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Abstract

The aim of this paper is to study deterioration phenomena of foot case cartonnage from
Saqgara area, Egypt. There are many damage problems such as: accumulation of dust,
stains, cracks of ground layer and detachment of paint and gilded layers. An analyses and
investigations of different samples were performed using a number of different analytical
techniques. Light microscopy (LM), X-ray diffraction (XRD), scanning electron microscopy (SEM)
equipped with an energy dispersive X-ray detector (EDS) and Fourier transform infrared
spectroscopy coupled with attenuated total reflection (ATR-FTIR) were used. Analytical studies
indicated that, cartonnage was composed of two layers; the coarse ground layer consisted of
calcite and quartz as while the finer ground layer contained calcite only. Two layers of preparing
double of linen textile were used as a separate layer between the previous ground layers. The
pigments used for the decoration of cartonnage were identified as hematite, cinnabar and
cuprorivaite. Gilded layer was identified as gold and silver. Microbiological investigation indicated
the presence a fungal and bacterial infestation. The results obtained gave important knowledge
about the deterioration processes of the foot case cartonnage.
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1. Introduction
Cartonnage is the term used for a
type of mummy casing, made of gesso

such as fungi, bacteria and actionmyc-
etes can cause aesthetic and structural

incorporating layers of papyrus or linen
or both then painted [1]. It is a complex
material that combines organic and
inorganic materials[2]. These components
are different in response to the impact of
various damage factors, it is therefore
more prone to damage and this causes
its structure to weaken and over time
loses its physical and mechanical prop-
erties. The cartonnage are also exposed
to microbiological damage, which is
considered one of the dangerous factors
that cause damage. Microbiol ogical species,
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damage [3]. Foot case cartonnage in
this study is believed to date back to
late period. It was discovered in one of
the excavations in the Saggara region,
then thrown again after being discovered
then extracted through an Egyptian
mission in 1983. Saqgara area is one of
the most famous places in Egypt situated
about 10 miles (16 km.) from Giza, a
suburb of Cairo, fig. (1). It was the pri-
nciple necropolis, the ancient Egyptian
capital city for much of the Pharaonic
period which is dated back to the old
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Egyptian period (3 to 6" dynasty). The
total length of the necropolis is about
3.75 miles (6 km.), with a max. width
of about amile (1.6 km.) [4,5]. Over the
centuries, remains have been discovered
in the archaeological area of Saggara
and among these are some of the most
beautiful and important of the ancient
Egyptian civilization motives or elem-

ents [6]. The main objective of this rese-
arch is to evaluate deterioration pheno-
mena of foot case cartonnage by using
different analytical techniques such as
light microscopy, XRD, SEM-EDS and
ATR-FTIR to determine the appropriate
methods of treatment and conservation
methods.

Alexandria

Mediterranean Seaqa

Figure (1) Shows amap of the Saqgara area :

2. Deterioration Aspects of Foot Case Cartonnage

The study of the aspects of the
damage of foot case cartonnage is the
first step of treatment and conservation
of it, since understanding the nature of
these aspects significantly determines the
steps of restoration and conservation.
Foot case cartonnage, fig. (1) is very
fragile and distorted, either because of
the buria environment it was in or because
of the condition of the laboratory. The
cartonnage suffers from many deterioration
phenomena including accumulation of
dust on the surface of foot case, also the
presence of mud calcification covering
a large part of the feet, fig. (1-a). This
dust may be due to the impact of the
burial environment. In addition to the
presence of a large stain covering a
large part of the right foot, fig. (1-b)
which may be resulted in the resin
materials used during the mummifyca-
tion of the mummy [7,8]. The outer and
inner ground layer suffers from very
fragile and weak aspects resulted in
detachment of some parts from the
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support, fig. (1-c) that may be due to
the hygroscopic nature of gesso layer,
causing it to absorb water more readily
than it loses it [9]. Thus may affect
moisture on calcium carbonate, CaCOs
in the presence of carbon dioxide and it
dissolves into calcium bicarbonate, Ca
(HCOg3),. Also the loss of the binding
media from the preparation layer resulting
to low of relative humidity (less than
50% relative humidity causes dryness
of the organic medium) [10] or micro-
rganisms feed on it as organic matter
may be due to disintegration of ground
layer [11,12]. Micro cracks and breaksin
the painted surface because of fluctuations
in temperature and relative humidity and
the differential of expansion and contra-
ction between the layers of cartonnage
(support and gesso layer) [13,14]. Also
the occurrence of flaking and exfoliation
of paint layer, fig. (1-d) may be due to
the loss of the binding layer of pigments
[11]. It is observed in some of the paints
on the cartonnage were damaged, such



as Egyptian blue, fig. (1-€), which turned
into a powder form probably because of
it is made of coarse, relatively large and
heterogeneous particles [15] or was att-
ributed to the aging of organic binder
[16]. The maor problem with organic
binders is their short lifetime due to
their susceptibility to various degrading
processes such as chemica and physico-
chemical processes that usually originate
from oxygen and exposure to UV light
[17]. Also observed the presence of
residues of rodents and marks take shape
(2), fig. (1-f) spread to the paint layer
were may indicate to microbiology attack

or due to acid deposits from rats [10].
Some areas of the textile support suffer
from separation of the two layers of fabric,
fig. (1-g) perhaps because of high and
low humidity leading to expansion and
shrinkage of the tissue [18]. It also suffers
from weak, tears and excisions may be
because of poor handling and circular holes
in tissue, fig. (1-h) which may indicate
to an insect attack [19]. Flaking, micro-
cracking and missing parts in the gilded
layer of the toenails were destroyed which
may be due to missing of binding media
of gilding leaf or relative humidity
fluctuation.

Figure (1) Shows deterioration phenomena of the foot case cartonnage a. accumulation of dust and mud

calcification, b. stain covering the right foot, c. detachment and breakdown of outer ground
layer, d. flaking and exfoliation of paint layer, e. blue pigment turned into a powder, f. marks
take shape (2) spread to the paint layer may indicate an insect attack, g. separation of linen

support, h. holesin textile



3. Materials and Methods
3.1. Sample collection

The scientific analysis gives a
complete picture of the type of damage
to the cartonnage, such as the occurrence
of morphological or composition changes.
Samples were collected from different
areas of foot case cartonnage carefully
3.2. Analytical techniques
3.2.1.Light Microscopy

The samples were observed by
BTC BIM 313T optical microscopy and
recorded with a digital camera, as mobile
3.2.2. XRD analysis

XRD measurements were perfor-
med using XPERT-PRO-PANalytical
diffractometer (Netherland), using Cu
anticathode and Ko radiation with sec-
3.2.3. SEM-EDS microanalysis

Studies were carried out by using
SEM Model FEI Quanta 250; the surface
of samplesis none coated. SEM images
are taken by backscattered (BSE) and
Secondary electrons (SE). It is equipped

3.2.4.FTIR -ATR spectroscopy analysis

Fourier transform infrared spectr-
oscopy was carried using spectrometer
VERTEX 70 (Bruker), equipped with an
attenuated total reflection (ATR) sample
stage. Spectra were recorded in absorb-
3.2.5. Microbial examination

Isolation and development of a
number of microorganisms from different
areas on the foot case cartonnage, to
identify the most important microorga-
nisms, which grow on it and lead to
damage. Swab sampling technique was
used, which swabs were taken from the
different area of the foot case. These
3.2.5.1.Isolation of fungi

Petri dishes containing Czapek’s
medium consisting of 30 g sucrose, 2 g
sodium nitrate, 1g. potassium dihydrogen
phosphate, 0.5g. potassium chloride,
0.5g. magnesium sulfate, 0.01g. ferrous
sulfate, 10g. agar and 1000 ml tap water
(pH 5.5-6) [21] were inoculated with
the swabs at 28-30 °C for 5-7 days, then
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according to the [20] from the ground
layers, pigments, textile and gilded layers
to determine their components, taking
into consideration that samples are also
representative of the manifestations of
damage.

USB microscope was used to study
damage to cartonnage.

ondary monochromator (45 KV, 40 MA),
a flat sample holder and a X’celerator
detector.

with an energy-dispersive spectrometer
(EDS) to identify the elemental compo-
sition of the materials. The accelerating
voltage was 20-25 KV.

ance mode were obtained in the region
of 600-4000 cm™ at resolution 4 cm™,
16 scans were averaged in order to obtain
clear absorption spectra of each sample.

swabs are placed immediately after the
insulation in sterile tubes for lack of
contamination. As well as taken is
isolated from the air in the room by
putting Petri dishes with media suitable
for the growth of microbes and left for
ten minutes and then close dishes.

separation and purification of fungal
colonies on dishes containing the potato
dextrose agar (PDA) medium, which
consists of 200 g potato extract, 20g.
dextrose, 15¢g. agar and 1000 ml distilled
water (pH 6.5) [22]. After 7 days of inc-
ubation at 28-30°C fungi are defined
according to scientific references [23,24].



3.2.5.2.1solation of bacteria and actinomycetes

Purification of bacterial and actin-
omycetes colonies on dishes containing
the agar medium, which consists of 5g.
peptone, 3g. beef extract, 5g. sodium
chloride, 20g. agar and 1000 ml distilled

4. Results
4.1.Light microscopy

The microscopic examination of
the surface of dark red layer, shows
white granules scattered on the surface,
which may be due to the presence of
salt crystals. Optical microscopic inve-
gtigation of the brilliant red layer, fig.
(2-a) shows circular and lightness

grains. There were aso some black
spots in the brilliant red color. The
gilded layer appears under the optical
microscope irregularly, fig. (2-b), this
may be due to the application of gold
leaf on the pigments. It also appears to

water (pH 7.2) after 7 days of incuba-
tion at 30-37 °C bacteria and actionmy-
cetes are defined according to reference
procedures [25,26].

have many micro-cracks and missing
parts in some area of the gilded layer
and the separation of parts and inf-
lection of gilded leaf from the surface,
fig. (2-c) which may be due to loss of
organic binder used to adhesive gild
foil. The optical ex-amination of textile
support revealed that it is from linen
where the nods appear in the fibers, the
tissue composition is 1/1, flax thread is
approximately 250 um and thickness of
fiber is about 13pum.

Figure (2) Shows Ilght mi croscope features a. the surface of br|II|ant red Iayer b cracks and missing

parts aspects in some area of the surface of gilding layer, c. separation parts and inflection

of gilding leaf

4.2.XRD results

The results obtained form X-ray
diffraction analysis showed that the
outer ground layer consists of calcite
(CaCOs) only as a mgjor component and
calcite and quartz (SIO,) reveaed in the
inner coarse ground layer. These results
agreed with Afifi [27]. XRD results of
dark red layer showed that sample
consists of the calcite as main component,
in addition to hematite (Fe;O3) as a
minor component. Also, XRD data of
the brilliant red pigment sample shows
that the sample consists of calcite as a
major component and cinnabar (HgS) as
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atrace. Spectrum of XRD appeared that
the dark blue paint sample, fig. (3) con-
sists of calcite and quartz as a main com-
ponents, in addition to, natron (NaSO,.
2H,0) and Egyptian blue (CuCaSi4Oy)
as minor components. Natron may be
result to contact of foot case with the
mummified body, where it's used during
the mummification process to dry the
body [28,29]. XRD analysis results rev-
ealed that gilded layer consist of calcite
as a magjor component mixed with traces
of hematite (Fe;Os), it may be due to
the paint used below the gilded layer.
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Figure (3) Shows of XRD pattern of dark blue paint sample

4.3. SEM- EDX results

The examination of a sample of the
outer ground layer by SEM in backscat-
tered (BS) mode, fig. (4-a) showed that
the calcite granules were not correlated
with each other and gaps between the
crystals. SEM in secondary electrons (SE)
mode of the inner ground layer, fig. (4-
b) shows presence of erosion and disi-
ntegration of crystals, as well as the
presence of fungal hyphae overlapping
between calcite granules. SEM-BS analysis
of dark red layer shows micro-cracks
and white crystals spread on the surface.
The results of EDS analysis, fig. (4-c)
showed the main elements are chloride
(Cl) and sodium (Na), in addition to
elements calcium (Ca) and carbon (C)
from ground layer and iron (Fe) may be
result to the use of hematite as a red
pigment. SEM-BS of the brilliant red
paint revealed luminous granules
broken, while EDS, fig. (4-d) appears
the elements mercury (Hg) and sulfur
(S) which may be indicating to cinnabar
(HgS). SEM of the dark blue layer
revealed that the surface of the sample
was irregular due to the different sizes
and shapes of the cuprorivaite crystals

e O P TP -
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characteristic of the Egyptian blue color,
also appeared halite salt crystal featured
hexagonal form, attached to the dark blue
crystals (cuprorivaite), fig. (4-e). EDX of
the dark blue layer showed the presence
peaks of calcium (Ca), copper (Cu) and
silicon (Si) may be attributed to cupror-
ivaite, in addition to the elements of
magnesium (Mg) and aluminum (Al),
possibly from burial environment. Sodium
(Na) and chloride (Cl) probably refers to
the presence of halite (NaCl). The SEM-
SE of the gilded layer sample, fig. (4-f)
revealed that there were three layers of
gilding foil where the thickness of the
single gold layer was about 2um. It is
also noticed that the three layers are
separated from each other. EDX of the
same sample, fig. (4-g) showed the
peaks of gold Au (97.7%), in addition to
silver Ag (1%), copper Cu (0.9%) and
zinc Zn (0.6%), its may be impuritiesin
the gold. The examination of a sample
of the textile, fig. (4-h) showed weakness
and some flexions, lost of their strength
and breakage in the fibers of the tissue
also appears micro-cracks in one of the
fibers.
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Figure (4) Shows a. SEM-BS micrograph of sample of theouter ground Iayer shows the gaps between

the crystals, b. fungal hyphae overlapping between calcite granules, ¢. EDS spectrum of dark red
layer, d. EDS spectrum of brilliant red layer, e. SEM micrograph of cuprorivaite crystal of blue
paint layer, f. SEM micrograph of deterioration phenomena of gilding layer and separation of
gold foils, g. EDS spectrum of gilding layer, h. SEM micrograph of textile support

4.4. ATR-FTIR results

The FTIR spectrum of the outer
ground layer, fig. (5) reveaed functiona
groups that indicate the presence of
calcite only from preparation layer and
no other functional groups showed any

organic medium. The characteristic bands
of calcite showed at 1392 cm™* which is
attributed to CO®* stretching (antisym-
metric), peak at 871 cm™ is dueto O-C-O
bending band (symmetric) [30,31].
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Figure (5) Shows ATR- FTIR analysis of the outer ground sample compared with reference sample
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4.5.Microbiology damages:

The microbiological examination
of the cartonnage, fig. (6) showed that it
infested with the following fungi: Aspe-
rgillus flavipes, Aspergillus ochraceus,
Penicillium chrysogenum, Penicillium

steckii and Scopulariopsis candida.
Also found three bacterial species are
Bacillus laterosporus, Bacillus coagulans,
Micrococcus sp., and type one of Actino-

mycete is Streptomyces sp.

Figure (6) Shows different kind of fungi isolated from foot case cartonnage a. Aspergillus flavipes, b.

Aspergillus ochraceus, c. Penicillium chrysogenum, d. Penicillium steckii, e. Scopulariopsis

candida

5. Discussion

Optical Microscope, SEM and XRD
results revealed that foot case carton-
nage composed of five layers, the outer
and inner ground layer. These layers are
separated by two layers of tissue. The
fourth and fifth layers are a layer of
pigments and gilded. The SEM observation
of the outer ground layer shows the
weakness and lack of cohesion, this
may be due to the natural aging process,
where it is exposed to the organic medium
used to connect the components of the
ground layer. SEM of the inner ground
layer shows presence of hyphae may be
penetrated in the ground, degrading
some of its components, which resulted
in a decrease in the cohesion of the
layers, thus giving rise to exfoliations
and cracking [32]. Also the funga hyphae
are capable of etching and extending
into the interior of the painted ground
layer, resulting in enlargement of the
damaged area and an increase in porosity
[33]. The microscopic examination of the
brilliant red layer shows some black
spots in the brilliant red color that may
be due to the beginning of the transfo-
rmation of mercury sulfate (HgS) to
metacinnabar [34]. Furthermore, the crystal
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has appeared broken; this breakage is
probably the beginning of the damage
of the cinnabar and its transformation into
metacinnabar. Cinnabar tends to darken
to be form of the black metacinnabar o-
HgS [35]. The cause of cinnabar photo-
sensitivity related to physical and chemical
mechanisms such as photo-oxidation and
changes in atomic structure [36]. SEM-
EDS of dark red and blue sample shows
white crystals spread on the surface,
while the results analysis showed that it
contains of chloride (Cl) and sodium
(Na) and this indicates to the presence
of halite (NaCl) as a sadt which is a
common salt in the sandy burial environ-
ment [37,38]. SEM of gilded layer showed
that there were three layers of gilding
foil; they are separated from each other,
possibly as a result of the loss of the
organic medium used as an adhesive with
natural aging. There is also erosion,
fissures and protrusions in the gilded
layers may be due to the application of
more than one gilded layer or because
of the shrinkage of the organic medium.
FTIR-ATR results of the ground layer
did not show any functional groups
indicating the organic medium may be



due to the spectrum of calcite has overl- showed the presence of fungal and bacterial

apping any other compound in the sample growth causing aesthetic damage due to
[39], or due to the natural aging of the colony formation and fungal pigments
binding media, which is noticed in the [3,40], microorganisms exits the enzymes
weakness of the ground layer. The micro- that are damaged organic binder and
biological examination of the cartonnage causes loss of paint layers [40].

6. Conclusion

The different analytical techniques have been used to study deterioration phenomena of foot
case cartonnage. The results showed that it suffers from severe degradation as a result of
discovery, then the return of his burial and it presence for a long time without the necessary
treatment and conservation. The deterioration phenomena observed are fragile and distorted
of cartonnage and weak, cracks and detachment of ground layer, flaking and exfoliation of
paint layers, tears, excisions and holes of textile, erosion, fissures, protrusions of the gilding layers
and. The microbiological examination showed the cartonnage was infected with a number of
microorganisms. Optical microscope and SEM of brilliant red layer revealed black spot and
breaks of crystals may be it is the beginning of the damage of the cinnabar.
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