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were examined for the presence of alkaloids by GCMS and LCMS methods. One of

these Late Classic period (600 to 900 AD) containers was positively analyzed for the

presence of nicotine and its derivatives. The experimental findings were consistent with

the hieroglyphic text on the vessel: yo-’"OTOT-ti 'u-MAY, translated as ‘the home of its/

his/her tobacco’. The results are indicative for that it was used as a holder of tobacco

leafs.

ABBREVIATIONS

GCMS: Gas Chromatography-Mass Spectrometry; LCMS:
Liquid Chromatography-Mass Spectrometry; HILIC: Hydrophilic
Interaction Liquid Chromatography; MSMS: Mass Spectrometry/
Mass Spectrometry or Tandem Mass Spectrometry

INTRODUCTION

Our knowledge of ancient civilizations, their traditions, and
their customs comes from various sources. The understanding of
foodstuffs which were used/consumed by ancient people can be
accessed from hieroglyphic texts and images, food remains (such
as grains), or from chemical analysis of the contents of ancient
vessels and food containers. Mass spectrometry has become
an important method for analyzing the organic compounds in
archaeological objects [1,2]. In particular, this method by itself
or in combination with chromatographic techniques [3-5], has
been employed in the detection of alkaloids providing solid
evidence for the presence of cacao products in Mayan vessels
[6,7]. Indigenous to the Americas, tobacco (Tobacco rustica and T.
tabacum) was consumed by smoking, sniffing, chewing, topically,
or as additives to food and drink. Nicotine is the signature alkaloid
of tobacco. The research presented in the current article was
conducted on a vessel held in the Kislak collection of the Library
of Congress where it was stored in archival bedding at 67°F. The
flask discussed here (catalog #1988.042.00.0010; Figure (1)
was made in the Mirador Basin, in southern Campeche, Mexico
around 700AD. The style of the pot (Codex style) is well known
and limited to a specific time range of the Late Classic period
given its decoration [8]. The hieroglyphic text from this vessel
(Figure 1) contains a well-known collocation spelling for yotoot

“its house” [9]. A house/home in Classic Mayan text is referential
of constructions that contain something- in this case a clay
container designated to hold some product. In this study, GCMS
and LCMS analyses of organic compounds retained in the vessel
on (Figure 1) were performed to find any chemical signature of
what this vessel was used for.

CASE PRESENTATION

The dry residue samples were extracted from the interior of
the vessels of interest in the dry laboratory of the Conservation
Department of the Library of Congress by scraping internal
surfaces. The sample contained a portion of clay from the
deteriorating portions of the vessel, lime stone plaster from the
eroding building, but the majority was the tobacco sample found
wedged in a crevice at the bottom of the vessel. The sample
was not charred. The collected residues (~4 g) were manually
grounded into thin powder. Methanol - methylene chloride
(1:1) mixture was used to extract organic compounds from the
powder. The solution was removed and the second extraction
was performed by using water. Solvents were evaporated and the
samples were re-dissolved in 10 pL of the corresponding solvent
before been analyzed by GCMS and LCMS methods.

Out of more than 30 ancient Mayan vessels from the
collection of Library of the Congress studied in this work only the
flask shown on (Figure 1) showed a well-defined signal due to
an alkaloid, nicotine. GCMS analysis showed two nicotine peaks
while the nicotine standard produced only one signal (Figure 2).
Nicotine is optically active, having two enantiomeric forms. The
naturally occurring form of nicotine is levoratory, e.g. the same
as the (-)-nicotine standard used in this study. The smaller peak
clearly has the pattern of nicotine, and is likely a (+)-enantiomer.

Cite this article: Zagorevski D, Loughmiller-Newman JA (2017) The Detection of Nicotine in a Late Mayan Period Flask by GCMS and LCMS Methods. Ann

Forensic Res Anal 4(1): 1036.



Zagorevski et al. (2017)
Email: zagord@rpi.edu

@SCiMedCentrai

Figure 1 The vessel studied in this work (left) and hieroglyphic texts from front and back of this vessel (right).
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Figure 3 Selected ion chromatograms for peaks at m/z 179 (top) and m/z 163 (bottom).
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The estimated area ratio between (-)- and (+)-enantiomer is <
1:200, which is consistent with the naturally observed in tobacco
leafs ratio of <0.5%.

The combined extract from the Maya container was also
analyzed by LCMS using a HILIC column (Figure 3). The major
component identified by electro spray ionization was nicotine
which was detected at m/z 163. The retention time and MSMS
spectrum were exactly the same as for the nicotine standard.
Another important group of products detected by LCMS appeared
at m/z 179. Accurate mass measurements allowed assigning
C,,H,;N,0 compositions to all three components, and suggested
that the corresponding neutral molecules were isomeric nicotine
oxides. Based on the dissociation pathways, ions at m/z 179 were
assigned to (protonated) nicotine-1-oxide and two nicotine-1’-
oxides. No cotinine, which is a product of thermal oxidation of
nicotine, was found. The estimated ratio between nicotine and
the sum of two nicotine-1’-oxides was ca. 9:1 and the peak area
corresponding to nicotine-1-oxide was ~0.005 of that of nicotine-
1’-oxide(s).

DISCUSSION

The use of tobacco by ancient Mayan civilization is well
documented. Textual evidence written on the pottery is often
considered a prime indicator of contents or of an intended
purpose, but the actual usage of a container could be changed,
altered, or falsely represented making actual function of the
vessel difficult to discern. There are several issues which may
limit the success of chemical analysis on ancient residues, such
as removal of the content by water, effect of soil and bacteria, the
usage of containers changed over time, and others. As a result,
the recovery of original content of food residues becomes a very
difficult task. The most compelling evidence for a container’s
purpose and usage is when hieroglyphic text or suggestive
iconography on a vessel of interest is consistent with the chemical
analysis findings. Another challenge in chemical analysis of
archaeological objects is of false positives. For example, it was
reported that human bones can absorb nicotine even if occasional
smoking takes place in the place of their storage [10]. During our
study of archaeological objects from the Kislak collection and
from Proyecto Calakmul, more than 30 various Mayan vessels
were analyzed. Some of them were originating from the same
burial site as the flask described in this paper. The only positive
identification of nicotine was observed for the y-otoot u-may
vessel indicating that external nicotine contamination was not
the case.

Nicotine oxidation is a natural process and the detection of
its mono-oxides can be easily attributed to processes such as
bacterial degradation/oxidation. No other common metabolites
of nicotine, such as cotinine, have been detected from the vessel
under study. Their presence is usually associated with smoking
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and/or nicotine metabolism. The GCMS experiments showed
a possibility of the presence of (+)-R-nicotine enantiomer with
its relative abundance been at the level, which is characteristic
to natural content in tobacco leafs. Higher ratios between (+)-R-
and (-)-R-isomers are associated with pyrolytic process such as
smoking [11,12]. All these observations are consistent with the
intended usage of the flask as a storage of tobacco leafs, “house
of tobacco”, which is indicated by the hieroglyphic text. It is
unlikely that the flask has been used as an ash tray or for any
other purpose involving thermal treating the tobacco (leafs).

REFERENCES

1. Colombini MP, Modugno F. Organic Mass Spectrometry in Art and
Archaeology. John Wiley & Sons, Ltd, Chichester, UK. 2009.

2. Barnard H, Eerkens JW. Theory and Practice of Archaeological Residue
Analysis, British Archaeological Reports International Series 1650,
Archaeopress, Oxford, 2007.

3. Jacob III P, Byrd GD. Use of chromatographic and mass spectrometric
techniques for the determination of nicotine and its metabolites.
Analytical Determination of Nicotine and Related Compounds and
Their Metabolites (Eds.: Gorrod JW, Jacob III P), Elsevier, Amsterdam.
1999; 6: 191-224.

4. Crooks PA, Byrd GD, Use of high-performance liquid chromatographic-
mass spectrometric (LC-MS) techniques for the determination of
nicotine and its metabolites. Analytical Determination of Nicotine and
Related Compounds and Their Metabolites (Eds: Gorrod JW, Jacob III
P), Elsevier, Amsterdam. 1999; 7: 225-264.

5. Leyden DA, Leitner E, Siegmund B. Determination of nicotine
in pharmaceutical products and dietary sources. Analytical
Determination of Nicotine and Related Compounds and Their
Metabolites (Eds: Gorrod JW, Jacob III P), Elsevier, Amsterdam. 1999;
10: 393-420.

6. Exploring the Early Americas. Library of Congress. 2007.

7. Hurst WJ, Tarka, Jr. SM, Powis TG, Valdez Jr. F, Hester TR. Cacao usage
by the earliest Maya civilization. Nature. 2002; 418: 289-290.

8. Reents-Budet D, Le LandaisSB, Bishop R.L, Blackman M ]. Codex-
style ceramics: New Data Concerning Patterns of Production
and Distribution. Paper presented at the XXIV Symposium of
Archaeological Investigations, Guatemala City, Guatemala, 2010.

9. The Jay I Kislak Collection at the Library of Congress: A Catalog of
the Gift of the Jay I Kislak Foundation at the Library of Congress (Ed.
Dunkelman A). Washington, D.C. Library of Congress, 2007; 11-13.

10.Wischmann H, Hummel H, Rothschild MA, Herrmann B. Analysis of
Nicotine in Archaeological Skeletons from the Early Modern Age and
from the Bronze Age. Ancient Biomolecules.2002; 4: 47-52.

11.Liu B, Yao W, Su Q. Racemization of S-(-)-nicotine during smoking and
its relationship with pyrolysis process. ] Anal Appl Pyrolysis. 2008;
81:157-161.

12.Clayton P, Lu A, Bishop L. The Pyrolysis of (-)-(S)-Nicotine:
Racemization and Decomposition. Chirality. 2010; 22: 442-446.

Zagorevski D, Loughmiller-Newman JA (2017) The Detection of Nicotine in a Late Mayan Period Flask by GCMS and LCMS Methods. Ann Forensic Res Anal

4(1): 1036.

Ann Forensic Res Anal 4(1): 1036 (2017)

3/3


http://as.wiley.com/WileyCDA/WileyTitle/productCd-0470517034.html
http://as.wiley.com/WileyCDA/WileyTitle/productCd-0470517034.html
http://www.sciencedirect.com/science/article/pii/B9780444500953500073
http://www.sciencedirect.com/science/article/pii/B9780444500953500073
http://www.sciencedirect.com/science/article/pii/B9780444500953500073
http://www.sciencedirect.com/science/article/pii/B9780444500953500073
http://www.sciencedirect.com/science/article/pii/B9780444500953500073
http://www.sciencedirect.com/science/article/pii/B9780444500953500085
http://www.sciencedirect.com/science/article/pii/B9780444500953500085
http://www.sciencedirect.com/science/article/pii/B9780444500953500085
http://www.sciencedirect.com/science/article/pii/B9780444500953500085
http://www.sciencedirect.com/science/article/pii/B9780444500953500085
http://www.sciencedirect.com/science/article/pii/B9780444500953500115
http://www.sciencedirect.com/science/article/pii/B9780444500953500115
http://www.sciencedirect.com/science/article/pii/B9780444500953500115
http://www.sciencedirect.com/science/article/pii/B9780444500953500115
http://www.sciencedirect.com/science/article/pii/B9780444500953500115
http://www.loc.gov/exhibits/exploring-the-early-americas/
https://www.ncbi.nlm.nih.gov/pubmed/12124611
https://www.ncbi.nlm.nih.gov/pubmed/12124611
http://www.mayavase.com/codex.pdf
http://www.mayavase.com/codex.pdf
http://www.mayavase.com/codex.pdf
http://www.mayavase.com/codex.pdf
http://www.kislakfoundation.org/pdf/Catalog_01.pdf
http://www.kislakfoundation.org/pdf/Catalog_01.pdf
http://www.kislakfoundation.org/pdf/Catalog_01.pdf
http://users.clas.ufl.edu/krigbaum/6930/wischmann_etal_AB_2002.pdfhttp:/www.tandfonline.com/doi/abs/10.1080/1358612021000010686
http://users.clas.ufl.edu/krigbaum/6930/wischmann_etal_AB_2002.pdfhttp:/www.tandfonline.com/doi/abs/10.1080/1358612021000010686
http://users.clas.ufl.edu/krigbaum/6930/wischmann_etal_AB_2002.pdfhttp:/www.tandfonline.com/doi/abs/10.1080/1358612021000010686
https://www.scipers.com/ePaper-View-2625345=%D9%85%D9%82%D8%A7%D9%84%D9%87-Racemization-%D8%A7%D8%B2-S-------%D9%86%DB%8C%DA%A9%D9%88%D8%AA%DB%8C%D9%86-%D8%AF%D8%B1-%D8%B7%DB%8C-%D9%85%D8%B5%D8%B1%D9%81-%D8%B3%DB%8C%DA%AF%D8%A7%D8%B1-%D9%88.html
https://www.scipers.com/ePaper-View-2625345=%D9%85%D9%82%D8%A7%D9%84%D9%87-Racemization-%D8%A7%D8%B2-S-------%D9%86%DB%8C%DA%A9%D9%88%D8%AA%DB%8C%D9%86-%D8%AF%D8%B1-%D8%B7%DB%8C-%D9%85%D8%B5%D8%B1%D9%81-%D8%B3%DB%8C%DA%AF%D8%A7%D8%B1-%D9%88.html
https://www.scipers.com/ePaper-View-2625345=%D9%85%D9%82%D8%A7%D9%84%D9%87-Racemization-%D8%A7%D8%B2-S-------%D9%86%DB%8C%DA%A9%D9%88%D8%AA%DB%8C%D9%86-%D8%AF%D8%B1-%D8%B7%DB%8C-%D9%85%D8%B5%D8%B1%D9%81-%D8%B3%DB%8C%DA%AF%D8%A7%D8%B1-%D9%88.html
https://www.ncbi.nlm.nih.gov/pubmed/19644958
https://www.ncbi.nlm.nih.gov/pubmed/19644958

	The Detection of Nicotine in a Late Mayan Period Flask by GCMS and LCMS Methods
	Abstract
	Abbreviations
	Introduction
	Case Presentation 
	Discussion
	References
	Figure 1
	Figure 2
	Figure 3

