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In-house mixture 

An additional in-house mixture containing 521 compounds including pesticides, 

pharmaceuticals, and polyaromatic hydrocarbons was also analyzed, though in a more qualitative 

manner for anecdotal discussion rather than in-depth analysis. A list of the components in this 

mixture is provided in Table S4. Neutral lipids like methyl decanoate (DTXSID4026842) and 

methyl dodecanoate (DTXSID5026889) were only detected in APCI+. This is in agreement with 

previous work showing the utility of APCI in the analysis of neutral lipids and sterol-like 

compounds.[1-3] Volatile chlorinated and brominated substances, historically analyzed using gas 

chromatography mass spectrometry (GC-MS), were also detected using APCI-. There are studies 

reporting their detection using APCI but mostly as employed in a targeted approach.[4,5] Some of 

the halogenated compounds we were able to detect in APCI- include (but are not limited to): 1,2,4-

trichlorobenzene (DTXSID0021965), 2,6-dinitrotoluene (DTXSID5020528), 2,4,5-

trichlorophenol (DTXSID4024359), 2,3,4,6-tetrachlorophenol (DTXSID9021716), 

pentachlorobenzene (DTXSID7024247), dichlorodiphenyldichloroethane (DTXSID4020373), 

chlorthal-dimethyl (DTXSID0024000), endosulfan I (DTXSID9037539), endosulfan II 

(DTXSID8037540), and endosulfan sulfate (DTXSID3037541). As expected, most of the above-

mentioned compounds ionized by virtue of a proton loss, a result of the electron-withdrawing 

effect of phenyl-ring halogens. More interestingly, endosulfan I and endosulfan II ionized 

differently in APCI-, one by gaining a hydride ion while the other by radical anion formation (Fig. 

S2). The uncommon reaction of hydride gain may be explained by nucleophilic addition that has 

been reported to occur in negative ion chemical ionization.[6] When a strong nucleophile is 

present, gas phase molecules are susceptible to nucleophilic attack thus forming the negatively 

charged species. In the context of the compounds where this mechanism was observed, the 

https://comptox.epa.gov/dashboard/dsstoxdb/results?search=DTXSID4026842
https://comptox.epa.gov/dashboard/dsstoxdb/results?search=DTXSID5026889
https://comptox.epa.gov/dashboard/dsstoxdb/results?search=DTXSID0021965
https://comptox.epa.gov/dashboard/dsstoxdb/results?search=DTXSID5020528
https://comptox.epa.gov/dashboard/dsstoxdb/results?search=DTXSID4024359
https://comptox.epa.gov/dashboard/dsstoxdb/results?search=DTXSID9021716
https://comptox.epa.gov/dashboard/dsstoxdb/results?search=DTXSID7024247
https://comptox.epa.gov/dashboard/dsstoxdb/results?search=DTXSID4020373
https://comptox.epa.gov/dashboard/dsstoxdb/results?search=DTXSID0024000
https://comptox.epa.gov/dashboard/dsstoxdb/results?search=DTXSID9037539
https://comptox.epa.gov/dashboard/dsstoxdb/results?search=DTXSID8037540
https://comptox.epa.gov/dashboard/dsstoxdb/results?search=DTXSID3037541
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presence of multiple halogens, which are electronegative, leave portions of the electron cloud with 

a slight positive charge which is then susceptible to nucleophilic attack.  

Forty-two polybrominated diphenyl ethers (PBDE) and all 209 polychlorinated biphenyl 

congeners were also included in the in-house mixtures. Despite positive detections, no 

chromatographic separation was achieved within these groups due to the very similar 

physicochemical properties of the different congeners. This challenge was addressed by Zheng et 

al. in work that demonstrated how APCI can be paired with ion mobility spectrometry and mass 

spectrometry to discriminate between isobaric flame retardant congeners.[7] PBDE data analysis 

is not straightforward, as these molecules may lose a bromine and acquire an oxygen atom during 

the ionization process, as was the case here, demonstrating an additional reaction beyond those 

included earlier.[8] APCI also allowed for detection of endrin (DTXSID6020561), dieldrin 

(DTXSID9020453), and heptachlor (DTXSID3020679). These molecules fragment in source, 

however, losing two to three chlorine atoms, thus making the base peak different from the 

molecular ion.[9] Taken together, the APCI results for halogenated and neutral lipid compounds 

underscore its utility for detecting contaminants of emerging concern and legacy pollutants that 

would typically be measured using gas chromatography, as long as special ionization cases are 

considered.[10-13] 

 

Odds Ratio calculation 

Structural features, or chemical fingerprints provide ways to encode the absence or 

presence of specific bond, ring, or atom types within a compound in such a way as to be usable by 

data analytics methodologies such as structure-activity relationship and structure similarity 

https://comptox.epa.gov/dashboard/dsstoxdb/results?search=DTXSID6020561
https://comptox.epa.gov/dashboard/dsstoxdb/results?search=DTXSID9020453
https://comptox.epa.gov/dashboard/dsstoxdb/results?search=DTXSID3020679
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searching. Each chemical fingerprint is essentially a binary array of an of length n, where n is the 

number of bonds, rings, atoms, etc whose presence or absence are enumerated in the fingerprint. 

If an element in the array is 0, that means the chemical does not have that specific bond, ring or 

atom type. If an element in the array is 1, that means the chemical does have that specific feature. 

Specific sets of atoms, bond, and/or rings that make up a fingerprint have been developed for many 

purposes and are typically designed to cover large libraries of pharmaceutical compounds. 

However, the ToxPrint fingerprints were designed with non-pharmaceutical chemical libraries, 

like Tox21, in mind.[14] Therefore, this set of fingerprints should cover sub-structures (i.e., 

elements in the fingerprint array) much more broadly than a set of fingerprints designed for 

pharmaceutical compounds. 

ToxPrint fingerprints were used to compute odds ratios for each of the 729 elements in a 

ToxPrint fingerprint array for each compound that was identified via only one ionization type (i.e., 

each compound has an associated binary array of length 729). Here, an odds ratio is the ratio of 

odds that a compound will be detected using one of the ionization methods (either ESI or APCI) 

in the presence of one of the 729 elements in a ToxPrint fingerprint and the odds that that a 

compound will be detected with the same ionization method in the absence of that substructure. 

Odds ratio values are calculated for each substructure (i.e., each element in the fingerprint) and 

each ionization method using the following formula:  

Odds Ratio = 𝑎𝑎 × 𝑑𝑑
𝑏𝑏 × 𝑐𝑐

   (Eqn SI 1) 

where a is the number of compounds that have a substructure and were detected with an ionization 

method, b is the number of compounds that did not have a substructure but were still detected, c 

is the number of compounds that have a substructure but were not detected, and d is the number 
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of compounds that did not have a substructure and were not detected. Odds ratio values have a 

lower bound of 0, but no upper bound. An odds ratio > 1 implies that compared to the absence of 

a substructure, the presence of the substructure raises the odds of detecting a compound with one 

of the ionization methods. Odds ratios equal to 1 imply there is no relation between detecting a 

compound based on the presence or absence of a substructure. Odds ratio values < 1 indicate that 

the absence of a substructure raises the odds of detecting a chemical with the ionization method. 

While odds ratio values > 1 do imply relationships, more stringent conditions have been placed on 

odds ratio values examined here to ensure a stronger relationship, or enrichment, between the 

occurrence of a substructure and the ionization method used.[15] Namely, for a substructure to be 

considered as enriched it must: 1) have an odds ratio value greater than 3 (i.e., odds must be more 

than three times higher than a compound with a substructure that was identified using a specific 

ionization method compared to the odds of identifying that compound in the absence of the 

substructure), 2) have a Fisher exact score of less than 0.05 (this ensures that the odds ratio is 

statistically significant for the relatively low sample sizes of compounds containing a substructure 

and being identified with an ionization method), and 3) more than 3 compounds must have a 

substructure and have been identified by the ionization method.[16] 
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a) 

 Figure S1. Summary of ENTACT components found using a) atmospheric pressure chemical ionization and b) electrospray ionization in positive 
and negative mode. Bars show found component counts using the left y-axis, and red diamonds show the percent components found using the 
right y-axis. 

b) 
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404.8256 

403.8175 

Figure S2. Mass spectra for A) endosulfan I and B) endosulfan II in APCI-. These isomers have different m/z despite having only stereochemistry differences in the 
structures. 
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