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Presenter
Presentation Notes
Our team has collectively worked on this topic for over a decade, as the first North American reports of endocrine disruption in fish came from our source water, Lake Mead.  



Three Key Topics
I. Water reuse – sustainability through necessity

II. Advances in treatment and detection technologies

III. Exploring chemical mixtures

Presenter
Presentation Notes
Primary points of discussion



Top 10 Cities Running Out of Water

10. Orlando
9. Atlanta
8. Tucson
7. Las Vegas
6. Fort Worth
5. San Francisco
4. San Antonio
3. Phoenix
2. Houston
1. Los Angeles

Source: http://247wallst.com/2010/10/29/the-ten-great-american-cities-that-are-dying-of-thirst/3/ 

Presenter
Presentation Notes
A 2010 article in the Wall Street Journal highlighted the 10 ten cities that are running out of water, note that the two largest cities in Arizona are both in the top 10 (Phoenix and Tucson)



http://www.economist.com/node/14222305

The Economist

http://www.economist.com/node/21538196

The Economist

Presenter
Presentation Notes
In 2009, the Economist reported “The worst drought in half a century”, but in 2011, the drought got much worse.  Some climatologists estimate the drought could last for more than a decade.



Aug. 7, 2011.  Lake E.V. Spence in Robert Lee, Texas. After 
years of diminishing water supplies made even worse by the 
second most severe drought in state history, some 
communities are resorting to a plan that might have seemed 
absurd a generation ago: turning sewage into drinking water. 

Presenter
Presentation Notes
Texas has suffered an incredible drought over the past years.  Economic losses are in billions of dollars.  Some cities literally have less than a year of water supply left under current conditions.



Presenter
Presentation Notes
Texas is desperate for water, and is constructing potable water reuse plants as fast as possible.  These systems will convert municipal wastewater to safe and sustainable drinking water.



Trinity River, Texas

Presenter
Presentation Notes
However, Texas should be no stranger to water reuse.  The cities of Dallas and Houston are connected by the Trinity River.  The Trinity River is generally composed primarily of wastewater effluent from the Dallas/Fort Worth region and is the primary source of water to lake Livingston, the primary source of drinking water for the city of Houston.  The saying goes “flush twice in Dallas because Houston needs the water”.

http://upload.wikimedia.org/wikipedia/commons/0/09/Trinity_Watershed.png�


http://houston.culturemap.com/newsdetail/02-23-12-houston-considers-using-its-own-toilet-water-as-drinking-water-rather-than-relying-on-dallas-flushes/

Presenter
Presentation Notes
In February of this year, an article was published that speaks to Houston considering drinking its own wastewater instead of Dallas’.   



Presenter
Presentation Notes
But drought conditions are not only in Texas.  The entire Southwest has been gripped in a persistent drought.  The Colorado River continues to suffer from long term decreased flows due to lower than average snow pack in the Rocky Mountains





Presenter
Presentation Notes
I like to point out that water scarcity issues are not just in the desert southwest, but also parts of the eastern seaboard and texas.



Water, Power, and Food: Intimately Related

Presenter
Presentation Notes
Population increase also increases electrical energy use, directly and indirectly through associated activities like water treatment and transportation.  This statistic is for the US (not Palo Verde alone).  Source of information is http://ga.water.usgs.gov/edu/wupt.html




US agriculture withdraws 485 million m3 water/day 

Presenter
Presentation Notes
Agricultural uses far exceed urban uses, and thus we can expect more stresses on our water resources through population growth not only in urban water needs, but also in water withdraws for increasing food demands.



The largest US atomic power plant 
is located in the desert of Arizona

In USA, >750,000 m3 water/day 
used for electrical generation

Presenter
Presentation Notes
Population increase also increases electrical energy use, directly and indirectly through associated activities like water treatment and transportation.  This statistic is for the US (not Palo Verde alone).  Source of information is http://ga.water.usgs.gov/edu/wupt.html




Florida – Ocean Outfall Act
 Prohibits construction or expansion of ocean outfalls

 By 2018 – Existing outfalls reach advanced treatment

 By 2025 – Outfalls only for wet weather events

Presenter
Presentation Notes
Moreover, there is increasing scrutiny regarding wastewater discharges, for instance, the State of Florida will ban all off shore discharges of wastewater in the coming decade, thus reuse will increase commensurately.  



• About 5-6% of 
municipal 
wastewater effluent 
in the U.S. is 
reclaimed and 
beneficially reused

• Israel reuses more
than 70%

• Singapore reuses
30%, up from 15% 
in recent years

• Australia, now at 8%, 
has a national goal of 
30% by 2015

5-6% 
Reclaimed

USA Wastewater 
Resources

Source: Wade Miller – WateReuse Association

Presenter
Presentation Notes
Water Reuse has tremendous potential to help alleviate some of the water demands



NRC Report on Reuse (2012)

“…distinction between indirect and direct potable 
reuse is not scientifically meaningful…”



De Facto Reuse

 US EPA Scoping Study (1980)
– 24 major water utilities used rivers 

from which effluent accounted for 
over 50 percent of the flow under 
low-flow conditions

Presenter
Presentation Notes
However, Texas should be no stranger to water reuse.  The cities of Dallas and Houston are connected by the Trinity River.  The Trinity River is generally composed primarily of wastewater effluent from the Dallas/Fort Worth region and is the primary source of water to lake Livingston, the primary source of drinking water for the city of Houston.  The saying goes “flush twice in Dallas because Houston needs the water”.





UV-AOP
Microfiltration

(MF) Reverse 
Osmosis

(RO)

SAT

WWTP



Risk Exemplar Contaminants
Pathogens:
• Adenovirus
• Norovirus
• Salmonella
• Cryptosporidium

Disinfection Byproducts
• Bromate
• Bromoform
• Chloroform
• Dibromoacetic acid (DBCA)
• Dibromoacetonitrile (DBAN)
• Dibromochloromethane (DBCM)
• Dichloroacetic acid (DCAA)
• Dichloroacetonitrile (DCAN)
• Haloacetic acid (HAA5)
• Trihalomethanes  (THMs) 
• N-Nitrosodimethylamine (NDMA)

Hormones and Pharmaceuticals
• 17β-Estradiol (endogenous estrogen)
• Acetaminophen (paracetamol)
• Ibuprofen (pain/inflammation)
• Caffeine (stimulant)
• Carbamazepine (anticonvulsant)
• Gemfibrozil (lipid lowering fibrate)
• Sulfamethoxazole (antibiotic)
• Meprobamate (antianxiety & degradant)
• Primidone (anticonvulsant) 

Others
• Triclosan
• Tris(2-chloroethyl)phosphate (TCEP)
• Perfluorooctanesulfonic acid (PFOS)
• Perfluorooctanoic acid (PFOA)



Risk Exemplar Methods

Contaminant concentrations:
• Estimated initial concentration of contaminants in source waters 

based on literature review
• Estimated removal efficiencies and fate assumptions for steps in 3 

scenarios (based on literature review)

Microbial Risk Assessment:
• Used dose response equations shown in report.  Assumed 1 L/d 

water consumption (unboiled).

Chemical risk assessment:  
• Risk based action levels (RBALs) determined for chemicals based 

on 2 L/d consumption (Table A-12)
• Margin of Safety = RBAL / drinking water conc. 
• MOS > 1 not considered to be a significant health risk



Risk Exemplar Results: Pathogens
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by the model.



Risk Exemplar Results: Chemicals



Planned vs. Unplanned Reuse

Snyder et al., 2011 – WRF 06-006

Compound
Max Ave. 

(ng/L) Site
Health  
(ng/L) Ref

Safety 
Factor

Atenolol 7.4 DW3 70000 AwwaRF 3085 1.1E-04
Atrazine 300 DW3 3000 EPA SDWA 1.0E-01
Caffeine 22 DW4 350 AUS Guideline 6.3E-02

Carbamazepine 110 IPR1 1000 Schriks 2009 1.1E-01
DEET 53 DW3 2500 AUS Guideline 2.1E-02

Diazepam 0.63 DW3 1400 EPA CCL3 4.5E-04
Dilantin 59 DW3 6800 AwwaRF 3085 8.7E-03

Fluoxetine 1.3 IPR1 42000 Schwab 2005 3.1E-05
Gemfibrozil 10 DW4 45000 AwwaRF 3085 2.2E-04
Ibuprofen 10 DW4 400000 AUS Guideline 2.5E-05

Meprobamate 120 DW3 260000 AwwaRF 3085 4.6E-04
Naproxen 4.1 DW4 220000 AUS Guideline 1.9E-05

PFOA 31 DW3 1100 EPA CCL3 2.8E-02
PFOS 59 IPR1 200 EPA CCL3 3.0E-01

Sulfamethoxazole 98 IPR1 35000 AUS Guideline 2.8E-03
TCEP 510 DW3 2500 EPA CCL3 2.0E-01

Trimethoprim 0.73 DW4 61000 EPA CCL3 1.2E-05



“About two years ago, very small traces of an antibiotic, an anti-seizure 
medication and a possible cancer-causing agent appeared in four groundwater 
wells in northwest Tucson.

All of the wells are located downstream of the local sewage treatment plant, which 
releases its treated sewage water into a riverbed.

When tested, some of Flagstaff's drinking water wells downstream of the Rio de 
Flag wastewater treatment plant have also shown tiny traces of other 
pharmaceuticals and hormones, which have an ability to influence growth in 
amphibians.”

Presenter
Presentation Notes
Of course the ultimate question is “Is it Safe”, which has been voiced recently in discussions in Flagstaff Arizona regarding the detection of trace pharmaceuticals.



Three Key Points
I. Water reuse – sustainability through necessity

II. Advances in treatment and detection technologies

III. Exploring chemical mixtures

Presenter
Presentation Notes
Primary points of discussion



Can treatment make this drinkable???



MBR Aeration Basin MBR Filtrate

Ozone Effluent Reverse Osmosis Permeate

Treatment can 
make this 
drinkable!!!

Presenter
Presentation Notes
Here is an example from a pilot plant which uses wastewater as a source to produce high-purity drinking water.  



Source: Pacific Institute analysis regarding SDCWA data

Reuse can SAVE energy (despite RO:UV-AOP)

Presenter
Presentation Notes
However, even with energy intensive water treatment processes, potable water reuse at Orange County saves energy as compared to importing water and especially as compared to sea water desalination.
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~50% of TOX >1000 Da:  Khiari, et al., Proc. 1996 AWWA Water Quality 
Technology Conference

More than 60% of DBPs are still not known….

Unknown 69.9%

THMs 13.5%

HAAs 11.8%

Halofuranones 0.1%
IodoTHMs 0.2%

HANs 0.8%
HALDs 1.8%
HKs 0.9%
HACEs 0.5%
HNMs 0.5% 

Nationwide Occurrence Study, Krasner et al., Environ. Sci. Technol. 2006, 
40, 7175-7185.







0
2
4
6
8

10
12
14
16
18
20

untreated 1.5 mg/L 3 mg/L 6 mg/L 9 mg/L

N
D

M
A 

(n
g/

L)

ozone dose (mg/L)

Ozonation and Formation of Nitrosamines
N-Nitrosodimethylamine (NDMA)



GC-ICPMS 

 Brominated DBPs in effluent

79Br GC-ICPMS chromatograms for extracts of wastewater 
effluent:     Non-treated     Ozonated Chlorinated & Ozonated



GC-ICPMS 

 Iodinated DBPs in effluent

127I GC-ICPMS chromatograms for extracts of wastewater 
effluent:      Non-Ozonated and     Ozonated





Ozone Reaction Products

Atenolol
C14H22N2O3

m/z 267.1703 (m+H)+ 

Ozone 
Addition

Ozone 
Addition

Transformation Product
C6H15NO2 (Calculated)
m/z 134.1173 (m+H)+ 



Benzotriazole + Ozone

m/z 118, 1H-benzotriazole

m/z 124, transformation 
product

m/z 124.01522 (meas.)
m/z 124.01525 (calc.)
C4H3N3O2

O3/ .OH
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Intermediates and minor 
products

Mawhinney, DB, BJ Vanderford, and SA Snyder. (2012) Environmental Science & 
Technology 46 (13):7102-7111.

Presenter
Presentation Notes
This is a direct reaction mechanism, but we are currently working out the involvement of hydroxyl radicals.
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III. Exploring chemical mixtures
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http://www.webdialogues.net/cs/epa-dwcontaminantgroups-
library/download/dlib/1860/EPA_Discussion_Paper.pdf.pdf?x-r=pcfile_d

1.Address contaminants as groups

2.Development of technologies

3.Multiple statutes for drinking water

4.Partner with states to share monitoring data

- Announced by Lisa Jackson March 22nd, 2010

Presenter
Presentation Notes
Another emerging issue relates to assessing chemicals as mixtures, including byproducts from water treatment processes.   This is another area where our team is conducting extensive research.



EPA’s “New Vision”



EPA’s “New Vision”



Analytical Chemistry VS Bioassay 

Targeted Analytical                           Mechanistic Bioassay

Known compounds
Quantitative
Individual compounds

Knowns/unknowns
Semi-quantitative
Synergism/Antagonism 



HPLC Fractionation

AMES II/CALUX test/RTCA

Analyte Identification
LC/GC ICPMS

GC-QTOF
LC-QTOF

Sample Preparation

TA98, TAmix

Nrf2 cell lines

Fraction 
Collector

Extraction

16HBE14o-cell



Green Valley, Arizona
Xylem – UV & Ozone Pilot

H2O2 dosing

UV system 
control

flow meter

Venturi injector

booster pump

O3 analyzer

O3 catalyst

UV reactor

Inlet
Outlet



AMESII test
1. Overnight culture 2. Transfer to 24-well plates

Sample (in DMSO)
S9
Bacteria
Exposure media

3. Add indicator media,
transfer to 384-well plates

4. After 48h, 
check the 
results
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>17,000
>12,000

Presenter
Presentation Notes
According to the United Nations, more than one billion people lack access to safe drinking water and nearly three billion lack basic sanitation.  Clean, safe, and sustainable water is pinnacle to economic viability and the well-being of people.  



Results from Ozone & UV 
Water Reuse Pilot Testing 

(n=4 seasons)

 WWTP effluent had elevated 
glucocorticoid (GR) activity

 UV processes are most effective 
at removing GR activity
− Agonist appears to be UV 

sensitive (↑ quantum yield)
− Guides structural elucidation 

(i.e., NDMA)
 Chlorine and ozone poor for 

attenuating GR activity
 Antagonistic ER and AR activity 

to be investigated



Analytical Approach for Unknowns



MPP Process 

C1 (29%)

C2 (25%)

C3 (22%)



QTOF Discoveries

Possible: 
Cortisone/
Prednisolone

(C21H28O5)



QTOF Discoveries

Possible:
Dexamethasone/
Betamethasone

(Formula:C22H29FO5)



&
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Moreover, there is increasing scrutiny regarding wastewater discharges, for instance, the State of Florida will ban all off shore discharges of wastewater in the coming decade, thus reuse will increase commensurately.  



Presenter
Presentation Notes
Moreover, there is increasing scrutiny regarding wastewater discharges, for instance, the State of Florida will ban all off shore discharges of wastewater in the coming decade, thus reuse will increase commensurately.  



• All water has been, or will be, reused
– Global sustainability depends on recycling water

– This activity will contribute new chemicals to water

• Treatment and detection technologies are advancing
– Membrane and oxidation technologies are reliable

– Any contaminant can be removed

– However,  detection is a function of the analytical method

• Water Reuse will Continue to Advance
– Potable water reuse is growing, including direct potable reuse

– Real-time on-line monitoring systems are critical

– We can produce safe potable water from wastewater!

Three Key Points

Presenter
Presentation Notes
Conclusions, can pretty much just read these.



WEST Center

Collaboration Invited!

Presenter
Presentation Notes
I wanted to end with some exciting news about a new Center that has been developed at the University of Arizona.  The Water & Energy Sustainable Technology (WEST) Center is a transformative concept that couples industrial, government, and academic researchers to develop, evaluate, and implement new technologies for sustainable water and energy.  Some examples include algae for biofuels from wastewater cultivation, comparison of natural systems to engineered systems, and many other exciting devlopments.  We look forward to collaborating with experts like you as we move forward!



Shane Snyder
Snyders2@email.arizona.edu
http://Snyderlab.arizona.edu
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