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Supplemental Information

A Feasibility Study of Direct Analysis in Real Time-Mass Spectrometry for Screening

Organic Gunshot Residues from Various Substrates
Supplemental Information
1. Shooter’s Hand Samples Results

Tables S1 and S2 provide detailed information on the results obtained from the DART-MS
analysis of the shooter’s hand samples per compound. These results were used to determine
whether a sample was classified as characteristic of OGSR (colored green in the table’s criteria
column, at least two Category I compounds present), consistent with OGSR (yellow, at least one
Category I and one Category II), commonly associated with OGSR (orange, at least one
Category I or Category Il compound present), or was negative for OGSR (red, no compounds
detected). For information regarding compound-specific classification criteria (i.e., Category I or
1I), please refer to Table 4 within the main text. Samples with compounds listed as not detected
(ND) had either the compounds outside of the mass range or below the relative intensity limit,
and these results are presented in white background cells in Tables S1 and S2. In Tables S1 and
S2, the results for detected compounds that met the mass range criteria (= 0.005 Da) and the
minimum relative intensity criteria (>3%) are presented in cells colored in green. The results for

each detected compound include the exact mass and the relative intensity percent (RI).

Table S1 illustrates that out of the 50 samples examined, 15 had residues characteristic of
OGSR, 8 consistent with OGSR, and 8§ commonly associated with OGSR, for a total of 31 of the
samples having at least one OGSR compound (62%). The remaining 19 samples were negative
for OGSR screening. Fiocchi and Winchester provided the most positive results from the

ammunition tested in this set.

Table S2 presents the results for the second set, consisting of Winchester ammunition of various
calibers. In this set, the samples were only monitored in positive mode due to uncontrolled
circumstances of malfunctioning of the negative mode at that time, therefore affecting the
capability of reporting results characteristic of OGSR. However, there was an increase in the
positive results, with 15 out of 30 samples classified as consistent with OGSR, and 12 additional

samples commonly associated with OGSR, for a total of 27 samples with at least one OGSR



compound (90%). In this second set, samples exposed to ammunition with higher caliber

produced higher positive rates.

Table S1. Results from the first 50 shooter’s hand samples analyzed by DART-MS (set 1). The

table lists the sample number, respective manufacturer, and compounds analyzed in positive and

negative modes.

Authentic Hand Samples - DART-MS, Subset 1
P Lode.
Sample No T [DPA] | DPARI | [>-4NDPA 3 ANDPARI INGL | NGRI | [r4DNT] 24 DNTRI [2-ANDPA]
1 lazer U D NA D NA D NA D NA D x
2 lazes 7. XD NA XD NA T893 | 618 ND NA ND NA s
3 tazer T ND NA D NA ND NA ND NiA ND NiA Negative
El fazer Z ~D NA D D NA NI ) 2 3
3 fazer DI118% 0 D D NA | 1009911 13 D 28600460 | 690 T D Consistent
[ fazer 2712000 29 D XD N2 D A D 28899509 | 252 ND Consistent
7 lazer ND N/ ND XD N ND A ND ND /A ND Negative
s D 0 D D z ND A D D Y D Negative
] lazer D N2 D D N2 D EY D D Y T D i
10 | a1 D D i XD A XD A 28606306 | 130 D 5D tent
1 edera ND N ND XD N2 XD VA XD VA 28859310 | 59 ND ND Commonly Associated
12 edera D Nz ND D T ND A D A ND NA ND ND trve
edera L 2 D Z N NA D D NA D D tive
edera] N ND N D D WA D D tive
edera I ND ND 28859146 ) ND ND ssociated
‘ederal NL ND ND ND NA ND ND e
edera I ND D D NA ~D ~D e
edera I D D D NA D D N2 e
edera] T D D D N D D I e
27018 ND 2 XD 28869170 ND ND N2 onsistent
ioccl NL NA ND N/A ND ND ND ND A Negative
iocchi NI i XD [ N XD 28809313 D XD R Characteristic
hi T N2 N | N 7 D 288 99151 D D N2 Characteristic
bi I N2 ND | N XD ND NA ND ND N3 [2
b N N/ ND N/ XD 283.00004 1000 ND ND N/
iocchi I 2 ND Z D 2680118 | 205 D N D E
iocchi L ND XD 28899136 145 18102653 87 ND N/A haracteristi
b T ND D 28809164 | 1000 16102603 i3 D R
bi ND XD 28850101 | 25 18100646 99 ND N2
NL ND ND N 28899323 61 ND NA ND N/
Reminglon NI XD XD N D Y D R eaative
temington T ) D A D NA D pE Commonly Associated
3 temington N ND XD NA XD NA ND NA :
4 Lemington NI ND XD NA ND NA ND NA
H emington N D E) N ~D NA D WA
6 temington T D XD 18102556 54 D =
7 temington I ND N ND NA ND Nezative
s temington T ND ND ND NA ND egative
o temington I Nz D[ D X 18102515 108 B} ~ Consistent
0 Reminzion NI N XD [ E XD N 2880152 | 4 D XA XD b Associated
1 Winchester T N2 ND | N N2 D N D NA 810069 73 D ~ Commonly Associated
a2 Winchester ND Ni ND_| N A ) NA N NA ) NA ND X Negar
43 ‘Winchester ND N/ ND N/A ‘A XD NA 28800249 93 ND NA ND N Commenly Associated
4 Winchester FELAT N ) BT 05 XD WA 29899136 [ 81 | D NA D x
Winchester 270108 | 26 XD [ A XD A 28859109 | 1000 | 18102263 £ D onsistent
6 Winchester XD Niz ND_| N VA D VA 28869150 | %3 18103876 X ND onsistent
7 ‘Winchester ND N/ ND h ‘A ND ‘A 28890133 390 | 181.02682 108 ND onsistent
Winchester FIATETTN ) D | N 19 D A 2899133 | 100, D NA B}
9 Winchester 2711551 | 1000 XD [ N 188 XD A 28899081 | 100 D N XD Charact
0 Winchester Drawer | e ND | N NaA XD A ND NA ND NiA ND Commonly Associated

Table S2. Results from the second set of 30 shooter’s hand samples analyzed by DART-MS.
This table follows the same layout as Table S1. In this study, it is important to note that the

samples were only monitored in positive mode.

Authentic Hand Samples - DART-MS, Subset 2 |
Positive Mode
No|Manufactu] [AKI) | ARIRI [MC] [EC] EC RI [DPA] [2-4-NDPA] z-,-m*]ﬁ_
Winchester ND NA ND ND N/A ND ND N/A Negative
Winchester ~D N/A ND 269.16540 8.8 ~D ND N/A Commonly Associated
Windl 23712048 779 ND 2691 EES 170.09800 ND N/A Consistent
Winchester | 227.12265 6.7 ND ND N/A ™D ND N/A C Iy Associated
Winchester | 22711098 115 ND ND N/A 17009680 D N/A Commonly Associated|
incl ND N/A ND ND N/A ND ND N/A Negative
Winchester [ 227.11993 9.3 ND ND N/A ND ND N/A Commonly Associated
Winchester | 227.12053 34 ND ND N/A ND ND N/A Commonly Associated
Wi 227.12042 3.7 ND ND N/A ND ND N/A C Iy Associated
Winchester | 227.11855 17.1 ND ND N/A 170.09590 ND N/A Commonly Associated|
Winchester D NA ND 269.16610 10 170.09660 ND N/A Consistent
Winchester ND NA ND 269.16670 7 170.09650 ND N/A Consistent
Winchester ND N/A ND ND N/A 170.09640 ND N/A Commonly Associated]
Winchester D NA D 260.16680 [ T70.05620 ND NA Consistent
Winchester D NA ND ND N/A 170.09620 D NA Commonly Associated
Winchester ND N/A ND 269.16600 1) 170.09700 ND N/A Consistent
Winchester ND NA ND 269.16600 9.9 170.09630 ND N/A Consistent
‘Winchester ND N/A ND ND N/A ND ND N/A Negative
Winchester | 227.11986 16.5 ND 269.16550 17.0 170.09610 ND NA Consistent
Winchester ND N/A ND 26916540 170.09610 ND N/A Consistent
Winchester | 227.12125 14 ND 269.16530 65 170.05700 ND N/A Consistent
Winchester ND N/A ND 269.16580 173 170.09630 ND N/A Consistent
Winchester ND A ND 26916700 ST 170.09660 ND N/A Consistent
‘Wmchester ND N/A ND 269.16570 3.6 170.09600 ND N/A Consistent
Winchester D A ~D D WA 170.09550 D YA Tommonly Associated
‘Wmchester ND N/A ND 269.16590 3.7 170.09620 ND N/A Consisient
Winchester ND NA ND ND N/A 170.09590 ND NA C Iy Associ
Winchester ~D A ND ND N/A 170.05610 D N/A C Iy Associated
Wincliester ND NA ND 269.16730 B 170.09670 ND NA Consistent
Winchester D A ND 26916590 7, 170.09680 ND N/A Consistent




Tables S3 and S4 provide detailed information on the results obtained from the LC-MS/MS
analysis of the shooter’s hand samples. These results were used to determine whether a sample
was considered positive or negative for OGSR using the same categories described above for
DART-MS, except that the “commonly associated with OGSR” result is not applicable for a
confirmatory method. The method’s LODs are listed for each compound at the bottom of the
table. Compounds listed as ND produced a predicted concentration result below the method’s
LOD and are presented in cells with white background. Compounds colored on a green
background list the estimated concentration in ppb. Here, it becomes evident that some of the
compounds detected by LC-MS/MS were present in the hand samples at concentrations below
the DART-MS method's LOD, providing a better understanding of the screening results
presented in Tables S1 and S2. Notably, one disadvantage of the LC-MS/MS configuration used
in this study is that it only detects the compounds in positive mode, therefore, NG and 2,4-DNT
were only monitored by DART-MS. In the first set, only 27 of the 50 samples monitored by LC-
MS/MS were positive for OGSR (54%), which is somehow atypical of positive rates observed in
previous studies with larger population datasets. Table S4 shows that when evaluating a second
dataset with other ammunition types, the positive rates drastically increased to 97%, all of which
were classified as characteristic of OGSR. These results corroborate the findings of the DART-
MS screening and indicate that the success rates on hand residues are dependent on the
ammunition used in the shooting event. Importantly, all the DART-MS presumptive “positive”
results were further corroborated by LC-MS/MS confirmatory method, indicating the utility of
DART-MS for screening purposes.



Table S3. Results from the first 50 shooter’s hand samples analyzed by LC-MS/MS for set 1.

Authentic Hand Samples- LC-MS/MS, Subset 1

ample No. Manufacturer [AKIT [MC] [EC] [DPA] [2-NDPA] [4-NDPA]

1 Blazer ND ND ND ND ND ND Negative

2 Blazer ND ND 62.8 5.6 ND ND Consistent

3 Blazer ND ND ND 39 ND ND Negative

4 Blazer ND ND ND ND ND ND Negative

5 Blazer 8.8 ND ND 22.9 ND ND Consistent

6 Blazer 7.4 ND ND 20.6 ND ND Consistent

7 Blazer ND ND ND ND ND ND Negative

8 Blazer ND ND ND 350 ND ND Negative

9 Blazer ND ND ND ND ND ND Negative
10 Blazer 5.8 ND ND 1276 ND ND Consistent
11 Federal ND ND ND 7.4 ND ND Negative
12 Federal ND ND ND ND ND ND Negative
13 Federal ND ND ND 5.5 ND ND Negative
14 Federal ND ND ND ND ND ND Negative
15 Federal 1.1 ND ND 9.2 ND ND Consistent
16 Federal ND ND ND ND ND ND Negative
17 Federal ND ND ND ND ND ND Negative
18 Federal ND ND ND ND ND ND Negative
19 Federal ND ND ND ND ND ND Negative
20 Federal 4.3 ND ND 16.6 ND ND Consistent
21 Fiocchi ND ND ND 42 ND ND Negative
22 Fiocchi ND ND 10.5 12.9 ND ND Consistent
23 Fiocchi ND ND 128 139 48 7] Characteristic
24 Fiocchi ND ND ND 5.0 ND ND Negative
25 Fiocchi ND ND 654 53.6 ND 4.5 Characteristic
26 Fiocchi ND ND 54.2 S ND 3.9 Characteristic
27 Fiocchi ND ND 40.3 32.0 ND 3.4 Characteristic
28 Fiocchi ND ND 70.6 75 A ND A Characteristic
29 Fiocchi ND ND 361 426 9.4 10.6 Characteristic
30 Fiocchi ND ND 31.6 33.8 ND 37 Characteristic
31 Remington ND ND ND 49 ND ND Negative
32 Remington ND ND 20.1 1Ll ND ND Consistent
33 Remington ND ND 29 20.7 ND ND Consistent
34 Remington ND ND 202, 7.7 ND ND Consistent
35 Remington ND ND 355 T2 ND ND Counsistent
36 Remington ND ND 208.9 4.4 ND ND Consistent
37 Remington ND ND 37 ND ND 1.9 Negative
38 Remington ND ND ND ND ND 1.9 Negative
39 Remington ND ND 10.0 39 ND ND Consistent
40 Remington ND ND 307 ND ND ND Negative
41 Winchester ND ND ND ND ND ND Negative
42 Winchester ND ND ND ND ND ND Negative
43 Winchester 102 ND 18.3 269 5.9 s Characteristic
44 Winchester 12.2 ND 3.1 29.1 ND 3.1 Characteristic
45 Winchester ND ND ND 3.6 ND ND Negative
46 Winchester ND ND 5.9 6.6 ND ND Characteristic
47 Winchester 86.5 ND 143 226 5.0 6.1 Characteristic
48 Winchester 2.6 ND ND 137 ND ND Consistent
49 Winchester 114 ND 20.1 319 55 7.8 Characteristic
50 Winchester 32.6 ND 4.1 78.4 ND 3.7 Characteristic

LOD (pph) 03 0.3 1.0 34 2.7 3.0




Table S4. Results from the second set of 30 shooter’s hand samples. This table follows the same

layout as Table S3.
Authentic Hand Samples- LC-MS/MS, Subset 2
iample No. Manufacturer JAKIT] | [MC] | [EC] [DPA] [2-NDPA] [4-NDPA]

1 Winchester 9mm ND ND 4.5 ND ND ND Negative

2 Winchester 9mm 16.5 ND 38.4 36.6 516 ND Characteristic
3 Winchester 9mm 101 ND 14.5 91.5 93 ND Characteristic
4 Winchester 9mm 40.1 ND 5.9 325 35 ND Characteristic
5 Winchester 9mm 248 ND 23 255 12.1 6.4 Characteristic
6 Winchester 9mm 5812 ND 9.6 44.0 43 ND Characteristic
7 Winchester 9mm 118 ND 16.2 91.8 (55.7/ ND Characteristic
8 Winchester 9mm 42 4 ND 1.8 3515 33 ND Characteristic
9 Winchester 9mm 76.1 ND 6.0 47.2 4.6 ND Characteristic
10 Winchester 9mm 330 ND 38.9 35 11745 9.8 Characteristic
11 Winchester .40 ND ND 355 107 10.5 11.6 Characteristic
12 Winchester .40 ND ND 29.0 181 19.4 210 Characteristic
13 Winchester .40 ND ND 282 191 202 25.1 Characteristic
14 Winchester 40 ND ND 18.9 149 12.6 12.9 Characteristic
15 Winchester .40 ND ND 38.5 238 25.0 31.8 Characteristic
16 Winchester .40 3 ND 79.4 564 441 48.0 Characteristic
17 Winchester .40 ND ND 49.1 279 25.0 33.0 Characteristic
18 Winchester .40 ND ND 41.8 257 22.4 22.8 Characteristic
19 Winchester .40 110 ND 140 905 7L 76.3 Characteristic
20 Winchester .40 1.7 ND 68.7 SPH 3582 31.0 Characteristic
21 Winchester .40 Defense 79.1 ND 76.1 770 79.6 75.0 Characteristic
22 Winchester .40 Defense ND ND 493 447 41.1 43.6 Characteristic
23 Winchester .40 Defense ND ND 24.4 268 23.8 225 Characteristic
24 Winchester .40 Defense ND ND 19.6 316 37.8 334 Characteristic
25 Winchester .40 Defense ND ND 28.1 324 850 41.1 Characteristic
26 Winchester .40 Defense ND ND 2210 357 43 4 40.1 Characteristic
27 Winchester .40 Defense ND ND 34 4 653 66.7 584 Characteristic
28 Winchester .40 Defense ND ND 18.9 279 33.0 38.1 Characteristic
29 Winchester .40 Defense 3.0 ND S 970 86.2 65.0 Characteristic
30 Winchester .40 Defense ND ND 42.4 265 3127 34.5 Characteristic

LOD (ppb) 0.3 0.3 1.0 3.4 2.7 3.0




