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MASKING AND MISINTERPRETING COTTON FIBERS: DANGERS ASSOCIATED
WITH THE FIBER ANALYSIS OF ARCHAEOLOGICAL TEXTILES

Mary Ballard and Irene Skals

ABSTRACT

Several years ago an investigation of fiber analysis was undertaken on
archacological fabrics from asite at Bab edh Dhra along the south-eastern
shore of the Dead Sea. The Early Bronze Age fragments (¢, 3000 BC)
were consolidated with polyivinyl acetate) resin (PV A} in the field. The
disengagement of fiber from resin proved to be extremely difficult.
Subsequent experimental work on the removal of fresh PV A resins from
modern cotton cloth has produced results which suggest that even
reversible solvent/consolidant systems can permanently affect — and
compromise — fiber-related investigations.

INTRODUCTION

During the late 1970s and early 1980s the Smithsonian Institution
conducted a major research program on human biological history
in Jordan, Bahrein and the Kingdom of Saudi Arabia. At Bab edh
Dhra in Jordan, an Early Bronze Age cemetery was explored to
study skeletal remains [1]. Textile fragments were recovered
trom shaft tombs A-110-NE and A-114-N. These were consoli-
dated in the tield with an adhesive resin, under harsh conditions
(temperatures on site reached 40-45°C) [2]. The fragments were
then brought to the Smithsonian Institution in Washington for
analysis. No specific documentation was available on the treat-
ment given to these textiles. Conservators associated with this
and other Smithsonian research sites in the Middle East at the
time reported that only ethanol and acetone were available as
solvents and that either poly(ethyl methacrylate)/poly(methyl
acrylate) copolymer (Acryloid B-72) or poly(vinyl acetate) resins
(PVA) were usually employed |3, 4].

CONDITION

The textile fragments arrived at the Conservation Analytical
Laboratory i an extremely friable state. The fragments were
brown and charred: some were simply mineralized deposits,
without form. The textiles were stift with resin and the gloss of
the resin was visible to the unaided eye. In one package. 10 trag-
ments were glued directly to the poly(ethylene) tilm. Fragments
from A-110-NE had a warp- or weft-faced plain weave: there
was also a 2:1 twill. The majority were balanced plain weaves,
with low- or no-twist, S-plied yarns, The tabby weave textiles
had thread counts of 11 X 16, 11 x I8 and 12 x I8 threads per
¢m; the faced tabric, 9 X 22 threads per em. A-114-N fragments
were S-spun plain weave with a thread count of 16 x 39 threads
per em. Soil, described by the site archaeologists as silty, was
present on all fragments | 2].

While it was obvious that these fragments were impregnated
with resin, the type of resin was not known. A small sample of
the adhesive was analysed by infrared spectroscopy and identi-
tied as poly(vinyl acetate). As there are many types of PVAL and
many formulations, ditferent solvents were tested in order to
determine the most effective solvent to redissolve the PVA used
on these archaeological textiles. The tirst wials were made using
drops, which only spread the adhesive more and, in some cases.
softened it in other cases, the drops of solvent caused the resin to
crystallize on the surface of the tibers. Soaking the tibers in
sulvent tor extended periods was also tricd. The solvents that
were tested were ethanol, acetone, twluene, xylene, wichloro-
ethane and perchloroethylene. The fibers and the adhesive
reacted in shightly different ways o cach ol these solvents; the
method that was eventually chosen involved soaking the fibers in
toluene for up to 24 hours. This did not dissolve the PVA com-
pletely, but subsequent examination of cach sample under the
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Fragment from A-110-NE, at 36x magnification on the left and
al 144x magnification on the right.

Fig. |

light microscope showed cotton fibers and, in addition. a lot of
unidentifiable material: partly adhesive, partly dirt and charred
tiber dust.

Untreated small samples were also examined by scanning elec-
tron microscopy but the fibers could not be discerned (Fig. 1).
due to the quantity of resin and soil. Elemental analysis carried
out with energy dispersive X-ray spectroscopy indicated the
presence of aluminum, silicon, chlorine and calcium. Rock salt
crystals (sodium chloride) were found embedded in one sample
from A-110-NE.

OBSERVATIONS

The difticulty associated with fiber identification in these
Jordanian samples was unusual. Charred fibers. even in an
archaeological context, have been identified by the authors and
by other textile fiber microscopists [5-7]. Did the problem lie in
our particular methodology, was it inherent to the fiber. or did it
result from the treatment in the tield? Although conservators in
other disciplines have successfully treated specimens containing
consolidants and adhesives, the use of these polymers in textile
conservation has raised various issues over several decades. Yet
starch sizes and, more recently, poly(vinyl alcohol) and
poly(methyl methacrylate) sizes are routinely employed in the
tinishing of cotton fabrics [8].

Poly(vinyl acetates) are brittle polymers which are widely used
and have been extensively studied by conservation scientists
19. 10]. The AYAA, AYAC, AYAF and AYAT resins commonly
available in North American conservation laboratories have
molecular weights ranging from 83.000 to 167,000 [ L1]. Despite
developing a slight acidity on aging, they are considered chemi-
cally stable [ 10]. Mechanically, the PVA resins have a glass tran-
sition temperature (T,) of about 28°C. above which they become
less brittle and more rubber-like [Y]. This increased plasticity and
workability makes them particularly suitable for use in archaco-
logy in warm climates,

A study on preservatives for archaeological bone cites two
potential drawbacks of PVA resins: the difficulty of cleaning
bone previously joined with these consolidants, and the possi-
bility ot chemical contamination of the organic fracuon re-
covered from the treated bone |12]. Certainly the dirt on the
textiles obscured analytical features and was made more difficult



Tahle I Speaific areas of some fibers {(from Wypych [16])

Specific surface

Fiber arec (migd)
Polyester yarn 013
Texturized polyester 0.15
Nylon 6 .08
Rayon 0.26
Aramid 23
Cotton L.30

to remove by the PVA consolidation. A study on wood consoli-
dants (Acryloid B-72 in toluene and paraffin wax) tound that
preferential. uneven coating obscured ‘substantial details’ of dis-
tinguishing microscopic characteristics of specific types of wood.
Further, solvent action alone physically distorted fragile voids
and cracked cell walls [ 13].

Are the substituted groups in the fibrous cellulose substrate
more reactive than other materials to the resin polymer? Cotton
cellulose is negatively charged and attracts metal oxides.
Chemical moieties such as cationic surfactants are actually
bonded to the fiber [ 14. 15]. Yet the poly(vinyl acetate) polymer
has no groups especially attractive to cotton. Perhaps the intense
adhesion of the resin to the fiber is simply a function of the high
surface area of the cotton fiber which. in turn, provides a higher
density of chemical adhesion (Table 1) [ 16].

If this was the case, lack of agitation or circulation of the
solvent would impede dissolution even when the solubility para-
meters of solvent and solute were well matched. It was also quite
possible that the aged cotton fiber was more degraded than other
fibers in comparable circumstances. Cotton ranks much lower
than wool (or nylon and polyester) in its ability to resist damage
by abrasion [17]. Thus the cotton fiber, even when new, is more
susceptible to structural damage as a result of mechanical wear.
The harsh, silty conditions of the archaeological site would have
caused damage during, or even before, excavation and retrieval.
Degradation of the human remains by microbial action certainly
took place: itis not known whether cellulolytic fungi and bacteria
were also active,

EXPERIMENTAL

It was decided to determine to what extent the poly(vinyl acetate)
resin system is bound to cotton ¢loth when the resin/solvent
system is known and new. when the fiber is modern. when the
fabric is clean. and when the climatic conditions that can be
maintained in a conservation luborutory are available. Thirteen
squares of de-sized. bleached, combed. plain-weave cotton
fubric, each measuring 5.2 X 5.2¢m (2 X 2 inches), were notched
for identitication and weighed to tolerances of a thousandth of a
gram on an AE-163 Mettler balance. Ten clean glass jars were

Fig. 2 Cotton coated with 8% AYAT resin add-on alter one bath in a
59 solution, 300> magnitication.

Table 2 Add-on (percentage weight gain) of poly(vinyl acetate) resin on modern
colton fabric squares.

PVA type Sample First bath Second bath

5% AY AA 1] 9.0% S1.1%
(a) 11.5% -
109 AY AA b} 18.2% 133.1%
{a) 19.3% =
5% AYAC [L3) 9.2% 22.4%
fa) 945 i
10% AYAC b 16.8% 49 6%
{a) 23.9% -
5% AY AF (b} 12.6% 29 g
{a) B.7% =
5% AYAF b T9% 32.8%
(a} B.0% -
Control =0 04% -

each filled with 60g of acetone. To each jar were added 6g of
AYAA, AYAC, AYAF or AYAT pellets. Because 10% w/w
solutions of AYAF and AYAT failed to dissolve entirely. 5%
w/w solutions of all four resins were also prepared.

Each square was immersed in one resin solution (approxi-
mately 15ml per cotton square) contained in a clean aluminum
cup at room temperature. This was done twice, for a total of 12
squares. one square was left untreated as a control. The tabrics
were individually hung to dry under a fume hood for one week.
after which the weight gain of each sample was measured. One of
each sample pair was subsequently bathed again in a fresh quan-
tity of the same resin solution. These samples were hung to dry
and, again, the weight gain was measured. This *add-on’ is the
percentage of resin by weight compared to the original weight of
each individual square. Table 2 lists the results after the first and
second baths.

After these measurements were completed. small samples
were set aside for examination under scanning electron micro-
scopy. While the weave structure was discernible with a 50%
add-on, and even vaguely recognizable with 133% added to the
weight of the fabric, the clarity of the yarn and fiber diminished
gradually; plastic interstitial transverse networks developed
between the fibers with as little as 8% add-on (Fig. 2). Aspects of
cotton fiber morphology could still be differentiated at 19% add-
on (Fig. 3) and even up to 50% add-on (Fig. 4), though with
decreasing confidence,

Each square was then cut into four sections; each section was
notched for identification and weighed so that the effect of vari-
ous rinsing procedures could be assessed. The control was also
divided, marked by notching, and weighed. Four levels of rinsing
were used in order to determine the reversibility of the PVA resin
add-on:

Fig. 3 Coton coated with 19.3% AYAA resin add-on after one bath in
a 0% solution, 450x magnification.



Fig. 4 Coton coated with 51% AYAA resin add-on after two baths in
a 5% solution, 500> magnification,

1 a bath containing 30ml of acetone, with no agitation

b

a two-rinse system with no agitation. vsing first the pre-
vious bath, then a clean bath of acetone

3 a three-rinse system using the two previous baths in
sequence and a tinal fresh bath

4 agitation of the sample by hand-shaking in 30ml of
acetone in a clean. closed. glass jar.

The rinses each lasted one minute and agitation was carried out
for two minutes. All samples were hung to dry under a fume
hood. The decrease in weight was determined by comparing the
final weight to the added weight, and the results are tabulated in
Table 3.

There are two notable instances where lexs than the add-on
was removed and where more than the add-on came off. It must
be assumed that the resin on the samples. when hung to dry, con-
tinued to flow before evaporation was complete. It appears,
therefore. that the quartered samples were not entirely uniform. If
this explanation is correct, then the quantitative value of the
decrease in weight 1s not precise. The amount of resin actually
remaining — if any — was not known,

In order to determine whether any PVA resin remained on the
rinsed samples. colorimetric tests were undertaken using a dilute
potassium iodide solution. in the way that starch size residues are
tested | 18], Unsized, bleached couon shows a pale yellow:
poly(vinyl acetate) residues appear pink to maroon red [19]. A
ristimulus colorimeter (Minolta CRI00 Chroma Meter) was
calibrated. An untreated clean cotton square was treated with
{L1ml of solution so that the unreacted color could be utilized as
the baseline target. The color difference between the target and

each rinsed sample was measured. Table 4 tabulates the results as
AE in the CIE (Commission International de I'Eclairage) L*a*b*
system; Table 5 shows the Aa* values, specifically the difference
in redness between target and sample.

Had there been no residual PVA resin on the rinsed samples.
no color difference greater than that found in the control would
have appeared: the target, the control and any other clean samples
would have the same appearance. To what extent is a positive
stain important? It shows that, with just one complete wetting
(immersion), a subsequent single rinse will not remove all
residues, and neither will two rinses. While three rinses will
reduce single add-ons of AYAC lower than 8% to a level below
the threshold of the control. this rinsing will not achieve the same
result for 8% by weight of AYAT on the fabric. It is worth noting
that the data for Aa in Table 5 indicate a significant level of con-
tamination on all the treated samples compared to the control. In
the experiment no amount of rinsing or agitation reduced the
colorimetric values of the samples to those of the control,
although the values did gradually decrease with factors such as
an increase in the amount of solvent, the time the textile was held
in the solvent. and the degree of agitation. Under ideal con-
ditions. continued extraction or agitation would, presumably.
reduce the residual PVA to a negligible amount.

DISCUSSION

It is reasonable to ask whether archaeological textiles would
maintain their integrity if they were subjected to such ‘ideal’ con-
ditions. Other factors which should be considered are: how much
resin was on the archaeological textiles in the first place? Also,
does the soil provide an additional obstacle to the cleaning oper-
ation? Archaeological fibers are often already degraded. perhaps
charred. Soil is frequently deeply embedded. Should experiments
be conducted on actual specimens?

Cotton tibers cannot be distinguished by their length, diameter
or diffraction patterns: and not by their convoluted form. in spite
of a number of studies to assess this possibility [20]. Since cotton
is a hair seed. the fibers are not uniform in size and the range of
lengths is altered further by processing. Unlike hair, no particular
type of cotton can be identitied from the finished fabric, and there
is no DNA to assist in identification: cotton fibers come trom
extracellular seed hairs and have no genetic material [21].

Given the fragile condition of archaeological textiles, they
probably cannot survive prolonged agitation or a long series of
immersions in solvent: further treatment may therefore be impos-
sible to carry out successfully. Does this matter? To put it more
formally: what does the museum world want from these speci-
mens? And on a more practical level. could the objects have been
saved without consolidation? Was there anything else the archae-

Tahle 3 Add on (percentage weight paint of polyivinyl acetatet and decrease (percentage weight foss) during cleaning of modern cotton Fabric squares
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Total werght loss
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S OAYAA (b Al 5110 2R.9% 43.6% 65 T7% 47 5%
(i) 1 5% 504 ol 12605 160,24
HFE AYAA (b F8.25% 133 1% 42 8% LR L11% 135%
1) 19 3% 15,15 208 | 7.05% | f 8
54 AYAC b K24 22.4% 21.5% 22.2% 201645 21.6%
(al 6 L5 TR 9.1% [IUR R RO
[e¥d AYAC (b 1684 B R A47.00% ERE L Rt 6724
{a) R YL 24.6% 2H.9% 200.6% 200244
5% AY AR (b L2.6% 2995 2345 3550 RIUH RS G
tak 8.7 1060 7.5% 7.1 T L%
S AYAT by T 12 R 19 45 4347 36,70 M1
[Bh] R 9% % 174 A 60 T
Conlrol M
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Table 4 Add-on (percentage weight gainy of poly(vinyl acetate) ind colormetric change (AE) when cleaned sample 1s trested with potassium iodide solution,

5% AYAA 1% AYAA 3% AYAC 10% AYAC 5% AYAP 5% AYAT

. 1A%, T8 30, G, 239, B 7%, 8.0%,

b 51.1% 133.1% 22 4% 4965 29 90 32.8% Controf
Rinse 279 2T 14.0 16.8 24.4 Al 6.5
1x S84 48.1 408 45.2 50.3 48.6
Kinse 14.7 160} 549 156 15.6 294 a5
Ix 44 5 434 323 41 A 41.6 7.1
Rinse 149 133 48 6.2 128 222 T
ix 4800 443 210 ny © 304 ki A4
2 mins 98 L5 .l 76 106 139 7]
agilation 493 4.6 244 59 3.0 06

ological conservator on site could have done to preserve the
specimens under such extreme and difficult circumstances? What
is it that we want to save?

We have the textiles and we can determine weave and thread
counts on most tragments. The archaeologist is satisfied that an
incidental discovery has been preserved: the curator of ancient
Near Eastern artifacts may also be satistied with the outcome.
However, there is another completely different field of research
tor which the present state of these textile fragments is unsatis-
factory: that of the textile historian. These researchers use textiles
to explore trade patterns. economic activity, and the extent of
technological and aesthetic communication in earlier periods of
human existence. For historians in this arca, the emergence of
cotton fabric as traded goods and as woven cloth remains a
difficult field of study. Rare examples of cotton fabric from the
Graeco-Roman era have been found. but it remains unclear
whether these (luxury?) items spread from a single vortex in the
Indus Valley (as with the Mohenjo-Daro discovery [22]) or from
Nubia [23] or from Jordan [24]. If the present fragments are
indeed cotton burial ¢lothing they would be some of the earliest
examples of cotton clothing that survive. Sadly for textile
historians. investigation of the substantive details of processing
operations and age — yarn character, combed and carded quality,
C-14 dating. mordant analysis — has now apparently been
precluded by on-site treatment. Indeed. there is an inevitable
reluctance to announce that these fabrics are truly cotton on the
basis of a few identifiable tibers. given the possibility of inadver-
tent contamination from modern clothing, papers. tissues and
packing materials, The reluctance to publish these results is
matched only by a reluctance o perpetuate present attitudes to
treatment.

CONCLUSION

Ostensibly. cotton is an easy fiber o recognize and o differen-
tiate tfrom other natural fibers. However, such a discovery may
produce difficult guestions for the archacologist, the textile
historian and the conservator. Botunical and technical. economic
and technological issues begin with the identitication of cotton
rather than end with it. A knowledge of all these factors. together
with the natural physical and chemicul propertics of cotton fibers,

may rightly induce caution on the part of the conservator plan-
ning an on-site treatment or a preservation procedure.
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SUPPLIERS

AYAA, AYAC, AYAF and AYAT are poly(vinyl acctate) resins nanu-
factured by Union Carbide, USA and available from Conservation
Materials Ltd, 1395 Greg Street, Suite 110, Sparks, NV 89431, USA.

REFERENCES
1 Frolich, B., and Ortner, D.J., ‘Excavations of the Early Bronze Age
Cemetery at Bab edh-Dura, Jordan, 1981" in Annwal of the
Department of Antiguities, Amman, Jordan (1982).

[B¥]

Frohlich, B., and Lancaster, W 1., "Electromagnetic surveying in
current Middle Eastern archacology: application and cvaluation’,
Geophysics S1(T) (1986) 1414-1425.

3 Dictve, E., private communication (1987).

4 Valentour, C., unpublished notes dated 31 August 1982, associated
with CAL Report No. 4233 on Bahreini textiles, Smithsonian
Institution, Washington DC.

5 Skals, L, *Metal thread with animal-hair core’, Stdies in Con-
servation 36 (1991) 240-242,

6 Ballard, M., ‘Identification of fiber inside a glass bead from a Lydian
site’, unpublished CAL Report No., 4947, Smithsonian Institution,
Washington, DC (n.d.).

T Goodway, M., “Fiber identification in practice’. Jowrnal of the
American Instigute for Congervarion 2601) (1987} 27-44,

¥ Mosley, B.B., Teatile Slushing: Short Course, Department of Textile
Engincering, Auburn University, Auburn, Alabama (197 7).

Y Saunders, K., Organic Polvaer Chenistre, 2nd edn. Chapman and
Hall, London {1988,

10 Down, 1. MacDonald. M.A., Téreault, J., and Williams, R.S..
“Adhesive testing at the Canadian Conservation Institute - an evalu-
ation of selected  polyivinyl acetated and  acrylic adhesives’,
Environment  and  Deterioration Report No. 1603, Canadian
Conservation Institute, Ottawa (1992),

Tuble 5 Add-onpercentige werght gan of polyivanyt acetaes and colotimettd change {Aa) when cleaned sample 1s reated with potassim iodide solution
5% A¥YAA T AYAA St A¥aC M AYAC FhAYAF SEAYAT

] 1150 poan Y%, 2340 #&.7%, B0,

b 511% TR LS 22.4% 4Y9.0% 26,0t A28 Conrrof
Rinse 174 6.2 10.5 13] 16.6 168 4
| % 268 i 2la 34 249 29
Rinse 1.7 126 hili| T4 125 151 ]
X 148 4 155 195 218 200
RKinse |2 LE2 sk 55 m7 L5 01
ix 1A 331 114 28 158 21,1
2 mins 8.4 114 2K 0.6 AT 8.7 [N
agthabion 200 245 [5.4 s 1 3 I8y




‘Conservation material report summary: AYAA" in Analviical
Research Services, Canadian Conservation Institute, Ottawa (1984)
2312.3-2312.6.

Moore, K.M., Murray, M.L.. and Schoeninger. M.J., *Dietary recon-
struction  from  bones treated  with  preservatives’, Jowrnal of
Archaeological Science 16 (1989) 437-446.

Hatchfield, P.B., and Koestler. R.J., *Scanning electron microscopic
examination of archacological wood microstructure altered by
consolidation treatments’, Scanaing Microscopy 1(3) (1987) 1059-
10649,

Garrett, H.E., Surfuce Acrive Chemicals, Pergamon Press, London
(1972)22-23,

Jones, T.G., 'Dirt removal’, Chapter 4 in Swurface Activity and
Detergency, ed. K. Durham, Macmillan and Company Ltd, London
(1961) ¥2-85.

Wypych, 1. Polvmer Modified Texiile Muterials, John Wiley and
Sons, New York (1988) 227-228.

Morton, W.E., and Hearle. JLW.S., Phvsical Properties of Textile
Fibres, 2nd edn, The Textile Institute. Manchester (1993),

Hoffman, JH., *Qualitative spot tests’. Chapter 8 in Analvrical
Methods for a Textile Laboratorv, ed. J.W. Weaver, American
Association of Textile Chemists and Colorists, Rescarch Triangle
Park, North Carolina (1984) 155-206.

Howie, FM.P., "Materials used for conserving fossil specimens

since 1930: a review’ in Adhesives and Consolidants, 11C, London
(1984) 92-97.

21

2

23

Rosenberg, AL, Ballard, MW, Timir-Baldzsy, A.. and Indictor, N..
‘Technical notes' in Indian Block Printed Cotton Fragments in the
Kelsey Museum, the University of Michigan, University of’ Michigan
Press, Ann Arbor (1993) 91-97,

Cockburn, E., and Ballard, M., *Cotton in ancient Egypt. a unigue
find' in Proceedings of the First World Congress on Mummy Studies,
Archeological Museum of Tenerife, Santa Cruz (in press).

Barnes, R., Indian Block Printed Cotton Fragments in the Kelsey
Museum, the University of Michigan, University of Michigan Press.
Ann Arbor (1993) 23.

Chowdhury, K.A., and Buth, G M., *Cotton seeds from the Neolithic
in Egyptian Nubia and the origin of Old World cotton’, Biological
Journal of the Linnean Socierv 3 (1971) 303-314,

Betts, A., van der Borg, K., di Jong, A., McClinock, C., and
van Strydonck, M., ‘Early cotton in North Arabia’, Journal of
Archaeological Science 21 (1994} 489-499,

AUTHORS

Mary Ballard is Senior Textiles Conservator in the Conservation
Analytical Laboratory of the Smithsonian Institution. Address: Muscum
Support Center, Smithsonian Institution, Washington, DC 20560, USA.

Irene Skals is a textile conservator and microscopist at the National
Museum of Denmark. Address: Conservation Department, National-
muscet, Brede, 2800 Lyngby, Denmark.



