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Abstract—The composition of resins of seven ancient Egyptian mummies from the collection of the Pushkin
State Museum of Fine Arts was studied. n-Alkanes were found in the resins by gas chromatography—mass
spectrometry, which suggests the presence of natural bitumen in these resins. By comparing the hydrocarbon
profiles of the studied mummies with the profiles of n-alkanes from mummy resins, reported in publications,
the bitumen of the Dead Sea basin was identified. Concentrations of some trace elements were determined
by inductively coupled plasma atomic emission spectrometry; vanadium, nickel, and molybdenum were
found in the resins of five mummies. The identification of bitumen (its origin) by the relative concentrations

of these elements was proposed.
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Mummification is a natural or an artificial preser-
vation of a body after death; it is an integral feature of
the culture of Ancient Egypt [1]. In different periods of
the history of Ancient Egypt, various substances of
organic nature, for example, beeswax, vegetable wax,
natural bitumen, tar, softwood resins, animal fats,
vegetable oils, and aromatic resins of some plants,
were used for embalming compositions during mum-
mification [2—8]. One of the key points in the study of
resin coatings of ancient Egyptian mummies is the
identification of bitumen in mummification composi-
tions and the determination of its geographical origin.
Benson et al. published one of the first works on the
identification of bitumen [9], in which the resin of an
Egyptian mummy from the Historical Museum of
Manchester was studied by gas chromatography. The
authors compared the profiles of n-alkanes in the resin
of the mummy and the bitumen of the Dead Sea and
showed their similarity.

Natural bitumen contains marker compounds with
chemical structures associated with their biological
precursors: plants, bacteria, and algae. Steranes and
triterpanes, that is, aromatic steroidal hydrocarbons
used in geochemical studies [10], were recognized as
such markers. The distributions of these hydrocarbons
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were different for bitumen from different deposits and
can serve as a means of assessing their geographic ori-
gin. Rullkotter et al. [11] described one of the first
studies of the distribution of steranes and triterpanes
in Dead Sea asphalt by gas chromatography—mass
spectrometry (GC—MS) with ion monitoring of char-
acteristic fragments (m/z 217 and 191). This approach
has been repeatedly applied to identify bitumen in the
resins of ancient Egyptian mummies [12—14].
n-Alkanes C,y—C;5 and hopane and terpane deriva-
tives can serve as markers of the presence and origin of
bitumen in embalming resins of mummies. The main
disadvantage of this method is that, in many cases,
these markers were either not detected, or were pres-
ent in trace amounts, which did not guarantee
their reliable determination in mummifying com-
pounds [5, 14].

On the other hand, oil is known to contain over 60
trace elements. The concentration of vanadium and
nickel reaches 0.1%; the concentration of Fe, Mo, As,
Co, Cu, Mn, Sr, Se, and Rb is ~0.003% [15, 16].
Spielmann was one of the first to discover the presence
of vanadium and nickel in the resins of Egyptian
mummies [17]. Other researchers also found these ele-
ments in the resins of mummies [9, 14]. In the resins
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Table 1. Description of exhibits from the collection of the Pushkin State Museum of Fine Arts, provided for research

Sample no.

Name, inventory number

N N L BN~

I-1a 7150 Head of a human mummy in a tarnished shroud; length 20 cm
I-1a 6932 Head of a mummy; height 22 cm, circumference 53 cm

I-1a 6505 Head of a male mummy; height 28 cm, circumference 54 cm
I-1a 6506 Head of a female mummy; height 25 cm, circumference 53.5 cm
I-1a 1241 Headless mummy swaddled in a large amount of bandages

I-1a 5934 Head of a female mummy; height 24 cm, circumference 52 cm
I-1a 1239 Mummy Ipanhi in a cardboard case

of many mummies, molybdenum was also found in
addition to vanadium and nickel [5, 9, 18].

The goal of this study was to determine the pres-
ence and origin of bitumen in the resins of seven
ancient Egyptian mummies from the collection of the
Pushkin State Museum of Fine Arts using GC—MS
and inductively coupled plasma—atomic emission
spectrometry (ICP—AES).

EXPERIMENTAL

Test samples. The description of the studied exhib-
its is presented in Table 1. The approximate dating of
mummies is 1000 years BC. Samples of the resinous
substance were collected from the surface of the mum-
mies in the form of naturally separated fragments of
resinous material of almost black color, odorless.

Reagents. We used n-hexane, chloroform, and
o-xylene of cp grade as solvents.

Apparatus and auxiliary equipment. An HP 6890 gas
chromatograph with an MSD 5975 mass spectromet-
ric detector (Agilent Technologies, United States) was
used. The chromatographic conditions were as
follows: a DB-5ms capillary column (30 m in length
and 0.25 mm in inner diameter; the thickness of the
stationary phase was 0.25 wm). The initial temperature
of the column thermostat was 100°C; programmable
temperature raise from 100 to 280°C at a rate of
15°C/min. The column was maintained at the final
temperature for 10 min. The carrier gas (helium) flow
rate was 1 mL/min with a split ratio of 1 : 10. The evap-
orator temperature was 280°C; the detector interface
temperature was 280°C. The injected sample volume
was 1 uL. The detection was carried out in a total ion
current mode.

The preparation of the test solution was performed
according to the recommendations [19]. Approxi-
mately 100 mg of a resin was crushed, and 1 mL of
chloroform was added. Extraction was carried out in
an ultrasonic bath (60°C, 60 min). Forty milliliters of
n-hexane was added to the resulting suspension,
shaken vigorously for 5 min, and centrifuged
(5000 rpm, 10 min). The liquid phase was separated;
the solvent was removed until a dry residue was
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formed. The residue was dissolved in 50 pL of n-hex-
ane.

The concentration of elements in the resins of
mummies was determined using a Thermo Scientific
iCAP 6300 Duo inductively coupled plasma—atomic
emission spectrometer (United States) with an
ISOMIST attachment. The maximum plasma power
was 1150 W. The following flow rates were maintained
in the system: 11 L/min for plasma-forming argon
flow, 0.7 L/min for auxiliary argon flow, and
2 mL/min for nebulizing argon flow (Meinhard
cyclone spray chamber). An additional (auxiliary)
argon flow was used to decrease the effect of the solu-
tion viscosity on the amount of aerosol entering the
plasma. The spray chamber temperature was —10°C.
The analytical signals of the elements were recorded at
wavelengths listed in Table 2.

To construct the calibration curves, we used solu-
tions that were prepared by diluting the CONOSTAN
S-21 900 ppm multielement calibration standard (Ag,
Al, B, Ba, Ca, Cd, Cr, Cu, Fe, Mg, Mn, Mo, Na, Ni,
P, Pb, Si, Sn, Ti, V, and Zn) in blank oil (cat. no. 150-
021-015, Conostan, Canada).

The test solution was prepared according to a mod-
ified procedure [20]. A 100 mg sample of a resin was
crushed; 20 mL of o-xylene was added, and the mix-
ture was treated in an ultrasonic bath (60°C, 60 min).
The resulting solution was centrifuged (5000 rpm,
10 min). The liquid above the sediment was trans-
ferred into a 10 mL volumetric flask, and the volume
of the solution was brought to the mark with o-xylene.

RESULTS AND DISCUSSION

To determine the composition of hydrocarbons
present in the test resin, the sample was extracted with
chloroform, and asphaltenes were precipitated with an
excess of n-hexane [19]. Compounds in the resin
extracts were identified by GC—MS. Chromatograms
of the resin extracts of two mummies in n-hexane are
shown in Fig. 1.

n-Alkanes with a chain length of 16 to 35 carbon
atoms were identified in the extracts. The predomi-
nance of hydrocarbons with odd numbers of carbon
atoms C,s;—C;; in the chromatograms, typical of bees-

No. 6 2021



DETECTION AND ASSESSMENT OF NATURAL BITUMEN SOURCES 781
Table 2. Results (ug/g) of determination of trace elements in the resins of mummies (n = 3, P = 0.95)
Mummy
Element A, nm

1 2 3 4 5 6 7
Cd 228.8 0.60 £0.02 | 0.30+0.01 | 0.40+£0.03 | 1.0£0.1 | 0.30£0.02 | 0.30+0.01 | 0.50 £0.02
Cr 267.7 9.1+1.3 6.1 £0.4 2.1 £0.1 70+03]| 2.0x0.9 3.01£0.2 5.0%+0.3
Cu 324.7 17x2 14+ 1 15+2 12+1 7.0 = 1.1 24+ 1 28 £2
Mn 257.6 24+ 2 1m+1 21+ 3 13+1 2.0+0.8 7.0 £0.5 50£0.6
Mo 202.0 6.0+ 1.0 <0.2 6.0+04 |6.0+0.5 <0.2 6.0+0.7 11+1
Ni 231.6 45t 4 0.30 £0.06 17£2 17 £ 1 0.20 =+ 0.01 18 1 40 £ 4
Pb 220.3 17+ 2 0.50 £ 0.07 2.0+0.3 42+2 0.50 £0.02 33+2 0.50 = 0.01
Ti 336.1 16 £2 <0.2 372 31+£2 <0.2 26+ 2 19+1
\Y 292.4 63+5 <0.2 312 42 +3 <0.2 29+2 51+4
Zn 213.8 21 £2 38+ 3 7.0 £0.5 35+3 2512 18+ 1 22+2
Z(Mo,Ni,V) 114 - 54 65 - 53 102
V, % 55.3 — 57.4 64.6 — 54.7 50.0
Mo, % 5.3 — 11.1 9.2 — 11.3 10.8
Ni, % 39.4 - 31.5 26.2 — 34.0 39.2

wax, suggested its presence in the resins of mummies.
In the composition of beeswax, there are neither
n-alkanes with an even number of carbon atoms nor
carbon chains shorter than 23 carbon atoms. Such
hydrocarbons were found in the resin extracts of five
mummies. This suggested the presence of natural
bitumen in them.

To determine the origin of bitumen, histograms of
the distribution of n-alkanes in the profile of mummy
resins were built using hydrocarbons with an even
number of carbon atoms to exclude the effect of bees-
wax hydrocarbons. The obtained histograms (Fig. 2)
allowed a conclusion that the distribution of bitumen
hydrocarbons in the resins of the studied mummies
was approximately the same. The maximum content
of hydrocarbons falls on alkanes with the number of
carbon atoms 22—26.

Jones et al. [8] reported similar distributions of
n-alkanes for mummy resins, in the composition of
which the bitumen of the Dead Sea basin was identi-
fied. The distribution maximum was noted for hydro-
carbons containing 20—25 carbon atoms. A compari-
son of the profiles obtained in this work with the data
of [8] enabled us to assume that the resins of the mum-
mies studied in this work contained bitumen from a
deposit in the Dead Sea basin.

The methods of elemental analysis of oil and its
various fractions are well developed and widely used
[15, 20, 21]. The results of the determination of trace
elements in the resins of the studied mummies by
ICP—AES (Table 2) show that vanadium and nickel
were present in the resins of five of the seven
studied mummies (except for mummies 2 and 5). This
confirms the absence of bitumen in the resins of mum-

JOURNAL OF ANALYTICAL CHEMISTRY  Vol. 76

No. 6

mies 2 and 5. The resins of these mummies also con-
tained no lead and titanium. The presence of these
elements is also a characteristic of natural bitumen,
but there are no such data in the literature.

In the resins of mummies 1, 3, 4, 6, and 7, we found
molybdenum in addition to vanadium and nickel.
According to research results [3, 9, 17], molybdenum
was found in the bitumen of the Dead Sea. According
to [9], the proportion of V and Mo in the total content
of V+ Mo + Ni in the natural bitumen of the Dead
Sea was approximately 50 and 24%, respectively. The
proportion of these elements in the resin of the
mummy based on the Dead Sea bitumen, found in the
Fayum oasis of Egypt [3], was 56 and 15%, respec-
tively. The proportion of vanadium in the resins of the
studied mummies was 50—65%, and the proportion of
molybdenum was 5—11%. The results correlate well
with the data [3] on the concentration of V, Ni, and
Mo in the bitumen of the Dead Sea and the resin of the
Fayum mummy based on this bitumen. This enables a
conclusion that the resins of these mummies contain
bitumen from the deposits of the Dead Sea basin.

CONCLUSIONS

Thus, the determination of V, Ni, and Mo in
mummy resins is a convenient and simple way to iden-
tify bitumen in mummification compositions and to
determine its geographical origin. The identification
of bitumen in mummy resins by the concentrations of
V, Ni, and Mo has many advantages: minimal sample
preparation is required; the detection limit of elements
is 0.2 ug/g; these elements can be determined in the
presence of accompanying organic compounds; the
determined elements are not subjected to physical,

2021
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Fig. 1. Chromatograms of hydrocarbons in (a, b) the resins of mummies and (c) beeswax. The number above the peak indicates
the number of carbon atoms in the n-alkane.
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chemical, or biological effects in the process of long-
term burial.

FUNDING

This work was supported by the Russian Foundation for
Basic Research, project nos. 17-29-04144 and 17-29-04100.

REFERENCES

1. Egyptian Mummies and Modern Science, Rosalie
David, A., Ed., Cambridge: Cambridge Univ. Press,
2008.

2. Menager, M., Azémard, C., and Vieillescazes, C., Mi-
crochem. J., 2014, vol. 114, p. 32.

3. Proefke, M.L. and Rinehart, K.L., J. Am. Soc. Mass
Spectrom., 1992, vol. 3, p. 582.

4. Colombini, M.P., Modugno, C., Silvano, F., and On-
or, M., Stud. Conserv., 2000, vol. 45, no. 1, p. 19.

5. Buckley, S.A. and Evershed, R.P., Nature, 2001,
vol. 413, p. 837.

6. Buckley, S.A., Clark, K.A., and Evershed, R.P., Na-
ture, 2004, vol. 431, p. 294.

7. kucejko, J., Connan, J., Orsini, S., Ribechini, E., and
Modugno, F., J. Arch. Sci., 2017, vol. 85, p. 1.

8. Jones, J., Higham, Th.F.G., Chivall, D., Bianucci, R.,
Kay, G.L., Pallen, M.J., Oldfield, R., Ugliano, F., and
Buckley, S.A., J. Arch. Sci., 2018, vol. 100, p. 191.

9. Benson, G.G., Hemingway, S.R., and Leach, F.N., in
The Manchester Museum Mummy Project: Multidisci-
plinary Research on Ancient Egyptian Mummified Re-
mains, David, A.R., Ed., Manchester: Manchester
Univ. Press, 1979, p. 119.

10

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Petrov, A.A., Uglevodorody nefti (Petroleum Hydrocar-
bons), Moscow: Nauka, 1984.

Rullkotter J., Spiro, B., and Nissenbaum, A., Geochim.
Cosmochim. Acta, 1985, vol. 49, p. 1357.

Connan, J., Nissenbaum, A., and Dessort, D., Geo-
chim. Cosmochim. Acta, 1992, vol. 56, p. 2743.
Nissenbaum, A., J. Arch. Sci., 1992, vol. 19, p. 1.
Brettell, R., Martin, W., Atherton-Woolham, S., Ben
Stern, and McKnight, L., Stud. Conserv., 2017, vol. 62,
no. 2, p. 68.

Maryutina, T.A., Katasonova, O.N., Savonina, E.Yu.,
and Spivakov, B.Ya., J. Anal. Chem., 2017, vol. 72,
no. 5, p. 490.

Khadzhiev, S.N. and Shpirt, M.Ya., Mikroelementy v
neftyakh i produktakh ikh pererabotki (Trace Elements
in Oils and Products of Their Processing), Moscow:
Nauka, 2012.

Spielmann, P.E., J. Egypt. Archaeol., 1932, vol. 18,
nos. 3—4, p. 177.

Rullkotter, J. and Nissenbaum, A., Naturwissen-
schaften, 1988, vol. 75, p. 196.

Bogomolov, A.l., Temyanko, M.B., Hotyntseva, L.I.,
Sovremennye metody issledovaniya neftej: Spravochno-
metodicheskoe posobie (Modern Methods of Oil Re-
search: Reference and Methodological Manual), Len-
ingrad: Nedra, 1984.

Maryutina, T.A. and Musina, N.S., J. Anal. Chem.,
2012, vol. 67, no. 10, p. 862.

Punanova, S.A., Mikroelementy neftei, ikh ispol’zovanie
pri geokhimicheskikh issledovaniyakh i izuchenii protsess-
ov migratsii (Trace Elements of Oils, Their Use in Geo-
chemical Research, and The Study of Migration Pro-
cesses), Moscow: Nedra, 1974.

Translated by O. Zhukova

JOURNAL OF ANALYTICAL CHEMISTRY Vol. 76  No. 6 2021



	EXPERIMENTAL
	RESULTS AND DISCUSSION
	CONCLUSIONS
	REFERENCES

		2021-06-07T23:17:02+0300
	Preflight Ticket Signature




