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Dancing on Coke: Smuggling Cocaine
Dispersed in Polyvinyl Alcohol

ABSTRACT: Recent trends suggest that cocaine smugglers have become more and more inventive to avoid seizures of large amounts of cocaine
transported between countries. We report a case of a mail parcel containing a dance pad which was seized at the Customs Department of Brussels
Airport, Belgium. After investigation, the inside of the dance pad was found to contain a thick polymer, which tested positive for cocaine. Analysis
was performed using a routine colorimetric swipe test, gas chromatography coupled with mass spectrometry and nuclear magnetic resonance spectros-
copy. The polymer was identified as polyvinyl alcohol (PVA) and contained 18% cocaine, corresponding to a street value of € 20,000. Laboratory
experiments showed that cocaine could be easily extracted from the PVA matrix. This case report reveals a new smuggling technique for the trans-
portation of large amounts of cocaine from one country to another.
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Cocaine is smuggled in a variety of ways. As a solid powder, it
can be hidden in vehicle parts, materials, clothing, or even in the
human body (1). Recent trends suggest the use of more sophisti-
cated methods. Smuggling cocaine in a liquid (2) or polymeric
matrix (3,4) requires an extraction step before cocaine can be dis-
tributed or sold on the market. In its International Collaborative
Exercises 2008 Summary Report, the United Nations Office on
Drugs and Crime (UNODC) mentioned for the first time a traffick-
ing method for cocaine involving dispersion in polyvinyl alcohol
(PVA) films followed by use as lining material in backpacks (5).

PVA is a water-soluble synthetic and nontoxic polymer. It is
used in many industrial, commercial, medical, and food applica-
tions, including as an adhesive and thickener material, surfactant,
lubricant in eye drops, and chemical solvent barrier (6).

In this paper, we present a case report of a dance pad seized by
the Customs Department at Brussels Airport, Belgium. The inside
of the pad contained a thick polymer, for which preliminary colori-
metric screening tests were positive for cocaine.

Case Report

On January 22, 2010, the Customs Department at Brussels Air-
port executed a routine inspection of the mail parcels from Costa
Rica to Belgium. In one of the parcels, a DVD and dance pad with

the logo from ‘‘High School Musical’’ with connections to a Play-
station game console (Fig. 1a) were found. The parcel drew the
attention of the Customs officers by its unique and strong chemical
odor and was further investigated. Both the outside of the dance
pad and the inside polymer (Fig. 1) were tested for cocaine with
NARK II cocaine ID swipes; a discoloration of the swipe from
white to blue suggests the presence of cocaine. Only the inside
polymer tested positive for cocaine and this was confirmed in the
Customs laboratory, where cocaine was identified in the polymeric
material after extraction with methanol and analysis with gas
chromatography (GC) coupled with mass spectrometry (MS).

Materials and Methods

Chemicals and Reagents

Cocaine hydrochloride and cocaine-d3 hydrochloride were of
analytical grade (purity >98%) and were purchased from Cerilliant
(Round Rock, TX) at concentrations of 100 ng ⁄lL in methanol
(MeOH). Acetone and MeOH for GC, ethyl acetate for liquid chro-
matography, tetrahydrofuran for analysis and ammonium hydroxide
were obtained from Merck (Darmstadt, Germany). Xylene (pure,
99%) was bought from Acros Organics (Geel, Belgium). Milli-Q
water was obtained by purifying demineralized water in a Milli-Q
system (Millipore, Bedford, MA). Polyviny lalcohol (PVA) was
acquired from Sigma-Aldrich (Bornem, Belgium). Deuterium oxide
was obtained from Acros Organics (Geel, Belgium).

Identification of the Polymeric Material

First, simple solubility tests with different solvents were carried
out to identify the polymeric material of the dance pad. Approxi-
mately 4 mL of acetone, tetrahydrofurane, and xylene was added
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separately to 500 mg of the polymer of the dance pad. Possible sol-
ubility and change in the structure of the polymer were recorded as
possible evidence of polystyrene, PVC, and polyethylene. The solu-
bility in Milli-Q water was also evaluated.

In a second phase, a 1H NMR spectrum of a sample of the
polymer of the dance pad was recorded with a Varian Mercury
300 MHz spectrometer and compared with reference 1H NMR
spectra of several different polymeric materials. These reference
polymers were judiciously selected based on the solubility
behavior of the pad in various solvents and on its 1H NMR
spectrum.

Quantification of Cocaine in the Dance Pad

The polymeric part of the dance pad (70 · 80 cm, 2.2294 kg)
was cut into nine parts: ULe, UM, UR, MLe, MM, MR, LoLe,
LoM, and LoR, where U = upper, M = middle, Lo = lower,
R = right, and Le = left. From each part, a small piece (about
20 mg) was collected at random and was precisely weighed. Each
piece was transferred into a 10-mL test tube with screw cap, and
1 mL of Milli-Q water was added. Then, 20 lg of the deuterated
standard of cocaine (cocaine-d3) in MeOH was added, and the test
tube was closed and put in an oven at 80�C for maximum 2 h.
After complete dissolution of the material in the water and a thor-
ough mixing, 150 lL of the solution was diluted to 1 mL with
Milli-Q water. From this solution, 50 lL was evaporated to dryness
under a nitrogen stream and redissolved in 100 lL of ethyl acetate.
To evaluate possible dissolution problems of cocaine in ethyl ace-
tate, replicate analyses of cocaine standard dissolved in MeOH and
ethyl acetate were executed and peak areas in the chromatograms
were compared. The ratio of the area of cocaine dissolved in ethyl
acetate to the area dissolved in MeOH was 0.88 (RSD <5%). A
slightly lower dissolution of cocaine in ethyl acetate was thus
observed, but is negligible because of the use of cocaine-d3. The
extract was analyzed on an Agilent 6890 GC system and an
Agilent 7683 series automatic injector coupled with an Agilent
5973N mass selective detector (MSD) in scan mode. For the
chromatographic separation, an Agilent HP-5MS capillary col-
umn (30 m · 0.25 mm · 0.25 lm) was used. The injection port
temperature was 275�C, and the oven temperature program was as
follows: 75�C for 2 min, then an increase at 15�C ⁄ min to 250�C
followed by an increase to 315�C at 5�C ⁄ min (total run time
31.67 min). Helium was used as carrier gas at a constant flow of
1.0 mL ⁄min, and the injection volume was 1 lL in pulsed splitless
mode. The ion source, quadrupole, and interface temperatures were

230, 150, and 290�C, respectively, and the electron multiplier volt-
age was 2012 V. The ionization energy was 70 eV, and the scan-
ning range was 50–550 amu.

Results and Discussion

Identification of the Polymeric Material

No solubility or change in the physical structure of the polymeric
part of the dance pad was observed upon the addition of acetone,
tetrahydrofurane, or xylene. However, a structural change was
observed when Milli-Q water was added and when it was heated
to 80�C. Under these conditions, a complete dissolution of the
polymer was observed within 2 h.

Further analysis into the identification of the polymer was per-
formed using 1H NMR spectroscopy (Fig. 2a,b). All 1H NMR
spectra were recorded at 298 K using a relaxation delay of 2.0 sec
and a 45� pulse. Given the high solubility of the polymeric material
in water, a 20.6 mg ⁄ mL solution was prepared in deuterium oxide
(D2O), a common NMR solvent, and calibrated to the HDO peak
at 4.8 ppm (7). The 1H spectrum clearly displays peaks characteris-
tic for cocaine as revealed in an 1H NMR spectrum of pure cocaine
hydrochloride (Fig. 2c), confirming the presence of this substance
in the dance pad.

After further inspection of the spectrum, it was evident that the
polymer was neither protein (e.g., gelatine) nor polysaccharide (such
as agarose) in nature because the spectra lacked characteristic
peaks for amide bonds (NH) (5.5–7 ppm) and sugar anomers
(4.5–5.5 ppm). There were two broad peaks, at 1.4–1.7 and 3.8–
4.0 ppm, which had an approximately 2:1 ratio in integrals, that
were not conclusive for cocaine. At this point, an assumption was
made that these peaks were related to the matrix containing the
cocaine.

These two peaks with their integral ratio prompted us toward
PVA. PVA is a widely available water-soluble polymer and has the
molecular structure as shown in Fig. 3. A reference sample of
PVA (15 mg ⁄ mL in D2O) was prepared, and a 1H NMR spectrum
was recorded (Fig. 2d). The integral ratio between the two peaks
can be explained by the ratio of nonheteroatom protons in PVA
which is 2:1. The protons of the hydroxyl groups in PVA are fully
exchanged with those in D2O and are therefore not detected.

The 1H NMR spectrum of the PVA standard (Fig. 2d) not only
shows two broad peaks at identical chemical shifts as observed in the
sample obtained from the pad, but also displays the characteristic 2:1
integral ratio. It was concluded that the matrix is PVA, based on the

FIG. 1—Left: The dance pad as found in the parcel. Middle: The dance pad with the inside polymer made visible. Right: The inside polymer of the dance
pad.
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multiplet patterns at d 1.4–1.7 ppm observed in the PVA standard
and those from the dance pad sample (Fig. 2a,b, and d).

Quantification of Cocaine in the Dance Pad

In the resulting GC–MS chromatograms, the specific ions with
m ⁄z 182 (cocaine) and 185 (cocaine-d3) were monitored for quanti-
fication. The retention time of both compounds was 14.6 min
(Fig. 4). Only traces of other compounds were further present: bu-
tyloctylphtalate (10.1 min), caffeine (11.0 min), cocaethylene
(15.1 min), and cinnamoylcocaine (17.2 min). Standard mixtures
with varying ratios of cocaine to cocaine-d3 (1, 30, 100, and 300)
were analyzed to evaluate the response factor between the two
compounds. A response factor of 1.00 was observed in all mix-
tures. The amount of cocaine in each part of the polymer of the
dance pad was further calculated with the following formula:

amount of cocaine (g) ¼ area cocaine
area cocaine� d3

� �

� added amount of cocaine� d3 (g)

Table 1 gives an overview of the calculated results for each of
the analyzed samples. Small variations were observed in the
amount of cocaine present in each part of the polymer of the dance
pad (range from 16% to 22%). The mean percentage calculated
from these results was 18% with a standard deviation of 2%. An
extrapolation to the complete polymer of the dance pad
(2.2294 kg) suggests that it contained 404 g of cocaine with a stan-
dard deviation of 44 g. Taking into account that the average price
for cocaine is € 50 ⁄g (8), this corresponds to a street value of
approximately € 20,000.

Qualitative Information Regarding an Extraction Method for
Cocaine Dispersed in PVA

An important question is how the cocaine can be extracted from the
PVA to yield a form that can be sold on the illegal market, preferably
as a powder. There are several extraction methodologies that can be
used to extract cocaine from PVA. We used the following method. In
the first step, the cocaine was separated from the PVA matrix by dis-
solution of the PVA matrix in Milli-Q water at elevated temperature
(see experiments above). From this aqueous solution, cocaine should
then be separated. As free base cocaine is nearly insoluble in water,
alkalinization (with, e.g., ammonium hydroxide) of the solution trans-
formed cocaine into its free base form which was precipitated from
the aqueous solution. This was then separated from the supernatant by
decanting and drying. This procedure was qualitatively applied to a
500-mg piece of the dance pad. The resulting white precipitate was

(a) (b)

(c) (d)

FIG. 2—(a) 1H NMR spectrum of the polymer of the dance pad. (b) Detail of 1H NMR spectrum of the polymer of the dance pad around 1–4 ppm. (c) 1H
NMR spectrum of cocaine hydrochloride. (d) 1H NMR spectrum of reference sample of PVA around 1–4 ppm.

FIG. 3—Molecular structure of polyvinyl alcohol (PVA).
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dried and redissolved in methanol, and a diluted solution was analyzed
with the above-mentioned GC–MS method. Cocaine was detected in
this extract. This experiment shows that it is quite easy to extract
cocaine from the PVA matrix. However, the presented procedure is
only a suggestion, and probably other approaches can also be used.

Conclusions

This case report shows that in an attempt to smuggle cocaine, it
can be dispersed in PVA. Recovery of cocaine from the PVA

matrix is relatively easy, and these characteristics make it highly
advantageous for smugglers. This case report demonstrates yet
another new method developed by smugglers in their attempts to
transport cocaine undetected from one country to another.
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