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Basic Information about Biosolids: Biosolid Uses. 
https://www.epa.gov/biosolids/basic-information-about-biosolids#uses. 
Accessed 2023 Feb 16

Biosolid land application can be 
beneficial:
 Improves soil qualities
 Supplies nutrients
 Diverts from landfilling & 

incineration

Current federal regulation (40 CFR Part 
503) of biosolid quality includes:
 Limits on 10 heavy metals
 Requirements for pathogen & 

vector attraction reduction

Currently, no regulations pertaining to 
organic contaminants exist

Characterizing biosolid-associated 
organic contaminants (BOCs) 
necessary for risk assessments
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 Characterize the occurrence, fate, and transport of biosolids-associated 
organic compounds (BOCs) after agricultural land application?

 Develop and apply a health risk-driven prioritization framework for BOCs
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 Characterize the occurrence, fate, and transport of biosolids-associated 
organic compounds (BOCs) after agricultural land application?

 Develop and apply a health risk-driven prioritization framework for BOCs
 Quantify BOC exposures for both agricultural workers and public that 

consume foods grown on biosolid-amended soils

Wastewater Treatment
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 Characterize the occurrence, fate, and transport of biosolids-associated 
organic compounds (BOCs) after agricultural land application?

 Develop and apply a health risk-driven prioritization framework for BOCs

An understanding of the detectable chemical space 
can improve interpretation of our analyses

Wastewater Treatment
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QuEChERS (remain constant)

Adapted from Black et al., Anal. Bioanal. Chem. 2022
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LC-HRMS:
• Full Scan/dd-MS2

• Polarity switching

QuEChERS extraction 
with dSPE on 5 biosolid 
samples from across 
the United States

Analyze extracts with 8 
different conditions:
• MeOH or MeCN, w/ or w/o FA
• ESI or APCI
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Export results & repeat for each condition
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LC-HRMS:
• Full Scan/dd-MS2

• Polarity switching

QuEChERS extraction 
with dSPE on 5 biosolid 
samples from across 
the United States

Analyze extracts with 8 
different conditions:
• MeOH or MeCN, w/ or w/o FA
• ESI or APCI

Filter results based on:
• Extraction blank comparison
• Duplicate injection reproducibility
• MS2 spectrum collected

Manually review 
results

Submit to workflow:
• Align RTs
• Detect & group 

compounds
• Predict formulas

Adjust database parameters:
• Match m/z scan range
• Water Solubility & log Kow
• Ionization amenability

Search Molecular 
Formula & generate 
suspect list 

Submit MS2 spectra to in-
silico fragmentation 
searches, narrow hits based 
on suspect list
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Percent of unique molecular formulas detected in each instrumental condition

Positive MeOH MeOH + 0.1% FA MeCN MeCN + 0.1% FA

ESI

APCI



31

MeOH.ESI.pos

MeOH.APCI.pos MeOHwFA.APCI.pos

MeOHwFA.ESI.pos

10.5%

3.5% 5.2%

15.4%
1.1% 4.7% 1.8%

0.8% 1.5%

17.8%

1.3% 2.7%

3.1% 3.7%

26.9%

Percent of unique molecular formulas detected in each instrumental condition

Positive MeOH MeOH + 0.1% FA MeCN MeCN + 0.1% FA

ESI 65.2%

APCI



32

MeOH.ESI.pos

MeOH.APCI.pos MeOHwFA.APCI.pos

MeOHwFA.ESI.pos

10.5%

3.5% 5.2%

15.4%
1.1% 4.7% 1.8%

0.8% 1.5%

17.8%

1.3% 2.7%

3.1% 3.7%

26.9%

Percent of unique molecular formulas detected in each instrumental condition

Positive MeOH MeOH + 0.1% FA MeCN MeCN + 0.1% FA

ESI 65.2% 72.9%

APCI



33

MeOH.ESI.pos

MeOH.APCI.pos MeOHwFA.APCI.pos

MeOHwFA.ESI.pos

10.5%

3.5% 5.2%

15.4%
1.1% 4.7% 1.8%

0.8% 1.5%

17.8%

1.3% 2.7%

3.1% 3.7%

26.9%
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APCI 45.4%
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Percent of unique molecular formulas detected in each instrumental condition

Positive MeOH MeOH + 0.1% FA MeCN MeCN + 0.1% FA

ESI 65.2% 72.9% 56.7% 42.3%

APCI 45.4% 46.5% 51.8% 57.7%

Percent of unique molecular formulas detected in each instrumental condition

Negative MeOH MeOH + 0.1% FA MeCN MeCN + 0.1% FA

ESI 70.6% 23.9% 67.0% 28.6%

APCI 40.9% 29.7% 50.2% 26.5%
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MeCN.ESI.neg MeOH.ESI.neg

35.8% 15.4%48.8%

MeCNwFA.APCI.pos MeOHwFA.ESI.pos

14.6% 45.0%40.3%

~85% of unique molecular formulas 
detected in positive mode with MeOH + 
0.1% formic acid & ESI when compared to 
MeCN + 0.1% FA & ESI

~85% of unique molecular formulas 
detected in negative mode with MeCN & ESI 
when compared to MeOH & ESI 



ChemSpace Mapping Tool: “functional prototype”
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ChemSpace Mapping Tool: “functional prototype”
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Various filters available for narrowing 
down the dataset based on:
• Physical/chemical properties
• Compound categories
• Ionization amenability
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Generate various built-
in visualizations to 
compare the dataset to 
input chemicals
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N = 93,835
• Complete dataset, no filtering

• Average Mass: 100-1000
• Water Solubility(log(mol/L): -10–0
• Octanol/Water Partition (logKow): 0–8
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N = 93,835
• Complete dataset, no filtering

N = 79,342

• Average Mass: 100-1000
• Water Solubility(log(mol/L): -10–0
• Octanol/Water Partition (logKow): 0–8

N = 29,647
• LCMS ESI+ Amenable only

Based on 
Biosolids List
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A compound was 
detected in 3 biosolid 
samples in ESI+ mode 
using MeOH + 0.1% FA

Based on the MS1 
spectrum a single 
formula was predicted 
by Compound Discover 
with a mass accuracy of 
0.70 ppm: C9H10N2O
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We have an MS2 

spectrum but no 
database matches

There are 4 formula 
matches in our 
filtered dataset

106.0656193.05793 120.06852 147.05548
108.08131 135.09195

148.06334

163.08691

60 80 100 120 140 160 180
m/z

0

5

10

15

20

In
te

ns
ity

[c
ou

nt
s]

(1
0^

6)



48

Submitting the spectrum to SIRIUS CSI:FingerID and searching the NORMAN database 
returned 7 hits…
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Submitting the spectrum to SIRIUS CSI:FingerID and searching the NORMAN database 
returned 7 hits…

…and 3 compounds are in common with our suspect list generated from the ChemSpace
Mapping Tool



Future of the Chemical Space Mapping Tool
• Updated ionization amenability predictions

• Model refinement with new, additional amenability data

• Improved visualizations

• Take advantage of MS-READY structures

• Additional scrutiny and improved categorization of chemicals
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Next steps for biosolids analysis
• Have received ~20 biosolid samples from across the U.S. & Canada

• Will analyze via QuEChERS extraction and two chromatographic & 
ionization conditions:
• ESI+ with MeOH + 0.1% formic acid
• ESI- with MeCN
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