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Abstract 

Title of Dissertation: The Development of a Gas Chromatography/Mass Spectrometry 

(GC/MS) Method for the Separation and Identification of Components of Organic 

Gunshot Residue and Its Use as a Forensic Tool for Association of Firearms Related 

Evidence. 

John Joseph Tobin, Jr., Doctor of Philosophy, 2012 

Dissertation Directed by: Dr. William LaCourse, Professor, Department of Chemistry and 

Biochemistry, UMBC. 

The use of methods that are not only scientifically sound but also conform to the precepts 

of the Frye and Daubert legal standards is paramount in the forensic science disciplines.  

This research develops a method of analysis that can be used by the smaller forensic 

crime laboratory in the analysis of evidence associated with smokeless powder 

composition and its organic gunshot residue (OGSR).  The method specifically focuses 

on the separation and identification of the organic additives of the propellant mixture 

found in handgun ammunitions and their discharge products via gas 

chromatography/mass spectrometry (GC/MS) using the SIM Mode.  The specific 

ammunition used in this research is Federal Classic 9 mm Luger, 115 gr Hi-Shok.  The 

developed method addresses the following forensic concerns: 

 

1. The identification of organic additive components of smokeless powder that 

have been removed from the hands of the shooter and compared with the 

residues remaining in the spent cartridge casings that may be found at a crime 

scene as well as the components of the unburned propellant. 

 



 

 

 

2. The method demonstrates the use of a proprietary solvent that enhances the 

collect of the OGSR residues. 

3. The method defines the criteria that can be used to determine if the composite 

analysis of the residue is indicative of the discharge of a firearm. 

4. The method studies the longevity/stability of the residues post-discharge and 

the changes compositional profile, if any. 

 

The use of this method in conjunction with the analysis of the inorganic particulate matter 

will enhance the overall ability of forensic laboratories to identify gunshot residue 

discharges. 

 

Keywords (forensic, OGSR profile, association, evidence, gunshot residue) 
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Chapter 1  

Introduction: A Statement of the Problem 

1.1 Introduction 

Forensic Science is defined as the application of the physical sciences such as 

chemistry, biology, physics, and geology to the criminal and civil laws that are enforced 

by police agencies in the criminal justice system. (Saferstein, 2010).  More realistically, it 

is the combination of scientific theories and procedures that, when used within the legal 

world, unlock the story that is contained within the evidence collected at a crime scene.  

The forensic scientist, after unlocking the story, then must convincingly, accurately, and 

ethically advise the judge or jury in a criminal trial of the true meaning of the story and 

its relationship to other facts in the case.  It is then up to the judge or jury to apply the 

weight or merit of the testimony to the determination of guilt or innocence.  This is also 

referred to as the preponderance of evidence. 

Unfortunately, forensic laboratories are not uniform in their size or their capacity 

to perform forensic examinations.  Those that perform analyses for large jurisdictions 

usually have the budget and resources to have the most modern and sophisticated 

equipment.  Smaller laboratories therefore have to make do with the resources available 

and may choose not to perform certain analyses because of lack of such instrumentation.  

The development of a scientifically sound method for the analysis of evidence that can be 

performed by more crime laboratories within their available resources and 

instrumentation is therefore warranted.  In order for these methods to be legally 

acceptable in a criminal trial, they must be measured by one or both of two legal 
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doctrines governing scientific evidence.  These are the Frye and/or Daubert Standards 

respectively.  

The Frye Standard requires that scientific evidence presented to the court must be 

interpreted by the court as "generally accepted" by a meaningful segment of the 

associated scientific community (Frye, 1923).  The Daubert Standard requires analytical 

methods and procedures to be based on sound scientific theory and empirical testing, 

measurements of uncertainty or potential error rate, and the degree to which they are 

accepted by the forensic scientific community.  Other measures that must be applicable to 

a forensic method before it can be accepted legally by Daubert are that results gathered 

from its use must undergo peer review and demonstrate the use of standards and controls 

(Daubert, 1993).  As other forensic procedures become available, they too will have to 

undergo this scrutiny.  In this way the integrity of the use of scientific sound analytical 

procedures will prevail in the adversarial system.  It is to this end that the following 

research dissertation is proffered, i.e., the development of a method that will enable 

smaller forensic laboratories to add gunshot residue screening to their repertoire of 

analyses performed. 

The use of guns in the commission of homicides, assaults, robberies, and 

criminal activities has become disquieting to the public.  The prosecution of such 

cases has also become a concern based on the availability of testing procedures that 

can confirm the use of a hand gun.  In 1993, the FBI's Crime in the United States 

estimated that almost two million violent crimes of murder, rape, robbery and 

aggravated assault were reported to the police by citizens. About 582,000 of these 

reported murders, robberies, and aggravated assaults were committed with firearms.  
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Murder was the crime that most frequently involved firearms; 70% of the 24,526 

murders in 1993 were committed with firearms (Zawitz, 2000).  The Center for 

Disease Control and Prevention (CDC) estimated 52,447 deliberate and 23,237 

accidental non-fatal gunshot injuries in the United States during 2000.  The use of 

guns in the commission of crime is not just a US phenomenon.   Povey et al. (2008) 

reported that between 2006/2007 there were 9650 reported incidents involving 

firearms in England and Wales.  Firearms were discharged in 40% of these incidents.  

The State of Maryland is certainly not exempt from this statistic.  Maryland ranked 9
th

 

in 2009 with 1,707 guns used in crimes that came from out of state.  New census and 

FBI crime data show that while Maryland is the richest state in the country, it remains 

one of the most violent, and 80 percent of the 238 people murdered in Baltimore in 

2010 were killed by handguns (Fenton, 2010). 

These data indicate a clear and emphatic use of guns in crime.  In order to 

provide a better prosecution of firearm cases, there must be a means of making an 

association between the use of a firearm and the suspect.  One of the means by which 

this association is sought is through the detection of the residue deposited on the 

hands, face, hair, and clothing of the shooter following the discharge of a firearm.  

This residue is collectively defined as gunshot residue (GSR).   

In order to understand how GSR can function as evidence there must be an 

understanding of its composition, formation, and deposition after discharge.  Gunshot 

residue (GSR) is defined as the residue that is released from the discharge of a 

firearm.  The residue itself is generated in part from the interior of the firearm, the 
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cartridge case, the bullet, the base primer and the propellant.  The primer mixture is 

responsible for most of the inorganic particulate matter; whereas, the propellant 

provides the organic constituent (OGSR).  The primer mixture is generally composed 

of lead styphnate (explosive), antimony sulfide (fuel), and barium nitrate (oxidizer).  

This is the material that is struck by the firing pin of a firearm, and when ignited, it 

will generate large amounts of heat (1500-2000
o
 C) and pressure (1400 psi).  These 

conditions in turn ignite the organic propellant and create even greater temperatures 

and pressures (3,600
o 

C and 40,000 psi) which move the bullet along the barrel and 

out of the firearm.   

These extreme conditions vaporize primer metals, bullet metals, and organic 

components alike.  Upon exiting the gun barrel, the ejection port, or the cylinders of 

the firearm, the vapor anneals into spheroid-like particles of both characteristic and 

consistent GSR particles (Basu, 1982).  Zeichner and coworkers (1990) added to this 

mechanism by identifying particles that were generated from previous ammunition 

used in the same firearm.  This shows that “mixed” GSR particles can be formed and 

are the result of firing ammunitions of different compositions in the same weapon.  

This finding may make it more difficult to associate residue removed from a suspect 

with the residue found in the cartridge casings remaining at the crime scene.  

However, another author found no contamination issues after discharging different 

ammunitions.  He was able to detect and identify the last ammunition fired without 

interference from the previously used ammunition (Andrasko, 1992).  This shows that 

both possibilities may exist. 



5 

 

 

Two types of residue have now been generated by the ignition of the primer 

and the propellant and both can be deposited in the immediate environment of the 

discharge which include the hands and clothing of the shooter.  These residues are the 

inorganic GSR and the organic OGSR.  Both of these areas can provide valuable 

markers for the characterization of GSR and provide the potential to be used as 

evidence.  The plume of the discharge from a firearm can be seen in Figure 1.1.  The 

discharge residue in this plume is now free to be deposited on all exposed surfaces.  

This research focuses on the process of correlating a relationship between unfired 

smokeless powder propellant, the OGSR residue found in spent cartridge casings at 

the crime scene, and the OGSR residue on the hands or clothing of a suspect.  The 

most important correlation would be that of the residue in the cartridge casing with 

the residue on the suspect.  This provides the key element of association to the crime 

scene. 

 
Fig. 1.1 Discharge of Smith & Wesson Model36  (.38 Special)  (Schwoeble and Exline, 2000 

 

The earliest known testing of GSR is from 1933.  The Paraffin or Dermal Nitrate Test 

used a process whereby the hand of the suspected shooter was coated in wax.  When the 

wax hardened, it was removed.  The side of the wax adjacent to the skin was treated with 
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a solution of diphenylamine and sulfuric acid solution.  The development of a “blue 

color” was an indication of a positive test.  This test, however, had too many false 

positives.  Nitrates from fertilizer and human urine would trigger a positive reaction (Law 

Enforcement Bulletin, 1935; Cowan & Purdon, 1967; Wallace, 2008).  

Sodium rhodizonate is another color test that followed.  This solution was added drop 

by drop to the swabs which had been used to collect residue from shooters’ hands. The 

orange color of this solution turned the swabs orange, and turned any lead or barium 

residue on them to red-brown. The color change was extremely hard to see, as the GSR 

particles from the primer are extremely small (Jungreis, 1997, Andreola et al., 2011).  

The Griess and Modified Griess Test were used for the detection of nitrites.  The 

formation of a diazonium salt occurs when an acidic solution of the reagent (alpha-

naphthylamine and sulfanic acid)  reacts with the swabbings taken from the hands of a 

suspect.  A red color is indicative of a positive reaction.  These tests are not specific for 

GSR (Steinberg, et al., 1984, and Muller, et al., 2007).  The Walker Test came into use in 

1937.  It utilized desensitized photographic paper sprayed with a solution of 2-

naphthylamine-4,8 disulfamic acid which was placed over a suspected bullet hole in 

clothing.  A towel moistened with 20% acetic acid was placed on top of the photographic 

paper.  A heated clothing iron was  placed on top for about 5-10 minutes.  The 

development of red spots on the photographic paper gave an indication of nitrates 

(Schwoeble and Exline , 2000). 

Neutron Activation Analysis (NAA) was the next improvement to impact the 

detection of GSR.  It was employed by the FBI lab starting in the 1970s.  Samples of 

GSR were irradiated in a nuclear reactor which produces a high thermal neutron flux.  
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The radioactive isotopes of Ba and Sb were then determined both qualitatively and 

quantitatively, but it was not capable of determining Pb which was determined by Atomic 

Absorption Spectroscopy (AAS).    However, the amount of Pb formed by GSR was 

often below the detection levels for Pb by this method.   This method also suffered from 

the cost, the limited access to nuclear reactors and the fact that great care must be taken 

not to contaminate the samples prior to irradiation (Krishnan, 1974). 

The use of AAS was enhanced by the use of a Graphite Furnace (GFAAS) as an 

excitation source.  It increased the ability to detect low levels of Ba, Sb, and Pb that were 

found in GSR and became an acceptable replacement for NAA.  With sensitivity levels 

approaching that of NAA, it became an affordable alternative for many crime 

laboratories.   Additionally, improved extraction procedures increased the recovery of Ba 

and Sb from collection swabs by 60-70% (Koons et al., 1986).  The use of Inductively 

Coupled Plasma-Mass Spectrometry (ICP-MS) in the 90s elevated the analysis of GSR to 

even more sensitive levels of detection and identification.  The detection limits greatly 

surpassed those of GFAAS and reduced the analysis time (Koons, 1998).  Other 

techniques that have been employed are Photoluminescence (Nesbitt et al., 1977) and 

spectrophotometric determination of nitrites (Steinburg et al., 1984). 

The current “gold standard” for the forensic analysis of GSR as established by the 

American Society for Testing Materials (ASTM) is by Scanning Electron 

Microscopy/Energy Dispersion Spectroscopy (SEM/EDS) (ASTM Guide E1588-95, 

2001).  The SEM/EDS method is based on the analysis of inorganic particles via their 

elemental compositions and morphologies.  Two different categories of particles have 

been defined for GSR.  Most experts describe a three-component lead, barium, and 
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antimony (PbBaSb) spheroid, non-crystalline particle as being characteristic of  GSR 

rather than unique (Fig. 1.2); whereas, particles containing only two of the three 

elemental components are described as being  consistent with or indicative of GSR. (GSR 

Symposium, 2005).  The newer, lead free primer ammunition (Sintox) replaces Pb with 

Zn, Sr and Ti metals.  Zinc peroxide is the oxidizer; diazodinitrophenol (DDNP) and 

tetracene are the energetic materials.  The propellant is nitrocellulose (NC) or cellulose 

hexanitrate.  

  The OGSR from this ammunition is dinitrophenol which is probably a breakdown 

product of DDNP (Wallace, 2008). 

 

Fig.1.2. SEM particle from Giulio Fiocchi cartridege 7.85 Browning  (Romolo and Margot, 2001) 

 

Both particle morphology and elemental composition are necessary by current 

standards to make a determination of GSR.  The analytical finding of a three-component 

particle that is spheroid in shape usually is a strong indicator that the particle may have 

had its creation as a GSR particle.  However, in a paper submitted by Torre et al. (2002), 

spheroid particles containing PbBaSb were found to be from automotive brake pads.  

This discovery on the legal stage had the capability of reducing the effectiveness of the 

unique or characteristic designation.  Obviously, if a particle of this type is found to 

originate from a non-GSR source, then the value of GSR particles is reduced.  The case, 

http://www.sciencedirect.com/science?_ob=MiamiCaptionURL&_method=retrieve&_udi=B6T6W-433P7K2-5&_image=fig1&_ba=1&_user=1054179&_rdoc=1&_fmt=full&_orig=search&_cdi=5041&view=c&_acct=C000051086&_version=1&_urlVersion=0&_userid=1054179&md5=d680e167f640ab56495f6093bbe9a513
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therefore, can be made for the value of the co-finding of GSR and OGSR and their 

combined relationship to a unique source.  No scientific papers have been found relating 

brake pads having the same organic constituents as GSR. 

Similar studies involving brake pads have demonstrated the existence of two 

component spheroid particles that could be considered GSR particles, but were excluded 

because of the finding of additional elements not normally belonging to GSR (Lueftl and 

Gebhart, 2004; DeGaetano, et al. 2005).  It is also known that GSR particles are not 

always spheroid in nature.  They may be condensed, rounded, fused together, or irregular.  

The terms used to describe the morphology of a GSR particle that are the most popular 

are spheroid, condensed, and rounded (GSR Symposium 2005).  The determination of the 

elemental composition of GSR is objective; however, the morphology determination is 

more subjective.   

GSR primer residue analysis is used by most of the forensic labs in the world.  

However, the method has some drawbacks: (Zeichner, 2010) 

 It is quite slow, even using an autosearch system 

 It has a relatively low success rate of detection 

 Not all primer residues are considered unique or characteristic 

 There is low variability in primer composition  

 It can also be an expense that would have to be evaluated according to case load.  

These findings, however, do not address the question, “How did the particle get on the 

hands of the suspect?”   Was it deposited there as the result of the discharge of a firearm 

or from being in an environment known to contain GSR such as in police custody 
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(Springer 2005, Rugh and Crowe 2005, and Kowal, 2000)?   Studies have also 

demonstrated that it is possible to transfer GSR particles from a law enforcement officer 

to a suspect being handcuffed incident to an arrest (Martinez and Garcia 2005).  It is also 

known that particles can be transferred from one surface to another and that bystanders 

can be contaminated with GSR and give a positive test for GSR. The above articles 

indicate the current problems with the inorganic GSR.  This paper is dedicated to looking 

at the other aspect of the composition of a discharge plume, i.e., the organic gunshot 

residue (OGSR). 

The smokeless powder propellant used in small arms cartridge casings is also a 

source of GSR identification.  Propellants may be defined as “explosive materials which 

are formulated, designed, manufactured, and initiated in such a manner as to permit the 

generation of large volumes of hot gases at highly controlled, predetermined rates” (Kirk-

Othmer Encyclopedia of Chemical Technology, 2
nd

 ed, 2003).  These propellants are a 

mixture of materials that perform various functions in the design of the propellant.  Some 

of the most common functions are energizers [nitrocellulose (NC), nitroglycerine (NG)]; 

stabilizers [diphenylamine (DPA), ethylcentralite (EC), N-nitrosodiphenylamine (N-

nDPA)]; and plasticizers [dibutylphthalate (DBP), diethyl phthalate (DEP), 2, 4-

dinitrotouluene (2, 4-DNT), and either 2 or 4-nitrodiphenylamine (2 or 4-NDPA) and 2, 4 

–dinitrodiphenylamine (2, 4-DNDPA)]. Plasticizers add strength and flexibility to the 

propellant (Tronell and Philpot, 1968). Mach et al. (1978) have found 1-

mononitroglcerine (1-MNG) and 2, 6-DNT as contaminants in smokeless powder 

formulations.  Others have found that 1-MNG is a degradation product of NG (Martel et 

al., 2005).  These materials, when taken together, may have the potential to identify a 
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residue as having come from a smokeless powder source.   Different manufacturers add 

different additives in varying concentrations and forms based on the properties of the 

powder they wish to control. This makes the smokeless powder composition unique to 

the manufacturers and to the product marketed. It is this composition of additives and 

energetic materials that leads to decomposition products that may be characteristic or 

particular to a certain manufacturer (NRC, 1998).  In this thesis, these materials will be 

referred to as OGSR to distinguish them from the inorganic GSR particles. 

Several articles have demonstrated the identification of the organic components of 

explosives and smokeless powder propellants as being a viable source for the 

characterization of a residue as having come from a smokeless powder origin (Mahoney, 

et al., 2006, West, et al., 2007, Joshi, et al., 2009, Weyermann, et al., 2009, and 

MacCrehan, et al., 2003).  In fact, the National Institute for Standards and Testing (NIST) 

has developed a Standard Reference Material (SRM) for propellant and explosives 

analysis (SRM 8107 – Additive in Smokeless Powder) (MacCrehan and Bedner, 2006).   

The SRM contains four main components of smokeless powder, namely, NG, EC, 

NnDPA, and DPA.  Also to be found in the reference material is DBP and Polyester 

Adipate (PA).  The latter is another commonly found plasticizer in smokeless powders. 

   None of these compounds can be associated with the accurate identification of 

smokeless powder on their own.  Ethyl Centralite, for instance, although mainly used as a 

burning rate moderator and stabilizer for gun powder, is also a plasticizer for celluloid 

and an ingredient in rocket fuel.  Mach et al. in 1978 considered EC as the most 

characteristic component of smokeless powder followed by 2, 4-DNT and DPA.  N-

nitrosodiphenylamine is used as an intermediate in the manufacture of phenylenediamine 
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and other rubber-processing chemicals.  Diphenylamine is used as a pre- or postharvest 

scald inhibitor for apples. Its anti-scald activity is the result of its antioxidant properties 

which protect the apple skin from the oxidation products of alpha-farnesene during 

storage (Branlage, 1988).  However, apart from the N-nitroso derivatives, the C-Nitro 

derivatives such as 2-Nitrodiphenylamine (2-NDPA) and 4-Nitrodiphenylamine (4-

NDPA) are also formed. Most of these products also serve as stabilizers and can be 

further nitrated to form the di-p-nitrosodiphenylamine, which was subsequently used to 

produce N-phenyl-p-, tri and tetra nitrated species (Espinosa and Thorton, 1994). These 

later species are usually an indication of the fast degradation of the nitrocellulose and 

depletion of the main stabilizer, diphenylamine (Stine, 1991). A study has also reported 

2-nitro-N-nitroso-N-ethylaniline (2N-NO-EA) to be a degradation product of Ethyl 

Centralite (Ritter et al., 2008). Detecting these degradation products enhances the 

strength of the detection result being from a smokeless powder source since the stabilizer 

diphenylamine, as previously stated, by itself, has other common uses other than OGSR.      

         Care must be taken here in order to eliminate false positives.  Lloyd (1986) 

discovered a number of false positives.  Using size exclusion and HPLC with 

electrochemical detection, Lloyd analyzed gunshot residue samples from both the 

shooter’s firing hand and clothing.  He found that nitrocellulose, nitroglycerine, and 

diphenylamine could all be detected at low levels of sensitivity, but more importantly, he 

found that some of the swabs collected from people with no known firearms contact 

contained various amounts of DPA. 

Northrop and MacCrehan (1992)  used micellar electrokinetic capillary 

electrophoresis (MECE) to identify gunpowder constituents such as nitroglycerine, 
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diphenylamine, N-nitrosodiphenylatnine,  ethyl centralite, 2-nitrodiphenylamine, and 

dibutylphthalate from residue particles collected from four different types of handgun 

ammunition.   However, compositional differences between gun powders from the same 

manufacturers were noted.  The OGSR remaining in the interior of spent cartridge 

casings has been studied by GC/TEA and HPLC to compare with the residue found on 

clothing (Androsko, 1992).   It is reported in the literature that there are only two methods 

used for the detection and identification of OGSR on shooter’s hands, HPLC/PMDE and 

GC/TEA (Zeichner, 2010).  Both of these procedures are specialized and most likely 

would not be used as a routine instrument in the small forensic crime lab.  In an earlier 

paper, Schroeder et al. (1949) published a study on the chromatographic analysis of the 

additive diphenylamine which tends to degrade with aging of the powder. This study and 

similar studies laid the foundation for the analysis of organic components as possible 

distinguishing characteristics of smokeless powders (Drzyzga et al., 1995; Andrasko, 

1992; Mach et al., 1978; Dahl and Lott, 1987). 

 

1.2 Forensic Laboratories 

In December of 2010, the American Society of Crime Laboratory 

Directors/Laboratory Accreditation Board (ASCLD/LAB), stated on their Home website 

that there were 388 forensic laboratories that have been accredited (ASCLD/LAB, 2010).  

These labs are divided according to jurisdiction, i.e., federal, state, local, and private and 

size.   

In a survey of these laboratories taken by Durose (2008), he found that these labs 

employed an estimated 12,000 full-time personnel in 2005, compared to about 11,000 in 
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2002 (Durose, 2008).  The survey also stated that 55% of the labs performed analyses in 

Trace Evidence.  This area is the forensic discipline that performs GSR analysis.   In 

2000, the Technical Working Group for Fire and Explosives (TWGFEX) surveyed 216 

crime laboratories and asked them to rate the importance of the instrumentation used in 

their laboratories.  Table 1.1 depicts those ratings using a Likert Scale of 1-5 (Allen et al., 

2000).   The results of this survey are substantiated from personal knowledge of the 

forensic crime laboratories in the State of Maryland.  The main instrument of use in these 

laboratories for identification is the GC/MS which is primarily used for accelerant 

identification in arson cases.   

 

Table No. 1.1: Ranking of importance by Trace Evidence Units (Allen et al., 2000) 

Instrument  Likert Rating Scale (1-5) 

GC/MS 4.01 

GC/FID 3.04 

HPLC 1.35 

GC/TEA 0.62 

CE 0.58 

 

 

This survey demonstrates that the work horse of the Trace Evidence Units is the 

GC/MS.  Instruments used for organic propellant analysis found in the literature are Gas 

Chromatography/Thermal Energy Analyzer (GC/TEA), High Performance Liquid 

Chromatography (HPLC), and  Capillary Electrophoresis (CE) (Reardon et al., 2000, 

Lloyd,1986 and Zeichner, et al., 2003).  It can be seen from the above Table that these 

instruments are not routinely used in the average lab.  Methods of analysis for the average 



15 

 

 

crime laboratory would have to be developed for the GC/MS.  The local, county, 

metropolitan, and state laboratories within the State of Maryland do not use HPLC nor do 

they utilize GC/TEA.
1
  

In the forensic arena, an analysis tries to provide identification, individualization, 

and/or an association (Saferstein, 2010).   Individual characteristics are those that strive 

for the establishment of uniqueness in source, such as DNA or fingerprints.  Other 

analytical methods may only be able to establish class characteristics of an item, i.e., it 

cannot be considered unique but can only be considered to belong to a class of materials.  

For example, a shoe print found on a floor is easily recognized as a shoe print.  This puts 

the print into the “general” class of shoe prints.  Perhaps the size may also be able to be 

determined.  This would put the print into a subclass of shoes of that size.  However, if 

the shoe print does not contain any unique wearing patterns such as cuts and nicks, it 

cannot be taken to a level of identification that would provide a one-to-one correlation 

with a known shoe.  Smokeless powder is also of this classification.  The third 

consideration is association.  Here the analysis demonstrates a relationship or connection 

between victim and scene, victim and suspect, or suspect and scene.   Ideally, the 

combination of a unique identifier coupled with a positive association of the suspect to 

either the victim or scene is sought.  This would require the more costly instrumentation 

and therefore limit the abilities of some labs to perform the examination.  

                                                 
1
 Personal communication with Baltimore City, Baltimore County, Princes George’s, Anne Arundel 

County, and MSP Crime Laboratories. 
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The development of a method that would provide class identification and similar 

association capabilities would also provide valuable evidence.  It is obvious therefore that 

the characterization of a smokeless powder can provide some sort of relationship.   

If the preponderance of this evidence were raised to a higher level, i.e., the 

combination of the aforementioned particle analysis with the analysis of the organic 

fraction of smokeless powder, then this would provide a more concrete conclusion that a 

residue collected from a suspect had an origin in the discharge of a firearm.  The particle 

analysis primarily demonstrates the presence of materials originating in the primer 

mixture of a cartridge casing and the organic materials significantly point to an origin in 

the propellant component.  In summarizing, both the primer mixture and the propellant 

are found in cartridge casings of small arms weapons such as handguns and rifles.  When 

taken together, their presence serves as a powerful argument for the origin of such 

residue being from the discharge of a firearm or that the person from whom they were 

removed was in an environment where a firearm has been discharged.  The current state 

of gunshot residue analysis does not provide for the analyst to conclude that a person 

from whom the residue was taken unequivocally discharged a firearm.  In fact the use of 

GSR as a forensic tool is currently under scrutiny. 

In May, 2006 the FBI Laboratory ceased performing GSR analysis.  This was a 

shock to the forensic community at large.   Julie Bykowicz, a reporter for the Baltimore 

Sun newspaper reports, “The FBI is no longer analyzing gunshot residue in its 

investigations, a blow to once highly regarded evidence used to suggest that a suspected 

criminal had fired a weapon. 

Lawyers, scientists and law enforcement officials across the country said they were 
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astonished by the decision and said it could mean the end of using such evidence.  This 

decision could also become a weapon for defense attorneys in their efforts to overturn 

pending cases and convictions” (Bykowicz, 2006).  The FBI stated that in consideration 

of the number of GSR cases that they received, it was no longer cost effective for them to 

continue the service.  Michelle Nethercott and William Thompson, both attorneys for the 

Office of Public Defender, summed up a debacle that occurred in the Baltimore City 

Crime Laboratory involving GSR Analysis thusly, “Time will tell whether GSR testing 

can be saved by better validation and clearer standards or whether it becomes another 

discredited forensic science, joining handwriting analysis, microscopic hair analysis, and 

bullet lead analysis as an example of the questionable evidence that can pass for science 

in the criminal courts” (Nethercott and Thompson, 2006). 

Transference of GSR from police sources to suspects has been debated as a 

problem.  Many sources have demonstrated the transference of inorganic GSR particles 

(Springer 2005, Rugh and Crowe 2005, Martinez and Garcia, 2005, and Kowal, 2000).  

However, no literature sources were discovered dealing with the transfer of OGSR.  

There appears to be a void in this area of research that is worthy of consideration.  From 

the author’s experience in the field of forensic Trace Evidence Analysis and in particular 

GSR Analysis, it is felt that the following research will help to eliminate some of the 

uncertainty of measurement (identification) and contamination issues surrounding the 

science. 

On January 8, 2011 the nation was shocked at the news that a man, later identified 

as Jared Loughner, openly gunned down 19 people at a Safeway in Tuscon, AZ who had 

gathered to meet their Congressional representative.  Arizona Representative Gabrielle 
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Giffords was shot in the head and at least 17 others were gunned down during a meet-

and-greet with constituents at the supermarket.  Six people died.  The dead included a 

U.S. District Court Judge and a 9-year old girl (Baltimore Sun, 2011).  In spite of the fact 

that the crime was witnessed by numerous bystanders and recorded on video camera, this 

incident represents strong reasoning for the development of the most convincing means 

of identifying evidence of gun usage.  It is towards this end that this research is dedicated.   

It is hoped that this research will fill the gaps that currently exist in GSR analysis and 

return the examination of this type of evidence to a more prominent position in forensic 

science.   It is to this goal that this research is dedicated.   

A review of the subsequent chapters of this dissertation is as follows.  Chapter 2 

details the method (instrumentation) and materials (reference materials and reagents) that 

were used to develop the GC/MS Method for the detection of OGSR.  It also details the 

development and modifications of the OSGR Method that were used in order to arrive at 

the final working model that is presented at the end of the chapter.  Chapter 3 discusses 

the development of a collection solvent (CS) that will enhance the removal of the OGSR 

from surfaces.  Since the amount of OGSR formed from a discharge is very small, a 

solvent that is very efficient in dissolving the OGSR is needed.  The amounts of 

propellant residues that may be left on a shooter’s hands several hours after the shooting 

may be at the nanogram level (King, 1992).  The efficiency of this solvent is predicated 

on the Snyder Solvent Characterization Scheme.  Chapter 4 describes a novel 

experimental design for the collection of the OSGR while it is in the vapor stage before it 

rests upon any surface.  The OGSR was directly trapped into the propriety solvent that 

was developed in Chapter 3 and was subsequently analyzed using the GC/MS.  The 
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OGSR collected was directly compared to the unfired propellant as well as the residue 

remaining in the spent cartridge casings used to create the OGSR.  A kinetic study of 

longevity and stability was performed for Chapter 5.  Residues were collected from 

neoprene gloves that are often used in the commission of crime.  These were worn on the 

firing hand of the shooter as well as attached to the bottom of each container in such a 

manner that it would allow deposition to the same area as if it were worn.  Residues were 

also collected from the interior of the Gun Smoke Collection Device (GSCD) and from 

the spent cartridge casings.  Each of these items was tested over a period of time in order 

to correlate the longevity and stability of the OGSR with time.  Two of the neoprene 

gloves were actually worn post discharge performing activities that did not involve 

firearms.  This tested the longevity of the OGSR involving movement and its possible 

elimination due to mechanical removal.  One glove was stored and the residue tested after 

a period of 35 days.  This time period would be an appropriate time period for the 

completion of a serious case involving a shooting.  Each of the preceding chapters was 

structured to incorporate an introductory opening, a development and explanation of the 

experiment and finally a results and discussion section.  The conclusions to this research 

are discussed in Chapter 6 and, finally, the avenues for future research to include testing 

for biomarkers and the propensity for transfer on contact are discussed in Chapter 7. 
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Chapter 2 

The Development of a GC/MS Method for the Separation and 

Identification of the Components of Organic Gunshot Residue 

(OGSR) 

 

2.1 Introduction 

As was portrayed in the background information, 55% of the crime labs surveyed in 

2005 perform trace analysis.  Additionally, the most prominent instrument in those units 

was the GC/MS (ASCLD/LAB, 2005).  The sensitivity of the analytical method is 

paramount in the detection of OGSR.  Speers et al. (1994) demonstrated that GC/MS is 

sensitive enough to examine OGSR on the clothing of a shooter.  Therefore, through the 

utilization of this instrument and the establishment of a working definition for the 

composition of OGSR, a validated method for the analysis of OGSR has been created 

that will accomplish the following forensic applications: 

 Compare the unfired OGSR propellant in a cartridge casing with the residue 

found in the interior of a spent cartridge casing at a crime scene, and also compare 

the cartridge case residue with the OGSR removed from the hands of a suspected 

shooter.  This would be accomplished by comparing the capacity factors ( k’), 

RTs, the selectivity factors (α ), and the mass spectra of OGSR components or the 

ion ratios of selected peaks when using the SIM Mode.   

 Provide a “screening tool” for the detection of OGSR from the swabbings taken 

from the hands of a suspect or other surfaces that have been exposed to the 

discharge of a firearm.  The findings based upon the identification of the OGSR 
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components could characterize the residue as being consistent with an OGSR 

origin.  This can provide a probative value to an investigator in a criminal case in 

which a firearm was discharged.   

 Be used as a companion analysis for forensic laboratories large enough to have an 

SEM/EDAX for the analysis of GSR inorganic particulate material with the 

finding of OGSR.  This would increase the significance of the combined findings 

to a higher level. 

It should be noted that there are those who feel that any method that is developed for the 

purposes of identifying OGSR should not be detrimental to an existing method for 

particulate GSR analysis particularly in the collection of the residues (Wallace, 2008).  

This is not the case with this method.  It has the capacity to work in conjunction with the 

collection and analysis of GSR via the SEM/EDAX. 

Smokeless powders come in many different formulations as well as physical 

appearances.  They may be flake, ball, or even cylindrical shapes.  Kee et al., (1990) 

found that the formation of OGSR is due largely to the incomplete combustion of the 

gunpowder which in turn retains many of the characteristics of the original bulk 

propellant.  Figure 2.1 shows some of the various forms. 

 
Figure 2.1 – Different Forms of Smokeless Powder Propellants 

http://en.wikipedia.org/wiki/Smokeless_powder Wikipedia (Smokeless Powder)] 

http://en.wikipedia.org/wiki/File:Powder_Samples.jpg
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Because of these many formulations, the first prerequisite for the development of 

a working method for the identification of OGSR is to define what would constitute a 

residue as having originated from a smokeless powder origin.  To envision this definition, 

three studies were reviewed.  The first study involved the review of the Technical 

Working Group on Fire and Explosives (TWGFEX) Smokeless Powder Database.  This 

database consisted of 99 smokeless powders, both double and single base, and their 

compositions.  The contents of this database can be found in Appendix D.  The second 

data base study was a review of the FBI Smokeless Powder Database and was performed 

by Joshi-Fumar (2010).  The third study was performed by Mach, et al. (1978).  This 

study reviews the compositions of 33 smokeless powders.  In this study the finding of 1-

MNG and 2, 6-DNT as impurities in the manufacturing process of the powders is also 

presented.  The results of these studies and the seven most prominent additives are 

depicted in Table 2.1  The percentages of each additive represents the percentage of that 

additive in all of the smokeless powder samples within that database. 

 
Table 2.1 – Additive compositions of Smokeless Powders 

Additive Name TWGFEX Database 

N = 99 

(percentage) 

Joshi-Kumar Study 

N = 70 

(percentage) 

Mach Study 

N = 33 

(percentage) 

NG 63.6 57 81.8 

DPA 95 96 84.8 

EC 49.5 47 33.3 

DBP 40.4 ---- 36.4 

2, 4-DNT 18.2 44 39.4 

2-NDPA 54.6 50 ---- 

4-NDPA 8.1 37 ---- 
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      Based on these studies, the following criteria for the identification of a collected 

residue as having a consistency in origin with smokeless powders is established as 

follows: 

 The presence of NG and DPA or EC, i.e., NG/DPA or NG/EC 

 The presence of DPA, EC or 2, 4-DNT together as a pair, e.g, DPA/EC or EC/2, 

4-DNT 

 The presence of DPA or EC and two other additives from Table 2.1 

 The presence of any four compounds found together that are depicted in Table 2.1 

 The probability of having DPA and EC occurring together is 45.1% as calculated 

from the TWGFEX Database.  Additionally, the finding of the impurities of 1-MNG 

and 2, 6-DNT that come from NG and 2, 4-DNT can add more credence to this 

criteria. (Mach et al., 1978).  Some articles imply that DPA should be considered as 

evidence of the presence or contact with OGSR by itself (Dahl et al., 1985; Dahl and 

Lott, 1985 and Jane et al., 1983).  However, it is also known that DPA is widely used 

in the environment and found on apples (prevents scalding), tires and rubber products 

(Bramlage, 1988).  Another component that may have some validity in being 

associated with OGSR is ethyl glycol dinitrate (EGDN).  This is a metabolite of NG 

that may be produced by enzymatic action of the skin (Lloyd, 1986). 

      With this in mind, the following analytical method has been developed.  The 

method itself is primarily a qualitative method.  The use of the percent composition of 

the residues that have been discharged from a firearm have shown by some that it 

may not be possible to determine the manufacturer of the ammunition based upon 
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recognition of the components and the percents.  Some authors (MacCrehan et al., 

2001, and Mach et al., 1978) have found that residue preexisting in the firearm from 

different ammunitions may be expelled as residue with the current ammunition.  

However, another researcher (Androsko, 1993) found that no contamination from 

previous ammunitions was present in his research.  Additionally, compositional 

variations have been noted in some OGSR formulations because of the practice of 

manufacturers to mix batches of smokeless powder in order to achieve specific 

burning rates and energy levels (National Research Council, 1998).  This could cause 

investigators to follow erroneous leads in the determination of the ammunition 

manufacture. 

     The identification of nitrocellulose (NC), the main component in smokeless 

powder, is not suitable for this method.  NC is such a large polymeric molecule that it 

does not perform well by this mode of separation and therefore is not included as a 

compound of interest.  Table 2.2 displays the Standard Reference Materials (SRM) 

that were selected for use in the method development and some of their physical 

characteristics.  They were all purchased from reputable sources (Restek and Supleco) 

and were accompanied with a Certificate of Analysis indicating that they were of a 

purity of 99+%. 

  Table 2.2 – SRM and Physical Characteristics 

Name Abbreviation CAS 

Number 

Boiling 

Point 

Molecular 

Weight 

Nitroglycerine NG 55-63-0 218
0 

C 227.11 

Ethyl Centralite EC 85-98-3 325-330
0 

C 268.35 

Diphenylamine DPA 122-39-4 302.2
0 

C 169.08 

N-nitrosodiphenylamine N-nDPA 86-30-6 145
0 

C 198.24 

2-nitrodiphenylamine 2-NDPA 119-75-5 346
0 

C 214.22 
 



25 

 

 

Table 2.2 – SRM and Physical Characteristics - Continued 

Name Abbreviation CAS 

Number 

Boiling 

Point 

Molecular 

Weight 

4-

nitrodiphenylamine 

4-NDPA 836-30-6 211
0 

C 214.22 

2,4-

dinitrodiphenylamine 

2,4-DNDPA 961-68-2 413.8
0 

C 259.22 

2, 6-dinitrotoluene 2, 6-DNT 606-20-2 291
o 
C 182.14 

2,4-dinitrotoluene 2,4-DNT 121-14-2 300
0 

C 182.14 

3,4-dinitrotoluene 3,4-DNT 610-39-9 300
0 

C 182.14 

Dibutylphthalate DBP 84-74-2 340
0 

C 278.34 

Diethylphthalate DEP 84-66-2 298-299
0 

C 222.24 

 

 

Other components that were originally investigated included camphor, triacetin, 

methylcentralite, ethyl acetate, and polyadipate.  These materials can also be used as 

smokeless powder constituents but were not used extensively in this research.   

The most common GC columns that are in use in the Trace Evidence Units are 

fused silica columns of nonpolar dimethyl polysiloxane or low polarity 5-10% phenyl 

dimethypolylsiloxane and are used for accelerant determination in arson cases. (ASTM 

Methods 1618, 2001).   These are general purpose columns that can be used for drugs, 

fire debris analysis, explosives, and pesticides (Restek).  It was with this type of column 

that the method was developed.  Mid-size and small forensic labs do not have the budget 

or the time to change out columns for specialized procedures and then change them back.  

This method was designed with this aspect in mind.  Smaller forensic laboratories would 

not go through the difficulties of changing columns in an instrument to perform a non-

routine analysis and run the risk of compromising existing methods.
2
 

 

                                                 
2
 Personal experience as a forensic laboratory manager 
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2.2 Experimental Design: (Methods and Materials) 

A preliminary set of method parameters was established using the following 

setup.   A Shimadzu Gas Chromatograph/Mass Spectrometer (GC-17A-QP5000/5050A) 

System coupled to a GCMSsolutions Software package by Shimadzu Corporation, Kyoto, 

Japan was used.  The column used was a 30 m x 0.25 mm i.d. x 0.25µm film thickness 

non-polar 5% phenyl – 95% dimethyl polysiloxane column (Restek Corp., Bellafonte, 

PA).   Helium (99.999% purity) was used as the carrier gas (Roberts Oxygen, Baltimore, 

MD).  Prior to use, the instrument was autotuned with a PFTBA reference standard.  The 

operating conditions of the instrument were determined to be within the manufacturer’s 

specifications.  This procedure was performed on a weekly basis when the instrument 

was in use to make sure that the system was functioning properly.   

The initial conditions set for the method development were as follows: 

GC Parameters                                               MS Parameters 

     Injection Temp: 250 
0
C                               Solvent Cutoff Time:  2 min 

                              Interface Temp: 230 
0
C         Acquistion Mode: Scan 

                              Control Mode: Split          Scan Speed:  1000 

                              Split Ratio: 55                      Scan Range:  40-350 amu 

                              Column Flow: 1.0 ml/min                       Sampling Rate:  0.50 sec 

 

Temperature Program Parameters 

   Initial Oven Temp:  100 
0
C; hold for 2 min 

                                                    Program Rate: 20 
0
C/min to 280 

0
C 

 Final Temp: 280 
0
C; hold for 6 min. 

Total run time: 21 min. 
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With method development, SRMs must be used in all phases of development and 

validation procedures.  ISO Guide 30:1992/Amd 1: 2008 defines an SRM as being a 

material whose property values are sufficiently homogenous and well established to be 

used for the calibration of an instrumental assessment of measurement and accompanied 

by a certificate of analysis.  This certificate is further defined as a document 

accompanying an SRM stating one or more properties and their uncertainties and 

confirming that necessary procedures have been carried out to ensure validity and 

traceability (ISO Guide 31: 2000).  In this regard, the NIST 8107 (Additives in 

Smokeless Powder) was purchased as an analytical reference standard for smokeless 

powder.  Other SRMs were purchased as bona fide standards for each SRM used in the 

method (Restek, Inc.).  These standard references are found in the SRMs listed in Table 

2.2 (Solids) and Table 2.4 (Liquids).  All were accompanied by the Certificates of 

Analysis. 

The SRMs were divided into two categories; solids and liquids.  A standard 

solution of each group was made to establish a concentration of approximately 1 mg/ml.  

The solid SRMs were weighed on a Denver Analytical Balance with an error of ±0.001g 

(± 1 mg).   Although the analytical accuracy of this balance is low, it was the only 

balance available.  Approximately 50 milligrams of each solid was weighed out and 

placed into a 50 ml Kimax volumetric flask (±0.05 ml) and the flask was filled to mark 

using a 40/60 solution of HPLC Grade acetone/isopropanol.  The temperature was 

recorded at 25
o 
C.  This solution and its importance will be discussed further in Chapter 
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3.  Table 2.3 shows the solid SRMs used and their respective concentrations and error 

calculations.
3
 

 
                                      Table 2.3 – Solid SRMs, Concentrations, and Error 

 

SRM 

 

Weight (mg) 

 

Volume (ml)
1 

 

Concentration 

(ng/ml) 

(10
3
) 

 

Error 
2 

(ng/ml) 

 

DEP 60±1 50±0.05 1.2 ±43 

DPA 52±1 50±0.05 1.04 ±39 

EC 52±1 50±0.05 1.04 ±39 

DBP 54±1 50±0.05 1.08 ±40 

2-NDPA 49±1 50±0.05 0.98 ±37 

4-NDPA 50±1 50±0.05 1.00 ±34 

2, 4-DNDPA 51±1 50±0.05 1.02 ±38 

 

Prior to weighing, samples were placed into a desiccator with fresh desiccant for 

one week.  No heat drying was used in order to prevent decomposition of some of the 

SRMs.  The resulting solutions were used in the development of calibration curves for the 

solid SRMs.  A working solution of each SRM was made by transferring an aliquot to an 

8 ml Kimax vial with screw cap.  The remainder of the Stock Solution was stored in a 

refrigerator at 42
o 
F. 

The first concentration point for each of the solid SRM was obtained by injecting 

one microliter into the GC/MS using a Hamilton 10 µl syringe (±0.01 µl).  The initial 

parameters of the GC/MS were in operation during the early injections.  The initial 

concentrations were sequentially diluted to make additional standards for constructing the 

                                                 
3. Error was determined by propagation of Conc. = wgt/vol; sy/conc. = √(0.001g/wgt)

2 
+ (0.05ml/50 ml)

2
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Calibration Curves.  The dilutions were made using an Eppendorf 100-1000 µl variable 

pipette (±0.06%) per volume.   These concentrations were in the ranges of approximately 

1,000, 500, 100, 50, 25, 10, 5, 1 and 0.5 ng/µl.  Each of the SRMs was run three times 

and the average retention times (RT) and responses (Peak Area) were recorded.  Peak 

area was selected as the response factor because of its increased accuracy (Skoog, West, 

& Holler, 2006).   

 In between each change of a SRM, the syringe was flushed with the Collection 

Solvent a minimum of 30 times.  A blank was run between standards in order to 

demonstrate a clean baseline.  This method proved satisfactorily efficient in cleaning out 

the syringe from the residue of the preceding SRM as evident by the clean blanks.  A 

typical Blank TIC is seen in Figure 2.2 

 

 
Figure 2.2 – Typical blank background after 30x Syringe Flush 

 

Proper injection technique was used throughout by flushing the cleaned syringe with the 

next SRM concentration five times and then drawing a proper sample bolus. 

Liquid SRMs were treated in fashion similar to the solid SRMs, i.e., diluted to 

make similar concentrations to those of the solid SRMs.  The initial concentrations of the 

liquid SRMs were already provided by the supplier (Restek and/or Supelco).  The initial 

concentrations of the liquid SRMs are listed in Table 2.4 below. 
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Table 2.4 – Liquid SRM Initial Concentrations 

Standard Reference Material Concentration (µg/ml) 

(Solvent: methanol or acetonitrile) 

Nitroglycerine (NG) 1,000 

Ethylene Glycol Dinitrate (EGDN) 1,000 

Propylene Glycerol Dinitrate (PGDN) 1,000 

2, 4-Dinitrotoluene (2, 4-DNT) 5,000 

2, 6-Dinitrotoluene (2, 6-DNT) 1,000 

3, 4-Dinitrotoluene (3, 4-DNT) 2,000 

N-nitrosodiphenylamine (N-nDPA) 1,000 

 

Each of the above SRMs was accompanied by a Certificate of Analysis provided 

by the supplier and was in the 99%+ purity range.  EGDN and PGDN were originally 

investigated in the method development but were later discontinued because they are 

more likely to be components of explosive residues rather than smokeless powder. 

The SRMs were injected into the GC/MS using the initial parameters to determine 

retention times and resolution between substances.  The initial parameters did not allow 

for sufficient separation between DPA and 3, 4-DNT as well as DEP, EC, and DBP.  

When adjustments were made to better resolve the separation of DPA and 3, 4-DNT, the 

resolution between DPA and N-nDPA deteriorated.  These peaks were now unresolved.  

It was decided that it was more beneficial to have a better resolution between DPA and 3, 

4-DNT than it was between DPA and N-nDPA.  The rationale behind this decision was 

based on the use of 3, 4-DNT as an Internal Standard (IS) and because the presence of N-

nDPA can be indicated by the presence of 2-NDPA, 4-NDPA, and 2, 4-DNDPA.  

According to Espinosa and Thornton (1998), the nitration of DPA yields the formation of 

2-NDPA, 4-NDPA, and 2, 4-DNDPA via a complex reaction mechanism that forms one 
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product, then another and finally the 2, 4-DNDPA product.  The findings of these 

substances prove that N-nDPA was originally present for it is only through its presence 

that the others can be produced through the process described by Espinosa and Thornton.  

Figure 2.3 illustrates the formation of nitro-substituted DPA products as described by 

Espinosa and Thornton. 

 

 

                              Figure 2.3 Nitration of DPA (Espinosa and Thornton, 1998)  

 

 It was decided that it was more important to have a reproducible Resolution Pair 

(DPA and 3, 4-DNT) in which the column stability could be determined and monitored 

rather than the identification of a compound that was incidental to the identification of 
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smokeless powder.  The final parameters for this method that resulted in the desired 

separations are given below: 

 

GC Parameters                                            MS Parameters 

           Injection Temp: 180 
0
C                               Solvent Cutoff Time:  5 min 

                      Interface Temp : 230 
0
C         Acquisition Mode : Scan/SIM 

                      Control Mode: Splitless         Scan Speed:  1000 

                      Split Ratio: N/A         Scan Range:  40-480 amu 

                      Column Flow: 0.90 ml/min          Sampling Rate:  0.50 sec 

 

Temperature Program Parameters 

Initial Oven Temp:  45 
0
C; hold for 3 min 

Program Rate: 15 
0
C/min to 150 

0
C hold for 0 minutes 

                                              40 
0
C/min to 265 

0
C  hold for 8 minutes 

Total run time: 20.87 min. 

 

The temperature of the interface was reduced to 180
0 

C in order to prevent the 

thermal decomposition of NG and N-nitrosodiphenylamine.  This temperature reduction 

resulted in a better chromatographic profile (peak shape and splitting) than did the 230
0 

C 

setting.  The method was now ready for validation.  For large, visible residue particles, 

the method was run in the Scan Mode of the Mass Spectrometer. This enabled the 

compounds to be identified by their complete mass spectrum with the background 

extracted.  These mass spectra were then able to be matched against the two libraries that 

had been created.  The first library consisted of mass spectra of the target compounds 

obtained from the NIST Library of Compounds created by an EI source (Appendix A).  
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The second library consisted of mass spectra of the SRMs created by the instrument used 

in the method development (Appendix B).  This library was used more often because the 

spectra of the standards would contain the idiosyncrasies of the instrument as would the 

actual samples.  This would provide for a better comparison.  The method at this point 

worked very well for the analysis of the propellant and heavy residues lining the spent 

cartridge casings.  However, swabbings taken from the neoprene gloves worn on the 

hands of the shooter and from the interior surfaces of the collection devices did not seem 

to be as prominent in establishing an identification of a residue consistent with a 

smokeless powder origin using the Scan Mode.   

At this point, Phase II of the method was established, i.e., the use of a SIM Mode.  

In this mode, three prominent ions from each of the smokeless powder components were 

selected and two ratios from these ions calculated.  This, plus the RT and selectivity 

factor ( α ), became the identification factors.   The chromatography parameters remained 

exactly as they were in Phase I.  Table 2.5 displays the selected ions of importance for 

each of the targeted compounds and their ratios. As part of this Phase, the ratios have a 

±20% Confidence Interval built around them as an acceptable identification window.
4
  

Although not as specific as a full mass spectra, the selected ions and their ratios provided 

for a parameter of identification that is satisfactory for a screening method. 

 

 

 

                                                 
4
 Personal communication with Dr. Barry Levine on SIM Method used in Forensic Toxicology 
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Table 2.5 – SIM Ions, Ratio Pairs, and 20% Interval Window 

OGSR 

Component 

Name 

Retention 

Times 

(minutes) 

(α values) 

Major Ions 

(most 

abundant 

listed first) 

1
st
 Pair 

Ratio 

 

±20% 

Window 

2
nd

 Pair 

Ratio 

 

±20% 

Window 

1-MNG 10.486 

α = 0.860 

46, 76* 46/76 = 

53.2±2.7 

42.6-63.6 -----  

NG 10.833 

α = 0.890 

46, 76* 46/76 = 

45.4±1.8 

36.3-54.5 -----  

2, 6-DNT 11.544 

α = 0.947 

165, 63, 89 165/63 = 

1.53±0.06 

1.22-1.84 63/89 = 

1.91±0.15 

1.53-2.29 

2, 4-DNT 11.892 

α = 0.976 

165, 63, 89 165/63 = 

2.40±0.04 

1.98-2.88 63/89 = 

1.12±0.15 

0.88-1.34 

DEP 12.133 

α = 0.996 

149, 177, 222 149/177 = 

3.08±0.49 

2.56-3.70 177/222 = 

10.24±1.53 

8.20-12.28 

3, 4-DNT 12.187 

α = 1.000 

182,63, 89 182/63 = 

1.25±0.10 

1.00-1.50 63/89 = 

1.19±0.73 

0.96-1.43 

DPA 12.275 

α = 1.008 

169, 168, 167 169/168 = 

1.53±0.05 

1.22-1.84 168/167 = 

1.85±0.04 

1.48-2.22 

EC 13.261 

α = 1.088 

120, 148, 268 120/148 = 

1.26±0.07 

1.01-1.51 148/268 = 

4.34±1.04 

3.47-5.21 

DBP 13.371 

α = 1.097 

149, 223, 205 149/223 = 

32.5±3.22 

26.0-39.0 223/205 = 

1.08±0.07 

0.86-1.30 

2-NDPA 13.563 

α = 1.113 

167, 214, 180 214/167 = 

1.24±0.17 

0.99-1.49 167/180 = 

2.56±0.66 

2.05-3.04 

4-NDPA 14.682 

α = 1.205 

214, 167, 184 214/167 = 

1.08±0.04 

0.86-1.30 167/184 = 

2.53±0.05 

2.02-3.04 

2, 4-DNDPA 15.720 

α = 1.290 

259, 167, 182 259/167 = 

1.82±0.06 

1.46-2.28 167/182 = 

4.20±1.03 

3.44-5.04 

 

 

The use of the SIM Mode increased the level of sensitivity generally for every 

compound.  It was used in the lowest level of detection (LOD) and lowest level of 

quantitation (LOQ) determinations.  Very little background interference was noted when 

using standard solutions of the SRMs.  However, once the swabbing technique was 

incorporated into the collection of the residue, the background effect of the swabs was 

noticed.  Different swabs were assessed for this method to determine which would 

provide the least background interference.  The swabs that were used were as follows: 

 Johnson and Johnson  Cotton Q-Tips® with paper shafts 

 Rite Aid Personal Care Cotton Swabs with wooden shafts 

 7-11 Goodsence® Cotton Swabs with plastic shafts, and 



35 

 

 

 Fitzco® CEP
TM

 Buccal Swabs – plastic shaft and Styrofoam swab 

The one providing the least background interference was Fitzco® CEP
TM 

 Swab-Sterile 

(Fitzco, Inc) which is principally used as a buccal swab device for DNA collection.  The 

drawback was that they did not recover as much residue as did the cotton tip swabs and it 

was more expensive.  The Johnson & Johnson Cotton Q-Tip® brand with paper shaft 

collected an equal amount of residue as did the wood and plastic shaft varieties of these 

products, but provided the least interference from the background.  The background still 

produced interference in the vicinity of the retention time area for EC and DBP.  This can 

be seen in Figure 2.4, which is a SIM Mode scan of the swab. 

 
Figure 2.4 – Background ions found in cotton tip swabs 

 

The region depicted by the black vertical line is in the RT general area of EC.  The RT of 

EC is 13.263 min., whereas, the background peak from the swab has an RT of 13.219 

min..  The background also had a potential peak of interference in the region of DBP.  

However, the RT of the interference peak (13.346 min.) was sufficiently separated from 

the DBP peak (13.371min.) that it too could be subtracted.  There is sufficient separation 

between the background peaks and EC and DBP to distinguish them from each other and 

to subtract these background peaks.  The colors of the lines in the SIM Mode representing 
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the ions of OGSR also helped to distinguish the target ions from the background ions of 

the swabs.  In the method, the background of the swabs was subtracted from the peaks of 

interest where necessary.  This resulted in the targeted ion ratios being within limits.  The 

ions selected for the target components did not contain ions that were in the background 

of the swabs where possible.  The only ion of consequence was 149 and this had little 

effect on the identification or misidentification of a target component.  Further 

information on efficiency of collection will be discussed in Chapter 3 dealing with 

Collection Solvent (CS).  The background analysis of the cotton swab in the Scan Mode 

and the relative percentages of each peak are depicted in Figure 2.5 below.  

Figure 2.5 – Background TIC of Q-Tip Swabs.  

 

Table 2.6 – Background Information for Figure 2.5 

Peak # Retention Time (min) Area % Area 

1 11.989 887045 22.65 

2 12.572 949763 2.43 

3 12.657 211016 0.67 

4 13.219 19231569 49.12 

5 13.346 7819537 19.97 

6 13.677 281847 0.72 

7 13.793 321218 0.82 

8 13.900 91207 0.23 

9 14.145 355865 0.91 

10 14.399 454473 1.16 

11 14.469 258239 0.66 

12 14.667 260400 0.67 

Total  39156078 100.00 

 

1 

2 3 

4 

5 

12 

6 

7 8 

9 

10 

11 
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Method validation is an absolute necessity in any analytical practice in order to 

prove that the method will function as designed.  Forensic methods are no exception.  

Peters and coworkers (2007) concurred with this statement from a legal standpoint.  

Validation is necessary not only to ensure reliable data, but also to ensure that there are 

no unjustifiable legal consequences for the defendant in court.  It is for this reason that 

the MS spectra, RT values, k’ values and α values are used for the most positive 

identification considerations.   Figure 2.6 shows the separation of all of the SRMs in the 

ladder run.  In this separation 15 SRMs were used; they are the ones mentioned in the 

studies above plus two other explosive materials (EGDN and PGDN) and the additives of 

camphor and triacetin.  All have been separated by the instrumental parameters of this 

method.   

 

Figure 2.6 –Separation of SRMs (1) – EGDN, (2) – PGDN, (3) – Camphor, (4) – 1-MNG,  (5)-Triacetin,  

(6)-NG, (7)- 2, 4-DNT, (8) – 3, 4-DNT, (9) – DPA, (10) – DEP,  (11) – EC,  (12) – DBP, (13) – 2-NDPA, 

(14) – 4-NDPA, (15) – 2, 4-DNDPA 

Once the separation characteristics were established, the Chromatographic and 

Analytical Figures of Merit were determined.  
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2.3 Chromatographic Figures of Merit (CFM) 

Chromatographic Figures of Merit are needed to monitor the performance of the 

column and thus the performance of the method.  This was accomplished by using the 

above mentioned ladder which was constructed by taking a 100 µl sample of each SRMs 

which ranged in individual concentrations from 490 ng/µl to 600 ng/µl and combining 

them into a single solution.  The approximate final concentration of the SRMs ranged 

from 33 ng/µl to 40.4 ng/µl.  These concentrations produced sharp peaks in the TIC for 

the separation of the 15 components.  Higher concentrations resulted in peak broadening.  

The CFM used in this study are the capacity factor (k’), selectivity factor ( α ), Resolution 

(R), number of theoretical plates (N), and the Asymmetry (A) of the peaks.  Changes in 

these can indicate a degradation of the column.  The CFMs were calculated using the 

final GC method parameters which allowed for a much better separation of the majority 

of the SRMs with the exception of DPA and N-nDPA.   

In establishing the CFM an un-retained substance must be selected in order to 

determine the t0 value from which the k’ (capacity factor) can be determined.  In this 

method design the substance selected was n-butane.   Six injections of butane obtained 

from a BIC® lighter were injected into the GC/MS using the final method parameters 

stated above.  The retention time (RT) averages and standard deviation were 1.527 min. 

(±0.053).  The capacity factor (k’) value was calculated using the formula 

k’ = ( tr – t0)/t0           (2.1) 
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where tr is the retention time of the SRM and t0 is the retention time of the butane.  These 

values are tabulated in Table 2.6. 

The other CFMs that were calculated for each SRM include Resolution (R), a 

measurement of adjacent peak separation, the number of theoretical plates (N) and the 

Asymmetry (A) of the peaks.  An Internal Standard (IS) was also selected for use in this 

method.  The IS selected for was 3, 4-dinitrotoluene (3, 4-DNT).  It was selected because 

of its similarity in structure with some of the components (2, 4-DNT), its closeness in RT 

to DPA, and that it is not found in smokeless powder either as a degradation product or as 

a contaminant as is its isomers 2, 4-DNT and 2, 6-DNT (Mach et al. 1978).  The fact that 

3, 4-DNT is close in RT to DPA is fortunate.  This provided a strong Resolution Pair 

which was used to monitor the proper functioning of the column.  DPA’s importance as 

the other component of the Resolution Pair is because it is the most abundant additive in 

smokeless powders (Josh-Kumar, (2010), TWGFEX, (2011), and Mach et al., (1978).  

The average RT and k’ values for 3, 4-DNT are 12.187 minutes and 6.82, respectively 

and those of DPA are 12.275 minutes and 6.88, respectively.  As can be seen, they are 

very close, but with enough distance to be completely separated.  The α (selectivity 

factor) for DPA is 1.008.  As previously stated, DPA is found in the majority of 

smokeless powders.  Josh-Kumar (2010) reported that 96% of a survey of 70 smokeless 

powders from the FBI Smokeless Powder Database demonstrated the presence of DPA.  

The Technical Working Group of Fire and Explosives (TWGFEX) study, a database of 

99 smokeless powder formulations, demonstrated that 95% of these contained DPA 

(TWGFEX).  DPA also has a low LOD which is around 1ng.  The Resolution between 3, 

4-DNT and DPA was calculate to be 1.69 using the formula 
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R = 2(t2 – t1)/w1 + w2       (2.2) 

The Resolution is shown in Table 2.7 in the light green shaded area.  In the actual 

analysis, a 5 µl volume of a 2,000 µg/ml SRM of 3, 4-DNT is added to a 100 µl aliquot 

of the extracted residue.  This provided an approximate concentration of  95ng/µl for 3, 

4-DNT when 1 µl is injected into the GC/MS.  At this concentration, the 3, 4-DNT peak 

is well defined.  The Resolution for all peak pairs is seen in Table 2.7.  The Resolution 

for a peak is calculated using the peak that precedes it in RT. 

The peak symmetry defines the analytes retention characteristic associated with 

the column’s liquid phase.  The Asymmetry is defined by the formula 

A = b/a       (2.3) 

where “b” is the measurement of the right side of the central axis and “a” is the 

measurement of the left.  The horizontal line on which these measurements are made is at 

a height of 10% above the baseline of the component.  When A was approximately “1,” 

the peak demonstrated symmetry about the central axis.  A value of greater than “1” was 

indicative of “tailing” where small quantities of the analyte are retained more strongly 

than larger concentrations.  A value of less than “1” was indicative of “fronting” where 

too much analyte was loaded on to the column and secondary equilibriums are 

established.  The Asymmetry (A) of the peaks was determined by using the “zoom in” 

feature of the LabSolution® software.  This allowed for the peaks to be expanded and 

then printed out.  A straight edge ruler was then use to determine the center of the peak in 

regards to the X-axis.  The areas on either side of the central axis were measured in units 
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of time and the ratios compared in the above formula.  These values can be found in 

Table 2.7. 

The number of theoretical plates (N) used to determine the column efficiency was 

determined by again enhancing the peak electronically and measuring the width of the 

peak (w) measured at baseline.  This value was then inserted into the following formula 

for the calculation of (N). 

N = 16(tr/w)
2      

 (2.4) 

The value of N should increase with increasing retention time if the width of the peaks 

remains relatively constant.  However, there were some compounds that exhibited a break 

from the trend.  This is most likely because the peaks of those components widened at the 

base as a result of stronger retention forces between the compound and the stationary 

phase.  This stronger interaction can widen the base width and lower the N value.  The N 

values are depicted in Table 2.7 below. 

Table 2.7 – Chromatographic Figures of Merit 

 

Component 

RT 

(min.) 

Peak Width Capacity 

Factor 

k’ 

N 

16(tr/w)
2 

(x10
5
) 

Resolution
5 

2(tr-to) 

w1+ w2 

Asymmetry 

A = b/a 

Butane 1.53±0.03 0.072±0.005 0.0 0.07225 ------ 2.16±0.05 

EDGN 7.683±0.004 0.106±0.017 4.02 0.84056 69.13 2.07±0.03 

PGDN 7.858±0.004 0.106±0.007 4.14 0.87929 1.43 0.75±0.05 

1-MNG 10.472±0.003 0.111±0.023 5.84 1.42408 13.74 1.12±0.06 

NG 10.833±0.003 0.065±0.011 6.08 4.44417 1.29 1.13±0.06 

2, 6-DNT 11.544±0.002 0.062±0.007 6.55 5.54689 10.37 1.11±0.09 

2, 4-DNT 11.892±0.003 0.064±0.013 6.77 5.52420 4.67 1.14±0.17 

DEP 12.133±0.004 0.060±0.009 6.93 6.54260 3.37 1.00±0.17 

3, 4-DNT 12.187±0.002 0.059±0.011 6.97 6.82668 1.03 0.76±0.04 

DPA 12.275±0.003 0.062±0.009 7.02 6.27162 1.69 1.12±0.13 

 

                                                 
5
 Resolution is determined between the component that has the Resolution value listed and the preceding 

component, e.g., DPA has the listed value of 1.69.  This is in reference to 3, 4-DNT as its pair. 
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Table 2.6 – Chromatographic Figures of Merit – Continued 

 

Component 

RT 

(min.) 

Peak Width Capacity 

Factor 

k’ 

N 

16(tr/w)
2 

(x10
5
) 

Resolution
6 

2(tr-to) 

w1+ w2 

Asymmetry 

A = b/a 

EC 13.225±0.004 0.066±0.010 7.64 6.83205 14.84 1.13±0.08 

DBP 13.420±0.004 0.067±0.002 7.77 6.41912 1.39 1.13±0.12 

2-NDPA 13.570±0.007 0.063±0.016 7.87 7.42333 2.44 1.17±0.06 

4-NDPA 14.690±0.063 0.071±0.002 8.60 6.84931 13.58 1.14±0.08 

2, 4-

DNDPA 

15.720±0.091 0.073±0.065 9.28 7.62711 7.98 1.27±0.08 

 

2.4 Analytical Figures of Merit (AFM) 

The AFMs used in this study to assess the method are Accuracy, Precision, 

Lowest Level of Detection (LOD), Lowest Level of Quantitation (LOQ), Sensitivity, 

Range of Linearity, and Robustness. 

2.4.1 Accuracy 

The Accuracy of the method was determined by using the NIST 8107 Additives 

in Smokeless Powder SRM.  The SRM came with a Certificate of Analysis stating that 

the smokeless powder consisted of 12.9 mg of NG, 0.78 mg of DPA, 3.64 mg of EC, 0.31 

mg of N-nDPA, and an unspecified amount of DBP per 100 mg of the SRM.  Since the 

method will not separate DPA and N-nDPA (previously discussed) and is mass sensitive, 

these materials become additive and give a concentration of 1.09 mg.  The Accuracy was 

determined by weighing out 52 mg (±0.001g) of the NIST SRM and placing it into a 50 

ml Kimax volumetric flask (±0.05 ml).  This resulted in a 1,040 ng/µl (±0.039) solution.  

This solution was used to create solutions of 520 and 104 ng/µl respectively.  Three one 

μl injections were made of each solution and the area responses were recorded as well as 

the standard deviation and Relative Error. This data is recorded in Table 2.8.  The criteria 

                                                 
6
 Resolution is determined between the component that has the Resolution value listed and the preceding 

component, e.g., DPA has the listed value of 1.69.  This is in reference to 3, 4-DNT as its pair. 



43 

 

 

for a smokeless powder source of origin were also applied to each level.  A TIC of the 

520 ng/µl is given below in Figure 2.7. 

 
Figure 2.7 - NIST SRM at 520 ng/ul 

 

The data compiled for the concentration determinations of the NIST 8107 SRM at 

the concentrations of 1,040, 520, and 104 ng/µl are presented in Table 2.8 below. 

Table 2.8 – Evaluation of NIST 8107 SRM at Concentration Levels of 1,040; 520; and 104 ng/μl 

 

1,040 ng/µl NIST 8107 SRM 

Comp. 

(ng) 

Area-1 Conc. 

(ng/µl) 

Area-2 Conc. 

(ng/µl) 

Area-3 Conc. 

(ng/µl) 

Avg Error 

(%) 

NG(134) 13555238 111 14209900 116 13262573 109 112±4 16.3 

DPA(11.3) 6915533 11.7 7330460 12.4 6777227 11.5 11.8±0.5 - 4.4 

EC(37.9) 18956685 25.6 21041920 28.7 23127156 31.6 28.7±2.9 24.3 

DBP 993217 1.03 963420 1.01 942556 0.983 1.01±0.02 ----- 

         

520 ng/µl NIST 8107 SRM 

Comp. 

(ng) 

Area-1 Conc. 

(ng/µl) 

Area-2 Conc. 

(ng/µl) 

Area-3 Conc. 

(ng/µl) 

Avg Error 

(%) 

NG(67.1) 7989781 66.3 7459088 61.9 7835773 65.0 64.4±2.3 

 

4.0 

DPA(5.67) 2633719 4.47 2446724 4.15 2541734 4.31 4.31±0.16 24.0 

EC(18.9) 10084632 15.0 10886167 16.2 10922340 15.8 15.7±0.6 16.9 

DBP 632319 0.520 601685 0.494 652301 0.536 0.512±0.0

21 

----- 

         

104  ng/µl NIST 8107 SRM  

Comp. 

(ng) 

Area-1 Conc. 

(ng/µl) 

Area-2 Conc. 

(ng/µl) 

Area-3 Conc. 

(ng/µl) 

Avg Error 

(%) 

NG(13.4) 938428 9.62 966581 9.91 1004118 10.3 9.94±0.34 

 

25.8 

NG 

DBP 

EC 

DP

A 
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Table 2.8 - Evaluation of NIST 8107 SRM at Concentration Levels of 1,040; 520; and 104 ng/μl 

 

The values in parentheses next to the components contained in the NIST SRM are 

the calculated values of those components present in the concentration of the respective 

samples based on the percentages given in the Certificate of Analysis.    The Accuracy 

for the determination of the samples being consistent with the criteria for defining a 

smokeless powder source is 100%.  All three of the concentration levels fulfill the OGSR 

criteria in all four of the categories.  At the concentration level of 104 ng/µl for the NIST 

8107 SRM, DPA is at its LOD of 1 nanogram.  Amounts of the NIST SRM lower than 

this would have the DPA component become undetectable.  The LODs for NG, EG, and 

DBP are 3, 0.5 and 0.3 ng/µl respectively.  Of all of the major components of smokeless 

powder, DBP is the most ubiquitous in the environment.  If the DBP was removed as a 

potential interference, this would leave only NG and EC which would still be compliant 

with the smokeless powder criteria. 

The accuracy of the method for the qualitative identification of the individual 

components is excellent.  The average RTs of the individual NIST components are as 

follows:  NG (10.827 min.), DPA (12.267 min.), EC (13.271 min.), and DBP (13.378 

min.) as compared to those of the SRMs NG (10.833 min.), DPA (12.275 min.), EC 

(13.261 min.) and DBP (13.371 min.).  The accuracy of the quantitative aspects of the 

method versus the NIST SRM shows a great variety in error percentage between the 

NIST value and the method’s value.  Most of the errors are on the positive side; however, 

104  ng/µl NIST 8107 SRM 

DPA(1.13) 226589 0.910 239372 o.961 238842 0.959 0.943±0.0

29 

16.4 

EC(3.78) 2393718 3.18 2381136 3.16 2600173 3.45 3.26±0.16 13.8 

DBP , < LOD  < LOD  < LOD  ----- 



45 

 

 

one has a negative error.  These positive discriminate errors may be the result from static 

electricity.  It was noticed on weighing the NIST 8107 SRM smokeless powder that it 

developed a static charge and was difficult to remove from the weighing paper.  If the 

entire sample was not transferred into the vial, then this could result in lower values being 

obtained.  This phenomenon had been noticed on previous experiments (Tobin, 2009).  

The negative error is the only one observed.  This error may be due to an over estimation 

of the combined mass of DPA and N-nDPA.  However, this negative error shows up only 

on this trial.   

 In addition, the accuracy of the smokeless powder origin criteria was tested 

against the TWGFEX Database.  The accuracy determination was made using the 

following formula: 

 

The number of True Positives as determined by the smokeless powder criteria was 91 and 

the number of False Negatives, i.e., those smokeless powder formulations not fitting the 

criteria were eight.  Since there are no True Negatives or False Positives in the Database, 

this would produce an accuracy of 91.9%.  This study indicates that the use of this 

method as a “screening tool” for the presence of smokeless powder residue is at least 

91.9% accurate.  The eight samples that resulted as False Negatives were single base 

propellants, i.e., they contained NC and one additional component from the OGSR list.  

The one other component was either DPA or EC.  They are therefore not compliant with 

the criteria established in the method.  Of the 70 powders reviewed by Josh-Kumer 

(2010), this method  resulted in a 90.0% accuracy statement based on the formula above 
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and the definition of smokeless powder residue given.  As with the TWGFEX Database, 

the seven that were False Negatives again were single base propellants with one additive 

or two additives not matching the criteria.  All of the aforementioned data would be based 

on the ability of the instrument’s sensitivty to detect the lowest detection levels.  No 

attempt is made in this method to quantify the residues removed from surfaces based 

upon the findings of  Zeichner and cowokers (1991) and others who found that residues 

of other types of ammunition that have been discharged from a firearm can be mixed with 

the residue created by the current discharge.  This would change the profile of the residue 

and would create a problem with matching the residues.  Therefore, no attempt was made 

to establish the source of the residue based upon a quantitative analysis of the materials 

found. 

A third test of accuracy was performed by having the MSP Crime Laboratory 

Firearms Unit submit six samples of unfired propellant  that had been taken from their 

ammunition standards stored in the ammunition vault.  Samples of these propellants had 

also been fired and the residues collected from the spent cartridge casings.  Eight cotton 

tip swabs with a black residue along with spent cartridge casings were submitted for 

examination using the developed method.  Six of these swabs were taken from fired the 

cartridge casings while the other two were from unknown sources.  Prior to the analysis 

of the swabs, the instrument was autotuned using and a Control of the NIST 8107 SRM 

and a blank were run.  All were in compliance with expected results.   The unburned 

propellants were not analyzed but kept only as reference material.  The swabs were then 

analyzed according to the protocol established in the method.  
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The swab from Sample #1 was consistent with the propellant residue from the 

PMC .38 Spl cartridge case.  The swab from Sample #6 was consistent with the 

propellant residue from the  Remington-Peters 9 mm cartridge case.  Samples #2, #4, #5, 

and #8 were identified as smokeless powders under the criteria established but could not 

be associated directly with any particular ammunition type.  The cartridge case residues 

of the Federal .38 Spl, GECO .38 Spl, Speer .38 Spl, andWinchester .38 Spl were all 

similar to each other as well as Samples #2, #4, #5 and Sample #8.  Samples #3 and #7 

did not show the presence of any smokeless powder components and were declared as a 

non-OGSR source.  It was later found that these were swabbings of a car tail pipe and 

therefore negative. 

The method was able to match all smokeless powder samples as consistent with a 

smokeless powder origin.  Two swab samples were matched to their respective cartridge 

case residues, two samples were found to be negative, while four samples could not be 

matched directly to their corresponding cartridge case residues.  The results of the 

cartridge case residues and swab analyses are displayed in Table 2.9. 

Table 2.9 – MSP Proficiency Test Results 

Ammunition 

Name 

1-

MNG 

NG DPA DEP EC DBP 2-

NDPA 

4-

NDPA 

2, 4-

DNDPA 

Federal 

.38 spl 

X X X X X X    

GECO 

.38 Spl 

X X X X X X    

Speer 

.38 Spl 

X X X X X X    

Winchester 

.38 Spl 

X X X X X X    

Samples 

#2, 4, 5, 

and 8 

X X X X X X    

Rem-Ptrs 

9 mm 

X X X X X X X   
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Table 2.9 – MSP Proficiency Test Results - Continued 
Sample #6 X X X X X X X   

PMC 

.38 Spl 

 X X X X X X X  

Sample #1  X X X X X X X  

Sample#7 ---- ----- ----- ---- ----- ----- ---- -----  

Sample #3 ---- ----- ----- ---- ----- ----- ---- -----  

 

2.4.2 Precision 

Precision can be defined as the closeness in agreement of a set of replicate results 

obtained from multiple analyses of the same homogenous solution.  Precision measures 

repeatabilty and reproducibility.  The repeatability of the method was determined by 

measuring the RT, area, and concentration calculation of the NG component of the NIST 

8107 SRM on three consecutive days.  Three solutions of the NIST 8107 SRM were 

made independently with a concentration of 520 ng/µl.  A one µl injection of each of 

these SRM solutions was performed three times on each day giving a total of nine 

injections.  This demonstrated the repeatability of the method over a period of time.  The 

RT, the Area Response, and the concentrations as determined by the Calibration Curve 

were recorded.  The  Internal Standard of 3, 4-DNT was run five times and the RT 

averaged.  The RT was 12.187 min. ±0.010.  This was be used to determine the Relative 

Retention Time  or selectivity factor which  provided an additional qualitative parameter 

of identification.  The following statistical parameters were then calculated; average, 

standard deviation, RSD, and the Relative Error (based on a concentration of 67.1 ng/µl 

of NG).  This concentration was determined by multiplying the 12.9% content of the 
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NIST Certificate of Analysis by 520 ng/µl.  The results of this calculationare found in 

Table 2.10. 

Table 2.10 – Precision Statistics 

 

The precision of the method in regards to a qualitative parameter is excellent.  The 

average RT of 10.868 minutes is consistent with the RT of the known SRM of NG as is 

the selectivity factor when compared to 3, 4-DNT (0.892).  Individual variations were 

observed in the individual RTs but the average and standard deviation resulted in a RSD 

Sample Trial RT Selectivity 

Factor  

α 

Area Concentration 

(ng/µl) 

 

1 

Day 1 

1 10.858 0.890 7459088 61.9 

2 10.867 0.891 7989781 66.3 

3 10.850 0.890 7835773 65.0 

Averages  10.858±.009 0.890±0.002 7761547±273022 64.4±2.3 

 

2 

Day 2 

4 10.867 0.892 7189781 59.6 

5 10.865 0.892 7223066 59.9 

6 10.883 0.893 7726043 64.1 

Averages  10.871±0.01 0.892±0.003 7379630±300464 61.2±2.5 

 

3 

Day 3 

7 10.883 0.893 7605649 63.1 

8 10.875 0.892 7718286 64.0 

9 10.867 0.891 7082170 58.7 

Average  10.875±0.00 0.892±0.003 7468702±339451 61.9±2.8 

Overall 

Averages 

 10.868 0.892 7536626 62.5 

Standard 

Deviations 

 ±0.011 0.003 ±316158 ±2.6 

RSD  0.0009 .0.001 0.042 0.042 

Relative 

Error 

    7.5% 
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of 0.001.  The selectivity factor (α) was also consistent and had an RSD of 0.001.  The 

instrumental parameters demonstrated stability throughout this experimental design.   The 

precision of the quantitative parameters of the method are fair as evident by the RSD of 

0.042 (CV = 4.2%).  The Relative Error for quantitation is 7.5%.  For this experimental 

design the qualitative factor was much more precise than the quantitative. 

2.4.3 Robustness 

Robustness is the ability of the method to be unaffected by small, deliberate 

changes.  The robustness and reproducibility of the method were determined by giving 

the method to the Baltimore County Crime Laboratory (BCCL) to perform analyses on 

the NIST 8107 SRM and on a sample of the smokeless powder propellant taken from a 

Federal Classic 9 mm Luger, 115 gr Hi-Shok cartridge.  The laboratory was also given 

samples of the SRMs.  The BCCL is a working forensic laboratory and they could not 

afford the time to fully try out the method as it was performed in this research.  The 

instrument used at the BCCL was an Agilent 5973 and the column was the same 5% 

phenyl – 95% dimethylpolysiloxane column used in this research; however, it was shorter 

and made by a different manufacture (Supelco).  The results of the Baltimore County 

Crime Lab’s analyses are listed in Table 2.11 and compared to the results of this research. 

                                      Table 2.11 – Robustness of Method 

Component Name NIST 8107 

SRM 

(Dissertation)  

NIST 8107 

SRM 

(BCCL) 

Fed 9 mm  

Dissertation  

Fed. 9 mm 

(BCCL) 

1-MNG   X  

NG X X X X 

2, 4-DNT   X X 
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                                Table 2.11 – Robustness of Method - Continued 

Component 

Name 

NIST 8107 

SRM 

(Dissertation)  

NIST 8107 

SRM 

(BCCL) 

Fed 9 mm  

Dissertation  

Fed. 9 mm 

(BCCL) 

3, 4-DNT (IS) X X X X 

DBP X X X X 

2-NDPA   X  

4-NDPA   X  

2, 4-DNDPA     

DEP     

DPA X X X X 

EC X X X X 

 

The BCCL was able to detect and confirm the presence of all but three of the 

components found by this research.  The components not detected were 1-MNG, 2-

NDPA and 4-NDPA.  The rationale for this is that this research utilized the SIM Mode 

and had its own In-House Reference Library which made for a better identification.  

BCCL only had time to run the analysis in the SCAN Mode.  In both analyses, however, 

the findings are within the criteria for establishing the materials analyzed as being 

consistent with a smokeless powder origin.  The use of this experimental design within a 

working crime laboratory demonstrated that this method works.  When the method 

parameters are tweaked to the individual instrumentation used in that lab, the results will 

provide the information that was sought in this research, i.e., the ability of that laboratory 

to screen residues for OGSR and to make comparisons.  The Robustness of this method 
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was positively demonstrated in BCCL’s ability to identify the targeted compounds with a 

different instrument and a shorter column. 

2.4.4 Linearity, LOD, and LOQ 

Linearity is defined as a measure of the method’s ability to produce results in 

which the detector’s response is directly proportional to the concentration of the analyte 

in the sample.  Linearity is measured by calculating the regression line of the plot of 

concentration versus detector response using the equation y = mx + b (Bayne & Carlin, 

2010).  In order for linearity to be in the acceptable range (Linear Range) for mass 

spectral analysis, the coefficient of correlation (R
2
),  must be greater than 0.995 (Harris, 

2007).  In order to determine linearity, 10-12 variable concentrations of the solid and 

liquid SRMs were prepared and run on the GC/MS using the developed method.  

Generally, linearity studies were performed on the seven major components depicted in 

the previously mentioned studies in the Introduction of this Chapter.  These components 

are NG, 2, 4-DNT, DPA, EC, DBP, 2-NDPA, and 4-NDPA.  Additionally, 3, 4-DNT was 

included because of its use as an Internal Standard.  The Dynamic Range Curves and the 

Linear Curves are found in Appendix C for each analyte.  The Calibration and Dynamic 

Range Curves for 3, 4-DNT are seen in Figure 2.8 below.  
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Figure 2.8 – Calibration and Dynamic Range Curves for 3, 4-DNT 

                            

                               
Figure 2.8 – Calibration and Dynamic Range Curves for 3, 4-DNT - Continued 

 

 The detection of a substance is based upon the ability of the detector to 

distinguish the signal attributed to the analyte of interest from the noise level of the 

instrument background.  The Lowest Limit of Detection (LOD) is defined as the 

minimum concentration or mass of an analyte that can be detected at a known 

concentration level (Skoog, Holler & Nieman, 1998).  Kaiser (1987)  defined this 

mathematically in the equation,  
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SLOD = S(avg)blk + 3sblk        (2.5) 

where S(avg)blk is the average noise of the blank, and s.d.blk is the standard deviation of the 

blank.  This level has been accepted as a practical value for use in many text books 

(Skoog, Holler & Nieman, 1998; Christian, Gary, 1994; Skoog, West & Holler, 1992; 

and Kennedy, John, 1990).  The LOD can also be calculated from the instrumental 

software, if equipped, using the formula 

LOD = Cs  x    3         (Bayne & Carlin, 2010)   (2.6) 

                                                   S/N 

The Shimadzu GC/MS 5000/QP5050A System provided a tool feature that could 

calculate the signal to noise ratio (S/N) for a given substance.  Two points on the analyte 

peak and two points on the baseline plus the selection of the sensitivity level, in this case 

3, are placed into the equation and the calculation performed.  In this research the LOD 

was determined by running 20 Blanks using the CS and measuring the background at the 

retention times of each of the eight selected analytes above.  The S(avg)blk was determined 

for the 20 trials and the standard deviation (s), the 95% CI and the RSD were calculated.  

The LOD was then calculated using Equation 2.5.  The result was used in conjunction 

with the Calibration Curve of the selected analytes in order to determine the LOD.  A 

practical test of this value was determined by running a concentration of the analyte that 

was slightly above the LOD to determine if a peak was observable in the TIC.  Another 

concentration that was slightly below the LOD was run to confirm that the observation of 

a peak could not be made.  This information is found on the individual Calibration 

Curves of the selected analytes which is located in Appendix C.  As a point of 

correlation, the LODs of four of the OGSR components, namely, NG, DPA, EC, and 4-



55 

 

 

NDPA, were compared by both methods.  For the most part, there appears to be good 

correlation between the values except for NG.  This may be due in part to NG break 

down into 1-MNG.  It should also be noted that as the concentration levels go down, the 

value of the S/N ration also diminishes.  The comparisons can be seen in Table 2.12 

below. 

Table 2.12 – Comparison of LODs by Two Methods  

Component Name LOD =  Cs  x    3 

                           S/N 

SLOD = S(avg)blk + 3sblk 

NG 10ng  x  3/6.87   = 5 3 

DPA 50ng  x  3/251.6 = 0.6 1 

EC 50ng  x  3/277.7 = 0.5 0.4 

4-NDPA 50ng  x  3/224.1 = 0.7 1 

 

The Limit of Quantitation (LOQ) was determined in a similar fashion except that 

the factor 10 is substituted for 3 in Equation 2.5.  This yields the Equation 2.6 below: 

SLOQ  = S(avg)blk + 10sblk        (2.7) 

The Sensitivity of the method is a measure of the ability of the method or instrument to 

distinguish between small differences in analyte concentration (Skoog, Holler & Nieman, 

1997).  This is reflected in the slope value m in the equation for linearity previously 

given. The value for the Range of Linearity was between the LOQ as its lowest point and 

the point on the Calibration Curve where the R
2 

value is greater than or equal to 0.995 for 

its highest point for a major component and greater than or equal to 0.98 for components 

in the range of 0.1 to 2 wgt% (Harris, 2007).   The values of the LOD, LOQ, Sensitivity, 

and Linear Range are summarized in Table 2.13 below. 
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Table 2.13 – LOD, LOQ, Sensitivity, and Linear Range Measurements 

Name Avg. 

Bkgrd 

Std. 

Dev. 

3 (Std. 

Dev.) 

10(Std. 

Dev.) 

LOD 

(ng/µl) 

LOQ 

(ng/ 

µl) 

Sensitivity 

(slope) 

Range 

(Linearity) 

(ng/ µl) 

PGDN 104,345 ±33,783 101,349 337,829 0.2 0.5 647286 0.5-50 

EGDN 108,478 ±41,297 123,836 412,970 5 10 377246 10-100 

Camphor 111,697 ±39,457 118,372 394,575 0.3 0.7 7548345 0.7-480 

Triacetin 178,901 ±96,972 244,116 969,720 0.1 0.2 806,837 0.2-500 

NG 117,455 ±40,971 124,115 409,713 3 6 117,664 6-100 

DEP 137,325 ±26,532 79,596 265,322 0.3 0.6 592,476 0.6-500 

3, 4-DNT 128,991 ±46,520 79,560 465,200 1 2 412433 2-100 

DPA 134,628 ±28,130 84,390 281,300 1 2 391381 2-1,000 

EC 149,014 ±51,876 155,269 518,762 0.4 1 646511 1-100 

DBP 176,395 ±54,865 164,596 548,655 0.3 0.7 833540 1-50 

2-NDPA 156,398 ±59,546 178,638 595,461 2 4 420866 4-1000 

4-NDPA 185,295 ±96,760 290,281 967602 1 3 312014 3-1,000 

2, 4-

DNDPA 

160,860 ±89,621 268,863 592,210 10 25 242370 25-1,000 

 

The above Table demonstrates that the LOD, LOQ, Sensitivity, and Linear Range are 

such that they permit the method to function satisfactorily for the purpose for which it 

was designed.  All of the components of interest in OGSR have LODs that are 5ng or less 

except for 2, 4-DNDPA which was 10 ng.  This is very important when consideration is 

given to the fact that the deposition of the residue is based on randomness.  This will 

become clearer in Chapter 4. 

2.5 Results and Discussion 

Smokeless powder has become the modern day propellant for firearms.  It has 

demonstrated its efficiency over black powder in numerous ways, two of which are 

efficiency in burning and the ability to create higher pressure.  These qualities are a result 

of the ingredients or additives used to formulate the powder.  The principle energizers in 

handgun and rifle smokeless powders are nitrocellulose (NC) and nitroglycerine (NG).  

Smokeless powders can be divided into single base powders which contain only NC as 

the energizer and double base powder which contains both NC and NG.  The latter may 
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have a relative percent of composition between 20-40%. Additionally, several authors 

have indicated that there may be as many as 48 additives in smokeless powder 

formulations in addition to the energizers (Meng and Caddy, 1997; Gunaratnam and 

Himberg, 1994; Wallace, 1990; Maloney and Thorton, 1982; Laza, et al., 2007; Cascio et 

al., 2004; and Reardon et al., 2000).  This research has narrowed the field to the most 

common ones that have been found to be prevalent in modern day ammunition.  This 

information was provided primarily by an examination of the TWGFEX and FBI 

Smokeless Powder Databases. 

This work uses the following components as residue markers for the determination 

that a collected residue may have its origin from smokeless powder:  1-MNG, an 

impurity in NG (Mach, et al., 1978), NG, 2, 4-DNT, DPA, EC, DBP, 2-NDPA, 4-NDPA 

and 2, 4-DNDPA.  According to Mach and coworkers (1978), EC is the most 

characteristic of the smokeless powder additives followed by 2, 4-DNT, and DPA.  This 

research determined that DPA was found in approximately 96% of the smokeless powder 

compositions reviewed.  It was because of this prevalence that the characteristics of a 

smokeless powder residue were defined by the criteria listed below: 

 The presence of NG and DPA or EC 

 The presence of DPA and EC or 2, 4-DNT together as pairs 

 The presence of DPA or EC and two other additives from Table 2.1 

 The presence of any four compounds found together that are depicted in Table 

2.1 
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These classifications will identify single as well as double-based smokeless powders.  

This classification is not 100% accurate but did demonstrate greater than 90% accuracy 

when the compositions of the two smokeless powder databases were reviewed.  Single 

base smokeless powders generated false negatives when they consisted of NC and one or 

two other components not fitting the method’s definition for smokeless powder criteria.  

Another area that may generate false negative results is in the area of lead-free 

ammunition.  These lead free primers may not reveal any detectable organic residues 

(Kee, et al., 1990).   

The method was able to successfully identify the NIST 8107 SRM Additives in 

Smokeless Powder SRM at a level of approximately 100 nanograms for the smokeless 

powder.  The components that were identified at this concentration were NG, DPA, and 

EC.  The DBP which is a component of the SRM was not detected at this level but was 

detected a higher levels.  The Certificate of Analysis only stated that the concentration of 

DBP as being between 0-10 percent. 

This method established a simple and reliable method for the identification of 

organic additives and their characterization as having an origin as a smokeless powder.  

The use of the GC/MS provides an instrument that is found in the majority of most crime 

laboratories particularly in the Trace Evidence Units and the Drug Analysis Units.  The 

use of a 30 m x 0.25 mm i.d. x 0.25µm film thickness non-polar 5% diphenyl – 95% 

dimethyl polysiloxane column provided an adequate chromatographic system to establish 

an effective balance of separation and identification of the components mentioned above.  

The method used the internal standard (IS) of 3, 4-DNT.  This material is not found in 

smokeless powders as a contaminant of 2, 4-DNT as is 2, 6-DNT.  It provides not only a 
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good standard for the determination of a Relative Retention Time (RRT) or (α) factor but 

also provides strong Resolution Pair with DPA.  This pair was selected because of the 

abundance of DPA in smokeless powder formulations.  This resolution was determined to 

be 1.69.   DEP would have also provided a Resolution Pair although it is not as prominent 

in smokeless powder formulations and it is rather common in the environment including 

the materials used to swab the residues. 

The method was able to provide adequate detection of many of the components 

that were present in relative compositions of greater than 1%.  In the testing phase it was 

noticed that when a flake of the smokeless powder was found as part of the residue, the 

lower compositional components were detected.  In cases where just a soot-like residue 

was present, these lower components were not detected.  The final parameters of the 

method also took into consideration the separation of DPA and N-nNDPA.  If the 

parameters were such that the two were 100% separated, then other important 

components would not be.  These components are the group of nitrated products of DPA 

in addition to N-nDPA.  Therefore, it was determined that having more of the nitrated 

products found would provide a better characterization of smokeless powder.  This is 

consistent with the findings of Espinoza and Thornton (1998). 

The detection levels of the components were considered good.  They were 

generally in the nanogram levels.  The LOD for DPA was calculated to be 1 ng/μl which 

is consistent with the findings of Mach, et al., (1978) who found the level to be also at 1 

ng.  The method demonstrated good reproducibility in its ability to produce consistent 

results over several days in a row.  The qualitative parameters of precision were 

excellent.  The method demonstrated good reproducibility from the standpoint of RT and 
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selectivity factor.  The quantitative parameter demonstrated a Coefficient of Variation 

that was 4.2% in the precision determinations. 

A practical demonstration of this method’s ability to produce correct results was 

reflected in the results of a blind test submitted by the MSP Crime Laboratory.  Eight 

swabs from samples were tested.  Six of these samples were from the residues taken from 

the interior of spent cartridge casings plus two swabbings from a non-GSR source were 

submitted.  The method was able to successfully identify the residues that were from a 

smokeless powder origin and eliminate those that were not.  The method was not able to 

compare all of the residues as having come from a particular cartridge casing.  It was able 

to match two samples correctly with their respective cartridge casings; four were not able 

to be matched directly but all residues were identified as having originated from an 

OGSR source.  Two samples were identified as not having originated from an OGSR 

source.  .   

The robustness of the method was tested at the Baltimore County Crime 

Laboratory using their GC/MS (Agilent) which had a similar column except that it was 

shorter.  They were able to detect all components in the NIST SRM and all but 1-MNG, 

2-NDPA, and 4-NDPA that were in the Federal Classic 9 mm Luger ammunition.  As 

stated earlier, this was probably because the method used by the Baltimore County Lab 

was in the Scan Mode and they did not want to modify the method for this work.  The use 

of the SIM Mode would have lowered the sensitivity.  Another reason for the lack of 

identification of 1-MNG is that an In-House Reference Mass Spectra was not present nor 

was one present in their reference library.  There appeared to be a peak in the retention 

time area of 1-MNG but it was not confirmed with a library scan.  A view of the 
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chromatogram showed peaks that were consistent with 1-MNG after the results were 

returned. 

In conclusion, it is felt that the final parameters of the method, combined with the 

sample preparation of the swabs, and the use of 3, 4-DNT as an IS, provided convincing 

results for the determination that the organic compounds cited in the method criteria can 

determine that a suspected residue taken from the hands of a suspect or from other 

surfaces may have originated from a smokeless powder source.  In order to provide the 

highest levels of forensic information, the method should be run in the Scan Mode when 

an abundance of material such as a few flakes of the unburned propellant is present and in 

the SIM Mode when hand swabbings or cartridge case swabbings are analyzed. 
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Chapter 3  

The Development of a Collection Solvent (CS) for OGSR 

 

3.1 Introduction 

The amount of residue that is generated by the discharge of a firearm in open space is 

usually going to be quite small.  In fact previous researchers (King, 1992 and Mach, et 

al., (1978) have found it to be at nanogram levels.  Therefore, the ability to collect the 

maximum amount of residue possible from the swabbing procedure is paramount to a 

successful finding of OGSR.   There are several factors that determine the amounts of 

GSR and OGSR that are deposited.  These include, but are not limited to; 

 Type of firearm used, i.e., handgun or long gun (rifle or shotgun).  Even the type 

of handgun can be subcategorized into revolvers and pistols.  Pistols by their 

nature deposit more residue on the back of the firing hand of a right handed 

shooter because of the location of the ejection port.  It is usually on the right side 

of the pistol. 

 Quality of the Manufacture of the Firearm.  Generally, the higher the quality 

of the firearm, the “tighter” are the tolerances which result in less leakage of 

residue.  An example of a poorly manufactured type of firearm is one that is 

referred to as a “Saturday Night Special”.  These are low quality guns which in 

the author’s experience produce large quantities of gaseous emissions from the 

cylinders. 
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 Indoor vs. Outdoor.  When a firearm is discharged indoors, there are less air 

currents to provide disturbances to the plume that is discharged.  However, there 

may be some drift caused by air conditioning and heating flows, but this is less 

than that which may be experienced in the outdoors.  Wind currents and weather 

conditions such as rain definitely affect the deposition of the residue. 

 Physical Barriers.  Physical barriers to the deposition of residue directly to the 

hands are the wearing of gloves or the pulling of the sleeves of a shirt down to 

cover the hand.  Many gunmen now use latex or neoprene rubber gloves in the 

commission of crimes.
7
  However, these barriers will bear the residue.  If an 

association can be demonstrated between the suspect and the barrier, then this 

adds credence to the suspect having been exposed to or associated with OGSR. 

 Number of Shots Fired.  One would normally hypothesize that there may be a 

direct proportionality between the number of shots fired and the amount of 

residue deposited.  This is not necessarily true.  Each subsequent shot, although 

producing more residue, may also cause the existing plume to be further dispersed 

from the firearm and the firing hand. (Schwoeble and Exline, 2000). 

 Hand Conditions.  The condition of the hand itself may benefit the adherence of 

residue to the hand.  These conditions would include the presence of blood, sweat, 

and hair. 

 Ammunition Type.  Generally, large caliber ammunitions produce fewer 

residues around the firing hand.  The reason for this is that they produce more 

                                                 
7
 These gloves are often left at the scene or thrown into the trunk of suspect cars.  This is based on writer’s 

experience as a forensic chemist. 
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powerful propulsion of the bullet out of the barrel and therefore pull the residues 

farther down range than a lesser caliber ammunition. 

The above conditions have definitely been established for the deposition of the 

inorganic GSR, but not much has been written concerning the above effects on OGSR.  

Regardless, the amount of OGSR deposited or available for collection from a shooter’s 

hands is going to be quite small.  Therefore, it is imperative that the collection procedure 

that is applied be one that has maximized its collection characteristics. 

Several authors have used many different swabbing and dabbing collection 

techniques to obtain GSR (Speers, et al., 1994; Llyod, 1982; Northrop, 2001; Thompson, 

et al., 1999; Twibel, et al, 1982; Zeichener, et al., 2003).  The majority of these have been 

with the collection of the inorganic GSR in mind but some have used organic solvents in 

reference to OGSR. 

3.2 Development of Collection Solvent. 

A suitable solvent or mixture of solvents is needed to dissolve and collect as many 

organic components of OGSR as possible from the propellant mixture and from 

deposition surfaces such as skin.  The greater the amount of residue removed, the greater 

will be the ability of the GC/MS to identify the additive components of OGSR.  It is 

therefore important that the best single solvent or mixture of solvents be determined to 

capture as many components as possible.  

The most popular solvent used by many was acetone (Twibel et al., 1982; 

Reardon, et al., 2000; Lloyd, 1990) for the removal of OGSR from the hands of a 

suspected shooter.  The work of Twibel et al. (1982) demonstrated that acetone was the 
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best solvent out of the eight that were tested in their study.  It was also know from 

previous work dealing with GSR kits that isopropanol was a good solvent for extraction 

(Tobin, 1998).  This paper presents a different approach for comparison of solvent(s) and 

analytes using the Snyder Solvent Classification System (Snyder, 1978). 

The Snyder Solvent Classification System was first published in 1978 and classified 

solvents according to their polarity or chromatographic strength (P’ values), and 

according to their selectivity or relative ability to engage in hydrogen bonding or dipole 

interactions (xi values: xe, proton acceptor; xd, proton donor; xn, strong dipole) (Snyder, 

1978).  The classification system was not employed in choosing an appropriate solvent 

system to facilitate a separation of components as originally intended in HPLC 

chromatography, but was used to select an efficient solvent(s) for the removal of OGSR 

from the hands of a shooter.  There are specific parameters for the selection of the 

solvents that do not occur in chromatography situations, namely, the solvent must have 

the following characteristics: 

 Not harm the skin,  

 Not dissolve or disintegrated any inorganic gunshot residue  (GSR) particles, and 

 Store easily for a long period of time without degradation. 

From these criteria, many of the solvents on the Snyder list are eliminated because of 

violation of the first two parameters above.  The selected solvents in the original research 

were HPLC Grade acetone and isopropanol.  A 1:1 ratio was selected as a start. 

One of the major tenets of the Snyder Classification System is the fact that 

solvents can be classified into eight selectivity classes based on similar functionality 
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(Snyder, 1978).  Table 3.1 displays the list of solvent strengths based on their polarity and 

selectivity parameters.  The solvent strengths of acetone and isopropanol are (P’, 5.1; xe, 

0.35;  xd, 0.23;  xn, 0.43) and (P’, 3.9; xe, 0.55; xd, 0.19; xn, 0.27), respectively.  They are 

therefore, classified into Groups VI and II, respectively.   

Table 3.1 - Snyder Solvent Classification System 

Solvent strength  and selectivity parameters based on Snyder’s selectivity triangle.  

Solvent Selectivity 

Group 

Solvent 

Strength 

Solvent Selectivity 

         xe                  xn                       xd                                                      

n-Butyl Ether I 2.1 0.44 0.18 0.38 

Diisopropyl Ether  2.4 0.48 0.14 0.38 

Methyl-t-Butyl 

Ether 

 2.7 0.46 0.16 0.37 

Diethyl Ether  2.8 0.53 0.13 0.34 

      

n-Butanol II 3.9 0.59 0.19 0.25 

2-Propanol  3.8 0.55 0.19 0.27 

1-Propanol  4.0 0,54 0.19 0.27 

Ethanol  4.3 0.52 0.19 0.29 

Methanol  5.1 0.48 0.22 0.31 

 

Tetrahydrofuran 

     

III 4.0 0.38 0.20 0.42 

Pyridine  5.3 0.41 0.22 0.36 

Methoxyethanol  5.4 0.38 0.24 0.38 

Dimethylformamide  6.4 0.39 0.21 0.40 

      

     

Acetic Acid IV 6.0 0.39 0.31 0.30 

Formamide  9.6 0.38 0.33 0.30 

      

     

Dichloromethane V 4.3 0.27 0.33 0.40 

1, 1-Dichloroethane  3.5 0.30 0,21 0.49 

      

     

Ethyl Acetate VI 4.4 0.34 0.23 0.43 

Methyl Ethyl 

Ketone 

 4.7 0.35 0.22 0.43 

Dioxane  4.8 0.36 0.24 0.40 

Acetone  5.1 0.35 0.23 0.42 

Acetonitrile  5.8 0.31 0.27 0.42 
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Table 3.1 -  Snyder Classification System - Continued 

Solvent Selectivity 

Group 

Solvent 

Strength 

Solvent Selectivity 

         xe                  xn                       xd                                                      

Nitrobenzene VII 4.4 0.26 0.30 0.44 

Toluene  2.4 0.25 0.28 0.47 

Benzene  2.7 0.23 0.32 0.45 

      

     

Chloroform VIII 4.3 0.31 0.35 0.34 

Dodecafluoroheptanol  3.8 0.33 0.40 0,27 

Water  10.3 0.37 0.37 0.25 
From C. K. Poole, “The Essence of Chromatography”, Elsevier, 2003, p.369 

 

The target compounds for OGSR in this research and their molecular structures are 

depicted in Figure 3.1.  The substance above that is closest to the main target compounds 

in this research is Nitrobenzene. It has the Snyder classification values of (P’, 4.4; xe, 

0.26; xd, 0.30; xn, 0.44) and a Group classification VII. 

Figure 3.1 – Structures of target OGSR components 

 

 

 

 

 

 

 

Nitroglycerine 4-Nitrodiphenylamine 2-Nitrodiphenylamine 

 

 

 

 

 

 

2, 4-Dinitrotoluene Diphenylamine Ethylcentralite 

 

 

 

 

 

 

1-Mononitroglycerine 3, 4-Dinitrotoluene Dibutylphthalate 
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 It is noted that the target compounds for the most part contain two or more 

functional groups, i.e., an amine –NH, a nitro group –NO2, a nitroso group –N-N=O, and 

a benzene ring structure.  When two or more functional groups are present within the 

same molecule, the more polar group will normally dominate the selectivity 

characteristics of the solvent.  This behavior of polyfunctional solvents versus the 

selectivity characteristics of related monofunctional solvents can in most cases be 

rationalized on the basis of known intra-molecular electronic effects   For solvents that 

show a marked self- hydrogen bonding, this effect is relatively more important and would 

be expected to lead to the use of small changes in solvent selectivity (Snyder, 1978).                

The nitrogen ion in nitro compounds is trigonally planar with 120° bonding 

angles. There are two resonance bonds so that the two oxygens are equivalent. Nitro 

compounds are strongly basic due to electron withdrawing both inductively and 

mesomerically.  Nitroso- is the prefix indicating presence of the group –N-N=O 

(Morrison and Boyd, 1966).  These functional groups, as previously stated, are in the 

OGSR.  Because of the increased polarity of the residue compounds, the addition of a 

more polar solvent, in this case, isopropanol was utilized. 

Acetone is an aprotic solvent with a large dipole moment and solvates positively 

charged species via the negative dipole.  The latter can be occurring instantaneously in 

the resonance structure for the –NO2 groups on nitroglycerine, 2- nitrodiphenylamine, 4-

nitrodiphenylamine, and N-nitrosodiphenylamine.  Isopropanol, a protic solvent, solvates 

anions strongly via H-bonding.  Table 3.2 shows the calculated P’ and xi values of 

various compositions of acetone and isopropanol.  The calculations were based on the 

following equation:  
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P’ = [(% acetone) x 5.1 + (% isopropanol) x 3.9] / 2    (3.1) 

The resultant P’ value is for the solvent mixture.  The xi values for the mixture were 

determined in a similar manner.  Solvent polarity is the most important factor governing 

solubility of an analyte.   Therefore, it was the intent of this research to get a solvent or 

mixture of solvents that fulfilled the previous criteria and yet were as close to the target 

components as possible in P’.
8
  

Table 3.2 shows the various combinations of  HPLC Grade acetone and 

isopropanol that produced the various P’ values.  These values were calculated using 

equation 3.1 above. 

                                         Table 3.2 – Acetone/Isopropanol Ratios 

                                  Solvent Ratios of Acetone/Isopropanol 

                              Calculation of Snyder Solvent Classification 
 

Acetone P' value xe xd xn Isopropanol 

100 5.1 0.35 0.23 0.42 0 

90 4.9 0.37 0.226 0.405 10 

80 4.8 0.39 0.222 0.39 20 

70 4.7 0.41 0.218 0.375 30 

60 4.6 0.43 0.214 0.36 40 

50 4.5 0.45 0.21 0.345 50 

40 4.4 0.47 0.206 0.33 60 

30 4.3 0.49 0.202 0.315 70 

20 4.2 0.51 0.198 0.3 80 

10 4.1 0.53 0.194 0.285 90 

     

       

       

       The highlighted area of Table 3.2 shows the value of the final mixture selected to 

collect the OGSR components.  The P’ value is 4.4.  As previously stated, using 

                                                 
8
 Private communication with Dr. William LaCourse.(October 13, 2009) 
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Nitrobenzene as a reference material would give the following values: (P’, 4.4; xe, 0.26; 

xd, 0.30; xn, 0.44).  The best combination to achieve a similar P’ value from the data on 

Table 3.2 is a mixture consisting of 40/60 mixture of acetone/isopropanol.  This solvent 

solution was tested against the singular solvents of acetone, isopropanol, and ethanol.  A 

100 μl volume of the 520 ng/μl NIST SRM was deposited on each of four clean 

microscope slides and was allowed to evaporate under a slow current of air.  A single Q-

Tip swab was tipped into each of the four solvents.  The swab was shaken to remove 

excess solvent.  Each swab was then moved over one of the slides in a back and forth 

motion as well as simultaneously rotating the swab.  Each swab tip was cut off and 

placed into an individual 8 ml Kimax glass vial.  This procedure was repeated for each of 

the solvents.  One milliliter of each solvent was added to the vial that contained the swab 

that used the same solvent for the swabbing procedure, and the vial was capped.  Each 

vial was vortexed for 15-20 seconds and then set aside for 15 minutes.  The vials were 

again vortexed and each solvent was filtered into another vial.  Each vial was placed 

under the vacuum evaporation system depicted in Chapter 4.  Each solvent was 

evaporated to dryness.  A 100 μl volume of each solvent was pipette into the appropriate 

vial and the vial was hand shaken for approximately 30 seconds.  A one μl volume of 

each solvent was injected into the GC/MS and the area of the NG peak was recorded.  

This was repeated a total of three times for each solvent and the areas averaged.  The 

average area was compared to the area of a one microliter injection of the 520 ng/μl 

SRM.  The ratio of the area of the solvents to that of the NIST SRM was used to 

determine percent recovery.  This Recovery Percentage can be seen in Table 3.3.  The 

average area of the 520 ng/μl SRM was 4189781. 
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Table 3.3 – Percent Recovery of Collection Solvents 

Solvent Area (avg.) Std. Dev. Area Ratios % Recovery 

40/60 

Acetone/Isopropanol 

3523066 ±133877 3523066 

4189781 

84.1 

Ethanol 3488247 ±108136 3488247 

4189781 

83.3 

Acetone 3223082 ±87023 3223082 

4189781 

76.9 

Isopropanol 3001743 ±63037 3101743 

4189781 

74.0 

 

This experiment demonstrates that the 40/60 mixture of acetone/isopropanol is higher 

than the other solvents although ethanol is very close.  The solvents of acetone, 

isopropanol, and ethanol when used separately produced less significant results than the 

acetone/isopropanol mixture.  Ethanol is closest to the 40/60 mixture of 

acetone/isopropanol in recovery, however, it was pointed out by Mach et al. (1978) that 

ethanol inadvertently reduces the amount of DPA by helping it to be absorbed into the 

skin.  This would cause a problem, e.g., if the 104 ng/μl NIST SRM was being removed 

from the skin of the hand.  Since the amount of DPA in this sample is close to one 

nanogram, any loss due to absorption would cause the residue to be negative for the 

presence of DPA.  Further research may enhance the collection by adding a third solvent 

that fills the previous mentioned criteria for collection that brings the xi values into a 

closer range of those of nitrobenzene but maintains the P’ value of 4.4.  

As a result of the analysis of the swabbing solution by the Snyder Classification 

of Solvents Scheme, it is felt that minor adjustments to the appropriate volumes of 

acetone and isopropanol will bring the collecting solvent into optimal composition for the 
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purpose for which it was intended and within that parameters that were originally 

established.  

However, the major validation of the success of the selection of the original 

solvent combination is depicted in the results that were achieved in the method 

development.  Figure 3.2 shows the components of interest in OGSR that were collected 

from the swabbing of a gloved hand used to discharge a firearm with Federal Classic 9 

mm Luger, 115 gr Hi-Shok ammunition.  The ion ratios, α factors, and RT were all 

consistent with the components of the Federal Classic ammunition except for 4-NDPA.  

Again, this last component is the least prevalent in the ammunition compositional 

makeup.  A larger amount of residue would have used the mass spectra for a more 

conclusive identification. 

 
Figure 3.2 - Residue collected from the swabbing of a gloved hand post discharge of Federal 9 mm Luger, 

115 gr, Hi-Shok Ammunition 

 

However, as it has been observed many times during this research, the amount of residue 

deposited as the result of the OGSR production, will require the SIM Mode for analysis.  

This has been demonstrated specifically on the analysis of gloved hands.  
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Table 3.4 shows the tabulation of the collected information using the SIM Mode on the 

GC/MS. 

 

 

Table 3.4 Identification of OGSR Components (Tobin, 2009) 

 Compound Name Retention 

Time (minutes) 

Major Mass Ions Ionic Ratios 

1-MNG 10.469 46,76 46/76 = 53.2 

NG 10.816 46,76 46/76 = 45.4 

2, 4-DNT 11.865 165, 63,89 182/63 = 1.53 

63/89 = 1.91 

3, 4-DNT 12.181 182, 63, 89 182/63 = 1.25 

63/89 = 1.19 

Diphenylamine (DPA)* 12.255 169, 168, 167 169/168 = 1.53 

168/167 = 1.85 

Ethyl Centralite (EC)* 13.231 120, 148,  268 120/148 = 1.26 

148/268 = 4.34 

Dibutyl Phthalate (DP)* 13.367 149,223, 205 149/223 = 32.5 

223/205 = 1.08 

2-NDPA 13.505 214, 167,180 214/167 = 1.32 

167/180 = 2.73 

 

The finding of the above combination of organic components is sufficient enough to 

classify this residue has being consistent with an origin of OGSR.  It fulfills all four 

criteria of the OGSR definition. 

The choice of the proper Collection Solvent is not enough in this work by itself to 

collect the most amount of residue possible.  The device used to collect the residue is 

equally as important.  Several varieties of swabbing materials were tested including the 

“Sticky Stub” GSR collectors for SEM use.  These were eliminated because of the high 

concentration of adhesive materials which added additional extraction and isolation steps 

to the method.  The other collection swabs and the results were discussed in Chapter 2 

(pp. 33-35).  Whether or not a component rises above the background will many times 
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come down to a personal judgment.  It is a rule in the forensic realm to act more on the 

conservative side thus giving the benefit of the doubt to the suspects.
9
 

The swabbing technique itself is very important in obtaining the maximum 

amount of residue from the collection surface.  Figure 3.3 demonstrates the proper 

technique in the use of the swabs.  The back of the hands are thoroughly processed by 

using both a linear(back and forth) and a rotational moving action (turning the swab).  

This insures that the fibers of the swab are maximized in their collection ability.  In the 

field, the collector would be wearing latex or neoprene gloves to prevent contamination. 

 
Figure 3.3 – Proper Swabbing Technique 

The swabs would then be placed into a glass, screw top vial, properly labeled, and 

secured for transport. 

The above described collection procedure has been used throughout this 

experimentation.  The adequacy of this procedure is demonstrated in Table 3.5.  Three 

swabbings of test fires on gloved hands were taken and the averages of RT and 

Abundance, the standard deviation of the Abundance and the RSD were calculated.  The 

                                                 
9
 This concept is taught extensively at the crime laboratories of the MSP, Baltimore City, and Baltimore 

County 
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ammunition used was the same the Federal Classic 9 mm Luger, 115 gr, Hi-Shok that has 

been used throughout.  The “?” appears because too much background interference was 

present to determine if 2-NDPA was actually present.  If it was, it was a very small 

amount. 

Table 3.5 – Collection of OGSR using 40/60 Acetone/Isopropanol solvent  Q-Tips® 

Component 

Name 

Retention 

Time 

Avg. 

Abundance 

s.d RSD 

1-MNG 10.433±0.004 2581205 705412 0.27 

NG 10.816±0.007 4158943 444488 0.11 

2, 4-DNT 11.816±0.003 238780 22953 0.10 

3, 4-DNT 12,178±0.003 15197709 2783503 0.18 

DPA 12.255±0.008 1330248 116948 0.09 

EC 13.229±0.003 354744 55130 0.16 

DBP 13.367±00.11 1803768 260486 0.14 

2-NDPA ? ? ? ? 

 

3. 3 Results and Discussion 

The Collection Solvent (CS) was established based upon the chemistry concept 

that “Likes Dissolve Likes” and that the closer the target components are in P’ to the 

Collection Solvent the higher will be the recovery.  With this in mind, the proportionality 

of the HPLC Grades of acetone and isopropanol in a 40/60 ratio respectively provided a 

P’ strength of 4.4.  Although there are seven components of interest, five have the –NO2 

group attached to them.  The targeted P’ for this research, therefore, was based on the P’ 
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of nitrobenzene in the Snyder Solvent Selection Scheme.  The proportionality of the CS 

gives a workable polarity that is practical and yet better than any individual solvent. 

In the work of Mach et al. (1978), he essentially used acetone as the collection 

solvent which was good for collecting the residue remaining in spent cartridge casings, 

but in order for it to show good results, flakes of the propellant needed to be present.  In 

this situation the residue is more abundant than that which would be found on the hands.  

Speers (1994) evaluated the solvents of acetone, methylene chloride, ethyl acetate, and 

chloroform and found methylene chloride to be the most effective.  This latter material, 

however, may be a suspected carcinogen.  Again in the work of Mach et al. (1978), he 

found that using ethanol to swab the residue from skin may inadvertently reduce the 

amount of DPA deposited by assisting it to be absorbed into the skin, thus reducing the 

amount of DPA recovered.  Schwartz and Zong (1995) used a novel procedure to collect 

airborne GSR retained in human nasal mucus.  In spite of the fact that this method 

attempted to collect the particulate matter, it would be too laborious to use to isolate 

OGSR.  As a matter of fact, it probably would be counterproductive as a collection 

method since it uses a muffle furnace at 550
o 
C to reduce the residue down to just GSR.  

The collection of the sample with large gauze pads is also too involved.  Twibell et al. 

(1982) performed collection experiments using eight individual solvents to collect OGSR 

from the skin using cotton swabs as an applicator.  Acetone was proven to be the best 

performer with 80% recovery rates.   The recovery rate in this experiment was 76.9% 

which is consistent with the findings of Twibell et al. (1982). 

The CS developed in this research has proven effective based upon its ability to 

remove OGSR from the gloved hand of a shooter.  The Federal Classic 9 mm Luger 
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ammunition used throughout this experiment showed the presence of 1- MNG, NG, 2, 4-

DNT, DPA, EC, DBP, 2-NDPA, and 4-NDPA in the unfired propellant.  The CS was 

able to recover and detect all but 4-NDPA in many of the samples.  The finding of the 

latter component was sporadic at best.  This is not surprising since the amount of 4-

NDPA on a relative basis to the other components was at a level of 0.2%. 

It also appears that the use of cotton tip swabs with paper shafts provided the least 

amount of interfering background.  With these swabs, the only area that was “congested” 

enough to hide OGSR components were between was in the vicinity of EC and DBP.  

However, there was sufficient separation to allow for the background to be subtracted.  

Additionally, the possibility of a major effect can occur for those ammunitions that have 

DPA and EC only (first criteria for OGSR recognition).  If small amounts of EC were 

present, its occlusion would leave only the DPA.  In spite of the fact that some previous 

authors feel that DPA alone can identify a residue as having an OGSR origin, this is not 

the belief using this method.  No single component would be used to identify OGSR 

using this method.  DPA is too common in the environment with its use in the apple, tire 

and rubber industries.  

The use of the paper shaft swabs also eliminates the contamination from DEP 

which were found to be present in the plastic shaft Q-Tips.  The addition of this material 

as a contaminant could mask the actual presence of DEP as being a component of OGSR 

or add an additional characteristic that could through off the association of the residue 

found in cartridge casings with the residue found on the suspect. 
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Chapter 4  

Comparison of OGSR Compositional Variations in Unburned 

Propellant, Cartridge Case Residue, and Plume Discharge (Gun 

Smoke) 

 

4.1 Introduction 

In the realm of forensic science, one of the principle correlations is the discovery 

of an association between the crime scene evidence and the suspect or the victim and the 

suspect.  The finding of OGSR on the hands or clothing of a suspect that can be 

associated with the spent cartridge casings at the crime scene is one such example.  The 

association of the unfired propellant taken from cartridge cases and tested against the 

residue of a discharged cartridge case of the same manufacture and caliber has been 

found by some researchers (Reardon, et al., 2000, Andrasko, 1992 and Northrup, 2001).  

As a general rule, it appears that the propellant components are retained in their residues 

(MacCrehan, et al., 2002).  The works cited above used capillary electrophoresis to 

determine this relationship.  This chapter discusses the use of the GC/MS to determine 

the correlation between unfired propellant components (OGSR), the residue remaining in 

the spent cartridge casings following discharge, and the plume emitted from a discharge 

(gun smoke).  This latter category was collected while the plume was still air borne.  

Additionally, the residue deposited by the plume on the neoprene gloves worn on the 

hands of a shooter was tested and compared for consistency of OGSR residue. 
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4.2 Gun Smoke Collection Device (GSCD) 

In order to determine the composition of the plume, a trapping or collection 

device was designed and constructed.  The main collection chamber of this device 

consisted of a 20 pound size plastic container of Purina Tidy Cat® Brand of cat litter 

(Nestle Purina Petcare Co., St. Louis, MO 63164).  The volume of this container was 

measured by filling it with water and subsequently measuring the volume of water.  The 

volume of the container was measured to be 10.5 liters (See Fig. 4.1).  

 

Figure 4.1 – Gun Smoke Collection Device 

  This size was selected because it was large enough to insert a 9 mm Glock 17 

semi-automatic pistol and the hand of the shooter.  A flap was created in order to provide 

an opening large enough to insert the hand and the gun into the container and to provide a 

closure during the vacuuming process.  This flap was cut into the bottom of the container. 

The interior of the container was thoroughly cleaned with detergent and water, dried, and 

then wiped with a cloth containing the collection solvent (40/60 HPLC Grade 

acetone/isopropanol).  A Control Sample was then taken of the container by swabbing it 

with two Q-Tips® dipped into the collection solvent.   The container was positioned in 
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such a manner that the bottom was in a vertical plane.  Two small holes capable of 

allowing a piece of laboratory vacuum tubing to fit inside were cut into the right side of 

the container using the vertical bottom as a reference.  The positions of the holes were 

such that when the firearm was discharged one piece of vacuum tubing was adjacent to 

the firearm’s ejection port and the other piece was close to the bottom of the container.   

(See Fig. 4.1). 

The vacuum lines were connected via a T connecter.  This resulted in both lines 

being combined into a single line.  This vacuum line was connected to a glass pipette 

(Kimax, 6 inch) which was pushed through a rubber stopper that would be used to cap a 

125 ml Erlenmeyer Vacuum Flask.  The depth of the pipette when inserted into the flask 

was close to the bottom of the flask but not touching it.  Prior to sealing the flask, a 15 ml 

Kimax vial was placed into the interior of the Erlenmeyer flask using forceps.  The vial 

was filled with approximately 10 mls of the Collection Solvent.  The pipette was inserted 

into the vial and the rubber stopper pressed into the mouth of the flask.   (See Fig. 4.2). 

 
Figure 4.2 – 15 ml solvent container inside of Erlenmeyer flask 
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   The side arm of the flask was connected to a vacuum source via another length of 

vacuum tubing.  The vacuum source used in this Experimental Design was a Coleman 

Mattress Pump (Model# 2000001879, Coleman, Inc., Wichita, KS).  This provided 

portability to the collection device as well as an adequate vacuum. (See Fig.4.3).  

 
Figure 4.3 – Coleman Pump used as a Vacuum Source 

  A baffle was employed at this juncture to reduce the vacuum to a useable torr.  

This was accomplished by experimenting with various swatches of Duct Tape® until the 

proper balance was achieved.  This balance was achieved by closing off approximately ¾ 

of the diameter of the air intake.  The tubing was then connected to the air intake by Duct 

Tape® to make a secure connection.  The device was tested for leaks and functionality 

and it performed well.  The device when completely assembled is depicted in Figure 4.4. 
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Figure 4.4 – Gun Smoke Collection Device - Full Assembly 

Prior to testing the Gun Smoke Collection Device (GSCD) on the discharge of a 

firearm, two preliminary tests were performed in order to determine the functionality of 

the device.  This first test involved the device’s ability to collect a vaporous substance.  

Ten milliliters of “weathered” gasoline was placed on a gauze pad which then was placed 

into a 100 ml glass beaker.  The beaker was placed inside of the GSCD and the flap 

closed.  The flap was not tightly sealed in order to allow some air to enter the container 

and prevent its collapse.  The vacuum was turned on and adjusted to an appropriate level 

that produced a moderate bubbling action to take place in the collection solvent in the 15 

ml vial without spilling out of the vial.  The vacuum was allowed to run for 30 minutes at 

which time it was turned off and the 15 ml Kimax vial removed from the Erlenmeyer 

flask.  The vial was connected to a vacuum evaporation system which was designed to 

evaporate the collection solvent containing heat liable substances such as nitroglycerine 

(NG).  The amount of vacuum applied was arbitrarily set to allow for a moderate 

turbulence to be visible in the 15 ml vial without aspirating the solvent out of the vial.  A 

few grains of anhydrous Na2 SO4 were placed into the vial to absorb the water condensate 
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that would form during the evaporation process.  The solvent was evaporated down to 

approximately 0.5 ml.  A one microliter volume was injected into the GC/MS using the 

developed method. 

The OGSR Method uses the same column that is used in the analysis of Ignitable 

Liquids (ASTM Method 1618), however, the chromatographic parameters are different.  

They are similar enough, however, to allow for the identification of the C2, C3, and C4 

benzenoid compounds commonly found in gasoline.
10

  The identification of these 

gasoline components demonstrated that the GSCD performed in a satisfactory manner 

and was now ready for the second test. 

The second test used the NIST 8107 SRM as a source of testing.  A sample of the 

NIST 8107 SRM weighing 0.498 grams (±0.001) was placed on a watch glass and both 

were placed inside of the plastic GSCD.  The container had been cleaned and a new 

Control taken prior to this test.  The Control again was negative.  The vacuum was 

connected and adjusted as previously described.  The NIST SRM was then ignited with a 

match.  It was known beforehand that the NIST SRM Smokeless Powder would not 

create a large quantity of smoke.  Smokeless powder is a very efficient propellant in 

which over 95% of the material is consumed and creates very little smoke (National 

Research Council, 1998).  The purpose of this experiment was to determine what 

pyrolysis products would be created and collected.  The ignition resulted in a bright 

orange flame that lasted only 1-2 seconds.  Very little smoke was produced.  The flame 

height touched the top of the container.  This may have generated some pyrolysis 

products of the container as well as propellant combustibles.  After ignition, the flap was 

                                                 
10

 Author has over 25 years of experience in Arson Analysis. 
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closed as in the previous Experimental Design and the vacuum was applied for 30 

minutes.  The vial was removed from the GSCD and the solvent was evaporated as 

previously described.  A one microliter sample was injected into the GC/MS.  The 

resulting TIC did not clearly demonstrate the presence of any of the NIST SRM 

components.  This may have been the result of too high of a background interference 

which may have resulted from the pyrolysis of some of the container material.  Although 

the test was inconclusive for the identification of any of the NIST SRM components, it 

did demonstrate that the vacuum device functioned as intended. 

4.3 Operation of the Gun Smoke Collection Device (GSCD) Using Live Ammunition 

 

The GSCD was set up at the Maryland State Police Crime Laboratory Firearms 

Identification Unit Firing Range.  All safety precautions, such as proper ventilation, 

hearing protection, and range etiquette were operational during the performance of this 

experiment.  The GSCD was secured to a movable table on the range firing line.  This 

was done to promote stability and non-movement of the GSCD during discharge.   

Prior to the discharge of the firearm, the shooter washed his hands three times 

using soap and water.  These materials were tested in a previous research experiment and 

found to produce no matrix interferences for this research (Tobin, 2010).  The hands were 

air dried and the right hand (shooting hand) was gloved in a neoprene rubber glove.  A 

Control of the glove was taken using the swabbing technique previously described and it 

was clean.  The firearm used in this experiment was a Glock 17(9 x 19 mm, SN KF597 

US).  The firearm had been previously cleaned prior to use. 
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The gun was loaded by another member of the Firearms Unit with Federal Classic 

9 mm Luger, 115 gr, JHP, Hi-Shok (Batch No. 430291R227) and placed on clean brown 

paper which had been used to cover a table that was adjacent to the table upon which the 

GSCD had been secured.   The GSCD vacuum pump was started and the vacuum 

adjusted by observing the bubbling action emanating from the capillary tube located in 

the collection solvent vial. Prior Blank Controls had been run on the system to ensure that 

no interferences from the container, vacuum tubing or Duct Tape® were present.  All 

Controls were negative.  The shooter picked up the firearm, inserted it into the GSCD, 

and discharged four rounds of the Federal 9 mm ammunition (See Figure 4.5) 

 
Figure 4.5 – Set Up for the GSCD on MSP Firing Range 

The first round fragmented the hard plastic cap leaving a two inch in diameter hole for 

the gun smoke to escape.  Subsequent GSCDs were modified by placing a piece of Saran 

Wrap® over the mouth of the container in place of the plastic cap.  This slowed the loss 

of gun smoke.  It was observed that gun smoke escaped from the rear flap area and the 
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hole created by the bullet.  However, it was further noted that the gun smoke vapors were 

also pulled back into the GSCD. 

Upon completion of the firing, the shooter held his glove hand in a steady “firing 

position” for one minute post discharge.  This was done to allow the OGSR and 

particulate matter (GSR) to settle on the gloved shooting hand as well as not to disturb 

the vacuuming process of the gun smoke.  The firearm was then placed on the bottom of 

the GSCD and the shooting hand removed.  The flap on the bottom of the GSCD was 

then sealed with tape and the vacuum turned on.  The process was allowed to operate for 

15 minutes.  The gun smoke collection procedure was performed two additional times.  It 

followed the same procedure except that the times were increased to 30 and 45 minutes 

respectively. 

The gloved shooting hand was swabbed 15 minutes after removal.  The swabbing 

was accomplished using two Q-Tips® dipped into the collection solvent (CS) and 

applying the previously described swabbing procedure.  The tips of the swabs were cut 

off and placed into an 8 ml Kimax vial with a screw cap.  The vials were securely closed, 

properly labeled, and stored in a transportation device that would prevent breakage.     

Upon the completion of the collection time, the vacuum was shut off and the 15 

ml collection vial with CS was removed from the GSCD.  It was readily noticeable that 

the collection vial had become darkened do to the intake of a black particulate matter.  

See Figure 4.6 below.  The vial was sealed, properly labeled and placed into the 

transportation device. 
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Figure 4.6 – Collection vial and solvent from GSCD 

The cartridge casings were removed from the GSCD and each swabbed with a 

single Q-Tip® dipped into CS.  The swabs were placed into separate glass vials, sealed 

and labeled.  The vials were placed into the transportation device.  The fourth cartridge 

casing was sealed in manila coin envelope.  This cartridge casing could be used in future 

longevity testing. 

The interior of the GSCD was swabbed at three distinct locations; top (T), Bbttom 

(B), and right side (RS).  This latter location is the ejection port side.  Each surface was 

swabbed using two Q-Tips® using the same procedure as previously described.  The 

swabs were again stored in glass vials.  As previously stated, prior to the use of the 

GSCD a Control swab of the interior was taken.  The results were negative for any 

interfering matrix component including DEP and/or DBP.  In addition to being smokeless 

powder additives, DEP and DBP are also common plasticizers found in many 

environments. 

The gun smoke (plume) collection procedure was repeated two additional times 

on consecutive weeks.  The results from first analysis improved the collection dynamics 
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of the next two tests.  For example, in the second test of the GSCD the vacuum was 

allowed to run for 30 minutes rather than the 15 minutes in the first trial and the firing 

hand remained in the container for two minutes for the third trial.  This modification 

improved the identification and number of components found. 

 A reference standard of the Federal Classic 9 mm Luger propellant was obtained 

by removing the bullet from the cartridge using a Cartridge Knocker® (device used to 

safely remove bullets from cartridges without causing discharge).  The propellant was 

stored in an 8 ml Kimax vial with screw cap.  The vial was properly sealed, labeled and 

stored in the transportation container.   

4.4 Examination of the Effectiveness of the Gun Smoke Collection Device and the 

Identification of Gun Smoke Components 

 

The GC/MS operation parameters were set up according to the parameters of the 

developed method in Chapter 2.  The MS was operated in the SCAN Mode for the initial 

collection of data in order to test the ability of the method to acquire a full mass spectrum 

of each of the OGSR components.  If this was unsuccessful, the SIM Mode was selected. 

4.4.1 Analysis of the Unfired Federal 9 mm Luger Propellant  

The unfired propellant that was removed from the Federal 9 mm Luger cartridge 

was analyzed first in order to determine the OGSR components that were present in the 

propellant and to compare them with those identified in the smoke or plume.  This is an 

important step.  It is the first level of providing data that could be later used to 

demonstrate or exclude association between propellant, cartridge case residue, and the 

residue collected from the gloves worn by the shooter.  A 25 mg (±0.001g) sample of the 



89 

 

 

unfired propellant was weighed out and poured into an 8 ml Kimax glass vial with screw 

cap.  Two milliliters of the CS were added via an Eppendorf pipette and the vial sealed.  

The vial and contents were vortexed for one minute using an S/P Vortex (setting #6).  

The vial was set aside for 15 minutes and then vortexed again for one minute.  The 

solution containing the un-dissolved NC was filtered and the filtrate collected into 

another 8 milliliter glass vial and capped.  A Control blank of the CS was run to ensure 

that it was free from any contamination interference substances.  The instrument was also 

previously autotuned prior to this Experimental Design phase and received a rating of 

“Passed”.  A one microliter injection of the filtrate was made into the GC/MS using a 

Hamilton syringe.  The OGSR components were separated and identified using the 

developed method.  Figure 4.7 shows the TIC of the Federal 9 mm Luger propellant and 

the components identified.  The propellant was prepared and run three times and the 

standard deviation and RSD calculated.  The results of the analysis are found in Table 

4.1. 

 
Figure 4.7 – Method results of analysis of Federal Classic 9 mm Luger ammo 
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Table 4.1 - OGSR Components of Federal 9 mm Luger Ammunition 

 

 

The mass spectra of the components were compared with the created libraries of 

the SRMs (Appendix B) and the NIST Reference Library (Appendix A) in order to 

achieve identification.  Each component was effectively identified by its mass spectrum.  

A peak at 14.892 minutes with major ions at 59, 41, and 72 was also noted.  This 

component had been noticed in other propellants but it was not identified by name.  It 

was not found in any reagent blanks.  The Federal Classic 9 mm Luger ammunition 

contained an extraordinary number of components as compared to those in the TWGFEX 

Database.  The majority of the database ammunitions contained between three and five 

additives.  The Federal Classic 9 mm Luger ammunition contained eight components.   

The syringe was cleaned by flushing it 30 times with the CS.  This procedure had 

been tested numerous times and has been proven to produce clean blanks. 

 

Peak # OGSR 

Component 

Avg. 

RT 

Major 

Mass Ions 

Avg. 

Abundance 

s.d RSD Relative 

Percent 

1 1-MNG 10.489 46, 76 30926511 1585507 0.051 23.2 

2 NG 10.867 46, 76 47012800 81390 0.002 34.1 

3 2, 4-DNT 11.872 165,89, 63 802843 12455 0.016 0.6 

4 DPA 12.273 169, 168, 

167 

39714292 2521985 0.064 30.1 

5 EC 13.241 120, 148, 

268 

1597378 42300 0.003 1.2 

6 DBP 13.395 149, 205, 

223, 

12901358 61132 0.047 9.7 

7 2-NDPA 13.529 214, 167, 

180 

1295502 9440 0.007 0.9 

8 4-NDPA 14.625 214, 167, 

184 

212751 29527 0.14 0.2 
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4.4.2 Analysis of the Extracts Taken from the Interior of the GSCD 

The interior sites of each of the GSCDs were swabbed using two cotton Q-Tips® for 

each location using the CS as the swabbing solvent.  The swabbing procedure that was 

used throughout this research was applied here.  All controls and blanks performed prior 

to the discharge of the firearm were negative as previously stated.  These swabs were 

then placed into 8 ml vials with screw caps.  Two milliliters of the CS were added to each 

set of swabs.  Each set was vortexed for one minute, allowed to sit for 15-20 minutes and 

then vortexed for one minute again.  The extraction solvent was filtered and evaporated 

down using the vacuum evaporation device shown in Figure 4.8 to approximately 0.5 

mls.   

 
Figure 4.8 – Vacuum Evaporation Device 

 

A one microliter injection of the filtrate samples from each the three locations of 

each GSCD was performed and the data collected. The results of the first run indicated 

that the samples had to be evaporated to a smaller volume.  A modification of the sample 

preparation was developed and performed and repeated on all samples of the residue 

from the GSCD.  The modification involved evaporating the filtrate down to dryness and 
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adding a 100 µl sample of the CS into a glass vial.  A five microliter volume of 3, 4-DNT 

(2,000 ng/µl) which was used as an Internal Standard (IS) was also added to the vial.  

This yielded a concentration of  95.1 ng/µl for the IS.  A test solution of this IS was made 

by taking a 100 µl aliquot of a 104 ng/µl sample of the NIST SRM and adding 5 µl of the 

3, 4-DNT standard.  This test solution identified the components of NG, DPA, and EC.  

This is consistent with the NIST 104 ng/μl sample that was run during the development 

phase.  Again, DBP was not detected. 

 The components that were identified from the GSCD locations were 1-MNG, 

NG, 2, 4-DNT, DPA, EC, DBP, and 2-NDPA for the top (T) and right side (RS) for all 

GSCDs.  The bottom (B) in addition to the other components indicated the presence of 4-

NDPA for all GSCDs.  The 3, 4-DNT serving as an IS generated specificity factors (α-

values) of 0.860 (1-MNG), 0.889 (NG), 0.976 (2, 4-DNT), 1.000 (3, 4-DNT), 1.008 

(DPA), 1.088 (EC), 1.097 (DBP), 1.112 (2-NDPA) and 1.205 (4-NDPA) for the 

propellant components.  Each location was run three times and the standard deviation, α-

factor, and ion ratios were calculated.  The analytical findings of each of the three 

GSCDs locations were consistent with each other, i.e., the bottoms of all GSCDs 

contained the same components (8), and the tops and right sides contained the same 

components (7).  The  α values, RTs and ion ratios for the components found at the 

designated locations of the GSCDs using the SIM Mode are shown in Table 4.2.  .   
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Table 4.2 – Analysis of Interior of GSCDs Using SIM Mode 

Component Name Container Location 

Bottom 

 

Top Right Side 

1-MNG 10.501±0.005 

α = 0.865 

46/76 = 47.71 

10.415±0.002 

α = 0.857 

46/76 = 49.13 

10.497±0.005 

α = 0.863 

46/76 = 47.33 

NG 10.801±0.002 

α = 0.890 

46/76 = 30.2 

10.795±0.004 

α = 0.888 

46/76 = 42.86 

10.807±0.004 

α = 0.888 

46/76 = 44.6 

2, 4-DNT 11.890±0.004 

α = 0.979 

165/63 = 0.99 

63/89 = 1.26 

11.862±0.002 

α = 0.976 

165/63 = 3.12 

63/89 = 1.22 

11.896±0.003 

α = 0.978 

165/63 = 3.25 

63/89 = 1.28 

3, 4-DNT 12.142±0.001 

α = 1.000 

182/63 = 1.48 

63/89 = 1.43 

12.156±0.003 

α = 1.000 

182/63 = 1.40 

63/89 = 1.26 

12.165±0.003 

α = 1.000 

182/63 = 1.38 

63/89 = 1.11 

DPA 12.241±0.002 

α = 1.008 

169/168 = 1.58 

168/167 = 1.84 

12.241±0.004 

α = 1.007 

169/168 = 1.59 

168/167 = 1.82 

12.242±0.004 

α = 1.006 

169/168 = 1.59 

168/167 = 1.75 

EC 13.234±0.002 

α = 1.089 

120/148 = 1.28 

148/268 = 4.12 

13.236±0.003 

α = 1.090 

120/148 = 1.25 

148/268 = 3.79 

13.234±0.005 

α = 1.089 

120/148 = 1.31 

148/268 = 3.82 

 

DBP 13.354±0.004 

α = 1.100 

149/223 = 32.19 

223/205 = 1.07 

13.350±0.005 

α = 1.098 

149/223 = 30.76 

223/205 =1.14 

13.352±0.003 

α = 1.098 

149/223 = 26.25 

223/205 = 1.15 

2-NDPA 13.513±0.002 

α = 1.113 

214/167 = 1.23 

167/180 = 2.81 

13.496±0.003 

α = 1.110 

214/167 = 1.58 

167/180 = 2.97 

13.528±0.004 

α = 1.112 

214/167 = 1.48 

167/180 = 3.01 

4-NDPA 14.623±0.008 

α = 1.204 

214/167 = 1.23 

167/184 = 2.14 

 

Not found 

 

Not found 

 

When the method was performed in the SIM Mode, all components consistent 

with the Federal Classic 9 mm Luger were detected in the residue taken from the Bottom 

of the GSCD, however, the components of  2, 4-DNT, 2-NDPA and 4-NDPA were not 
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seen in the SCAN Mode.  When the SIM Mode was used on the samples taken from the 

Right Side and Top, 2, 4-DNT and 2-NDPA were detected, but not 4-NDPA.  

 The swabs used to collect the residue provided a matrix effect that posed a 

potential interference with the identification of  EC when the Scan Mode was used.  This 

was discussed in Chapter 2.  The SIM Mode allowed for the identification to be made 

based upon the use of RT, the selectivity factor (α ), and the acceptable ion ratios for 

120/148 (1.31) and 148/268  (3.65) both of which are within the ±20% acceptable range 

of the average ion ratios determined in the development phase.  Another feature of the 

SIM Mode that helped to differentiate the ions of interest from the background was the 

color of the line designated for the specific ion.  This made observations much easier.  

Backgrounds were also subtracted where indicated.   

4.4.3 Analysis of the Gun Smoke Collected in the GSCD 

The gun smoke evacuate that was collected in the collection vial within the 

Erlenmeyer flask was filtered through the filtration device depicted in Figures 4.9 below. 

 
Figure 4.9 – Filtration System for particle collection 
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The 13 mm 0.45 micron PFTE circular collection disk was placed inside the filtration 

assembly and attached to a 3 ml plastic syringe.  The syringe was connected to the 

filtration assembly via the Luer-Lok connection.  The plunger was removed from the 

syringe and the plume extract added.  The plunger was replaced and the plume extract 

was filtered through the device into an 8 ml glass collection vial with screw cap.  The vial 

was capped and labeled.  The filtration assembly was taken apart and the 13 mm circular 

filter was attached to a 13 mm circular carbon stub used in Scanning Electron 

Microscopy (SEM).  The stub was placed into a plastic container specifically designed to 

hold it.  The stub was sent to the Baltimore County Crime Laboratory for GSR Analysis.  

Subsequent analysis of this stub proved a positive identification for the characteristic and 

consistent Ba, Sb, and Pb spheroid particulate matter that identifies GSR by current 

standards. 

The filtrate was evaporated down to dryness and a100 µl sample of CS was 

added.  The vial was hand shaken and a five microliter volume of the 3, 4-DNT (IS) was 

added.  The vial was gently mixed and a one microliter was volume injected into the 

GC/MS programmed with the developed method.  A blank that was run prior to this 

injection gave a clean baseline.  The following components were detected in the SCAN 

Mode; NG, DPA, EC, and DBP, whereas, the SIM Mode was able to detect the additional 

component of 2-NDPA.  This component was detected at the collection times that were 

greater than 15 minutes.  The minimal collection time appears to be 30 minutes for the 

GSCD under its current construction design. 

The results of the three SIM analyses of the Gun Smoke are seen in Table 4.3 

below. 
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Table 4.3 – SIM Analysis of Gun Smoke 

Component 

Name 

RT Selectivity 

(α) 

Ion Ratios 

NG 10.846±0.006 0.893 46/76 = 43.62 

3, 4-DNT 12.145±0.003 1.000 182/63 = 1.27 

63/89 = 1.21 

DPA 12.242±0.005 1.008 168/167 = 1.58 

168/167 = 1.61 

EC 13.224±0.005 1.089 120/148 =1.31 

148/268 = 3.65 

DBP 13.351±0.003 1.099 149/223 = 30.1 

223/205 = 1.07 

2-NDPA 13.505±0.003 1.112 214/167 =1.32 

167/180 = 2.75 

 

It should be noted that the detection of NG, DPA, EC, DBP, and 2-NDPA fit the 

criteria established in the method for OGSR identification even though the gun smoke 

does not show the presence of 1-MNG, 2, 4-DNT and 4-NDPA.  The detection of 2-

NDPA was not found in the initial collection of the gun smoke which had a collection 

time of 15 minutes.  The longer times of 30 and 45 minutes showed the presence of this 

component but not 2, 4-DNT and 4-NDPA.  These components are present at the lowest 

percent compositions of the unburned Federal Classic 9 mm Luger ammunition powder 

(0.6 and 0.2 % respectively).  They may not have met their LODs under these collection 

conditions.   

4.4.4 Analysis of the Spent Cartridge Casings Used in the GSCD Experiment 

The three cartridge casings from each of the GSCD were analyzed for residue 

composition.  The single swabs used to collect the residue from each of the spent 

cartridge casings were placed into an 8 ml glass vials with screw caps.  One milliliter of 

CS was pipette into each vial and the cap put in place and secured.  The vial was vortexed 
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for one minute, allowed to sit for 15-20 minutes, vortexed again for one minute and then 

filtered.  The filtrate was evaporated down using the vacuum evaporation system to 

dryness and 100 µls of the CS was added.  To this, a five microliter volume of 3, 4-DNT 

(IS) was added.  A one microliter sample from each of the cartridge casings was injected 

into the GC/MS.  The SCAN and SIM Modes were both used for this analysis.  Each 

cartridge casing extract was injected three times and the results averaged.  The results of 

the SIM Mode for each GSCD are shown in Table 4.4. 

 

Table 4.4 – Cartridge Casings (SIM Analysis) 
Components 

Detected 

Cartridge Cases 

GSCD 1 

Cartridge Case 

GSCD 2 

Cartridge Cases 

GSCD 3 
1-MNG 10.473±0.011 

α = 0.861 

46/76 = 51.4 

10.475±0..3 

α = 0.861 

46/76 = 57.8 

 

10.483±0.010 

α = 0.861 

46/76 = 59.4 

NG 10.806±0.006 

α  = 0.889 

46/76 = 46.1 

10.808±00.004 

α = 0.889 

46/76 = 41.5 

10.811±0.007 

α = 0.888 

46/76 = 46.6 

2, 4-DNT 11.854±0.006 

α = 0.975 

165/63 = 2.80 

63/89 = 1.42 

11.857±0.004 

α = 0.975 

165/63 = 2.09 

63/89 = 1.41 

11.860±0.003 

α = 0.975 

165/63 = 2.07 

63/89 = 1.41 

3, 4-DNT 12.162±009 

α  = 1.000 

182/63 = 1.56 

63/89 = 1.41 

12.161±0.002 

α = 1.000 

182/63 = 1.16 

63/89 = 1.37 

12.169±0.005 

α = 1.000 

182/63 = 1.17 

63/89 = 1.41 

DPA 12.245±0.004 

α = 1.008 

169/168 = 1.58 

168/167 = 1.84 

12.246±0.002 

α = 1.008 

169/168 = 1.58 

168/167 = 1.83 

12.248±0.005 

α = 1.007 

169/168 =1.47 

168/167 = 1.60 

EC 13.223±0.005 

 α = 1.087 

120/148 = 1.28 

148/268 = 4.29 

13.228±0.006 

α = 1.088 

120/148 = 1.25 

148/268 = 4.36 

13.225±0.007 

α = 1.087 

120/148 = 1.26 

148/268 = 5.06 

DBP 13.357±0.006 

 α = 1.098 

149/223 = 30.75 

223/205 = 1.14 

13.352±0.003 

α = 1.098 

149/223 = 31.43 

223/205 = 1.10 

13.363±0.007 

α = 1.098 

149/223 = 31.43 

223/205 = 1.11 

2-NDPA 13.505±0.003 

α  = 1.110 

214/167 = 1.32 

167/180 = 2.69 

13.503±0.004 

α = 1.110 

214/167 = 1.22 

167/180 = 3.02 

13.509±0.006 

α = 1.110 

214/167 =1.32 

167/180 = 4.94 
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The results were consistent with those of the unfired propellant with the exception 

of the detection of 4-NDPA.  It was not detected.  This component was of the lowest 

abundance in the unfired propellant (0.2% of the relative composition).  The SIM Mode 

provided the best performance in the analysis of nanogram levels of residue. 

4.4.5 Analysis of the Gloves Covering the Shooter’s Firing Hand 

The residue from the gloves worn on the shooter’s firing hand in GSCD 

experiment were collected 15 minutes after the shooter removed his hand from the 

GSCD.    Two Q-Tip® cotton tip swabs were used and the swabbing procedure was the 

same as previously described.  They swabbed the back of the hand and the webbed area 

between the thumb and forefinger.  The tips of the swabs were dried and cut with a pair 

of scissors removing as much of the shaft as possible.  The swabs went directly into an 8 

ml glass vial with screw cap.  Two milliliters of the CS was added to the vial and the cap 

secured.  The vial was vortexed for one minute, allowed to sit for 15-20 minutes, and 

then vortexed for one minute again.  Background controls of the glove and swabs had 

been previously performed.  The same filtration and evaporation procedure that had be 

performed on the samples above were performed on these swabs and the same 

concentration of IS was added to the 100 µl aliquot of the sample.  One microliter was 

injected into the GC/MS and the procedure was repeated three times and the results 

recorded.  The results of the glove from GSCD #3 can be seen in Table 4.5 below.  The 

results of the gloves from GSCD #1 and #2 will be seen in Chapter 5.  The residues of 

these gloves did not contain 1-MNG but contained all of the other components found in 

GSCD #3.  These two gloves had the shortest exposure times of one minute each while 
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the glove in GSCD #3 was exposed for two minutes.  This demonstrates that residual 

composition may be a function of exposure time. 

 
Table 4.5 – Average SIM Trials of GSCD #3 Hand Swab (Gloved) 

 

 

 

 

 

 

 

 

 

4.5 Results and Discussion 

This study involved looking into the similarity of composition of four potentially 

valuable forensic items.  They are the unburned propellant, the gun smoke (plume) 

created by the discharge of the cartridge case in a firearm, the residue within the cartridge 

casings, and the residue removed from the gloves.  No direct analysis procedures or 

techniques for the plume were found in any literature searches.  The analysis was 

performed here to determine if a similarity of composition of the plume existed with the 

residues found in the cartridge casings, container locations, and glove residues.  More 

specifically, the experiment wanted to determine component correlations between the 

Components 

Detected  

RT 

α value 

Major Ions and 

Ratios 

1-MNG 10.464±0.001 

α= 0.859 

46/76 = 49.2±1.32 

NG 10.803±0.003 

α  = 0.887 

46/76 = 45.09±0.1.69 

3, 4-DNT 12.182±0.003 

α  = 1.000 

182/63 = 1.44 

63/89 = 1.28 

DPA 12.241±0.001 

α  = 1.006 

169/168 = 1.53±0.05 

168/167 = 1.90±0.12 

EC 13.225±0.003 

α  = 1.087 

120/148 = 1.15±0.01 

148/268 = 3.51±0.17 

DBP 13.348±0.002 

α  = 1.096 

149/223 = 30.64±2.18 

223/205 = 1.12±0.06 
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residue in the cartridge casings and the residue removed from the gloves of the shooter.  

This is the scenario that would most likely lead to an association in a real life crime 

scene.   

Additionally, the residues on the designated interiors of the GSCD were also 

analyzed.   The interior of the GSCD was examined from three points of collection; the 

Right Side which is closest to the ejection port of the firearm, the Top which also gets 

some of the residue from the ejection port, and the Bottom which will get the maximum 

amount of residue from fallout. 

The use of the Federal Classic 9 mm Luger ammunition was a good choice for 

this study based upon the number of components that it contained and their relative 

compositions.  The relative compositions were seen in Table 4.1.  The age of the 

ammunition used was approximately five years old.  The ammunition was donated by the 

Maryland State Police Crime Lab and was part of their inventory of ammunitions used as 

references.  The age of the ammunition may be significant by the fact that a large amount 

of 1-MNG (23.2%) and both 2-NDPA (0.9%) and 4-NDPA (0.2%) were detected.  It is 

also noted that the amount of DPA is relatively high (30.1%).  This may be due to the fact 

that the method cannot differentiate between DPA and N-nDPA.   The latter component 

is a degradation product formed by adding a -N–N=O (nitroso) group to DPA (Espenoza 

and Thorne, 1998).  The N-nDPA then forms many nitrated products; two of which with 

are 2-NDPA and 4-NDPA.  The age of the ammunition supports the presence of these 

components.  This ammunition then provided eight components to test the method. 
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The composition of the gun smoke collected in the CS differed from that of the 

Federal ammunition by the absence of 1-MNG, 2, 4-DNT and 4-NDPA.  The latter two 

components had the lowest relative percentages in the analysis of the Federal ammunition 

with percentage values of 0.58 and 0.20 respectively.  The SCAN Mode of the gun smoke 

only picked up four of the components; NG, DPA, EC and DBP while the SIM Mode 

detected the additional component of 2-NDPA.  The SIM Mode definitely was the 

preferred mode for use when collecting gun smoke residue and any residue that is not in a 

large concentration.   It allowed for a greater detection and identification of all 

compositional components that were above their respective LODs.  It was also evident 

from this experiment that the longer that the GSCD was allowed to collect gun smoke, 

the higher was the likelihood that the majority of the components would be collected.  

The practical time of collection appeared to be around 30 minutes.  The rate of collection, 

i.e., the vacuum velocity and the diameter of the collection tubing also play a role in the 

amount of gun smoke residue being delivered to the CS.  Increasing the vacuum velocity 

would only cause the GSCD to collapse and larger tubing would be impractical.  The 

composition of the gun smoke in spite of the difference in component composition with 

the unburned propellant would satisfy the criteria of being consistent with a smokeless 

powder source based upon the components present.  Modifications in the GSCD’s control 

of the vacuum may improve the results of collection. 

The residues found inside of the GSCDs indicates that position is important in the 

determination of all components at levels above the LOD.  The collection of the residues 

from the bottoms of the GSCDs consistently demonstrated a qualitative composition that 

was identical to that of the Federal Classic 9 mm Luger ammunition.  The explanation 
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behind this is that the bottom collected a greater amount of residue because of gravity 

forcing the airborne material to the bottom rather than to any other location within the 

GSCD.  The other two areas were subject to more direct residue deposition in the initial 

firing because they are nearer the ejection port of the firearm which creates a side and 

upper discharge.  When the cartridge casing is ejected from the port, residue is forced out 

and moves toward the right and upward.  This allows for the residue to be directly pushed 

into these surfaces.  However, after this, the residue that is suspended in the gun smoke 

plume falls via gravity to the bottom.  This hypothesis was substantiated by the fact that 

the bottom showed the presence of all components in the SCAN Mode were a full mass 

spectra of each component was able to be obtained.  The residue concentration was high 

enough to cause the filament to cut-off in the SIM Mode requiring a dilution factor to be 

incorporated in order to obtain the complete scan which again identified all of the 

components as being present.  The right sides and tops of the GSCDs demonstrated the 

presence of all of the components except 4-NDPA in the SIM Mode.  It again appears 

from this experimental design that the SIM Mode is the preferred mode for the 

identification of components in gunshot residue where a latent residue is present. 

The three cartridge casings showed a similar composition to the right sides and 

tops of all of the containers, i.e., they contained all of the components of the unburned 

powder except for 4-NDPA.  Each was injected three times and the average results were 

seen in Table 4.4.  The component of 2, 4-DNT was just barely visible and all three 

cartridge casings contained the same seven components.  On a technical basis, the residue 

found in each of the cartridge casing, although qualitatively the same with each other, 

were different from the unburned propellant by only one component.   This would be the 
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same for all of the cartridge casings examined in this research, i.e., none of them 

demonstrated the presence of 4-NDPA.  This would be sufficient for the legal argument 

that the residue in the cartridge casings was not the same as the unburned propellant.  The 

comparison of the residue compositions between the cartridge casings and the residue on 

the gloves is the most important from a forensic standpoint.  This correlation has the 

potential to demonstrate an association of the suspect (glove) with the crime scene 

(cartridge casings).   

 Having all residue components found in the cartridge casings match the residue 

components on the gloves would again show an association in a real life crime scene 

scenario.  The analyses of the glove hand swabs in GSCD #3 revealed the presence of 1-

MNG, NG, DPA, EC, and DBP while those in GSCD #1 and #2 did not demonstrate the 

presence of 1-MNG.   The components of 2, 4-DNT and 2-NDPA were not detected on 

any of the gloves.  The presence of 1-MNG on the glove from GSCD #3 may be the 

result of a longer exposure time (two minutes as compared to one for the others).  

However, none of the compositions found on the gloves demonstrated a successful 

association with the residue found in the cartridge casings.  The components found on the 

gloves would definitely be classified as having a smokeless powder origin by the 

definition that is supplied in the method.  This finding in itself may provide some future 

evidence of value involving the handling of a firearm or being in an environment where 

OGSR is present once experimentation on the potential for transference of the OGSR is 

addressed.  Table 4.6 below summarizes the relationship of the residue compositions and 

their abilities to make associations. 
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Table 4.6 – Statistical Summary of Residue Compositional Variations and Associations 

Source 1-MNG NG 2, 4-DNT DPA EC DBP 2-NDPA 4-NDPA 

         
Federal 

9 mm 

Ammo 

 

X 

 

X 

 

X 

 

X 

 

 

X 

 

X 

 

X 

 

X 

         

Bottoms 

(All 

GSCDs) 

 

X 

 

X 

 

X 

 

X 

 

 

X 

 

X 

 

X 

 

X 

 The Federal Classic 9mm Luger ammunition and the residue found on the bottoms of all 

GSCDs are consistent with each are and therefore can provide an association between each 

other as having a common source. 

Cartridge 

Casings 

 

X 

 

X 

 

X 

 

X 

 

 

X 

 

X 

 

X 

 

------ 

Top 

(All 

GSCDs) 

 

X 

 

X 

 

X 

 

X 

 

 

X 

 

X 

 

X 

 

------ 

 The cartridge casings and the right sides (RS) and tops (T) of all the GSCDs have the same 

consistency with each and therefore can provide an association amongst each other as 

having a common source, but not with the unburned propellant or the residue on the bottom 

(B). 

Plume ------ X ------ X X X X ------ 

         

Gloves X X ------ X X X ------ ------ 

 Neither the plume nor the residue from the gloves provided any association either between 

themselves or with the above categories. 

 
 

 

In comparing the residues created by the discharge of the Federal Classic 9 mm 

ammunition,  it is evident that the residues found in the spent cartridge casings and those 

in the interior of the GSCD have the highest percent statistically of being found 

consistent with a common source.  This is due to the fact that both of these areas are 

subject to having a higher amount of residue deposited.  The more residue deposited, the 

higher is the statistical probability to have more of the lesser prevalent components reach 

an abundance level that is greater than their LOD.  As can be seen from the above Table 

4.6, some associations are made and others are not.  However, in each category above 

ALL residues would be defined as an OGSR.   
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 In comparing the composition of the cartridge casings, it can be stated again that 

all casings would be consisted with having originated from the same source.  This is 

based on the fact that they contain the same seven components.  The (RS) and (T) of all 

the GSDCs also contain the same seven components.  To illustrate how this would be 

used forensically, the following scenario is given.  If the cartridge casings were collected 

at a crime scene, and the (RS) and (T) residues were found in the possession of a suspect, 

then there would be an association between the suspect and the crime scene.  Albeit that 

this is circumstantial evidence, it is evidence nonetheless.  Whereas, the finding of the 

cartridge casings at the crime scene and the gloves being found on the suspect would 

provide no association.  The closer the association properties are, the better will be the 

evidentiary value.  

 The main reasoning for the gloves not having the same residue components as the 

others is probably a function of the time of exposure.  The maximum length of time that 

the gloves were exposed was one minute for the first two GSCD tests and two minutes 

for GSCD #3.  The components on the gloves that were not detected may not have been 

afforded the opportunity to have their LOD amounts deposited.  If this was the case, and 

a longer time was allowed for the gloves to be exposed to the plume, then the residue 

found on the gloves may have been consistent with the residues in the cartridge casings.  

This hypothesis would have provided a forensic association.  However, on a practical 

basis the buildup of the residue on the gloves or the hand of a suspected shooter is less in 

real life than the time that was afforded in this experiment.  Suspected shooters usually 

don’t spend extraordinary quantities of time in an active shooting zone.  They depart the 

scene quickly.  The most likely explanation is the part played by the random deposition 
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of the residue from the plume.  The plume is probably not uniform in composition when 

discharged in the open.  When the cartridge case is discharged, the mixture of gases and 

OGSR components is random, i.e., different areas of the plume could contain different 

concentrations of the propellant components.  The components present in the higher 

percentages are most likely to exceed their LOD in any part of the plume, but those of a 

lesser percentage may take a greater length of exposure time to reach their LOD. 
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Chapter 5 

Kinetic Longevity Studies of the Organic Additives Contained in 

Federal Classic 9 mm Luger Ammunition 

 

5.1 Introduction 

In order for OGSR to have any forensic value it must be capable of being 

deposited on some part of the suspect such as the hands, face, hair, clothing, or even in 

the nasal passages.  This will provide the potential for associating the suspect with the 

victim and/or the crime scene.  In addition to the deposition, the residue must have a 

feasible longevity and/or stability that will allow for the collection, analysis and 

association of the residue with the spent cartridge casings found at the scene and perhaps 

with the unfired propellant.  The longevity of GSR has been studied by many and shown 

to vary over a wide range of time (Mastruko, 2003; Krishnan, 1974a; Kilty, 1975; 

Wolten, et al., 1979; Harrison, 1959; Androsko and Maehly, 1977; Murdock, 1984; 

Krishnan, 1974b; and Nesbitt, et al., 1977).  Jane et al. (1984) reported at the 

International Symposium on the Analysis and Detection of Explosives in Washington, 

D.C. that NC, NG, and DPA could be found on clothing that was undisturbed for months.  

The residence life of GSR and, in particular for this research that of OGSR,  must be in 

line with law enforcement’s ability to collect it in a fast and prudent manner.  The 

residency life of GSR has been cited in the literature to be a function of activity.  The 

more active a shooter is post discharge, the less likely there is to be a significant amount 

of residue remaining (Kilty, 1975).  Douse and Smith (1986) reported that GSR had a 

longer residency time on the hands of suicide victims than that of active suspects.  OGSR 
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may be no different; for it too may be susceptible to elimination by mechanical wear, 

decomposition or even elimination due to washing of the hands.  GSR and OGSR are 

more likely to have an increased longevity when deposited on clothing because of the 

residue being trapped in the weave of the cloth (Zeichner, et al., 2003).  However, 

because most GSR collection kits are designed to swab the hands and not the clothing, a 

time period for collection is usually set at six hours if the method of analysis is via 

SEM/EDAX.  This time limit is less; usually three hours, if GFASS is used.
11

  However, 

if knowledge was present that the suspect had washed his/her hands or that gloves were 

worn, then the kit would be rejected for analysis. The use of latex or neoprene gloves is 

now becoming a viable source of evidence.  According to many investigators,
12

 the use of 

latex or neoprene gloves is becoming more prominent in the commission of crime where 

a gun is used.  Those crimes that occur in the “heat of passion” do not lend themselves to 

the intentional use of gloves.  However, those crimes that are more thought out are 

showing a greater tendency toward the use of gloves.  The investigators feel that the 

greater use of gloves is based upon the fact that the criminal mind has become better 

educated on not leaving behind detectable and incriminating evidence, such as 

fingerprints and GSR.  They feel that this knowledge is in part the responsibility of TV 

shows such as CSI and NCIC that have demonstrated the value of a forensic analysis in 

crime investigation, but have also; inadvertently, detailed how to prevent evidence from 

associating the suspects to the crime. 

 

                                                 
11

 Professional experience with the analysis of GSR via GFASS using MSP Collection Kits 
12

 Personal communications with MSP and Baltimore County PD Criminal Investigators 
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The use of gloves; however, may still be able to provide a link to the suspect 

particularly when they are left in the suspect’s car or at his residence.  In cases such as 

this, the longevity and/or stability of the residues become important.  The purpose of this 

Specific Aim is to examine the longevity and/or stability of OGSR generally and that of 

the Federal Classic 9 mm Luger ammunition specifically.  This ammunition was used in 

the previous chapter.  The residue was specifically examined for its longevity on 

neoprene rubber gloves, the interior walls of the collection containers which are identical 

to those used in Specific Aim #2, and the residue remaining in the spent cartridge 

casings.  The length of time covered by this experiment was for the two weeks for the 

container interior locations and the cartridge casings.  However, the residence time for 

the gloves was set at 48 hours.  This is eight times longer than the time that would be 

used for the collection of GSR.  Additionally, one glove was stored and examined after a 

35 day period of storage.  This would be representative of the time that such evidence 

might remain in a Property Room awaiting analysis.  This Experimental Design also 

hopes to demonstrate that the longevity of the residue in the cartridge casings and that 

which is on the gloves is comparable over a sufficiently long period of time to allow for a 

definite association or correlation between the two. 

5.2 Experimental Design 

A collection device similar to that used in Chapter 4 was constructed for this 

experiment; however, no vacuum lines were incorporated into the design.  The container 

was used to provide an enclosed environment to maximize the deposition of OGSR 

residue on to the gloved hand of the shooter and to an additional glove secured to the 

bottom of the containers.  Controls of the gloves and of the paper shaft Q-Tips® were 
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taken and analyzed previously.  The bottoms, right sides and the tops of the containers 

were also used as a source of residue deposition and collection.  Controls of the interiors 

were also taken and analyzed.  The glove on the bottom of each container was placed 

there to provide an additional surface area of collection along with the one worn by the 

shooter.  This would help minimize the number of visits to the firing range at MSP.  The 

use of the container is very important in this Experimental Design.  It permits for a more 

confined deposition of the residue than would be possible without it.  Normally, the 

residue would be drawn away from the shooter’s hand by the safety air flows built into 

the MSP firing range.  This would lead to a deficiency in the residue deposition or 

eliminate it all together.  In addition, the twist off cap of the container was replaced with 

a Saran Wrap® cover in order to reduce the bullet impact and prevent the container from 

being knocked off the table upon discharge of the firearm.  The hole created by the 

discharge was sealed immediately after the last shot was fired in order to prevent escape 

of the discharge plume.   

As in the preceding chapter, the shooter washed his hands three times and allowed 

them to air dry.  A Control swabbing was performed of the hands prior to firing. Controls 

of the soap and water had already been performed in the previous experiment and were 

found to be negative.  The Glock 17 that was used in the preceding chapter was cleaned 

as previously described and loaded with the same Federal Classic 9 mm Luger 

ammunition used in the previous experiment.  The firearm was placed on a sheet of clean 

brown paper in the vicinity of the collection chamber which had been positioned on a 

table in the firing range.  Controls were also taken of the brown paper. 
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The gloves used in this Experimental Design were neoprene (NeoTouch® -Ansell 

Healthcare).  As previously stated, one neoprene glove was taped to the bottom of each 

collection chamber by Duct Tape®.  No control was taken of this item because it would 

not be swabbed.  The glove was taped to the bottom in such a manner that it would be in 

the same position as if were worn by the shooter.  The shooter than placed another 

neoprene glove on his shooting hand,  picked up the Glock 17, inserted it into the 

collection chamber and discharged four rounds of the Federal Classic 9 mm Luger 

ammunition.  The glove on the firing hand received the OGSR directly from the 

discharge coming from the ejection port and the muzzle.  The glove on the bottom 

collected residue mainly by deposition caused by gravity. 

The shooting hand was held in firing position for one minute for Container #1 and 

two and three minutes respectively for Containers #2 and #3.  The gloves attached to the 

bottoms of the containers were removed from their respective containers at the same time 

that the firing hand glove was removed.  After each time limit the firearm was removed 

from the container and placed on the brown paper after each trial.   

Since residues from the gloves worn in the preceding experiment were collected 

at 15, 30 and 60 minutes, the gloves in this experiment were swabbed at intervals of two 

and eight hours for Collection Chamber #1, four and12 hours for Collection Chamber #2 

and 24 and 48 hours for Collection Chamber #3.  The gloves were properly packaged and 

stored once they had been removed from their respective collection chambers.  The glove 

times of two and four hours are important because these gloves were actually worn by the 

shooter during the times of post discharge.  The shooter agreed to wear the gloves for a 

maximum of four hours.  During the post discharge time the shooter performed normal 
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activities that did not involve working with firearms.  The gloves were modified for 

convenience by removing the finger portion of the gloves from the knuckles down on the 

fingers and thumb.  In other words, the tips of the fingers and thumb were allowed to be 

exposed for the convenience of doing work.  The swabbing of the gloves took place as 

indicated previously.  The swabbing used two cotton swabs (Q-Tips®) with paper shafts.  

The swabbing procedure was as before, i.e., each swab was individually dipped into the 

CS, shaken to remove excess solvent, and simultaneously rotated and rubbed in a 

reciprocating motion as it went over the surface of the glove.  The area of the glove that 

was swabbed was the back and webbing area of the hand including the fore and middle 

fingers.  This area is depicted in Figure 5.1.  

 
Figure 5.1 – Typical swabbing area for GSR (Source; Baltimore Sun) 

 The tips of the swabs were allowed to dry in a controlled environment and then 

cut off and placed into an 8 ml glass Kimax vial and secured with a screw cap.  Each vial 

was then properly labeled and secured for transport.  The swabs were analyzed within 

approximately 90 minutes of their collection.  The alterations performed on the gloves 

did not affect the swabbing nor did it diminish the amount of residue collected. The 

results of the worn gloves are noted by an asterisk in Table 5.1 
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The interior locations of Collection Chamber #1 (bottom, right side and top) were 

swabbed two; three, and four hours respectively post discharge.  Three of the four 

cartridge casings were also swabbed at time intervals of one, two, and four hours.  The 

fourth cartridge case was stored for additional future longevity testing.  The preparation 

of the cartridge casings differed from the glove swabbings and interiors in that only one 

swab was used.  This was done for two reasons.  One, the initial swab appeared to clean 

the interior of the cartridge casing quite thoroughly and secondly; it was assumed that the 

cartridge case contained a higher amount of residue than did the gloves.   

  This procedure was repeated on the other two collection containers on 

consecutive days with the only exception being the times of collection for the residue on 

the gloves, interior surfaces, and cartridge casings.  The gloves swabbed from the 

Collection Container #2 were taken after four and12 hours respectively.  The interior 

locations of the bottom, right side and top were swabbed at intervals of eight, 12, and 24 

hours (1 day).  In the third round the gloves from Collection Container #3 were sampled 

at 24 and 48 hours respectively.  The interior locations again of bottom, right side and top 

were swabbed at intervals of two, seven, and 14 days.  The cartridge casings from 

Collection Container #2 were swabbed at intervals of six, 12, and 24 hours (1 day), while 

those in Collection Container #3 were swabbed at intervals of two, seven, and 14 days.  A 

fourth shooting chamber was used to deposit residue on a glove that would be stored and 

tested approximately one month later.  This test was identical to the others except that 

only the glove would be tested.  The glove was held in position for three minutes.  Upon 

removal from the chamber, the glove was cut from the shooter’s hand by cutting open the 
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palm area and carefully removing the glove.  It was package in a pharmacy folder and 

stored for 35 days. 

This Experimental Design allowed for a period of longevity/stability testing on 

the gloves to cover the time period from two hours to 48 hours for the gloves worn in 

Chambers 1-3.  The glove worn in Chamber #4 was analyzed 35 days post discharge and 

collection.  The interior locations of the containers covered a time period from two hours 

to 336 hours (14 days).  The cartridge casings covered a time range from one hour to 336 

hours (14 days).  The fourth cartridge case from each round was stored and could be used 

for future longevity research if warranted.  As previously stated, the longest period of 

time for glove collection residue in this experiment was 35 days.  This would not be 

indicative of the time span for the swabbing hands in a normal criminal situation.  This 

would be in the time range of 1-6 hours.  As previously stated, this longer time interval 

test is to determine the longevity/stability of the residue while it would be awaiting 

analysis in an Evidence Property Room.  Longer periods than this would exceed the 

design of this research.   

The preparation of the swabs used for the gloves and interior locations was the 

same as in preceding experiments, i.e., it involved pipetting 2 mls of the CS into an 8 ml 

glass vial, securing the cap and vortexing the vial for approximately one minute.  The vial 

was allowed to set for 15-20 minutes and then vortexed again for one minute.  The 

solvent was then filtered through Whatman #1 filter paper and collected in another 8 ml 

vial.  The filtrate was vacuum evaporated to dryness.  A 100 microliter volume of the CS 

was added using a variable 100- 200 microliter Eppendorf pipette.  Five microliters of 

2,000 ng/µl of 3, 4-DNT were added as an IS.  This would give a concentration of 
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approximately  95.2 ng/μl for the IS.  The vial was capped and hand shaken to mix IS 

with the solution.  A one microliter volume of this mixture was injected into the GC/MS 

for analysis.  Since the swabbing of the cartridge casings varied from the interior surfaces 

in that only one Q-Tip® swab was used, only one milliliter of CS was added to the 8 ml 

glass vial.  The remainder of the procedure was the same.  Each swabbing was injected 3 

times and the average RT, selectivity (α), ion ratios were recorded.  The full results can 

be found in Appendix E.  Summary Tables and explanations are found below: Table 5.1 

for the Gloves, Table 5.2 for the Cartridge Case information and Table 5.3 for the Interior 

Locations. 

5.3 Results and Discussion 

The results of the Controls of the soap and water, brown paper, CS and hands of 

the shooter were negative for any components that were constituents of smokeless 

powder.  However, DEP was noted in the background of the swabs.  This substance, 

although included in the list of smokeless powder ingredients, was not found to be a 

component of the Federal Classic 9 mm Luger ammunition used in this research nor was 

it found in the previous experimental swabbings.  It did not interfere with the IS, 3, 4-

DNT.  Both peaks were resolved as can be seen in Figure 5.2 below. 
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Figure 5.2 – Resolution of DEP, 3, 4-DNT, and DPA in SIM Mode 

 

It can also be seen that the swabs added to the background of some of the 

smokeless powder components.  It was therefore necessary to take the average TIC of 

each component and subtract a background area to remove some of the background 

interfering ions when this occurred.  The ratios of the major ions associated with the 

target components are then checked to determine the identification as well as RT and 

selectivity (α).  Additional peaks of concern that were attributed to the swabs were 

observed at 13.220 and 13.349 minutes.  This was covered in Chapter 2.  The 

components were basically hydrocarbon in nature as indicated by the repeating 14 amu 

units between fragments.  These were subtracted from the average peak backgrounds.  

Even though they are in the vicinity of the areas of EC and DBP, they can be subtracted 

or differentiated by the color of the specific ion lines.   Figure 5.3 shows the presence of 

EC, DBP, and 2-NDPA and the color differences.  In some cases the subtraction of the 

background can cause a variation in the selected ion ratios of some of the components.  In 

this situation both the subtracted and un-subtracted backgrounds were examined. 

. 

DEP 3, 4-DNT DPA 
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Figure 5.3 – Background and separation of EC, DBP and 2-NDPA 

 

 

The glove taped to the bottom of the Collection Chamber #1 was swabbed eight 

hours post discharge and analyzed two hours after collection.  The glove on the shooting 

hand was worn for two hours while the shooter performed normal activities that were 

other than those of working with firearms.  The experiment was repeated using Collection 

Container #2 in which the glove was worn by the shooter for 4 hours.  As previously 

stated, the gloves in both instances were modified by having the finger portion of the 

glove from the knuckle down removed.  This allowed the shooter to perform normal 

duties other than firearm examination in a more comfortable manner. 

  The analysis of the gloves worn in the previous experiment (Chap. 4) using the 

GSCD which spanned a collection time of 15 minutes to one hour, detected the 

following; NG, 3, 4-DNT (IS), EC, and DBP.  1-MNG, 2, 4-DNT, 2-NDPA, and 4-

NDPA were not found to be present with the exception of the glove examined at one 

hour.  The residue collected from this glove demonstrated the presence of 1-MNG but not 

the other three components.  One rationale for this is that the latter three are among the 

least abundant with relative percentage compositions of 0.6, 0.9, and 0.2%, respectively.  

2-NDPA 

 

DBP 

 

EC 
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Additionally, the exposure time may not have been long enough to deposit an amount of 

residue that would exceed the LODs of these components.    1-MNG was also noted in 

the analysis of each glove remaining in the study with the exception of the glove at two 

hours.  In this analysis, there was too much background clutter in the area of 1-MNG to 

determine either way.  This interference may also have been picked up as a result of work 

performed by the shooter during the time post discharge period.   In total, the glove 

analysis phase had a range of time from one hour to 35 days.  It should be noted that1-

MNG was present in the analysis of the unfired propellant at a substantial relative 

composition to the whole (23.2% by area), but it was not found with a constant presence 

as was NG, DPA, or EC.   

The gloves in Containers 1-4 of this experiment showed the presence of both 2, 4-

DNT and 2-NDPA except for the glove collected at four hours.  This was the other glove 

that was worn by the shooter.  In this case, the activity period was for four hours.  This 

may have resulted from just random deposition of the residue or because of erosion from 

mechanical wear, i.e., a quantity of residue was lost because of contact with other objects 

while performing the activities.  This contact may have been sufficient to reduce the level 

of 2-NDPA below its LOD while the others remained above it.  The residence time of the 

shooter’s hand in the chamber was one of the longest (3 minutes) and therefore it was not 

from this factor.  If the residue was uniform in its deposition, it would have been detected 

since it was detected in the collections at two, eight and 12 hours (just barely above 

background).  It was not detected in the collection times of four, 24, and 48.  The residue 

collected from the glove at 35 days had the presence of both 2, 4-DNT and 2-NDPA.  Its 

presence in this case would tend to eliminate the concept that these components 
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decomposed after 12 hours.  This supports the hypothesis that random plume variation 

and deposition of the residue is more responsible for the compositional variations in the 

residue than is degradation. 

The residue from the gloves differed from the residue found in the cartridge 

casings analyzed within the same time frame of one, two, four, 12, 24, and 48 hours by 

two components; 1-MNG and 2-NDPA.  These components were visibly present in the 

cartridge casings and not on the gloves.  This would have an impact on the original 

hypothesis of matching the cartridge casings at the crime scene with the residue collected 

from the shooter’s hand.  The only glove residues that “matched” with their respective 

cartridge case residues were the ones taken at eight and 12 hours.  The glove at 35 days 

also had to same component composition.  The glove residue collected at two hours 

might have been another candidate; however, background interference negated either the 

inclusion or exclusion of 1-MNG.  Again, it should be considered that this interference 

may have been the result of a contaminant that was deposited on the glove while the 

shooter performed routine non-firearms related work.  The glove analyzed after 35 days 

had all components of the Federal Classic ammunition except 4-NDPA.  The SIM ion 

chromatogram of the this analysis is shown in Figure 5.4 
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Figure 5.4 – SIM Ion Chromatogram of 35 day old glove residue analysis 

The chromatogram depicts that the peaks are still present even at 35 days.  This 

might be related to the storage procedure.  These conditions would involve keeping the 

potential evidence in a dry (low humidity) and cool climate (68
0 

F) during their period of 

storage.  Improper storage of GSR samples has been demonstrated to have an adverse 

effect on the results of GSR analysis (Northrup, 2001b).  The effect of climatic conditions 

might be an area of future research.  The area of 2-NDPA is low in the 35 day glove but 

still visible.  Since 2-NDPA is detected in the 35 day old glove, this would give credence 

to the hypothesis that the finding of this component was the result of randomness of 

deposit rather than decomposition.  The RT (13.500 min.), the (α) value of 1.127 and the 

selected ion ratios 214/167 = 1.61 and 167/180 = 2.33 were within the acceptable ranges 

for the identification of 2-NDPA.  

In spite of the inconsistency to match cartridge case residues with glove residues 

(30.0%), all residues would be classified as being consistent with an OGSR origin by the 

criteria expressed in the method development.  None of the residues on the gloves 

contained 4-NDPA.  See Table 5.1 below for the glove residue results.  Again, the gloves 
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marked by an asterisk are the ones worn by the shooter for the expressed period of time.  

The inconsistencies between glove residue and cartridge case residue may be because the 

discharge plume develops a much greater random distribution of components because of 

movement created by multiple shots; whereas, the residue remaining in the cartridge 

casings is more but not totally confined.  This residue is not subjected to as much 

compositional variation as is the discharge plume. 

Table 5.1 – Analysis of Glove Residue versus Time  

Analysis of Glove Residue versus Time 

Location OGSR Components in Federal Classic 9 mm Luger Ammunition Detected 

 1-

MNG 

2, 4-

DNT 

NG 3, 4-

DNT 

DPA EC DBP 2-NDPA 4-NDPA 

GSCD #1 

(15 min) 
  X X X X X   

GSCD #2 

(30 min) 

  X X X X X   

GSCD #3 

(1 hour) 

X  X X X X X   

          

Container #1 

(2 hours)* 

Too 

much 

backgr

ound 

 

X X X X X X X  

          

Container #1 

(8 hours) 

X X X X X X X X  

          

Container #2 

(4 hours)* 

X X X X X X X   

Container #2 

(12 hours) 

X X X X X X X X  

          

Container #3 

(24 hours) 

X X X X X X X   

Container #3 

(48 hours) 

X X X X X X X   

 



122 

 

 

Since the residues above were collected under conditions that were considered 

ideal, there would be an expected modification to these results when they are actually 

performed under real conditions.  The variations in the residues may be more 

pronounced.  This too is an area for future research.   

The longevity/stability of the cartridge casings showed more consistency in 

composition than those of the glove residues.  The average number of components that 

were found to be comparable to the original unburned propellant was seven for the 

cartridge casings of the first 24 hours.  Two of those cartridge casings contained all eight 

components.  After 24 hours, it is noted that 1-MNG is no longer detected.  These times 

included 48, 168, and 336 hours.  It is noted that the glove that was analyzed at 48 hours 

had 1-MNG, but the container locations for 48, 168, and 336 hours compared similarly to 

the cartridge casing analysis at those times demonstrating the absence of 1-MNG.  It 

would appear that there is a possibility that 1-MNG decomposes into something that the 

method is not set up to detect or again, it may be result of a random chance deposition.  

Further testing would be required to answer this question.   However, 1-MNG was 

present in the residue of the 35 day old glove residue.  This again may indicate that 

randomness of deposit is the mechanism responsible for the variations. 

In spite of this lack of correlation, the question that is answered in the 

examination of the Components vs. Time concept is that there is sufficient residue at all 

time intervals to determine that OGSR residue is present for a period of more than two 

weeks and that the residue is consistent with an OGSR origin by the criteria established 

in the method.  The results of the cartridge case analysis are found in Table 5.2 below.  
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Four of the nine cartridges casings are consistent with each other (44.4%); whereas, two 

of the residues are consistent with the unburned propellant (22.2%). 

Table 5.2 - Longevity/Stability of OGSR Components in Spent Cartridge Cases 

Location OGSR Components in Federal Classic 9 mm Luger Ammunition 

Container #1 1-

MNG 

2, 4-

DNT 

NG 3, 4-

DNT 

DPA EC DBP 2-NDPA 4-NDPA 

CC #1 
(1 HOUR) 

 

X X X X X X X X  

CC #2 
(2 HOURS) 

 

X X X X X X X X  

CC #3 
(4 HOURS) 

 

X X X X X X X X  

Container #2          

CC #1 
(6 HOUR2) 

 

X X X X X X X X X 

CC #2 
(12 HOURS) 

 

X X X X X X X X  

CC #3 
(24 HOURS) 

 

X X X X X X X X X 

Container #3          

CC #1 
(48 HOURS) 

 

 X X X X X X X  

CC #2 
(168 HOURS) 

 

 X X X X X X X  

CC #3 
(336 HOURS) 

 

 X X X X X X X  

 

The results of the residues found in Container #1 (bottom, top, and right side) 

collected at times of two, three and four hours were all the same.  Each location contained 

seven of the eight components in the unburned powder.  The only one not detected was 4-

NDPA which is present in the unburned propellant at a relative composition of 0.2%.  
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These residues were also consistent with seven out of the nine cartridge casings.  

Forensically, this is sufficient to establish a consistency of source.  The bottom of 

Container #2 detected the presence of all propellant components at eight hours as did the 

right side at the 24 hour analysis.  The top which was analyzed at the 12 hour mark 

detected the same components as found in Container #1.  Container #3 had all locations 

at analysis times of 48 (bottom), 168 (top), and 336 (right side) hours being consistent 

with those of Container #1 except for the presence of 1-MNG.   

 In the final interpretation of the analysis of the container locations, the residues of 

the bottom and right side of Container #2 were consistent with an OGSR origin and were 

identical in composition to the unburned propellant.  Both residue considerations were 

consistent with the criteria of OGSR.  An explanation for the residue on the bottom and 

right side of Container #2 could be from the fallout of the residue being concentrated on 

the bottom and that the right side was given a higher residue level due to ejection volume 

discharge (forced deposition).  Randomness again might be the answer to the 

discrepancies noted in the OGSR composition amongst the container locations.  This 

randomness might be caused by the influence that each successive discharge has on the 

preceding discharge plume.  However, in the long run, the bottom should receive the 

highest deposition of residue because of gravity.  The next consideration would be the 

formulation of the propellants used in this particular experiment.  Formulations of 

propellants are based upon a desired ballistics achievement and not necessarily a uniform 

chemical composition (Northrup, 2001a).  Perhaps the compositions of the propellant 

within the cartridges used, even though they had the same manufacturer, were slightly 

different in formulation.  This determination is beyond the scope of this research.  Again, 
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the results of the residue deposition on the interiors of the containers  proved that the 

longevity of the residue is at least two weeks and that the components found differ from 

the unburned propellant composition only by the component with the lowest relative 

composition.  This appears to be an LOD consideration rather than one of decomposition.  

GSR residues have been found on clothing for months (Jane, et al., 1984).  This was for 

GSR determination.  However, the results for GSR and OGSR may be independent of 

each other in regards to longevity (Lloyd, 1992).  The results of the container location 

residue compositions and the times of collection are seen in Table 5.3 below. 

Table 5.3 – Longevity/Stability of OGSR Components at Container Locations 

Spread of Residue Components within Container Locations 

Location OGSR Components in Federal Classic 9 mm Luger Ammunition 

Container #1 1-

MNG 

 

2, 4-

DNT 

NG 3, 4-

DNT 

DPA EC DBP 2-

NDPA 

4-

NDPA 

Bottom 

(2 hours) 

X X X X X X X X  

Top 

(3 hours) 

X X X X X X X X  

Right Side 

(4 hours) 

X X X X X X X X  

Container #2 

 

         

Bottom 

(8 hours) 

X X X X X X X X X 

Top 

(12 hours) 

X X X X X X X X  

Right Side 

(24 hours) 

X X X X X X X X X 

Container #3 

 

         

Bottom 

(48 hours) 

 X X X X X X X  

Top 

(168 hours) 

 X X X X X X X  

Right Side 

(336 hours) 

 X X X X X X X  
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It appears that the randomness of the flux of the discharge plume and the level of the 

compositional variations of the residues plays an important role in the deposition and comparison 

of detectable OGSR residues.  There is a noted similarity between the residues found in the 

interiors of the designated containers with the residues from the cartridge casings contained in 

those containers.  For example, cartridge casings examined at 1, 2, and 4 hours match the residue 

compositions of the bottom, top, and right side of Container #1.  The cartridge casings in 

Container #3 also match the interior sites of that container, but neither these cartridge casings nor 

the container locations match those of Container #1.  Also in this study all OGSR residues were 

positively identified using the criteria established in the method development phase of this study.  

Secondly, the longevity of the residue was demonstrated to persist for at least 35 days if properly 

package and stored.  The required environmental conditions include low humidity and heat. The 

Experimental Design demonstrated that there can be the possibility of association of the residue 

found in the interior of the spent cartridge casings with the residue found on the gloves.  

However, this was not occurring in every case.  This experiment demonstrated a consistency of 

composition in only two of the seven gloves in the glove – cartridge case comparisons (28.6%).  

However, all residues on the gloves were found to be consistent with an OGSR source by 

definition from the method.  Table 5.4 below presents a summary of the findings of the 

compositional variations of the OGSR in this study. 
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        Table 5.4: Summary of Longevity/Stability Study  of Compositional Variations and Associations 

Source 1-

MNG 

NG 2, 4-

DNT 

DPA EC DBP 2-

NDPA 

4-

NDPA 

         
Cartridge 

Casings 

1, 2, 4, & 12 

 

X 

 

X 

 

X 

 

X 

 

 

X 

 

X 

 

X 

 

 

Container #1 

(all sites) 

 

X 

 

X 

 

X 

 

X 

 

 

X 

 

X 

 

X 

 

Container #2 

Top 

 

X 

 

X 

 

X 

 

X 

 

 

X 

 

X 

 

X 

 

 

Gloves 

8 & 12 

 

X 

 

X 

 

X 

 

X 

 

 

X 

 

X 

 

X 

 

 All of the samples listed above are consistent with each other in 

composition and could be considered associated.  All are consistent with 

having originated from an OGSR source. 

 

 

Container #2 

(B & RS) 

 

X 

 

X 

 

X 

 

X 

 

 

X 

 

X 

 

X 

 

X 

Federal 

Ammo 

 

X 

 

X 

 

X 

 

X 

 

 

X 

 

X 

 

X 

 

X 

 Cartridge 

Casing  

6 & 24 hrs 

 

X 

 

X 

 

X 

 

X 

 

 

X 

 

X 

 

X 

 

X 

 The Container #2 locations of bottom and right side and the cartridge 

casings at 6 and 24 hours are consistent in composition with the Federal 

Classic 9 mm ammunition.  All samples are consistent with the same source 

and all are consistent with having originated from an OGSR source. 

 

Cartridge 

Casings in 

Container #3 

 

 

 

X 

 

X 

 

X 

 

 

X 

 

X 

 

X 

 

 

Container #3  

(all sites) 

  

X 

 

X 

 

X 

 

 

X 

 

X 

 

X 

 

 Container #3 (all locations) and the cartridge casings from Container #3 are 

consistent in composition and can be associated.  All are consistent with 

having originated from an OGSR source. 

 

Gloves at 24 

& 48 hours 

 

X 

 

X 

 

X 

 

X 

 

X 

 

X 

  

 The gloves at 24 and 48 hours match each other and nothing else.  They are 

associated by composition and both are consistent with having originated 

from an OGSR source. 

 

 
 

 

 As can be seen from Table 5.4, there is a considerable amount of compositional 

variation amongst all of the items in the study.  This variation in composition is the result 
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of random deposition of the OGSR components.  As has been demonstrated, there are 

many variables, such as the number of shots fired that can influence the overall 

composition of the discharge plume.  This will then affect the composition of the residue 

that falls upon the nearby surfaces.  The one consistency in this research is that all 

detected residues have been associated with an OGSR origin.  The association of residue 

bearing items with each other is a product of random chance. 

In an attempt to answer the question concerning degradation’s role in the 

compositional variations, three components of each of the cartridge casings in Containers 

1-3 were studied.  These components were DPA, EC, and 2, 4-DNT.  These were selected 

because they are the three most prominent components found in the TWGFEX Database.  

Nitroglycerine (NG) was not selected, even though it is prominent in the database, 

because it is known to decompose into 1-MNG (Martel, et al., 2005).  Table 5.5 below 

depicts the abundances of the strongest ion for each of the selected components in the 

nine cartridge casings used in the study.  Each cartridge case extract was injected three 

times and the areas average and the standard deviation calculated. 

 
Table 5.5 – Longevity of DPA, EC, and 2, 4-DNT in Cartridge Cases 

Container/CC# Time 

(Hours) 

DPA 

(Major ion: 169) 

EC 

(Major ion: 120) 

2, 4-DNT 

(Major ion: 165) 

Container #1 

CC #1  

1 186,860±9,722 137,852±11,215 20,630±7,357 

Container #1 

CC #2  

2 134,399±10,874 118,495±9,632 35,881±5,998 

Container #1 

CC #3  

4 146,653±8,721 119,477±14,223 41,509±8,648 

Container #2 

CC #1  

6 193,524±10,956 87,155±8682 27,655±1,839 

Container #2 

CC #2 

12 193,926±20,026 68,359±6,071 28,890±2,632 

Container #3 

CC #3 

24 187,927±29,991 89,587±14,588 50,744±15,613 
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Table 5.5 – Longevity of DPA, EC, and 2, 4-DNT in Cartridge Cases - Continued 

Container/CC# Time 

(Hours) 

DPA 

(Major ion: 169) 

EC 

(Major ion: 120) 

2, 4-DNT 

(Major ion: 165) 

Container #3 

CC #1 

48 163,722±30,184 109,321±10,702 46,888±11.231 

Container #3 

CC #2 

168 133,294±36,566 82,255±28,250 19,040±8,079 

Container #3 

CC #3 

336 152,409±43,232 98,263±11,749 40,807±1,903 

 

 

It can be seen in the data that the areas of the components fluctuate in relationship to the 

time.  There does not appear to be a true decay curve, i.e., where the abundances of the 

components steadily decreases as a function of time.  The establishment of a true 

degradation curve cannot be demonstrated during this two week period of time.  This 

lends more credence to the hypothesis that random distribution and compositional 

variations of the discharge plume are responsible for the amounts of residues deposited 

more than any other factor. 

 A plot of the DPA and EC data is depicted in Figures 5.5 and 5.6 below.  The 

abundance of DPA during the first few hours of collection appears to start at a high value, 

then decreases, then increases again, followed by a leveling off while the abundance of 

EC has a more pronounce decrease, followed by an increase, and finally a leveling off.  

In spite of this up and down movement, the curves do not demonstrate a definite 

degradation curve over the period of time (two weeks) in this experiment that would 

render it undetectable.  Additionally, an examination of the DPA peak abundance of the 

35 day old glove is 153,912.  This value would still be on the horizontal line of the graph 

and still would not indicate a slope of degradation.   From this data, the cartridge case 

residues demonstrate longevity of at least 35 days.  It is projected that this is probably 

longer.  In previous research, residue consisted with OGSR has been found in cartridge 
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casings that were 17 months post discharge (Tobin, 2009).

 

Figure 5.5: DPA Degradation (Cartridge Cases) Curve for Two Weeks 

 

 

 
Figure 5.6: EC Degradation (Cartridge Cases) Curve for Two Weeks 
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Chapter 6 

Conclusions 

 

In the opening chapter of this paper the original premise was to develop a 

scientifically sound method for the analysis of Organic Gunshot Residue (OGSR) 

evidence that can be performed by more crime laboratories with their available resources 

and instrumentation.  It is felt that this premise has been successfully accomplished in 

this research.  The developed method is one that can be performed by any crime 

laboratory that possesses a GC/MS.  This was proven by sending the method parameters 

and samples consisting of OGSR components to an actual working crime laboratory, the 

Baltimore County Forensic Services Division, Towson, MD.  This laboratory not only 

possesses a GC/MS but they also perform Gunshot Residue Analysis via the 

SEM/EDAX.  The laboratory was able to identify the OGSR components in the given 

samples.  Additionally, they were also able to identify inorganic GSR that was sent to 

them for analysis during the development of the filtration stage of this method.  This 

establishes a strong foundation for the construction of a collection kit that will enable 

forensic laboratories that possess both SEM/EDAX and GC/MS to analyze both GSR and 

OGSR.  Laboratories possessing only a GC/MS can send the filtrate to a commercial or 

other forensic lab for SEM/EDAX analysis.  

In reference to the second question that this research sought to answer, “Did the 

method successfully identify firearm discharge residue as having an OGSR origin?”  The 

answer to this was, yes.  The establishment of the definition of the identity of OGSR was 

essential in the use of this method.  Through it, the criteria for OGSR has been 
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established.  It considered a number of key components that must be found together and 

not just one component as was suggested by some authors about DPA (Dahl, et al., 1985; 

Dahl and Lott, 1985 and Jane, et al., 1983).  Any one of the components found in OGSR 

when taken individually could be argued to have originated from another source.  For 

example, the DPA mentioned above is used as a substance to prevent scalding in apples.  

It was combined with EC as a criteria component in the definition of OGSR because this 

substance has been considered by some to be the most characteristic component of OGSR 

(Mach, et al., 1978).  This combination increased the credibility of the finding.  The 

OGSR definition criteria that has been established in the method has proven to be 92% 

effective in identifying the combinations of propellants making up the TWGFED 

database as being consistent with an OGSR origin and 90% effective against the FBI 

database mentioned by Joshi-Fumar (2010).  The weakness of the method is in 

identifying single base smokeless powders which contain NC and one stabilizer.  Since 

the analysis of NC was not suitable by this method, only one or two components of the 

main components discussed in Chapter 2 might remain.  If these remaining substance(s) 

do not fit the pairing combinations mentioned in the method criteria, then this would 

result in a false negative finding.  

The method also demonstrated that it was able to successfully make a comparison 

of the residue found on the gloves worn in a controlled firing chamber with the residue 

that was found within the spent cartridge casings for that experiment.  This is one of the 

most important forensic aspects that were sought by this research.  By finding a similarity 

of residue composition between the cartridge case residue and the glove residue, an 

association has been established.  In a forensic environment, such as crime scene 
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involving a shooting, this could provide valuable evidence for the inclusion of someone 

as a suspect or provide evidence of guilt.  The exact correlations, however, were not 

100%.  In fact, they were consistently low.  Two glove residues out of nine matched 

(22.2%) the residues from the cartridge casings.  An additional glove was questionable as 

being a match because of interference in a critical part of its background.  The 35 day 

glove residue was a match with its cartridge case residue.  The result of this low 

frequency of matches is due to the random depositions of the residue that were observed 

throughout this research.  This randomness of deposition will always be present and in an 

active “crime scene” environment can be more dispersed than in this research.  The 

comparison of results could also be less due to environmental conditions present at the 

crime scene changing the deposition pattern.  In spite of this, the residues found on the 

gloves that did not match component-for-component with the cartridge case residues, 

were still consistent with being from an OGSR source as defined by the criteria in the 

developed method.  It appears that the randomness of the flux of the discharge plume and 

its level of compositional variation of the propellant constituents plays an important role 

in the deposition of detectable OGSR residues. 

The findings from above, i.e., the glove residues and cartridge casing residues that 

did match and the identification of a residue having an OGSR source, would allow the 

residue to be considered for use in a criminal trial.  This consideration would subject the 

method to evaluation by those factors that were mentioned in Chapter 1, i.e., the Frye and 

Daubert criteria for evidence admission of scientific tests.  Using the Frye Standard, the 

method would have to show that it is scientifically sound in its basis and that it is 

generally accepted by the scientific community.  This would not be a problem with this 
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developed method because the method deals with the use of the GC/MS.  There are 

hundreds of forensic methods that use the GC/MS in both a qualitative and quantitative 

mode.  Forensic Drug Analysis, Trace Evidence Examination, and Forensic Toxicology 

would be good examples of the frequent use of GC/MS.  The other features of the 

method, such as extraction, filtration, and concentration are standard laboratory 

procedures that have been taught as a means of good laboratory techniques in colleges 

and universities everywhere.  Additionally, many forensic laboratories are accredited by 

the American Society of Crime Laboratory Directors/Laboratory Accreditation Board 

(ASCLD/LAB).  The requirements for accreditation require much scrutiny of the 

methods used to make sure that good science is practiced.  This would be documented in 

the case records and available for review. 

The Daubert Standard is a little more rigorous for methods to meet.  The criteria of 

this Standard involve the following; 

 Is the method scientifically sound? 

 Is the method generally accepted by the scientific community? 

 Has the method undergone peer review? 

 Were standards and controls used in the development of the method? 

 What is the error rate of the method? 

The first two criteria are the same as those that are put forth in the Frye Standard and 

therefore are also acceptable in Daubert.  The criterion concerning Peer Review was 

addressed by sending the method to the Baltimore County Lab.  This lab programmed 

their GC/MS with the developed method and was able to identify the components of an 
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OGSR sample that was sent to them.  Although there were some minor discrepancies 

between the results from the GC/MS used to develop the method at Stevenson University 

and the Baltimore County Crime Lab, they were not deleterious enough to cause a 

misidentification of the components in the sample.  The developed method was also 

tested by blind samples submitted by the MSP Crime Laboratory.  The blind samples 

consisted of six swabs taken from spent cartridge casings and two swabs containing a 

non-gunpowder residue.  The method was able to distinguish the OGSR residues from the 

non-gunpowder residues.  The method was able to make a component-to-component 

match for two of the cartridge casings with the unburned propellant while the other four 

were identified as being consistent with an OGSR origin.  It is hoped that further testing 

of this method at the MSP and Baltimore County labs will result in a validated method 

for use in conjunction with their GSR analysis.  This method would work well in these 

labs since both have the capabilities of analyzing for GSR via SEM/EDAX.  The 

developed method could then be used to fulfill one of its other purposes i.e., as a support 

method for use in conjunction with the analysis of GSR particulate matter using 

SEM/EDAX. 

The method development certainly did demonstrate the use Controls and Standards 

throughout its development.  The standards that used were purchased were from 

reputable sources and were accompanied by Certificates of Analysis.  The method was 

tested using NIST Standard 8107- Additives of Smokeless Powder.  This Standard was 

used many times throughout the development of the method.  The Standard consisted of 

the following components of interest: 

 Nitroglycerine (NG) – 129.1±2.1 mg/g  (12.91%) 
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 Ethylcentralite (EC) – 36.4±1.3 mg/g  (3.64%) 

 Diphenylamine (DPA) – 7.8±0.18 mg/g  (0.78%) 

 N-nitrosodiphenylamine (N-nDPA) – 3 mg/g  (0.30%) 

 Dibutlphthalte (DBP) 0 – 10 mg/g  (0-1%) 

As was noted in the method development that the parameters of the method were such 

that the resolution of DPA and N-nDPA were not as high a priority as was the resolution 

of other components, therefore, the amount of DPA is more likely to be interpreted 

chromatographically as 1.1 mg/g.  The amount of DBP was also not explicitly stated, 

however, from analysis results it was low, e.g., at the NIST Standard level of 104 ng/µl, 

DPA was present at a one nanogram level, whereas, DBP was not.  It is assumed that the 

concentration level was less than that of DPA.  Numerous blanks and controls were used 

in the development of the method. 

The final criterion assessed by Daubert Standard is the amount of error involved.  

This was addressed by using the criteria established for the definition of OGSR and 

comparing it to the components that were known to be present in the TWGFED 

Database.  The comparison demonstrated that the method was 92% effective in 

identifying a propellant as being an OGSR and 90% effective in the Joshi-Fumar (2010) 

database study.   The establishment of the qualitative parameters of identification, i.e., 

RT, α factor, mass spectra (Scan Mode) and ion ratios (SIM Mode) were excellent.  All 

main components were separated and identified.  The quantitative demonstrated a 

considerable error in some samples.  This was believed to be caused by a static charge 

that prevented a total transfer of the sample into the analysis vial.  This would result in a 

positive determinant error. 
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The Longevity/Stability experiment proved that OGSR residues remained on the 

tested items (gloves, cartridge cases, non-porous surfaces) for at least two weeks in a 

controlled environment and most likely longer as evident by the analysis of the glove that 

was stored for 35 days.  

This experiment also demonstrated that the constituents of the discharge plume can be 

captured and analyzed.  The results again supported previous results concerning the area 

of availability and randomness as being critical factors in the residue deposition.  The 

components found in the gun smoke were NG, DPA, EC, DBP, and 2-NDPA.  The 

components that are absent from the unburned powder of the Federal Classic 9 mm Luger 

ammunition are 1-MNG,  2, 4-DNT, and 4-NDPA.  Again, the latter two are the 

components lowest relative composition in the unburned powder (0.6% and 0.2% 

respectively).  The design of the GSCD did establish a novel mechanism for the 

collection of the gun smoke residue. 

In conclusion, it is felt that this research was successful in establishing what it 

intended to do.  It established a working method that can be used by crime laboratories 

possessing a GC/MS for the screening and identification of OGSR residues.  The method 

works best when it is operated in the SIM Mode using the three ions and two ratios 

procedure.  This is mode most sensitive for detecting residues from the hands.  The Scan 

Mode can also be used when it is evident that large amounts of residue or flakes are 

present.  This will enable a full mass spectrum of each component to be run.  In using the 

SIM Mode all of the residues originating from a firearm discharge where identified as 

OGSR by the method’s criteria for OGSR identification even if there was no direct 

correlation or association to a cartridge case residue.  The method also established, albeit 
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to a limited extent, that some cartridge case residues can be matched with residues from 

neoprene gloves and non-porous surfaces.  This would provide the association criterion 

that was sought. 

The method also satisfies the criteria of the legal standards by which it would be 

judged in a criminal trial.  Finally, the method demonstrates that the composition of the 

residue is more likely to be by random distribution rather than decomposition or 

conversion to another compound.  The average longevity of the collected residue was two 

weeks but one sample demonstrated a maximum longevity of residue of 35 days.  In a 

previous study (Tobin, 2009), a spent cartridge case demonstrate identifiable OGSR 

residue at 17 months post discharge.  This is depicted in Figure 6.1 below.  The red 

markings are 1-MNG, NG, DPA, and DBP respectively.  These would constitute a 

finding of OGSR by Criterion #3 in the method criteria for OGSR consistency. 

 
Figure 6.1 – PMC cartridge case residue analysis after 17 months 
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Chapter 7 

Future Research 

 

This research has opened the door for many analytical considerations.  However, 

the future areas that would benefit the forensic community and the efforts of law 

enforcement the most would be provided by the three that are mentioned below. 

1. The determination of a biomarker in saliva for OGSR resulting from the 

exposure of a subject to an “active” environment where firearms have been 

discharge.  

 

One of the main issues in forensic science dealing with the application of a GSR analysis 

to criminal proceedings is the concept of “transfer”.   An analytical method can prove the 

presence of GSR or even OGSR, but it cannot determine how the residue got on the 

hands of the suspect.  This is the legal question that defense attorneys exploit.  Future 

research needs to be done on determining the likelihood of OGSR be transferred to an 

arrestee simply by grabbing their hands.  As long as it can be proven that the possibility 

of transferring the residue physically exists, the “weight” of OSGR analysis in a criminal 

trial will be diminished. 

 However, if a biomarker(s) of OGSR was present and could be analyzed, then this 

would help deflate the transfer issues.  The intent behind this research is to determine if 

there is the possibility of finding and collecting in a non-invasive manner, a biomarker 

for the presence of exposure to an environment where firearms were discharge.  An 

“active” environment is defined as one in which the plume emanating from the discharge 

of a firearm is still in the air.  A subject in this environment would have to breathe in the 
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plume.  This intake into the body through nasal or mouth breathing may result in a 

biomarker in the saliva.  Saliva has been shown to be a good repository for parent 

compounds taken into the body.   A swabbing procedure similar to that used in the 

collection of DNA using buccal swabs would be used.  The demonstration of the parent 

components of OGSR or their metabolites would give strong evidence to the suspect at 

least being in an active environment.  It wouldn’t mean that the suspect fired a weapon, 

but only that he/she had to be in an active environment.  Secondly, this would reduce the 

transfer impact.  The finding of biomarkers in the body certainly could not be there 

because of transfer.  The argument that the suspect acquired the biomarkers from being 

held in a police department environment where guns are present would not be 

substantiated.  In order for a biomarker to be detected, it would have to be taken in a 

sufficient quantity.  An active OSGR environment where the discharge plume is still in 

the air may provide this environment.  The residue resulting from a transfer would not.  

OSGR biomarker detection would definitely add to the preponderance of evidence for the 

judge or jury. 

 

 A second area of research for the future would be the refinement of a dual 

Collection Kit.  

2. Construction of a GSR collection kit for both the inorganic GSR and the OGSR 

that would eliminate some of the problems experienced by previous attempts. 

  

Previous studies used a carbon stub coated with an adhesive to remove both the inorganic 

GSR and the OGSR (Zeichner, 2004).  Ideally, this provided superior collection of the 

inorganic particulate, but proved to be rather labor intensive for the OGSR because of the 
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extraction procedure.  This extraction procedure extends the time of analysis.  

Additionally, this “sticky lift” was experimented with in this research.  The amount of 

background interference that was generated was extreme.  This future area of research 

would approach the collection using the swabbing techniques as prescribed in this 

research.  Since aqueous and dilute acidic solutions are deleterious to the morphology of 

the GSR particle, the proprietary organic CS developed in this research demonstrated that 

it is capable of collecting both.  The moistened swab will pick up the inorganic GSR, not 

by dissolution, but by mechanical trapping of the particles within the fibers of the swab.  

These will be removed by ultrasonic means or vortexing.  The OSGR will be recovered 

as a solute in the collection solvent.  This collection method and subsequent kit 

construction would provide for the collection of both aspects of GSR plus required 

controls.  This research has proven that it is a feasible procedure in the current research 

project.  Both GSR and OGSR were identified in one of the Experimental Designs used 

in Chapter 4. 

 

A third area of research that needs to be further examined is the presence of OGSR on the 

hands of law enforcement officials. 

 

3. Survey law enforcement officers in the State of Maryland to determine the 

presence of GSR and OGSR on their hands.   

 

This survey would involve police officers of the Maryland State Police (MSP).  Troopers 

would be categorized as road troopers, investigators, and administrators.  A blind sample 

of troopers would be randomly selected from roster logs of the MSP.  Subjects would fill 

out a questionnaire involving activities that related to the firing and handling of a firearm 
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(service or off-duty).  Complete anonymity would be maintained.  The collection 

procedure would be identical to that described previously in this proposal.  The swabs 

would be analyzed in accordance with the developed method in Specific Aim 1.  A 

statistical model using a 3 x 2 Table would be employed.  The results would be used to 

establish the probability of transfer incident to an arrest by the groups described. 
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Appendix A 

NIST Spectra of Reference Standards  

 

 

 

2-nitrodiphenylamine (2-NDPA) 

 

4-nitrodiphenylamine (4-NDPA) 
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2, 4 –dinitrodiphenylamine (2, 4-DNDPA) 

 

 

 

 

2, 4-dinitrotoluene (2, 4-DNT) 
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3, 4-dinitrotoluene (3, 4-DNT) 

 

 

 

Camphor 
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DBP 

 

 

 

DEP 

 



147 

 

 

 

 
Ethylcentralite (EC) 

 

 

 
Ethylene Glycol Dinitrate (EGDN) 
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Propylene Glycol Dinitrate (PGDN) 

 

 

 

Triacetin 
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Diphenylamine (DPA) 

 

 

 

 

 

 

 
 

Methylcentralite (MC) 
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Dimethylphthalate (DMP) 

 

 

 

 
 

N-nitrosodiphenylamine (N-nDPA) 
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2, 6-dinitrotoluene (2, 6-DNT) 

 

 

 

 

 

 

 
 

Nitroglycerine (NG) 
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1-mononitroglycerine (1-MNG) 

 

 

 

 

 
 

2-nitrophenol (2-NP) 
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4-nitroaniline (4-NA) 

 

 

 

 

 

 
 

1, 3-dinitrotoluene (1, 3-DNT) 
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Appendix B – In-House Mass Spectra Library 

Mass Spectra of Reference Standards (Depicted in both forms) 

 

 

N-nitrosodiphenylamine (N-nDPA) 

 

 

Diphenylamine (DPA) 
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3, 4-dintrotoluene (3, 4-DNT) 

 

 

 

 

2, 4-dinitrotoluene (2, 4-DNT) 
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Nitroglycerin (NG) 

 

 

 

Triacetin 
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4-nitrodiphenylamine (4-NDPA) 

 

 

 

 

2, 4-dinitrodiphenylamine (2, 4-DNDPA) 
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Ethylene Glycol Dinitrate (EGDN) 

 

 

 

 

 

Diethylphthalate (DEP) 

 

 

40 50 60 70 80 90
0

10

20

30

40

50

60

70

80

90

100

%

46

43

76

5841 9053 787264

50.0 75.0 100.0 125.0 150.0 175.0 200.0 225.0
0

10

20

30

40

50

60

70

80

90

100

%

149

177

65

7650
10593
104 121

66

43 222132
164 194 225



159 

 

 

 

4-nitroaniline (4-NA) 

 

 

 

 

 

1-mononitroglycerine (1-MNG) 
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Ethylcentralite (EC) 

 

 

 

 

Dibutylphthalate (DBP) 
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N-nitrosodiphenylamine (N-nDPA) 

 

 

 

 

Propylene Glycol Dinitrate (PGDN) 
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Appendix C – Calibration & Dynamic Range Curves 

2-NDPA (2-nitrodiphenylamine) Calibration Curve 
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Appendix C 

2, 4-DNT (2, 4-dinitrotoluene) Calibration Curve 
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Appendix C 

3, 4-DNT (3, 4-dinitrotoluene)Calibration Curve 
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Appendix C 

4-NDPA (4-nitrodiphenylamine)Calibration Curve 
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Appendix C 

DPA(Diphenylamine) Calibration Curve 

 

 

 

 

 



167 

 

 

Appendix C 

DBP (Dibutylphthalate) Calibration Curve 
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Appendix C 

DEP (Diethylphthalate)Calibration Curve 
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Appendix C 

EC (Ethylcentralite) Calibration Cure  
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Appendix C 

NG (Nitroglycerine) Calibration Curve 
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Appendix C 

2, 4-DNDPA (2, 4-dinitrodiphenylamine)Calibration Curve 
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Appendix C 

EGDN (Ethyleneglycoldinitrate)Calibration Curve  
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Appendix C 

PGDN (Propyleneglycoldinitrate) Calibration Curve  
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Appendix D – TWGFEX Database 

 Smokeless Powder Database – National Center for Forensic 

Science/TWGFEX 

Smokeless Powder Database – TWGFEX 
 

Powder 

Name 

NG

* 

 

DPA* EC 

* 

DEP DBP 

* 

MC 2, 4 –

DNT 

* 

2-

NDPA 

* 

4-

NDPA 

* 

2, 4, -

DNDPA 

Alliant           

2400 X 

 

X 

 

X 

 

       

Promo X 

 

X 

 

X 

 

       

American

. Se 

X 

 

X 

 

X 

 

       

Power 

Pisto 

X 

 

 X 

 

       

Steel X 

 

X 

 

X 

 

    X 

 

  

Blue Dot X 

 

X 

 

X 

 

    X 

 

  

Reloader 

7 

X 

 

X 

 

X 

 

    X 

 

  

Reloader 

10x 

X 

 

X 

 

X 

 

       

Reloader 

15 

X 

 

X 

 

X 

 

       

Reloader 

22 

X 

 

X 

 

X 

 

    X 

 

  

Reloader 

25 

X 

 

X 

 

X 

 

    X 

 

  

410 X 

 

X 

 

X 

 

       

E3 X 

 

X 

 

X 

 

       

           

Accurate           

#2 X 

 

X 

 

X 

 

 X 

 

  X 

 

 

 

 

#5 X 

 

X 

 

  X 

 

  X 
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Powder 

Name 

NG DPA EC DEP DBP MC 2, 4 -

DNT 

2-

NDPA 

4-

NDPA 

2, 4, -

DNDPA 

#7 X 

 

X 

 

  X 

 

  X 

 

  

#9 X 

 

X 

 

X 

 

       

2015 X 

 

X 

 

        

2230 X 

 

X 

 

  X 

 

  X 

 

  

2460 X 

 

X 

 

  X 

 

  X 

 

  

2495  X 

 

   X 

 

 X 

 

X 

 

 

2520 X 

 

X 

 

  X 

 

  X 

 

  

2700 X 

 

X 

 

  X 

 

  X 

 

  

3100  X 

 

X 

 

   X 

 

   

4064 X 

 

 X 

 

   X 

 

   

4350  X 

 

        

5744 X 

 

X 

 

X 

 

   X 

 

X 

 

  

8700 X 

 

X 

 

  X 

 

 X 

 

X 

 

  

Mag Pro X 

 

X 

 

  X 

 

  X 

 

  

Solo 1000  X 

 

    X 

 

   

Nitro 100 X 

 

X 

 

X 

 

       

Solo 1250  X 

 

    X X 

 

X 

 

 

           

Winchester           

231 X 

 

X 

 

X 

 

 X 

 

  X 
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Powder 

Name 

NG DPA EC DEP DBP MC 2, 4 -

DNT 

2-

NDPA 

4-NDPA 2, 4, -

DNDPA 

296 X 

 

X 

 

X 

 

 X 

 

  X 

 

X 

 

 

 

WST 

 

X 

 

 

X 

 

 

X 

 

  

X 

 

   

X 

 

  

WSF X 

 

X 

 

X 

 

 X 

 

  X 

 

X 

 

 

748 X 

 

X 

 

X 

 

 X 

 

  X 

 

X 

 

 

760 X 

 

X 

 

     X 

 

  

WXR X 

 

X 

 

X 

 

    X 

 

  

           

VihtaVuo           

N120 X 

 

 X 

 

       

N130  X 

 

X 

 

       

N133  X 

 

X 

 

       

N135  X 

 

X 

 

       

N165  X 

 

X 

 

       

N170  X 

 

X 

 

       

N105  X 

 

X 

 

    X 

 

  

3N37  X 

 

        

3N38  X 

 

X 

 

    X 

 

  

N310  X 

 

     X 

 

X 

 

 

N110  X X        

N320  X         

 N330  X       X  

N340  X         

N350  X         
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Powder 

Name 

NG DPA EC DEP DBP MC 2, 4 -

DNT 

2-

NDPA 

4-

NDPA 

2, 4, -

DNDPA 

N540 X X      X   

N550 X X      X   

N560 X X      X   

Oy N3SH   X        

N3SL   X        

20N29  X X        

24N41  X X        

N160  X X        

           

Hodgdon           

H1000  X   X  X    

Varget  X     X    

H322  X     X    

H335 X X X  X   X   

H380 X X   X   X   

H414 X X X  X   X   

H4227  X     X    

H4350  X     X    

H4831  X     X    

H4831SC  X     X    

H4895  X     X    

H50BMG  X     X    

BL-C(2) X X X  X   X   

H4198  X     X    

Benchmark    X     X    

Retumbo X X     X    

HS-6 X X X  X   X   

HS-7 X X X        

H110 X X X  X   X   

HP-38 X X   X   X   

Tetegroup X X   X   X   

Titenad X X X  X   X   

Clays X X   X   X X  

International X X      X   

Longshot X X X  X   X   

Lil’ Gun X X   X   X   

Universal C X X   X   X   
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Powder 

Name 

NG DPA EC DEP DBP MC 2, 4 -

DNT 

2-

NDPA 

4-

NDPA 

2, 4, -

DNDPA 

Ramshot           

Competition X X X  X   X   

Zip X X   X   X   

Silhouette X X X  X      

True Blue X X X  X   X   

Enforcer X X   X   X   

X-

terminator 

X X   X   X   

TAC X X   X   X   

Big Game X X   X   X   

Hunter X X   X   X   

Magnum X X   X  X X   

           

Totals (99) 63 94 49 0 40 1 18 54 8 1 

           

Percentage 63.6 95.0 49.5 0 40.4 0.12 18.2 54.6 8.1 0.12 

           

           

           

           

           

 - Indicates the top seven most predominant components in OGSR 

(http://www.ilrc.ucf.edu/powders/search.php) 

Lasted reviewed 8/24/11 
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Appendix E-1 

Longevity/Stability Study - Container Locations 

 

Spread of Residue Components within Container Locations 
OGSR Components in Federal Classic 9 mm Luger Ammunition 

Location 1-MNG NG 2, 4-DNT 3, 4-DNT DPA 

 

Container 1      

Bottom 

(2 hours) 

10.445±0.010 

 
46/76 = 52.1 

 

α  = 0.860 

10.816±0.002 

 
46/76 = 40.53 

α  = 0.890 

11.858±0.006 

 
165/63 =2.49 

63/89 =1.27 

α  = 0.976 

12.140±0.006 

 
185/63 =1.29 

63/89 = 1.24 

 
 α  = 1.000 

 

12.251±0.004 

 
169/168 = 1.64 

168/167 = 1.72 

 
α  = 1.009 

 

Top 

(3 hours) 

10.472±0.003 
 

46/76 = 49.2 

 
α  = 0.860 

10.851±0.008 
 

46/76 = 34.3 

α  = 0.891 

11.813±0.004 
 

165/63 =1.42 

63/89 =2.49 

α  = 0.970 

12.181±0.003 
 

185/63 =1.19 

63/89 = 1.83 
 

 α  = 1.000 

 

12.252±0.011 
 

169/168 = 1.29 

168/167 = 1.79 
 

α  = 1.006 

Rgt Side 

(4 hours) 

13.252±0.014 
 

120/148 = 1.27 

148/268 = 3.92 
 

α  = 1.088 

 

13.375±0.005 
 

149/223 = 32.8 

223/205 = 1.04 
 

α  = 1.098 

 

13.509±0.004 
 

214/167 = 1.31 

167/180 = 2.44 
 

α  = 1.109 

 

13.252±0.014 
 

120/148 = 1.27 

148/268 = 3.92 
 

α  = 1.088 

 

13.375±0.005 
 

149/223 = 32.8 

223/205 = 1.04 
 

α  = 1.098 

 

 EC DBP 2-NDPA 4-NDPA 

 

 

Bottom 

(2 hours 

13.225±0.006 
 

120/148 = 1.22 
148/268 = 4.30 

 

α  = 1.089 
 

13.359±0.002 
 

149/223 = 29.7 
223/205 = 1.12 

 

α  = 1.100 
 

13.507±0.007 
 

214/167 = 1.49 
167/180 = 2.28 

 

α  = 1.113 
 

  

Top 

(3 hours) 

13.252±0.014 

 

120/148 = 1.27 
148/268 = 3.92 

 

α  = 1.088 
 

13.375±0.005 

 

149/223 = 32.8 
223/205 = 1.04 

 

α  = 1.098 
 

13.509±0.004 

 

214/167 = 1.31 
167/180 = 2.44 

 

α  = 1.109 
 

  

Rgt Side 

(4 hours) 

13.231±0.010 

 

120/148 = 1.60 

148/268 = 3.97 

 
α  = 1.087 

 

13.364±0.009 

 

149/223 = 34.6 

223/205 = 1.08 

 
α  = 1.098 

 

13.504±0.008 

 

214/167 = 1.42 

167/180 = 2.78 

 
α  = 1.110 
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Longevity/Stability Study - Container Locations - Continued 

Location 1-MNG NG 2, 4-DNT 3, 4-DNT DPA 

 

Container 2      

Bottom 

(8 hours) 

10.468±0.018 

 
46/76 = 52.8 

 

α  = 0.860 

10.827±0.012 

 
46/76 = 38.3 

α  = 0.890 

11.743±0.004 

 
165/63 =1.37 

63/89 =2.44 

α  = 0.970 

12.172±0.009 

 
185/63 =1.26 

63/89 = 1.76 

 
 α  = 1.000 

 

12.260±0.003 

 
169/168 = 1.33 

168/167 = 1.83 

 
α  = 1.007 

 

Top 

(12 hours) 

10.486±0.059 
 

46/76 = 54.3 

 
α  = 0.863 

10.818±0.006 
 

46/76 = 45.2 

α  = 0.890 

11.866±0.002 
 

165/63 =2.02 

63/89 = 1.20 

α  = 0.976 

12.150±0.004 
 

185/63 =1.30 

63/89 = 1.20 
 

 α  = 1.000 

 

12.254±0.002 
 

169/168 = 1.58 

168/167 = 1.86 
 

α  = 1.008 

 

Rgt Side 

(24 hours) 

10.485±0.005 
 

46/76 = 54.8 

 
α  = 0.862 

10.824±0.003 
 

46/76 = 33.9 

α  = 0.890 

11.867±0.004 
 

165/63 =1.60 

63/89 = 1.38 

α  = 0.972 

12.162±0.003 
 

185/63 =1.15 

63/89 = 1.30 
 

 α  = 1.000 

 

12.248±0.017 
 

169/168 = 1.48 

168/167 = 1.85 
 

α  = 1.008 

 

 EC DBP 2-NDPA 4-NDPA 

 

 

Bottom 

(8 hours) 

13.242±0.014 
 

120/148 = 1.21 

148/268 = 2.97 
 

α  = 1.088 

 

13.371±0.002 
 

149/223 = 26.4 

223/205 = 1.24 
 

α  = 1.099 

 

13.517±0.003 
 

214/167 = 1.29 

167/180 = 2.58 
 

α  = 1.110 

 

14.618±0.003 

214/167=1.61 

167/184=2.25 
 

α  = 1.201 

 

Top 

(12 hours) 

13.227±0.004 

 

120/148 = 1.25 
148/268 = 4.30 

 

α  = 1.089 
 

13.365±0.004 

 

149/223 = 29.5 
223/205 = 1.09 

 

α  = 1.100 
 

13.533±0.013 

 

214/167 = 1.24 
167/180 = 2.65 

 

α  = 1.114 
 

  

Rgt Side 

(24 hours) 

13.238±0.013 

 
120/148 = 1.25 

148/268 = 4.30 

 
α  = 1.008 

 

13.365±0.004 

 
149/223 = 29.7 

223/205 = 1.53 

 
α  = 1.100 

 

13.525±0.013 

 
214/167 = 1.30 

167/180 = 2.80 

 
α  = 1.112 

 

14.630±0.016 

214/167=1.15 

167/184=2.35 

 
α  = 1.203 
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Longevity/Stability Study - Container Locations - Continued 

Locations 1-MNG NG 2, 4-DNT 3, 4-DNT DPA 

 

Container 3      

Bottom 

(48 hours) 

 10.816±0.008 

 
46/76 = 43.2 

α  = 0.890 

11.858±0.009 

 
165/63 = 1.84 

63/89 = 1.84 

α  = 0.975 

12.157±0.0 

 
185/63 =1.16 

63/89 = 1.49 

 
 α  = 1.000 

 

12.248±0.006 

 
169/168 = 1.58 

168/167 = 1.78 

 
α  = 1.008 

 

Top 

(168 hours) 

 10.811±0.006 
 

46/76 = 38.4 

α  = 0.890 

11.852±0.009 
 

165/63 = 1.74 

63/89 = 1.60 

α  = 0.972 

12.145±0.003 
 

185/63 =1.38 

63/89 = 1.23 
 

 α  = 1.000 

 

12.242±0.009 
 

169/168 = 1.49 

168/167 = 1.65 
 

α  = 1.008 

 

Rgt Side 

(336 hours) 

 10.810±0.004 
 

46/76 = 42.6 

α  = 0.890 

11.853±0.004 
 

165/63 = 2.08 

63/89 = 1380 

α  = 0.975 

12.151±0.004 
 

185/63 =1.15 

63/89 = 1.61 
 

 α  = 1.000 

 

12.244±0.009 
 

169/168 = 1.44 

168/167 = 1.62 
 

α  = 1.008 

 

 EC DBP 2-NDPA 4-NDPA 

 

 

Bottom 

(48 hours) 

13.223±0.005 
 

120/148 = 1.38 

148/268 =2.944 
 

α  = 1.088 

 

13.357±0.007 
 

149/223 = 31.0 

223/205 = 1.08 
 

α  = 1.100 

 

13.510±0.008 
 

214/167 = 1.39 

167/180 = 3.05 
 

α  = 1.111 

 

  

Top 

(168 hours) 

13.215±0.005 

 

120/148 = 1.19 
148/268 = 3.74 

 

α  = 1.088 
 

13.348±0.003 

 

149/223 = 32.6 
223/205 = 1.07 

 

α  = 1.100 
 

13.502±0.001 

 

214/167 = 1.16 
167/180 = 2.27 

 

α  = 1.112 
 

  

Rgt Side 

(336 hours) 

13.219±0.005 

 
120/148 = 1.26 

148/268 = 2.82 

 
α  = 1.088 

 

13.353±0.005 

 
149/223 = 33.8 

223/205 = 1.07 

 
α  = 1.100 

 

13.505±0.001 

 
214/167 = 1.09 

167/180 = 5.69 

 
α  = 1.111 
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Appendix E-2 

Longevity/Stability Data Cartridge Casings  

Location OGSR Components in Federal Classic 9 mm Luger Ammunition 

Container 1 1-MNG NG 2, 3-DNT 3, 4-DNT DPA 

 
CC #1 

(1 HOUR) 

 

10.470±0.013 

46/76 = 58.2 α  = 

0.864 

10.803±0.006 

 
46/76 = 46.0 

α  = 0.893 

11.847±0.015. 

 
165/63 =2.06 

63/89 = 1.51 

α  = 0.979 

12.098±0.007 

 
185/63 =1.15 

63/89 = 1.42 

 
 α  = 1.000 

 

12.247±0.011 

 
169/168 = 1.58 

168/167 = 1.84 

 
α  = 1.012 

CC #2 
(2 HOURS) 

 

10.504±0.004 

46/76 = 58.6 α  = 

0.865 

10.819±0.010 

 

46/76 = 46.3 

α  = 0.891 

11.864±0.007. 

 

165/63 =1.89 

63/89 = 1.13 

α  = 0.977 

12.144±0.007 

 

185/63 =1.17 

63/89 = 1.26 
 

 α  = 1.000 

 

12.254±0.008 

 

169/168 = 1.54 

168/167 = 1.83 
 

α  = 1.009 

CC #3 
(4 HOURS) 

 

10.477±0.010 

46/76 = 58.5 α  = 

0.861 

10.812±0.004 

 

46/76 = 47.3 

α  = 0.889 

11.863±0.012. 

 

165/63 =2.04 
63/89 = 1.41 

α  = 0.974 

12.175±0.011 

 

185/63 =1.08 
63/89 = 1.65 

 

 α  = 1.000 
 

12.226±0.002 

 

169/168 = 1.64 
168/167 = 1.90 

 

α  = 1.005 

 EC DBP 2-NDPA 4-NDPA 

 

 

CC #1 
(1 HOUR) 

 

13.218±0.015 

 

120/148 = 1.10 

148/268 = 4.30 

 

α  = 1.088 
 

13.355±0.003 

 

149/223 = 31.5 

223/205 = 1.73 

 

α  = 1.093 
 

13.502±0.004 

 

214/167 = 1.24 

167/180 = 3.27 

 

α  = 1.116 
 

  

CC #2 
(2 HOURS) 

 

13.223±0.004 

 
120/148 = 0.99 

148/268 = 2.85 

 
α  = 1.089 

 

13.358±0.008 

 
149/223 = 34.0 

223/205 = 1.10 

 
α  = 1.100 

 

13.504±0.003 

 
214/167 = 1.11 

167/180 = 2.28 

 
α  = 1.112 

 

  

CC #3 
(4 HOURS) 

 

13.224±0.009 

 
120/148 = 1.24 

148/268 = 3.82 

 
α  = 1.086 

 

13.362±0.003 

 
149/223 = 27.2 

223/205 = 0.96 

 
α  = 1.098 

 

13.508±0.014 

 
214/167 = 1.33 

167/180 = 2.63 

 
α  = 1.110 
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Longevity/Stability Data Cartridge Casings  - Continued  

Location 1-MNG NG 2, 3-DNT 3, 4-DNT DPA 

 

Container 

#2 

     

CC #1 
(6 HOUR2) 

 

 10.823±0.003 

 
46/76 = 43.1 

α  = 0.891 

11.864±0.003. 

 
165/63 =2.32 

63/89 = 1.10 

α  = 0.976 

12.156±0.002 

 
185/63 =1.21 

63/89 = 1.36 

 
 α  = 1.000 

 

12.251±0.006 

 
169/168 = 1.62 

168/167 = 1.90 

 
α  = 1.008 

 

CC #2 
(12 HOURS) 

 

 10.825±0.003 
 

46/76 = 37.5 

α  = 0.890 

11.868±0.001. 
 

165/63 =1.83 

63/89 = 1.33 

α  = 0.976 

12.159±0.002 
 

185/63 =1.22 

63/89 = 1.51 

 

 α  = 1.000 

 

12.253±0.002 
 

169/168 = 1.61 

168/167 = 1.83 

 

α  = 1.008 

 

CC #3 
(24 HOURS) 

 

 10.827±0.013 
 

46/76 = 49.0 

α  = 0.891 

11.869±0.015. 
 

165/63 =1.47 

63/89 = 1.46 

α  = 0.977 

12.152±0.005 
 

185/63 =1.47 

63/89 = 1.65 
 

 α  = 1.000 

 

12.255±0.013 
 

169/168 = 1.58 

168/167 = 1.77 
 

α  = 1.008 

 

      

 EC DBP 2-NDPA 4-NDPA  

CC #1 
(6 HOUR2) 

 

13.231±0.004 
 

120/148 = 1.17 

148/268 = 2.98 
 

α  = 1.088 
 

13.366±0.004 
 

149/223 = 27.3 

223/205 = 1.06 
 

α  = 1.100 
 

13.550±0.023 
 

214/167 = 1.24 

167/180 = 2.73 
 

α  = 1.115 
 

  

CC #2 
(12 HOURS) 

 

13.234±0.001 

 

120/148 = 1.26 
148/268 = 3.75 

 

α  = 1.088 
 

13.367±0.001 

 

149/223 = 28.0 
223/205 = 1.02 

 

α  = 1.099 
 

13.520±0.002 

 

214/167 = 1.25 
167/180 = 1.85 

 

α  = 1.112 
 

  

CC #3 
(24 HOURS) 

 

13.229±0.005 

 
120/148 = 1.24 

148/268 = 4.36 

 
α  = 1.088 

 

13.363±0.006 

 
149/223 = 29..6 

223/205 = 2.15 

 
α  = 1.100 

 

13.518±0.004 

 
214/167 = 1.13 

167/180 = 1.30 

 
α  = 1.112 
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Longevity/Stability Data Cartridge Casings  - Continued  

Location 1-MNG NG 2, 3-DNT 3, 4-DNT DPA 

 

Container 3      
CC #1 

(48 HOURS) 

 

 10.811±0.009 

 
46/76 = 37.1 

α  = 0.890 

11.856±0.004. 

 
165/63 =2.03 

63/89 = 1.43 

α  = 0.976 

12.147±0.001 

 
185/63 =1.12 

63/89 = 1.68 

 
 α  = 1.000 

 

12.241±0.003 

 
169/168 = 1.53 

168/167 = 1.74 

 
α  = 1.008 

 

CC #2 
(168 HOURS) 

 

 10.816±0.003 
 

46/76 = 41.6 

α  = 0.890 

11.846±0.022. 
 

165/63 =1.80 

63/89 = 1.12 

α  = 0.977 

12.148±0.011 
 

185/63 =1.26 

63/89 = 1.32 
 

 α  = 1.000 

 

12.247±0.003 
 

169/168 = 1.54 

168/167 = 1.61 
 

α  = 1.008 

 

CC #3 
(336 HOURS) 

 

 10.811±0.011 
 

46/76 = 41.9 

α  = 0.890 

11.861±0.002. 
 

165/63 =2.01 

63/89 = 0.97 

α  = 0.977 

12.144±0.011 
 

185/63 =1.16 

63/89 = 1.80 
 

 α  = 1.000 

 

12.241±0.014 
 

169/168 = 1.35 

168/167 = 1.46 
 

α  = 1.008 

 

 EC DBP 2-NDPA 4-NDPA  

CC #1 
(48 HOURS) 

 

13.219±0.005 
 

120/148 = 1.27 

148/268 = 4.77 
 

α  = 1.088 

 

13.353±0.005 
 

149/223 = 25.6 

223/205 = 1.03 
 

α  = 1.099 

 

13.508±0.003 
 

214/167 = 119 

167/180 = 1.81 
 

α  = 1.112 

 

  

CC #2 
(168 HOURS) 

 

13.224±0.006 

 

120/148 = 1.25 
148/268 = 5.27 

 

α  = 1.089 
 

13.364±0.020 

 

149/223 = 32.1 
223/205 = 1.04 

 

α  = 1.100 
 

13.507±0.001 

 

214/167 = 1.17 
167/180 =2.35 

 

α  = 1.112 
 

  

CC #3 
(336 HOURS) 

 

13.223±0.008 

 
120/148 = 1.67 

148/268 = 3.35 

 
α  = 1.089 

 

13.356±0.002 

 
149/223 = 33.1 

223/205 = 0.94 

 
α  = 1.100 

 

13.503±0.003 

 
214/167 = 1.24 

167/180 = 1.35 

 
α  = 1.112 
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Appendix E-3 

Analysis of Glove Residue versus Time 

Analysis of Glove Residue versus Time 

Location OGSR Components in Federal Classic 9 mm Luger Ammunition Detected 

 1-MNG NG 2, 4-DNT 3, 4-DNT DPA 

GSCD #1 

(15 min) 

 10.800±0.003 

 
46/76 = 49.2 

α  = 0.888 

 12.162±0.005 

 
185/63 =1.41 

63/89 = 1.36 

 
 α  = 1.000 

 

12.241±0.010 

 
169/168 = 1.68 

168/167 = 1.62 

 
α  = 1.006 

 

GSCD #2 

(30 min) 

 10.805±0.004 

 
46/76 = 46.5 

α  = 0.890 

 12.137±0.007 

 
185/63 =1.53 

63/89 = 1.41 

 
 α  = 1.000 

 

12.242±0.011 

 
169/168 = 1.56 

168/167 = 1.86 

 
α  = 1.009 

 

GSCD #3 

(1 hour) 

10.464±0.015 
 

46/76 = 49.2 

 
α  = 0.862 

10.804±0.007 
 

46/76 = 39.0 

α  = 0.890 

 12.136±0.010 
 

185/63 =1.61 

63/89 = 1.52 
 

 α  = 1.000 

 

12.241±0.013 
 

169/168 = 1.59 

168/167 = 1.86 
 

α  = 1.009 

 

 EC DBP 2-NDPA 4-NDPA  

GSCD #1 

(15 min) 

13.215±0.006 
 

120/148 = 1.15 

148/268 = 3.62 
 

α  = 1.087 

 

13.348±0.012 
 

149/223 = 32.3 

223/205 = 1.02 
 

α  = 1.098 

 

   

GSCD #2 

(30 min) 

13.238±0.004 

 

120/148 = 0.98 
148/268 = 4.10 

 

α  = 1.091 
 

13.353±0.006 

 

149/223 = 28.8 
223/205 = 1.12 

 

α  = 1.100 
 

   

GSCD #3 

(1 hour) 

13.226±0.006 

 

120/148 = 1.20 
148/268 = 3.68 

 

α  = 1.090 
 

13.347±0.008 

 

149/223 = 29.9 
223/205 = 1.18 

 

α  = 1.100 
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Analysis of Glove Residue versus Time - Continued  

Location 1-MNG NG 2, 4-DNT 3, 4-DNT DPA 

Container 

1 

     

Container 

#1 

(2 hours)* 

(Worn by 

Shooter) 

 

 

 

Too much 

background 

 

10.824±0.004 

 
46/76 = 40.5 

α  = 0.891 

11.861±0.006 

 
165/63 =2.49 

63/89 =1.27 

α  = 0.976 

12.149±0.008 

 
185/63 =1.29 

63/89 = 1.24 

 
 α  = 1.000 

 

12.259±0.014 

 
169/168 = 1.64 

168/167 = 1.72 

 
α  = 1.009 

 

Container 

#1 

(8 hours) 

(Bottom) 

10.445±0.010 
 

46/76 = 52.1 

 
α  = 0.860 

10.816±0.002 
 

46/76 = 40.5 

α  = 0.890 

11.858±0.006 
 

165/63 =2.49 

63/89 =1.27 

α  = 0.976 

12.140±0.006 
 

185/63 =1.29 

63/89 = 1.24 
 

α  = 1.000 

 

12.251±0.004 
 

169/168 = 1.64 

168/167 = 1.72 
 

α  = 1.009 

 

 EC DBP 2-NDPA 4-NDPA 

 

 

Container 

#1 

(2 hours)* 

(Worn by 

Shooter) 

 

13.231±0.004 
 

120/148 = 1.22 

148/268 = 4.30 
 

α  = 1.089 

 

13.363±0.002 
 

149/223 = 29.7 

223/205 = 1.12 
 

α  = 1.100 

 

13.511±0.007 
 

214/167 = 1.49 

167/180 = 2.28 
 

α  = 1.112 

 

  

Container 

#1 

(8 hours) 

(Bottom) 

13.225±0.006 

 

120/148 = 1.22 

148/268 = 4.30 

 
α  = 1.089 

 

13.359±0.002 

 

149/223 = 29.7 

223/205 = 1.12 

 
α  = 1.100 

 

13.507±0.007 

 

214/167 = 1.49 

167/180 = 2.28 

 
α  = 1.113 

 

  

 1-MNG NG 2, 4-DNT 3, 4-DNT DPA 

Container 

#2 

(4 hours)* 

(Worn by 

Shooter) 

 

10.489±0.008 

 
46/76 = 47.1 

 

α  = 0.862 

10.829±0.005 

 
46/76 = 39.8 

α  = 0.890 

11.865±0.008 

 
165/63 =1.57 

63/89 = 2.64 

α  = 0.975 

12.166±0.004 

 
185/63 =1.01 

63/89 = 1.85 

 
 α  = 1.000 

 

12.256±0.003 

 
169/168 = 1.55 

168/167 = 1.76 

 
α  = 1.007 

 

Container 

#2 

(12 hours) 

(Bottom) 

10.475±0.004 
 

46/76 = 58.3 

 
α  = 0.862 

10.813±0.009 
 

46/76 = 45.7 

α  = 0.889 

11.862±0.001 
 

165/63 =2.08 

63/89 = 1.43 

α  = 0.97 

12.157±0.024 
 

185/63 =1.14 

63/89 = 1.55 
 

 α  = 1.000 

 

12.234±0.016 
 

169/168 = 1.59 

168/167 = 1.86 
 

α  = 1.006 
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Analysis of Glove Residue versus Time - Continued  

 EC DBP 2-NDPA 4-NDPA 

 

 

Container 

#2 

(4 hours)* 

(Worn by 

Shooter) 

 

13.233±0.002 

 
120/148 = 1.29 

148/268 = 5.78 

 
α  = 1.088 

 

13.367±0.003 

 
149/223 = 37.7 

223/205 = 1.03 

 
α  = 1.099 

 

   

Container 

#2 

(12 hours) 

(Bottom) 

13.227±0.002 

 

120/148 = 1.20 
148/268 = 5.34 

 

α  = 1.088 
 

13.357±0.018 

 

149/223 = 29.4 
223/205 = 1.07 

 

α  = 1.010 
 

13.510±0.003 

 

214/167 = 1.31 
167/180 =2.70 

 

α  = 1.111 
 

  

Location 1-MNG NG 2, 4-DNT 3, 4-DNT DPA 

Container 

#3 (24 

hours) 

(Shooter) 

10.402±0.007 

 

46/76 = 51.7 
 

α  = 0.857 

10.827±0.010 

 

46/76 = 39.8 

α  = 0.890 

11.856±0.008 

 

165/63 =1.83 
63/89 =1.96 

α  = 0.976 

12.153±0.016 

 

185/63 =1.04 
63/89 = 1.72 

 

 α  = 1.000 
 

12.253±0.009 

 

169/168 = 1.56 
168/167 = 1.81 

 

α  = 1.008 
 

Container 

#3 

(48 hours) 

(Bottom) 

10.403±0.005 

 

46/76 = 49.9 
 

α  = 0.856 

10.829±0.007 

 

46/76 = 38.1 

α  = 0.891 

11.872±0.016 

 

165/63 =1.46 
63/89 =2.03 

α  = 0.976 

12.158±0.006 

 

185/63 =0.98 
63/89 = 1.94 

 

 α  = 1.000 
 

12.253±0.006 

 

169/168 = 1.61 
168/167 = 1.71 

 

α  = 1.009 
 

 EC DBP 2-NDPA 4-NDPA 

 

 

Container 

#3 (24 

hours) 

(Shooter) 

13.234±0.009 

 
120/148 = 2.08 

148/268 = 4.70 

 
α  = 1.089 

 

13.367±0.015 

 
149/223 = 33.1 

223/205 = 1.05 

 
α  = 1.100 

 

   

Container 

#3 

(48 hours) 

(Bottom) 

13.230±0.003 

 
120/148 = 1.33 

148/268 = 468 

 
α  = 1.088 

 

13.366±0.005 

 
149/223 = 32.0 

223/205 = 1.03 

 
α  = 1.099 
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