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University of Arizona ranked #1 among US Universities and #4 among
institutions worldwide for top-cited environmental science publications

An article published recently in the peer-reviewed journal Science of the Total Environment found the
University of Arizona to be the most productive university in the United States for top-cited publications
pertaining to the field of “environmental science”™—and the fourth most productive institution in this regard
worldwide.

The authors employed the Thompson Reuters Web of Science database to measure institutional
contributions to 181 environmental science journals listed in Journal Citation Reports (JCR). Productivity of
the UA was exceeded worldwide only by the U.S. Geological Survey, Brunel University (UK), and the U.S.
Environmental Protection Agency, which were ranked 1-3 respectively.

Science of the Total Environment 431 (2012) 122-127

Contents lists available at SciVerse ScienceDirect

Science of the Total Environment

journal www.elsevier.

Top-cited articles in environmental sciences: Merits and demerits of citation analysis
Moonis Ali Khan *, Yuh-Shan Ho **

* Chemistry Department, College of Science, King Saud University, Riyadh 11451, Saudi Arabia
*© Trend Research Centre, Asia University, Taichung 41354, Taiwar
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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/
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The Thirst West: Can
Tucson Survive Climate
Change?

The desert city is low on water, with a booming
population.

8y Eric Holthaus _ March 11, 2014:

Tucson, other cities could be hit by CAP shortage much
sooner than expected

JUNE 15,2014 12:00 AM + BY TONY DAVIS

For the first time, the state agency that operates the multibillion-dollar Central Arizona Project
warns that water shortages could hit Tucson and Phoenix as soon as five years from now.

Lake Mead sinks to a record low

| Arizona Cities Could Face Cutbacks in Water From Colorado River,

Officials Say ~ @e New ork Eimes & MICHAEL WINES JNE 7 20

Reclaimed Water
Treatment Plant
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California 2011

California 2014

California Water Reuse Future

(CTOBQE  OFFICEOF
To the Members of the California State Seratc

1 m signing SB 322 which requiresthe Depariment of Public Health in consulaton with

the State Water | Board, to investgate the
wiforn ¥ o direct plember 2016,

is past due. Tn an effort recycled water, [ have
proposed the consoldation of of the drinking water dall

ather watr quality progrems, including recycled water, nder th State Water Board.

L direcing the Water Bard to ensure that tis work is completed expeditiously. The
this bill is too slow. Califo
waterand ecyeling i key to eting there.

Sincerely,

% o]

Restrictions on Ocean Outfalls

¢ South Florida

— 2025 Ocean outfalls
banned (except rain)

¢ Cape Cod

— Moratorium on new
outfalls and expanding
existing

¢ California

— Evidence of endocrine
disruption at discharges

Potential for Water Reuse

¢ About 5-6% of

US wastewater is reused
Reused

— 1/3" of all US
wastewater discharged
to oceans

* California is mandating
increased reuse

USA Wastewater
Texas also high growth Resources

Arizona, Florida and

Spreacing tiasin

S - Wade Miller - WateR A iation
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A Water Reuse — Direct Potable

Membrane Reverse Advanced
bioreactor Disinfection osmosis oxidation
Wastewater
Untreated
surface or
groundwater
Activated
Disinfection carbon UV disinfection Uttrafiltration Blending
tank
To distribution
system
Figure 3-7

Schematic of Cloudcroft, NM DPR treatment process flow diagram
(Adapted from Livingston, 2008).

Energy Intensity by Water Source

Potable Water Reuse
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Ground Water Replenishment

Facing the Yuck Factor

FEATURE ARTICLE - September 17. 2007 by Peter Friederici

Facing the yuck factor. PAUL LACHINE

How has the West embraced water recycling? Very (gulp) cautiously
Source: http://www.hcn.orglissues/354/17227

Potential Contaminants
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ORGANIC AND INORGANIC

SUBSTANCES

TO DATE
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Comprehensive Screening

89008294
[ |

CHEMCATS 65,768,974 Commercially available chemicals

10

srmall Molecules (Mi

%5 N

Substances

http://www.cas.org/

m B8 o

196 20 2003

A% 2 A

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

7 ‘argeted quantification :

Analysis of a small set of predefined target compounds
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7 Targeted quantification :

Analysis of a small set of p

Comprehensive Screening

fefined target compound

Standards — isalation —sIdentfication — Caiculationof

L g byRTEMS surogaterecoretes
* st Quantficaion

of analyles Compatisont of specific
o makix omparisonto  gompounds
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moderalely = semi-volatile i g
polar - compounds ;1' I
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ch ization of broaderiunk pound:
, QTOF analysisand __Data alignment __ Validation with MSMS
samplecomparisons  and analysis from standards
Cnmpaindpmﬁle
= [ S ina samgle
LC-MS QTOF GC-MS QTOF
Polar and Volatile and J
moderalely semivolatle L—d
polar = — compounds I
compounds ﬁh . L l =
Cell Bioassay LC/GC-ICP-MS
Quanifable cellular 15 Untargeted
respenses from | organic-
mixtures isolated from halogens/
biological samples metals

Surrogates and Indicators

e

Health-relevant
CECs

Potential health risksat levels
at/near occurrence

/—_

Performance
indicator CECs

Provideinformation on
treatment efficacy and/or
represent broader classes

Bulk parametersthat areindicative
of occurrence and/or attenuation of
substances/or ganisms

Surrogates

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

SURROGATES

Granular Activated Carbo
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Application of fluorescence as
surrogate for water quallty

4996 BV 6245 BV 7493 BV 8742 BV 9992 BV

11240 BV 13738 BV 14988 BV 18266 BV 22481 BV

25291 BV 30287 BV 32551 BV 37470 BV 45744 BV

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

Fluorescence Surrogate

Correlation to LC-MS/MS

Group 2: PFOA
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Anumol T, Sgroi M, Park M, Roccaro P, Snyder SA. Water Res. 2015 (76):76-87.

Ozonation Example

Disinfection

E. Coli - Healthy Post-AOP

Sherchan, S. P.; Snyder, S. A.; Gerba, C. P.; Pepper, |. L. J. Environ. Sci. Health
Part A-Toxic/Hazard. Subst. Environ. Eng. 2014, 49 (4), 397-403.

Membrane Fouling Reduction

MBR-RO control MBR-Ozone-RO (3 mg/L)

Stanford, B. D.; Pisarenko, A. N.; Holbrook, R. D.; Snyder, S. A., Preozonation
Effects on the Reduction of Reverse Osmosis Membrane Fouling in Water Reuse.
Ozone-Sci. Eng. 2011, 33 (5), 379-388.

Fluorescence Surrogate Response
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On-Line/Real-Time Sensor Network

Environmental
Science
Water Research & Technology

PAPER

@ s Modeling approaches to predict removal of trace
organic compounds by ozone oxidation in potable
reuse applicationsi

Minkyu Park* Tarun Anumol*® and Shane A. Snyder™*-

PC-ANN: Generation/Training step PC-ANN: External validation

R*=0.946 R*=0934
RMSE=0.00423 abe RMSE=0.00524

60

Predicted TOrC removal
Predicted TOIC removal

o 20 a0 60 80 100 o 20 a0 60 80 100
Observed TOrC removal Observed TOrC removal

INDICATORS

Targeted Indicator Analysis

Online SPE Method  Direct Injection Method

1L sample

00110
ngiL

Indicator Occurrence

Group | Group Il
Very High Moderate

H i h !

10000 ng/L.
Very High
500 ng/L

Qo

100 ng/L

oncentraton (ngil)

L oderae]

F25 na/t

Compound

L1 nan

Indicator Example — Secondary WWTP

: ||

Faster transformation during
secondary treatment

Biotransformation (K , L/g-d)
Recalcitrant Moderate Slow Rapid
<0.1 0.1-10 >10
— Carbamazepine Acetaminophen
DEET .
o o] Meprobamate Sulfamethoxazole Caffeine
£ & 2l Primidone i Naproxen
5 O av Gemfibrozil
< £ BPs TCEP . Ibuprofen
£ = lopromide
s 3 &2 Sucralose Atenolol
= j=2]
ha (2|2 - Benzophenone
-l 2 D " .
Nl | §|Bw TCPP Tl('i:rlr:ne?rzlg";?m Diphenhydramine
5 R P Bisphenol A
< o BF
o O
T8 g : ’
S o Triclocarban Triclosan
& Fluoxetine
[}

ERF CEC4R08 — Tanja Rauch-Williams et al. 2013
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Indicator Priority List

Decreasing Concentration o

B Indicators of
Toop
Sulfamethoxazole yvastewaler
influence

g ﬁ TRANSFORMATION PRODUCTS:

Atenolol
Primidone

Diphenhydramine

Decreasing Detection Frequency

Indicators CHLORINE
of process e Estrone
failure Atrazine

|

Oxidation/Disinfection Nonylphenol Experiment

1ppm Nonylphenol
6.3uM Bromide, 6.3uM lodide

Free Chlorine THMs, HAAs

Chloramines NDMA
None???2

Bromate, NDMA

Sample Preparation and Analysis Nonylphenol — GC-QTOF

l m,rmmumﬂm
:

NIST library search:

107
Nonylphenol
PV 94% probability
Oxahalides
Halogenated (‘BIOZ(E:\IOJB) a:!?

Volatiles and organics » "

semi-volatiles Polar
wt unknowns Y unknowns

1! =@

Agilent 7200 GC-Q-TOF  Agilent 6540 LC-Q-TOF  Agilent 7900 ICP-MS

Halogenated

volatiles and AL

semi-volatiles Targeted analysis
] of identified DBPS

ra W

S5 6 70 8 0 100 10 120 13 a0 150 160 170 180 160 200 210 220 230

Mutagenicity
Genotoxicity 4
ps3induction
Cytotoxicity 2
Oxidative stress.

* 1070491

2201824

Estrogenc effects N s10227 770386 | 150.1032
— Glucocorticoid effects Wm0 0 8 100 0 w0 16 e 2l g0 Czip 20 20 %0 o 0 0 %0 40

Agilent 7900 ICP-MS Agilent 6490 LC-MS/MS Bioassays
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Oxidation with chlorine Oxidation with chlorine
@ @
DBP formation after oxidation with chlorine: Monohalogenated DBPs:
- 10min 10min 1h 5h
o " Cl-Nonylphenol N
- 1 3
1h >| Nonylphenol Br-Nonylphenol | o s - I-Nonylphenol
PR R Lo 1 Monasotopic mass:
- 5h s ) (' moncidotspio mass: ‘\ g g |
2 25471437
175
Xm: EITIC Scan P2 5 I
65 !
N 07 N .y
0s .
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i | ] o
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Oxidation with chlorine Oxidation with chlorine dioxide
@ @
Dihalogenated DBPs: 12-Nonylphenol DBP formation after oxidation with chlorine dioxide:
10min 1h 5h Br-I-Nonylphenol - 10min
0o =CI2=Nenylphenol o
S CI-Br-Nonylphenol & - 1h
. sk e
| t0 [ FEITIC Scan AN 1D
I . 65
/ N | An \ -
= P Nonylphenol
rcadn bl 22 54 @0 ms B a2 .
35
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Oxidation with chlorine dioxide Oxidation with chlorine dioxide
@ @
Monohalogenated DBPs: Dihalogenated DBPs:
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nog woe ST Gl Nonylphenol 12-Nonylphenol
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35 | on I

o o .
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a 346.0794 ©/ 5 P
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g ; o
* 207.0324 71.9777
! 107.0489 3460782 05 2328475 ar19777
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: . Lz | | oo
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Oxidation with monochloramine

@
DBP formation after oxidation with chlorine dioxide:

10min

1h

5h
o 7[FEITIE Scan 203 D
18
I
14
12
1 Nonylphenol
08
08 Br-Cl-I-benzene
o4 1
02

| e J L
5 B B adleltmedly B 2 B B B B @&

A Oxidation with monochloramine

L
Monohalogenated DBPs:
10min 1h 5h
<0 T Knylphenol Br-Nonylphenol INonyIphenol

Monoistopic mess:

/O o / o

Monoisoopic mass:
298,032

Ws 2 w2z @4 6 28 21 gz afs gie 2le
lits vsAcquisifoiTime {iin)

% 22 234 26 28 25 232

[+El Scan (1t 22.356 min) AO3_1ul.D
105,
x 2329475

3460808

0%5: 107.0501 207.0347

70711 780478 i 147.0801 ! 2810540

" b b 8080 Toaceio E0%0 1D 150 180 1B R adg  260 0 2w intato shia%o skwsE0 980 570

Oxidation with monochloramine

@
Dihalogenated DBPs:
10min 1h 5h

“EITIC Scan AGB_1u1D
xio? Cl-I-Nonylphenol Br-I-Nonylphenol 12-Nonylphenol
e on o |/ on
16 o . - .
Lo | &

14
12
'
08
06
04
02

% B 52 24 86 B8 Q. zip. oais ofe Tais 25 282 54 2 @8 2
10’ [ FE1Sean (125366 min) A0S _TulD Monoisotopic mass:
; ss83443 1876

2070047

04 4719784
2l s7.0712 1219135 e I 1350902

@ % o T v 1 10 20 2o 20, 280, 39, 8%, 320, (43 60 30 400 420 40 450 430 50 520 50

Transformation Pathways

oH & c
.
/ OH
OH CaHio
‘
o E,/ e Br
—_— -
CoHig e,
CiH, CaHis OH
o ' P
' \
B 1 o«' 1
o el "

Identified DBPs after chlorination

Identified DBPs after oxidation with

chlorine dioxide

e

10
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Identified DBPs after
monochloramination

Cehlie

CehHre CoHig Catre

Mechanism of Formation

GC-ICP-MS

Advantages:
+ No water present — little/no oxide interferences

+ No evaporative cooling of plasma  — lower RF forward power
«  Lower RF power — fewer Ar-based ions ( 4°Ar*, 38Ar40Ar+, 38Ar40ArH+, etc.)

1 Interference-free analysis without collision gas

S

Model 7900 ICP-MS

Model 7890B GC GC-ICP-MS

GC-ICP/MS: DBP Formation

al M

<— SIN 200!

15 5
20 10
Time (mip, ) ® w0 15 2 s
. me (m;
After Chloramine "

Before Chloramine

10

30

®

TRANSFORMATION PRODUCTS:
OZONE

Indicator Oxidation

= 0.6 mg/L 03
= 1.5 mg/L 03
3.0me/LO3
m6.0mg/LO3
L I | ® 10 mg/L O3
Ii (Al |
& f P E PP PSP
& & & F S e &
o = & 2 a &
&€ & e T T T
& & K 2%
o

Difficultto N
O Moderate 31

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

11
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NDMA Formation w/ Ozone

>

600 . . . . r r .
I
=
I 400 R
f=2]
£
<< =
=
o
= 200 8
WHO 100 = of Bl B
CA10 oo )
EPA 0.7 N -~ > >

Ozone dose (mg/L)

Benzotriazole Transformation Products

huns 2 I "
r - 8 B
- " N
" \
i /’ W m/z118, 1H-benzotriazole Pl
N N
o \* m/z 124, transformation H
H
a Lo NN VA 1H-benzotriazole
e

- 0,/ OH
\pr\rt()edr‘rjlisdiates and minor ,}W W} W’m o

ry WNW H N':' m/2124.01522 (meas.)
"l i N m/z124.01525 (calc.)
N, it WWW‘M o bl “ ¥ CHN,0,
Jym

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

Saroi M, Roccaro P, Oelker GL, Snyder SA. ES&T 2014 48:10308-10315.

Carbamazepine with/without

ozonation

MS/MS spectra of transformation

¢ CBZ (RT=5.1min) was degraded by ozone

TESITIC ScanFiag-175 0V CRZ 03 14
TIC = CBZ1
. —
Transformation CB2031
product
T a8 9 4 41 42 43 A4 45 48 g7 48 e 2 53 s 55 ss 57 58 58 8 81 62

Chints Vs Acqsiion Tim (rin)

W T o e e g e Ed )

product (BQM)

BQM
1-(2-benzaldhyde)- [
4-hydro-(1H,3H)-

N o
quinazoline-2-one Y
— S N

[Cpd6.4.051 +ESIProduction (4.037,4.058 min| 2 Scans) Frag-175.0 C[D@10.0 §51.0815iz- 1]~ GBZ §3 14

2510813
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2269670

o081 | 1738674 198 07yn 290705

15HIN” ] A

80.08 4001 min] 25cans)Fraq 175.0V Cp@20.0 51,0815z 1] > ) CBZ 5 10
180 9804

I N I}
N -
|Cpd| 4. q 0 (§51.0815[z-1] = **)CBZ

yszagrﬁéPﬁ‘ 1670742 | wsoeh 208073 o1 oosr Fragment 1

HO
5
go° 7
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E

135 130 145 m 5 T 5 5 5 E

Most DBPs Not Identified

OZONE TREATMENT &

QTOF ANALYSIS OF UNKNOWNS

Unknown 69.9%

S HNMs 0.5%
B HACES 0.5%
HKs 0.9%

HAAS 11.8%

= Halofuranones 0.1%
=0 lodoTHMs 0.2%

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

Searching for unknown in water

Chromatograms Very
Similar

i | Raw Water

\] ‘\” Ozone (1.5 ppm) Extraction of
e e ) Molecular Features
Reveals thousands of
compounds in each

chromatogram

Ozone (3 ppm)

Ozone (4.5 ppm)

Further Data
Ozone (5.6 ppm)  Processing Requires
Specific Software
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OZONE TREATMENT &

QTOF ANALYSIS OF UNKNOWNS

PCA Plot for Different Ozone Doses

Component2
® Although
Untreated water chromatograms were
all similar for the
A analyst
Ozonated water
o (4.5 mg/L) 'Y
Ozo(r;atedl\Ln;ate Ozonated water
mi . g
= G-6mgi) Software identifies
/ features able to
- \m,mm discriminate the
different water quality
>
Ozonated water
(1.5 mg/L)

TRANSFORMATION PRODUCTS
FROM UV PHOTOLYSIS &
OXIDATION

UV Transformation Products

Formation of nitrogenous
byproduct by MPUV photolysis

RELATIVE SPECTRUM

WAVELENGTH (NM)

* Formation of nitrogenous byproducts (nitro- or nitroso aromatic compounds)
through nitrate photolysis with organic precursors

A Experimental matrix

for UV AOP genotoxicit

®

UV collimated beam device

* UV lamp type: low pressure (LP) and
medium pressure (MP)

« Test water: Secondary treated wastewater
(Ina Rd. WWTP)

« Oxidant: Hydrogen peroxide

Nitrate Nitrate

(0Omg/L) | (10mg/L)
HZOZ
/L:-gig\; (mg/) | H202(me/b)
=2 0| 7 [} 7
o | x | x X X
UV dose

(mifeme) | 300 | X | X X X
800 | X | X X X

ZAS Ames mutagenicity test

* Mutagenicity strain: Salmonella typhimurium (TA98 w/o S9)
* Type of reversion mutation: Frameshift

16
Raw secondary
14 treated wastewater

+H,0, (7 ppm)

+H,0, (7 ppm) + N0, (10 ppm) oL 20 ol

Induction ratio (IR)

4
2

sl
o M

UVO LPS00 MPE00 UVO LPE00 MPS0D UVO LPBOO MPBOO UVQ LPS00 MPSOD

UV dose (mJ/cm?)

13
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A Identification of Genotoxicant

®

Characterization of a larger set of unknown compounds

Sampl —* LC/MS of sample and __, Data alignment __ Validation with MS/MS
P yed d and analysi from standards
chromatograms £

e

Compound profile
in a sample

LC/MS QTOF

Polar or
moderately

GC/MS QTOF
Volatile and
semi-volatile

compounds

=
polar —{"
compounds g

Discovery of New DBPs

AR

GC-QTOF

Green = After MP UV

A Discovery of Novel UV

Transformation Products

®

Color by normalized abundance
Cotr enge
= = |
S5s 6 158

—— ————————

MPUV+CI2 MPUV  Influent MPUV+BAC MP UV+BAC+CI2

UV Attenuated
!

New By-products —
?

Software: Agilent Mass Profiler Professional (MPP)

A Fragmentation pattern of lopamidol

MS/MS spectra of lopamidol

Collision E: 10V

I T

Collision E: 20V . o
oo —— w
Collision E: 40V e
SR e e e
m/z: 686.76
o
i
- "
]
! ]
N

< Fragmentation pattern 1 >

< Fragmentation pattern 2 >

A Transformation product of
lopamidol

C,7 Hy, | N3 Og (Proposed structure)

W“?}«Q WV e
0

c17 HZZ |3 N3 08 C17 H22 | N3 09
(lopamidol) (Proposed structure)

Collision E: 10V Smnasamar 7smreiaioson=-ai

i"" miz: 430.97

i miz: 313.89

Collision E: 20V ™%t

1860000

Coliision E: 40v ™™™

A Fragmentation pattern of lopromide
MS/MS spectra of lopromide

Coliision E: 10V "

Collision E: 20y 224 sseneras 1o Giogzoo(en E= ¢ o

200212 200110

Collision E- 40y *22smn 25

209150

R

& 0T 700750 770 760 780

miz: 527.87

m/z: 372.98

m/z: 558.88
oM miz: 773.86

miz: GEG.EDOJK HW
X 00.82

< Fragmenlafion ;ﬂJattem >

[
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A Transformation product of
. lopromide

Cs5 Hyy 1, N3 O (Proposed structure)

“"Q\ miz: 41 V\ m/z: 518,89
.

ClE HZA |3 NS OS 015 HZl IZ N3 07
(lopromide) (proposed structure)

X G882 Seame) Frag- 1750V D100 6089532 =) Ao Joporae 1 Vo0 G
Collision E: 10V Fe A F Yo i

Too7mn

175 0V GID@0 060

Collision E: 20V

S TE—T Y]

A

DISCOVERY & TREATMENT OF
GLUCOCORTICOIDS

>17,000
Promater >12,000 Genome

Light signal=
promoter activity UTR activity

Light signal=

Multiple Endpoints Considered

Reporter
constructs

Control
Tox/AhR
Androgen
CREB
Estrogen
Glucocorticoid

Heat shock

4 log2 ratio treated/untreated

ZAS Initial Recycled Water Screening

cr ar e=  Receptors:

Blank
<ontrols

GR = glucocorticoid

| AR = androgen

ER = estrogen

Roger Rd
s

Green Valley
no treatment

+ Ozone

ample/controls

ZAS Glucocorticoids (GC)

¢ Natural & Synthetic

¢ Used for human diseases such as severe allergies, skin
problems, asthma, and arthritis

« Used as veterinary medicine to restore muscle strength
and as growth promoters to increase muscle size

<
iamcinolone Acetonide
Dental Paste: USP, 0.1%

SuperCortist.
Support

Taao

|
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Glucocorticoids Among Most Widely Used Drugs

®

Amount prescribed in UK (2006) Medicare drugs USA (2013)

C|aSS TOP 10 MEDICARE TRADITIONAL THERAPY DRUGS
o T cuiss

Estrogens

Androgens

Progestogens 1705 i !

Glucocorticoids 4368 !

Human and Ecological Risk Assessment:
An International Journal

o L v o g

Pharmaceuticals in the Aquatic
Environment: Steroids and Anti-Steroids
as High Priorities for Research

In most synthetic GCs, halogens are introduced to increase drug
stability and potency/efficacy. Source: The 2013 Drug Trend Report,
Express Scripts Lab.

Recently approved as over-the-counter (OTC) drugs

by the US FDA (2014) Glucocorticoids in environmental waters

® ®

i i = =t Compared to estrogenic compounds, limited studies h ave investigated the
FIL_Jt|ca_sone prop|onat_e (Flonase) =~ hlE =7 . of occurrence and behavior of GCs in environmental wat ers.
Triamcinolone acetonide (Nasacort) = . =

1

o

Country Number of Concentration Invitro GR Mass Ref.

investigated range (ng/L) bioactivity Balance
cpds. (Dex-EQ,
ng/L)
Sl o Australia NA NA Water Res 2014, 49, 300.
@& / OUTPERFORMS |
! ( A USA NA NA 16-90 NA Water Res 2015, 80, 1.
: \ THE #1 ALLERGY PILL Water Res 2015, 83, 303.
China 7 <LOD-3.4 NA NA Environ Sci Technol 2007, 41, 3462.
Environ Sci Technol 2011, 45, 2725.
France 9 3-229 NA NA Talanta 2008, 74, 1463.
Netherlands. 18 ND-14 11-38 Maybe | Environ Sci Technol 2008, 42, 5814.
Environ Sci Technol 2010, 44, 4766.
Japan 10 <LOD-7.6 <3-78 NO Sci Total Environ 2015, 527, 328

Environ Toxicol Chem 2015, doi
10.1002/etc.3136.
Switzerland =23 <LOD-29 30 NO Anal Bioanal Chem 2014, 406, 7653
Environ Sci Technol 2014, 48, 12902.

Expose to GCs at low levels could

potentially affect aquatic organisms In Vivo Evaluation with GCs

@
Glucocorticoid activity detected by in vivo zebrafish assay and in vitro
glucocorticoid receptor bioassay at environmental relevant
concentrations c

« GC at concentration of 0.1-1.0 pg/L can

— Increase plasma glucose concentration as well as Fathead minnow e 144 (2016) 11621169
the related gene expression (PEPCK) Qiyu Chen ?, Ai Jia ”, Shane A. Snyder ”, Zhiyuan Gong ¢, Siew Hong Lam

— Increase the serum concentrations of free amino
acids

— female fathead minnows exhibit male secondary Rainbow trout

sexual characters, which suggest glucocorticoids
may induce fish masculinization

* GCs crosstalk with other pathways and could

enhance/depress xenobiotic metabolism related Carp
toxicity.
- : Environ, Sci, Tech, 2013, 47, 9487- Mean Fold-Change relative ta Control (Log » )
— Glucocorticoids simulated aryl hydrocarbon 9495, s
receptor (AhR)-mediated transcription and the Mar. Pollut. Bull. 2014, 85, 370- >2t03
consequent CYP1A1 gene expression in rodents, 375. . >lte2  ** p<001
however, suppress the AhR expression in human Toxicol. Sci. 2007, 99, 455-469. >0tel 4 peoss
cells. Not significant (P > 0.05)

<0to-1

<-1to2
<2
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In Vivo Evaluation with GCs

0.5-fold m1-fold

=

hn
BEE e T

= =2 o

= = o
»

=

=

=

Mean Fold-Change
relative to Control (Log ;)

pepck enzyme

=
=

balap2 pr pepck
Brain-specific angiogenesis inhibitor 1-associated
Pregnane X receptor (pxr): signals for detoxification

Phosphoenolpyruvate carboxykinase  (pepck ): gluconeogenesis

protein 2): insulin receptor

Chemosphere 144 (2016) 11621169

In Vivo Evaluation with GCs

--- 0:2¢ RR Water
H -- ———

0.5x RR Water

Santa Cruz River Sampling Sites

GR Cellular Activity

70 Flow Direction
—_
=
Site Triplicat
?o 60 ite Iriplicate
£ 50 Hﬁ
g 40
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8 10 |
0
I e R
5|8 ¢ ¢ ol 5|8 ¢ = 8 <
o2 £ £ E[o|]Es = 2 8
z|®° 33 3l =|8E s 8 =
< | 0 @ | £ S v -
g >
quaro/NationaliPark (@] Sample Site <
1000
Corti ds Staridards W—”""
w3 5 e
(o= T s
v ]
i) Principal Component Analysis Compounds identification
High Throughput Bloassay Gulded M
l Screening {HTS) A Fractlonatlon {BGF) ‘ 0
i 1500 Vs B S—
3 Sample 959
Aty =80
K
. ‘ b >
i H ' (]
i | Bioassay Screening 1‘ Bioassay Screening ‘l 0
0 ] b on 5 Ale
: i { 10 : -
H ' P | Biodssay response
D ekl Chemicals ! GhowCenas 0 £ 30 i
1 NS r GGNS Tiple uad H JICNSHGCAB IF | 3 i
H : : PoE M 1
! ! e | e
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Sensitive LC-MS/MS analysis .
. Balancing the GC Budget
for targeted GR agonists 9 9
@
MDLs: 0.02-5 ng/L .
/] Baseline Separation for Epimers: Ameinonide Occurrence ‘ ‘
: Betamethasone vs Dexamethasone
;: Preisolone fumetnasone Reclamation Treatment [li=—"3 | C-MS/MS targeted scre
o Hydrocort Clobetasol K -
erocorisone Conicoserone propionate Attenuation 27 agonists
Prednisone Flugrocortsone “Z Chlorination
Betamethasone acetate
i Fuoromeholone ot /A Ozone
corisone Becpmethasone euocind propionate uv
B Fi ” Membrane
o aceionide | /vefazacon metasofe Chemical Sample
" Methylprednisolone s - furoate Concentrations B\oactithy
" Budesonide \ (Chemi-EQ) (Bioassay-EQ)
o ‘ [Triamcinolpne RESL), ‘
!*Jrriamcinolone ‘ ‘[\‘acetumde spipotaciine| [[|
5 }\Amomne J i /L AL J LA ‘f‘\ Clobptasche Treatment Priority GCs monitoring
R R R RS R R S s T suggestions suggestions

Sample Collection Glucocorticoid Concentrations
Y in WWTP Effluents
@
« 2 effluents from four WWTPs in -
Arizona and California. - = Fluticasone propionate
« Full scale: %',, |[= Clobetasol propionate
) = L A
— Chlorination 2 0 [ = Fluocinonide
« Pre-, Chlor-, De-chlor. % = Budesonide
- WWRF: s 15 ¢ = Fluocinolone acetonide
« Effluent-MF-RO-UV § = Triamcinolone acetonide
« Effluent-ozone WWTP Effluent § 10 m Dexamethasone
« Bench/pilot scale: 2 Betamethasone
— Ozonation: 2 = 60-methylprednisolone
+ 0, TOC0.25,0.5, 1.0 g5 Cortisone
- 8 - m Hydrocor tisone
E]
« 20, 40, 80, 100, 200, 400 mJ/cm? dolE B = = M= = Prednisolone
— Reverse osmosis (RO) 1-1 1-2 21 22 3 4
« RO permeate, RO brine WWT P secondary effluents
— Chlorination AOP Pilot (Wedeco) 9.6-21.2 ng/L, much higher occurrence levels than estrogens at same sites

The occurrence and attenuation of GR
activity in water treatment processes

Relative potency of targeted
GR agonists

@
GR activity in four US WWTP effluents ,
s
—&— Prednisone Prednisone
100 -~ Cortisone Cortisone >500 <0.004
—&— Prednisolone Prednisolone 17.7 0.101
& ~—e— Triamcinolone Triamcinolone 118 0.152
Dex-EQ I acetate 967 0185
Effluent ECyo === Hydrocortisone
—e—wwTPLL (ng % o Methylprednisolone —:Y_“""’“"'s""e 681 0.264
—o-wwrpz |1-1 5.25 17.8 39.0 s —e—Baamethasone methylprednisol  6.79 0.264
L] e wwtrr [12 219 759 936 X T D T T
5 —x ~wwTr22 [ 2.1 2.05 11.8 69.4 ) —a— Triamcinolone acetonide| Fluocinonide 189 0.948
2 w5 316 118 648 & > 179
3 1.32 7.41 155 2 o Budesonide Tramcane 70
4 2.47 17.8 143 o o Clbsol propionate | Flmetisne 0% | 5057
E udesonide
0 ° © e = = - a—o—tmma (6Cs mixed sandard Fuocnoone 024 | 7.398
) . acetonide
Sample Enrichment Fold Comparable with reported levels len 16w 1en 1e0 16 1608 1607 160 Clobetasel Py ppe
(<3-90 ng Dex-EQIL) Concentration (M) Pitcsons ) oot
— oo
. . GC: ed
Most synthetic GCs have much higher Standard_| 0005 329
activity than natural GCs
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Removal of GCs
in Cl, and H,0O, Only

100%

90%

Removal of GCs

in LPUV Only

Group 1: High Removal in UV
S Bldesonide

Deflazacort 100%
—e—Flunisolide
—e—ethylprednisolone

Prednisolone
—e—Prednisone
—e—Triamcinolone

T T B0% 2
8 8 —e—Amcinonide
¢ g - S Doamenasone 3
—e—Betamethasone H
| —e—Clobetasol propionate 2
60% | —e—Triamcinolone acetonide =
3 —e—Clobetasone buyrate c
S o —e—Fluticasone propionate <
& Fluorometholone =3
o —e—Fluocinonide 5
00 25 50 Flumethasone 38
Cl, Dose (mg/L) H,0, Dose (mg/L) . Fluocinolone acetonide 3
30% |—e—Mometasone furcate 1=
—e—Aldosterone Amcinonide —e—Beclomethasone e S e e m S
—e— Beclomethasone dipropionate 200 —e—Hycrocortisone 3
—e—Clobetasol propionate —e—Clobetasone butyrate —e—Coriicosterone —e—Beclomethasone
—e—Cortisone —e—Deflazacort —e— Deoxycorticosterone acetate 0% —e—Fludrocortisone acetate
—e—Dexamethasone —e— Fludrocortisone acetate Flumethasone —e—Beclomethasone dipropionate
—e— Flunisolide Fluocinolone acetonide Fluocinonide - Spironolactone
—e—Fluorometholone —e—Fluticasone propionate —e— Hydrocortisone o 100 200 200 600 800 -Aldosterone 3%
—e—Methylprednisolone —e—Mometasone furoate —e—Prednisolone UV Dose (mifcm?) Deoxycorticosterone acetate
Prednisone Spironolactone Triameinolone Cortisone
Triamcinolone acetonide Group 2: Low Removal in UV
. p
Chemi-EQ=Sum(concentration*relative potency) d effl
. mChemi-EQ DBioassay-EQ WWTP 2n uents
g 300 - -
* £ m| RO Ozone | Cl, {MF-RO-UV AOP
3
riamcinolone acetonide |
Wheameahasne :
h = Betamethasone
H g 2 9 u o 3 @ = Ga-methylprednisolone
8 8 3 2 3 3
g S 9 9 8 Cortisone
g 2 8 2 2
5 5 g @ 2 8 = Hydrocortisone
© g 8 8 3 3 Prednisolone
5 © © 11 12 21 22 3 4
WWTPLL wwTpL2 WwTP21 WWTP22  WwTRs wwTps Chemical concentration (nglL) ~ GR bioactivity (Dex-EQ, ng/L)
. . Fluticasone propionate , clobetasol propionate UV treatment is ven
The detected glucocorticoids can entirely fluocinolone acetonide , and triamcinolone affective n GR 4
explain the observed biological GR activit acetonide , which have high contributions to GR activity attenuation
p 9 Y Chemical Blzzgﬂi’ activity in WWTP effluents, all within Group 1 Y

GR Oxidation Products

Triamcinolone acetonide (TA)

%107 |-ESITIC Scan Frag=110 0V TA_0.0_4d \ I
: .: 1 CpuHyFO,
| 2 CpuHyFO,
08 3 CpuHyFO,
06 4 CyuHyFOg
04 5  CpHyFO,
02 6  CpHisF O,

4 45 5 55 6 65 7
Counts vs_Acquisition Time (min)

Triamcinolone acetonide (TA)

x107

GR Oxidation Products

oHy
oHs

C24 H31 F 06

-ESITIC S

o oA w N e

e

can Frag=110.0VTA_2.0_2d A

N TAwith2mg/L O 5

Cas Has F O
Cas Haa F O
CaHas F Oy
CauhuFO, 1 3 6
Cas Has F O
Cag Has F O

Byproducts

3 35

19



11/25/2015

GR Oxidation Products

GR byproduct (MS/MS)

Structures of major

byproducts
xw07} ; -— A
14 I TAwith 2mg/L O 4
12

08
06
04
02

4 45 5 55 6
Counts vs_Acquisition Time (min)

m/z=445.19
— o, M/Z=369.13

N
o\

Y

n
~-mwsms,u‘ru 02a
axs.1083

~ miz=273.11

23 l

w0.1947
5178 o711
2210853 2851125 3151232 341 1384 1012015 1811007 5271801
" | A -

L Lt S
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s v 39ass ib Chargh (hvz)

4651047

GR byproduct (MS/MS)

m/z=433.19

(G5 481 -F51Productlon (4 231 min) Frag= 110 0V GID@20 0 (453 1926(7-11> ) AutoMSMS _Neg TA 70.2d
w5178

3 4

333 1603 ss110m

0055 210818

570335 | 1510398 177.0960
I L

751262
. LL Do ity o |

b L
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CouniZ38. masa o cRargo ()

3581386

NI N DA Y
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Public Acceptance is Growing

£USA THE NATIONAL ACADEMIES

TODAY Advisers to the Nation on Science, Engineering, and Medicine

Report: Drinking wastewater preferable to wasting it

Council touts
it as potable
after treatment

" T fmisemn e

— .

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

Tiered Testing Strategy

Tier 1 Tier 2 Tier 3
Targeted Chemical i
Bulk Water s % Bioassay
Characteristics Ansivsie: Y(indicators) & Non-targeted
(Surrogates) Analyses

On-line & off-line analysis Targeted chemical analysis In Vitro Screening
« Battery of relevant bioassays

- General parameters (pH, temp,  * TOrCs: Trace organic compounds IS

condustivity, turbidity, TSS) T ST Y

- inorganic compounds.

* Organic parameters (TOC/DOC, . yimiteglistwith “rapia” analyses
UV254, fluorescence)

« Inorganic parameters (NOs, NO,,  LEMS Trigle Quad GCMS Trigle Quad &
anionication, oxidant residuals) aw e i A
ey = senvinie EREEEES SR ¢ S —
+ Near real-time performance o eil»
R | Non-targeted analysis

* Identification of unknowns using LC
(polar ) and GG (volatile ) HRMS

t | -

i | i KPS [

= @) =8
s A

Lo
camgenss -

ftp://ftp.sccwrp.org/pub/download/DOCUMENTS/CECpanel/CECI
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BioDetection Systems
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