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Charges against 3 in Flint water crisis
'only the beginning' Wed April 20, 2016
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To the Members of the California State Senate;

I am signing SB 322 which requires the Department of Public Health in consultation with
the State Water Resources Control Board, to investigate the feasibility of developing
uniform water recycling criteria for direct potable reuse by September 2016,

This information is past due. In an effort to enhance the use of recycled water, I have
proposed the consolidation of the management of the drinking water program and all
other water quality programs, including recycled water, under the State Water Board.

[ am directing the Water Board to ensure that this work is completed expeditiously. The

3-year time frame mandated in this bill is too slow. California needs more high quality
water and recycling is key to getting there.

oLl

mund G. Brown §r.

Sincerely,
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— 2025 Ocean outfalls
banned (except rain)

* Cape Cod

— Moratorium on new
outfalls and expanding
existing

e (California

— Evidence of endocrine
disruption at discharges
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But are we looking for the right things?




- azdailysun.com

Serving Fl.:l"'_.tr:lf'f and northern Arizona

Is Flag's drinking water at risk?

CYHDY COLE Sun Staff Reporter | Posted: Tuesday, October 18, 2011 530 am

“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

ISTT SAFE?



Comprehensive Screening
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Analysis of a small set of predefined target compounds
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Comprehensive Screening
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Analysis of a small set of predefined target compounds
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Characterization of broader/unknown compounds

QTOF analysisand  Data alignment  Validationwith MS/MS
Sample—> — —

sample comparisons and analysis from standards
| : . Compound profile
. I ot (LA ina sample
LC-MS QTOF GC-MS QTOF
Polar and Volatile and
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polar = . compounds
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“‘M Testing Strategy

Tier 1

Bulk Water
Characteristics
(Surrogates)

On-line & off-line analysis

* General parameters (pH, temp,
conductivity, turbidity, TSS)

* Organic parameters (TOC/DOC,
UV254, fluorescence)

* Inorganic parameters (NO5;, NO,,
anion/cation, oxidant residuals)

* Near real-time performance

1 e EE .
if Er I!l '-l

1.5 ppm

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



Ozone Oxidation
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S-4800 10.0kV 9.6mm x18.0k SE(U)

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.




| .
.lllll. ----- lIIl F I R d t
|||||wmmw \M\N\|\\mﬂ\th [ r ~ el

4| m
NIST FEG ESEM

MBR- RO control MBR-Ozone-RO (3 mgIL)

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




dicator: Ozone Oxidation
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Ozone Process Control

®

Environmental

Science
Water Research & Technology

PAPER
@gﬁg@{k Modeling approaches to predict removal of trace
__ organic compounds by ozone oxidation in potable
e e reuse applicationst

Minkyu Park,® Tarun Anumol®™ and Shane A, Snyder*s©
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BUT, WHAT IS FORMED? DOC
BEFORE OZONE AND AFTER
OZONE IS ESSENTIALLY EQUAL.
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Sgroi M, Roccaro P, Oelker GL, Snyder SA. ES&T 2014 48:10308-10315.
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|||||| DBPs Not Identified

Unknown 69.9%

[ HNMs 0.5%
I HACESs 0.5%
N HKs 0.9%

I HALDs 1.8%
I HANs 0.8%

 HAAs 11.8%

THMs 13.5%\

[ Halofuranones 0.1%
[ lodoTHMs 0.2%

Nationwide Occurrence Study, Krasner et al., Environ. Sci. Technol. 2006,
40, 7175-7185.
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|
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| O3 (4_5 mg/L) | chromatogram
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_ 03 (5.6 mg/L) ‘ Further Data-
_ Processing Requires
_ Specific Software
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Merel S, Anumol T, Park M, Snyder SA. 2015 J. Hazard. Mater. 282:75-85
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Although
chromatograms were
all similar for the
analyst, clear
differences appear on
the heatmap

A & C are group of
compounds in the raw
water but at lower
concentration or absent
in ozonated water
(removed by ozone)

B & D are compounds
absent in raw water but
present in treated water

(ozone by-products)

OZONE TREATMENT &
OF ANALYSIS OF UNKNOW

NS

Ozonated Ozonated Ozonated Ozonated
Untreated water water water water
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O+ '
al e —
] ! e

Blank color reflects compounds not found

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



Z otriazole Transformation
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OO

o NH,

 CBZ (RT=5.1min) was oxidized by ozone
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S/MS Identifi CBZ Product
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NON-TARGETED EXAMPLE:
TRANSFORMATION PRODUCTS OF CHLORINE




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 (40Ar*, 38Ar40Ar+, 33Ar40ArH*, etc.)

Interference-free analysis without collision gas

il p—

Model 7900 ICP-MS Model 7890B GC GC-ICP-MS
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« Used in antioxidants, oils, detergents, emulsifiers
Technical mixture of many isomers

* Known to have estrogenic activity

EPA Drinking Water CCL4 Draft List

nylphenol Transformation

OH

1999 Environ. Sci. Tech. 33(16) 2814-2829

Analytical Methods for Detection of
Selected Estrogenic Compounds in
Aqueous Mixtures

SHANE A. SNYDER,*-!

TIMOTHY L. KEITH,!

DAVID A. VERBRUGGE,!

ERIN M. SNYDER,! TIMOTHY S. GROSS,?
KURUNTHACHALAM KANNAN.! AND
JOHN P. GIESY!

f = f o~ P . 1 r B i - = ~ N N '

can operate through a number of both direct and indirect
mechanisms of action, of particular concern are those
compounds that mimic endogenous estrogens. The Safe
Drinking Water Act Amendments of 1995 (Bill No. S.1316)
and the Food Quality Protection Act of 1996 (Bill No. P.L.
104-170), which mandate comprehensive screening for
estrogenic and anti-estrogenic chemicals, are examples of
the increasing public concern regarding endocrine disrup-
tion. While it is known that many natural and synthetic
chemicals are estrogenic, it is unclear whether the concen-
trations of estrogenic agents present in the environment are
sufficient to cause adverse physiological effects. One aspect
of conducting human or wildlife risk assessments is an



A “||| onylphenol Oxidation

4ppm Chlorine
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Monochloramine




Analytical Strategy

'CCE W/ Hexane| Er_ Direct injection
LC-aToF [l TCGGa JLCTCPNSIGC UTOR Biozssay ff TCP 1|

Halogenated
organics

GC-ICP-MS Oxahalides
A (BrO57; 1057) and

lons (CI, Br, I')
Volatiles and FAY -

semi-volatiles Polar
unknowns , unknowns

1 ;-

Agilent 7200 GC-Q-TOF Agilent 6540 LC-Q- TOF Agilent 7900 ICP-MS ~ Metrohm 850 IC+ Agilent 7900 ICP-MS

Halogenated
volatiles and

semi-volatiles Mutagenicity

Genotoxicity

p53 induction
Cytotoxicity

Oxidative stress
Estrogenic effects
Glucocorticoid effects ...

Targeted analysis
of identified DBPs

Agilent 7900 ICP-MS Agilent 6490 LC-MS/MS Bioassays




onylphenol — GC-QTOF

<107 |*EI TIC Scan AD3_1ul.D
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NP Oxidation with Chlorine

DBP formation after oxidation with chlorine:
- 10min s
- 30min 0 @
- 1h VNG
- 2h H Cl
- 5h e
x10 6| +EI TIC Scan AF2_1ul.D
o5
6
5.5
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41

35
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2’21 Br-Cl-I-benzene
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NP Oxidation with Chlorine

Monohalogenated DBPs: (19-22 min retention times)
10min__30min_1h 2h 5h

®

+EI TIC Scan AF2_1ul.D

Cl-Nonylphenol
Nonylphenol Br-Nonylphenol

OH OH

Monoisotopic mass: |_
298.0932 | chHnyIphenol

Monoisotopic mass:
346.0794

|

| )

19.9 20 20.1 202 20.3 20.4 205 20.6 20.7 20.8 20.9. 21 .21.1 .21 214 215 216 217 21.8 219 22 221 222 223
ounts vs. Acquisition |me min
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77.0388 ' 1410105  174.9717  207.0325 281.0515 |
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NP Oxidation with Chlorine

Dihalogenated DBPs (22-26 min retention times)
10min 30m|n 1h 2h 5h

®

%10 6 +EI TIC Scan AE3_1ul.D
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2.5 !
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222 224 226 2238 23 36, 238 _ ? 242 244 246 2438 25 25.2
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x10 58,8414 Monoisotopic mass:

1.8 471.9760

54
0.51 471.9744
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Dxidation w/Chlorine Dioxide

DBP formation after oxidation with chlorine dioxide:
- 10min

- 30min Cl.oeam
_ 1h O/HW"‘*O
- 2h

- 5h

x10 6,
6.5

5.51

4.51

3.51

2.51

1.51

0.51

+E|I TIC Scan AN3_1ul.D

Nonylphenol
Br-Cl-1-benzene
N AL h L . I} l b sssestendonds
8 9 10 11 12 13 14 15 | 7 18 19 20 21 22 23 24 25 26

Pnllntggq Arm]iqiﬁnn Time (min)




P Oxidation w/Chlorine Dioxide

Monohalogenated DBPs:
Nonylphenol 10min 30min 1h 2h 5h

+EI TIC Scan AJ3_1ul.D

Cl-Nonylphenol |- Nonylphenol

el Monoisotopic mass:
Monoisotopic mass: 346.0794
254 1437
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N o 281. 3502 I 4290913




fBKidation wi/Chlorine Dioxide

Dihalogenated DBPs:
10min_30min 1h 2h 5h
+EI TIC Scan AK3_1ul.D

X108, Cl-1-Nonylphenol |2-Nonylphenol
6.5 Bt

61 OH /

55 Cl I I i
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EE R With Monochloramine

DBP formation after oxidation with monochloramine:
- 10min

- 30min N
e 6
5h H

10 7 |¥EI TIC Scan AO3_1ul.D
1.8/
1.6/
1.4/
1.2

1 Nonylphenol

0.81
4 Br-Cl-I-benzene

0.4
0.2 l N
A Ak Anrsh Lw

0 - A A A b i PURTIOR N | | PN TR PN
T T T T T T T T

8 9 10 11 12 13 14 15

Count vs. Aduisitionime (min) 20 2122324 2% 26




P Oxidation w/Chloramine

Monohalogenated DBPs:
10min 30min 1h 2h 5h

®

106 |*EITICS
|

KrAO3_1uI.D
onylphenol Br-Nonylphenol I-Nonylphenol

2.81 5

261 g\‘ e . Monoisotopic mass:
2.4 | 346.0794
2.21 | Monoisotopic mass: |
21 | 298.0932 |

19.8 20 202 204 206 208 21 31'.2 2}'\.4 ..31'.6T. 2(1'.8 22 22 24 26 228 23 232
olints vs. Acquisition Time {min)

<105 +El Scan (rt: 22.356 min) AO3_1ul.D
15 232.9475
0.75
04
0®8 346.0808

57.0711 78.0478 107'3501 1470801 207.0347 L 281.0540

L o , .
80 60 80 800 1000010 1220130 1#D150 160 170& A s‘%% ‘ ‘gs%gg_(g% 62%0%4}8 260 Z8M 28(BO0 3082810 324(B30 RED350 380 370




‘ Oxidation w/Chloramine

Dihalogenated DBPs:
10min  30min 1h 2h 5h

<10 7 | *E! TIC Scan AQ3_1ul.D

a Cl-I-Nonylphenol Br-I-Nonylphenol |2-Nonylphenol
' OH Bid rw / N
1.6 cl I \

Br
1.4

1.24

0.81

0.61

0.4
0.21 v ‘J & el |

0_ N
228 23 232 234 236 238 %4 24'% 244 _ 2{.6. 24.8 25 252 254 256 258 26
ounts vs. Acquisition Time (min)
x10 8 +EI Scan (rt: 25.366 min) AO3_1ul.D Mono|sotop|c mass:
é: 358.8443 471.9760
| 207.0347
0.4 471.9784
21 50712 y 27_?135 o J 281.8539 n 429.0002
0 I Ll m Ll |- . | N _ L

60 80 100 120 140 160 180 200 220 240 260 'gssgggc:hg?goe (%‘}% 360 380 400 420 440 460 480 500 520 540
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NON-TARGETED EXAMPLE:
TRANSFORMATION PRODUCTS OF UV AOP
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‘«m»" l!!l ucts through UV photolysis

| |
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o

280 300 320
WAVELENGTH (NM)

Formation of nitrogenous byproducts (nitro- or nitroso aromatic compounds)
through nitrate photolysis with organic precursors
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UV lamp type: low pressure (LP) and
medium pressure (MP)

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

Oxidant: Hydrogen peroxide

Nitrate Nitrate

(0 mg/L) (10 mg/L)
HZOZ
I/.P-MP uv (mg/L) H,0, (mg/L)
H,O0, AOP
272 0 7 0 7
0 X X X X
UV dose

(m)/cm?) 400 X X X X
800 X X X X




es mutagenicity test

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

16

Raw secondary + H,0, (7 ppm)
+ NO, (10 5
treated wastewater H,0, (7 ppm) ENC ) 0ipgn} + NO, (10 ppm)

14
6
4
2
*Control
o | M

uvo LP800 MP800 UVO LP800 MP800 UVO LP800 MP800 UVO LP800 MP 800

UV dose (mJ/cm?)

[ =
o N

Induction ratio (IR)
s8]




ification of Genotoxicant

A

Characterization of a larger set of unknown compounds

LC/MS of sample and ____ Data alignment __ Validation with MS/MS

Sampl —* .
o overlayed extracted and analysis from standards
chromatograms . =
T = -?-— 5
== . i
A ST “"fhh“"““' Compound profile
Sy in a sample
LC/MS QTOF GC/MS QTOF
Polar or £ Volatile and |
moderately === semi-volatile = ‘e
polar —

COMPOUNdS l

compounds g
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x10 6 [+EI BPC Scan Ai_PWN_929_02.D
o

04 S

.

R B ey Sy At S S OBt By Oy S SN R B
41 42 43 44 45 46 47 48 49 5 51 52 53 54 55 56 57 58 59 6 6.1 62 63 64 65 66 67 68 69 7 71 72
Counts vs isition Time (min)

DR R
73 74 75 76

[
77 78 79 8

DRPUSEPUNES USRS
81 82 83 84 85 86

x10 & [+EI BPC Scan Ai PWN_929 02.D

85

75

6.5

55

45

35

25 -\

kN N i

- ~

S,
\
4

_———

N

_-_——
-

N

i

Counts vs. Acquisition Time (min)

Red = Before MP UV
Green = After MP UV

87 88 89 8§ 91 92 93 94 95 96 97 98 99 10 10.1 102 103 104 105 106 107 108 109 11 111 112 113 114 115 116 117 118 118 12 121 132 123 124 125 126 127 128 129 13 131 132 133

GC-QTOF




Discovery of Novel UV

Transformation Products

®
v
Color by normalized abundance |
Color range
B
-15.8 15.8 ‘ ‘ | e | EErEE— |=I|—_I_|
I I I I I I I N D e it
MP UV+C12 MP UV Influent MP UV+BAC MP UV+BAC+CI2
[ d | H !
E — — 'i_ ]
UV Attenuated i i .
! : e e
1
—— 1K
- - -_:_ emm— —

New By-products
?

|| 11 HES T N § EEEEE mEee

Software: Agilent Mass Profiler Professional (MPP)



~rac antation patte rn of lo pam idol

i
MSIMS spectra of lopamidol

139 min, 2 Scans) Frag=175.0V QID@10.0§777.3604 -> **) AulgMSMS_lopamidol_1_UV0_Cl0.d
CO"ISlon E: 10V 777 601
8.8849
74.0602 2859225 4139661 i
7

141 min,2ScanS)Frag=l?5.0V .ON777.8604 -> )A gMSMS lop midol_1_UV0_Clod

' Collision E: 20V

74.0600 302.1022 386.9829

L

" Collision E: 40V

74.0597 313.9284 686.7939 759 8469

" *
650 7(]!] 750 800 850 000 950 1000 1050 1100

C ' s.Ma ss—lo—Ch arge (m/z)
m/z: 686.76

PR | & z - (R
50 100 150 200 250 300

m/z: 386.98

m/z: 541 .88:2H

m/z: 558.88

< Fragmentation pattern 1 > < Fragmentation pattern 2 >




@ ||N|\ lopamidol
Ci7 Ha2 I N3 Og (Proposed structure)

OH
H OH 0 m/z: 430.97

OH
2 H OH B
N UV m/z: 386.95
(0] (0]
| |

HN 0 l m/z: 448.98
HO\)\/OH HO\)\/OH

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

|_1_UV800_Clo.d

o
nio

ZT

m/z: 313.89

COI I iSion E . 1 ov ' 359 min, 2 Scans) Frag=175.0V CID@10.0 (540.0476 > **) AutoMISMS _lopa

448 9835 540.0478
+*
74.0607 313.8914 386.9474 409725 522.0368
. . . L |
. . 1.362 min, 2 Scans) Frag=175.0V CID@20.0 (5400476 > *=) AlloMISMS_lopamifiol_1_UV800_CI0.d

Collision E: 20V B GA

74.0590 186.9899 313.8932 29300 ‘ ( 522.0394
L | *

1,365 min, 2 Scans) Frag=1730V CID@40® (5400476 > **) AlBOMSMS _lopamidol_1_UV800_CIl0.d

Collision E: 40V 313.8944

74.0601

386.9474

187.9919 245 8987 430.9714

| ‘ L hd

60 80 100 120 140 160 180 200 220 240 260 280 0 36 420 440 460 480 500 520 540 560 580 600 620
Counis vs. Mass-to-Charge (m/z)



agmentation pattern of lopromide
i P promi

MSIMS spectra of lopromide

8,2.223 min, 2 Scans) Frag=175.0V CID@10.0 (791.8766 -> **) AutoMSMS_lopomide_1_UV3800_CI0.

Collision E: 10V

572 9009
88.0740 198.0584 298.9060 4139715 4780410 527.8635 645.9470
. n— " " . " ’ —— L | " . il I
.. 1,2.224 min, 2 Scans) Frag=175.0V CID@20.0 (791.8766 > **) AutoMS pomide_1_UVS00_CIO.
Collision E: 20V 749005
531.899
2440212 2999119 3869784 444.9884 6459532 L
. . Py P PP .. b .
. . 3,2.225min, 2 Scans) Frag=115. cm@m 9(791 8766 - >“)A pornlde 1 UVS00_Cl0d
Collision E: 40V
Se0iieh 37p.od71 4449879
88.0749 200.0592 [ B 645.9511 714 8443
. ! l | il |} ]

80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 500 520 540 560 580 600 620 640 660 680 700 720 740 760 780
Counts vs. Mass-to-Charge (m/z)

OH

m/z: 527.87
m/z: 372.98

m/z: 558.88

miz: 686.80 JL
> ;O

< Fragmentationo pattern >

|
o mlz; 773.86
OH

m/z: 700.82

N
H




““ ansformation product of

@ ||N|\ lopromide
Cys Hyy I, N; O, (Proposed structure)

HO\)\
"o - : m/z: 518.89

C18 H24 |3 N3 08 C15 H21 I2 N3 07
(lopromide) (proposed structure)

603 min, 2 Scans) Frag=175.0vV CID@10.0 (609.9532 > *") ARtoMSNIS_lopomide_1_UV800_CI0.d

Collision E: 10V 8.89 609[533
!

483.0492

3789777 413.8148 5.8762 591.9350

7 >")A‘luMS‘SIupomdelWBOOCIOd
|

. . _607 min, 2 Scans) Frag=175.0V CID@20.0 (609.45
Collision E: 20V 0 879
i | 609.9555

*

313.1142 377.9702 413.8093 452.7443 551.9332

e . . | | |l
2611 min, 2 Sc§ns) Frag=1§5.0V CID@40.0 (609.9532 > **) AutoMSMS_lopomide_1_UV800_CI0d

Collision E: 40V

500.8768
4629752 573.6267

L. *

287.9162  317.9469 357.8189
280 300 320 340 360 380 400 420 440 460 480 500 520 240 260 580 600 620
Counts vs. Mass-to-Charge (m/z)



DISCOVERY & TREATMENT OF
GLUCOCORTICOID STEROIDS

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.
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Effect Directed Analysis

..!q Identification of
. chemicals of

interest
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chﬁNA
N
Chemcal

Concentrations
(Chemi-EQ)

Develop NTA Tools and
Standardizing Protocols

Integrated Approach

Sample
Buoactmity
(Bicassay-EQ)

Selection of Endpoints and
bioassays

Identify Transformation
Products and Other Unknowns

Interpretation Framework for
Cell Bioassay Results

Characterize Source Water
Quality

Standardization of Methods

Update Surrogate Lists for
Targeted Monitoring

Multiplexing Cell Bioassay
Technologies




ansient Transfection Assay

. \H\N 1
>17

HT1080 HCT Product Gene HT O2 HTDFO HCO2 HCDFO ]

Promoter

>12,000

22 Transferrin
SI20613  LOHA
Si21768 ENOZ
5121895 HIG2
S121822 DOAHY
s121832 POKY
5122000 TLOCT
5122021 MT3
5121819 HFE
5121739 CAZ
S120682 ILIRN
5121856 NUF
S104939  MDMZ
S121984 FLIZ2252
S121981 GLSZ
5121918 NOME
S12H605  LAMCLE
5121983 NFIX
5121904 BEXZ
5121751 POK3
S121731 MOS3
5121914 Cl3or2

Receptor Gene

SHINIVIOIE

Clone into Clone into
reporter reporter
vector vector

Promega SwitchGear
Lcp ST

3'UTR
Reporter Vector

Promoter
Reporter Vector

S122053  ILIAN
5121688 NFEZLZ

51321689 NFETLZ

NONE
S121677 EPASI
5121934 Cloell
5121900 CHIC2
5128899 SAMD1T
PO

S128911  UBE2Z

Vector Delivery to
Living Cells

MNOSE
5121905 COT1
S121891 DS
S127019  HSFBOAR]
S12V956 FLI10099
S121929 NONE
S121958 WEATS2
S121930 WDRS4
5121893 SFAS4
5121902 ZETBIS
ALDOC

&

o

SIZIF9S  CHABLO
5121896 UBESC
O

S121743 PGKY
5121910 ZMF141
5121624 GAFDH

S104INOD

e Light signal= Light signal=
Dt promoter activity UTR activity

activity ratio (log2)




®

promoter luciferase

compound
or

r
condition

e

Promoter
Reporter Vector

N

Pathway Profiling Panel

48 promoters and controls

|

Pathway activity readout for:

HIF1a
NFkB
CREB
HSF1
p53
STAT
SREBP Cholesterol biosynthesis
ER Estrogen

AR Androgen

GR Glucocorticoid

AhR Toxicity

Hypoxia

Inflammation
cyclic-AMP

Heat shock

DMA damage, apoptosis
Interferon

T(DD

R1881

estradiol
dexamethasone
prednisone
heat shock
1%0,

TNFa

-4 [ 4 092 ratio treated/untreated

[~}
=
[

=
=
o

nutlin

|ovastatin

synthecol

il | I
o

Reporter
constructs

Control
TofohH
Androgen
CREB
Estrogen
Glucocorticoid
Heat shock
Hypoxia

NFkB

STAT

p53
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ER Receptors:

comwris ... GR = glucocorticoid

=ee=:z2 I B /R = androgen

ER = estrogen

mo treatment

—+ Ozone, UV

—+— H202/UWw

—+ Chlorinmne




||1 lucocorticoids (GRs)

® I

* 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

[ el e el i T e W e S i

Dental Pastie USP, 0.1%

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

re Widely Used Drugs

®

TOP 10 MEDICARE TRADITIONAL THERAPY DRUGS
RANKED BY 2013 PMPY SPEND

Prescribed
(kg)
Estrogens 480 ‘ S
Androgens 307

RANK DRUG NAME THERAPY CLASS

n (insulin glargin ctes
3 Crestor® (rosuvastatin High Blood Cholesterol
ProgeStogens 1 705 : 4 Advair Diskus® (fluticasone Asthma :
1 propionate / salmeterol) :

Glucocorticoids 4368 % e o T TR

ropiu
Human and Eco[ogical Risk Assessment: 6 Abilify® (aripiprazole) E’!er'tc‘,l / Neurological
. Disorders
An International Journal :
Publication details, including instructions for authors and ] Cymbalta® (duloxetine Depressior
subscription information: ) ) )
http://viww.tandfonline.com/ loi/bher20 8 Namenda® (memantine) Mental / Neurological
: ) . Disorders
Pharmaceuticals in the Aquatic
nuvia® (sitagliptin) Jiabet

Environment: Steroids and Anti-Steroids
as High Priorities for Research 10 | atorvastatin High Blood Cholestero
Tamsin J. Runnalls * , Luigi Margiotta-Casaluci * , Subramaniam

Kugathas * & John P. Sumpter *
* Institute for the Environment , Brunel University , Uxbridge,

Middlesex, UK Source: The 2013 Drug Trend Report,
Published online: 15 Dec 2010. EXpreSS Scripts Lab




Approved as OTC in 2014
A o

Fluticasone propionate (Flonase)
Triamcinolone acetonide (Nasacort)




®

5 ‘|||||| Chemical Structures

Corticosterone C21H3004 Cortisone C21H2805 Hydrocortisone C21H2805 6a-Methylprednisolone C22H3005
o oM 8 B o OH
HO 0. HO “ -OH i 'OH
Betamethasone C22H29FO5 |Dexamethasone C22H29FO5 |Budesonide C25H3406 Mometasone furoate C27H30CI1206
o OH HO 0 :
¢} o)
HO\ T YO\I"?H HO .‘\OH HO, o ~
- 0 o TuTl New o]
000' ea. [ OsS
4 o

SOL
(o]

Clobetasol propionate Fluocinolone acetonide Fluticasone propionate
C25H32CIFOS C24H30F206 C25H31F305S
[
Cl (
o]
HO “ “0\(\
(o]

e
i
POGL

In most synthetic GRs, halogens are incorporated to
increase drug stability, potency, and efficacy.




ivo Evaluation with GRs

Glucocorticoid activity detected by in vivo zebrafish assay and in vitro
glucocorticoid receptor bioassay at environmental relevant
concentrations Chemosphere 144 (2016) 1162—1169

Qiyu Chen ?, Ai Jia ", Shane A. Snyder ”, Zhiyuan Gong ©, Siew Hong Lam * "

Treatment in

Pl Dexamethasone (DEX) Prednisolone (PRE) Triamcinolone (TRI)

Gene 50 PM Eﬂ'ﬂ ﬂ M

pepck
baiap2
pxr
mmp-13
cdknic
mmp-2
flbps Mean Fold-Change relative to Control (Log 5 )
cyp3abs =3
sox9b e >2to3
gilz . =1to2 = p<001
mmp-9 >0to1l * P <0.05
Not significant (P > 0.05)
<0to-1
<-1to-2
| =-2




* Vivo Evaluation with GRs

0.5-fold m1-fold

—
i
i

e L

l
?
L o
baiap2 pxr

Brain-specific angiogenesis inhibitor 1-associated protein 2): insulin receptor

L2 1

1L =
I pepck enzyme

pepck

=
o

=
3

=
=

Mean Fold-Change
relative to Control [Log , )

=

| - |

=
=

Pregnane X receptor (pxr): signals for detoxification

Phosphoenolpyruvate carboxykinase (pepck): gluconeogenesis

Chemosphere 144 (2016) 11621169



Evaluation with GR
n Vivo Evaluation with GRs

®

0.1% DMSO

0.2x RR Water

Ix RR Water

2.5x RR Water

5x RR Water
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I
actionaton and Bioassay

1000 . — T
i Corticosteroids Staridards
. 22 | o
amples 4 5 500 ! : i |
P | T
v o | .
High Throughput | Bioassay Guided : : I :
Screening (HTS) A Fractionation (BGF) g ! ! ]
5 e 1
' |
Y V J v e i i i i Sample
Activity = £1000 i i i ! i
Detected? Latisduiis il ... \gly 4 = ! ! ! : |
b, W
= 1 1 1 | 1
v ¥ SUH R O A
""""""""""""""" (] I i e L I I I I |
g ' ‘ ' ' : | '
Bioassay Screening § E Bioassay Screening E 0 E : : i :
P E » F 5 § F w @
: ' ‘ 40 i i T i
: ' § 0 | | | Biodssay response
‘ ' ‘ g JU T '
Identified Chemicals: ¢ . Unknown Chemicals: s & i i i | i
- LC-MS or GC-MS Triple Quad i DLC-MSorGCMSQIOF 3 & 20 | i i i i i
3 - : !
"""""""""""""" tula B BB o
: ; | | | | :
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Principal Component Analysis

Y-Axis
Q0 @

m QC
W Sample w/ activity

W Sample w/o activity

QTOF Analysis

Sa Sample
Q w/ agtivity Ww/o pctivity

Color by normalized abundance

-11.9 - 1.9

Datadase Search &

Compounds Identification

x10 4 |Cpd 1035: Fluocinonide: + FBF Spectrum (rt: 9.121 min)

495 2201
([C26 H32|F2 O7]+H)+

[ "

495 4955 496 4965 497 4975
Counts vs. Mass-to-Charge (m/z)

Cpd 5478: Clobetasol propionate: - FBF Spectrum (rt: 12.039...

5252081
([C25 H32 CI F|(}5]+CH3C00)-

L

5245 525 5255 526 5265 527 5275
Counts vs. Mass-to-Charge (m/z)

x10 4 |Cpd 1634: Hydrocortisone: - FBF Spectrum (rt: 8.313 min)

3612020
(IG21 H3f) O5]-H)-

363.2131
(IC21 H30 O5]-H)-

l ]

3605 361 3615 362 3625 363 3635 364
Counts vs. Mass-to-Charge (m/z)




x10 3

2.9+
2.8+

U]

MDLs: 0.02-5 ng/L

I- ted Quantitative Analysis

Cpd 32: Fluocinonide: -ESI MRM Frag=380.0V CF=0.000 DF=0.000 CID@20.0 (553.2000 -> 375.2000) 20140927_010_Cal_50ppb+IS.d

1

Dexamethasone

2.7+
2.6+
2.5+
2.4+

Baseline Separation for Epimers:i

Betamethasone vs Dexamethasone

2.3
2.2
2.1+

1.9
1.8
1.74
1.6
1.5
1.4
1.3
1.2
1.1

0.9+
0.8
0.7
0.6
0.5+
0.4
0.3
0.2
0.1

Prednisolone

Hydrocortisone

Prednisone

Cortisone

Triamcinolone

&Aldosterone

Betamethzisone

Methylprednisolo

Flumethasone

Corticosterone

Beclbmethasone

e

Fluorometholone

Fluocinolon
acetonide
Flunisolide
Triamcinolgne

Fludrocortisone
acetate

Deflazacort

Budesonide

R(£).8.2),
1
| Spirpnolacto

Amcinonide

Clobetasol
propionate

Deoxycorticosh? ron
acetate

propionate
Fluocingpi

metasor

uroate

a

Fluticasone

pthas

ionate

btaso
ate

T T T T T T

1 15 2 25 3 3.5 4

T X T T T
7. 8 85
iAo

T T
9 .

/Ycetonide
95 10 105
ition-Time-(min)

T

4 145

N

T
15

bne




Balancing the GR Budget

WWTP Effluents < In vitro GR bioassay
Occurrence l ‘ 1

Reclamation Treatment = 3 LC-MS/MS Analysis

Attenuation 27 agonists

Chlorination
{ Ozone

uv
Membrane

Chemical Sample
Concentrations Bioactivity
(Chemi-EQ) (Bioassay-EQ)

< <

Treatment Fate Toxicity Reduction




GR Occurrence

[\
N

® Fluticasone propionate

® Clobetasol mpionate

® Fluocinonide
® Budesonide
® Fluocinolone acetonide
® Triamcinolone acetonide
B Dexamethasone
» Betamethasone
¥ 6a-methylprednisolone
Cortisone
. ®m Hydrocortisone
1-1 - - -

o
)
T

[E—
N
T

[E—
-
T

()]
T

Glucocorticoid Concentrations (ng/L)

S

® Prednisolone

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




" (]

115

100

85

% DEX Max
> S b 3

—_
S

-5

1.E-13  1.E-12 1.E-11 1.E-10 1.E-09 1.E-08

Concentration (M!
Synthetic GRs have much
higher bioactivity.

1.E-07

1.E

GRs

Prednisone

EC5o
(nM)
>500

‘....‘ Potency (In Vitro)

REP
<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
6a-
methylprednisol 6.79 0.264
one
Betamethasone 2.83 0.634
Fluocinonide 1.89 0.948
Dexamethasone 1.79 1.000
Tnamc!nolone 0.79 :' - _235_5_ ':
acetonide 3 ’
Flumethasone 0.36 5.032
Budesonide 0.26 : 6.895 :
Fluocn'!olone 0.24 1 7398 |
acetonide 1 |
]
Clobetasol 0.048 § 37.04
propionate - 3
Flutlt_:asone 0.025 1 7088 |
GRs mixed
standard 0.005 329




5 ““|||||||||“l Concentration and Activity

WWTP 2nd effluents

Highest Occurrence

0 =
100% Highest Potency
° i ---.-----.--‘
90% | i ® Fluticasone propionate I
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0
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40% E Dexamethasone
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0
! Cortisone
10% .
I ® Hydrocortisone
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" Prednisolone

Chemical concentration (ng/L) GR bioactivity (Dex-EQ, ng/L)




ass-Activity Balance Achieved

Chemi-EQ= Sum concentration*relative potency)
B Chemi-EQ B Bioassay-EQ
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250 1 RO Ozone Cl, uv MF-RO-UV AOP

Dexamethason Equivalent Concentration

Effluent TErErEzEE s

(Dex-EQ, ng/L)
o — [
= 3 g & 8
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Pre-Chlorination Eﬂ
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- ]
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The quantitated GRs can explain the
observed biological GR activity. Chemical

Concentrations

Sample
Bioactivity
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