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Proteinase Inhibitors from Vegetables and their
Application in Enzymatic Conservation Treatments

by DIANA NIKOLOVA

INTRODUGTION

Work with enzyvines in conscervation has hecome quite popular since Wendel-
bo & Fosse! first published their results of using cnzymes for opening docu-
ments, sealed by sudden water damage and to remove papyrus from gesso-
cartonage.” Later enzymes have been used successfully in painting, photogra-
phy and (extile conservation.’ Nowadays there are numerous uses of enzymes
i paper conservation processes in which their action has facilitated safe treat-
ments that could not have been exeeuted without them.!

When enzymes are used in conservation, after the desired result is reached,
an cnzyme inactivation procedure is required in most cases.” The methods
traditionally applicd for enzyme inactivation so far include organic solvents,”
prolonged washing with tap water and a denaturing cffect of higher tempera-
ture and pH on the enzymatic activity.” " According to Makes & Piihringer, '
enzymes can be inactivated by means of naphthoquinones, especially juglone,
vitamin K and most cffectively by vitamin Ky (menadione).

Besides, the enzymatic preparations, even the highly purified ones, except
for the main enzyme also contain extrancous enzymes. In most cases their
presence is undesirable since they can cause damage. This imposes the necessity
of substances in the enzymatic preparations that suppress the action of the
obstructive enzymes only. The application of such substances could provide an
opportunity to obtain absolutely pure solutions as regards the main enzymatic

activity, It could also mean a new possibility for eliminating risky situations
when enzymatie treatments are used in conservation.

A general solution to these problems is the application of protein inhibitors
of enzymes. The strongest argument in favour of their usage is their character-

ity
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Inhibitors v Enzymatic Conservation Treatments

istics:"" exceptional specificity of the activity of protein inhibitors. The enzymes
arc inactivated very quickly  right after the mhibitor s added into the
enzymatic solution. Protein inhibitors arve casily dissolved in water, thus forming
colourless solutions. These substances have a high degree of stability regarding
denaturing agents. Every single protein inhibitor reacts only to the correspond-
ing enzyme and s not chemically active to the material content of the objects
of conservaton, They are not dangerous to the health of the restorer.

It has long Heen known that animals and plants produce protein inhibitors.
In Japan microorganisims have been studied for enzyvie inhibitors since 1965
and world-wide beginning more recently.™ The interest in protein inhibitors
is connected with their hiological action and the possibilities for their appli-
cation in different fields. Their isolation, purification, examination and appli-
cation arce one of the modern tendencies in contemporary biochemistry. Never-
theless, nowadays companies for biochemicals ofter just a few protein inhibitors
of enzymes for vescarch purposes. Thus, the application of protein inhibitors
in cnzymatic processes in conservation begins with the search for suitable
sources and schemes for their isolation, The percentage of protein inhibitors is
greater i vegetable sources than in animal or microbial ones. Besides, the
vegetable sources are casily accessible and inexpensive. That is why they are
most suilable as w source of protein inhibitors of enzymes for conservation
treatnents.

The purposes of the study as a whole were:

¢ to find protein inhibitors of proteases from a vegetable source typical of
Bulgarian flora;

e to find a vegetable source that is rich in protein inhibitors;
to find an inhibitor {or inhibitors) of Bulgarian preparations of proteolviic
enzymes or trypsin that is generally available;

e to claborate a scheme for isolation and purification that is casy 1o apply in
conservation laboratories; and

o to demonstrate the use of the protein inhibitors in enzymatic conservation
treatments.

MAaTERIAL AND METHODS

Sceds of Kohlrabi (Brassica napus var. rapifera) were purchased from the com-
pany Sortovy Semena (Sofia, Bulgaria). Pancreatic trypsin Novo (6 Auson
units/g) was a product of Novo Nordisk (Bagsvard, Denmark . Trypsin pun-
fied from bovine pancrcase was a product of Fluka AG (Buchs, Switzerland i,
cat. no. 93612, Pure a-chymotrypsin from bovine pancrease was supplied by
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Sigma Chemical Company (St Louis, MO, USA), cat. no. 7762. Preparations
ot 2-amyvlase from Bacillus sublilis, a-amylase from Aspergillus oryzae and alkaline
proteinase B-72 were products of Chimcompany (Botevgrad, Bulgaria). Sepha-
dex G-25 was obtained from Pharmacia (Uppsala, Sweden).

Two sorts of papers were used to study the salt content of the solutions for
washing away the coloured components in the extract out of the treated objects

A from 1990 and B from 1960. The brightness of the paper samples was
measured on a Specol equipped with reflection meter (Carl Zeiss, Jena, Ger-
nany s, A scanning clectron microscope Philips, model 515 (the Netherlands)
was used.

Two photographs with purely gelatine emulsion were taken for the investiga-
tion. They were dated from 1930 and 1960. Both photographs were private
and without historical value. The protein content of the extract after the
purification procedures was determined on the basis of amino acid composition.
It was calculated by using a BIOTRONIK automatic analyser model 6001
(Germanyt after 24 hoof hydrolysis in 6 M HCl in evacuated sealed tubes at
Lo C

Method of tsolation and purification of the proten intibitors from kohlrabi seeds

One hundred grams of kohlrabi sceds was ground and extracted for 90 min
at room temperature with 500 ml of distilled water, The extract was filtered
through gauze or similar cotton textile. 'The sediment was re-extracted with
250 ml of distlled water under the same conditions. The two filtrates were
combined and the pH was adjusted to 5.00. After one night at +4°C, the
fats and precipitated proteins were removed by centrifugation at 4500 rpm
for 15 min. The pH of the supernatant was adjusted to 7.4 and the precipi-
tated pH-labile proteins were discarded by centrifugation. The supernatant
was heated gradually to 70 'C, kept for 5 min at this temperature and cooled
to room temperature. The mixture was centrifuged and the sediment con-
taining thermo-labile proteins was discarded. The supernatant obtained was
the purified extract applied in conservation. The extract can be stored
frozen. 1{ it is possible, the extract can be lyophilized. The obtained powder
is stored at 47C.

As the extract is yellow, it could be treated with activated carbon (shaped
rods, @ 1.2 mm  VEB Jenapharm  Laborchemic, Germany) for climin-
ating the dyestufls. The carbon was used in the proportion 15 g per 100 ml
of extract for 30 min at room temperature. The mixture was filtered through
a Buchuner funnel and a blue tape filter.
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Determination of ihibitory actiedy

The whibitory activity was tested according to the caseimolvtic method off
Ogiso et al.' with a slight modification.

The Tollowing procedure was applied: 1o 0.25 mt of enzyine sotution in 0.1
M phosphate bulfter, pH 7.4, was added 0.25 ml of inhibitory extract into hoth
test and control tube. The mixtures were incubated for 5 min at 36 €. 'Then
2.5 ml of 1% casein solution, pH 7.+ was added 10 the test tube and 2.5 ml
of 0.5 M HCIO, to the control tube. After 10 min the enzymatic reaction in
the test tube was stopped with 2.5 mlb of 0.5 N HCIO,, Then 2.5 ml of 19,
casein solution was pipetted into the control tbe. After fittration through
blue tape filter. the absorption of the filtrates was measured at 280w, The
difference bevween the absorpuon ol the test tube and the control tube as a
pereentage from the full enzyimatic activity swas the pereentage of the remaining
enzymatic acuvity. Foll enzymatic activity was established in the same way,
but instead of 0.25 ml ot inhibitory extract, a bufter solution was dropped into
the tuhes, Tewas aceepted as 100",

The difference between the full cnzymatic activity and the remaining enzy-
matic activity was the inhibitory activiey of the extract. One unit of inhibitorn
actvity is 1o suppression of the enzyimatic activiey, "This unit was aceepted
as a conditional one because the present study was not connected with a
standardized inhibitory product. The remaining activity of enzyvmes o the
presence of mhibitors was presented not only as a pereentage but also as
absorbance at 280 nm. A\ recording spectrophotometer (Shimadza model 3000,

Japan, was used 1o measure the absorption,

REsULTs anp Discussion

Testing different vegetable seeds established a very high mhibitory activity of
the extract from Koblrabi seeds towards trypsin, alkaline proteinase B-72 and
proteinase in g-amvilase preparvatons from Bacillus subtdis and Dpergddluy oryzae
and no actuvity o chymaotrypsin, »
The scheme for isolation and purification inchaded changes of pll and
heating of the extract for removing pH- and thermao-labile proteions. These
procedures were possible because the protein imhibitors of CNZVINES are very
vesistant ta pH changes and high temperatires as well as o other denaturing

agents.' "That is why the scheme without the stage of discoloration could he

also used as a test e sereening vegetable sources for protein inhibitors of

CNZVINes.
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A summary of the purilication procedure of the fully extracted mhibitors is
presented m Table 1.

Gel filtration was @ step of purification for obtaining pure protein inhibicors.
The cluton profiles (Fig. 1) show two protein peaks A and B. 'They have
mhibitory activity towards the above-mentioned enzymes. The first peak con-
tains a typical typsin inhibitor."! The data in Table T were used to calcalate
that the content of the inhibitors in peak A and peak B was 7.6% and 2.6%
vespectively or 10.2% i total, which was a great quantity of protein inhibitors,
The explanation was that these proteins belong to the Brassica napus family of
storage proteins.”t At seed maturity, napins comprise approximately 20% of
total sced protein.”

The thivd peak (Fig. 1y corresponded to the dvestufls in the extract. The
clution profiles hetore ceurve Ty and after  curve 25 the teaument with activated
carbon gave information on the ellect of discoloration. Carbon was used be-
cause the dvestufls could not he extracted satisfactorily with volatile organic
solvents, as s often done in such cases. The treatment with activated carbon
s connected with considerable losses of inhibitors and inhibitory activity
about 35% Fable 11, But it was the casiest way o achiceve discoloration. Of
course, there are possibilities tor absolute discoloration of the extract, They
are ultrafilration or gel chromatography. But they require the specific equip-
ment of biochemical laboratories and biochemical manulacturing.

The final extract, discoloured by means of activated carbon, had a very

Table 1. Paritication of protein inhihitors of proteinases from kohilvabi seeds

Inhibitory  ‘Total  Protein Specific

Volume  actuvity  activity content activity  Recovery

Filtrates ol runitymls anise amggmby cunits my e
Lo extract, pH o 5.00 150 588 262,600 24 H) 24,10 100
o extract, pH 740 130 576 247,680 22,40 26.10 94
bextract, pH 740

alter heating at

74 Coor 5 min 120 552 25184 20.90 26,41 8Y
L,: discolovation of By

with activated carbon 380 384 145,920 1u.to 23.85 35
Fogel chroma-

tography ol prak A 29 172 5.000 1.20 10,95 1

18 ml of b, peak B 67 68 4.536 1.30 3241 -H)
Eogel chroma-

tography ot peak A 26 14 SRR 3.30 135,61 30

I8 mt ol k, peak B 537 33 3.02] 0.73 72,60 RE
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Fig. 1. Gel filtration of extract of protein inhibitors from Kohirabi seeds

A column of Sephadex G-25 (1.5 ~ 80 cm) was used, equilibrated and eluted with 0.05 M ammonium

bicarbonate buffer, pH 7.4, at a flow rate of 12 mi/h. Efution profife (1) before and (2) after treatment
of the extract with activated carbon.

pale yellow colour that was already suitable for application i conservation
pracuce.

Fhere was another possibility for the elimination of the dvestufls in the
objects after their treatment with the inhibitor extract. There \\"rrr 2 coloured
components in the extract. They both had a high degree of polirity and
negative charges.” Besides, the colouring substances that vemained ]);n"ll\ on
Sephadex G-25 in the process of gel chromatography were removed by |);|Hk-r
with high ionic strength. Usually this is achieved by ;m';\nx of o higher ;"nnwn-
tration of NaCl On this basis it was established lh.au, atter tre ‘
high NaCl content 11 teaspoontul in 500 ml of waters and vinsing alter that
with water led 1o the removal of the coloured components \'l'ul)lc“_’\.

The speed of action is one of the most important characteristies of (he

protein inhibitors. It proves them as suitable for conservation purposes. The

protein inhibitors act on the enzymes immediately after they are added to the

cnzymatic solution. This was demonstrated through a suitable scheme for
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Table 2 Intluence of the salt content of the solwtons on the washing away of the coloured

comiponents i the extract out of the treated objects

Brichtness "o

Sample Paper A Paper B
Control 78 1R}
Treatment | 73 3
Treatment 2 V7 I8!

Control: paper soaked for 30 min i water; treatment 1:soaking in water for 30 ming then tor 10
min i the extract. washing for approximately 10 min with tap water: treatment 2t soaking in:
water Tor 30 min, extract from kohlrabi seeds for 10 min, then washing. soaking for 5 min in a

wlution of NaCl, washing with water.

spectrophotometric: determination of the enzymatic and inhibitory activity
Yable 33, The additon of the inhibitory extract into the mixture of the enzyme
rypsin Fluka, 3 mg in 100 mlof 0.1 M phosphate bufter, pH 7.4} and the
substrate 1% casein, pH 7.8 after 10 min reaction gave the same eflect as
the stopping the enzymatic reaction after 10 min by means of .5 M HCLO,.
Visually, this was demonstrated by the following experiment.

Four samples were tuken from a photograph with purely gelatine emulsion.
On cach of the first 2 samples were dropped 60 gl of (rypsiu solution in a
phosphate buffer at pH 7.1 15 mg of trypsin - Flukay in 100 mb. On the other
2 samples were dropped 60 plof trypsin solution in-an extract from kohlrabi
seeds, which was prepared as a bufler at pH 7.5 The solutions acted for 20
and 15 min respectively at room temperature. At the end of the periods of
time the samples were washed with cold water, then left for 2 hiin a vefrigerator
and finally dried with a hair-dryer. The changes in the morphology of the test
samples were traced by means of a scanning clectron microscope. Fig. 2 5
give the results. They confirm the effective action of the protein inhibitors.

The next stage in the investigation was to prove the effectiveness of the

extract towards trypsin Novo. Solutions of trypsin Novo were prepared in

Table 3. Speed ol the inhibitory action of the enzymes

Absorbance

Seheme of determination of enzvmatic or inhibitory activides at 280 nm
Teypsin s butter ¢ casetn 10 witn = HCHO, 0,450
Tryvpsin + casein 1O min bufler 10 nun + HCHO, 0.780
Fevpsin = casein 10 min inhibitor 10 min + HCIO, 0.1535
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Fig. 2. Action of a trypsin solution (5 mg/100 mi)

: ' in a buffer on the gelatine layer of a photograph
after 20 min (magnification ~ 50)

different concentrations ranging trom 0.0 10 01" Aier 10 min of CIZN -

matic reaction, the absorption at 280 um was me
the remaining proteolytic activity, The extraet can suppress the activity off
trypsin Novo up 1o 0.04% solution of the enzvine W the extract P, h,,'

Itis known that the pancreatic trypsin Nova containg

asured. T corresponded o

’ A-chymotry psin as an
extrancous enzyme. The inhibitors from kohlvabi seeds wre noe effective
towards chymotrypsin, and it proteolytic activity can be detected after an
enzymatic reaction longer than 10 min, '

The action of the a-chymotrypsin in 0,029

a solution of trypsing Novo in the
extract was detected after 20 min iFig. 7. curve 110 1y comparison with the

full acdvity of 0.02% trypsink Novo in a bullier

_ Vig. 70 curve 2 the -
Ryvmotryplic one was Do, s PR . -
chymotryptic one was about 2%, But fi conservation treatments, this minimal

proteolytic acuvity could be dangerous in the course of tGme

The action of the ’1-('11)'111()11'\'])si11 could be
protemn ihibttors from vegetables. Tt is known from the

spectahized hteratwre
that one such source is potatoes. ™ The schenme, deseribed in the present study,
was applicd again. But the first extraction was with 130 ml and the \4(.(.(,“'(1
one with 30 ml of distilled water for 50 g of peeled and grated potatoes. No
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Fig. 3. Action of a trypsin solution {5 mg/100 mi) in a buffer on the gelatine layer of a photograph
after 45 min (magnification x 50)

difliculties arose with the colour in this case. The solution of pure a-chymotryp-
sin (Sigmay proved that the extract ol potatoes had a good inhibitory actvity.
Alter that, a 0.02% solution of trypsin Novo in an extract of kohlrabi seeds
was mixed with an extract of potatoes in proportions from 5: 1 10 5:5. The
remaining proteolytic activity of the above mixtures was determined after 60
min. 1t was established that the first proportion was suflicient 1o stop the entire
activity of the extrancous chymotrypsin in the pancreatic trypsin Novo. Based
on 11)(~(('(>11(\i1ions of the reaction, it was determined that every 6 ml from the
mixture of the extracts of kohlrabi sceds and potatoes in a ratio of 5:1
suppressed the action of 5 mi of 0.02% (or 2.5 ml ot 0.04% ) solution of trypsin
Novo in a bufler. This conclusion is of importance for the practical conservation
work.

ln accordance with the experiments, b pairs of samples were taken from a
photograph with w pure gelatine emulsion (Fig, 81, The samples from the
upper line were soaked ma 0.02% solution of trypsin Novo i a 0.1 M
phosphate bufler, pH 7.4 al 35 C tor 20, 30, 40 and 30 min for samples 1, 2,
3 and +. The corresponding samples from the bottom line were soaked under
the same conditions in a 0.02% solution of trypsin Novo in a mixture of
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Fig. 4. Action of a trypsin solution (5 mq/100 ml) in an extract from kohirabi seeds on the gelatine
layer of a photograph after 20 min (magnitication » 50)

kohtrabi seed and potato extracts 517, ['he MItre of the extracts wis

prepared as a bufter. For this purpose were added the quantities of substances
necessary tor a 0.1 M phosphate buffer. After they dissolved the pH was
adjusted o 7.4 by means of a pH meter. Afier 50 min rsample L upper line
the pure enzyme solution . sUdestrove elan i
! A \ ‘ .\l m almost destroyed the gelatine layer - Fig. 900 At the
same tme, the effective tnactivation of trypsin Novo by the
preserved the gelatine layer from damage hottom line
Phe following example could be given for the pr
extracts of protein inhibitors:

protein inhibitors
sianpleso,

actical application of the
Problem: separation of 5 leaves of a hook printed on gluc-sized paper and
sealed by water damage. ‘ | R
Method of separation: by means of a 0,029,

o solutton of rvpsin Novo b
Anson unitsfg.

Procedure

I. Preparation of the solntion for stopping the enzvmatic reaction after the
desired conservation effect is achieved:

208
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Fig. 5. Action of a trypsin solution (5 mg/100 ml) in an extract from kohlrabi seeds on the gelatine
layer of a photograph after 45 min {magnitication x 50)

e Obtain an extract of kohlrabt seeds according to the scheme,

e Obtain an extract of potatoes according to the scheme.

o Mix the extract from kohlrabi seeds with the extract of potatoes in a
ratio of 501 so that the volume of the mixture will be suflicient to
cover the 5 leaves.

e Prepare the mixture of the extracts as a 0.1 M phosphate buffer at pH

7.4.

2. Preparation of the enzymatic solutions:

Take 13.8 g of Na,HPO,-2H.O and 8.8 g NaCl and add them to 1000 ml
of distilled water. Adjust the pH o 7.4 with 0.5 M NaOH by means of a
pH meter. Prepare a 0.02% solution of trypsin Novo with this buffer.

3. Preatment of the leaves:

e Souk the leaves into the 0.02% buffer solution of trypsin Novo.
o ‘Iake the leaves alter their separation upon the enzymatic action and put

them into another vessel.
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ABSORBANCE AT 280 nm

0.04 0.06 0.08 0.10

CONCENTRATION OF TRYPSIN NOVO

Fig. . Inhibition of solutions of trypsin Novo in different

seeds

1.2
E 1.0
<
[s 0]
o~
— 087
<
]
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<
o
X 04
w1
&

0.2

Fig. 7. Activities of trypsin and chymotrypsin in a 0.02%
pH 7.4; curve 2: in phosphate buffer, pH 7.4
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concentrations in an extract from kohlrabi

1

1020 30 40 50 60

TIME (min)

o solution of trypsin Novo Curve 1-in extract.
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2

3 4

Fig. 9. Samples from Fig. 8 after enzymatic treatment in the absence (upper line) and in the presence
(bottom line) of protein inhibitors

e Pour the prepared solution of the protein inhibitors over the leaves and
let 1t stay for some minutes, shaking the vessel.
’ ) N 11 e v Nl
e Discard the mixture of the inhibitors and put the leaves into NaCl
solution 11 teaspoonful for 500 ml of distilled water), again shaking the
vessel. '
& Wash away the leaves with water and keep them for the next conservation

treatments.,

I vou work with discoloured activated carbon exturact from kohlrabi seeds,
the (‘;\11‘;1(‘1 should be mixed with the potatoes extract in a ratio of 7.0: 1.

The next part of the study demonstrates how im])‘m‘l;ml 118 to use un‘
absolutely pure solution of enzymes as well as ()huuwng them l)'y means ol
protein inhibitors as regards the main actuvity of technical enzymatic products.
The necessity of such purity of the enzymatic solutions for conservation purposes
was substantiated by Preiss & Cook." The extrancous proteolytic activity in

a highly purified preparation of a-amylase from cAspergilius oryzae was arrested.
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The proteolytic enzyme was in a very suall guantity. I was detected In
measuring the proteolytic activity of a 0.1% solution of the 3-amylase prepara-
ton alter 10, 20, 30, 40, 50 and 60 nun.

The next step was to prepare solutions of the a-amylase preparation e a
butfered extract of kohlrabi seeds, pH 7.4, in concentrations of 0.1%, 0.2%.
D.4%, 0.5%, 0.7% and 1.0%. Their proteolvtic activity was determined after
30 min of reaction at 36 'Cl. "The results proved that the extract could suppress
the proteolytic activity of the d-amylase preparation from 0 to 0.2% (Fig.
10}, The z-amytase product was used for backing removal of starch-pasted
photograph. The test samples were taken from a photograph from 1930 with
a purely gelatine emulsion. The photograph was stuck with starch glue on
cardboard. On the underside of the photograph over the cardboard was stuck,
agam with starch glue, dark brown paper.

The sample on the feft side of Fig, 11 was soaked ina 0.2% solution of the
-amylase in an extract of the mhibitors from kobirabi seeds at 357Coand phl
7.4, The extract was prepared as a 0.1 M phosphate buffer. The concentration
was higher because a treatment at pH 7.4 was chosen, whereas the optimal
pH of this g-amylase was 4.8, After 35 min, the photograpl was separaed
from the backing. The picture was preserved due to the elfective inactivation
of the proteinase impurity by the inhibnors (Fig. 12, 1t Thus, an absolutely
pure solution of g-amylase was used. '

The sample on the right side of Fig. T was treated with o 0,099 solution
of the same preparation bur m 8.8 M phosphate balter w35 € aqud ptt 7.1

I
s
@
& 0.2 -
},—4
<
!
zZ 0.1 1
<
m
o
)
W
m
<C

T T T T

02 04 06 0B 10

CONCENTRATION OF o ~AMYLASE
PREPARATION (%)

Fig. 10. Arrest of the extraneous proteolitic enzyme in an y-amylase preparation from Aspergillus
oryzae with the inhibitors in an extract from kohirabi seeds
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Fig. 11. Samples from a photograph betore enzymatic treatment

same effect of separation was reached. But the pieture was
destruction ol the gelatine emulsion by the neghgible

After 55 min the
damaged hecause of the

quantities of proteinase m the o-amylase preparation (Fig. 12, nght).

ClONGLUSION

The inhibitor extracted from kohlrabi seeds is an excellent method for arresting
(rypsin and some other proteinases as well as for f)blm’ning an‘absolutcly
pure solution with g-amylase activity from a microbial product of a-z\myl:asu
containing an obstructive proteolytic enzyme. It cmm'ly" sl’ipp‘rc.sscs tth‘ action
of pancreatic trypsin Novo in a mixture with th(‘ prot.em n?hxb:tor of (‘llym.()-
rypsin in an extract fram potatoces. The scheme for the isolation and the par('ml
/ u inhibitors, which is given, can be successfully applied

puritication of prote ‘ ‘
yhtain protein inhibitors from vegetable sources. It is

as L test 1o find and 1o« eyctable
also casy o follow m a conservation laboratory. Protein tnhibitors are very
effective to stop the cnzymatc action after t
in iuhibitors of amylases and other enzymes as well,

he desired eonservation result is
reached. There are prote 1 otherc .
I is clear that they should be applicd similasty. Protein tnhibitors are suitable

for conservation purposes. Ther application gives a finished state to the enzy-
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Fig. 12. Samples from Fig. 11 after enzymatic treatment — left with 0.2% solution of y-amylase
preparation in an extract from kohlrabi seeds: right with 0.2% solution of the same preparation in

a butter

matic conservation treatments from the poimtof view ol contemporary biochems-
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SUMMARIES

Proteinase inhibitors from vegetables and their application in enZymatic conservation

trealments

Ageneral sehenie for isolation and partial purtfication of protein inhibitors is deseribed. 1t is applied
for obtaining inhibitors of trypsin and some microbial proteinases from kohlrabi seeds and of
chymoutryvpsin from potatoes, The effective action of the inhibitors has been proved spectrophotome-
trically by the change in enzymatic acuvity in the presence and in the absence of the inhibitors,
The most suitable way 1o use the inhibitor extracts i enzymatic conservation treatments is demon-
strated, Thas, the possibility for the inactivaton of obstructive extrancous enzymes in enzymatic
preparations with the help of protein inhibitors is shown. This provides the opportunity to apply

technical enzymatic products in conservation, as these products ave cheap and casily available.

Inlibiteurs de protéinase extrails de végétaux el leur application dans des traitements de
restauralion avec eniymes

Oun déerit un procédé pour isolation et Ta purilicaon parielte d'inhibitewrs de protéines. 11 est
appliqué powr obtenir des inhibitewrs de trypsine et de quelques protéinases microbiens @ pavtir
de semences de kohlrabi et de chymotrypsine provenant de pommes de terre. Leflicacité des
inhibitewrs o ¢t¢ démontree par \pm"lm])lmlmn(‘lriv par changement diictving enzyimangue avee
ou sans inhibiteurs. Le meillenr moyen dlutiliser ces extratts inhibitears dans des traitements de
FESLIITAON. aVee enzymes est exposé comme par exemple Finactivation d’enzyimes étrangers gé-
manes, Papplication de ces technigues enzymatiques est intévessante ¢tant donné que ces produits

sont hon marche e facilement disponibles,

Inhibitoren pflanzlichen Ursprungs fir Proteimasen und thre Anwendung beim Einsatz
von Fnzymen in der Restaurierung

Zuerst wird eine allgemeine Methode zur solierung und pardellen Reinigung von Inhibitoren fiir
proteolytische Enzyme beschrichen. Sie wurde angewandt um Inhibitoren fiir Trypsin und andere
Proteinasen mikvobicllen Ursprangs aus Kohlrabisamen und fiir Chymotrypsin aus Kartofleln zu
gewinnen, Thre Wirkung wurde als Anderung der Aktivitat des Enzymes bei Ab- und bei Auwesen-
heit des Inhibitors spektrophotometrisch nachgewiesen. Sodann wird die bestgeeignete Methode
2 Anwendung der Fnzyminhibitoren in der Restauricrung heschriehen. Sie kann cingesetzt
werden, um das Enzvim nach Fareichen des gewtinschten Zweckes zu inaktivieren und um die
schidhiche Wirkung von verunreinigenden Mit-Enzyvmen zu verhindern. Das mag dazu dienen, in
der Restaurierung Enzyaie von techintseher Reinheit rstatt: Remheit pacs einzuseezen, welche

wesentlich hitliger wnd leichter zu beschatlen sind.
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Tracing Paper: Methods of Study and Restoration

by MARINA BICCHIERI, PAOLA BRUSA &
GIOVANNA PASQUARIELLO

INTRODUCTION

The National Institute for Graphic Techniques (Istituto Nazionale per la
Graficayr, in collaboration with the Centre for Reproduction, Binding and
Conservation of the National Archives in Rome (Centro di Fotoriproduzione
Legatoria ¢ Restauro degli Archivi di Statol, has recently faced the problem
of restoring some architectural drawings belonging to the Virgilian Academy
of Mantua. These were done in the fiest 30 vears of this century by Duilio
Cambellotti 1 Rome 1886-196071, an all-purpose artist, sculptor, sct designer,
tustrator, engraver, decorator, iterior designer and poster maker.

The drawings are marked with the numbers 4, 7 and 9, and represent the

lollowing subjects:

o b perspective of temple  fagade (570 mm- x 405 mmy;
® 7: perspective of temple  side 100 mm x 66> mm);
)

9: perspective of temple  rear {570 mm x 410 mm).

The tracing-paper drawings, cach supported by paperboard (from which
they were partly detached ), showed various signs of mechanical damage: tears,
deformation, curling edges and deep creases in which there were traces of dust
and insect excrement, The creases were found primardy i the central arca of
the sheets [which still adhered well to the paperboard) and ran the entire
fength of the tracing paper.

Al three drawings showed unmistakable signs of biological attack in the
form of rust-coloured stains (foxing) or rose and violet-black stains that had

penetrated deeply into the paper. Only one of the drawings (no. 7) also had

.
Restamator TE 217 2385 ¢ 1943 Munksgaand, Copenagen 2[7
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f
i
¥

Fig. 1. Drawing 7 before restoration

suP(zrﬁC1al bl.ack.stams that could not be attributed 1o biological agents, the
stains occurring in a rectangular strip (Fig. 1).

The Cf’"ccplual interest involved in the restoration of the three Cambellott
perspectives centres around the challenge of restoring
a material that has been little studied and Y ‘
tO a . 2 2¥ay M .

pproach the .problem correctly, chemical and biological analyses were
performed and simulated restoration trials were :
material, artificially aged before testing,

a tracing-paper support,
en more rarely restored. [n order

made on similar modern

CHEMICAL STUDIES

The aim of the analyses was to obtain the

: hest possible knowledge about the
material under study: the type of adh

na ‘ esIve, any possible additives, the compo-
sition of the tracing paper and its Interaction with wate
that might be used in the restoration.

A logical scheme of analysis calls for the

rand all the products

following sequence of events:
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e identifying the adhesives, to choose an appropriate means of detaching paper
from paperboard,

e cxamining all additives or coatings on the paper, to decide what solvents
can be used in the restoration without damaging the support or patina, if
any;

¢ measuring the pH of the paper, to evaluate whether deacidification is necess-
ary; and

® cvaluating the presence of lignin and detection of fibrous matter, once all
non-cellulose materials have been removed.

The dyes and pigments are also tested for their solubility in the products that
will be used for restoration.

No bleaching method was considered for the areas attacked by biological
agents: the cellulose chain structure of the fibres in these areas is already
weakened and any chemical action that involves using strong oxidants for stain
removal would cause further degradation of the paper support and compromise

its conservation.

Adhesives

The analyses were performed on the paperboard to avoid damaging the
documents themselves.

Before the advent of synthetic adhesives, the products most commonly used
in paper manufacture were based on starch, gelatin (refined or from animal
glue) and casein. The first test was for the presence of starch, which is composed
of two different polysaccharides: amylose and amylopectin.

Amylose has a lincar chain structure of D-glucose units joined by a-D (I-
4) linkages. It is soluble in water and gives an intense blue colour with iodine.
‘The amylose complexes have a crystalline structure and X-ray analysis shows
that the amylosc chain has a helix structure within which there is enough
space to contain onc complexed molecule.

The iodine complex seems to be formed by one amylose molecule, with a
helix of six D-glucose units for one iodine molecule.

The blue colour would derive from the iodine molecules encapsulated in
the helix: with a period of D-glucose units less than six, the complex formed
has a red colour. Amylopectin, insoluble in water, has a branchefi structure of
D-glucose units joined o-D {1-4) in the linear chain, whereas at the branch
point the linkage is a-D (1-6).

The percentages of amylose and amylopectin in starch depend on the plant
from which it derives. The majority of starches contain from 15% to 30% of
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soluble fraction and are used in paper manufacture as both internal or surface
size and as binders for coatings.

To detect the presence of starch' in the tracing-paper drawings under study,
the reaction between amylose and iodine was ex
on the aqueous extract obtained by
distilled water. The absence of blye
starch as an adhesive.

ploited. The test was performed
boiling fragments of the paperboard 1n
colour allowed us to rule out the use of

The next step was a search for proteinaceous substances’ characteristic of
adhesives of biological origin, such as animal glue, gelatin and casein. The
most commonly used test for detectin
on the reaction between amino acid
monohydrate).

g the amino acids in the proteins is based
and ninhydrin (1,2,3, trikctohydrindene

The colour formatijon mechanism is not
an accepted hypothesis, an oxidation.r
amino acid is oxidized to aldeh
dioxide, and the ninhydrin is

The ammonia obtained for
and one molecule of hydrinda
ninhydrin test was positive,

To determine whether the proteinaccous substances derived from animal
glue or casein, two analyses were performed: one specific for gelatin and the
other specific for tyrosine, an amino acid present in casein (6.6%), but only
in small quantities in gelatin (0.51%).

The test’ for identification of animal
between p-dimcthylaminobenzaldchyd

yet well understood. According to
eduction reaction occurs in which the
yde with the formation of ammonia and carbon
reduced to hydrindantin.

ms a complex with one molecule of ninhydrin
ntin, yielding the Ruheman purple (Fig. 2). The

gluc and gelatin is based on the reaction
¢ in propyl alcoho! and hydroxyproline,

4+ R —~CHO
-~ CO0H
+ R—C -~ NN, — +NH,
OM
+C0,
Q
Kinhydein Anino seid Wydrindantin

Ruheman Purple
Fig. 2. Ninhydrin test ang tormation of the Ruheman purple

220

M. Biccuiery, P. BRusa & G. PasQUARIELLO

: COOH z \N\
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i i roline (a) to pyrrote (b). B.
i hytami test. A. Oxidation of hydroxyp
g 3. p-dimethyta lnobenzaldehyde g ) :
| OI rmation of a complex between pyrrole and p—dlmethylammobenza dehyde

®)

i i lue and gelatin.
obtained by alkaline hydrolysis of collagen, present in an.lmalf:gh droxygém“ne
The specific colorimetric reaction consists of the 0x1fiatlondo ¥ roxyproline
to P);FFOI(’ (Fig. 3A) and subsequent formation of a lg)mk-re comp
pyrrole and p-dimethylaminobenzaldehyde (fhf. jmi. N

i ials do not interfer
Other nitrogenous materia
case, had negative results. ’ . rmereuric
T’h M'lloi reagent was used to search for casein. Itis coinp(;e: o mercurt
C ' * ’ 3 . 3 . C ln _
nitrate dissolved in nitric acid and potassium nitrite solutlonb w klcoiourcd fom_
ence oi' tyrosine (Fig. 4), gives rise to the formation of a red-bric
ound. . : which then
’ The Millon test is based on the formation of a mtro»corr;lpo;x'nd, b ther
ith ] ) e di o- an -
reacts with p-substitute phenols such as tyrosine, while t
e e i reaclt' interferes with this test (the result of which
i i imal glue inte (the ;
Neither gelatin nor anima ; e
was ositivf) because their tyrosine content is below (h(.? sensm\'/(;);i fihe mechod.
Ti b,ined analytical results showed that casein provide
e com

between the tracing paper and the paperboard.

P
HO: “r—f —Ce
NH,

Fig. 4. Structure of tyrosine
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Paper additives

Natural waxes, rubber, resins, oils and petroleum derivatives can be added o
paper to improve its transparency and increase its wet strength,

A series of extractions and separations with suitable solvents is necessary to
recognize the presence of such compounds.

The tests described in the literature require a significant amount of sample
material, which is impossible to obtain when original works of historical and
artistic interest must be examined. For this reason, in the study of Cambellotti's
drawings, the tests were partially modificd to obtain the best results even with
minuscule sample quantities. Quantitative information could not he obtained.

The presence of rosin was detected by the Raspail test,” based on the
development of an intense red colour due to the reaction between saceharose,
sulfuric acid and rosin. An intense blue fluorescence was obtained under
ultraviolet light, revealing the presence of paraflins or waxes. We then pro-
ceeded to separate the rosin from the additives by extraction and sapenification
of the resinic acid. The unsaponifiable fraction was then submitied to the
Dunlop test,® based on the solubility of paraffins in acetic anhydvide and therr
subsequent precipitation on cooling,

The small quantity of sample examined did not permit more accurale
instrumental tests to determine the true composition of the additive, but an
infrared spectrum of a first residue of extraction with 1-1-1-trichlorocthane,’
albeit difficult to interpret (as is always the case when complex mi,\'lul‘(‘j
arc examined), made it possible to confirm the presence of typical peaks ol
hydrocarbons, rosin and rosin oil.

pH of the paper

"The small quantity of material available for destructiv
only the surface pH. A value ranging from 5.3 10 5.5
allowed us to avoid any deacidification,

If deacidification could not be avoided, only the alcoholic treatment should
be used, but it would not significantly change the paper pH. Aqueous deacidil-
ication could not be used in any case because of the presence of soluble dyes
and pigments and because of the nature of the

¢ tests led us to measure
was obtained. This result

paper under study.

Composition of the paper

Determination of fibre composition is indispens

and its method of manufacture, conservation and history.
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i is trans high
Technical drawing paper, also called tracing paper, 18 trdmlulc()e()m’/}rlris Itgis
density and transparency; its basis weight ranges from 308;2SR ii S.Chop_
manufactured with specially refined sulfite cellulose (u;f) ;'(l)) ttfn.g .;Cti.on -
ico ' refini in which the effect of fibre-cutti
per Ricgler degrees of refining), m LTt
reduced and the defibering is acccntuatcd: The Pulp has no tﬁl(;z:g;: e
or no size. The paper obtained is hard, with a high apparen Ys
is fragile and has poor tearing resmtaan.:. . ' ’ orm.
Aunimportant quality of tracing paper 1s. its formatlon,Fdeﬁniqois itshz Up“hYSica]
ity with which the fibres are distributed 1n the paper. dormaexofumformny o
property of the paper and it is usually measured by the degre o
o : paper Paper is said to have a closed formation 1

i ansmissi h the L
Night transmission throug and a poor or wild formation if the fibres

the distribution of the fibres is uniform i transmitted
are distributed so that they give the sheet a Cloud.y appc.arancc' 1tance e
light. Tracing paper must be highly unifo'rm. a_nd,lts pcelmi:::s
great enough to permit crasures with(;ms dm:m;:;ni(::a:\jgered : mechanical
Iracing paper is not calendared, 1.e, 1 e .
tr('atll‘:)(clrl:ig uz)ilxz‘rcasv its smoothness and shine. Calendering is ;li'one t?;sls)asscirr:f
the sheet between very smooth cylinders (the calendar or ro ;nglso_m(’) kg/
above the other, which exerts a strong pressure 0‘3 ;hedp:‘i}:: nfla)’ have the
em?). These cylinders may or may not be hcat.cd. Ca ertlh? Shg'ect eaving an
result that pencils and ink can flow too casle ovc’rh tcadng ;)aper. £
insufficiently intense trace, which must be avoided V‘(’;t. (:btairtled by impreg-
Another type of transhicent paper, now rarcly U:SC ) lsﬁactioﬂ index simi];r
nating pure cellulose paper with a liquid that has a re
1o that of the cetlulose fibres. i S il natural
Such impregnating agents are compOISCd of mixtures ?;Sr);;iyoi,c“:w -
rubher, resin, waxes, petroleum derivatives and turf’ﬁ;lﬁb.res Y entiied
aging, yiclding a brownish colour on d.\c Supporti‘des stained with suitable
after the paper has been kneaded and m1C.rOSC0pe T
reagents, have been prepared for observation. he drawings under study)
A preliminary test of lignin content (abser.lt int t: o sater-resistant
is always performed to choose the most suitable hs aus.ual process used for
paper, an alkaline treatment is executed before the
disimvgrating the paper.
In this particular case, this treat
We thcri proceeded, as for vcgctableol:i:i’;":;':pféiptf;ré fibres, so they were
owever, 1 $

ment did not produce a satistactory effect.
8 with sulfuric acid

to begin defibering. It was, h

further opened manually on the shde. - stain.! it
Undcrpmicroscopic observation," after addition of the Herzberg ’

as ss‘bl >t SCe P T ( i € f i l
p B ASCCY i a')e ontains hdrdWOOd ﬁbr S Irom (:}l(fllll( a
Wads pos ¢ to ascertain (hdt thC‘ p
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pulp, well conserved and hardly fibrillated. Long fibres make up bO% of the
mixture; very broken fibres make up the remaining 40%.

Inks and pigments

No sampies of the graphic media were taken to prevent damage to the pictorial
image. The media were examined under the binocular microscope i order to
ascertain their conscervation, compactness and penetration into the paper.

The dark arcas were realized in India ink and India-ink wash. T'he design
was sketched by the artist in graphite, as scen under infrared light.

With regard to the white tempera, the use of white Iead can be raled out
because this pigment darkens casily, a feature that was not tound in the
drawings under examination. Other white pigments used in tempera technigue
during the first decades of the twentieth century were Chinese white, based
on zinc oxide (known since 1783 but commercially available only towards dhe
mid-nincteenth century) and titanium white, avaitable sinee 1920,

A possible attribution, without the use of destructive techniques, exploits
the fluorescence of the zinc-hased pigment under ultraviolet light., This oc-
curred when the drawings were illuminated under & Wood limp.

The solubility of cach graphic medium was tested in both water and cthyl
alcohol. The pigments were found o be soluble in water and stable in cthyl
alcohol, even if mixed with up to 30% of water.

BroroGicar 1 NVESTIGATIONS

Biological analysis was used both to determine the agents responsible for
chromatic alterations in the three lracing-papvr drawings and 1 search {or
live micro-organisms.

Pink and violet-black stains and brown or yellowish stains foxing) can be
noted on perspectives 4, 7,9 and on their corresponding paperboard supports.

The colour of a stain of suspected microbiological origin does not indicate
a specific type of micro-organism but is related to the colour-generating power
of the attacking microflora, the composition of the paper and the age of the

vegetation. Moreaver, the shape of a stain, its extent and the appearance of

the edges are all strictly refated o environmental conditions and to the presence
of a primary andjor sccondary infection of several types of micra-organisms.

For these reasons, it was felt that a first operative phase should involve the
observation of the various types of stains under the hinocular microscope at
low magnifications { x 40 and x 60) with an incident light, followed by some
culture tests,
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Based on this first examination by binocular microscope, it was possible to
formulate an hypothesis regarding the nature of the stains: those of rose to
violet pigmentation are of fungal nature, given that some fungal hyphac were
found in the fibres of the tracing paper. The foxing-type alterations are caused
by isolated stains of limited dimensions, some with well-defined cdges, others
with serrated edges, on which no microbial colonization was fo'und‘

Betore the biological analysis performed and the corresponding results ob-
tained are deseribed, it should be briefly noted that research on the phenom-
cnon of foxing is still an open question. A

The nature and mechanisms that lead to the formation and appearance of
the characteristic foxed stains are still not well defined; indeed, there are
various types that differ from cach other in morphological and' chroma‘tlc
characteristies and in their fuorescence under ultraviolet “gh_[' .I‘}'lc studics
carried out over the past 50 years by rescarchers of various disciplines have
led some of them to propose a biological origin of the phenomenon and 0?hcrs
to suggest a chemical one, even though they do not exclude other, concomitant
factors. '+

On the tracing-paper drawings, various testing methods were used (o cva.lu-
ate whether microbial attack was under way. Experimental testing was carried

out as follows:

® samples were Giken from various types of stains and in the arcas surrounding
them, apparendy unaflected;

® culture teses; and

® microscopic tests.

These methods were used because only non-destructive tests c'ould be per-
formed, in the absence of some fragments of the material to examine. Tw?7 test
methods were used to isolate possible microflora PFCSC’” on the samples: .

With sterile swabs: specimens were taken both from various ty;{es 1of stdx;;s
and from adjacent arcas that were seemingly undamaged. Subsequently, sv.\;a ;
were inoculated both into a liquid medium {Sabouraud maltose broth.,‘Dl CO(;
and onto agar (Sabouraud maltose agar, Difeo, Cooke Rose Bengal, Difco an
Mycological agar, Merck); . .

)\/’\71(}1it(‘:‘i](“g))(;'(Ur,s: sﬁlcimcns of a few ﬁbrcsl of the surface Of,t,h-e ‘thrc‘;
tracing-puper drawings were taken from I)otl? varicgated and ‘fux'cd s't;uni an]L
appavently unstained surrounding areas, After scﬁvcra‘ wastings wv“b] ’ L,r]d
distilled water, minute fibres of the sample were 11\0(2lflatcd‘ onlo'Sa ;)u;du
maltose agar (Difco) and Cooke Rose Bengal agar (Difco). Each sample from
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various types of stain was used to make several inoculum points on cach culture
medium. The cultures were incubated at 28' C for 25 days.

At the same time, a few paper libres collected with stertle needles from the
three drawings (in places where the different types of stains were found were
viewed under the light microscope. Micra-cultures were prepared on shides,
using Sabouraud maltose agar (Difco) as the culture medium.

Observation under a light microscope makes it possible to control and follow
any microbial development withouyt mo

"The methods described above were

The results of the biological investig

difying the morphological structures.”
also used for tests on the paperboards.
atons were all negative: no statisticalty
significant microbial development was found from the
MICToscapic tests examined. This result
of biological origin on hoth tracing paper and paperboard occureed some time
previously and had already died out.
not scheduled, as no micro-organisms

To identify the insect excrement that was found in (he creases of the three
drawings, samples were taken with needle

culture tests and the
allows us 1o suppose that the alterations

Disinfection treatment, therefore, was
were still actve,

s and examined under the binocula
microscope. The excrement was found to helong

to the genera Anobiidac,
order Colcoptera,

SIMULATED RESToRATION TRiALs
All the simulated trials were pertormed on modern parchmenc paper (pre-
viously aged) with composition and manufacture

stmilar o the tracing papct
under study.

Two types of accelerated aging were carried out, one dry heat treatiment at
105°C for three days and one moisg heat treatment a¢ 75 Coand 80, relatve
humidity for seven days.

Some of the trial samples were glued onto pPaperboard similar to the orig-
inals, after a cascin-based glue was pre

parced according to one of the most
common recipes: 15 g of cascin was he

aten with 80 g of water for 30 min; then
a solution of 0.75 g of borax in 10 g of water and 1.5 ml of ammonia was
added, and, as usually given in the relevany re
combat the development of mould,

On the aged samples, det
mixtures:

¢ipey a few thymol crystals ta

achment trials were made with the following

ethyl alcohol/water 70(30
ethyl alcoh()l/wat(‘.r/cthylcm‘ glycol 50{25/25

ethyl alcohol/watcr/cthy]enc glycol 50/10/40.
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- » effective for detachment
Only the two last mixtures were found to be effective
purposes. . i on samples already
The subsequent flattening trials were performed hotih') erphrmd]cd .
o aper immersed in water, handled s
detached from the paperboard and on paper lmm(‘}:‘ dcformatio,n effects and
as to produce deep creases, air-dried to accentuate the
<l >
then dry-aged at 105°C for three days, d with a mixture of water and
The deformed and folded sheets were flattened wi
cthyl alcohol in a propartion of 30/70. ] he chosen mixture; some were
Some of the samples were brushed with the chos b the mixture through
' ' - aper abs 1c £
Rattened by having only the back of the paper dbsor})) N
ST i ; some imme .
capillary action, avoiding total pm‘m(,,?ll()n, ‘“;i.“;mg b)i-xw('(‘n sheets of non-
. . 1 DECSEE d, alter condiioning be )
All the samples were then pressed, Its of the flattening
o , » results o ¢ €
woven cloth, filter paper and paperboard, and the resu
were very satisfactory., ite drv samples, adhesives
For the lining, performed on flattened but not quite dry p

. R cwere tested:
of diftevent chemical compuositions were 1

Klucel ¢ % cthanol snl}ni(m

Ivlose MIoop 3% water solution ‘mulsion
Primal AC 33 commercial, undl}utcd cmuls
Primal AC: 33 35% watey ('mulsu.m

Primal AC 33 5% cthanol emulsion

'd on
" the sheets were reproduced o
Before the Tining, the sizes and shapes (Tl the fh(]l(lt:am les llljad changed
graph paper, (o verify whether the dimensions of the samp
‘dﬁ(-pwm*(l, table and the Samplcs were dried in

The lini . > vacuum table,

ke lining was done on the vac . dicall

i r hel anged periodically. )

the press for 48 h, the filter paper being cha 3 Pr?mal AC 33 water emulsion

‘The sheets treated with Tylose MH300P ane f paper and water, mainly
show notable deformation, due to the ‘mter'fwluo:;c(l)n;ion  the fibres
m the direction orthogonal to the prclcrcr‘md{ Od ¢ not guarantee sulicient

The alcoholic emulsion of Primal AC 35 vx(\)(ei ure Primal AC 33 show
adhesion, The samples treated with K]uc‘cl dqrch;;rlcm paper support was
good adhesion values; no deformation of the pe
noted, i it as preferred: having
F toration purposes, Klucet G in ethanol solution wdll dive structurally

or restoratio SCS, _ b an adhesive s (

tchoice of products, it scemed preferable to work with
a chowee of products, it s

¢l G is a hydroxypro-
is case, Klucel Gis a
stmilar to the support under treatment. In this ca

1921 .
‘ved fr ‘elludose, . _ o

PVt derived from el | suitable from the biolagical point of vie

1 M revye - ared s p

Ihe adhesive, morcover, appeard
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as indicated by .
y some biologic: ‘
alcoholic media at variou gical resistance tests performed in aqueous and
: 1S concentrations (¢ aqueats
SUppOrts. ntrations (2%, 3% and 4%) and on various
’ ¢ Ao
The adhesi
CSIVe was ¢
organisms 2 _ applied on glass to verify i
£anisms,™ on various types of , » verify its valnerability o micros
, : s of Japanese o \
and on Whatman no. 1 pa f“jdpdnu( paper commonly used in restoration
- er iy : SLov
performed to evaluate the rri e chromatography. An additional test”’ was
P clationshy ’ ‘ al test’ wae
papers and the developmer t( fOn,shlp between the hygroscopicity of the ghue d
. v 1t of micr : S ) ¢ ’
representing various . ro-organisms o . : . .
The glVdrlous environmental sitnat n them, using microchmates
> results of th ations.
¢ analyses s}
percentages have ; ses showed that oth, . .

. ges have an acceptable biologi at ethanol solutions at the tested
attack when applied to 1t > Dological stability and resistance t ierobial
. 1C vVATIOUusS § ¢ sistance to nuerobia

tions are : us supports (1
§ potentially v ports (paper and glass
o ulnerable X and glass). Aqueous solu-
humidity valucs able under environmental condit it .
¢s above 85% and (e ntal conditions with refative
mperature of 30 (;

RESTORATION

The first restoration ope
the paperboard,
Although the prev

ration consi
1siste C et .
ted of detaching the wacing paper from

ously studi .
studied mixtures
Xtures (water, cthyl alcohol, cthylene

Fig. 5. Drawi
wing 7 after detachment from paperb
rbeard
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oard, detail of upper zoné

Fi .
ig. 6. Drawing 7 after detachment from paperb

glycol} could have been used for this operation, a dry procedure was preferred:
and could be peeled off gradually. This
I the last paperboard layer, which
and removing it with scalpels.
d to avoid, wherever
hat might not be

the paperboard proved to bhe fayered
fong and patient operation {inally reache
was eliminated by lightly swabbing it with water
at was motivated by the nee

Yhe choice of dry detachme
ssary chemical products t

possible, the use of not strictly nece
completely removed.

Fhe drawings, freed from their pap
and cthyl alcohol
was followed by
he drawing e

crboard, were softencd (like the labora-
(30/70) (¥ig. 5, 6). The total
manual flattening on glass to
gain its original size and

_““'.\‘ samples) with water
immersion, which tasted 5 min,
climinate contractions and to make ¢
shape,

Alter conditioning between pape
cloth, the drawings were then pressee

rboard, filter paper and veils of non-woven

| for 10 min at 2.02 MPa.

al lining with Japanese paper 508 and 4% ecthanol
vacuum fable, before the pressed
guaranteed rapid absorption of
¢ from forming new creascs or
ess or degree of deterio-

The subsequent tot
solution of Klucel G was p(‘ribrmcd on the
sheet was completely dry. The vacuum table
the adhesive and simultancously kept the pape
deformations between arcas that differed in dampn
ratnon,
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Fig. 6. after flattening and total lining

Fig. 7. Drawi
rawing 7 after flattening and tota tin;
inin i ,
q Fig. 8. Drawing 7, same detail as in

At the end of this f )
wc’r? again pressed fotrlr;; il)lh‘:: iy

[h(“ final phase of the (
mending of tears
thickness and a 49

atlening ; '
2.02 N mf{ and consolidation, the drawings
! { APa (Fig. 7, 8)
- estoration consisted of the
P suture of i
cuts ‘

rge 0 ethanol solyt with Japanese paper of opriate
I'he Japanese p Sotution of Klucel (G S '[

. > paper use :. ract, reome sty ol
e St cing paper: methods of study and restoration

!‘(‘inlvm';uiuu of lacunac
: ' SuMmARIES
TN

al drawings from the beginning of

ne architectar
d tor fibre,

integrati
O was gh ‘,} .
s slightly retouched with
B che I order 1o find appropriate methods o vestore sot

. on waterc )
olour:
w1 . Sy e
th that of the original, r order to harmonize the background color
ackground o the twentieth century that were mounted on p&lprrlm‘.\rd, these drawings were analyse
adhesive, additives, inks, colours and biological infestation. Possible methads of restoration were
med to he most suttable

The final method that see

wotme
g on the suction table using

tested with artiicially aged papers at o
(202 MPa and mendin

Concrusion

‘ wits div detaching, thatening by pressure

The Problem Poscd by the %|>$\'|‘l)!;sl>lall>l(' n'lﬁ‘uluw d't‘l’i\t“i“"", Klueel G-

.nccd to work in the almost

instability of the paper }

cannot tolerate the o
Nevertheless, the

restox atio (¢}
i ¢
‘ trag ”“.,’ pulp( rm \l“‘\ ¢
I()ld! (d)s(“(‘( ()' water .

g paper ca » owing to the dinensional Papiers calyues: Fude et restauration
usc of a annot be imuersed | i
ucous . wrsed in water ane . '
comhinq i S glues and adhesives ‘ ‘ Afin de touver fes meéthades adéquates pout It
the patiem executiog \ auon of N du X Xe sieele montds suy cartog, ona analyse ke 4‘nmpnsi(inn fibretse,
] o B . . . . o N N
of the les condenurs o évalud la vontamuanon hiologique. Les méthodes de restaurat
lis artificiellement. {.a méthode qui semble fa plus approprice

method cap
able QO . L ) )
f producin FE testées avee des papiers actuels viett
‘9.2 MPaj cf fa réparation sur table aspirante

as can be seen ;
Cn In th(’ ;misscmcm SOUS pr(‘ﬁﬁl("l [P

statrer quelgoes dessius architecturaux du début

tests pe p 1o colle, Jes additits, les cucres,
s performe -

restoraty ; d prior o the restoration and ton envisageables ont

ation iself made

g results that can he

hotographi
Photographic documeny

1t possible to devise @
est he détachage @ sec, Papl

constdere . .
usidered quite satisfactory. ‘
avee des dérivés cellulosigurs solubles daus

ation,
231
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Transparentpapier: Methoden der Analyse und der Restaurierung

Zur Vorbereitung der Restaurierung einiger Bauzeichnungen vom Anfang unseres Jahrhunderts,
die auf Pappe kaschiert waren, wurden dicse Zeichnungen im Hinblick auf die Fascrzusammenset-
zung, aut Klebstoffe, Zusitze, Tinte, Farben und auf biologischen Bef
ren Restaurierungsmethoden wurden zunichst an beschle
heutiger Produktion ausprobiert. Am besten geeignet ¢
unter Druck {2.02 MPa) und das Ausbessern
1oslichem Cellulosederivat (Klucel G).

all hin analysiert. Die denkba-
unigt gealtertem “Transparentpapicr aus
rwics sich das trockene Ablosen, Gliten
autdem Saugtisch unter Verwendung von losemitiel-
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Paper-sphitting: A Problematic but Indispensable
Method int Paper Restoration

by MONIKA GAST

Parer REINFORCEMENT TECHNIQUES

V, " g N o vy . ¥ - M

arllous m(,thod.s may be considered o cansolidate britde, degraded and dam-
A0CC . \ ot e . . : ) 1
aged paper objects when no local treatment or staple tibresstrengthenng
methods, such as washing and sizing, ave sufficient

,[,1 N . ‘. '. . R . e . ’

1¢ dec 1?1011 about whether to consolidate and restore w these cases depends

on several factors. Fiest, the abject itself:

e What kind is it, a manuseript or a printed or iltustrated

¢ Is the script on one side only or on hoth sides of the
s Lo .

o What function doces it have:

artefact!
paper!
a source of information or a work of art?

Second: What is the scale of the damage
I propose to outline five techmiques avail
cing paper:

and what are its causes?

able to the conservator for reinfor-

lining

cembedding
famination
leafcasting

paper-sphitting.

Lining

f'he first choice for consolidation of one-

o sided objects will be fining the back.
This i3 a common technique ! e fiing the

for most workshops using a varicty of different

P
2 Rewsrann 14 234 25
estanrvator 14 234 252 ¢ 1993 Munksgaard, Copethugen

Monika GAsT

working methods and materials, such as Japanese or European paper; starch
, a mixture of them, or occastonally a nonaque-
nt soluble cellulose derivative such as Klucel®;
drying under pressure (Western technique) or under tension ‘(Chmesc and
Japanese wechnique). Naturally the ohject will be slightly thicker, but the
texture of the original is mostly retained and nothing will be seen on the front.

paste adhesive, methyleetlulose
ous adhesive, for example, a solve

Embedding

This is a process mostly used in archival conservation. Mouldy and \damaged
records ave often treated in this way. The purpose of this‘met‘hod is 10 save
the paper from further deterioration so that the information 18 avrallz?ble to
users when aesthetic considerations are of secondary ‘importancc. 'l"hls pro-
cedure implies that a fine tissue paper is put on both sides 9&" the‘ qucct usx‘ni
a thin starch paste or an aqueous methylcellulose as an adhesive. This sandwic

. . - ; 1ssue
is then put into the press and a lot of pressurc s applied to make the t

. [N issuc paper
transparent. The structure of the paper is completely lost and the tissuc pap

that lies on top of the writing will always be visible. .
are reversible in water, but like all treatments

a theoretical possibility to actually
if the tissue paper and

Embedding as well as lining
of very degraded paper, it might only be
¢ the object will suffer damage

reverse it Inomost case
vom its surface andfor back.

the adhesive are removed |

Lamination

d in the same sense as embedding. Here ‘1t
rvation procedure using a fully synthetic
d through the use of
ocess of degradation

The term lamination might be use
18 used restricted to a nonagqueous conse
adhesive. It is applicable if the object has been damfage
iron gall inks or shows copper green degradation. This pr deacidification
15 further catalyzed by an aqueous treatment. Nonagueous eacx‘ o or
and consolidation is therefore preferable. Furthermore, starch paste

i nd must
methyleeliulose will be degraded in the same way as the old paper ad e
: dhesive more stable against hydrolysis and heavy

uring famination 2 heat-sensitive synthetic ad-
‘ ] : i ivated by heat and
hesive, preferably an acrylic coated onto tissue paper, 18 afct;lvawriti Kg cat an
bonded to the object. The Jamination tissue lies on top O ;th oo
layer will always be slightly visible. Furthermore, much o‘r‘;,m fhe |

i quire .
structure is lose, as substantial pressure and heat are requ

i i iz in the same restricted
Lamination is reversible with an appropriate 'solvent
respect to embedding.

therefore be replaced by an 2
metal-catalysed oxidation. D

seuse as defined above with
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Leafcasting

Lealcasting can be a process i

with a machinc or a ui:t?:i)ioi %lthc-r mass treatment or siugle items, cither
when missing arcas have to be ﬁl:ufiu'on pable: Ttcan be appropriatc not only
some strengthening, A very ﬁﬁe va m, but alsg when a frail object requires
the object without using stron d;’}ell” -Of fibres ‘15 deposited on both sides of
Teare howorer are ot S\trcn thg‘ ad csxve'. Leafcasting is a superb method.
Missing arcas have overl: g u}c Summf"“tly and require additional repair
nition. apping fibres, which results in the loss of some El‘(-ﬁ-.

Paper-splitting

The last method is paper-splitting. T

tissue is inserted as So:soli(il:t::)‘:g. Fhe pap.cr i split i two and a thin vepair

e i eanes wher the ohios rcmt-() the middle. It can he applied as another

ot 1o e 5w bqu}lrcs (‘l?lbcdding or lamination. Alter paper-

e o e b ()t.l surtaces of the objeet, which is differe
techniques. It can bimed

with leafcasting if missi also be Y :
g if m aQ also be perfectly ¢ .
¢ ISSIng areas are present. I lly combined

METHODS OF P
- o APER-SPLIT
L ITTING IN FAstE "
3 FASTERN GERMA
. NY

Paper-splitu
plitting has be : i
A rcgtf)rrld‘c.lonc occastonally in several workshops since
& 4 alno wrry . . : S oamee "
can be found in French En. ]l?c.scnp(mns of experiments with this technique
: > I] Q - M ‘ . \
nincteenth century.' Rcs;or glish and Austrian technical literature of :hv
o oot | crs seem to have used many ki "~ diff
tech < materials. However, during the last 25 T o o
ern Germany hav s oo
¢ been i i
e o e Cxpcrimm[dc?velopmg this technique into a real method
) ' B i ¢ ( . )
o previous e} . in [.)l‘ng(. One of the reasons paper-sphitting
fame repair technique especially i e Democratic
public may be due to lack of mate A
to develop alternatives, |
Wol a
N IV;“g;ang Wichter of the Deutsche Biich
o . he
iller of the University Library in Je

years workshops in the

German 1 atic
. 1 Democrati
nal and equi

d equipment there, It was necessary

el | pzi .
m Leipzig and especially Giin-
me o R : s RN «
ent. A mass restoration programme of na became skilled with this weat-
of the library material to be P ol paper-splitting, according to the needs
. Soer > * conserved : '
respective i e (o 'd and restore as s ' j
oi-p - nstitutions. Gunther Miiller accompli }‘ ored, was set up in ther
operation and hi omphished
is w i :
day.™ After prelimin orkshop is designed 1o split several hundred
‘ ary trea . several hundred pages a
In some cases bleachingy th :C‘m, for example dry cleaning, wasl " A (i
g, the o o g, washing, anc
) jects are covered on both sides + 'l‘l .
sides with a support

AN IMPressive sequence
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The sandwiched

The adhesive used is hot gelatine.
hydraulic

hylenc and blotting paper, put in a

ft under a weight overnight.
lit and the two halves pasted out

paper glued out by machine.
objects are placed between polyet
press for a short time and then le

.'I'hc next day the treated objects arc sp
with an adhesive mixture of mcthylccllulose, carboxy methylcellulose, 2 buffer
and an acrylic emulsion. A thin tissue paper is inserted

dried and the support papers released in 2
proteolytic enzyme bath the following day. Finally the objects are dried.

The whole process is based on the fact that the core adhesive is more stable
and not as readily dissolved in the sam¢ solvent (by the proteolytic enzyme)
used to remove the adhesive of the support paper:

Ginther Miiller, the pioncer of this method, is still further developing it,
ss to more cquipment. In the last year his workshop
started o use a leafcaster in combination with paper-splitting.

In Leiprzig a machine for papcr-splitting is being constructed’ to cope with
the bulk of deteriorated material. Such 2 machine might speed up the procedure
considerably. A restorer with practical expericnce In paper-splitting will expect
that such a mechanized mass process can only deal with objects of similar

damage and homogencous structurc.

of magnesium carbonate
for reinforcement. The objects are

especially now with the acce

METHOD OF PAPER-SPLITTING

'I shall now report on my own experience with papcr—splitting. It must be
introduced with the statement that the laboratory wherc T am working, the
]"“N"‘alory of the Bavarian State Library, docs not deal with any mass conser-

vation treatment. Other considerations than those in Jena and Leipzig have
.l() be taken into account, as paper-splining is required as 2 method for conserv-
fng single items. Most cases we have come across throughout the years in our
institution are single rare and valuable objects or sometimes several pages of
a book. Paper-splitting in combination with leafcasting is sometimes a necessary

treatmoent.

If we come across damage
prefer microfilming as the chea
vation." We slightly moditicd the process
aken over from Giint

d items interesting only for their content, we
pest and most apt means of information preser-
described in the paragraph before,

but the basic principle was t her Muillers technique.

Materialy
lter paper. The

¢ is a wet strength fi
t on the surface

Most suitable as a facing or support papc
trate through but st

gelatine applied to the paper must not penc
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of the paper. However, for removing the support paper afterwards, water
should casily get through the tibres to facilitate a quicker release.

Strips of filter paper cut to approximately 3 cm width are used as a margin
around the object to be split. The filter paper should split casily.

A food gelatine of medium viscosity (Bloom grade about 150) is suitable as
an adhesive for the support paper in most cases. The
proved to be suitable: 400 g of gelatine
with 20 ml of glycerin. The glycerin see
gelling time of the gelatine. The
a double saucepan.

following recipe has been
per litre of distilled water together
ms to be necessary 1o prolong the
mixture should he kept hot at about 40°C in

The core paper is inserted into the middle
(9 g/m*) or a thin Japanese paper will he suf
cases.

of the split object. A lens tissue
Ticient for consolidation in most

As an adhesive for the core, a mixture of methyleellulose (Tylose™ MH 300)

and a thin wheat starch paste provides the best re

sults. Some magnesium
carbonate can be adde

d. I did not find an acrylic necessary during my work.
To release the support papers, hot water alone
the layer of gelatine dissolves more quickly when
is used. 1 have been using Stabilozym®, 4 liquid ¢
industry by the company BAYROI, ¢
per 1 litre warm water (50"
to keep a certain pH.’

might be suflicient. However,
a protein degrading enzyme
nzyme made for the brewery
Munich, Germany). Concentration: 3 m!
- Itis not necessary o use a bufler salt mixture

Process

Before a damaged and decayed paper can bhe
in most other processes for paper restoration:
with draft clean powder, and then washe
paper-splitting is intended. The more deg
splitting will be. A hand-made paper wi
split. In such cases, however, Paperssplitting would not be required. Size also
consolidates the fibre bonding and has to be washed out at the ontset of the
treatment. If a paper has areas of differeny strength, as was the case with the
sheet given in Fig. 1 (front) and 9 (back), the degraded arca can full into two
halves almost by itself, whercas the intact paper around it is more difficult to
split. If there are missing parts they are best filled in by leafeasting, It is very
important that there be ag litdle overlapping
object, as in these arcas the object w
separate from the object,

leafcasting machine in a w

split it must he cleaned fiest, as
dried with a soft hrush, possibly
d. Washing is an essential step when
raded the paper, the casier the paper-
th strongly linked fibres is difficult to

as possible of fibres onto the
M not split, but the leafeast fibres wil
This is achieved by

arranging the object i the
ay that therc are gre

ater areas not covered by old
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Fig. 3.

al attack.

ic biologic
iddle area by an apparenuy anaerobic
d in the middle

Fig. 1, 2. A paper heavily decaye atter 1eafcasting.

. . 27
Fig. 3, 4. The same sheet as in Fig. 1 and e quiddy. e
ve
ater runs o
1 by using high suction, s0 that lhct,\;n and small areas not coverei
aper anc : . rea l
g pt“ . ‘I f" wsting technique, with Jow sucti he splitting process
contrast teafcas ;
by old paper, would consolidate s )
[¢ ¥ “
NP 1g. .
imcndcd, this is not necessary (Fig. 3,

the paper. When
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Fig. 5.
Fig. 6.

Fig. 5. .
geﬁatinfflésh:ng out the support paper with hot
ot the. ig. 6. Placing the object to be split
7 Placinzu::,po" paper coated with geiatine. Fig-
r e second tacin i
ject to be spiit. g paper onto the ab

Fig. 7.
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At the beginning of the procedure of paper-splitting, the support paper is
b'rushcd out with the hot gelatine. The coating has to be very even (a bit
dlﬁ_icult without a gluing machine), but if the layer is irregular, the paper will
split unevenly. The brushing out has to be done quite quickly; the gelatine
must not sct before the object is laid on. For bigger sheets one might consider

working on a warm metal plate (Fig. 5).

T.hc object is then placed onto the support paper
facilitate the starting of the splitting of the paper, 2 margin around three sides
of ‘thc object is helpful. If the object has been leafcast this margin already
C’“S}S (Fig. 3, 4). Otherwise it can be made out of strips of filter paper.

The support paper is a little bit smaller than the object plus the margins
on three sides, but bigger than the object (about 3 cm) along one side.

Now the second facing paper is glued out and placed on the other side of
the object (Fig. 7). The resulting sandwich is placed between sheets of a
polyester foil (Melinex® or Hostaphan™) and blotting paper and then put into
t}'“" press. The gelatine should penetrate about one third into the paper from
cnthc‘r side. The splitting takes place in the middle third.

After 10-30 min of pressure, the sandwiched object is taken out of the press
ax}d put under a weight for 4-6 h, sometimes longer, depending on the type
of paper. The object and the support paper together with the gelatine must
haYc formed a strong bonding. The whole sandwich should still be damp to
fac'llitatc the separation of the fibres.

The splitting then starts from one corner diagonally to the opposite corner.
When the paper is loose along one edge, the splitting has to be done in a 90
a“.gk“ and the pulling must be quite jerky. It is important to split the page in
this T-form position; otherwise the paper will not split exactly in the middle.
A device to kecp up this position when pulling might be used (Fig. 8, 9).
Alt'hough one tends to do all these operations cautiously and slowly, the
Spl.ming results are much better when the pull is hard. The fourth edge
'(w1thout filter strip or leafcast paper) must stay fixed. Here the facing paper
is stuck directly on to each other. It serves as a hinge and helps in putting the
two halves together again. In this way laid and chain lines and watermarks

ain and are as clear as before (Fig. 10).
out on both sides with thin adhesive, a

Icellulose as mentioned before. A tissue
paper is placed on one side and, with the aid of the hinge, the two halves can
be put directly onto cach other again (Fig. 11-13). The whole object is put
hetween patyester nonwoven fabric (Hollytex®) and blotting paper, pressed
slightly and dricd under a weight. d in an
enzyme bath. A heated basin with the solutio

(Fig. 6). In order to

are exactly lined up ag
.Thc split paper is then pasted
mixture of starch paste and methy

The facing paper is then release
n is kept at around 50°C and the
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Fig. 11, Fig. 12

Fig. 8.

Fig. 9.

‘ig. 13,

g
8 asti the Sp’lf r. F P ng lissue paper on one of the olfspllts Flg 3. Puttin
] pape: Ig. 2. Placing ts!

e two halves back together.

Fig. 8, 9. The splitting process. Fig. 10. The full
support papers.

¥ split object, fixed together at one corner by the
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sandwich is placed inside. After a few minutes the gelatine is degraded and
the support paper released. The object is then transferred into a b;nh of water
abovS: 70°C Fo deactivate the enzyme. The facing paperss can be taken off (Fig.
14). The object is drained and then completely dried between blotters Fi;z;-
15 and 16 show the finished page. o

ExampLES

A paper restorer must be aware that paper-splitting is a very drastic method
that shquld not be applied without some considc}‘ation. In the lfoll()winq 1
should h.ke to give some examples when paper-splitting scemed to be the rr;oﬂl
appropriate ‘if not the only appropriate restoration m(",thod. | |

. The'ﬁrst is an archival record consisting of thin laid paper with iron gall
ink w.rmng breaking through. As the ink was stable, the missing arcas vx‘/(‘l’(‘
filled in the leafcasting unit. The consolidation papc)r was ﬁ;(‘d fﬁw‘ilh'(xlncthyl
CCHl.ﬂOS(‘, only.. This was done with regard to the owner of the object, the
Eitslo:lt/‘\rf}lnvcs of Brazil, whcr? any natural pastc or size is avoided h(-(tnus(-
(hese (?PL‘:d :73,&1;1) .to be more likely attacked by insects in a hot and humid

The secor ject is a ve i i
ond chject is a very brittle and thin newspaper of the end of the

Fig. 14. Releasing the support papers.
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i

Fig. 15
Fig. 15, 16. The object after splitting.

g areas.

nincteenth century printed on both sides. Here we have no missin
and any tissue on the surface of the object
tly thicker than

However, consolidation is necessary
would disturb considerably. The finished split object is sligh
before, but it still has the feel and look of a newspaper (Fig. 19, 20).

The third example is a Coptic manuscript of the seventeenth century consist-
ing of strong, burnished, Arabic paper. In the area of the ink writing, the
paper is extremely degraded and in many places the ink has been breaking
through the paper; there were some old repairs, a thin tissue already brown
and degraded itself, over some losses in the writing (Fig. 21). The old repairs
were removed with a mixture of alcohol and water. Care must be taken that
old repairs, cellotape, residues of adhesives, wax spots and the like are removed
splitting. In all these areas the gelatine would not
penetrate into the fibres and the paper would not split. The loose pieces of the
object were fixed with tiny strips of Jamination tissue (Japanese tissue coated
with an acrylic) using a warm tacking iron (Fig. 22). The ink was water-
sensitive; it was decided to fill the missing areas with pulp on a suction table.

completely before paper-
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Fig. Fig. 20.

Fig. 19, 20. Page of a newspaper with illustrations, extremely brittle.

No margin around the object was formed during this process. It was therefore
necessary to put strips of filter paper around 3 sides (Fig. 23). After 30 min
i the press and then 6 h under a weight, the object was split as described
(Fig. 24). The core paper was inserted and the two halves put back together.
After drying, the support papers were released in the enzyme bath. As the
object was water-sensitive, it scems strange to keep it in contact with water for
some time. However, the facing with gelatine seems to fix the inks to some
extent, although there was some offsetting on the support paper. Paper-splitting
in this case might be disputable, as any aqueous method. The alternative
treatment in this case would be laminating the page. However, the finished
object shows a satisfactory result of the splitting method (Fig. 25).

Misnaps

In an attempt 1o adopt the paper-splitting method into the whole of the means
a paper restorer should master, I have been experimenting for some months
with this method: trying out different sorts of facing papers, covering t‘hem
with different types of adhesives, applying different pressures and drying times
and splitting masses of different sorts of waste papers. There Wc?rct. occasions
when I thought that hairsplitting must be easier than paper-splitting. There

Fig. 18.

Fig. 17, 18. An archivat abject with corrosive ink.
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Fig. 21.

Fig. 22.

Fig. 21. Page ot a Coptic manuscript with corrosive ink and old ugly repairs.
Fig. 22. Fixing loose pieces of the object to be spiit with tiny strip of lamination tissue.

are terrible disasters that can happen, and sometimes it is difficult to find the

causes. 1 relate a few,

» The facing paper does not adhere to the object, or worse, it only adheres m
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Fig. 23.
F.ig' 2. Putting strips of filter paper around three sides of the object. Fig. 24. The object given in
Fig. 21 after splitting.

parts, so that the object will not split in all areas. The causes might be in
the object: heavily sized paper or remaining adhesive on the surface. They
might also be in the working procedure: the pressure might not have been
enough, or one had worked too slowly.

The facing paper forms a tight bonding with the object and cannot be split
at all. Possibly causes: the gelatine was too thin, the pressure was too high
and/or the drying time was too long. The object was penetrated completely
by gelatine and the fibres in the middle could not be separated.

® The facing paper cannot come apart from the object. The reasons for this
could be: the enzymes not working or too much pressure after having stuck
down the core, so that the gelatine and the adhesive from the inside have
mixed.

In one of the worse cases, not only the facing paper but the halves of the
frail object come apart in the cnzyme bath. This might happen when the
adhesive for the core was not strong enough. Also, an unpurified type of
tnzyme containing some amylase instead of pure protease might be the

causce.

249



A Problematic but Indispensable Method in Paper Restoration Monika Gast

different papers will behave differently is built up. I want to warn restorers
not to be too keen to apply paper-splitting without enough practice.

Ermes
It is not because of the difficult handling of this method that I want to warn
about applying paper-splitting too readily. With some tr.aining every good
restorer can handle it. Other considerations, however, particular ethical ones,
are applicable. . . -
Paper-splitting is a very drastic manipulation of the integrity of the object.
The picee of paper with all its intrinsic value is actu‘ally torn ‘apart, although
it appears unchanged after the treatment. Inside this sheet of paper, one no.t
only separates lined up fibres, but tears fibres apart. | undcrstajm.d why this
method causes so much controversy, quite justified in my opinion, .as t.hc
restorer or conservator actually damages the object before further treating it.
However, T think there are occasions when this method is justified. These
are ohjects of last resort; hardly any other method will help to save them.
Wha can never be justified is the creating of two scparate objects out of
one, when a valuable drawing or print is on both sides of a work of art. In
such instances the artefact must not be split and cach halves lined separately.
I wish to mention it as I know dealers ask for it and restorers sometimes tend

to fulfif these requirements.
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Fig. 25. The finished sheet.
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Lalso did not have much success experimenting with precoated papers. ‘The Paper-splitting: A Problematic but Indispensable Method in Paper Restoration

SUppOrt papers were coated with a modified gelatine and then activated by ! the author describes one of them, paper-
; T ; . . . After 4 sur “the me ‘ cinforce brittle paper, the 4 & ’

maisture, The ob ects prepared in such wa s . il Alter a survey of the methods to reinforee ‘ o i es of

. Sy A did not seem o et the g splitting, in detail. Two sheets of support paper coated with gelatine are put onto both surfaces o

degrec of penetration of the adhesive. the object to be sphit and separated at the right moment, when there is sufficient bonding between

lo come to terms with the process of paper-splitting much experimening
1s required. At the end, a feel for the materials and a sound judgement of how

e i g idity, i inner part of
support papers and the object and saflicient loosening, caused by humxdlty,l in the (;n " rp )
. is 1 ing ste as ¥ ¢ X nd the su T

the object. A core of thin paper is inserted, using starch paste or methyl cettulose, an ppo
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papers are removed using a proteolytic enzyme. The dangers of the process are discussed as well

as ethical reservations against it.

Paper Splitting: Une Méthode Problématique Mais Indispensable en Restauration du
Papier

Aprés un aperqu des méthodes de renforcement des papiers fragiles, lauteur en décrit une plus cn
détail: de paper splitting (division du papier). Deux feuilles d'un papier support enduites de gélatine
sont appliquées sur les faces de Pobjet a diviser et séparées au bon moment lorsque le lien entre les
deux feuilles support et I'objet ainsi que le relichement provoqué par Phumidité a untérieur de
I'objet sont suffisants. Une dme de fin papier est insérée en utilisant de la colle d'amidon ou de la
méthyleellulose et les papiers supports sont enlevés en utilisant une enzyme protéolytique. On
discute des dangers de ce procédé ainsi que des réserves ¢thiques a son égard,

Papierspalten: Eine Problematische, aber Unentbehrliche Methode der
Papuerrestaurierung

Nach cinem Uberblick iber die verschiedenen Methoden zum Verstirken briichigen Papiers wird
eine von ihnen, ndmlich das Papierspalien, im Detail beschrieben, Zwei Blitter eines mit Gelatine
beschichteten Tragerpapiers werden auf die beiden Oberflichen des zu spaltenden Ohjektes ge-
bracht und im rechten Moment auseinandergezogen, d.h. wenn der Kontak( zwischen Trager
und Objektoberfliche fest genug und der Zusammenhalt i lunern des Spaltgutes wegen der
cingebrachten Feuchtigkeit locker genug ist. Ein Kern aus diinnem Papier wird cingeklebt, nnd
zwar mit Stirke oder Methyleellulose, und dic ‘Triger werden mit Hille von protealytischem
Enzym abgelost. Die Gefahren des Verfahrens werden chenso diskutiert wie n-s(;mrivrung:«-!hi\'(hv
Bedenken, die man dagegen haben kann,
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International Standard for Permanent Paper

In August 1993, the draft for an international standard for pcrmazllent paper
was approved by 1SO national member bodics in a ballot according to the
ISO directives. The new standard is called 18O 9706: Information and docu-
Requirements for permanence.

mentation  Paper for documents ane
f Librarianship in Copenhagen,

At a signing ceremony at the Royal School o e
the chaivman of 1ISO/TC 46/SC 10, Mr. Rolf Dahlo, made the ff)rmal decision
to publish the standard. There will be no change in the technical S?n.tent o
the drafi ISO/DIS 9706 that was sent for ballot in September 1992. This draft
international standard may therefore be used PmViSionally uml.l th.e final text
of 1S0) 9706 has been published by 1SO, as only some minor editorial changes
will be included. : i

ISO 9706 was developed on the basis of the well-known Am.erlcan Nathl’lZ'll
Standard, ANSI 7.39.48-1984. That standard was revised 1n 1992 and is
now entitled “American National Standard for Permanence of Paper for
Publications and Documents in Libraries and Archives, ANSI/,NIS(.) 73945
1992° “I'he technical requirements of ISO 9706 arc in conformlty.wnh ANSI/
NISO 739.48-1992, and there was a close and fruitful cooperation between

the NISO and 1SO committees.

Both standards cover both coated and unc
concerning pH value and alkaline reserve are the 'same; t . rd
tear resistance and resistance to oxidation differ slightly. Smce the stan ards
are very similar, ISO has been permitted to usc, as p:‘art of the 1SO standard,
NISO’s symbol for papers that comply with the requircments. . N

ISO TC 46/8C 10 is now discussing another standard. Its intention 1s

: ence so for durabilit
desceribe the qualities necessary not only for permanence but also N l):
ord: a paper for documents 0 hig

hich can be predicted to be used

oated papers. The requirements
he requirements for

in the most demanding meaning of this wi
historical, legal or other significant value, w
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intensively in the future - St Breser . ..
during th}i/s use. The l:‘(xtd;:" r[r;:-l,bt ?KS( e -thclr original representative outfit
disagrecement in the tcc‘hnical c ; Stdnd.ard 15 nearly ready; there is nearly no
LI e ontent, L(j., the requirements of 180 9706 ;md

» some requirements regarding the visual inspection {frce from

»

defects such as s
, as specks, holes i
(mainly rag) Pd N 91(,5 and wrinkles; a watermark), the fibre compositi
| IT1& g) an certain Slr(‘ngth . sH10N
. k £ roperties {tear ;
folding endur: P 5 earmg reststance 350 mN
; ance between 2 and ¢ : \ e 350 mN
id 2.x depend : ’
The only matter st . pending on the testing instrume
er still . L g nstrument).
discussioyns on th ‘;l“d” discussion is the wording for the title. Duri ll)
scussions on the technical conte ; . ‘ing the
e ((’LB nical content there was some silent agre : i
archival paper. But testi s ) agreement on the
e real anca ([; p ’ ttesting it for its true sense, it was found not t
: ca of use for a paper as d i i l O mee
: T as deseribed in the st ,
any paper is archival. But a p: standard. For an archives
AR al. lut a paper as described in the standard fe
* reasons, never be used for ¢ Mangara can, lor
» w any documents t
to become archival . ) nts that one day may he .
B e . ay may happen
above: for d al. It will be restricted for very specitic documents y hi I'I
c: for documents on state and legal aflairs et as defined
Possibly the i : o v
s cre will he a g . o
permanence, It : t‘}u;d standard describing the requirements fy
: . [t 1s an inevitable dev . $ lovpapet
. Cl()pm(\n[ 1 . .
a higher lignin co . n papermaking that fibre wi
\ ‘ ontent - wood fib g that fibre with
re prepared i
. . . > nWh'l‘ oty N
technology - will be used also for paper of high atever existing or future
¢ (\

_— . ‘ ) r quality. For 3
itis obvious that groundwood paper can Iy puality. For a paper restorer
i :

when it is deacidified and when a certa; mproved in its ageing behaviour
All the expensi m amount of alkaline eri
xpensive methods of deacidifenr: alkaline bufler is added.
" are based on this 0;13 of deacidification  mass treatment ingle s
> base 1s tact. Fr Y CONSE o or single sheet
not to aceept a standard [()m the conservator’s point of view there is 1:) reason
L SUd p; at aeert b CAs
The onl o ard that asc ribes to such a paper better ageing :
y problem might be the wording. 1t is not agemng behaviour
paper as permanent. Just its tende 8§t 18 not acceptable 1o define such a
paper made of not or only partl mj‘y to yellow forbids this. But o define a
: y purified fibre fr ‘
. > fro as havinng =
ageing behaviour” may be acceptable m wood as having “cnhanced
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