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1 Introduction and Objectives 

The forensic evidence of firing a weapon usually relies on the analysis of gunshot residues (GSR). 

The current state-of-the-art technique is based on the detection of microscopic inorganic particles 

generated from the ignited primer of a cartridge containing a characteristic combination of 

elements. In conventional ammunitions these characteristic gunshot residue particles contain heavy 

metals (e.g. lead, barium and antimony). These particles can be analysed and discriminated from 

environmental particles by scanning electron microscopy and energy-dispersive x-ray spectroscopy 

(SEM/EDS).  

However, due to health and safety regulation reasons the usage of low pollutant and hence heavy 

metal free primers increases constantly. As a result the traditional forensic evidence based on 

inorganic gunshot residues is often difficult or even to some extent not possible anymore. This 

implies, that a new forensic method, which also takes the organic gunshot residues (OGSR) 

originating from the propellant into account, is needed to deal with these new circumstances. 

The aim of this EU funded R&D project is to develop a new method to detect OGSR on hands, 

clothes and smooth surfaces, which can be applied after the sampling of inorganic gunshot residues. 

The method should provide additional information to increase the evidential value even if no or just 

a small number of characteristic inorganic GSR particles are detected.  

The project comprises of the following activities: 

• defining and purchasing a set of reference material (activity 1),  

• developing separation and mass spectrometric methods, especially high-performance liquid 

chromatography as well as a high resolution mass spectrometric method (HPLC/HRMS) for 

high sensitive detection and identification of organic propellant and primer ingredients 

(activity 4 and 6), 

• testing of sampling materials and developing sample preparation techniques (activity 2, 3, 5 

and 6), 

• performing preliminary studies on the aging, persistence and prevalence of organic gunshot 

residues (activity 5 and 8) as well as 

• transferring the developed method and the gained information to the project partners and 

other forensic labs (activity 7, 9 and 10). 
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2 Questionnaire 
In the beginning of the project we prepared a questionnaire, which was sent to all EWG 

Firearms/GSR members (ENFSI Working Group Firearms and Gunshot Residues), to disseminate 

information about this project, to survey the current status of the detection of OGSR in all ENFSI 

laboratories and to get an overview about the analytical equipment used in the respective labs. 

A questionnaire on detection of organic GSR was distributed in July 2013 to all members of the 

ENFSI EWG Firearms/GSR. We received 22 answers from 17 different countries (AUS, AUT, B, 

CY, CZ, D (3), E, EST, F (2), HUN, IL, PL, PT, S, SLO, UK (3), and USA). At that time only five 

out of 22 laboratories wer already performing OGSR analysis as it is shown in figure 2.1 

Figure 2.1: Percentage of EWG Firearms/GSR labs performing OGSR analysis. 

However, three out of these five laboratories are just analysing cellulose nitrate residues using 

chemographic methods. Only two labs are using LC-MS and GC-MS for organic target compounds, 

focussing on glycerine trinitrate in case of the first and centralites and diphenylamine in case of the 

second laboratory. This clearly demonstrates that an efficient, fast and easy-to-use method is needed 

to establish OGSR analysis throughout the EWG Firearms/GSR laboratories, especially considering 

the fact, that the interest in OGSR analysis, trace analysis knowlegde, and the required 

instrumentation is present in the majority of the labs, as shown in figure 2.2. 

Furthermore 12 out of the 22 EWG Firearms/GSR laboratories do plan to implement OGSR 

analysis in their lab in the future. 

Figure 2.2: Percentage of ENFSI EWG Firearms/GSR labs performing explosives trace analysis (left); number of EWG 
Firearms/GSR labs with mass spectrometric equipment (middle), percentage of EWG Firearms/GSR labs interested in 
future OGSR workshops/trainings (right). 
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3 Experiments and Results 

3.1 Activity 1: Reference Materials 

3.1.1 Purchased Chemicals 

After gaining a thorough insight in past and current literature dealing with organic gunshot residues, 

the following compounds, listed in table 3.1.1, were considered as the most suitable target 

compounds due to their frequent and characteristic occurrence in pistol and revolver ammunition 

and explosives.  

Table 3.1.1: Purchased reference compounds including manufacturer and purity. 

Name Manufacturer Purity 

Hexogen/RDX Envilytix GmbH, Germany 99,8 % 

HMX Envilytix GmbH, Germany 99,9 % 

Pentaerythritol tetranitrate Envilytix GmbH, Germany 99,4 % 

Glycerine trinitrate VWR International GmbH, 

Germany 

0,948 % 

Cellulose nitrate 4% 

2,4-Dinitrotoluene Sigma-Aldrich GmbH, 

Germany 

99,9 % 

2,6-Dinitrotoluene Sigma-Aldrich GmbH, 

Germany 

99,4 % 

3-Nitrotoluene Sigma-Aldrich GmbH, 

Germany 

99,9 % 

Diphenylamine Sigma-Aldrich GmbH, 

Germany 

99,9 % 

4-Nitro diphenylamine Th. Geyer GmbH, Germany 99 % 

2-Nitro diphenylamine Ultra Scientific, USA 98 % 

N-Nitroso-diphenylamine Supelco, USA 96,5 % 

1,3-Diphenylurea Th. Geyer GmbH, Germany 98 % 

1-Methyl-3,3-diphenylurea Th. Geyer GmbH, Germany 99 % 

1,3-Diethyl-1,3-diphenylurea  

Dioctylphthalate Sigma-Aldrich GmbH, 

Germany 

99,4 % 

Dibutylphthalate Sigma-Aldrich GmbH, 

Germany 

99,6 % 

Resorcinol Th. Geyer GmbH, Germany 

Nitroguanidine Th. Geyer GmbH, Germany 75 % 
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Some of the reference compounds listed in table 1, namely 1,3-diphenylurea, dioctylphthalate, 

dibutylphthalate and resorcinol were considered as not specific for gunshot residues, due to their 

frequent occurrence in commonly used products like paints, plastic, adhesives, glues, 

pharmaceutical pills, ointments, medical solutions and many more in case of dioctyl phthalate, 

dibutyl phthalate and resorcinol. Whereas, 1,3-diphenylurea, in contrast to its structural isomer 1,1-

diphenylurea, is not used in gunpowders at all. Thus, these four compounds were excluded from the 

subsequent measurements. 

The remaining reference compounds were measured in positive and negative APCI (Atmospheric 

Pressure Chemical Ionisation) and in positive and negative ESI (Electrospray Ionisation) mode as 

well with NCI (Negative Chemical Ionisation) and EI (Electron Impact) ionisation to determine 

their detectability in the respective ionisation modes. The results are listed in table 3.1.2. 

Table 3.1.2: Detectability of the reference compounds in different ionisation modes. 

HPLC Measurements GC Measurements 

Compounds 
Negative 

APCI 

Positive 

APCI 

Negative 

ESI 

Positive 

ESI 
EI NCI

E
xp

lo
si
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s

Cellulose nitrate 

(CN) 

   


MSTFA- 
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MSTFA- 

Derivate

Glycerin trinitrate  

(GTN) 

   


MSTFA- 
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MSTFA- 

Derivate

N

N

N 2HN2H

OH

O

Nitroguanidine 

    n.m. n.m. 

3-Nitrotoluene  

(3-NT) 

     n.m. 

2,4/2,6-

Dinitrotoluene 

(2,4/2,6-DNT) 

     n.m. 
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n.m. n.m.    n.m. 
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(EC) 

     

Akardite II (AK II) 
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n-Nitroso-diphenyl-

amine (NNDPA) 

    Detected 

as DPA


Diphenylamine 

(DPA) 

     

4-Nitrodiphenyl-

amine(4-NDPA) 

     n.m. 

2-Nitrodiphenyl-

amine 

(2-NDPA)

     n.m. 

: detectable : not detectable n.m.: not measured
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3.1.2 Ammunitions 

A wide variety of common pistol and revolver ammunitions was collected and disassembled. 34 

different propellant powders from ammunition and 17 reloading powders were measured to 

determine the composition and to identify the main ingredients. For these measurements 5 mg of 

the respective powder was solved in 1 mL acetonitrile or isopropanol, centrifuged and the 

supernatant was measured. Depending on the used solvent, different solubility was observed. In 

acetonitrile the powder almost totally dissolved, leading to higher concentration of the ingredients 

in the solution and even the entire nitrocellulose is dissolved. Whereas using isopropanol as a 

solvent most of the nitrocellulose polymer does not dissolve, leading also to lower concentrations of 

other ingredients in the solution. However, a problem of the acetonitrile samples was the increase of 

column pressure after several measurements due to cellulose nitrate deposition on the column 

material, leading to a blockade of the column. Due to this reason the propellants were mainly 

measured dissolved in isopropanol after the pressure problems occurred, leading to the fact, that in 

positive and negative ESI mode most of the ammunitions were measured dissolved in isopropanol 

and in the positive and negative APCI mode all of the ammunitions were measured dissolved in 

acetonitrile. In the negative ESI mode 14 propellants were measured dissolved in isopropanol as 

well as in acetonitrile. In figure 3 the measured signal of the respective compounds in the powder 

measured dissolved in isopropanol and dissolved in acetonitrile are displayed. 

Figure 3.1.1: Measured peak area of the extracted ion current signal of m/z 227.0157, the major signal of glycerin 
dinitrate (top left),  of m/z 288.9909, the major signal of glycerin trinitrate (top right), of m/z 213.0699, the major signal 
of 4-NDPA (bottom left) and of m/z 657.024884, the major signal of cellulose nitrat dimer (bottom right); the blue bars 
represent the peak area of the respective compounds in the powder measured dissolved in isopropanol and the red bars 
represent the peak area of the respective compounds in the powder measured dissolved in acetonitrile 
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In Figure 3.1.1 it becomes obvious, that a higher amount of all compounds in the powder can be 

detected if the powder is dissolved in acetonitrile. 

Due to the better solubility of the powders in acetonitrile the measurements performed in the 

negative APCI mode were used for the determination of the composition of the respective powders 

concerning the following compounds: cellulose nitrate oligomers, 4-NDPA, 2-NDPA, NNDPA, 

DPA, GTN, GDN, DNT and 3-NT. With regard to EC, MC and AK II the measurements performed 

in the positive ESI mode were used to determine the appearance of the respective compounds in the 

powders due to the fact that in positive APCI mode were the powders were measured dissolved in 

acetonitrile not all of the powders but just a number of 32 were measured. The percentage 

frequency of occurrence of the target compounds in the 51 measured propellant powders is 

displayed in figure 3.1.3 and the mass percentage of each compound in the respective powders is 

listed in table 3. 

Figure 3.1.3: Occurrence of the target compounds in the 51 measured propellant powders. 

4-NDPA and cellulose nitrate were detected in every propellant. Cellulose nitrate is detected as a 

dimer with seven nitric acid esters, a trimer with ten nitric acid esters and sometimes also as a 

tetramer with thirteen nitric acid esters. 2-NDPA, NNDPA, DPA and EC were detected in more 

than 80 % of the propellants. Glycerine trinitrate was detected in around two third of the powders, 

whereas MC, DNT, 3-NT and AK II could only be detected in less than one third of the 

ammunition.
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Table 3.1.3: Mass percentage of the target compounds in the 51 measured propellants. 

Ammunition 
Mass percentage  

EC 4-NDPA 2-NDPA NNDPA DPA GTN AK II 3-NT DNT MC 

#01 Geco VM  0.002 0.007 0.056 0.414 0.269 Y N N Y N 

#02 Geco LRN  N 0.241 0.380 0.561 0.036 N N N N N 

#03 S&B FMJ  0.195 0.053 0.056 0.431 1.209 N N N N Y 

#04 S&B LRN  0.247 0.046 0.056 0.402 0.914 N N N N Y 

#05 PMC 9 mm N 0.017 0.123 0.668 0.308 Y N N N N 

#06 DAG 9 mm NATO 0.001 0.050 0.148 1.234 0.132 Y N 0.008 Y N 

#07 PMC green  0.001 0.030 0.220 0.445 1.018 Y N N N N 

#08 DAG Action 4  <0.001 0.025 0.098 0.711 0.709 Y N 0.011 Y N 

#09 Hirtenberger lead free  0.007 0.022 0.086 0.805 0.055 Y N N Y Y 

#10 Fiocchi leadless N 0.037 0.065 0.270 0.781 N N N N N 

#11 S&B nontox 0.015 0.013 0.076 0.587 0.387 Y N N N Y 

#12 Fiocchi ZP 0.002 0.032 0.154 0.638 0.547 Y N N Y N 

#13 Lapua 0.001 0.028 0.158 0.457 0.251 Y N N Y N 

#14 Magtech cleanrange <0.001 0.199 0.128 0.351 2.749 N N N N N 

#15 Remington JSP 0.004 0.019 0.104 0.219 0.443 Y N N N N 

#16 American Eagle 0.003 0.019 0.083 0.495 0.410 Y N N Y N 

#17 Winchester 0.003 0.010 0.123 0.392 0.313 Y 0.049 N N N 

#18 Federal Hi-Power SP 0.265 0.005 N N N Y N N N Y 

#19 IMI leadfree <0.001 0.024 0.143 0.557 0.450 Y N N N N 

#20 MEN SR 0.003 0.024 0.075 0.631 0.118 Y N 0.069 Y N 

#21 Fiocchi leadless NATO 0.320 0.077 0.066 0.442 N Y N N N Y 

#22 Lapua leadfree 0.006 0.022 0.088 0.634 0.071 Y N N Y N 

#23 Kettner PPU <0.001 0.077 0.092 0.228 0.734 N N N N N 

#24 FN 0.014 0.021 0.077 0.746 0.195 Y N 0.008 Y Y 

#25 CCI 0.219 0.007 N N N Y N N N Y 

#26 KTW 0.001 0.011 0.054 0.126 0.332 Y N N N N 

#27 MEN QD-PEP IIs 2.674 0.024 0.091 0.857 0.539 Y N N N Y 

#28 RUAG Action 4 forensis <0.001 0.022 0.082 0.838 0.395 Y N N N N 

#29 Winchester super X <0.001 0.022 0.083 0.460 0.580 Y N N Y N 

#30 Winchester leadfree 0.002 0.016 0.075 0.346 0.386 N N N Y N 

#31 DM41-WK-SR N 0.031 0.150 1.220 0.389 Y N N N N 

#32 DM41-WK-SR-13 0.002 0.013 0.050 0.788 1.270 Y N N N N 

#33 Geco 9 mm Luger 2011 0.322 0.034 0.199 1.179 0.861 Y N N N Y 

#34 Geco .38 special 0.056 0.006 N N N N N N N Y 

P01 Hodgdon H50 BMG N 0.018 0.038 0.176 1.279 N N 0.019 Y N 

P02 Vihtavuori OY N120 0.260 0.030 0.043 0.108 1.402 N N N N Y 

P03 Rottweil P801 0.010 0.050 0.033 0.154 0.791 N N N N N 

P04 Rottweil P804 0.007 0.035 0.042 0.170 1.111 N N N N N 
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P05 Rottweil P805 0.013 0.040 0.029 0.137 1.177 N N N N N 

P06 Rottweil P806 0.022 0.043 0.038 0.146 0.976 N N N N N 

P07 Rottweil R903 0.087 0.005 N N N Y N N N Y 

P08 Rottweil R905 0.132 0.005 N N N Y N N N Y 

P09 30 Carabine 0.002 0.039 0.146 0.744 0.762 Y N 0.010 Y N 

P10 Rottweil R910 0.243 0.053 0.120 0.119 1.661 N N N N Y 

P11 Rottweil P801 0.021 0.061 0.066 0.320 1.372 N N N N Y 

P12 Vihtavuori-3N37 N 0.019 0.029 0.113 2.076 N N N N N 

P13 Vihtavuori-N340 N 0.021 0.050 0.112 1.396 N N N N N 

P14 Vihtavuori-N110 N 0.068 0.101 0.472 1.557 N N N N N 

P15 Vectan-BA10 0.002 0.018 0.108 0.332 0.805 Y 0.051 N N N 

P16 Hodgdon TideGroup 0.007 0.010 0.079 0.494 2.028 N 0.001 N N N 

P17 Hodgdon HP38 0.072 0.601 0.529 0.507 0.057 Y N N N Y 

N: not detected Y: detected but not quantified #NN: Ammunition PNN: Reloading powder 

Some compounds show a quite high concentration in the powder with mass percentage portions of 

3% in case of EC and DPA, of more than 1 % in case of NNDPA and 0.5 to 0.6 % in case of 4-

NDPA and 2-NDPA 0.5 %. Other compounds like AK II and 3-NT show lower concentration with 

mass percentages of less than 0.1 %. GTN is not quantified due to problems with the reference 

standard which was changed afterwards, but it is assumed that the concentration in the ammunition 

powder lies around 30 %. DNT could not be quantified as well but due to the fact, that the two 

structural isomers which have a totally different responsiveness at the MS detector and hence a 

totally different sensitivity, cannot be separated to each other.  

Regarding the frequency of occurrence and the concentration of the respective reference compounds 

in the ammunition powder, it becomes obvious, that DPA and its reaction products as well as EC 

are well suited as target compounds due to their frequent occurrence in the powder and the high 

concentration in the powder. GTN is also well suited as a target compounds due to the fact, that 

according to literature it shows very high concentrations of around 30 % in the powders. 

As expected, there is no significant difference in propellant additives used in conventional and 

heavy-metal free ammunitions. This is because “heavy-metal free” usually only refers to the primer 

and/or bullet but not to the propellant. This also means that OGSR analysis can used for all kinds of 

ammunition using cellulose nitrate based propellants. 

3.2 Activity 2: Sampling Materials 
14 different adhesive tapes, 3 pre-wetted wipes, 9 different wipes and 3 surface active materials 

were tested for their suitability as sampling material. The materials were extracted with acetonitrile 

and with isopropanol to determine their background signal.  

3.2.1 Commonly Used Sampling Material 

First ten different SEM stubs were tested and one adhesive tape (Neschen Filmolux S23) commonly 

used for the sampling of gunshot residues. A transparent SEM adhesive film (Plano G304), which 

consists only of a layer of glue, showed very low chemical background. Unfortunately the handling 
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of this thin glue layer turned out to be quite difficult, especially the transfer from the SEM 

aluminium pin stub into the reaction vessel for extraction. All other adhesive carbon tapes and 

Filmolux S23 commonly used for the sampling of gunshot residues showed a high chemical 

background. This makes them unsuitable for the sampling of organic gunshot residues. 

Next different wipes were tested. Several wiping materials commonly used for sampling in the 

forensic sector like pre-cleaned cotton for the sampling of explosives from the BKA-KT 25 and 

Alpha swabs with long handle (Texwipe TX761) showed a low chemical background and hence are 

theoretically suitable as sampling material. One pre-moistened sampling wipe used in the forensic 

lab of Northern Ireland was tested as well; here the chemical background was also low.  

To ensure a very clean chemical background and a selective sampling of organic gunshot residues 

Nomex test strips used for explosive sampling test strips (Thermo EGIS) used for illicit drug 

sampling were tested, both materials showed a low chemical background. 

The cleanest materials of the ones listed above were tested for their sampling efficiency. 

IMS test strips could not be used for sampling of real OGSR due to the fact that they were not 

available during the time of real shooting experiments. The transparent SEM film was not tested for 

its sampling efficiency due to its difficult handling. 

After shooting five times with a revolver using Geco .38 spec. (#34) ammunition the dry hand of 

one shooter was wiped with the dry Nomex patch. The dry hand of the next shooter was sampled 

with a pre-wetted piece of cotton used for the sampling of explosives at the BKA. During the 

sampling process with Nomex test strip a very small amount of EC, 4-NDPA and GTN were 

detected which could not be quantified. The same result applies for the sampling with the cotton 

piece. 

After a single shot with a Glock 19 pistol using Geco 9 mm Luger (#33) ammunition the dry hand 

of one shooter was wiped with a isopropanol moistened Alpha sampling swab TX761. A very small 

amount of EC, 4-NDPA and GTN was detected which could not be quantified. 

After shooting three times with a Glock 19 using Winchester (#17) ammunition the dry hand of one 

shooter was wiped with a pre-wetted cotton used in Northern Ireland for the sampling of explosives. 

3 ng GTN, 2.3 ng of DPA and 1.4 ng of AK II were detected. A very small amount of EC could not 

be quantified. 

To conclude, from the common used sampling materials the Nomex test strips, the pre-cleaned 

cotton and the Alpha sampling swab with long handle showed a very poor sampling efficiency on 

hands. Only using the pre wetted cotton from the forensic sampling kit from Northern Ireleand 

significant values of OGSR could be detected on the shooter`s hand. 

3.2.2 New Sampling Material 

Three commercially available adhesive tapes from office supply were tested for their suitability for 

sampling. The TESA tape and 3M Scotch tape showed a high chemical background, due to the glue 

used. Whereas the third material, the non-permanent adhesive Tesa Tack showed a low chemical 

background. Tesa Tack is originally used for mounting posters. It consists only of synthetic rubber, 

no additional coating with an adhesive is applied. The rather weak stickiness is achieved through a 

very smooth surface. 
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Next different wipes were tested. Two pre wetted wipes, Texwipe Technisat TX1045 commonly 

used for cleaning procedures in the lab and a desinfection wipe (B. Braun Alcohol Pads) used in the 

medical sector were analysed for their chemical background. Both showed a huge chemical 

background which might originate either from plasticizers in the wipe material or from the 

packaging or from the industrial added isopropanol/water solvent. Several dry wipes, namely the 

Kimtech cleanroom wipes, medical cotton, pre-cleaned medical cotton, cosmetic cotton sticks as 

well as fine and coarse woven gauze material were tested. The Kimtech clean-room wipes and the 

medical cotton showed a low chemical background, whereas the gauze materials and the cotton 

sticks showed a chemical background which was too high to use them as sampling material for 

OGSR.  

To ensure a very clean chemical background and a selective sampling of organic gunshot residues 

Teflon foil was tested as well and showed a low chemical background. 

The cleanest material of the ones listed above, namely Teflon foil, Tesa Tack and Kimtech clean- 

room wipes, were tested further on for their sampling efficiency. Medical cotton was excluded from 

these test due to the fact that similar pre-cleaned cotton was already tested as sampling material in 

chapter 3.2.1.  

After shooting 5 times with a revolver using Geco .38 spc. (#34) ammunition the dry hand of one 

shooter was wiped with a isopropanol moistened Kimtech clean room wipe and from a second 

shooter with the dry Teflon foil. After the sampling process with the Teflon foil no organic gunshot 

residues could be detected, whereas at the sampling with a Kimtech wipe 1.1 ng DPA could be 

detected on the shooter`s hand. A very small amount of EC was also detected which could not be 

quantified. 

After firing a single shot with a Glock 19 pistol (Geco 9 mm Luger, #33) the dry hand of one 

shooter was sampled with Tesa Tack and from a second shooter with a with isopropanol moistened 

Kimtech wipe. The sampling process with a Kimtech wipe resulted in a very small amount of DPA 

and EC, 4-NDPA and GTN was detected but were too less to be quantified. On the Tesa Tack 

sample 404 ng of DPA, 80 ng GTN, 63 ng of EC, 42 ng of NNDPA, 38 ng of 2-NDPA and 4 ng of 

4-NDPA were detected. A very small amount of AK II was also detected but was too low to 

quantify. 

After shooting three times with a Glock 19 pistol (Winchester, #17) the dry hand of one shooter was 

sampled with a Tesa Tack.. 574 ng GTN, 31 ng DPA, 24 ng AK II, 23 ng NNDPA, 9 ng 4-NDPA 

and 3 ng 2-NDPA were detected. A very small amount of EC was also detected but too less to 

quantify. 

To conclude, from the new sampling materials the Teflon foil showed a very poor sampling 

efficiency on hands. The one from Kimtech wipes was better but not outstanding. Only using the 

Tesa Tack significant high values of OGSR could be detected on the shooter`s hand. 

Even though the focus of the exploration of sampling materials was on samples from shooter’s hand 

also materials for smooth surfaces and clothing were explored. For smooth surfaces Texwipe Alpha 

TX761 in combination with acetonitrile was the best choice.  
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For clothing vacuuming using a 0.5 µm Zefluor PTFE inline filter was favourable. The vacuuming 

method is identical to the sampling procedure applied at the FSNI laboratory. Figure 3.2.1 

summarizes our recommendations regarding sampling materials. 

Figure 3.2.1: Most suitable sampling materials for different types of specimen. 

3.2.3 Preparation of Test Samples 

For the development of suitable sampling methods for organic gunshot residues suitable well-

defined realistic reference samples would be useful e.g. for determine recovery rates of certain 

substances or the future development proficiency test samples. Such samples cannot be produced by 

shooting experiments because the deposition would be too random. 

An approach to produce such reference samples is the application of a suitable spray coating 

system, which were explored in a student project by Elisabeth Hogk (Westfälische Wilhelms-

Universität Münster, WWU). The full report (in German language) can be found in the appendix. 

Expected amounts of deposition of propellant additives can be estimated to an approximate range of 

10 – 100 pg/cm². To achieve such concentrations on different surfaces like aluminium foil, glass, 

PTFE or PE foil a spray coating device Sono-tek ExactaCoatOP2 (Fig. 3.2.2) was used. The 

advantage of an ultrasonic spray system is the reproducibility of the spraying. Because the 

atomization of droplets is achieved by ultrasonic cavitation the parameters air flow, solvent flow 

and spray head movement can be varied in a wide range independently from each other. 
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Figure 3.2.2: Spray coating system Sono-Tek ExactaCoatOP2 at BKA (left), spray nozzle in operation (right). 

Typical spray conditions for 100 pg/cm² target concentration (interweaving spray pattern) were as 

followed: 

Spray solution: 64 µg/l per reference substance (EC, DPA, 2-NDPA etc.) in ethanol 

Flow rate: 75 µl/min 

Head speed: 80 mm/s 

Spacing: 4 mm 

Passes: 4 

Calculated deposited volume: 1.6 µl/cm² 

In general a strong influence of the target materials on the recovery rates were observed (Table 

3.2.1). The reasons are not clear yet: it could be adsorption effects and/or decomposition of some 

components due to surface effects in these very low concentrations. Surprisingly PTFE (Teflon) 

shows the worst recovery behavior. 

Table 3.2.1: Recovery of different reference substances from different target materials 

DPA NNDPA 2-NDPA 4-NDPA EC AK II 

Aluminium foil      

Glass      

PTFE foil      

PE foil      

Figure 3.2.3 shows typical recovery rates for some reference substances. Interestingly even though 

the recovery rates on PE-foils are poor, but all substances were recovered. On aluminium foil much 

higher recovery rates were achieved but some substances were not recovered at all. The extractions 



Technical Report  Detection of OGSR  HOME/2011/ISEC/AG/4000002504 

- 16 - 

were performed using isopropanol and acetonitrile on the respective surfaces by either using moist 

wipes or moistening the surface of the sample and soaking up the solvent with a dry wipe. 

Figure 3.2.3: Recovery rates for reference substances from aluminum and PE foil (1.8 ng/cm²) using Kimwipe and 
acetonitrile analyzed by LC-MS. 

The study shows that in principle test samples can be produced using spray coating techniques. 

However, the interactions of low amounts of propellant additives with the different surfaces require 

more research to produce stable reference samples. 

3.3  Activity 3: Sample Preparation 
First different extraction volumes and numbers of extraction steps were tested. Starting first with 

500 µl acetonitrile the extraction efficiency was very poor, ranging between 59 % and 72 % for the 

reference compounds, but increased with the number of extraction steps to a maximum of 64 % to 

93 % for the respective reference compounds at 4 repetitions of the extraction procedure. Using a 

higher extraction volume of 1 mL acetonitrile the extraction efficiency depending on the same 

amount of extraction steps was higher compared to the one using 500 µL acetonitrile. The best 

extraction efficiency was achieved using 3 times an extraction volume of 1 mL reaching extraction 

efficiencies of 73 % to 95 % for the respective compounds. 

Next different solvents were tested. The results are shown in figure 3.3.1. 

The extraction efficiency from the alpha swabs was better than the one from the Tesa Tacks. Using 

the alpha swabs as sampling material acetonitrile was the most suited extraction solvent whereas 

using Tesa Tacks as sampling material isopropanol showed the best extraction efficiencies. 

However, acetonitrile was chosen as extraction solvent for all materials due to its higher volatility 

and therefore shorter evaporation times.  
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Figure 3.3.1: Extraction efficiency of the reference compounds using acetonitrile (grey bars), isopropanol (pink bars) or 
methanol (blue bars) as extraction solvent for the extraction of the reference compounds from alpha swabs TX761 (left) 
and from Tesa Tack (right) 

Two different ways of solvent reduction were tested, evaporation with a gentle nitrogen flow of 

approximately 8 ml/min at room temperature and evaporation in a thermoblock at 80 °C without a 

nitrogen flow. The big disadvantages of using high temperatures for evaporation are that the 

thermolabile compound like NNDPA might decompose as it was observed in GC-MS 

measurements and that this procedure is very time consuming and hence not compatible with the 

daily laboratory routine. However, evaporation with a gentle nitrogen flow at room temperature was 

considered as the most suited method to reduce the volume of the samples. 

The matrix effect, meaning the influence of the chemical background of the skin on the sensitivity 

of the measurement was also investigated. Due to the observed matrix signal suppression different 

sample clean ups were tested to reduce this effect. First the suitability of SPE cartridges were tested 

using different stationary phases like cationic exchange material and C18 material, different elution 

and cleaning solutions with different organic solvent content and pH and different amount of 

stationary phase. However, all clean ups showed insufficient results, the disturbing matrix 

components could not be separated completely from the reference compounds due to similar 

chemical properties and the recovery of the reference compounds was just moderate due to the fact 

that the reference compounds were split up between the different elution fractions and due to a 

small general loss during the clean-up process. The same applied for different ZipTip materials 

tested. Next different liquid-liquid extractions were surveyed. Various organic solvents like 

acetonitrile, cyclohexane, ethyl acetate and mixtures of these with each other and with water were 

tested as well as different pH but also here all tested clean-ups showed insufficient results, the 

disturbing matrix components could not be separated completely from the reference compounds due 

to similar chemical properties and the recovery of the reference compounds was just moderate due 

to the fact that the reference compounds were split up between the different elution fractions and 

due to a small general loss during the clean-up process. However, on the basis of the moderate 

results of all clean up procedures it was decided, that the matrix effect is acceptable for future 

measurements and no clean up needs to be integrated into the standard procedure due to the fact that 

it is just time and material consuming and leads to losses of reference compounds instead of 
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increasing their recovery rate and the focus is more on a sensitive detection than a precise 

quantification of substances of interest. 

Figure 3.3.2 shows the recommended procedure for sample preparation. 

2 x 1 ml of acetonitrile

Shake for
60 s

Centrifugation

Evaporation almost to
dryness in gentle
N 2 stream (8 ml/min).
Dissolve in 50 µl 
Acetonitrile.

Figure 3.3.2: Scheme of the recommended sample extraction procedure. 

3.4 Activity 4: Instrumental Methods 

3.4.1 Mass spectrometric detection 

To determine the most appropriate ionisation technique for the measurements of the target 

compounds different ionisation modes were tested. The measurements in positive and negative 

APCI and positive and negative ESI mode were carried out with a mass spectrometer coupled with 

a liquid chromatography system (Thermo Orbitrap Elite Hybrid with Accela LC and Bruker 

compact QqTOF with Ultimate 3000 LC). For the initial measurements a standard method used for 

the detection of unknown organic compounds in routine casework was used for chromatographic 

separation with a Thermo Hypersil GOLD aQ column (150 x 1 mm; 3 µm) (except negative ESI 

mode, here a Machery Nagel NUCLEODUR C18 Pyramid (150 x 1 mm; 3 µm) was used for 

separation and mass spectrometric detection was based in case of the Orbitrap-MS measurements 

on tuning on solvent peaks and in case of the ToF-MS measurements on the standard methods used 

for explosives and illicit drugs. The instrumental parameters used for these initial measurements are 

listed in table 3.4.1. A mixture of all reference compounds listed in table 3.1.2 (except HDX, RDX 

and PETN) in acetonitrile was injected into the system (3 µl of a 1 ng/µl solution). All of the 

explosive reference compounds were detected in the negative ion mode whereas in the positive ion 

mode the stabilizers/plasticisers can be detected. The stabilizer DPA and its reaction products can 

be detected in both polarities.  

Comparing the chromatograms obtained from the two positive ionisation techniques, measured with 

the LC-ToF-MS, displayed in figure 3.4.1, it becomes obvious that they are quite sensitive for 
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akardite II (red line, signal 1) and ethylcentralite (blue line, signal 5). DPA (green line, signal 4), 4-

NDPA (black line, signal 3) and 2-NDPA (black line, signal 6) are detected more sensitive in 

positive APCI mode than in positive ESI mode. The lowest sensitivity shows NNDPA (yellow line, 

signal 2) in both positive ionisation techniques, moreover it is also worth mentioning that in 

positive APCI mode NNDPA mainly decomposes into DPA during ionisation, leading to a second 

signal with a mass to charge ratio of 170 u at the same retention time of 23.6 minutes, whereas in 

positive ESI mode the decomposition was almost negligible. 

Figure 3.4.1: Chromatogram of the initial positive APCI-ToF-MS measurement of the reference compounds (left); 
Chromatogram of the initial positive ESI-ToF measurement of the reference compounds (right); the red line displays the 
signal of the protonated akardite II (1), the yellow line displays the signal of the protonated NNDPA (2), the black line 
displays the signal of the protonated 4- (3) and 2-NDPA (6), the green line displays the signal of the protonated DPA 
(4), the blue line displays the signal of the protonated ethyl centralite (5). 

The detectability and sensitivity of the reference compounds in the respective positive ionisation 

mode was similar regarding the measurements with the two different mass spectrometers (ToF-MS 

and Orbitrap-MS). 

A look into the chromatograms obtained in the negative ion mode, measured with the LC-ToF-MS, 

displayed in figure 3.4.2, clearly shows, that 4-NDPA (black line, signal 4) can be detected 

extremely sensitive. DNT (turquoise line, signal 1), NNDPA (red signal 3), DPA (red signal 5) and 

2-NDPA (black line, signal 6) can also be detected in negative APCI mode but in much lower 

sensitivity. The red marked numbers show the retention time of the respective compounds, although 

they are not visible in the chromatogram, due to the fact, that their detection limit lies above 3 ng on 

the column. Measurements of higher concentration provided information about their retention times 

and detectability. Moreover it is also worth mentioning that NNDPA totally decomposes into DPA 

during ionisation, leading to a main m/z signal of 168 u and that both DNT isomers (2,6-DNT and 

2,4-DNT) co-elute and hence, it cannot be differentiate between these two compounds. 

Measurements of the single DNT structural isomers revealed, that 2,4-DNT can be detected much 

more sensitive than 2,6-DNT, which makes the quantification of these compounds in a sample 

impossible, as the two compounds cannot be separated chromatographically and it is unknown in 

which ratio these two compounds are present in the solution. 
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Figure 3.4.2: Chromatogram of the initial negative APCI-ToF measurement of the reference compounds (left); 
Chromatogram of the initial negative ESI-ToF measurement of the reference compounds (right); the turquoise line 
displays the signal of the deprotonated DNT (1), the purple line displays the signal of GTN with an additional nitrate 
forming a negatively charged adduct (2), the black line displays the signal of the deprotonated 4- (4) and 2-NDPA (6), 
the red marked numbers show the retention time of NNDPA (3) and DPA (5) which cannot be detected at that 
concentration due to their low sensitivity but are in generel detectabe in the negative APCI mode. 

In the negative ESI mode DNT and GTN can be detected in addition to 4-NDPA, but in much better 

sensitivity. The ionization efficiency of 4-NDPA is much higher in the negative ESI than in the 

negative APCI mode. Regarding GTN, it is remarkable, that no deprotonated ion can be detected 

but only negatively charged adduct ions appear in the spectrum. Additionally some decomposition 

product of GTN, namely glycerine dinitrate (GDN) can be detected eluting early from the column, 

which indicates, that either GTN is not stable and already decomposes partially in solution or GDN 

is formed as an artefact during synthesis of the reference compound. The chromatogram of a GTN 

standard solution and the mass spectra of GTN and GDN are illustrated in figure 3.4.2. 

Figure 3.4.2: negative ESI chromatogram (base peak) of GTN reference compound (10 ng on column) (left) and mass 
spectrum of GTN (middle) and GDN (right) obtained with an Orbitrap-MS. 

The major adduct ion of GTN is the nitrate adduct, whereas GDN prefers formate as adduct. 

Similar to GTN, the three explosives, RDX, HMX and PETN form negatively charged adducts 

during ionisation, though a small signal of the deprotonated molecular ion appears in the spectrum 

of HMX, RDX and PETN, as shown in figure 3.4.3. 
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Figure 3.4.3: negative ESI mass spectrum of PETN (left), RDX (middle) and HMX (right)  obtained with a ToF-MS. 

The predominant adduct of PETN is the formate adduct, the same applies for RDX and HMX. 

These two compounds also form nitrate adducts but in much lower extent. The deprotonated 

molecular ion and the chloride adduct of RDX and HMX can almost be neglected due to their 

extremely low intensity in the spectrum. PETN also forms a nitrate adduct the second highest signal 

in the spectrum, followed by the deprotonated molecular ion. Regarding PETN, it is remarkable, 

that an adduct with a negative charge with a mass difference of 75.0088 u can be detected, which 

might be either a hydroxyacetate or a methylcarbonate ion. Additionally to some extend also a 

chloride adduct is formed. These explosives were only measured in the negative ESI mode not in 

negative APCI mode but we assume that they will also be detectable in the latter ionization mode. 

The detectability and sensitivity of the reference compounds in the respective negative ionisation 

mode was similar regarding the measurements with the two different mass spectrometers (ToF-MS 

and Orbitrap-MS). Except the difference that 3-NT could only be detected in the negative APCI 

mode using an Orbitrap mass spectrometer for detection instead of the ToF. Moreover different 

types of ions were detected for DNT and 2-NDPA in the negative APCI mode using the Orbitrap-

MS instead of the ToF-MS. In addition to the deprotonated molecular ions of m/z 181.0255 u for 

DNT and m/z 213.0669 u for 2-NDPA also negative charged radical ions with mass to charge ratios 

of 182.0333 for DNT and 214.0748 for 2-NDPA, resulting from an electron capture of the non-

charged molecules in the ion source were detected. This ion species also appears in the spectrum of 

3-NT, however, no deprotonated molecular ion with m/z 136.0404 u for 3-NT was detected, 

resulting in m/z 137.0482 u being the most abundant signal in the spectrum. The mass spectra of 

these three compounds analysed with negative APCI-Orbitrap-MS are shown in figure 3.4.4. 
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Figure 3.4.4: negative APCI mass spectrum of DNT (left), 2-NDPA (middle) and 3-NT (right) obtained with an 
Orbitrap-MS. 

The occurrence of the radical ions in the negative APCI-Orbitrap-MS measurements can be 

attributed to more harsh conditions in the ion source due to higher APCI voltage used in the 

Orbitrap-MS instrumental settings compared to the APCI-ToF-MS parameters.  

Nitroguanidine and cellulose nitrate fragments could not be detected in the reference compound 

solution in any ionisation mode used. This may be due to the fact, that nitroguanidine is a semi 

stable compound, which might decompose during ionisation or even already previously in solution 

and that cellulose nitrate does not fragment into detectable monomers and short chained oligomers 

during solvation and measurement. However, in gun powders cellulose nitrate fragments could be 

detected in the negative ESI and negative APCI mode. This can be attributed to the fact, that in 

propellant small chain oligomers, such as monomers, dimers and trimers of cellulose nitrate are 

present in the powder but not in the purchased cellulose nitrate reference compound. 

By means of these initial measurements in the negative and positive ESI and APCI mode, a 

measurement protocol including both polarities was considered most suitable to cover a wide range 

of reference compounds, since explosives can only be detected in the negative and 

stabilizers/plasticisers (centralites and akardites) in the positive ionisation mode. Considering the 

fact that changing the ion source type from APCI to ESI or the other way round cannot be 

performed automatically but includes manually installation of the respective ion source and hence is 

time consuming whereas changing polarity using the same ionisation type can be done 

automatically by the instrument`s software, it appears reasonable to choose either positive and 

negative ESI or positive and negative APCI for further instrumental method development and 

routine measurements. 

In respect of the initially obtained results in all four ionisation modes electrospray ionisation was 

considered to be the most appropriate ionisation technique to carry on with, since GTN, considered 

as one of the most important reference compounds due to its high concentration in double base 

propellants, could be detected in the negative ESI mode. An additional advantage of using ESI 

instead of APCI is the fact, that lower flow rates can be used for chromatographic separation 

without affecting the stability of the spray and thus the ionisation, leading to higher signal 

intensities, since the ion yield of ESI depends on the total concentration of the analyte molecules in 

the mobile phase and a reduced consumption of organic solvents. 
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However, it should not be neglected, that for these initial measurements the mass spectrometric 

detection was based partly on tuning on solvent peaks and partly on the standard methods used for 

explosives and illicit drugs. Hence no instrumental optimisation was carried out for the reference 

compounds listed in table 3.1.1 during these measurements. Thus, it cannot be ruled out, that a 

better or at least different sensitivity and detectability might be achieved in the respective ionisation 

modes by tuning the instrumental settings to the reference compounds. 

To increase the sensitivity of the mass spectrometer, the ESI-ToF-MS was tuned with a solution of 

the reference compounds in the positive and negative mode. Several instrumental parameters were 

changed in order to enhance the signal intensity of the reference compounds. 

In the positive ESI mode the detectable reference compounds show similar ionisation behaviour 

according to the respective instrumental parameters so that one final optimal set of instrumental 

parameters was set up for the detection. The MS instrumental parameters of the initial and the final 

method are listed in table 3.4.1. Chromatograms of a measurement of the reference compound using 

the initial and the final MS parameters are shown in figure 3.4.5. 

Figure 3.4.5: Extracted ion chromatograms of the reference compounds in the positive ESI mode measured with a LC-
ToF-MS using acidic acetonitrile and acidic water as mobile phase with a flow rate of 110 µl/min and pyramid column 
with the standard MS parameters using for routine casework (right), after tuning the collision cell transfer time and the 
transfer funnel RF and the capillary distance, the end plate offset, the nebulizer pressure, the CID Energy, the collision 
cell collision energy, the hexapole RF, the collision cell collision RF and the pre pulse storage (left); the red line 
displays m/z 227.1179, the major signal of the protonated akardite II, the yellow line displays m/z 199.0866, the major 
signal of the protonated NNDPA, the black line displays m/z 215.0815, the major signal of the protonated 4- and 2-
NDPA, the green line displays m/z 170.0964, the major signal of the protonated DPA and the blue line displays m/z 
269.1648, the major signal of the protonated ethyl centralite. The chromatogram on the left was measured injecting 3µl 
of an 300 pg/µl standard mixture on Thermo Hypersil Gold aQ column, the other one injecting, 2µl of 500 pg/µl 
standard mixture on M&N Pyrmid column. 

From figure 3.4.5 it becomes obvious, that changing the instrumental parameters strongly increases 

the sensitivity. Compared to the initial MS method the signal height of the extracted ion 

chromatogram of the protonated akardite II is 18 times higher, of the protonated NNDPA 1.6 times 

higher, of the protonated 4-NDPA 8 times higher, of the protonated 2-NDPA, 6 times higher, of the 

protonated DPA 49 times higher and of the protonated ethyl centralite 41 times higher using the 

final method with optimized tune parameters, 
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Table 3.4.1: MS parameters of the +ESI-ToF-MS measurements 

Initial method Final method 

End Plate Offset (V) 1000 500 

Capillary Voltage (V) 4000 4000 

Nebulizer pressure (bar) 0.7 2 

Dry Gas Flow Rate (l/min) 6 6 

Dry Temperature (°C) 190 190 

Transfer Funnel 1 RF Voltage difference (Vpp) 200 200 

Transfer Funnel 2 RF Voltage difference (Vpp) 500 200 

Transfer isCID Energy (eV) 1 0 

Transfer Hexapole RF Voltage difference (Vpp) 150 80 

Quadrupole ion energy (eV) 7 6 

Quadrupole low mass (m/z) 100 100 

Collision cell collision energy (eV) 0 9 

Collision cell collision RF voltage difference (Vpp) 400 600 

Collision cell transfer time (µs) 70 50 

Collision cell pre pulse storage (µs) 7 5 

Spectra rate (Hz) 2 1 

Figure 3.4.6: Extracted ion chromatograms of the reference compounds in the positive (top) and negative (bottom) ESI 
mode measured with a LC-ToF-MS using pure methanol and pure water as mobile phase with post column addition of 
formic acid into the MS source (left) and without post column addition (right); the red line displays m/z 227.1179, the 
major signal of the protonated akardite II, the black line displays m/z 215.0815, the major signal of the protonated 4- 
and 2-NDPA and the blue line displays m/z 269.1648, the major signal of the protonated ethyl centralite. Injection 
volume 3µl of 300 pg/µl Standard mixture. 
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In addition post column addition of ions was tested to increase the sensitivity. Post column addition 

of ammonia formate showed no significant influence on the ionization efficiency (measured with 

Thermo Orbitrap and no ammonia adducts were detected. Whereas post column addition of formic 

acid almost totally impedes the ionisation, as shown in figure 3.4.6. 

Adding formic acid post column into the ion source strongly impedes the ionisation, leading to an 

almost two-third decrease of signal intensities in case of some of the reference compounds. In 

respective of the pH influence on the ionization efficiency the same behaviour was observed using 

acidic mobile phase as discussed below. 

In the negative ESI mode the detectable reference compounds show totally different ionisation 

behaviour according to the respective instrumental parameters so that three final optimal sets of 

instrumental parameters were set up for the detection used in the different time sections of the 

measurements. The MS instrumental parameters of the initial and the final method are listed in table 

3.4.2.  

Table 3.4.2: MS parameters of the negative ESI-ToF-MS measurements

Initial 

Method 

Segment 1  

Final Method 

Segment 2 

Final Method 

Segment 3  
Final Method

End Plate Offset (V) 1000 500 500 500 

Capillary Voltage (V) 5100 4000 4000 4000 

Nebulizer pressure (bar) 0.9 2.5 2.5 2 

Dry Gas Flow Rate (l/min) 3 4 4 5 

Dry Temperature (°C) 190 200 200 200 

Transfer Funnel 1 RF Voltage 

difference (Vpp) 

200 100 200 100 

Transfer Funnel 2 RF Voltage 

difference (Vpp) 

300 200 300 200 

Transfer isCID Energy (eV) 0.2 0 0 0 

Transfer Hexapole RF Voltage 

difference (Vpp) 

150 150 150 150 

Quadrupole ion energy (eV) 10 5.5 9 30 

Quadrupole low mass (m/z) 100 120 120 200 

Collision cell collision energy (eV) 0 0.5 4 4 

Collision cell collision RF voltage 

difference (Vpp) 

400 600 800 600 

Collision cell transfer time (µs) 50 55 25 50 

Collision cell pre pulse storage (µs) 7 9 9 7 

Spectra rate (Hz) 2 1 1 1 

The first segment of the final negative ESI-ToF method extends from 0 to 20.72 minutes, here 

GDN, GTN, RDX, HMX, PET and DNT are detested. The second segment stretches from 20.72 
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minutes to 24.04 minutes with 4-NDPA being detected in this segment. The last segment stretches 

from 24.04 minutes to the end of the measurements and the cellulose nitrate oligomers are detected 

within this segment. Adjusting the instrumental parameters to obtain the optimal ionization 

condition for the respective reference compound, leads to a 60 times higher peak height in case of 

GTN, a 400 times higher peak height for DNT and a 25 times higher peak height for 4-NDPA when 

using the final instrumental MS method compared to the initial one. 

Furthermore post column addition of ions was tested to increase the sensitivity. 

Different anions, namely chloride, formate and nitrate were added to a GTN solution to determine 

the preferred adduct ion of GTN and GDN, the results in case of GTN are shown in figure 3.4.7. 

Figure 3.4.7:Relative intensity of the nitrate (blue), formate (green) and chloride (red) adduct of GTN and the signal 
intensity of the total ion current (orange) measured in the negative ESI mode with direct injection of 100 µl/h of a 25 
µg/µl GTN solution in acetonitrile with an addition of 5 mmolar of the adduct former, obtained with a ToF-MS. 

Without addition of any anions, the nitrate adduct of GTN clearly predominates with almost 100 % 

of the signal intensities of the adduct ions, the same applies for the addition of chloroform to the 

standard solution. The formate adduct of GTN can be increased to almost 10 % of the total signal 

intensity of all adducts by adding ammonia formate, but nevertheless the nitrate adduct still 

dominates with 80 %. Whereas adding hydrochloric acid the chloride adduct dominates with a more 

than threefold higher signal intensity compared to the nitrate adduct. However, considering the fact 

that adding ammonia nitrate, ammonia formate and hydrochloric acid leads to a decrease of the total 

ion current to 30 % and less of the initial value, due to the fact, that cluster ions are formed which 

reduce the ionization efficiency, the most sensitive detection of GTN can be achieved by not adding 

any negatively charged adduct ion to the GTN solution at all and measuring the nitrate adduct as the 

most dominating adduct. For GDN a similar behavior was observed but with the formate being the 

predominant adduct ion. However, it needs to be kept in mind, that chloride is added in an acidic 

solution and hence the decreased pH of the solution might also affect the ionization efficiency and 

adduct formation. 
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Further it was noticed, that higher dry gas flow rates shifted the adduct formation of GTN towards 

the chloride adduct whereas when using lower flow rates, the nitrate adduct predominates. 

In order to increase the stability pf the GTN adducts and hence increase the sensitivity for the GTN 

detection also the dry temperature was reduced to 150 °C. But using a lower source temperature did 

not influence the sensitivity.  

3.4.2 LC optimisation 

To optimise the chromatographic separation of the target compounds a bifunctional stationary phase 

with a balanced ratio of propylphenyl- and octadecyl-modified silica and two octadecyl-modified 

silica stationary phases with different polar endcappings were tested. For these measurements a 

standard LC gradient method with acidic water and acidic acetonitrile as solvent used for the 

detection of unknown organic compounds in routine casework was used for chromatographic 

separation. Mass spectrometric detection was based on the standard method used for explosives and 

illicit drugs. The instrumental parameters used for these initial measurements are listed in table 

3.4.1. A mixture of 4-NDPA, 2-NDPA, DPA, NNDPA, EC and AKII in acetonitrile was injected 

into the system (3 µl of a 300 pg/µl solution). The results are shown in figure 3.4.8. 

Figure 3.4.8: Chromatographic separation of the reference compounds in the positive ESI mode measured with a LC-
ToF-MS using a M&N NUCLEODUR Sphinx RP column (right), using a NUCLEODUR C18 Pyramid column (middle) 
and using a Thermo Hypersil GOLD aQ column (left); the red line displays m/z 227.1179, the major signal of the 
protonated akardite II, the yellow line displays m/z 199.0866, the major signal of the protonated NNDPA, the black line 
displays m/z 215.0815, the major signal of the protonated 4- and 2-NDPA, the green line displays m/z 170.0964, the 
major signal of the protonated DPA and the blue line displays m/z 269.1648, the major signal of the protonated ethyl 
centralite. 

The best separation was obtained, using a Hypersil GOLD aQ column, with all signals of the 

reference compounds being baseline separated, whereas using a NUCLEODUR C18 Pyramid 

column the signals of NNDPA and 4-NDPA are not baseline separated, the same applies for the 

signals of DPA and EC. When a NUCLEODUR Sphinx RP column was used, the worst separation 

was obtained, here the signals of NNDPA and 4-NDPA co-elute, and the same applies for the 

signals of DPA and EC. A Hypersil GOLD aQ column with a smaller diameter of 0.5 mm was 

tested as well. However, here the pressure limit of the column was already reached with a flow rate 

of 40 µL min-1, therefore this column was not appropriate for separation due to the fact, that the 

pump of the LC system could just run a reproducible gradient program with flow rates of 50 µL 

min-1 or higher. In respect of these results the Hypersil GOLD aQ column with a diameter of 1 mm 
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was considered to be the most appropriate column for the chromatographic separation of organic 

gunshot residues. 

Next, different solvents were tested for separation. Acidic Water was used either with acidic 

methanol, acidic acetonitrile, and acidic isopropanol or with mixtures of these three organic 

solvents for the gradient program. To compare the separation efficiency of the different solvents 

first the flow rate needed to be reduced to 50 µl min-1 due to the column pressure produced by 

solvents like methanol and isopropanol. In addition, the column temperature was increased from 30 

°C to 35 °C to further decrease the pressure. Decreasing the flow rate already led to higher signal 

intensities, resulting from higher total concentrations of the reference compounds in the solvent 

entering the ion source, as can be seen in figure 3.4.9. 

Figure 3.4.9: Chromatographic separation of the reference compounds in the positive ESI mode measured with a LC-
ToF-MS using acidic acetonitrile and acidic water as mobile phase and using a solvent flow rate of 110 µl min-1 (top), 
70 µl min-1 (middle) or 50 µl min-1 (bottom); the red line displays m/z 227.1179, the major signal of the protonated 
akardite II and the blue line displays m/z 269.1648, the major signal of the protonated ethyl centralite. 3µl einer 300 
pg/µl lösung 

As can be seen in figure 3.4.9, the retention times of the reference compounds are shifted towards 

larger retention times due to the decreasing flow rate. The resulting longer interaction between 

stationary phase and reference compounds leads to a better separation of the compounds. 

Furthermore, the peak height and area increases significantly with decreasing flow rate, leading to a 

higher sensitivity. The peak width increases as well, but only in a small extent, thus it can be 

neglected. Although a better separation is achieved with higher retention times, the focus was on 

developing a sensitive and fast method suitable for routine laboratory work. Hence, different 

gradients, including step and linear gradients were tested. The final step gradient with an 

intermediate step at 20 % organic solvent convinced due to a further increased sensitivity resulting 

from an optimum solvent composition during the elution of the reference compounds leading to 

strongly improved ionization efficiency. However, the separation efficiency decreases compared to 
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the initial gradient. The comparison between the initial and the final gradient used for further 

investigations is shown in figure 3.4.10. The gradient conditions are listed in table 3.4.3.  

Figure 3.4.10: Chromatographic separation of the reference compounds in the positive ESI mode measured with a LC-
ToF-MS using acidic acetonitrile and acidic water as mobile phase and using the initial gradient used for routine case 
work (left) and using the final step gradient (right); the red line displays m/z 227.1179, the major signal of the 
protonated akardite II, the yellow line displays m/z 199.0866, the major signal of the protonated NNDPA, the black line 
displays m/z 215.0815, the major signal of the protonated 4- and 2-NDPA, the green line displays m/z 170.0964, the 
major signal of the protonated DPA and the blue line displays m/z 269.1648, the major signal of the protonated ethyl 
centralite. Injection volume 3µl of 300 pg/µl standard mixture. 

Table 3.4.3: Gradient conditions of the initially used gradient and of the final step gradient. 

Time (min) Percentage of organic solvent 

in the mobile phase (%) 

Flow rate (µl/min) 

0 10 50 

3.1 10 50 

4 20 50 

10 20 50 

10.1 100 50 

23.9 100 50 

24 100 100 

34 100 100 

34.1 100 80 

34.2 10 80 

38.9 10 80 

39 10 100 

44 10 100 

Time (min) Percentage of organic solvent 

in the mobile phase (%) 

Flow rate (µl/min) 

0 0 50 

3 0 50 

38 100 50 

38.1 100 50 
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50 100 150 

50.1 100 150 

51 0 100 

57 0 100 

In respect of these results the step gradient was considered to be the most appropriate for the 

detection of organic gunshot residues due to the resulting increased ionisation efficiency and hence 

higher sensitivity even if the separation efficiency is worse compared to the standard gradient. 

Next, the separation efficiency and ionisation efficiency of different acidic organic solvents were 

tested. A selection of chromatograms obtained with the different solvents is displayed in figure 

3.4.11. 

Figure 3.4.11: Chromatographic separation of the reference compounds in the positive ESI mode measured with a LC-
ToF-MS using acidic acetonitrile and acidic water as mobile phase (left), using acidic methanol and acidic water as 
mobile phase (middle) and using acidic isopropanol and acidic water as mobile phase (right); the red line displays m/z 
227.1179, the major signal of the protonated akardite II, the yellow line displays m/z 199.0866, the major signal of the 
protonated NNDPA, the black line displays m/z 215.0815, the major signal of the protonated 4- and 2-NDPA, the green 
line displays m/z 170.0964, the major signal of the protonated DPA and the blue line displays m/z 269.1648, the major 
signal of the protonated ethyl centralite. Injection volume 3µl of 300 pg/µl standard mixture. 

The separation efficiency and ionization efficiency varies considerably depending on the mobile 

phase used. Using acidic methanol as organic solvent, the highest sensitivity was achieved, whereas 

using acidic isopropanol the lowest ionization efficiency was obtained. Using mixtures of the 

organic solvents sensitivity values in between were achieved. With regard to the separation 

efficiency best separation was achieved with acidic methanol as organic solvent. The separation 

efficiency differs strongly depending on the organic solvents used. Using acidic acetonitrile 

NNDPA and 4-NDPA totally co-elute, the same for EC and 2-NDPA, whereas using acidic 

methanol 4-NDPA and DPA only partly co-elute the same for EC and 2-NDPA. However, using 

acidic isopropanol EC and DPA, the same for 4-NDPA and NNDPA, whereas EC and DPA partly 

co-elute with 4-NDPA, 2-NDPA and NNDPA. 

With regard to these results, methanol was considered to be the most appropriate organic solvent for 

the detection of organic gunshot residues due to the high ionisation efficiency and compared to 

other organic solvents good separation efficiency. 
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Different injection volumes were tested in order to find the optimum injection volume combining to 

insert the highest possible amount of sample into the system with an optimum peak shape. In Figure 

3.4.12 the extracted ion current chromatogram of 4-NDPA in the negative ESI mode is shown, 

depending on the injection volume. In the figure on the left side 1 µl, 2 µl and 3 µl were injected 

into the system, whereby the same amount of reference compound (200 pg) is introduced into the 

system due to different concentrations of the injected solutions. 

Figure 3.4.12: Extracted ion chromatogram of 4-NDPA (m/z 213.0669)  in the negative ESI mode measured with a LC-
ToF-MS injecting 1 µl of a 200 pg/µl, 2 µl of a 100 pg/µl and 3 µl of a 67 pg/µl standard solution (left) and injecting 3 
µl of a 60 pg/µl and 9 µl of a 20 pg/µl standard solution (right); the red line displays an injection volume of 1 µl, the 
yellow line displays an injection volume of 2 µl, the green line displays an injection volume of 3 µl and the purple line 
displays an injection volume of 9 µl. 

Varying the injection volume, it was noted that injecting 2 µl or 3 µl the peak shape and width does 

not differ at all, whereas injecting 1 µl the peak area decreases a bit, probably due to losses during 

injection of this small volume. Injecting high volumes like 9 µl it becomes obvious, that the peak 

width increases strongly and the peak shape is getting worse, leading to a decrease of peak height 

and thus to a loss of sensitivity. Therefor an injection volume of 3 µl was regarded as most 

appropriate for further measurements.  

Subsequently the influence of the pH on separation and ionization efficiency was investigated. The 

chromatograms obtained using an acidic mobile phase with 0.1 % formic acid and a pH neutral 

mobile phase without addition of formic acid are displayed in Figure 3.4.13. 

Figure 3.4.13: Chromatographic separation of the reference compounds in the positive ESI mode measured with a LC-
ToF-MS using acidic methanol and acidic water as mobile phase (left) and using pure methanol and pure water as 
mobile phase (right); the red line displays m/z 227.1179, the major signal of the protonated akardite II, the yellow line 
displays m/z 199.0866, the major signal of the protonated NNDPA, the black line displays m/z 215.0815, the major 
signal of the protonated 4- and 2-NDPA, the green line displays m/z 170.0964, the major signal of the protonated DPA 
and the blue line displays m/z 269.1648, the major signal of the protonated ethyl centralite. 3µl of 300 pg/µl standard 
mixture. 

It is obvious, that the signal intensities of the respective compounds increases significantly using pH 

neutral solvent, which is contrary to our expectations that an excess of protons facilitates and thus 
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improves the ionization in the positive ESI mode. The same behaviour is observed in the negative 

ESI mode, but here it meets our expectations because during negative electrospray ionization the 

target molecule is deprotonated and hence an excess of protons will impede this process. Another 

effect of the pH is that using acidic mobile phase the retention time of the reference compounds is 

shifted to higher times and the single peaks are more separated from each other compared to using 

pH neutral mobile phase.  

3.4.3 GC-MS measurements 

In order to determine the substances used in commercially available propellants, 32 ammunitions 

and 17 reloading powders have been investigated by GC-MS. These investigations have been 

necessary to select frequently used compounds in propellants to develop sensitive mass 

spectrometric detection methods for GC-MS  

In the early state of the project, sample preparation as well as instrumental parameters has not been 

optimised before mass spectrometric analyses. 

3.4.3.1 Sample preparation of propellants  

Standard method: 

First solutions of different gun powders are prepared to a concentration of 1 mg/ml in acetonitrile. 

After dissolving, solid residues are separated by centrifugation. 100 µl of these solutions are 

evaporated in a glass vial. Afterwards 90 µl MSTFA (N-Methyl-N-

(trimethylsilyl)trifluoroacetamide, Machery&Nagel) and 10 µl pyridine are added. The mixtures are 

heated in the closed vial for 15 minutes at 70° C. For GC-MS analysis only 1 µl of each reaction 

mixture is injected onto the GC-column. 

Optimized method for nitro-glycerine and nitrocellulose: 

After evaporation of 100 µl of the propellant solutions in a glass vial, 25 µl MSTFA and 25 µl 

pyridine are added to each vial. The mixture is heated in the closed vial for 1 hour at 100° C. For 

GC-MS analysis only 1 µl of each reaction mixture is injected onto the GC-column.  

3.4.3.2 Instrument setup 

Instrumental Parameters 

Instrument Polaris Q, with Trace GC (both Thermo Fisher Scientific), Autosampler Combi Pal 

(CTC) 

GC parameter 

Initial Temp.              70° C 

Rate                            10° C/min 

Final Temp.              300 °C 
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Hold Time                  10 min 

Base Temp.               250° C 

Mode                          Split 

Split Flow              10 ml He/min 

Constant Flow             1 ml/min 

Transfer Line            250° C 

Column:  Phenomenex ZB 5HT Inferno, 30m, 0.25 mm ID, 0.25 µm 

MS parameters 

Electron Impact (EI)  Negative Chemical Ionisation (NCI) 

First mass  33 u  70 u 

Last mass  650 u  650 u 

Scan time  0.55 sec 0.33 sec 

Emission current    50 µA  100 µA 

Source Temperature  200° C  170° C 

CI-Gas  Methane 1.5 ml/min 

3.4.3.3 Results 

Figure 3.4.14 shows the distribution of identified ingredients of 49 investigated propellants. Most 

propellants contain 2-nitrodiphenylamine, nitroglycerine and 4-nitrodiphenylamine. Less frequently 

ethylcentralite, dibutylphthalate, dimethylphthalate and diphenylamine are observed. Comparing the 

results from propellants of reloading powers and ammunition there are some noticeable 

observations. In total about two thirds (31/49) are double based propellants containing 

nitrocellulose and nitro glycerine. Looking at reloading powders only, the single based propellants 

(NC only) are more common. Only 8 out of 17 contain nitroglycerine. Plasticizers like phthalates 

are also common propellant additives. Some rifle reloading powders from Rottweil of newer 

production date seem to substitute phthalates by citrates as plasticizers. 
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Figure 3.4.14: Distribution of identified ingredients of 49 investigated propellants 

3.4.3.4 Derivatisation 
Derivatisation with MSTFA offers the opportunity to increase the sensitivity as well as the content 

of information about the compounds in gunshot residues. For example nitroglycerine EI-mass 

spectra are characterised by very low detection limits, due to thermal decomposition in the injector 

and/or on the column and low structural information content. The spectrum shows only some 

intense, low molecular, not characteristic fragment ions (Figure 3.4.15), like carbon monoxide, 

nitrate and methylnitrate. In opposite derivatisation with MSTFA forms two different series of 

intense signals in TIC-chromatograms of nitroglycerine derivatives (Figure 3.4.16, see structures 

with blue arrows) analysing propellants (Geco VM, #01). 
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Figure 3.4.15: EI-spectrum of nitroglycerine (NIST)  
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Figure 3.4.16: TIC-diagram (EI) of the analysis of propellant “Geco-VM, #01” after derivatisation with MSTFA 

In addition it is possible to identify products of auto-degradative reactions in propellants (e.g. 

formaldehyde and hydroxypropionaldehyde, 4-NDPA) and small derivatised fragments of 

nitrocellulose (red arrows). In general it is not possible to detect nitrocellulose without 

derivatisation by GC-MS. 

Due to these results further work was focused on optimisation of the derivatisation reaction 

(optimised conditions: see above). As an example figure 3.4.17 shows the TIC-diagram of the 

propellant “Winchester #17” after derivatisation with the new method. Derivatisation peak 

intensities increase for the nitroglycerine derivates at retention times of about 13.5 min. whereas the 

peak intensities decrease at retention time of about 11 minutes compared to the standard 
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derivatisation method (small shifts of retention times in Fig. 3.4.16 are due to the use of new and 

old GC-columns).  
RT: 3,73 - 20,02
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Figure 3.4.17: TIC-diagram (EI) of the analysis of propellant “Winchester -TCMC” after MSTFA derivatisation with 
the new method (10 ng propellant injected on column). 

Analyses of the mass spectra of derivatised nitroglycerine and the observation, that peak intensities 

of the peaks at higher retention times increase with rising reaction temperature and/or higher 

pyridine concentration lead to the following proposed mechanism and structures (Figure 3.4.18). In 

the first reaction step the base pyridine eliminates all NO2-groups from nitroglycerine and 

oxopropandial is formed as an intermediately. This intermediate adds directly two MSTFA 

molecules in order to form an oxopropandial-MSTFA2-derivate. In the third step the remaining 

keto-group, which allows keto-enol tautomerism, reacts with a trimethylsilyl-group. oxopropandial-

TMS-MSTFA2–derivate is formed at the end of the reaction.  

A comparison of the EI-mass spectra from nitroglycerine and its MSTFA derivates points out, that 

the mass spectra of the MSTFA derivates are much more characteristic than for nitroglycerine itself. 
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Figure 3.4.18: Mechanism, proposed structures of the derivates of nitroglycerine with MSTFA and EI-mass spectra. 

In addition Negative Chemical Ionisation (NCI) was used as an alternative ionisation method. As 

expected mass spectra show less fragment ions and the molecular ion of oxopropandial-TMS-

MSTFA2 can be detected with low signal intensity. Figure 3.5.19 shows the direct comparison of 

oxopropandial-TMS-MSTFA2 spectra recorded with both ionisation methods. 
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A very important result of the derivatisation experiments concerns the detection of nitrocellulose 

(NC) by GC-MS. The basic elimination (pyridine) of nitro-groups followed by the addition of 

MSTFA allows the detection of a compound with the molecular weight of 499 g/mol in propellants 

besides some other low abundant products. A proposed structure is given in Figure 3.4.20. It is not 

clarified, if this compound originates from monomeric or oligomeric units of nitrocellulose, but 

they are detectable with EI und NCI ionisation methods. NCI spectra of this compound show 

clearly the molecular radical cationic ion whereas EI spectra indicate the presence of the ionic 

species by the low abundant signal at m/z 499 u and a high abundant signal at 484 u (M-15) (Figure 

3.4.21). In general intense signal of the elimination of a CH3 group is typical for all trimethysilyl 

derivates.  
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Figure 3.4.20: Proposed structure of the MSTFA-nitrocellulose derivate at m/z 499 u 
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Figure 3.4.22 demonstrates the advantage of the use of Negative Chemical Ionisation (NCI) on the 

example of the propellant “Winchester, #17”. The TIC diagram is characterised by a lower chemical 

background and higher signal intensities for NG and NC compared to the EI-TIC-diagram (Figure 

3.4.17) of the same propellant. Retention time shifts are due to the use of an old and a new GC-

column. 
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Figure 3.4.22: TIC-diagram (NCI) of the analysis of propellant “Winchester , #17” after MSTFA derivatisation with 
the new method (10 ng propellant injected on column) 

3.4.3.5 Detection limit of propellants 

In order to determine the detection limits for propellants, the propellant of the ammunition “Geco 

VM” was used. Therefore major signal intensities of different ingredients including NG and NC 

were quantified. Due to the fact, that optimal derivatisation conditions have not been determined 

until these measurements, derivatisation had been carried out under the following conditions: 

After evaporation of 100 µl of the propellant solutions (1 mg/ml) in a glass vial, 20 µl MSTFA and 

20 µl pyridine are added to each vial. The mixture is heated in the closed vial for 45 minutes at 

90°C. After cooling of the solution 60 µl acetonitrile are added to the mixture. Further dilutions 

were prepared by addition of adequate volumes of acetonitrile. For GC-MS analysis only 1 µl of 

each solution was injected onto the GC-column. GC-MS measurements with EI ionisation had been 

applied in the full scan mode. 

The calibration curves for the determination of the detection limit of propellant are shown in figures 

3.4.23 a and b. 
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Figures 3.4.23  a and b: Calibration curves for the determination of the detection limits of propellant “Geco VM, #01” 
in the EI ionisation mode. On the left hand side (a) nitro-compounds and on the right hand side amine derivates, urea 
derivates and ethylcentralite. 

Recalculation of the detection limits based on the calibration curves of different ingredients prove 

detection limits of 1 to 1.3 ng propellant using nitro-compounds. Significant lower detection limits 

for propellants are found with amine derivates (60 pg – 300 pg), ethylcentralite (150 pg). Urea 

derivates differ strongly from each other – for detection of 1,3 diphenyl-urea 1.3 ng propellant are 

necessary, whereas for detection of 3-ethyl-1,1-diphenyl-urea 100 pg propellant are sufficient. Low 

detection limits for propellants using diphenylamine (DPA) is reasonable, because N-nitroso-

diphenylamine degrades in the injector system of the GC and forms DPA in addition.  

Detection limits for propellants using NCI ionisation mode were not determined but they were 

estimated from single measurements: 

EI detection limit propellant  / ng NCI detection limit propellant  / ng 
NG 1,3 0.2  
NC 5 0,7 

3.4.3.6 Detection of gunshot residues by GC-MS 

An adhesive tape was used to collect gunshot residues from a shooters hand after three shots The 

ammunition used for the shooting experiments was Winchester (#17). 

Sample Preparation 

The adhesive tape was extracted two times with 300 µl acetonitrile. After the collected solvent had 

been removed by a gentle nitrogen stream, the residue was treated with 15µl MSTFA and 15 µl 

pyridine. Afterwards the mixture was heated to 90° C for 45 minutes. Only 1 µl of this solution was 

injected onto the GC column.  
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Results 

Figure 3.4.24 proves the detection of NC and NG by selected ion traces from data of the full scan 

mode. Only the main components NC and NG were detected by EI-GC-MS. Other components like 

diphenylamine or ethylcentralite cannot be detected under these conditions. The reasons for this 

observation probably are the chemical background from the shooter’s hand and/or the tape. Further 

experiments are necessary to improve the method. 
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Figures 3.4.24: TIC- and selected ion count diagrams from nitroglycerine, nitrocellulose and ethylcentralite after three 
shots from a shooter’s hand. 

Conclusion 

All relevant ingredients of propellants are detected and identified by EI-GC-MS with a very high 

sensitivity. It is a notable result since a lot of forensic laboratories of law enforcement agencies are 

using EI-GC-MS for routine casework and have the knowledge to implement the new method for 

the detection of gunshot residues in their labs. The high sensitivity of this method is based on an 

optimized derivatisation method with MSTFA. For the first time the optimized derivatisation 

technique enables even the detection and structural identification of nitrocellulose by EI-GC-MS. 

Investigations of real gunshot residues from a shooter’s hand provide the detectability of 

nitroglycerine and nitrocellulose, but other ingredients are hardly detectable. This result shows the 

need of further investigation in the area of GC-MS analysis. 

In addition NCI experiments show better sensitivities for the major compounds nitroglycerine and 

nitrocellulose in propellants as El ionisation. But NCI is not a common used ionisation technique 

due to the increased instrumental and time-consuming effort. Therefore further investigation should 

be concentrated on the EI-GC-MS developments.  
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3.4.4 TD-GC-MS 

As an alternative method to LC-MS measurements other mass spectrometric techniques were 

explored for their suitability for detecting organic gunshot residues. One of these methods is 

thermal desorption gas chromatography mass spectrometry (TD-GC-MS). The experiments were 

performed in a master thesis by by Elisabeth Hogk (Westfälische Wilhelms-Universität Münster, 

WWU). The full report (in German language) can be found in the appendix. The principle of 

thermal desorption is that the analytes are desorbed by heating up the sampling material and 

collected in a cold trap and then evaporated on to the GC column (principle of cryo-focusing) 

Measurements were carried out on a Gerstel TDS-3 thermal desorption system equipped with a 

Gerstel KAS4 cooled injection system coupled to an Agilent HP 6890 gas chromatograph with 

quadrupole mass spectrometer.  

The following GC columns were used: 

• Phenomenex Zebron ZB-5HT Inferno, 30 m, I.D. = 0.25 mm, 0.25 µm 

• Agilent Technologies, HP-5MS, 30 m, I.D. = 0.25 mm, 0.25 µm 

Table 3.4.4: Optimized parameters for OGSR using TD-GC-MS 

TD Parameter GC Parameter MS Parameter 

initial temperature desorption: 
25 °C 
temperature ramp desorption:
180 °C/min 
end temperature desorption: 150 
°C (4 min) 
temperature – transfer capillary:
280°C 
initial temperature KAS:  -100 
°C  (0.05 min) 
temperature ramp KAS: 12 °C/s 
end temperature KAS: 280 °C 
(3.5 min) 
helium flow:  64.6 mL/min 

temperature ramp: 12 °C/s 
end temperature: 270 °C (2 min) 
run time: 15 min 
front inIet (split) – initial 
temperature: 50 °C 
helium flow: 45 ml/min 
initial column flow (controlled by 
KAS): 1.2 mL/min 
initial column pressure 
(controlled by KAS): 0.584 bar 
inlet: Back Inlet (KAS) 
outlet pressure: 1,9 · 10-8 bar 

MS mode: EI 
scan range [m/z]: 35 – 535 
solvent delay: 2 min 
EM voltage: 1059 V 
Threshold: 100 
MS quadrupole temperature:
180 °C 
MS Source temperature: 230 °C 

Not all relevant propellant additives could be detected. N-NDPA decomposes completely forming 

DPA during desorption. The detection limits for reference substances are shown in table 3.4.5. The 

values refer to a standard mixture of reference substances directly injected into the desorption tube. 

In general TD-GC-MS is less sensitive then the LC-MS method. Only for 2,4-DNT and 2,6-DNT 

slightly higher sensitivities were obtained. 
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Tab. 3.4.5: Detection limits for selected reference substances 

AK II DPA EC 4-NDPA 2-NDPA 2,4-DNT 2,6-DNT 
70 pg 10 pg 10 pg 600 pg 15 pg 100 pg 150 pg 

Additives could be detected in unburnt propellants as well as extracts from spent cartridge cases. In 

Winchester ammunition (#17) two degradation products of DPA were observed: phenoxazine and 

carbazol (see. Fig. 3.4.25). 

Figure 3.4.25: TIC of a TD-GC-MS measurement of an acetonitrile extract of a spent cartridge case of Winchester 
ammunition (#17) showing carbazol and phenoxazine. 

In general all extracted samples suitable for LC-MS could also be examined using TD-GC-MS. The 

developed method using a Tesa Tack adhesive for sampling a hand of a shooter allows the detection 

of relevant additives after a single shot (Figure 3.4.26). 

The initial idea of testing a direct desorption of garments with OGSR depositions failed due to 

fibers blocking the TD-GC-MS. But vacuuming techniques using filters made of aramid based 

material like Nomex showed promising results. 

Thermal desorption of swabs was also tested. Cellulose based materials (like Kimtech Kimwipes) 

were used but have a tendency to burn if the desorption temperature is above 150 °C. Nomex 

materials showed the best results. 
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Figure 3.4.26: TIC and SIC for a sample from shooter’s hand firing a single shot of S&B nontox (#10) ammunition. 
Nitrogylcerine, DPA, 2-NDPA and EC could be detected. 

In general TD-GC-MS is a suitable technique to detect organic gunshot residues from shooter’s 

hand or from clothing. The method is less sensitive the developed LC-MS protocol and the machine 

is not readily available in forensic lab. Therefore LC-MS is favorable for routine OGSR analyses. 

3.4.5 DESI-MS 

In activity 4.6 alternative mass spectrometric technique for OGSR detection should be explored. 

Direct Electrospray Ionization Mass Spectrometry (DESI-MS) was chosen to test directly the 

surface of a sample without the need of extent sample preparation. This task was performed 

externally at the Justus-Liebig-Universität Gießen (JLU), group of Prof. Spengler, as part of a 

master thesis by Irina Jülch using DESI-MS equipment of the JLU. The respective reports in 

German language with detailed results are available as appendix to this document. Therefore only a 

short summary of results is presented here. 

The general setup of a DESI-MS experiment is shown in figure 3.4.27 as well as the optimal 

desorption conditions for OGSR material. Measurements were carried out using a JLU-build 

custom DESI sprayer setup coupled to a Thermo Q-Exactive high resolution mass spectrometer. 

The system set allows also scanning across surface areas in two dimensions to obtain distributions 

of molecules of interest (MS imaging). 
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Figure 3.4.27: Basic set-up and conditions of a DESI-MS experiment. 

As a direct ionization technique DESI-MS does not provide any chromatographic separation of the 

sample. The solvent spray leaving the sample surface is directed to the inlet of the mass 

spectrometer. During a scan several thousand mass spectra were detected. In order to extract useful 

information out of this large amount of data all spectra are filtered for the occurrence of the exact 

masses of the ions of interest using the software EWAD.  

The method was optimized using reference substances first. The detection limit for EC (10 % 

relative abundance of m/z = 269.164839) was estimated to 10 pg/mm².  

In additional experiments the DESI-MS method was applied to unburnt propellant and spent 

cartridge cases of four ammunitions (Geco 9 mm Luger 2011 #33, Geco .38 Special #34, S&B FMJ 

#3 and S&B nontox #11) were analysed. The detection of typical additives like EC, DPA, NDPA, 

N-nitroso-DPA was possible. Figure 3.4.28 shows the results from Geco 9 mm Luger (#33) for 

propellant and an extract from the spent cartridge case showing EC, DPA and N-Nitroso-DPA as 

the most prominent additives which were also retrieved in the cartridge case extracts.  

The DESI-MS method was also tested on adhesives (Filmolux, SEM stubs) which are commonly 

used for sampling inorganic GSR from hands. Figure 3.4.29 shows an example of DESI-MS 

analyses of the surface of SEM stubs taken from a shooter’s hand after firing 5 shots. The typical 

additives EC and DPA are the dominant additives found on these samples. 

DESI-MS also allows obtaining information on the spatial distribution of molecules of interest. This 

“chemical imaging” might be used to visualize gunshot residue distributions which can be utilized 

for shooting distance determination. That this is in principle a promising approach was 

demonstrated on adhesive tapes used as direct targets. Fig. 3.4.30 shows a line scan across the 

entrance hole of a 30 cm shot using Geco 9 mm Luger ammunition. While N-nitroso-DPA is only 

detected around the entrance hole, EC seems to be present across the whole scanned area.  

Solvent:  MeOH:Aceton (7:3)
Flow rate:  4 µL/min
Pressure (N

2
):  ~5.5 bar 

Angle α: 57 °

Capillary voltage:  4 kV
Resolution: 100000
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Figure  3.4.28: DESI-MS results for “Geco 9 mm Luger, #33” ammunition for propellant and an extract from the spent 
cartridge case. 

Fig. 3.4.29: DESI-MS results of the surface of SEM stubs taken from a shooter’s hand after firing 5 shots for Geco .38 
spc (#34) and Geco 9 mm Luger (#33). 



Technical Report  Detection of OGSR  HOME/2011/ISEC/AG/4000002504 

- 47 - 

Figure 3.4.30: DESI-MS line scan across the entrance hole of a 30 cm shot using Geco 9 mm Luger (#33) ammunition 
with abundance of EC and N-NDPA. 

In summary DESI-MS is a promising technique for the direct analysis of surfaces for OGSR 

depositions. Imaging capability and easy sample preparation make this method very attractive for 

future research especially in combination with future portable high resolution mass spectrometers. 

3.5 Activity 5: Analysis of OGSR  

3.5.1 Spent Cartridge Cases 

Spent cartridge cases were extracted with acetonitrile and measured with LC-MS. In general large 

amounts of OGSR were detected which have similar qualitative compositions as the unburnt 

propellant. An exception is DPA: the relative concentration in a spent cartridge case is significantly 

lower. It is not clear what the reason for this observation is. One assumption is that DPA 

decomposes on the hot metal surface of the cartridge case; another is that DPA is partially adsorbed 

by the brass material similar to the effects observed during the preparation of artificial samples on 

aluminium foil (chapter 3.2.3). 

Examples for results obtained from cartridge cases are shown in figure 3.5.2. Extracts from S&B 

Nontox (#11) cartridge cases show additional traces of PETN. This originates probably from the 

ignited primer and not from the propellant. It is known from material safety datasheets of Nontox 

primer that it contains small amounts of PETN. 

3.5.2 Shooter`s Hand 

As already demonstrated in chapter 3.2.2 Tesa Tack has proven to be the most suitable for hand 

sampling. However, there are strong variations in the recovered amount of OGSR from shot to shot. 

The recovered amount does not necessarily correlate with the number of shots as shown in figure 

3.5.1. Extremely high values can be explained by picking up unburnt propellant particles. 
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Figure 3.5.1: Shot to shot variation in GSR deposition. Nine shooters fired several shots using a Glock 19 pistol with 
Winchester (#17) ammunitions. Samples were taken from the back of shooter‘s hand immediately after shooting. 

Figure 3.5.2: Relative amounts of propellant additives found on shooter’s hand, propellant and spent cartridge case. 
Used ammunitions: Geco 9 mm Luger (#33), DAG 9 mm NATO (#06), Winchester (#17) and S&B nontox (#11). The 
percentage of GTN is not shown in these figures. 

In general the amounts of OGSR are far above the respective detection limits that at least the 

qualitative confirmation of propellant additives is trustworthy. For example in a single shot of Geco 
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9 mm Luger (#33) ammunition 4 ng NNDPA, 42 ng 4-NDPA, 404 ng DPA, 63 ng EC und 38 ng 2-

NDPA und 79 ng GTN were found on the shooter’s hand. In general the same additives were found 

on the hand as on the unburnt propellant and the spent cartridge (figure 3.5.2). 

3.5.3 Shooter`s Clothing 

Initial tests were also performed for clothing of a shooter. After shooting three times with a Glock 

19 pistol using Winchester (#17) ammunition the sleeves were sampled in a first experiment by 

using Tesa Tack. The adhesive loses is stickiness very fast after being completely covered with 

fibers. In a second experiment the sleeve was vacuumed using a 25 mm inline PTFE filter with 0.5 

µm pore size. In general vacuum is the more efficient sampling technique. 

The inline filter was extracted as described in chapter 3.3. 28 ng GTN, 3 ng AK II, 5 ng NNDPA, 

800 pg 4-NDPA, and 3 ng DPA were detected, which is qualitatively in agreement with the 

propellant composition of Winchester (#17) ammunition.  

3.5.4 Combined sampling of inorganic and organic gunshot residues 

It is not intended, that the OGSR analysis substitutes the classic approach of detecting inorganic 

GSR particles by SEM/EDS. In fact is desired to combine both methods. Several approaches try to 

collect organic and inorganic GSR from a single swab or SEM stub and try to separate organic and 

inorganic GSR during sampling preparation. As a shooting event is always a rather random process, 

the GSR collection is never quantitatively comparable it is in our opinion more useful to apply 

separate sampling techniques for both GSR and OGSR. Therefore we propose to sample hands first 

with a SEM stubs to sample inorganic GSR and then using a Tesa Tack sampler for OGSR. 

This was demonstrated by letting three persons fire a single shot of Winchester (#17) ammunition. 

Directly after shooting the hand was first sampled with two SEM stubs for back and palm of the 

hand with amount of 10-25 dabs each. After that the hand sampled with a Tesa Tack. 

Table 3.5.1 shows the total amount of PbBaSb particles on both stubs analysed with Aspex PSEM 

eXpress and the total amount of OGSR detected by LC-MS.  

Table 3.5.1: Combined sampling of organic and inorganic GSR 

Test person 1 Test person 2 Test person 3 

Sum of PbBaSb 

particles on hand 
20 71 720 

amount of total OGSR 

in ng on hand 
8 37 356 

The table shows clearly that there is a correlation between the inorganic and organic GSR results. If 

a small number of characteristic particles is found then the OGSR amount is small and vice versa. 

Based on these results we propose a hand sampling procedure using two SEM stubs and a Tesa 

Tack stub per hand. Sampling is performed first for inorganic GSR and then for organic GSR as 

described above. 
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For crime scene officers this proposal makes OGSR collection easy because they only have to use 

an additional OGSR stub with Tesa Tack as adhesive which is used similar to the familiar SEM 

stubs.  

The laboratory can then decide in case-by-case assessment if OGSR is analysed before the 

SEM/EDS analysis for screening purposes or after for confirmation.  

3.6 Activity 6: Validation   
All needed measurements for the instrumental method and the sample preparation were validated 

during the course of method development. The formal validation report with the respective raw data 

is in preparation. 

Most important are the determined detection limits for compounds of interest for the developed LC-

MS protocol. Table 3.6.1 summarizes these values: 

Table 3.6.1: Detection limits for propellant additives using the described LC-MS protocol 

GTN DNT EC AK II DPA 4-NDPA 2-NDPA NNDPA

Neg. ESI 3-15 pg > 300 pg    < 0.3 pg  

Pos. ESI   < 0.3 pg < 0.3 pg < 0.3 pg 0.3-3 pg 0.3-3 pg 3-15 pg

3.7 Activity 7: Creation of Databases 
For storage of mass spectra a database using NIST format was selected. A database GC-MS data 

was already created. A LC-MS/MS database is not created yet. It is planned to use the NIST format 

as well and transfer the already recorded fragmentation ion spectra. Chromatographic data is not as 

originally planned organized in a database because they are already included in the technical report. 

As there is some overlap with the ENFSI Monopoly 2014 subproject N2-B “Development and 

implementation of an internet based Gunshot residue database within Europe”. The currently 

developed database focusses on inorganic GSR but could be extended in future also to OGSR. 

3.8 Activity 8: Data Analysis 

3.8.1 Prevalence of OGSR 

Literature research shows that single propellant additives have also other possible environmental 

and industrial sources than propellant. Nitrocellulose lacquers are one example that was analysed 

but not showing the for OGSR typical combination of compounds. A good impression gives also 

the routinely during experiments collected blank samples from hands. They show more or less 

negative results. For the compounds we can detect most sensitive (EC, AK II, DPA, 4-NDPA see 

Table 3.6.1) a very small background contamination is observed but could not easily be explained 

so far. 

Studies by the University of Lausanne lead to a similar result (Gassner et al., Forensic Science 

International 266 (2016) 369–378). 



Technical Report  Detection of OGSR  HOME/2011/ISEC/AG/4000002504 

- 51 - 

3.8.2 Persistence of OGSR 

Due to time constraints it was not possible to set up a series of experiments for determining the time 

interval how long OGSR could be detected on the hands of a shooter. Some preliminary results 

regarding were obtained by the University of Lausanne. The results were presented during the 

ENFSI-OOS in Wiesbaden on Nov. 22nd, 2016 and published in Gassner et al., Forensic Science 

International 266 (2016) 369–378.  

The results imply that the persistence on hands might be a few hours (similar to inorganic GSR) but 

longer on clothing. 

Persistence but also (secondary) transfer is such an important topic to understand the forensic value 

of OGSR that another research project focussing on this field seems to be justified. 

3.8.3 Sample Storage and Aging 

In real casework collected samples can usually not be analysed after sampling. Therefore it is 

important to how stable OGSR samples are over periods of days and weeks.  

To get a glimpse of the sample aging the following experiment was performed: Three test persons 

(TP 1 to TP 3) each fired three shots with Western (#17) ammunition. The hand was sampled 

immediately after shooting with four Tesa Tacks on a single 1” aluminium pin stub. For TP1 all 

Tesa Tacks were analysed for OGSR immediately after sampling, whereas from TP2 two Tesa 

Tacks were extracted immediately and the other two were stored for 3 days in the freezer under 

dark conditions. For TP 3 two Tesa Tacks were extracted immediately and the other two Tesa Tacks 

were stored at room temperature at daylight for three days. The results are shown in figure 3.8.1. 

Figure 3.8.1: The influence of storage conditions on the total amount of OGSR on samples from shooter TP1 to TP3. 
Direct: measured immediately after sampling; Freezer: analyzed after 3 d in freezer / dark; RT: analyzed after 3 days 
room temperature and light. 

From figure 3.8.1 it becomes obvious, that the amount of OGSR varies substantially between the 

different shooters and the different samples taken from the same shooter`s hand. The interindividual 

variation and the variation between the samples taken from the same hand is higher than the 
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variation between the samples analyzed immediately after sampling and the samples stored for three 

days either in the freezer or at room temperature. Therefore it can be assumed that the storage of the 

samples has no significant influence on the sample composition or amount and that at least in a 

period of three days no critical aging accurs. However tests on spiked samples performed at the 

University of Lausanne showed a certain degradation over two weeks at ambient temperature. 

While the loss of  EC and AK II is around 10 to 15 % it is 40 % for the thermolabile NNDPA.  

These initial results suggest while its not required to cool OGSR samples immeadiatly after 

sampling. For longer storage however a freezer and light protection are recommended. 

3.9 Activity 9: Downscaling of the developed method 

During the whole method development it was taken into consideration, that the method can be 

applied on cheaper instrumentation, too. The reason for this approach is to establish OGSR analysis 

in as much forensic laboratories as possible. Nevertheless problems could occur by large dead 

volumes in older HPLC systems, which run normally with higher flow rates (e.g. 1 ml/min) or mass 

spectrometers which have lower ion transmissions. Thus we tested our method together with our 

Israeli partners during a laboratory visit in Jerusalem. 

For the implementation of the LC-MS method the following equipment was available: 

HPLC 
Shimadzu Nexera HPLC system with following devices: 
Degasser: DGU-20A5R 
Pump: LC-30 AD 
Auto Sampler: SIL-30 AC 
Column oven: CTO 20 AC 

HPLC conditions 

HPLC-Column: Thermo Hypersil Gold aq, 150 x 1 mm, 3 µm 
HPLC gradient: Eluent A: water, Eluent B: methanol  

Time [min] Eluent B 
Flow rate 
[µl/min] 

0 10 % 50 
3.0 10 % 50 
3.1 10 % 50 
4.0 20 % 50 

10.0 20 % 50 
10.1 100 % 50 
24.0 100 % 100 
34.0 100 % 100 
34.1 100 % 80 
34.2 10 % 80 
38.9 10 % 80 
39.0 10 % 100 
44.0 10 % 100 

. 
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MS 
AB SCIEX Triple Quad 5500 with ESI-ion source  
After optimisation of the instrument in the positive ion mode the following instrumental parameters were 
applied: 

Curtain gas: 30 a.u. Entrance Potential: 10 V 
Ion Spray: 5500 V Ion Energy: 3 eV 
Distance capillary: 5 mm CEM: 1950 V 
Tmp: 250° C Scan rate: 200 u/s 
Ion Source Gas 1: 25 a.u. Microscans: 3 
Ion Source Gas 2: 15 a.u. Scan range: 160-400u 
Declustering Potential: 140 V 

Results 

First the mass spectrometer settings had been optimized concerning highest sensitivity. For this 

reason a solution of ethylcentralite  (EC), diphenylamine (DPA), N-nitroso-diphenylamine  

NNDPA), 2-nitro-diphenylamine(2-NDPA), 4-nitro-diphenylamine (4-NDPA) and akardite II (AK 

II) solution with a concentration of 100 pg/µl each was injected directly into the ESI ion source with 

a flow rate of 50 µl/minute. The mass spectrometer was running in the full scan mode.  

Figure 3.9.1 show the result of an LC-MS run of a 10 ng injection of ethylcentralite (EC) onto the 

HPLC column after optimisation. 

EC

EC

Figure 3.9.1: TIC and extracted single ion count diagrams after injection of 10 ng ethylcentralite, positive ion mode, 
full scan mode 

In the next step 1 µl of the above described solution (100 pg each compound) was injected. The 

spectra were recorded in the positive ion mode and in the mass range between m/z 160 u and 400 u. 

Figure 3.9.2 displays the extracted single ion count diagrams for all injected compounds. But only 

three compounds (AK II, EC and 4-NDPA) could be detected under these conditions. 
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Extracted single ion count diagram for EC

Overlay of extracted single ion count diagrams for all injected compounds

2-nitro-DPAEC

AK II
unknown

Figure 3.9.2: Extracted single ion diagrams, top: all compounds injected, button: only ethylcentralite; positive ion 
mode, full scan mode 

In general this experiment demonstrates that sensitivity was not sufficient for the detection of 

organic gunshot residues. Thus for analysis of the gunshot resides from a shooters hand the 

instrument was switched to the single ion monitoring (SIM) mode, which offers higher sensitivity 

when a lot of compounds have to be detected in complex matrices.  

TIC

DPA

AK II

EC

4- and 2-nitro-DPA

N-nitroso-DPA

Figure 3.9.3: TIC diagram (top) and SIM diagrams for the masses 170 u (DPA), 227 u (AK II), 269 u (EC), 215 u (2- 
and 4 nitro-DPA) and 199 u (N-nitroso-DPA) 

The success of this instrumental change is demonstrated in Figure 3.9.3. Besides one Total Ion 

Count diagram (TIC, top)) it displays SIM diagrams for five different typical masses of substances 
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found in OGSR. But in the chromatograms we will not find only one peak for one SIM mass. For 

example for mass 227.1 u, which corresponds to AK II, at least five peaks are found. But only the 

peak at a retention time of 16 minutes corresponds to AK II. 

The second row of the diagram displays the mass of DPA. Two intense signals are visible. But they 

do not derive directly from DPA. They are mass spectrometric insource decay products and are 

formed from AK II (elimination of the methylamid group) and N-nitroso-DPA (elimination of the 

nitroso group). These compounds are found at the same retention times than the DPA peaks (see 

AK II row 3 and N-nitroso-DPA see row 6). Besides these compounds EC show intense signal, 

whereas both 2-NDPA and 4-NDPA have lower signal intensities. 

These successful experiments in the laboratory of our Israeli partners demonstrate the possibility to 

establish OGSR analysis in other forensic labs, even when they have different instrumental HPLC 

and MS systems available. 

3.10 Activity 10: Information Transfer and Dissemination 

Information transfer and dissemination was an integral part of the project “Detection of OGSR”. 

The communication of new results is important to promote the future application of a new forensic 

method.  

Remark: Events marked with an asterisk (*) if they were not financed from the project’s budget. 

During the course of the prolongued project five group meetings took place: 

Event Date Place Remark 

Kick-Off Meeting June 2013 Wiesbaden, Germany 

Milestone Meeting Sept. 2013 Riga, Latvia 

in conjunction with ENFSI 

EWG Firearms Annual 

Meeting 2013 

Milestone Meeting Sept. 2014 Leeds, United Kingdom 

in conjunction with ENFSI 

EWG Firearms Annual 

Meeting 2014 

Milestone Meeting Nov. 2015 Limassol, Cyprus 

in conjunction with ENFSI 

EWG Firearms Annual 

Meeting 2013 

Final Meeting June 2016 Crakow, Poland 

Guest: Prof. Suzanne Bell, 

West Virgina University USA 

for discussion and evaluation 

of results. 

The associate partners from Israel took only part in the three milestone meetings linked to Annual 

Meetings of the EWG Firearms/GSR due to lack of funding for travelling.  

In addition several lab visits took place in order or learn certain analytical techniques or implement 

techniques in a partner laboratory. 
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Event Date Place Remark 

Visit UNIL at BKA* July 2014 Wiesbaden, Germany 

Mutual exchange of 

information regarding a co-

operation in the field of OGSR 

Workshop at BKA with 

IES and FSNI 
Feb. 2016 Wiesbaden, Germany 

Practical workshop for project 

partners regarding the 

developed procedure 

Visit BKA at FSNI Feb. 2016 Carrickfergus, UK 

Learning combinened IGSR 

and OGSR applied in Northern 

Ireland. 

Visit BKA at DIFS July 2016 Jerusalem, Israel 

Method transfer to a smaller 

LC-MS system, see chapter 

3.9 

In order to disseminate the findings of the project an OGSR workshop was held at the ENFSI EWG 

Firearms Annual Meeting 2015 Annual meeting in Limassol, Cyprus. In three presentations general 

aspects of OGSR, basics of mass spectrometry and current project results were presented to an 

audience of approx. 40 international GSR experts. 

After the end of the project in November 2016 a training seminar was organized by the BKA in 

Wiesbaden an “ENFSI One Day One Topic Seminar (ENFSI-OOS): An introduction to the analysis 

of organic gunshot residues”*. 22 participants from 11 European countries learned about the 

detection of OGSR in presentations and practical workshops. In this seminar forenic experts from 

GSR as well as from LC-MS were brought together, which turned out to be very effective. It is 

planned to set up a communications platform for OGSR research on the Europol Platform for 

Experts (EPE). 

The project’s results were also presented on ten scientific conferences throughout Europe: 

Event Date Place Remark 

EWG Firearms Annual Meeting 2013 Sept. 2013 Riga, Latvia Oral presentation 

Schmauchsymposium 2014* June  2014 Wien, Austria Oral presentation 

24. Internationales 

Kriminaltechnikseminar* 
Sep. 2014 

Villingen-Schwenningen, 

Germamy 
Oral presentation 

EWG Firearms Annual Meeting 2014 Sep. 2014 Leeds, UK Oral presentation 

EAFS 2015 - 7th European Academy 

of Forensic Sciences Conference 
Sep. 2015 Prague, Czech Republic 

Keynote presentation 

Poster presentation 

EWG Firearms Annual Meeting 2015 Nov. 2015 Limassol, Cyprus Oral presentation 

Schmauchsymposium 2016* June  2016 Hamburg, Germany Oral presentation 

25. Internationales 

Kriminaltechnikseminar* 
Sep. 2016 

Villingen-Schwenningen, 

Germamy 
Oral presentation 

18th International Forensic Science 

Managers Symposium* 
Sep. 2016 Lyon, France Poster presentation 

EWG Firearms Annual Meeting 2016* Oct. 2016 Rome, Italy Oral presentation 

During the course of project several reports and documents were created: 
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Document Main author(s) Language 

Technical report (this document) 
Anna van Eijck, Dieter Kirsch, 

Rüdiger Schumacher 
Englisch 

Standard Operation Procedure: 

Qualitative determination of 4-NDPA, 2-NDPA, 

NNDPA, DPA, EC, AKII, 2,4-DNT, 2,6-DNT, 

HMX, RDX, PETN and GTN with a LC-ESI-Q-

ToF-MS 

Anna van Eijck Englisch 

Spezialisierungsbericht: Massenspektrometrische 

Untersuchungen von Schmauchspuren 
Irina Jülch German 

Abschlussbericht: Untersuchungen von 

Schmauchspuren mit neuen, innovativem 

massenspektrometrischen Verfahren 

Irina Jülch German 

Herstellung von Referenzmaterialien für die 

Detektion organischer Schussrückstände mittels 

Sprühroboter und deren Untersuchung mit Hilfe 

von LC/ESI-ToF-MS 

Praktikumsbericht – Projektmodul 

Elisabeth Hogk German 

Abschlussbericht: Methodenentwicklung zum 

Nachweis von organischen Schmauchspuren mit 

Thermodesorptions-GC/MS (TD-GC/MS) 

Elisabeth Hogk German 

Berichte zu OGSR-Untersuchungen mit GC-MS Dieter Urbach German 

A formal validation report is in preparation. A publication in scientific journal, e.g. in “Forensic 

Chemistry” is planned for 2017.               
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4 Summary and Conclusions 

The detection of organic gunshot residues (OGSR) is a field of forensic research that is expected to 

provide supporting evidence in classic GSR investigations using SEM/EDS especially when heavy 

metal free primers were used in the respective ammunition. In addition it might be used as a fast 

screening method for large amounts of specimen to prioritize SEM/EDS analysis for certain 

samples. In general more insight in the deposition, loss, transfer and occurrence of OGSR is 

expected to support the reconstruction of shooting incidents. 

Primary task of project was the development of a robust LC-MS method which is sensitive enough 

to detect traces of OGSR, i.e. depositions of propellant additives and explosives produced by single 

pistol shot on shooter’s hand or clothing. In order to achieve this objective more the 50 propellants 

from 9 mm Luger, .38 spc ammunition and reloading powders were analysed to identify suitable 

frequently found target compounds. It has turned out that DPA, NNDPA, 4-NDPA, 2-NDPA, EC, 

AK II, 2,4-DNT, 2,6-DNT, and GTN are of highest interest. After extensive optimization a LC-MS 

protocol was developed that provides detection limits in the low picogram and in the sub-picogram 

range (10-13 to 10-11 g) for most target compounds. The sensitivity is high enough to detect the 

relevant substances on the hand of a suspect. 

Of similar importance was the development of suitable sampling materials that can easily be 

applied in routine casework. Approx. 30 different sampling materials (adhesives and swabs) were 

tested. After completion of the study three different sampling materials are recommended for three 

different types of evidence: 

• for skin: tape-lifting using TesaTack on an aluminium pin stub 

• for smooth surfaces: moisten with acetonitrile (or isopropanol) and swabbing with Texwipe 

Alpha TX761 swab 

• for clothing: vacuuming using an Zefluor 0.5 µm PTFE filter 

All three types of sampling material are compatible with the same extraction method developed 

with the intention to keep the process as simple and quick as possible. 

Having completed the method development numerous shooting experiments were carried out. It 

was demonstrated that OGSR can be recovered and analysed from the shooter’s hand after a single 

shot of 9 mm Luger ammunition. GTN and propellant additives could be identified. The pattern of 

additives is qualitatively comparable to results from the respective unburnt propellant or spent 

cartridge case.  

A quantification of the recovered OGSR traces is from an analytical point-of-view possible, but 

from a forensic viewpoint OGSR deposition seems to be rather random in the shooting process 

itself. Therefore shot-to-shot variations are so high that quantitative information is usually not very 

meaningful. The method should therefore be used as a qualitative method to prove the presence of 

certain propellant additives. Following this conclusion it was easy to develop a simple protocol for 

a combined collection of inorganic and organic GSR. We propose to sample the hand first with 

standard carbon tape SEM stubs and then with a stub covered with Tesa Tack. The collected 

material is in our experience sufficient to perform a qualitative analysis of OGSR. This procedure 
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has also advantages for crime scene application: A crime scene officer just has to sample with an 

additional stub in a way he is already trained for. A separate collection of inorganic and organic 

GSR has also benefit in laboratory work because it can be decided case-by-case which type of 

evidence will be analysed first.  

While the main focus of the project was on LC-MS also other mass spectrometric methods were 

explored. GC-MS with EI and NCI ionization was used to analyse propellants and OGSR. The 

application of an optimised MSTFA-derivatisation strongly enhanced the sensitivity for nitro-

glycerine and nitrocellulose. The latter explosive is not detectable with standard GC-MS without 

derivatisation. The method is sensitive enough to detect OGSR from shooter’s hand. However, LC-

MS is even more sensitive.  

Another method that was reviewed for OGSR detection was TD-GC-MS. This technique is also 

able to detect the most important substances present in OGSR. Its sensitivity is between GC-MS 

and LC-MS but TD-GC-MS is not very common in forensic laboratories. 

Finally DESI-MS was tested, which allows direct analysis of a surface of interest. The results were 

quite promising, showing that propellant additives could be detected. The advantage of DESI-MS is 

that it can provide a “chemical image” of a surface showing the distribution of certain molecules. 

OGSR detection with DESI-MS might be a field of future research. 

LC-MS has proven to be the most sensitive method to detect OGSR. As it is available in many 

forensic labs nowadays, it should be the method of choice. A readily available alternative is GC-

MS. In combination with derivatization it will also allow OGSR analysis to a certain extent. The 

results are also of potential use for explosive analytics as the analytes of both forensic fields overlap 

strongly. 

The results of this project were presented on ten scientific conferences throughout Europe and were 

well received. A successful ENFSI-OOS after project completion in November 2016 at the BKA in 

Wiesbaden brought together experts from the fields of analytical chemistry and gunshot residues. 

The developed methodology was presented and discussed. Some participants already stated that 

they plan to adopt the method in their laboratories. The OOS might be a starting point to establish 

an online platform for OGSR research on the Europol Platform for Experts.  

While the analytical problem of a sensitive detection of OGSR seem more or less been solved, the 

forensic understanding of the results still needs more research. The fields of prevalence, persistence, 

transfer and aging were only investigated superficially yet and need more in-depth research in the 

future. 
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Abbreviations 

2,4-DNT 2,4-Dinitrotoluene EWG Expert Working Group 
2,6-DNT 2,6-Dinitrotoluene FSNI Forensic Science Northern Ireland 

2-NDPA 4-Nitrodiphenylamine GC-MS 
Gas Chromatography – Mass 
Spectrometry 

4-NDPA 4-Nitrodiphenylamine GSR Gunshot Residues 
AK II Akardite II GTN Glycerine trinitrate = nitro glycerine 

APCI 
Atmospheric Pressure Chemical 
Ionization 

IES Instytut Ekspertyz Sądowych 

BKA Bundeskriminalamt IGSR  Inorganic Gunshot Residues 

CN Cellulose nitrate (= Nitrocellulose) LC-MS 
Liquid Chromatography – Mass 
Spectrometry 

DESI-MS 
Direct Electrospray Ionization Mass 
Spectrometry 

MSTFA 
N-Methyl-N-trimethylsilyl-2,2,2-
trifluoroacetamide 

DIFS 
Division of Identification and Forensic 
Science 

NC Nitrocellulose (= Cellulose nitrate) 

DPA Diphenylamine NCI Negative Chemical Ionization 
EC Ethylcentralite NG Nitro-glycerine 
EI Electron Impact Ionization NNDPA N-Nitroso-diphenylamine 

ENFSI 
European Network of Forensic Science 
Institutes 

OGSR  Organic Gunshot Residues 

ENFSI-OOS ENFSI One Day One Topic Seminar SEM/EDS 
Scanning Electron Microscopy / Energy 
Dispersive X-ray Spectrometry 

ESI Electrospay Ionization TD-GC-MS Thermal desorption 
EWG Expert Working Group TOF Time of Flight mass detector 
FSNI Forensic Science Northern Ireland UNIL University of Lausanne 


