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Microbiodeterioration of Library Materials

Part 2

___Microbiodecomposition of Basic Organic

Affr(,'s o {f Library Materials
} : .4‘ 3
' Chapter 4
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i N . : By ROMUALD KOWALIK
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4.3.2 Abstracts

4.1.1 Decomposition of Textile by Microorganisms

Textiles are made from the natural fibres of animal origin such as wool from the
Bronze Age and silk, originated in China about 2000 B.C., and of vegetable
origin such as linen, dated back as far as the Stone Age, as well as cotton, hemp,
jute and sisal.

Flax has been grown in Sumer and in Egypt from very remote times and was
used for the production of linen fabrics as early as the Neolithic period. The
bronze statuettes from the time of Shulgi, Sumerian King dated 2100 B.C. in
Ur, third dynasty, is covered probably by linen cloth (Iraq Museum). Linen
cloth was found also in the tomb of Thutmose IV and in the tomb of Tut-ankh-
Amun.

The home of the cotton industry is undoubtedly India. Cotton is mentioned
in papyri as early as the second century. A.D.#? The above mentioned vegeta-
ble fibres are composed of cellulose. Depending on the content of cellulose or
lignin, material may be susceptible or resistant to microorganisms. Natural
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The most serious dams: i i
. s(],r;-o};ls damages in textiles are made undoubtedly by microor-
g $. Wool fibres may be prone to ¢ i |

to attack by bacteria more easi

ganr o ‘ ! ac ore easily than
cone ﬁbrc.s and less prone to attack by fungi.!? During wet weather Bacillus
ubtilis, Bacillus mesenthericus and Bacillus Susiformis may ‘C’dUS(‘
wool and flecce even before shearing. 10 17 -

With silk, bacterial attack is more likely to take
removed rather than afterwards.

T .
.h.e Actinomycetes as was found are also se
posttion.

deterioration of
place before sericin has been
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rious agents of keratin decom-

The growth i i i
g of four microorganisms in the presence of degreased wool fabrics

was studied by som 28 i
y ¢ authors.®® The species used were: Bacillus mesenthericus,

iﬁ:ilfcj:itiillsf, t(;l,;ait:mm@ globosum, StreptoTnyces albus. This Streptomyces was the
fibres. After tha 1 “glzms;ns tested,sc;ausmg extreme deterioration of the wool
burified wool o s Zso shown?! that A.S'treptomycex Sfradiae decomposed the
compounds accu}:nm);;z . Colrlnplctely. During this process soluble sulfhydryl
decomposition e oo In t e c‘ultures and the major nitrogenous product of
Sheep, cows and aiher m?mT Streptomyces fraa’iae also destroyed hair from
tropioel cliwmte, dotes amr.na s due to keratl.nase production.?® In the Indian
cctes, bactoria a,nd . lo.rzitlcc‘)n of woolen fabrics is brought about by Actinomy-
1o the extent of 03% lj:g]t} ) ten?)r;lyces sp. decr‘ease the strength of woolen fabrics
b Aspergillis tomens 4 ays. and accordlng to Uniyal and others 7 Fusarium
Trichoderma sp. were t;; Sﬁergzllus - '/%sperglllus miger, Chaetomium sp. and
Ducin - were the prominent fungi isolated from wool in soil burial tests.

g my stay in Egypt at the end of 1970 as a Unesco consultant it was
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observed in the Greco-Roman Museum in Alexandria that the corduroy inside
the showcases was completely covered with several species of fungi. Two
species of fungi: Trichoderma viride and Penicillium sp. could be identified visually.
The collection is threatened with such an infection because these fungi are
difficult to combat. According to Dr. Daoud Abdo Daoud, custodian of the
Greco-Roman Museum, the high relative humidity of Alexandria in July and
August favours the development of biological agents.

Of special interests in connexion with the breakdown of keratin are der-
matophytic fungi e.g. Trichophyton and Microsporum species, the ringworm
organisms and Candida albicans, the yeast which causes thrush discase. There
arc parallels between the microbial attack on keratin and on collagen, the basic
compound of parchment and leather.

The destruction of cotton textiles caused by microbial agency amounts to
millions of dollars a year and considering economic importance, this problem is
second only to wood deterioration. The evaluation of the deterioration of an-
tique textiles and textiles utilized by libraries and archives seems to be impossi-
ble. Being cellulosic in composition cotton can he readily deteriorated by cel-
lulose decomposing bacteria, Actinomycetes and fungi. Although there is evi-
dence that bacteria may play an important role in the biological decomposition
of cotton it is generally agreed that the fungi are the most active agents of
deterioration. The most serious effect of microorganisms is the loss of strength,
which can be completed in a few days in case of adverse conditions (damp,
heat, lack of ventilation and contact with decaying matter). Besides losses of
strength, staining can occur, due to pigmentation by the organisms or the
reaction between products of its metabolism and finishes of the textile. Some
liulose itself, but there are many microor-

microorganisms may use the ce
ganisms that utilize other materials, which may be an easier assimilable source

of food, as finishes, for example.

As has been said before, bacteria decompose, above all, keratinic fibres (wool,
silk); cellulosic fibres, however, are destroyed by these microorganisms espe-
cially in damp environments or when buried in the soil. The most serious
decomposition of cellulose is caused by species of Sporocytophaga myxococcoides
and then by Cellvibrio, Cellfalcicula, Microspora and anacrobic Clostridium.
Fungi and Actinomycetes destroy vegetable fibres abundantly, on animal fibres
however they occur rarely. To the most important species of fungi, which
destroy cellulose in textiles belong: Chaetomium, Chaetomella, Mpyrothecium, Neuros-
pora, Memnoniella, Stachybotrys, Fusarium, Mpycogone, Stemphylium, Alternaria,
Trichoderma, Cephalosporium, Trichocladium, Gliomastix, Sepedonium, Botryotrichum,

Trichothecium, Stysanus, Scopulariopsis, Paecilomyces, Aspergillus and Penicillium. On
textiles occur sometimes Mucor and Rhizopus, which use carbohydrates and
137
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. R 47-51, 60,
nitrogen Comp()unds.3' 4,8, 9, 10, 15, 17, 18, 19, 24, 25, 28-31, 35, 36, 37, 38, 41, ,
61, 63, 64-69, 72, 76, 77

Wood destroying fungi Polyporus, Coniophora, Lenzites, L

entinus take also some
part in decomposition of textile

s in field conditions. In museums wood de-
stroying fungus Merulius lacrymans was observed too, ¢

specially on the carpets
in badly ventilated store-rooms.

Deterioration of cellulosic textile by fungi is represented in Figs. 1 and 2.

Essential differences in the activity of particular microorganisms are based
on the fact that bacteria and Actinomycetes need alkaline (pH = 6.8-8.0) and
fungi acid medium. At the PH = 4.0 or less the fungi merely decompose

cellulose of vegetable fibres. Fungi show, however, a great tolerance from nearly
1.0 to 9.5 of pH.

Much of the work during re

: . . . 2,4 10, 13, 14, 17, 19,
textiles has been concerned with fungi- and bactericides. » 2 % % 3. 14,

20-22, 24, 26, 27-30, 33, 34, 37, 39, 44, 46, 53-55, 58-60, 66-68 It is often said that there is at

present no entirely satisfactory microbiocide. To be ¢

ntirely satisfactory such a
biocidal agent should be:

a) toxic to a wide range of or
b) resistant to leaching;

ganisms or should block their action, and

Fig. 1. Deterioration of textile by fungi.
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Fig. 2. Deterioration of textile by fungi.

and should not:

c) be toxic to humftn beings,
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(k)l;r()tnj)]x::,llcb:([)r:i)::sr(licli: 21:)(‘, rlutp[lllt.hcnatc and zinc .dimcthyldithiocarl)arnat(‘
oo o e tingco the last reports recognized carcinogen) may be
Fine s s lau;n{)()‘llnfis the best scems to be tri-n-butyl tin oxide.
fangal dotetionstion ot o 'y p(,n‘td.chl(')rph(.‘,nat.c provided protection against
g oo 108; d{t{l e .Junglc site in Nigeria.** Undyed wool can be pre-
als. 10 p-Dichlorobcr?zen:{i.slllzl;i():\fgsz(: frzjsr:*[cdtm(c; W'};}}‘]/"dicm”“’"““”‘“{“ (erS[-
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touch the crystals. According to( B]()Lc)l?;‘?s'id' N [lhe WIITPOMS it e
e 1. According 1t 1s also cffective in inhibiting the
funiimi:i\:)tthbl;l :i(::;dl:(}))(;m(sW( have lri?d to examine p-dichlorobenzene as
e dopeiin, g food p()ls(‘).nm:g techniques. This compound is fungistatic
A gullus terrefm Link (Fig. 3).
dCSi;;;;xttz)l(;(,)i[:(r)(r)ltt;rc;tilc\/rc agc’nt.s may also be used.®® Protective agents must be
e et ovin e T S(Ki)rl”égdnlsms, to block their action by putting a protec-
i s €, t(.) .Changgc the S(-)UI'C(‘ of good quality for microor-
. . Fdn n%)t be utilized. s 6 7» 12-14, 16, 20-23, 40-42 \ 1t Jerivatives
Eavc inc(l)zzl cdx lb,lt 3'1 }.ngher resistance tol microbial attack. Treatments used
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€eC 1 tio O

A B c D

Ig 3. Fu gistaﬁc activit: -di
(o) i
F . Fun l vity fp dichlorobenzene on Aspel gI”US terreus, Link.

B. The activity of ethanot

C. The eff?c.iency of 10 g/m? of p-dichlorobenzene
D. The efficiency of 10 g/m? of 4-chloro-3-cresol.
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Inert barriers may also be introduced to protect cotton against microflora.
Success in this ficld was achieved by impregnating the fabric with methylated
trimethylolmelamine in the presence of cure/modifier/thiourea/ and an acid-
forming catalyst."!

In the Institute of Industrial Organic Chemistry in Warsaw from 5 kinds of
cellulosic fibres on 17 different cellulosic media many fungi and Actinomycetes
were isolated and identified. Memnoniella echinata, (Rivolta) Galloway described
as characteristic for tropical countries was also isolated (Figs. 4 & 3).

It was found that ziram (zinc dimethyldithiocarbamate) or Shirlane (salicy-
lanilide) together with a definite amount of methylolmelamine resin protected
cellulosic textiles against microorganisms. Applied to impregnation, the resin
formed a thin coating on the fibres and caused blocking of hydroxy group by
reaction with cellulose. In this way hydrophilic character of fibres was decre-
ased. Apart from that resin’s polymerization, which takes place inside the
fibres, develops cross linking between micelles and fibres and decreases swell-
ing and water absorption particularly in amorphous areas. Besides that a toxi-
cant is probably acting by combining with an important substrate to make that

Fig. 5. Memnoniella echinata.

Fig. 4. Memnoniella echinata, Rivolta
(Magn. x 250).

Galloway, isolated from textile.
(Magn. x 250).
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substrate no longer usable by enzyme or the whole organism. The enzyme
inhibitor protects textile from attack by microorganisms. *** This mechanism
influenced negatively the growth of microorganisms and partly reduced the
leaching of fungicides. The suitability of impregnation of cotton-wool and linen
samples with fungistatic substances (ziram or Shirlane) and methylolmelamine
resin for their protection against fungal attack was examined. Ziram combined
with melamine resin was protecting even heavy fabrics not only in normal
storage conditions, but also when stored in conditions favouring fungal growth.

Thin fabrics were protected almost as well by Shirlane.

Fungicidal activity of some fungicides-dichlorophene and Irgasan DP-300
and examples of textiles infected and protected by these fungicides are shown
on Figures 6-15.

Some textile objects as in the Iraqi Museum or leather objects have been
stained green with the products of corroded copper which have acted as a
disinfecting agent during a long period of time. To the contaminated textiles in
the Ethnographical Museum and in the National Muscum of Wilanéw 1%
cthanol solution of 2,4,4’-trichlor-2’-hydroxydiphenylether (Irgasan DP-300)
was used. Sometimes we were obliged to repeat the smearing of textiles, be-
cause resistant fungus as Alternaria tenuis was growing after the first treat-
ment. Although Alternaria tenuis does not destroy cellulose intensely it may
cause allergy in human beings. For the disinfection of graphic works of art we
have proposed to use ethylenc oxide with carbon dioxide in a vacuum chamber
and afterwards the treatment with sodium chlorite (Figs. 16 & 17).

In 1962 a Polish draft proposal to determine the resistance of textile fabrics to
fungal attack according to three methods was elaborated.”®

On the basis of method A it may be found if cellulosic fabrics will be affected
by microorganisms decomposing cellulose slightly and existing only in the
presence of other organic carbon sources. Apart from that it may be observed
on impregnated fabrics if there exist any fungi which tolerate a high concentra-
tion of some fungicides or if tested fabrics contain soluble fungicides.

The experiments were performed on 100 mm Petri dishes on solid agar
medium (10 g of agar, 10 g of oat meal, 20 g of malt extract and 950 ml of
water). Agar medium is inoculated with popular fungi belonging to the species
of Penicillium and Aspergillus. The evaluation of the results is made after two
weeks of incubation at the temperature 26-30°C and 95% R.H.

On the basis of method B the degree of cellulose decomposition by the fungi
occurring in different geographical latitudes including tropical countries is
measured. The following species of fungi can be assessed:
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Figs. 6~7. Fungicidal activity of dichlorophen and Irgasan DP-300 upon Aspergillus terreus, Thom.

Fig. 6. Control 0,001 0,005 0,01
Concentration of dichlorophen in %.

Fig. 7. Control 0,005 0,01
Concentration of Irgasan DP-300 in %.

Figs. 8-9. Fungicidal activity of dichlorophen and Irgasan DP-300 upon Penicillium funiculosum,
Thom.

Fig. 8. Control 0,001 0,005 0,01
Concentration of dichlorophen in %.

0,01
Fig.9.  Control 0,001 0,005
Concentration of Irgasan DP-300 in %.
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Figs. 10-11. Fungicidal activity of Irgasan DP-300 tested immediately upon textile.

Fig. 10. Sample of textile smeared once of 1%
ethanol solution of Irgasan DP-300.

Fig. 11. Sample of textile smeared twice of 1%
ethanol solution of Irgasan DP-300.

Chaetomium globosum, Kunze
Mpyrothecium verrucaria, (Albertini and Schweinitz) Dittmar
Trichoderma viride, (Persoon) Harz, fungus which tolerates high concentration

of sodium pentachlorophenate and other chlorinated phenols
Stachybotrys atra, Corda

Memnoniella echinata, (Rivolta) Galloway
Curvularia sp., Boedijn

Acrothecium sp., Preuss

Torula sp., Persoon

Paecilomyces varioti, Bainier

Aspergillus fumigatus, Fresenius
Penictllium funiculosum, Thom.

Penicillium tolerates high concentration of mercury, zinc and tin compounds.

The tests are performed in 150 mm Petri dishes in solid medium of the follow-
ing composition:

NH/NO;, 3g
MgSO, lg
K,HPO, 03g
KH,PO, 0.7¢g
agar-agar 10g

- distilled water 1000 ml
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Fig. 12. Samples of textile
nonimpregnated and subjected

during 14 days by Myrothecium §

verrucaria (Albertini and
Schweinitz) Ditmar.

Fig. 13. Samples of textile
impregnated with 1% of
irgasan DP-300 and subjected
during 14 days by
Myrothecium verrucaria
(Albertini and Schweinitz)
Oitmar.

RomuaLp KowaLik
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Fig. 14. Samples of textile
nonimpregnated and
subjected during 14 days by
Chaetomium globosum,
Kunze.

Fig. 15. Samples of textile
impregnated with 1% of
Irgasan and subjected
during 14 days by
Chaetomium globosum,
Kunze.

RomuarLp KowaLix

as well as traces of ZnSO,, CuSO,, FeSO4and MnSO, with filter paper discs
of 120 mm diameter.

Medium is inoculated with spore suspension and incubated at 26-30°C and
95-100% R.H. After two weeks when fungi are sporulating, samples of textiles
10 X 150 mm are put on the discs of filter paper. Two weeks later the samples of
textile are picked out and washed with water to remove mycelium, then they
are air dried and kept in a desiccator. Tests to assess the mechanical properties
of the samples are then carried out and the decrease of strength is determined

according to the following equation:

b
H 100% -~ roll 100

|

a = strength of control samples,

b = strength of samples after treatment with fungi.
Method C enables one to investigate the resistance of textiles in a soil burial test.
In this case the conditions of testing are the most rigorous. Soil contains micro-
organisms, which acting as individuals or collectively, decompose the most
compounded organic structure to simple molecules. This test is carried out in
standardized, biologically active soil.

The following composition of soil should be used:

I part of composted soil,
U part of well dispersed peat,
I part of well decomposed manure,

1 part of gravel.

Composted soil should be 6 months old and mixed every two months. pH value
of water extract of soil should range from 5.7-7.0. Activity of soil is assessed by
burying the samples of cotton textile for 7-10 days in the soil. The samples
should be destroyed by 80~100% after that time. The tested textiles are placed
in a wooden box (height 150 mm) filled with the active soil for 4 weeks, in an
incubator at the temperature 26-30°C and 85-95% R.H. After this time the
strength of samples is determined, according to the above mentioned equation.
It was found*? that the most common fungus in soil is Fusarium oxysporum and
this fungus together with Sporotrichum pruinosum and Penicillium_funiculosum occur
les in the presence of different inhibitors. According to the
al in India soil burial tests cannot be treated as the sole

most often on texti
experiments ot Agarv
method of assessing the inhibitors’ influence, because in textiles which have no

special treatment, the cellulolytic organisms start their attack right from the

beginning without any hindrance. Hence there will be more damage by pure
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Fig. 16. The work of art before conservation.

culture method as com
The results in our labor.
the virulent cellulolyti
bacteria and Actinom
and severe as in a pur

pared to the soil burial or the mixed culture method.
atory confirm this supposition. In the case of soil burial

ycetes and, therefore, the damage caused is not as rapid

¢ culture test. For the same reason the mixed culture and

soil burial tests may prove better than pure culture tests when pretreated or
sized textiles are used.

Wilchli” 7 suggests using mixed culture as in n
author the use of fungi toleratin

decisive for the test results.

ature and according to this
g high concentration of tested fungicide is

4.1.2 Abstract

Decomposition of Textile by Microorganisms.

The survey, besides literature data, covers the results of 30 years work of the Microbiological
Laboratory of the Institute of Industrial Organic Chemistry on microbial decomposition of val-
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7 nservation an: F i ion wi N ide; 2: t t wit
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uable textiles. Some fu

g i ifie ’ i- 2 actericides to
gl dnd bacteria were isolated a nd identified. ]llllgl and i)l .
(d e mater e . re d in practice in hibraries a
P ials were tested and somce of them werc used 1 P br nd
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muscums.

4.1.2 Résumé
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4.1.2 Restimee:

Zersetzung von Textilien durch Mikroorganismen.

Ne

krobiologischen L.

biologische Zersetzung wertvoller Textilien, Einige Pilze und B
tifiziert. Fungizide und B

ben Literaturangaben enthilt dieses Resiimee die Ergebnisse der 30jahrigen Tatigkeit des Mi-

aboratoriums des Institutes fiir Industrielle Organische Chemie aber die mikro:
akterien wurden isoliert und iden-
akterizide zum Schutz von Textilien wurden getestet, cinige davon wur-

den in der Praxis in Bibliotheken und Muscen verwendet.
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4.2.1 Decomposition of wood by microorganisms

From the chemical point of view wood is composed above al
structure of which is not exactly
as Adler,! Brauns and Brauns,
propose a structure of lignin. It is un
highly branched, irregular, th
phenylpropane units derived from t

1 from lignin, the
known to date. The most famous authors such
4 Freudenberg, ! and Larsson and Miksche’
doubtedly one of the most complicated,
ree-dimensional, biopolymers, comprised of oxy-
hree substituted cinnamyl alcohols: p-cou-

myryl, conifery! and sinapyl alcohols. 2

p-coumaryl alcohol

CHLOH CH,OH CH,OH
| | ’
L CH CH
| | l
1 CH CH
OCH3 H3CO OCH3
. OH OH

coniferyl alcohol sinapyl alcohol
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According to Sigleo?7 lignin is | i
' .mg to Sigleo*” lignin is a complex of three-dimensional phenylpropane
derivative

R
H()‘<RD’CH2-CH2-CH3 where R = H or CH,

AS-lS known lignin components of six species of wood are 4-10 times more
resistant than cellulose components.® Beside lignin the most important compo-
nc.nt o.f wood is cellulose, hemicelluloses, pectins and others, and because lignin
exists in close association with these polymers, it limits the extent of utilization
()fth»csc compounds.'®? It is interesting to microbiologists because it acts as a
barrier to efficient hioconversion of lignocellulosics, als wood.

Kept under proper conditions wood is an exceptionally durable material
a.nd wooden objects have been recovered after thousands of years from qupi
tian tombs?® still in a perfect state of preservation, for instance a solar i)()at
recovered near the pyramids in Gizeh. |

Even in the damp climate of Northern Europe there are many wooden roofs
that have stood for centuries without suffering the least deterioration; and our
homes and museums contain innumerable pieces of furniture hurldreds of
years old, which are as strong and serviceable to-day as on the ’day they were
made. According to Borgin® wood is probably a material which inherently is
more stable than any synthetic organic structural polymer, because this ma-
terial has survived for very long periods of time in widely differing types of

environment fi > al i ‘
. ment f'rom the mountainous climate of Norway to the dry climate of
Arabic countries.

Wooden antiques s : i
ntiques such as furniture or carvings which have been kept, for

ms.tance, under whimsical Iraqi and dry Egyptian conditions are more or less
s.enously weakened by woodworms. More rarely, in countries of old civiliza-
tlon.s, wooden objects may be found under water, where above all microor-
g.amsn‘ls are responsible for their deterioration. If wood is kept in damp condi-
tlons' for any length of time it becomes seriously infected with wood-rotting
:un.gll, which b‘ring z}bout its decomposition. Although several reports of bac-
liegr:;ndgir;izzzznof the lignin polymer. are ‘found in the appropriate literature,
- degrada appears to be primarily a fungal activity'®® and thus
explains t.he biodegradation of this usually bio-resistant compound.®
BaI:/iI;ir(l))rfn;r;p::Sr[a;t w.00fi-destr0ying fungi belong to the group known as
’s. Fungi capable of decomposing wood occur also in another
large group of the higher fungi known as the Ascomycetes. Most of the fungi,

which cause the troubles e
group. roublesome dark stains in light coloured wood, belong to this
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In practice, moisture content is the most important factor controlling the
development of fungi on timber, as also on many other organic products. Fungi
can develop on such materials only when they contain sufficient moisture. For
the germination of the spores it 1s generally necessary not only for the sub-
stratum to be moist, but also for the relative humidity of the surrounding
atmosphere to be high. Timber always contains a certain proportion of mois-
ture unless it finds itself in a drying oven, or in a desiccator. The amount of
moisture which it contains depends on the degree of saturation of the air (on the
relative humidity) of the surrounding atmosphere.

Wood-rotting Basidiomycetes fungi flourish best in timber containing be-
tween 35% and 50% moisture.2® There is no exact upper limit of moisture
content for the growth of fungi in wood. The critical point is reached when the
cell spaces are completely filled with water, for then there is no air in the wood,
which is essential for the fungal growth. Fungal spores do not germinate readily
on wood below 27-28% of moisture, but as a result of the chemical decomposi-
tion of wood by fungi a certain amount of moisture is produced from cellulose
molecules, accelerating in this way the process of decomposition.

Most fungi need some air for their growth for the oxidation of the polymers,
which they use for their growth and supply of energy. During respiration fungi
produce carbon dioxide, which may accumulate in waterlogged wood and
check the growth.

Fungi liquefy food materials by the secretion of enzymes by the walls of their
hyphae and hydrolyse the biopolymers into glucose, which is absorbed.
Wood-rotting fungi which decompose cellulose cause darkening of the wood.
dition break down the lignin and cause the wood to become

Other fungi in ad
it to a fibrish mass. Wood which softens by decay may be

paler and reduce
caten by wood-boring insects.

Out of the fungi the most prevalent in Europe and probably in other parts of
the world are dry rot fungus Merulius lacrymans and the cellar fungus Conio-
phors cerebella and to a certain degree Polyporus vaporarius. Merulius lacry-
mans cause the so called “dry rot” and the cost of repairs of buildings in
Central Europe affected by this fungus after World War Il was estimated in
hundreds of millions of dollars. As a result of these harmful organisms the wood
becomes light in weight and friable. Merulius lacrymans thrives best in humid

unventilated places where the air is quite still and the woodwork is damp but

not saturated. On the surface of white mycelium of this fungus appear glisten-
ing drops of liquids. Afterwards tinges of pinkish lilac develop and here and
there bright lemon yellow patches. Thick strands which soon appear can pene-
trate through masonry and brickwork and these strands are difficult to eradi-

cate. 10
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Woods v: . . . .
conducive :(:ydizz;llys:)?nth“r n(;l‘[uml durability when used under conditions
natural resistance (‘0 micr ‘;V.()() slsuch as oak, teak and others have a high
many years. The sapw :f;l)u)l()glcal \d(-cay and will remain serviceable for

The damage of v:/([)od()(i)s cq()\,«/i{\/i{r 0( Pr'dC(iCal.ly all specics is perishable.
example ar\tic larl : lix e to the action of the so called soft rot, for
aPPearax’”nfe of L:-drby oy /‘\urwbamdmm pullulans, which reduces the aesthetic
tenuis, Szemﬁft)'liurrlzn:)prj;.~ ,qadosﬁ orium_herbarum, Chactomium globosum, Alternaria
figurement of tmbers ;u/‘;é“m, T’le.}l()derma viride and Torula may cause the dis-
c;;rboh s 750. ureobasidium pullulans causes depolymerization of the
suggested that UV /Oh of cellulose and 3-4% loss in hemicelluloses. Tt was
whi\ch assists the grz)gwtthm’iy ET()?UCC on wood surface a cellulose-rich zone,
demonstrated that Aur o the fungus. Howcever Résch and others® have

eobasidium shows the

, . presence of cellulose- alac-
turonase, -pectinoesterase, osepoin s

and -laccase activity indicati i )
attacking o o raccase acavity indicating that it is capable of
acking carbohydrate directly in lignified cell walls. According to Diciinsons

preweatherin . g
g of the surface is not necessary for the growth of Aurcobasidium

p};lllulans. After 18 months the timber varnish surface
that restoration would have been extremely difficult

In addition to soft rot, brown rot and white
by bacteria.

was so badly deteriorated

n " . rot fungi, wood may be damaged
S peria. Bact;nal cleavage occux:s in lignin between phenylpropan units
e OFZZ alcz ovorans used arylglicerol-B-aryl ether bond of lignin, as the
e souree (; r on :md cnc‘-rgy‘ ,A characteristic odour of guajacol and vanil-

ere dentified by Crawford and others. ® Bacteria have in gencral a

lower ¢ : - ..
and more restricted lytic activity than fungi, which make cell wall de-

terioration a .
prolonged process. In most of the wood colonising bacteria the

pectinase has b p . .
een found. Many wood-inhabiting bacteria also possess cel-

lulase, thus being able .
’ cing able 1o deteriorate cellulose, whereas the lignin content of the

I o
:; ;::;as l?l protective influence against these organisms. Some bacteria are
P y able to destroy also the lignified cell wall. This applies especially to

wood after long exposure und iti
long er wet conditions like arche i
depolymerization of the cell wall mate e .

eria. rial follows as a direct erosion by bac-

In order to gi
ive : .
hatmful o iv th(? wood m'atenals protection or resistance against those
In the lact estroying agencies, suitable preservatives seem to be needed
SC . .
ores of years, a great amount of fungicides destined to protect

wood were proposed. An id
- ideal reservative f« 1
. P > for the pro O P
wooden materials would be: protection of valuable

toxic .to wood-destroying microorganisms,
chemically stable,
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resistant to exudation, cvaporation and volatilization of the active ingre-
dients,
capable of good penetration.

In addition it would not:

be corrosive to metals,

render the wooden objects more flammable,

adversely affect the strength, shape and finish of the wooden objects,
have an objectionable smell,

adversely affect the subsequent application of paint,

be harmful to human beings and environment.

From the list of fungicides, museum and library keepers may sclect only a few.

From inorganic compounds:

Concentration

Zinc chloride ZnCl, 4%
Sodium fluoride NaF
Ammonium fluoride /NH 4/ ,F, 0.07-2%

may be used together with dinitrophenol
Zinc silicofluoride ZnSiF 4
Magnesium silicofluoride MgSiF, 10%
Sodium silicofluoride NaSiF,
Ammonium silicofluoride NH HSiF 4

Besides these, mercuric chloride HgCl, is still used; it penetrates to the depth of

9 em and is used together with fluoride or dinitrophenol.

It is worth mentioning that out of inorganic microbiocides

borax and boric acid Na,B,07and
H,BO,; 1-2%

have shown good effectiveness against wood-destroying fungi.

The discrepancy of these fungicides is believed to be due to the lack of
resistance to leaching, but this characteristic is less essential when protecting
the valuable objects. These chemicals are ingredients of several formulations
for decreasing the flammability of wood, and their fungitocity and low toxicity
to man?®is believed to be an additional advantage. They do not adversely affect
the subsequent application of paint and varnish. They are especially effective
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mixed with the well known organic compound pentachlorophenol® ' 22, 28
having however several disqualifying characteristics. Pentachlorophenol, be-
sides being toxic, is weakly acidic and, under the influence of light, gives,
besides hydrochloride, a red product chloranilic acid and other pigmcnu‘d
products. Morcover in commercial preparation of pentachlorophenol diben-
zodioxins have been found.  Dibenzodioxins are harmful on rat liver at the
concentration of 20 and 100 ppm of technical pentachlorophenol,’® but,
purified, was not harmful at this concentration.

In different works of art made of wood, the following organic compounds:

Xylamon Combi light
Xylamon BV special based on chloronaphthalin
and Xylamon LX

have been used® in Europe, Japan and Nepal. These compounds are, however,
rather insect- than fungicides,

Mention should be made also of tin compounds and especially of tri-n-butyl
tin oxide, but I agree with O’Neill and Skinner** that these compounds are not
effective in wet and tropical conditions. Yoshikadzu®!' however, who used an
ethanol solution of tri-n-butyl tin oxide against Aspergillus candidus, Aspergillus
nidulans, Aspergillus versicolor, Qospora sp., Penicillium citreo-viride and
Penicillium decumbens in 1962 has observed that this treatment has been
effective for ten years. Organo-tin-compounds are sometimes used together
with silicone resins for the control of algac and mosses. Also

Concentration
trichlorophenol
sodium pentachlorophenate
2.3-dichloro—1.4-naphthoquinone
and quarternary ammonium compounds

0.1-0.3%

kill algac and mosses.

In our laboratory the activity of ethylene oxide and carbon dioxide on
wood-destroying fungi Coniophora cerebella (Fig. 18), Poria vaporaria, Serpula lacry-
mans and Polystictus versicolor was tested. Fungi were cultivated in Kolle flasks on
agar medium.

Microorganisms were incubated for three weeks at a temperature of 24°C
and 88% R.H. After this period of time sterilized pine blocks measuring 5 X 2.5
X 1.5 cm were placed on the surface of mycelium and were incubated at the
same conditions for 4 wecks. After these 4 weeks, blocks with vigorous growth
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of fungi were removed and placed in sterilized Kolle flasks but without agar
medium and were exposed to a gaseous mixture in a vacuum chamber for 4
hours, 8 hours and for 4 hours for two successive days. After treatment the
blocks were placed on a freshly prepared agar medium and incubated for 3
weeks. [t was observed that the fungi exposed after vigorous growth for 4 hours
for two successive days were completely killed. After 8 hours exposure the
growth of Poria vaporaria was observed, and samples exposed only to the vac-
uum effect and exposed for 4 hours grew on the agar medium similar to control
flasks. As has been shown ethylene oxide used with carbon dioxide in a vacuum
chamber for 4 hours for two successive days inhibits completely the growth of
all tested wood-destroying fungi.

As may be scen from the experiments the evaluation of wood preservatives is
a fairly complex subject. From the laboratory methods for evaluation of preser-
vatives the agar block method is commonly used in Europe. The treated block

C oniqphora

3¢ gowanie

tlenkiom
et7lenu

B
A

Fig. 18. Effect of ethylene oxide on wood-destraying fungus Coniophora cerebella.

A. Control .
B. Vapour action of ethylene oxide for 4 hours for two successive days.
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in this method is placed above
growing on nutrient agar. Altho
lend itself to precise

a pure culture of a wood-destroying fungus
ugh soil is variable and complex and does not
and repeatable test techniques, it is the most hazardous
environment for wood and it should be use
The soil block method is standard in the
a feeder block is first placed on we
steam sterilized. The feeder block
after a

USA. A strip of untreated wood called
t soil in a bottle and the entire assembly is
is then inoculated with a pure culture and
vigorous growth has developed the weighed treated block is placed on
the decaying feeder block. After a fixed period of exposure, usually 12 weeks,
the treated block is removed, conditioned to its original moisture content and
again weighed. The loss in weight indicates the extent of decay. The minimum
retention of a chemical required to prevent decay is designated as the threshold
retention. The treated block may be subjected to artificial weathering in the
laboratory before exposure to the fungus, thus providing an index of the preser-
vative’s permanence. This method was first described by Flerow and Popow in
1933 and it was developed independently in the USA by Leutritz.'® A
modification of the standard soil block method gives a very interesting method

in which the deformation of impregnated and unimpregnated wood under the
influence of fungi is measured.

A new technique for screening fungicides on fi
gicide and measurement of fungus diameter for wo
been given by Dickinson.?

lter paper immersed in fun-
od preservation (Fig. 19) has

Fig. 19. Dickinson’s screening test methods
A. Control of Coniophora cerebella
B. 0.005* of fungicide treated filter paper disc
C. 0.01" of tungicide.

of wood-preserving fungicides-tin compounds.
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To develop a laboratory test for surface applie»d preservatives, Whl\C)h Yv?)u}l]d
be related to infection by air borne spores, Lenzites trab.ca wis cho?cn d,b the
most suitable fungus, but although it germinf)ted readily on nut;;em dga:,
moist cellophane, paper and thin sections of pine sapwood, it would not ge

. 2
minate on pine sapwood blocks.

4.2.2 Abstract .
Decomposition of Wood by Microorganisms

¢ chemicd { 1 1 i Y i { 14 acteria, which
T'h 1 ical componcn(s of wood and its bmdcgladauan by different fungl and :‘) ‘ 5
C . ) . .. el vatu: ¢ WOo
X rs of w WCETe gIVen. Some pestic des for the pmt(mtmn [§) a
ili i 5 bi 'rs of wood glven. some pes
utilize various bl()l )lymt S O T SO . ‘ 1 forth ‘ e ‘ e l)o . d
bjects well as Standard mv(hods and other t(,‘(‘hnqu(‘b for screening fungncldes WEre prop sed
objects, as w

4.2.2 Resumé

[):)‘7 ll() ! 1. ¢S C 'v g X biodégradation par différents types de moistssures et de
imi 5 bois et leur bi¢ gradds p ‘

$ substances (hlmqu(h du , - . . '

bactérie S y 1 ymere ont ¢té passées en revue. Clertains pesticides servant
il ] polymeres du bois ont ¢té pas: d ;

yactéries utilisant divers biopo P - ' . i )

ala prote tion d ()l)jC(S P ¢écieux ¢n b(JiS, des méthodes standard et d’autres te L])quu(‘b de sélection

P cron ¢ )] T ¢ 2

de fongicides ont é1é proposées.

4.2.2 Resiimee:

X Holz durch Mikroorganismen. ‘ } - . : ,
Z\melzu:)g - den die chemischen Bestandteile von Holz und dessen biologischer Abbau durc
Angegeben wurde > C ’

ini Cre verwerte Jeiterhin wurden eine
hied Pilze und Bakterien, die einige Holzpl)]ymt,u verwerten, We t(; : don vine
verschedene 4 ymer rwerten. forhin wurde )
th Pestiziden zum Schutz wertvoller H()lzgcgcnstand( sowie Standardm d
Reihe von Pestizide Z

Verfahren mit Schutzfungiziden dargestellt.
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4.3.1 Decomposition of Papyrus by Mucroorganisms

. as paper-like material used for writing purposes hZ.iS been knovT/n flrlorri
o 5000 v (5 It is worth noting that the most ancient papyrus collec
2.200_2000 YXC;I‘StB.uaIity. The papyrusl sheets which have been mamff'fl;:ture;i
e q B.C. scem to be thick and less clegant, although stfl 200
e CCmunc'bd ' ;1tur A.D. however the quality of papyrus violently
A o d Z rus from this time is similar to our ?arc.ib'()ard.
b e i 1Scp(')(l)nditi0ns, which were not ideal to inhibit the

. m clim A 2 . )
Independently fro and excavators, for instance,” continually com

. isms ( b)
wth of microorganism ‘ > Tut-ankh-Amon tomb),
gio' d of the damp foetid atmosphere present in the Tut-an amon o
piame . servation of papyrus and w ‘
. in the preserva o ) . .
a significant role p bicarbonate in mummification. Some of

pH played C
that Egyptians used a form of SOdl-u:l the mummy papyrus wrappings with a
. ) : into contact wit ¢ i anu-
this material came 1n : : ) n old papers ma
ltant long term preservation of wrappings. Certal ; Prei)ervation o
;esu tar; . limestone region owed thetr remarkable state ot p
actured 1n a

1
the presence of calcium carbonate.

i nes existing in

ins as a basis biopolymers related with the o \ agcr

Papyrus Comah ¢ contains more lignin and less cellulose than paper.
s howeve

in the composition of these two

aper. Papyru e
f\bi))ve all the'rc CXiS}:S a:] escsgrrr]lt(::lti?llgfr:?t]e(:ial in papyrus as a rule i.s natur(al
writing matecials. T ?'Otiny of galactose, arabinose and rhamnose without drl:
papyrus polymer ‘Con;IShof h the individual sheets were subseql'lently Stl:lc
extrancous zl.dhcs“’e’ }tleetsgarc sized, with starch, animal glue, re'sm an.d other
together, while paper S have tried to compare these two materials, smc:) we
materials.(Tgerif;rtia::s in the literature that microflora of papyrus have been
could not find a
studied before.” llected as well as cardboard in which papyrus

Samples of papyrus Werf SC(\)Nere placed in sterilized Petri dis}.]es.ﬁ.)r furthfar
ot WfaPPEd-CTF‘CSEZ’SE zf Research and Conservation of Antiquities and in
testing in the Gatro

y 1z 1 h iS'
b. 1 i l Laborator Of (lle I[lS“‘(UtC ()f I“dustrldl Organlc C m
the IVI‘ICI‘O 10 Oglca €

i c ethOd Of imp S-
iSOlatC miC Oorganlsms from pdpyrus, t re
lly in Warsaw. lO T ]le m

te p 1 p 1 roﬂora
d S riliZCd flltel pa €er dlSCS were IeSSCd to mic
ed.

. o il o ile pipette
sion as a rule was us re transferred to Petri dishes. With a sterile pip
iscs we

i then the d
stains, and the 163
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15 ml of liau: -
ml of liquid medium was poured into every 100 mm P,

paper discs and sometimes with s curi dish with filter

tons in the nutriem per s ;xm!)lcs of papyrus. Owing to the great varia-

ganisms, their is‘()l’dt' quirements of particular species or genuses of microor-
gansms, solation was carrie : i ‘ i

media 41 shall e e I(d out by employing several cellulosic elective

ame ones durin s 1 c (,Omp(?sulon of these media, because we have used the

(500 mh OfcaChg lsgidtlonhof microorganisms decomposing the paper. For part

medium the pH of (1 i ) iy
> ie solution was adjuste 5.6, )
was adjusted to 5.0-5.6, and for

the other part (500
ml) to 7.0-7.5, i T L
Actinomycetes, » I order to isolate the fungi, bacteria and

Medium of Greathouse, Klemme and Barker:

K,HP

M; S()O;‘ o 1.5940 g CaCO, 0.005 g

NH‘,NS 2 ?(7)325 g Fe, Zn and Mn as SO salt traces
3 - g distilled water 1000 mi

Medium of Greathouse, Klemme and Barker modified:

In th .. N .
€ composition of this medium NH,NO; was replaced by NH H,PO4
¢ 2 i

1.3013 g of NH H,PO
a was ; ‘
left unaltered. #74 was used and the amounts of other components were

ﬁ;dium of Rogers, Wheeler and Hum- Medium of Dubos:
eld. '
o .. K,HPO, lg
. KCl

K,HPO 03
M2 o 4 lg MgSO,. 7H,0 05¢g

: g

0.25 g FeSO, 7 H,0 001 g

runni :
ning water 1000 ml distilled water 1000 m}

Med; nson:
wm of Hutchinson: Medium of Winogradski:

K
KéPI{PO4 (l)lg KH, PO, lg
dg MgSO
xggou H,O0 03¢ NagCl i 32 .
: .

F:Cl3 8.1 g FeSO, 0.0Igg
Nak Ol g MnSO, 0.01

a O, 25¢ KNO 4‘ ’
distilled water 1000 ml CaC033 .‘ZOg dded aft

g added after

o adjusting of pH
distilled water 1000 ml
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Medium of Fihraeus:

NaNO, 02¢g
K,HPO, 01g

MgSO.7 H,O 0.05g
KCl 0.05 g

CaCl,.6 H,0 0.02¢g

FeSO,7 H,O 0.002¢g
MnSO4.4 H,O0 0002 ¢
distilled water 1000 ml

Medium of McBeth:
K,HPO, lg
/NH /50, 2g
MgSO,7H,O 1lg
Na,COj; lg
CaCQO, 2g
distilled water 1000 ml
pH was adjusted to 8,7

Medium of Van Iterson:

For fungi
KH,PO, 05¢g

running water 1000 ml
pH was adjusted to 5.5

Medium of Stapp and Bortels:

For fungi

/NH /S0, 05¢g
KH,PO, 025¢
MgSO, 0.1g

running water 1000 ml

pH was adjusted to 6.5 with H 80,
All previous media were adjusted
with HClL

Identification of fungi and Actinomycetes
production, 1

morphology and their spore
of growth. For this purpose, sma

RomuaLb KowALiK

Medium of Omelianski:

K,HPO, lg
MgSO,7H,0 05g

NaCl trace

CaCO, added before use

distilled water 1000 ml

For bacteria

NH CI I g
K,HPO, 0.5 g
CaCO; 20 g

rupning water 1000 ml
pH was adjusted to 7.0

For bacteria

NaNO, 05g
K,HPO, 0.25 g
MgSO, 0.1g

running water 1000 ml
pH was adjusted to 7.5 with NaOH
as in previous media.

was made by the examination of their

f necessary during about a dozen days
Il squares 1 X 1 cm prepared from transparent
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viscose film were laid on a cotton wad impregnated with liquid mineral salts, as
a rule Greathouse mediumand these were placed in Petri dishes, sterilized and
inoculated. In order to obtain thin transparent colonies a medium of 10% or
even 1% of the usual strength was used. Single pieces of film were removed at
intervals for examination of various stages of growth and for photography.
Using these methods about 40 different microorganisms were isolated and
identified. Some microorganisms such as Alternaria {
theobromae (Figs. 3, 4), Emericellopsis minima (Figs. 5, 6
thosporium sativum (¥igs. 7, 8), Spondylocladium australe
specics of the genus Chaetomium, for instance Chaetomium globosum (Figs. 11, 12)
and Chaetomium dolichotrichum (Figs. 13, 14) seem to be specific for papyrus
and/or for Egyptian climatic conditions. Actinomycetes, which were often iso-
lated, participate also in the microbiodeterioration of papyrus. They do not
grow as vigorously as fungi, but they are, better than other organisms, used to
unsuitable conditions, such as lower relative humidity and they are endowed
with their own defensive systems against bacteria, fungi and against chemical
activity of toxic compounds.

Figs. 1, 2), Botryodiplodia
)s Fusarium lactis, Helmin-
(Figs. 9, 10) and some

Even in a very dry atmosphere for the growth of microflora, as the Sakkarah
desert, the majority of material of the great libraries of ancient countries have
disappeared primarily under the influence of microflora. Therefore some ex-
periments upon cellulolytic activity of papyrus deteriorating microorganisms
were carried out in our Jaboratory. It was observed that the genus Chaetomium
may play a great role in decomposition of papyrus. The amount of cellulose
decomposed by Chaetomium globosum, Chaetomium ochraceum and Chaetomium elatum
ranged from 76.7 to 100%. The next fungus which may destroy papyrus se-
verely is Emericellopsis minima and the amount of cellulose decomposed by this
genus ranged approximately 77%.

Since the natural size in papyrus is a natural r

ubber, a polymer of galactose,
arabinose and rhamnose,

% it was decided 1o study the possibility of these last
sugars being used by 3] species of microor

was found that the majority of microorg
sives of papyrus as a carbon source. |

slightly utilize sugars decompose cellulo
sugars intensely,

ganisms isolated from papyrus. It
anisms may utilize these natural adhe-
tis interesting that some fungi which

se intensely and these, which hydrolyze
decompose cellulose only slightly.

Hydrolysis of the basic components of papyrus initiated by fungi can take
place when fungi have nitrogen above all at the
nitrogen compounds from papyrus and from const
phere. During the examination of nitrogen source
taining ammonium nitrate was used, Ammoniu
replaced by equivalent amounts of sodium nitrat

ir disposal. Fungi may use
ituents of a polluted atmos-
s Greathouse medium con-
m nitrate was subsequently
¢, ammonium phosphate and
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Fig. 1. Alternaria geophila, Daszewska (x 500).

P

e o

- - i res (X
Fig. 3. Botryodiplodia theobromas, Patouillard. Spores (

Fig. 8. Emericetiopsis minima, Stolk (x 250).

»

o
Fig. 2. Alternaria geophila, Daszewska (x 500).

Fig Botryodiplodia theobromae, Patouillard. Fruiting
body (x 250).

Fig. 6. Emericellopsis minima, Stolk (X 250).
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Bakke (x 250) m, Pammel, King ang Fig. 8. Helminthosporium sati:;; Paﬁnmel King and Fig. 13. Chaetomium dolichotrichum, Ames (x 100). Fig. 14. Chaetomium dolichotrichum, Ames (x 250).
Bakke (x 250). ’ '
4 ‘ ammonium sulphate. The pH of the media was adjusted to 3.0; 4.0; up to 10.0.

After 10 to 14 days of incubation, depending on the species of microor-
ganisms, at 24-26°C and 95% R.H., filter paper strips were taken out from the
glass tubes, placed over formaldchyde vapour for 24 hours and laminated with
polyethylene foils in a laminator. They are illustrated on Figs. 15 and 16 for
Fusarium lactis, Pirotta and Riboni and for Chaetomium globosum, Kunze on Figs.
17 and 18.

It was found that papyrus destroying microorganisms preferred ammonium
to nitrate ions. It was stated also that utilization of ammonium ions from three
examined media was better at high pH, and nitrate was preferred at lower pH.
Sometimes ammonium ion may be unsuitable or even toxic for some fungi as
Eidamella spinosa and Spondylocladium ausirale, and they grow better on sodium

nitrate.
, Spores of fungi arc ubiquitous and they await only the proper conditions of

;)%)w' Spondylociadi moisture and temperature to grow and reproduce. Papyrus decomposing mi-

' ’ croorganisms may grow intensely as well at 24-26°C as at 30°C, and some of
them also at a temperature of 42°C. It is interesting that the members of the
genus Penicillium, which prefer rather low temperature and are frequent in-
habitants of papers, were isolated from papyrus only once.

The tests to select microbiocides for the protection of papyrus were made too.
Blotting paper impregnated with a 10% solution of particular biocide: pen-
tachlorophenol, 2.2-dihydroxy-5.5’-dichlorodiphenylomethane, 4-chloro-3-
cresol and thymol was placed for a period of 7 days between paper shects of a
high lignin content. After that time strips measuring 110 X 20 mm were cut and
put in Petri dishes on the surface of a mineralized agar medium of pH = 6.0.
The strips were inoculated with spore suspensions of the three fungi:
Chaetomium globosum, Kunze, Aspergillus terreus, Thom and Stachybolrys aira,
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Fig. 11.Ch
(x 250),

astormium

globosum, Kunze. v, i i
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Corda. The cultures were incubated at 24-26°C and 95% R.H. After 14 days
the samples were picked out and washed with water to remove mycelium, and
they were dried at ambient temperature. Te
perties of the samples were then carried out
determined. It was cstablished that only p
cohol solution of 4-chloro-3-creso} were 1
that papyrus may be preserved unde

cally inert in comparison to polystyre

sts to assess the mechanical pro-
, and the decrease of strength was
aper sheets damped with ethyl '2\1’
mmunized.? It is worth mcntiomng
r glass, which is transparent zmd chemt-
ne, polymethylmethacrylate and polypro-
pylene, which contain nitiators, plasticizers, {lame retarders and antioxidants
that may lead 1o crazing and fine crack formation.?

4.3.2 Abstract
Decomposition of Papyrus by Microorganisms

From samples of papyrus different fungi and
LEmericellopsis, Botryodiplodia and Streptomyces pl
basic polymers of papyrus.

It was found th

Actinomycetes were isolated. The genus Chaelomut,

: sition of
ay pmhul)]y the greatest role in the d(‘(‘,()mpu.sltm"

. . . . o . ungi
at papyrus decomposing microorganisms may grow from 24 to 42°C and fung
loving low temperature occur rarely,

Out of four fungicides used, namely: Thymot, pentachlorophenol, dichlorophene and 4-chloro-
3-cresol it was concluded that only 4-chloro-3-cresol may assure the protection of papyrus.

4.3.2 Résume

Décomposition du papyrus par action microbienne.
- Diverses moisissures et actionomyces ont été

isolés sur des ¢chaatillons de papyrus. Les (SP(LK
Chastomium, Emericellopsis, Botryodiplodia et Streptomyces jouent probablement un 10

on des polyméres de hase du papyrus.
I a été prauvé que les microorg

primordial dans la décompositi

. L roitre dans unt
antsmes qui décomposent le papyrus peuvent croitre dans u
gamme de températures de 24 4 42°C et que les moisissures psychrophiles interviennent rarement.

Parmi les quatre rongicides utilisés, 3 savoir le thymol, le pentachlorophénol, le dichlorophéne et
le 4-chloro-3-crésol, seul le 4-chloro-3-crésol serait susceptible d’assurer la protection du papyrus.

4.3.2 Resiimee

Zersetzung von Papyrus durch Mikroorganismen.
Aus Papyrus-Mustern wurden verschicdene Pilze und $§

dass die Gatiungen Chaetomium, Em(-riccllopsis,
Rolle bei der Zerse

trahlenpilze isoliert. Es ist anzunchmen,
Botryodiplodia und Streptomyces die grosste
tzung der Hauptpolymere von Papyrus spiclen.

Es wurde festgestelhy, dass Mikroorganismen, die
bis 42°C. ideale \Vachslumsh(‘dingunge
zichen, selten aufireten.,

Papyrus zersetzen, bei Temperaturen von 24
n haben, wihrend Pilze, die niedrige Temperaturen vor-

Es wurde festgestelly, d

ass von den vier verwendeten Fungiziden, nimlich Thymol, Pen-
tachlorophenol,

Dichlorophen und #-Chlor-3-Kresot, lediglich ein, und zwar 4-Chior-3-Kresol
einen Schutz von Papyrus gewithrleisten kann. )
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4.4.1 Decomposition of Paper by Microorganisms

When Arabia conquered Egypt, production of papyrus was continued, but in
hen

h h 1 lClCly I'Cpld’ Ce Yy paper.
en century 1t was comp d b . i

e, td‘ val periods paper was manufactured from careful S(’leCthn of cotton
In mediev:

nd was not easily vulnerable to microorga'nisms. Afterwar{ds the ?.uf:]z

ragS, a iolently changed for the worse. Certainly pH pla)"ed a grca% 0 ‘ :
R : yf er and in India rags were fermented with lime for several
e pres{frvanon? papatcrial is also essential. Out of stern necessity papf-r was
days.‘O{ st IT(l)stl' produced from chemical wood pulp and it was
e prescmenll)ook)s newspapers and periodicals lost their slrf‘ngth ib>;
Obserw;ld thgé"z)rr\:vithin a;l estimated 10-year period of time arnd (,ur:nlla h
mo're - i verage collection more damage has taken place during the
T et acn 1970~1975 than occurred in the entire 18th century.
e Spa'n betw((i: rn papers, containing a grcat amount of po-lymcrs and

e n'ml Cthefthan cellulose, and impurities, are especially C()n(flu-
o r'natcna (t)h 0f microbial agents. There arc however some Sp(‘(.‘,lf‘l(‘
et pml'lﬁc i hich cellulose is a source of carbon, the basnc'mgr.cdlcnt
r?icfrozrgfll’r;;'smsl,e?r);:}: is made accessible to them through the digestion of
ellulos, e i > ich they can secrete.
e Y e a?tion . C(:sr::;nhz:?:;: f)’n‘l/;h;f’llulosz at their disposition, .but

P e mlcroorga}? as lignin, hemicelluloses, pectins, waxcis, tan-nms,
- (')ther SUbSt'anccls S;Jr(l:stitucnts. Furthermore, paper may contain rcsuTous
pro{el'nsl anfflill;r:;ncgscsctuf’fs, added during the productive cycle, and various
materials, ,
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impurities, for instance contaminating organic matter of human origin which
may also form a part of the microbial diet.

Microorganisms influence the paper-making process from the time the tree is
cut in the woods, or cotton or other natural products are harvested, until the
finished product has completed its usefulness. 32

Paper may be subjected to the infection of different microorganisms during
its production as when stored. The bacteria exist mainly in paper pulp since
their development requires a high moisture content. On the other hand on
finished paper, fungi and Actinomycetes occur the most often. They require a
much lower moisture content and 100% R.H. may unadvantageously influence
the development of some of them. Some species of common fungi are able to
germinate at 70% R.H. or even lower (63-65%). These organisms vegetating
on paper utilize intentional additives of adventitious impurities and prepare
substrate for typical cellulolytic microorganisms. The abundance of microor-
ganisms may occur after a flood. Omelianski,?® after the flood of the River Neva
in 1924, where 62,000 books were destroyed, isolated many fungi from the
material of the Library of the Academy of Science of the USSR and advised the
preservatives to protect books. v

After the disastrous flood of November 4, 1966 in Toscany,

over thirty lib-
raries and archives suffered extensive damage.

Quite unexpected weather con-
ditions also caused extensive flooding in December 1967 in Lisbon. Many

valuable manuscripts on paper and parchment, belonging to the Calouste Gul-

benkian collection were severely damaged.*! Other water-damage accidents in

the USA are also well known as at the University of Corpus Christi Library
1971, Temple Law Library 1972, Federal Record Center, St. Louis 1972.°
Similarly serious deterioration was caused by the hurricane Agnes. As a con-
sequence of tropical Agnes, June 1972, the flood of the Chemung River depo-
sited a thick layer of mud on library and record archives, slide and film collec-
tions and devastated these materials at the Corning Museum of Glass, 1% 4
where out of 13,000 volumes 6,500 were flood damaged.®! In Poland water
damage accident appeared in the Jagiellonian Library in Cracow in 1980,
where clean, white blotter papers impregnated with dichlorophene were inter-
leaving in the drying process. Unusual deterioration of archives was caused by
ice water rare in Quebec in 1975, where 75,000 volumes were damaged by
microorganisms. 4

Such disasters involve the rapid movement of flood waters which carry with
them materials derived from manifold activities of modern cities: chemicals,
oils and different biological agents from sewage as bacteria, fungi, algae, which

additionally develop rapidly after contact with the constituents of atmos-
_phere *!
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Paper may be destroyed by different species (A)i‘micro()rganisms d(-p(‘nc‘li‘?g.oyn‘
its chemical composition, its acidity, its moisture .C()n[cnl and the relative
humidity of the environment, the temperature an(? light. ‘ v w

Polish old books and manuscripts suffered durl.ng the b(jcond World . dl;
exceptionally severe deterioration owing to l)l()l()glc%\l, physical anc’l' (h~(‘njclic~d
causes. Samples of papers stored in different pl.accs of Po.land were examine ;3
order to have, if possible, a complete set of microorganisms whx'ch Vdc:roifl.o
papers in our conditions. In the first place old paPers from National Archives
were tested. We took into consideration papers from.the l5thy centurgfj u.p' ﬁo
recent papers, samples of papers from graphic collcctlyon%: ,Of,“Gdrde, 1:)1]\12‘10
sity, the National Museum in Warsaw, Cracow anc? Wroclaw, r<\)llg;r C o
tion and Caprichos of Goya from the Ml'Jscum in Plock, .pa&:;rs ‘lr()fmrm(‘r
Ministry of Foreign Affairs, records of the d10C(‘§an chancery in ' .futz(”,‘ (1 S
Nazi concentration camps of O$wigcim and Mahjdanck, and p}”wdt(f co ((1( '1(::)1.1

Samples of papers which during the occu;?all()? or the pCI.IOd of vin 1F‘)11d .
found themselves in various countries and in different environments yiclde
: ant g int of genera of fungi.
dbzlt]dﬁlr:: :vr(rtloelxaminfd pH of a sample of.papcr because a larﬁc con;pcl(cxo;)f
microorganisms is dependent on concentration of hydro.ge'n }llorl;.. n :‘c;fl o
ditions at pH = 4.0 and less fungi are the only cellulolytic 1r[1{ 21 1;aorl§ ° ;;‘tpthe,
bacteria need pH = 6.8-8.0. Actinomyce.tes grow best at p = ..dit . C.hanges
greatest pH range however occurs fung'l growth..Somet?{ncs accllete);mined >
may be used to prove the existence of mlc.roorgams.m.s. ;()i Tvtas‘ determinec ™
our laboratory after extraction of paper with cold dlS'tlllt? ’V\Td et or Lo e (,rs’
in case of millboard and cardboard one day extraction was ncccss’d y- , ti;m
having pH = 4.0-6.0 were more rapidly dcc‘ompf)scd by mlcroo.rgdmirgs han
papcr; having pH = 7.0 and more. Thcr'c(;orc for the production of dur

aper more attention on pH should be paid. . . _ -
p &icroorga“isms e iSOIated' Ey t}:C 'flill?ov(\;inéogot;zd:g:trfoofa sgl?eet of
r were cut out with a sterl ’ ‘
;nggle(seggfsazfay happen to be Comamir.latled). Thc‘rsa‘mp]cls' ;f"f):::;b“::;
washed with sterilized distilled water to cllmm'atc surface C~Ol:1~dhes N
were then transferred to sterilized 100 mm diameter 'Petn is isn.ls h xcep
tional cases the method of impression to isolate the mlcrgorgan =
ilized filter paper discs were pressed to

i al he discs were transferred to Petri dish‘cs.' VVit}.l a stcrich
mildew stains and thet | i d into every 100 Petri dish with paper
pipette 15 ml of liquid media were pourec.in : ly o ot 0
sample of filter paper disc. We used the varlcty'o edan :Cmion T e
lose cellulolytic species. Besides papyrus, memfone i d.l;m f;om some o
cellulosic media were utilized: silica gel medium, medi

cient valuable objects was used. Ster
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xylinum membrane and agar with precipitated cellulose.3 In order to obtain
the optimal growth, fruiting or to identify the isolated species of fungi the
following media: Sabouraud medium, brewers wort with gelatin or with agar,

hean agar, potato-dextrose agar, dextrose agar, prunc agar and others were
utilized. 2% 30

After adding liquid media Petri dishes with a sheet of paper or with filter

paper were kept under glass jars. Petri dishes were neither moved nor shaken

during the whole experiment in order to avoid the contamination of growing

cultures. The laboratory temperature of 18°C close to the te

mperature of lib-
raries, archives or muscums was quite

satisfactory to incubate the cellulolytic
microorganisms which probably cause staining of paper in natural conditions.

Samples of paper were not decomposed for a fairly long time since microor-
ganisms utilizing cellulose as the only source

of carbon are slow growing
organisms.

After a period of several days, weeks or some

times cven months stains
occurred on the

surface of paper. Stains were composed of individual colonies
or more often of a complex of microorganisms.

Paper destroying microorganisms were transferred with a fine ste

rile needle
to a suit

able culture medium. Individual species were purified and cultured on
different media. In most cases Greathouse, Klemme and Barker medium with
filter paper strips was used. It contains nitrogen source in two forms as nitrate
and as ammonium ion. Several fungi howe
dium and lost the ability to decompose ce
balance of N:P; it is also possible

ver sporulated weakly on this me-
llulose. This could be to unsuitable

that ammonium ion may inhibit the growth of
some fungi because on a medium with nitrate as the only N source the fungi
were well growing and fruiting.

During incubation many cases of growth stimulation of cellulose decompos-
ing fungi were observed. Optimum of growth occurred in associated cultures
which at the same time caused the decomposition of cellulose more intensely.
Several purified cultures were unable to grow on synthetic media without the
nourishment which the associated organism was preparing. The greatest

growth stimulation appeared at organisms as taxonomically remote as
Chaetomium genus and bacteria; Trichoderma viride,

Streptomyces cellulosae and
Rhodotorula mucilaginosa.

To examine the stages of fungi growth and spore production small squares
1.5 X 1.5 ¢m from transparent viscose film were used. On a wad imbibed with
liquid, diluted 1:10 Greathouse, Klemme and Barker medium or other medium
specific for a given species, about ten small squares of film in a Petri dish were
laid. After sterilization at 1 atmosphere and cooling every square of film was
inoculated at one or more points. Single pieces of film were removed at 24-hour
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intervals for examination and taking photographs. To take various stages (:;
fungi, Kino-Exacta apparatus and 17°DIN cartridge Isopan F were used an

. J i i ith camera.

i icroscope, as also Reichert microscope wit ' '
LC]IE(Z) :tln(j:((:rslcstIZte coloured stains and destructions made by microorganisms
on the surface of potato dextrose agar medium circles of paper inoculated at 1ts
Centré with the spores or fungal hyphac were laid. After a colo.n'y was 'grop\,:/)n
sufficiently the circles of paper were lifted out of the dish and stf:rlllzed with 5%
formaldehyde vapours for the preparation of museum specimens of mould

olonies. ' . . .0,
) With the help of these methods the following fungi were isolated :
From class Basidiomyceteae, order Polyporales, family Thelephoraceae Pel-
. . ) g 1).
licul abellina, (Fr) Rogers (Fig o N )
lchi:)lfnli)rdcr Agaricales, family Agaricaceae Coprinus sp., (Pers. ex Fr.) Fray
robably sclerotinogenus. . . ‘ N
’ Manyspccics of genus Chaetomium (Figs. 2-15) were isolated from d:,ﬁs
Ascom ycctcac orderkSphaeriales, family Chaetomiaceae. It was observc.d‘t nat
membeyrs of th,is genus break down papers of poor quality and rarely disinte-
ag-made papers.
grj’t;tzrz‘liji:lsp di Notaris was isolated from 17th and 18th century papers. It
developed black stains on paper and a light rose %one around th;: sp'oté i
From order Sphaeropsidales, family Sphaeropsidaceae Phoma humicola,

man and Abbott, was isolated. On the paper grey-brown or black spots were

Ob;ew(’d.ecords of Ministry of Foreign Affairs Chaetomella horrida, Oudemans
rom r ;
ivi as 1 d (Fig. 16).
.y-brown spots was isolate . . \
gwl‘ing gre};dcrrO Moniliales Cephalosporium acremonium, Corda the .n?ost often
rOr;lov?ngvmicroorgamism was observed. This fungus was stamning paper
paper- . ' o
to rose tints according to pH. )
fm?rffli(;;z:;rgr:a z())iria'e Pers. ex. Fr. (Figs. 17, 18) was found.mostoof'ten gr;reger;t
t (Ctl cellulose, but paper’s cellulose was also destroyed in 43 Yo in i ays.
erate ) . i 1 t green.
lonies and stained 1t hight g
ve aper dark green coloured co : . )
de\l;(/lopej ;enr Fi)lﬁltzp(Figs 19-26) a dozen or so species were 1solate(}i1 fr;)rrtl p.apzr
s . i i riora-
and Asper, illuffumigatus, Fresenius, played an important par.t in the de ca&er_
ti fp j er. The most active strains developed at the beginning grey,
ands qoeen ull brown colour on paper. N
destroyed paper rather slightly and cologre it
Tieghem, appcared often on paper and in pre-
lulosic material resistance considerably. On

wards green and at last d
Aspergillus Wentii, Wehmer,
light rose. Aspergillus niger, van
sence of glucose decreased.cel .
paper minute black superficial color.nes we
From genus Penicillium some species or s

re observed. .
trains were isolated (Figs. 27, 28).
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Old paper did not offer a saist
but these species which need on
grow, moistured the paper and
growth of more active cellulolyti

Assigned 1o Penicillium g
paper slightly and its coloni
gave Lilac spots (Fig. 31).

Scopulariopsis brevicaulis (Sacc.) Bainier, like Paccilomyces related to Penicil-
l(i:m injured paper distinctly and willingly utilized ammonium ion as N source

“ig. 30).

actory medium for Penicillia and Aspergilli,
ly 7-9% of moisture contained in paper to
duc to this fact enabled contamination and
c fungi.

roup Paecilomyces varioti, Bainier (Fig. 29) injured
es developed light yellow-brownish shades. Spicarta

Botryotrichum atrogriseum van Beyma decom
paper caused by this specics developed ste
dantly

posed paper strongly. Spots on the
cl-grey shades. It occurred abun-
on papers from the 16th and 17th centuries,

More rarely appeared on paper Sepedonium Link which
growth and spots on paper.

Botrytis cinerea Persoon (Fig. 32) grew on paper in the form of delicate colonies
and grew well to 2 mm above the surface of the paper.
sclerotia of several mm diameter.

formed white-grey

It formed mycelial
. The best N source for Botrytis was am-
monium sulphate at pH = 8.0, but the growth occurred even at pH = 3.0.

Apart from ammonium sulphate other N salts, as ammonium nitrate, sodium
nitrate, ammonium phosphate, pepton and asparagin were utilized. From C
source it utilized at higher concentration 0.5~1% saccharose, mannose, mal-
tose, glucose, galactose, xylose and glicerol. At
lated poorly and lower concentration of glicerol

Ac.roxlalagmus cinnabarinus, Corda (Figs. 33, 34) stained paper to rusty shades.
Eidamella spinosa, Matruchot and Dassonville (Fig. 35) developed amaran-

thine great spots and injured cellulose strongly. Thercfore this species should
be considered dangerous for paper stocks.

From family Dematiaceqe Mpycogone nigra (
lated. It decomposed cellulose intensely
paper. It grew in wide temperature range
being 20-25°C. Well utilized different N s

Torula, Persoon (Fig. 36) caused black Spots on paper. Stachybotrys atra, Corda

(Fig. ?)7) stained and covered paper with black or greenish-black growth with
greenish-grey or brown zones. This s

paper of the 16th to 20th centuries.

Gliomastix convoluta, (Marchal) Mason stained paper black and decomposed it
strongly and Gliocladium roseum (Link) Thom (Fig. 38) stained paper rose.

Trichocladium, Harz (Fig. 39) injured paper strongly and stained it
greenish-yellow or greenish-rusty depending on strains and pH.

lower concentration it sporu-
did not support the growth.

Morgan) Jensen (Fig. 35a) was iso-
and developed dark-green spots on
from 5-30°C, optimum temperature
ources and some C sources. 2% 30

pecies was isolated several times from
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Cladosporium herbarum (Persoon) Link (Fig. 4(?) occurrc‘c{ on \dl;:l:: E):[V)v( 1;
This species was resistant both at lo‘w a.n.d high tcml‘)’(x'aturcs g
different pH concentration and high f_LfngICld(‘ Concm‘m.il}:lon};ite v and

Helminthosporium, Link (Fig. 41)lls:amcd paper greyish-white. It ¢

cellulose.
Sp(; rulzjzittl(czfiebl?;j:at(;n(;s'zgifl?cerr)alt;jedijn (Figs. 42, 43) covered paper by black spots
an(iu;fterwards developed larger spots. This spccies.decor}rllpos}cl(:tg)aper se-
verely. The best N source for this fungus was ammonlugq fp; os;;onies: owing

Trichothecium roseum, Link (Fig. 44) developed on paper flultly CO[, inS, ?hc e
well; they formed at the beginning wh.itc, afterwards pale-rose stams.

N s<;urce for this spccies was ammonium phosphatcl.. e ereen. The

Acrothecium, Preuss strongly deconlg())scd paper staining 1 gree
b(‘/rslfhl\eI rScO:rrcCchrfl(t):ulitvs:‘lc)sf;;;;ncz(riag(Figs. 46, 47) genus ()flf};lrrc: oftlcn 0;1 i;fj;r(—

as Y um (Fig. 48) genus. They develope ,
e I?anierb’ Ziv‘rlll.sgor:é::lf}f]sl;i)ts( Tﬁcy d)ctcrioratcd paper iflt.ensely. .
dar’k_br’own o l . ceae was in our experiments represented by .E[nco?cum nig-

Pam_‘”’ Tul}’f_rcu a::caies developed on paper black colonies adhering tightly to
i :I[:hleSeF;t N source for this fungus was ammonium phosphate at pH
o ﬁbres.' y ies degenerated rapidly in artificial cultures in our laboratory.
;rZ:t);n:‘:isosfF:tescci)lonies or spores with ultrasonics in piezoelectric generator at

i ity during a
1 i t 120 mA anodic current densn'y iring
| Mz ey e s lation of this fungus. Treating it with

. ; imulated the sporu - .
period of 2 minutes sumu P ization and sporodochia (fruit-

ultrasonics also caused changes in N source uul_ o o 6.0 was
ing bodies) development. Sodium nitrate at pH = 4.0 an
ln . .
i h ultrasonics.

ili the strain treated wit ‘ ’ ' o
"\ unhzedc?zs of Fusarium genus were isolated from pdpc'r (Flgsl. 49, S(t)s, an)d
ThMarcIIY Sple ured paper giving violet tints, blue spots, pink-violet spo

ey discolo

yellowish-pink tints.

ily Actinomyceteae man . ed,
ThFrom tge j:?;i paper a variety of colours: powder—pmk, yellow, grey an
ey produ

h te l hey S[r()ngl deCOlll OSCd Cellul()se, dep( ndlng on pH an
blaCk, white.

SO[XCCS Siis.r:li}isv?;)‘humidity 80-90% and high moisture.contem in paper
t a hig

] p . T y in-
l baCtCria‘ Cel(fdl[,‘icula, C [l l d C)’t ga were 1SOla €
severa . eliy b?l() an 0 ha t (l l[e mn

tensely discoloured paper. ‘
The most often observed papt?r-destroymlg oragria
Stachybotrys, Chaetomium, Cladosporium, after Alternana,

B . .
otryotr ifhum, AJ‘pe? glllus fuml’gatus, Elda”lella Spli’losa, Sepedo . .
] y lut um g Oup Cephalospo’ ium ()fte" OCCUIIe(i on pap( T. 2 T1Cho( lﬂdluﬂl
Cllllum frOm € Y 5 >

y paper-loving organisms were isolated.

anisms were the following:
Stemphylium, Trichoderma,
nium, Mpycogone, Peni-
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Fig. 8. Chaetomium fusiforme, Chivers. (x 250).

Fig. 7. Chaetomium globosum, Kunze: Spores in asci. (X

Fig. 1. Pellicularia isabellina, (Fr.) Rogers. (x 420).
500).

Fig. 2. Chaetomium bostrychodes, Zopf. (x 250).

) . w Fig. um j M'Iosum, Ames. (X
Fig. 4. Chaetomium cochliodes, Palliser. (x 500). : 21‘3%) ® Chactomium probebl wroer ( 250

= ”

N

Fig. 10. Chaetomium probably atrobrunneum, Ames. (X

5,

v — ocmceum' Tschudy. (x 250). Fig. 12. Chaetomium olivaceum, Cook and Ellis. (x 100).
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Fig. 5. Chaetomium contortum, Peck. (x 100).
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Fig. 6. Chaetomium aterrimum, Ellis and Everhart, (x 100;



Chastomium cochlioides Palliser
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Fig. 21. A b”Us‘flavus Link. (x 500) Fig. 22. Aspergillus niger, van Tieghem. (x 420).
ig. 21. Aspergi s . :

NH.H,PO, (pH = 3.0-10.0)

& Fig. 23. Aspergillus niger, van Tieghem. (X 420).

N

INH./,SO, (pH = 3.0-10.0)

i 0).
iq. 26. Aspergitlus sp. (X 501
Fig. 26. Asp .

Fig. 15.

Fig. 25. Aspergillus terreus, Thom. (x 500).



Chaetomium cochlioides Palliser

: o it

L osden wl. T

Fig. 13. Chaetomium angustum, Chivers. (x 250).

NH,NO, (pH = 3.0-10.0}

NaNO; (pH = 3.0-10.0)

Fig. 14.

F 1 " . . and
i d 15 Chaetomium GOChIIOdeS alliser cu tivated on ilter paper strips at different p
g. 4 and 15. B P f H an

different N sources. See p. 175.
o

Fig. 19. Aspergillus amstelodami, (Mangin) Thom. (x 420). Fig. 20. Aspergillus candidus. Link. (x 420).



Fig. 27. Penicillium brevi-compactum, Dierck. (x

Fig. 31. Spicaria violacea, Abbott. (xv500).
182

ki

-

250).

Fig. 30. Scopulariopsis brevicaulis, Bainier. (X 250).

Fig. 32. Botrytis cinerea, Persoon. (X 250).

o

Fig. 34. Acrostalagmus cinnabarinus, Corda var.nana
Oudemans. (x 420).

.‘2? LI
A E  °

Fig. 33. Acrostalagmus cinnabarinus, Corda var.nana
Oudemans. (x 150).

o 3o | Ty .

Fig. 35a. Dematiaceae Mycogone nigra, Morgan and

¥ A\‘ . \ ® ‘

Fig. 35. Eidamella spinosa, Matruchot and Dassonville. (X

420) Jensen.

. ) . (x 420).
Fig. 36. Torula, Persoon. (x 420). Fig. 37. Stachybotrys atra, Corda. ( )
183
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Fig. 39. Trichocladium, Harz. (X 420).

—

3. 44. Trichothecium roseum, Link. (X 250). Fig. 45. Acrothecium, Preuss. (x 250).

Y
¥
)

t? : f 4 g
Fig. 47. Alternaria sp. (x 500).

e, ™

Fig. 40. Cladosporium herbarum, (Persoon) Lmk (x 506)

Q. 46. Alternaria tenuis, Nees. (% 250).

R
-
-

P .

Flg. 42. Curvularia lunata Walker Boedijr 0 Fig. 4 rvular nata, (Walker) Boedijn. 420
s ‘
ularia lunat s ( ) ) (X ) )
2 )
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ably anguioides, Sherbakoff. (X

Fig. 49. Fusarium prob
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Streptomyces meianocyclus/Merker/Waksman and Henrici
tbrary Materials

St

5 2 w» »

) 2509
Fig. 50. Fusarium oXysporum, Schlechtendah. {x Fig. 51. Fusarium probably sambucinum, Fuckel. (X

500).

NHNO; (pH = 3.0-10.0)
Torula, Boiryptis, Pellicularia were rarely obse

wularia, Trichothecium and a few strains of Fusarium, Gliomastix, Aspergillus niger,
Pestalotia, Acrothecium, Paecilomyces were observed sey
unidentified species probably belon

As for a pre

rved. Seopulariopsis, Epicoccum, Cur-

eral times as well as many
ging to Basidiomycetes.
servation of microorganisms isolate
sterilized neutral parattin oil was f
By using this method the actiy
material-deterioratin
For the prese
microbial agents,

¥
d from paper is concerned ‘ q:
rom our point of view the most convenient. : ; .
ity and vitality of our collection of different
g microorganisms was maintained for 20 years.

rvation of paper against microorganisms after isolation of

which hydrolyse cellulose and other components of paper the
ext step of our work was the sy
robiotoxicant, appropriate
quired to stop metabolic p
cellulose object

R

ggestion of suitable mic-
method of addition and the correct quantity, re-
rocesses of the microor
against microbial activity,
growth of microflora is to make use of bact
which may act immediately or prophylactic
The application of preventive techniques
sideration of the influence of biocide on paper, the conditions in which they will
be used, and the study of the activity of these compounds on a particular group

. . o . . NaNO; (pH = 3.0-10.0)
of microorganisms. It is Important to understand the physical and physico-
chemical properties of the fungicides themselves, the ease and uniformity of

their deposition on the paper and the time during which the protection can be

53

ganisms or to protect the
One of the ways to prevent the
eri- and fungitoxicants (Tab. 1),
ally.

to paper supposes the general con-

d Henrici at
rker) Waksman an
i tures of Streptomyces melanocyclus, (Me )
Fig. 52. Filter paper strip cu
186

177.
d NaNG,). See p-
different pH and various nitrogen sources (NHsNO, an



Streptomyces melanocyclus/Merker/Waksman and Henrici

NH;H,PO; (pH = 3.0-10.0)

/NH,/,S0, (pH = 3.0-10.0)

ng. 53. Filter paper strip cultures
different pH and various nitrogen s

of Streptomyces melanocycius, (Merker) Waksman and Henrici at
ources (NH,H,PQ, and /NH,/,80,). See p. 177.
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guaranteed. They should be easy to apply and they should satisfy the criteria of
low toxicity to man and to the environment. Numerous fungi- and bactericides
proposed for the protection of paper were evaluated in our laboratory, inctud-
ing recently tested 2,4,4 -trichloro-2-dihydroxydiphenylether (Irgasan DP-30)
in comparison to 2,2’-dihydroxy-5,5-dichlorodiphenylmethane  (dichloro-
phene). Although Irgasan DP-300 was in vitro less active than dichlorophenc
against: Alternaria tenuis, Aspergillus terreus, Aspergillus niger, Chactomium globosum,
Fusarium  solant, Paecilomyces varioti, Penicillium funiculosum, Stachybotrys atra,
Trichoderma viride, fabric however treated with 1% ethanol solution of Irgasan
DP-300 similarly to dichlorophene protected effectively against soil microorga-
nisms in soil burial tests.

Because thymol in convenient vapour form was and is often used by conser-
vators, '7 3% 341 relate our own tests. Thymol was investigated in our laborat-
ory on fungi decomposing old paper: Aspergillus niger, van Tieghem, Chaetomium
globosum, Kunze, Epicoccum purpurascens, Ehrenberg, Penicillium vermiculatum,
Dangcard, Stachybotrys atra, Corda, Streptomyces cellulosae, Krainsky. Crystal of
thymol (melting point of thymol is 51.5°C) were placed on the bottom of the
desiccator and the sheet of cardboard on the porcelain insertion.

To generate the vapours the bottom of the desiccator was heated to the
temperature of 52°C every day for 2 hours for 14 days. Cardboard was held in
these conditions the whole time, every day 70 g/m? of thymol was added. As
was found by control some fungi existed in the cardboard but these did not
grow anymore already after 6 days of thymol fumigation. On the contrary, on a
cardhoard inoculated with fresh good sporulating cultures of fungi even after 14
days of treatment with thymol vapours growth occurred. Fungi existing in
cardboard were probably weakened owing to lack of water and were therefore
casier to kill than fresh well fruiting fungi. According to Werner® thymol has
some disadvantages. It can act as a very powerful solvent, sometimes with
devastating results.

Recently we have tested the vapour fungitoxic action of p-dichlorobenzene
(Fig. 54). This compound is known as insecticide. The books infected should be
placed in the container and exposed to the vapours but not allowed to touch the
crystals. According to Block® * and others?” 3* 4% p-dichlorobenzene is also
effective in inhibiting the fungal growth in closed spaces. p-Dichlorobenzene
has been also effective against fungi in shoes, cotton, wool samples and books
contaminated with Aspergillus niger, Aspergillus ustus, Penicillium sp., Chactomium
globosum, Myrothecium verrucaria.®* It seemed interesting (o us to examine p-
dichlorobenzene on several typical book-deteriorating fungi. We have found
that p-dichlorobenzene at the amount of 50 g/m? inhibits completely the
growth of Chaetomium globosum, Kunze, Stachybotrys atra, Corda, Trichoderma viride,

187



RomuaLp KowaLik

Microbiodeterioration of Lib rary Materials

—r————— —tun |
T APLIOYS Wnt- tHO
T quabo Buyo | : : By in gy S5 TH,
o-d By/Bw go¢ DM ul | §531.4n0)00 -3jms1psioy 10uli8iS | —owwn fizuaq (o HO-N="H™D
ynisolia,30q 8401 P omo._ 2)oM ) 1ney -3J0Ul JUaIa}4P uodiydaz ~fiygawip (Rano) [y n:_o
Ju4alfvayd H L]
. 3,48 Aanaph <>
MPLBLINY od 6y/6 g’z SHUBMOS | oo inajaa | VO sasoin|jaa hop-dq vosobayl -pfAxaphy-zlt 49 o 0
.msa-_.osé 5§04 03 957} owobio ysow vy Wl -HS 1719 pok - 0101434 -H'YZ
ums B suyod 3piro (U~ )| €5, 0 ust(8 o)
fiq pagJosau ag | Siusmas diusbio U 0181 | fure o HY2)USQUS BH %)
deJonde\mE%.wd 1S0W YLIM AGIISIY $831IN0103 Oocma 'sasoni|a32 1hang-u-wisig|i
Si01 04 9507
AU9ZUan '9u0430D 0861 Sjurnd SVWd 240433T €naaa0b
oo} BB | ougarn (gge |TPPMPT | Sy | tsatseinian [ ViAd | cumasewifiaud D
0-"0~ \
, SJuanes panmap | HOW 53 {0juanaay 240 0 A=
f\mm—mmwﬂumw.ﬁ mwebioveinmog | wonef | G SRI3L | ny \aydhaoy I:_:wmmmbov%rm )N W
suan0s awpfie [pamod usdsb) 0Lt T <uz-0-3{7]
hitaixor moj _.moE_ utaianios | ania Juby | -g4| Sa|l4xay Sfouspidou auz ﬂv.m )
4 1 a1q
patuboda. S /“.zo
ﬁﬁww_a . uoynies, i sansoid | Pwou uowwos)| aouIngInIoNY uz? W)
Y 1 - - : ”
i Sy T iabains | % (0% s | wonz |-mwem | NG
mt.u_s* MO} (-1 usgqunoul BiIqrIes o o D
SJUaNI0S 3,691 soysord g upsoby| PTUORADSQ 5.@. _ .@
figromoy moj 10 S uy M 90| rsmsmnyes noz-c8 _-c.setxxm.m.m HN wxo W
‘o 6%/6uw pgog uoAIDS spuod ‘1ay40o aptupifiy HN-D
voyy ._ozw..g 5401 0} u.:cPaonh__ w PPmojoawpan| ) CE} f.mu_mo_uﬁ_ 3_ UOHIUS | _yos {Aueud-u @. Y
05 fiyorxoy moy| ~ ' -
s , Jousydolojyo 137719
' sjurnd'saysoyd | |
-ysoid 'saXOM O ooq) 1ngiag nired [ 187 1d1%0EAN _uad jfuno g
. 12004200 ' UZReq o B sarsopnyjed [ 5] oyuad | _, SZyTade
Yanpoad pasn|  a9ieM’ ooy M M 4 / 9 3 .n.u j
611 aui vl SeA WO LS Ra Pagiosdn S§udA0S uad ' 0u3ud 0101420
SR R et Ll O B el L
~DM 410$ Wnipos 012 404 351 : ]
jousu
RPR YL | o By B Sjuanos soin1ad apamvod | - o'y
oy ises | TUDUTNITR | g st | ssbnewe| 069 | sasomys> | §79PWeq | aawi-gyz) o S
: ; i U
Bw uoyoauadusd] 1ougdub 1siom w
BRI Sorih s o S ASISOUS  ssapnaes | JobG| (wamusind) jowhyy | josasajfidoadost Mo}
beig0g 06 U | "2 ronuIEapjuding -6Y 's9150|N]ja3 €
Y o+ 071 3{andoid | e 13 aonw Aua HI
paauyaund |y iy |0§uarR 14 auazvaq)fiyjaw €13
PMUIIan|os SIUBAIOS | <51 100102 ‘ywod 134409 _ -fX0-§~ 04019 -
yos whypos | SUNPLLELUDIS | 50600 i uy Hnowd) 5,99 .ow._mwo.ao_____#_oh Hysoy ‘_Beum.m.e__zo.w h
] %c.ﬂsss_mcﬂ.m N N
ouBy} -1psojwatp-g Q.
&,ww ._»ﬂ.m_%h Ap1a1x04 moy Wy gy, Bl §53]an0102 LT J0ya14usq .azznma_._‘?._w\N M w-@
R . gm0 Umy _ WaaQ'waq [ Pwsufuayd xow X
JR1DM U) 3)g ‘od By /67 puagasn’jyoespo’iiue .%53 18w | J 94} |se4siusDA sjurnd 'b9/08 lojuaraig] -!PeaotuaID -8’ 3
TOSHOINLID|  sbiop oy 99gq | * AAMos Ayl ﬁ_ﬂwﬁ@h ~L4y | SemE ‘sa1sainisa| ” guaudaiapuarg | -Axmhuioszy W N ow
L] ad
uz:v_w;__ﬁssa by/6gy'g SIUAAS | 5oy ingy0a 0 /G|  swu ‘sioes <wﬂ_w§o joudydifuaud-o %
V043D J34OM I 10104 95 [ 2MvoB40 JSowsul 02~ I'rom ‘ssopnyas | 0 104udA34g Ho
7084105 Win1poS
safia 104 puogras Squaajos quob; o) 0 144012 puv Sau auazuaq
anogstBuny o B 1606 | -0 130wt w aidnios|  2HY g0} 133104d 04 [g(d ‘ap1avng k) W)
ttnany | i orogs TS ol |08 [ s aca wonamd) 20
dJ4OW 40 Saynu mthw>_0ﬁ U_: E_Z.T..— s 5:0*55 Wﬂ—konhou o z \O/ v
310, G0th Wi gt (01040 PUD JBJOM | ooain g | DoL0l mzm,l_mt_u apns auyy3[MOHIMOdITY - THY gty
3A0qa SuoipJpuaduog]  LYIM 3{Q10SIW
6 8 A 9 S Y £ T v
SANNOIdWOD DQINVYOYO
uod | ueneaipddo n oIngany
syioway | Apaixog Apigniog | mojog [giod FueE: .umz_ BWIDU 3P0J] [AWDu JeaIway || ojnuUey |oINganLg

‘uapram wyojdws uapurisaquaIdyIng uoa ZINYOG WNZ J1p IPIZLdyeg pun apizidung udasnyotm i ‘[ qe]

JutRIgI[ 9P SPLEW sap uonddoad el 1nod spsodoad siurioduit snid saj sapoudeq s3] 19 sopL3uo) ST T nedqe ],
‘spendtew Areaqry waoad o1 pasodoad sapudideq pue -15ungy yuetsodw ssow 3y, '] Iqe],



Microbiodeterioration of Library Materials

hag-rrtity, torrome
Jod:tavie otrnete

Fig. 54. The comparisan of fungitoxic
b) The activity of ethanol, ¢) the activit
of 10 g/m?, d) the activity of ethanoi g

activity of p-dichlorobenzene and 4-chloro-3-cresol: a) Control,
y of ethanol solution of p-dichlorobenzene at the concentration
olution of 4-chloro-3-cresol at the concentration of 10 g/m*. on
Aspergillus terreus Thom.

Persoon, but is fungistatic only against Aspergillus flavus, 1.
Thom and Penicillium funiculosum, Thom (Fig. 54)

For old papers and documents destined for
ture of thymol and mercuric chloride in ether-
salt  of dichlorophene, 26:
bromide, ©it- 27

ink, Aspergillus terreus,
permanent preservation a mix-
benzene solution, !’ the sodium

lauryldimethylcarboxymcthyl ammonium
sodium salt of pentachlorophenpl® 20, 40

salicylanilide in trichloroethylene and acetone solution®?
effectiveness. Salicylanilide
ture content, but it is not
continual humidity.

in water and also
have been used in
is effective in the case of paper having a low mois-
maintained for long in the fibre when subjected to a
3 The mixture of mercuric chloride and thymol is strongly
toxic and increases a little the acidity of paper.26 Pentachlorophenol, besides

being toxic, is weakly acidic and gives in light hesides hydrochloride, a red
product chloranilic acid

O
I

Cl OH
HO Cl

]
O

and other coloured components. 3

° Quarternary ammonium compounds are
effective only against G positive ba

cteria and they could be used rather together
192
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ers, microbial agents.
le of petritied book under the influence of among oth
Fig. 55. The samp

. Zappala®® lauryl dimethyl carbatox.y
with o-phenolPhexltl?)lr-oﬁi;c:?z:suatfwl B}I)E}; has been sh.own n(‘)t to b(;:uc(;}:inkl);
methyl ammon'luml terious towards the cellulose. Hyamine 1622-, pro el
oy nert aHnd s C:(e‘sicd by us is effective against fungi and bacteria but 1
Rohm and Haas, tes
sufficient to utilize it for ?;lpbc(jsuitable for unwritten paper and for lb,l(‘)/tsm(i‘
Dichlorophene Scer'njl it and used for insertion between the damp ("d L
paper impregnated wi e the pH. Dichlorophene may be harmful wh:ll ii):ated
books. It does not Changments written with ink. Moreover, as other ¢ 0lease i
immediatel.y o d}(l)'ctuvolatilc and presents a potential danger on rit than
phenols it is somewha ion. Ester di-MCA is a better protectant than
chlorine on d'ccomp(zibdid r;ol colour the cellulose materials, but rr:_ion e
dichlorophene 1t'selfzctind o 212’-methylcn€bi5 (4_c8hll(;r0phcnol) isc
monochloroacetic a Ll ] 18, '
cellulosic materials as badly as O,”gmalqilisspr)r}:nlj):t not immunizing the OI.)J(’CF,
For the irr.lm(‘diate kmil[)]g ?}Ecmr:;:?ﬁ‘itablc.;s When 9Q°/o carbonddl(z::(:)f);z
cthylene oxide secms tO, ee ercentage of various ﬂuorma.ted hY ;oair o
1(”65‘;“; . c(ilb((l)ztl ;};Ct::rrr::su‘l)ting mixture can in turn be mixed wit
CC oI y an 3

’ ’ In thlS 1aSt
i c < tate.
i 1 h t passing through an lnﬂdmmdbl S
p Op01 tions withou €
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Microbiodeterioration of Library Materials

case moisture is not so important as concentration. 2! 22 23 24 Phe mixture of
cthylene oxide with carbon dioxide in the proportion 10:90 in a vacuum
chamber is the most effective at 30-35% R.H. and becomes progressively
slower as the relative humidity increases to 100% .3 © 1% 35 Not only is sterili-
zation more difficult at relative humidities below 30%, but once microorga-
nisms have been desiccated either chemically or by a vacuum, they require a
resistance that is completely overcome when the relative humidity is again
raised to 30%. Varying degrees of protection from ethylene oxide sterilization
are afforded microorganisms embedded in water, oil, plastic and chemical
crystals. 1% 3%

The degree of protection imported to encased organisms depends on the type
and thickness of plastic. It was found that cellophane and polyvinyl film have
very low ethylene oxide permeabilitics. Polyethylene is somewhat more perme-
able and cthylcellulose even more. Crystals of inorganic and organic salts
provide complete protection to microorganisms {from lethal action of cthylene
oxide. It was shown, 19 1123542 (1, cthylene oxide could not sterilize internally
contaminated, among others, calcium carbonate, which may influence the re-
sistance of microorganisms, vegetating on parchment.

Generally speaking not all of the organisms are resistant, but a few maintain
their resistance until they are essentially rewetted. Hydration of the species
results increase in quantity of the fungicide absorbed. Besides that, physiologi-
cal activity of microorganisms increase probably their sensitivity to a fungicide
and spores Jose resistance to fungicides in the carly stages of germination,
which is enlightened by relative humidity or moisture content of spores. The
phenomenon of resistance to ethylene oxide is not well understood, but it is real
and appears as a problem most often when one attempts to sterilize material
that has been previously subjected to high vacuum or heat. Death time of the
most resistant Bacillus subtilis at 54°C and 40-60% R.H. ranges 25 minutes for
ethylene oxide sterilization process when gas concentration is 1000 mg/l and
2200 mg/! of ethylene oxide is needed at 21°C.5> & 47 In our experiments the
most resistant fungi species were the following: Chaetomium globosum, Trichoderma
viride, Fusarium sp., Penicillium sp. and some Actinomycetes. Ethylenc oxide, as we
have also found, does not influence negatively upon the paper, it does not
change the acidity of paper and does not decrease its mechanical propertics.
Considering biocidal action, cthylene oxide causes a general disruption of

biological processes. The exact site of alkylation produced by this compound is
obscure. Two possibilitics arise:

a. mutagenic effect, involving effect on DNA (desoxyribonucleic acid) and
therefore causes a lethal mutation, and

194
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. . . . . 3 3
b. alkylation of various ecssential proteins, such as enzyme® or cther or
thioether formation in the proteins.'s

0 CH, 8
= / . \
proteing — C + O { ——— proteins - C
~NOH CH, O-CH,CH,OH
/(:I“l2 .
proteins — NH, + Q |  —— proteins ~ NH-CH,CH,OH
CH,
JCH,
proteins — SH + O | ——— proteins - S-CH,CH,OH
CH,
_CH,
proteins — OH + Ol proteins ~ O-CH,CH,OH
CH,

According to these equations the reactions do not require water. However the
destructive effect of ethylene oxide is significantly enhanced by 10-20% R.H.
The advantages of ethylene oxide sterilization lie not only in the speed,
simplicity or cconomy of the treatment, but also in the fact that many types of
materials are sterilized with least damage (with the exception of parchment and
some other products) to the material itself using this technique. Ethylene oxide
should be used especially carefully on rubber products,® leather objects and
artificial materials, because they strongly absorb liquid ethylene oxide (1 g
rubber absorb 0.6 g cthylene oxide). The utilization of ethylene oxide disinfec-
tion is as important for library materials (decrease of infection) as for the
persons in contact with infective books or archives. There exists a danger for
curators, stores Superintendents and persons that must remain in spaces
heavily contaminated with paper decomposing microflora. Apart from that we
know that consumptive patients, for instance, spread infection by means of the
minute droplets of tuberculous sputum sprayed in the act of coughing, sne.c.zing
and speaking. Some people have still the habit of wetting the thumlﬁ) to fact!ltate
the turning of pages of the books and records. Moreover the bacteria, fungi and
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other organisms ma infe
‘ ganis y be infected by hands f; i
ill people : s s from handling the hy ‘rchiefs
; people .cmd touching the books. In this way the infe ; ol o
ue . Y 1 N '
.(dto r:ndll from India to Europe and at the end of the
cpi ¢IMIC, a strict injunction was imposed on le
libraries. The spore-beare

ction of cholera discase
19th century during the
s remain b o ‘ l.lding the l)()()ksv from public
papers. Besides hat, soft crode e )g periods on the surfaces of book
microbial growth than partial] ’P Per appears to be capable of holding more
tuberculous bacteria map . ° y or hlghl}/ glazed papers.” It was given that
drig ot 3 momhzfsrst tz;m)m books in moist sputum 9-10 months and in
books o Deriod of ﬁ)d; ) :‘]l(r( p(t‘()coccus sF‘arlatina(* survive on inoculated
days and Prowmos: " dat(v S[.)‘lorym’bacterlum diphtheriae retained on books 7
retained there sevora] dave Y:}:h )M’uflomonas ae‘nfginosa, observed also on books,
when considcring his (‘)iy‘l- ; fr(‘f()r‘c the disinfection seems to be essential,
aminates bk andp a:Ch(‘) vuw ‘Iulhylcnc.oxidc as was found %" 27 decon-
Mycobacterium tu})(,rcul()sis.IV(s infected with various bacteria including

One of the greatest drawbacks to the

. use of ethylene oxide as a ster .
slow action. Two methods are Ylene oxide as a sterilant is its

the use of et w2 used l)}/ manufacturers to speed up its activity by
iyl ot an sec prc§suxc. A method of potentiating the activity of

xide gas by formic acid vapour was patente ‘ ;
Frcatmcnts are performed separately to hemic,
is claimed to potenti

o d.'® The two chemical
| ate the activiy ();}\éOI(()ix?dchcmical rcacti'on. The method
against microorganisms is increased andptheyC:rcson::);n tl;;lr 'ratc 0:1 ac{i")n
cumstances whese the , ade effective under cir-
very dry materi;clst.f:?/'lfl};x]()t' at p‘r(‘S("nt exert a sterilizing activity, namely, on
bromide (weight per volum(*r;]l-xwluw of 40% ethylene oxide and 60% methyl
components. Moreaya, th(; n‘; PfOP)O.SCd, as more bactericidal than particular
bromide. 51 Methyl bro;nidc’[ Dfll}irc Is, nonflammable because of the methyl
fect and disinsect the manu(;gctitptcsr ::lllli C.thy]ene oxide is proposed to disin-
bromide in the . . Is worth mentioning that methyl
oot imOXicaticO(;n(i:entratlon of 11,000. pPpm in the fumigationgtent50 cause}(/i

I one man. After intoxication he had headache, loss of

. . .
l ¢ 1 . I . . l I ] ]: ltal
h o .
¢ llad 38.6 (A [(mp(‘rdtur( dnd pulm()naly ; . .

. edema wi . .
He recovered consciousness a with chemical pneumonia.

after 28 days in hospital with appearance of illu-
a. After one year after fumigation he displayed
¢mor and he was deaf and unable to eat without

sions and persecution manj
emotional instability and tr
help.

Coming back to N . .

against mgicroﬂora anec;he}:/lcmi) (;XIdC N .Can.not ensure the durable protection

the paper or tissue seome tnb ctore lamination the use of long lasting biocide to

of some fungi as Porty o be necessary as owing to Kerner-Gang® the spores
emcillium sp. and Trichoderma viride were not killed by the
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temperature and pressure conditions of Barrow lamination. Dichlorophene has
been proposed by us to treat japanesc tissue when using it with cellulose acctate
to repare damaged paper.

At the end of this section I should like to add that the morpholine process for
deacidifying whole books seems to have biocidal effects on fungi according to
first attempts made by a Corning Muscum microbiologist in 1973.52

4.4.2 Abstract
Decomposition of Paper by Microorganisms

After World War 11, library and archival materials in Poland were deteriorated as a rule by
microorganisms and at a present time particular environmental conditions favour fungus growth.
Many fungi and some other microbial agents have been isolated and identified and biochemical
activity of some of them has been studied. Numerous fungi- and bactericides proposed for the
protection of paper were evaluated, considering also some microbiocides in a vapour form. Fun-
gicides destined for permanent preservation of old papers and manuscripts have heen also tested.

More attention was paid to the biocide utilized for the immediate killing of microorganisms, but

not immunizing cellulosic objects.
4.4.2 Résumé

Décomposition du papier par action microbienne.

Aprés la deuxieme Guerre Mondiale, les matériels de bibliotheque et d’archive en Pologne furent
en général Iobjet de détériorations par les microorganismes, alors qu'a Pheure actuelle des condi-
Jitres de Penvironnement favorisent la croissance des moisissures. De nombreuses

tons particu
Pactivité biochimique de

moisissures ¢t quelques agents microbicns ont été isolés et identifiés,
certains dentre cux a éé étudié. De nombreux fongicides et bactéricides recommandés pour la
it Pobjet d’investigations de méme que certains agents antimicrobiens a

protection du papicr ont f
papiers et de manuscrits

Pétat gazeux. Les fongicides congus pour la conservation permanente de
anciens ont aussi fait lobjet d’essais.
Une attention spéciale s'est portée sur un produit biocide ayant un effet bactéricide immédiat sur

les microorganismes sans immuniser les objets a base de cellulose.

4.4.2 Resiimee

Zerselzung von Papier durch Mikroorganismen.

Nach dem 2. Weltkrieg wurden Biicherei- und Archivhbestinde in
kroorganismen beschidigt. Gegenwirtig fordern bestimmite milieubedingte Voraussetzungen das
Wachstum von Pilzen. Viele Pilze und andere mikrobiologische Elemente sind isoliert und iden-
tifiziert worden, die biochemische Titigkeit ciniger dieser Pilze und Mikroorganismen ist unter-
sucht worden. Zahlreiche Fungizide und Bukterizide fiir den Schutz von Papier sind beurteilt
worden, darunter auch cinige Mikrobiozide in Form von Dampf.

dic fiir den permanenten Schutz von

Polen in der Regel durch Mi-

. o . >, hiere ATIUS-
Dancben sind auch Fungizide, alten Papieren und Manus
kripten bestimmt sind, getestet.

Grosse Aufmerksamkeit wurde dem Biozid gewidmet, d
llulosc-Gegenstinde immunisiert.

as zur sofortigen Abtétung von Mikroor-
ganismen verwendet wird, das jedoch nicht Ze

197



Microbiodeterioration of Library Materials

4.4.3 References

. Barrow W, J.: Prrm;nn('nrc/l)ural)ilily of the Book. VI, Phy
. Buyncs-(lnp(-, A Duin Walters, AL H, & Hueck van der Pl

Materials. Applied Science Publ., Lid. London vol. 2 (1972): 381,
. Block, S.S. in Lawrence, C. A, & Block, S. S. ¢

- Block, S. S Experiments in Mildew Prevention. ¥ing

. Bruch, C. W.: Guseous Sterilization,
. Bruch, .

. Cunha, G. M.: Conserving Local Archival Materials. Technical Leaflet 30 (11.

. Cunha, G,

sical and Chemical Properties of
athoratory Tne.: Richmond, Virginia 1974,
as, B H. (eds.): Biodeterioration of

Book-Papers 1507-1940, W, J. Barrow |

eds.): Disinfection, Sterilization and Preserva-
tion. Lea and Febiger. Philadelphia 1968: 575.

ineering Progress at the University of Florida
VI 4 (1952): 27-31,
Annual Review of Microbiology 15 (1961): 245-262.
W.r Biological Indicators and Degrees (Probabilities)

of Sterilization. Development of
Industrial Microbiology 14 (1973): 3-16.

- Bryan, A H.: Book Contamination by Bacteria. Industrial Medicine 6: 2 (1937): 73-74.

) November
1975.

M.: An Evaluation of Recent Developments for the Mass Drving of Books In Williams, J. C.
(edit.) Preservation of Paper and Textiles of Historic

and Artistic Value. Advances in Chemis-
try. Series 164 (1977).

American Chemical Society, Washington: 95-104.

10. Doyle, J. E. & Ernst, R. R.: Resistance of Bacillus subtilis var. niger Spores Occluded in Water in Soluble
Crystals to Three Stertlizing Agents. Applicd Microbiology 15 (1967): 726-730.

Il Ernst, R. R, & Doyle J. E.: Sterilization with Gaseous Ethylene Oxide. A Review of Chemical and
Physical Factors. Biotcchnology and Bioengineering 10 (1968): 1-31.

12. Fischer, D, J.: Simulation of Flovd for Preparing Reproducible W ater-Damaged Books and Evaluation of
Traditional and New Drying Processes. In Williams, J. C. {edit.) Preservation of Paper and Textiles
of Historic and Artistic Value. Advances in Chemistry Series 164, American Chemical Society.
Washington 1977: 105-194.

13. Fischer, D. J.: Conservation Research. Use of Dieelectric and Microwave Energy to Thaw and Dry Frozen
Library. In Willlams, J.C. (edit) Preservation of Paper and Textiles of Historie and Artistic
Value. Advances in (Ihvmis(ry Series 164, American Chemical Society. Washington 1977:
124-138.

14. Fischer, D. J.: Conservation Research: Fumigation and Sterilization of Flood Contaminated Library,
Office, Photographic and Archival Materials. In Williams, J. C. (edit.) Preservation of Paper and
Textiles of Historic and Artistic Value. Advances in Chemistry Series 164. American Chemical
Society. Washington 1977: 139_148.

15, Fracnkel-Conrat, H. L.: Action of 1.2-Epoxides on Proteins. Journal of Biological Chemistry 154
(1944): 227-238.

16. Gaughran, E. R. L.: Newer Method, and Trends in Sterilization. Development in Industrial Mic-
robiology 14 (1973): 57-64.

7. Hetherington, D. C.: Mold Preventive for Book Bindings. Science 101 (1945): 223.

18. Kaye, S.: USPat. 3257161 (1966).

19. Kaye, S.: New, non-Damaging Preventatives of Biodeterioration- Monochlvroacetate Esters of Chlorinated
Phenols. Development in Industrial Microbiology 17 (1976): 159~165,

20. Kennedy, R. A.: Conservation in et Tropics. Museum Association of Middle Africa. Technical
Bulletin 1 (1959).

21. Kereluk, K. & Gammon, R. A.- The Microbiocidal Activity of Ethylene Oxide. Development in
Industrial Microbiology 14 (1972): 28-41.

198

25.

26.

28.

29.

31.

32.

33.

34.

35.

36.

37.
38.

39.

40.

41,

42.

43.

RomuaLp KowaLik

Kereluk, K., Gammon, R. A., Lloyd, R. S.: Microbiological Aspects of Ethylene Oxide Sterilization. 1.

Experimental Apparatus and Methods. Applied Microbiology 19: 1 (1970): 146-151.

Kereluk, K., Gammon, R. A., Lloyd, R. S.: Microbiological Aspects of Ethylene Oxide Sterilization.

. Microbial Resistance to Ethylene Oxide. Applied Microbiology 19: 1 (1970): 152-156.

4. Kereluk, K., Gammon, R. A, Lloyd, R. S.: IMicrobiological Aspects of Ethylene Oxide Sterilization.

HI. Effects of Humidity and Water Activity of Ethylene Oxide. Applicd Microbiology [9: 1 (1970):
157-162. . o '
Kerner-Gang, W.: Mikrobiologische Untersuchungen an Eingesiegelten Archivalien. Material und
Organismen 9: 1 (1974): 13-20. o ’ P
Kowalik, R.: Some Problems of Microbialogical Deterioration of Paper. Annali delfa Scuola Speciale
per Archivisti e Bibliotecari dell’Universita di Roma. Nuova Tecenica Grafica. Roma 1-2
(1972): 61-80.

Kowalik, R.: Some Aspects of Microbiology of Paper and Parchment In Petersen, D. E. (edit.) Herzog

August Bibliothek Wolfenbiitteler Forschungen. Jacobi Verlag. Bremen und Wolfenbiittel
Band 1 (1977): 61-90. ' : . ' -
Kowalik, R. & Czerwinska, E.: Wybrane Zagadnicenia Mikrobiologii Technicznej. Podstawowe
Problemy Wspdlezesnej Techniki. Polska Akademia Nauk. \\“'arszem"a 197.11 17-67. ‘

Kowalik. R.. Sadurska, 1., Czerwinska, E.: Microbiological Deterioration of Old Books-Remedies.

N

Bolletino dell Istituto di Patologia del Libro “Alfonso Gallo™ 21 (1962): 116-151.

Kowalik, R.. Sadurska, 1., Czerwiniska, E.: Zniszczenia Papieru przez Mikroflore. Blok-Notes

Muzeum Mickiewicza 2 (1963): 259-312. , o \ '
Martin, }J. H. (edit.): Museum under Water-The Corning Flood. The Corning Muscum of
Glass. Corning, New York 1977. . '

Mac Donald, R. G. & Franklin, J. N. (eds.): Pulp and Paper Manufacture. McGraw Hill Book
Co. New York 1970: 104. N . .
Middlcton, B. C.: Book Preservation for the Librarian. In Williams, J. C. (Cfill:) Prcservatm‘n of
Paper and Textiles of Historic and Artistic Value. Advances in Chemistry Series 164. American

hemical Soci ‘ashi s 1977: 3-23.

Chemical Society. Washington D. C. 19 o ‘
M(::':) H. A. U.: Manual of Fumigation for Insect Control. FAQO of the United Nations. Rome
o ! ‘hemical Rests of Bacillus subtilis
Mullican, C. L. & Hoftman, R. K.: Diy Heat or Gaseous Chemical Resistance : ,”H.
var.niger AS'Ypore.y Included Within Water-soluble Crystals. Applicd Mlcrol)wlf)gy 16 (1968): 1110 .‘d‘ .)
M;mak'ua K.. Kuwahara, M.: Photochemical Degradation Products of Pentachlorophenol. Residue
Reviews 25 (1969): 13. ’ » . . i
Nordstrand (O. K.: Chinese Double-leaved Books and thetr Rstoration. le'r.x 17 “997,): 1041 151((). (
Omeliwﬁski‘ W. L. Izbrannyje Trudy vol I1. Izdatielstwo Akadems Nauk SSSR. Moskwa
1953: 318. o

Opfelt, J. B. & Miller, C. E.: Cold Sterilization Techniques. Advances of Applied Microbiology 7

1965): 81-102. . . i
i’l d) lg'th H. J. & Werner, A. E.: The Conservation of Antiquitics and Works of Art.
enderleith, H. J. ,

v -Oxford University Press 1974. ' ' N
1{22:01];'0:\(:ciem S\kins yParchments and Leathers. Seminar Press London and New York

1972. o A

Royce, A. & Bowler C.: Ethylene Oxide Sterilization-Some Experiments. Journal of Pharmacy and

Pharmacology 13 (1961): 87 T-94 T. Y ) o Destruc.

Russell. A l‘?_ The Destruction of Bacterial Spores In Hugo, W. B. (cdit.) Inhibition and Destruc
L of the Mo : 451612,

tion of the Microbial Cell. Academic Press. New York 1971: 451

199

Restaurator



Microbiodeterioration of Library Materials

44. Shumard, R. S.: Mildew Contr ibiliti
, RS » Control. Possibilities of para-Dichloroben ] d & ]
: \ nzene a. A g
by Mildew. Soap 29 (1953): 150151, 153, 171-173 e et P Do
45. Smofkina, ' i Y o
Mi;)m(ljr;d,l)lz N;‘.‘k/u‘l.hL.(‘,Llld Dokumientow ot Biopowriczdienija s Primicnienijem Gazowowo
mimmwicd(i::g;i?\l 1hpezynscl;;J1. Wsiesojuznyj Nauczn()-Issl(‘,d()wati(t]skij»InstitUI Doku-
g : rchiwnowo Diela. Gl je Archi ] ij i Sowieti ini
oSSR i+ Archive o Dicla. Glawnoje Archiwnoje Uprawlenije pri Sowictie Mini-

46. Stanojlowi : ’ i
d-::grsxtc;ol‘”:\;es:m d’Intervention en Cas de Desastré ou Creation d’un Centre National
ntion et de Sauveta Casd’ d ) i !
%8 (orar s ge en Cas d'Urgence. ICOM Committee for Conservation Zagreb
Sykes, G.: The Sporicidal Properties of Chemical Disi
(1970): 147-156.
48. Torkelson, T. R., Hoyle,

47.
nfectants. Journal of Applied Bacteriology 33

H. R., Rowe, V. K.: Toxicologi
‘ , s , V.Ku: giwcal Hazards and P ties y
0 f[/‘mcli,. Structural and certain other Fumigants. Pest Control 34: 7 (196116,)" Iéoplz,m o Commonty et
. Tos P < Dies n ars i . ) o
7@01;:3 ISN.}.)DI(JS'.WX_](‘, para-Dichiorobenzola na Matierialy Ubpotriebljajemyje w Akwarclnoj
4 s1. Soobszczenija Wsiesojuznoj Cientralnoj Naucs ati Lol .,
cerwacj  Restavwracii 30 (19757, 015, alnoj Nauczno Issledowatielskoj Laboratorii Kon-

50. Ushio, K. & Osozuka, R.: 4 ¢ 1 calt
v 3o 2o » Rt A Case of severe Intoxication due to Methyl Bromide. Sangyo Igaku 19: 5

51. Vashkov, V. L. ishc 1
Memyl(z;omide /f;i l:rlshlch;p, A. G.: Efficiency of Sterilization by Making Use of Ethylene Oxide and
/ xture In Brown, A. H. & Florki, M. ife Sci & .
Nortn Hotton, e tn Brow oo 44_5(; i, (eds.) Life Science and Space Rescarch.
Walke : } idi, ] ,
PZ;; er, IZIF A./]!orph:lme Deacidification of Whole Books Iny Williams J. C. (edit.) Preservation of
erand lextiles of Historic and Artistic Value. Adv: 5 i mistr 3
Chemical Society. Washington 1977: 72-87 e in Chemisty Ser
P 7. . " . .
53. W dllh;.auser, K. H. & Schmidt, H.: Sterilisation, Desinfektion. K
G. Thieme Verlag. Stuttgart 1967, ,

Waters P.: I wcedme;fm Salvage o Wa er-Damage brar T ress asn-
s 4 ! ) ] Y 1
o l . g f g d Li ary MatenaLf. Libra Yy 0fCong . Wash

52.

es 164. American

onservierung, Chemotherapie.
34.

.o NN \ .
55. Werner, A. E.: Private Communication.

56. Zappala, M.: § hemi
lio:;:)df ‘;,’a-mt‘ Somf’ Aspects oj"t/zz» C.hemzcal Research in the Istituto di Patologia del Libro Yn Conserva-
ings and the Graphic Arts. Lishon Conference 1972: 99")—1000

4.5.1 Decomposition of Parchment by Microorganisms

Some product i igi

materi}jﬂs Ths of animal origin are more firm and more durable than cellulosic

mate - These are parchment and leather, possessing as a basic component
gen, protein composed of aminoacids of hi

mately 310,000-350,000, 10 B molccular weight approxt

" The use of
of parchment reaches far back into

ancient eras, and accordin
. g to Herodotus .
tiquity for this purpose. , sheep and goats were used in an-

Pdl(llllle][l as riti e(l 1]()"1
. w .. .
i ng materlal was prOdLlC

ate and white lambskin. Better qualities of parchment

are attributed t
de o ‘ Edeer and antelope® and particularly valuable parchment was
-embryos. of lambs and calves.® In ancient times goats
, bl
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sheep and animal intestines have been used for the manufacture of parchment.
To remove the impurities the skins for parchment were held two or three days
in water, then limed, dehaired and very thoroughly defleshed. The skins were
sometimes also subjected to a putrefying process, rinsing in pure running water
and treating with mild organic acids, as whey, sour beer, wine and honey. In
order to correct the elasticity enzymic maceration was carried out by using
excrements of hen, dogs, pigeons or by mincemeat made of pigs intestines,
containing trypsin. Parchment, after drying off was polished with a pumice
block. The essential characteristics of parchment are: whiteness, elasticity,
strength and complete lack of fat.

Parchment is composed of collagen, some amounts of keratin and elastin,
and minimal amounts of albumin and globulin. The basic component of col-
lagen® * is not a pure protein and contains about 0.65% of polysaccharides,
composed of galactose and glucose. Sheepskin, most often used for parchment
contains an abundance of fats (31%) in form of waxes, triglicerides, phos-
pholipids and fatty acids occurring due to hydrolysis.®

During the process of parchment manufacture, lime soap difficult to remove
is precipitated. Moreover skin tissues contain numerous vitamins. All these
substances might well function as nutrients for the microorganisms that attack
parchment, although the basic component collagen is microbioresistant in
aerobic conditions and is hydrolyzed only by specific collagenases produced by
anaerobic bacteria of the genus Clostridium-Clostridium histolyticum, Clostridium
perfringens and Clostridium capitovale. 6,16 No data are available regarding synthe-
sis of collagenase by aerobic bacteria up to 197316 when Woods et al. isolated
collagenolytic bacteria Achromobacter iophagus. *® Denaturated collagen of course
may be decomposed by bacteria of the genus Pseudomonas, Bacteroides, Bacillus as
Bacillus licheniformis, and mentioned Achromobacter. ¥ '¢ Adamcic and Clark’
have shown that the components of the fractions alpha, beta and gamma
collagen, soluble in alkaline salt, have been attacked after 4-6 days of culture by
coloured species of Pseudomonas. These authors attribute previous negative
results to too short a period of culture (one day).

The degree of susceptibility of parchment to the attack of microorganisms
depends on the raw material, its method of productign and on the conditions of

its preservation. Violent changes of humid g cmperatire and
VZ, 3, 8, 10

athe structure of

exposure to the action of §) S
vity of these

collagen-partial depolymerization.
agents, its resistance against micrg

emphasize that disinsection and d§fi
ethylene oxide also causes the den
the decrease of microbial resistancd
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Fig. 1. Cladosporium
herbarum (x 500).

Studies of the microflora of

parchment have been carried out by some au-
thors.” 1% M §ivnowa 11

and Szoc!? hav
ganisms and have confirmed thag micro

ments. Parchment, according to these dat
genus Penicillium, Aspergillus, Alternaria a
effect on parchment occurred under the
Cladosporium, Fusarium, Ophiostoma and

Taking into consideration all these
that parchment ought to be protected
however is difficult owing to the physi
membrane and some ad hoc studies se

According to the scanty informatio
on parchment is inhibited by the
thymol, formaldehyde and trichlorm
the fungicides mentione
of parchment for the fol

e isolated many species of microor-
organisms cause spoilage of parch-
a, 1s attacked by certain species of the
nd Cladosporium. The most deleterious
influence of some strains of Streptomyces,
Scopulariopsis® 1% 12 (Figs. 1-5).
experiments, the conclusion was drawn
by the use of microbiocides. Selection,
cochemical properties of the parchment
cmed to be called for.

n available the growth of microorganisms
following biotoxicants: 4-chloro-3-cresol,
ethylene.® ® From'my point of view, out of

d, only 4-chloro-3-cresol may be used for the protection

lowing reasons: It is the most potent fungitoxicant and
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Fig. 3. Scopulariopsis
brevicaulis (x 3000).

Fig. 2. Scopulariopsis
brevicaulis {x 1500).
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Fig. 4. Growth of
Streptomyces sp. on
the back of
parchment.

Fig. 5. Growth of
Cladosporium
herbarum on the face
of parchment.
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it is also bacteriostatic and has a good relationship with collagenic materials.
Besides this it is less toxic to humans than any of the other compounds. From
among the others, thymol is too shortlived and formaldehyde has a deleterious
effect on parchment because it hardens it and tends to give rise to a blue
colouration;® 3 trichlormethylene seems to be only insect fumigant.

In our studies® '? parchment deteriorating microorganisms were isolated by
the following procedures:

Samples of parchment were washed with sterilized distilled water and were
placed in Petri dishes, hair and flesh side to the surface of hardened agar
medium (20 g of agar-agar and 1000 ml of distilled water) and to the gravel
soaked with distilled water of pH = 5.6 without any other additional food
nutrients. Cultures were carried out during 3 weeks at the temperature 24-26°C
and 85-90% R.H.

Appearing colonies of microorganisms were isolated by transferring them to
the test tubes with agar. The ability of the isolated organisms to decompose
parchment was tested too. To this purpose samples of the parchment, the
thickness of which varied between 0.2-0.4 mm, depending upon the place of
measurement, were inoculated with particular isolated previously parchment-
deteriorating microorganisms. Cultures were carried out for 3 weeks at the
temperature and R.H. as mentioned above. The samples were then picked out
from the agar and after washing to remove mycelium loss of tissue was visually
determined. When the amount of experimental material was sufficient in
quantity the mechanical resistance was evaluated by dynamometer. Samples of
parchment of size 20 X 100 mm were tested in the dynamometer to 100 kg/cm?
at a velocity of tear resistance 80 mm/sec.

From the tested parchment several species of Streptomyces and the following
fungi were isolated: Alternaria sp., Aspergillus niger, Aspergillus sp., Chaetomium
globosum, Cladosporium herbarum, Fusarium orthoceras, Fusarium sp., Gloeosporium sp.,
Ophiostoma sp., Sepedonium sp., Scopulariopsis brevicaulis and Sporendonema sp.

It was found that the strains of Streptomyces occurred the most often. On the
parchment prepared by my student, M.Szoc, several strains of Fusarium also
appeared. On the 19th century parchment Ophiostoma and some species of
bacteria were identified and on Italian parchment samples, which I have re-
ceived from dr. Fausta Gallo, Scopulariopsis and Sporendonema were isolated.

The growth of these microorganisms was more intensive on the flesh than on
the hair side of these parchments, which were found to be decomposed by the
majority of the microorganisms that were isolated.

Streptomyces sp., Cladosporium herbarum and Sporendonema caused loss of mem-
brane tissue and Fusarium orthoceras, Ophiostoma sp. and Scopulariopss brevicaulrs

gave rise to coloured spots and attenuation of the tissue.
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Tests of the mechanical propertics have shown that the decrease of tear
resistance of the Italian parchment subjected Streptomyces amounted to 57.0%,
Cladosporium to 51.0% and Fusarium to 63.0%. The 19th century parchment of
pH = 6.1 was completely destroyed by these microorganisms.

The influence of cthylene oxide and carbon dioxide was established on the
19th century parchment of pH = 5.8 after obtaining the vacuum of 10 mm Hg
in a vacuum chamber and under pressure of 1 atmosphere for 4 hours during
two successive days. It was found that neither the gaseous mixture of cthylene
oxide and carbon dioxide used in a vacuum chamber nor the vacuum itself
lowered the mechanical resistance of parchment. Tear resistance of treated and
check samples was nearly of the same order. The mixture of ethylene oxide and
carbon dioxide, however, negatively influenced the biological resistance. The
samples that had been treated with the gaseous mixture and inoculated there-
after with microorganisms developed mycelium carlier and more heavily than
inoculated controls that had not been gassed. '®

Parchment cxposed to ethylene oxide and contaminated with air microflora
was infected more heavily and by more numerous species of microorganisms
than parchment not disinfected and subjected to a vacuum effect. The
mechanism by which ethylenc oxide kills microorganisms has been linked to its
chemical activity due to alkylation of hydroxyl, carbonyl, sulphydryl and imino
groups in protein molecules with the loss of labile hydrogen atom and the
production of an alky! hydroxyethyl group. If ethylene oxide reacts with active
sites of protein molecules we may expect that similar reactions would occur
with these groups where they exist in materials (for instance dcpolymt‘riZCd
collagen of parchment) being sterilized as well as in the constituent molecules
of microorganisms. Thus we can, from my point of view, cxplain the damage

caused by ethylene oxide sterilization and even anticipate it in protein materi-
als, especially parchment and mayhe adhesives and others.

From the tests of several biocides: o-phenylphenol, dichlorophen, 4-
chloro-3-cresol and pentachlorophenol and the mixture of the two last fun-
gicides, it was found that only the mixture of 0.5% of 4-chloro-3-cresol and
0.5% of pentachlorophenol (1:1) completely protected parchment against mic-
roorganisms when used in the amount of 2 ml to 100 cm?2 Pentachlorophenol
has, however, several disqualifying characteristics (decomposition in the light).
It is advised therefore to use only 4-chloro-3-cresol which protects parchment
against microflora from the air. After inoculation with well fructifying fungi
isolated from parchment the treatment with 0.5% of 4-chloro-3-cresol is not
sufficient. ® 10

It is worth mentioning that Belaya® described a method of softening dry
deformed parchment by treating it with a 10% solution of urea in ethyl alcohol
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benzene emulsion of spermaceti; the latter increases the strength and elasticity
of the parchment. This treatment does not increase the hydroscopicity of the
parchment and has no deleterious cffects on the text or illumination in parch-
ment manuscripts. Werner'> advises as sizing for parchment Calaton CB(n-
methoxymethylnylon) 2% solution by using it with the help of a camel hair
brush. This non-shiny compound returns the original strength to brittle docu-
ments and manuscripts on parchment. Werner used this form of nylon for
consolidation of the frescoes from the tomb of Thebes. According to our ex-
periments n-methoxymethylnylon is completely microbioresistant.

At the end of this chapter it is worth mentioning that parchment may be
sealed in a glass container which, being inert chemically, has an advantage over
plastics. Polystyrene, polypropylene and polymethacrylate may lead to crazing
and fine crack formation. '’

4.9.2 Abstract
Decomposition of Parchment by Microorganisms

Parchment subjects microbiological deterioration depending upon raw material, methods of pro-
duction and on the conditions of its preservation. The most active microbial agents against parch-
ments are the following: Streptomyces, Cladosporium, Scopulariopsis, Fusarium, Sporendonema and
Ophiostoma.

Ethylene oxide with carbon dioxide in a vacuum chamber shows that parchment is prone 1o
more speedy decomposition by microorganisms. It is advised to use 4~chloro-3-cresol as a fungicide
that proteets parchment against contamination of microorganisms from the air,

4.5.2 Résumé

Décompasition du parchemin par action microbienne.
Les documents en parchemin font objet de détériorations microbiennes qui sont fonction de la
matiére premiére utilisée, des méthodes de production et des conditions de conservation. Les
espéces microbiennes les plus actives vis-a-vis du parchemin sont les suivantes: Streptomyces,
Cladosporium, Scopulariopsis, Fusarium, Sporendonema et Ophiostoma. -
L'oxyde d’éthylene et le gaz carbonique en chambre 3 vide prouvent que le parchemin u.tcn—
dance a se décomposer plus rapidement sous Paction des microarganismes. I’emploi de
4-chloro-3-crésol comme fongicide est recommand¢ du fait de la protection du parchemin contre la

contamination par les microorganismes de Fair.

4.5.2 Resiimee

Zersetzung von Pergament durch Mikroorganismen. A

Die mikrobiologische Zerstérung, der Pergament ausgesetzt ist, hingt vom Rohmzm*rml., den
Produktionsmethoden und den Konservierungsbedingungen ab. Folgende Mikmorgams'mcn
greifen Pergament am aktivsten an: Streptomyces, Cladasporium, Scopulariopsis, Fusarium,
Sporendonema und Ophiostoma.
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Athylenoxid und Kohlendioxid in eciner V.
schnelleren Zersetzung durch Mikroorg
Fungizid zu verwenden, um Perg
schiitzen.

akuumkammer zeigen, dass Pergament zu einer
anismen neigt. Es wird empfohlen, 4-Chlor-3-Kresol als
ament gegen den Angriff durch Mikroorganismen aus der Luft zu
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4.6.1 Decomposition of Leather by Microorganisms

Leather was also used as writing material and this was quite common in E.gyp?8
and later on in other Near Eastern Countries.!! Early use of anl.m‘al skfns is
evident from the works of Herodotus, Dioscorides, Pliny and' rabbinical hte.ra-
ture produced by Jewish scribes as well as from Babylonian and Assyrian
SOl/l\rsce:'rule however leather has been utilized for bookbindings. Biological
agents do not consume, generally, the basic component-collagen as tlTe70nly
source of carbon and nitrogen food, excluding insects and a few anaerobl-c and
one aerobic bacteria.'® ' We do not know how larvae and fa.dult insects
metabolize such a complicated polymer, but it might l')e possible that the
insects possess anaerobic collagenolytic bacteria in. the :'allmentary tract.d
The susceptibility of bookbinding leathers to microbial agents defpen s on
the type of leather, kinds of dyes and most of all on the'rr.lethod oftanmcr;tg.
Vegetable tanned leather has been shown to ab-sorb acu'ilc gases ' romB ty
atmospheres and this kind of leather is also susceptible to microorganisms. But,
on the other hand, only vegetable tannage may be used for library ObJCC.tS,
because of the physical properties (better elasticity). of leather. To-i'ay, sau?:
factory vegetable-tanned leathers based on strong skm.s, chosgl from lr:}:eq;j:st
ity goat or hair sheep, and tanned with sumac are avlaillable. owever, .
materials to use for bookbinding according to Reed " are c‘ombmatlon~tanne
leathers based on chrome and vegetable tannages as semi-chrome lea:iht;.r E:
chrome pretanned vegetable leather. They have high water, he‘;t ]a;lth(‘;g
stability and are certainly more bioresistant than vegetable ta.nne eh ; T. l
In addition to tanning agents, as acacia pods, oak bark, fI‘UItS., patho ogica
excrescence on leaves, the leather contains products. of tamfmsl l;yclroly:llcsi
(2-28%) as sugars, gallic acid and other hydroxyacids, hemicelluloses a
ounds.
pog:aiiae:(xiing materials and bookbindings in libra'ries and muse:::z;zs
subject to microbial deterioration on exposure to }‘1um1'd, warm, sl;;;) claden
atmospheres. In the first place the growth 1§ not' prlmarll.y upﬁn co Cegtion "
nin complex, because collagen is microbloresm.tant with t € Cl); ?ria o
anaerobic conditions. Recently, besides anaerobic collagenolytcllc .ac eer(;bic
Clostridium histolyticum and Clostridium capitovale, 'collagena}se pro ucmgS zlleather
bacteria Achromobacter iophagus was isolated. This bacteria also ;:)aused ather
decay.' S More readily attacked by proteolytic enzy.melsfare t.e zr;nimst e
collagen molecules, telopeptides, which bave n(.)n helica orhm ?:ter— rast to
triple helical form of collagen. Telopeptide regxons.where the 1 Jand
tramolecular bonds are found, show the loss of bonding and the caus
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molecule and protein is less stable under the influence of enzymes, and the

structure of leather is looser. S Primarily, however, the principal components of
leather which may be destroyed are the lubricant, the conditioning materials
and the finish. Bacterial growth is rather an exeeption, since bacteria need
approximately 100% R.H. and besides PH of the leather oscillates between 3
and 4, unsuitable for the growth of bacteria. Some collagenic materials contain
also bacterial flora probably due 1o the depolymerization of collagen. As a rule,
however, fungi and occasionally yeasts do grow abundantly on leather library
objects and this may present a problem.

Fungi vegetating on leather cause the loss of greases and tannins and there-
fore there may be an increase in stiffness and dec
grain is also weakened and leather te
sugars and to a certain degre
Microorganisms may

rease of tensile strength, The
nds to crack. After removing the greases,
¢ tannins, leather’s substance is fungi-resistant.
attack carboxylic group in fatty acids and the decar-
boxylation occurs. Fungi may also remove -COOH group from aminoacids,
which may be transformed on amines, for instance alanine CH,;CHNH,.
COOH may be transformed by fungi in ethyloamine CH,;CH,NH,. This pro-
¢ess may occur especially in other proteins (excluding collagen) which may be
present in leather objects.

Apart from proteins and lipids, microorganisms need to form cell material
from other products. They may utilize carbohydrates and even tannins. Also,
the microelements play an important role in the life of microflora, which may
be found in leather in the form of impuritics. Pot
essential function in carbohydrate
partin the formation of cells dyes.
having harmful effects upon the

assium, for instance, has an
metabolism and growth and take an active
Calcium is needed to neutralize oxalic acid,
growth of fungi. Calcium, together with zing,
influence the growth of most species of fungi. Sulfur, which in the form of sulfur
dioxide may be absorbed by collagenic fi
phere, is an indispensable element for the cell structure. Iron accelerates the
respiration of microflora. Barium, borium, berylium, iodine and silicium
stimulate the growth of microorgarisms too.

Microorganisms ve
Philogenetically this

bres particularly easily from atmos-

getating on leather belong first of all to fungi imperfecti.

group is one of the youngest on our continent and hence it
could establish itself on a new food source as on tanned leather. Leather will

support fungi growth at about 65% R.H., conditions too dry for many other
products. The most occurring on leather fungi belong therefore to two groups:
Penicillium and Aspergillus which tolerate comparatively low relative humidity. A
very interesting lealher-deteriorating fungus is Aureob

asidium pullulans. It is a
predominant blue stainer of wood, it decomposes pape

r pulp and manufactured
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paper, it'damages oil and water colour paintings, it caus.cs 'changes of wool
structure and nylon. It is also able to assimilate atmospheric n1tr9gen z.md may
live in conditions very unsuitable for other microorganisms. It is resistant to
high temperature, low humidity, intensive sunlight. C'onscqucntly Auresba-
sidium pullulans is a very harmful organism for library objects.

Yeasts and bacteria also oceur on tanned leather. [t may be added that some
microorganisms possess the ability to produce coloured spots on lea-ther book-
bindings. Fungi dyes contrary to bacterial dyes are as a rule nonnitrogenous
tompositions. They contain quinones, which are oxidized and condensed. As a
result of these processes the colour of the leather may be changed. To put it
shortly, the attack of microorganisms on leather objects d?;?ends upon 'thc
carbon and nitrogen sources (tannins, adhesives and impuntle.s)-, some.vna-
mins and inorganic salts in small amounts, suitable relative humldlty,.moxs‘turc
content, acidity and temperature. The presence of oxygen.(excludmg (,lf)s-
tridium) are also essential. The oldest methods of preservation ofl(‘athfrr l‘xb-
rary objects is to maintain the R.H. between 50 and 63%., fidc-quatc ventilation
and relatively low temperature near 15°C. These condm(.ms, not always at-
tainable, belong to passive conservation, where the object is not touched, and
the surroundings of the object are altered or controlled to produc-e the
maximum safety and durability of the object. The other.aspect, according to
Dr. Anthony E. Werner, depends upon active conservation and therefore, to
protect leather objects against microflora, biocides are needed.

Much work has been done on preservatives for leather, but fmly. a few have
been used for valuable leather objects. Out of the phenol derivatives the foi-
lowing may be mentioned: 4-chloro-3-cresol, 4-chloro-3-xylenol, o-pherny -
phenol, sodium trichlorophenate, sodium pentachlorophenate. Apart r(l))m
these, esters of p-nitrophenol such as bis (p-nitrophenol) ca'rbonate and’ is
(o~chloro-p-nitrophenol) carbonate were found'to s.how appfox1matcly;he sarfn:
activity as the phenols, but were colourless which is a very important factor fo
valuable leather bookbindings and writing materials. ‘ .

5.6-dichloro-2-benzoxazolinone was also found to have the desirable physical
Properties for the valuable objects from vegctab’lc 'tanncd .leathcr]. Octy]Ji:
1zothiazolo-3-one (Kathon LP), 2.2’-~dihydroxy-5.5 —c?wh-lor'odlpheny mo]r;(;\s/IuF
fide (Fentichlor) and dimethylthiono-tetrahydro thl(.)dlazm (Dazorlhe.t : -,
Cosan 8) may also be considered, as well as 2-(thlocyan(?n?et}.xyt io) ter}x{‘
zothiazol (TCMTB, Busan 30), having broad spectrum of activity in alg'r[e}itcrp25
range, low toxicity and water solubility. 100 ppm of Busan 30 protects lea

e itions. .
dal);;éz;lrr?xglrzzlrgozje:ate and phenylmercuric triethanol ammonium lactate
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Fig. 5. ici ivi j
9 Fungicidal activity of phenyl mercuric acetate on leather coated with ethylcellulosic tacquer.
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3: 0,005% of tungicide.

2: 0,0025% of fungicide.

1: Control.

Fig. 6. Fungicidal activity of phenyl mercuric acetate on leather with dressing.

1. Control,

- 2:0,0025% of tungicide. 3: 0.005% ot tunaicida
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ntrations. Antibacterial properties suitable for
(3.4-6-trichlorophenol) (Hexachloro-
).2, 3, 4,5,6,7,9, 10, 13 ('I‘ab‘ 2)

have been used in very low conce
library objects have 2.2’-methylene bis
phene) and 2.2'-thiobis (4.6-dichlorophenol

As we could observe, leather bookbindings chosen with the greatest care after

consultations with binders and manufacturers seem liable to disintegrate in the

course of many years. From leather bookbindings of the 18th and 19th centuries

Rhizopus nigricans, Ehrenberg, Mucor racemosus, Fresenius, Aspergillus niger, van
Tieghem (Fig. 1), Aspergillus sp., Fusarium sp., Trichoderma viride, (Persoon) Harz,
Penicillium claviforme, Bainier and other Penicillia (Fig. 2) and Streptomyces
coelicolor Waksman and Henrici were isolated, when applying the following
methods: samples of leather were moistured with distilled water and placed
both face and back to the surface of agar. 4 kinds of solid medium were used

agar with distilled water at pH = 5.0 and 7.5
agar with NH4NO; at pH = 5.0
agar Czapek-Dox with glucose

and  gravel with distilled water

Agar with distilled water and the gravel with distilled water were the most
suitable to isolate leather-loving fungi, because these media supplied only
moisture and food derived from leather. After the fungi were isolated attempts
were made to find out a biocide which could kill the bookbinding leather-loving

microorganisms affecting the leather.
4-chloro-3-cresol, p-nitrophenol, o-phenylphenol,

were tested 30 years ago. Experiments were carried out

, directly on leather, leather

their sodium salts and

phenylmercury acetate
using the method of poisoned agar medium (Fig. 3)
coated with ethylcellulose lacquer as well as on leather dressing consisting of a
mixture of lanolin, cedarwood oil, beeswax and hexane (Figs. 3-6). The activity
of salicylanilide when applied to the coating of ethylcellulose lacquer has also
been evaluated. In practice before using fungicide for protection purposes,
leather bookbindings were disinsected and disinfected with a mixture of
ethylene oxide and carbon dioxide (10:1). In case of leather cracking a dressing
just mentioned and used by the British Museum was applied.

It is worth mentioning that the disinfection of leather objects of former Nazi
camps in Oswig¢cim and Majdanek and in Ethnographical Museums have been
carried out by us using 1-3% of cthyl alcohol solution of 4-chloro-3-cresol at
m3 of leather objects. Exhibits of these muscums were
abundantly infected with pathogenic for leather and man fungi such as Asper-
gillus fumigatus, Fresenius, Phialophora, some species of Alternaria, Chaetomium,
Penicillium, Streptomyces and others not identified. In case of very strongly in-

the amount of 1 g on
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fected exhibits by leather-loving and pathogenic for man microflora coming
from nearly the whole of Europe we have used 2.5 g on m?of 5% cthyl alcohol
solution of 4-chloro-3-cresol. Proposed fungicide and bacteriostatic 4-chloro-
3-cresol is not harmful to the human body and is the component of the formu-
lation of disinfectant for personal hygiene purposes in medicine. Moreover 1t
hasn’t a deleterious effect on the environment. '

4.6.2 Abstract

Decomposition of Leather by Microorganisms

Leather writings and leather bookbindings are liable to disintegrate in the course of many years.
From leather samples different leather-loving fungi and Streptomyees were isolated by using par-
ticularly two media: Agar with distilled water and gravel with distilled water.

Some fungicides to protect leather against microorganisms, as also cthyleellulose lacquer and
leather dressing with fungicide were evaluated.

4.6.2 Résumé

Décomposition du cuir par action microbienne.

Les textes rédigés sur cuir et les livres reliés en cuir ont une tendance a la décompositiom apres de
nombreuses années. Diverses moisissures et des streptomyces ayant une affinité pour le cuir ont été
isolés a partir d'échantillons de cuir en utilisant en particulier deux substrats: Agar a 'eau distillée
et “milicu spécial” & I'cau distillée. Quelques fongicides destinés a la protection du cuir contre
I'action des microorganismes, tel que la laque & I'éthyleellulose et le produit d’entretien pour cuir d
base de fongicide ont été essayés.

4.6.2 Restimee

Zersetzung von Leder durch Mikroorganismen.

Lederschriften und Lederbucheinbinde neigen dazu, sich im Laufe vieler Jahre zu zersetzen. Aus
Ledermustern wurden verschiedene von Leder lebenden Pilze und Streptomyces isoliert. Zu
diesem Zweck wurden insbesondere zwei Medien verwendet: Agar mit destilliertem Wasser und
Kies mit destilliertem Wasser. Hier wurden ebenfalls cinige Fungizide, dic Leder gegen Mikroor-
ganismenbefall schitzen, sowie Athylzcllul()s('lack und Lederdressing mit Fungizid beurteilt.
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The Need for Detailed Watermark Research

by THOMAS L. GRAVELL

Although watermarks dating from 1500 to 1699 have been studied fairly exten-
sively, little has been done to determine how long the paper on which those
marks appear was available for use. Watermarks from this period which con-
tain a date are rare. For example, in the extensive manuscript holdings of the
Folger Shakespcare Library, fewer than ten dated watermarks have been
found. It is possible to establish approximately when a sheet of paper was used
if' the same watermark can be found on a document which is dated. However,
there are other means of establishing a frame-work for comparative dating of
documents. These involve using the name or initials contained in the water-
mark. Names can often be located in local histories and in tax records thus
establishing the date that the mill was in operation. Initials, on the other hand,
present a different problem, for how can we be sure who used them or who they
represented. This problem with initials might well be circumvented if, through
the detailed examination of several archives, we could establish a timetable of
the dates of use. Often the important task is to establish a time frame for a
manuscript rather than to identify the particular papermaker or mill which
produced the paper.

In recording the watermarks in the Folger manuscript collection I have
noticed that several sets of the same initials keep reappearing in different years.
The manuscripts that I have used are letters, business and official documents
whose dates establish a time of use. There are a total of 369 different sets of
initials from which I have selected 50 as examples here. The choices were made
with two points in mind: there had to be at least four (4) or more examples of
each watermarked item, and the examples had to fall within the period from
1500 to 1699. A numerical breakdown shows that 12 sets of initials occur on 4
items each, 23 on between 5 and 9 items, 10 on between 10 and 20 items, and
the last 5 on between 21 to 86 items. The 86 items with the watermark “HG”
were found on the “Newdigate News” letters for the years 1676 to 1686. The

table below summarizes my findings:

Restaurator 4 1980: 221-226 221
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The Need for Detailed Watermark Research

Watermark Number of Ttems

Time Span Devices
Filigrane Nombre d’articles Période Emblemes
Wasserzeichen Anzahl Zcltspanne Muster

—_— e Ve |

AA 15

1578-1604 Pot
(—7\(”— 10 15891600 Pot
Ah 9 1589-1598 Pot
AN 4 16661679 Arms of Genoa
\LB~ 1 1649 Pot
(¢@ 7 16181673 Hand, Pillars
DG 6 1587-1616 Crown
—I%— 10 1605~1653 Pot
E 4 1543-1548 Shicld
ERB 5 16931698 Arms of London
EM 4 1593 Cross
F 4 1578-1597 Eagles, Pot
FL 8 1589-1600 Sphere
FéE 6 1677
G AR 6 161216292 Pillars
GB 27 1574-1689 Flag, Arms of Genoa, Pot
GD 10 1370-1697 Pillars, Pot
GF 6 15941693 Unicorns, Arms of London
GG 14 16701697 Pillars, Pot, Grapes
[(’P - 15 1678 Pot
¢ 5 1677-1678 Pot
.M
& 4 16411650 Pot
RO
HD 5 1696-1698 Lions in shield
HG 86 1676-1686 Post horn, Fleur-de-lis
;\% 3 16031642 Pot
iB 23 1549-1702 Hand, Pot
G 4 1587-1631 Unicorns, Pot
| 4 1611-1676 Pot, Arms of Amsterdam
IM 8 15681694 Pot, Grapes, Crown
e 6 1679-1692 Post horn, Arms of
Amsterdam
(5‘(3 6 1584-1627 Pot
IR 4 1550-1579 Hand, Cross
IRO 9 1648-1678 Pot, Cardinal’s hat
222
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Watermark Number of ltems Time Span Dcvic\es

Filigrane Nombre d’articles Période Emblémes
Wasserzeichen Anzahl Zeitspanne Muster

MC 4 1556-1638 Grapes

MD 8 1551-1602 Hand, Unicorn, Pot
NB 14 1553-1674 Pot

ND 5 15891598 Sphere

b 7 15541559 Flower

PB 15 1553-1609 Hand, Pot

D 21 1558-1630 Pot

B

PO 29 1543-1650 Pot, Post horn

P 5 1597~1622 Pot

QQ |

PL 7 1675 Post horn

RA 5 1552-1585 Hand, Pot

RB 14 1525~1631 Untcorn, Hand, Pot
RG 7 1559~1650 Hand, Pot, Post horn
R 4 1519~1603 Pot
GG

RH 5 1551-1689 Crown, Hand, Pot
RO 10 15511668 Hand, Pot, Arms of Genoa
M .
w 4 1599-1614 Fleur-de-lis, Post horn

Although this listing is extremely limited, several things do emerge. For one
thing, with additional recordings a definite time frame for a.wallabxhly of a
particular watermarked sheet could be established. Secondly, it wT)u'ld be Pos-
stble to trace the routes that paper trade took working from a listing of'thc
places where the paper was used. While a listing of only four items has little
meaning, if ten, or fifteen, or twenty examples of the same .watermark.could he
found, a definite trend could be established and a comparative date arnved' at.
A \A;atermark found on the first Provost papers at Trinity College, Dublin, of

a

dated 1623 falls within the 1649 range for the same watermark
AB

found at the Folger Library in Washington, D.C. (Fig. 1).

So does the “IG” in a pot dated 1597. (Fig. 2).

A letter signed Katherin:)Paar, dated 1546, in the Johf} Boyd Thachehrv ;‘;\:to-
graph collection at the Library of Congress has the *‘PB’” watermark which on
the list falls within the 1533-1609 period. (Fig. 3): ' o

These sheets of paper, used by different persons in the same time perio dan :
now reposing in widely separated archives and manuscript collections, do,
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believe, demonstrate the value of a widespread, cooperative effort to record the
dates of use.

The fact that some of the sheets with the same watermarks have widely
spaced dates of use does not always mean that the paper remained unsold or
unused. While this may be true in some instances, it is also true that pupcrmills
were handed down from father 1o son and even to grandsons. Such continuing
ownership could be one explanation for why a certain set of initials will occur
over a long time span. Furthermore, sometimes after mills changed hands the
new owners continued to use the already established watermarks. Finally,
master papermakers and journcymen often owned their own paper moulds
which they used as they moved from mill to mill.

The same watermark can appear on different types of paper. In the carly
days papermaking materials and instruments were both costly and scarce. The
cost of the mould alone guaranteed that it would be used to the fullest. By
altering the amount and quality of the pulp in the vat papermakers could make
many types of paper — writing, printing and even wrapping — with the same
mould. The use of the same mould or pair of moulds would account for t.he
appearance of the same watermark in printing and writing paper of the six-
teenth and seventeenth centuries. The addition of sizing, or the pressing, bur-
nishing and drying of the finished sheet all took place after the paper was made
and would have little to no effect on a watermark already formed. Even news-
papers of the eighteenth century were occasionally printed on watermarked
paper. )

One advantage of manuscripts in watermark research is that the manuseript
1s very often on a full sheet of paper and so shows both the watermark ar‘ld
countermark. The countermark is the more important of the two for dating, for
many early papermakers or mill owners would use the same local mould maker.
These mould makers used the same devices such as crowns, fleur-de-lis and
post horns on their moulds. As a result, several different mills might have the
same device as a watermark, but each would have a different countermarlf,
consisting of a name or a set of initials. Only the largest mills could afford their
own mould maker and few reached this size until the nineteenth century.

With the wide spread availability of both the Beta plate and the Dylux
method for reproducing watermarks, it is now time to start compiling an ar-
chive of watermarks. While the works of Heawood, Churchill, Briquet and
others are of immense value in supplying watermark information they repro-
duce only tracings and are, therefore, subject to error. The negatives obtained
~ with a Beta plate and the Dylux prints are exact copies of the originals. Photo-
graphs made from them, if a millimeter scale is included, could be used to
establish duplicate files in 2 number of archives. A joint effort by those research
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In the last fe
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e years I have received a number of queries about particular
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e .();ne of the questions had easy answers. Others, much to my
. o N 1 L 4 y
» required answers like “how long is a piece of string.” The “how long”

questions cou
Id have been answered correctly but only after a great amount of

data had b
o ineren‘ ge.lthered. If researchers would pool their findings in one central
a series of places, the “string” would be very short indeed
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Restoration and Storage of Lead Artifacts

by GIUSEPPE GUIDA, MAURIZIO MARABELLI &
INGRID REINDELL

INTRODUCTION
imental work on restoration and conservation of
some lead objects, which, owing to the corrosion conservation processes and to
the unfavourable storage conditions, were in an advanced stage of deteriora-
tion. The main factor of this deterioration — the electrochemical corrosion -
attacked the objects and made them brittle. Therefore it was necessary first of
all to carry out a conservation treatment and a subsequen

ned for checking the best storage system.
Six objects were treated: five were Roman lead tesserae, belonging to the

Altieri collection and coming from Kircheriano, preserved at the Numismatic
Room of the Museo Nazionale Romano; the other was a papal seal of the 14th
century, attached to a papal edict on parchment from the State Archives of

This paper summarizes an exper

t rescarch was plan-

Perugia.
Both the tesserae and the seal were almost totally covered by a layer of

corrosion products, so that it was difficult, and in some cases quite impossible,

to distinguish the underlying reliefs.
The corrosion products, partly powdery and partly granular and varying in
were not only superficial but also penetrated the

colour (white-yellow-brown),
t it would have been possible

mass of the objects. These were very brittle, so tha
to inadvertently remove some particles, or even to break them. Therefore it was
necessary to carry out an immediate restoration of the objects, in order to make
the surface readable, to reinforce the corroded layers and to halt the corrosion
process. The treatment to be applied had obviously to guarantee a minimal loss
of material and to be performed under controlled conditions.

en carried out in recent years on the causes of lead

Some experiences have be
2,3,4 3nd on the restoration

corrosion,* %% on the method for preventing it

2,1 14
processes.’» * % &7 8,9, 10, 11, 12, 13, 13, 15

Many methods
most effective, in additon to mechanical cleaning,
acid," 1* with various sodium salts of E.D.T.A
acid),'? with diluted hydrochloric acid and ammonium acetate,'* with jon-ex-
change resins,!' and, lastly, ultrasonics.®” ® '° None of the above mentioned

are available for removing corrosion products: among the
chemical cleaning with acetic

(ethylenediamminotetrecctic

Restaurator 4 1980: 227-237 227
0034-5806/80/030227-11 § 02.50/0 © 1980 Munksgaard, Copenhagen.



Restoration and Storage of Lead Artifacts

methods consolidates the structure. For consolidation it is better to carry out an

Jec L s 67 ) Ons
clectrolytic reduction, possibly utilizing the apparatus suggested by
Organ,'® :

Electrolytic reduction

Electrolytic method is widely used: oxidized lead is entirely reduced to metal
lead, due to reduction at the cathode, Pb** + 2¢ — Pb®. This technique can be
pe-rforfned in standard and controlled conditions, with a minimal loss of mat-
('rla.l; it is also economically advantagcous, for it makes usc of very simple
equipment, a disadvantage being, however, the long time normally required for
the electrolytic process. The electrolytic treatment may be carried out in acid or
alkaline solution at a low current density. The solution adopted in the present
work was acid (10% sulphuric acid), the current density 100200 mA/dm?, and
the voltage 2-3 volts. If a higher current density (300 mA/dm?) is used the
evolution of hydrogen gas bubbles may determine a reduced porous structure,
and may also remove some particles of corrosion products.

The object is the cathode, while the anode is composed of two thin (0.4 mm)
lead plates, in front of each side of the object at a distance of 8 mm.

The scheme of the electrolytic cell is shown in Figure 1.

Before electrolytic reduction, it was possible by X-ray diffraction to detect

CATHODE ANQODE

Figure 1. Scheme of the electrolytic cell.

Figure 1. Schéma de montage de la cellule électrolytique.

Abb. 1. Schematische Darstellung der Elektrolytzelle.
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CO;),(OH), J on all the objects. The

formation of corrosion products, because of the detcrior.atlon. processcls, is also
often dependent on storage conditions. Volatile organic acids (mostly ace ic
acid from some types of wood) and humidity are the main factors of corrosion.

hydrocerussite [basic lead carbonate, Pbs(

Restoration of the tesserae and the seal

the seal were washed with hot acetone and
grease or waxy products. After drying
(weighing before and

Both the tesserae and
trichloroethane in order to eliminate any
in a thermostatic stove at 40°C each object was weighed :
after reduction is necessary to check any possible loss of material) and was thfcn
connected with the negative pole of 2 direct current generator by means ol a
lati ire. .
’ i:tn:lhn; ‘("Vrllgc of the electrolytic process, the objects were repeatedly briefly
washed with boiled distilled water to remove H,S0, and soluble ‘salts; the
treatment was repeated until a neutral pH was attained. Then the objects were

dried by dipping in acetone and trichloroethane successively, and finally were

gently brushed to remove any very thin lead sulphate layer formed on the

surface. _
Table 1 shows the weight losses per unit area a
brushing and the experimental parameters. .
Figures 2 and 3 show photographs of the seal before and after restoration.

fter reduction and after

i . ‘rac ¢ - seal.
Table 1. Data on reduction process and weight losses of the tesscrae and of the s¢

i ids des tesseres ¢ sceau.
Table 1. Résultats du traitement de réduction et des pertes de poids des tesseres ¢t du

Tabelle 1. Daten des Reduktionsprozesscs und der Gewichtsverluste der Tafeln und des Siegels

Type of [Total weighfTotal weight | Total Weight loss Weight loss \% IA R((tl.ucmm
i i / ime
object [loss after re- loss after re- |surface|per unit areaper unit arealvolts| m o
duction |duction and cm? after after reduc- ay.
m brushing reduction | tion and
* mg mg/cm? brushing
mg/cm?
Teserac 2-3 7 8
Tesscrae 12.5 131.0 7 1.8 :i; - ! :
Tesserae 2 11.0 107.2 7 1.6 24.3 - ! o
Tesserae 3 36.9 170.2 7 5.3 29.0 - ! !
Tesserae 4 83.1 202.8 7 11.9 9. i ! !
7 _ _
Tesserae 5 - - T .
Seal 103.8 1052.4 24 424 43.8
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Figure 2a. Seal (recto) before restoration.
Figure 2a. Recto du sceau avant restauration.

Abb. 2a. Siegel (*“recto’) vor der Restaurierung.

Figure 2b. Seal (recto) after restoration.
Figure 2b. Recto du sceau aprés restauration.

"Abb. 2b. Siegel (‘“‘recto’’) nach der Restaurierung.

Figure 3a. Seal (verso) before restoration.
Figure 3a. Verso du sceau avant restauration.

Abb. 3a. Siegel (**verso”) vor der Restaurierung.

Figure 3b. Seal (verso) after restoration.
Figure 3b. Verso du sceau aprés reatauration.

Abb. 3a. Siegel ("'verso”) nach der Restaurierung.
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Provisions for storage

A further problem was to define a suitable method for storing the tesserae and
the seal so as to minimize the risk of a new corrosion. This mcans that the
objects ought to be stored at low relative humidity in suitable containers, which
must be impermeable to moisture and acid vapours. These containers must
obviously be easy to handle, transparent and suitable for storage in a narrow
space. It was thus decided to check the water vapour permeability of some
plastic films which, heat-sealed, might contain the objects and insulate them
from the external environment.

Three different materials were chosen: a polyethylene film, 50 wm thick,
manufactured by “Eurcellofan,” a bioriented Moplefan film, 37 pm thick (a
polypropylene film coated on both sides with a thermoplastic lacquer), and
finally, a non-oriented Moplefan polypropylene film, 78 um thick, both man-
ufactured by Montedison.

The following procedure was adopted for checking the three films: three
groups of four glass containers (h 6 cm and @ 3.5 cm) were filled with Merck
silica gel, stove dried at 110°C, and each group was respectively closed with one
of the three films. After sealing them with rubber rings, the containers were
weighed and put into a glass box containing a saturated solution of Na,S04
10H,0, which ensured 80% R.H. at 30°C. The box was placed in a climatic
chamber regulated at 80% R.H., 30°C. The cover of the glass box had a hole
that allowed an air exchange with the inside of the chamber.

The moisture absorption was checked for twenty days, weighing the contain-
ers daily for the first ten days, and then on the fifteenth and twenticth day.
From the weight increase it was possible to calculate, by means of the following

Table 2. W.V. Permeability values of the three films at different times,
Table 2. Vapeur d’cau. Valeurs de la perméabilité de trois films en fonctions du temps.

Tabeile 2. Wasserdampf-Durchdringbarkeitswerte der drei Folien zu verschiedenen Zeiten.

Type Days

of film

2 3 4 5 6 7 8 9 10 15 20

Polyethylene  21.4  51.0 809 108.4 1640 190.5 222.4 252.0 279.9 3945 505.5

Bioriented 209 490 729 99.4 1550 1750 216.5 251.8 3242 381.8 4863
Moplefan

Non-oriented 564 159.8 220.3 274.6 3950 462.5 531.8 592.5 639.4 870.9 1062.0
Moplefan
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Figure 4. W.V. Permeability for polyethylene.
Figure 4. Vapeur d'eau. Perméabilité du polyéthyléne.

Abb. 4. Wasserdampfdurchdringbarkeit fir Polyathylen.
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Figure 5. W.V. Permeability for bioriented Moplefan.

Figure 5. Vapeur d'eau. Perméabilité du Moplefan biorienté.

Abb. 5, Wasserdampfdurchdringbarkeit fur biorientiertes Moplefan.
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F‘tgure 6. W.V. Permeability for non-oriented Moplefan.
Figure 6. Vapeur d'eau. Perméabilité du Moplefan anisotrope

Abb. 6. Wasserdampfdurchdringbarkeit far nicht-

orientiertes Moplefan.
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formula, the water-vapour permeability (A) of each film at different times,

referred to a standard thickness of 25 pm, an area of 1 m? and a surrounding
atmosphere of 80% R.H. and 30°C:

A= Ag's‘lOA
a‘25

where:

Ap: weight difference in grams;

a: film area in cm?;

s: film thickness in pm;
25: factor referring back to the “standard” 25 pm thickness;
10% factor referring to the “standard” 1 m? area.

The permeability values, thus calculated, and reported in Table 2, were plotted
as a function of time (Figures 4, 5, 6).

From the diagrams, one can obtain the permeability coefficient of the three
films which corresponds to the slope of the straight-line part of the diagrams.
The coefficient values are: 27.7 for polyethylene, 25.0 for bioriented Moplefan
and 67.0 for non-oriented Moplefan. On the basis of these values and on
account of the handling and resistance properties of the three films,
polyethylene is the most suitable material, for it has a sufficiently low permea-
bility coefficient, it is reasonably flexible and can be easily heat sealed.

SUMMARIES
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main methods for restoration of lead objects. The
d and this method was adopted for
st on some thermoplastic films for

Reference is briefly made in this work to the
application of the electrolytic technique is particularly stresse
restoring some lead tesserae and a lead seal. The result of a t

storage is also reported.

Restauration et stockage d’objects en plomb
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Le résultat de Pinfluence
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adoptée pour la restauration de diverses tesse
/le stockage est aussi mentionné.
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Restaurierung und Lagerung von Gegenstinden aus Blei

Die vorliegende Veroffentlichung beschiftigt sich kurz mit den wichtigsten Methoden, die bei d(.‘f
Restaurierung von Gegenstinden aus Blei Anwendung finden. Besonders hervorgehoben wird die
Anwendung des Elektrolytverfahrens. Diese Methode wurde bei der Restatuicrung von einigen

Bleitafeln und einem Bleisiegel henutzt. Daneben wird auch das Ergebnis aus einem Test mit -

thermoplastischen Folien, die zur Lagerung verwendet werden, wiedergegeben.
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The Committee on Production Guidelines
for
Book Longevity

Interim Report on Book Paper,
April 1981

In the past few years there has been increasing awareness that millions of books
and other documents all over the world are disintegrating. We are in danger of
losing more than a century of the human record - since the early 19th century
when paper manufacturers began the widespread use of processes that left
acidic residues in paper. Such residues in the presence of light, heat, moisture,
and air hasten the process of deterioration of the cellulose fiber, thus weakening
the paper. For example, over six million volumes in the Library of Congress are
now so brittle that their survival is threatened. Much effort has been expended,
with very modest success, to devise economical ways of preserving these books.
Much more needs to be done.

Our concern here is not with preserving the books of the past, but rather
those of the future. Books containing the acidic seeds of their own destruction
continue to be produced by the millions, storing up problems for the future,
failing to provide a permanent record of our own times.

Our Committee on Production Guidelines for Book Longevity was formed by
the Council on Library Resources, with help from the A. W. Mellon Founda-
tion, to seek ways to encourage the production of publications that will last,
especially books. We recognize that this is a herculean task. It would be useless
for us to ignore economic forces; recommendations for improvement must stand
the harsh test of the marketplace. Nevertheless, as we shall explain, we are
optimistic, Some technological factors are working for us. Much can be ac-
complished through more awareness, through good will, and through coopera-
tion, without adding substantially or even at all to the cost of many books.

Who’s to blame? The public has awarded the largest share of blame for our
present situation to the paper manufacturers, but are they at fault? Have they
not, with enormous investment, met the demand of publishers for low-cost book
paper, and has not this availability led to the huge expansion of reading? Until
thirty years ago paper mills were not able to produce acid-free book paper at
competitive prices, but now they can. Others say that poor paper standards are
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the fault of the publishers, but
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more difficult to make distinctions. Even the most ephemeral popular books
are part of the record of our civilization and

(like magazines and newspapers)
11, distinctions can be made. Many

will be of interest to future generations. Sti
books — especially scientific and scholarly books and serious works of fiction

and nonfiction — are culturally valuable and must be preserved in some form.

At a recent meeting of librarians, publishers, and paper manufacturers it was
suggested that the following categories of books ought especially to be printed
on acid-free paper: primary printed sources, important works of fiction and nonfiction,
collected editions, bibliographies, guides to collections, yearbooks, gazetteers, scholarly
periodicals and monographs, dictionaries, encyclopedias, and other reference books.

With some trepidation it was suggested that the following categories need not
be on acid-free paper: Workbooks, textbooks, anthologies, vanity publications, athletic
and political hagiography, popularizations in all fields, novelizations of films, formula
novels, and most paperbacks.

These lists cannot be definitive, but they can indicate directions. Ultimately
publishers will have to make judgments. The aims of our committee would be largely
realized if publishers would be more aware of the need for “permanence” and would make
thoughtful decisions about the paper used to print their books. Publishers are proud of
their books; they have the knowledge to make such judgments. They should
remember, too, that not only libraries want “permanent’” books. Book lovers of
all kinds have a right to expect, when they buy an expensive art book or
children’s book or novel, that it will not disintegrate.

Cost. Acid-free paper need not be more expensive than acidic paper of the quality
normally used in hardbound books.

Availability. The paper industry is huge; only a little over 1% of its total
production is book publishing paper. Hence the book industry can have very
little influence on the paper industry as a whole. Moreover, only a portion of
book paper is used for hardbound books; we have already acknowledged that
most paperbacks are by definition ephemeral. So, in seeking paper that will last
we are concerned with a relatively small amount of production which can be
supplied perhaps by fewer than ten companies. Publishers should use present
acid-free production wisely, and we need to encourage the development of more
acid-free mills. In recent years the demand for paper has risen, and book paper
has sometimes been in short supply. In such conditions publishers will use
what they can get. The supply in the next five years promises to be better.

Recommendations. Table 1 supplies information on the products of manufac-
r. We offer guidelines that we think are desira-
blishers who follow the

t below the copyright

turers producing acid-free pape
ble and economically reasonable, and we encourage pu
guidelines to make an appropriate statement to appear jus

line. We suggest, for example:
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T.h-e paper in this book meets the guidelines for permanence and dura-
bility of the Committee on Production Guidelines for Book Longevity of
the Council on Library Resources.

l.denti'ﬁcation of acid-free books is important because book-buyers, especially
llbra.rlans, need to know which books may require special care in the future or
§pfzc1al storage conditions now. Libraries spend millions on preservation; often
it is necessary to microfilm books to preserve their contents. To the extent that
acid-free books are identified, these procedures will be less costly. Funds saved
could be used to enlarge collections.

. We encourage libraries to make their needs heard, especially to those pub-
lishers producing books that are purchased mainly by libraries, and also to
general publishers. The library market is significant to every hardback book
publisher. The American Library Association should encourage publishers to
produce long-lasting books.

The U.S. Government is the largest publisher in the United States, and
nearly all of its productions are on highly acidic paper. We encourage libraries
to make their voices heard to the Joint Commiitee on Printing and to other
government agencies issuing documentary publications of long-range impor-
tance. The American Library Association, the Association of Research Lib-
raries, and other such groups should offer their services in helping to determine
which categories of publications should be issued in permanent form.

Durability. Until now we have spoken only of chemical disintegration. Books
also fall apart for other reasons. Book papers need not only “permanence’ but
“durability,” the ability to withstand folding and tearing. Without going into
detai.l here, we shall recommend guidelines for minimum folding and tearing
qualities. In a later report we shall discuss binding materials, which are
obviously important too. But here we have focussed attention only on the inside
of a book, essentially its paper, because if that disintegrates a long-lasting
binding is superfluous.

Production realities. Publishers do not usually buy paper for an individual title.
They buy paper by the carload or in minimum quantities of perhaps 10,000
ppunds, in standard sizes, for use in a variety of books as needed. The ;;roduc-
tion of groups of books, all in the same trim size and with identical paper, will be
a.rranged for economy in printing and binding. Under these conditions a pub-
lisher cannot usually choose a particular sheet for-a particular book. He carries
a stock of several different sheets in a few different sizes and makes his choice
for each book from among these. We urge publishers and especially their production
managers, to stock at least some acid-free sheels for use on appropriate groups of books.

Milis. The largest mills routinely producing acid-free paper at competitive
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prices are Warren, Glatfelter, and (for lightweight paper) Olin. There are also
a number of smaller mills (no mill is small) producing good acid-free sheets,
often specialty sheets for art books and the like. Table 1 in the Appendix lists
acid-free mills and some of the sheets they produce. Publishers are urged to
refer to this table when purchasing paper.

APPENDIX

Guidelines. Although there are unresolved technical arguments about the vali-
dity of artificial aging tests, everyone agrees that acid causes paper to disinteg-
rate. A pH of 7 is necutral®; a higher pH is alkaline while a lower pH is acidic. A
pH slightly higher than 7 is desirable because the pH of paper tends to become
lower and more acidic over time due to chemical processes. Papers containing
groundwood should be avoided entirely since groundwood deteriorates rapidly.
Other characteristics of paper (opacity, printability, flexibility, etc.) may be
affected by acid content, but we are confident that for any publication requiring
permanence a suitable sheet can be found, without excessive cost, within the

following guidelines®:

Minimum pH of 7.5 (cold extraction, Tappi T-435)

Minimum cross-direction folding endurance of 30 double folds at 1 kg
tension (25 replicates, Tappi T-511)

Minimum average machine direction tear resistance: {Elmendorf, 10 re-
plicates, 8-ply tears, Tappi T-414) of 70 grams

Minimum alkaline reserve (calcium or magnesium carbonate or both) of
2% based on oven dry weight

This standard applies specifically to uncoated 60 Ib. paper (basis 25 X 38/60) or 90 gm./m?.

The paper should be made of cotton or fully bleached wood pulp (or a mixture) and should
include no unbleached wood pulp or groundwood.

No acid or chloride printing inks should be used.

Most books are printed on uncoated paper. Regardless of the weight, the pH factor should be
maintained. For a given quality of papermaking materials, lower weight will mean less resistance
to tearing and less endurance in folding. Depending on expected use, reduced folding and tearing
characteristics may be tolerable.

The question of coated paper is not treated separately in this report. Modern coatings in general
have a helpful effect on permanence, but pH standards should nevertheless be maintained. Fold
and tear-test guidelines as given above apply to uncoated paper only.
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(Rcﬁscd 1/4/82)
Table 1.

Publishing Paper Tahle - Acid-Free Grades!

I. Grades for General Publishing

Table 1. Table des papiers d’edition — qualites exemptes d’acidite
1. Qualités pour publication d’ordre général

Tabelle 1. Papiertabelle der Verlige — Siurcfreie Qualititen

L. Qualititen fir aligemeine Verdffentlichungen

Paper manufacturer

Type of Paper  Shades Available
and Jocation

Surfaces
S. D. Warren Div,, uncoated white antique
Scott Paper Co. cream eggshell

Westbrook, Me.
Muskegon, Mich.

machine finish

coated white gloss
cream* dull
coated white matte

P. H. Glatfelter Co. uncoated white antique
Spring Grove, Pa. cream eggshell
Neenah, Wis. machine finish

coated white gloss
matte

Finch Pruyn & Co. uncoated white special order only
Glens Falls, N.Y. cream

Allied Paper Mills Div., uncoated white special order only
SCM Corp. lightweight cream
Kalamazoo, Mich.

Olin Corporation uncoated white machine finish
Fine Paper and Film Div. lightweight natural supercalendered
Pisgah Forest, N.C.

Miami Paper Co. uncoated white antique
West Carrolton, Ohio cream eggshell

film coated white matte

Consolidated Papers, Inc. coated white gloss
Wisconsin Rapids, Wis. dull

matte

* Available certain items only.
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2. Grades for Special Purpose Publishing
(regularly made or inventoried ) **

2. Qualité de papiers pour éditions spéciales
{production normale ou répertoriée)

2. Papicrqualititen fiir spezielle Publikationen
(werden regelmissig hergestellt oder auf Lager gefiihrt)

Curtis Paper Company uncoated white antique
Newark, Delaware natural
Howard Paper Company uncoated white antigue
Dayton, Ohio natura}
Mohawk Paper Mills uncoated white eggshell
Cohoes, N.Y. soft white
ivory
Monadnock Paper Mills uncoated white antique
Bennington, New Hampshire natural eggshell
smooth

** Generally heavier weights, and made on smaller, slower papermaking equipment; suitable for
specialized uses, but not generally economically feasible for commercial publishing.

1. The above is for informational purposes only, and is not to be considered an endorsement or
recommendation.

Grades of paper or their makers listed in this table are those ordinarily for trade, text, reference or

scholarly book publishing. No attempt has been made to include papers permanent in nature

ordinarily used for other purposes (e.g. record keeping} but unsuitable for book publishing use.

Only those paper manufacturers have been listed who make neutral or alkaline grades as part of a
regular product line. Such papers are often available on special order, especially in the case of those
suitable for special purpase publishing.

The paper industry continues to evolve in its use of raw materials and processes, and additions to
this table, especially in the face of increased demand, are possible.

Foornores

1. pH is a symbol denoting the negative logarithm of the hydrogen ion concentration, in grams per
liter, of a solution; it expresses relative alkalinity and acidity. The concentration of the free
hydrogen ions is expressed as an exponent, so that pH 4 is ten times more acidic than pH 5 and
one hundred times more acidic than pH 6.

2. These guidelines are adapted and simplified from the standards set by the National Historical

Publications and Records Commission, the Library of Congress, and from the ASTM/ANSI
Standard Specification for Bond and Ledger Papers for Permanent Records.
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DEeFINITIONS

antique ~ the roughest surface of uncoated paper normally used in publishing,
consequently the bulkiest paper per inch.

coated ~ paper to whose surface a coating of clay, calcium carbonate or other

pigment or mixture of pigments has been added to provide a smoother
base for printing.

Dull - coated paper whose surface has been left unpolished or has been
otherwise treated to provide a non-reflective appearance for better
readability or contrast with gloss inks.

Gloss — coated paper that has been supercalendered (polished) for
smoothness. Shiny in appearance.

Matte - a type of coated paper carrying less surface coat weight than dull.

Has a non-reflective surface, neither as smooth nor as refined as
dull coated.

Color ~ hue or shade, as distinguished from brightness. White, for this purpose,
means that the underlying shade of the paper is toward the cold, or blue,
end of the spectrum. Paper made with a yellow cast and whose underly-
ing shade is toward the warm, or red, end of the spectrum is variously
called natural or (darker) cream, or in some cases, ivory.

eggshell - not as rough as antique and less bulky, but still possessing a noticeable
degree of texture.

Groundwood - pulp produced by mechanically defibering wood without chemical

cooking. The resulting high-yield pulp contains many impurities, notably
lignin, which deteriorates markedly on exposure to light and air.

lightweight — a loose term describing paper lighter than 45 Ib. (25 X 38 basis) or
67 grams per square meter. Heavily opacified; used for reference books,
dictionaries, Bible, etc. Sometimes called “Bible paper” or *“thin paper’”.

machine finish — a ‘‘natural” finish as paper comes off the paper machine with

only a modest attempt at compacting the web at the machine calender.
Smooth to the touch.

supercalendered — paper that has been run through a series of polishing rolls
(supercalender) off the paper machine. Very smooth and slick to the

touch. Gloss coated paper generally has been supercalendered, and plain
paper may be treated in this way.

uncoated — paper whose surface is not covered by clay or other material; also
called “plain’ paper.
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