Analysis of Fireworks for Particles of the Type Found in Primer Residue (GSR)

 Since 1977 and the "Aerospace Final Report on Particle Analysis for Gunshot Residue Detection," forensic scientists have called particles containing lead, barium, and antimony unique to primer residue. In September 1998, an article was published in the Canadian Society of Forensic Science Journal by Mosher, McVicar, et al., entitled "Gunshot Residue-Similar Particles Produced by Fireworks."  This study found non-spheroidal Pb,Ba,Sb particles in devices labeled “crackering balls.” These findings prompted further study in the analysis of over-the-counter fireworks for particles of the type found in primer residue (GSR). 

The Midwestern Association of Forensic Sciences provided a grant to analyze several fireworks for the presence of particles similar to those found in primer residue.  For this study, 148 different fireworks were purchased in Ohio and Tennessee. Many of the Ohio fireworks were donated by the Rossi family fireworks company.  An attempt was made to purchase a wide variety of firework types that are commonly used.  In addition, particular effort was given to obtaining items labeled “crackles” or “crackering” because this effect could be generated by the presence of lead oxides. 

There are many uses of lead, barium, and antimony in pyrotechnics, however, combinations of the three elements are not common.  The WIZards Pyrotechnic Formulary contains over 2400 pyrotechnic formulations (besides some primer formulations).  Only 49 of the more than 2400   contain Ba,Sb, 14 contain Pb,Ba, and only 3 contain Pb,Sb.  Lead chromate is used as an oxidizer, in delays, and to give a crackling effect.  Barium nitrate and barium chlorate are commonly used to produce green flames, as well as being used as oxidizers.  Antimony trisulfide is used as a fuel, as a source for white flame, and occasionally in flash and sound devices.

A sample of each firework was cut open, and the separated unburned ingredients were each examined by scanning electron microscopy energy dispersive x-ray spectrometry (SEM/EDX). This was done with the belief that if lead, barium, or antimony were not in the original ingredients they wouldn’t be in the burned residues.  Most of the unburned samples were analyzed by Dennis Ward of the Federal Bureau of Investigation Laboratory.  Most of the elements identified in the bulk powders from the unburned samples were found in the burned residues as well.  There were a few cases, however, where lead, barium, or antimony showed up in burned residues and not in the unburned ingredients.  One possible explanation for this might be an ashing effect.  Because most organics are burned away, inorganic elements would remain.    
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   It may be of interest to note that only seventeen of the unburned ingredients had two of the three elements (Pb,Ba,Sb) contained in the powders.  And all but fifteen had magnesium somewhere in the mixture.  See the index at the end of the article. 

In addition, a sample of each firework was set off, and burned residue from each was examined by SEM/EDX. In each case an attempt was made to obtain any residue that a person could possibly get on their hands when igniting the firework or when picking up its remains.  In a few cases, as in sparklers, the adhesive lifter was held close to the device as it went off.  In almost all cases, the lifter was pressed to the outer surface of the spent device and to residue from the device that was dumped onto a clean white sheet of paper.

    Each sample was analyzed at the Hamilton County Coroner’s Laboratory with a Zeiss DSM 960A and Oxford EDX system.  An automated GSR run was performed first at 300X, followed by some manual observations in SE and BSE with a working distance of 15mm.  The samples were then analyzed a second time by John Giacalone at the West Virginia State Police Laboratory with a Camscan Series II and/or Tracor Northern 5500 instrument with a working distance of 31mm and magnification of 400X.  


A total of 148 samples were tested.  Several different types of fireworks were tested to include a wide range of devices and to determine if any conclusions could be made about certain types being more or less likely to have GSR-like particles in their residue.  The category types and elements found are listed in Table 1.

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	



The manual search of each lifter was performed to get an overall feel for the type of particles in the residue and to specifically look for particles with a spheroidal shape like those so often found in primer residue.  Sixty-eight of the 148 samples had particles in the 1um to 5um size range with a spheroid shape.  At the end of this article you will find an index with the name of the devices tested, their type, the elements lead (Pb), barium (Ba), and antimony (Sb) found in each before burning and in their residues after igniting, and in which residues morphological GSR-like particles were found.  Please note that this index only lists Pb,Ba,Sb, and Mg, but is not a comprehensive list of all of the various types of elements found in the residue particles.  A comprehensive list of all of the particles and their elements found in firework residues is compiled on a CD-ROM mentioned at the end of this article.  

	Quantity
	Type of Firework Device
	  Number in which characteristic 

             GSR were found

	19
	Fountains
	4
	Pb,Ba

	18
	Multiple shots
	3
	2-Pb,Ba   or 1-Pb,Sb

	18
	Bottle rockets
	3
	Pb,Sb   

	13
	Ground animals
	0
	

	12
	Ground spinners
	2
	1-Pb,Ba   or 1-Pb,Sb

	10
	Flying spinners
	0
	

	10 
	Firecrackers
	0
	

	7
	Mortars
	0
	

	7
	Roman candles
	0
	

	6
	Wheels
	1
	Pb,Sb

	5
	Missile rockets
	1
	Pb,Sb

	5
	Smokes
	0
	

	3
	Crackering balls
	3
	Pb,Ba

	3
	Sparklers
	0
	

	3
	Snaps or poppers
	0
	

	2
	Strobes
	1
	Pb,Ba

	1
	Snake
	0
	

	1
	Parachute
	0
	

	1
	Igniter
	0
	


TABLE  1.  Categorized firework devices and number of characteristic GSR particles found.

At least one of the three elements were contained in 117 of the residues.  It was no surprise that barium (Ba) was found to be very common in firework devices. It occurred in 105 residues. Lead (Pb) was found in 46 pyrotechnic residues.  Antimony (Sb), however, was only found in nine of the residues.  Other common elements found in pyrotechnic burned residue particles were potassium (K-almost always found), chlorine (Cl), sulfur (S), silicon (Si), magnesium (Mg),  or aluminum (Al). Quite often calcium (Ca), copper (Cu), or iron (Fe) were found.  And occasionally titanium (Ti), strontium (Sr), or zinc (Zn) were found.  


Twenty-nine of the 148 residues were found to contain particles in which two of the three elements (Pb,Ba,Sb) were present.  Eleven of those 29 would not be confused with characteristic GSR particles on the basis of morphology or the presence of magnalium.  Magnalium is a 50/50 mixture of Al3Mg2 and Al2Mg3.  It is used because it is more stable than magnesium and produces attractive white sparks, a crackling effect similar to SbS3, and a branching spark effect when used with a black powder.  According to the Aerospace Report the presence of magnesium in a particle eliminates it as being from primer residue.  Therefore, out of 148 firework devices 18 were found to have particles containing Pb,Ba or Pb,Sb that were consistent in morphology with characteristic primer residue particles.  None were found to have all three elements in one particle as is necessary to be considered unique to primer residue particles.


While, at the present time, the league of forensic primer residue examiners have not discovered a small spheroid particle containing Pb, Ba, and Sb in anything other than primer residue, we are getting dangerously close.  It is not out of the realm of possibility that in the near future someone will find such a particle in residue from a pyrotechnic device or brake pads.  At that time we will not be able to use the word unique when referring to such particles coming from primer residue.  However, studies like this and others, while trying to disprove the uniqueness of such particles are actually strengthening our confidence in the rarity of such particles to sources other than primer residue.    


For the past two years the Hamilton County Coroner’s Laboratory has had the submitting police agencies use a Tri-Tech GSR kit with the following questions on the information form:  “Has subject recently exploded or touched any used firework device:                                     
yes      no    If yes, what specific type was touched?”  To date, 221 kits have been submitted in which these questions were answered.  It is interesting to note that  200 times (90%) the subject answered “No.”   When the subject answered “yes” the specific type given was usually a generic answer, like M-80’s, firecrackers, or bottle rockets.  Of those 21 cases eight of the SEM/EDX results on the lifters were negative, but most of the positive samples were obvious primer residue with several Pb,Ba,Sb small spheroid particles.


A CD-ROM was compiled with all of the data in this project.  The data is arranged in PowerPoint slides.  Each slide contains a picture of the device, the name and type of device, the pyrotechnic effect, the inorganic contents of each unburned substrate in the device, a micrograph of a particle found in the residue, an EDX spectrum of a particle found in the residue, what was found on a normal run for GSR on the residue, the morphology of particles found, and finally, the elements identified within particles found in the burned residue of the device.


The Midwestern Association of Forensic Sciences paid for the distribution of over 100 of these CD’s to colleagues all over the world.  If you have not received a CD and would like to obtain one, please send $5.00 to:
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Cincinnati, Ohio  45219
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	Name of Device
	TYPE
	Elements Found Unburned
	Elements Found Burned Residue
	GSR  Morphology

	001 
	Whistling Moon Travelers 
	Bottle Rocket
	Ba           Mg
	Pb, Sb
	Yes

	002 
	Premium Moon Travelers 
	Bottle Rocket
	Pb Sb       Mg
	Pb, Sb
	Yes

	003 
	Hellzacracking 
	Crackering Ball
	Pb           Mg
	Pb, Ba
	Yes

	004 
	Crackering Ball
	Crackering Ball
	Pb Ba       Mg
	Pb, Ba
	Yes

	005 
	Sidney 2000
	10 Shot
	Pb Ba       Mg
	Pb
	

	006 
	Cuckoo 
	Fountain
	Ba           Mg
	Pb,Ba,   Mg,Al
	Yes

	007 
	Birds of Triumkh Fountain 
	Ground Fountain
	
	
	

	008 
	Plane Drops Parachute 
	Flying Spinner
	Ba           Mg
	Ba
	Yes

	009 
	Bomber 
	Flying Spinner
	Ba           Mg
	Pb   or   Ba
	

	010 
	Golden Fish 
	Ground Animal
	Ba           Mg
	Ba
	Yes

	011 
	Shogun Cone Fountain Silver 
	Fountain
	Ba           Mg
	Pb   or   Ba
	

	012 
	Shogun Cone Fountain Crackling 
	Fountain
	Pb           Mg
	Ba
	

	013 
	Multi-Color Shogun Fountain 
	Fountain
	Ba           Mg
	Pb
	

	014 
	Vulcan Wild Fire Fountain 
	Fountain
	Ba           Mg
	Pb,Ba,   Mg,Al
	Yes

	015 
	Krakatoa 
	Fountain
	
	Pb, Ba
	Yes

	016 
	Brothers Fine Champagne Fountain 
	Fountain
	               Mg
	Pb   or   Ba
	Yes

	017 
	Spring Of Youth Fountain 
	Fountain
	Pb Ba       Mg
	Pb, Ba
	Yes

	018 
	TriangleWhistling Flower Firework 
	Fountain
	Ba
	Ba
	

	019 
	Dragon Rocket 
	Bottle Rocket
	Ba           Mg
	
	

	020 
	Thunder Rocket 
	Bottle Rocket
	Ba           Mg
	
	

	021 
	Air Manderine Rocket 
	Bottle Rocket
	               Mg
	Pb   or   Ba
	

	022 
	Silvery River Rocket 
	Bottle Rocket
	Ba           Mg
	Ba
	

	023
	Meteorite Rain
	Bottle Rocket
	Ba           Mg
	
	

	024
	Fluttering Butterflies
	Bottle Rocket
	Ba           Mg
	Ba
	

	025
	Twilight Glitter
	Bottle Rocket
	Ba           Mg
	
	

	026
	Cosmic Rain
	Bottle Rocket
	               Mg
	
	

	027
	White Strobe
	Bottle Rocket
	Ba           Mg
	Pb, Ba
	

	028
	Yellow Bees
	Bottle Rocket
	               Mg
	Pb   or   Ba
	

	029
	White Bees
	Bottle Rocket
	Ba           Mg
	Ba
	

	030
	Red Bees
	Bottle Rocket
	               Mg
	
	

	031
	Green Bees
	Bottle Rocket
	Ba           Mg
	Pb   or   Ba
	

	032
	Silver Whistling Candle 8 Shot
	Roman Candle
	Ba           Mg
	Ba
	

	033
	Vulcan National Salute 5 Ball
	Roman Candle
	Pb Ba       Mg
	Pb   or   Ba
	Yes

	034
	Vulcan Smart Candle 5 Balls
	Roman Candle
	Ba           Mg
	
	Yes

	035
	10 Guns Liling Salute
	Roman Candle
	               Mg
	Ba
	Yes

	036
	Colored Shots
	Roman Candle
	Pb Ba       Mg
	Pb, Ba
	

	037
	10 Balls Liu Yang Candle
	Roman Candle
	Ba           Mg
	Ba
	

	038
	No. 200 Crackling de Light
	Mortar
	Pb Ba       Mg
	
	Yes

	039
	Howling Tiger 25 Shot
	25 Shot
	Ba           Mg
	Ba
	Yes

	040
	Spaced Crusader 20 Shot
	20 Shot
	Pb Ba       Mg
	
	Yes

	041
	Maucau 1999 25 Shot
	25 Shot
	Pb Ba       Mg
	Ba
	

	042
	Battle of New Orleans
	25 Shot
	Ba           Mg
	Pb, Ba
	Yes

	043
	Twitter Glitter
	Multiple Shots
	Ba           Mg
	Pb   or   Ba
	Yes

	044
	War Game 25 Shot
	25 Shot
	Ba           Mg
	Ba
	Yes

	045
	Mini Red Mountain
	Multiple Shots
	Ba           Mg
	Pb   or   Ba
	

	046
	Marti Gras Parade 25 Shot
	25 Shot
	               Mg
	Ba
	Yes

	047
	Gold Beach 37 Shot
	37 Shot
	               Mg
	Pb, Ba
	Yes

	048
	Saturn Missiles Battery 100 Shots
	Missile Shots
	
	
	

	049
	Garden in Spring
	Fountain & shots
	Ba           Mg
	Ba
	

	050
	Explosion in Blue
	25 Shot
	Pb Ba       Mg
	
	

	051
	Cajun Pageant 25 Shot
	25 Shot
	Ba           Mg
	
	

	052
	Sidney Bridge
	25 Shot
	Pb Ba       Mg
	Pb   or   Ba
	

	053
	Wheel of Fortune
	Wheel
	Ba           Mg
	
	

	054
	Wheel of Vegas
	Wheel
	Ba           Mg
	
	

	055
	Wheel of Luck
	Wheel
	No test
	Ba
	

	056
	Colourful Wheel
	Wheel
	No test
	Pb, Sb
	Yes

	057
	Davey Fire Electric Igniter
	Igniter
	Pb           Mg
	Pb
	Yes

	058
	Gold Sparklers
	Sparklers
	Ba
	Ba
	Yes

	059
	Cobra Black Snake
	Snake
	Ba
	Ba
	

	060
	Pop Pop Snappers
	Snaps
	
	
	Yes

	061
	Twisting Tornado
	Ground Spinner
	               Mg
	
	

	062
	The Mighty Dragon
	Ground Animal
	               Mg
	Ba
	

	063
	Europa I Missile
	Rocket
	Pb Ba       Mg
	Pb, Sb
	Yes

	064
	Black Arrow Missile
	Rocket
	No test
	Pb,Sb    Mg,Al
	Yes

	065
	Shogun Super Charged Firecracker
	Firecracker
	
	
	

	066
	Silver Slug Cracker
	Firecracker
	Pb Ba       Mg
	Pb,Ba    Mg,Al
	Yes

	067
	Center Fire Cracker
	Firecracker
	               Mg
	Ba
	

	068
	Black Cat Firecracker
	Firecracker
	               Mg
	Ba
	Yes

	069
	Thunder Bomb
	Firecracker
	
	Ba
	Yes

	070
	Jumping Jack Firecracker
	Small Firecracker
	Ba           Mg
	Ba
	

	071
	Texas Rider
	Ground Animal
	               Mg
	Pb   or   Ba
	

	072
	Tank With Report
	Ground Device
	               Mg
	Ba
	Yes

	073
	Shogun Ground Spinning Flower
	Ground Spinner
	Ba           Mg
	Ba
	Yes

	074
	Phantom Cracklin’ Bloom
	Ground Spinner
	Pb Ba       Mg
	Pb,Ba    Mg,Al
	Yes

	075
	Starball Contibution
	Ground Spinner
	Ba           Mg
	Ba
	

	076
	Magic Ball Fireworks
	Ground Spinner
	Ba Sb       Mg
	Ba   or   Sb
	

	077
	Phantom Turbo Props
	Ground Spinner
	Ba           Mg
	Pb, Ba    Mg
	Yes

	078
	King Crab
	Ground Spinner
	               Mg
	Pb, Ba
	Yes

	079
	Golden Goose
	Ground Spinner
	               Mg
	Ba
	

	080
	Turtle
	Ground Animal
	Ba           Mg
	Ba
	

	081
	Monkey Drive
	Ground Animal
	Ba           Mg
	Ba
	

	082
	Hen Laying Egg
	Ground Animal
	               Mg
	Ba
	

	083
	Fire Dragon
	Ground Animal
	Ba           Mg
	Ba
	Yes

	084
	Signal Flare
	Strobe
	Ba           Mg
	Ba
	Yes

	085
	Rhinoceros
	Ground Animal
	               Mg
	Pb, Ba    Mg,Al
	Yes

	086
	Rooster
	Ground Animal
	Ba           Mg
	Ba
	Yes

	087
	Tiger Head Red Meteor Rocket
	Bottle Rocket
	Ba           Mg
	Ba
	Yes

	088
	Screaming Dragon Rocket
	Bottle Rocket
	Pb Ba       Mg
	Pb, Ba
	

	089
	Texas Pop Rocket
	Bottle Rocket
	               Mg
	Ba
	

	090
	Yellow Rose Texas Rocket
	Bottle Rocket
	Pb Sb       Mg
	Pb, Sb
	Yes

	091
	Peacock Classicx Rocket
	Bottle Rocket
	Ba           Mg
	Ba
	

	092
	Crackling Cactus
	Crackering Ball
	Ba           Mg
	Pb, Ba
	Yes

	093
	Cracklin’ Strobe Light
	Strobe
	Ba           Mg
	Pb, Ba
	Yes

	094
	Pro Magnum Silver to Crackle.et al
	Mortar
	Ba           Mg
	Ba
	

	095
	Dragon Spits Fire Fountain
	Ground Animal
	Ba           Mg
	Ba
	Yes

	096
	Plum Flowers Report Spring
	Fountain
	Ba           Mg
	Pb   or   Ba
	Yes

	097
	UFO
	Ground Spinner
	Ba           Mg
	Ba
	Yes

	098
	2 Cool Fountain
	Fountain
	Ba           Mg
	Pb, Ba
	Yes

	099
	Four Performances
	Fountain
	Ba           Mg
	Ba
	

	100
	Sound of City Fountain
	Fountain
	Ba           Mg
	Pb, Ba
	Yes

	101
	Silvery Water Fountain
	Fountain
	Ba           Mg
	Ba
	

	102
	4” Conic Fountain
	Fountain
	Ba           Mg
	Ba
	

	103
	Double Parachute Night
	Roman Candle
	Ba           Mg
	Ba
	Yes

	104
	Jump Shot
	Shots
	Pb           Mg
	Pb, Sb
	Yes

	105
	Bad Bombs
	Mortar
	Pb           Mg
	Ba
	

	106
	Ole Time Shoot Out
	Shots
	               Mg
	Ba
	

	107
	Happy
	16 Small Shots
	Ba           Mg
	Ba
	

	108
	Silver Chrysanthemum
	Mortar
	No test
	
	

	109
	Kalidescope
	8 Shots
	Ba           Mg
	Pb   or   Ba
	Yes

	110
	Parachute
	Parachute
	Ba           Mg
	Ba
	Yes

	111
	Wailing Wheel
	Wheel
	               Mg
	Ba
	

	112
	Jumping Wheel
	Wheel
	               Mg
	Ba
	Yes

	113
	Rainbow Wheel
	Wheel
	               Mg
	Ba
	Yes

	114
	Spinning Wheel
	Wheel
	               Mg
	Ba
	

	115
	Champaign Party Popper
	Popper
	
	
	

	116
	Magnum Pistol Popper
	Popper
	
	Ba
	

	117
	Mad Dog Firecracker
	Firecracker
	               Mg
	
	

	118
	Lady Cracker
	Firecracker
	               Mg
	Ba
	

	119
	Cat Copter
	Flying Spinner
	               Mg
	Ba
	

	120
	Plane Flying At Night
	Flying Spinner
	Ba           Mg
	Ba
	

	121
	Space Flyer
	Flying spinner
	Ba           Mg
	
	Yes

	122
	Space Banger
	Flying Spinner
	               Mg
	Ba
	

	123
	Outer Space Craft
	Flying Spinner
	Ba           Mg
	Ba
	

	124
	Twisting Tornado
	Flying Spinner
	Ba           Mg
	Ba
	

	125
	Bootleg Bomber
	Firecracker
	               Mg
	
	

	126
	Morning Glory Sparklers
	Sparklers
	Ba           Mg
	Ba
	Yes

	127
	Black Cat Sparklers-Black Gold
	Sparklers
	Ba           
	Ba
	Yes

	128
	Blockbuster Firecrackers
	Firecrackers
	               Mg
	
	

	129
	Cracklin’ Ground Bloom
	Ground Spinner
	Ba           Mg
	Pb,Ba    Mg,Al
	Yes

	130
	Tasmanian Devils
	Ground spinner
	Ba           Mg
	Ba
	

	131
	Buzz Bombs
	Flying Spinner
	
	
	Yes

	132
	Camellia Flower
	Ground Spinner
	               Mg
	
	

	133
	Lotus Firework
	Ground Spinner
	Ba           Mg
	Ba
	

	134
	Whistling Chaser
	Ground Spinner
	               Mg
	Pb, Sb
	Yes

	135
	Whistling Gemini Missile
	Missile
	               Mg
	Ba
	Yes

	136
	Whistling Jupiter Missile
	Missile
	
	
	

	137
	Mammoth Smoke
	Smoke
	Ba
	Ba
	Yes

	138
	Showtime Mini Smoke
	Smoke
	Ba
	Ba
	

	139
	“The Half Stick” Smoking Cracker
	Smoke
	               Mg
	
	

	140
	Blockbuster Smoke Balls
	Smoke
	               Mg
	Ba
	

	141
	Smoke Grenade
	Smoke
	               Mg
	Ba
	

	142
	Nutty Monkey Fountain
	Fountain
	Ba           Mg
	Ba
	Yes

	143
	ProMagnumDragonEggsWith Report
	Mortar
	               Mg
	
	

	144
	Artificial Satellite
	Flying Spinner
	               Mg
	Ba
	

	145
	X Wing 8 Missile
	Missile
	Pb           Mg
	Ba
	Yes

	146
	Four Color 1” Fountain
	Fountain
	Pb           Mg
	Pb
	Yes

	147
	Rozzi 4” mortar
	Mortar
	No test
	
	Yes

	148
	Rozzi 6” Mortar
	Mortar
	No test
	
	Yes

	
	
	
	
	117  = 1 or more
	

	
	
	
	
	29  = 2 Pb,Ba or Sb
	68

	
	
	
	
	18 = like GSR char
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