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An Ancient Writing Material:
Birch-Bark and its Need of Conservation

& D.G. SURYAWANSHI

INTRODUCTION

In ancient period, the means of communication and dissemination of informa-
tion were not known certainly, but the ancient man has always tried to express
his power of speech in some form of written words. At the first instance the
communication was done face-to-face through the aids of gestures, symbols and
sound, which were gradually developed in the form of a language to be used to
convey the knowledge of father to his son, that of Guru to disciple and to com-
municate.

But to pass on the knowledge from generation to generation through oral
communication would not have been possible, hence the ancient man started to
discover various kinds of writing materials to serve his purpose. At first, man
started to communicate through the media of making marks on wet soil with
wooden sticks. Soon after that, he started to print over the clay tablets and on the
flat surfaces. He used stone and hard surfaces to engrave the letters and figures
abundantly in stone age. With the discovery of metals he started to express his
views and speech on various kinds of metallic plates. Papyrus, parchment, vel-
lum and many other ancient materials were used in European Countries.

During the stone and metal ages, the people communicated to each other
through these media. Stone and metal are durable materials and would commu-
nicate to the succeeding generation. The inscriptions on pillars, sheets of gold,
silver, iron and copper are the examples of ancient writing media.

The use of convenient leaves and barks of trees came thereafter as writing ma-
terials. Among the leafy writing materials palm-leaf is the most important one in
all the south and south-east Asian countries. Among the barks the birch-bark
(Bhoja-patra) was used very abundantly in ancient and medieval periods. It was
widely used in Kashmir and the northern part of the India. Many of the birch-
bark manuscripts in Kashimiri language are available in several museums and li-
braries.

A few manuscripts still exist in Lenin library Moscow in their collections. In
India, before the advent of paper sometimes in the 10" century, birch-bark was

Restaurator 21: 1-8 © 2000 Saur, Munich etc. : . . 7
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An Ancient Writing Material: Birch-Bark and its Need of Conservation

Fig. 1: Birch bark, separated in two layers.

useFl for writing purposes. The use of birch-bark was continued til] the Mughal
period and is being used today also for some purpose in Jammu and Kashmir'?
Large collections of manuscripts are found in many Kashmiri houses. |
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BIRCH BARK

The bark is a natural, plant-origin organic product which is largely composed of
many constituents. It gives very little resistance towards the atmospheric condi-
tions and destructive agents. With the course of ageing, it is considerably decom-
posed; hence its protection is essential.

Origin of birch tree

The birch is a native of the colder regions of Europe and Asia, and throughout
the whole of Russia, it is more common than any other tree being found in every
wood. In the warmer countries it is found at high elevation in the mountains. In
India it is found at the altitude of about more than 4000 m (14000 ft.) in Himala-
yas®. It varies in character according to the temperature.

The birch is a moderate sized deciduous tree, belonging to a natural order of
Amentaceae under class monoecia and order polyandria’. The bark of the birch-tree
is more durable than the wood. When the soil is very scanty, the trees are liable
to be blown down, the bark remaining like a hollow cylinder without any symp-
toms of decay.

There is a number of species of birch tree, such as Betula utilis, the yellow
birch (Betula luta), the habitat of which ranges from New England and the U.S.
lake stages to Georgia, and the black birch (Betual lenta) which has a more re-
stricted distribution. The white or paper birch (Betula papyrifera) is a more north-
ern tree, found from the species of birch tree available at the sites of Himalaya
and named as Himalayas silver birch®.

The highlanders of Scotland make their houses, beds, chairs, tables, dishes

and spoons out of birch wood.

Anatomy of birch bark

In everyday language the term “bark” means the outer part of the stem and
branches which surrounds the wood. From the anatomical point of view, the
concept “bark” includes all the tissues which are outside of the cambium®.

The bark is divided into two kinds “inner bark” and the “outer bark”. The
function of the inner bark is to transport the nutrients and to serve as a storage
organ for food reserves, whereas the outer bark principally consists of dead tis-
sues and is thus physiologically inactive and only forms a protective layer
against mechanical and chemical injuries. In the case of birch the lignified tissues
of the inner bark constitute 20.3% of the whole. They are composed of scleren-

chymatous tissue.
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The cork tissue formed from the phellogen outward consists of scale-like cells
the cork cells, arranged in radial rows’. These cells are cemented together b’
means of an alkali soluble substance. This type of structure constitutes the cori
tissue and makes it difficult to be penetrated by water and gases. The walls of
cork cells which are very thin and rarely pitted, consist of three layers, the outer-
most composed of lignified cellulose with an intermediate supersized ’lamella In
some other tree species (all birch), the walls of the cork cells also contain. in -ad—
dition to suberin, a substance called betulin which gives the bark its white ,colour
The cork cells die at a very early stage and become filled with air primar cork.
which for several years covers both branches and stem, grows ver): thick inysome
species and differentiates into successive layers, some being tighter and other
looser. The separation of the different layers is due to the fact that cork cells
formed in the late summer have thick walls and are more compressed that tho
formed in the spring. *

In the cork tissue, there are areas that allow the penetration of air into the liv-
ing bark tissue. These mostly roundish, limited spots, where the cork cells
not completely cemented together, are named lenticells®, e

The cortex tissue is mainly composed of thin walled parenchymatous cells
separated by large intercellular spaces; these cells in many cases lignify and bez
come to resemble scleroid cells. Cortex tissue may also include resinyca_na]s or
“secretary” cells. Between the cortex and the epidermis or periderm there is of-
ten a zone composed of collenchymatous or collenchyma like cells. In certain
trees like Betula papyrifera (white-birch) the cortex tissue still persists when the
stem has completely matured’.

Process of bark removal

For removing the bark from the tree, two circular incisions are made quite
through the bark several feet from each other. Two verticals incisions are then
made on opposite sides of the tree after which a wooden wedge is introduced by
which the bark is easily detached in plates usually 10 or 12 feet long and 2-
9 inches broad.

Utility of birch-bark and its essential oil

The thin white bark of the common birch, which peels off like paper is highly in-
ﬂamma.blej @d will burn like a candle. It contains an oil which can be extraz,ted
In Russia it is used in the preparation of Russian leather! !'. .
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The extraction process works as follows: The white bark, either from freshly
cut or decayed trees which are found in the wood, is pressed into a big cone-
shaped vessel having a hole compared to a funnel, covered with turf and heated.
The oil which trickles down inside this vessel is collected in a bottle or a jug
placed under its hole and then stowed away in casks. The purest oil swims at the
surface, and when it is rubbed into an animal’s skin, it has a tanning effect,
changing the skin to be leather, and giving it a typical odour: fragrant for the hu-
man nose, but repelling for insects and microorganism. Books bound in Russian
leather are not only not liable to become mouldy; they even prevent mouldiness
in books which happen to be near to them.

Birch bark or its oil resp., can also be used to prepare a sweet juice, for condi-
tioning wine, preparing root beer, and other purposes. The bark which peels off
in characteristic layers finds a use in the manufacture of canoes and fancy articles
of various kinds. According to Pliny, the branches of the birch tree were used for
making baskets, loops of casks, panels and for preparation of charcoal'!. He is
mentioning a highly fragrant kind of resin exuding from leaves and young twigs,
especially after rain or heavy dew, which has been collected and used as “bitu-
men”'! 2. The odour arising from it is perceptible to a person passing nearly a

tree.

CONSERVATION PROBLEMS

Separation of thin layers

The Birch-bark is composed of several layers, each of which is very thin and
joined together by a natural adhesive and by knots and streaks. During ageing,
the efficiency of the adhesive is lost and the fixed layers start to separate from
each other. Refixing again with the same material is very difficult. This is one of
the main conservation problems for birch bark manuscripts and we have at-

tempted to address it.

Sticking of sheets

With ageing and due to the wrong storage of birch-bark manuscripts, the folios
get stuck together. It is very difficult to separate them from each other and if
even a slight force is applied a considerable damage can occur.
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Handling

Birch bark objects are considerably weak and must be handled with extreme
caution. They have lost their initial flexibility and have become stiff and brittle.
It can happen that such sheets even with slight lifting crumble into pieces.

Cleaning

Birch bark is a natural organic product of vegetable origin, which is com-
pounded with many constituents like cellulose, lignin, gum, resins and many
other unknown products. Therefore, its cleaning with organic solvents is highly
problematic, because the solvent can leach out some of the components which
may be protective to the bark.

Removal of acidity

Acidity is an insidious foe to documents of any kind, and though its removal is
possible in paper up to some extent, it is very difficult for birch-bark. Alkaline
substances affect the band structure between the layers of bark and, as a result of
a relevant treatment, they will be separated from each other. Rejoining is very
difficult, as already reported.

Rejoining separated layers

Aqueous solution of methyl cellulose (Glutofix™600) in very low concentration
(1,5-2.5%) is applied with a fine brush. It penetrates through the layers which
then must be kept under slight pressure between blotting paper at room temper-
ature. After 3-4 hours they are dry and joint together firmly enough to tolerate
gentle handling.

Other problems

Besides these, there are many other problems with birch-bark manuscripts, com-
parable to the problems with palm leaf and even more to those with papyrus.
Hardly anything can be done against discolouration, fading of inks, etc. Curled
edges can be carefully flattened; indirect moistening before doing so may help to
prevent a break. Tears can be repaired in the same manner as it is done with pa-
per, but the result will hardly be as inconspicuous as a good result in paper. For
storage and exhibition birch bark that has become brittle should be mounted un-
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der or between transparent plates (acrylic glass, polycarbonate), if already bro-
ken to pieces, then positioned in an exactly custom-made frame of paper of the
same thickness as the bark, in order to prevent the pieces from slipping.

CONCLUSION

Birch-bark manuscripts are not easily affected by insects and fungus and are not
perishable under the normal atmospheric conditions of a good room climate.
This is due to some organic constituents which are repellent to the insects and
fungus. This unique property of birch bark encourages the scientist to go to de-
tailed physico-chemical studies.
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SUMMARIES

An Ancient Writing Material: Birch-Bark and its Need of Conservation

Birch bark has been used for many purposes, one of them being as writing material. In India it
was common until the advent of paper in the 10th century, continued to be used till the Mughal
period (L6th century), and in Kashmir it is still used for some purposes until today.

The stracture of the bark and the process Lo prepare it for writing is described. The main con-
servation problems are separation of the several layers and brittleness. Separated layers can be
rejoined using methyl celiulose in very low concentration. Brittle sheets should be mounted un-
der or between transparent plates of acrylic glass or poylcarbonate. As a result of wrong storage it
can happen that several sheets stick together and can hardly be separated without the risk of
damage and loss.

Un ancien matériau utilisé comme support pour [écriture : lécorce de bouleau et les
moyens qu exige sa conservation

Liécorce de bouleau a été utilisée a des fins multiples dont celui de support pour I'écriture. kn
Inde son utilisation ¢tait courante jusqu'a Mavenement du papier au 10¢me Siccle, son utilisation
a duré jusqu'a 'Empire Moghol {16eme Siecle) et au Cachemire on s’en sert encore aujourd’hui a
certaines occasions.

On décrit la structure du bouleau ainsi que le processus de préparation nécessaire pour le ren-
dre apte & servir de support pour I'éeriture. Les principaux probléemes rencontrés au niveau de la
conservation résident dans la séparation des différentes couches ct leur fragilité. Il est possible de
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réassembler les couches qui se détachent a I'aide de cellulose de méthyle dans une solution
aqueuse fortement diluée. Les feuilles cassantes devraient étre montées sous ou entre des plagues
(pellicules) transparentes de verre acrylique ou de polycarbonate. En cas d’entreposage inadapté
il se peut que plusieurs feuilles se collent les unes aux autres de telle sorte qu'il est presque impos-
sible de les détacher les unes des autres sans risquer de les détériorer ou de les détruire.

Lin historischer Beschreibstoff: Birkenrinde und ihre konservatorischen Anforderungen

Birkenrinde wurde fiir manche Zwecke verwendet, u.a. als Beschreibstoff. In Indien war sie bis
zum Aufkommen des Papiers im 10. Jh. allgemein iblich, stand neben Papier bis in dic Mogul-
zeit (16, Jh.), und in Kaschmir wird sie fiir bestimmte Zwecke bis heute cingesetzt.

Ls werden der Aufbau der Rinde und dic MaBnahmen beschrieben, die notwendig sind, um
aus ihr einen Beschreibstofl zu machen. Die Hauptprobleme der Konservierung sind die Tren-
nung der cinzelnen Schichten und das Briichigwerden. Getrennte Schichten kann man mit Hilfe
von Methylcellulose in stark verdiinnter wiiriger Losung wieder zusammenfiigen. Briichige Blit-
ter sollten unter oder zwischen transparenten Platten aus Acrylglas oder Polycarbonat montiert
werden. Bei falscher Lagerung kénnen die einzelnen Blitter so miteinander verkleben, daf} sie
sich kaum ohne Beschidigungs- und Verlustgefahr wieder voneinander trennen lassen.
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The Effect of Nd:YAG Laser Radiation
at 1064 nm on Paper

by JANA KOLAR, MATIJA STRLIC, MARKO MARINCEK

INTRODUCTION

Cleaning of artefacts by laser irradiation offers contactless removal of dirt and
stains without the use of eraser or solvents. These characteristics make the meth-
od particularly appealing for conservation of historic documents and a series of
recent publications discuss the use of various lasers for conservation of paper
and parchment'™".

With the Nd:YAG laser at 1064 nm and fluences of 29 Jem™ Caverhill et al?
successfully removed several different types of inks from paper artefacts, how-
ever, the treatment increased degradation of paper during accelerated ageing
test'. While their choice of analytical methods was somehow unfortunate, the au-
thors suggested that the marked oxidative deterioration of paper was induced by
the long pulse duration (70-150 ns) which may result in overheating of the sub-
strate.

In this work, the immediate and long term effect of Nd:YAG laser at 1064 nm
and pulse duration of 6 ns on cellulose and paper is reported.

EXPERIMENTAL

Paper samples used in this study were Whatman filter paper (DP 2632.3+19.4,
brightness 89.92%0.06) and gelatine sized rag paper from year 1600 (pH 4.6
(Tappi T509 om-88), DP 890.8 and brightness 50.67%, ash content 0.01% (Tappi
T413-93)).

DP was calculated from cellulose viscosity measured according to SCAN
15:88 standard.

Brightness (reflectance at 457 nm) was determined with Minolta CM-3610d
spectrophotometer.

Restaurator 21: 9~18 © 2000 Saur, Munich etc. 9
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Thermal treatment was performed in a humidity chamber at 90°C and 65%
relative humidity.

Diffuse reflectance FTIR (DRIFT) spectra were obtained with BIO-RAD FTS
15/80 spectrometer equipped with a DRIFT cell (Harrick Scientific, Ossining
NY, U.5.A.) using KBr as background.

A Q-switched Nd:YAG laser at 1064 nm with a pulse duration of 6 ns and rize
time -2 was used for treating the samples. The output beam was of an uniform
“top hat” profile with a spot diameter of 8 mm and the maximum fluence up to
L5 Jem®. Higher fluences were obtained by focusing the beam through a plano-
convex lens. The peak power at the maximum output energy is estimated to be
about 125 MW. The maximum laser repetition rate is 20 Hz, however, for this

evaluation the laser was operating in a single shot regime.

RESULTS AND DISCUSSION

Immediate effect of the laser treatment

Under ambient conditions, water vapour is absorbed on fibrillar surfaces and in
less ordered regions of the cellulose. Thus, the water content in amorphous cel-
lulose is 18.17%’ at 59% RH and 21°C. Water molecules absorb radiation from

Fig. 1: Laser treatment {ca. 4 Jcm?) indused disruption of the surface of gelatine sized rag
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Nd:YAG laser at 1064 nm more strongly (absorption coefficient 0.6 cm')* than
in case of other lasers used in paper conservation (Nd:YAG 532 nm' and Exci-
mer 308 nm)". Therefore, instantaneous, even explosive vaporization of water is
more likely to occur during the treatment at 1064 nm, thus damaging the paper
structure. .

Severe distortion of the paper surface is observed already at fluences of about
4 Jem” (Fig. 1), while a slight disruption was reported by Caverhill ef al? to oc-
cur only above 18 Jem”. This distinction may be caused by a different duration
of a laser pulse employed in the two studies (6 and 90-150 ns, respectively) or a
smaller spot size {8 mm and 0.14 mm, respectively) of the laser beam, which
could somewhat limit the observation of physical damage induced by the treat-
ment.

Due to the detrimental effects of higher fluences, only the ones up to 1.5 Jem®
were evaluated in this study.

In case of Whatman filter paper the treatment resulted in a slight increase of
brightness (up to 0.5%, Fig. 2) as well as of degree of polymerization (DP; up to
1.9%) while irradiation of gelatine sized rag sample by laser beam increased DP
by almost 8%.

While an increase of brightness could be caused, for example, by removal of
some impurities from the surface of paper, increase of DP as a result of laser
treatment could only be explained by chemical cross-linking. Dehydration reac-

€71 17
& 6 T L 6 \r'é\.
2 - ~——Whatman I &
E D -—-)—-—Rag = L
@ 4 +4 £
;2 3 13 §)
I 2 t+2 g
sh 8
g | 11
S0 ——— 0
-1 4 T T -]
0 0.5 1 1.5

)
fluence (Jemr?)
Fig. 2: Brightness and DP of untreated and laser irradiated Whatman and rag paper samples
before accelerated ageing.
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tions, leading to the formation of predominantly ether bonds, have been known
to occur during thermal treatment of cellulose’. Intermolecular cross-linking of
cellulose molecules is not a desired reaction as it has been reported to result in a
rapid loss of tensile strength, due to reduction of the proportion of molecules in
a fibre that can be fully extended simultaneously when stress is applied’.

Diffuse reflectance FTIR spectroscopy may offer valuable qualitative insight
into changes in the chemical composition of surface. Of particular interest is the
spectrum obtained by subtraction of DRIFT spectra of the treated and untreated
paper, where the untreated control was used as a reference (Fig. 3). The differ-
ence is remarkably small, especially in the region between 1700 and 3000 cm’,
indicating that the content of acidic or carbonyl groups (characteristic band at
1730 ¢cm")"" does not change during laser treatment under described conditions.
Differences in hydroxyl group content are difficult to establish due to high noise
in the corresponding wave number region. Since the spectra were recorded a few
days after the laser treatment, only a slight difference in adsorbed water content
is indicated (1660 cm")", confirmed also by determinations of moisture content.
On the other hand, the fingerprint region shows considerable differences. The
composite positive absorption band at 980-1170 cm’ can be assigned to C-O
stretching, ring stretching and C-O-C asymmetric stretching'’ and indicates for-
mation of C-O and/or C-O-C bonds. The negative bands at 1189, 1219, 1385
and 1450 cm’' can be assigned to C-O-H bending'"!!. Both features are in accor-
dance with the positive changes in DP following laser treatments and indicate
formation of intra- and intermolecular ether bonds by dehydration.

Long term effects of the laser treatment

Substantial yellowing of the laser-treated surface has been reported after only
one day of thermal accelerated ageing at 90°C and 50% RH. In our study, laser
treatment induced only a slight decrease of brightness of gelatine sized rag paper
(0.7% for the paper irradiated with the highest fluence). Laser-treated Whatman
filter paper on the contrary, di§played increased brightness stability (by 1.9% for
paper irradiated with 1.5 Jem”®) as compared to the untreated control (Fig. 4).
This contradictory behaviour of the two papers may be caused by the interaction
of th1e gelatine size in rag paper with the laser beam, as reported by Caverhill
et al.

It has long been known that degradation of pure cellulose during ageing re-
sults in discoloration of paper, as chromophores which absorb in the blue/violet
region are formed™. A decrease of brightness (diffuse reflectance at 457 nm) dur-
ing accelerated ageing experiment could therefore be related to the extent of
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Fig. 3: DRIFT subtraction spectrum of a laser treated Whatman paper sample (fluence:
1.0 Jem™); reference: untreated control.
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degradation of the material. In fact, a relatively good correlation has been found
between decrease in DP and brightness during 28 days of accelerated ageing
(80°C, 65% RH) for a variety of cellulose pulps"".

Therefore, the results presented in Fig. 4 suggest, that the laser treatment sta-
bilized purified cellulose (Whatman) during accelerated ageing. This was con-
firmed by the viscosity measurements (Fig. 5), where a marked stabilization of
Whatman paper as a result of the laser treatment is observed.

As with brightness determination, rag paper behaved somewhat differently
from the purified cellulose. Laser treatment resulted in substantial immediate in-
crease of DP (by ca. 7%) and the papers retained the high DP values even after 3
days of accelerated ageing. After this initial period, the viscosity of laser beam-ir-
radiated rag paper decreased substantially and the overall effect was in favour of
untreated control. Although the rag paper degraded strongly during the 6 days
ageing period (16%), the differences between samples are only minor ones and
longer ageing periods would be necessary for a more apt evaluation of the stabil-
ity of this composite material.

Unfortunately, at the conditions employed in this study, ball-pen inks tested
were not affected by the laser treatment. However, carbonaceous dirt was suc-
cessfully removed (Fig. 6).

Whatman

g SV e o - =
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é —O—0
% —0—0.5
o S
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Fig. 4: Brightness of Whatman and rag paper after thermal acceler
0.5, 1, 1.5 denote the fluences used).

ated ageing (0-untreated,
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Fig. 5 (above): Ageing stability of Whatman and
rag paper (0-untreated, 0.5, 1, 1.5 denote the
fluences used).

Fig. 6 (left): Removal of carbonaceous dirt by ir-
radiation of paper with Nd:YAG laser at 1064 nm

and 1.5 Jem?.
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CONCLUSION

Laser treatment of Whatman as well as gelatine sized rag paper increased DP
values of samples. This suggests that irradiation of paper induces formati f
inter-molecular cross-links between cellulose molecules, which is suppo to; k())
an increase in absorption bands ascribed to ether bonds in diffuse P;E:)ﬂ::i )
FTIR spectra. No discernible difference in spectra around 1730 cm™ indi : atlll:e
change in content of acidic or carbonyl groups during laser treatment urclzzl: dat
scribed conditions is below threshold sensitivity of the method -
It appears that irradiation of paper with laser beam at 1664 nm stabilised
Whatman filter paper during accelerated ageing, as brightness and DP val oo f
the treated samples remained higher than the untreated control. Results v;eueii'(;
ferent for gelatine sized rag paper as the brightness and DP afu.er 6 days of a ll_
erated ageing at 90°C and 65% RH were slightly lower in case of treat}éd bers,
Results presented here indicate that Nd:YAG laser at 1064 nm is a otpa[:?arlsl.
useful tool in paper conservation. However, before the method ma E - 11' /
to historical documents, additional information must be obtained e}; ¥ 'ez:ﬁ)lp o
garding the effects that it exhibits on mechanical properties of pa,er pzccildit'y r:l_
studies must also incorporate a variety of different paper samplespas‘ well lor;x
effect on iron-gall ink regions. This work is in progress. , e

SUMMARIES

The Effect of Nd:YAG Laser Radiation at 1064 nm on Paper

Immediate as well as long term effe : i iati 5
6 ns and fluence up to lﬁg‘]cm'I on p:;eorfii\lri;)YOArt(zdl.aser rediation a 10%4nm, pulse duration of
Results of diffuse reflectance FTIR spectroscopy show no discernible diff i

around 1730 cm'! indicating that change in content of acidic or carbon lerence . th'

lTealmem under described conditions is below threshold sensitivity of the Le%:lo‘;ps during laser

s‘ntivc absorption bands as a result of laser treatment may be ascribed to C-O : d Igowever" per

tions, suggesting the formation of intra- and intermolecular ether bonds Resul?snof D—I?;;Sa \'Ilbra.
. in ac-

cordance with DRIF spectroscopy, as inki u
Il Y, as the cross-linking of cellul i
e of ool g ose dunng the treatment results

e regions

Leffet d’une irradiation au laser de Néodyme: YAG de 1064 nm sur le papier

Un rapport a été réalisé sur les effets immédiats ainsi que sur le long terme d’une irradiati

: T < X T
rTeodymfe.yltrlum-alumxmum-grenat d’une longueur d’onde de 1064 nm, d’une dure m"lon o
sion de 6 ns et d’une force allant jusqu'a l,.‘S\]oule/cm'l de papier , urée dimpul-
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Les résultats observés grice a la spectroscopie DRIFT (Diffuse Reflection Infrared Fourier
Transform) n’indiquent pas de différence discernable aux alentours de 1730 em’”, ce qui permet
de conclure que le changement de la teneur en acide ou en groupes carbonyles au cours du trai-
tement d'irradiation dans les conditions décrites se situe au-dessous du seuil de sensibilité de la
méthode. Les bandes d’absorption positives observées aprés le traitement au laser pourraient étre
attribuées aux vibrations C-O et C-O-C laissant supposer la formation de réactions intra- et in-
termoléculaires. Les mesures du degré de polymérisation concordent avec les résultats de I'étude
réalisée avec la spectroscopie DRIFT car les effets réticulaires sur la cellulose au cours du traite-

ment au laser se traduisent par une angmentation du DP (pitch diamétral).

Die Wirkung von Nd:YAG Laser 1064 nm auf Papier

Is wird berichtet iiber die Effekte, die eine Bestrahlung mit Neodym:Yttrium-Aluminium-Granat
Laser von 1064 nm Wellenlinge, Pulsdauver 6 ns und Stirke bis zu 1.5 Joule pro cm auf Papier
hat, sowohl unmittelbar als auch lingere Zeit danach.

Untersuchungen mit DRIFT-Spectroskopie (Diffuse Reflection Infrared Fourier Transform)
zeigen keinen merklichen Unterschied in Bereichen um 1730 cm”, woraus zu entnehmen ist, dalf}
Verinderungen im Gehalt an Siure oder Carbonylgruppen unterhalb der Empfindlichkeits-
grenze der Methode liegen. Positive Absorptionsbanden, die nach der Laser-Behandlung zu
beobachten sind, konnten jedoch auf C-O- und C-O-C- Schwingungen und damit auf dic
Ausbildung von inner- und zwischenmolekularen Bindungen hinweisen. Messungen des
Polymerisationsgrades finden eine Entsprechung in den Ergebnissen der Untersuchung mit
DRIFT-Spektroskopie, da sich die Vemetzungseffekte, die durch die Laserbehandlung an der
Cellulose hervorgerufen werden, in einer Zunahme des DP auswirken.
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Exhibition and Transportation
of the Dead Sea Scrolls

by ESTHER BOYD-ALKALAY & LENA LIBMANN

INTRODUCTION

Within the framework of the conservation and preservation of the Dead Sea
Scrolls at the laboratory of the Israel Antiquities Authority we have considered
how to store and exhibit the Scrolls'. The question arose whether the scrolls
should be enclosed in completely sealed frames made of polycarbonate plates
for exhibition and transportation or be placed in containers with openings for
ventilation, as is widely practised. This report describes experiments carried out

in arder to answer this question.

EXPERIMENTS

For experiments 1 and 2, two kinds of frames were made, measuring 25 x 15,5 x
3 cm’ (Fig. 1). In Frame 1, 25 evenly spaced holes of 0,7 cm in diameter were
drilled; Frame 2 remained intact. A small fragment of parchment was placed into
each frame, as well as a thermometer and hygrometer. The frames were placed
next to each other under the same conditions until their temperature and relative
humidity had stabilized.

In Experiment 1, both frames were equally elevated above the table in order
to allow air circulation. The room was without strict climate control. The fluctu-
ation in temperature and relative humidity within the frames over 15 days are
given in Table 1.

In Experiment 2, both frames were placed inside a plastic container and were
elevated from the bottom. Two glasses of water covered with damp cloths were
put between the frames. The plastic container was hermetically sealed with poly-
styrene film (see Fig. 2 and 3). At the beginning of the experiment the frames
had the following temperature and relative humidity:

o Frame 1: 25°C, 55%
o Frame 2: 24°C, 50%

Restanrator 21: 19-24 © 2000 Sanr, Munich ete. 79



Exhibition and Transportation of the Dead Sea Scrolls

Polycarbonate plate [ NN MANNNNNNNNNURONUNNNONNK
Cardboard frame with polyester

Blotting paper as spacer | ——— Object pe—
Line
Cardboard—FK: -)
Filter paper (3 sheets)
Polycatbonate plate [[/ S/ /ST 7L LIS ZLLTLLLILLTII /7Y

— Acrylic tape {two layers) /

Fig. 1. Structure of the frames.

—

Fig. 2. A frame.

The changes in temperature and relative humidity within the boxes over 15
days are shown in Table 2.

At the end of the experiment the relative humidity inside the plastic container
had reached 100%.

For Experiment 3, three new frames were made identical to the previous
ones, except that in Frame 3 15 equally spaced holes were drilled of diameter 0,7
cm in order to test the effect of the number of holes. When the temperature and
relative humidities in the frames had stabilised they were placed inside an elec-
tric kiln with a constant internal temperature of 40°C. As before, the changes in
temperature and relative humidity inside the frames were recorded (Table 3).

These three experiments were performed in order to determine the influence
of the environment on frames with or without ventilation holes, first in a room
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Table 1: Climatic data of Experiment 1: Frames exposed to air circulation.

Frame 1 (25 holes) Frame 2 (no holes)
Morning (9 am) Evening (4 pm) Morning (9 am) Evening (4 pm)
Date ¢ (°C) RH@w) T(C) RH%) T (°C) RH#) T(°C) RH(%)
17.8.98 24 51 24 51 22 49 22 49
18.8.98 26 52 25 50 23 48 22 48
19.8.98 26 51 24 49 24 49 22 50
20.8.98 26 48 23 49 22 48 21 50
23.8.98 24 49 24 49 22 49 22 49
24.8.98 24 hd 25 55 22 49 22,5 49,5
25.8.98 25 57 25 55 22 49,5 23 50
26.8.98 25 55 24 56 23 50 23 51
27.8.98 24 57 24 56 22 51 22 50
30.8.98 24 57 24 56 22 51 22 51
31.8.98 24 56 23 57 22 51 51 50
Table 2: Climatic data of experiment 2: Frames exposed to damp surroundings.
Frame 1 (25 holes) Frame 2 (no holes)
Morning (9 am) Evening (5 pm) Morning (9 am) Evening (5 pm}
Date  pec) "RH(W) T(C) RH%) TEC)  RHW) T(C) RH%)
1.9.98 25 55 24 59 24 50 22 50
2.9.98 24 62 24 70 22 50 22 50
3998 24 70 24 70 29 50 22 50
6.9.98 25 85 24 86 23 52 22 54
7.9.98 24 87 23 89 24 53 22 54
8.9.98 24 87 23 91 23 53 22 54
0998 24 90 92 91 22 52 22 54
10.9.98 25 91 24 91 23 54 22 54
13908 24 91 24 95 22 55 23 56
14998 24 95 24 95 2 56 22 56
15008 24 95 23 95 29 56 22 56

without strict climate control, second in a space with relative humidity up to
100% and third in a space of temperature 40°C. All three possibilities can occur

when the climate control in the storage or exhibition hall fails or during trans-

port or disaster. . o
Experiment 1 shows that the changes in temperature and relative humidity in

the closed box are slight: in Frame 1 the temperature varied by 2 degrees and
the relative humidity by 9%. In Frame 2 the temperature varied by 2 degrees

21
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Fig. 3 and 4: Arrangement of the frames for experiment 2, top view and side view.
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Table 3: Climatic data of experiment 3: Frames exposed to elevated temperature.

Date Time Frame 1 (25 holes)  Frame 2 (no holes) Frame 3 {15 holes)

TEC) RH@) T(C)  RH()  TC)  RH@®)
13.12.98 4 pm 22 50 21 50 22 44
14.12.98 7 am 38 47 35 54 34 44
14.12.98 11.55 am 37 46 5 53 33 50
14.12.98 3.30 pm 38 44 35 53 33 49
15.12.98 7 am 38 40 36 53 34 46
15.12.98 11.50 am 38 39 35 53 33 44
15.12.08 2.20 pm 38 39 35 53 33 44
[6.12.98 6.5 am 38 37 35 53 34 44
16.12.98 11.50 am 38 37 35 53 34 41
16.12.98 4.30 pm 39 36 35 53 33 39

and the relative humidity by 3%. Experiment 2 reveals a dramatic difference be-
tween the two frames: in the frame with the ventilating holes the relative humid-
ity rase by 40 % to 95%, in the closed frame it increased by 6% to only 56%. In
neither frame was there a significant change in temperature. Experiment 3 dem-
onstrates that the number of holes has an influence both on the change in tem-
perature and the change in relative humidity. It should be noted that in the
frame without holes the temperature rose as expected but the relative humidity

increased by only 3%.
We conclude that exhibition and transportation frames for the Dead Sea

Scrolls should be constructed completely closed to avoid biological damage

and changes in the dimensions of the parchment with the risk of danger to the

text® .

MATERIALS AND EQUIPMENT USED:

e Polycarbonate plates with UV filter

e Cardboard, neutral pH

¢ Linen, washed and boiled, of pH 8.0

o Acrylic tape, neutral pH, J-LAR, Pemacel

e Polygal (inert)

e Stabil tex, Tetex, Swiss Silk, Ziirich

e Thermometer with hygrometer, Crecer Corporation, Tokyo, Japan

e Electric kiln, Adam Mandel
23
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SUMMARILES

Exhibition and Transportation of the Dead Sea Scrolls

Experiments were performed in order to determine the effect of the surroundings on frames with
or without ventilation holes, first in a room without climate control, second in a place with rela-
tive humidity of up to 100% and third in surroundings of temperature 40°C. It is concluded that
exhibition and transportation frames for the Dead Sea Scrolls should be completely closed in or-
der 10 avoid a change in the dimensions of the parchment.

Exposition et transport des Manuscrits de la Mer Morte

Des cxpériences ont été faites dans le but de déterminer l'influence du climat environnant sur le
parchemin contenu dans des caisses avec ou sans trou d’aération, ces caisses ont été placées tout
d’abord dans une picce non équipée d’air conditionné, puis dans un endroit ou le taux
d’humidité relative allait jusqu'a 100% et enfin dans un environnement ot la température attei-
gnait 40°C. Lin conclusion on constate que les Manuscrits de la Mer Morte ne devraient étre
transportcs que dans des caisses absolument closes afin d’éviter toute altération des dimensions
du parchemin.

Zu Ausstellung und Transport der Rollen vom Toten Meer

Es wurden Untersuchungen durchgefiihrt mit dem Ziel, die Beeinflussung des Klimas in Kisten
mit und ohne Liiftungséifnungen durch das Umgebungsklima festzustellen, dieses einmal ohne
Konditionierung, sodann mit erhohter Luftfeuchtigkeit bis zu 100%, und schlieBlich bei erhéhter
Temperatur bis zu 40°C. Als Ergebnis wird festgestellt, daB Schau- und Transportkiisten fir die
zur Rede siehenden Objekte dicht geschlossen sein miissen, um Dimcnsionsverﬁnderungen des
Pergaments zu vermeiden.
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Fungi in Archives and Libraries

A Literary Survey
by MATTIAS NITTERUS

INTRODUCTION

Biodeterioration of archive and library materials is commonly ca.u.sed by fursgi.
The control of fungi means not only suppressing and supervision of active
growth, but also an active and conscientious reduction of the tf)tal spore- amount
since these are the reproductive bodies, characteristic for fungi and equipped by

nature for surviving under extreme conditions by an almost a fortress-type of

structure.

FuNGI

Fungi are specialised micro-organisms which diffe.r.from the pl?.nt kingdom by
the lack of chlorophyll and consequently cannot utilize energy directly from sun-
light. The terms ‘mould’ and ‘mildew’ are often used by bsth lay@en anAd biolo-
gists to describe these microfungi. Fungi are heterotsophlc organisms, i.e. they
are unable to synthesize organic compounds from inorganic Compounds.and
therefore need these as their main source of carb.on. A majority of the fung ari
saprophytes, meaning that they decompose organic substances of plant or anima
igin, giving 1i entative processes.
Onlg‘“lljlr,lg \;Zlfi;iedti?fiif‘:t kinds o? structures, vegetative.and reproductiYe, The
principle vegetative unit, the hyphae, is a mono—.or snultlcellular, threadhk.e fila-
ment. The shape and size of these hyphae varies in dlfferentl groups of fungi, 1.5-
12 pm in diameter and from a few up to 100 pm in len'gth . Hyphae can collec-
tively be referred to as the mycelium. Hyphae can be eltber continuous t;bes Of
divided by septa (walls) into individual cells, ‘arranged in an end—t?-en Ord.el'_
These septa are however not entirely CIIOSEd,’ sTgle or siaveral openings forming
i- ucture allow protoplasmic streaming”.
a njrlﬁ: f:;f:ﬁ:ﬁs\t/re unit in fungi is primarily represented by the spore. Spores
may be uni- or pluricellular, of many different colours and shapes, depending on
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the species and growth conditions etc. In size, spores vary from 5 to 2() pm in di-
ameter'. The simplest relationship of the spore to the hyphae is by splitting of
the cell wall or septum to form cells that behave as spores (oidia). Another sim-
ple relationship occurs when spores are formed inside ordinary hyphal cells
(chlamydospores and arthrospores). Spores can be pinched off at the base of pro-
trusions, directly arising from hyphal cells, a process known as “budding” (blas-
tospores). A more complex arrangement occurs when spores not arise directly
from the hyphae, but from special stalks or branches borne by the hyphae (co-
nidiophores). These stalks/branches are usually erect and the spores
duced at their tips as chains, heads or singly.

Spores are the results of either asexual or sexual reproduction. Asexual spore
formation is often quick and profuse, making possible rapid dissemination of the
fungus during favorable conditions. The resistance of these spores towards dry-
ing, radiation and other adverse factors is however restricted. Sexual spore for-
mation is a considerably more complex process, and would be too lengthy to
discuss here, but these spores are believed to be far more resistant since they ma-
ture more slowly and are able to develop several sturdy outer layers (usually up
to three)'. Both asexually and sexually produced spores can, if environmental
conditions do not allow immediate germination, 8o into a state of dormancy, sta-
sis, with a hold-over function, in which the water contents of the spore is low-
ered, and the metabolism inactivated but reversible®, These hold-over, or resting
spores can tide the organism over periods unfavorable to vegetative growth. In
nature, this is the way fungi survive winter or periods of dry weather®,

The quicker loss of viability of asexually produced spores is believed to de-
pend on their lack of such complex, sometimes hydrophobic, protective outer
layers, and lower water contents characterizing the sexual s

are pro-

pores. Ascospores of
many species (e.g. Chaetomium sp.), show increased resistance towards desicca-

tion, high temperature and even the action of chemicals (cf. Ref. 4 p. 29, p. 717).
The sexual spores are the carriers of the genetic variation, important for the
survival of the species, the asexual spores are merely produced to spread and
disseminate a certain strain of fungus during favorable conditions. One might
say that the sexual spores carry data of the conditions prevailing during its for-
mation and recombining the genetic material to overcome and adapt to future
conditions, they are prepared to tide the organism through unfavorable periods,
and start the lifecycle anew, as soon as environmental conditions permit. The re-
sistant sexual spores are produced in smaller amounts than the asexual ones®,
When dormancy of a spore is broken through activation, germination starts
with the formation of a germ tube. Long, branching,

hyphae, develop from these germ tubes, eventuall
celium’.

threadlike structures,
y forming a complex my-
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Aspergillus sp. and Penicillium sp. are examples of ascomycetes with catenu-

late (chain-like) spore formation in the imperfect, asexual state. Trichoderma sp.

i -like struc-
produce spores in conglomerate heads. Spores can be formed in sac-like

tures, asci, which in turn can be borne inside an' enclosing, [;rotc;cti\;e stn;cn;:f
known as perithecium. Chaetomium glqbosum is an e.xin“lt}'_l)? (3’ (?et:;Ifu P
ducing ascospores, enclosed in a perithecium covered wit alllrs N aratéd -
When sporulation begins, the mature spo.res are ve(rl}/ eja51 Zdislt)ribuuon om
their fruiting bodies, and due to their low weight, spreft Egj an dstribution ca
take place by a minute current of air. Spores.cax'l remain spelrseet pair for no};
long time, are easily spread and therefore ublqultous onlourtpsgw .COIngieS o
only a potential risk to paper artifacts, as being propagules (i)n v colon r;yco_
may also impose a potential health-hazard Fo hum@s ca‘us go f t}}}/e Skin, e
allergies and mycotoxicoses. These diseas.es mcl.ude 1nva3101;13 ) he sk ,erfecti’
eyes, brain etc*”. Several of the pathogemc' fungi 'belong to tde ;1}?5 enicp ol ;
or to the yeast-like fungi. Aspergillus furmgatl'lf is a reputed pa Oi ic -Hoils,
with a growth optimum at 37-42°C (mesophxllc),' and r.nay cause disiasil ever;
fungal invasion of the lungs, inner ear etc. Asperglllomfs is a.sever; diseas ,inhal_
lethal, mainly in individuals with immu.ne system mlal u'ncﬁ)org. rt; g ent inbal
ing of spores may evoke allergic reacthns; m)’CoaJ. ergl(es . ﬂztoxm \ i:;er_
duce violently poisonous and carcinogenic mycotoxins, e‘.g. z;s) y
gillus flavus), which if ingested may prove lethal (mycotoxicosis).

If s are allergenic in viable state, these properties will most ce.rtzunly be
e I However, the risks are not to be either over-

intai n in killed spores .
mainained eve ’ and spore-safe dust masks covering

ol y ing 6] l‘ ve lothing
X ” "lected; b uSlné pr tect: [ U : .
)\ lted or neg ' . o
nose erld mout 1, dl ld a.IVVa.yS ha.lldllllg lnfested material 1n IN) e]j 1 f‘lme hOOdS

the risks are greatly diminished. Hands may be ul.limteaed’ ;rizstse rm;flt:i
wounds or eczema are present. Thorough washmg v\llltdj39;11palanWith e alter
handling clears the major part of the fu'ngal debris. In \}/11 udls vith lowered
lune function or immune system malfunct@n should n-ever z}n ei e _
'L i tor dealing with fungal infested objects will stress the 1mp9r
1}:1]'ceA(I:fy rz(()izscf;;athe spore-amount levels in air by carefully va.cuu.m' clezulnng
tile objects objects (HEPA, or water-filters), scrupulously maintaining clean

work, storage areas and material.

etc.,

FUNGAL GROWTH REQUIREM ENTS

Humidity |
portant factor governing fungal growth is the presence of wa-

The single most I d various humidity levels to avoid

i en
ter. It has been common practice to recomin
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fungal bloom. However, these relative humidity levels, e.g., below 75%", 65—
70%*, 70%', 50-60%'*'* cannot be considered completely safe since fungal
growth has been reported although RH levels were maintained at, or below, sup-
posedly non-favorable levels'” '*. Other authors® ! stress the importance of con-
sidering the amount of available water held within such hygroscopic materials
such as paper, wood and textiles. This availability, or activity, of water (aW), na-
turally depends on the amount of humidity in the surrounding air (RH). The re-
lationship between aW and RH at equilibrium can be expressed as:

R.H. (%) = aW x 100

that is: an aW of
0,65 corresponds to an RH of 65%. aW is defined as the ratio of the vapour pressure
of water over the material to the vapour pressure over water at the same temperature®. A
rise/fall in R.H. of the microclimate surrounding the object consequently in-
duces it to gain/lose moisture to restore equilibrium?'. The availability of water
in a substrate expressed as aW, governs the growth of micro-organisms, gener-
ally having a tolerance in aW between 1.0 and 0.55% **, the aW being dependent
on the hygroscopic capacity of the material which in turn is influenced by sever-
al factors, e.g. pH, presence of solutes, oxygen permeability, deterioration level
etc. aW values being the most favorable, or optimum, for growth, seems mostly
to be above 0.85, very few below 0.70". Fungi, as a part of their survival strat-
egy, are also believed to withstand low aW by producing polyols, e.g. glycerol,
working as osmoregulators, water absorbers, thus enabling retention of rather
large quantities of water®.

It is of major importance for the survival of fungi that the regulation of osmot-
ic pressure by the plasma membrane is maintained, as otherwise important intra-
cellular components would start leaking out, causing lysis. Some osmo tolerant
fungi are especially adapted to environments with high osmotic pressure/low
aW, and maintain their growth even at such harsh conditions?. Aspergillus flavus
is reported to survive in very severe conditions, seemingly impossible for main-
tained growth and reproduction'’.

pH

A majority of the microfungi prefer a slightly acidic environment with a pH of
4-6, and by excreted metabolic waste products also able to change the pH of the
habitat if not at an optimum, e.g. by production of oxalic acid" * . The forma-
tion of stains due to coloured products in spores, hyphae and excreted metabo-
lites is believed to be pH dependent, with a maximum stain formation at pH 5%
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Temperature

The effect of temperature on the growth and survival of the fungi is of consider-
able importance since it dictates the rate of the reactions catalyzed by enzymes.
Three cardinal temperatures are usually determined; the minimum, below which
no growth occurs; the optimum, when growth is most rapid; and the maximum,
when the fungi are starting to get lethally injured through denaturation of en-
zymes, disruption of membranes etc. The temperature below which no growth
occurs is not to be understood as a lethal temperature.

Many fungi will survive periods of at least several months 9f contimllous sub-
zero temperature. Fluctuating freeze-thaw cycles reduce.v‘ilabillty, and finally ex-
haust even dormant spores, though initially activating™*. High temperatures,
such as moist heat (autoclaves) is quickly lethal, but is not relevant to conserva-
tion practice since the heat needed to kill the fungi would also be harmful to the
treated objects. . . .

Spores and hyphae in mature colonies showing active growth contain consid-
erable amounts of water, and the majority are killed at temperatures below 0° C,
and above or close to 40° C1'% There are however exceptions and depending on
the conditions at which growth of the micro-organism is optimum, they are di-

vided into different groups:

* Thermophilic organisms colonizing habitats of high temperatures >45°C , op-
timum 55-65°C, having more heat-stable enzymes, more saturated membrane
lipids than mesophilic organisms”.

* Mesophilic organisms colonizing habitats of moderate t.eTnperatufeS, 20—
45°C, ordinary room temperature, many of these mesophilic organisms are
pathogenic, showing optimum growth at 37°C.

¢ Psychrophilic organisms are growing at low temperatures, below 15°C (0°C }.

Nutrients

Fungi can utilize almost any naturally occurring compox.md as a source of carbon
and energy as long as the availability of watfer is sustame.d. Other ele.ments re-
quired are: oxygen, nitrogen, sulphur, potassium, magnes‘lum and vanous‘ trace
elements and to some extent also vitamins. Since the fungi, as earlier mentioned,
as a part of their survival strategy can alter their metabolism in order to compen-
sate the lack of some nutritional element, it should be remembered thaF this of-
ten leads to alterations in structure, hue and persistence of produced pigments,

. . 5, 12, 23
reproduction strategies etc. .
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SANITIZING CONCEPTS IN PAPER CONSERVATION

In reviewing the literature on biodeterioration of paper and especially the meth-
ods of dealing with fungal attack on paper collections, the prevailing idea has of-
ten been to achieve complete eradication of the biodeteriorative harm, effected
by treatment with highly toxic chemicals and/or non-chemical treatment meth-
ods with killing properties. Earlier studies often not only recommend treatment
of infested objects with toxic chemicals, spraying/fumigation of storage rooms,
but also to add these into pastes, glues and mending paper stock® % Con.
siderations about the effects of these substances on humans or possible deleteri-
ous effects to the treated objects are seldom or never made. It has been all too
common that conservators have been given advice by researchers from other
scientific fields, to use substances or methods originally intended for other appli-
cations but similar to conservation problems, e.g. fungal attack. an important
role.

The potential dangers of the fungi are the spores, as they are the propagules
and threat of new fungal colonies. Any treatment or action in order to combat
fungal attack should therefore be directed towards the spores, both by eradica-
tion, drastically lowering the total amount by sanitizing and, more important,
through preventive measures by careful monitoring of the storage climate. The
vegetative parts of fungi, may in contrast to the spores, be considered relatively
easy to control. Infested objects often appear severely damaged. By moving the
object from growth-favorable conditions, drying and removing the fruiting bod-
ies, visible mycelium and as much as possible of the spores with the aid of scal-
pels and needles and any vacuum-cleaning device found appropriate, further
colonization of fungi will efficiently be inhibited - provided that the object is not
returned to the initial climatic conditions.

All work comprising mechanical removal of fungal tissues must be performed
in fume-hoods or under exhausters with an effective airflow, and vacuum clean-
ers or other such devices, fitted with spore-safe HEPA-, or aqueous filters should
be used. The careless and untidy habit of “whisking off” fungal debris with the
aid of ordinary brushes should be avoided.

Chemical sanitizers

A large number of toxic chemicals have been utilized to sanitize micro-organ-
isms attacking paper collections. A majority of these substances were originally
developed for non-conservation use. The substances that have been used and in-
vestigated most frequently, are briefly surveyed in the following chapter.
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It is difficult to verify if and where any of these substances are still in use. The
author is not aware of any national or international standards or relgulzlxtions,
concerning the use of fungicides in archival-, library- or museum d?pOSltOrleS.

Fungal sanitizers have been applied as solutions (watef or organic solvents), as
dusting powders, as pure substance dissolved into adhesives etc., an.d very oft.en
in gas-phase as fumigants. The tendency of these substances, especially cmonn-
ated molecules, to react with the cellulose molecule and other components in the
paper (e.g. coatings, fillers, sizing), often flllil'{zﬁs tbem harmful to the objects,
causing discolouration, embrittlement etc.” ™. Since many of the subs.tances
possess low vapour pressures at room temperature {an advantagfeous quaht)'/ for
some applications), they tend to be retained in the trea.ted material for consider-
able time, slowly evaporating and thus being a health risk to staff and users. The

substances can be divided into the following groups:

Phenolic derivatives

Probably, the most widely used phenolic of this group is Thymol: Thymolj 3-hy-
droxy—p—;ymene has been used as fungicide in paper conservation pract1c<.3 fgsr
almost 60 years, since first recommended for this application by Plenderleith®.

The application method has most often been through evaporation in specially

designed fumigation cabinets, but also as locally applied solution, or as an aero-

sol treatment. N
It is a substance of moderate toxicity, : ‘ .

easily absorbed through inhalation, skin contact or accidental ingestion. Several

studies have been conducted, trying to evaluate its efficiency as biocide. Results

some studies found it to be a powerful bactericide
11,12, 15, 30-32

possessing a typical thyme-odour, and is

are however contradicting; " ¢ the opposite
but inefficient as fungicide, while others repor he op] o

Thymlcil is reportild to photo-oxidjze, yielding discolouration in .the pape-r,
which are probably difficult to remove®. The retention of Thymol in paper is

ged when applied as ethanol solution®.

state be prolon ' N
o ber d or investigated as potential sanitizers are:

Some of the other phenolics use
e Pentachlorophenol (PCP)*
e p-Chloro-m-chresol (CMC)*
e Orthophenylphenol (OPP)*

26

. n—Phenylsalicylanilide
o Preventol, Dowicide" "'
o Shirlan®”
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All these substances have more or less pronounced antifungal action, but also
high to acute toxicity in mammals. PCP and OPP are both reported to acceler-
ate ageing in treated objects'. .

Formaldehyde

Methylaldehyde; Methanal; CH,O. A 37% water solution of the gas; trade
names ‘Formol’, ‘Formalin’, has been used world-wide as biocide. It is a powerful
chemosterilizer, acting both fungicidally and sporicidally at relatively low con-
centrations, 1-5% v/v.?® Due to its toxicity and highly irritating effect on mu-
cous membranes, the use is now restricted!. The highly detrimental effect to
proteins and substances consisting largely thereof, (e.g. leather, parchment, hide
glue), is known" *. Despite its drawbacks it was used on a very large scale in the
treatment of approximately 8.1 million books and newspaper files, following the
fire disaster in the Russian Academy of Sciences, St. Petersburg®’.

Quaternary ammonium compounds

Also known as “quats”, this large group of surface-active substances is widely
used as both detergents and disinfectants. The disinfectant action is believed to
occur in the cellular membranes, which upon treatment lose structural organiza-
tion and integrity, initiating leakage of intracellular components, (e.g. K*, PO4%),
in many instances the same effects caused by alcohols, phenolics and esters of
benzoic acid Parabens” ' 4+,

Quats are hazardous substances, some even highly toxic and might have a
detrimental effect on the immune system®. Although frequently recommended
in various biocidal applications, they are incompatible with anionic detergents
and cations (e.g. Ca™, Mg™), which reduce the activity level considerably'. The
retention of quats and their effects on the physical properties and ageing charac-
teristics of paper has been investigated by Strzelczyk and Rozanski®.

Ethylene oxide

Oxiran, Anprolene, C,H,O. It is a colourless, explosive and toxic gas of high re-
active and penetrating power. Originally introduced as an insecticide in 1928, it
was first applied in museum fumigation in 1933*. It has been widely used as a
powerful sterilant, mixed with CO, or “Freons” for reduction of explosion risks.
Sanitizing potency of EtO has been investigated in several studies’ 0. 45. # and
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its possible age accelerating effects on paper have been studied by Hofenk de
Graaf'’. Due to its cancinogenic properties it is now considered an obsolete sani-
tizer in paper conservation practice. Moreover, it has beep shown that material
fumigated with EtO is more susceptible to microbial attack®. The reason for this
phenomenon is not fully known, but in the case of parchment and leather, EtO is
believed to react with proteins in the substrate, forming protective micro-encap-
sulations of fungal spores®” . Florian’ claims that ethylene glyc'ol, formed as a
by-product during ethylene oxide fumigation, serves as an actlve?tor to sporfas
contaminating the object in post-treatment storage. As early recognized, a certain
amount of humidity is essential in achieving efficient biocidal effect, as dry mate-

rials, fungal spores etc., are largely unaffected by EtO?" 4%,

Other poisonous agents

Naturally, a large number of other chemical sanitizers have been investigated

and/or used in various applications, e.g. in the pulp and paper industry, and con-

. th .
sequently also in paper conservation during the 20™ century, all having more or

less pronounced antifungal action, but often hazardous or toxic to humans and

detrimental to treated objects.
* Sodium hypochlorite*" 7

37,49

* Mercury salts

* Organotins®” *

¢ Benzoic esters®
o Parabens’ *

* Sulfuryl fluoride®
e Vikane

Other methods having been sporadically used and investigated include sanj-
tizing/control substances of biological origin, many however now produced syn-

thetically.

Antibiotics

n micro-organisms during growth to repress growth/
competition of other species. Substances SuCl’.l as Streptomycin, Nystatin etc.,
have been used on stone objects and mural paintings to control growth of fungi

I As to the use of antibiotics in paper conservation however, no sci-

and bacteria’. ) .
entific reports has according to available information been published.

Antibiotics are produced i
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Enzyme inhibition

Since fungi require nutrients in order to grow and reproduce, the organism uses
specific enzymes to degrade the substrate into smaller molecules, e.g. the conver-
sion of cellulose into glucose by cellulolytic enzymes; the cellulase-complex.
Studies have been performed on methods of inhibiting this important fungal me-
tabolism, e.g. by the use of the vitamins K. The argument in favor of en-
zyme-inhibition methods is primarily the exceptionally specific action of these
inhibitors. They react only with a corresponding enzyme, and are not active to-
wards the material in the treated object. The enzymes are inactivated almost im-
mediately after addition of the inhibitor. Furthermore, the inhibitors are readily
soluble in water, forming colourless solutions.

Inhibitors are considered safe and harmless to humans, and valuable informa-
tion can be taken from their application in other conservation techniques™.

Non-chemical sanitizers

Several non-chemical treatment methods have to date been investigated with the
intention of being able to control or eradicate fungal growth in paper: deep-
freezing, irradiation (e.g. gamma-rays, UV), controlled atmospheres etc. Irradia-

tion methods have achieved considerable attention, and been extensively stud-
jed?s 47, 53-0.

uy

UV-radiation has been found effective against fungi in active growth phase, with
a maximum activity at wavelengths varying between 230-275 nm'. UV-sources
are in common use world-wide to achieve superficial decontamination; labora-
tory table-tops, utensils etc. The use of UV as sanitizer in paper conservation is
however restricted due to a rapid speed-up in ageing/ depolymerization processes
of the cellulose. UV-lamps are frequently used to detect an active fungal growth
in objects since it emits a fluorescent light upon exposure to UV-rays, in contrast
to inactive tissue'%.

Gamma radiation

Gamma rays are, together with X-ray and far UV-radiation, different types of
high energy electromagnetic irradiation. The nature of the gamma rays enables
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them to penetrate deep into the treated materials. Since gamma rays sho'w pow-
erful biocidal action, it is used to sterilize laboratory and hospital utensils. It is
relatively simple to use (portable Cobalt-60 apparatus are available), the.process
is quick and leaves no hazardous residues. There are hov'vever con51'derab.le
drawbacks connected with gamma irradiation which makes its use res.tnc.ted in
paper conservation. By repeated treatments, a cumulatlv? c.iepolymenzatlon. of
the cellulose occurs, resulting in several ageing characteristics: lowered folding

; : 53, 56,57
endurance and tear resistance, increased yellowing, general embrittlement ‘

Moreover, since fungi and bacteria require higher irradiation doses to reach re-
b

quired lethal effect, the need of applying doses varying between.5—18 kGy, have

been reported”’ 58 This can be compared with doses of approximately 500 Gy,
. . X

sufficient to kill larvae and prevent emergence of adult insects'. Several other

studies specifically focusing on gamma irradiation of paper artifacts have been

erformed?*. . .
P Other sanitizing methods comprising irradiation, although seldom utilized in

i - icrowaves.
paper conservation, are beta-rays and mi

Deep-freezing
The drastic reduction of temperature below the freezing point of wate.r, consider-
ably slows down cellular processes in many micro-organisms. Vegetative opa.rts of
most fungi are killed or forced to a standstill at temperatures below 5°C, but
i ow temperatures. Certain fungi have the abili-
ty to produce intracellular “sntifreeze”, enabling them to.wi.thstand and eve.n
Continﬁe owth below 0°C2. The most effective way of achieving cell damage is
reported tg; be by rapid freezing of affected objects (more than 1 degree/ second),
wli)ich also yield)s, higher amounts of small intracellular crystals,(:ess h;rmfluldto
ion in slowly frozen objects {less than 1 de-
terials than large-crystal formation 1 s . V
I:]r:ee/rrln'rslute;mNotgso rrilmch is however known on the effects f)f. f.rfeezmg man
fnade olb'ects. such as paper, and considerations about the possibilities of a]t(;lrl?-
tiOnS/intéract;ons taking place in the paper/coatings/fillers, must be rlr:a.de ;s f s
may prove to make the treated papers less resistant to fungal attack in the fu

ture®”.

spores remain viable even at very 1

Controlled atmospheres | |
CO, and N,, the treatment of insect infes-
2

, o as
By using non-toxic inert gases, such  In diluting the air and re-

. success
tations in paper collections has showed some
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ducing the available oxygen, these inert gases work as asphyxiants. The use of
controlled atmospheres in treating fungal infestations seems to be an ideal
method and has consequently been the focus of some investigations®” /%4, Re-
sults indicate that vegetative growth can be stopped, but since fungi strategically
respond to alterations in their environment, they adopt to the treatment by con-
siderably lowering their metabolism, going into a state of dormancy, - stasis —,
meaning that growth is only inhibited as long as conditions are maintained, but
viability of the reproductive units, the spores, is maintained, perhaps even ele-
vated.

Craig® claims a 60% CO, concentration to be effective, not encouraging sta-
sis. No scientific research available to the author of this study does however sup-
port this statement.

CONCLUSION

Taking into account all aspects, the factor of highest importance in the control of
fungi is the control of humidity, keeping it at levels not exceeding 50-55% R H.
and temperatures at 15/18° C. Of same importance is maintaining a good air cir-
culation to prevent formation of still and cold air pockets, producing local damp-
ness'd, 19, (i4.

Storage areas and collections can never become free from fungal propagules,
unless sterilized. And even if such a sterile condition could be achieved, recon-
tamination would occur as soon as the storage area was opened and the material
handled. Therefore such preventive measures as climatic control, keeping spore-
contamination levels as low as possible by avoiding dust forming processes and
techniques, frequent and thorough maintenance and cleaning of work and stor-
age areas are of fundamental importance. Sanitizing using chemical or physical
means include the risk that such direct measures spread a false feeling of secu-
rity, making the attitude towards preventive techniques less aware. Sterilization,
as being the ultimate state of sanitation, is of no interest in conservation practice
and artifact maintenance since recontamination occurs as soon as the object is re-
turned to storage.

SUMMARIES

Fungi in Archives and Libraries. A Literary Survey

After a short introduction into the structure of fungi and the conditions for their growth, the
means suggested by conservators and microbiologists to cope with the problem of fungal infesta-
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tion in libraries and archives are discussed: toxic chemicals, radiation, deep {reezing, inert gases.
Climatic control is emphasized to be the only reliable means, safe as well for the objects as for

humans.

La moisissure dans les archives et les bibliothéques. Une enquéte littéraire

Aprés une bréve introduction sur la structure et le développement de la moisissure on discutera

des moyens suggérés par les conservateurs de musées et les microbiologistes pour se défendre

contre la mycaose fongique dans les bibliotheques et les archives : substances chimiques toxiques,
irradiation, congélation, gaz inertes. Le controle du climat de 'environnement s’aveére étre le seul

moyen fiable, inoffensif tant pour les objets que pour l'étre humain.

Schimmel in Archiven und Bibliotheken. Ein Uberblick iiber die Aussagen in der Fach-
literatur

Nach einer kurzen Einfiihrung in den Bau und die Lebensbedingungen von Sc}}}]imme]pilzen
werden die Mittel diskutiert, die von Konservatoren und Mikrobiologen zur Bekimpfung von
Schimmelbefall in Bibliotheken und Archiven vorgeschlagen werden: giftige ch.emische Sub‘stan~
zen, Bestrahlung, Tiefgefrieren, Inertgas. Die Schaffung von k]nTlaFlschen' Bedingungen, bei de-
nen Schimmel nicht wachsen kann, wird als das einzig zuverlissige Mittel herausgestellt, un-

schadlich sowohl fiir die Objekte als auch fiir den Menschen.
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The Effect of Ionizing Gamma Ray Radigtion
on the Biology of the Periplaneta Americana

by G MAGAUDDA, M. ADAMO, A. PASQUALI & G. ROSSI

INTRODUCTION
rve the cultural heritage, it is not uncom-
us damage caused by various living organ-

isms. Insects, or rather arthropods, and microorganisms are ;m?:;g\;ﬁi;nt‘:;
harmful biological damages. This is partia]ly due to the spee f:‘z e e
damage is done and to its entity, and partially to the subtl;ty ob e :ble o e
ried out against the objects to be preserved by coy or hardly observ

Organisms.
It is well known that fo mi
conditions (temperature and humidity

While carrying out activities Lo prese
mon to come across more Or less sero

r these microorganisms to develop, the environmental

), and consequently the conditions of ma-

terials, must reach and surpass the critical points reported in scientific liter.ature'_
Itis zu; . uusa]] well known and logical fact that objects @ade out 9f orgaElc subCi
stances squch Zs wood, paper, vegetable and fibers of animal origin, leather an

animal hides, are the most affected by mechanical and enzymatic biodeteriora-

tion®. ) d protecting the cultural heritage preserved in
an .

T.he exPerts 'for cozj:;vlll;imry and ethnological collections use prfzventlve

archives, libraries, na both preferable and highly ef-

roblem. In fact, it is :
d environmental causes leading to the develop-

emed necessary, to use chemical

measures to cope with this p
fective to control the indirect an

; it is de
ment of harmful organisms, and, when it 1s

ntion.
substances with long-lasting effects as a means of B nce the biological attack has
Unfortunately, it is often necessary to intervene ornc

begun, and to use disinfecting and/or disinfestmg pr%cetfiu‘:s i;r;ngl i“; r:scifg
matiox; phase. Experts cope with this problem mainy Hywueve% the use of toxic
the active ingredients of many chemica.l su'bstax?c‘;s- , ;)lattad; must be limited
substances, such as ethylene oxide, for ﬁ.ghtmg bio zglaith . Tn fact thesé
not so mu,ch for technical and econom'c, but for }i tursin ad;eCIuate ;;recau-
substances can be harmful to persons using them withou &
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The Effect of Ionizing Gamma Ray Radiation

tions. In the case of persistent substances they can also be harmful to the persons
who frequent the places where treated objects are preserved®. Other substances,
such as methyl bromide, are banned also for their negative impact on the global
climate®.

Many have felt the pressure of the growing public environmental awareness
and have started to consider studying and applying alternative methods instead
of chemical substances. Irradiating the objects with ionizing rays is such an alter-
native.

JONIZING RAYS

Actually, there have been quite a few systematic studies on the effectiveness of
ionizing radiation {gamma or X) against paper biodeterioration, some dating
back to the early sixties’""". As to the technological side of applying those rays
further information is to be found where they are already used, i.e. for disinfec-
tion of food'" ', of medical products, of the environment, etc. In the general
frame of a project aimed to study the effect of gamma radiation on the material
the objects in archives and libraries are made of, i.e. mainly paper, the purpose
of this study was to analyze the effects of irradiation on insects which, along with
microscopic fungi and other microorganisms, are most damaging to libraries.
Among the insects especially considered to be harmful for the cultural heri-
tage™ we purposely selected the Periplaneta americana as it constitutes a useful
biological model to be studied. Together with other polyphagous species pertain-
ing to the Blattoids order which can cohabit with man, it can be found almost
throughout the planet'®. It is erasing paper together with that starch used as siz-

ing agent or as adhesive and it is damaging paper by littering it with its feces (cf.
Fig. 1 & 2).

MATERIALS AND METHODS

Description of the organism examined

The experiments were carried out between 1996 and 1998 on a population of Pe-
riplaneta americana. The insects were kept in plastic boxes housed inside a con-
trolled environment at 27°C with 60% relative humidity and nourished with the
food pellets used in research institutes for feeding small rodent mammals; a few

apple slices were added to this basic feed, thus also ensuring the adequate tenor
of humidity in the plastic breeding boxes.
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Fig. 1. Erosion caused by cockroaches on Fig. 2 Corrosions and stains caused by P
the binding (title label) of a book (Photo: !sti- americana on paper.
tuto Centrale per la Patologia de} Libro, Roma)

The Periplaneta americana is an insect which can be found everywhere it meets
a favaurable climate, i.e. in a climate that also makes men feel comfortable. It is
four centimetres long. It undergoes, so to say, a partial metamorphosis during its
life cycle, ie. the various stages of development are separated by a series of
molts: usually 11-12%; cf. Fig. 3. Although the insect is smaller and incomplete
in its larval stage, its appearance is quite similar to the fully developed adult; this
is almost the opposite to insects that undergo a complete metamorphosis' such as
Lepidoptera. The P americana is ovoviviparous and when‘th‘e offs;mngs are
born, the female ejects the ootheca with the juvenile larvae mmdc(s; this fo.rm- of
reproduction is typical for Blattoids. We have counted up to 20-30 eggs inside
an ootheca.

5‘0“"?

Fig. 3: Peripianeta americana during various larval stages.
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. /\ yv__

Fig. 4:  Periplaneta americana adults (right female, left male)

The entire development process, from birth to reproduction, tak b
?ear under the conditions of our experiment; the adults - males ;ve ‘: ot
irst to C?mplete their metamorphosis — live for a few years feedi . ways'the
of ;)rga;uc substances. The gestation period lasts 2-3 months e

n the 'course of our experiments besides adult insects ie
;:S;du;:;:’_ we 1als;)1 treated immature insects selected’dumtlfgmflelr::pzzlgn(z
v p s newly hatched-out ones, those undergoing the early stages of de-
- pment (= 1 cm long: Type A) and those in more advanced ot
= 2.5 cm long: Type B). Pages of growth

Since immature specimens do not show clear si
On . : ! gns of sexual dimorphi -
fordtahr;/5 Zesxfi I:zlts), V\}/le did not take into account any gender-relatedlc)ii;:::essecs
o adunpform mn:,l what could have been done only by radiosensitivity tests. In
their acult form » es and females are clearly distinguishable (cf. Fig. 4): al

, e wings all along their abdomen, whereas femal ; ich ane
generally more thick-bodied than the males, have shorter wings BeoStLWh;;h arfi
. male an

female adults have a shinier utsi n (exocut:
outside ski [ i re s lar
' ( C 1cle) compared to P vigus lar-

Irradiation (reatment

he insects were taken i

] en out of their breedin b i i n

less ‘ DIe g Doxes for 1rrad1ati0n, counted {no

ess than 20 SpEClIIleDS) and placed inside paper bags. Radiation treatment (
was
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e: 18°C£2 and 45%%3 RH. We used ENEA’s “Calli-

carried out at room climat
16, It is a pool-type irradiation facil-

ope” facility at the Casaccia Research Center
ity having a cylindrical Co-60 radioisotope source, with a maximum nominal ac-
tivity of 3.7 x 10" Bq (equivalent to 100,000 Ci). Fricke dosimetry was used to
determine the prefixed dosages to use during the experiments according to
ASTM D 167172 regulations. The range of experimented doses was 0, 15, 20,
25, 50, 100, 150, 200, 300, 500, 1000, and 1500 Gy using a 865Gy/h dose/rate,
in which the Gray (Gy) corresponds to the amount of absorbed ionizing energy

equal to 1 Joule per kilogram of treated material.

Analysis of the biological effects

rradiated insects and their respective controls
bserved and put back into their breeding
ut separated according to the absorbed dos-
tal chamber so they could be analyzed

Immediately after irradiation, the i
(non-irradiated specimens) were ©
boxes, males and females together, b
age. They were kept in an environmen

daily over due time.

e Survival was selected as a marker of the effects of ;rradiation. It was expressed

in days and calculated as a Jethal dose (LD) for the entire sample population

(LD 100). The experimental results were expressed in Dose/Days survival
of specimens irradiated with high doses, death occurred

varying between 2 few days and a few minutes
d. During that time, the insects lost their most
d motility), thus losing their ability to
TS.

lity were also studied in the case of

analyzed observing and recording
e the breeding boxes after the treat-

curves. In the case
after a certain period of time,
according to the dose absorbe

obvious vital signs (ability to feed an
damage materials, or they gave way to spasms and tremo

* The consequences of irradiation on ferti
This parameter was

adult specimens.
ew-borns insid

whether there were any i
ment.
olting of the Types B, A, and new-borns irradiated

¢ Consequences on the m
y were also recorded.

with doses of up to 150 G

Resurrs
ult specimens of P americana (ex-
ve shows a typical response of liv-
graphic representation

gamma rays of ad
Fig. 5. The cur
d its non-linear

Survival after exposure to
pressed in days) is illustrated in
ing beings to radiation {reatment, an
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Fig. 5: Survival trend after gamma radiation of Periplaneta americana adults according to the
doses absorbed.

points to a clear cause/effect ratio, which is particularly drastic in high doses,
with a downtrend in the dose range between 300 and 150 Gy. For every experi-
ment we recorded, relating to the absorbed dosage, males had a distinctly lower
survival rate than the females. For dosages below 100 Gy the females’ survival
rate can be up to twice as long as the males’.

The larval stages’ (B, A, new-borns) survival to irradiation is illustrated in
Fig. 6.

Comparing the trends of the curves relating to the three different stages, only
as far as the survival parameter is concerned, it seems that the younger the in-
sect, the more it is sensitive to radiation.

As to molting which, as we have already mentioned, occurs in subsequent
stages over a twelve-month period, irradiated larvae at any stage of their growth
manage to go from one stage to the next and to reach the aduit stage, as long as
radiation does not exceed 25 Gy. However, this process appears to be slowed
down proportionately with the dosage absorbed (Table 1). As to doses higher
than 25 Gy, molting is initially inhibited and, since higher doses lead to the in-
sect’s death before it has completed its larval cycle, the molt is entirely over-
shadowed by the radiation’s lethal effect.
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Fig. 6: Survival trend after gamma radiation of the P. americana at three different larval stages

according to the doses absorbed.

Table 1. Effects of irradiation on the different Jarval stages expressed éccording to the time re-
quired for the entire larval population to complete their molting cycle. The procedure

slows down proporﬂonately with the radiation absorbed.

Moulting time {months)
Irridiation Dose (Gy)

Larvae B Larvae A New-borns
0 4 5 >9
15 4 5,—
6.5
20 5
25 >9 >9

1 Table 1 clearly depend on the different

. between columns i
The differences betw larval stages to reach the stage of full

physiological times required by the various
adultness.

According to the doses absorbed, b
smaller bodies than non-irradiated specimens

oth adults and larval specimens have
(cf . Fig. 7).
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not irradiated 50 Gy

Newborns
0

Larvae Type A

Larvae Type B

Fig. 7: Differences in the growth and th

Nl ! e development of the P i

irradiation at three different larval stages due to the effects of th s qarmns res er 80 days from
{50 Gy). € gamma ray dosage absorbed
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Fig. 8: Maltormation in wing development in a male P, americana, which appeared as a con-
sequence of the gamma ray dosage absorbed (25 Gy) in the last larval stage.

Furthermore, somatic malformations (such as the evident ones, affecting the
males’ wings: cf. Fig. 8) or mechanical difficulties in ejecting the ootheca, which
in some cases proved lethal, have been observed.

As to the effects of irradiation on fertility we can state that, unlike non-irradi-
ated specimens, there were no births, even among specimens subjected to the
lowest radiations (15, 20 and 25 Gy). This has been further proven because, after
having introduced non-irradiated fertile males with radiated females and vice
versa in the breeding boxes 18 months after the radiation treatment during
which time males and females irradiated had cohabited in the boxes without
generating any offspring, the specimens studied after a sufficiently long period ?f
time did not reproduce themselves. The males and females already pre‘sent in
the boxes had been treated with 15, 25, and 25 Gy. In a few cases, in which the
female had been exposed to 150 Gy some new larvae were born, but they did
not survive more than 15 days (or 50 days when the moth'er hafi absorbed 100
Gy). We shall try to interpret this phenomenon during our ('ixscussxon. ‘ ,

As to very high radiation doses (1000 and 1500 Gy), which lead to the insect’s

death immediately after radiation or in subsequent days, pregnart females, al-
the ootheca from their abdo-

though extremely weak and often immobile, eject ; ab
men with its appendages and with fully-formed but non vital embryos (Fig. 9 &

10).

We wish to recall that, as mentioned under MATERIALS AND METHODS,
otheca is simultaneously ejected.

ODS, when

non-irradiated insects are born the empty 0 e
Sometimes we found empty oothecae with no newborn larvae, but this phe-

nomenon was also observed in non-irradiated specimens.
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&

Cae :
®
s
i

Fig. 9: Periplaneta americana females immediatel irradiati
y after irradiation (1000 Gy) whose i
organs have extroflected along with the recently ejected ootheca. ¥) whose internal

Fig. 10: Photographic detail of an ootheca in which the embryos can be clearly seen

D1SCUSSION

The results of the effects of irradiation on the survival of Periplaneta americana
adults and lar\fae, and on their induced sterility, are clear. Furthermore, the
cause/effect ratio of this treatment is significant. In fact, we did not come a;ross

-t e
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conflicting responses during the repeat tests carried out during our three-year ex-
Perimentation. Even the different sensitivity to radiation of the male specimens
as opposed to the female specimens has been confirmed time and time again.

We believe our discussion should briefly comment on the results of the Jethal
effects of irradiation on the delicate phases a larval insect undergoes during the
molt. The mechanism is similar to that of some hormone-antagonist chemical in-
secticides which alter the chitin synthesis in young specimens thus interrupting
the insect’s life cycle”. It is difficult to observe this phenomenon, since absorb-
ing high doses of gamma rays leads to the insect’s death after a short period, thus
not giving time to complete the development between two molts. In the case of
very low doses, even if there is enough time for some molting phases, the dose
absorbed by the specimens probably does not influence this process.

It is also necessary to recall the great conceptual and practical difference be-
tween partially metamorphosing insects, such as the Periplaneta americana, and
other book damaging insects that undergo complete metamorphosis. The first
feed on organic substances and damage books both in their larval stages and as
adults. The latter, such as Coleoptera (“wood-worms”) and some Lepidoptera,
€at away paper and other material they meet in a book almost entirely in their
larval stage, whereas adults feed on other substrates or don’t feed at all. Conse-
Quently, unlike the successful experiments carried out with the “sterile male
technique” developed for fighting fruit flies or Olive flies, which alsc.) .undefgo
complete metamorphosis®!’’, it would be totally useless to try 'dlsmf.estmg
books by sterilizing adult Blattoids, Thysanurans (silverfish) or termites without
Strongly influencing their vitality. .

We should like to briefly comment on the premature ejection of the ootheca
as a consequence to the radiation absorbed by pregnant fem.ales. The oot’heca,
along with its appendages, takes up a relatively large space it the female’s ab-
domen and it is vital for reproduction. The radiation-induced damage al%ers ﬂ.le
insect’s metabolism and affects this fundamental structure. Many orgamsms in
nature, both vegetable and animal, begin reproducing early wh‘en tl?ey under}:gio
a stressful period; many plants blossom and many insects deposit their eggs T s
solves the case of the “extraordinary births”, which have hardly any vital signs,
born from irradiated females that already contained almost fully-formed em-

oryos when they were subjected to radiation. 4 -
Our experience leads us to conclude that to fight the Periplaneta 'amencana, e
elow this amount, al-

'ptimal dose of radiation should be no less than 300 Gy. B .
sterile over a limited time, they would

hough the survivin imal 1d be
g animals wou ‘
Iso continue to damage materials. This dosage causes practically no damfage ‘to
aper as measuring the degree of polymerization of cellulose before and after ir-
. 21
\diation and before and after artificial ageing prove®. . Dj
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Radiation to disinfest the cultural objects can be combined with other methods
to fight microorganisms. The technical literature relating to the sensitivity to ra-
diation of microorganisms, especially fungi®”’, much higher doses for disinfecting
paper are given than those necessary for disinfesting it. Doses that were consid-
ered as being “high” during our experiments would be necessary for disinfecting
paper, thus their effects on insects would be much quicker and more effective.

Finally, as far as transferring the results of this experimentation into practical
use is concerned, it is our duty to cautiously remind everyone that our group’s
activities, along with others, work on many fronts. Qur research is concerned
both with the effects aspired, i.e. to eliminate biological damage for books and
archival documents, and with any undesired side-effects on the materials that
constitute this kind of cultural heritage?'.
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SUMMARIES

The Effect of lonizing Gamma Ray Radiation on the Biology of the Periplaneta Ameri-
cana

The project’s ultimate goal was to study the feasibility of using ionizing gamma rays to destroy
the rodent insects that infest the paper contained in libraries and archives. The experiments dealt
with the elfects of a wide range of radiation doses on the main biological traits of a population of
blattoid insects (of the Periplaneta americana species), during the various stages of their life cycle.

The results of tests based on the survival, induced sterility and molting of these insects, all
point to the fact that even very low doses of radiation are effective. Furthermore, low doses of
radiation are not harmful to the materials that the objects to be reclaimed are made of.

Leffet de Uirradiation ionisante aux Rayons Gamma sur Lorganisme de la Periplaneta
Americana

L'objectif visé par le projet de recherche consistait a vérifier s'il &tait possible d’utiliser les rayons
Gamma ionisants pour détruire les insectes rongeurs qui attaquent le papier des bibliotheques et
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des archives. Les expériences réalisées portaient sur les effets de plusieurs cxpositio‘ns au)ﬁ rayons
de différentes intensités sur les principaux caractéres biologiques d’une populatlgn dmse‘ctcs
blattidés (de I'espece Periplaneta americana) au cours des différents stades de Ieu.r vie. Les résul-
tats des analyses réalisées sur la survie, sur la stérilité induite et ?ur lé mue. de c.es'msecte? concgr-
dent pour confirmer lefficacité d’irradiations, méme a dose trés faible, irradiations qui par ail-

leurs n’ont aucun effet nocif sur les objets a restaurer.

Die Wirkung von ionisierenden Gamma-Strahlen auf den Organismus der Periplaneta
Americana

Das Ziel des Forschungsprojektes, iiber das berichtet wird, war es zu prij'fen, -ol? ionisierende
Gamma-Strahlen zur Bekimpfung von papierzerstérenden Schadinsek(en. in Btble)lheken u?d
Archiven cingesetzt werden konnen. Es wurde die Wirkung der Strahlung in \./erschledenef Stir-
ke auf die wesentlichen biologischen Faktoren einer Schabenpopulation (Periplaneta americana )
withrend verschiedener Stadien ihres Lebens untersucht. ) .
Als Kriterien der Wirksamkeit galten der EinfluB der Strahlung auf die Ubierl‘ebensrate, 410
Hiutung und die Fortpflanzungsfihigkeit der Insekten. Alle drei deuten fiarauf 'hm,- daIIS be:;an;:
sehr geringe Strahlungsdosen die gewiinschte Wirkung zeigen: Dosen, die so niedrig sind, daff

sic fiir die bestrahlen Objekte unschidlich sind.
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