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TOrCs In wastewater

®

Ubiquity of TOrCs in wastewater

« Trace organic contaminants (TOrCs)
occur in wastewater ubiquitously.

« Conventional WWTP is not t
efficacious for the attenuation of |
TOrCs.

Pharmaceuticals
Personal care products
Steroid hormones
Industrial chemicals




®

Glucocorticoids
(GCs) affect energy
metabolism,
Immune system
response, and
stress adaption in
vertebrates.

GCs show effects
mainly by binding to
the nuclear
glucocorticoid
receptor (GR) and
subsequent
regulation of related
gene expression.

Glucocorticoids (GCs) are one class of

steroid hormones in vertebrates

Steroidogenesis
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S are top prescribed medicines

®

Amount prescribed in UK (2006) Five medicines with GCs were listed in

Prescribed top 100 most prescribed drugs in USA
(kg) (2013)
Estrogens 488.79 9 times :
g Name Brand bysales by units
Androgens 306.62 14 times Advair
: . 6
Progestogens  1704.65 3 times Fluticasone  Diskus
Propionate  Flovent 59 39
Glucocorticoids 4367.72 HEA
e Human and Ecological Risk Assessment: - Uceris 57 1
ety An International Journal Budesonide :
?l}l:;mﬂd = Public‘fltign d_etails, iqcludinginstructl‘ons for authors and Symblcort 30 26
- Pitp: fan.tandfonine.com/loi/bher20 Mometasone Nasonex 46 24
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Glucocorticoids in WWTP effluents
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WWTP secondary effluents

5.75-14.0 ng/L
Higher occurrence level than estrogens (<1 ng/L)
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Relative potency of glucocorticoids

EC
DOSG-YGSDOI’]SG curve GCs (nl\z()) REP
—=— Prednisone Prednisone >500 <0.004
--a--Cortisone Cortisone >500 <0.004
—2— Prednisolone Prednisolone 17.7 0.101
—e— Triamcinolone Triamcinolone 11.8 0.152
—— Fludrocort_lsone acetate | Fludrocortisone 9.67 0.185
--&-- Hydrocortisone acetate
Methylprednisolone I(;Iydrocortlsone 6.81 0.264
q_
—e— Betamethasone methylprednisol  6.79 0.264
—&=— Fluocinonide one
- ¢— Dexamethasone Betamethasone  2.83 0.634
| —— Triamcinolone acetonide| Fluocinonide 1.89 0.948
Flumethasone Dexamethasone 1.79 1.000
e Budes_onlde _ Trlamc.molone 0.79 2 265
—a— Fluocinolone acetonide |.acetonide
+— Clobetasol propionate Flumetha.sone 0.36 5.032
—ao— Fluticasone propionate EIUdeS,O”I'de 0.26 6.895
GCs mixed standard uocinolone 0.24 7.398
acetonide
1E-12 1E11 1E10 1E-09 1E-08 LEO07 LE06 Clobetasol 0.048 37.04
Concentration (M) Elro"."onate
— utlc_;asone 0.025 70.88
propionate
. . GCs mixed 0.005 329
Most synthetic GCs have much higher standard -

activity than natural GCs

Environ. Sci. Technol., 2016, 50 (6), 2870-2880.




An Increasing release of certain GCs is

expected

Multi-Symptom
Nasal Allergy Spray

Nasacort
Allergy24HR

« Triamcinolone acetonide (TA)
and fluticasone propionate
(FP) are approved as over-
the-counter (OTC) drugs by
US FDA since 2014.




Attenuation of several GCs via

advanced water treatment processes

| 99% * RO and UV were
100.0 efficacious for
GC attenuation
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Transformation products




Objectives

« To identify transformation products of GCs by ozone
oxidation quantitatively and qualitatively.

« To provide comprehensive data analysis procedure for
identification of unknown transformation compounds




Triamcinolone acetonide (TA)

Formula: C,,H3;,FOq
Monoisotopic weight: 434.2104
Log K, 2.93




Ozonation experiment

®

Generation of ozone stock solution

Ozone concentrations:
0,0.8, 2, 4 & 8 mg/L

4 mM t-BuOH

< Xylem Wedeco 8HC modular >
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Acquisition

Data analysis

Identification

Estimation

Confirmation

Work flow

Accurate mass
analysis
(Auto MS/MS)

Profinder

Mass Profiler
Professional (MPP)

Qualitative Analysis

|
Structure

Estimation

Molecular Structure
Correlator (MSC)

- Agilent UHPLC QTOF-MS

- Alignment
- Molecular Feature Extraction (MFE)

- Profiling
(Statistical analysis to reduce possibility of false positive
identification)

- Molecular Formula Generation (MFG)

- Based on knowledge of chemistry, guess structures of
transformation products

Fragmentation pattern analysis




Instrumentation

LC run parameters

Column Agilent Eclipse C18, 2.1 x Agilent UHPLC-QTOF-MS
50 mm, 1.8 um (6540)

Column Temp. 30 °C
Injection Volume 40 uL
Mobile Phase H,0-0.1% acetic acid (A)
Acetonitrile (B)
LC Gradient
100
80
m 60
S 40
20
0
0 5 10 15

Time (min)




A strumentation

®

MS run parameters

Source Dual AJS ESI-negative
Reference masses 112.9896, 1033.9881
MS/MS scan mode Auto MS/MS
Collision energy (V) 10, 20, 40
Fragmentor (V) 110

Gas temperature (°C) 250

Sheath Gas Temperature (°C) 300

Sheath Gas Flow (L/min) 11

MS Min Range (m/z) 50

MS Max Range (m/z) 1100

MS Scan Rate (spectra/sec) 2

MS/MS Scan Rate (spectra/sec) 5




Auto MS/MS

Automatic MS/MS triggers MS/MS mode from MS scan
mode if ions are detected above a threshold abundance
(20000 counts/spectrum used in this study)

Advantage
— Efficient because MS scan and MS/MS can be done in one run.

[ v el B4 | [B |[TOF_POS_autoMSMS_29Apr2014UV .m
Properties DA HiP Sampler  HiP Sampler Pretreatment  Binary Pump Colurgn Comp.

~lon Source -lon Polaity-| - Data Storage| -LCStieam | General | Source ~Acaisiion | Refass | Chromatogram|
Dual#JSESI ~| | | | Positive ([ Both [TMS = - .
Spectral Paramelersl Collision Enerﬂ Wecursor Selecllonl' Precursh»@nn Il Preferred/Exclude I
~Stop Time—————————— [ Time Segment and Experiment #— 5 P N
& TR Bt 7 Mode: £ AutoMS/MS Preferred/E xclude Table 1 __1‘ [~ Default Values
: ; ; =
S q ; on | Precmz | ot 2 [ b 1ype | Pt (D.e"aﬂ?t- jsffwiath | Colison | T Deta /2
¢ . na > ~ MS | (ppm) Time | Time [min) | _g Energy | =
¢ Stop Time |17 min (Seq) ~ A O
» M| 2971202 100] “eelggeg, | 88501 o we Thhedim ("4 mi2) ﬂ 100 ppm
o fd‘g‘?Ms v 2951408 100{ 1 |Preferred 8171 Medfum (™4 miz) Delta Ret. Time:
(Seg) V| 3040359 100 1[Prefened 4771 Medium (~4 m/z) ;
min
Targeted V| 3910328 100 1[Prefened 4.65(1 Medium (~4 m/z)
(o rgsms I EAEEE] 100 1|Prefened 20061 Medium (~4 m/z)
(Sed) | 3910924 100 1|Prefened 30831 Medium (4 m/2)
Cycle Time [i s | | e0sr| 100 1|Prefened 2811 Medium (4 m/2) i
V|  407.0868 100 1|Prefened 2391 Medium (~4 m/z)

< Preferred/Exclude Table >




Profiling

Mass Profiler Professional

- Number of features identified after allgnMent of data.

« Number of features after freq uency filteri NQg with 2/3 of each group of samples

ANOVA at 95% confidence level, Bonferroni test and Tukey test

* Number of features that are statistically significant

* Fold change (4 fold) )
* Number of features that have ion counts that changed by at least a factor of 4 between PreO, and
PostO, y

- Number of features that have MFG score > 80




Profiling results

« ~75% of transformation products by abundance can be
explained by the statistical profiling method.
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Profiling results

®
List of TPs

-_

C,; Hyy F O 95.7 4542002  0.23 5.176
TP2 C,;H,, FO, 92.54 452.1856  -2.1 4.709
TP3  C,yHy Op 91.69 454.205 0.05 5.176
TP4 C,,H, O, 97.16 466.1984  1.58 3.98
TP5 C,,Hy, FO,, 87.54 517.1957  -4.74 4.374
TP6 C,, H,, O, 93.34 606.2506  2.99 3.98
TP7 C, H,,FO, 83.93 547.2063  -4.56 3.975
TP8 C, H,,FO 81.9 4242194  1.96 4.696
TP9  C,,H,, Oy 85.19 544.2296  2.27 4.782




Proposed transformation pathway

C23H31F08

HOMO




Fragmentation pattern of TP1

C23H31F08

104 |Cpd 84:4.349: -ESI Product lon (rt: 4.347 min) Frag=110.0V CID@10.0 (453.1911[z=1] -> **) TA_AutoM
1- 4534934
051  101.0244 175.0757 297.1341 415.1764 590.0013
0_ | L | |.
103 |CPd 84: 4.349: -ESI Product lon (it: 4.349 min) Frag=110.0V CID@20.0 (453.1911[z=1] -> **) TA_AutoM
4534923
4_
297.1348
2 123.0439  209.0823 l
0- | T T W T ..L. o | L,
103 |Cpd 84:4.349: -ESI Product lon (rt: 4.351 min) Frag=110.0V CID@40.0 (453.1911[z=1] -> ™) TA_AutoM
il 123.0455
1 217.1219 333.1716 415.1752
0_ | 1} |” I, "|||| al M ul||| W | L. i. | *+ |
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Counts vs. Mass-to-Charge (m/z)




Elucidated: 86.7% ions, 95.3% weights

File  Settings Help
=

X

C,‘wl Compound formula: C23H31FO8 \
M = 454 2003: 5 formula candidates from MFG ’St:mmﬂ?r ibles./ Total: Fragments of structure #1 lelucidatedt $6.7% ions , 95.3 | Display Fitters |
’ Taut : - v Intensiy Weight (%) . o 3 &
fomers 2 dMpem) _ iaMppm)|| [Cremspizer (Web) | =] o
3 1 01 - 1 4151769 201421
p; PA Ry o] ) T 3 2 287.1347| 1475868
5 < lc2sr3007 e = T 1 3 4331330 743.03 19.4 1
4 4|c17H33F3010 0 [} 50 T P 1 He GHEPWCMAWPEOKG 4 338715 72785 39 2
5 5 [c2enzar s 5 P 20 -FYAYRADVSAN 5 4161810 51688 105 7
= = 5 123.0443 203,97 00 g
7 1250618 38867 00 3
Fragment formulas for C23H31F08 a 181 1938 0892 17 3
miz intensity formula dMippm) 3 2431033 23893 02 3
P 201421 C20H28F08 o ——— 2579 2 7
2 415.1753 201421 C23H2707
3 297.1347 147568 C15HZ106 Penaly=4 0 dM=-16ppm Score=33.3 Penalty=4 0 dM=-16ppm Score=93.3 [l
4 297.1347 147568 C12H22FO7 GO TR
5 4331880 743,03 C23H2508 . .
i —— Tentative fragmentation pattern
7 3331715 72786 C18H2505
3 4161810 516.88 C23H2807 .
5 4161810 516.88 C20H29F08 - -
10 1230443 403,97 CHT02 - -
11 123,043 403,97 CAHBFO3
12 125.0618 33267 C7HI02
13 3311938 308.92 C17H30F08 e
[ wiss|  ase| comor Compatibility Score:
15 2431033 292.33 C12H15F04
16 2431039 298.22 C15H1503 83 1 7
17 331.1553 23679 C19H2305 .
e 3211853 2579 CIEH24F06 Penalty=4.0 dM=-1.6ppm Score=33.3 Of 1 Penalty=7.5 dM=1.1ppm Score=80.8
13 258.1371 2743 C19H15F02 CaaHaa0 7 5H S
20 135.0438 225.43 CceHTO2
21 135.0438 225.43 C5HEFO3
2 39,1920 219.45 C19HI0FOT v v
< > w < >




Conclusion

« Transformation products (TPs) of triamcinolone acetonide (TA)
by ozone oxidation was identified quantitatively and qualitatively
using Auto MS/MS.

« With a single run, both quantitative (abundance) and qualitative
(formula and fragmentation pattern) information could be
obtained via Auto MS/MS.

« A statistical profiling tool efficiently screened insignificant TPs.

« Molecular structure correlator (MSC) can be a useful tool to
identify fragmentation pattern.
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