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Thematic Endpoint of Non-targeted Screening of Treated Wastewater

• A viable solution
• Drinking water IS treated water

• Filtered
• Disinfected (usually chlorinated)

• Technology exists and is continually being 
developed

• However, if you are going to convince me 
to drink treated wastewater, you need to 
show me it has little or no contaminants!

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



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

875,000 “MS-Ready Structures”

Screening Accurate Mass Precursors Only

Complex Data 
Set 

Too Many False 
Positives

Add fragment information and Scoring

False Positives Reduced Tox Data Provides Real 
Suspects
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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
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CFM-ID

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

August 26, 2019

Allen, et al  2014, 2015, 2016 
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Prediction output
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Predicted spectra graphics and annotated structures

Predicted spectra ASCII files



Data available on Figshare
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https://epa.figshare.com/articles/CFM-ID_Paper_Data/7776212/1

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 μ nylon filter before analysis
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Experimental Conditions-LC: On-line SPE with loading of 4 mL sample
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Experimental Conditions-LC

• Standard Autosampler 6 mL vials
• 1290 Infinity II Binary Pump
• Infinity II Column Compartment
• Analytical column superficially porous Poroshell EC18 Column

• 2.7 μ particles
• 2.1 x 100 
• 2.1 x 5 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 spectra/s
• MS/MS range m/z 50-800 at 5 spectra/s
• Q isolation1.3 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 μL 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
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EIC of d5 Atrazine @ 10 ppt (extraction window 10 ppm of theoretic m/z)
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Waste Water Influent

Field Blank



Predicted for Atrazine vs actual d5-Atrazine
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TIC of 2 Influent Wastewater Samples- MS and MS/MS
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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
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MASS_in_MGF RT_in_MGF cfmid_file Ionization_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
195.08797 HI1.csv_CFMID_OneScoEsi+ 1.5431863 1 100 110 1 77 1 Y Y DTXSID0020232 Caffeine
152.14346 13.04087 HI1.csv_CFMID_OneScoEsi+ 1.9302667 1 99.39759036 83 1.5 83 1.5 Y Y DTXSID8022117 Amantadine
160.07553 HI1.csv_CFMID_OneScoEsi+ 2.2910691 0.96978511 99.55947137 227 2 227 2 Y Y DTXSID00193562 7-Methyl-2-quinolone
256.01547 13.7241 HI1.csv_CFMID_OneScoEsi+ 1.7922016 0.99216831 95 20 2 12 2 Y Y DTXSID2023195 Lamotrigine
150.12772 HI1.csv_CFMID_OneScoEsi+ 1.9421545 0.88250425 99.49748744 199 2 198 2 Y Y DTXSID7062110 Benzenemethanamine, N-propyl-
158.19084 HI1.csv_CFMID_OneScoEsi+ 2.0283391 0.94708139 95.65217391 46 3 46 3 Y Y DTXSID4024931 Dipentylamine
207.17413 24.07945 HI1.csv_CFMID_OneScoEsi+ 1.9591674 0.97211385 99.11111111 225 3 220 3 Y Y DTXSID0051576 Isomethylpseudoionone
166.12257 12.11095 HI1.csv_CFMID_OneScoEsi+ 1.8021168 0.85214531 99.4269341 349 3 349 3 Y Y DTXSID6020565 Ephedrine sulfate

166.0974 10.91418 HI1.csv_CFMID_OneScoEsi+ 2.3416982 0.81726654 97.2972973 111 4 111 4 Y Y DTXSID10518080 4-(Pyrazin-2-yl)morpholine
256.01547 13.7241 HI1.csv_CFMID_OneScoEsi+ 1.7922016 0.96020987 75 20 6 12 6 N Y DTXSID80511482 6-(2,4-Dichlorophenyl)-1,3,5-triazine
256.01547 13.7241 HI1.csv_CFMID_OneScoEsi+ 1.7922016 0.95088281 70 20 7 12 7 N Y DTXSID2040234 Irsogladine maleate
207.17413 24.07945 HI1.csv_CFMID_OneScoEsi+ 1.9591674 0.78296817 84.44444444 225 36 220 36 Y Y DTXSID4047042 alpha-Irone
160.07553 HI1.csv_CFMID_OneScoEsi+ 2.2910691 0.76242099 77.53303965 227 52 227 52 N Y DTXSID3046401 Tiliquinol
196.14395 11.76693 WI1.csv_CFMID_OneScEsi+ 2.0764608 1 100 46 1 46 1 Y Y DTXSID50177670 Dolichotheline
152.14331 13.05108 WI1.csv_CFMID_OneScEsi+ 2.7454603 1 99.39759036 83 1.5 83 1.5 Y Y DTXSID8022117 Amantadine
235.18083 13.25945 WI1.csv_CFMID_OneScEsi+ 2.1891663 0.99009 98.42519685 127 3 121 3 Y Y DTXSID1045166 Lidocaine
302.13803 WI1.csv_CFMID_OneScEsi+ 1.6321677 0.9586947 98.72611465 157 3 96 3 Y Y DTXSID5023409 Oxymorphone

Small Excerpt of Influent Results

255.00785 C9H7Cl2N5 1.7782 256.01547 13.7241 Lamotrigine

165.11536 C10H15NO 1.5357 166.12257 12.11095 Ephedrine sulfate

C10H17N 2.7455 152.14331 13.05108 Amantadine



EIC of Precursor and MS/MS (one point)
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Amantadine
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Lamotrigine
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Ephedrine
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Benzoylecgonine (not listed in search results)
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MS/MS of benzoylecgonine
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Finding transformation products in the effluent using All Ions and 
familial fragment EIC
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Nothing found for Amantadine in effluent sample

Trace peaks for benzoylecgonine
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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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