• Rainwater
• Irrigation water



“One Water” Culture is Essential“One Water” Culture is Essential

Adapted from: Howe, C., et al (2013)
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“New Normal” Demands Water Reuse:
Must change our view of water demand!!
“New Normal” Demands Water Reuse:
Must change our view of water demand!!
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Water Footprinting
raises our awareness
of the true value of water



How Much Water Does It Take?

• It takes 1,800 gallons of water to produce 
the cotton in one pair of blue jeans.

• It takes 4,000 gallons of water to grow a 
bushel of corn.

• It takes 11,000 gallons of water to grow a 
bushel of wheat.

• It takes 4,000 gallons of water to produce 
one pound of beef, so it takes 1,000 
gallons of water for a Quarter Pounder at 
McDonald's.

• It takes 16.5 gallons of water to 
manufacture a 12-ounce Coke.



Challenge
Can you foresee a time when:
1) your organization adapts its 

practices base on its water 
footprint?

2) you or your organization makes 
purchasing decisions based the 
virtual water embedded in a 
product?



There is no new water!



What is Water Reuse?

The reclamation and treatment 
of impaired waters for the 

purpose of beneficial reuse.

WateReuse Association, 2003.



Impaired Waters

• Municipal and industrial wastewater 
effluent

• Brackish water
• Poor quality groundwater
• Agriculture return flows
• Stormwater
• Frack flowback and produced water



Uses of Reclaimed Water in US and Canada 

• Agricultural 
irrigation

• Landscape 
irrigation

• Nonpotable urban 
uses

• Industrial uses
• Impoundments

• Environmental uses
• Groundwater 

recharge
• Indirect potable 

reuse

•Direct potable 
reuse
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Other States Actively Employing 
Engineered Reuse
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Estimated Status of Water Reuse

• Reuse practiced in 43 countries, 13 BGD
– 58 percent using untreated wastewater for irrigation
– 1.7 BGD reused in US

• Florida > California > Texas > Arizona
From USEPA, 2012; Jimenez and Asano, 2008; NRC, 2012.

• Approximately 1,500 
water reuse facilities 
in U.S.
– Only 7-8% of 

wastewater is currently 
reused



Largest Water Reuse Programs in the US

• OCWD, CA
• Central/West Basin, CA
• MWDSC, CA
• San Jose, CA
• LACSD, CA
• San Diego County, CA
• Irvine Ranch, CA
• Dublin San Ramon, CA
• EBMUD, CA
• Orlando, FL
• Scottsdale, AZ

• Phoenix, AZ
• San Antonio, TX
• El Paso, TX
• Tarrant Regional
• St. Petersburg, FL
• Pinellas County, FL
• King County, WA
• Austin, TX
• Santa Rosa, CA
• UOSA, VA
• SNWA/LVVWD, NV



DisinfectionPre-treatment
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Sedimentation
Sand filter
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Regulations and Criteria

• No federal regulations
• 22 States have water reuse regulations;  11 have 

guidelines or design standards

• 2012 U.S. EPA Guidelines for Water Reuse
– Recommended treatment processes
– Water quality limits
– Monitoring frequencies
– Setback distances
– Other controls

http://nepis.epa.gov/Adobe/PDF/P100FS7K.pdf; Exall, 2004; Exall et al., 2006



Reuse Applications and Number of States
with Guidelines from 2004 - 2012

Type of Reuse Number of States
2004  2012

Unrestricted Urban 28 32
Restricted Urban 34 40
Agricultural (Food Crops) 21 27
Agricultural (Non-food Crops) 40 43
Unrestricted Recreational 7 13
Restricted Recreational 9 17
Environmental (Wetlands) 3 17
Industrial 9 31
Groundwater Recharge 
(Nonpotable Aquifer)

5 16

Indirect Potable Reuse 5 9

2004 Guhttp://nepis.epa.gov/Adobe/PDF/P100FS7K.pdf



More Stringent 
Regulations

Less Stringent 
Regulations

Regulations and Guidelines Vary 
Depending on Type of Reuse

• Indirect Potable Reuse
• Agricultural Reuse on Food Crops
• Unrestricted Recreational Reuse
• Unrestricted Urban Irrigation Reuse
• Restricted Urban Irrigation Reuse
• Restricted Recreational Reuse
• Industrial Reuse
• Environmental Reuse
• Agricultural Reuse on Non-food Crops

Adapted from Miller, 2014

• Direct Potable Reuse
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Average Monthly Rainfall and Water Reuse by 
Sector in Mid-Atlantic Region

From USEPA, 2012.
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State of MD Class IV Reclaimed Water Types

MDE-WMA-002-07/15 Revised 07/2016

From: MARYLAND DEPARTMENT OF THE ENVIRONMENT 
GUIDELINES FOR USE OF CLASS IV RECLAIMED WATER: 
High Potential for Human Contact 
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State of MD Reclaimed Water Standards

MDE-WMA-002-07/15 Revised 07/2016

From: MARYLAND DEPARTMENT OF THE ENVIRONMENT 
GUIDELINES FOR USE OF CLASS IV RECLAIMED WATER: 
High Potential for Human Contact 
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Selected and Proposed State of Maryland 
Reclaimed Water Projects (Class IV)

From Tien, C.T., 2015

1. Little Patuxent Water Reclamation Plant – Fort Meade Federal System 
Reclaimed Water Project.

2. Assateague Island National Seashore WWTP  effluent reuse for toilet 
flushing.

3. Mattawoman WWTP - Panda- Brandywine L.P. and CPV Maryland, LLC 
Power Plant (reclaimed water used for cooling system). Proposed 
reclaimed water flow about 2 mgd.

4. Piscataway WWTP – Mattawoman Power Plant (reclaimed water used for 
cooling system) Proposed reclaimed water flow about 5 mgd.

5. Smithsonian Environmental Research Center (13-DP-3562) project - use 
of reclaimed water for toilet flushing (100-200 gpd), lawn irrigation (15,000 
gal/mo for 6 months) and fire protection (20,000 gpd storage volume).
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Challenges for Water Reuse in the
Chesapeake Region

• Can a water rich region actively employ the recycling of 
water?

• Is water recycling to be considered only when the region is 
under drought conditions?

• Are we ready for direct and indirect water reuse in the 
Chesapeake region? 



Source: Rice and Westerhoff (2015) ES&T 49 (2) 982-989.

De facto reuse with 5% treated wastewater posed higher risks from 
wastewater contaminants than planned potable reuse schemes. (NAE, 
2012)”

UNPLANNED (de facto) potable water reuse

• Among 25 DWTPs studied, municipal WW flows 
increased by 68% from 1980 to 2008.

• De facto reuse ranged from 7 to 100% under low stream 
conditions.



Precipitation 
and Surface 

Runoff
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Indirect and Direct Potable Reuse Scenarios
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Upper Occoquan Sewage Authority, Virginia 
Water Reclamation Plant
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From Maryland Department of Environment, 2016



Sucralose as an Indicator of Wastewater 
Influence

From Oppenheimer, Eaton, Badruzzaman, Haghani and Jacangelo, Water Research 45:4019-4027 (2011)



Sucralose Detected In Septic Systems

From Oppenheimer, Badruzzaman and Jacangelo, Water Research 46:5904-5916 (2012)



Use of gadolinium to sucralose ratios for 
detecting source of nutrient loading

From Oppenheimer, Badruzzaman and 
Jacangelo

Water Research 46:5904-5916 (2012)



Use of Iohexal as a Marker for Nutrients

• Found in reclaimed water at effluent from 
plant and streams when loading occurs

• Not impacted by chlorination
• Not readily found in septic
• Not readily found in rainwater
• Not reaily found in groundwater



Water Body Marker Attenuation
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Nutrient Loading to River from Sources
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Marker Loading to River from Sources
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Load Fraction from Reuse Source

ࡾ
ࡾࡽିࢃࡾࢃࡾࡽ

ࢇ࢜ࡱࡽିࡽିࢃࡾࡽାࢃࡿࡽାࡿࡿࡽାࢃࡳࡽାࡽ

ࢃࡾ
ࡾ

ࢃࡾషࡾ ࢇ࢜ࡱ  ࢃࡳ ࡿࡿ ࢃࡿ

• ࡾ
ࢃࡾ	ି	ࡾ

is the fractional flow of reuse to total flow



Example Calculation of Reuse Loading
If kt = 0.90 

CR’ = 50 ng/l
CRW = 5,000 ng/l

ࡾ
ࢃࡾ	ି	ࡾ

= 11.1% reuse contribution to total flow 

If kt = 0.70
CR’ = 50 ng/l
CRW = 10,000 ng/l

ࡾ
ࢃࡾ	ି	ࡾ

= 1.7% reuse contribution to total flow 

If kt = 0.70
CR’ = 50 ng/l
CRW = 5,000 ng/l

ࡾ
ࢃࡾ	ି	ࡾ

= 3.45% reuse contribution to total flow 



Summary

• It’s not wastewater.

• Used water has value!!
• Look at water not just as a liquid stream 
from the faucet, but as an embedded 
resource (virtual water) in every aspect of 
our lives.

• Will with the Chesapeake region become a 
major reuse area of the country?????



Thank You
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joe.g.jacangelo@mwhglobal.com



Planned Potable Reuse


