JForensic i, Mar. 2003, VVol. 48, No. 2
Paper 1D JFS2002017_482
Available online at: www.astm.org

Alexander Kamyshny,* Ph.D.; Shlomo Magdassi,* Ph.D.; Yaniv Avissar,” B.S;

and Joseph Almog,* Ph.D.

Water-Soaked Evidence: Detectability of
Explosive Traces After Immersion in Water

ABSTRACT: Various factors governing the detectability of explosive traces after being soaked in water were studied. The variables are: the type
of the surface (surfaces liable to be found in aircraft were chosen), the type of explosive, the type of water (tap or seawater), and movement of the
immersed surface in the water. The maximal immersion times (tax) ater which explosive detection was possible were evaluated. This datum was
found to depend on the type of explosive (one of the important factorsis solubility in water), the surface material and the environmental conditions
(tap or seawater movement). Detection of PETN on high-density polyethylene, linoleum, glass and aluminum, by the chemical Explosive Testing
Kit (ETK), was possible even after amonth of soaking in seawater. In addition, it has been found that movement of bulk water around the samples
with deposited explosives considerably decreases tax Values. It is, therefore, recommended to retrieve samples for explosive analysis as soon as

possible and in areas where the currents of water is minimal.
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Detection of explosive tracesin the debris after an explosion can
becrucial totheinvestigation. It canindicate the criminal use of ex-
plosives, as opposed to the possibility that the explosion occurred
by accident, e.g., the ignition of a mixture of combustible vapors
with air. Thus, forensic scientists played a key role in determining
that abomb containing the plastic explosive Semtex had caused the
1988 crash of Pan Am flight 103 in Lockerbie, Scotland. Detection
of post-detonation explosive traces, however, isoften difficult, par-
ticularly after an aircraft crash, and specificaly, if the aircraft had
falen into the sea.

InJuly 1996, a TWA Boeing 747 mysteriously exploded in mid-
flight and fell into the Atlantic Ocean, off the U.S. coast. Parts of
the aircraft were found floating in the water a few hours after the
explosion. Others could be retrieved only months later. Exhaustive
tests indicated minute traces of explosives. Model experiments
with Semtex and C4 explosives deposited onto aluminum sheets,
which were immersed then in seawater, showed that after only an
hour, it was no longer possible to detect any traces (1,2). Several
factors could possibly be responsible for the analysis failure. Ex-
plosives can be dissolved or mechanically removed by the water;
they can be consumed by microbes, modified, or decomposed by
light (2).

This explosion and the uncertainty regarding the source of the
explosive traces prompted us to study some of the factors govern-
ing the rate of disappearance of explosive traces from items im-
mersed in water.

The study tried to determine the detectability of several types of
explosives (TNT, PETN, RDX, and Semtex) deposited onto vari-
ous supports, which are liable to be found in aircraft (glass,
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polyethylene, aluminum, seat fabric, and linoleum) after soakingin
fresh and seawater.

There are at present some extremely sensitive methods for the
analysis of explosive traces, which combine chromatography with
mass spectrometric, photoluminescence, chemiluminescence and
electrochemical detection (3-8). Highly specific and sensitive im-
munosensors have also been reported recently (9,10). It was de-
cided, nevertheless, that to study the disappearance rate of explo-
sive traces, a somewhat less sensitive, but simpler and less
expensive analytical technique could be applied. To follow the
traces of various explosives, we used a simple colorimetric kit,
ETK (Explosives Testing Kit), which is a compact field device ex-
tensively used by the lsrael Police and some other law enforcement
agencies for the detection of traces of explosives on hands of sus-
pects (11). In spite of lower sensitivity compared with instrumen-
tal analytical techniques, thiskit allows the evaluation of the max-
imal immersion times (tmax), after which explosive detection is not
possible and to compare the persistence of explosives on various
surfaces.

Experimental
ETK Method

The ETK technique is based on the formation of colored com-
pounds upon reaction of polynitroaromatic compounds, such as
TNT, with an alkali. Under the same conditions, nitrate esters such
asnitroglycerin (NG), ethylene glycol dinitrate (EGDN), pentaery-
thritol tetranitrate (PETN), and nitrocellulose (NC) undergo aka-
line hydrolysis producing nitriteions, which arereadily detected by
the well-known Griess reaction (11-13).

Estimation of ETK Detection Limit

ETK method is based on visual detection of color reaction. In
this respect, the detection limit is the smallest amount of explosive
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that could be visually observed by the ETK method. For estimation
of ETK detection limit, solutions of TNT, PETN, RDX, and Sem-
tex in acetone were pipetted onto N 1 Whatman filter paper. The di-
ameter of the spot was ~1.6 cm (area of the spot ~2 cm?). Explo-
sive amounts in the pipette drop ranged from 50 000 to 5 ng. Thus,
the surface concentration was 250—0.025 ng/mm?. Pipetting of
ETK reagents directly onto dried explosive spots performed the
analysis. In all cases, control experiments without dissolved explo-
sive (only acetone) were carried out. It was found that the optimal
time of color development was 10 min. After this time coloration
of the control samples started to develop, i.e., afase effect can be
observed.

The obtained data indicated that the limit of the visual detection
after reaction with the ETK reagent for TNT was 500 ng per spot;
for PETN, 100 ng per spot; for RDX, 5 ng per spot; and for Semtex,
20 ng per spot.

Examination of Surfaces Contaminated with Explosives after
Soaking in Tap and Seawater

Glass (Gls) dides (~40 X 25 X 1 mm), polyethylene (PE) films
(~15 X 15 X 1.5 mm), auminum (Al) slides (~8 X 20 X 1 mm),
linoleum (Ln) pieces (~25 X 25 X 1 mm) and airplane seat fabric
(SF) strips (1.5 X 1.5 cm) were used as target surfaces.

For the study of the explosive stability in tap or seawater, one
drop of an explosive solution in acetone (0.0125 mL) of concentra
tion 80 wg/mL was pipetted onto asurface, and atotal amount of ex-
plosive deposited onto a surface was 1 p.g (area of spotswas about
0.2 cm? for hydrophobic surfaces, such as polyethylene, and about
3 cm?for glassand Al). This amount was higher than the detection
limits, but it was decided to start with relatively high amountsto be
abletofollow itsdisappearancein water. After drying at room tem-
perature, the supports with deposited explosives were placed into
polyethyleneviascontaining 250 mL of water, without stirring, and
then periodically taken out (10 min, 30 min, 1 h, 2h,4h, 6 h, 8 h,
22 h, then every day during aweek, then the periodicity wasfrom a
week to amonth) dried and tested by pipetting the reagents 1 and 2
of ETK directly onto the spots (for each detection aseparate sample
wasused). Inthe case of seat fabric, the explosive residueswere ex-
tracted with 0.5 mL of acetone before detection (since the color of
the fabric was dark brown) and tested by adding the ETK reagents
to the acetone extract. All measurements were performed at least 3
times, and an averageis presented in the figures.

Sability of RDX on Polyethylene and Al Immersed in the
Mediterranean Sea

Drops of RDX solution in acetone, containing 1 pg of the ex-
plosive, were pipetted onto 4 cm? of polyethylene or Al pieceswith
3 mm holes drilled in one corner, dried and wired onto cellson a
metal rack. The racks were attached to arope, which was anchored
at one end and submerged in seawater 1.5 miles off the Tel Aviv
coast at a depth of 10 m (water temperature 30°C). The samples
were taken out periodically (10 min, 60 min, 90 min, 120 min, and
180 min) and tested for RDX presence with the use of HPLC.

Dried slides were washed with about 500 L of boiling acetone
(56°C). The acetone solutions were evaporated to about 50 p.L fol-
lowed by addition of 100 wL of TNT solution in acetone (10
rg/mL). The TNT solution was used asinternal standard. The sam-
ples were evaporated again to about 100 pL and cooled to room
temperature.

Quantitative analyses of 50 uL sampleswere performed with the
use of Waters HPLC system. A 616 Waters pump, connected to a

717 Plus autosampler with temperature controller at 18°C coupled
with @ 996 UV-VIS photodiode array detector (PDA). A 100 X 3
mm column with MOS-Hypersil (C-8) 5 wm, under 30°C temper-
ature-control oven was applied. The elution liquid was comprised
of methanol:acetonitril:isopropanol:water with volume ratio of
5:5:10:80 (0.7 mL/min elution). Chromatograms were analyzed at
230 nm with resolution 1.2 nm. Absorption spectra for each peak
were recorded in the range of 200-350 nm. Datawere collected and
processed using a Millennium v 2.1 software (Waters, Milford,
MA). Because we used relatively small amounts of RDX and TNT,
the relative standard deviations of peak areas were about 7%
(n =10).

Influence of Movement on Explosives Deposit Sability

To evaluate the effect of water movement on the detectability of
explosive traces after soaking in seawater, several experiments
were carried out with PETN deposited onto polyethylene and
linoleum and RDX deposited onto polyethylene. Polyethylene and
linoleum pieces labeled by 1 g of explosive were inserted in the
cellsof aplastic rack and placed into a shaker filled with tap water.
Shaken sampl es (60 strokes/min) were periodically taken out, dried
and examined by ETK.

Results
Detectability of Explosives after Soaking in Tap and Seawater

From the data presented in Figs. 14, it isimmediately apparent
that the detectability of explosives (tmax) depended on the type of
explosive, on the type of the surface as well as on the type of water
(in al cases the initial amount of explosives deposited onto sur-
faceswas 1 ng).

TNT, indeed, wasthefirst to disappear from al the surfaces (tiax
varies from 30 min to severa hours depending on a type of sur-
face). Thismeansthat the chancesto detect TNT tracesarethelow-
est. PETN, on the other hand, was the last to disappear indicating
that the prospects of detecting its traces are the highest (ty.x varies
from 7 month on glass and polyethylene in tap water to 30 days on
linoleum and only 2 h on SF in seawater). Semtex, which isamix-
ture of PETN and RDX, also displayed rather high persistence in
tap and seawater, especially on polyethylene.

As seen from Figs. 3 and 4, for all explosives studied, the seat
fabric surface was characterized by the lowest tax (actually, apro-
cess of penetration between the fibers might be a reason of such a
low stability; see “Discussion”). The “best” surface for the detec-
tion of explosive traces in seawater was polyethylene (tax Was 5
months for PETN, 3 months for Semtex, and 15 days for RDX).
PETN on linoleum could be detected after 1 month of soaking in
seawater.

Data presented in Figs.1-4 indicated also the higher stability of
explosives deposited onto various surfaces, to tap water compared
with seawater with the exception of PETN on Al (tyax Was 40 days
in tap water and 3 monthsin seawater).

Detectability of RDX on Polyethylene and Al after Immersionin
the Mediterranean Sea

At the next stage, the detectability of RDX on surfaces after im-
mersion in the Mediterranean Sea was studied. The pieces of
polyethylene or Al with deposited RDX (1 j.g) were submerged in
the sea, 1.5 miles off the Tel Aviv coast at a depth of 10 m, as de-
scribed in “Experimental”. It was found that RDX on Al could not
be detected at all even after afew minutes of immersion in the sea,
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while on PE, it could be detected after 2 h (Fig. 5). Such disparity
with the results of the static laboratory experiments might be ex-
plained by mechanical removal of the explosive traces by water
movement in the sea.

Influence of Movement on Explosive Deposit Detectability

In order to evaluate the effect of movement, we studied itsinflu-
ence on the detectability of RDX and PETN deposited onto
polyethylene and linoleum.

Water movement was found to decrease tax for RDX on
polyethylene in comparison to simple soaking (in our experiment,
from 6 to 4 h). In spite of significant decrease in ty.x for PETN
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caused by movement, it could be detected on polyethylene and
linoleum after 15 and 12 days, respectively (Fig. 6).

Discussion

The goa of this study was to gain some knowledge on the fac-
tors governing the disappearance of explosive traces from blown-
up aircrafts that sink in the sea. The model chosen by us for this
study isnot very accurate, because it lacks the explosion factor. We
assume, however, that for most analytical purposes, it does repre-
sent the actual situation, asit contains the main elements that play
arole in the disappearance process, namely, the support materials
(that are taken from an aircraft), the explosives, and the environ-
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ment. The main difference between our model and real situationsis
the extra clean-up step in the latter (14).

More specifically, this study provided semi-quantitative answers
to the following questions:

1. Is it possible to detect explosive traces after immersion in
water?

2. How long after theimmersion can explosive traces still be found
(tmes)?

3. What is the connection between t,.x and the type of explosive
and support?

4. What is the effect of environmental factors (type of water,
movement) oN tyay?

Explosive traces could be detected on various surfaces liable to
be found in aircraft. In quiet water, traces of explosives could be
detected even after extensive periods (up to three months for
PETN-containing explosives). While polyethylene, linoleum, au-
minum, and glass are surfaces that preserve the traces, the durabil-
ity on seat fabric was considerably shorter. A plausible explanation
for this difference could be the following: As opposed to the other
surfaces, seat fabric isan absorbing material. In our experiment, the
explosives have been applied in solution. Their molecules could,
therefore, penetrate between the fibers and adhere to them, thus
significantly increasing the area to which they are attached and
hence, the susceptibility to water. Another probable explanation is
that the explosive traces had to be extracted from the seat fabric
prior to analysis, and the extraction factor could affect the detection
efficiency.

As could be expected, a good correlation was found between the
disappearance rate and the solubility of an explosive in water. For
instance, the stability of the explosive deposits both in tap and sea-
water decreased, on the average, in the order PETN > Semtex >
RDX > TNT (Figs. 1-4). The solubility of these explosivesin wa-
ter increasesin the same order: PETN - 2:10~* %, RDX - 0.006%,
TNT - 0.02%, Semtex is the mixture of PETN and RDX (9).

Immersion of samples with deposited explosives in the sea re-
sulted in a drastic decrease in .. RDX deposited onto polyethy-
lene pieces could be detected after 2 h of immersion in the sea,
while the same explosive on Al surface could not be detected even
after few minutes.

In order to understand the great differencein t,.x between soak-
ing in vials and immersion in the sea, we studied the influence of
movement on the persistence of the explosive deposits. It was
found that the longitudinal movement of polyethylene and
linoleum pieces with deposited RDX and PETN in a shaker (60
strokes/min) caused a noticeable decrease in tax. Asin the case of
quiet water, PETN showed the highest persistence (tex = 12 days
for linoleum and 15 days for polyethylene), while ty.x for RDX on
polyethylenewas only 4 h (Fig. 6). The obvious conclusion s, that
the best areas for searching explosive traces in the seawould be ar-
eas, which are less exposed to currents of water.

Thetax for RDX on polyethylenein a shaker istwice aslong as
tmax for RDX on the same support immersed in the sea. Therefore,
other factorsincluding the attack by marine life should be taken in
account as well. For instance, the impossibility to detect RDX on
Al even after a few minutes of immersion in the sea may be ex-
plained by strong corrosive action of seawater on such a reactive
metallic substrate.

Conclusions

Under laboratory conditions, there is a reasonable prospect to
detect explosivetraceson aircraft parts after immersionin water for
oneto two weeks. Traces of PETN are consistently more persistent
in water than the other explosives. If PETN is a part of the formu-
lation, it may be possible to detect its traces even after a few
months.

After immersion in the ocean, RDX residueslast only minutesto
hours, depending on the substrate. The main factorsthat govern the
disappearance rate are the explosive type, the type of surface, and
theimmersion period. Water movement remarkably accelerates the
disappearance of explosive traces. Itemsto be examined for explo-
sive traces must be drawn out of the water as soon as possible.
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