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ABSTRACT: A method for estimation of the time since discharge
of spent cartridges is presented. This method is based on SPME
(Solid Phase Microextraction) sampling from the atmosphereinside
cartridges. Either naphthalene or an unidentified compound desig-
nated as the TEA2-compound were detected in most of the car-
tridges. These combustion products are the same as those measured
in firearm barrels, but in cartridges the detected amounts are lower.
The estimation of time since dischargeis based on the rate of escape
of the volatile combustion compounds from the cartridge as a func-
tion of time. Three categories of cartridges were studied sepa-
rately—shotgun shells, cartridges from sporting rifles, and car-
tridges from pistols/revolvers. For shotgun shells the decay of the
naphthalene peak is measured. At room temperature, naphthaeneis
detectable in shotgun cartridges for 2-3 weeks after the discharge.
In cartridges from sporting rifles, only the TEA2-peak is detectable
and observable for about 2 weeks after the discharge. The technique
presented failed to detect any combustion product in pistol/revolver
cartridges, with the exception of longer cartridges, such as Magnum
and in small caliber cartridges (caiber .22) where the TEA2-peak
was observed for several days after the discharge. Nitroglycerin
(NG) was detectablein cartridges from some manufacturers, but the
reproducibility of its detection was rather poor. Moreover the decay
of NG was too slow at temperatures below room temperature. The
repetitive SPME sampling did not disturb the system. Attempts to
prevent the volatile compound from escaping from cartridges was
unsuccessful. Some experiments were performed with cartridges
stored outdoors, exposed to wind, rain, and snow.
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Estimation of the time elapsed since afirearm or a cartridge was
fired is an important aspect of firearm investigations. A frequently
occurring task isto decide if afirearm was fired recently or along
time ago. Also when spent cartridges are found at the scene of a
crime, it is desirable to know when these were fired.

Several gas-escape methods have been proposed to estimate
time sincethelatest discharge of afirearm (1-4). One of these stud-
ies deals with quantitative analysis of nitrogen oxides escaping
from fired shotgun shells (2).

Recently, Solid Phase Microextraction (SPME) was employed
for detection and quantitative analysis of various combustion prod-
uctsformed in shotgun barrels (5). Thisrather new extraction tech-
nique was found useful and particularly suited for headspace sam-
pling from narrow spaces like weapon barrels. The disturbance to
the system is minimal, because the adsorption process is passive.
Repetitive samplings are easy to perform and the precision of a
quantitative analysisis good.
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In this study, the SPME technique was used to detect similar
combustion products deposited infired cartridges. Varioustypes of
cartridges, including cartridges from shotguns, sporting rifles, pis-
tolsand revolvers, wereinvestigated. The escape of the combustion
products from cartridges with time after shooting was monitored.

Materials and M ethods
Solid Phase Microextraction

Fused silica fibers with a 85 wm polyacrylate coating were pur-
chased from Supelco and used in all the experiments. The condi-
tioning, desorption temperature and time were the same as in our
previous study (5).

Sampling from Cartridges

The cartridge was placed horizontally and fitted with a suitable
cork in the open end. The needle of the SPME holder was pushed
through the cork. The coated fiber on the top of the SPME needle
was exposed to the atmosphere inside the cartridge for 20 min.
The sampling was performed at room temperature. The fiber posi-
tion inside the same type of cartridge was kept constant at about in
the middle of the space available. This procedure was applied for
cartridges longer than about 2.5 cm. The lengths of shorter car-
tridges were extended with suitable adapters (plastic tubing) to pre-
vent breaking of the SPME fiber inside the cartridge. Figure 1 il-
lustrates the method of SPME sampling from three different
cartridges.

Gas Chromatographic Analyses

Two GC systems were used for quantitative analysis of com-
pounds adsorbed by headspace SPME from inside the cartridges:
the GC-TEA system and the GC-FID (or MS) system as described
in the previous study (5). To improve the detection of the TEA2-
peak (5), the temperature program used for the GC-TEA system
was dlightly modified. The starting temperature was changed from
60°C to 35°C, otherwise both of the temperature program and all
the other settings were the same.

Results and Discussion

Generally, the compounds detected in shotgun barrels (5) are
also detected inside spent cartridges. In addition to the TEA2-peak
(the GC-TEA system) and the naphthalene peak (representing
compounds detected with the GC-FID system) nitroglycerin (NG)
was also observed in some ammunitions (the GC-TEA system).
However, the amount of combustion products inside the fired car-
tridges was considerably lower compared with that observed in
shotgun barrels (5). The escape rates for these compounds from
cartridges were higher compared with those from the barrels of the
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FIG. 1—SPME sampling froma shotgun shell, froma sporting rifle car-
tridgeand froma pistol cartridge. The pistol cartridge wastoo short for di-
rect insertion of the SPME fiber and was therefore prolonged with a plas-
tic tubing. The sampling time was 20 min in all experiments.

firearms they were fired. This is not surprising because weapon
barrels are much longer compared with cartridges and the opening
area for diffusion out from the inner space is about the same. The
modification of the temperature program in the GC-TEA system
resulted in a better separation of the TEA2-peak from the TEA1-
peak. The retention time for the TEA2-peak was between 3 to 4
min depending on the amount present. The peak was, however, still
very broad showing a considerable tailing.

The major difference in the estimation of the time since dis-
charge of firearms and spent cartridge, respectively, isthe fact that

the manufacturer of the latter is known. If the manufacturer pro-
duces ammunition of uniform quality, test shooting with the same
kind of ammunition should give results suitable asreference values
for the suspect cartridge.

Theresults obtained in many experimentswith different kinds of
cartridges and manufacturers were divided into three categories,
which will be treated separatel y—cartridges from shotguns, sport-
ing rifles, and pistols/revolvers, respectively.

Shotgun Cartridges

A number of experiments with fired shot shells from different
manufacturers (caliber 12/70) was carried out. The TEA2-peak,
usually very strong in shotgun barrels, was hardly detected in fired
cartridges. On the other hand, the naphthalene peak was observed
in all the shootings and easily quantified. The area of the naphtha-
lene peak decreased with time since discharge in a similar way as
in shotguns barrels. Figure 2 shows this decrease measured for FN
Légia Star fired shells. The decays were measured at three differ-
ent temperatures: 7°C, 12°C and at room temperature (about 23°C).
The escape of naphthalene from shot shells is temperature depen-
dent and for more accurate estimation of the time since discharge,
the temperature of storage should be known. As observed for de-
caysof various compounds from shotgun barrels, even the decay of
naphthalene from spent shot shellsis nonexponential, asillustrated
in Fig. 2 where the vertical axis has alogarithmic scale.

Some shotgun ammunition contains nitroglycerin (NG) which
will be deposited in spent shells. The decay of NG is slower than
that of naphthalene and might be used to identify cartridges fired
more than about two weeks earlier (the upper time limit of naph-
thalene decay at room temperature). However, NG isavery unste-
ble compound, which often shows poor reproducibility between
different shootings and the quantitative analysisis not as precise as
that for other detectable compounds. In addition, when stored at
temperatures below room temperature, the NG peak may be de-
tected after many months storage and will almost never disappear.
Figure 3 shows the decay of NG from Winchester shot shell at
room temperature and at 7°C, respectively.

The reproducibility on shooting with cartridges from the same
production lot was studied for two manufacturers - Fiocchi and
Federal US 6 ammunition. Figure 4 shows the excellent repro-
ducibility of the GC/FID chromatograms obtained in test shootings
with Fiocchi ammunition. The chromatograms were recorded 24 h
after the shooting. Table 1 summarizes some quantitative results of
repetitive shootings with Federal US 6 ammunition. The repro-
ducibility for naphthalene is much better than that for NG. The ni-
troglycerin peak was detected and quantified by the GC/TEA sys-
tem. The reproducibility on shooting with different production lots
wastested for nine different manufacturers. Two batchesfrom each
of the manufacturer were used and the peak areas for the naphtha-
lene peak measured 24 h after the shooting. Eight of the manufac-
turers showed good reproducibility with the differences between
the batchesless than 20%. For one of the manufacturers (Hubertus,
Germany), however, the results differed by afactor of four. It must
be noted here, that the cartridge with four times higher content of
naphthalene was seriously damaged after the shooting. Shooting
with another cartridge from the same batch gave results in agree-
ment with the second batch. Even when the manufacturer of the ac-
tual ammunition may be known, the production lot is normally un-
known. Several batches from the same manufacturer should be
testfired and care must be taken not to draw too hasty conclusion
concerning the exactnessin the estimation of time since discharge.
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FIG. 2—Decrease in the amount of naphthalene detected inside FN Légia Sar cartridges with time after the discharge. The shot shells were stored at
three different temperatures, at 7°C, 11°C and at room temperature (23°C).
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FIG. 3—Decay of the nitroglycerin peak measured by the GC/TEA system at two different temperatures. At 7°C, this decay was so slow, that NG could
be detected inside the shell several months after the shooting. Ammunition: Winchester SKEET 100, caliber 12/70.
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FIG. 4—The GC/FID chromatograms obtained after SPME sampling from shot shells (Fiocchi ammunition, batch 3615TIF5). For this ammunition, the reproducibility between the results for
cartridges from the same batch and even between two different batches was excellent.
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TABLE 1—The reproducibility of peak areas of naphthalene and
biphenyl obtained by the GC/FID system and of the peak height of
nitroglycerin by the GC/TEA system.

Naphthalene Biphenyl Nitroglycerin
Shell No. (Peak Area) (Peak Area) (Peak Height)
1 194 20.8 369
2 185 21.0 498
3 17.8 24.0 516
4 16.9 20.4 508
5 16.1 25.0 356
6 17.3 24.7 434
average: 17.6 = 1.15 26+21 447 = 715

NoTe: Shot shells—Federal ammunition (cal. 12/70, US 6, copper-
plated shots). Test of reproducibility. Shells from the same ammunition
box (Batch No. LOT - 0119). The cartridges were stored at room
temperature for one day after the shooting.

Cartridges from Sporting Rifles

In these cartridges, neither naphthalene nor NG were detected
with the GC/FID and the GC/TEA systems one day after the shoot-
ing. The TEA2-peak was weak, with a peak height between 2-30
mV one day after the shooting for the ammunition types and man-
ufacturersinvestigated. As the detection limit of our GC/TEA sys-
tem isabout 0.1 mV, the decrease in the TEA2-peak height can be
followed for several daysafter the shooting. Thisdecay israpid and
the TEA2-peak becomes undetectable 1-2 weeks after the firing
(for cartridges stored at room temperature). Figure 5 illustrates the
changesin the chromatograms obtained by the GC/TEA system on
sampling from sporting rifle cartridges (caliber 9,3 X 62, Norma
ammunition). Figure 6 shows the decay of the TEA2-peak in three
different cartridges, caliber .222, 9.3 X 62 and .30-06, manufac-
tured by Norma. The vertical axis uses alogarithmic range and the
detection limit is around the y-value of —1.0. The decay of the
TEAZ2-peak is temperature dependent, but even at temperatures
lower than room temperature, the TEA2-compound escapes from
the cartridge within about 2—3 weeks. A rather surprising feature of
Fig. 6 is that the decrease in the peak height of the TEA2-peak is
slowest for the largest caliber (9.3 X 62) despite the largest free
areafor diffusion out from the cartridge. Obviously, the free diffu-
sion space is not the most important factor for the escape of the
TEA2-compound from shotgun cartridges.

When investigating a spent cartridge from a sporting rifle, the
manufacturer of the ammunition isknown. On the other hand, there
may be several types of bullets associated with this cartridge. With
the same cartridge, different burning characteristics and possibly
somewhat different propellants might be used. In Table 2 we sum-
marize the results obtained for various types of caliber .30-06 car-
tridges, Norma manufacture, one day after the shooting. The date
of purchase of the ammunitionsisnoted in Table 2, and the ammu-
nition was clearly of different age. With the exception of Sil-
verblixt ammunition, the resultsarein good agreement. The TEA2-
compound escapes rapidly from sporting rifle cartridges, making
the uncertainty in the determination of the time since discharge for
an unknown production batch (the differences reported in Table 2)
not very large, thisuncertainty iswithin acouple of daysfor Norma
ammunition.

Cartridges from Pistols/Revolvers

Thistype of cartridge isthe most difficult to obtain areliable es-
timation of the time since discharge. The cartridges are too short to
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retain enough of combustion products from the shooting and also
the amount of propellant islow. In this study we testfired a number
of pistol cartridges from two manufacturers-Norma (which usually
deposits low amount of combustion products) and Winchester
(which usually deposits large amounts of combustion products).
This series of firings should show usif there are possibilities to de-
tect products of propellant decomposition at least in some cases.
Norma does not produce caliber .22 ammunition, thus other manu-
facturers were chosen. The results obtained for SPME sampling
from spent cartridges 1 day after the firing are shown in Table 3.
No naphthalene was detected in these cartridges. The TEA2-peak
was detected in many cartridges, but often at too low amounts (the
peak height below 0.5 mV). Only relatively long cartridges mag-
num type) and those with small opening diameter are suitable for
following its decay with time after shooting. Because the TEA2-
compound escapes rapidly from the cartridges, only very recently
fired cartridges may beidentified. Figure 7 shows the decay of the
TEA2-peaksfor .357 and .44 Magnum cartridges manufactured by
Norma and Winchester.

It can be seen in Table 3 that nitroglycerin may be detected in-
side spent cartridges after shooting with certain kinds of ammuni-
tion. Indeed, the concentration of NG was sometimes very high.
However, in our experiments using CCI .22 Magnum ammunition,
the reproducibility in the amount of NG detected 1 day after the
shooting was very poor.

Preventing the Escape of Volatile Compounds from the Cartridge

Our experiments indicate that estimation of time since discharge
is often possible only for very recently fired cartridges (1-2 weeks
after shooting). It would be a definite advantage to keep the con-
centration of volatile compounds inside the cartridge the same as
that when the suspect cartridge was found until investigation of the
forensic laboratory can be started. In our study with shotguns, we
tried to prevent these compounds escaping from firearms by seal-
ing the muzzlewith acork. Thisprocedurefailed to prevent thedis-
appearance of, e.g., the TEA2-compound from the barrel (5). In
this work we tested two kinds of plastic films—sealing films
Nescofilm and Sea View, respectively. Two .30-06 Winchester
made cartridges were sealed each with one of these films, the third
cartridge was | eft opened. The resultswere disappointing. The con-
tent of the TEA2-compound decreased significantly more in the
sealed cartridges than in the unseal ed, probably because of adsorp-
tion of the TEA 2-compound on the sealing film.

Cartridges Stored Outdoors

The most likely place of finding a suspect cartridge is outdoors,
close to the scene of a crime. The results obtained after storagein-
doors may not be so easily applied to outdoor storage conditions.
Rain, wind, and snow may eliminate the possihility of detection of
combustion products even very shortly after the shooting. We have
performed two tests with cartridges stored outdoors. In the first
test, the cartridges were outdoors in a storehouse, exposed to an
outdoor atmosphere, but protected from rain, wind and snow. Inthe
second test, the cartridges were exposed to these atmospheric phe-
nomenain the open air. The tests were carried out during the win-
ter, with alot of rain and strong wind almost every day. Some snow
appeared also during that time period and the temperature was be-
tween —5 and +8°C. Figure 8 shows the results obtained for .30-
06 cartridges of Normamanufacture. A comparison with resultsin-
doors at room temperature (Fig. 6, Normaammunition), the escape
of the TEA2-compound from the cartridge stored at the storehouse
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FIG. 6—Decay of the TEA2-peak with time after discharge of three types of cartridges from sporting rifles. This decay israpid and the TEA2-peaks are
only detected for 1-2 weeks after the shooting (the detection limit of the GC/TEA system is about 0.1 mV for the height of the TEA peak, it means about
—1.0 on the logarithmic scale employed in this figure). Norma ammunition was used and the temperature was at room temperature.

TABLE 2—Comparison of TEA2 peak height for cartridges from
sporting rifles, caliber .30-06, manufactured by Norma.

Type of Ammunition Date of Purchase TEA2-Peak Height

9,7 gram Nosler July 1969 6,2
11,6 gram Nosler ” 6,6
Jaktmatch 1989 5,05
11,6 gram Silverblixt August 1977 10,2
11,6 gram PRJ 80 September 1981 6,0
180 grains BS July 1962 6,2
8,4 gram BS July 1962 7,2
13 g Vulcan October 1984 6,2

NoTe: The peak heights were measured 1 day after the discharge. The
cartridges were stored at room temperature. Different types of
ammunition, different production lots.

issomewhat slower, as expected for astorage at lower temperature.
On the other hand, the decay of the TEA2-peak from the cartridge
exposed to wind, rain etc. is even more rapid than that measured at
room temperature indoors.

Test of Eventual Disturbance to the System by the SPME
Sampling

The slower decay in Fig. 8 includes two series of measurements.
The black triangles represent measurements performed repeatedly
on the same cartridge, which was after sampling placed againin the
storehouse. The circles were obtained by sampling of different car-
tridges, fired at the same time as the first cartridge and stored to-
gether with that cartridge. Each of these cartridges was only sam-
pled once, e.g., 4 days after the shooting. On comparison between

the resullts, there is no observable tendency for the repeatedly sam-
pled cartridge to show lower concentration of the TEA2-com-
pound. Theinfluence of the SPM E sampling on the system is seem-

ingly negligible.
Conclusions

The SPME technique is suitable for detection of various volatile
compoundsinside spent cartridges. The escape of these compounds
from cartridgesis used to estimate the time since discharge. The an-
alytical systems and the compounds analyzed are the same as those
for shotgun barrels (5). The volatile compounds escape rapidly
from cartridges and an estimation of the time since discharge is
generally possible only for a short time after the shooting (1-2
weeks). So far we have not found a method for preventing the
volatile compounds from escaping from spent cartridges prior to
the laboratory analysis.

In contrast to suspect firearms, the manufacturer of the actual am-
munition is generally known when a suspect cartridge is found. Test
shooting with the sametype of cartridge may thus give agood estima-
tion of the time since discharge if the storage conditions are known.
Caution is necessary in the interpretation of the results, since the day
of production of the actud cartridge is not known and we found varia-
tionsinthe amount of combustion productsin fired cartridges between
different production batches of some manufacturers. For most manu-
facturers, the differences between different batches were low.

For shotgun shells and cartridges from sporting rifles, the
method can be used for time period up to about 2—3 weeks after the
shooting. In cartridges from pistols and revolvers, an estimation of
the time after discharge was only possible for longer cartridges
(Magnumtype) or small caliber cartridges (.22) and only for ashort
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TABLE 3—Detection of the TEA2-peak and the naphthalene peak by the GC/TEA system after SPME sampling 1 day after the shooting from various
pistol/revolver cartridges.

Caliber Manufacturer Batch TEA2-Peak Nitroglycerin
9mmP Norma 04129 - -
Winchester 26KH20(76) (+) -
7,65 mm B Norma 6005051 - -
Winchester 76LM02(26) + ++
6,35B Norma 2205005 - -
Winchester 83K C60(49) (+) ++
9 mm BK Norma 06905 (+) -
Winchester 26LB72(76) (+) +
45 ACP Norma 02926 (+)
Winchester 74LF30(62) (+) +
44 Magnum Norma 12920 + -
Winchester 72MMO03(73) + -
.357 Magnum Norma 01413 + -
Winchester 29WL90(2) + -
2210r RWS Standard 61IMF10 + +
Fiocchi 2807014B + -
Winchester 1VL8IN + (+)
.22 Magnum RWS 70ST ++ +
Ccl C27U10 ++ +++
Winchester E51RD42 + -

+++ A very strong peak (the pesk height of TEA2 > 100 mV, of nitroglycerin > 500 mV).

++ A strong peak (the peak height of TEA2 > 10 mV, of nitroglycerin > 50 mV).

+ A clearly detectable peak which decrease can be measured for several days. (TEA2 > 0,5 mV, NG > ca. 5mV).
(+) A hardly detectable peak (TEA2 < 0,5 mV, NG < 2mV).

— A non-detectable peak.

Cartridges from pistols/revolvers
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FIG. 7—The peak height of the TEA2-peak as a function of time since discharge for .357 Magnum and .44 Magnum pistol/revolver cartridges. Two man-
ufacturers of ammunition were studied: Winchester, which usually deposits large amounts, and Norma, which usually deposits small amounts of combus-
tion products inside weapons or cartridges.
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FIG. 8—The influence of atmospheric conditions on the decay of the TEA2-peak from sporting rifle cartridges stored outdoors. Ammunition used was
Winchester, caliber .30-06. The two decay curves were obtained for cartridges stored during winter in a storehouse (©,4) and under open sky (M), re-
spectively. The cartridges stored in the storehouse wer e exposed to the same temperature and humidity but protected from rain and strong wind. Therate
of decay for the cartridge exposed to wind, rain and snow was considerably faster.

time after the firing (about 1-2 weeks).

If asuspect cartridgeis found outdoors and the weather had been
rainy and windy, the decay of the volatile compoundsis very rapid
and these compoundswill not be detected about 1 week or more af-
ter the shooting.

Initssimplest application, if the proposed method detects naph-
thalene in shotgun shells or the TEA2-peak in other types of car-
tridges, the cartridge has recently been fired. It could not have been
fired 3 to 4 month ago.
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