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The Impact of the Florence Flood on Library
Conservation in the United States of America

A Study of the Literature Published 1956-1976

By SHERELYN OGDEN
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1. INTRODUCTION

The Florence flood of November 4, 1966 is asserted by prominent library
conservators to be a turning point in the development of conservation in the
United States. Paul N. Banks, Conservator of the Newberry Library, and Peter
Waters, Restoration Officer of the Library of Congress (LC), frequently have
asserted that library conservation has a Biblical nature, that is, conservators
tend to view the field in terms of “‘before the flood” and “after the flood.” In
1970, Waters expressed his hope that the salvage activities which immediately
followed the flood would come to represent *‘a turning point in ... thinking
about book conservation.”? (p. 69). George M. Cunha, Director Emeritus, New
England Document Conservation Center (NEDCC), said in 1975:

Things have been changing, dramatically, in the last few years ... beginning with the tragic and
newsworthy floods in Florence in 1966. Television and radio news coverage made a big to do about

Restaurator 3 1979: 1-36
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The Impact of the Florence Flood on Library Conservation

it. The National Geographic Magazine printed a long, illustrated article on the flood and the

drama was kept in the public eye for many, many months. This focused international attention on

the problem of conservation, made people begin to think about such matters, and was
b

i . i the turni
point from which things began to look better? (p. 22) ¢

Indeed library conservation has changed in the years since the flood but the
question of whether the flood represents a turning point or change in (,iirection
has not been examined. The purpose of this study is to determine the nature of
the changes and the impact of the flood on the development of conservation in
the United States. By more fully understanding the changes, conservators and
!ibrarians may be able to identify what the trends in library conservation mean
in terms of the availability of library materials in the future,

The technique followed in this study is review and evaluation of the literature
of library conservation written prior to and after the flood. The literature
examined is limited to publications issued between 1956 and 1976, the ten years
prior to the flood and the ten years after the flood. The ten-year periods were
chosen because a decade is judged as sufficient time for changes (o become
evident and not so much time as to be unmanageable. Also, this particulaf
twenty year period can be considered to represent the real-life-time of library
conservation since relatively little occurred in the field prior to 1956. However
the scope of the study is not rigidly restricted to the twenty year period; when z;

work of significance was found which lies outside the allotted period, it was

included. ,

. A description of the Florence flood is not included because of space limita-
tions and because most conservators and librarians are familiar with tHe flood
A discussion is included in the author’s M.A. thesis: “4 Study of the Impa;t (Jt/u;
Florence Flood on the Development of Library Conservation in the United States:
1966-1976,” Graduate Library School, University of Chicago (availabl;*
through the Photoduplication Department, Joseph Regenstein Library, Uni-
versity of Chicago, Chicago, Illinois, 60637). ,

The‘ sources used in the study were gathered from the following biblio-
graphies and indices: Paul N. Banks, 4 Selective Bibliography on the Conservation of
Research Library Materials (Chicago: The Newberry Library, 1978); George
Martin Cunha and Dorothy Grant Cunha, Conservation of Library Ma’terials'i
Manual and Bibliography on the Care, Repair, and Restoration of Library Mater-z'als
(Metuchen, New Jersey: The Scarecrow Press, Inc., 1971); International In-
stitute for Conservation of Historic and Artistic Works, Art and Archacolo
Technical Abstract (New York: Institute of Fine Arts, New York Universit é)};
The International Institute for Conservation of Historic and Artistic Wil),rks
1955 sq.); Library Literature (New York: H. W. Wilson, 1933/35 sq.); Frederick)
L. Rath, jr. and Merrilyn Rogers O’Connell, Care and Conservation of’ Collections,
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compiled by Rosemary S. Reese, (Nashville, Tennessee: American Association
for State and Local History, 1977); and Richard D. Smith, bibliography for
course nr. 348, “Conservation of Library Materials,” Graduate Library School,
University of Chicago. Specialized sources, such as the annual reports of the
Association of Research Libraries, the Council on Library Resources, Inc., and
the Library of Congress, were also checked for relevant information. Only
works actually cited are listed in this publication. The complete list of about
350 pertinent works consulted is given in the author’s M. A. thesis cited above.
These works were selected from an initial bibliography of 450 works which is
obtainable from the author.

The definitions of special terms or concepts are given where the term is first
used. “Library conservation” as used in this study is limited to books. Micro-
form, maps, manuscripts and other forms of library materials are, for the most
part, excluded. The definition includes (1) standards for and philosophy of
physical treatment, (2) scientific investigation in deterioration and preserva-
tion, and (3) techniques of physical treatment. Both the preservation of books
of value for informational content only and the preservation of books of value as
cultural artifacts are included.

The principal criteria used to evaluate whether the Florence flood caused a
change in library conservation are: (1) principles and standards of treatment,
(2) science in conservation, and (3) physical treatment. These criteria are
defined and the literature evaluated under titles 2, 3, and 4. Those publications
believed to best represent the field were studied to define the state of the art
prior to the flood and subsequent changes. The conclusions from this examina-
tion are presented under title 5.

2. PRINCIPLES AND STANDARDS OF CONSERVATION TREATMENT

2.1 Principles

Library materials, our cultural heritage, belong not only to the present legal
owners but to all mankind, including future generations. These materials must
receive proper conservation treatment if they are to remain available for future
generations. Because the consequences of no or inadequate treatment may not
become apparent for years, a long-term perspective involving a sound ethical
and philosophical basis for decision making in the treatment of library mate-
rials is important.? (p. 217). The literature examined indicates that the basis for
the decision making process is evolving but has not yet been fully developed.
However, four specific principles of conservation treatment warrant enumera-

tion.
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(1) The artifact should not be altered any more than necessary for its preser-
vation. In 1956, Lindberg wrote:

In its unrepaired state a damaged old binding may give useful information on early binding
methods. It may therefore be best to keep it as it is, well protected in a flannel-covered box, only
cleaning the leather.® (pp. 317-8). o

Frequently, however, a book must receive extensive physical treatment — such
as rebinding - causing it to be significantly altered.

(2) All fragments of the original binding should be retained and all work
thoroughly documented if the book has value as an artifact. As Cockerell
asserted in 1960 in The Repairing of Books, “‘every contemporary part of a val;l-
able book and binding must be preserved.”s (p. 40).

(3) Materials used in treatment should be as permanent and durable as
appropriate to their use. Numerous references appear in the literature b()th
before and after the flood suggesting that the concept of perm‘anencc d
durability may be the most widely recognized and applied principle.'2 "

(4) Another principle is reversibility which implies that th(‘pC();ls TV
should be able to undo or reverse any conservation treatment i

Banks recently stated that these ideal principles “can never l.)e fully attained
for any book, and the degree to which they will be attained is usdall yrcla:'l:i“l()
the'value of the book.”3 (p. 213). He asserted elsewhere that ““the cn)lln ’m 1 "
which have to be made should be made with them as a basis " ( F:27I;HS/;S
Alden pointed out with regard to this about seven years prior .m th[: floo 1. “'s
reasonable balance must be maintained between this idcal and the s
possible usefulness of the book itself.13 (p. 272). ‘

widest

2.2 Standards

Stand: & intaini i
dards arc a means of maintaining a uniform and suitable level of treat-

ment. 1
t. Unfortunately, no agreed-upon conservation standards exist for the
treatment of most categories of library materials. The Library and Archives

(J()mmltl Of [h Na“ er A I ( " A‘ ,
ce € Onal (,-OI]S vation dVlSO y
Oun(‘.ll N 4 i T
( ( ) dCSC lb(d

Standards of adequa(e and proper conservation treatment would appear to be the most dire wd
3 rect ang

impe i i €re ar
P rsonal means of prolcctmg books and manuscnpts. H()W(‘V r, there a ¢
Ver, g

of this type. virtually no standards

.'Ihe. reasons forA this lack of treatment standards are numerous and not difficul
diversity of m_alena]s needing treatment, lack of suitable methods for man l ';“ Lo o lh‘r
and commercial strictures, the general underdevelopment of the field, and ) prubloms, cconomic
Eam r():ason is undoubtedly the lack of a suitable body to come to ' 50 on
p. 39). ’

\ - Another signifi-
grips with this difficult problem. "
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Library materials can be categorized according to their value or significance
when standards of treatment are being considered. The two most frequently
used categories are materials valuable for informational content only and mate-
rials valuable as artifacts.

Cunha and Cunha pointed out that no generally accepted standards of
treatment for materials of value as artifacts were in existence in 1970:

‘I'here are no established standards for the total restoration of rare and valuable books, although
the Standards of the Guild of Book Workers . . . are reliable general guidance for quality binding
workmanship. There is no policing organization overseeing professional performance of restorers
and conservators, although those who are members of the American Group of the International
Institute for Conservation can be assumed o subscribe to its | Pease] code of ethics.1s (v. 1; p. 141).

The situation is essentially the same today. Furthermore, neither the standards
of the Guild of Book Workers nor the Murray Pease Report/Code of Ethics for
Art Conservators is directly applicable to the needs of library conservation. The
Guild of Book Workers’ standards are intended to govern work submitted for
exhibition and as such are more suitable to the work of designer or art binders
than conservation binders. The Murray Pease Report/Code of Ethics is slanted
toward conservators of art objects. It does not take the needs of other conser-
vators, such as library conservators who must deal with large numbers of items,
into consideration. It is presently undergoing revision and some of the biases
may be eliminated. About 1975, the International Federation of Library As-
sociations issued its “‘Rules for Restoration Work.”1¢ These rules are not ac-
cepted as a suitable standard by the NCAC Library and Archives Committee
because their wording is so general they allow for inadequate or inappropriate
treatment.' (p. 40).

Despite the lack of generally accepted standards for materials of value as
artifacts, standards exist for materials valuable for informational content only.
The first, produced in 1923, was entitled “General Specifications for Library
and School Book Binding” and was prepared jointly by the Commitee on
Bookbinding of the American Library Association (ALA) and the Library
Group of the Employing Bookbinders of America.'? (p. 10). In 1933, the ALA
and the Book Manufacturers’ Institute (BMI) issued “Minimum Specifications
for Class ‘A’ Library Binding.” After the library binders withdrew from the
BMI and formed the Library Binding Institute (LBI) in 1935, a joint commit-
tee of the ALA and the LBI had responsibility for the “Minimum Specifica-
tions” and amended it in 1938 and 1952. In 1954, the joint committee was
dissolved. By 1956, the *‘Minimum Specifications” had become the most
widely accepted standard for library binding.'? (pp. 11-12) The LBI’s “Li-
brary Binding Institute Standard for Library Binding” is based upon it.?® (p.
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1). This LBI standard, now considered the authoritative version by most li-
brarians, represents:

The best judgment of Certified Library Binders of the minimum specifications necessary to produce
a volume which will achieve two objectives: first — meet the requirements of libraries for an end

product capable of withstanding the rigors of normal library circulation or use, and second —
provide maximum reader usability.1? (p. 67)

In 1939, the ALA and the LBI approved *‘Standards for Reinforced (Pre-Li-
brary-Bound) New Books.” This standard was also incorporated by the LBI
into its “‘Library Binding Institute Staundard for Library Binding.”18 (p. 1).
“Minimum Specifications for Bindings for Lesser Used Materials for Li-
braries,” referred to as “LUMSPECS,” was issued by the ALA in 1957 and
approved by the LBI the same year. The purpose of these specifications is to
provide a method of binding for materials which do not warrant a Class “A”
binding but which do warrant more protection than that supplied by a pam-
phlet case.’® (p. 51). Another standard is the “Official Minimum Manufactur-
ing Standards and Specifications for Textbooks” which was de
by Textbook publishers.17 (p. 13).

These binding standards are defined by particular materials and methods.
The belief, when the early standards were written, was that the only assured
way to obtain a product which would perform satisfactorily was to control
materials and techniques used in manufacturing. Since that time, materials and
methods have changed, and these inflexible standards do not allow application
and use of new, improved materials and methods.!” (p- 2). The ALA decided

that new, more flexible standards oriented toward library
needed.

veloped for use

requirements were

In 1960, the Council on Library Resources, Inc. (CLR) awarded a nearly
$ 19,000 grant to the ALA’s Library Technology Project for the development of
“performance” standards. Three performance standards - one each on dura-
bility, workmanship, and openability ~ were produced. Two testing devices
were designed for measuring binding performance - the Universal Book Tester
and the Openability Test Plate.!” (p. 2). This project resulted in two publica-
tions — Development of Performance Standards Jor Library Binding, Phase I and Phase
1129 1n 1967, the ALA approved these statements
in 1973 withdrew the endorsement of the “Minimum Specifications for Class
‘A’ Library Binding.” 18 (pp. 1-2). This withdrawal of endorsement resulted in
clarifying discussion between the LBI and ALA. The ALA does not believe the
new standard to be the ultimate one and recognizes that the LBI standard
produces a durable book. But, according to Book Production Industry:

as its official standard and

SHERELYN OGDEN

t WE. 1 i A argues there is no need to
With ne r bindcry equipmem, lechnologles and matenals, the AL g 3

emain tiled to a sta idard based on a presc ription; rather ere shou stanaar ased on how
T ai ied I P P 5 h s th hould be a st dard b d h

well the binding does the job.22 (p. 54)

A difficulty with all the standards is that they tend to be a.Pplie((i1 r;otborilylsto
i i for which they are intended, but also

books of value for informational content, : ‘

t: books of value as artifacts, for which they are not considered appropriate by

i onservators. . .

llb(r]tZr(l:;)r:nire standards are needed — standards which will protect books as

cultural artifacts. As Roberts asserted:

P ¥ i i i ve, and have
I'he present bir dmg standards seem more apph( able to those libraries that do not ha €,
i i y i editions in favor o
historic al collections A librar that discards o

no mtention of maintaining, ld d f f
new ('dl‘[iOl’]S, that does not intend to kCCp more than say five years of a penodlcal [llle, or .thal

/ is i Y imi i — academic or
weeds its collection of uncirculaled books is in no wa similar to the research hbraly d

. ‘ i Yy i i ras shou

bli The binding requir ments of the two are entirel different and their standa an:
public. € dards should d
must be (liﬂen‘nt.“ (p 23)

This review of the literature indicates that the c1.1rren.t princq;les Enc: st:utlvdvzrr](;ls
of treatment in library conservation have been in exnster(lice ;)r the :;s N for):
years. The principles of conservatior'l treatment followef to af}lf w; rezrences
ward before the flood. However, the mcreaseq number o‘ Posltl- 00 eferences
to these principles indicates that they were 'dxscussed, cr}:llc;l y c:zne eq and
applied more often after the flood. This is 'because the h ore e ani
operation raised the level of awareness of the lfnportance ) Const?rv:: Certaix;
as discussed below, prompted the evolution Of:ldCaS ot”.what consnlt‘u e;l rain
conservation treatments. The only specifications which are a;.)g. 1ca[he © I
brary conservation and which qualify as standards are ltho'srehg:; smiiﬁecmions
ing of material valuable for informational content onhy. ; f(:l p

existed or were in the process of development before the flood.

3. ScienNcE IN CONSERVATION

3.1 The W. J. Barrow Research Laboratory, Inc.

The Barrow Research Laboratory is the only research f‘?CilitY Whic?’ g“bli:;“zi
larly in the library and conservation literature' durx.ng the' period studiec.
regnary 1967) became interested in the deterioration of library materials
Barm“f (lioﬁourse of studying his family history, he encountered many o.]d
:hcfl?s’ ;zdtdi)cumems which either had been repaired or were in need of repair.
O
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He studied bookbinding and document restoration methods and, in 1932, es-
tablished a document restoration shop. In 1935, he began rescarch on the
deterioration of paper.

In an attempt to lower the costs of methods of lamination being studied at
the National Bureau of Standards, Barrow developed the “‘first practical rol-
ler-type laminating machine” for application of cellulose acetate film. Later he
strengthened the laminate produced by including a sheet of tissue on cach side
of the document improving tear resistence and folding endurance. While he
continued development of the laminating process, he began experimentation
with procedures to neutralize acidic documents prior to lamination to reduce
the rate of deterioration. Early studies by other investigators led Barrow to
develop the calcium hydroxide/calcium bicarbonate deacidification
the mid-1940s.24 (p. xii).

In 1955, Barrow published Manuscripts and Documents: Their Deterioration and
Restoration in which he recorded information from historical sources on factors
which govern permanency and deterioration in documents; he discussed the
effects of some inks on paper, how and from what materials paper has been
made, and which components of paper have contributed to its preservation and
which to its deterioration.8 In May 1957, the CLR awarded the Virginia State
Library a grant for investigation of the deterioration of modern book papers;
the findings were presented in Deterioration of Book Stock: Causes and Remedies:
Two Studies on the Permanence of Book Paper Conducted by W. J. Barrow.?® The first
study established that the physical condition of books thirty to sixty years old
was worse and the rate of deterioration greater than librarians had previously
assumed. The second study developed procedures to alleviate this deteriora-

tion; these deacidification procedures involved soaking materials in saturated
solutions of calcium and magnesium bicarbonate

process by

s. A subsequent CLR grant
was awarded in March 1959 for development of specifications for a permanent

and durable book paper and of an economically feasible manufacturing
method. The Manufacture and Testing of Durable Book Papers Based on the Investiga-
tions of W. J. Barrow reported that six experimental and two commercially
manufactured papers were produced,; they were claimed to be competitive in
price, proven to be initially durable, and tested to demonstr
of more than four hundred years.2”

In August 1961, the CLR funded the establishment of
Research Laboratory, Inc.,

ate a life expectancy

the W. J. Barrow
a new facility separate from the W. J. Barrow
Restoration Shop, Inc. The laboratory was located in the Virginia Historical

Society in Richmond. Work began on spray deacidification of bound and un-
bound volumes and investigation of aging properties of polyvinyl acetate adhe-

sives. In February 1962, work commenced on development of performance

8
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standards for library binding. Permanence/Durability of'tlte Book: A Tw;;l- Yzzrrs tR:f
search Program (1963) reported progress on these Prq;c;s ankv;fsasL ; [Zr o
ications i ies Permanence/Durability of the Dook.
seven publications in the series ' ' oo publ
i i f accelerated aging tests, develop
cations described work done in evaluation o : : o
idi i luation of polyvinyl acetate adhe
ment of faster methods of deacidification, eva e
sives used in library binding, development of spot tests fgrdgro;x?lc‘l:voct)‘c;al;egrs
idi in size i d permanence and durability o
cidity, and alum-rosin size in paper, an . :
?rom lySO7 to 1949. The laboratory also investigated the n;la)(;lmltx”mt safet;})ll(;[nif:)lrg
. i i ethods of streng
ffect of temperature on rate of deterioration, m
p:pZ:’:/h?lZ deacid?fying it, effects of sea water on permanency of earlyhrag
]F))ager and development and field testing of a morpholine vapor-phase
. : 29,30
idi ss. .
def;‘cl:dlgclflt{lonrﬁi/(i);?ng over one million dollars, was the major source of ?lf])-
| : pBarrow Research Laboratory between 1961 and 1977. e
¢ CLR withdrew support because of other
costs of the Laboratory. Most of the equipment
ly to the Center on the Materials of

port for the
Laboratory closed when 'lh
obligations and the increasing

h om the LabOI‘atOly was lOallCd pe["la“e“t
lh( Alt { nd (A()ns(’rvalor Car”egle'IViellon I“StltUte Of RCSCaI Ch, PlttSbu gh,
1sta N I

the books used as samples in early studies were given to the Library of Con-
gress.3! (pp. 45-6).

3.2 Other Research Facilities

y ’ ili y i Ork
I h( Ba!lOW Rt’scarch Laborat()r was not thc 0“1 lesealch ‘aclht dOlng Wi
’ ’ 87 . . . w o
i“ libl ary conser \/ation. Unfortunate]y, lnf()llllatloll ngaI d.lng th( [0) ¢ k‘ 1 lllc
N . ewed.
h r faCililieS iS inCOmpl t in lhe conser vation a“d llbl arl y lltel ature review (l
othe N cte

nstitute of Paper Chemistry, Appleton, Wisconsin, made

For example, the 1 and educational

i lications
valuable contributions in terms of research, public ,

t few references appear. -
pr(')ligl:anfl’sa’pii Section of the National Bureau of Standards (NBS) has con
¢

i The

h relevant to library conservation for over ﬁft.y years.
:zzzirrzts“e:;;orts issued each year bf:tween 1929. afld ll?gie:::;::int?:;
periods of greatest activity were the thirties and l.ate S%XUCS ;«:nical entics. [ the
thirties, twenty-eight reports were issued as articles in tect 1] fs or a5

: ts. and from 1966 through 1976, thuty-sx‘x reports
'govemmcm' doc:menen’t -six intervening years, however, only eighteen repo.rts
e, l:lwarc;/l was conducted on: different methods of measuring
o ane ; liscehniques and materials used in lamination; degradation of
(C:Eli)lt;ls(z{esaarj:tion of the stability of different types of papers; development of

9
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specifications for archival record and storage materials; and identification of a
source of error in pH determinations of paper. An on-going project is a study of
accelerated versus natural aging of paper (Appendix 2). Another project is a
paper research program cooperatively developed by the NBS, the Society of
American Archivists and the National Archives and Records Service. The
project, which began around 1969, now appears to be defunct since money in
the special support fund has been disbursed.32-34

Establishment of the Preservation Research and Testing Office of the Li-
brary of Congress, in planning in January 1966, was emphasized in the reor-
ganization of LC’s preservation program in 1967. The Library of Congress
received a grant from the CLR for equipment to set up the laboratory in 1970.
In January 1971, Williams was hired as Research Officer and Director of the
laboratory, and research began in spring, 1972.35 (p. 15),3¢ (pp. 106-7),37
(pp. 118-9),*® (p. A8).

The laboratory is responsible for *“ ... pure research into the fundamental
aspects of preservation problems, applied research, and testing and quality
control of supplies used in the preservation of library materials.” (p. A165).
Research includes evaluation of currently used methods of deacidification, in-
vestigation of restoring strength to deteriorated paper by graft polymerization,
examination of properties (uses, types, shelf life, methods of formulation) of
adhesives used in library conservation, and analysis of conditions (light, at-
mospheric contaminants) which contribute to the deterioration of paper.®” (pp.
A165 — A166).

An important responsibility of the Preservation Office of LC is assistance in
the informational needs of librarians at other institutions in the United States.
This responsibility is met through seminars, workshops, and lecture
ducted by members of the staff and through reports and papers. The reports
and papers are issued in the form of published leaflets, working drafts, and
workshop notes. They range in coverage from a broad approach to conserva-
tion, as in the preservation leaflets on Selected References in the Literature of Conser-
vation and Environmental Protection of Books and Related Materials, 10 description of
specific techniques, such as “The Deacidification and Alkalization of Docu-
ments with Magnesium Bicarbonate” and “Heat-Set Tissue Preparation and
Application” (Appendix 1). The Preservation Research and Testing Office is
responsible for producing in part several of these reports and papers. Also
members of the staff of the laboratory have developed new techniques ()["
modified existing techniques for the deacidification of paper which have been
patented, and one member edited an American Chemical Society monogra’ph
on the conservation of paper and textiles %3

s con-

Since the Barrow Research Laboratory ceased operation, the Preservation
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Research and Testing Office has become the best known facility in the United
States conducting research in the conservation of library materials. A signifi-
cant aspect of the LC laboratory is that the staff scientists work in close coop-
cration with conservators. As explained in ‘‘Preservation Supplement 72-3” of
the Library of Congress Information Bulletin:

... The research staff and the conservation workshop stafl have an opportunity to work side by
side, to exchange ideas, and to test many of the results of the research program in the practical
environment of the workshop. At the same time new techniques and procedures developed in the
workshop can be scientifically evaluated in the laboratory. This cross fertilization of ideas should
fead to a strong, viable research program capable of developing sound solutions to the vexing
preservation problems which beset librarians and archivists of the 20th century.?? (p. A168)

3.3 CurreNT METHODS OF DEACIDIFICATION

One of the most pressing problems for conservators is acidity in paper. The
problem is huge quantitatively and, unless cost-effective deacidification treat-
ments are developed, significant portions of library collections will be lost. The
applications of science to conservation appearing most frequently in the litera-
ture is deacidification, that is, neutralization of acid present in paper and
deposition of a buffer to prevent reacidification in the future.

Innumerable articles have appeared in the literature discussing deacidifica-
tion processes. Smith explained that aqueous deacidification treatments are
derived from work of the Canadian Schierholtz who received a patent in 1936
for a Process for the Chemical Stabilization of Paper and Product. 44 Schierholtz treated
paper with aqueous solutions of barium, calcium, or strontium bicarbonates or
by hydroxides of these followed by a carbon dioxide treatment to convert
hydroxides to carbonates.#S (pp. 66-7). Barrow became acquainted with the
work of Schierholtz and applied it to deacidify documents before laminating
them. He originally used a calcium bicarbonate method but, by the mid-1940’s,
developed the two-shot calcium hydroxide/calcium bicarbonate method men-
tioned above.?* (p. xii),** (p. 68). This process was the primary process used
during the forties and early fifties. In 1956, the Document Reproduction and
Preservation Branch, U.S. National Archives and Records Service, introduced
the one-shot magnesium bicarbonate immersion treatment.*S (pp. 69-70). The
aqueous process followed by most conservators today is derived from this
treatment. In 1959, Barrow recommended use of calcium and magnesium
bicarbonates for deacidification by overnight immersion. In 1964, scientists at
the Barrow Research Laboratory considered deacidification agents other than
calcium and magnesium but made no recommendations. A preliminary paper
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on recently completed work at the Preservation Services Laboratory, U.S.
National Archives and Records Service reported the advantages of using mag-
nesium hydroxide as the starting material for preparation of magnesium bicar-
bonate deacidification solution.*® The complete report, entitled “Preparation of
Solutions of Magnesium Bicarbonate for Deacidification of Documents,” will
be published in an upcoming issue of Restaurator.

Aqueous deacidification is the method most conservators use to neutralize
acid present in paper. However, aqueous deacidification is costly in terms of
time and hence money, and many materials cannot be treated because they
contain inks or colors which are soluble in aqueous solutions. An alternative 1o
aqueous deacidification is organic solvent-based deacidification. Organic sol-
vent-based deacidification processes alleviate the problems of aqueous treat-
ments to a great degree, and accelerated aging studies indicate that nonague-
ous deacidification treatments improve the stability of acidic paper at least as
efficiently as aqueous treatments.” (p. 159). Inks and colors which are soluble
in water-based solutions are usually not soluble in organic solvents. These
solvent-based systems are more readily adaptable (o time-saving application
procedures which makes them less costly than aqueous processes even though
the components are more expensive.

Smith developed an organic solvent-based deacidification solution at the
Graduate Library School, University of Chicago. The original solution con-
tained alkoxides of alkali and alkaline earth metals dissolved in alcohols and
chlorofluorohydrocarbon solvents (Freon) and was designed for application by
immersion, spraying or brushing. Smith’s process was improved by Kelly at the
Preservation Research and Testing Office of the Library of Congress who
combined the preferred deacidification agent, magnesium methoxide, with car-
bon dioxide gas to form methoxy magnesium methyl carbonate (MMMCQ).
MMMUC reacts less readily with water vapor, and its solutions are
than magnesium methoxide solutions under conditions conse

deacidify paper.*®

more stable
rvators use to
A variety of other deacidification processes have been proposed in the lit-
erature but appear to be out of favor with most conservators, Kathpalia began
work on an ammonia process in 1956 and published a description of it in
1962.% The effect of the treatment is claimed to be transient because the
ammonia volatilizes from treated materials 45 (p- 73). However, at the annual
meeting of the Society of American Archivists held in 1976, Kathpalia stated
that the treatment is not transient and has an extended lifetime under Indian
library conditions.*® In 1964, Langwell published information on his Postlip
Duplex Lamination process.>® This process is a combination treatment in-
tended to deacidify and strengthen at the same time., The object 10 be treated is
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heat laminated with a tissue which has been coated with an adhesive which
contains the deacidification agent magnesium acetate. Information was put;;
lished by Langwell on the Vapor Phase Deacidification (VPD) proccss.lrf 196(?.

In this treatment, books and documents are exposed to the deacidification
agent cyclohexylamine carbonate (CHC). Many conservators are reluctant to
use CHC because it is reported to cause papers to discolor ar.ld to be hazardous
to persons coming in contact with its vapors; furthermore, its long-term effec-

: . . 47,52,53,54
tiveness is questioned.””

References to the Raff, Herrick, and Adams sodium carboxymethyl-cellulose
combination method of deacidification began to appear in 1966.%77 Paper to
be treated is impregnated with a solution of wa'ter, §odium carbO)fymethyl-cel-
lulose, and a wet strength resin. Another comblnatlongeatmer?t is the Regnal
Process, the development of which began about 1955. Matef'lals are treated
with a biocide, a strengthening agent, and the deacidification agcr}t mag-
nesium acetate.5® In an article published in 1969, Baynes-Cope described his
use of barium hydroxide in methanol for dcacid.iﬁcat'ion.59 T'wo 'known p.rob-
lems exist with regard to this process: the deacidification solution is potc;rzmally
more toxic to humans than other organic solvent-based sol‘utlons; (pp-
27-8),%° (p. 286) if the solution used is strong enough to deposit a buffer, the

paper yellows.*®

3.4 Mass METHODS OF DEACIDIFIGATION

Mass methods of deacidification are desperately needed. because of the immf:n-
sity of the problem of acidity of paper. A mass method is defined as one which
simultaneously treats hundreds or thousands of w.hole. b0'0k5. Three such pro-
cesses are currently in stages of development; one 1s a liquified gas process; two
- esses.
ar‘;: alg(z}g,pg;:ft:rt?:gan investigation of a low-unit-cos.t mass. deacifiiﬁ,cation
process for use on general collections materials of libraries. Wlt‘h Smith’s .pro-
cess whole books are vacuum dried, impregnated with magnesium alk_ox.ldes,
and flash dried. The chemistry of the method is accepted and the deacidifica-
tion solution is used by conservators to deacidify single‘shcets of paper. An
in-progress pilot project at the Public Archives of Canada is expected to treat at
least 150 books per day.®! (p. 149). In 1970, thc. Barrow Research Laborator.y
began exploratory work on a mass deacidification process. Tl}e resul‘t of this
work is a process based on the impregnation of whole books with a mlx.ture of
morpholine vapor and water vapor. In 1977, t'hc. p.rocess underwent a trial run
at the Virginia State Library in Richmond, Vlrglm;?. Walker reported that ?50
books a day were successfully treated.®? (p. 72). Circa 1974, the Preservation
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Research and Testing Office of the Library of Congress began development of a
mass deacidification process whereby books are vacuum dried and exposed to
diethyl zinc vapor. The process is reported to have worked successfully on
experimental runs treating four hundred books.%3 (pp. 81, 92).

The literature reviewed reflects two trends in the activity of science in library
conservation during the period being studied. One trend is increased activity.
One example is the increase in activity at the NBS beginning in the late sixtics.
Another example is the establishment of the Preservation Research and Testing
Office of the Library of Congress. Another example is the number of patents
awarded on deacidification and stabilization of paper. Prior to 1970, about one
U.S. patent was awarded per decade; thereafter more than one a year was
granted.** Another trend is increased effort to develop a mass deacidification
method.

Neither the Preservation Research and Testing Office nor a mass deacidifi-
cation system is a post-flood idea, and no grounds exist on which to attribute
the increased activity at the NBS or the increased number of patents to the
flood. Nevertheless, the salvage operation in Florence probably had an effect on
t.he activity of science in conservation. Support for increased activity by scien-
tists was in process prior to the flood. The salvage operation at Florence made
conservators and librarians more aware of the need for and potential value of
scientific investigation in library conservation, and the movement toward more
support accelerated.

The salvage operation also affected the development of mass methods of
deacidification. Librarians and conservators realized that deacidification by
currently accepted methods would not make even a dent in the amount of
ma?erial needing deacidification and, if a new approach was not developed,
major portions of all library collections would be lost. The need for a mass
method was recognized before the flood: one method was in the process of
development. The salvage operation at Florence proved the feasibility of mass
treatment, caused more conservators to accept the concept of mass treatment,

and thus prompted additional investigations into the mass deacidification of
whole books.

4. PuvsicaL TREATMENT

The empbhasis of conservation work in Florence was physical treatment. Con-
servators from many countries met in Florence to develop ways to salvage the
masses of flood damaged materials. They compared known methods, decided
which were best, and either used or adapted the methods for application to the
problems at hand. Many conservators active in Florence (Paul Banks, Christo-
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pher Clarkson, Don Etherington, Carolyn Horton, Peter Waters, Richard
Young) are now active in the United States and are known to be using
techniques proven in Florence. Thus the influence of the flood is anticipated to
be especially strong in the area of physical treatment.

Today the basic techniques used in the treatment of library materials include
washing, deacidification, sizing, mending, lamination, encapsulation, and
binding. Some of these techniques, such as washing and sizing, are rarely
mentioned in the literature. Other techniques, such as deacidification and
lamination, are discussed frequently.

4.1 BinDING

As shown above, standards have guided the binding of books valuable only for
informational content. For the most part, these standards have determined the
techniques used in this type of binding. These techniques include oversewing
for regular volumes, and through-the-fold sewing, stab-sewing, side-sewing,
and adhesive binding for exceptional volumes.!” (pp. 71-5).

Due to the lack of standards for the binding of books of value as artifacts, the
techniques used in the binding of these books are not as concisely expressed in
the literature. For the purposes of discussion, this type of binding is referred to
as conservation binding despite the inaccurate implication that the type of
binding discussed above is not a conservation treatment.

Ideas of what constitutes a conservation binding emerged as a result of the
flood. Most of the books damaged by the flood were in original bindings. Some
of these bindings were in good condition before the flood, and others were in
poor condition. In the process of treating the books in Florence, conservators
observed this difference in condition and realized that some binding techniques
which were assumed to be sound were actually damaging. This evidence
caused conservators to reconsider techniques they employed and to adopt fea-
tures which had proven non-damaging over time. As Waters explained:

It was a great privilege even to see these flood-damaged books. . . We had an opportunity to see
hundreds and hundreds of books in certain conditions and the most noticeable feature that came
over was the damage that was already done before the flood happened. It is on this basis that [
think we should rethink some of the things that we do in our work.%® (pp. 13-14)

Prior to the flood, binding was considered in terms of designer/art binding,
trade binding, or commercial library binding. After the flood, another category
of binding developed, conservation binding. As Waters went on to say, “what I
think we have to do is to try and find what I would like to call a conservation
binding.”’65 (p. 14). The ideas about what constitutes a conservation binding
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which have emerged deal with structural features which are non-damaging to
the book-block. These ideas are based on techniques which were in practice
before the flood, such as sewing all-along on raised cords or on tapes, utilizing

original sewing holes, and incorporating barriers between certain adhesives
and the book-block.?6:66-68

4.2 MENDING

The preferred conservation mending technique for materials of value as ar-
tifacts is the Japanese paper and paste method. The Japanese paper is water-
torn to the shape of the tear or the missing area. This produces a repair with a
soft, frayed edge rather than a hard, sharp one which acts as a breaking edge
against which the object may fracture when flexed. Although this technique
was mentioned in the pre-flood literature, it was not widely practiced before the
flood.® (p. 261). The Japanese paper and paste method was used widely in the
restoration work in Florence and represented a change from the usual practice
of using Western papers and beveling both the edges of the mending paper and
the edges of the missing area of the object to form a perfect fit.*® (p. 53). The
use of heat-set tissue for mending was also known but not widely practiced
prior to the flood' (pp. 61-2); the technique was used in Florence, improved
repeatedly, and is used frequently today. For non-artifact material, the use of
pressure sensitive tape, of which many varieties exist, appears to have been
prevalent both before and since the flood.

4.3 Lamination and Polyester Film Encapsulation

Numerous references to lamination appear in the literature, with cellulose
acetate film and tissue lamination discussed most. The National Burcau of
Standards developed lamination in the mid-thirties and Barrow derived his
cellulose acetate and tissue lamination method from it in 1938. For years lami-
nation was widely employed as the solution to the brittle paper problem. How-
ever, many laminated documents began to yellow and turn brittle. This de-
terioration has been attributed to a lack of deacidification, improper deacidifi-
cation, inferior laminating materials, and to the heat and pressure applied to
the document during the lamination process. The yellowing and embrittlement
of many laminated documents, plus the fact that lamination is not readily
reversible, have caused use of the process for materials of value as artifacts to be
questioned.®® (pp. 157-8),* (p. 203). This change in attitude was reflected in
the literature around 1976 and does not appear to be related to the Florence
flood.
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Polyester film encapsulation was developed as an alternative to lamination.”
(p- 8). Encapsulation is most suitable for unbound objects and “provides
superior physical protection for fragile documents, can be accomplished with-
out expensive treatment, is instantly reversible, is fully archival, and requires
no heat or pressure which may damage the document.””® (p. 168). The treat-
ment has been tested and appears to be stable for the equivalent of a five
hundred year period.%® (p. 158).

4.4 Restaration Office of the Library of Congress

When the impact of the Florence flood on the physical treatment of library
materials is examined, one particular library facility for physical treatment, the
Restoration Office of the Library of Congress, should be considered. The work
of the Restoration Office, which deals almost exclusively with materials of value
as artifacts, is strongly influenced by the Florentine salvage operation. Since the
Restoration Office serves as a model for other libraries, presumably what is
done at LC will eventually be practiced throughout the United States. Hence
influences of the flood on the Restoration Office will be passed on to other
facilities which treat books of value as artifacts.

The term “Anglo-Florentines” is sometimes used to refer to the British book
conservators who went to Florence to assist in the salvage operation. Three
Anglo-Florentines became staff members of the Restoration Office. The first to
be hired was Peter Waters.

Waters’ employment by LC, first as a consultant and later as Restoration
Officer, is believed to be a result of his contribution to the salvage operation at
Florence. He had already established his reputation as a skilled book restorer
through his partnership with Roger Powell. However, it was his participation
in the organization and management of the salvage operation at the Biblioteca
Nazionale Centrale di Firenze which demonstrated his ability to deal with large
numbers of items on a mass basis, an ability needed at LC. The Anglo-Floren-
tines subsequently employed were Don Etherington and Christopher Clarkson
(Clarkson recently joined the staff of the Walters Art Gallery, Baltimore,
Maryland; Waters and Etherington are still at the Library of Congress). Their
experience in Florence and association with Waters is believed to have been
significant in their affiliation with LC.

The salvage operation in Florence is influential in the operation of the Resto-
ration Office in two important ways. One way is in design of the work areas of
the Restoration Office; Waters based the layout of the workshop and the choice
of equipment on experience gained while planning and working in the work-
shop at the Biblioteca Nazionale Centrale. The other way is in the techniques
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which have been used in the Restoration Office since its modernization in 1970,
Many of the techniques now used at the Restoration Office are either those
developed and used at Florence and introduced at LC by Waters, Etherington,
and/or Clarkson or represent improvements of Florentine techniques. Further,
as discussed previously, ideas of what constitutes a conservation binding
emerged as a result of the Florentine experience. These ideas, developed in part

by these three individuals, affect the specification of all binding done in the
Restoration Office.

4.5 RecioNAL CENTERS

Most libraries have funds for the physical treatment of their non-artifact books,
that is, for commercial library binding, allocated in their anuual budgets.
However, the physical treatment of books of value as artifacts is much more
expensive and well beyond the budgets of most libraries. Librarians arc at-
tempting to augment their funds for the treatment of artifactual material
through the establishment of cooperative, non-profit regional centers. The cur-
rent concept of a regional center for the physical treatment of library materials

was introduced in the late sixties by George Cunha. In 1971, he and co-author
Dorothy Cunha wrote:

... For a great many years 10 come, even in the most carefully preserved libraries, buoks and
artifacts on paper will require expert attention. ‘This service is costly, whether it is done on the
premises or outside. A cooperative approach 1o conservation would provide the special skills and
equipment required at minimum cost. By such an cffort, regionally associated libraries could
accomplish jointly what most are unable 1o do by themselves.' (v. 1; p. 222)

Cunha established the New England Document Conservation Center as a
non-profit institution supported and directed by librarians from several New
England state agencies. 'The Center was funded originally by contributions and
grants, with the CLR granting over seventy thousand dollars. The Inter-
museumn Conservation Association, a regional center serving muscums, acted
as a model for planning the Center. According to the brochure of the NEDCC
“the purpose of the Center is to administer and supervise a workshop with th(t
necessary facilities and staff to restore, preserve and maintain the physical
condition of books, prints, maps, broadsides, manuscripts and similar
documentary materials of historic, archival or cultural interest.””? Under coer-
tain circumstances the Center may also test materials and equipment, consult,
and publish technical information. At present the only comparable regional
center for library conservation is the Ohio Conservation Consortium wl;i(th is
on a much smaller scale than the NEDCC. The Consortium is sponsored and

18

SHERELYN OGDEN

housed by the Ohio Historical Society. It was established on a casual basis to
provide conservation and educational services to its members.”® (p. 128).

Even though the number of regional centers for the physical treatment of
library materials is not increasing rapidly, the literature indicates that en-
thusiasm is. The description of the National Preservation Program for Li-
braries, a plan for the conservation of library materials on a national level,
stated that “‘one of the most effective and productive national conservation
programs the Library of Congress could undertake would be the establishment
of one or more regional conservation centers.”’* (pp. 5-6). The Library and
Archives Commitee of the NCAC stated that “‘there is much to commend
regional or cooperative centers” and went on to mention cost reduction, possi-
ble raising of standards, dissemination of information, and training.'* (p. 12).
Banks said that “because of the increasing cost and complexity of conservation
it seems almost certain that regional centers will be an increasingly important
means of providing service.”* (p. 219).

4.6 Mass PRESERVATION METHODS

Although cooperative, non-profit regional centers may be a more economical
approach to physical treatment of materials of value as artifacts than in-house
facilities or private conservation operations, the price of treatment is still high,
especially when the quantity of materials requiring treatment is considered.
The only possible solution lies in development of low-unit-cost mass preserva-
tion methods for the treatment of both artifact and non-artifact materials. As
Poole explained:

Where thousands, hundreds of thousands, and even millions of items must be dealt with, treatment
on an item-by-item basis is economically unsound and practically impossible. The truth is that
those who control library-archive budgets will not accept the cost of item-by-item conservation
wherever mass treatment methods are technically possible. Thus, what today’s librarian hopes for
and today’s conservator is actively seeking are methods by which deteriorating materials can be
effectively treated in large numbers.” (pp. 150-51)

The restoration operations in Florence brought to people’s attention the fact
that quality conservation treatment can be carried out on a mass production
basis; large numbers of books were washed, deacidified, mended and rebound
to conservation standards. The next logical step is to further mechanize these
conservation treatments, and others as well, so that they can be applied to
entire collections of library materials. One example of such efforts is the current
investigations of mass deacidification treatments discussed above. Another is
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development of the leafcasting technique for mending which utilizes a machine

for the filling of lacunae in paper with paper pulp; the technique is superior to
and more rapid than hand methods.

4.7 TREATMENT oF WATER-DAMAGED MaATERIALS

In 1970, Waters remarked:

Those of us who, in one way or another, have been associated with the rescue and restoration
operations of books and archives in Florence since the flood of 1966, would agree that the conserva-

tion world was completely unprepared for such a disaster, for there were few universally-estab-
lished guidelines to follow.

Most institutions which have suffered disasters must have kept records of their restoration
programmes but nothing has been published in the international Jjournals on this problem of

large-scale treatment. My own researches into fire and water damage since the flood, have in fact
revealed a distressing lack of information on the

practical treatment given to damaged books' (pp-
60-61)

About twelve years earlier Amber et al. had made a search of the literature to
see what was available on water-damaged materials and also found that very
little existed.”® (p. 5). The references in the pre-flood literature which exist do
not serve as guidelines.”*”® Although they tell the reader what to do in an
emergency, the information is not given in sufficient detail or in the proper
order to guide the activity of the librarian who is faced with masses of water-

soaked materials. Also, these references deal mostly with documents; those

which discuss the treatment of books, discuss exclusively the treatment of small
numbers of books because, according to Minogue, no satisfactory method of
treating large numbers of wet volumes was known.” (pp. 23-4)

After the flood, two changes in the literature occurred: the number of refer-
ences to the treatment of water-damaged materials increased;'78%-%¢ ¢mphasis
shifted from methods of handling small numbers of objects to methods of
handling large numbers. One work produced which serves as a valuable set of
guidelines is Waters® Procedures Jor Salvage of Water-Damaged Library Materials.
This document, based on Waters’ experience in Florence and with salvage
operations in this country and on research conducted by the Preservation
Research and Testing Office at LC, is intended to assist individuals both in
preparing for disaster and in salvaging water-damaged library materials. Wat-
ers stated that ““the procedures suggested ... are designed to save a maximum
amount of material with a minimum amount of restoratio
(p. iii).

More research into various methods of recovering water-soaked materials

79
n and replacement.
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was conducted after the flood than before the flood. The only reference to such
research in the literature reviewed which dates from before the ﬂoo<.i is 'to a
study conducted in 1937 by the Research Department of the.LBI w'hlc‘h _mdl-
cated that the most important factor in the salvage operation is individual
careful handling before, during, and after drying.®® After the flood, however,
references to research are numerous. The publications deal almost exclusively
with mass drying methods. Cunha attributed this change in activity to the
Florence flood and to other floods which followed:

Experiences at Florence and equally serious waterdamage disasters since . . . did initiate investiga-
tions of methods for the mass drying of books that hopefully will result ultimately in procedures
that will be technically sound, aesthetically satisfactory, and economically feasible.?® (p. 95)

The investigations to which Cunha refers include research conducted by the
Preservation Research and Testing Office of the Library of Congress on the
“mechanisms and safety parameters” of all known drying techniques; the pur-
pose of this research was to find a drying method which is economical and
which causes minimal damage to cellulose and related materials."? (pp- 7-8),%¢
(p. 96). These investigations also include research on the Com.mg Museum
flood damaged library materials to determine the most economical and suc-
cessful method for drying the thousands of soaked books which were frozen
shortly after the flood in Corning, New York.

As a result of these investigations, the freeze/thaw/vacuum drying process
has been generally accepted as the most suitable for large numbers of water-
soaked books. Wet materials are frozen and stored at low temperature (—20°F)
until further treatment can be planned. They are then vacuum-dried, a
technique which causes ‘‘the water to sublime, i.e. pass from the frozen t'o. the
vapor phase without going through the liquid phase. Under these' conditions
feathering of inks is negligible. Further, freeze drying reduces stains and re-
duces or eliminates the odor caused by smoke.”®* (p. 6).

In the course of discussing physical treatment of library materials, Waters
explained that as a result of the circumstances in Florence:

The traditional concepts and practices of book preservation have been subjected to reassess-
o . . . 1
ment and new criteria. In effect, a revolution is in progress.” (p. 71)

Many changes have occurred in physical treatment since the Florence ﬂ@.
Some are directly attributable to the flood and others are not. Sufficient tm.le
has not yet passed since the flood to verify that Waters’ “revolution” is in
progress. However, if mass physical treatment techniques .ar.c developed and
applied, the result will be the revolution which Waters anticipates.
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5. CONCLUSION

This study examined the assertion by Banks, Cunha, and Waters that the
Florence flood is a turning point, that it marks a change in the direction of the
development of the field of library conservation in the United States. In gen-
eral, the findings of the study indicate that the Florence flood accelerated the
development of library conservation in directions in which it was already
moving or had no effect on the development. The flood was found to mark a
turning point in the physical treatment of books of value as cultural artifacts.

The principles of library conservation followed today were mentioned in the
literature before the flood but were discussed, critically evaluated, and applied
more often after the flood. This is because the salvage operation raised the level
of awareness of the value of conservation and of what constitutes certain con-
servation treatments. The only specifications which are applicable to library
conservation and which qualify as standards are those guiding the binding of
material valuable for informational content only. These specifications existed
or were in the process of development before the flood.

‘Two trends in the activity of science in conservation are apparent: increased
activity and increased interest in development of a mass deacidification
method. The salvage operation raised the level of awareness of and support for
scientific investigation in library conservation. The salvage operation de-
monstrated the feasibility of mass treatment, caused more people to accept
mass treatment, and thus prompted additional investigations into mass
deacidification.

Establishment of regional centers for physical treatment is a result of the
flood to the extent that the salvage operation increased awareness of the be-
nefits of the physical treatment of library materials; librarians became more
interested in having materials from their collections treated and saw regional
centers as a means of obtaining this treatment.

The salvage operation had no effect on certain changes which occurred in the
field. For example, the change in attitude regarding the use of lamination for
materials of value as cultural artifacts does not appear to be related 10 the
salvage operation. The technique of encapsulation was not developed in re-

sponse to a need created or made apparent by the salvage operation but rather
as an alternative to lamination.

The salvage operation marked a turning point or change in direction for
certain physical treatments. After the flood, investigations into methods of
treatment of large numbers of water-damaged materials were conducted for the
first time in the United States, and one method — the freeze/thaw/vacuum
drying process — was demonstrated as suitable and is now generally accepted.

22

SHERELYN OGDEN

This development cannot be attributed solely to the Florence flood. Although
the Florentine salvage operation pointed out the need for t.he developmen‘t of'a
method of treating large numbers of objects, it was not until sever'al llbr.arle.s in
the United States suffered major losses from water damage that investigations
ducted.

we’rlfhceorl‘l‘lorentine salvage operation appears to be solely responsible for the
rapidity of the change in mending techniques considered acceptable for fl\atc—
rials of value as artifacts. The use of Japanese paper and paste was mennone'd
in the pre-flood literature but was not wide}y practiced before the ﬂo‘od; this
technique was used widely in Florence and is now the preferred‘ technique for
mending materials of value as artifacts. The use of heat-set tlSS'UC was also
known but not widely practiced prior to the flood. It was used in Florence,
improved repeatedly, and is now used for materials of value as artifacts.

Ideas of what constitutes a conservation binding emerged as a result of tl‘le
Florence flood. Although these ideas are based on techniques which were in
practice prior to the flood, these ideas were crystallized as a consequence of the
flood. ‘

The operation of the Restoration Office of the le.rary of Congress can be
considered a new development or a change in directlon..Although the eSta.b-
lishment of the Restoration Office was in process prior to the ﬂc.>od, its
organization was strongly influenced by the Floxtentme sa'lvage‘ operfltlon; the
Restoration Office is the only facility of its scope, is pre-eminent in its influence,
and is believed different fromwhat itwould have been had the ﬂood‘not f)ccurr.cd.

This study indicates that the only area of library conservanor.l in which
documented changes in direction occurred as a result of the Flor'emmc salvage
operation is the physical treatment of mau,t,rials of value as artifacts. The de-
finition of the term “library conservation” as used by Banl.(s, Cu‘nha, and
Waters in their discussions of the impact of the Florence flood is ambiguous. If
they limited the definition of library conservation Eo the physical treatment of
materials of value as cultural artifacts, their assertion that the flood marked a
turning point is supported by the literature. . .

In summary, most of the changes in library conservation whlc.h occurred
after the flood were in motion prior to the flood. The salvage operation aer the
publicity it received raised the level of publi'c support for the ‘conservatlon of
library materials. Conservation was glamorlze(_i and popularized. The .ﬂood
occurred during a period of economic prospeflty 'a‘nd the new poPulanty of
library conservation was reinforced by the aval'lablllty of funds for it. The net
result was that the Florentine salvage operation, rather tha.n c.han.gmg'thc
direction of the field, accelerated the development of conservation in directions
in which it was already moving.
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7. APPENDICES

7.1 ApPPENDIX 1

REPORTS AND PAPERS ISSUED BY THE PRESERVATION

CONGRESS* OFFICE, LIBRARY OF

Preservation Leaflets.

Selc‘cted References in the Literature of Conservation. Febru 19

Environmental Protection of Books and Related Mal;rials Farby’ e

Preserving Leather Bookbindings. February, 1975, 4 o

Marking Manuscripts. February, 1977, 4 p.’ P

The Physical Protection of Britile and Deterioratin
ing Draft]. October 15, 1975, 8 p.

Preservi
rving Newspapers and Newspaper Type Materials, (Working Draft]. Revised June 1976

ary, 1975, 4 p.

g Documents by Polyester Encasement, [Work-

9p.
Conservation Workshop Notes on Evolving Procedures. Series 100

Making a Phased Preservation Box, [Workin
-~ Supplement [no date]. 5 p.
Making a Lip-On-Casing Box, [Working Draft], August, 1976, 12 p

aklng a ror llOllO (Suﬂened Flaps, OIIC" 1€ . mg), [W mg D aﬂl Augusl 1 p
e Cover ork T . N 97(), 6

g Draft]. August, 1976, 12 p.

Conservation Workshop Notes on Evolving Procedures. Series 200

Collation Practice, [Working Draft). August 1976, 9 p

Conservation Workshop Notes on Evolving Procedures. Series 300

Heat-Set Tissue Preparation and Applicati

i pplication, [Working Draft]. M
Polyt;ster Film Encapsulation, [Working Drafi). August 1977 ]I.l ks
Making a Polyester Envelope, [no date]. 5 p. P

Polyester Film Encasement for a Folded Item [no date). 5
) . p .

* Derived from the list compiled by Richard D. Smith for course
1

Materials, Graduate Library School, University of Chicago 10. 348, Conservation of Library
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Conservation Workshop Notes on Evolving Procedures. Series 400.
Rice Starch Paste (Stock Paste for Covering), [Working Draft], July 1977, 2 p.
Wheat Starch Paste (Stock Paste for Mending, Lining and Hinging Works of Art on Paper),

[Working Draft], July, 1977, 3 p.
Cellulose Ether Solution for Long Fiber Mending and Wash/Sizing of Single Sheets, [Working

Draft], August 1976, 2 p.

Conservation Workshop Notes on Evolving Procedures. Series 500.

The Deacidification and Alkalization of Documents with Magnesium Bicarbonate, [Working

Draft], July 1977, 15 p.
Deacidification — Methyl Magnesium Carbonate Non-Aqueous Treatment, [Working Draft], July,

1977, 12 p.

Conservation Workshop Notes on Evolving Procedures. Series 600.

Display Cradles for Books: Board Construction, [Working Draft], July 1977, 27 p.

Pre-Prints

Hey, Margaret and Peter Waters: Heat-Set Tissue. May 27, 1977, 19 p.

Brown, Margaret et al.: Design and Construction of Boxes for the Protection of Rare Books. [no

date]. 186 p.

L. C. Publications on Conservation of Library Materials.

Waters, Peter. Procedures for Salvage of Water-Damaged Library Materials. 1975, 30 p.

7.2 APPENDIX 2
REPORTS ISSUED BY THE NATIONAL BUREAU OF STANDARDS*

mmercial Papers in Dry Air, Compared with Natural Aging. National
per Research Report 73-155. 30 March 1973.

Archival Record Materials. National Bureau of Standards Paper
ecember 1969. 10-466; 30 June 1971. 10-517; 31 December 1970.
1972. 10-979; 12 January 1973. 73-249; 30 July 1973.

Accelerated Aging of Go
Bureau of Standards Pa

Development of Specifications for
Research Reports 10-152; 31 D
10-696; 21 January 1972. 10-887; 30 june
74-501; 23 May 1974.

Development of Specifications for Bond and Le
1972.

Development of Specifi
of Standards Paper Researc

dger Papers for Permanent Records. 10-844. | May

cations for File Folders for Storage of Permanent Records. National Bureau
h Report 10-843. | May 1972.

* Compiled by William K. Wilson, formerly Chief, Paper Evaluation Section, National Bureau of
Standards, Washington, D.C., 20234 and presently with the Preservation Services Division, Na-

tional Archives and Records Service, Washington, D.C., 20408.
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Evaluation of Archival Stability of Copies from Representative Office ¢
Standards Paper Research Report 74-498 (R). 30 April 1974,

Evaluation of Condition of Manifold Papers in Fil
Report 10-429. 7 June 197).

Flynn, J. H. and Smith, L. E. Comparative pH measure
glass electrode spot tests. Tappi. 44 (1961): 223.

Flynn, J. H., Wilson, W, K., and Morrow, W. L. Degradation of

sopy. National Bureau of

¢. National Bureau of Standards Paper Research
ments on papers by water extraction and

‘ellulose in a Vacuum with

Graminske, E. L.: The Stress-Strain Behavior of Accelerated and Naty
(1970): 406.

Hebert, R. L., Tyron, Max, and Wilson, W. K .: Differential Thermal Anal
Carbohydrate Materials. Tappi 52 (1969): 1183.

Parks, E. ]. Thermal Analysis of Modified Cellulose. Tappi 54 (1971): 537.

Rasch, R. H. and Schribner, B. W, Comparison of Natural Aging of Paper with Accelerated Aging
by Heating. Journal of Research of the National Bureau of Standards 11 (1933): 727.

A Source of Error in Paper Extract pH Determination
Electrode. National Bureau of Standards Paper Rese.

Toner, $. D. and Plit,
Tappi 45 (1962): 681.

Wilson, W. K. and Forshee, B. W. Preservation of
National Bureau of Standards, 1959.

Wilson, W. K, Harvey, J. L., Mandel, John and Worksman, Thelma. Accelerated Aging of Record
Papers Compared with Normal Aging. Tappi 38 (1955): 543,

Wilson, W. K. and Hebert, R. L. E
1103.

Wilson, W. K. and Hebert, R. L. Evaluation of the §
1523.

Wilson, W. K. and Parks, E.J. Comparison of Accel
Years Natural Aging. Washington, D.C.,

ysis of Some Papers and

s: Contact between Paper and Reference
arch Report 75-915, 3] January 1976,
K. F. Spectrophotofluorometric Studies of Degraded Cotton

cllulose.

Documents by Lamination. Washington, D. (1.:

valuation of the Stability of Manifold Papers. Tappi 55 (1972):

tability of Record Papers. Tappi 52 (1969).

crated Aging of Book Papers in 1937 with 36
. National Bureau of Standards, 1974.

7.3 AppEnDIX 3

ACRONYMS

American Library Association ALA
Book Manufacturers’ Institute BM]I
Council on Library Resources, Inc. CLR
Cyclohexylamine Carbonate CHC
Library Binding Institute LB]
Library of Congress LC
National Bureau of Standards NBS
National Conservation Advisory Council NCAC
New England Document Conservation Center NEDCC
Vapor Phase Deacidification VPD
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8. SUMMARIES

The Florence flood of November 4, 1966 is asserted by Promir.)en't co:s;rva::t[(())m;n:i?x;].);(:::::-_
Banks, George M. Cunha, and Peter Waters, to be'a turning pom;{n t[hee c:;rs :)ince (ol conservar
tion in the United States. Indeed library conservauo.n has ":hange in .y ars since the flo ,been
the tion of whether the flood represents a turning point or .change. in irec
q}les - Thi dy reviews the literature of library conservation written prior to and after the
;xar:ltn C(:i'cl?:i:;utlrernaturc of the changes and the impact of the flood on the development of
ood to
Co“f’erv‘f‘"o"' examined is limited to publications issued between 1956 and 1976, the ten years
"Ihe llu;lm‘ﬂured and the ten years after the flood. The ten-year periods were chose.n because a
e m't 'C O(:i sufficient time for changes to become evident and not so much time as to be
i::jza:;s:ljf Ar:o, this particular twenty year petiod can be' considered ;]0 represe[nhtetshceo ro::a(l)-f
life-time of the field since very little was going on in tht? field prior to 1?(56(: . (:]vivg::rrl,ce o f:und
the study is not rigidly restricted to theh twenty./ yt;a;fdenod; when a work of signific;
Whi‘Ch " O_UFSide (‘}:;l:”iuiiniirr]\?:z’igtl’v’v::;(rilcinuthis study is limited to books. Microform, ma‘ps,
— d‘fﬁ“m(’z Ofthclr ll—"j:r:lns of library materials are, for the most part, C')(Chx.dcd: The ‘deﬁ.nitu?n
'manuscnpts a" coiards for and philosophy of physical treatment, (2) scientific mvcsugaulon in
:inect::r(ii:rsat(i:))n sal:::?l] preservation, and (3) techniques of physical lrc'atme;l:). B(I:tho;hjaijzsz:v:t:lc:rrzf
books of value for informational content only and the preservation of books
S a::l"tl;iugrf:ings of the study indicate that the Florence flood accelerated the development
Oflll;b?':rl; C(;nscrvalion in directions in \n;(hich it ‘waspzilrr:iaicrllydl‘r;o;;‘r;ii:;l :xraej"r;ocnetffz:‘bz:k:};
development. The flood was found to mark a turning
Val‘f" o ‘f“h_u;al afr:::;arcatrsy conservation followed today were mentioned in the literature before the
fl 1; :)p""::: ;?s(c)ussed, critically evaluated and applied more often after the ﬂoog. This is because
o eration raised the level of awareness of the value of conservation and of what
the sélvage 0}: ‘in conservation treatments. The only specifications which are appli?able to library
COHS(‘tut;s(JxCxe;nad which qualify as standards are those guiding the binding of material valuable for
o Ny i i i in the process of development
informational content only. These specifications existed or were in
b”?vii,‘:i:::?r.l the activity of science in conservation are appan:cnt: increased act.ivity .ang i:.
d interest in development of a mass deacidification rfletll'od.'1 he salvage ope.ranon raised the
N { and support for scientific investigation in library conservation. The salvage
feve O'f awarenes:l(r)aled the feasibility of mass treatment, caused more people to accept mass
:)l"l:l:?r::’r;,tilr:o:;ms prompted additional investigations info mass deacidification. . e
ishment of regional centers for physical treatment is a r?sult of the flood t.o the exten | a.
S eration increased awareness of the benefits of physical treatment of library materials;
ll'};)e s:il::feb(zame more interested in having materials from their collections treated and saw
o ini is treatment.
regi‘o nal (;cmzr:) a:r:tir:rfz;:\sdo:ooff;;lcr:lgf :,:rtsain changes which occurred in the field. For exar.nple,
hrlh: . vaign atf:itude‘regarding the use of lamination for material.s of value as cultu.ral artifacts
e to be related to the salvage operation. The technique of encapsulation was not
32321::;(::1[’ ::srponse 1o a need created or made apparent by the salvage operation but rather as an

v mination. _ .
alternative to la ] ) ) ] )
The lvage operali()n marked a tunlmg point or change in direction for certain physncal treat-
sa
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ments. After the flood, investigations into methods of treatment of large numbers of water-damaged
materials were conducted for the first time in the United States, and one method

- the freeze/
thaw/vacuum drying process —

was demonstrated as suitable and is now generally accepted. This
development cannot be attributed solely to the Florence flood. Although the Florentine salvage
operation pointed out the need for development of a method of treating large numbers of objects, it
was not until several libraries in the United States suffered major losses from water damage that
investigations were conducted.

The Florentine salvage operation appears to be solely responsible for the rapidity of the change
in mending techniques considered acceptable for materials of value as artifacts. The use of
Japanese paper and paste was mentioned in the pre-flood literature but was not widely practiced
before the flood; this technique was used widely in Florence and is now the preferred technique for
mending materials of value as artifacts. The use of heat-set tissue was also known but not widely
practiced prior to the flood. It was used in Florence, improved repeatedly,

and is now used for
materials of value as artifacts.

Ideas of what constitutes conservation binding emerged as a result of the Florence flood. Al-
though these ideas are based on techniques which were in practice prior to the flood, these ideas
were crystallized as a consequence of the flood.

The operation of the Restoration Office of the Library of Congress can be considered a new
development or change in direction. Although the establishment of the Restoration Office was in
process prior to the flood, its organization was strongly influenced by the Florentine salvage
operation; the Restoration Office is the only facility of its scope, is pre-eminent in its influence, and
is believed different from what it would have been had the flood not occurred.

This study indicates that the only area of library conservation in which documented changes in
direction occurred as a result of the Florentine salvage operation is the physical treatment of
materials of value as artifacts. The definition of the term “library conservation” as used by Banks,
Cunha, and Waters in their discussions of the impact of the Florence flood is ambiguous. If they
limited the definition of library conservation to the physical treatment of materials of value as
cultural artifacts, their assertion that the flood marked a turning point is supported by the litera-
ture.

In summary, most of the changes in library conservation which occurred after the flood were in
motion prior to the flood. The salvage operation and the publicity it received raised the level of
public support for the conservation of library materials. Conservation was glamorized and
popularized. The flood occurred during a period of economic prosperity and the new popularity of
library conservation was reinforced by the availability of funds for it. The net result was that the
Florentine salvage operation, rather than changing the direction of the field, accelerated the de-
velopment of conservation in directions in which it was already moving.

L’inondation que la ville de Florence a subi le 4 novembre 1966 représente, conformément aux
assertions des conservateurs éminents de bibliothéque tels que Paul N. Banks, George M. Cunha et
Peter Waters, un tournant dans le développements des techniques de conservation aux Etats-Unis.
Les méthodes de conservation appliquées aux bibliotheéques ont effectivement changé depuis l'in-
ondation sus-citée, mais le probléme consistant a savoir si 'inondation représente un tournant ou
un changement de direction n’a pas été examiné. Cette étude se propose de passer en revue les

oeuvres portant sur la conservation des bibliothéques écrites avant et aprés I'inondation afin de
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déterminer la nature des changements apparus et impact de cette inondation sur le développe-
ment des techniques de conservation aux Etats-Unis. : . N

Les oeuvres examinées se limiteront aux publications parues cnl.re 1956 et 12’37’6, soit une ecen.-
nie avant et une décennie aprés Pinondation. Des périodes de dix ans ont €té retenues du fait
qu’une décennie représente d’une part un intervalle de 'tempts suﬂ'l?ant rendant uziut c}'iang?m?nt
apparent et d’autre part un laps de temps tel qu.c le tranfsmc.r\lt del e.nsemble des })nnees S-ZYe-re
possible. Il convient de noter aussi que cette pél‘lod(.? particuliere d.c vingt ar.1s peu’t etn; consx’der.ee
comme représentative de la durée d’existence effective de ce f:lomam’e du falt.de. l’amP eur ré l‘ll;C
des activités avant année 1956. Toutefois, le cadre de cette et/ude n’est pas %1m,1(e strictement a la
période mentionnée de vingt ans; des travaux importants découverts et situés en dehors de la
période assignée ont été inclus dans le cadre de cette étu‘de‘ . ’ o

La dfinition du terme “‘conservation de collections de livres unllse'dans cette étude est limitée
aux livres seulement. Les formats type micro, les cartes, les ma’nus.c.nts .et toutes autres types de
documents de bibliothéque ont, pour la plupart, été ex.clu/s. La deﬁ‘mtlon.mcl.ut: 1) l.es s.t;ndards cjt
Papproche conceptuel des traitements physiques appllqut.ts, 2) les m\./esugauon,s scu:ntlll 1q.ues tr;l
tant de la détérioration et de la préservation, 3) les techniques de t.rancmen.t d ordre. p! ys:qul(?_ a
définition s’applique 4 la conservation de livres d’une valeur exclusivement informative et de livres
représentant unc valeur d’ordre culturel. ) o N i I

En général, les conclusions découlant de cette efude mdlquel'n que 'mon ation qd. .
Florence a accéléré le développement de la conservation (%c collticuons de livres dans des 1r'ecuons
tracées au préalable sans exercer d’influence sur le degrf‘ de develo;.:bpement pro?remcm c!n.

L’inondation s’est avérée représenter un tournant au niveau du traitement physique des livres de
valeur considérés comme objects a caractére ?ulturel. . o . N

Les principes de la conservation de collections de' livres a.do.ptes a l’ h’eur.c act’uelle avz.nein été
mentionnés dans divers documents avant I'inondation, mais {ls ont. été dxs.cutes, solfn’]ls A une
évaluation d’ordre critique et appliqués plus fréquemment aprés les ln(.)ndatlons sus-c?tees,

Durant cette décennie, les opérations de sauvegarde onf acvcru’lc m'veau de conscAlencc de la
valeur des opérations de conservation et des éléments ‘consulu\ufs [ apphqua.m aux tranem.ents de
conservation efficace. Les seules spécifications s’appliquant a la conservation des collccu(?ns de
livres qui ont regu une qualification s’assimulant a des standa?rds, so.nt cclles.servam d}e .gu|d? de
reliure de documents présentant exclusivement une valeur d ordre,‘mforma.uf. Ces spécifications
existaient ou étajent en voie de développement avant l’épf)quff de I'inondation. ‘ ) ‘

Deux tendances se dessinent au niveau des activités scne}nuﬁqucs de conserv?tlon, a savo’nr u.n
accroissement de ces activités et un intérét accru dans le develf)ppemenl des .mcthodes de de.sam\-
dification en masse. Les opérations de sauvetage ont accru le nlv?au de conscner.lce et de'souuen a
I’égard d’investigations scientifiques s’appliquant z‘x. lva‘conservjauon des collections de livres. LFs
opérations de sauvetage ont fait la preuve de la fiabilité des tran’ttfmcms en masse, 1(’)‘ut en -acm:o)s-
sant le degré d’acceptation de ces 1raitements’ et .toiut er? accélérant le nombre d’investigations
supplémentaires portant sur la technique de defacndnﬁcat,lon en masise. ‘ ;

L’éstablissement de centres régionaux de traitement d’ordre physique est \fne Conscq.uence 3
l'inondation du fait que I'opération de sauvetage-sauvegarde a. agzru\ le degré d.e c.ons?nex.]ce des
avantages offerts par le traitement physique des documents de bibliotheque. Le.s blblu?thecanres ont
fait preuve d’un intérét accru pour le traitement des docuntcr.lts de leurs collections et ils on entrevu
Iintérét offert, au niveau du traitement, par les centres regxonaux,. .

L’opération de sauvetage entreprise i Florence n’a pas eu d ef,fet ‘sur c?rt,a,ms Ch;n;‘,en-lle-ms
apparus dans ce domaine d’activités. Par example, le changement d’attitude a’l e.gard e uul isa-
tion du traitement de feuilletage appliqué a des documents offrant une valel.xr d ol?Jects cultur,e s ne
semble pas corroborer avec la période de opération de sauvetage. La technique d’enrobage n’a pas
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été mise au point en réponse a un besoin crée ou rendu apparent lors de Popération de sauvetage
mais plutét a titre de solution alternative au feuilletage. ’

L’opération de sauvetage a marqué un tournant ou un changement de direction de certains
traitements d’ordre physique. Aprés I'inondation des recherches portant sur les méthodes de
traitement de quantités importantes de documents endommagés au contact de ’cau ont pu étre
menées pour la premiére fois aux Etats-Unis. Une méthode nommée processus de congélation/dé-
congélation/séchage sous vide s’est avérée applicable et est généralement acceptée a I'heure ac-
tuelle. Les progrés accomplis ne peuvent pas étre attribués seulement aux inondations que Flore
a connues. Bien que I'opération de sauvetage-sauvegarde entreprise A Florence ait mis 'accent sur
la nécessité d’une mise au point d’une méthode de traitement d’une quantité importante d‘(v)b'(-cls
les recherches n’ont été entreprises qu’apreés que de nombreuses bibliothéques aux Etals-UnisJaic ‘
souffert de dégats et de pertes importants occasionnés par P'eau.

nce

nt

L’opération de sauvetage effectuée a Florence parait n’avoir joué réle qu’au niveau de la rapidité
d’évolution des techniques de restauration jugées acceptables pour des matériaux prése '
valeur d’objets d’art. L'utilisation de papier et de pite japonais avait ét¢ me
documents précédant l'inondation de Florence sans avoir conny une exte

ntant une
ntionnée dans les

" _ \ : 1 de tlore nsion importante avant
inondation. Cette technique a &té utilisée sur une grande échelle a Florence el représe

technique préférée lors de la restauration de matériaux a caractére d'objets d’art. L'utilisation de
tissus appliqués & chaud était également connue mais peu pratiquée iavant les inondations en
question. Cette technique a éé utilisée A Florence, améliorée A plusieurs reprise
appliquée a I'heure actuelle @ des matériaux présentant une valeur d’objets ¢

Les idées constitutives de la technique de conservation par reliure \

nte la

s ¢t clle est

laborés.

: . ont pris naissance 2 la suite

des inondations de Florence. Bien que ces idées aient été basées sur des techniques appliquéces

antérieurement & Uinondation, elles ont été concrétisées conséquemment i ce cataclysme I
L’opération entreprise par le Bureau de Restauration de la Bibliotheque du Congré

oper: ‘ s peut étre
considérée comme un développement nouveau ou un changement de direction.

iou de B de R ! . Bien que la fonda-
tion de Bureau de Re ration ait ét¢ antérie ali i P .
stau n ait €t¢ antérieure a l ln()ndanon, son organisation a ét¢ fortement

influencée par les opérations de sauvetage entreprises & Florence. Le Burcau de Restauration est le
seul organe d’une telle ampleur, présentant une influence préeminente dont I'évolutior
time-t-on par ailleurs — a éié différente du fait de Uinondation de Florence,

Ces travaux indiquent que le seul domaine de la conservation de collections de livee

des changements prouvés de direction se soient produits du fait de 'opération de

1 — 8-

s dans lequel
) : ) ! sauvetage de
Florence, s’applique au traitement physique des matériaux représentant une valeur d'ordre cul-
turel. La définidon du terme ““conservation de collections de livres” utilis¢ par Banks, Cunha et
Waters lors des discussions concernant Pimpact produit par les inondations de Flurv;wv

} y > , " P i s'avére
étre ambigue. Dans la mesure ol la définition *conservation de collections de livres”

. - re ! est limitée au
traitement physique de matériaux présentant unce valeur culturelle, Iassertion consistant & soutenir
que 'inondation a représenté un tournant est effectivement soutenue par les documents publi¢
‘ 4 . e s
En résumé, la majorité des changements apparus au niveau de la conservation de
i T : P - . .
vres et survenus aprés I'inondation, avait fait Pobjet d’une progression antérie

dation. L’opération de sauvetage et la publicité qu'elle a regue a conduit a

s collections de
urement a 'inon-

‘ ) ) ) un accroissement du
niveau des soutiens financiers publiés a la conservation des matériaux de bibliotheque. En fai, 1
conservation a exercé une fascination tout en devenant populaire. L'inondation de FAI(,‘“."Cl.’.fl
survenue durant une période de prospérité économique et la popularité nouvelle qu'a cor ( (:,‘
conservation de collections de livres a été renforcée en raison de Pexistence des ﬁ)llds‘displmi\l‘)‘l\zs ;

ew d ifier les di ’ ; 4 un résultat net consistant, ay
ieu de modifier les directions prises par ce domaine d’activités, i accélé ; '
p P aine d’activités, a accélérer le développement de la

cet effet. L'opération de sauvetage entreprise a Florence a conduit a

conservation dans des directions adoptées antérieurement au cataclysme
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Die Uberschwemmung von Florenz vom 4. November 1966 wird von den bekannten Bi-
bliotheks-Restauratoren Paul N. Banks, George M. Cunha und Peter Waters als ein Wendepunkt
in der Entwicklung der Konservierung in den Vereinigten Staaten bezeichnet. Die Bi-
bliotheks-Konservierung hat sich in den Jahren nach der Uberschwemmung verindert, die Frage
jedoch, ob die Uberschwemmung einen Wendepunkt darstellt, ist nicht untersucht worden. Die
vorlicgende Arbeit beleuchtet die Literatur iiber Bibliotheks-Konservierung, die vor und nach der
Uberschwemmung  erschienen ist, um die Art der Verianderungen und den Enfluss der
Uberschwemmung auf die Entwicklung der Konservierung in den Vereinigten Staaten zu unter-
suchen.

" Die Literatur, die bearbeitet worden ist, beschrinkt sich auf die Veroffentlichungen, die von
1956 bis 1976 erschienen sind, also die 10 Jahre vor und nach der Uberschwemmung. Die beiden
10-Jahres-Perioden wurden deshalb gewihlt, weil wir 10 Jahre als einen Zeitraum betrachten, der
lang genug ist, um Verinderungen sichtbar werden zu lassen, und doch nicht so lang, dass die
Arbeit uniiberschaubar wird. Ausserdem kann diese 20-Jahres-Periode als die wirkliche ,,Be-
stehensperiode™” dieses Zweiges betrachtet werden, denn vor 1956 ereignete sich auf diesem Gebiet
in Wirklichkeit nur wenig. Der Umfang dieses Studiums beschrankt sich jedoch nicht streng auf
diesen Zeitraum von 20 Jahren. Bedeutende Werke, die ausserhalb dieser abgesteckten Periode
erschienen sind, sind mit einbezogen worden.

Die Definition ,,Bibliotheks-Konservierung”, die in diesem Studium verwendet wird, beschrankt
sich auf Biicher. Mikrofilme, Mappen, Manuskripte und andere Formen von Bibliotheksmaterial
werden im grossen und ganzen ausgeschlossen. Die Definition umfasst (1) Standards fir und die
Theorie der physikalischen Behandlung, (2) die wissenschafiliche Untersuchung der Vermin-
derung der Figenschafien und der Erhaltung sowie (3) die Verfahren der physikalischen Be-
handlung. Die Definition umfasst sowohl die Erhaltung von Bichern, die lediglich auf Grund ihres
informatorischen Inhaltes von Wert sind, als auch die Erhaltung von Biichern, die wertvolle
Kunstgegenstande darstellen.

In grossen Ziigen deuten die Untersuchungen an, dass die Uberschwemmung die Entwicklung
der Bibliotheks-Konservierung in Richtungen beschleunigte, in dic sic sich bereits bewegte, oder
dass sie keine Auswirkung auf die Entwicklung hatte.

Es wurde festgestellt, dass die Uberschwemmung einen Wendepunkt in der physikalischen
Behandlung der Biicher darstellte, die als kulturelles Erbe von Wert sind.

Die Prinzipien der Bibliotheks-Konservierung, nach denen man heute arbeitet, werden in der
Literatur vor der Uberschwemmung bereits genannt, aber nach der Uberschwemmung wurden sie
hiufiger diskutiert, kritisch ausgewertet und angewendet. Die Ursache dafiir ist die, dass man sich
durch die Rettungsaktion dessen bewusst wurde, wie bedeutungsvoll die Konservierung ist.

Die einzigen Spezifikationen, die in der Bibliotheks-Konservierung anwendbar sind und die sich
als Standards ausweisen, sind die, die mit dem Einbinden von Material zusammenhéngen, das nur
informatorischen Wert hat. Bereits vor der Uberschwemmung gab es diese Spezifikationen, bzw.
diese befanden sich in Entwicklung.

In der Tiatigkeit der Konservierungs-Wissenschaft werden zwei Tendenzen sichtbar: eine gros-
sere Aktivitit sowie wachsendes Interesse an der Entwicklung einer Massen-Entsduerungs-
Methode. Die Rettungsaktion fihrte dazu, dass man sich der Bedeutung der Bi-
bliotheks-Konservierung besser bewusst wurde und dazu, dass die wissenschafiliche Forschung in
der Bibliotheks-Konservierung auf einer breiteren Basis unterstiitzt wurde. Die Restaurierungsak-
tion beweis die Durchfiihrbarkeit der Massenbehandlung, sie trug dazu bei, dass die Massen-
behandlung grossere Anerkennung fand und so wurden weitere Forschungen in die Richtung der
Massenentsauerung geleitet.
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Als ein Ergebnis der Katastrophe wurden regionale Zentren fiir die physikalische Behandlung
eingerichtet, die Uberschwemmung liess die Bedeutung der Vorteile einer physikalischen Be-
handlung von Bibliotheksmaterial deutlich werden. Das Interesse der Bibliothekare, Materialien
aus ihren Sammlungen behandeln zu lassen, wuchs spurbar an, regionale Zentren, die dicse
Behandlung ausfithren soliten, waren der Ausdruck dafiir.

Die Rettungsaktion hatte keinen Einfluss auf bestimmte Veranderungen, die sich auf diesem
Gebiet ergaben, zum Beispiel hat die Anderung der Einstellung in Bezug auf dic Verwendung der
Laminierung von Materialien, die kulturelles Erbe darstellen, nichts mit der Restaurierungsaktion
zu tun. Das Verkapselungsverfahren wurde nicht als Antwort auf cinsich zeigendes Problem auf
Grund der Restaurierungsarbeiten entwickelt, sondern

vielmehr als  Alternative zu  der
Laminierung.

Die Restaurierungsaktion stellte einen Wendepunkt dar, baw. sie veranderte die Richtung fir
bestimmte physikalische Behandlungsverfahren. Nach der 'Uberschwcmmung wurden in den
Vereinigten Staaten zum ersten Mal die Behandlungsmethoden fiir eine Vielzahl von wasserge-
schidigten Materialen erforscht. Eine Methode, nahmlich der Gefrier-/Saug-/Vakuum-Trocken-
Prozess, erwies sich als anwendbar und ist jetzt allgemein anerkannt. Die Entwicklung kann nicht
allein auf die Uberschwcmmung von Florenz zuriickgefithrt werden. Die
Verbindung mit der chrschwemmung von Florenz zeigte zwar ganz kla

Wichtigkeit fir die Entwicklung ciner Methode, mit der cine Vielzahl

Restaurierungsaktion in
r die Bedeutung und die
von Objekten behaudelt
werden konnten, dennoch dauerte cs bis zu dem Zeitpunkt, wo verschiedene Bibliotheken in den
Vereinigten Staaten grosse Verluste auf Grund von

Wisserschaden erlitten, bevor hier
Forschungen angestellt wurden.

Es sieht so aus, als ist die Restaurierungsaktion von Florenz allein fur die schnelie Verinderung
der Restaurierungsmethoden verantwortlich, die fiir Materialien von kulturellem

Wert anwendbar
sind. Die Verwendung von japanischem Papier und Paste wurde in der Literatur, die vor der
Uberschwemmung erschienen ist, erwihnt, a

ber vor der Uberschwemmung nur in unbedeutendem
Umfang angewendet.

Diese Technik wurde in Florenz bei der Restauricrung von kulturell
wertvollen Materialien vorrangig verwendet und ist heute das Verfahren, das bei der Re-
staurierung von kulturell wertvollem Material bevorzugt wird. Die Anwendung von heisstrocknen-
dem Stoff war auch bereits vor der Ub(-rschwvmmung bekanat, wurde aber kaum in der Praxis
verwendet. Es wurde in Florenz verwendet, schnell verbessert und wird heute fir Materialien
verwendet, die als Kunsigegenstinde von Wert sind.

Die Gedanken, die das Konservierungs-Einbinden betreffen, waren cin Ergebnis  der
ljberschwemmung von Florenz. Obwohl diese Gedanken auf Verfahren beruhen, die vor der
l"Jberschwcmmung praktiziert worden sind, haben sich diese Gedanken al
Uberschwemmung herauskristallisiert.

Die Arbeitsweise des Restoration Office of the Library of C

s eine Konsequenz der

ongress kann els eine neue Ent-
wicklung oder als eine Richtungsinderung angeschen werden. Obwohl die Etablierung des Resto-
ration Office vor der *Uberschwemmung in Gang war, wurde dessen Organisation von der
Restaurierungsarbeit in Florenz stark beeinflusst, man nimmt unbedingt an, dass das Office anders
ausschen wiirde, wenn die Uberschwemmung nicht stattgefunden hicce.

Die Untersuchung zeigt, dass das einzige Gebiet der Bibliotheks-Konscrvicrung, das bewiesene
Verinderungen auf Grund der Restaurierungsarbeiten von Florenz aufweist, dic physikalische
Behandlung von Materialien ist, die kulturellen Wert haben. Die Definition d
bliotheks-Konservierung”, wie er von Banks,
Einflusses der Uberschwemmung von Florenz v

es Begriffes |, Bi-
Cunha und Waters in ihren Diskussionen des

erwendet wird, ist verschwommen. Wenn sie die

Begriffsdefinierung der Bibliolheks-Konservierung auf die physikalische Behandlung von
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i i ire ihre Behauptung richtig
Materialien, die kulturellen Wert haben, eingeschrankt hitten, dann wire ihre ptung .

dass die chrschwemmung eimnen Wendep\mkt darstellt, das beweist die Literatur.
w V € €n 1n der Bl‘)ll()llleS-K()[lscr-
den dass die erand rung:
Zusammenfassend kann gesagt er N
vierun, ) wi m W bereits vor der €rs g
g, ung sichtbar urden, €. Ub (llWCl’n.l]'llln m
die nach der UbCfSCh €em b ‘
Gallge waren. Die Rcslauncnungsax beiten und die PubllClly, die ihnen zutell wurden, erhohten das
. i - terialien. Konser-
Niveau der offentlichen UlllClStU‘ tzung der Konservier ung von BlbllOtthS Ma

i ich in ei i 3 ischen
r. Die Uberschwemmung ereignete sich in einer Periode des dkonom

vierung wurde populd errungen hatte, wurde

Wohlstandes und die neue Popularitit, die die Bibli(zlheks-Konservutr"ur;‘gliChe e e .
durch die zur Verfiigung gestellten Fonds unterstutzt. D'as haupt.sacRi ohe | sgnderungen "
staurierungs-Arbeiten von Florenz bestand nicht so sehr danf\, dass hu?r chtu kgl erungen o
diesem Gebiet vorgenommen wurden, sondern vielmehr darin, dass die Entwicklung

(o u
ung in Rlchtungen eschleu g s h Telts U sch g g
vierun, besc leunigt wurde, in die sie sic bereits vor der berschwemmun, bewegt

hatte.
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An Analysis of the Aging of Paper:
Possible Reactions and their Effects on Measurable Properties*
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1. INTRODUCTION

The permanence of paper and laboratory aging have been discussed extensively
in the literature. Pertinent articles, including reviews, have been authored by
Spinner,! Stiibchen-Kirchner,2 Niemo,3 Browning and Wink,* Luner,® Mil-
lett,® Kleinert,” Smith,® Barrow,” Graminski,'® Byrne and Weiner,'" Kan-
trowitz,’?> Venter,!* Cardwell,’ and Gray." Much of this work was directed
toward color reversion.

The permanence of paper can be studied from the standpoint of (1) com-
position, (2) environment, and (3) significance of test data with respect to
changes that occur during aging. These three approaches are interdependent.

* A contribution of the Preservation Services Division of National Archives and Records Service
(NARS), Washington, D.C. 20408, U.S.A.

Restaurator 3 1979: 37-61
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Under composition one might list:

a) aldehyde

b) ketone

) carboxyl

d) sale of carboxyl

¢) hemicelluloses

f) lignin

g) fibre, fibre length and degree of polymerization
h) crystallinity, or order

) acid incorporated during manufacture

1) other additives.

Under environment one might list:

oxygen and ozone
moisture

a)
b)
c) smog and other impurities in the atmosphere
d) light
e) heat.
Reactions that might occur during the natural aging of paper include:

a) hydrolysis
) oxidation

o T

) crosslinking

(=3

) changes in order, or crystallinity, due to changes in moisture content
) photolysis

f) photosensitization

g) photo-oxidation

o

Thermal decomposition must also be considered during accelerated aging, but
it probably does not occur during natural aging unless the storage temperature
is excessively high.

This report reviews the structure and basic reactions of cellulose in relation
to the aging of paper and the effects these reactions might have on the
measurable properties of paper. Also included is a discussion of some special
reactions that normally occur due to environmental conditions, but are greatly
influenced by composition of the paper.
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9. PoreEnTIAL CHEMICAL AND PHysicar CHANGES IN CELLULOSE AND PAPER

2.1 Overview ) . .
Hundreds of articles have been written describing reactions of cellulose

dispersed in aqueous solutions of various reag(?nts. The actual‘ rea'ctions
that occur during the aging of paper have I‘CCCIVC.d little attention in the
literature. This is no surprise, for “‘solid state’ reactions of this tyPe are 'not
easy to follow. The effects of these reactions are ev1.dent from changes in phyjmcal
and chemical tests, but these tests seldom desc'rxbe w'hat happens. Fu‘nctlonal
group analysis (aldehyde, carboxyl, ketone) is elusive, .and I?rownmg and
Wink* found little change in functional group content during agmgf..Howe\fer,
the metal on the carboxyls greatly influences the course of decomposition during
differential thermal analysis.'®

Moisture relationships in the degradation of cellulose haye not been properly
identified. Supposedly, at low moisture contents, watcr. exists on cellulose as a
monomolecular layer.'” The differential heat of swelling (AH) and the free
energy changes (AF) vary greatly with moisture' content. and with temPerature.
The relative humidity necessary to maintain a given moisture content increases
somewhat with temperature. At constant relative humidity, the absolute V.ap(‘)r
pressure of water increases dramatically with increase in tempcrafure. This, in
turn, decreases the partial pressure of oxygen. At a.ccelerated aging tf?r'npf:ra-
tures, near 90°C, the rate of exchange of moisture with cellulo'se in ec.lwhbrlum
with a given vapor pressure of water would be orders ofmagmtud.e higher than
at room temperature. Whether this higher rate ofexchar‘\ge of moisture and the
differences in AH and AF would simply speed up reactions that occur ét room
temperature or cause other reactions to occur, Is a .maucr for speculation.

Hydrolysis, oxidation, crosslinking, and changes x'n lateral order, or cr?'s.taL
linity, are possible reactions during the natur'al aging of paper. In addmox?,
thermal decomposition must be considered during ac.celex:atf?d aging. The basn'c
reactions that can occur during natural aging are fairly limited, but the confix-
tions that make these reactions possible and their effects on paper properties
: ive.
dr;ﬁ;fd?;;ennsrcactions may occur in the fibre and in the bon.ding arfzas
between the fibres. As some physical tests are affected by changes in boindmg
(e.g. crosslinking as measured by wet strength') more than by c'hanges in th.e
fibre (depolymerization and its effect on tensile str?ngth) Or vice versa, tl?ls
must be taken into consideration in the evaluation of data. .HydrolySIS,
oxidation, and crosslinking would occur in both th'.: ﬁ.bre.and in the ﬁb_re
bonding areas. In order to separate the ef'fects of cx:osslmkmg “T the fibre fmd. in
the bonding areas, it would be an interesting experiment to achieve crosslinking
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in fibres and then make paper from them. As there would be little crosslinking
in the bonding area, one could separate the effects of crosslinking in the fibre
and in the bonded area.

The effect of additives introduced during the papermaking process may have
a profound effect on the behavior of paper during aging. For example, an
additive may perform well as a bonding agent but degrade with time. Some wet
strength resins are in this category. Another additive might perform well as a
bonding agent, and be more stable than the cellulose.

2.2 Hydrolysis

The acetal linkages in cellulose are fairly stable in neutral and alkaline media,
but are easily hydrolyzed in acid (rate increasing with hydrogen ion aclivity),18
(pp- 991-1006). Although the homogeneous (cellulose in solution) hydrolysis of
cellulose is a random process,!® (p. 122), heterogeneous (cellulose fibre dis-
persed in acid) hydrolysis is more complex. The bonds are not equally accessi-
ble in the crystalline and less well ordered areas. Peeling reactions occur in hot
alkali,®’ (p. 596).

The hemicelluloses are much more readily accessible and occur in the
amorphous state in wood,? (p. 164), but may precipitate out in the crystalline
state on cellulose fibres during lignin removal,2® (pp. 510, 608). Model com-
pounds related to the hemicelluloses are hydrolyzed at a much higher rate than
cellulose,? (pp. 119; 21). As long as the hemicelluloses are in the amorphous
state, their rates of hydrolysis will be much greater than that of cellulose. When
crystallized onto cellulose, some hemicelluloses probably do not hydrolyze ap-
preciably faster than cellulose, (p. 510). As a large fraction of the bonding
material in wood pulp papers may consist of hemicelluloses, their chemistry is
germane to the stability of paper, especially with respect (o the stability of
interfibre bonding.

The hydrolysis of carbohydrate structures is enhanced by the presence of
oxidized groups,*® (pp. 123, 124). This probably explains the synergistic effect
of oxygen and moisture in the degradation of cellulose?? and cellulose acetate.>?

The most significant work on the effect of chemical structure on hydrolysis
that is germane to the aging of cellulose has been compiled by Sharples,'® (pp-
993-996). Oxidation and cleavage at the No. 2 and No. 3 carbon atoms in the
anhydroglucose ring (Fig. 1) leads to the formation of aldehydes and carboxyls.
These structures cause an increase in the rate of hydrolysis, even when reduced
to the dialcohol. Most dramatic is the discovery of evidence that an aldehyde
group on the No. 6 carbon atom may increase the rate of acid hydrolysis as
much as 70 times.?* This effect can be eliminated by reduction of the aldehyde
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Fig. 1. Generally accepted formula of cellulose chain. Brackets enclose one molecule of anhydroglu-
cose.

Figure 1. Formule générale de la chaine de cellulose. La molécule de glucose en forme anhydride est
représentée entre crochets.
Abbildung 1: Aligemein anerkan
Molekiil Anhydroglukose.

nte Formel siner Zellulose-Kette. Die Klammern umschliessen ein

back to hydroxyl with sodium borohydride. Wood cellulose is hydrolyzed at a
higher rate than cotton cellulose, and it has been suggested that the reason
for this is oxidation during pulping to give an aldehyde on the No. 6 carbon.
When this is coupled with the higher rate of hydrolysis of the hemicelluloses,
it is obvious that cotton fibre is likely to be more resistant to hydrolysis than
wood pulp fibre.

It has been demonstrated that glycolic acid, a product of cellulose oxidation
and hydrolysis, can react with glucose under certain conditions to give rever-
sion products.?® Thus, the aging of paper may involve a multitude of reactions
between decomposition products and between decomposition products and
cellulose. Rapson has shown that color reversion is caused by degradation

. 2
products of oxidized cellulose. 6

2.3 Oxidation
Little definitive work has been done on oxidation of carbohydrate structures
during the aging of paper. Using the generally accepted formula for cellulose in
Fig. 1, one can review the possibilities' (pp- 140-183).

1) The primary alcohol group on No. 6 carbon can be oxidized to aldehyde or

carboxyl. ‘ -
2) The secondary alcohol groups on carbons in the Nos. 2 and 3 position can

be oxidized to ketone, either separately or simultaneously.
3) These same groups can be oxidized to aldehyde with cleavage of the ring,

and then to carboxyl.
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4) Although not an oxidative reaction, the sensitivity of the 2,3 dialdehyde to
alkali is worth noting. The aldehyde in the No. 3 position is two carbon atoms
removed from the ring oxygen. This is an example of the general case where
alkaline cleavage can occur if an ether linkage is separated by two carbon atoms
from an electronegative group, i.e. aldehyde. A similar instability would occur
with an aldehyde group in the No. 6 position, or a keto group in the No. 2 or
No. 3 position. Further oxidation of the 2,3 aldehydes to carboxyls stabilizes the
structure.

The above oxidation reactions normally take place with cellulose dispersed
in an aqueous solution of oxidant. Oxidation reactions that occur during the
natural aging of paper would be expected to proceed with oxygen or ozone as
oxidant. A subtle example of oxidation that is devastating to paper (but does
not directly involve paper in the oxidation process) is the oxidation, catalyzed
by manganese and iron impurities in the paper,?” of sorbed sulfur dioxide to
sulfur trioxide.

Kleinert*® has shown that peroxide formation occurs during the accelerated
aging of wood pulps at just under 100°C. Aging at high humidity produced
much more peroxide than aging at low humidity. Strangely enough, aging at
high humidity in nitrogen produced more peroxide than aging in air. Although
much of the peroxide could be removed by washing with water, most remained
with the pulp. While it is possible to follow aging by peroxide formation,
peroxide also is destroyed during the process.?® Kleinert?? also showed that
peroxide formation was several times greater in the fines than in the longer
fibres in the pulp, and that peroxide was formed during air drying of pulp at
35°C.

Peroxide as an intermediate in the aging of paper should receive more atten-
tion, for cellulose basically is an ether. Ethers undergo oxidative degradation
through peroxide formation,* (p. 77). The transition metals, including iron

which occurs as a common impurity in cellulose, catalyze the decomposition of

hydroperoxides,®® (p. 42) and could be a factor in the degradation of paper.

The above oxidation reactions of cellulose also occur in the hemicelluloses.
Some monomer units that occur in the hemicelluloses are shown in Fig. 2, and
it is obvious that the units are very similar to anhydroglucose, the monomer
unit of cellulose. The hemicelluloses normally are more accessible than cel-
lulose and the building units may react much more rapidly with some reag-
ents,?’ (pp. 119; 31). Therefore, this fraction of wood pulp paper should be
more important to oxidative stability than the cellulosic fraction, especially as it
is responsible for much of the interfibre bonding.

The fines probably represent the most vulnerable fraction of paper with

respect to degradation. This is indicated by the much greater generation of
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Fig. 2. Some monomer units of the hemicelluloses. Polymers of mannose.s oceur princip:.ally in
softwoods and polymers of xylose principally occur in hardwoods. Galaf:to:% is a minor constituent.
Gluronic acid is an oxidation product of glucose and is a site for crosslinking (see text). . .
Figure 2. Quelques unités monoméres des hémicelluioses. Les polymeres du mannose e.xis.(em prin-
cipalement dans les bois tendres, tandis que les polymeres fiu xy.los'e sont trouvés principalement
dans les bois durs. Le galactose est un constituant .secondalre. L aclde. gluconique est un produit
d'oxydation du glucose et représente un point d'e réticulation (voir texte:. " N
Abbildung 2: Einige Monomereinheiten von Hem:zenulose'n. ?’c.:lyn"\ere von fnnose treten prlnzlpl.e
Xylose treten prinzipiell in harten Holzern auf. Galactose ist

i ichen Hbizern auf und polymere von .
:I.nwle(:‘e:inerer Bestandteil. Glucuronsdure ist ein Oxidationsprodukt von Glukose und ein Ort for

Netzverbindung {siehe Text).
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peroxide in fines, as mentioned above. Fibre fraction studies show no real
differences in chemical composition among the various fractions of chernical
pulps except for the fines,** (p. 642). The fines in a bleached sulfite pulp
contained most of the ash and hemicellulosic material, which was reflected in
greater alkali solubility, higher copper number, and lower viscosity,

2.4 Crosslinking

Although crosslinking of cellulose has been known for years, it has been recog-

nized only recently as a reaction that occurs during the aging of paper.'?
Crosslinking in paper occurs at elevated temperature and is a consequence of

conditions that could be described as accelerated aging,

both in moist and in
33
dry gases. 333435 Back

has postulated that wet strength can develop as a
result of a reaction between an aldehyde group on one chain with a hydroxyl
group on a neighboring chain to form a hemiacetal. Presumably, a ketone on
carbons 2 or 3 could form a hemiketal. Unless steric considerations prevent it,
an aldehyde or ketone could form an acetal or ketal by reacting with adjacent
hydroxyls with the elimination of water.,

Back® has mentioned the possibility of formation of ether linkages between
hydroxyls of adjacent chains by elimination of water. This certainly is a possi-
bility, for this reaction takes place in an acidic solution of alcohol at around
110-130°C.*® At higher temperatures an alkene js formed.

Ruffini3* has presented evidence showing that crosslinking occurs by the
formation of an ester linkage between carboxyl in one chain and a hydroxylin a
neighboring chain. He postulates that uronic acid groups in the hemicellulose
fraction and, in unbleached sulfite pulps, sulfonic acid groups in the lignin, are
responsible for the high strength level of paper made from certain pulps. The
sheets Ruffini made from the experimental pulps were dried for three minutes
at 130°C. As it should be possible for esters to be formed at this temperature, it
would be interesting to prepare sheets by air drying without heat to determine
the effect of the drying process on ester formation.

Regardless of the mechanism, wet strength development is catalyzed by
aluminium sulfate, zinc chloride, ferric chloride, acids, and cupric nitrate 3335
Bach® has reported that the generation of wet strength is catalyzed by low pH
and by metal ions with a high redox potential. He also found that salts that
produce wet strength at a high rate also cause a rapid decrease in wet strength.

This is especially true of those salts that release acids at elevated temperatures.

Improved bonding of cellulose fibres occurs after exposure to oxygen and

ozone in a corona discharge. The bonding is further improved by soaking in 0.1
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i e
M sodium hydroxide after exposure to the corona dlsg’}llarge. These effects hav
been attributed to surface oxidation of the cellulose.

2.5 Changes in Lateral Order

Changes in lateral order of cellulose in pe}per would. be expecfteddt(z afcf}fl:ztln;oisr:
physical properties of paper. The discussion here will be con ll;C to har ieen
order that may occur in the bonding areas of pap.erl.BRecrysgz}l?z)gtloIr; has been
reported to occur during heterogeneous hydrolysis, ™~ (pp. 9 ,f. ). a5 bee
reported that partially decrystallized cellulose rec':ovcred‘most of its crys all ;;
when exposed to moist air.3° Extensive c.hanges in phy51'cal properties (;1 5)0 pr
over a period of 36 years, apparently without changes in fibre st;er;gt , tame
difficult to explain without assuming some change in tbe order of the sy; (:his,
Cellulose fibres change dimensions with chan.g.cs in moisture contentl, an L
is reflected in hygroscopic dimensional instability in paper. When pulp is drie
and rewetted, the physical properties (wetting,‘strength, moisture reg‘e‘lll)n) karf
never quite the same,'®(pp.724;41).The prope.rtu?s ofpapcr. made f;om hro e ,f
the waste paper from the paper machine, are5 significantly dlftfercntf rom those o
the paper from which it was made.*? Luner® found that cycling o tempera;ltur.e
and, therefore, relative humidity and moistur.e content, had an effect on physi-
-t aper during accelerated aging. .
Call"}r):r)::;l:easlbot)fvz:i?t appear;g that, if conditions are fav'orable, crystallinity }11n
the fibre may increase in water suspension or in a.mOISt atmosphere‘,:i At the
same time, the “order” that exists in the bonding nglOr‘IS of paper m‘ay ef:r;:ase
with time. This could seriously affect some ‘p.h)’SlCal prope.me's without
damaging the fibre. A possible explanation for this is that crystalhz}z:tlon occurs
with the exclusion of water, but requires the presence of water forbt .Z necei;a.rz
mobility, whereas fibre to fibre bonding occurs through water ln ge.st,h tin
cycling of relative humidity, these water bridges probabl}/ can relax wi : me
’ the properties of paper that depend most on interfibre bonding. If
e r():h as rosin size, is present to enhance these bridges, they are
o ’agem’ . elax with time. Chemical degradation with time in a §iz-
!CSS llkelyd N rer would affect those properties dependent on fibre intergrity.
mg-bondeb b eported®® that dialdehyde cellulose (carbons 2 and 3) and
» hasb zelll creﬁulose (carbon 6) exhibit higher moislur.e regai.ns than the
o o ol. On the other hand, the moisture regain of dialcohol cel-
unoxiclzel CO:il t(;iaidehyde cellulose) was less than the unoxidized control. The
o (Teduce ion of the samples with water showed the same trend. Howeve.r,
hlfatl()fllnslf)rfaz:i(;ation necessary to achieve these changes in moisture regain
the leve
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and heat of wetting were far higher than those which occur in the aging of
paper. Therefore, oxidation is not likely to affect “order” or moisture regain in
the bonding areas of paper as a primary effect.

The effects of destruction of bonding depend, in part, on the fibre length. In a
long-fibred paper, fold, for example, might be affected hardly at all; but in a
short-fibred paper, fold would be drastically reduced.

2.6 Thermal Decomposition

A property that often is overlooked in the accelerated aging of paper is the purely
thermal instability of cellulosic and noncellulosic carbohydrate structures. This
thermal instability should be more pronounced with increasing amounts of
oxidized cellulose and with increasing amounts of hemicelluloses. Thermal
decomposition at various temperatures has been discussed by Schwenker,*
who showed that thermal degradation occurs even below 100°C.

3. ProBaBLE EFFeCcTs OF CHEMICAL AND PuysicarL CHANGES ON MEASURABLE
PROPERTIES OF PAPER

3.1 Overview

The changes that might be expected to occur during the accelerated aging of
paper are given in Table 1 along with anticipated effects on various laboratory
tests. Many of the reactions must occur concurrently or consecutively. Some
may be isolated by excluding oxygen or moisture (or oxygen and moisture) from
the aging atmosphere. 'This also may confuse the situation by preventing syner-
gistic reactions from occurring.

The effects of various changes are listed as primary or sccondary. A decrease
in degree of polymerization (DP) is a primary effect of hydrolysis. Decrease in
wet strength probably would be a secondary effect resulting from a general
weakening of the structure.

3.2 Hydrolysts

During accelerated aging, hydrolysis could be expected to affect test properties
as indicated in Table 1.

a) Degree of polymerization would be reduced by random attack in
accessible areas.

b) Organic acids could be generated from carbohydrate structures, and pro-
tonic acid from aluminium complexes (if present).
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Table 1. Reactions, or changes, that might occur during natural and accelerated aging of paper,
and their expected effects on various tests. .

Table 1. Réactions ou changements pouvant intervenir durant le vieillissment naturel et accéléré
du papier. Effets attendus sur divers tests. . .

Tabelle 1: Reaktionen oder Verianderungen, die bei der natirlichen und beschleunigten Alterung

von Papier auftreten kénnen, und ihre voraussichtlichen Wirkungen auf verschiedene tests.

Reaction or Change; P = Primary, S = Secondary
Bonding *‘Order”! Thermal?

Test Hydrolysis Oxidation Crosslinking decrease Decomposition
P S P S P S P S P S
DP3 .......... ! ol T -- ]
Acid, H* ... .. 1 ! -- -- 1
Carboxyl . ..... 1 1 ! --
Aldchyde ... ... 1 1 i -- 1
Ketone........ - 1 ] -— 1
Peroxide ...... - 1 - —— ]
Moisture regain - 1 | 1 _
Alkali solubility T ) l -- )
Fold .......... ] | l l {
Tear.......... ] | | 1 l
Burst ......... | l 1 ! l
Tensile ........ l ] - l l
Elongation .... | ] ! ! l
Modulus ...... 1 ! 1 ! l
TEA* ......... ! } ! ! {
Zero span ... .. ! ! ] - l
Wet tensile .. .. ! 1 ) - -
Blue reflectance | l - - l
1. Includes degradation of bonds formed by sizing agents.
2. Probably occurs only during accelerated aging.
3. Degree of polymerization.
4. Tensile energy absorption.

¢) Aldehyde content would be increased, as one aldehyde group is formed
with each hydrolytic chain break.

d) Carboxyl, ketone, and peroxide should not be affected.

¢) Moisture regain should be relatively unaffected by chain scission, as the
latter occurs in the accessible areas and none of the material is lost. During
aging in a moist atmosphere, however, crystallization might occur with a de-
crease in moisture regain. In heterogeneous hydrolysis in acid solution, where
the hydrolyzed material becomes soluble and is lost, the remaining cellulose is
highly crystalline and has a low moisture regain,'® (p. 736).
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b) Carboxyl3* could be consumed in ester formation, and aldchyde and
ketone33 could be consumed in acetal and ketal formation, respectively.

¢) Moisture regain should be decrcased by crosslinking,'8 (p. 857). 'The
structure would become more rigid and less accessible 1o moisture.

d) Alkali solubility should decrease unless the crosslinks are decomposed in
alkali.*8

e) Fold, tear, and burst deteriorate with crosslinking.4® Changes in tensile
strength will depend on the extent of crosslinking. Flongation decreases with
crosslinking,%® modulus increases,'® and TEA should decrease as a function of
decrease in elongation. Zero span should not be affected except as a secondary
effect of fibre degradation if crosslinking occurs due to the presence of an acid
catalyst.

f) Wet tensile increases significantly with crosslinking.33

g) Blue reflectance should not be affected.

3.5 Changes in Bonding

A discussion of decrease in order in the bonding arca will be confined 10 (1)
decrease in bonding due to decrease in “order™ of the cellulose in the bonding
area (conjecture at the moment), and (2) degradation of bonds formed by
sizing agents. Concepts of the nature of fibre bonding and of sheet formation
are changing rapidly but a good introduction to the subject is given by Casey 32
Graminski®! has shown that the film-like material created by the “lines™ in
paper affects properties, especially durability, in a way not previously antici-
pated. Apparently, failure occurs first in the “fines” area and not in the fibre to
fibre bonding.

The bonding in paper depends on a host of variables such as type of fibre,
extent of beating, wet pressing, sizing agents, carboxyl groups, zeta potential,
and many others. McKee#2 has shown that repulping degrades those properties
that are a direct function of fibre strength and fibre bonding, but those proper-
ties such as tearing strength, that are inversely related to bond strength, in-
crease with the number of repulpings. This is not the same situation as degra-
dation of bonding in a sheet of paper, but it may indicate that tearing strength
would increase, or decrease more slowly, if degradation of bonding were the
dominant reaction during aging.

As so little is known about selecuive degradation reactions in the bonding
area of paper, the indications in Table | are conjecture only. Bonding is discus-
sed because degradation of bonding and its effect on the properties of aged
paper have been largely overlooked.
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3.6 Thermal Decomposition

As a result of thermal decomposition, one would expect DP, all physical prop-
erties, and blue reflectance to decrease. Carboxylic acid content probably
would decrease due to decarboxylation.

4. SoME SPECIAL SITUATIONS
4.1 Overview

The above discussion is basic to an understanding of the natural aging of paper
and the effects of aging on paper properties. Several specific situations related
to the aging of pulp and paper deserve special attention, such as catalytic action
of metals, generation of acid from unsuspected sources, and the potential of air
pollutants for causing damage to paper. Although these examples of degrada-
tion are generated mostly by environmental factors, papers that are damaged
most extensively have the seeds of their own destruction built into them.

4.2 Metals as Catalysts

Although the deleterious effect of sulfur dioxide on paper has been long recog-
nized,5? Langwell apparently was the first to show that the oxidation of sulfur
dioxide was catalyzed by metallic impurities such as manganese and iron in
paper, to sulfur trioxide.2” Hudson and MilnerS3 were able to detect the pickup
of sulfur dioxide within two hours using radioactive sulfur as a tracer. Hudson,5¢
Smith,55 and Scribner¢ have shown that books stored in libraries in urban
areas are more acid than books stored in rural areas. Pickup of sulfur is espe-
cially noticeable at the edges of pages in books, and Langwell?? showed that the
sulfate content was higher at the edges. This was noted earlier by Jarrell.57

The effect of certain metals that promote crosslinking already has been men-
tioned.

Several investigators®® 3% ¢® have shown that metals act as catalysts in
brightness reversion.

4.3 Effect of Chlorinated Extractives

Bergman et al®! have shown that removal of extractives can reduce color rever-

sion. [t also has been shown that chlorinated lignin®? and chlgrinated extrac-

tives®3 cause serious brightness reversion during accelerated aging. Ghlorinated
e NY

» .
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extractives release hydrochloric acid at comparatively low te

mperatures and
cause brightness reversion of pulp during storage.

4.4 Mugration of Impurities

Barrow®* has reported on the migration of various impuritic
showed that acid could migrate from one
decrease the folding endurance. Examples of migration of impurities from
sheets containing groundwood to fully bleached papers are quite common. It is
not known whether the migration of colored i

s in paper. He
sheet to another and appreciably

mpurities affects permanence.

4.5 Air Pollutants

The effect of air pollutants on the st
in the laboratory, with the exce
more serious than is suspecte.

ability of paper has received litte atention
ption of sulfur dioxide. The problem could be
d, for urban atmospheres contain several com-
pounds that could be Injurious to paper.85 The possibility that certain metals
may catalyze reactions of air pollutants with paper, or that some functional
groups may cause paper to be more susceptible, cannot be overlooked. For
various large cities in the U.S.A. mean values for

1964 for various gascous
pollutants in parts per million are as follows:66

Range
of Means Maximum

T T ——————— .

Carbon monoxide ... . 5o—12 60)
Hydvocarbons ... 2 -3 20
Sulfur dioxide ... 0.01- 0.18 1.b2
Nitric oxide ..o 0.03- 0.09 1.35
Nitrogen dioxide ... 0.03- 0.06 0.79
Towloxidants ... 0.02- 0,03 0.85

Aldehydes may run as high as 1.87, with a normal range
may run as high as 0.90 with a normal range of 0.05-0.65.

Nitrogen dioxide has been found to degrade
ton,®” and cellulose acetate film.23 From these
pollutants other than sulfur dioxide can give t

of 0.5-0.60. Ozone
cotton, partially acetylated cot-

examples, it is obvious that air
rouble.
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5. ResuLTs oF SOME RECENT STUDIES ON ACCELERATED AGING OF PAPER

Venter!? conducted an extensive investigation of the aging of paper. Some of
his conclusions are as follows: . N

1) Alkali solubility is a very useful test, for changes in alkali solubility may
show up, due to formation of alkali-sensitive linkages, before changes in physi-
cal properties. '

2) Degradation reactions that occur during the aging of paper are random
and are not “peeling” or “unzipping.” . '

3) Chain length distribution provides very useful information, but the test is
most time-consuming. ‘

4) Sharp changes in slopes of plots of degradation rates against temperature
occur at about 70°C with tear, fold, and alkali solubility.

5) Copper number (and therefore, reducing power) increases with time of
aging. . .

6) The presence of rosin does not cause paper to be less stable during aging
when change in alkali solubility is used as a criterion.

Cardwell4 studied several variables associated with the aging of handsheets
and commercial papers, and some of his conclusions are as follows: .

1) If a crosslinking reaction occurs during the aging of paper, paper w1t'h a
high bonding volume should develop crosslinks more .rapldly during aging.
(This probably is the reason that papers made from blghly beaten stock are
considered to be less stable than papers made from mildly beaten stock.) .

2) ““... more information is needed on the chemical and physical reactions
contributing to loss in paper permanence over a temperature range before the
Arrhenius relationship can be used with confidence to predict paper perma-
nence’’ o

3) An increase in interfibre bonding — pres.umably crosslinking - ocFurs
during aging. (Cardwell suggests that water bru.iges may.be replacd .by direct
hydrogen bonding between cellulose chains. It is more likely that disappear-
ance of water bridges would “‘relax’ bonding, so crosslinks would be formed by
some other mechanism.) . .

4) The three tests for best predicting the stabill'ty of paper are tensile energy
absorption, tensile breaking length, and force to give 390 fol(?s. (On the bz.lS'IS. of
changes that occur in the force-elongation curve during aging, the sensitivity
and usefulness of tensile breaking length might be questioned.)

5) Cycling of temperature and relative humidity mf:r.eascd the rate of degra-
dation over that which occurred under constant conditions of temperature and

relative humidity.
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Neither Browning and Wink* nor Venter!3 found an increase in carboxyl con-
tent during accelerated aging. As any increase in carboxyl probably would be
small, and as oxidized structures may become alkali-sensitive or soluble due to
chain scission, the analytical tools presently available are not likely to be capa-
ble of measuring, or detecting, changes in carboxyl due to natural or accelerated
aging.

Several investigators® 3231568 have ysed Arrhenius plots as a tool in the
evaluation of accelerated aging data. This approach has merit only if properly
used within the limitations of (1) knowledge of the reactions involved and (2)
mathematical treatment of data.®®7%7! A far more useful approach should be to
probe the reactions that occur during natural aging and devise accelerated
aging conditions that cause these same reactions to occur.

6. REcoMMENDATIONS

1) The following tests should be useful in determining what happens during the
aging of paper:

[

) Zero-span tensile (fibre strength)

) Wet tensile (crosslinking)

) pH (generation of acid)

) Alkali solubility (some chain scission and alkali sensitivity)
) Functional group content (oxidation)

Molecular chain length distribution (
chain scission)

a o o

2

farl

chain scission and randomness of

g) Peroxide formation (probably oxidation, but peroxides apparently can be
formed in cellulose in the absence of air)
h) Oxygen sorption (oxidation)

2) The following tests should be usefull for detecting changes during the aging of
paper, but are not particularly useful for identifying the nature of the change:

a) Folding endurance

b) Tearing strength

¢) Elongation

d) Tensile energy absorption
e) Alkali solubility

f) Copper number

g) Viscosity

M
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Alkali solubility appears under both (1) and (2). Withou.t additional informa-
tion, it belongs under (2); with information on functional group content,
char,lge in zero-span tensile, viscosity, and peroxide content, 1t can be evaluated

properly and belongs under (1).

3) Other tests that may be somewhat less useful are:

a) Tensile strength
b) Burst

4) The following general conditions for accelerated aging should be evaluated:

a) Low temperature (50°-70°C)

b) Cycling of relative humidity, probably between 0 % and 70 % on hourly
cycles.

¢) Oxygen atmosphere

5) General guidelines for the composition of permanent record paper (not for

specification purposes) are as follows:

) Low functional group content (aldehyde, carboxyl, ketone)
) Alkaline filler, or pH in the neutral range

) Stable sizing material

) Large percentage of long fibres (2-3 mm)

e) Low percentage of fines

No lignin

g) No aluminum salts during manufacture

a o oo

R

6) Recommendations for future work

a) Examine papers that have been in storage for some time and attempt to
identify the changes that have taken place during storage.
b) Devise one or more accelerated aging methods that cause these same

changes to occur.
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7. ABSTRACTS AND SUMMARIES

Various reactions that cellulose can undergo are reviewed in relation to their bearing on the aging
of paper. The principal reactions of cellulose are hydrolysis, oxidation,

crosslinking, change in
lateral order in the bonding area, and, during accelerated

aging, thermal decomposition. The
effects these various reactions might have on tests that are available for evaluating changes that
occur during the aging of paper are reviewed. Some special examples of these reactions that occur
during natural aging, because of special composition characteristics of the paper, are discussed.
Suggestions are made concerning most sensitive tests for use in detecting ch
tests, regardless of sensitivity, available for determining what happe
guidelines regarding specifications for permanent re

anges in paper and
us during aging. Some general
cord papers are discussed.

1) The predominant chemical reactions in accelerated aging are hydrolysis, oxidation, and
crosslinking. In some cases, especially waterleaf papers, a decrease in bonding order may be
predominant.

2) Hydrolysis and oxidation are synergistic.

3) Hydrolysis in a heterogeneous system is especially enhanced by an aldchyde on the No. 6
carbon of anhydroglucose.

4) Hydrolysis is catalyzed by acid.

5) Aluminum catalyzes degradation.

6) Aluminum, other metals, and acids enhance and also de
7} Under proper experimental conditions, alde

)
8)
9)
)
)
)

stroy crosslinking.

hydes and carboxyls enhance crosslinking.
Cycling of moisture content degrades physical properties of paper.

Some degradation reactions cause a decrease in moisture regain.

Moisture greatly enhances some types of degradation.

The “fines” in paper contribute significantly 1o the degradation of paper.

2) It is obvious from a review of the literature on accelerated

10
11
1 aging of paper that:

a) Accelerated aging conditions that would satisty all possibilities

are impossible to define.
b) An accelerated aging test does not tel} what

a4 paper will be like after 29 or 50 years of storage. It

only provides information concerning the ranking of different samples with respect to Storage
properties.

¢) Some conclusions can be drawn concerning aging conditions.

d) Some conclusions can be drawn concerning useful tests for evaluation of aging.

aging of paper.

samples were not adequately defined.
8) Arrhenius plots must be used with caution in the evaluation of st
h) The correlation of natural aging with accelerated aging is ne

e) Published data do not give a coherent picture of the
Most of the data are of limited utility because the

ability.

ver likely to be perfect, or even

high, as different natural aging conditions produce different results®72,

i) Extensive mathematical treatment of data, and predictions of stability based on these treat-
ments, are not likely to be very fruitful.

Les divers tests et réactions de résistance de la cellulose au vieillissement sont passés en revue. Les
réactions principales s’appliquant a la cellulose sont Phydrolyse, oxydation, la réticulation, la
modification de séquence latérale au niveau des liaisons et,
accéléré, la décomposition thermique. Les effe

durant les essais de vieillissement
ts potentiels produits par ces diverses réactons lors
des tests d’évaluation des changements intervenus durant le vieillissement du papier sont égale-
ment passés en revue. Quelques exemples spéciaux de réactions mtervenant duram e vieillisse-

Vo)
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éristi éci hées a la composition sont
ment naturel du papier en fonction des caractéristiques spéciales rattac p

é d’une part le:
i ormulées concernant
oo dans le papier et d’autre part les tests

s tests a niveau de sensibi-
présentés. Diverses sug
étecti ts
ité élevé ilisé détection de changemen
lité élevée, utilisés pour la hange o
mment de leur sensibilité — suscep ter
uelques régles générales concernant les spéci

strement font I'objet d’une discussion.

expliquer les phénoménes inter-

disponibles ~ indépenda fications valables pour

venant lors du vicillissement. Q
les papiers permanents d’enregi

chimique intervenant lors du vieillissement accéléré sont
n. Dans quelques cas, spécialement avec les papiers sans
peut représenter le facteur prédominant.

1) Les réactions principales d’ordre
I'hydrolyse, 'oxydation et la réticul.afio
apprét une chute de séquence des ha!sons

2) Existence d’une synergie enlrc’l ’hyd{ol

3) L’hydrolyse dans un systéme hétérogenc €
de carbone No. 6 du glucose en forme anh)fdnde.

4) L'hydrolyse est catalysée en miliCl:l acide.

5) L’aluminium catalyse la dégradation. . y

6) L'aluminium, divers métaux et les acides produise

yse et Poxydation. ‘
st spécialement accrue par un aldéhyde sur 'atome

nt un accroissement et une rupture des

liaisons de réticulation.

éri ales adéquates, les aldéhydes et les car oxyles accroissent la
it entales tes, les aldéhyd b
7) Dans des conditions experim q y

réticulation.
8) Des cha
e Papi": de dégradation am
3 ines réactions : .
I(S)))) L";:l::?;ité accroit considérablement ccrtéins types de (}ie.gradat{olns(.j’ T
«fines» dans le papier contribue de fagon cv1dent.e‘a adégrada Eo’n ; pap .
. ue des données bibliographiques sur le vieillissement accéléré du papier

ts cycliques de teneur en humidité conduisent d une baisse des propriétés
ngemen

enent une baisse du taux de réhumidification.

11) La présence d
12) Un passage en rev
conduit aux constatations survantes:
S e s
i iti ieilli ent accéléré satisfaisant ’ensemble des

ibilité éfinir des conditions de vieillissem

a) Impossibilité de définir

situations.

b) Un essai de vicillissement accélér
éri ’ 25250 a
ériode d’entreposage de . it s¢ > infor ’

pl' .sement relatif des différents échantillons vis-a-vis des propriétés d enl.repos.:xge,

Ouelque u sujet des conditions de vicillissement.

. L s ,
¢ ne peut révéler I'état éventuel du papier a I'issue d’une
ns. Il fournit seulement des informations concernant un

¢) Quelques conclusions peuvent ctre tirees a
d) Quelques conclusions peuvent étre tirees conce

P t du
e) Les données ubliées ne fournissent pas une vue d ensemble cohérente du vieillissemen
)

rnant des tests utiles d'évaluation du vieillisse-

aicr. Mied limita : 2 H ’ été défini
f) Eapmajorité des données offre une utilité limitée du fait que les échantillons n’ont pas éié définis

de fagon adéquate. ] . . ) . .
L f tions suivant la loi d’Arrhénius doivent étre utilisées avec précaution lors de Pestima
es fonc

tion de la stabilité. . . o
h) Le degré de corrélation existant entre le vieillissement naturel et le vieillissement accéléré ne
e de| 4 : - acc
t ‘gmais étre parfait ou méme élevé, étant donné que diverses conditions de vieilissement
peut ja lev
i a ésultats différents (55, 72).
naturel conduisent & des résu . . ) .
i) L'interprétation mathématique des données et les prédictions de stabilité basées sur le traite
i

¢ de ces données n'offrent que des possibilités réduites relativement peu fructueuses.
men
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Die verschiedenen Reaktionen, denen Zellujose ausgesetzt werden kann, werden in Bezug auf das
Verhiltnis zur Alterung von Papier untersucht, Die prinzipiclien Reaktionen von Zelulose sind:
Hydrolyse, Oxidation, Vernetzung, Verinderung der seitlichen Reihenfolge in der Bindcftache
und, bei der beschleunigten Alterung, thermische Zevsevzung. Die Auswirkungen, die die ver-
schiedenen Reaktionen auf die Tests haben konnen, die wiy zur E
haben, die bei der Alterung von Papier auftreten, werden belew
dieser Reaktionen, die sich bei der natiirlichen Alterung auf Grup
zungseigenschaften zeigen, werden diskutiert. Es werden Vorschlige fur sensitive Tests zur Er-
mittlung der Verdnderungen in Papier unterbreitet, sowie Tests, dic unabhingig von der S(‘l\l~
sitivitdt, zur Bestimmung dessen zur Verfugung stehen, way wihrend der Alterung geschieht. Es

werden einige generelle Richtlinjen zu den Spezifikationen vor Karu‘iknrtcn-Pupi(-l diskutiert.

ischittzung der Verianderungen
chiet. Einige speziclle Beispicle

d der besonderen Zusammenset-

1. Die vorwiegenden chemischen Reaktionen bei der beschleunigten Alterung sind Hydrolyse,
QOxidation und Vernetzung In einigen Fallen, besonders bej Wassm‘zcichc-n»Papir‘r‘ kann eine
Zersetzung der Verbindungsfolge uberwiegend sein.

2. Hydrolyse und Oxidatior sind synergistisch,

3. Die Hydrolyse in einem hetera

der Anhydroglukose verstdrkt,

- Hydrolyse wird durch Siure katalysiert.

- Aluminium katalysiert Qualitiitsabbau.

genen System wird besonders dweh ein Aldehyd von Karbon 6

. Aluminium, andere Metalle und Siure erhdhen und zerstéren dje Netzverbindung.

- Unter gutep Vcrsu(‘hsbedingungen verstarken Aldehyde und

- Das Durchlaufen des Feuc
Papier.

9. Einige Qualitassabbau-Reaktionen rufen eine K

10. Feuchtigkeit fordert einige Formen des

arbaxyle die Netzverbindung.
htigkeitsgehaltes vermindert die physikalischen Eigenschafien von

atfettung des Feuchtigkeitsgehaltes hervor.

Qualitatsabbaus.

11, Die “Verfeinerungen' im Papier tragen deutlich zum

12. Bei einer Durcharbeitung der Litevaar uber be,
deutlich, dass:

Qualitidtsabbau von Papier bei.
sehleunigte Alternng von Papier 2o sich

a) Bedingungen fir die beschleunigte Alterung, die alle Méglichkeiten umfassen, kinoen nicht
definiert wevden.

b} Ein Test ither beschleunigte Alterung sagt niche dariiber aus, wie das Papier nach einer Au-

fhewahrung von 25 oder 50 Jahren aussicht. Wir erfabren nur, welche verschiedenen
Lagerungseigenschafien die einzelnen Muster im Verhitltnis zueinander hs

¢) Uber die Alerungsbedingungen kénnen einj

d) Es kbnnen einige Schlussfolgerungen iiber
gezogen werden.

ihen.
ge S(‘hlussli)lg('rungvn gezogen werder,
niitzliche Tests zum Abschitzen der Alterung

e) Die veroffentlichten Daten vermitteln kein un

6 Die meisten Daten sind nur begre
worden sind.

g) Arrhenius-Diagramme zur Finschitzung der Stabilis

h) Die Wechselbeziehung zwischen natirlicher Alterun
mals perfekt sein, da die verschiedenen natiirlichen
Ergebnissen fihven (te, 72).

i) Eine umfassende mathematische Datenbeh
Grundlage sind nicht besonders wertvoll.

Hassendes Bild iibe die Alterung von Paprey.
uzt von Nutzen, weil die Muster nicht gendigend defimert

at sind mit Vorsicht zu verwenden.
£ und beschleunigter Alterung kaun nie-

: e hiedeticn
Alterungshedinguagen zu verschicden

. . e e e heset
andlung und Voraussagen Uber Stabilitin aul diese
& i
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Microbiodeterioration of Audiovisual
Collections

Part 1. Protection of Audiovisual Records Against Destructive
Microflora

by E. CZERWINSKA & R. KOWALIK

DaMAGING FAcTORS

The permanence of audiovisual materials depends among other things upon
their chemical composition and on protection from harmful fumes and gases
and from dust. Motion picture films and magnetic tapes are deteriorated by
such atmospheric pollutants, as sulphur and nitrogen dioxides, sulphur trioxide,
hydrogen sulphide and ammonia.?'?10:23:293133:4749 According to Carroll
and Calhoun,?* nitrogen dioxide in reaction with water forms nitric and nitrous
acids and these cause serious degradation of sound recording materials. In
about 2 hours silver images of black-and-white and colour images on triacetate
tape fade severely. Within two days emulsion becomes sticky and after two
weeks triacetate tape softens and deforms under the influence of nitrogen
dioxide and high moisture content.

Dust and grit and other solid or liquid particles suspended in the air act as
catalysts in the degrading processes of black-and-white negatives, of colour
transparencies, motion picture films and magnetic tapes. This is a well recog-
nized problem 2:3:5:7:10:14:15:18,21,22.27.28 A 4 result of damages caused by them
the playback quality of magnetic tapes becomes worse. Dust particles deposit
on the preserved audiovisual collections impairing their comprehension and
pleasure to the ear and cause not only mechanical damage (emulsion scratch-
ing), but may become also indirect sources of chemical and biological degrada-
tion,2:6:7:13:16.23,24,34,3545.50-52 Ny, covering on audiovisual tapes attracts
moisture and this minimal amount of water, together with gaseous atmospheric
pollutants such as nitrogen and sulphur dioxides, leads to compounds exceed-
ingly dangerous to sound recording materials. Small amounts of water at-
tracted to tapes by dust constituents are also sufficient to start the growth of
fungi, because spores and mycelium fragments are already present on the
surface of dust particles. Therefore occasionally even with air conditioning

Restaurator 3/1979: 63-80.
0034-5806/79/010063-18 $ 02.50/0 © 1979 Munksgaard. Copenhagen.
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installations fungal problems of so g 1
und recor ¢ ‘ e serl
) 8.9.19.26.27.33 dmg materials may be seri-

Conditions ty’develo()ment of fungi depend on the relative humidity of the envi-
rorm.lent, on the-mmsture content of material, and also on the temperature, the
acidity and the presence of nutrient sources. To initiate the growth of fungi,

water sometmes in trace amounts is necessary. Although optimum lempera-

ture for fungal metabolism is in general between 24 and 26°C. and optimum for
« . !
pl;ges l:ietwecn:.s(();gG, Some species may vegetate in temperature as low as
~7°C and up to , with pH ranging from 1.0 i
.0 to 10.0 and relat idi
as low as 63 %.112 e humidiy
Fu(rixgn requirement as concerns nourishment are very ditterent. Some species
ma . - . e ‘
" ):j develop on very ml'mmal Impurities or, after some period of time, even on
Aar. egradable materilals. I'he basic source of nutrient media for fungi and
f‘ctmon’!ycetcs vegetating on audiovisual tapes are impurities such as dust
. . ’ o
Ingerprints, etc., and also the main emulsion component which is gelatin, In

certain cases additional carbon source for fungi may be waxes

: : s, used to improve

steadines 1 i ‘ p

seeading sA(;:”}:hc p}:q;:cted 1.magc and to protect against friction and fingerprint
‘ . ough the main synthetic resins with the exception of cellulose

nitrate and cellulose acetate are fungi resistant, 23233 funei . qt

' o ng , ungt and Actinomycetes

are still able to destroy the plastic in tapes37:16:23.25.26.33.38 [,y

s case

able to c . mic-
roorganisms utilize as nutrient source plasticizers, fi
’

llers, lubricants and exte
ders inc ' i ; ’ i N s and exten-
orporated into magnetic tapes and motion picture films to obtain the

Hecess: . . .
cessary physico—chemical properties of these sound recorders

EXPERIMENTAL PART

The .damagcs caused by fungal activity, as observed in Polish sound recording
:archlves on some motion picture films and magnetic tapes (Figs. 1, 2) clearl

mdlhcatcd .the need for studies on the possibilities of protection ()f.th;sc rcc()rdz
against microorganisms. Considering the character and susceptibility of elmul-
sx9n upon various agents and the probability that the additives would interfere
with photographic and sound properties of the emulsion, the '

which develop on motion picture fi wiling of fungt

Im and ma IC tapes was very ¢
pounded. It limits the possibility of the selection (tffl‘]l‘):it:)cci(li‘:p'i/s\’(‘W(;i::ci‘(/l((.‘rdy t(L)Ol:l);
use, for the protection of motion picture films and magne‘(ic ta (s the com-
pounds, activity of which depends upon intermediate cont/ b,
zation of fungicide effective in a vapour form only h
the chemical compounds of this type, 4-chloro-
suitable (Table 1).

act. Therefore utili-
as been considered. Out of
3-cresol seemed 1o us the most
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The program of the work in our laboratory was the following:

Isolation and identification of microorganisms occurring on sound record-
ings and in storage area.

Test of microbioresistance of bobbins (reels or spools) and sealing tapes.

Search for a method of protection of audiovisual recordings against microbial
agents.

The isolation of fungi was carried out by three methods:

By direct streaking of fungi taken out from magnetic tapes or motion picture
films on potato-dextrose agar medium/200 g of sliced potato + 1 liter of distil-
led water + 20 g of glucose and 17 g of agar-agar. pH was adjusted to 5.5.

By placing 2 cm long strips of films or tapes contaminated with fungi in Petri
dishes, on potato-dextrose agar or on filter paper discs with the liquid culture
medium of Greathouse, Klemme, Barker of pH = 5.5-5.6.11

By using the method of impressions. In this case sterilized filter paper discs
were pressed against spots of microflora, growing on films or on magnetic tapes.
These discs with fragments of mycelium or spores were transferred to Petri
dishes, and 15 ml of the liquid medium of Greathouse, Klemme, Barker of pH
= 5.5-5.6 was poured into every 100 mm Petri dish.

Microflora which exists in the air of particular air-conditioned and not con-
ditioned storage area was isolated in the following way:

Sterilized Petri dishes with filter paper discs were placed at various parts of
the storage area and left open for one hour. After that, 15 ml of Greathouse,
Klemme, Barker liquid medium was poured into every 100 mm Petri dish.

All dishes with samples were incubated at a temperature of 24-26°C and
90 % of relative humidity during a period of three weeks. The developing
colonies of fungi were transferred on potato-dextrose agar medium and after
obtaining pure cultures the particular microorganisms were identified.

The microbioresistance of bobbins (spools or reels) and sealing tapes. These auxiliary
materials also have been tested. Bobbins (spools or reels based on polyvinyl
chloride) of different origin (Austrian, English, French, Polish, American) were
placed in Petri dishes or desiccators in a humid atmosphere. One set of bobbins
(reels or spools) was contaminated with a water suspension of 12 species of
fungi spores isolated from motion picture films and magnetic tapes, and
another identical set with a water suspension of spores of Aspergillus niger,
Penicillium funiculosum, Trichoderma viride and Chaetomium globosum, as used to test
the microbioresistance of synthetic materials, according to the International
Standard Organisation method, ISO/DIS 846.5% Also 50 mm long fragments of
scotch or other sealing tapes were placed in Petri dishes on glass slides in a
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humid atmosphere and inoculated with fungi spores as previously. The deter-
mination of microbioresistance was made after 4 weeks of incubation at a
temperature of 24-26°C and 90 % of relative humidity.

Methods of disinfection. Disinfection methods for audiovisual recordings have
been tested in laboratory experiments and in store-room conditions. 4-Chloro-3
cresol at different concentrations has been chosen for the experiments.

In preliminary laboratory experiments the influence of vapour action of

4-chloro-3-cresol on fungi growing in Petri dishes on hardened potato-dextrose
agar medium was investigated. The tests were also made on contaminated and
non-contaminated strips of tapes, which were subjected in both cases to the
vapour action of 4-chloro-3-cresol.

The tests were made in test tubes on sloped potato-dextrose agar medium or
in Petri dishes on V shaped glass sticks. In the case of test tubes, loosely fitting
cotton wool plugs were put inside the test tubes above hardened medium and
on the surface of cotton wool plugs, filter paper dises soaked with
4-chloro-3-cresol were placed and the test tubes were tightly closed. In the case
of Petn1 dish tests, sterilized distilled water-soaked filter paper was placed on
the bottoms, and on the lids discs imbibed with fungicide were putin. The Petri
dishes were sealed with tape. The evaluation of fungitoxic vapour action was
made visually or under the microscope, after two weeks culture at a tempera-
ture of 24-26°C.

The tests carried out directly in the storage area included disinfection of

contaminated motion picture films and magnetic tapes placed in sealed metal
cans, having at the bottom or both at the bottom and at the lid flier paper dises
soaked with cthanol solution of 4-chloro-3-cresol dissolved in 70 or 96 %
ethanol. Bobbins {spools or reels) and cans were treated in the same way. Also
experimental disinfection of air in the storage area was carried out by using in
aerosol spray a 1 % or 2 % ethanol solution of 4-chloro-3-cresol at the amount
of 1 g/m*.

ResuLts

[t was found that the most often occurring fungi on motion picture films and
magnetic tapes were the members of the genus Aspergillus (Fig. 3) and Penicilium
(Fig. 4), besides that Chaetomium (Fig. 5), Cladosporium (Fig. 6), Stemphylium (Fig.
7), Alternaria (Fig. 8) and Streptomyces.

Out of the atmosphere of air conditioned store-rooms, as a rule, Penicillium
and Aspergillus have been isolated.

68

Fig. 5. Chaetomium sp. (% 120).

Fig. 1. The colonies of fungi growing on magnetic tape. Fig. 2. The colonies of fungi growing on motion picture film.
" .

Fig. 3. Aspergillus sp. (X 420). Fig. 4. Penicillium sp. (x 500).

Bl

Fig. 6. Cladosporium herbarum {Persoon) Link (x 500).
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Considering the results of our studies with different concentrations of
4-chloro-3-cresol in test tubes and Petri dishes upon fungi growing on agar
media and on motion picture films and magnetic tapes contaminated with

fungi, it was concluded that filter paper discs imbibed with 2.5 % solution of

4-chloro-3-cresol in 96 % ethanol inhibited completely the growth of fungi.

After 12 months of storing, no traces of fungal growth was observed on
contaminated motion picture films and magnetic tapes, which were placed in
the sealed metal cans, having at the bottom and at the lid filier paper dises
soaked in 2.5 % ethanol solution of 4-chloro-3-cresol.

According to our experiments it is desirable, however, to clean the surface of

heavily contaminated tapes or films before placing them in the cans. This treat-
ment may be made with soft cloth or filter paper, which has been soaked in
2.5 % in 96 % ethanol solution of 4-chloro-3-cresol, and left until ethanol
evaporates.

Not only fungi isolated from audiovisual materials and store-room atmos-
phere develop on the bobbins (spools or reels) but also the genuses utilized for
the evaluation of microbioresistance of plastics. On the bobbins (spools or
reels) of Polish, American (Kodak) and Austrian origin the most often
occurring fungus was Chaetomium globosum Kunze, Theretore bobbins (spools or
reels) should be disinfected too. Good results have been obtained by wiping
contaminated bobbins (spools or reels) with well-squeezed soft cloth moistened
with 2.5 % in 96 % ethanol solution of 4-chloro-3-cresol.

It was observed that disinfection of air-conditioned storage arcas with
aerosol of 1 % ethanol solution of 4-chloro-3-cresol at the amount of 1g/m* is

sufficient, whereas in heavily dusted storage arcas eveni;a 2 % solution of

4-chloro-3-cresol was not sufficient. The most fungicide resistant were: Asper-
gllus terreus Link and sometimes Chaelomium globosum Kunze.

Part 2. Microbial Problems in Photographic Print Collections

Photographic prints are documents made on paper covered with a thin emul-
sion layer composed of gelatin and silver salts or other light sensitive chemical
compounds.

Photographic print collections stored under conditions of relative humidity
higher than 60 % and temperature of 24-26°C or higher are liable to damage
by air-borne spores of fungi and Actinomycetes, which may utilize the gelatin
in the emulsion layer as a carbon and nitrogen source. Silver salts and other
compounds in the emulsion do not inhibit sufticiently the growth of microftora.

The growth of fungi and Actinomycetes occur on the print surface and cause
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coloured or dull spots. *®*7 As further consequence of the metabolism of mic-
roflora a complete destruction of the image and emulsion layer and a decom-
position of the paper support may take place. Therefore it s neeessary o
protect photographic print documents against damages caused by microor-
ganisms, by ensuring proper storage conditions, or by tweatment with hiocides.
According to the propositions of Kodaks Customer Service Pamphlet AE-22%

el

1 % of Hyamine 1622 (diethyl-benzyl-tert-octylphenoxyethyl  ammonium

chloride) (Table 1) ~ protects black-and-white prints against harmful effects of

fungi.

EXPERIMENTAL PART

The study of the problems of protection of photographic prints by utilizing
biocides against microorganisms was started in our laboratory hecause climatic
conditions in Poland and possible failures in air-conditioning installations may
favour a prolific growth of microflora. At fivst the microorganisims that destroy
black-and-white photographic prints were isolated and identified with the use
of different cellulosic media.™™ The next stage of our work was to wmvestigate
preventive methods for the protection of photographic prints. Hyamine 1622
and the sodium salt of t-chloro-3-cresol (Table 1) both in 1 % solutions in
water were used.

The experiment was carried out in the following way: 50 X 50 squares of

photographic prints were cut out with a sterile ol and placed in 100 mm Pewi
dishes on glass sticks:

Y3 of the number of prepared samples was spraved with sterilized distilled
water

3 of the number of samples was spraved with Greathouse, Klemime, Barker
medium®! of the following compositon:

K,HPO, 1.3940
MeSQO, 0.7395 ¢
NH,NO, 1006 g
CaCO, 0.00% o
Na(ll 0.005 ¢
Fe, Zn and Mn as SOy salts 0.001 ¢
Distilled water 1000 m}

/3 was sprayed with a suspension of spoves of Aspergillus niger, Aspergiliuy
terrveus and Penicillium brevi-compactum it Greathouse, Klemme, Barker medivm,
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Fig. 13. Aspergillus flavus Link (x 500).

Fig. 16. Chaetomium globosum Kunze {x 250).

Fig. 1. Fusarium probably oxysporum Schiechtendahi (x  Fig. 18. isaria Persoon ex Fries. (The growth on potato

250), dextrose medium in glass tube — natural size).
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One half of every kind of the mentioned sprayed samples was dried in closed
Petri dishes at room temperature. The other half was kept in humid conditions

most favourable for the growth of microorganisms. For this purpose 10 ml of

distilled sterilized water was pipetted to the bottom of Petri dishes (under the
tested sprayed samples); the dishes were closed and incubated at the tempera-
ture of 24-26°C.

After 3 days, samples dried at room temperature, as well as those maintained
in humid atmosphere, were immersed for 3 or 5 minutes at 0.5 % or 1 % water
solution of Hyamine 1622 or sodium salt of 4-chloro-3-cresol. Compar
samples were immersed in sterilized distilled water for 5 minutes.

All samples as well as those treated with biocides as with sterilized distilled
water only, were placed in 100 mm Petri dishes on glass sticks and dried for 48
hours at room temperature. Then they were transferred to 100 mm Petri dishes
on potato-dextrose agar medium prepared from 1000 ml of water extract of 200
g of sliced potato + 17 g of agar-agar + 20 g of glucosc. The assessiment was
made after 10 days incubation at the temperature of 24-26°C: and 90 % of
relative humidity.

ative

RESULTS

In the course of our test with black-and-white photographic prints the following
fungi were isolated and identified:

Acrostalagmus cinnabarinus Corda var. nana Qudemans (Fig. 9)

Alternaria tenuis Nees (Fig. 10)

Aspergillus amstelodami Thom and Church (Fig. 11)

Aspergillus candidus Link (Fig. 12)

Aspergillus flavus Link (Fig. 13)

Aspergillus fumigatus Fresenius

Aspergillus niger van Tieghem (Fig. 14)

Aspergillus terreus Thom (Fig. 15)

Chaetomium globosum Kunze (Fig. 16)

Chaetomium ochraceum Tschudy

Fusarium probably oxysporum Schlechtendahl (Fig. 17)

Isaria Persoon ex Fries (Fig. 18)

Paecilomyces varioti Bainier (Fig. 19)

Penicillium brevi-compactum Diercks (Fig. 20)

Penicillium sp.

Rhizopus sp.
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Fig. 22. Spicaria violacea Abbott {x 500

).
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Fig. 23. Trichoderma dee Persoon ex Fries (x 500). Fig. 24. Trichothecium roseum Link (x 250).
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Scopulariopsis brevicaulis Bainier (Fig. 21)
Spicaria violacea Abbott (Fig. 22)
Trichoderma album Preuss

Trichoderma viride Persoon ex Fries (Fig. 23)
Trichothecium roseum Link (Fig. 24)

and some species of Streptomyees.

The results of experiments on the protection of black-and-white photographic prints
against microorganisms concern as well the dried samples as the ones iney-
bated after spraying with sterilized distilled water, Greathouse, Kilemume,
Barker medium and/or a suspension of spores of fungi in Greathouse, Klemme,
growth of fungi was not observed on
photographic sammples and on the medium after a 3-minute pe

Barker medium. According to this data the

riod of immersion

in 1 % water solution of Hyamine 1622 or 0.5 % water solution of sodium salt

of 4-chloro-3-cresol. The immersion of photographic print samples in 0.5 %,
minutes was not sufficient o destroy (he
microorganisms, which are able to vegetate on the

water solution even for as long as 5

surface of the sample. This
was experimentally contirmed by the growth of fungi on potato-dextrose agar
medium with samples, which were:

sprayed with sterilized distilled water, dried or maintained in conditions
suitable for the vegetation of microflora, and then mmmersed during a 5-mi-
nute period in 0.5 % water solution of Hyamine 1622,

I is worth mentioning that the growth of fungi on the samples tre

ated with
0.5 % water solution of Hyamine 1629 w

as much Jess than o
samples immersed in distilled water. On the b

concluded that black-and-white photographic

W ocomparison
asts of ou experiments it may he
prmts can be protected against

by lmmersing prints during 3 minutes in
I % water solution of Hyamine 1622 or 0.5 ©

microflora, which develop on them,

o water solation of the sodinm salt

of t-chloro-3-cresol. The solution should he prepared in distilled water,

GENERAL REMARKS

Permanent record motion picture films and magnetic

essed inosuch a way that
residual chemicals are reduced o a spectfic minimum

staining of the image may occur with time.* [ the con

are not airtight, the air in the store-rooms sh

slow burning cellulose esters or polyesters and proc

. otherwise tading and
taners of these records
all be conditioned soas 1o mantain

[§) . . .
A or more than 40 % and i IS recom-
mended to maintain the temperature in he

relative humidity of noc less than 30
storc-rooms at a level hetween
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apes must be made of
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15-20°C.%-18:23:37:38:49 Tt i worth mentioning that in high humidity anc'i temp-
erature microorganisms may cause not only the deterioration of au.dlowsual
records but also outbreaks of mycosis and may favour toxin production espe-
cially in strong contaminated storage areas. The allergic response may be even
immediate causing asthma or skin irritation and the numbers. and types of
fungus spores vary depending on the time of day, season, location, as wel.l as
humidity and temperature. Therefore disinfection of storage area of archives
seems 1o be essential, where we have to do with the abundance of microflora. 'As
proposed by us, 4-chloro-3-cresol has been util‘ized as fung'lmde and .bacterlo—
static agent in the following field of application: cel‘lulosms, a.dheswcs., col-
lagenics, emulsion of film, paints. This compound is low toxic and is not
hazardous for the environment, because it is degraded in sewage 24 hours after

adaptation.
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SUMMARIES

Part 1: Disinfection of contaminated motion picture films and magnetic tapes was carried out in
sealed metal cans, having at the bottom and at the lid filter paper discs soaked with 2.5 % of
4-chloro-3-cresol dissolved in 96 % ethanol.

The contamination surface of audiovisual recordings may be, cleaned with well-squeezed soft

cloth moistened with 4-chloro-3-cresol dissolved in 96 % ethanol. The contaminated bobbins
(spools or reels) may be treated in the same way. Disinfection of air in store rooms was carried out
by using 1 or 2 % of 4-chloro-3-cresol in 96 % ethanol solution to the amount of | g of the
microbiocide on m®.
Part 2: Different species of fungi destroying black-and-white photographic prints were isolated and
partly identified. Photographic prints can be protected against microflora by immersing prints for 3
minutes in 1 % water solution of Hyamine 1622 or 0.5 % water solution of sodium salt of
4-chloro-3-cresol.

The solutions should be prepared in distilled water.

lere partie. La désinfection de films de projection cinématographique et de bandes magnétiques
d’enregistrement présentant une contamination a été réalisée dans des boites métalliques scellées,
sur le fond et sur le couvercle desquelles ont été disposés des disques de papier filtre imprégnés
d’une solution a 2,5 % de 4-chloro-3-crésol dans P’alcool éthylique 2 96 %.
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Les traces de contamination en surface d'enregistrements audiovisuels peuvent étre nettoyées i
I'aide d’un chiffon doux imprégné d’une solution de 4-chloro-3-crésol dans I'alcool éthylique 2
96 %, dont on exprime excédent de liquide. Les bobines et les rouleaux contaminés peuvent éire
traités de facon identique. La désinfection de T'air des locaux d’entreposage a é1é réalisée en
utilisant une solution a 1 ou 2 % de 4-chloro-3-crésol 2 96 % dans I'alcool éthylique, a raison de 1 g
de solution microbiocide par m? de local.
2¢me partie. Diverses especes de moisissures responsables de I'endommagement des fpreuves
photographiques en noir et blanc ont pu étre isolées et partiellement identifiées. Les épreaves
photographiques peuvent étre protégées contre I'action de la microflore par immersion, durant 3
minutes, dans une solution aqueuse & 1 % d’Hyamine 1622 ou a 0,5 % du sel de sodium du

_chloro-3-crésol. Les solutions doivent ére préparées a Peau distillée.
c

Abschn. I:

Die Desinfektion von verunreinigten Filmen und Magnetbindern wurde in verschlossenen
Metallbehiltern durchgefiihrt. Diese waren unten und am Deckel mit Filterpapierscheiben au-
sgestattet, dic in 2,9 %iges 4-Chlor-3-Kresol, das in 96 % Athanol gelost war, getaucht warden
waren.

Die verunreinigten Oberfliche von audiovisuellen Aufzeichnungen kann mit cinem T'uch
gereinigt werden, das in 4-Chlor-3-Kresol, gelost in 96 % Athanol, getaucht und gt gewrungen
worden ist.

Die verunreinigten Spulen konnen auf die gleiche Art und Weise behandelt werden. Die Luft in
Aufbewahrungsraumen wurde mit 1- bis 2 %igem 4-Chloro-3-Kresol in 96 % iger Athanol-Lisung
desinfiziert, und zwar 1 g Mikrobiozid pro m®,

Abschn. 2:

Es wurden verschiedene Arten von Pilzen isoliert und teilweise identifiziert, die schwirtz- weisse
photographische Drucke zerstoren. Die photographischen Drucke kinnen gegen die Mikioflora
geschiitzt werden, indem diese 3 Minuten lang in cine 1 %ige Wasserlosung von Hyamine 1622
oder eine 0,5 Y%ige Wasserlosung Natriumsalz 4-Chlor-3-Kresol getiucht werden. lul/ Herstellung
der Lisungen sollte destilliertes Wasser verwendet werden.

Dic hauptsichlichen pilz- und bakterientétenden Mittel, die fir Zellulose und Koliagen verwendet
werden.

E. Czerwinska
Institute of Industria
Annopol 6,03-236

Warsaw, Poland
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