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Thematic Endpoint of Non-targeted Screening of Treated \Wastewater

© This article is more than 4 years old

Why fresh water shortages will cause
the next great global crisis

https://www.theguardian.com/environment/2015/mar/08/how-water-shortages-lead-food-crises-conflicts

A viable solution
 Drinking water IS treated water

Potable « Filtered

 Disinfected (usually chlorinated)

Water frOm » Technology exists and is continually being
developed

WaStewater * However, if you are going to convince me

to drink treated wastewater, you need to
show me it has little or no contaminants!
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Non-Target Screening Using LC/Q-TOF MS and the EPA CompTox
Chemical Dashboard

875,000 "MS-Ready Structures”

“MS-Ready” structures for non-targeted @
high-resolution mass spectrometry screening
studies

/Screening Accurate Mass Precursors Only .

~

_
el | Add fragment information and Scoring

Too Many False False Positives Reduced Tox Data Provides Real
oy Suspects
Positives
\

- 4 /
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Non-Target Screening Using LC/Q-TOF MS and the EPA CompTox
Chemical Dashboard

Looking to detect compounds in water

Only detects LC/MS amenable compounds

Other techniques needed (GC/MS)

Demonstrating Feasibility of Concept




CFM-ID CFM=ID

Competitive Fragmentation Modeling for Metabolite |dentification__

Fragmentation prediction for identification in HRMS
Open source code allows for MS/MS spectra prediction for ESI+, ESI-, and El

Predictions generated and stored for >700,000 structures, to be accessible via
CompTox Dashboard

Python code to pull matches and score experimental vs predicted spectra

Cosine dot product match score calculation

Data Descriptor | OPEM | Published: 02 August 2019
. . . aq. . METABOLOMICS Metabolomics

Llnklﬂg mn SlllCO MS/MS Spectra Wlth et February 2015, Volume 11, Issue 1, pp 98-110 | Cite as

h otrv data to i dentificati A Competitive fragmentation modeling of ESI-MS/MS
Chemisiry data to 1mprove identilication spectra for putative metabolite identification
Of unknowns Authors Authors and affiliations
Andrew D. McEachran B8, Ilya Balabin, Tommy Cathey, Thomas R. Transue, Hussein Al-Ghoul, Chris Felicity Allen =], Russ Greiner, David Wishart

rulke, Jon R. Sobus & Antony J. Williams B
Crulke o sebus s Antony il Allen, et al 2014, 2015, 2016

Scientific Data &, Article number: 141 (2019) Download Citation &
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Prediction output

DTXCIDO00916157

100
mz275.0684878
a0 Intensity:100.0
80+
o OH

2 704 7 Foo
~O- *
E§ [s]
2
= 401 o
=

301 0 other fragments

20 ; ;

Predicted spectra ASCII files
10-
!
L || || , ! , | . , || || | | 97 44.084947561 CC=[NH2+] -~
0 T T T T T =T t T T T T T T T T T 1 1 1 T T 98 112.8393049 C=C(C([CH2+])=N)C(=0)0
20 30 40 50 60 70 8 9 100 110 120 130 140 150 160 170 180 190 200 210 220
m'z # Date/time: ©2/13/18 22:23:52

# CFM-ID version: 2.8 snapshot 18/23/2017
# DTXCID: DTXCIDA@539667

. . # SMILES: CCOC(=0)C1=C(C)N=C2C=C(C)C(C)=CC2=C1
Predicted spectra graphics and annotated structures # Hs: 203.125926751

# FORMULA: C15H17MO2

# INCHI_KEY: PKWIEOYUFQXCBY-UHFFFAQYSA-N
energyd
15.02292652 ©.2213297725 4 (0.22133)
27.82292652 0.1671394176 13 (8.16714)
29.00219167 @.003415204535 26 (0.8834152)
29.03857658 ©.7931575846 14 (8.79316)
41.00219107 ©.05449899314 52 (0.854499)
42.63382555 ©.002436421336 184 (0.8024364)
43.81784114 ©.03028513753 53 (9.038285)
44,99718569 ©.802435326653 84 (0.8824353)
45.6334912 8.045173947 54 (8.045174)
46.86512568 @.00275766249 185 (0.8827577)
47.81275576 ©.001588587881 83 (0.8815886)
47.84914126 ©.7597376869 55 (0.75974)
51.02292652 0.8008416543192 41 (0.800884165)
57.8334912 ©.802233145503 57 (0.0822331)
65.00219187 ©.0088022807615 30 (©.000808228)
65.03857658 ©.005921490873 43 (0.8859215)
67.85422664 ©.81637516889 112 (8.816375)
68.99718569 ©.8383626766 8@ (0.838363)
69.06987671 ©.87637646561 127 (B8.876376)
71.81275576 ©.81381877006 81 (0.813019)
73.028408582 ©.09231984238 82 (9.092311)
75.044085588 ©.83569749353 85 (©.835697)
183.0542266 ©.85442462493 70 (0.854425)
185.0698767 ©.87415736715 96 (0.874157)
117.8698767 ©.04642433142 94 (0.046424) v
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Data available on Figshare

Data Descriptor | OPEN | Published: 02 August 2019

Linking in silico MS /MS spectra with
chemistry data to improve identification
of unknowns

Andrew D. McEachrann. Ilya Balabin, Tommy Cathey, Thomas R. Transue, Hussein Al-Ghoul, Chris
Grulke, Jon R. Sobus & Antony J. Williams B

Scientific Data 6, Article number: 141 (2019) Download Citation &

st 26, 2019

CFM-ID Paper Data

This upload is a zip containing the following files:

Predicted EI-MS Spectra of CompTox Chemicals Dashboard Structures:

Predicted EI-MS spectra of ~700,000 chemical structures from the CompTox Chemicals
Dashboard were generated using the CFM-ID model developed by Allen, et al.
(https://doi.org/10.1021/acs.analchem 6b01622). These data are provided in .dat ASCII
format.

Predicted MS/MS Spectra in ESl-positive mode of CompTox Chemicals Dashboard
Structures:

Predicted MS/MS spectra of ~700,000 chemical structures from the CompTox Chemicals
Dashboard were generated using the CFM-ID model developed by Allen, et al.
(hitps://doi.org/10.1007/s11306-014-0676-4) in ESl-positive mode. These data are
provided in .dat ASCII format.

Predicted MS/MS Spectra in ESl-negative mode of CompTox Chemicals
Dashboard Structures:

Predicted MS/MS spectra of ~700,000 chemical structures from the CompTox Chemicals
Dashboard were generated using the CFM-ID model developed by Allen, et al.
(https://doi.org/10.1007/s11306-014-0676-4) in ESl-negative mode. These data are
provided in .dat ASCII format.

88 17 0
views downloads citations

EPA

United States .
Environmental Protection
Agency

CATEGORIES

* Toxicology

KEYWORD(S)

Computational Toxicology

DSSTox Chemical Database

Chemicals Dashboard
Non-targeted analysis CFM-ID

EXPORT

RefWWorks
BibTeX
Ref. manager

Endnote

https://epa.figshare.com/articles/ CFM-ID Paper Data/7776212/1

Nontargeted screening of wastewater for water reuse using mass spectrometry  Current Advances in Water Analysis



https://epa.figshare.com/articles/CFM-ID_Paper_Data/7776212/1

Experimental Conditions- Samples

« Samples from two ANONYMOUS Waste Treatment Facilities (all grab not composite)
* Influent sample
« Effluent sample before chlorination
« Effluent sample after chlorination (one plant using sulfate dichlorination before discharge)

« Sample treatment
« Kept at 4 °C from time of sampling to analysis
« All samples spiked with 10 parts per trillion d5-atrazine before analysis
* Influent samples filtered with 0.2 u nylon filter before analysis
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Experimental Conditions-LC: On-line SPE with loading of 4 mL sample

Waste Standard Autosampler
Valve Drive A (900 pL Head)
Needle Sample Loop
< Seat
2 1 > L:
3 6 Metering
Device
4 5
5-mL Loop
Flexible Cube Y 1
Flexible Cube —p Solvent SPE 2 (Load)
selection
valve
Binary Pump =—p [
Flush
pump SPE 1 (Elute)
P
v
Analytical column Waste
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Experimental Conditions-LC

« Standard Autosampler 6 mL vials
* 1290 Infinity Il Binary Pump
 Infinity Il Column Compartment

« Analytical column superficially porous Poroshell EC18 Column
e 2.7 pu particles
« 2.1x100
« 2.1 x5 guard
 Flow 0.5 mL/min

Flush loop and load SPE with UHP water, 1 ml/min for 10 min
Gradient from 5% acetonitrile to 95% in 20 min, flush column with 95% acetonitrile for 5 min
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Experimental Conditions — Q-TOF

« Agilent 6546 Q-TOF
* Resolving power 40000 at m/z 200
« Mass accuracy typically 1 ppm for MS and > 5 ppm for MS/MS
* Internal reference mass purine and HP-921

« Samples analyzed in Auto MS/MS mode
 MS range m/z 100 — 1000 at 5 spectrals
« MS/MS range m/z 50-800 at 5 spectra/s
« Q solation1.3 amu, one CE at 20 eV
« 1 precursors per cycle exclude after 1 and 0.08 min
« Charge state = 1, model common organic molecules
« Exclude all major ions in lab blank
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Surrogate Std- d5 Atrazine

Added to all lab blanks, field blanks and samples

Added at 10 parts per trillion (20 uL of 30 ng/mL to 6 mL)

Simple demonstration that on-line SPE is working

Rt check, mass accuracy check

Could be more complex but demonstrates feasibilty

Agilent



EIC of d5 Atrazine @ 10 ppt (extraction window 10 ppm of theoretic m/z)

x108 |+ESI EIC(221.1324) Scan Frag=125.0V HEA1.d
2 2

175

15 17.589 Waste Water Influent

1.25 -

0.75
0.5
0.25 -

x108 +ESI EIC(221.1324) Scan Frag=125.0V HI_FLD_BLK1.d

2 2
2 17.694

1.75
154 Field Blank
1.25

1_
0.75-
05
0.25

1 12 13 14 15 16 17 1|8 1‘9 20 21 22 23 24 25 26 27 28 29
Counts vs. Acquisition Time {min)
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Predicted for Atrazine vs actual d5-Atrazine

x10 2 |+ESI Product lon (rt: 17.627 min) Frag=125.0V CID@20.0 (221.1323[z=1] -> **) HI_FLD_BLK2.d

1.4
1.3
1.2
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14
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0.8+
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0.1
0 \‘ | )
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TIC of 2 Influent Wastewater Samples- MS and MS/MS

x10 8 |+ESI TIC MS(all) Frag=125.0V WI1.d
2 2

x10 8 |+ESI TIC MS(all) Frag=125.0V HI1.d
2 2

11 12 13 14 15 16 17 18 1‘9 20 21 22 23 24 25 26 27 28 29
Counts vs. Acquisition Time (min)
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Summary of results and processing

Data from all samples combined:
« >9,000 total MS/MS spectra
« >60,000 candidate structures returned from precursor search using CompTox Dashboard

 Taking the highest score candidate structure from each precursor:
— 311 unique chemical structures with at least a moderate spectral match score
— 80 unique chemical structures with a high spectral match score
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Summary of results and processing

MASS in MGF RT in_MGF cfmid file

195.08797
152.14346
160.07553
256.01547
150.12772
158.19084
207.17413

166.09/4
256.01547
256.01547

07 17112

HI1.csv_CFMID_OneSc Esi+

15431863
19302667

Small Excerpt of Influent Results

13.04087 HiL.csv_CFIMND_OneScks
HI1.csv_CFI/IIdjSé|H 17 N 2.2910691 0.969785:1 2 93?41%5

13.7241 HiL.csv_CFMID OneSc Esi+
HiZ.csv_CFMID OneSc Esi+
HIZ.csv_CFMID_OneSc Esi+

10.91418 HIL.csv_CFMID_Unede Esi+
13.7241 Hi1.csv_CFMID OneSc Esi+

13.7241 Hil.csv_CFMID OneSc Esi+
'M (\70/1’-'. |-||1 reu (‘I:I\llln ﬂnn(r‘ Fci.l.

1.7922016 0.99216831
19421545 0.88250425
20283391 0.94708139
19591674 0.9721138¢

13416982 0.81/26b54
1.7922016 0.96020987
1.7922016 0.95088281

10c01A74 0 7206217

99.49748744
95.65217391

255.00/85,GOH7CI2NDs osues 154482

91.09129/3
5

10
&1 AN

189. 11290 S IO ING, ™ 1.5337

152.14331
235.18083
302.13803

13.05108 WiL.csv_CFMID_OneScEsi+
13.25945 WiL.csv_CFMID_OneSEsi+
WiLcsv CFMID OneScEsi+

2.7454603 1
21891663 0.99009
16321677 0.9586947

99.39759036
98.42519685
98.72611465

27
pil
199
4
205
349
111
pil

157

lonization_ Mode score_max score_quot score percentile total matches total rank formula_matches formula rank above percentile 0.7 TPR above_quotient 0.7 TPR DTXSID

PREFERRED_NAME

71 1Y DTXSID0020232 Caffeine
15Y DTXSID802211 Amantadine
isz 15331 13.05108 Amantadinees o
2Y Y DTXSID2023195 Lamotrigine
198 2y Y DTXSID7062110 Benzenemethanamine, N-propyl-
46 3Y Y DTXSID4024931 Dipentylamine
20 DTXSID0051576 Isomethylpseudoionone

Ncﬂ_hmwwl\)l\)

166 12257

56. 0@.547 v

6N
TN

36X

» 12,11

15Y
3
3y

Y
Y

q95 Eph

DIXSIDIUS18U8U
DTXSID80511482
DTXS1D2040234

NTYSINANATAA)

13 7241 La m[@tfﬁlg|nephedrmesulfate

&(Pyrazin-2-yljmorpholing
6-(2,4-Dichlorophenyl)-1,3,5-triazin
Irsogladine maleate

:|nh:-|rnnn

exdiine sylfate

DTXSID8022117
DTXSID1045166
DTXSID5023409

Amantadine
Lidocaine
Oxymorphone
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EIC of Precursor and MS/MS (one point)

x102 |Cpd 162: Amantadine; C10 H17 N; 13.051: +ESI EIC(152.1433) Scan Frag=125.0V WI1.d
13.034

13.157

Cpd 162: Amantadine; C10 H17 N; 13.051: +ESI ECC Product lon Frag=125.0V CID@20.0 (152.1433[z=1] -> **) WI1.d

12.5 12.6 12.7 12.8 129 1I3 13|.1 13.2 133 134 135 13
Counts (%) vs. Acquisition Time (min)
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Amantadine

x10 2 |+ESI Product lon (rt: 13.051 min) Frag=125.0V CID@20.0 (152.1433[z=1] -> **) WI1.d

1.3
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Relative Intensity

Lamotrigine

x10 3 |+ESI Product lon (rt: 13.724 min) Frag=125.0V CID@20.0 (256.0155[z=1] -> **) HI1.d
-
8,
7.5
7
6.5 b
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54 o~
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3.5 > N =
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2.5 © e 3 P
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x104

Relative Intensity

Ephedrine

1.7
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
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Benzoylecgonine (not listed in search results

x102 |Cpd 176: Benzoylecgonine; C16 H19 N Q4; 13.411: +ES| EIC(290.1393) Scan Frag=125.0v HI1.d
1.1+

13.418

13.694

Cpd 176. Benzoylecgonine; C16 H19 N 04; 13.411: +ESI ECC Product lon Frag=125.0V CID@20.0 (290.1393[z=1] -> **) HI1.d
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MS/MS of benzoylecgonine

x10® |Cpd 176: Benzoylecgonine; C16 H19 N O4; 13.411: (M+H)+: +ESI Product lon (rt: 13.411 min) Frag=125.0V CID@20.0 (290.1393[z=1] -> **) HI1.d
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Finding transformation products in the effluent using All lons and
familial fragment EIC

x102

11

14
09-
0.8
0.7
06-
05
04-
03-
02-
0.1

0.

x102

1.1

09 |
08|
07
06|
05|
04
03|
02
0.1

+ESI EIC(135.1089) Scan Frag=125.0V CID@20.0 HEA1.d

2
Nothing found for Amantadine in effluent sample
25.027
+ESI EIC(168.1022) Scan Frag=125.0V CID@20.0 HEA1.d
2 24.470
Trace peaks for benzoylecgonine
16.795
I Al‘l hnAMuaﬂl uill Mﬂ_hlﬂﬁ.“ Jh
11 12 13 14 15 16 17 18 19 20 21 z 24 %5 2% 27 28 29

Counts (%) vs. Acquisition Time (min)
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Conclusions

* Non-targeted Screening with HRAM MS can detect a mammoth number of organic
compounds without having standards

« False positives in complex samples can make the results untenable
* Fragment ions can reduce false positives significantly

« PROTOTYPE application integrating dashboard chemical content with CFM-ID fragment
prediction results enables screening 875,000 plus “MS Ready” compounds in complex
samples — available only inside EPA at present and will be released in future (no deadline)

« As software tools develop this will provide tremendous capability to detect contaminants
and assure quality

* Prototype will be integrated to the CompTox Chemicals Dashboard for public access in the
future
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