ISSN 0034-5806

RESTAURATOR

International Journal for the Preservation

of Library and Archival Material

aual

<

Volume 17 - Number 1 - 1996

- MUNKSGAARD - COPENHAGEN
A

/ Siikey ), v 89 ‘
vk .y 5
Q&mos/\ o



Board of Editors

Eprror anp Eprroriar OFFicE: f
Dr. HELMUT BANSA, Elisabethstraie 23, D-80796 Munich, Germany.

AssociaTE Eprrors:

N. S. BAER, Professor. New York University, Institute of Fine Arts: Conservation Center. 14 East 78th Street,
New York, NY 10021, US.A.

RICHARD D. SMITH, President. Wei T’o Associates, Inc., P.O. Drawer 40, 21750 Main Street Unit 27,
Matteson, IL 60443, US.A.

ConsuLTanT Eprrors:

GERHARD BANIK, Prof. Dr., Staatliche Akademie der Bildenden Kunste, Fachbereich Restauricrung, Am

WeiBlenhof 1, D-70191 Stu 1, Germany. X

ESTHER BOYD-ALKALAY, Chem. Eng. 17 Rehov Reiness, 53480 Givataim, Israel:

HELEN D. BURGESS, Senior Conservation Scientist. Canadian Conservation Institute. 1030 Innes Road,

Ottawa, Ont. KIAOMS, Canada. . .

ALAN?OO«I-S l(;ALMES, Prescrvation Officer, National Archives and Records Administration, Washington, DC
, US.A.

'lrJ(l-?Lénco,EUNGS’ Senior Lecturer, Camberwell School of Art and Crafts. Peckham Road, London SE58
IAN COOK, Principal Conservator, National Library of Australia, Canberra A.C.T. 2600, Augtralia,
FRANCOISE FLIEBER, Directeur du Centre de Recherches sur la Conservation des Documents Graphiques.
36 rue Geoffroy-Saint-Hilaire, F-75005 Paris, France.

TOMOKICHI IWASAKI, Director. 1~13—4 Ueno Sakuraghi, Taito-ku, Tokyo, Japan. .

Y. P. KATHPALIA, M.Sc., Scientific Officer, National Arraciives of India. New i 5, India. ,
GABRIELLA KUNSZERI-ALBRECHT, Dr., Chem. Eng., Chief, Restoration Dept. of the Hungarian Na-
tional Archives. Bécsi kapu tér 4, H-1250 Budapest [ Pf. 3, Hungary.

ANNE LIENARDY, Rue de 'Orme 50, B-1040 Bruxelles, Belgium. .

VICKI HUMPHREY, Manager of P Conservation. AR Australia, State Conservation Center of
South Australia. 70 Kintore Avenue, ide 5000, South Australia. .

L P. MOKRETSOVA, Dr., State Institute for Restoration, 44, ul. Gastello, 107014 Moscow, Russia.
RQBERT C. MORRISON, Conservation Consultant. Contekk, P.O.B. 34, Narrabundah ACT 2604, Aus-

tralia.

YULIA PETROVNA NYUKSHA, Dr. (biol.sc.), Senior Research Scientist. Conservation Department. Library
of the Russian Acadcm\)' of Sciences, SU-199034 St. Petersburg, Russia. ,

GALINA 8, BOZKO /A, Dr. (biol.sc.), Chief of the Department of Hygiene and Restoration of Books. State
V. 1. Lenin Library, SU-101000 Moscow, Russia. .

ALICE RUGHEIMER, Senior Conservator. The British Museum, artment of Conservation, Western
Pictorial Art Section. Great Russell Street, London WCI1B 3DG, Englan:

ANDREE SCUFFLAIRE, Dr. Phil. L., Conservateur. Archives Générales du Royaume, B-1000 Bruxelles,

Belgium.
cx-lﬂwa . SHAHANI, Research Officer. Library of Congress, Washington, DC 20540, U.S.A.

ES&ART TROFER-HUA, Dr., Chemist and Chemical Consultant, Karl-Kunz-Weg 9, D-68163 Mann-

ANTONIO ZAPPALA, Professor. Diparti i Storia ¢ Tutela dei Beni i, Universita, Via Antonini,
8, 1-33100 Udine, Ity r. Dipartimento di Storia ¢ Tutela dei Beni Culturali, Universita,

RESTAURATOR, Intemational Journal for the Preservation of Library and Archival Material is published quarterly.
Subscription E:'ce 1996: DKK 1090.00 including postag{. Prices are payable in advance and subject to ex-
change-rate ions. Important ~ for subscriptions delivered to within the EL\W Union. If
you have lVAT: registration number, you must provide this. Otherwise, please add your local T on journals
to the above price in DKK: Austria 10%, 6%, Denmark 25%, Finland 0%, France 2.1%, Ge y
7%, Greece 4%, Ircland 21%, Italy 4%, Luxembourg 3%, the Netherlands 6%, Portugal 3%, Spain 4%,
Sweden 25%, UK 0%. .

RESTAURATOR (ISSN 0034-5806) is published quarterly by M International Publishers Led., 35

Norre Segade, P.O. Box 2148, DK. 1016 Copeahapen K. Donmict. DoA sub:ear:lggm ice is USD 185.00

including airspeed delivery. Periodicals postage paid at Jamaica, NY 11431. USA POS for North

msmh@dbm: ':n':ld address W > blications Expediting Inc., 200 Meacham Avenue, ﬂmogt;
A/g, Vojens, sA

PJ. Schmidt by Publications Expediting Inc. Printed in
Subscription orders may be placed with:
e ArRD or  Regional offcs in USA:
SGAMRD. MONKEBARKD
International Publishers Ltd, Tt hers Lad.
PO, Box 21 238 Main 8t
DK-1016 K, Denmark W' MA 021429740
Tel: +4533127030, fax: +4533129387

] Tel: +1 (617) 5477665, fax: +1 (617) 547 7489
or with any subscription agent.

Restaurator; 1996, 17, 1-21 Copyright © Munksgaard 1996

Printed in Denmarh - All ights reserved RESTAURATOR

ISSN 0034-5806

Degradation of Cellulose at
the Wet/Dry Interface

I. The Effect of Some Conservation Treatments on Brown Lines

by A-L. DUPONT

INTRODUCTION

In 1934, Bone noted that when a strip of pure bleached cotton was dipped
with one end into pure water, a brown line developed at the edge separating
wet and dry material.’ This problem was studied in the dye and textile indus-
try and overcome by the development of better drying techniques in the
mid-1960's. More recently, the problem of water-stained cellulosic material
has been encountered by paper and textile conservators.

The browning is produced by the formation of unsaturated compounds
with the presence of conjugated double bonds. Most chemical systems in
which browning occurs contain carbonyl or potential carbonyl groups as
the reducing sugars which are further transformed into unsaturated
colored compounds. Polyhydroxy compounds in which the carbonyl group
is blocked, such as sugars in their cyclic form, do not directly give rise to
browning.? At first, they should undergo oxidation. In the macromolecule
of cellulose, glucose residues are in their cyclic form (Fig.1). Oxidation re-
actions which involve the presence of oxygen dare a common cause of
browning. The very particular micro environment of the cellulose at the
wet/dry interface might be necessary for oxidation to occur at this loca-
tion. This article contains results of an investigation of the effect of washing
and bleaching with the reducing agent sodium borohydride on artificially
aged brown lines and brown lines freshly formed at wet/dry interfaces on
Whatman filter paper no. 5. Other current paper con.servation treatments
involving local or giobal wetting are also studxt.e(l in this paper for their de-
grading action on the cellulose if the conditions for the formation of
brown lines are fulfilled. The degradation was evaluated qualitatively by ob-
servation under natural light, ultraviolet (UV) light at 366 nm and by meth-
ylene blue absorption.

Restaurator 17: 1-21 © 1996 Monksgaard, Copenhagen i
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Fig. 1. Formuia of cellulose.

MATERIALS AND MEetHons

Test samples

Test samples were prepared using Whatman filter paper no. 5. Brown lines at
the wet/dry interface were obtained by dipping few centimeters of one end
of the test samples (8x28.5 cm) in distilled water, in ethanol or in acetone
for approximately 18 hours.

Rings of brown degradation products in the experiment of consecutive
drops were obtained by pouring drops of water on test samples (4x28 cm).

Methods of detection

Three visual, qualitative methods were used for the detection of the degrada-
tion at the wet/dry interface. These included a visual inspection under natu-
ral light (1), under ultraviolet light (2), and after staining with methylene
blue dye (3). The natural light was daylight from the window. Ultraviolet light
at 366 nm was produced by a Fluotest lamp (Original) and the observation of
the samples was done in a dark room. A 2 mM solution of methylene blue was
prepared in distilled water. The samples were immersed in the solution for 10
to 15 minutes and thoroughly rinsed in several baths of warm water.

Artificial ageing conditions

Artificial ageing conditions were 80°C, 65% RH for 24 days (ISO 5630/?}-
1986). A Heracus VTRK 150 aggi sed. Each set of experi-

A.-L. DupONT

ments reported below comprised besides unaged samples, a number of sam-
ples aged, to evaluate the long-term behavior of the brown lines after the
treatments carried out.

Experiment of consecutive drops

1,2, 4,8, 12, 16 and 20 drops (30 pl) of distilled water were poured on 4
samples divided in 7 parts (4x4 cm each part). Samp'les.were allowed to dry
between each drop. Two of the four samples were aruﬁc@lly z.lged. an aged
sample and one unaged sample were used for observation in daylight and
under UV. The second aged sample and the second unaged sample were
used for methylene blue absorption.

Solubility of the degradation products

The solubility of the degradation products was evaluated by th? observation
of the decrease in the coloration after washing the samples, using the three
methods of detection described. Table 1 summarizes the reference samples
used o compare each test sample within this experiment.

~ Solubility of fresh degradation products . .
Sulubili(y of the degradation products gcncralc‘d in water: (l}e washn'\g w:as
carried out by immersing paper samples with fresh brown lines during 20
minutes in:

¢ a large range of solvents at room temperature, or

* distilled water at 50-60°C or at room temperature.

Table 1. Samples used as references to evaluate test samples on the basis of the three evitluation
methods in testing the solubility of the brown lines

Solubility of fresh brown lines Solubility of aged brown lines

Originated in Originated in Originated in ()riginam{n.\
water ethanol or acetone  water cthanol or acetone
Reference  fresh brown lines  fresh brown lines aged brown lines  aged brown lines
samples not washed not washed not washed not washed
Test brown lines brown lines aged hr(.)wn lines  aged hr(I)wn Iifles
samples  washed in water  washed in water, washed in water W'd.-‘hv“d n their
orin a wide range  in ethanol or in originating solvent
of solvents acetone

A
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Solubility of the degradation products generated in organic solvents:
brown lines obtained with ethanol and with acetone were washed respec-
tively in:
¢ cthanol or acetone for 20 minutes at room temperature, or
¢ distilled water at 50-60°C.

Three samples of brown lines were formed in each generating liquid:
one was the unwashed reference and two others were washed. One of the
two washed samples was used for daylight and UV observation and the
other for methylene blue absorption.

— Solubility of aged degradation products

Samples of brown lines obtained with water, ethanol or acetone were artifi-

cially aged. The experiment comprised 6 samples of brown lines per each

generating liquid.

Two samples of fresh brown lines were compared with the reference aged

brown lines in order to evaluate the damage produced during the ageing:

¢ 1 for observation in daylight and under UV; and

¢ 1 for methylene blue absorption.

Four aged samples:

¢ 2 reference samples not washed: 1 for observation in daylight and under
UV and 1 for methylene blue absorption; and

® 2 samples washed in their originating liquid: 1 for observation in daylight
and under UV and 1 for methylene blue absorption.

Influence of the chemical condition of the cellulose on the formation of brown lines

— Effect of washing and reduction on unaged paper
Brown lines formed on paper not washed (1), paper washed (2) and paper
washed and reduced with sodium borohydride (NaBH,) (3) were compared.
Solutions of NaBH, 5 g/1 in ethanol (96%) were prepared. Samples were
immersed in the reduction bath for 20 minutes. After reduction, samples
were first washed in a bath of ethanol, and consecutively thoroughly rinsed
in water (method described by Burgess®). Samples were allowed to dry be-
fore the use for brown line formation.

— Effect of washing and reduction on artificially aged paper

Brown lines were obtained on:

* (1) paper not aged, not washed, not reduced (reference samples),
* (2) paper aged,

* (3) paper aged, then washed in water,

* (4) paper aged, then washed and reduced in NaBH,.

A.-L. DUPONT

Table 2. References used for each test sample on the basis of the three evaluation methods in
the experiment of reduction with sodium borohydride

Brown lines not aged Brown lines aged
Reference samples brown lines not reduced brown lines not reduced
Test samples brown lines reduced brown lines reduced

Reduction with sodium borohydride of unaged or aged brown lines formed in water or
in solvents

This experiment was carried out on fresh brown lines and on artificially aged
brown lines obtained with water, ethanol or acetone. In order to avoid any
washing effect of the NaBH, solutions and to evaluate only the effect of re-
duction on the brown lines, we used the following procedure:
reduction of samples of brown lines obtained with water was carried out
in a solution of NaBH, in ethanol, further rinses also in ethanol; and
* reduction of samples of brown degradation products obtained with etha-
nol or acetone were carried out in aqueous solution of NaBH,, further
rinses also in water.
The experiment comprised 4 samples of brown lines per generating liquid:
* 2 reference samples not reduced (1 reference not aged and 1 reference
aged),
* 2 test samples reduced (1 not aged and 1 aged).
Detection was done in daylight and under UV.
Table 2 summarizes the reference samples used for each test sample.

Formation of oxidized cellulose on the suction table

A test was carried out on the suction table with water, ethanol and acetone as
liquids that might generate oxidation. Samples were divided in 3 parts in or-
der to pour 200 pl, 1 ml and 5 ml of water, ethanol or acetone dropped on a
surface as restricted as possible.

The experiment comprised 6 samples:
* 2 samples of paper not aged and not washed,
* 2 samples of paper not aged and washed,
* 2 samples of paper aged and not washed.
In each series, 1 sample out of the 2 was additionally aged.
Samples on which ethanol and acetone were poured were sprayed with water
after the use on the suction table. At the end of the experiment, samples

. were allowed to dry slowly between two blotter papers.
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Fig. 2. Brown line originated in water.

(CH3), N §" \/\N*(CH3),

Fig. 3. Methylene blue molecule.

REsuLTs AND DiscussioN
Methods of detection

In daylight, the visual aspect of brown lines originated in water is a thin line
(0.1 to 1 mm thin). The color ranges from ocher to dark brown. They can
form very fast (as fast as 15 minutes, but reach their maximal intensity
around 5 to 10 hours), moving upwards and intensifying brown color at the
wet/dry interface as water rises in the paper by capillarity (Fig. 2). The de-
gradation products show a bright bluish fluorescence when exposed to the
UV source. According to Hodge?, fluorogens are thought to be precursors of
browning. We know that numerous organic molecules as those containing
benzenic or non-benzenic rings and molecules containing carbonyl groups
(aldehydes and ketons) have a UV fluorescence.?

Methylene blue is a basic dye (Fig. 3) and reacts with acidic groups
present on the oxidized cellulose by a typical cation exchange process.”®
The reaction for methylene blue absorption is the following:

R-COOH + Mb*<R-COOMb + HY

A -L. DuronT
Table 3. Effect of water drop test
Visual observation  Before ageing After ageing
In daylight —: no brown rings independently of  +: brown rings independently of
the number of drops the number of drops
UV fluorescence slight fluorescent ring after 1 drop,  +: bright fluorescent rings inde-
increasing with number of drops pendently of the number of drops
Methylene blue slight blue ring from 4 drops, mildly ~ +: strong absorption independ-
absorption intense after 8 drops and increasing  ently of the number of drops

The brown line is stained dark blue and the paper light blue after the
dyeing since methylene blue also can be absorbed as a direct dye on the
-OH groups of the cellulose.

Experiment with consecutive drops

This experiment was carried out in order to investigate the lower limit (time,
volume of water poured) of the presence of a wet/dry interface that creates a
brown ring. The results are reported in Table 3. The results showed how wa-
ter-rings that are invisible by the naked eye have a bright UV fluorescence
and absorb methylene blue. Upon ageing, those fluorescent rings develop
browning. Results showed that any wet/dry interface on the cellulose, even in
a brief exposure (the time for one drop to dry out), may be a potential cause
of degradation and may result in the development of brown coloration on
ageing. UV fluorescence and methylene blue absorption are found to be very
sensitive methods for the detection of degradation, which can develop brown
marks on ageing. However, we observed that UV fluorescence was the more
sensitive: four drops of water were necessary to observe a slight methylene
blue absorption while only one drop was required to observe a fluorescent
ring. For practical conservation work, methylene blue dyeing is not suitable
to detect damaged areas, but UV fluorescence is found useful to detect those
areas of the cellulose where browning could further develop.

Solubility of the degradation products

— Solubility of fresh degradation products

The results in Table 4 are based on the observation of the brown line area of
the samples after washing. Observation in daylight showed clearly that the
degradation products formed by water at the wet/dry interface were soluble
in water exclusively. However, methylene blue absorption and UV fluores-
cence showed that there still were acidic groups and fluorescent compounds
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Table 4. Solubility of the fresh degradation products. Observation of the brown line area on the
samples (Table 1 gives the references used with each test sample)

Solubility of brown lines Solubility of brown lines

orginated in water originated in ethanol or acetone

Solubility in
Visual Solubility in Solubility in Solubility in respective
observation water organic solvents*  water at 50-60°C  originating solvent

In daylight  +: partly washed at  totally insoluble, totally insoluble,  totally soluble

room T° and totally same as reference same as reference
between 40-60°C

UV fluores-  slight - bright, same as bright, same as slight
cence reference reference

Methylene  slight strong, same as strong, same as very slight
blue absorp- reference reference

tion

*Pure solvents used for testing the solubility in solvents of brown lines W
(dipolar moment in Debye is indicated): acetonitrile (3.5), acetone (2.7), ethylmethylketon
(2.7), ethanol (1.7) (warm and at room T°), methanol (1.65), chloroform (1.1), toluene (0.4),
trichlorethylene (0}, cyclohexane (0), carbon tetrachloride (0).

in the paper at the location of the brown line after the washing. These com-
pounds not soluble in water are covalently bound to the cellulose. Degrada-
tion did not lead only to distinct compounds cleaved from the cellulose
chain, but also to new oxidized groups on the cellulose chain. This result is
consistent with that of Bone & Turner.” None of the pure organic solvents
used did solubilize the brown degradation products originated in water. Eth-
anol, methanol, ethylmethylketon and acetone partly mixed with water were
tested. Solubilization was found to be proportional to the part of water. How-
ever, the non-solubility in organic solvents needs to be qualified by the fact
that the degradation of the cellulose at the location of the brown line could
lead also, besides to the brown compounds, to uncolored and less polar
compounds. Those compounds could possibly be extracted with some of the
solvents tested. But the qualitative visual evaluation was not suitable to detect
them. Infrared spectra of the residue obtained after evaporation of the or-
ganic phase of a partition ethyl acetate against an aqueous extract of the
brown line compounds showed the presence of uncolored compounds of
weak and mild polarity.?

The results showed that ethanol and acetone did produce degradation.
Brown lines obtained with ethanol and acetone were less sharp, less
colored (yellowish), more blurred and had a very strong methylene blue
absorption as compared with brown lines formed with water. They seem to

A.-L. DupoNT

(D)

Fig. 4. Brown lines obtained with ethanol: (1) sample not washed (gs in.dication oflthe int:g:i:x
of the browning); (2): sample not washed (methylene blue absorption); (3) sample was!
water (met. blue); (4) sample washed in ethanol (met. blue).

contain a greater amount of acidic groups. The re'sults showed' tha}: bro_wrx
lines originated in ethanol or acetone were exclu51v<?ly soluble in the ﬁ?rlgy
nating solvent (Fig. 4). Such results are consistent with those ‘of Scba er et
al.? The degradation products are less polar than those obtained mbwatex(fi
Acidic compounds were soluble in ethanol, they were not covalently Qu}?
to the cellulose. The very slight methylene blue absorptlon togethgr @t a
residual UV fluorescence after washing in the originating solvent 1nd1ca‘te.d
that the cellulose chain itself was degraded to a cert'fiin extent. But acidic
end-groups attached to the cellulose were minor upllke the case of br_c()iwn
lines originated in water. This result could a.lso be mt-erpreted by con511 er-
ing that UV fluorescence is a more SCnSithC' technique than methy ene
blue absorption for the detection of degradation products (as the experi-
ment of consecutive drops showed). This experiment show§ that‘the.nature
of the degradation originated with ethanol and acetone likely is different
from the degradation obtained at a water wet/dry interface.
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. )

Fig. 5. Brown lines obtained in wa
the damage after agein
washing in water.

ter: (1) before ageing (as indication to evaluate the extent of
9); (2) after ageing with no further treatment; (3) after ageing and further

i -

Fig. 6. Brown lines obtained in ethanol: (1) before ageing; (2) after ageing with no further treat-
ment; (3) after ageing and further washing in ethanol.

~ Solubility of aged degradation products

The artificial ageing of the brown degradation products formed at the wet/
dry interfaces led to a drastic increase of the browning. This result showed
an increased concentration of conjugated double bonds. The brown lines
obtained with water were the most affected by ageing, turning to a very dark
brown color. Brown lines obtained with ethanol and acetone were also dark-

10
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Table 5. Solubility of aged degradation products

Solubility in ethanol or acetone
Solubility in water of brown lines  of brown lines originated in same

Visual observation  originated in water after ageing solvents after ageing

In daylight totally insoluble: same color as partlyAsolubl.e: slight giecrease in
reference samples (Fig. 5) color intensity (Fig. 6)

UV fluorescence same fluorescence as reference slight decrease
samples

ened, although to lesser extent. The results m Table .5 showed Fha; agel(;lg
led to a total insolubility of the brown lines orlgln?ted in water (Fig. 5) a(nFi
partial insolubility of the brown lines originated in ethanol or z}ilceto?;:‘ iaﬁg.
6). We observed a general increase in the UV ﬂuorescence. of the a{ ;1 1(; o S)i
aged paper. Washing in water lead to a slight decrease of this genfra dufra _
cence of the aged paper, which was therefore partly due to c eavteh ergl-
ments. The washing in ethanol or acetone had no consequence orll defg
eral fluorescence of the aged paper. Degradation products resulted from
ageing the cellulose were not soluble in these solvents.

Influence of the chemical condition of the cellulose on the formation of brown lines

The purpose of this experiment was to evaluate th.e 'contribution of t}l:e
chemical condition of the paper (cellulose pgrtly oxidized, versus pure hy-
droxylated cellulose) in the brown line formation.

- L ing and reduction on unaged paper

Tfﬁfercés‘:{lzasgovfed that brown lines formed on all the sgmples: not w.ashed
(1), washed (2), washed and reduced (3). The‘ mechanism of formanont og
brown line at the wet/dry interface is therefore mdependent.of the exterzl o
oxidation of the cellulose chain. The intensity of the bm\fvnmg obser;e in
daylight, UV fluorescence, and methylene blue'absorpt.mn of the .rct):lzlrt
lines are by decreasing order: (1) > (2) > (3). This experiment is consis
with the results of earlier research’”*!3 that the mechan1§m of ‘tl‘le t.)rown
line effect is not related to chromatographic migration of impurities 211.th(ei
paper. It proved also that it is not due either.to the pre-existence ((;f ;)lxi l;z(ih
groups on the cellulose chain. Although, this expe.rlment showed tha ' !
do contribute to increase the quantity of degradation products at the inter
face and the color intensity of the brown line.

11
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(1) )

Fig. 7. Brown lines obtained on paper unaged (1) (=reference) and on paper aged (2).

Fig. 8. UV fluorescence of brown lines i
. obtained on paper aged (2), on paper aged then washed
n water (3} and on paper aged then washed and reduced in Na(B:-,l4 (4‘)). peres

— Effect of .washing and reduction on artificially aged paper

Here again, brown lines formed on all the samples: reference not aged, not
washed, not reduced (1), test sample aged (2), test sample aged then washed
(.3), test §ample aged then washed and reduced (4). Fig. 7 shows a brown
line obtained on paper aged (2) versus a brown line obta.ined on paper urn-
aged (1) for comparison of the intensity of the brown lines in dayligh[t).

The colour intensity of brown lines was i i
; ' as In decreasing order: (2)>(1)=(3)>(4).
The mtensity of UV fluorescence was in decreasi g @>M=(>(H

(2)>(1)>(3)2(4) (Fig. 8). ng order:

12
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Ageing in a humid oven has been shown to cause preferential hydrolytic
scission producing one carbonyl per scission.!* Cleaved oxidized units were
able to migrate with the water and could also be further oxidized, contrib-
uting to enhanced browning. The results showed that degraded com-
pounds cleaved from cellulose on ageing did solubilize in the water during
washing (comparison of browning and UV fluorescence of samples (1) and
(3)). Reduced samples, freed from any oxidized group, showed the less in-
tense brown lines. The cellulose chain was degraded to some extent by the
ageing and the oxidized groups attached to the chain of sample (3) (which
could not be washed) did participate in the brown line formation.

This experiment simulated the degradation produced by brown lines on
an old document. It is likely that at least three processes contribute to pa-
per degradation at the wet/dry interface: (i) the presence of a large
number of oxidized end-groups attached to the cellulose chain as a result
of the natural ageing process, (ii) the solubilization and migration of
cleaved oxidation products by water, and (iii) further oxidation at the wet/
dry interface contributes, additively, to the degradation.

The beneficial effect of a simple washing of an old paper document
should be emphasized, even if there is no absolute necessity in the conser-
vation treatment. Reduction treatment did not seem to be significantly
more beneficial than a simple washing on the amount of degradation pro-
ducts likely to form at the wet/dry interface. However, additional ageing
treatment of samples (3) (aged then washed) and (4) (aged then washed
and reduced) would be necessary to show if reduction with NaBH, could
somehow "protect” the cellulose from extensive oxidation better than a
simple washing or if, on the contrary, it would enhance further degradation.

Table 6. Reduction with NaBH, of brown lines unaged or aged (Table 2 gives the references
used with each test sample)

Reduction treatment of unaged brown  Reduction treatment of aged brown

lines lines
Brown lines Brown lines Brown lines Brown lines
Visual originated originated in originated originated in
observation in water solvents in water solvents
In daylight  less brown revert to no improvement:  slightly less
uncolored no color change  colored
UV fluores-  less fluorescent residual same fluorescence lesser as compared

cence as reference but with reference but
enhanced as com- still higher than
pared with unaged unaged brown lines
brown lines

13
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Fig. 9. Brown lines obtained in water: (1) reference sample with brown line not aged; (2) sample

with brown line not aged and reduced: (3) reference sample with brown line aged; (4) sample
with brown line aged and reduced.

I

Fig. 10. UV fluorescence of brown lines obtained in

water: (1) to (4) same samples as Fig. 9.

Reduction with sodium borohy

dride of unaged or aged brown lines originated in water,
in ethanol or in acetone

Sodium borohydride was chosen because it reduces th

e carbonyl groups
present on the cellulose chain to h

ydroxyl groups, decreasing the probability
of browning, since browning is due to the presence of conjugated double
bonds. The results are summarized in Table 6, Results showed that before
ageing, brown lines obtained in water were discolored slightly by the borohy-
dride treatment (Fig. 9, 10) while those obtained in solvents reverted to to-
tally uncolored compounds (Fig. 11, 12). This confirmed the different na-
ture of the brown degradation products obtained with organic solvents ver-
sus those obtained with water, as mentioned earlier. The former seem to con-

14
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: ; . . A )
i i i i : ample with brown line not aged; (
Fig. 11. Brown lines obtained in ethanol: (1) reference s " . @
sagr'nple with brown line not aged and reduced; (3) reference sample with brown line aged; (4)

sample with brown line aged and reduced.

’ 'i |

i : ig. 1.
Fig. 12. UV fluorescence of brown lines obtained in ethanol: (1) to (4) same samples as Fig

tain mostly carbonyl groups. However, the residual Ut\'lllﬂurz:fte:;i ;;)ef Z};:
samples proved that some degradation products are still p sent on the ccl
lulose chain. Therefore, those residual ﬂuorescen't compoun tsa are not carb-
onyl-containing compounds. Brown lines formed in w?ter c;;r;med d colored
compounds with relatively less carbonyls .th.an brown 1ne(s1 o med vith non-
aqueous solvents. These carbonyl-containing cqrqpmfm t; [; :nd ed from
the degradation at the wet/ dry int2elr5f_alc7e may oxidize furthe ,

i ran derivatives.” . - '
ns’l‘ir;ciéscl(;llt:r:}?of:ed that reduction with sodium boroh.ydxfld‘e_ (ildhn()[' Z;
turn the cellulose in the brown line area completely to its initial ¢ fl:rr:)lh a
state. Borohydride treatment reduced the carbonyl dgrou;)s e:iou C?nc hol
groups, thereby decreasing the number of double bonds and r, g
Production of colored degradation products.
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The same observation was made on the general fluorescence of the sam-
ples. As mentioned earlier, the washing in water of brown lines obtained
with water also leads to a slight decrease of the overall fluorescence of the
paper after ageing. However, results of the present experiment showed that
reduction treatment seemed to be more effective. The fragments cleaved
from the cellulose contained carbonyl end-groups and were soluble in wa-
ter; however, there were still oxidized groups on the cellulose chain that
were not washed away but that could be reduced by the borohydride.

Formation of oxidized cellulose on the suction table

The purpose of this experiment was to evaluate the eventual oxidative effect
of an interface between two different liquids or between two areas with dif-
ferent humidity content in the paper.

The results showed that wet/dry interfaces could appear in a very short
time if the paper was not carefully and evenly rewetted during the work on
the suction table. This was especially noted when the organic solvents were
used. Organic solvents have a drying effect on the cellulose, due to their
higher volatility as compared with water: organic molecules replaced water
molecules in the paper fibers. In order to avoid a wet/dry interface, the
samples were sprayed with water at the end of the work on the suction ta-
ble, before the drying. In a conservation treatment, after humidification of
the document, the borders are usually covered by pieces of mylar on the
suction table. The inner part of the document, not covered with mylar,
should be regularly rewetted.

As previously seen, during the experiment, samples were carefully kept as
evenly damp as possible. Nevertheless, after the treatment, some of the
samples showed uneven UV fluorescence with very randomly located
patchy bright spots. As the only explanation, these fluorescent small spots
were probably due to the presence of neighboring areas which had a signif'
icantly different humidity content at a given moment during the experr
ment. On ageing, some of these fluorescent spotty areas became brownish
marks; others, still invisible to the eye, only showed enhanced UV fluores
cence. No brown rings were visible in daylight on the samples before age-
ing at the local treated area. Nevertheless, observation under UV showed
circular areas on some of the samples (corresponding to the local drop
treatment) which did fluoresce less than the whole surface of the sample
(especially the areas which had 5 ml poured through). This was probably
because the washing removed part of the fluorescent compounds. On age-
ing, these "washed" areas did undergo less yellowing than the surrounding

paper: they appeared whiter. It was somehow the opposite effect of brown-
ing in brown line effect.
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It is therefore very important to point out that local treatments should of
course avoid any wet/dry interface, but also avoid any boundary created by
neighboring areas of different humidity contents. prever, we obgerve that
the control of the humidity of the paper while workmg on the. suction table
is not easy, and that the chance to undergo degradation which could fur-
ther develop into brown spots is significant. "I"he conservator must be very
careful to always keep the artifact as evenly sllg}}tly damp as possible wh;le
working on the suction table. Building a humldlfylpg chambe.r around the
suction table with polyethylene plastic sheets, for instance, big enough to
be able to work in, may help.

Discussion of foxing

When talking about brown water-stains on paper, foxing comes naturl?lllybto
the mind of the paper conservator. It seems l‘eglthlmate to draw a parallel be-
tween the two phenomena. Literature on foxing is extensive bu}: its ongcl‘n rc;:
mains controversial. Most authors attribute the brown spots ellg'l 9er toa g\(;ih
opment of color from iron particles, or to fungal20act1v1ty or to
mechanisms which could act together or separatf:ly. The effect of fluctuat-
ing moisture content on a cellulose substrate which dqes not respomii at thef
same rate or velocity in all of its parts (in a book, for instance, the e gets o
the pages are more exposed to environmental fluctuations mhterlrilpgra u;e_
and humidity than the inner core which reﬁ)cts more slowly) /i ou .ll e co "
sidered as potentially damaging.21 Bogaty observed that sl[iergz 1:3 fn:}gle
preferentially grew along a brown line area of cotton than on the rles ;) ¢
cloth. This suggests that the observed growth co_uld also be a r:;su t10 sFo
ting rather than a cause. An investigation on foxu}g stains and ;,SCO'Ora l}imt
of leaf margins and paper surrounding printing mk. supp?rts the view t zzi
browning reactions take place in paper at acg;xmulatlons of moisture cause
by local condensation processes in the book.

CONCLUSION

The experiments reported were carried out ir} order to approx1m}zl1te the/ ga-
ture of the brown degradation products forn.nng on cellulose ?t t e Vls{itl :y
boundaries, and to approach the conditions in which a brown ine is like y t;)l
form in usual paper conservation treatments. Our .I'ESl'lltS are consxsterln wi
earlier works carried out on textile, indicating oxidation of the -cellu (?fs-e .a;
the wet/dry interface.n%'3 However, they are complemented with artlthIa[-
ageing, sodium borohydride reduction tesing, ar.ld u.sual conservation trea
ments, We focused as much as possible on working in the conditions more

17



Degradation of Cellulose at the Wet/Dry Interface - I

often encountered in wet treatments in paper (and textile) conservation.
For instance, organic solvents were chosen because of their frequent use in
local treatments for the removal of stains (adhesive tapes, grease marks,
etc.). Waterstains are sources as well as consequences of damage to cellu-
lose: browning not only is unsightly, but it also is an indication of oxidation
to some extent. Both washing and bleaching with the reduction agent so-
dium borohydride were found effective to remove or attenuate the browning
on brown lines freshly formed. However, it was shown that degradation did
not only lead to cleaved compounds from the cellulose chain, but also to ox-
idized cellulose with new end-groups attached to the macromolecule. Wash-
ing and reducing with sodium borohydride could be complementary treat-
ments of the brown lines. Upon ageing, the solubility of the brown degrada-
tion products is found to decrease, not to say brown lines become insoluble.
Both washing and bleaching with sodium borohydride appear to be more or
less ineffective on aged brown lines. It was also found that wet treatments
may be potentially harmful to paper artifacts. Any process including local
wetting or creation of uneven humidity content of the artifact represents a
potential source of oxidation if wet/ dry boundaries are allowed to form.
From this point of view, the drying of cellulosic material should also be em-
phasized as a step to follow very closely during a conservation treatment. The
conservator must be aware that use of the suction table requires a very accu-
rate control of the humidity content of the artifact. The removal of adhesive
tapes, grease stains and other dirt marks as local treatments is also pointed
out as susceptible to promote oxidation. UV fluorescence appeared to be
very sensitive to detect fluorescent oxidized areas which could further de-
velop brown stains on ageing, and to prevent them by considering a washing
or a reduction treatment when possible. Since it is a very handy method, we
recommend to use it as much as possible in the paper and textile conserva-
tion field, for instance, for evaluation reports of the artifacts before treat-
ment, as well as a tool to follow the course of a treatment. This work does not
attempt to answer all the questions on the formation of brown lines. The
chemical analysis of the degradation compounds formed at the wet/dry in-
terface is explored elsewhere by the author® and gives more information on
the nature of the phenomenon of the brown line formation.
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SUMMARIES

Degradation of cellulose at the wet/dry interface. 1. The effect of some conservation
treatments on brown lines

This article contains results from the study of the formation of brov'vn lmeds 0}? ﬁlftfirc{)ZEil:: tc::le-
wet/dry interface with water, ethanol or acctone. The ffect of ageing an . sodium borohydride
servation treatments of washing and bleaching with the-reductll;)n af e:r asto the location );f the
were investigated. Qualitative evaluation of the degradation of t e~ph}:neth lene blue dye. The
brown line is done in daylight, under UV at 366 nm a.nd staining wit v be : otential cause of
results showed that any wet/dry interface, even a bricf expasure, &y ¢ 3 ?nsolubility of the
degradation. Ageing resulted in a drastic darkening of_ the brown s o distinet compounds
brown compounds. It was also confirmed that degradation led r?ot only 10
cleaved from the cellulose chain, but also to oxidized cellulose _mth ewen —girders)dﬁed as con-
the macromolecule. The compounds formed gt the wet/ dr‘y lmerf?;iznv:/jezr ot to decrease
taining carbonyl and acid groups. Reduction with blorohydndg was © atso found cffective only
the browning of freshly formed brown lines exch.JSlv.ely. Wash}n.g wa>d e brown L (water or
on recent brown lines and had to be done in the.llquld that orl.gmalte‘n lt;cal ot global wetting
organic solvents). Results showed that conservation Processes {nVIO Vlcogmmendat;gons are given
of paper documents are a potential source of browning. Pracuc§ re der UV wavelengths to
for the conservator, such as the frequent observation of paper artifacts unde

detect where browning could appear on ageing.

Degradation de la cellulose a Uinterface humide/sec. 1. Leffet sur les lignes brunes de
quelques traitements de restauration

rmation de lignes brunes sur du

. . i ‘une étude sur la fo o
Le présent article expose les résultats d eau, de l'éthanol ou de I'acétone.

Papier filtre pure cellulose 4 l'interface humid,e {sec, avee d‘e : ts de restauration tels que le
Sont étudiés les effets du vieillissement accéléré et des traltemedn dium). L'évaluation quali-
lavage et le blanchiment avec un agent réducteur (borohydrure etsr(;alisée en lumiére du jour,
tative de la dégradation du papier a V'endroit de la‘llgn? brune esl ltats ont montré que toute
sous UV a 366 nm et par coloration au bleu de méthyléne. Les résu Felle de dégradation. Le
interface humide/sec, méme éphémére, peut étre une caflSC poten ne insolubilisation des
vieillissement accéléré a entrainé un accroissement du ‘brumsser(;lffnt fi[a:lion roduit non seule-
composés bruns. Les résultats ont également confirmé que la egr?s p alenl:ent une cellulose
ment des composés distincts scindés de la chaine dg cellulose, m:] Osés icents 3 linterface
oxydée comportant des nouveaux groupements termmalfg. in floaupborol?ydmre de sodium a
comportent des groupements carbonyles et acides. La reA uc ¢ formées, Le lavage est égale-
pour effet de diminuer la coloration des lignes brunes fl‘alf_hemeln liquide .ui les a généré (eau
ment efficace sur des lignes brunes fraiches s'il est effectuc d?dnéss zel?esmugtion mettant en jeu
Ou solvants organiques). Les résultats montrent que les pr.OCC t une cause potentielle de bru-
une humidification locale ou globale des do.cuments papier ::rateur sont suggérées, telle que
Nissement. Quelques recommandations pratiques pour le res T et de localiset les endroits
I'observation fréquente des objets sous lumiére ultrav'lolette, aope vieillissement

du papier ot des marques brunes sont susceptibles d'apparaitre au .

Der Abbau von Cellulose an der Ubergangsstelle Naﬁ/ Trocken. 1. Die Wirkung von
konservatorischen Mapnakmen auf die braunen Rdinder

i A , wie sie an
Der Aufsatz referiert Ergebnisse einer Untersuchung von braunigfarb.::vx;ifrrlrifr‘;as‘:; F
der Stelle des Ubergangs NaB-Trocken von Papieren entstehen, die tei )
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- . . eu-
nol r Aceton getrankt werden, Es wurde untersucht, wie diese Rinder auf eine beschl

ode :
nigte Alterung sowie auf Wissern und auf reduktives Bleichen mis Nz;\tn'umborhydrlffl reaglell‘e:::
Die Rander wurden bej Tageslicht und unter Uv {366 nm) sowie nach Einfirben mit Methyle

blau visuell beurteilt, Es zeigte sich, daB jede Ubergangsstelle NafB/Trocken, auch kurzzeitige,

. ildet
Carbonyl- und Carbosylgruppen nachgewiesen, Natriumborhydrid kann nur ne“geb‘ld;;
braune Rinder mildern,. Auch Wasser kann solche Rénder mildern, sie seien aus Wasser o

werden kann.
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Creating Buildings for Rare Books and Archival
Documents

by ARTHUR DAVID BAYNES-COPE

It is reasonable to consider these two groups
documents have 2 legal and administrative s
they are preserved for the evidence which the
placeable and, save for the difference in th
Same may be said of rare books, The materia
for all practical purposes, identical in their
the materials are identical chemically,
their liability to attack by living organis
ments for materials in either class are i
sive”

of materials as one. Archival
tatus peculiar to themselves;

Is of which both are made are,
“scientific”” properties, that 15,
in their physical properties and in
ms. Thus, the conservation require-
dentical in both “active’” and ‘‘pas-

o G ; e
Systems, for the conservation is based on “scientific” properties. Th
rarity that leads to certain books bei

requires that they be kept with th
documents.

It is then reasonabie for both rare
housed comparably, and the provision

Documents”, €8, can be applied to the creation of a rare book library,
but, alas, it has not been unusual for those provisions to be overridden in
the pursuit of aesthetics. In 1951, R.H. Ellis Jaid down the Principles of Ar-
chival Repair', and | advanced modified versions of these in 1994° to cover

! conservation. I noted that the principle advapced;;())’
Ellis and myself applied to “‘active” and not to “passive’’ conservation: o
or display for archival documents may be used whic

- s . . . e-
y diminish the evidence they contain or ¥

origins well away from the objec
damp or indirectly by allowing,
in an unsealed loft. That is, n
whole is a concern, and Dutch

t, in a building fault, directly by admltflf(ljg
€.g, dermestids to spread from dead birds
ot merely the book but the building as 2
experts would extend the conservator’s do-
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g i ion must then be
main to the flora round the building. Passive consef\ifzt‘;anagemem and
founded in the design of the building ani eXtegt(linttoof that, too. The prin-

. . ion must take acc . : ]
rinciples for passive conservatio . ed, leading to:
Si ?ecspof “migimum intervention” may now behmt;gci)lger minimurgrrl in-
Both the building and its system of management shou
. . nsts. )
{eiyention into the integrity of the Cotnst:rf.’,ly include the care, maintenance
e [” mus ) 1d
The ““system of managemen ; irly be said by any householder,
: his might fairly . .
and repair of the structure. T R er consideration.
but the};e are deeper concerns in buldings in the dafis ::s(tihetic delight, but
A householder builds for his or her own COquﬁianrimarilY for the passive
the rare book librarian or archivist Sho{.llg -bul se Il))y readers and the need
. i led with its .
co on of the collection coup . i rial depends far
to n}fz;:aeuthe staff. The passive conservation of this x:aitseermg ixpertise
ineering than upon aesthetics, for e_lg. aterials and
more upon engi . ing m
and priflciples ggovem the properties of all' t1hetlt1): 1com?ortable housing
¢quipment, the modes of access to the r;}aterla ’SI:he householder demands
of humans,and ultimately the internal Chmatﬁ'y requiring much more than
- 1 he sees, usua k b
a buil beautiful in all he or s elicht rather than
a butl'd“'lg licity and may choose to allocate money to delig
scetic simp
. . nce. -
(© lunction while dxsregardmgfermhaflci for the integrity of the material is
i orce, :
T rator does not have this ¢ A d that purpose is
the hfr:ircr;a urpose for which the building 1s needed,bir;umul \}r)olulx)ne o
%ervgd byr‘}ielzlgineering". Much as we may love f}?eyir care demands func-
uﬁlitarian archival document, we must adml:l :;::int on all who build: the
; here is a coO h _
ton rather than beauty. But t S e agent, but the cu
depth of the purse. The householder is vgl’}’ mz;l:}i’:[i;ity i f the collection
. : is to Spcn on . ’ 2 d here
rator is not and his or her duty is o tion’’ is used he
rather than on ornamentation. The word omamegézutiful buildings of
rather than “beauty”” because there are 5o m;nye for the architect who
great simplicity with little, if any, ornament. Vf:]er]e(:pLamb, by designing for
can find a felicity comparable with that of Cha n reflection. Again, the ar-
unobtrusive beauty which is discovered only up(;e airs will risk more than
chitect must design for permanence; frlequ;rgenypaccess to the readers for
- . fan 4 aterial an
Minimum intervention into the m
whase use it is preserved. ¢ of principles for the creation of a rare
Is it possible to formulate a se inciples for the repair and conser-
. . ilding? The principles - . h
b rchive building: al actions that can
v:t(i)cl)(nh(l))tzr ?irgcﬁir;nts cover the reasons for a set f;f]prtéci)cggver passive conser-
be considered piecemeal, step by step. Itis p ossrln iitervention into the ma-
vation with the single requirement for m:(;nrr;:mist alike need guidance in
. : ineer and s¢ for
terial hitect, curator, engin ; erally leave room
its ex’e;: [ arSCnorre ’Sturluso’n said “‘First attempts fg ef; a fal);
SIS. n to fea .
improvement”, and it is better to attempt tha
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A rare book library or archive repository exists to perserve for use, for the
forseeable future, textual material which is either archival in nature of
unique and irreplaceable for whatever reason, but especially rarity. )

The primary essential purpose of a rare book library or archive repost-
tory building is the preservation of the evidence contained in the material
with minimum intervention into its integrity. .

The secondary essential purpose of a rare book library or archive‘ r'epo.S"
tory building is to provide access to the material without compromising 1t
integrity.

The building must be designed to reduce to the minimum any i}lter‘{e"i
tion into the integrity of the material from physical, mechanical, biologica
and human sources. .

The engineering and scientific factors that contribute to the persf:waﬁ?n
of the integrity of the material should, and in conditions of financial strin-
gency must, take precedence over aesthetics.

The care, maintenance and management of the building must always be

. . LS . . ion into
designed and directed, as the priority, to the minimum intervention int
the integrity of the material it holds.

There can be no practical objections to these principles, and their imple-
mentation would certainly ease the burdens borne by conservators and cura

tors in preserving the world's history, freed from hindrance by costly but of-
ten ephemeral fashions.
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1 Deacidification Solutions on
Heetel Varloutshe Stability of Cellulose Pulps

by JANA KOLAR & GABRIJELA NOVAK

INTRODUCTION | |
acid hydrolysis is the prime cause of
degradative effect that acids exert on
alkaline aqueous solutions of calctum

It has been recognized for years that
degradation of paper. To hinder t}?e
paper, the latter is usually treated with
hydroxide or magnesium bicarbonate. i

Although these two solutions have bee; :
50 years, conservation scientists have not'y e
sion as to which one stabilizes paper 10 a g
due to the following factors:

in use worldwide for more than
¢ reached a unanimous concl'u-
ter extent. This is primarily

egradation give very
* most methods used to determine the extent of the deg

divergent results;
i real
* measurements are often carried out on
many variables into the exp.en’an ,two o
* measurements are usually limited to

papers, which introduces too
three different paper samples.

use of calcium hydroxide,' while

r the - 1
For these reasons, some authors pre e bicarbonate deacidification

esium

the majority recommend the use of magn
e he interpretation of the research results, some

‘ | © X ith magne-

Despite the difficulties in the interp! o o it ’

facts gI;thered from the literature indicate that ;I):gw}mt cated Wb el
sium bicarbonate solutions could degradfi:dzosomtions) e ely:
which were treated with the calcium hydrox

hydroxide solutions give better results on

1 i . . lu.
* Papers treated with the calcium d with the magnesium bicarbonate so

dry-oven aging than those treate

s i bica
* papers freated with magnesium rbone

Yellowing of magnesium carbonate ¢

j bility.'
te showed poor llghF sta
rbonaing papers after humid acceler-

25

Restaurator 17: 25-31 © 1996 Munksgaard, Copenhagen



Deacidification of Celluloses

ated aging was greater than that of the untreated and calcium carbonate”
containing papers;* .

¢ Deacidification using magnesium bicarbonate in some cases resulte(.i n
heavy crystalline deposits on the surface of the paper. This ‘‘magnesium
carbonate gritting” was converted into dark ‘‘foxing’ stains after humid
oven aging.®

As part of the research on the aging stability of cellulose and paper,’ _i[ was
the purpose of this study to determine whether there is a difference ln'the
extent to which calcium hydroxide and magnesium bicarbonate solutions
stabilize celluloses of different origins.

To accomplish this, three types of chemical pulps were treated with solu-
tions of calcium hydroxide, magnesium bicarbonate and a non-aqueous S0~
lution of carbonated magnesium methoxide (PTS-2). After accelerated ag(i
ing, the extent of degradation was determined using a modified standar
cupri-ethylene diamine viscosity test.

We decided to use viscosity measurements as a prime method to deterl'
mine the extent of degradation of celluloses with aging, mainly for the fol-
lowing reasons:

1. Viscosity measurement is the simplest, oldest and most widely used
method for the determination of degree of polymerization (DP).

2. The change of fiber strength with aging is primarily dependent on the de-
crease of the average degree of polymerization of cellulose.

The main factors reported to influence the physical strength of celtulose fib-
ers are:

* naturally occurring fibril angle of the S, layer; )
e defects in fiber wall, caused primarily during defibering of the pulp;
¢ average degree of polymerization of cellulose.’

Of these, only the average degree of polymerization changes during aging of
pulp; we can assume, therefore, that the drop of the DP (as determined b);
viscosity measurements) of the pulp is the main cause of the decreas¢ o
fiber strength with aging.

3. Accuracy of viscosity measurements.
S e-
Viscosity measurements are much more accurate than measurements of M

. . . . itself,
chanical properties of fibers where the inhomogeneity of paper itself,
among other factors, is known to cause very disperse results.'
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EXPERIMENTAL

The following pulps were used in the experiments:

1. Vallvik, Ncb AB, VaDja, S; ECF, northern bleached softwood kraft, pH 6.3
(Tappi 529), [n]=795.0 (SCAN-CM 15:88)

2. MoDocrown, Mo och Domsjd, Ornskldsvik, S; ECF, bleached two stage
sulfite softwood, pH 6.5, [n]=1093.8

3. CBB, Videm, Kr§ko, SLO — unbleached magnefite hardwood, pH 6.4,
(11=1088.8; 1.12% of acid insoluble lignin (Tappi, T 222 om-83)

Paper sheets were made according to ISO 5269-1 standard.

Samples were deacidified* using 0.01 M Ca(OH), and 0.04 M Mg(HCO;)
solutions. Immersion time was 30 minutes. In the case of non-aqueous
treatment, samples were immersed into PTS-2 (Archival Aids) solution f.or
10 min. After treatment, the samples were air dried. Samples were artifi-
cially aged for 28 days at 80°C and 65% relative humidity.

The procedure was repeated to obtain comparative results. '

Viscosities were measured according to SCAN-CM 15:88 method using
fresh cupri-ethylene diamine (CED) solvent {Carlo-Erba). The temperflture
of a Schott GeraDte CT150 thermostat was controlled to #0.015°C using a
Beckmann thermometer. Results are an average of two measurements, the
difference between which was typically 0.4% and in no case more than
1.1%.

Prior to the measurements, celluloses were reduced with 0.01M aqueous
solution of sodium borohydride'! for 24 h at room temperature.

Aqueous solutions of sodium borohydride decompose according to the
€quation:

NaBH,+2H,0=NaBO,+H,

Due to the formation of sodium (III) borate, the pH of the solution grad-
ually increases during the reduction treatment. Alkaline pH. can cause par-
tial degradation of unreduced cellulose as well as dissolution of low Mw
Portions of the sample. Loss of this material, which contributes to the mass,
but not to the viscosity of the solution, could cause erroneous results. To
avoid this problem, samples were weighed prior to the reduction: After
bOTOhydride treatment, samples were washed with 0.01 M acetic ac‘ld, fol-
lowed by subsequent thorough washing with distilled water. Viscosities of
the reduced samples were then determined. .

Surface pH measurements (Tappi T529 0m-82) were performed using a
combination flat-head electrode (Beckmann 39507) and a Beckmann pH
Mmeter. The values represent an average of three measurements.
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Table 1. Calcium and magnesium content of deacidified pulps (duplicate)
_—

Ca(QH), Mg(HCO,) PTS
mmol Ca/kg paper  mmol Mg/KG paper mmol Mg/ paper

sulfate 135.2

182.4 289.3
sulfite 167.5 250.7 283.4
magnefite 116.4 233.3 332.8

ISO brightness (ISO 2470) values were determined using an Elrepho
2000 apparatus. Results are an average of seven measurements. Atomic ab-
sorption measurements were taken according to Tappi T266 om-88 stand-
ard on a Thermo Jarell Ash instrument.

RESULTS aND Discussion

Magnesium and calcium contents in treated papers (duplicate), as deter-
mined by atomic absorption spectroscopy, are summarized in Table 1. Treat-
ments with magnesium-based alkali solutions resulted in higher alkali-earth
content of the pulp than those treated with calcium hydroxide solutions.

900 i~ ———
- ofirst experiment
mduplicate

intrinsic viscosity

0 CH MBC prs 0 CH MBC PTS 0 CH MBC PTS

sulfate sulfite unbleached
magnefite
Fig. 1. Intrinsic viscosity values after deaciditication and aging of sulfate, sulfite and
unbleached magnefite pulps treated with: O) untreated, CH) calcium hydroxide, MBC) magne-
sium bicarbonate and PTS) PTS-2 solutions. Results of duplicate experiments are also shown.
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' P i ifate,
Fig. 2. 180 Brightness after deacidification and aging of su MBC) magnesium bicarbonate

fite pulps treated with: O) untreated, CH) calcium hydroxide,
and PTS) PTS-2 solutions.

i ine after
Surface pH values of all artificially aged pape;ls (V);egef) SO[lil wa;xl;?élmagne'
aging. Calcium hydroxide-treated papers had a p H ;)f é.9 0.1. The pH
sium bicarbonate and PTS-treated samples had a p fite pulps were 5.9,
values of the untreated aged sulfate, sulfite and magnefite pulp
5.5, and 5.3 respectively. . ive agin
Results of intlx?insic vi};cosity determinations of the twohicl(;rrtll}::rr:t;‘;e s<g)m§
€Xperiments are shown in Fig. 1. It can be seen that, v experiments, the
obvious differences between the two comparative aglnng g’
behavior of the treated samples follows the same pz;tteres£ Intrinsic viscosity
It is obvious that the aging of sulfate pulp is the s % aceelerated aging as
of the untreated sample decreased by 24.6% during es of sulfite and
Compared to a 34.4% and a 37.1% decrease In dcasthe differences in
unbleached magnefite pulp, respectively. Conseq]ueﬂ z,re also the smallest
the intrinsic viscosities of the alkali treated san;lp est ‘;ili of the pulp de-
for sulfate pulp. Nevertheless, it is seen that the S; mztxynesium nethox-
Creases in the order: calcium h}’dmxide>carb0nal[e i
ide>magnesium bicarbonate a;lq u;:}t]react:i Cgfn :fjf;te pulp, with the more
Similar hehavior is observed in the e, both
Pronounced hdifferences between differe‘n‘t]y treated sz;rrnlc)(l)ems-pii; o the
Magnesium-containing treatments destabilized the papbleached magnefite
Untreated control. The differences are largest 1f0r- ” ain the most stable,
Pulp. While the calcium hydroxide-treated sample is ag;
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both magnesium-based solutions destabilized the paper. Unlike the case of
the two bleached pulps, here PTS solution gave the least stable paper.m m

The results of % ISO brightness are summarized in Fig. 2. Again, the
smallest differences are observed for sulfate pulp. Nevertheless, it is seen
that while brightness retention of the calcium hydroxide treated papers is
better than that of the untreated control, loss of brightness for both mag-
nesium-containing papers was larger. A more pronounced trend was ob-
servable also for sulfite and unbleached magnefite pulp.

CONCLUSION

Viscosity measurements proved to be an adequate method for the determt-
nation of aging stabilities of deacidified pulps. Results of the present re-
search show that three different types of calcium hydroxide-treated chemical
cellulose samples during accelerated aging degrade more slowly than those
containing magnesium-based alkalis and untreated controls. Also, brightness
retention of the calcium hydroxide-treated papers is the largest.

To generalize the above conclusions, more experiments on various types
of cellulose pulps are necessary. This work is in progress.

SUMMARIES

Effect of various deacidification techniques an the stability of cellulose pulps

The effects of calcium hydroxide, magnesium bicarbonate and non-aqueous carbonated mag-
nesium methoxide solutions on the aging stability of three types of chemical pulps were evalu-
ated. The modified cupri-ethylene diamine viscosity test was used to determine the extent Of. the
degradation of samples after accelerated aging. Results show that for given pulps, calcium

hydroxide treated celluloses degrade more slowly than those containing magnesium based alka-
lis.

Effet de différents traitements de désacidification sur la stabilité de la cellulose

On a évalué les effets d’hydroxyde de calcium et de bicarbonate de magnésium (deux traite-
ments aqueux) ainsi que de méthoxyde de magnésium (traitement non-aqueux) sur le compor-
tement de trois types de pates chimiques. On a mesuré la viscosité (avec la méthode a base dff
cupriéthyléne diamine) pour évaluer la dégradation des échantillons apres vieillisserment acce-
léré. Les résultats montrent que, pour les pates testées, les celluloses traitées avec de

I'hydroxyde de calcium se dégradent plus lentement que celles contenant des alcalis 4 base de
magnésium.

Die Wirkung verschiedener Entsiuerungsmethoden auf die Stabilitit von Zellstoff

Es wurde untersucht, welchen EinfluB eine Behandlung mit Calciumhydroxid, Magnesiumhy-
drogencarbonat (wafirige Lésungen) und Magnesiummethoxid (nichtwaBrige Losung) auf dret
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verschiedene Zellstofftypen hat. Eine Viskosititsmessung (Kupferéthylendiamin).gab Auskunft,
in welchem MaB der Polymerisationsgrad der Proben als Folge einer beschleun.lgten Altell'ung
zuriickgeht. Die Ergebnisse zeigen, daB — fur die untersuchten Zelistoffarten - die Beha'nd \lxlnlg
mit Calciumhydroxid eine langsamere Alterung bewirkt als die Behandlung mit magnesiumhal-
tigen Alkalinen,
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Paper Splitting at the German Libra.ry in
Leipzig — Development from Craftmanshlp to
Full Mechanisation

by W. WACHTER, J. LIERS & E. BECKER

INTRODUCTION

The idea of restoring weak and damaged leaves by splitting the paper a;‘:_
stabilising it in the centre of the leaf is very old. The London restorer Ba
win reported on this for the first time in 1848, ) b-

Today paper splitting is an excellent method for restoring paper in an o
Ject that contains an extreme amount of damage. The damage can ?awi
been caused by various factors, mechanical, chemical (e.g. acid (.ieteﬂora
tion or ink corrosion) or biological (e.g. damage by microbes or mlldew)'L,_

For 30 years the University and State Library in Jena and the German (lj
brary in Leipzig have worked with paper splitting. Their work has mvolvei‘
the development of paper splitting methods from a craft to partial meCha;‘ ]
sation. This meant an improvement by which a very high-risk method b€
came a routine process. the

In the summer of 1994 the German Library in Leipzig was able to take .
next step: paper splitting equipment was put into operation, and the proc¢
of paper splitting thus became completely mechanised.

CoMmpPLEX PROCESS OF PAPER RESTORATION

At the Centre of Preservation and Conservation at the German Librztl’)’ p;'
per splitting is a part of the complex process of paper restoration. T}'ns plrl
cess includes wet treatment, leaf casting and paper splitting. Conventh.na Z’S’
wet treatment is the first step in the paper restoration process; leaf castmge
the second step; and paper splitting is the final treatment. But in Pracucd;
the decision regarding which of the individual processes to be used depen
on the specific damage to and the composition of the object.
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Fig. 1. Coating the carrying paper with gelatine.

Wet treatment

The equipment for wet treatment comprises .6 h(?atable basins w1tb a voflumae-
of 220 1 each and equipment for water desalination and prep.aranor'l (t) 2;) Z -
tured solution of Ca/ Mg(HCO;,),. The paper Fo be treated is put into -
kets that allow the leaves to be submerged vertically. We use a crab to trans
port the baskets among the different basins. .

This equipment allgws for different working st.ep's. in tbe 1wizit tz;:::;}int
Process. Depending on the specific damage, pos§|b111t1§s mlc) 1:he g,
OXidising, reducing, conservation resizing or deacidification baths.

Leaf casting

We use two different leaf casting machines made by Laursen.* One ma-
chine is only able to treat single pages, but the other one works continu-
m issi ts of the leaves

The process of leaf casting enables us to replace missing parts o (he leaves
and to give the page a new format by bordering t.he treatedf [;a.ge l:;qntdis m[he
8in. The margin protects the treated paper and is also useful mn g
book later.
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damaged paper

margin produced by leafcasting

carrying paper

PPN : joint

QL __________________________ L

Fig. 2. Diagram of the embedded paper.

PAPER SPLITTING
Partially mechanised paper splitting process

.
Detailed reports on the technology of paper splitting were given by Muner’c
Wichter’ and Gast'. Therefore this article is limited to a description of som i
of the technological specialities of the Centre of Preservation and Conserv?
tion at the German Library, . er
The first step in paper splitting is to cover the leaves with carrying PaP /
The carrying paper used is wetstrength filter paper with a weight of 908 3
m?®. First the carrying paper is coated with gelatine as an adhesive. We use e.n
ible gelatine with a bloom-grade of 220. To ensure an appropriate “SC?Slty ‘r-
the adhesive and a regular gelatine-film on the paper, the gelatine 15 the
mostated to about 60°C and coated by means of gluing rollers (Fig. 1)
bookbinder's glue applicator is used for this work. -
Then the damaged object is embedded between two leaves of coated €2
rying paper. It is very important that at one edge the two leaves of C?_‘rrymf_
paper overlap up to 3 cm (Fig. 2). At this edge the two pages of carr)"mgdp .
per stick together and do not open during the splitting process. This € Ee
acts as a joint and allows for an exact recombination of the split Paper.'At t! N
other three edges the fibres produced by leaf casting overlap the carrying Pa‘
per by some millimetres. In this way it is possible to “open” the covered P
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Fig. 3. Spiitting the paper.

per later in the splitting process. After covering, the leaves are pressed be-
tween cardboard sheets overnight. '

When th‘z adhesive has set, t%)e actual splitting takes place. StarE;‘rlllg at (tme[
end, the carrying papers are quickly and evenly pulled ;part. ! edngtz;cn
sheet is kept vertical, and the two halves alrea.dy separate ' are pu ke acan
angle of 90 degrees to the vertical position (Fig. 3). "l"h.e papl::r sukc1 Cse i?] (he
wo support papers and splits down its centre. The sphttmlg tzfa hes ;:) acein the
centre of the paper because only 1/3 of each side (')f the eaf 3; beer p
trated by the gelatine, so that the centre thus remains frffg ofa he Wit.h e

The inner surface of the split paper is now expf)sed: it is coate . gr :
as an adhesive for the core material. A similar qeylce as for coating tl.e cz rey]r
ing paper is used. Then the new core material is inserted and the split pap
is pressed down lightly (Fig. 4). ’ _

To prepare thisgadl?esive 150 g methyl cellulose, 150 g ca;boxz;1 :I}?)t:yrlecsz_
lulose, 20 g CaCO,, 20 g MgCO; and 100 ml polyacrylate (. cr)lf) ur’ ave dr
solved in 10 1 water. The carbonates are needed as an ztllkalme uffer
Paper, while the acrylate improves the resistar?ce to water. ‘

The core matergl (produced by Feippaplerfabrlk Bac:[ l\;Ilu;l;)z;: ;rg%l;é
Germany) is unsized paper which contains 100% pur.e cotto e
CaCO; as an alkaline buffer. The weight of the paper is about 12 g/m".
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Fig. 4. Inserting the core material.

After insertion of the core material, the stabilised leaves are stacked be-
tween sheets of cardboard and weighted down. Heavy pressure must be
avoided in order to prevent the core adhesive from diffusing onto the carry-
ing paper and mixing with the gelatine.

When the core adhesive is completely dry, the glue of the carrying paper
is dissolved in a water bath containing enzymes. The basins of the wet (re‘a;
ment are used for this procedure. A proteolytic enzyme (coralase Af) W‘E
a concentration of 0.02 Vol.-% is used. The temperature is about 55°-60 C-

Exposure time is 15 minutes. The baskets with the paper are then move
to a water bath with a temperature of 70°C. This kills the enzymes. After
minutes the paper is removed from the water bath. The wet sheets of pape’
are couched between sheets of felt. In this process most of the water, 1;10(;
gether with pollutants from the paper, is transported from the centr¢ of
split leaf via the carrying paper to the felt. If soluble ink is present it runs o
wards the support material as well. Another advantage of the couching 13
that the glue of the core material diffuses to the surface of the paper a0
fixes it.

After couching the leaves contain a modest amount of moisture. The caf:
rying material is now removed and the split leaves are pressed with light pres
sure between sheets of felt and cardboard for about two days. This proce”
dure preserves the texture of the original.
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Fig. 5. Diagram of the lining machine. 1 a,b: cylinders for carrying material. 2 a,b: carryi.ng ma-
terial. 3 a,b: glue applicator with glue pot. 4: loading point for the leaves to be reated. 5: AYing
section with a forced air system. 6: cylinder for the coated material. 7: cylinder for separating
Material. 8: frame of machine.

The technology of paper splitting described here gives only the general
treatment. Variations of the process are both possible and necessary accord-
ing to the damage and kind of material. Descriptions of such variations have
been published.'??

THE CoMPLETELY MECHANISED PAPER SPLITTING PROCESS

The Centre of Preservation and Conservation at the German Library uses
the partially mechanised technology of paper splitting to treat about 29,009
leaves a year. But to restore documents on a larger scale, as for an entire li-
brary, a new kind of technology is required. _ o

For as long as 20 years a completely mpchamsed paper splitting process
has been in developed at the German Library. I'n 1992 'the Becker Preservoli
tec GmbH was engaged to construct paper splitting equ'xp'ment. InJune 199
the first parts of the equipment, the lining and the splitting machines, were
Putinto operation.
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Fig. 6. Diagram of the splitting machine. 1: cylinder for the coated material. 2: coated material.
3: cylinder for separating material. 4: separating material. 5: device for splitting. 6 a,b: upr{ef
and lower half of the split coated leaves. 7 a,b: glue applicator with glue pot. 8: cylinder with
core paper. 9: drying section with forced air system. 10: cylinder with the restored coated
leaves. 11: cylinder for separating material. 12: frame of machine.

The lining machine

Fig. 5 is a diagram of the lining machine. As opposed to the manual treat
ment, the machine does not work with single sheets but with lengths of PZ
per or cloth. Cylinders for the lining cloth (1), the coated material (6) an
the separating cloth (7) are used to handle the lengths. )

A cylinder system is used to drive the lengths. The construction of this sy%°
tem guarantees an exact position control and a tight guide for the lengths-

To coat the carrying material with gelatine a glue applicator is used. The
temperature of the glue pot, the pipes and the gluing rollers can be con-
trolled and the thickness of the adhesive film can be regulated as well.

A drying section with a forced air system (5) is used to press and dry the
lined material.

The process control of the machine takes place via a stored program ¢
ler. The controller allows for automatic and manual control of the machine:

contrOl‘
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Fig.7. Inserting the damaged leaves in the splitting machine.

The splitting machine
he frame of machine, the cylin-

Fig. 6 i ; it hine. T
8- 0is a diagram of the splitting machin nd the controller are similar to

ders, the glue applicator, the drying section a
that of (he lining machine.
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Fig. 8. Spiitting the paper and inserting the core material in the paper splitting machine.

But with the splitting machine there is the problem of putting both .h.alvei
of the split leaves exactly together again. This is solved by a special positiona
control system that positions the strips to within 1/10 mm. ] ¢ the

At present both machines are operated separately but a coupling ©
two is planned for the future.

Splitting materials used with paper splitting equipment

The carrying and core paper and the adhesives used on the equipment ar
similar to the materials used in the traditional process. ) G-
When we bring an additional removing machine into use it Wll.1 be pos
ble to work with carrying material made of polymeric cloth. This carrying

material will be reusable.

THE TREATMENT

The lining process

: b
The carrying material (Fig. 5, 2a,b) is unwound from the cylinders (12 )
and coated with gelatine with the aid of the glue applicators (3a,b).
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As Fig. 7 shows, the paper to be split is placed by hgnd on the lower strip of
coated carrying material (Fig. 5, 4). Using the cylinder system tlhe upper
length of the carrying material is placed on these and the three layers are
pressed and dried in the drying section (Fig. 5, 5). ’

Then the coated material is rolled up on a cylinder (6). To prevent stick-
ing a separating cloth can be placed inbetween the lengths of coated paper
(7).

The splitting process

The material, now rolled up on a cylinder in the lining machine, is sus-
Pended in the splitting machine (Fig. 6, 1). _ ‘ _

The length otE) coated paper is unwound and fed into the dev1Fe fonr s({)ht—
ting (5). The separating cloth between the layers of coated paper is rolled up
On a cylinder (3) and can be reused. . . '

In the splitting device the damaged paper 1s split by pplllng ;;})lart :kl:z
length of the support material at an angle of 90 degre‘es (Fig. 8). ;n he
inner surface of the split paper is coated with glt{e using a glue apphlcatWO
(7a,b). In the next step the core material (8) is inserted between the
lengths of the split, coated material. o ‘

The length wIi)th restored, coated leaves is pressed and d.ned in ﬁle 1dlr)yl;1eg_
Section (9) and rolled up. It is possible to insert a separating cloth (
tween the strips. ' .

Finally the material, which is still coated, is cut .and the carrying paper 1s
Temoved in the conventional way as described earlier.

Discussion

mechanised process for coating the
erial. The last step of re-
in the conventional way.

This equipment offers a completely
damaged paper, splitting it and inserting core mzllt
Moving the support paper, must still be performe _ _
he construction of the third part of the equipment, the removing machine,
15 planned for the near future. ] i
When the three parts of the equipment are combined our dlepartmﬂ:t(;'*:“
have 5 paper splitting facility with a capacity of a.b(‘)ut 2’030}]33":;1:3 may.
his wi]} drastically reduce the costs of paper sphttmg and the p y
be accorded a compl tatus in paper restoration.
pletely new s =St i
However, the high capacity of the paper splitting eggxpmen}t} dem?rtlrci::?—
Smilar capacity in the preparatory steps of paper splitting - e Wet #ea-
Ment and leaf casting. Therefore the next steps must be the mecha
and automatisation of the wet treatment and leaf casting processes.
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SUMMARIES

Paper splitting at the German Library in Leipzig — development from crafismanship to
Sull mechanisation

The equipment for paper splitting was developed in cooperation between the German Ll'br.al’)’
in Leipzig and the company Becker Verfahrenstechnik GmbH. In June 1994 the paper S‘Pl‘m"g
machine was put into operation in the German Library, Leipzig. With full mechanisall'orl, the
old process of paper splitting may be accorded a completely new status in paper restoration.

Le fendage du papier ¢ la Deutschen Biicherei Leipzig — Développement d'un
artisanat jusqu’a une mécanisation compléte

Une machine pour le “paper splitting” (fendage du papier) a été développée en collaboratlf)l}
entre la Deutsche Bibliothek a Leipzig et la Société Becker Verfahrenstechnik GmbH. Elle 2 ete
mise en activité en juin 1994 i la Deutsche Bibliothek a Leipzig. On peut considérer qu avec
une mécanisation compléte, I'ancien systéme de “‘paper splitting”” a recu un tout nouveau sta-
tut dans le domaine de la restauration du papier.

Papierspalten in der Deutschen Biicherei Leiprig ~ Entwicklung von einer
handwerklichen Methode zu einem vollstindig mechanisierten Verfahren

Als Gemeinschaftsunternehmen der Deutschen Biicherei Leipzig und der Becker Verfahreﬂ'S'
technik GmbH wurde eine Anlage zum Papierspalten entwickelt. Im Juni 1994 wurde filﬁ
Anlage in Leipzig Betrieb genommen. Nach vollstindiger Mechanisierung kann das alte Verfah-
ren des Papierspaltens einen neuen Platz in der Papierrestaurierung finden.
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The Feasibility of Using Modified Atmospheres
to Control Insect Pests in Museums

HAEL K. RUST, VINOD DANIEL, JAMES R. DRUZIK &
hy e o FRANK D. PREUSSER

INTRODUCTION

Surveys of natural history and art museums indicate that bee.tles bel}cl)ntgmg
to the families Anobiidae and Dermestidae and moths pelonglng to the fam-
ily Tineidae are major pests.l Schrock has Provided azhst (})lf commonls)l/l 3:;15-
aged materials in museums and their assoaa[e@ pests.” Other g_r'olilp.s s
termites and silverfish may also be extremely important, especially 1ln s}(l)u .
east Asia.’ The future of fumigation in museums with conventional chemi-
cals is uncertain. The more we learn about many o-f them, the more ques-
tionable their use becomes to operators (ethylene ox1dfr) and to the errslzl;ﬁgi
ment (methyl bromide). In addition to the need to train museum pe sonnel
to use these insecticides, there is always the potential for dama‘ig;. to I:d }c; "
tiquities and artifacts.*® Preslock® has provided an annotated bibliography
literature pertaining to pest control in museurns. ' —
The prilr)nary objgctivzs of our study were 'to determcllm; wheitriliizlﬁ(;n:irrzl
led or modified atmospheres were lethal to insects and t ef }?Sects un time
Tequired to provide 100% kill of all developmental stages of i1 y
infest materials, objects and artifacts in museums. i
Considerable research has been conducted with the u'se of mot ed av
mospheres (MA) or controlled atmopsheres (CA) to manag; glsecco npC cots of
stored grains and food. In most studies the lowest range of O,
tio 9%. _
&Zi:liteeztvﬁpefgfgg t}(lyat, as Oy coxlcentrz}{ions decreased tron}.l] 241‘;?:? ,tr:
0.6%, the mortality of adults and larvae. of Irogoderma glabr:m;e( ;}11 r.ee-day
Creased. Mortality also increased wi:h (;qcre;:)s(;r;f ]:if;;rl(f)f(:;i ::lts.and eeday
€Xposur 0. 0, at 26.7°C resulted in \
Adlzlltslvsfszrzt mizz suzsceptible than larvae.. Navarro® fq}md tha.tl e;l(t;())oz?l:i
time was the critical factor for certain species, such as uc'e.we:wbélowp 3%‘.
oryzae (L.), being almost independent of O, concentration
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However, as O, concentrations decreased, the time required to Kill the red
flour beetle Tribolium castaneum (Herbst) also decreased. o
Jay et al’® found that, as the relative humidity decreased, the mortality O
three stored-product insects exposed to low O, atmospheres (0.8-0.97%)
increased. Jay & Cuff'® found that mortality and water loss with T. castaneu™
was low at 97% N, and 3% O, but high at 9% N, and 1% O, suggesting

that water loss is the major cause of death at high N, atmospheres.

In studies with insect pests frequently encountered in museums, Gilberg
found that 7-day exposures at 30°C and 65-70% relative humidity (RH) to
0.421% O, in nitrogen killed webbing clothes moths, cigarette beetlffsi
drugstore beetles, carpet beetles and powderpost beetles.!! The sz'lm.e 1
sects exposed for 3 weeks in plastic bags were also killed." PrellmmaQI”(})’
studies by Valentin'® showed that exposures to 1.0% O, atmospherels4 for |
days killed deathwatch and powderpost beetles. Valentin & Preusser found
that 30-hour exposures to 0.5% O, and 99.5% N, atmospheres producee
100% mortality in fruit flies. Exposure time decreased as the temperatult”0
at which the exposures were conducted increased. Exposures of 5 days -
80% CO, atmospheres provided complete kill of West Indian dr¥;vood te
mites, Cryptotermes brevis (Walker), inside pieces of infested wood.

EXPERIMENTAL

Phase I: test system

In the current study controlled atmospheres (CA) were achieved })y pur%lfllg
the chambers with pre-purified nitrogen. The test system consisted © g
acrylic chambers each with a volume of 38 liters that could be independenesy
flushed with nitrogen and sealed to provide stable low oxygen aFm'OSPhani:
A controllable humidifying apparatus for adjusting relative humidity an der
trogen flow was inserted between the pre-purified nitrogen cylin "~
(99.999% N,, <20 ppm O,) and the input manifold to the chambers. For ing
alytical sampling of the atmosphere in any given chamber without open
it, a gas chromatography septum was installed. 45.7
The chambers, constructed of 0.63-cm-thick methacrylate (35.6 cm X. Kly
cm X 26.7 cm), had a 14.6-cm diameter opening that could be quwthe
closed and sealed. A door fitted with a neoprene o-ring was placed over aC
opening and tightened to the chamber with 6 capscrews. Alth_OUgh ;m
chamber was connected to the common nitrogen supply line with 0.6 for
copper tubing and an exhaust line, each of the inlet and outlet .pOfts ac
the chambers was controlled by Whitey valves (Swagelok), making €
chamber an independent experimental unit. _ .o Fig-
The schematic of the relative humidity conditioning unit is ShO.Wrl n 3
1. To humidify the nitrogen before flushing the chambers, the nitrogen
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t i ugh the initial on/ off valve, was‘split into two streams; one
(i:)r}:?:;;&%tg;(ihi “wet”” metering valve) bubbling t‘}‘lrou’igh .tthe tglstslt)rc;::;
(A), and the other to a T-tube where it joined the “‘wet” ni rogaried cam
leaving the water bottle. The ratio of wet to dry .mtrogen V\tzaied o g
the two metering valves. The combined flow of nitrogen lersl :;ere 2 mixing
bottle (B), fitted with a septum through W'thh air satm;z1 eto vere o ained
for analysis. From the mixing bottle, the nitrogen pisse L B oo i
(€) equipped with a relative humidity sensor. The nitrog
the chambers. - ]
To analyze the amount of oxygen in the mixing bottle "[(*ni tk(\ie sgaArrI\lt;f;zsg "‘l;:lls
edyne Oxygen Analyzer (model 316) was use.d. "I.“he. }(: e n}; ¢ Analyre
standardized by calibrating it with air and zeroing it with sa hlzhe from the ot
trogen mixing bottle. The needle was then ms.erted thr}(l)ug e ‘L)as R
the chambers and an oxygen reading determined. If' th i irttrto eng
above the nitrogen zero, the chamber was reﬂush'ed with ‘ § ﬂ(.)w e rela
To determine the relative humidity of th§ ml.xed mtrotgure and, i
tive humidity sensor was plugged into a Shinyei temperaThe s
transmitter and LCD digital multimeter (Mlcronata).
about +1%.

Procedure

; i ases or
stages. a) Each life stage of the various pests studi€ and results are given un-
gen atmosphere in open containers; the procequrf non-wood-boring insects
der testing phase I1. b) To mimic an infested object, ROWEEC o va ) of
were placed in vials, and submerged in 0.9-liter jars C(; oost beetle and the
Packed flour. Wood-boring insects such as the powderp

From Nitrogen
Cylinder

Dry Metering

Vaive
R Voit Meter
RH Transmitter (;gu Indicator)

= ive humidity.
Fig. 1. Apparatus for humidifying the nitrogen flow. RH=relative R4
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western drywood termites were placed in glass vials covered with a piece of
screen to permit air exchange. The vials were placed inside 8 X 8 x 14 cm
wooden blocks. The procedure and results are tabulated under testing phase
111

Testing phase IT

The vials containing insects or eggs to be tested were transferred to the
chambers. The relative humidity inside the chamber was maintained at 55%
with 25 ml of a saturated solution of magensium nitrate in a small PIHSUC
box. Excess magnesium nitrate (25 g) was added to the saturated solution SC;
that any excess moisture in the chamber was absorbed. Two packets (7g)0
7-1000 Ageless™ were placed in each chamber. Ageless™ is an oxygen Scav
enger prepared from moist powdered iron oxide and alkali metal salts (Mit-
subishi Gas Chemical Co.).'® After transferring all insects to the test cham(;
ber, the chamber door was loosely sealed. The chamber was flooded for 3
minutes with 99.999% pure nitrogen preconditioned to 55% RH. The cham-
ber was tightly sealed and the flow of nitrogen discontinued. b

If the oxygen content inside the chamber was greater than 0.1%, the
chamber was flushed again for an additional 5 to 10 minutes. The oxygfen
content was again analyzed. Every morning the chambers were analyzed }?r
oxygen content. Whenever the oxygen level was greater than 0.1%, the
chamber was flushed as described above.

Phase I1I testing for non-wood-boring insects

The procedure for sorting and preparing the insects was identical to those_:ﬁ
phase II except the vials were placed in 0.9-liter glass jars and covered wi '
10 to 13 cm of flour to simulate conditions where the insects might be bur
ied underneath articles or items.

Phase 111 testing for wood-boring insects

A simple wooden holding block was designed to confine the peetles de€p
inside the blocks during the exposure. Pieces of wood (8 cm X 8 Cmdxthe
cm) were cut from a post of Douglas fir. Each block was cut in half, an 7 to
center of each block hollowed to hold a 10-ml glass vial, leaving 1.2‘11ed
2.54 cm of solid wood surrounding each insect vial. Two holes were dn A
through the two blocks so that bolts could pass through both blocks. .
sheet of parafilm was placed on either block so that when pressing the t“’:h
halves firmly together, the blocks were sealed. The blocks were held W

. for
6.35-cm bolts and wing nuts and 6 blocks were placed in each chamber
each test.
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Mortality evaluation

The insects were transferred to a petri dish to be counted .with the' aid of a
microscope. Adults and larvae were individually probed with a pair of soft
forceps. If they moved, they were scored as alive. All .larvae that pu‘pz.lted or
adults that emerged from cocoons were scored as alive. The remaining co-
coons were opened. If they moved, they were scored as alive. The eggs we;e
scored as alive if the egg had hatched and a larvae could be found near the
egg shell.

Description of insects tested

A brief description of the various insects tested as well as the exposure tmes
and number of insects tested are detailed below. The cockroach, ﬁrebratﬁ
and termites have incomplete metamorphosis. and lack a Pupal stageé I;otl:f ar-
the species tested, the experiments were replicated 3-5 times on 5— 1tien
ent dates. A detailed report can be requested from The Getty Conservatio
Institute, 4503 Glencoe Avenue, Marina Del Rey, CA 90292, USA.

The webbing clothes moth

The webbing clothes moth, Tineola bisselliella (Hummel), is the moist’com-
mon clothes moth found in the United States. In museum storage, 1t is not
uncommon to find active infestations inside acid-free”bl;)xes, Hollinger
boxes, textile storage boxes and even dressers and close;ts. : s 94 48,72
The five different exposure periods selected f?r test.mg were 3, 24, ,b :
and 96 hours. The number of insects tested varied with each exposure el
Cause of the difficulty in obtaining certain stages. In the untreatefi COI;:;?H .
all stages were held in the 55% RH holding box on top of the testiln% (;: :
ber during exposures. Approximately 350 pupae, 650 larvae, an egg
were tested in phase II, plus controls.
The three e)l()posure tiF:nes tested in phase 111 were 48, 72 and Qtisl;::ri:
APPrOXimately 540 pupae, 400 larvae and 1270 eggs pupae were
Phase 111, plus controls.

The furniture carpet beetle

The furniture carpet beetle, Anthrenus [flavipes (LeConte), is delstrucdtlve[stoI 2
wide variety of household and museum articles rpade of anima prtl) bl:fls};es
Particular, they attack upholstered furniture, hair, feathers, n;turba' brush O%
and carpets. Other materials damaged include woql, fur, leather bin bg:3 of
books and glue of book bindings. Fabrics such as silk, and cotton may
tacked if they are contaminated with perspiration, blood or urine.
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The typical life cycle of the furniture carpet beetle at optimal rearing
conditions from egg to adult is about 3 to 4 months.

Five different exposure periods tested with all life stages were 6, 16, 24,
48 and 72 hours. Each test chamber contained four vials of adults, pupac,
and Jarvae with 20 insects per vial totalling approximately 240 insects per
test plus the control insects in phase II.

The only exposure time tested in phase [II was 72 hours, which was the
minimum time required to produce 100% mortality in phase Il Approxi-
mately 630 adults, 190 pupae, 650 larvae and 200 eggs were tested in phase
M1, plus control insects.

The firebrat

The firebrat, Thermobia domestica (Packard}, is a primitive wingless group of
insects belonging to the order Thysanura. Firebrats feed on numerous items
found in museums and libraries, especially those made with starch, paste.
glue (as in bookbinding), and starched cotton, linen, rayon or lisle. They are
pests of paper, especially those with a glaze or sizings consisting of starcl},
dextrin, casein, gum or glue. Occasionally, synthetic items will be attacked if
they are coated with sidings or paste.'® The typical life cycle of firebrats at 0p-
timal rearing conditions (37-39°C) is about 1.5~3.5 months.

In phase II, nymphs and adults were exposed for 0.5, 1, 2, 3, 16 and 2
hours. Eggs were exposed for 3, 16 and 24 hours. To determine whether
the exposures were lethal, the contents of each vial were placed into 2
petri dish. Nymphs and adults were examined 24 and 168 hours after the
exposure. Eggs were inspected at 24, 48 and 168 hours after exposure. The
eggs were held for an additional 9 weeks before a final count was mad.e-
Approximately 1040 nymphs, 750 adults and 1500 eggs were tested 1N
phase IL )

In phase III the only exposure time tested was 48 hours because 1
equalled the minimum time required to produce 100% mortality in phase

II plus 24 hours. Approximately 150 nymphs, 250 adults and 120 eggs wer®
tested.

The cabinet beetle

The larvae of the cabinet beetle, Trogoderma inclusum (LeConte) damage in-
sect collections, hides, skins, wool and feathers. The larvae are more likely to
be a pest of processed dry foods, animal feeds and storage facilities than 2 s€-
rious pest of stored grains. The distribution of T. inclusum is influenced by
climate, being encountered in areas with the relative humidity in excess 9
35%.% The typical life cycle of cabinet beetles under normal rearing condi-
tions is about 5.5 to 7 months.
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In phase 11, the five different exposure periods selected for testing with
the pupal, larval, and egg stages were 94, 48, 72, 96 and 120 hours. Appro?c-
imately 290 adults, 670 pupae, 1500 larvae and 1640 eggs were tested in
phase II, plus controls.

The two exposure times teste
(the minimum time required to produce 100% _
phase 1I). The tests were replicated three times. {\pprommately 270 adults,
530 pupae, 1150 larvae and 740 eggs were tested in phase III, plus controls.

d in phase 111 were 96 hours and 120 hours
mortality determined in

The larder beetle

The larder beetle, Dermestes lardarius L., feeds on ham, bacon, dried beef or

fish, cheese, hair, horn, feathers, fur and carcasses. With the discontinuance

of curing meats at home, the larder beetle has become fess important in re-

cent years. However, the presence of the larder beetle may indicate‘roden;
or bird carcasses in buildings. The typical life cycle from egg to adultis 3 to
months. o .

Seven different exposure periods were selected for testing in phase II: 6,
18, 21, 24, 48, 72 and 96 hours. Approximately 650 ad\;lts, 320 pupae, 650
larvae and 750 eges were tested in phase 11, plus controls. .

The only expogsirc time tested in phase III was 96 hours. APproElmatﬁ[Iy
100 adults, 200 pupae, 560 larvae, and 500 eggs were tested in phase 111,

plus controls.

The cigarette beetle

The cigarette beetle, Lasioderma serricorne (F.), is the most destructive pest
found in stored tobacco but will attack a variety of stored products. It also
causes minor to serious damage to the binding and leaves of books while in
storage or on shelves of libraries. The larvae feed on upholsterec.i furrgture,
Particularly stuffing. Other items it feeds on are seeds, paper, spl'c“is’miﬁ:g:;
grain, cereal products, botanical specimens, insect specimens, S1 til dent
bait and dried plants.” It is an important E);S.t o7f :)010:3 ‘ialzsnagmg e

ing and leaves. ™ The life cycle (egg to adult) 15 /10 . . ‘

%’1 phase II, the five dif);erent exposure periods selected fordtisgg]}g‘ w1::1
the adult, pupal, and larval life stages were 48, 72, 120, 144 anS Onmic:ixn .
In addition, the egg stage was exposed for 192 hours. Cocooneclicated 2§
Pupae were exposed for 168 hours only. Most exposures were rep
6 times, all on different dates.

Adults, larvae and cocoons were inspecte
Posure to low oxygen atmospheres. Eggs we
Proximately 920 adults, 1050 pupae, 1590 larv:
Coons were tested.

d for mortality 3 weeks after ex-
re inspected at 5 weeks. Ap-
ae, 3000 eggs and 60 g of co-
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The only exposure time tested in phase III was 192 hours because it
equalled the minimum time required to produce 100% mortality of phase
I, plus 24 hours. The tests were replicated twice on different dates.

The confused flour beetle

The confused flour beetle, Tribolium confusum Jacqulin du Val, is considered
ta be one of the most important pests of stored food. Confused flour beetles
feed on broken grains, beans, nuts, spices, drugs, and herbarium and mu-
seum specimens. They are unable to feed on unbroken grains, but readily at-
tack processed food.

The typical life cycle of T confusum in heated warehouses or structures is
about 3 months, with 4 to 5 generations of beetles yearly.

In phase II, the six different exposure periods selected for testing with all
life stages were 6, 18, 21, 24, 48 and 72 hours. Three to four open dishes
(20 insects per dish) of each life stage were tested per replicate. The only
exposure time tested in phase III was 72 hours.

The American cockroach, brownbanded cockroach and German cockroach

The American cockroach, Periplaneta americana L., is the largest of the com-
mon structural infesting cockroaches, being 38 mm long with fully devel-
oped reddish-brown wings. The American cockroach is found most com-
monly in restaurants, grocery stores and bakeries, wherever food is pr epared
and stored. They are also attracted to fermenting liquid. They are pccasion-
fmy tound in museums in north America and commonly found in museums
n southeast Asia.’ In museums they feed on starchy materials, sugary or fer-
mented foods, leather, and parchment. In addition to sighting live insects,
they can be detected by feeding damage, excrement and egg cases. Fifty t0
60 adult males, adult females without oothecae (egg capsules), small nymphs
(6 mm long), large nymphs (20 mm long) and oothecae were tested at ijlCh
€xposure period, totalling approximately 250 to 500 cockroaches, including
controls.

The brownbanded cockroach, Supella longipalpa (F.), is a cosmopolitar
cockroach pest, occurring both outdoors and indoors. In Egypt, this Spe”
cies is often referred to as the furniture cockroach. The brownbanded
cockroach is tan to brown with light yellow crosshands on the dorsal side;
especially prominent in nymphs. The adult is small, up to 12.5 mm long,
?Ctive and flies readily when disturbed. It prefers warm temperatures an
is found in areas of the structure where the temperatures exceed 25-5?6
for most of the year. It prefers high locations such as shelves, behind pic
ture moldings, etc. The damaging stages are the nymphs and adults. In
museums they feed on starch materials, sugary or fermented foods, leather
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and parchment. The complete life cycle takes an average of 5.5 months.
Fifteen to 20 adult male, adult female without oothecae, small nymphs (3
mm long), large nymphs (6 mm long) and ocothecae were se{ected for
each low oxygen exposure. Four hundred to 500 cockroaches, including
controls, were tested. ‘ '
The German cockroach, Blattella germanica (L.), is 2 cosmopolitan species
occurring primarily indoors in areas where fOf)d is prepared or served.
Adult German cockroaches are about 16 mm in length, brown in color,
with two dark longitudinal streaks on the pronotum. They bre.ed througb—
out the year indoors, especially in a humid environm.em averaging approxi-
mately 25°C. The life cycle (egg to adult) is aPprox1mately 2 months. The
selection procedure was identical to that described for brown.banded cock-
roaches, with the exception of one additional adult stage. Since the Ger-
man female carries the oothecae until 1-2 hours before it is ready to hatch,
females with oothecae were also selected. ‘ .
In phase 11, the five different exposure periods selected for testing with
adults and nymphs of P americana were 1, 4, 6, 8 and 24 hours. Egg cap-
sules of American cockroaches were also exposed for 92 and 120 hours. For
brownbanded cockroaches, five different exposure periods, 1, 2, 5,6, an'd
24 hours, were selected for testing with all nymphs and adults. Two addi-

tional exposure periods, 96 and 120 hours, were tested against the egg cap-

sules. Four exposure periods, 1, 3, 6, 1 and 24 hours, were selected for test-

Ing with all life stages of B. germanica. e
Only the oothecae of the American cockroach were tested in phase

because it was the most tolerant stage. Three different e.XPOSur c P‘f"iOdZ
72, 96 and 120 hours, were selected for testing. Four replicates were teste
at the 120-hour expaosure. ded
Only the egg capsules of the brownbanded c ‘
phase III, with two different exposure periods of 96 and 120 hox;lrs.x'{;:ln(i
oothecae were the most tolerant stage of bro}mbﬁnded cockroach e
ined in phase 1. Exposures were replicated 2 times. ]
In phase III, 70 female and male adult German cockroaches were C}T
posed for 48 hours. Females with oothecae and large and SI[?an nymprz
were tested with 10 1o 20 insects per life stage per chamber. The tests we

replicated 5 times.

ockroach were tested in

The powderpost beetle
Lyctidae are collectively referred to as true

Powderpost beetles. The larval stage of powderpost beetles limit t'll](;lrhfeed

Ing to hard woods such as ash, oak, hickory, mahogany, walnuf, wi < C erdrz',

locust, poplar, sycamore, orange, eucalyptus a?dx other open gl’amev WOO :

Articles made of bamboo are also frequently infested. Ipfestatlons are com
s

&' :] T’\ ™Y, N()C?
ARSI E I

Beetles belonging to the family
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monly found in hardwood floors, furniture, antiques, tool handles, gun-
stocks, picture frames, packing crates and ornamental pieces such as grape

canes and figurines.'” The entire life cycle of powderpost beetles range from
3 months to a year or longer.

B egs
B Lavae /Nymphs
B Aduits

American Cockroach

German Cockroach

Brownbanded Cockroach

Webbing Clothes Moth

Western Drywood Termite

Powderpost Beetle

Cigarette Beetle

Cabinet Beetle

Confused Flour Beetle

Furniture Carpet Beetle

Larder Beetie

Firebrat

;__-—400
T 2

0 100
Hours of Exposure ) -
for ten commonly found insect pests €X
% oxygen) in open containers at 25.5°C and 55% RH.

Fig. 2. Hours of éxposure to achieve 100% mortality
bosed to nitrogen (<0.1
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Three species used in the tests were Lyctus brunneus (Stephens) ,d Lgctlzfs lmi
aris (Goeze) and Trogoxylon prostomoides (Gorhan.l). L. brunneus arcx1 T mriz;:yo_
are cosmopolitan species, found in a wide variety of hardwoo s.b P
moides has been found infesting toys, furniture, herbwood and b'fam 00. "

Three different exposure periods tested with adult T. prostomc(lmzes w;rle 120,
96- and 120-hour exposures. Adult L. brunneus were exposed for 24,

a ) '
nzpl:rt:i:lar:ely 50 adult T prostomoides were tested in phase II. About 50
adults, 20 larvae and 20 pupae of the L. brunneus were tested.

192
10

Cigarette Beetle

Powderpost Bestle

Cabinet Beetle

American Cockroach
Confused Flour Beetle
Larder Beetle

Western Drywood Termite

Webbing Clothes Moth

Furniture Carpet Beetle

Firebrat 1

100 ‘ 200

Hours of Exposure

. ten com-
Fig. 3. Hours of exposure to achieve 100% mortality for the mPSt Igz;agf)::zg\zf?at 25.5°C
Monly found insect pests exposed to nitrogen (<0.1% oxygen) in ¢
and 552 RH.
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The western drywood termite

The western drywood termite, Incisitermes minor (Hagen), is the most destruc-
tive drywood termite in the United States. The drywood termites are aptly
named because they establish themselves in wood that is not decayed or in
contact with ground moisture., They frequently attack softwoods used in
framing structures which is perfectly dry, but they occasionally infest hard-
woods used in furniture construction.!” 6

In phase 11, five exposure periods were selected: 15, 24, 48, 72 and 9
hours. Approximately 1400 nymphs were tested in this phase, plus con-
trols.

Three exposure periods of 48, 72 and 96 hours were tested in the next

phase. Approximately 1650 nymphs were tested in phase III, plus con-
trols.

RESULTS AND Discussion

The exposure times for 1009 mortality of all life stages of pests studic'}:l a;
55% RH and 25.5°C are tabulated in Fig. 2 for phase II and Fig. 3 for phas

ITl. A brief discussion of the results for all the insects tested are given be-
low.

Webbing clothes moth,

In phase 11, the larvae and cocoons (containing resting larvae, and P“?a;i
were readily killed when exposed to the low oxygen atmospheres for ®
hours. Three-hour exposures killed 71-75% of the larvae and cocoons. A
hour exposure produced 100% kill of the eggs. ]

The 48-hour exposures resulted in 100% kill of all stages tested in Ph‘:ﬁ
1L but only 98.7% of the cocoons were killed with a 72-hour exposure.
stages were killed with a 96-hour exposure.

The furniture carpet beetle

In phase 11, exposure for 24 hours produced 100% kill of adult carpet bef;t_
les. The adults are short-lived, 25% being dead at day 7 in the untrea'ted C(;4—
trols. The egg was the most tolerant stage, only 50% being killed with a i
hour exposure. Exposures for 48 hours were required to produce 100(7? -
of the eggs and pupae. Larvae were the most susceptible stage, requining
only a 24-hour exposure to give 100% kill. ) of

In phase II1, exposure of 72 hours produced 100% mortality. The use re
72-hour exposure should provide a sufficient margin of error to ensu
complete kill of all life stages.
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epﬁ:e t rebra ly killed when exposed to
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The confused flour beetle

The adults and larvae were completely killed with 48-hour exposures In
phase I1. All developmental stages were killed with a 72-hour exposure. The
reason for the significant increase in mortality of larvae and pupae between
7 and 21 days after exposure is unknown.

In phase III, all stages were killed with 96-hour exposure to low oxygen
atmopsheres.

It is extremely unlikely that 70 confusum will develop resistance to low O,
treatments as reported by Donahaye.?’ He exposed red flour beetles to
0.5% O, for 40 generations at 95% RH. The lethal times increased fror'n 36
hours in the second generation to 190 hours in generation 26. It is unllkel}’
that this degree of selection would ever be achieved under practical condi-
tions.

The American cockroach, brownbanded cockroach and German cockroach

Adult cockroaches are the most susceptible stage to low oxygen atmos-
pheres, requiring 6-hour exposure to produced 100% kill of all 3 species
tested in phase II. The nymphal cockroaches of all 3 species are somewhat
more tolerant of low oxygen atmospheres, requiring 8-24 hours to kill
100%.

The oothecae are the most tolerant life stage. Exposures of 120, 72 and
24 hours were required to kill 100% of the developing nymphs of P amer-
cana, S. longipalpa and B. germanica, respectively.

In phase III, exposure of 120 hours was necessary to kill 100% of the P
americana oothecae. There was no apparent effect of burying the capsules
in the flour.

The powderpost beetle

In phase 11, 48-hour exposure produced 97% kill of adult beetles, 96-hour or
longer exposure produced 100% mortality and 90% kill of the Lyctus larva€
within 24 hours was achieved, all other life stages being completely killed. At
least a 96-hour exposure in phase Il with T. prostomoides was necessary to'PYOE
vide 100% kill. In phase II, 120-hour exposure produced only a 90% kill ©
the Lyctus with the larval stage, indicating a need for a longer exposure P&
riod to achieve 100% mortality. -

The colonies were too small and thus it was not possible to test sufficien
replicates. Phase III provided final results for Lyctus larvae. 144

In phase III, the only exposure period tested for adult beetles was
hours, which provided 100% kill. Two exposures were tested for Lyctus lar-
vae, 120 and 144 hours, all resulting in 100% kill.
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The western drywood termite

Exposure for 96 hours resulted in a 100% kill of nymphs within 24 hours in
phase II. A 72-hour exposure killed 100% of the nymphs within 14 days after
the exposure. o
When termites were exposed for 15, 24 or 48 hours, there was a signifi-
cant increase in mortality between day 1 and day 7. The exposure to the
low oxygen atmospheres produced some latent effects. o
In phase 111, 48-, 72- and 96-hour exposures produced 100% kill within
14 days. The wooden block was not a barrier to displacefrlt{nt of oxygen by
nitrogen. The 96-hour exposure produced a 100% kill within 24 hours.

CoNcLusion

The use of low-oxygen atmospheres to control in§ect pests in museums looks
€xtremely promising. It was possible to maiman? low-oxygfen atmosphere.s
(<0.1%) for at least 8-10 days with only an occasional flushing of pre/puri-
fied N, and several packets of Ageless™ oxygen scavenger. 'The results
showed that the time required to kill. 100% of the msect§ varied b.etween
Species and even between the developmental stages of a given species. For
most insects tested, exposure of Jess than 96 hours was required to e_nsure
complete kill. Certain stages such as eggs of cigaret.te beetles may require up
to B'da)’ exposure to ensure complete kill. Preliminary tests mdlcat?d that
the addition of CO, to the nitrogen slightly decreased'the fexposure time re-
Quired to kill the insects. It is likely that the exposure tm'le in the low-oxygen
atmosphere would be dramatically decreased by increasing the temperature
above 25.5°C and lowering the relative humidity .b<?low. 55?%. However, ths
Upper temperature limits and lower relative humidity limits would depen
On the nature of the object. .

The time required tg) kill the most resistant stages of each insect tczstlc(zld
did not substantially increase in phase III testing. Tbe oxygen was quickly
displaced and removed by the Ageless™, killing the insects buried deep in
the wood or flour. Consequently, it will probably not be necessary to spe-
Cially prepare or stack items for treatment.

T});epGé)tty Conservation Institute and the J. Paul .Getty Museumfhav? de-
Veloped special bags capable of enclosing larger 1temszzsgfh as ur}rluture
and paintings and still maintaing the low-O, atmosphere. . Hepn?g the use
of low oxygen atmospheres can replace the current use of insecticide sprays

and fumigants effectively.
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Uber die Moglichkeit, Insektenbefall in Museen durch modifizierte Umluft zu
bekiampfen

Es wurde die Sterblichkeit aller Stadien von Schadinsekten, die in Museen begegnen, bei
95,5°C 55% rF in Stickstoff-Atmosphire (<0,1% Sauerstoff) untersucht. Gegenstand der Unter-
suchung waren Kleidermotten, Teppichkifer, Ofenfischchen, Kabinettkafer, Speckkafer, Ameri-
kanischer Reismehlkifer, Amerikanische Schabe, Braunbandschabe, Hausschabe, Splintkifer
und “‘Kleine Trockenholzkalotermite” (Incisitermes minor). Die Zeit bis zum vollstindigen
Abtoten betrug zwischen drei Stunden fiir entwickelte Ofenfischchen und 192 Stunden fir die

Eier des Tabakkifers.
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