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Figure S1. Sampling sites for the different mussel (blue spheres) and oyster (yellow spheres) 
samples collected for this study. 
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Figure S2. A. Sample preparation protocol adapted from Sun et al (2012). 

B. Data processing workflow.  
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List of isotopically labelled standards used and quality assurance. 

Several isotopically labelled standards were spiked as surrogates including: 17 13C-

labelled organochlorine pesticides (13C-Hexachlorocyclohexane alpha, 13C-

Hexachlorobenzene, 13C-Hexachlorocyclohexane gamma, 13C-Hexachlorocyclohexane beta, 

13C-Hexachlorocyclohexane delta, 13C-Aldrine, 13C-Isodrine, 13C-Endosulfan alpha, 13C-

pp'DDE, 13C-Dieldrine, 13C-op'DDD, 13C-Endrine, 13C-op'DDT, 13C-Endosulfan beta, 13C-

pp'DDD, 13C-pp'DDT, 13C-Endosulfan sulfate) , 18 fully 13C-labelled PCBs (13C CB28, 13C 

CB52, 13C CB101, 13C CB138, 13C CB153, 13C CB180, 13C CB77, 13C CB81, 13C CB105, 13C 

CB114, 13C CB118, 13C CB123, 13C CB126, 13C CB156, 13C CB157, 13C CB167, 13C CB169, 

13C CB189, 14 13C-labelled PBDEs (13C BDE3, 13C BDE15, 13C BDE28, 13C BDE47, 13C 

BDE99, 13C BDE153, 13C BDE154, 13C BDE183, 13C BDE197, 13C BDE207, 13C BDE209, 13C 

BDE47, 13C BDE99, 13C BDE153), one 13C-labelled MeO-PBDE  (13C-MeOBDE-47), one 13C-

labelled dichlorocarbazole, 13C-labelled triclosan and 13C-labelled methyltriclosan. 13C-labelled 

tetrachlorocarbazole was used internal standard, whose peak area was used to normalize the 

peak areas of the analytes to correct for inter-injection variability. The median variation in the 

internal standard signal was 20% compared to the average signal of the internal standard in 

6 injections of a clean standard mixture. Median recoveries for the different isotopically 

labelled internal standards are as follows: organochlorine pesticides (71.5 %), PCBs (95.4 %), 

PBDEs and PBDE-related chemicals (94.6%). Mass accuracy, assessed using internal 

standards, was consistently below 5 ppm throughout the whole analysis.  

Semi-Quantification 

Identified peaks were manually integrated using El-Maven to obtain individual peak 

areas. Peak areas were normalized using the area of the internal standard 1,3,6,8-tetrachloro-

9H-[13C12]carbazole (13C12H5Cl4N, monoisotopic mass: 314.9573, exact mass:316.9544). 

PCBs and PBDEs were quantified using their corresponding isotopically labelled standard or 



of their congener. HNPs, especially newly reported HNP were semi-quantified by comparing 

the normalized peak area against the peak area of known members of their compound class. 

Data Processing 

Raw Bruker files (.d format) were converted (Figure S3) to the standard open format 

(.mzML) using MSConvert (Proteowizard (version: 3.0.21045-7732b6429). Peak picking, 

pairing, and alignment was accomplished using HaloSeeker (Figure S4) using the following 

deconvolution parameters: m/z tolerance (ppm) 5, s/n 10, Peakwidth (s) 6, 15, 

Prefilter 3, 10000, m/z center function wMean, Baseline check no, Integration by 

CWT no, Noise 0, m/z difference 0.001, tR tolerance (s) 1, m/z tolerance (mDa) 

0.1, Referent sample pos 4082_19-4043_13F1, tR tolerance 1, m/z tolerance (mDa) 

between samples 1, Distance function cor_opt, Response 1, Gap init 0.3, Gap 

extend 2.4, Factor diagonal 2, Initiating penalty 0, Local alignment yes, 

Fragment/adduct, Percentage of the width at FWHM 60, Threshold for EIC correlation 

(R2) 0.75, Method for grouping peaks hcs, Mutliplier of the standard deviation 6, 

P-value threshold 0.05. (Describe picking F2+ features).  

Unknown feature annotation was performed using a suite of open tools described 

below; to facilitate description of the data analysis method employed the m/z = 467.7767 will 

be used as an example (Figure S5). The experimental monoisotopic mass of an unknown 

feature obtained from HaloSeeker, was used as an input within cheminfo.org for formula 

prediction considering both electron loss and proton adduct formation as the governing 

ionization mechanisms in APCI+. Annotation of potentially chlorinated/ brominated features 

was accomplished using a combination of formula prediction and isotopologue ratio matching. 

Formula were predicted within 10 ppm of the experimental monoisotopic mass (primary input 

data, Figure S5) using the following elements and range: C0-30H0-50N0-6O0-5F0-50Cl0-

14Br0-10I0-4. The predicted formulas that match the monoisotopic mass, within an error 

margin of 10 ppm, were prioritized using the degree of halogenation (eg number of chlorines 

or bromines) that can be inferred from the relative ratio of the isotopologue pattern and relative 

http://www.cheminfo.org/Spectra/Mass/MF_from_monoisotopic_mass_and_pubchem/index.html
http://www.cheminfo.org/Spectra/Mass/MF_from_monoisotopic_mass_and_pubchem/index.html


ion intensities. Theoretical centroid isotopologue distribution and ratios were calculated using 

enviPat (https://www.envipat.eawag.ch/index.php) at a mass resolving power of 50,000. 

Analysis of the isotopologue pattern for m/z = 467.7767 suggests that the unknown feature 

has 3 bromines and 1 chlorine. A comparison of the experimentally measured isotopologue 

distribution and their respective percent abundance to the exact mass to the theoretical 

isotopologue distribution is shown in Figure S6. 

 

 

  

 

 

 

 

 

 

 

Figure S3. MS Convert settings for converting ddMS2 Bruker files to .mzml. 



 

 

 

 

 

 

 

 

Figure S4. Screenshot of polyhalogenated features picked by HaloSeeker (upper right) 

from the bivalve data including a zoomed in version (bottom left) highlighting region of 

interest.  



 

 

 

 

 

 

 

Figure S5. From the list of potential formulas that satisfy the specified criteria for 

prediction, the degree of halogenation (in this example the unknown was identified to 

follow a tribrominated monochlorinated pattern) was used to narrow down the options 

(orange box). Among the potential formulas, one had a database match within PubChem 

(within red box), structures of which are shown in the lower part of the figure (green box).  



Among the formulas that match the input mass and the Br3Cl isotopologue profile, one 

entry has a database match (Figure S5, highlighted in green). The online tool provides a link 

showing a list of chemicals and their respective structures (Figure S7) within PubChem 

(largest chemical database, can be openly accessed!) that match the unknown Br3Cl 

compound. Unfortunately, manual fragmentation of the putative structures was not able to 

match the experimental MSMS. While not a success story, this example highlights the need 

for caution when it comes to accepting database matches based solely on MS1 information. 

Ultimately, the annotation of this unknown feature is facilitated through the use of its Kendrick 

Mass Defect and its CCS. 

 

 

 

 

Figure S6. Comparison of the experimental (top) vs theoretical (bottom) isotopologue 

ratios of the predicted formula showing close agreement and thus potential accuracy of 

the predicted formula. The relative abundance of the isotopologues were calculated 

relative to the intensoid mass. 



 

 

 

 

 

 

Figure S7. List of compounds, and their respective structures, within PubChem that 

match the m/z and halogenation profile of the unknown feature obtained using the tools 

provided by cheminfo.org. 
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Figure S8. KMD vs CCS plot (A) allows better visualization and differentiation of 

structurally-related features compared to m/z vs CCS (B) and m/z vs KMD (C). 
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Closely-eluting isomers of 

C16H17Br3O (retention time 10.5) 

that can be differentiated 

through their difference in 

mobilities. 

Closely-eluting isomers of 

C16H17Br3O (retention time 10.6) 

that can be differentiated 

through their difference in 

mobilities. 

Figure S9. Four different isomers of C16H17Br3O were identified by virtue of 

their different mobilities (highlighted by the yellow ovals).  



 

 

 

Figure S10. Zoomed in KMD vs CCS plot showing the BHD-related features and 

their representative structures. 



 

Figure S11. Juxtaposed MSMS spectra of a known methoxylated brominated diphenylether (below) versus the proposed mixed 

bromochlorodiphenylether (above). The two molecules show similar fragmentation patterns through the consecutive loss of halogens. 

Additionally., the two molecules possess the same fragments which are enclosed in matching colored boxes.  
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Figure S12. Example fragmentation spectra of some EMB-related features showing the loss of methyl group supporting the proposed 

structural scaffold. 
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