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SUMMARY 

In this paper, the GC-MS analysis was used to choose the best polymer material for the 
meteorite transportation and preservation. It is essential to investigate the organic 
contaminants of meteorites that appear while handling them because they have different 
genesis and can strongly influence the obtained scientific results. First, the comparison of the 
physical properties, the accessibility, and the price of the materials allowed us to select the 
PVC film and the PET tape as the best amongst all the seven polymers. Then, the GC-MS 
technique was utilized to discover the contaminants and the VWR ultrasonic cleaner was 
used to identify their stability. The origin of the contaminants was defined by analyzing the 
pass of contaminants. As a result, there were detected four groups of contamination: through 
cleaning, from the PET tape, the PVC film, and the applicator. The organic molecules from 
the polymers did not remain on the samples, thus, both PVC and PET can be used for 
meteorite storage. The PET tape was chosen as the best material because it could be 
completely cleansed by the cleaner. Nevertheless, the experiment should be conducted few 
more times to make sure of the accuracy of the results. 
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Introduction 
 
After various methods of the analysis of organic matter became widely available in laboratories, they 
were used in Meteoritics to explore if organic matter exists beyond the Earth, in the outer space. As a 
result, science managed to discover plenty of organic compounds on the surface of meteorites. First, 
scientists supposed that these molecules were originally from space, but gradually, they became more 
and more acquainted with the terrestrial genesis of these components. Therefore, a new problem that 
must be solved by science in the immediate future appeared – the determination of the origin of 
organic matter in meteorites. 
 
In order to minimize the influence of the environment on the meteorites, it is essential that a fragment 
be wrapped and protected as soon as possible. For a long time, Aluminum foil was used by meteorite 
hunters for this purpose because of its chemical stability, but recently it was discovered that aluminum 
might interact with some meteorite compounds. This is why thin polymer films, in particular Teflon 
™ bags, began to be utilized lately for the preservation of specimens. 
 
Method and Theory  
 
Due to the possibility of chemical reaction between the aluminum foil and the meteorite surface, but 
still great accessibility and physical properties of this material, a combination of a thin polymer film 
as an inner layer and the aluminum foil as an outer covering is hereby proposed for the collection of 
meteorite fragments. The foil will primarily prevent water and oxygen from reaching the film, at the 
same time, the film will thoroughly envelop the fragment to avoid any physical and chemical 
interactions. Jointly, these two layers will provide a barrier to prevent exposure of the sample to the 
contaminants present on the Earth. Alternatively, a polymer film might be used solely, without being 
covered by the foil, but, in that case, the specimen can be mechanically damaged since the thin film 
itself cannot protect a fragment from any sort of physical damage, although thick polyurethane or 
polycarbonate films can possess properties of both thin films and aluminum. Additionally, an outer 
layer of bubble wrap should be utilized to protect the specimen from possible mechanical shocks or 
accidents during transportation. In general, such a three-layer system must provide good protection 
from both contamination and mechanical damage and guarantee the best conservation of the fragment 
for science. 
 
There were chosen 7 possible materials for meteorite preservation due to their chemical stability: 

 polystyrene; 
 polyethylene terephthalate (PET); 
 polyvinyl chloride (PVC); 
 polyester; 
 polytetrafluoroethylene (Teflon); 
 polycarbonate; 
 polyurethane. 

 
Next, some physical properties of the materials were analyzed including elasticity, thickness, water 
and gas permeability. Furthermore, there were considered some other important factors, such as a 
possibility of fungal contamination, the composition of the glue, the price, and the accessibility of the 
investigated materials. 
 
Finally, the Uline Green PET Tape and the Uline PVC Shrink Film were left as the most appropriate 
materials. They were ordered and supplied to the laboratory for the following investigations. The final 
test involved the analysis of the organic contaminants of the samples. For this test, the samples of the 
artificial material used for the IsoMet low speed saw were taken from the laboratory and then cleaned 
in the VWR ultrasonic cleaner, first in acetone and then in distilled water. Then the specimens were 
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tested for the surface contaminants in the laboratory of chemistry using the gas chromatography-mass 
spectrometry (GC-MS) technique. Next, the samples were wrapped, one with PET and the other one 
with PVC film, whereupon both of them were enveloped in the layer of the aluminum foil. The 
specimens were opened in two days and investigated again. Finally, the samples were cleansed in the 
cleaner and tested for the last time. All the investigations were conducted in the laboratories of the 
Department of Earth and Atmospheric Sciences at the University of Alberta under the supervision of 
Professor Christopher Herd. 
 
The sequence of steps required to explore the contamination of the materials is represented below. 
 

1. Purchase and deliver the required materials. 
2. Using the cleaning procedure, find out if the film is clean once opened. 
3. Clean some collected meteorite specimens using the VWR ultrasonic cleaner. 
4. Wrap the specimens with chosen types of films and leave for one night. 
5. Next day, using the cleaning procedure, define if the specimens got contaminated. 
6. Concurrently with step 3, find out whether the interaction between the films and DCM results 

in the generation of new substances. 
7. In this purpose, pour a piece of the surface of the film with DCM, wait 5 to 10 minutes, and 

complete the cleaning procedure. 
8. If the material interacts with DCM, methanol should be used instead. 
9. If the film is a significant source of contaminants, the material mustn’t be utilized for the 

meteorite transportation and storage. 
 

The cleaning procedure is the sequence of steps that allows an investigator to prepare the sample to 
the gas chromatography-mass spectrometry analysis. This procedure involves the removal of 
contaminators from the swab stick and the preparation of the solution that will be used for the GC-MS 
analysis. We can proceed as follows. 
 

1. The ampoule should be prepared and rinsed three times with DCM. 
2. Fill the ampoule with DCM. 
3. A swab stick should be immersed in the ampoule with DCM for approximately 5 minutes. 
4. The surface of the object should be rubbed with the soaked swab stick. 
5. The tip of the cotton swab should be broken off and placed in a new clean ampoule. 
6. Fill the ampoule with the cotton tip with DCM (or methanol), cap it, and set it aside for an 

hour for any contaminants to be extracted from the swab into solution. 
7. Take out the swab using tweezers and press out as much solvent as possible.  
8. Analyze by GC-MS. 
9. Interpret the results. 

 
The results of the GC-MS analysis are reports, which contain information on the integration peaks, 
their characteristics, and the chemical structures of the detected organic molecules. After the 
considered analysis of the reports, the pass of the contaminants is studied to define, which of them 
were transferred from the film and which had the other origin. 
 
Results 
 
In this experiment there were investigated two samples: SM1 and SM2. The sample SM2 was first 
tested using GC-MS, then cleansed using the VWR ultrasonic cleaner and tested again, after it was 
wrapped with the Uline PVC Shrink Film for two days and tested for the third time, and finally, it was 
repeatedly cleaned to be tested for the last time. The procedure for the sample SM1 was analogical, 
but it was wrapped with the Uline Green PET Tape. The pass of contaminants for the sample SM2 is 
depicted below in Figure 1. 
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Figure 1 The pass of contaminants for the sample SM 2: orange – possible contamination through 
cleaning; green – potential contamination out of film; red – probable contaminants from applicator. 
 

The main contaminants were determined analytically and are represented in four rows due to their 
origin below in Table 1.  
 

Table 1 List of Contaminants 

Contaminants through cleaning 
Metacetamol, 

3-(Benzoylthio)-2-methylpropanoic acid 

Contaminants on PET tape 

2-Furancarboxylic acid, tetrahydro-3-methyl-5-oxo-, 
2,4,7,9-Tetramethyl-5-decyn-4,7-diol, 

Benzeneacetic acid, .alpha.-oxo-, ethyl ester, 
n-Propyl benzoate, 

Benzoic acid, 1-methylethyl ester, 
Hexane, 3,3-dimethyl- 

Contaminants on PVC film 

Pentanoic acid, 
2,4,7,9-Tetramethyl-5-decyn-4,7-diol, 

Benzoic acid, ethyl ester, 
n-Hexadecanoic acid, 

Terephthalic acid, di(2-ethylhexyl) ester 

Contaminants from applicator 

p-Xylene, 
Undecane, 3,7-dimethyl-, 

Bicyclo[3.2.0]hepta-2,6-diene, 
Toluene, 

Benzene, 1,3-dimethyl-, 
Nonane, 3,7-dimethyl-, 
1H-Tetrazol-5-amine, 

Hexane, 3,3-dimethyl-, 
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Conclusions 
 
The results of these investigations show that the samples are contaminated by the organic compounds 
with different origin: from the applicator, tape / film, and even through cleaning. It is quite easy to 
detect which contaminants were brought with the applicator because the contaminants from the 
applicators are studied separately. The contaminants from the tape and the film are more difficult to 
detect because they could appear from the air during the two-day storage of the samples or through 
the cleaning procedure. The third type of contamination comes from the solution used for the VWR 
ultrasonic cleaner. The solution always interacts with the instrument and the air; besides, the beaker is 
not stable enough during vibrations and can easily turn over. As a result, the specimen inside it can 
interact directly with the solution. 
 
Therefore, eight organic compounds are supposed to be the contaminants from the applicators, two 
substances might appear through cleaning, six compounds could come from the PET tape and five – 
from the PVC film. Some organic molecules that were found on the surfaces of the wraps and the 
samples after the two-day storage were also found on few applicators, which complicates the 
interpretation.  Nevertheless, it is extremely important that no organic compounds from the wraps 
remained on the surfaces of the specimens after the repeated cleaning.  This is why we may conclude 
that both the Uline PVC Shrink Film and the Uline Green PET Tape did not contaminate the 
investigated samples. Some contaminants were preserved in the film and tape after being wrapped 
therein, but it is supposed that they were originally from the applicators. 
 
The sample SM1 after the repeated cleaning contained no molecules of the contaminants, whereas for 
the sample SM2, the number of contaminants grew. Therefore, the Uline Green PET Tape was the 
best wrapping material to choose in this experiment. It is quite interesting that for the first cleaning, 
the situation was absolutely opposite: SM1 contained many more contaminants than SM2, and the 
contaminants on the surface of the sample SM2 appeared likely through cleaning. It means that the 
accuracy of the experiment can have a significant influence on its results. Thus, it is recommended to 
make the investigation few times and analyze the results mutually. 
 
It is also essential to study the origin of separate contaminants in order to distinguish if they came 
from the wraps or, for instance, the cleaning solution. For example, n-Propyl benzoate is definitely the 
organic compound that could be found originally on the tape, whereas Benzeneacetic acid, .alpha.-
oxo-, ethyl ester can be a contaminant that appeared after cleaning (Tables 2 and 3). 
 
Table 2 Origin of Contaminants on PET tape 

2-Furancarboxylic acid, tetrahydro-3-methyl-5-oxo- Food additives 
2,4,7,9-Tetramethyl-5-decyn-4,7-diol Adhesive 

Benzeneacetic acid, .alpha.-oxo-, ethyl ester Cleaning 
n-Propyl benzoate Film production 

Benzoic acid, 1-methylethyl ester Film production 
Hexane, 3,3-dimethyl- Food additives 

 
Table 3 Origin of Contaminants on PVC film 

Pentanoic acid Disinfectant byproduct 
2,4,7,9-Tetramethyl-5-decyn-4,7-diol Adhesive 

Benzoic acid, ethyl ester Cleaning 
n-Hexadecanoic acid Adhesive 

Terephthalic acid, di(2-ethylhexyl) ester Adhesive 
 
 


