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Table S1. Most important variables in M1.,,4. models separating ethylene R(10-11) or TDG routes R(1-9) in crude HD samples
listed according to retention time.

ID Peak ID Classification Molecular formula CAS number
number Ret. time and m/z method

M rude 1 peak @ 9.05 102.01 RF C3HCIS (T) (A=1.0)

Mluge 2 | peak @ 10.36 75.94 RF Uid

Ml ude 3 peak @ 9.51 155.96 RF and OPLS-DA  C4H(CL,S (C) # 873408-12-9
Mlcuge 4 | peak @ 10.11 119.98 RF Uid

M1 ude 5 peak @ 11.76 140.93 RF and OPLS-DA  C4HsCI15S (T) (A =0.5)

Ml uge 6 | peak @ 11.90 118.97 OPLS-DA Uid

Mluwge 7 | peak @ 12.20 157.97 RF Uid

Mg 8 peak @ 12.38 153.90* RF and OPLS-DA  C4H(CLS, (T) (A =0.04)

Mlcge 9 | peak @ 12.58 78.99 RF and OPLS-DA  C4H;ClI3S (C) # 153628-01-4
M1 cge 10 | peak @ 12.74 78.99 OPLS-DA C4H;sCI3S (C) (stereoisomer) # 153628-01-4
Ml e 11 | peak @ 17.00 180.99 RF Uid

Ml uge 12 | peak @ 18.33 137.94 RF and OPLS-DA  Uid

M1 e 13 | peak @ 18.51 251.92 RF and OPLS-DA  C¢HoCl13S, (C) #

M1 e 14 | peak @ 18.92 183.90 OPLS-DA CeHCLS, (C) #

M1 cge 15 | peak @ 19.16 60.00 RF C4HgCL S, (C) # 90586-78-0
Ml e 16 | peak @ 19.47 257.85 RF and OPLS-DA  Sg# 10544-50-0
M1 g 17 | peak @ 19.65 192.92 RF and OPLS-DA  Uid

M1 e 18 | peak @ 19.65 222.88 RF and OPLS-DA  C¢HgS,Cly (C) #

M1 cge 19 | peak @ 20.42 182.92 OPLS-DA CgHsC1 S5 (T) (A =0.1)

M1 e 20 | peak @ 20.88 151.95 OPLS-DA CsHoCl13S;5 (T) (A=0.1) #

Ml uge 21 | peak @ 21.05 283.89 RF and OPLS-DA  CHoCl15S; (T) (A =0.1) (stereoisomer) #

M1 g 22 | peak @ 21.24 207.95 OPLS-DA Uid

*= found in matrix models, T=tentative molecular formula, calculated by HRMS data, C= molecular formula was confirmed by

GC-HRMS, # = compound detected in LR GC-MS!, Uid= unidentified compound. A= ppm deviation of calculated value from

theoretical elemental composition.

Table S2. The most important variables in M2,,4. models separating the chlorination methods of TDG routes (R(1,4,7), R(2,5,8)
and R(3,6,9)) in crude HD samples, listed according to retention time.

ID Peak ID Classification Correlated to Molecular formula
number Ret. time and m/z method

M2 e 1 peak @ 9.58 68.06 RF and OPLS-DA R(3,6,9) C;H;;CIS (O) #

M2 ude 2 peak @ 11.57 137.02 RF and OPLS-DA R(1,4,7) Uid

M2 ude 3 peak @ 11.59 203.92 RF and OPLS-DA R(1.4,7) Uid

M2 ude 4 peak @ 12.51 91.03 OPLS-DA R(3,6,9) Uid

M2 e S peak @ 12.62 345.02 OPLS-DA R(2,5,8) C1oH1307PS, (T) (A=-0.1) #
M2.uge 6 peak @ 12.65 137.02 RF and OPLS-DA R(3,6,9) C;H14CLS (CO) #

M2.uge 7 peak @ 12.85 69.07 OPLS-DA R(3,6,9) Uid

M2 rude 8 peak @ 13.39 93.96 RF and OPLS-DA R(2,5,8),R(3,6,9) C4H,OCIS, (T) (A=1.2)
M2 uge 9 peak @ 13.40 212.99 RF and OPLS-DA R(1,4,7) Uid

M2 10 | peak @ 13.43 189.94 RF and OPLS-DA R(2,5,8), R(3,6,9) C4HsCLS, (C)#

M2.ue 11 | peak @ 14.04 85.01 RF and OPLS-DA R(2,5,8) C4HyO5PS (O) #

M2cude 12 | peak @ 14.90 101.04 OPLS-DA R(2,5,8) CsH,0O,CIPS (T) (A=0.3)
M2.yge 13 | peak @ 15.66 137.02* RF and OPLS-DA R(2,5,8) CeHoCLS (T) (A=-0.2)#
M2 4. 14 | peak @ 16.99 85.01* RF and OPLS-DA R(2,5,8) C4HyO5PS, (O) #

M2 e 15 | peak @ 20.98 223.89 OPLS-DA R(2,5,8) Uid

*= found in matrix models, T=tentative molecular formula, calculated by HRMS data, C= molecular formula was confirmed by

GC-HRMS, # = compound detected in LR GC-MS!, Uid= unidentified compound. A= ppm deviation of calculated value from

theoretical elemental composition.

I Holmgren, K. H.; Hok, S.; Magnusson, R.; Larsson, A.; Astot, C.; Koester, C.; Mew, D.; Vu, A. K.; Alcaraz,

A.; Williams, A. M.; Norlin, R.; Wiktelius, D., Synthesis route attribution of sulfur mustard by multivariate data

analysis of chemical signatures. Talanta 2018, 186, 615-621.
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Table S3. Most important variables in M3,4. models separating TDG production methods in crude HD samples, listed according
to retention time.

ID Peak ID Model M3a, M3b or Molecular formula CAS
number Ret. time and m/z M3c¢ number
M3 ude 1 peak @ 5.10 77.98 RF and OPLS-DA  M3c¢

M3cude 2 | peak @ 5.16 49.98 RF and OPLS-DA  M3c

M3uee 3 | peak @ 5.90 104.03 OPLS-DA M3a

M3 ude 4 peak @ 6.40 75.03 RF and OPLS-DA  M3a

M3 uge 5 | peak @ 8.52 43.02 OPLS-DA M3b

M3cuge 6 | peak @ 8.71 91.98 RF and OPLS-DA  M3a, M3c C4HgS, 505-29-3
M3cute 7 | peak @ 8.72 60.00* RF and OPLS-DA M3a

M3uge 8 | peak @ 8.78 200.84 OPLS-DA M3b

M3ede 9 | peak @ 8.96 115.92 OPLS-DA M3a

M3 g 10 | peak @ 9.18 43.02 OPLS-DA M3a, M3b

M3cuee 11 | peak @ 9.28 150.03 OPLS-DA M3b CgH11SCI(T) (A= 0.7 ppm)

M3cude 12 | peak @ 9.35 127.97 OPLS-DA M3c C4H;,0,SCI (T) (A =0.9 ppm) L
M3 e 13 | peak @ 10.04 137.02 OPLS-DA M3c

M3cde 14 | peak @ 10.32 46.98 RF and OPLS-DA  M3b

M3 g 15 | peak @ 10.36 44.03 RF and OPLS-DA  M3a, M3c

M3cuge 16 | peak @ 10.64 127.95* RF and OPLS-DA  M3a, M3b, M3¢c  CsH;;S,C1 (T) (A= 0.2 ppm)
M3cude 17 | peak @ 10.80 41.04 RF and OPLS-DA M3a

M3 e 18 | peak @ 11.53 120.01 RF M3b

M3cude 19 | peak @ 11.63 71.05 OPLS-DA M3b

M3 uge 20 | peak @ 12.03 193.93 OPLS-DA M3a, M3b

M3cude 21 | peak @ 12.64 67.05 RF M3c

M3 uge 22 | peak @ 12.67 202.02 RF M3c

M3 uge 23 | peak @ 13.16 156.03 RF and OPLS-DA  M3c¢

M3rude 24 | peak @ 13.18 155.03 RF and OPLS-DA  M3a, M3c¢

M3 uge 25 | peak @ 13.39 93.96 RF M3a

M3 e 26 | peak @ 13.40 59.00 RF M3a, M3c¢

M3 g 27 | peak @ 13.43 189.94 RF M3c

M3 g 28 | peak @ 13.53 193.96 OPLS-DA M3c

M3 g 29 | peak @ 13.54 140.98 OPLS-DA M3b

M3 g 30 | peak @ 13.55 186.00 OPLS-DA M3c CgHSCl, (T) (A=0.3 ppm) L
M3 e 31 | peak @ 13.63 171.98 RF M3b

M3 uge 32 | peak @ 14.19 170.98 OPLS-DA M3a

M3.uge 33 | peak @ 14.49 184.96 OPLS-DA M3c

M3 g 34 | peak @ 14.57 145.04* OPLS-DA M3a

M3 g 35 | peak @ 14.72 205.16 RF and OPLS-DA  M3a, M3b, M3¢c

M3 e 36 | peak @ 14.75 184.96 OPLS-DA M3c

M3 g 37 | peak @ 14.80 43.02 RF and OPLS-DA  M3b, M3¢c

M3 g 38 | peak @ 14.84 69.07 RF and OPLS-DA  M3a, M3b

M3 g 39 | peak @ 15.05 86.02 OPLS-DA M3b

M3 uge 40 | peak @ 15.41 89.01 OPLS-DA M3b

M3cuge 41 | peak @ 15.52 105.99 OPLS-DA M3b CsH14S,ClL (T) (A=-03ppm)  63869-13-6
M3 uge 42 | peak @ 15.54 240.01 OPLS-DA M3c

M3crude 43 | peak @ 15.59 41.04 RF M3b

M3 ge 44 | peak @ 16.39 91.03* OPLS-DA M3a, M3c

M3cudge 45 | peak @ 16.81 60.00 OPLS-DA M3b

M3cude 46 | peak @ 16.92 91.03 OPLS-DA M3a

M3 uge 47 | peak @ 16.99 122.00 OPLS-DA M3b

M3rude 48 | peak @ 17.01 123.00 RF M3b

M3 uge 49 | peak @ 17.23 215.96 RF and OPLS-DA  M3b CeH10S,Cl, (T) (A= 1.1 ppm)
M3cuge 50 | peak @ 17.43 116.98 OPLS-DA M3b

M3cude 51 | peak @ 18.10 69.07.1 RF M3a

M3 g 52 | peak @ 18.37 243.06 RF and OPLS-DA  M3a C3H190SCI (T) (A = 0.6 ppm)
M3crde 53 | peak @ 19.24 199.11 OPLS-DA M3a

M3 uge 54 | peak @ 19.51 123.00 OPLS-DA M3c

*= found in matrix models, T=tentative molecular formula, calculated by HRMS data. A= ppm deviation of calculated value from
theoretical elemental composition.
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Table S4. Most important variables in RF and OPLS-DA M2,,.+ix models separating chlorination methods.

ID Peak ID Correlated to  Best match of molecular formula of fragment
number Ret. time and m/z
M2arix 1| peak @ 13.29 139.97  R(2,5,8) C,Hs05PS (A =-1.1)/C;Hs0,CIS (A=-2.4)
M2anix 2 | peak @ 20.85 166.99  R(2,5,8) C4HgO5PS (A=10.3)
M2,4ix 3 | peak @ 17.29 137.02  R(2,5,8) CsH,4CIS (A =0.3)
M2,a0ix 4 | peak @ 15.31 105.05  R(3,6,9) CsH,Cl (A=0.4)
M2anix 5 | peak @ 13.63 140.98  R(2,5,8) C;HqO,CIS (A = 0.3)/C,HO5PS (A=1.6)
M2arix 6 | peak @ 18.01 159.92  R(3,6,9) C,H;CIS5 (A =-0.9)
M2anix 7 | peak @ 15.60 123.00  R(2,5,8) C4HsCIS (A=10.2)
M2,a0ix 8 | peak @ 16.73215.96  R(2,5,8) CeH0CLS, (A=1.2)
M2,anix 9 | peak @ 15.45105.05  R(3,6,9) CsH,,Cl (A=0.5)
M2,a0ix_10 | peak @ 5.43 60.00 R(2,5,8) C,H4S (A=-1.0)
M2amix 11 | peak @ 16.36 123.95  R(1,4,7) CHyS; (A=2.7)
M2,a0ix 12 | peak @17.06 85.01 R(2,5,8) C4HsS (A=10.6)
A= ppm deviation of calculated value from theoretical elemental composition.
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Figure S1. HD synthesis descriptions and representative CAS.

sS4




JOEL0 Textile blank

3.5E10 o oY
D Spiked textile

EEID Sodl blank

Mh“uuﬂ L—iJ«-u_A\

EAEL HD Spiked soil

h 10 15 20 25 an
Time (min}

Figure S2. Total ion chromatogram of blank matrix samples and spiked (R8) matrix samples. The HD (*) peak is seen at a
retention time of 10.1 minutes.



