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“We forget that the 
water cycle and the 
life cycle are one.”

Jacques Cousteau
1910 - 1997
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NEW YORK—An outbreak 
of Legionnaires’ disease 
in the Bronx has killed 
seven people and 
sickened more than 80 
others, the largest 
outbreak of the bacterial 
infection in New York 
City’s history and one of 
the biggest in the U.S. in 
recent years.





http://www.lasvegassun.com/


“When the well is 
dry we know the 
value of water."

Benjamin Franklin

(1706-1790)



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/ 



Potable Water Reuse



Potable Water Reuse

Alternate Sources of Water to Augment Supplies
“Drought-Proof Resource”

Direct water reuse

Indirect water reuse

Public PerceptionScientific Perception



“Every policy 

had to bend 

to the knees 

of our water 

survival”

Lee Kuan Yew

(1923-2013)



Potential Contaminants



Biologicals are ACUTE Risks

Viruses         Bacteria      Parasites

Prions



Chemicals are CHRONIC Risks



1899 – US Rivers and Harbors Act

Required Permit 

to Discharge 

Refuge into 

Navigable 

Waters or 

Tributaries.

Also required 

permit to build 

dam or alter 

waterway flow.



1914 & 1962 – Public Health Service

• Monitored coliform 

bacteria in water

• Metals added in 

1925

• Distribution system 

added in 1942

• Significantly re-

written in 1962



Safe Drinking Water and Clean Water Acts

• EPA Enforced 

Regulations (often 

enforced by states)

• SDWA 1972

 MCLs & MCLGs

• CWA 1977

 Discharge 

permits

 Ambient WQ



EPA Chemical Universe WHO UN Nominations

Occurrence Data: Magnitude & Prevalence

Health Data:  Potency & Severity

Prioritization:  Occurrence/Health >1

EPA: Max. Contam. Limit Goal WHO: Guidance Value

EPA:  Max. Cont. Limit (Cost/Benefit)



Conventional Chemical Paradigm

Uncertainty/Safety Factors (30 – 3,000)

2L/Day 70 Kg
80% 
Other 
sources



Magnitude of Potential Occurrence 

How many chemicals are known/registered?

What was the first synthetic chemical industrially produced?

What was the first synthetic pharmaceutical industrially 
produced?

Mauve – 1856 by Perkin (by accident) 

Aspirin – 1899 by Bayer, Germany 



We can detect anything/anywhere!

But are we looking for the right things?



“Not everything that can 
be counted counts, and 

not everything that 
counts can be counted.”

Albert Einstein
(1879-1955)



Comprehensive Screening



Comprehensive Screening



Comprehensive Testing Strategy

ftp://ftp.sccwrp.org/pub/download/DOCUMENTS/CECpanel/CECMonitoringInCARecycledWater FinalReport.pdf



SURROGATES



Granular Activated Carbon



Application of fluorescence as surrogate for 
water quality

Anumol T, Sgroi M, Park M, Roccaro P, Snyder SA.  Water Res. 2015  (76):76-87.



y = 0.3528x + 69.218
R² = 0.55890
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y = 1.1496x - 13.51
R² = 0.9747
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Fluorescence Correlation

Anumol T, Sgroi M, Park M, Roccaro P, Snyder SA.  Water Res. 2015  (76):76-87.



Ozonation Example



Fluorescence Surrogate Response

1.5 ppmControl

3 ppm 4.5 ppm 6 ppm

Merel S, Anumol T, Park M, Snyder SA. J. Hazard. Mater. 2015  282:75-85



Surrogates



On-Line/Real-Time Sensor Network



INDICATORS



Biotransformation (Kb, L/g-d)

Recalcitrant
<0.1
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WERF CEC4R08 – Tanja Rauch-Williams et al. 2013

Indicator Example – Secondary Treatment



Online SPE Method

1.5 mL sample

0.1-20 
ng/L

33 
CECs

30 
min

Targeted Indicator Analysis

Conventional SPE Method

1 L sample

0.01-10 
ng/L

36 
CECs

5 
hrs

Direct Injection Method

0.1 mL sample

10-100 
ng/L

21 
CECs

15 
min



Indicator Occurrence

Merel S, Anumol T, Park M, Snyder SA.  J. Hazardous Materials. 2015  282:75-85.



Indicator Priority List

Indicators of 
wastewater 
influence

Indicators 
of process 
failure



BIOASSAYS & NON-TARGETED 
ANAYSIS (NTA)
Jia, A.; Wu, S.; Daniels, K. D.; Snyder, S. A., Balancing the Budget: Accounting for 
Glucocorticoid Bioactivity and Fate during Water Treatment. Environ. Sci. 

Technol. 2016.



Transient Transfection Assay



Initial Recycled Water Screening

Receptors:

GR = glucocorticoid
AR = androgen
ER = estrogen



Glucocorticoids Among Most Widely Used Drugs

Class Prescribed 
(kg)

Estrogens 480

Androgens 307

Progestogens 1705

Glucocorticoids 4368

Amount prescribed in UK (2006)

Source: The 2013 Drug Trend Report, 
Express Scripts Lab.

Medicare drugs USA (2013)



Over-the-counter (OTC) approved (2014)

Fluticasone propionate (Flonase)
Triamcinolone acetonide (Nasacort)



Santa Cruz River Sampling Sites



0
10
20
30
40
50
60
70
80

A
N

 O
u

tf
.

C
a

m
. 

d
.…

B
e

lm
o

n
t

B
e

lm
o

n
t

B
e

lm
o

n
t

In
a

 O
u

tf
.

C
o

rt
a

ro

T
w

in
 P

.

F
B

A
v

ra
…

S
a

n
d

e
rs

T
ri

co
 M

.

LB

D
e

xa
E

Q
 (

n
g

/L
)

Sample Site

Site Triplicate

Flow Direction

GR Cellular Activity



Structural Determination (QTOF)
 

 

 Principal Component Analysis 

 

 

          

                

 

                     Color by normalized abundance 

                   

 

  Datadase Search & 

 Compounds Identification 

 

 

 

4x10

0

0.5

1

Cpd 1035: Fluocinonide: + FBF Spectrum (rt: 9.121 min) 

495.2201฀฀([C26 H32 F2 O7]+H)+฀฀ 

Counts vs. Mass-to-Charge (m/z)

495 495.5 496 496.5 497 497.5

3x10

0
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1.5

Cpd 5478: Clobetasol propionate: - FBF Spectrum (rt: 12.039 min) 

525.2081฀฀([C25 H32 Cl F O5]+CH3COO)-฀฀ 

Counts vs. Mass-to-Charge (m/z)

524.5 525 525.5 526 526.5 527 527.5

4x10

0

0.5

1

Cpd 1634: Hydrocortisone: - FBF Spectrum (rt: 8.313 min) 

361.2020฀฀([C21 H30 O5]-H)-฀฀ 

363.2131฀฀([C21 H30 O5]-H)-฀฀ 

Counts vs. Mass-to-Charge (m/z)

360.5 361 361.5 362 362.5 363 363.5 364

QC 
Sample  

w/ activity 

Sample  

w/o activity 



Targeted Analysis (LC-MS/MS)
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Counts vs. Acquisition Time (min)
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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
MDLs: 0.02-5 ng/L



Glucocorticoid Concentrations
in WWTP Effluents
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WWTP secondary effluents

Fluticasone propionate

Clobetasol propionate

Fluocinonide

Budesonide

Fluocinolone acetonide

Triamcinolone acetonide

Dexamethasone

Betamethasone

6α-methylprednisolone

Cortisone

Hydrocortisone

Prednisolone

9.6-21.2 ng/L, much higher occurrence levels than estrogens at same sites



Relative Potency of GR agonists
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Prednisone

Cortisone

Prednisolone

Triamcinolone

Fludrocortisone acetate

Hydrocortisone

Methylprednisolone

Betamethasone

Fluocinonide

Dexamethasone

Triamcinolone acetonide

Flumethasone

Budesonide

Fluocinolone acetonide

Clobetasol propionate

Fluticasone propionate

GCs mixed standard

GCs
EC50

(nM)
REP

Prednisone >500 <0.004

Cortisone >500 <0.004

Prednisolone 17.7 0.101

Triamcinolone 11.8 0.152

Fludrocortisone acetate 9.67 0.185

Hydrocortisone 6.81 0.264

6α-methylprednisolone 6.79 0.264

Betamethasone 2.83 0.634

Fluocinonide 1.89 0.948

Dexamethasone 1.79 1.000

Triamcinolone acetonide 0.79 2.265

Flumethasone 0.36 5.032

Budesonide 0.26 6.895

Fluocinolone acetonide 0.24 7.398

Clobetasol propionate 0.048 37.04

Fluticasone propionate 0.025 70.88

GCs mixed standard 0.005 329

Most synthetic GCs have much higher 

activity than natural GCs



Balancing the GC Budget

WWTP Effluents

Reclamation Treatment

Chemical 
Concentrations

(Chemi-EQ)

Sample 
Bioactivity

(Bioassay-EQ)

Attenuation

Occurrence

In Vitro GR Bioassay

Chemical Analyses

Chlorination
Ozone
UV
Membrane

Treatment Efficacy Monitoring Prioritization

27 agonists
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Chemi-EQ Bioassay-EQ

Mass-Activity Balance Achieved

• RO Ozone Cl2 UV MF-RO-UV 
AOP

Chemical 
Concentrations

Sample 
Bioactivity

Chemi-EQ=Sum(concentration*relative potency)

The quantitated GRs can explain the 
observed biological GR activity.



“All truths are easy to 
understand once they 
are discovered; the 
point is to discover 
them..”

Galileo Galilei
(1564-1642)
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