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AGENDA 
1. Call to Order/Roll Call 
 
2. Announcements 
    
3. Call to Audience 
 
4. Review and Approval of September 23, 2015 Meeting Minutes 
 
5. The Impact of Emerging Contaminants on Water Sustainability – Shane Snyder 

 
6. Future Meetings/Agenda Items 
 
7. Adjournment 
 
 
 
 
 
 
 
 
 
 
 
 
Action may be taken on any item                       Next Meeting: November 18, 2015 
 
 

Pursuant to A.R.S. § 38-431.02, notice is hereby given to the members of the Citizen’s Water Advisory Committee; Technical/Planning 
and Policy Subcommittee and to the general public that the Commission will hold the following meeting which will be open to the 

public on: 
 

 
 

CITIZENS’ WATER ADVISORY COMMITTEE 
 

TECHNICAL/PLANNING AND POLICY SUBCOMMITTEE 
 

Wednesday, October 28, 2015 - 12:00 p.m. 
Tucson Water –Director’s Conference Room 

310 W. Alameda – 3rd Floor, Tucson, AZ 85701 
 

 
Please enter the building using the public elevator in the basement garage (the garage entrance is on Granada Avenue), and sign in at the 

security desk on the 1st floor to get a badge before proceeding to the 3rd floor. 
 

 
 

MEETING NOTICE 

mailto:johanna.hernandez@tucsonaz.gov


The Impact Of Emerging Contaminants 
On Water Sustainability 

Shane Snyder, Ph.D. 
Professor & Co-Director 

University of Arizona 
 

Visiting Professor 
National U. of Singapore 

Tucson Water CWAC: 28th October 2015 



Senior Research Specialist 
Armando Durazo: UCLA 
Post-Doctoral Associates 
Ai Jia: Peking University 
Hye-Weon Yu: GIST Korea 
Christiane Hoppe: Colorado SM 
Ph.D. Students 
Shimin Wu: Peking University 
Minkyu Park: GIST Korea 
Sheena Young: Johns Hopkins U. 
Kevin Daniels: Northern Arizona U. 
Mauricius Santos: UTFPR Brazil 
Byron Hempel: U. Kentucky  
M.S. Students 
Weikang Ji: China Agricultural U. 
Norma Villagomez-Marquez: UNC 
Mojtaba Azadi: Sharif UT 
Tharun Murali: SASTRA U 

snyderlab.arizona.edu 



71% of Earth’s Surface is Water 71% of Earth’s Surface is Water 





Peter Smith (University of Arizona) Principal Investigator: 
The Imager for Mars Pathfinder – “Selfie” after touchdown  



Robert Brown (University of Arizona) Principle Investigator, 
Visual and Infrared Mapping Spectrometer (VIMS) on 
NASA's Cassini spacecraft  

Cassini's visual and infrared mapping spectrometer in the 
near-infrared reflection of sunlight indicates temperature 
and atmospheric conditions (dots are storm cells) 



University of Arizona Skycenter Telescope 
Whirlpool Galaxy = 23,000,000 light years from Earth 



Carina Nebula: 10,000 light years from earth. 

Enough water formed 
every 24 minutes to fill all 
the Earth’s oceans…… 



“Non-detectable” region of space… until 1990’s 



Hubble made the non-detectable, detectable… 
 Hundreds of thousands new galaxies discovered, 
some more than 10 billion light years from Earth.  
 



We can detect anything, 
anywhere… 



We can detect anything, 
anywhere… 

But are we looking for the right things? 













Drought in Singapore. February 2014 

Despite ave. rainfall of 234 cm! 



Singapore Botanical Gardens February 2014 





NOTE: Ave rainfall is 254 cm/year 



Water Scarce US Cities 

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/  





540 Km distance &  
600 meters elevation 









California 2011 



California 2014 



California Water Reuse Future 



 
• About 5-6% of  
     US wastewater is reused 
 
 

– 1/3rd of all US 
wastewater discharged 
to oceans 

 
• California is mandating 

increased reuse 
 

• Arizona, Florida and 
Texas also high growth 

5-6% 
Reclaimed 

USA Wastewater 
Resources 

Source: Wade Miller – WateReuse Association 



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

 By 2025 – Outfalls only for wet weather events 



We Have the Technology 
Simply a matter of safety, cost, and reliability… 



Water Reuse – Natural Systems 



Water Reuse – Advanced Treat. 

WWTP 



Water Reuse – Direct Potable 



Energy Intensity by Water Source 

Source: Pacific Institute analysis regarding SDCWA data 

Potable Water Reuse 



Source: http://www.hcn.org/issues/354/17227 



When does waste water 
become “water”? 



What is the “fingerprint”? 



1850’s: Coal-Tar Byproduct 



1856 – Perkin Synthesizes Mauve 



1860’s – Cancer & Medicines 



1899 – Industrial “Aspirin” 



Early 1900’s – Malachite Green 



1939 – Discovery of DDT as Pesticide 



1948 – Paul Müller Nobel Prize 



Cuyahoga River, Ohio – USA 1969 













http://www.lasvegassun.com/


Contaminants potentially detectable in sewage 

Pharmaceuticals 

Pesticides 

Industrial 
chemicals 

Natural 
chemicals 

Personal care 
products 

Household 
chemicals 

Transformation 
products 

Viruses 

Bacteria 

Protozoa Helminths 

Anions 

Cations Metals 

Chemical 
origins 

Microbial 
origins 

http://en.wikipedia.org/wiki/File:Sulfamethoxazole.png
http://en.wikipedia.org/wiki/File:Atrazin.png
http://en.wikipedia.org/wiki/File:1-4-Dioxane.svg
http://en.wikipedia.org/wiki/File:Estradiol.svg
http://en.wikipedia.org/wiki/File:Triclosan.svg
http://en.wikipedia.org/wiki/File:Sucralose2.svg
http://en.wikipedia.org/wiki/File:NDMA.svg
http://en.wikipedia.org/wiki/File:Phosphat-Ion.svg
http://en.wikipedia.org/wiki/File:Electron_shell_005_Boron_-_no_label.svg


Biologicals are ACUTE Risks 

  Viruses         Bacteria      Parasites 

  Prions 



Chemicals are CHRONIC Risks 



http://www.cas.org/ 

Snyder, S. A., Emerging Chemical Contaminants: Looking for Better Harmony. J. 
Am. Water Works Assoc. 2014, 106 (8), 38-52. 



Surrogates and Indicators 

Health-relevant 
CECs 

Performance 
indicator CECs 

Surrogates 

Potential health risks at levels 
at/near occurrence 

Provide information on 
treatment efficacy and/or 
represent broader classes 

Bulk parameters that are indicative 
of occurrence and/or attenuation of 
substances/organisms 

ftp://ftp.sccwrp.org/pub/download/DOCUMENTS/CECpanel/CECMonitoringInCARecycledWater_FinalReport.pdf 



Comprehensive Screening 



Tiered Recycled Water Testing 
Strategy 



Basic Categories of Treatment 

Separation Biological Oxidation 
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Triclocarban 
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Fluoxetine 
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WERF CEC4R08 – Tanja Rauch-Williams et al. 2013 

Indicator Example – Secondary WWTP 



Indicator Occurence 



Indicator List 

 
Indicators of 
wastewater 
influence 

Indicators 
of process 
failure 



Contaminants in CAP water 

Compound 
Conc. 

(ng/L) 
Compound 

Conc. 

(ng/L) 
Compound 

Conc. 

(ng/L) 

Atenolol <18 PFOA <1.7 TCEP <110 

Caffeine <12 Norgestrel <33 TCPP <110 

Trimethoprim <6.1 Benzophenone <16 DEET <6.7 

Primidone <27 Ibuprofen <3.2 Bisphenol A <83 

Meprobamate <29 PFOS <2.7 Testosterone <44 

Sulfamethoxazole <11 Gemfibrozil <2.8 Naproxen <4.4 

Prednisone <44 Triclocarban 9.0 Iohexol <55 

Diphenhydramine <13 Triclosan <7.1 Iopromide <22 

Simazine <3.6 Acesulfame 104 Dexamethasone <14 

Ditiazem <8.5 Sucralose 516 Atrazine <3.6 

Carbamezapine <14 Clofibric Acid <9.9     

Collected on Jan. 22th, 2014 



Ozonation Example 



Disinfection 



Membrane Fouling Reduction 



Membrane Fouling with CAP 

• Brine from NF membrane filtration using CAP water as feed water with 
85% recovery was ozonated to recover more water from the NF 
membrane by reducing organic fouling. 

< Ozone generator > 
< Fouling test for CAP brine from NF 

membrane system. > 



 
Indicator Oxidation 

 

Pisarenko, AN et al.. Water Res. 2012, 46 (2), 316-326. 



Fluorescence Surrogate Response 

1.5 ppm Control 

3 ppm 4.5 ppm 6 ppm 



ANN Modeling for Ozone 

Park M, Anumol T, Snyder SA. Water Research & Technology 2015, 1, 699-708 



 
NDMA-FP with Ozone 

 



Advantages: 
• No water present → little/no oxide interferences 

 
• No evaporative cooling of plasma → lower RF forward power 

 
• Lower RF power → fewer Ar-based ions (40Ar+, 38Ar40Ar+, 38Ar40ArH+, etc.) 

 
∴ Interference-free analysis without collision gas 

GC-ICP-MS 

Model 7900 ICP-MS Model 7890B GC GC-ICP-MS 

 



Effects of Chloramination 

127I 81Br 

After Chloramine 
Before Chloramine 

S/N = 200! 



 
Most DBPs Not Identified 

 

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. 



LC-QTOF (Agilent 6540) 



Benzotriazole Transformation Products 

m/z 118, 1H-benzotriazole 

m/z 124, transformation  
product 

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

O3/ .OH 

N 
N 
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1H-benzotriazole 

11,2,3-triazole-4,5-dicarbaldehyde 

N 
N 

N 

H 
O 

O 

H 

H 

Intermediates and minor 
products 

Mawhinney, DB, BJ Vanderford, SA Snyder. (2012)   ES&T  46(13):7102-7111. 



Searching for unknown in water 
 

  Chromatograms Very 
Similar 

 
 

Extraction of 
Molecular Features 

Reveals thousands of 
compounds in each 

chromatogram 
 
 

Further Data 
Processing Requires 

Specific Software 

Raw Water 

Ozone (1.5 ppm) 

Ozone (3 ppm) 

Ozone (4.5 ppm) 

Ozone (5.6 ppm) 

OZONE TREATMENT & 
QTOF ANALYSIS OF UNKNOWNS  

Merel, S.; Anumol, T.; Park, M.; Snyder, S. A., J. Hazard. Mater. 2014  In Press 



Untreated water 

Ozonated water 
(3 mg/L) 

Ozonated water 
(1.5 mg/L) 

Ozonated water 
(4.5 mg/L) 

Ozonated water 
(5.6 mg/L) 

PCA Plot for Different Ozone Doses 

Although 
chromatograms were 

all similar for the 
analyst 

 
 
 

Software identifies 
features able to 
discriminate the 

different water quality  

OZONE TREATMENT & 
QTOF ANALYSIS OF UNKNOWNS  

Merel, S.; Anumol, T.; Park, M.; Snyder, S. A., J. Hazard. Mater. 2014  In Press 



“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.” 



History of Bioassays 

Canary is more sensitive than a human 



Safe or Not Safe? 

Batrachotoxin Vitamin B2 

http://www.google.com/url?sa=i&rct=j&q=batrachotoxin&source=images&cd=&cad=rja&docid=2TekGmX5uLuhbM&tbnid=64WTD4WpOrvGmM:&ved=0CAUQjRw&url=http://www.answers.com/topic/batrachotoxin&ei=mcpjUaSlCIPliAe6ioC4Ag&bvm=bv.44990110,d.aGc&psig=AFQjCNEAFPNNwsOYR_sfJs3GoO0bBPC-5A&ust=1365580680590013


Safe or Not Safe? 



Safe or Not Safe? 

(S)-thalidomide (R)-thalidomide 



Animal Bioassays 

Some assays are available as on-line monitors 



Embryonic Assays 



Cellular Bioassays 



UV Transformation Products 



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 



Discovery of New DBPs 
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LC-QTOF 

GC-QTOF 
Red = Before MP UV 
Green = After MP UV 



Discovery of Novel UV 
Transformation Products 

Influent MP UV+Cl2 MP UV MP UV+BAC MP UV+BAC+Cl2 

UV Attenuated 
! 

New By-products 
? 

Color by normalized abundance 

Software: Agilent Mass Profiler Professional (MPP)        



Products of UV-treated retinoic acid (RA)  
and their RAR activity  

Remains unknown, under further 
investigation in QTOF and MPP 

The mixture effect of 
RA+oxo-RA+OH-RA 

Instrumentation:  
1290-6540 LC-QTOF (Agilent) 



Cellular Bioassays 



Cellular Bioassays 



Reuse Pilot Plant – O3, UV, Cl 

 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 



Glucocorticoids 

• Natural & Synthetic 

• Used for allergies, skin 
problems, asthma, and 
arthritis 

• Used as veterinary growth 
promoters 



Santa Cruz River Sampling Sites 
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Sample Site 

Site Triplicate 

Flow Direction 

GR Cellular Activity 



GR Mass Spectrometric Analysis 
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Triamcinolone 

Aldosterone 

Prednisolone 

Hydrocortisone 

Prednisone 

Cortisone 

Methylprednisolone 

Betamethasone 

Dexamethasone 

Corticosterone 

Flumethasone 

Beclomethasone 

Triamcinolone 
acetonide 

Flunisolide 

Fluocinolone 
acetonide 

Fludrocortisone 
acetate 

Fluorometholone 

Deflazacort 

Budesonide 
R (+), S (−) 

Spironolactone 

Fluocinonide 

Deoxycorticosterone 
acetate 

Amcinonide 

Clobetasol 
propionate 

Fluticasone 
propionate 

Mometasone 
furoate 

Beclomethasone 
dipropionate 

Clobetasone 
butyrate 

Baseline Separation for Epimers: 
Betamethasone vs Dexamethasone  

Separation for Chiral Isomers: 
R (+) and S (−) Budesonide 
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Distribution of GRs 



Ozone GR byproducts 

 
 
 

Triamcinolone acetonide 

Byproducts 

H3C

H3C
O

O

H3CF

OH
H3C

O

O
HO

C24 H31 F O6 

TA 
TA with 2 mg/L O3 

Label Formula 

1 C24 H31 F O8 

2 C24 H33 F O8 

3 C23 H31 F O8 

4 C24 H31 F O8 

5 C23 H31 F O8 

6 C26 H33 F O9 

1 2 
3 

4 5 
6 



Sampling location  

 

Area affected by: 
Agua Nueva WRF 
Tres Rios WRF 

08/04, 08/10, 09/14 

08/06 

08/06 

08/06 

08/04, 08/10 

08/14 

08/14 

09/17 

Sampling date 

09/17 

09/03 



Tests Conducted  

• Total organic matter (TOC) 
• UV absorbance at 254 nm 
• Excitation-emission matrices (EEMs) 
• Hormones (ER, AR, GR, PR) 
• Contaminants of emerging concern (CECs) 

 



Sample Preparation 

1L sample 

Potential 
QTOF/bioassay 

Analysis 

20 mL 

Offline SPE 

20 mL 500 mL 400 mL 

TOC Analysis 

HLB SPE 

LC-QQQ 
Chemical Analysis 
(CECs, hormones) 

UV, EEM 
Analysis 

spiked with 
isotope surrogates 

20 mL 

Online SPE 
Direct Injection 



Results: TOC 
• LB: lab prepared Milli-Q water, 

go through all analytical 
procedures as samples. 

• SC01, SC02: Agua Nueva WRF 
affected wells. 

• SC03-SC12: Tres Rios WRF 
affected wells. 

• Upstream wells have the highest 
TOC (1.19-1.54 ppm). 

• In down stream wells (SC08-
SC12), the TOC concentration 
decrease to 0.49-0.59 ppm, 
which are slightly higher than 
blank sample (0.36 ppm). 

• TOC varied largely between 
three sampling events for SC-
01R (0.8, 1.2, 1.5 ppm); while it 
was close in SC-03R (1.4-1.5 
ppm). 



Results: UV254nm absorbance 

• Upstream wells from Tres Rios 
WRF have the highest UV 
absorbance (0.038-0.050).  

• Agua Nueva WRF affected wells 
have lower UV absorbance 
(0.024-0.027). 

• In down stream wells (SC08-
SC12), the UV absorbance 
decrease to 0.008-0.015, which 
are slightly higher than blank 
(0.006). 

• UV absorbance was consistent  
between different sampling 
events for both of SC-01R and 
SC-03R. 



TOC vs. UV254nm absorbance 

Positive correlation was observed between sample TOC and UV254 
absorbance values. 



Results: EEMs 

SC12_0814 SC11_0814 SC08_0917 SC09_0917 

SC03R_0804 SC03R_0810 SC05R_0806 SC07R_0806 SC06_0903 

LB SC01R_0804 SC01R_0810 SC02R_0806 SC01R_0914 



Results: EEMs 

• EEMs of all the samples were scaled based on the maximum 
fluorescence intensity from SC-03R. 

• EEMs results showed the same trend as UV254 absorbance: Tres Rios 
WRF affected wells showed higher fluorescent organic matter than 
Agua Nueva WRF related wells, which is different with the TOC results. 
Decreasing trend were all observed in the downstream wells. 
 



Results: Hormones  

• Five target compounds: 
– Estrone (E1), 17α-Estradiol(αE2), 

17β-Estradiol (βE2), Estriol (E3), 17α-
Ethynylestradiol (E2), Bisphenol A 
(BPA). 

• E1 was detected in 5 of 14 samples; 
BPA was detected in all samples. 
Other analytes were below method 
detection limits (MDL). 

• BPA was detected mainly in Tres Rios 
WRF affected wells; the highest 
concentration was observed in 
downstream wells (111 ng/L). 

Estrogens 



The occurrence of glucocorticoids 

• Prednisolone was the main detected glucocorticoid, followed by 
methylprednisolone, and hydrocortisone. 

• SC-01R and SC-05R showed the highest glucocorticoid contamination.  
• The concentrations of prednisolone and hydrocortisone decrease in 

downstream wells, while it is not obvious for methylprednisolone. 

Unit: ng/L Unit: ng/L 



Results: CECs 

• 37 targeted CECs: 
 
 
 
 
 
 
 
 

• 34 CECs were detected in more than one sample, except 
diphenhydramine, ditiazem, and fluoxetine, with the highest 
concentration at 37.4 ppb (sucralose). 

Acesulfame Ditiazem PFBA Simazine 
Atenolol Fluoxetine PFBS Sucralose 
Atrazine Gemfibrozil PFHpA Sulfamethoxazole 
Benzotriazole Hydrochlorothiazide PFHxA TCEP 
Caffeine Ibuprofen PFOA TCPP 
Carbamezapine Iohexol PFOS Triclocarban 
Clofibric Acid Iopamidol Primidone Triclosan 
DEET Iopromide Propranolol Trimethoprim 
Diclofenac Meprobamate Propylparaben 
Diphenhydramine Naproxene 



Results: CECs  
Compound detection summary 

Compound Frequenc
y min max median Compound Frequen

cy min max median 

Atrazine 13 1.14 21.5 5.20 Meprobamate 11 1.11 326 89.7 
Benzotriazole 13 14.7 31000 1010 Ibuprofen 10 0.49 10.0 1.84 

Caffeine 13 0.60 7.74 1.63 PFBA 10 12.7 69.6 23.0 
Carbamezapine 13 0.61 315 210 PFHpA 8 1.09 21.6 3.66 

DEET 13 0.48 16.7 0.96 Iohexol 7 13.8 313 167 
PFBS 13 2.96 13.6 7.84 Iopromide 7 4.55 66.4 16.1 
PFHxA 13 1.16 41.3 15.5 Trimethoprim 6 0.32 0.73 0.45 
PFOA 13 4.50 79.1 33.7 Naproxene 5 0.44 6.88 0.72 
PFOS 13 3.01 119 23.7 Atenolol 4 0.59 1.31 0.91 

Primidone 13 3.24 292 65.5 Clofibric Acid 3 2.56 37.9 3.40 
Simazine 13 3.66 60.8 16.9 Propylparaben 3 1.98 84.9 4.87 
Sucralose 13 27.6 37400 10200 Diclofenac 2 2.40 15.1 8.75 

Sulfamethoxazole 13 7.04 875.0 39.6 Hydrochlorothiazide 2 34.2 37.8 36.0 
TCEP 13 1.10 33.7 3.22 Gemfibrozil 1 26.1 26.1 26.1 
TCPP 13 6.69 531 17.5 Propranolol 1 12.5 12.5 12.5 

Triclocarban 13 0.14 2.70 0.66 Diphenhydramine 0 - - - 
Triclosan 13 0.33 7.17 0.59 Ditiazem 0 - - - 

Acesulfame 12 111 24100 623 Fluoxetine 0 - - - 
Iopamidol 12 249 19200 4505 

13 well samples, unit ng/L 

22 CECs were detected in more than 10 well samples 



Results: “Resilient CECs” 

ng/L 



Results: “Attenuated” CECs  

ng/L 





Today, Tomorrow, and Beyond 





WEST Center 

http://west.arizona.edu 
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Meeting Date/Agenda Items Materials Deadline 

November 18, 2015 
• FICO Infrastructure and Plans – Tim Campbell 
• Risk Communication – Dr. Marti Lindsey 

 

November 13, 2015 

December 16, 2015 
• Cogeneration 
• 2016 Meeting Schedule 

 

December 11, 2015 

January 27, 2016 
• Subsidence in Tucson and Avra Basins 
• WMG – Tools for Evaluation of RWH Benefits (TBD) 

January 22, 2016 

  
February 24, 2016 

• Reclaimed Water System 
 

February 19, 2016 

March 23, 2016 March 18, 2016 
• Reclaimed Plant 

 
Future Agenda Items without a Date: 
None
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