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CHAPTER 1

Introduction

The purpose of this investigation was to establish the condition of paper
in identical copies of books, published between 1899 and 1964, §elect.ed
from the Samuel Appleton-Carnegie Library of t.he Lawrence University
in Appleton, Wisconsin, The Newberry Library in Chicago, Illinois, an.d
The Research Libraries of The New York Public Library, Nevs{ York. This
investigation grew out of a larger study* designed to determine th.e con-
dition of paper in a sample of books drawn from the‘ general c'ollecnons of
The Newberry Library. In this larger study, approximately ‘fxfty per cent
of the contact pH values fell below a pH** of 4.0 for thF first test group
of Newberry Library books. The general objectives' of this smaller investi-
gation were (1) to confirm the extraordinarily acidic contact pH Ya!ues
found for the first lot of Newberry Library books tes?te'd in thF 'ongmal
study, and (2) to determine whether this highl).r acn'dxc condition had
accelerated the rate at which these books were deteriorating. .

The potential significance of this acidity is illustrated by Figu.re 1 which
compares the pH values of the 25 Newberry Library books. with the pH
values determined by Barrow® for the paper in books discarded fx.'om
libraries located in the vicinity of Richmond, Virginia. Figure 1 uses line-
bar graphs to compare the number of pH values within cerFain pH ranges
against the number of hydrogen ions present at the pH mid-point values
of these ranges. .

The pH values along the base line below the bars of Figures 1a-1f are
positioned in the middle of the distance along the base line these pH values
represent. The relative numbers of hydrogen ions that occur from a pH

*  The objectives of this larger study were to estimate' the current condition of paper in
the general book collections of The Newberry bera.ry and the cost of a conser-
vation program for the Library. Three hundred and ninety books were selectefi b‘y a
statistical method and tested at the Chicago Paper T?stmg Labor:j\tory. The fmd.mgs
on pH were in accord with those reported in this article. They will be reported in a

ion. o .

** i‘;_‘{“:: ap T:gl:::homic expression of the degree of acidity or alkalinity and it is dexweljdI
from the number of hydrogen ions present. pH values.range from 0 to. 14. A p
value of 7 is neutral; lower values indicate acidity and higher ones alkalinity.
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value of 3 o a pH value of 7 are indicated by the factors along the lowest
base line.*

Thus, Figure 1 is based upon the actual number of hydrogen ions present
at the different pH values. Figure 1 illustrates the importance of this study
because the probable rate of paper deterioration in libraries is largely
determined by the number of hydrogen ions that are available to catalyze
the hydrolysis of cellulose in paper fibers.

Figure 1a presents the frequency of the one minute extraction pH values
in the 25 Newberry Library books listed in Table 8 of this study. Figures
1b, 1c, 1d, le, and 1f present the frequency of five sets of cold water
extraction® pH values reported by Barrow® and Church.t A comparison of
Figure 1a with Figures 1b, 1c, 1d, le, and 1f indicates that the average
Newberry Library book probably contains about ten times more hydrogen
ions than the average book from libraries located in the Richmond,
Virginia, area. The comparison implies that the hydrolysis of cellulose in
The Newberry Library collection may be proceeding about ten times faster
than it is in the collections studied by Barrow.

Two possibilities may explain these differences in pH value. The first
possibility is that the contact pH procedure used in this investigation gives
pH values that are not directly comparable with the pH values obtained
by the Technical Association of the Pulp and Paper Association (TAPPI)
cold extraction procedure® followed by Barrow. The second possibility is
that one of the investigations studied a sample of books that suggests an
erroneous picture of the acidity of paper in research library collections
located in major urban areas. The article »Paper Impermanence as a Con-
sequence of pH and Storage Conditions«¥ provides background on this
second possibility. In an attempt to test the first possibility, the testing
method was checked experimentally and verified for the exploratory
purposes of this study. The low contact pH values for the paper of the
initial lot of books were determined to be acceptable estimates of the
TAPPI cold extraction procedure pH values. However, no explanation
was obtained for these unexpectedly low pH values because the destructive
nature of the TAPPI cold water extraction procedure necessitated the use

of books with an unknown history that had been discarded from The New-
berry Library.

*  These factors were obtained by dividing the number of hydrogen ions present in a
liter of water at the various pH values and 25° C. by the number of hydrogen ions

(3.35 X 10%) in a liter of water at a pH of 7 and 25° C. and moving the decimal
point two places to the left.

Introduction

The purpose of this study, therefore, was to e.x'pand this preh.mmary
work on pH and investigate the second possibility by comparing the
condition of the paper in identical copies of books .thh established
histories. The Newberry Library made arrangements with the. Lawrence
University Library to borrow their duplicate copies of -the 'tltles.tested
in the larger Newberry Library study. The Ijawfvrence Um‘versxty Library,
Appleton, Wisconsin, was selected becaus? it is !ocaited in a cooler and
less polluted area than The Newberry Library is, just qorth of down-
town Chicago. The higher contact pH values for the paper in the Lavjvrence
University Library books implied that the less acidic paper in tl:le
Lawrence books would be more durable than the more acidic paper in
the books of The Newberry Library. The Research Libraries f’f The New
York Public Library were asked to send their duplicate copies to mat'ch
the copies already tested from The Newberry and La\?vrence Umvers.lty
Libraries. This was done to see how books from a heavily used ‘collecnon
in a severely polluted area compare with the books from Chlcggo a-nd
Appleton. Twenty-one volumes were supplifed by' the Research Libraries.

The stepwise expansion of this investigation did affect the.laborato.ry
work. Some sampling and certain tests were perfonnf{d on duphca.lte. copies
at different times and under slightly different conditions of humxdlt.y and
temperature. The variations from specified procedures are noted in the
following section, 2. Experimental Procedures and Laboratory Results.
However, these variations are considered unlikely to change the. bro?d
relationship between the condition of paper in the books of Fhese libraries
as based upon measurements of basis weight,. contact pH, sonic modulu.s of
elasticity, folding endurance, groundwood fiber content, and paper thick-
nes:)Is'.he findings of this study suggest that, if present day storage practices
are continued, it is very optimistic to believe that librarnes., in the year
2000, will be able to circulate very many of the books published bet.w.een
1900 and 1960. The findings also suggest that the maket'lp of the ongx.nal
paper, the location of the library, and its storage practices are more im-
portant factors than use by patrons is in determining the useful life of
research library collections.
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CHAPTER 2

Experimental Procedures and
Laboratory Results

2.1 INTRODUCTION

The primary objectives of the experimental procedures were to validate the
data collection methods of The Newberry Library study and to provide
an estimate of the relative condition of paper today in the collections of
the three participating libraries. The secondary objectives were to contri-
bute towards an improvement in the methods for estimating the condition
of library collections and for extending the useful life of such holdings.

This investigation differs from most previous examinations of library
materials in its use of non-destructive test methods. Earlier investigators
typically studied the condition of paper in library discards or in second-
hand books. The books used in this study came from and were returned to
active collections. This emphasis on real life conditions made the use of
non-destructive test methods essential.

This study was not oriented towards fundamental research, but rather
towards obtaining data which can be used to estimate the magnitude of
difference between papers. This investigation was both an exploratory
study for testing methodology and a study of the differences between the
condition of identical books in three libraries. These aims made it possible
to use less costly, non-destructive testing procedures.

2.2 SAMPLE SELECTION

The 25 titles examined in this study came from a sample of 527 books
drawn by a cluster sampling plan from the general collections of The New-
berry Library. The details of how these books (and the sub-sample of 390
books actually tested) were selected may be obtained from the author and
will be presented in a future report.

The selection of the 25 titles considered in this study began by comparing
the 390 Newberry Library catalog entries with the entries in the Lawrence
University Library catalog. 40 books represented in both catalogs were

7
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CHAPTER 2

submitted by the Lawrence University Library to the Chicago Paper
Testing Laboratory for possible testing. These copies were compared with
the same books from The Newberry Library. 25 of the 40 were established
as identical copies of books from The Newberry Library. The same 25
catalog entries were sent to The Research Libraries of The New York
Public Library where 21 identical copies were located and sent to Chicago.
The identical nature of these copies of 21 titles from Appleton, Chicago,
and New York was established on the basis of paper appearance and
texture, copyright, printing and publication dates, edition, imprint, and
type face images. Abridged entries for the original 25 titles are given in
Table 1 and additional information is provided in Appendix 1.

Three leaves from each book were sampled and tested with the exception
of title 11 which contained only nineteen numbered leaves. Normally, the
first test leaf was selected at about the end of the first third of the total
numbered leaves, the second at the half way point, and the third from the
last signature of the book. The exact page numbers that were tested in
each of the individual copies from the three libraries are listed in Table 2.
The pH tests were conducted on the pages listed under the column »Pages
tested«. In a few cases for Lawrence University and The Newberry Libra-
ries, the die cut samples were inadvertently removed from the pages on
which the sonic modulus tests were conducted. These exceptions are noted
under the column »Special commentse.

2.3 TesTING PROCEDURE AND EXPERIMENTAL DATA

The function of the testing procedures was to provide the data necessary
to compare the paper in the books of the three libraries. A large number of
testing procedures were considered, but only six were selected to obtain
data for evaluating the condition of the paper. The criteria for the
selection of these six tests were the amount of information obtained, the
damage to the book, and the cost of testing. The contact pH and sonic
modulus test were developed for this study. The other four tests were
modifications of TAPPI Standards and Suggested Methods. Each book was
examined and compared with identical copies from the other two libraries.

2.31 Booxk EvarLuaTion

Patron use, as well as other kinds of wear and tear, affects the rate at which
books deteriorate. The effect of storage conditions is interrelated with the

10
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TasLE 3: Book usage and condition of binding

Book usage Condition of binding

. Year :
Title pub- Based upon Rebound Needs repair
no. lished observed wear

and tear L N Y L N Y

1 1964 N=L

2 1960 L>Y=N

3 1959 Y>L=N

4 1958 Y>»N=L

5 1953 Y>»L>N

6 1953 L>N

7 1951 Y>N>L

8 1951 Y>L>N X

9 1949 Y>L>N X
10 1948 Y>N>L X
11 1946 Y>L>N
12 1941 Y>L>N
13 1938 N>Y>L X
14 1938 Y>L>N
15 1934 Y>»L>N X* X#* X
16 1934 Y>N>L X X
17 1931 Y>N=L X
18 1931 Y>N=L X
19 1931 Y>L>N X
20 1930 Y>L>N X X X
21 1926 Y>N>L X X
22 1923 Y>» N>L X X
23 1921 L>N X
24 1906 Y>N>L X X
25 1899 N>L X X

- 8% 529% | 8% 16% 11%
*  Bound paperback pamphlet > Very much greater than
> Greater than =~z Approximately equal

effects of wear and tear. There is no information available on the level of
patron use other than the information given by the appearance of the
various copies. No effort was made to separate the deterioration caused by
the storage history of the book from that caused by wear and tear.

The bindings and the overall condition of the different copies were
examined to determine whether the visual degree of deterioration varied

11
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from library to library. The bindings were checked to determine if binding
repairs were needed and if rebinding had occurred. It was assumed that a
cropped and rebound copy had experienced more wear and tear than a
book which had not been rebound. The copies of each title were then
ranked for wear and tear on the basis of the condition of the marginal
areas of the leaves. The degree of use and condition of the binding estimates
are listed in Table 3.

2.32 PapPer EvaLuAaTION

The six tests used in this study to obtain data are listed in Table 4. They
can be classified by their measurement of a chemical or physical (dimension-
al or strength) property and by their destructive or non-destructive nature.

The groundwood test can be defined as a non-destructive test because a
test specimen can be snipped from an unobtrusive location at the edge of a
leaf. A description of these six tests along with the experimental results
obtained is given following the details of specimen preparation for the
destructive tests.

Two test specimens were die cut from the margins of each of the three
test pages with a steel mallet die. These specimens were used in the basis
weight, folding endurance, groundwood, and thickness tests. The sampling
and the testing for the books from the Lawrence University (L) and New-
berry (N) Libraries occurred under standard conditions (73° F. + 2° F.,
50°% R.H. & 2%o) as specified by TAPPI method »Conditioning Paper
and Paperboard for Testing«.? The copies from The New York Public
Library (Y) were also tested according to the TAPPI methods, but the test
specimens were die cut in the main room of the Chicago Paper Testing

TasLE 4: Classification of tests

Identification Description
1. Basis weight Dimensional test — destructive
2. Thickness (caliper) Dimensional test — nondestructive
3. Presence of groundwood fibers Chemical test — destructive
4. Contact pH Chemical test - nondestructive
5. M.I.T. folding endurance Strength test ~ destructive
6. Sonic modulus of elasticity Strength test - nondestructive

12
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Laboratory under winter indoor conditions rather than according to the
TAPPI method. The die cut test specimens (and books for the sonic
dynamic modulus of elasticity test) were brought to TAPPI standard
humidity conditions from a lower relative humidity for all tests. The
dimensions of the die cut specimens were 15 mm. (0.59 in.) wide by 23 mm.
(0.91 in.) long with 1/8 in. radius corners and an area of 0.525 sq. in. The
specimens were die cut at the center points of the fore edge and the tail
margins. The long dimension of the tail margin shecimens was perpendi-
cular to the lines of text and the long dimension of the fore edge margin
specimens was parallel to the lines of print.

2.321 Basis weight

The basis weight of book paper has been traditionally expressed in pounds
per ream of 500 sheets measuring 25 X 38 inches. The testing concepts
expressed by TAPPI method, »Basis Weight of Paper and Paperboard«
were followed in this study.? The six die cut samples were conditioned and
weighed in grams to four decimal places on a Mettler analytical balance.
Then the basis weight was computed with an appropriate scaling-up factor
and reported as basis weight in pounds for 500 sheets measuring 25 X 38
inches. The results are tabulated in Table 5.

2.322 Thickness (caliper)

»The thickness of paper or paperboard is the thickness (in thousands of an
inch) of a single sheet when placed under a steady pressure of 7 to 9
pounds per square inch, between two circular and parallel plane surfaces,
the smaller of which has an area of approximately 0.25 square inches
(160 sq. mm.)«.* One of the test specimens was chosen at random and its
thickness was measured in inches to four decimal places per TAPPI Method
» Thickness and Density of Paper«.’? The data obtained are given in Table 5.

2.323 Presence of groundwood fibers

Papers containing significant quantities of groundwood fibers have an
infamous reputation for impermanence. One of the broken die cut test
samples was selected at random after the M.1.'T. folding endurance test
and used in checking for the presence of groundwood fibers. A drop of
phloroglucinol stain solution, prepared according to TAPPI method »Fiber
Analysis of Paper and Paperboard«,? was applied to the specimen and the
quantity of ground wood fibers present was estimated microscopically if a

13
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TABLE 6: Presence of groundwood fibers

CHAPTER 2
TasLE 5: Basis weight and thickness (caliper)
Basis weight R
Title Year in pounds for 500 sheets .T}uckne?s
fo. ?‘-‘b‘ of paper 25 X 38 in. m 0.001 in.
lished
L N | Y L N | Y
1 1964 58 58 - 6.3 6.2 -
2 1960 52 51 51 4.5 4.5 4.6
3 1959 60 59 57 4.9 4.7 4.8
4 1958 62 63 60 5.6 5.7 5.5
5 1953 50 50 48 4.9 4.6 48
6 1953 51 52 - 6.0 6.4 -
7 1951 59 60 60 5.5 5.7 5.6
8 1951 56 55 55 5.2 5.2 5.4
9 1949 54 57 57 45 4.5 4.8
10 1948 47 49 48 5.0 5.2 53
11 1946 52 55 53 5.4 5.2 4.9
12 1941 61 61 59 5.5 5.7 5.4
13 1938 59 59 59 4.9 4.7 49
14 1938 83 81 81 6.7 6.8 7.0
15 1934 62 53 62 5.7 5.7 5.7
16 1934 48 47 48 4.8 4.7 4.6
17 1931 64 65 63 55 5.5 5.4
18 1931 64 64 65 55 55 5.4
19 1931 73 74 69 7.5 7.7 7.2
20 1930 67 66 67 4.1 3.8 4.1
21 1926 44 46 44 43 4.4 43
22 1923 61 46 45 49 4.8 4.5
23 1921 60 61 - 6.1 6.0 -
24 1906 80 77 74 8.9 8.8 8.4
25 1899 83 87 - 6.0 6.1 -

magenta stain resulted from application of the phloroglucinol solution.
The quantities of groundwood fibers are reported as none,

or as less than 5%, in Table 6.

2.324 Conracr pH

2.3241 Introduction
The pH of a paper,
the paper’s pH per s

14

. Year Groundwood fiber content
Title ub.
e lliashed Lawrence Newberry New York

1 1964 None None -

2 1960 » » None

3 1959 » » »

4 1958 » » »

5 1953 » » »

6 1953 » » —

7 1951 < 1%, < 1% < 1%

8 1951 None None »

9 1949 » » None
10 1948 » » < 5%,
11 1946 » » None
12 1941 » » »

13 1938 » » »
14 1938 < 5% < 5%, < 5%
15 1934 None None None
16 1934 » » »
17 1931 » » »
18 1931 » » »
19 1931 < 1% » »
20 1930 None » »
21 1926 < 1% » »
22 1923 None » »
23 1921 < 5% < 5% -
24 1906 None None None
25 1899 < 1% » -

less than 19/,

as conventionally expressed, is not a measurement of
e, but rather it is a measurement of the pH of a water

extract of the paper. This means that the acidity or alkalinity of paper is
defined as the pH value of a water extract of the paper. The pH value 'of
such a water extract is accepted as a useful indicator of the potential
permanence of a paper. Moderately alkaline papers noz.-n?ally have greater
properties of permanence than otherwise equw%lent acidic papers do.. The
rate of paper deterioration, caused by the ac1d—<':atalyzed h?'drolysxs of
cellulose, usually increases rapidly with a decrease in the paper’s pH value,
particularly below a pH of about 6.0. . .

Background on the meaning and use of pH w11.1 be provided now pre-
ceding a discussion of the literature and presentation of the experimental

15
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data on contact pH. Aqueous solutions and materials which contain water
also contain hydrogen and hydroxide ions. A small quantity of the water
(H20) naturally ionizes to produce equal numbers of positively charged
hydrogen ions (H+) and negatively charged hydroxide ions (OH-). Acids
and bases also ionize to produce hydrogen and hydroxide ions. Some of
the hydrogen and hydroxide ions encounter one another and combine into
water molecules during the course of their movements. At equilibrium, the
number of water molccules ionizing equals the number of water molecules
being formed. An analagous pattern of reassociation occurs with acids and
bases. It follows that water and aqueous solutions at equilibrium contain a
well defined average concentration of hydrogen and hydroxide ions at all
levels of acidity and alkalinity. Hence, the Law of Mass Action applies to
the ionization equilibrium precisely as it does to other chemical equilibria.
Water ionizes as:

H,O = H* + OH- (1)

and the ion product constant of water, ky, is a constant at a specified
temperature. For example, at 25° C,, ky, is defined by the equation:

ky = [H][OH] =1 x 104 ()

wher.e H*+ and OH- represent the concentration of the hydrogen and hy-
droxide ions in moles per liter. At 100° C., the ion product constant of
water is larger and has a value about 1 x 10-12

The conventional practice is to express the concentration of hydrogen
and hydroxide ions in terms of pH values. pH is defined by equation (3)
as the negative logarithm of the hydrogen ion concentration:

pH = —log [H¥] (3)

and similarly, the pOH is:
pOH = — log [OH -] (4)
The pH ax}d pOH are not independent expressions of hydrogen and
hydroxide ion concentrations. The equilibrium between the numbers of
hydrogen and hydroxide ions must be satisfied. The ion product constant

for water defines the relationship between pH and pOH. Equation (

. . . 2) can
be written in logarithm form as: )

log [H*] + log [OH-] = — 14 (5)
and in other words:
pH + pOH = 14 (6)
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Accordingly, since the pH value is defined to equal the pOH value when
the concentration of hydrogen ions equals the concentration of hydroxyl
jons, equation (6) indicates that a neutral point occurs at a pH of 7 in
water at 25° C. At 100° C., the neutral point would occur at a pH of 6
because the k,, at 100° C.is 1 x 10-12

The above equations indicate that the relationship between hydrogen
and hydroxide ions varies greatly with change in pH value. The probability
of acid-catalyzed hydrolysis increases tremendously with decrease in pH.
For example, since there are one thousand times more hydrogen ions
present at a pH of 4 than at a pH of 7, the theoretical rate of acid attack
(i. e., rate of deterioration) can be one thousand times more rapid at a pH
of 4 than ata pH of 7.

The pH of an aqueous extract of paper is usually acidic when a sample
of alum-rosin sized paper is extracted (soaked) in distilled or deionized
water. All of the pH values previously reported for paper in the literature
were determined by one or another extraction procedure. Unless the paper
has substantial buffering capacity, the extract pH may be affected to a
significant degree by the amount and the quality of the distilled or
deionized water. (The pH of distilled water can vary from between 5 and
6 to between 7 and 8 depending upon such factors as the quantity of alkali
and carbon dioxide dissolved from glass containers and air).

The pH values obtained by aqueous extraction methods give values
related to the hydrogen ion concentrations which exist within paper com-
ponents. The details of this relationship are not yet known. These pH
values are extremely useful but they should not be viewed as equivalent to
the pH values which actually exist within the paper. At the present state
of the art, it is not believed possible to determine the pH value within a
paper fiber. However, present day pH test methods do offer a means to
control manufacturing operations and do suggest the possible permanence
of a paper. The method of pH measurement must be identified and all pH
data must be interpreted with care because the best data are only crude
suggestions of the average acidic or alkaline condition which exists within

a paper substrate.
pap

2.3242 Literature and preliminary work

The contact method of measuring pH, as applied in this study, was in-
troduced by Hudson and Milne* It was subsequently considered by
Boustead,* Flynn and Smith,!' Huber,' Illukowicz,®* Palenius, Alander,
and Joselius,? and Stamm.” The findings of these authors indicate that
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comparatively good agreement can be obtained between the cold water
extraction pH and contact pH values and that the contact pH method has
particular merit as a non-destructive test. The quantity and quality of
water, interference of carbon dioxide from the atmosphere, period of
extraction (exposure to wetting), buffering capacity of paper, variation in
experimental results between laboratories, as well as the techniques of
measurement were considered by these authors in evaluating the contact
pH method.

Cambell and Bryant® demonstrated a method in 1941 which overcomes
the errors in measuring pH which are caused primarily by the reaction of
paper components with extraction water. They carefully extracted a
variety of different woods in a series of unbuffered aqueous solutions
representing a range of pH values. The solution which did not change its
pH value was taken to represent the true pH of the wood. The procedure
followed by Cambell and Bryant is certainly sound, but it is impractical
because of the time-consuming series of extractions necessary to establish
an estimate of the true pH.

Stamm® simplified the method of Cambell and Bryants and applied
their approach on wood to estimating the true pH of paper. Stamm used
fewer solutions and graphed the equilibrium pH values of the treated
unbuffered solutions against their initial values before the paper sample
was introduced. He took the point at which the resulting S-shaped curve
crossed the 45° line as the true pH value of the paper. Stamm compared
this theoretically true pH value to pH values obtained by a cold extraction
procedure and by a contact pH procedure. A number of Stamm’s experi-
mental values for the three methods are given in Table 7.

Stamm concluded that the contact pH method gives just as good estimates
of the true pH value as those obtained by the TAPPI cold extraction
procedure for the papers which he tested.

Flynn and Smith!"" challenged Hudson and Milne’s contention that the
contact pH value is an accurate predictor of the cold water extraction pH
value as measured by the TAPPI method »Hydrogen Ion Concentration
(pH) of Paper Extracts«.® Flynn and Smith base their criticism on contact
pH measurements taken within 5-10 sec. after wetting the paper, that is,
on extraction times of 5-10 sec. Hudson and Milne took their readings
120 sec. after wetting the paper. In Table II of their publication, Flynn
and Smith!! (p. 225) list contact pH values for five book papers at wetting
times ranging from 5 to 240 sec. At 120 sec., Flynn and Smith’s contact
pH values are excellent estimators of the cold extraction pH values which

18
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TasLE 7: pH of paper determined by different methods

pH values .
Extraction Buffer.mg
Paper time Cold capacity
True extraction Contact
i i 6.5 Low
Filter paper 15 min. 6.5 6.8
PP 60 min. 6.4 6.4 6.3 Low
Alpha dissolving pulp sheets 15 min. 5.0 57 5.1 Med}um
60 min. 5.0 5.4 5.0 Medium
Paper toweling 15 min. 5.8 6.1 5.6 High
60 min. 5.7 5.8 5.4 High
Kraft liner board 15 min. 75 7.5 - H}gh
60 min. 7.5 7.4 7.5 High

they report for these same five papers in Table 1'! (pp. 224-25). Two of
these book papers had the same pH values for both methods, two book
papers differed by 0.1 pH unit, and one bOf)k paper (the only coated paper)
differed by 0.4 pH units. It was found, in workmg out the contact pH
procedure followed at The Chicago Paper Testing Laboratory, that the
differences between contact pH and cold extraction pH values for book
papers decreased with the increase in wetting time. It seems, th?reforfz,
that the 5 to 10 sec. extraction time used by Flynn and Smith was lnSL.lffl-
cient to justify their reservations about the use 'of the contact pH tec.:hmque
for recently produced book papers. In addition, their data provides no
basis on which to evaluate the applicability of contact pH measurement to
older book papers. . '

Both Huber'? and Stamm? considered buffering capacity .when com-
paring contact pH techniques with other methods of estimating the pH
of paper. Their results indicate that the contact pH and cc;lld w}?‘tel:
extraction pH values are most closely related when the papers have hig

ities. o
bu'fIf;::gnthi:Cand TAPPI cold extraction pH values .for paper in fxfteen
books published between 1748 and 1964 were .determme(? at the (lihlcago
Paper Testing Laboratory in an effort 1o establish the valld.lty of } ; con-
tact pH technique for older papers. PlperQZ at The Insntt:itedo ?pe:l-
Chemistry, Appleton, Wisconsin, verlf}ed _these pH dat.a an \ etle{rml?e
the buffering capacity for the paper in six of these fifteen books after
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DIFFERENCE: COLD EXTRACTION pH — CONTACT pH (60 sec.)

trimming off the margins from the leaves tested. He noted the differences
between the contact and the TAPPI cold extraction pH values were
greatest when the buffering capacities were least, thereby confirming the
work of Huber'? and Stamm.” As shown in Figure 2, the differences
bet\?veen the contact pH and the TAPPI cold extraction pH values plotted
against buffering capacity were linear with respect to age for five of the
six books. The buffering capacity increased with increasing age of the
papers. Figure 3 indicates that the difference between the contact pH and
the cold water extraction pH values decreases with an increase in age of
the paper, that is, with the date of book publication. The implication of
Figures 2 and 3, insofar as this study and the larger Newberry Library
study are concerned, is that the contact pH and TAPPI cold extraction pH
values become more accurate estimators of the true pH as the age of the
paper being tested increases. The TAPPI hot and cold extraction pH
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values® of a paper likewise tend towards the same value with an increase
in the paper’s buffering capacity. It seems reasonable, therefore, to assume
that Flynn and Smith’s reservations'! may be discounted and. the contact
pH method may be applied to the measurement of pH for all library paper

materials.
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DIFFERENCE: COLD WATER EXTRACTION pH — CONTACT pH (60 sec)

Wetting time, the period of exposure ot extraction time w.hich begins when
the paper is wetted and extends until the contact pH is read, h::ls been
related to the differences between the contact pH and co!d extraction 'pH
values. In the preliminary work for this study, the extraction time required
to obtain a steady contact pH reading was f?und to l.>e rfelated to the ’;;;:‘e
of water take-up, that is, to the degree or quality of sizing in the paper. This
preliminary work also demonstrated that contact pH va.lu'e varies rlx:ore
across a leaf of a book, probably an effect caused by acidic gas pick-up
from polluted atmospheres, than this same contact pH value varies with
extraction time, from twelve up to 300 seconds. quay book papersk are
not normally heavily sized because different practices by plalpcrrpa ers,
printers, and readers (for example, the introduction (.>f the ba 1 p}c:mtbpen
in the late 1940’s) have resulted in 2 change of requxrerpents.d t ':ils ke ::
noted that the quality of sizing in book papers has deteriorated with time.
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Rare books, which probably tend to be older, were not mnvestigated in this
study and it is possible that the degree of sizing deterioration may be

different in this class of books, particularly because early papermakers
applied large quantities of gelatin size.

2.3243 Experimental procedure and data

An E. H. Sargent Chemical Company Model LS pPH meter equipped with
their flat-headed glass electrodes, Numbers S~30050-19 and S-30080-15c¢,
was used in this study to make the contact pH measurements.* The elec-
trodes were mounted in a holder, supplied by Sargent,
and down a pole adjacent to the pH meter. The paper being tested was
placed upon a one half inch thick polyurethane sponge covered with a sheet
of polyethylene. The pH meter was standardized with pH 4, 7, and 9
buffer solutions at the beginning of and at intervals
PH measurements. Deionized, freshly boiled water (cooled to room tempe-
rature) was used to rinse the electrodes and wet the paper. The electrodes
were rinsed, wiped dry with tissue paper, neutralized in a pH 7 buffer
solution, and rinsed again between pH measureme
wetting water was minimized to reduce the brown
trolled by picking the drop off one electrode and obs
on the other electrode remained the same from measurement to measure-
ment. The electrodes were slid gently down the pole into contact with the
paper, moved in a small arc to spread the drop of water, and then allowed
to rest by their own weight on the paper. The extraction time was stan-
dardized with a stop watch with the time beginning when the electrodes
came to a rest on the paper. A stream of nitrogen gas was directed down-
wards between the electrodes to sweep over the paper during the contact
pH measuring procedure. The purpose of this nitrogen gas flush was to

maintain a neutral atmosphere and minimize interference from carbon
dioxide in the atmosphere.

For the experimental work of this |
time of 10-15 sec. (normally about
compromise between the quality of da
15, the 12 sec. extraction time was cho
estimate was considered sufficient to

designed to slide up
during each series of

nts. The quantity of
line cffect and con-
erving that the drop

nvestigation, contact pH extraction
12 sec.) was selected as a realistic
ta desired and funds available. That
sen because the accuracy of this pHl
meet the purposes of this study; this

# Recently, Beckman Instruments, Inc., Fullerton, California, introduced their »flat bulb

combination pH electrode No. 39182 « This Beckman combination electrode is con-

sidered more convenient for measuring contact pH than the two electrode system used
in this study.
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TasLE 8: Contact pH values for the middle of the center page

Lawrence Newberry NewYYork
Title Ye;r Page L N
u ‘ .
" 1ihed e 12 sec.l 30 sec. ] 60 sec.| 12 sec. ! 30 sec. l 60 sec.{12 sec.' 30 sec. ‘ 60 sec
75 - —~ -
: 1960 265 S ex zjz Zig 222 2.60 625 640 6.50
65 6.30 6.40 . X X ' g
i 13(5)(9) f75 680 685 695 ( 680 6.90 ;gg 670 6.85
' ~ . 3.90 .
) P e Tos ;gi 3.95 e 385 4.00 4.10
e ' . 350 355
5 1953 275 | 3.80 3.65 3.60 | 3.50 3.50 ;iz 3.“35 ki 3
6 1953 149 | 3.40 3.50 3.30 | 3.45 3.45 4.00 o 405 a0
7 1951 50 | 420 420 420} 395 400 ‘25 3.10 405 410
8 1951 200 330 330 330 330 3.25 :.40 4.75 e
9 1949 166 575 550 5.45 ) 535 5.35 \ .

3.60
10 1948 215 | 370 375 375 (;'ji) (;jg) B g.gg
‘ 90 3.
11 1946 100 | 395 390 3.90 | 4.00 3.9 ;.32 ;Zg ;ss 390
12 1941 250 | 375 370 3.65 | 3.80 375 3.55 3.20 285390
13 1938 210 | 360 3.55 3.55 | 3.50 3.50 .80 3465 24030
14 1938 45 | 390 3.85 380 | 380 380 3. 3.75) on o
15 | 380 3.80 3.80 | 360 3.60 3.68 (4.” 4.}30 70
iz :Zgi 280 | 470 4.65 460 | 450 445 4.;0 4.20 50 443
17 1931 750 | 4.40 430 420 | 445 430 :.20 4.00 125 42
18 1931 247 | 3.95 410 430 | 4.10 4.(1); 3460 3:4’ 4o 410
19 1931 165 ) 3.60 3.60 3.60 | 3.60 3. 4.35 250 sl
20 1930 275 | 430 420 420 435 435 4.20 365 26 A%
2t 1926 285 | 430 425 425 ) 410 415 4,10 3.40 405 410
22 1923 223 | 410 4.10 410 | 430 4.22 3.65 4 - <
23 1921 85 | 3.75 385 3.8; 370 3.7 )
24 1906 57 (i'ZQ) (‘:g? (:‘Iﬁ) 440 450 4.55 [(4.40) (4.40) (4.55)

3.40 | - -
25 1899 95 | 345 355 3.65 | 330 335

introduced
estimate could be obtained at a reasonable cost Tnd et}:lir;geox'rolf’nrfeadings-
was considered less important than the value of 3 fargwork where a highly
This 12 sec. extraction time is not reCOfnmen.ded K;  raction time of at
reproducible estimate of the pH val_ue ° desxrek; improve reproducibility,
least one, preferably two or five minutes, ;Ouweu_ :i)zed papers.
particularly for tests with recently produced or re given in Tables 8, 9,

The results of the contact pH measurements aré g
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Taste 9: Contact pH values for the margins of the center page
Top margin ide i
Tidle Year Page il e margin
o, ?ub- o, L N Y L N Y
lished 12sec. | 12sec. | 12sec. | 12sec. | 12sec. | 12 sec.
{ 1964 181 6.40 6.05 - 6.50 6.45 -
2 1960 265 6830 640  6.15 660 665 6.10
3 1959 175 6.80 665  6.05 670 660  6.10
4 1958 150 400 385 380 405 385 3.75
5 1953 275 395 3.5 3.65 3.85 350 340
6 1953 149 410 410 - 390 375 -
7 1951 50 420 405  3.95 425 400 385
8 1951 200 350 335 3.30 365 340 330
9 1949 166 545 495 4735 535 515 430
10 1948 215 390 335 3.85 335
(370)  (3.80) (3.85) (3.75)
11 1946 160 400 370 380 400 395 3.75
12 1941 250 3.85 3.55 3.50 390 3460 3.50
13 1938 210 375 330 3.30 430 345 3.45
14 1938 45 420 390 345 4.45 3.60 3.70
15 1934 15 420 395 (345)| 385 355  (3.50)
16 1934 280 465 390 3.5 +60  4.00 3.60
17 1931 750 490 400 3.60 465 400  3.85
18 1931 247 430 3385 360 435 395 3.90
19 1931 165 420 375 370 3.95 3.65 3.65
20 1930 275 445 410 380 450 370 345
21 1926 285 445 420 360 | 430 390 3.65
22 1923 223 425 410 3.60 420 390 335
23 1921 85 400 350 - 395 3.40 .
24 1906 57 490 450 (420) | 475 455 (4.20)
25 1899 95 3.55 3.20 - 370 320 -

and 10. Table 8 lists the results on the center page for 12, 30, and 60 sec.
wetting times. Table 9 lists the results on the center page for 12 sec. wetting
times at the middle of the top (head) margin about 0.5 inch in from the
edge of the leaf and at the middle of the fore edge (side) margin about 1
inch below its center. Table 10 lists the results for 12 sec, wetting times on
the other two leaves tested.

The composition the pH data in Tables 8, 9, and 10 represents a code to
indicate different testing times. The body type ciphers represent pH values
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Taste 10: Contact pH values for the middle of the first and third pages

First page Third page
Title Yeax L N " Page 7 N >
no. published Page
no0. {12 sec.]12sec.|12sec.| 99 {12sec.{i2sec.|12sec.
11 675 645 - 365 635 660 -

; :ZZ; :88 655 650 6231 525 635 630 6.10

3 1959 117 615 625 600 343 640 625 545

4 1958 100 375 380 370 280 375 390 370

5 1953 180 370 370 340 350 370 365 345

6 1953 100 3460 345 - 299 365 355 -

7 1951 33 495 3.95 425 100 430 430 4.0

8 1951 133 350 3.45 3201 400 340 330 j,zo

9 1949 1311 4.85 510 460 ] 333 490 4380 3,50
10 1948 140 370 365 (375) 420 355 370 ,:ro)
11 1946 66 405 400 270 ( 190 400 390 375
12 1941 166 380 3.85 380 495 395 3.95 ﬁ?
13 1938 141 360 340 345 420 365 360 3.55
14 1938 31 370 3.80 335] 91 390 400 -
:Z i:: 180 460 460 415 { 550  4.60 4.60 4.;;
17 1931 161 5.0 490 445 | 493 420 4.2? :.za
18 1931 665 390 405 395 1006 395 40 3.80
19 1931 110 3.85 380 370 320 405 405 3,95
0 1930 187 460 410 390 ) 551 420 460 3.85
21 1926 190 415 420 385 570 430 420 3.95
22 1923 145  3.80 415 375 ;;Z; ;;i ;;: S

40 365 -~ . .

ii :Zé(i ii i.eo 450 (435)] 110 495 4.73 (4.35)
25 1899 63 345 340 - 189 365 37 -

obtained during one series of measurements, the italic type ciphers re;:;ese;;
PH values from aunother series, and the bracketed ciphers Jeprese 1-Pc
values obtained on a third testing occasion. On some occasions, rep xcahe
measurements were made and recorded. There are reasons ;10 quesmc)? t};
replicate values because wetting and drying may C~h ar’}geblt eSCO;ltz;ndPIO
value of the paper. All the pH daa are p resented ;n . efsor “differences
and no adjustments have been made for outlying dara o;surements were
oceurring between testing occasions. When l’ephcatelx’nes in 3: Discussion
made, the first (higher lying) pH value was used for analyses in 3:

of laboratory results.
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2.335 M.I. T. FoLDING ENDURANCE

Folding endurance has been used more than any other test to evaluate the
deterioration in paper caused by accelerated or natural aging. The M.1.T.
folding endurance test was selected for use in this study because it measures
the ability of papers to resist handling and use, it is very sensitive to the
changes which occur in paper on aging, and it is a convenient and widely
appreciated test. However, in fundamental research, folding endurance is
not necessarily the best physical test to evaluate the effects of aging and
use. Tearing energy absorbtion and fiber strength tests might be more
suitable for such research and deserve consideration by future investigators.

The folding endurance test may be considered as a fatigue test. Actually,
it is a modified tensile strength determination with the results determined
by the ability of the paper to flex and stretch. The initial folding endurance
folds do not greatly affect the tensile strength of papers in good condition,
possibly because the fibers are being stretched. Thereafter, the tensile
strength of the paper falls off.

This study generally followed the M.I.T. folding endurance procedure
given by TAPPI method »Folding Endurance of Paper«,? except for the
following variation. The test strips were prepared by mounting the die cut
samples between two holding strips of paper with pressure sensitive
(Scotch) tape. The tension or load on the M.1.T. folding endurance instru-
ment was set at 0.5 kg. because the paper in many of the test books was
already so weak that its folding endurance value at 1 kg. would have been
zero folds.

The samples were positioned during the test to insure that the breaking
point was approximately 3/8 inches from the end of the die cut sample
closest to the text. The copies of each title were tested together and
sequentially: (1) Lawrence University, (2) The Newberry and (3) The New
York Public Libraries. All measurements were made by the same technician
on the same M.I.T. folding endurance instrument. The instrument was
overhauled before the testing commenced and was frequently standardized
with a 500 gram weight during the testing.

The M.1.T. folding endurance raw data were tabulated in Table 11. In
other work unreported to date, it has been verified that folding endurance
data are distributed log-normally. Hence, the M.I.T. folding endurance
data were changed to their logarithmic values in Table 12. The use of
logarithmic data reduces the variance and otherwise improves the statistical
analysis. The frequent practice of analyzing the logarithms of the means of
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. . . i< and
M.LT. folding endurance replicates introduces a bias into the analysis an
this practice was not followed in this study.

2.336 Sonic Dynamic MopuLus of ELasTICITY

i i ing stress 1s called
The study of deformation and flow of materials underg(;mg s s is called
rheology. Rheology refers particularly to the s.tudy 0 m;terl Thos
elastic properties lie between those of ideal solids and or u:ia..ry qu b.
1 1 1 iscusse
Paper is such an intermediate material and its rheology is y
23
Mason? and Rance. . -
The elasticity of any material is that property v'vhlch fcnablt?s the rgat ol
to undergo deformation and to return to 1ts orlgma.I dlmen51f)nsdw en A
deforming stress (force) is removed. Such elastxcltly lxls detehrmull)e .molr:':l.ty
i its origi than by its ability
ili 1 to recover its original shape
the capability of the materia : . y
to be l()ieformed or extended. Paper, like many mater.lals, can l}e 'eXte;iea \
i i ts original size.
unt and will return to 1 :
or stretched by a certain amo . ' That
is, when the stretching force (deforming stress) 1s relegsed, tbe ngzlus il
NANE . . -
re’turn instantaneously to its original dlmensxons..'l"he ynamic nodulus of
. 3
elasticity of a paper largely defines the paper’s ability to recover its orig
dimensions instantaneously. - . .
In this investigation, it was not feasible to follow conventional practice
n 1 ’ « . _
hen determining the dynamic modulus of elasticity. A nonhdestrucnve
when ' fve
test which measured the speed of ultrasonic sound pulses. tl:iroug 'Pape; l
1 i ic modulus
selected instead with the intention of computing the sonic grr}arln modulus
of elasticity (sonic modulus) as a measure of paper emﬂr)n:t ement. h
sonic modulus is determined by such paper ;.)r.opertles' as fiber o(;-lexlta;: 0;
achine or cross direction, stiffness, elasticity, resxhex;cei) and sta g
e i i ing. Un-
fatigue. The latter properties are particularly affecte y agf g n-
ortuna connecting the stress-strain property of porou
Y d of sound is neither completely under-
implici od and its non-
stood nor adequate. Nevertheless, the sxmphmty c?f the fnet.h d and its non-
destructive character made it appropriate to this mveftfganlo . : nfes ind
i efere
on sonic modulus, details of earlier work, and au?d;tlgi:;tt;.ee7 s are
’ 1
available in Back, Htun, Jackson and Johanson, Py lorj-"5,
] . . :
and Taylor,® 1* Jackson and szelm,‘f3 am{ Ylalm::j :: o f}; o required to
i i ids is directly rela : !
The velocity of sound in soli ; e
stretch or extthd the solid and inversely relatedhto .1tsldbeUt ;};riodic occur
i i ca .
olids as a mechani :
because a sound wave travels in s : . T e s of
A sound wave typically travels fastest in materials with a hig

fortunately, the theor.
materials like paper with the spee
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CHAPTER 2

elasticity, that is, resistance to stretch. Hence, the speed of sound increases
in the following series of materials: rubber, wood, steel.

The sonic pulse velocity was measured using the Dynamic Modulus
Tester PPM-5R with the Planar Mount Option manufactured by H. M.
Morgan Co., Inc., Cambridge, Mass. In the PPM-5R Instrument, a ceramic
piezoelectric transducer propagates a longitudinal sonic pulse in the leaf at
a frequency low enough to ensure complete damping before the succeeding
pulse is generated. A receiving transducer at a measured distance from the
transmitter is used to convert the sonic pulse into an electronic signal. The
sonic pulse velocity is obtained from the distance and time interval between
the emission and reception of sonic pulse. The velocity might be used to
compute Young’s modulus of elasticity, E:

E =oV? (1 — 2 (7)

where o is the apparent density and ¢ is Poisson’s ratio. The fiber or
apparent density of paper, »o«, ranges from 0.6 to 0.7 for book papers.
Poisson’s ratio, »p«, is small for paper and it is conventionally neglected
when computing the sonic modulus. This disregard of p means the equation:

Eaiw;c V2 (8)
does not represent Young’s modulus but rather some function thereof,
namely the sonic modulus.

Originally, it was planned to use Craver and Taylor’s equation to com-
pute the sonic modulus because the basis weight of the papers in the
duplicate copies was anticipated to be approximately the same. However,
the paper from New York Public Libraries books had consistently lower
basis weights than the paper from the books of the other two libraries.
This raised a question as to the appropriate value for the fiber density. An
analagous difficulty was encountered when thickness was substituted into
the equation. Another objection developed because the basis weight and
thickness measurements were made at the edges of the leaves whercas the
sonic velocity was determined for the center of the leaves, There seemed to
be no satisfactory solution by which the use of this equation could be
justified.

The quantity E,fs, however, provides a reason to evaluate V2. This is
particularly true if one assumed, as this investigator did, that the fiber
densities are identical in the duplicate copies of a title.
equal fiber density and basis weights is tested,
stretches least per unit width under a given load

When paper having
the paper sample that
is the sample with the
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Experimental Procedures and Laboratory Results

TasLE 13: (Sonic velocity)? = V2

3
vz = ]/z (Ve) (Vm) | 3
Title no. Year published 1
Lawrence Newberry New York

1 1964 5.53 6.22 -

2 1960 5.67 6.31 5.95

3 1959 5.11 5.52 5.26

4 1958 5.69 5.44 5.45

5 1953 3.85 411 3.79

6 1953 4.61 7.50 -

7 1951 4,85 5.07 4.95

8 1951 5.94 578 5.36

9 1949 4.51 4.70 4.79
10% 1948 5.86 5.59 6.49
1 1946 4.80 5.47 5.06
12 1941 4.82 5.53 4.74
13 1938 4.69 493 4.79
14 1938 5.73 6.52 5.69
15 1934 4.02 4,94 6.37
16 1934 6.04 6.18 6.24
17 1931 6.10 5.35 6.35
18% 1931 5.73 5.97 5.32
19 1931 4.80 4.85 5.15
20 1930 5.15 5.60 5.70
21 1926 4.89 5.35 4.85
22 1923 4.63 5.05 8.36
23 1921 5.53 5.69 -
24% 1906 3.93 4.50 4.74
25 1899 3.44 3.92 -

* Jdentical pages were not tested.

highest E,/s. This implies that the value of V2 should increase with increase
in embrittlement. That is, a decrease in resilience and elasticity should
parallel an increase in stiffness and state of fatigue. '
The sonic velocity for each test page was determined in both directions
along the center two axes of the page. Several measurements of. sound
velocity were made in microseconds over distances from 2 to 10 centimeters
and recorded on the graph of the instrument. The average transit time in
microseconds over a 10 centimeter span was computed from the slope of the
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CHAPTER 2

time-distance plot of these measurements. This transit time value was
subsequently converted to V2, sonic velocity. A typical instrument graph
and example set of computations are given in Appendix 2.

The V2 values, as measures of change in E4/o, are tabulated in Table 13,
as the square root of the means of the products of the cross direction and
machine direction V2 values for each copy:

V% (V&) (Vi) | 3 )

The V2 values for the cross and machine directions of the pages tested in

the various copies are given in Appendix 2. The raw data are available
from the author.

CHAPTER 3

Discussion of Laboratory Results

3.1 INTRODUCTION AND STORAGE CONDITIONS

One purpose of this investigation was to determine whether the condition
of paper in identical books is affected by storage conditions. Hence, before
discussing the experimental results, it is desirable to establish what these
storage conditions might have been. The elevations and latitudes of Apple-
ton, Chicago, and New York are similar, and all are located on or near
bodies of water. Appleton might be somewhat cooler and drier, but on the
other hand, the Lawrence University Library book stack would be heated
for a Jonger period each year.

The Lawrence University and Newberry Libraries have been air con-
ditioned since 1961. The humidity and temperature levels are controlled
and dusts are removed by filtering. In addition, the air of the Newberry
Library is washed to remove acidic gases. Plans have been formulated but
as yet the general collections of The Research Libraries in New York are
not protected by air conditioning.

Table 14, »Quality of Air in Appleton, Chicago, and New Yorke, is
based on data from the U.S. National Air Surveillance Networks of the
U.S. National Air Pollution Control Administration.’® There are no state
or federal sampling stations in Appleton or vicinity and data is given for
Madison and Eau Claire, Wisconsin, where the air quality is believed to be
similar to that of Appleton. The Chicago sampler is located on the City
Office Building, 320 North Clark Street; the Eau Claire station at 314 East
Grand Avenue; the Madison station on the City-County Building, 202
Monona Avenue; and the New York station on the Harlem Courthouse,
170 East 121st Street. Three fractions are listed under suspended parti-
culates, the benzene soluble organic matter (B.S. Organic), water soluble
nitrate compounds, and water soluble sulfate compounds. The SOz and
NO: are collected in reagent-filled bubblers. Each annual average is derived
from twenty to twenty-six 24-hour samples collected throughout the year.

New York City is more seriously polluted than Chicago, and by com-
parison to these cities, Eau Claire and Madison appear to be practically
non-polluted. In another publication,** the author has reviewed the effect
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TaBLE 14: Air quality in Appleton, Chicago, and New York City?
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tants in micrograms per cubic meter of air. Italic face ciphers

1. Source: U. S. National Center for Air Pollution Control, Cincin-

present estimated concentrations of sulfur dioxide or nitrogen
dioxide in parts per million of air computed by the author.

3. Sampling site changed in 1969.

nati, Ohio, and U.S. Environmental Protection Agency, Research

Triangle Park, North Carolina. Personal correspondence.
2. Body face ciphers present the measured concentrations of pollu-

Discussion of Laboratory Results

qf air p(_)Hution on library materials. His findings indicate that the quanti-
ties of either NOz or SOz which occur in the atmospheres of Chicago and

New York City would provide more than enough hydrogen ions to destroy
unprotected books.

3.2 Boox EvaLuaTiON

The books from The New York Public Library were used much more
frequently than the copies from the Lawrence University and The New-
berry Libraries. The degree of difference in use levels can be appreciated by
an analogy with the conditions of books in most other libraries. The New
York Public Library books look like heavily used ready reference books
while the books from the other two libraries look like the remainder of a
library’s collection. The appearance of the Lawrence University books
suggests that they were used somewhat more frequently than those of The
Newberry Library. The bookbinding cloth, particularly at the spines, of
the copies from The New York Public and The Newberry Libraries appears

more embrittled than the cloth of the Lawrence University Library copies,

The top-edge of the books from The Newberry Library were the most

dirty, the top-edges from The New York Public Library were intermediately
dirty, and the top-edges from the Lawrence University Library books were
the cleanest.

The high level of rebinding at The New York Public Library (52 %) as
contrasted to that of The Newberry Library (8 %s) and to the entire lack of
rebound copies from the Lawrence University Library invites speculation
about the cause of rebinding. The amount of rebinding must correlate with
patron use, particularly since selection for rebinding must occur principally
during sorting for reshelving. That is, the binding breaks when the book is
taken from the shelf or during some other use related procedure and the
need for repair is noted prior to reshelving. Observations based upon selec-
tion for rebinding are valid measures of effect but they are not necessarily
related to the cause (or causes) of binding failure. The real cause (or causes)
is defined as that cause (or causes) which sets up the conditions for binding
failure. This cause might be patron use, but it is more likely that the
chemical reactions which occur during storage make binding failure
inevitable.

Various components of book bindings, for example, binding cloth, hinges,
tapes, cord and thread, end papers, head caps, etc, are cellulosic and
consequently have chemical properties similar to those of paper fibers.
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Kimberly!” demonstrated that sulfur dioxide, at concentrations approaching
those of polluted urban enviroments, caused the average paper to loose
15 per cent of its folding endurance in only ten days. The bindings
of the books in this study were not evaluated for pH, but an observation
based on studies of the deterioration of leather bookbindings can be
made. Veitch, Frey, and Leinbach® reported pH values lower than
1.5 for leather removed from the spines of books obtained from the
collections of the John Crerar Library, Chicago, Illinois, The New
York Public Library, and various libraries in Washington, D. C. The
air around The Research Libraries of The New York Public Library
has been and is highly polluted with acidic gases such as nitrogen and
sulfur dioxides. The unprotected spines of cellulosic bookbindings presum-
ably take up substantial quantities of these gases in polluted atmospheres
and the rapid deterioration of the spines of such books should not surprise
librarians. It is doubtful whether the most resistant cellulosic bookbinding
component could have much, if any, durability or permanence at one
hundredth (a pH of 3.5) of the hydrogen ion content reported by Veitch,
Frey, and Leinbach. It is likely that book spines composed of ordinary
bookbinding components deteriorate significantly within a few months of
recept and their premature failure is determined by library practices when
books are stored in the highly polluted atmospheres of some American
cities.

Librarians might weigh the costs of book repair and replacements
against the costs of reducing the rate of acidic gas pick-up. Methods of
removing acidic gases from library air and improving the resistance of
bookbinding materials to acidic attack are appropriate subjects for
discussion and further investigation. Librarians do not control book
manufacturing practices, but they can set an example through specifications
for binding originating in libraries. Librarians can seek sources for and then
specify the use of hinges, tapes, and cords, etc., containing an alkaline
buffering agent and bookbinding cloths coated with an impermeable barrier
layer, such as a polyester plastic film like Mylar. It might also be rewarding
for librarians to deacidify and seal the spines of newly received books
which have porous, cellulosic bindings.

3.3 Basis WeIGHT, THICKNESS, AND GROUNDWOOD Fiser CONTENT TESTS

The results of the basis weight, thickness, and groundwood fiber content
tests imply that the paper in the various test pages was not precisely the
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same from one »identical« copy to another »identical« copy. The‘acmal
picture is unclear because random test samples were used fc?r the- thlu;kness
and groundwood fiber content tests and, as a consequence, 1d;nt1?al eaves
were not compared. Certain samples tested from some of t e tit e.sf.con-
tained small and, insofar as permanence is con‘cemed, pro_bably insignificant
quantities of groundwood fibers. Commeraall'y sp.eak.mg,.a pz;.per.i)xt-
taining less than 5 per cent of groundwood fiber in its fiber urfinsh is
defined as groundwood free. The presence of }ess thax} 5 per cent 0 ; ese
fibers in some copies suggests that the paper in certain le.aves came from
different production runs or from different locations during a gll.ven rm;].
These variations probably indicate that the‘papermakerl was rcfczc ing sr‘nad
quantities of scrap or feeding in some deinked material Whlcl (;:ontame
groundwood fibers. These fluctuations were too small to preclude a com-
parison of other test data, but they were suff1'c1ent to r.nake compu}:au;)ln
of the sonic dynamic modulus of rupture undesxfable. Itis unclear (Ivl‘yhct e
paper from The New York Public L_ibrary copies was thmnelx..-ban ieslgT }:
than the paper in the duplicate copies from the other two librar o: The
differences might have been caused by erross of measutemefntdor m xst.o
hysteresis, but such differences coullc-i al.so be a-reS}Jflft o eterxor:sxaz
and/or patron use. The need for clarification of this difference presen

interesting opportunity for future investigation.

3.4 ContacT pH

The contact pH data given in Tables 8, 9, a.nd 19 are tabuliteg in Taibol;
15 and interpreted by Figures 4-9 as regression lines qf thle 1}1’ rogene on
content on the age of paper. Table 15 and Figures 4-9 imply tdatt ngation
typically manufactured is acidic enough to ur}dergo severe ihe resent
and that storage conditions have a ‘powerful mfluex}ce EPOE ok: gf The
day acidity of library paper materxal§. 'I"he paper in the L?b O coh,
New York Public Library is most acidic, in The NCWb%rY : rt r}I’,ibmr}’
intermediately acidic, and in the books of t}}e Lawrence ?gﬁrsxﬁ; e
the least acidic. The margins of the leaves in the books 3’ he e ot
Public Library and The Newberry Library are more act th lt ar;s e e
of the leaves but this acidity relationship is reversed in the eavdistribution
books from the Lawrence University Libfar)'- The ge-rceTr:;{geeIS
of the contact pH values given in Table 8 is tabulated in acidic and 52.4 Yo
The contact pH values summarized in Table 12 are;;rI);PI cold extraction
fall below a pH of 4. By contrast, only 0.7 %o of the
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TasLE 15: Percentage distribution of contact pH values
at middle of center page

pH values between Lawrence Newberry New York
3.00-3.99 54.1 48.0 55.6
4.00-4.99 29.7 36.0 349
5.00-5.99 4.1 4.1 -
6.00-7.05 12.2 120 95
Total 100.1 100.1 100.0

pH* values reported by the Barrow Research Laboratory® and Church?®
fall below a pH of 4.

The initial step in graphing the contact pH data was to change each pH
value into a factor reflecting the number of hydrogen ions in a liter of
aqueous solution as explained in footnote *, p. 2. (Hydrogen ion content
theoretically provides a better guide to the probable rate of deterioration
than the pH value does because hydrogen ions, not pH values, catalyze the
hydrolysis of cellulose. As noted previously, pH values can be misleading
because pH values are computed from a logarithmic function of the
hydrogen ion concentration). Then the hydrogen ion factors were regressed
according to Brownlee® (pp. 338-42) on the number of years since the book
was published to obtain the least squares regression lines in Figures 4-9.
The number of years since publication or printing were assumed to be an
accurate estimate for the age of the paper. The pH and year of publication
are given as secondary axes at the bottom and right side of the figures to
serve as guidelines.

Appendix 3 tabulates the hydrogen ion data used to compute Figures 4-9
as well as the equations of the regression lines and their intercept values.
The hydrogen ion data for Titles 1, 6, 23, 24, and 25 were excluded from
all analyses because of incomplete, non-comparable, or out-lying (time)
data. In addition, no first and third pages were tested in Title 15,

Figures 4 and 5 interpret the data of Table 8 as the middle of center page
contact pH regression lines. Figure 4 arranges the regression lines by time
of exposure and Figure 5 organizes the same lines by individual library.
The regression lines for the paper in books from the Lawrence University
and The Newberry Libraries have negative slopes while those for the paper
in the books from The New York Public Library have positive slopes. The
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pattern of decreasing acidity with increasing age fo'r the Lav;rigce a:l:
Newberry books probably occurs because the paper in sc.)?e o 1 em re
recent books is unusually acidic. The effect of thgse act 1c1 vla ueﬁ is N
see-saw the lines downwards retrospectively and to imply fa se yht ;t tke
older books have less acidic pH values. In contrast, fhe paupe:,x('i in t.eh ooks
from The New York Public Library becomes increasingly aclx) 1;1 w;t nmet.
The sample of books studied appears to be unusual and proba hy 1oes n;{
reflect the true situation in libraries for two reasons. F'l;:tzi tbe kow ise
values for the paper in some of the more recently publis ; - oos‘st caa e
the regression lines representing the b{)oks from Lawrenlce {nve; 1f};lsel
The Newberry Libraries to have negative slol?es. These s1 :i)pes '}r}r:: ya e it};
that a paper may become more alk.alme. as it grows o ler.. c ;:tfon 1
books from The New York Public .Lzbrary apparently 1sb If s ir);
affected by air pollution that the acidic values for recent pu lc'z :
overridden and the paper in the older books becorr}es the mo;t acidic. L
Second, the data from the original Newberry ler.ary st;x y suggest t i:h
it is unlikely for more than one book out of t.went.y—fw?1 to 11:itvfe Page: v: t
a pH above 6. There were three such books in this study, all found among
th(EI'I}:“(;) S:f;:z:n;fpryt)tl:zz:ilgﬁs.time has implications of interest to li.br.ariafxs.
The pH values for paper in the Lawrence books bec;me more ac;zl;cn c\;::h
the increase in extraction time. This sugge;iytgfsg:neioizp;; sc :s con Th);
components or fiber furnish act as sources o ; . ase of The
ic Library, however, there was a decrease in acidity Iron
E\VI:XVZ 0:: It):lt:’ltl; I::d :;xty seconds exposure indicating the paper’s

s or fiber furnish are taking up the hydrogen ions.

secondary component nish 2 sen ot
Hence, it seems that the greatest acidity in New York books occu
, bly as a consequence of storage

surfaces of the paper components, presuma ly as o consequence of storage
conditions, whereas the greatest acidity of the
Y

within the components, perhaps as a consequence 9f manllea;cture ;}: :z;\tll;:}
degradation reactions. The acidity of the paper = blfo 5 roni‘ln the books
berry Library books fell in between the acidity of the pa;;)erl -
fmn: New York and Appleton at time of test suggesting a balance betw
the surface and interior effects had Ee?? t::: tg;)s;'eg;mding and fiber surface
This pattern of acidity suggests that inter-ibex Lib
maerial probably were artacked more severf:,y lquh;jjteh:rYi'z:’tstilgart?oryn
. her two libraries. .
books than in the books from the othet d
is wasrrantr::énbecause this external acidity could have dest;rozifed 1}1:)0; ::;:n lf;%
between paper fibers and may explain the more rapid deter
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FIG. 4. Middle of center Page contact pH regression lines arranged by time of extraction.

paper at The Research Libraries,

gases of air pollution penetrate t
York Library books.

Figures 6 and 7 interpret the data from Tables 8 and 9 as the middle of
pPage 12 sec. contact pH regression lines. Figure 6 arranges the regression
lines by pages tested and Figure 7 organizes the same lines by library. The
pattern of increasing acidity from the Lawrence to The Newberry to The
New York Public Library continued although the regression lines for the
third page imply a slightly less acidic condition in The Newberry books
than in those from Lawrence. It is not clear why the third page is least
acidic, the first page intermediately acidic, and the center page most acidic.
Presumably, the pattern is correct because the pH data for the Lawrence
University and The Newberry Librarjes were obtained primarily on a
single occasion and most of The New York Public Library data were
obtained at another time. The explanation probably goes back 1o the point
of manufacture. It is also possible that the back cover of the book provided

Figures 4 and 5 also indicate that acidic
hroughout The Newberry and The New
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ed by library.
FIG. 5. Middle of center page contact pH regresslon lines arrang y
i nt, whether or not

rotection to the leaves in the last signature. In any :fv:cn;re recher or nox
Ph fic tion in pH goes back to time of paper manul ® the va alon
in o is mo great. It would be difficult, if not impossi ,l o 2ot
i t ver . d! possb
m pr lstngers :oy reduce the variaion of about 0.1 pH u p
manufactu

1 ion lines.
Lawrence Library regression lin

i 'n . .
Figares 8 and 9 interprer theIilnargsg,lresrs,ion lines. The 12 sec. regression lines
ntact pH re
center page 12 sec. O

included to provide. a basis f9r
for the. middle 9f the8 C:}?:e:e;?:;oir;ines are arranged by hbrar: an‘ }llr;
;(?mpar‘;sotr;;elgafrf l;ir:es’are organized by el:l)c?txon :}I:etz: ;:::tie; fh eg ];ooks

igure 9, are or| ed b o

e increasm%} a;;(:;:i)'t;st: :}lxzt::;er in the books .i;rfom T]: iI:e:}:
from the Lawrence Yn rk Public Library. In fact, th.e di eren;: in the
berry and 'I.‘h? New homargins are so marked theft it seems af r:he i
level'i)l()ff aadl:tyliitestt: represent pH data for identical copies o
possible for the

titles.

H data of Table 10 as the margin of
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FIG. 6. Middle of page 12 sec. contact pH regression lines arranged by page tested.

The margin of the leaves was less acidic than the middle of the leaves in
bo'oks from the Lawrence University Library. This increase in acidity at the
mxddl? of the l?aves apparently is a consequence of acidic reaction products
from.mk medan degradation? (p. 179). This relationship between the
margin and ?h.e middle of leaves supports Table 14 which says air pollution
;f (rilot a grmc?l pro‘?lem in Appleton® (p. 167). The distribution of
Yy ;{ogen ions is precisely the opposite in The Newberry and The New

or Ptfb!xc Library books where the margin of the leaves is substantially
more acxfixc than the middle of the leaves, There appears to be no other
ex‘plax.xanon for the data except that air pollution made the major con-
tribution to the increased acidity of the paper in the books of The New-
be.rry and The New York Public Library. The increase of acidity at the
middle of the leaves in The Newberry and New York Public Library books
fo!lcfws the degree of increase at the margin. This increase indicates that
acidic gases from _polluted air do reach the innermost parts of books.

The hydrogen ion content of the fore edge margin is greater than it is at
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FIG. 7. Middle of page 12 sec. regression lines arranged by library.

the top margin of leaves in The Newberry Library books. This difference
might have been caused by a protective layer of dirt or gilding on the top-
edge and by a higher rate of air travel along the vertical fore edge of the
book. This same pattern occurs in the leaves of books from The New York
Public Library in their original bindings. The pattern in the margins of
rebound books from The New York Public Library does not reveal such a
difference. The rebound books from The New York Public Library were
cropped approximately Y4 inch at the fore edge margin and 1/8 inch at
the top and tail margins. This cropping is most likely the principal reason
why the acidity levels of the top and fore edge margins of The New York
Public Library books are similar. It is also probable that the pH values for
the margins of cropped leaves from The New York Public Library books
are conservative. These pH measurements for the books from New York
were taken at a greater distance from the original edges of the leaves than
the pH measurements for the books from Appleton and Chicago were
taken.
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FIG. 8. Center page 12 sec. contact pH regression lines arranged by library.

The higher pH data for the margins of leaves from books in the Law-
rence University Library can be compared with results reported by the
Barrow Research Laboratory® for the leaves of books discarded from
libraries in the Richmond, Virginia, area. The Barrow Research Laboratory
investigated the paper in 500 books published between 1800 and 1899 and
reported TAPPI cold water extraction data for the printed and unprinted
portions of the leaves. One hundred and two books had a higher pH in the
printed portions than in the unprinted portions, 95 books had an equal pH
value for both printed and unprinted portions, and 303 books had a higher
pH in the unprinted than in the printed portions. Presumably, the printed
leaves averaged more acidic in three out of five books because the ink
medium (linseed oil?) degraded to form acidic oxidation products. The
regression lines of Figures 8 and 9, therefore, suggest that the conclusions
based upon investigations of books discarded from libraries in the Rich-
mond, Virginia, area are probably not an appropriate guide for most research
libraries because research libraries are located frequently in badly polluted
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FIG. 9. Center page 12 sec. contact pH regression lines arranged by test location.

metropolitan areas such as Chicago and New York. The air pollution in
these urban areas differs radically from the air pollution in places like
Appleton and Richmond.

In summary, although the differences in acidity between the three
libraries are affected by ink degradation products, these differences in
acidity are determined primarily by the effects of atmospheric pollution.
Experimental data? indicate that acidic gases like NOz and SO are taken
up by paper from polluted air and these gases permeate into the innermost
parts of books. The differences in pH value observed between the Lawrence
Library and The Newberry and The New York Public Library books
parallel the differences reported by Hudson!? for the paper in seventeenth
and eighteenth century books from the Chatsworth and Portico Libraries in
England. The paper in many rare and unique records, such as incunabula,
held in the collections of urban American libraries has probably become so
acidic that these records now have a very much shorter life expectancy
than history.
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This sample of 21 books is probably biased in favor of high pH values
for the books in The Newberry Library. In other words, Figures 4-9
naturally contain a conservative factor. It is not known whether these
twenty-one books faithfully represent the total collections of the Lawrenc.e
University Library and The Research Libraries of The New York Public
Library, but presumably this sample represents a very substantial pro-
portion of the holdings of these libraries. The high level of acidity in the
holdings of the Lawrence University Library indicates that the paper in
the University’s books has deteriorated greatly. The paper in the books of
The Newberry Library may be approaching a state of crisis and the data
from the original larger study may speak to this question. The exceedingly
high level of acidity in the paper of the books in The Research Libraries of
The New York Public Library is almost unbelievable, particularly since
most of these books can still be used with appropriate care,

3.5 M.1.T. FoLpinG ENDURANCE

The M.I.T. folding endurance data given in Table 12 are interpreted by
Figures 1014 and Table 16. The M.1.T. folding endurance data for Titles
1, 6, 23, 24, and 25 were excluded from the analysis because of incomplete,
non-comparable, or outlying (time) data. In addition, no first and third
pages were sampled in Title 15.

Before considering Figures 1014, it is desirable to review the equation
by which a paper is said to loose folding endurance on aging:

Log Y¢ = logy — b (x¢ — &), (10)
where »Log Y« is the logarithm of the folding endurance to be estimated,

»log y« 1s the mean of the logarithms of the M.L.T. folding endurance
experimental data, »b« is the slope of the regression line, x; is the aging
time when the »log y;« were measured, and »R« is the mean of the aging
times x,;. The regression line equation is one method by which the folding
endurance data from accelerated aging studies are analyzed. This equation
is used conventionally to obtain straight lines by graphing the logarithm of
folding endurance against time of aging. A variation of the usual graph
offers an insight into the deterioration of paper in libraries. The regression
equation is computed as usual, but folding endurance (the antilogarithm,
not the logarithm of folding endurance) is plotted against time. Such a
graph forcefully demonstrates the greatest loss in folding endurance occurs
in relatively new, strong paper and shows that the rate of folding en-
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durance loss decreases with the increase of aging time. Hence, the optimum
time to preserve books occurs when the books are new and strong.

The regression lines in Figures 10-14 were obtained according to
Brownlee® (pp. 338-42) and the pertinent equations, given in Appendix 4,
have the exponential characteristics described above. Figure 10 interprets
the M. I. T. folding endurance data for the tail margin specimens (machine
direction of paper) for the first, center, and third pages regressed on the
number of years since the book was published. The greatest loss in folding
endurance occurred in the paper from The New York Public Library
books. An intermediate loss took place in the Lawrence University Library
books and the least loss was found in The Newberry Library books. The
parallel and close relationship between the three libraries indicate the loss
of folding endurance follows a similar path in each library.

The nature of the differences in folding endurance, demonstrated by
Figure 10, reflects the storage history of these papers. The test specimens
purposely were not treated by a humidity cycle to reduce any residual
dried-in strains or to equalize the moisture content in the paper. A humidity
cycle of 9590, 11 %, and 50%o relative humidity for 24 hours respectively
can change folding endurance by as much as 50%. Such a cycle could have
reversed the relationship between the Lawrence University and The New-
berry Libraries and might have explained the apparent contradiction of
acidity levels. The specimens were not humidity cycled because this study
was interested in the differences which existed between paper in the three
libraries and not in the possibilities for improvement of folding endurance
through air-conditioning.

Storage temperature also could have caused the differences between the
paper in the books of the two libraries. An average higher temperature of
only one or two degrees could account for the lower folding endurance of
the paper in books from Lawrence University Library compared with the
folding endurance of the paper from books of The Newberry Library®
(pp. 181--87).

Figure 11 interprets the M.I.T. folding endurance data for the side
margin (cross machine direction of paper) specimens regressed on the
number of years since the book was published. Folding endurance decreases
more slowly in the cross machine direction where the fibers are in com-
pression than in the machine direction where the fibers are dried in tension.
The increased acidity in the side margins of the leaves from The New York
Public Library books may explain the disparity between the folding
endurance of the paper in The New York Public Library books and the
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FIG. 10. Tail margin folding endurance regression lines arranged by page tested.

paper in the books from the Lawrence University and The Newberry
Libraries. The similarity in folding endurance suggests that the acidity
levels in the tail margins of the books from the Lawrence and Newberry
Libraries are more alike than the acidity levels in their side margins, but
this is only a possibility because contact pH measurements were not made
in the tail margins.

Figures 12, 13, and 14 contrast the M.I.T. folding endurance data by
page and library for the first, center, and third pages. The pattern of
relationship appears to be consistent between the pages and the libraries.
The tail margin samples on the average were stronger originally,
deteriorated more rapidly, and are now weaker than the side margin
samples in the older books.

The regression line equations for Figures 10~14 are given in Appendix 4.
Since these equations have characteristics of a first-order reaction rate
equation, their slope »b« can be used to approximate the logarithmic
folding endurance half-life »t%« of paper in each of the libraries. This

technique is the method used when studying radio-active decay. The under-
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FiG. 11. Side margin folding endurance regression lines arranged by page tested.

lying theory is available in chemistry or physics textbook discussions of
chemical kinetics. The first approximations of paper half-life given in
Table 16 were computed by dividing the slope of the regression lines

according to the equation:
0.301
t} R (11)

The half-life summation of Table 16 is valuable as an expression of the
past but it must be used with caution when considering the future. The
air-conditioning practices of the Lawrence University and The Newberry
Libraries presumably have reduced the rates of folding endurance loss and
probably will provide an even greater benefit in the future. The number of
books studied in this investigation was small and neither the book selection
nor the experimental procedures were designed to support rigorous predic-
tions based on a variable like M. L. T. folding endurance. The exponential
process of paper deterioration has proceeded so far that there is less
difference between the properties of paper from books in the three libraries
than had been anticipated. The similarities in rates of deterioration are
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TasLE 16: M. 1. T. folding endurance half-life in years N72 —=2

. M.I.T. folding endurance half-life in years
Test location
and page Lawrence Newberry New York
Tail margin
First page 7.67 7.74 8.15
Center page 8.70 7.88 7.77
Third page 8.47 9.46 7.85
Average 8.28 8.36 7.92
Side margin
First page 13.0 12.4 106
Center page 15.7 15.6 93
Third page™ 177 15.8 133
o«
14.6 111
11.5 9.5
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shown by the half-life values of Table 16. The half-life data for the tgil
margins are particularly ominous because the machine direction properties
are a more sensitive barometer of paper condition than are the properties
in the cross machine direction. The tail margin interpretations of Figures
10-14 and Table 16 indicate that although the differences in folding
endurance are both real and significant, these differences are barely
measurable when they are contrasted with the original properties of the
paper. Figures 10-14 and Table 15 show that 1) the best time to preserve
books is when they are new and strong and 2) the collections in Lawrence
University and The Newberry Libraries will be in the same condition as
the collections of The New York Public Library within a relatively short
period of time.

3.6 Sonic Dynamic Moburus of EvasticiTy

The (sonic velocity)? data given in Table 13 are interpreted by Figure 15
as regression lines of the V2 values on the age of paper. The relationship of
the (sonic velocity)? lines between libraries follows the pattern of the
hydrogen ion content lines rather than the pattern of the folding endurance
lines. The test data for titles 1, 6, 10, 18, 23, 24, and 25 were excluded from
the analysis because the data were incomplete or different leaves were
tested in the copies of these titles.

The negative slope of the lines of Figure 15 suggests that the paper in the
older books of the Lawrence University and The Newberry Libraries may
have slightly less inter-fiber contact than the paper in more recent books.
The positive slope for paper in The New York Public Library books
implies that older papers may have more inter-fiber contact. The higher
C? values and the more acidic condition of the paper in The Newberry
Library books suggest this paper should be more deteriorated than the
paper in the books of the Lawrence University Library. However, this
expectation is not supported by the folding endurance data. The paper in
The Newberry Library books was found to have better folding endurance
than the paper in books of the other libraries. This anomaly could have
been caused by variation in the moisture content of the paper. It was
undesirable to put the books through a humidity cycle to insure equivalent
moisture content prior to testing. In addition, the sonic dynamic modulus
of elasticity measures a quite different magnitude of stress-strain relation-
ship than do folding endurance or tensile strength tests. No body of
experience exists with which to evaluate the effect of paper deterioration
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on sonic modulus. For these reasons, the meaning of Figure 15‘ remains
unclear. Consequently, the usefulness of a sonic modulus_ of elasticity test
for studying the deterioration of paper in libraries remains to be demon-
strated.
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CHAPTER 4
Conclusions and Summary

This study attempted to determine why 5090 of the contact pH values for
the paper in a group of books from The Newberry Library were below 4.0
and what effect these very acidic pH values have on the permanence of
these books. The background and methodology of the tests used in the
study were reviewed. Contact pH measurements were found to estimate the
true pH of paper in libraries just as accurately as the TAPPI cold extraction
procedure estimated true pH values for the same paper. No reason was
established to suspect that the contact pH values would be consistently
higher or lower than the pH values obtained by cold extraction procedures.

21 books from The Newberry Library, Chicago, Illinois, were compared
with identical copies from the collections of the Lawrence University
Library, Appleton, Wisconsin, and The Research Libraries of The New
York Public Library. The paper in books from The Research Libraries of
The New York Public Library was found to be most acidic, the paper in
The Newberry Library books intermediately acidic, and the paper in the
Lawrence University Library books least acidic. The margins of the leaves
in books from The Research Libraries of The New York Public Library
and The Newberry Library were more acidic than the centers of the same
leaves; but in the books from Lawrence University Library, the centers of the
leaves were more acidic than the margins of the same leaves. The differences
in the acidity level of the books in the three libraries were determined
primarily by the effects of atmospheric pollution in Chicago and New York.
The degradation products of ink mediums such as linseed oil produced a
significant but less substantial increase in acidity than airpollutants.

The more acidic pH values for the leaves of books from The Newberry
and The New York Public Libraries indicate that estimates of pH values
based upon investigations of books discarded from libraries in the Rich-
mond, Va. area are not reliable guidelines for many research libraries. Most
research libraries are located in badly polluted metropolitan areas such as
Chicago and New York City. The degree of air pollution in these urban areas
is much more severe than the degree of air pollution in places like Appleton.

The pH values for the margins of the leaves in most of the books from
the Lawrence University Library suggest that the paper in these books was
manufactured under acidic conditions and would deteriorate rapidly on
aging. This implication is supported by the M.I.T. folding endurance
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strength which deteriorates rapidly at first and then more slowly with
increasingly older books. The margins of the leaves in books from Lawrence
University probably have greater folding endurance than the paper at the
center of the leaves because the center of the leaves is more acidic due to
ink degradation products.

The M.L.T. folding endurance results for The Newberry Library books
were not in accord with the findings on acidity. The paper in the books
from The Newberry Library had greater folding endurance, but this paper
was more acidic than the paper from books of the Lawrence University
Library. An explanation for this anomaly was not established, possibly
because detailed information about the storage history of the books studied
was not available. It was noted, however, that a small difference in storage
temperature, moisture content, or residual strains from manufacturing
could account for this difference and that the bindings of books from The
Newberry and The New York Public Libraries had deteriorated far more
than the bindings of books from the Lawrence University Library.

The acidity in the paper from books of The Rescarch Libraries of The
New York Public Library in New York City had reached an almost
unbelicvable level, particularly since these books came from a very heavily
used collection. The physical condition of this collection is critical and both
air-conditioning and remedial steps appear to be urgent if the collection is
to be maintained for use in the future.

The M.LT. folding endurance data was summarized as exponential
curves to demonstrate that 1) the paper deteriorated in parallel patterns in
each library, 2) the books from The Newberry and the Lawrence University
Libraries will soon reach the same condition as the books from The
Research Libraries of The New York Public Libraries in New York City,
and 3) the optimum time to treat unstable library books for preservation
is when the books are relatively new and strong. The similarity of the
deterioration curves suggests also that heavier use by patrons in The New
York Public Library does not significantly affect the rate at which the
collections of The Rescarch Libraries are deteriorating.

The average M. 1. T. folding endurance half-life of the paper tested was
11.9, 11.5, and 9.4 years respectively for books from the Lawrence Uni-
versity, The Newberry, and The New York Public Libraries. These half-life
figures are not comforting to the librarian who has assumed that his col-
lection is not directly involved with major detcrioration problems and that
conventional preservation practices are adequate for his library. Radical
changes in library practices appear to be essential for every library.
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ArpEnDIX 1: Books Tested arranged by Increasing Age

*{. Hanson, Lawrence & Elizabeth Hanson: Prokofiev: A biography in three movements.
New York: Random House, 1964. ) o

2. Nest'ev, Izrail' Vladimirovick: Prokofiev. Stanford, Calif.: Stanford University
Press, 1960. ‘

3, Conkin, Paul K.: Tomorrow a4 new world: The New Deal community program.
Ithaca, N. Y.: Published for the American Historical Society by Cornell University
Press, 1959.

4. Chapman, Hester W.: The last Tudor king: A study of Henry VI. London: Jonathan
Cape, 1958. ' . .

5. Rossiter, Clinton Lawrence: Seedtime of the Republic; The origin of the American
tradition of political liberty. New York: Harcourt, Brace and Company, 1953.

*6. Fowlie, Wallace: Mallarmé. Chicago: University of Chicago Press, 1953.

7. Roberts, Owen Josephus: The Court and the Constitution. The Oliver Wendell
Holmes Lectures, 1951, Cambridge, Mass.: Harward University Press, 1951.

8. Weinstock, Herbert: Chopin: The man and bis music. New York: Alfred A. Knopf,
1949.

9, Marek, George Richard: Psccini, a biography. New York: Simon and Schuster, 1951.

10. Smith, Herbert Maynard: Henry VIII and the Reformation. London: Macmillan,
1948.

11. Nest’ev, lzrail’ Vladimirovich: Sergei Prokofiev, his musical life. New York: Alfred
A. Knopf, 1946.

12. U.S. War Industries Board. American industry in the war: A report of the War
Industries Board. By Bernard M, Baruch, Chairman. New York: Prentice-Hall, Inc.,
1941.

13. Read, Conyers, (ed.): The Constitution reconsidered. New York: Columbia Univer-
sity Press, 1938. ‘

14, Howells, William Dean: Life of Abrabam Lincoln. Springfield, Ill.: Abraham
Lincoln Association, 1938.

15. Wallace, Henry Agard: America must choose... World Affairs Pamphlet No, 3. New
York: Foreign Policy Association, Boston: World Peace Foundation, 1934.

16. Pickthorn, Kenneth William Murray: Early Tudor government: Henry VIII. Cam-
bridge, Eng.: The University Press, 1934. '

17. Hertz, Emanuel: Abrabam Lincoln, a new portrait. Vol. 1. New York: Horace
Liveright, Inc. 1931, .

18. Hertz, Emanuel: Abrabam Lincoln, a new portrait. Vol. H. New York: Horace
Liveright, Inc., 1931. ) . . .

19. Puccini, Giacomo. Letters of Giacomo Puccini... Edited by Giuseppe Adami, Phila-
delphia: J. B. Lippincott Company, 1931.

* Not available in this edition from The Research Libraries of The New York Public Library.
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V* sample computation and instrument graph.

The .notation used in this example computation differs from the notation used in the text
(Sf)mc velocity)? is represented by »C2« instead of by »VZ« The average transit time ix;
m.xcm?econds for the sonic pulse to travel over a 10 em span is given by nZ(Rw—lR )«. The
direction of t.he paper in which transit time was measured is represented by »x« :n;i »le
for cross (width of leaf) and machine (length of leaf) directions res yectivcl The
»Identification Title 21« in this example computation is numbered »21« iistead oyf »22¢

becn e q w [ (] the process o ¢ arlllg [hc
use t]l sequence 0‘ Ihe Ude numbers as hang d mn h 0CCs, P P
f r
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ArpPENDIX 3: HYDROGEN JON REGRESsION LINE DATA

Data For Ficures 4-9: Hydrogen ion content regression line equations
and average (¥ ) and intercept (y) values of hydrogen ion content.

Regression line cquation Values of ¥
Test location and time ~ x = 1960 x = 1923
Yi= y = y=
First page
Middle 12 sec. 12.62 — 0.04978 x; 12.27 10.43
o Center page
O Middle 12 sec. 13.41 — 0.04058 x; 13.13 11.63
Z | Middle 30 scc. 1491 — 0.07314 x, 14.39 11.69
§ Middle 60 sec. 15.69 — 0.08629 x; 15.09 11.89
= Top 12 sec. 7.40 — 0.01050 x, 7.33 6.94
= Side 12 sec. 8.51 — 0.04821 x; 8.18 6.39
Third page
Middle 12 sec. 14.76 — 0.14403 x; 13.76 8.43
First page
Middle 12 sec. 14.01 — 0.06535 x; 13.55 11.14
Center page
> 1 Middle 12 sec. 14.58 — 0.13613 x; 17.06 12.03
= Middle 30 sec. 18.12 — 0.13038 x; 17.20 12.38
g Middle 60 sec. 17.45 — 0.11141 x; 16.67 12.55
2 Top 12 sec. 18.39 — 0.06552 x; 17.93 15.51
Side 12 sec. 15.76 + 0.09744 x; 16.44 20.04
Third page
Middle 12 sec. 15.03 — 0.16009 x; 13.91 7.99
First page
Middle 12 secc. 21.70 — 0.08168 x; 2143 18.11
v Center page
& Middle 12 sec. 16.88 + 0.18772 x; 18.19 25.14
& Middle 30 sec. 12.69 + 0.14911 x, 13.73 19.25
B Middle 60 sec. 11.59 + 0.11934 x, 12.42 16.84
@ Top 12 sec. 9.77 + 0.50900 x; 13.33 32.16
Z | Sside 12 sec. 11.08 + 0.46524 x; 14.33 31.55
Third page
Middle 12 sec. 16.27 — 0.01215 x, 16.18 15.73

Notes: Y; is the hydrogen ion content value (X 3.35 X 10%) to be estimated. x; is the age
of the paper in years since publication to 1968 when the pH measurements were made. x
are the years, 1923 or 1960, for which values of y, the estimated hydrogen ion content

values, are given.
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DATA FOR FIGURES 6 & 7: Number of hydrogen ions per liter of water
Data ror FIGUREs 4 & 5: Number of hydrogen ions per liter of water (X 3.35 X 10%9) for the »Contact pH values for the Middle of the First
(X 3.35 X 10%) for the »Contact pH values for the Middle of the Center and Third Pages« (Refer to Table 10, page 25).
Page« (Refer to Table 8, page 23).

| Year First page Third page Years
| Year Lawrence Newberry New York Years Title ub- e
Title pub— Page since no. lf,shed L N Y 'pub'-
no. f1: hed| MO pub- Pageno.| L N Y | Page no. lication

12 sec. {30 sec.[ 60 sec.| 12 sec. |30 sec.| 60 sec.| 12 sec. | 30 sec.| 60 sec. lication

1 1964 121 - - - 365 - - - _
1 1964 181 | - - - - - S - - - 2 1960| 188 003 003 006 | 525 004 005 007 7
2 1960 265 | 005 004 0.04| 004 004 003| 006 004 003| 7 3 1959 117 007 006 010 | 349 008 006 0.14 8
31959 175 002 001 001| 002 001 001| 002 001 001| 8 4 1958] 100 17.80 15.80 1990 | 280  17.80 1260 19.90 9
4 1958 150 [12.60 14.10 14.10 [14.10 12.60 12.60 |14.10 10.00 7.94] 9 5 1953 | 180 1990 19.90 39.80 | 550  19.90 2240 14.10 14
5 1953 275 {15.80 22.40 25.10 [31.60 31.60 28.20 |44.60 31.60 28.20| 14 6 1953| 100 - - - 299 - - - -
6 1953 149 | - - -1 - - S - - - 7 1951 33 112 1120 562 | 100 501 501 7.94 16
7 1951 50| 631 631 6311120 1000 10.00 (1000 891 7.94] 16 8 1951| 133  31.60 3550 63.10 | 400  39.80 50.10 63.10 16
8 1951 200 {50.10 50.10 50.10 |50.10 56.20 56.20 |79.40 56.20 50.10| 16 9 1949| 111 141 079 2510 | 333 126 158 3.6 18
9 1949 166 | 018 032 036 045 045 040 178 141 1.12] 18 10 1948 140 19.90 2240 17.80 | 420 2820 19.90 15.80 19
10 1948 215 |19.90 17.80 17.80 {28.20 25.10 25.10 [15.80 17.80 19.90| 19 11 1946 66 891 1000 19.90 | 190 1000 1260 17.80 | 21
11 1946 100 |11.20 12.60 12.60 [10.00 11.20 12.60 [15.80 12.60 12.60| 21 12 1941 166 1580 14.10 1580 | 495 1120 11.20 15.80 26
121941 250 |17.80 19.90 22.40 |15.80 17.80 17.80 |15.80 14.10 12.60| 26 13 1938| 141 2510 39.80 3550 | 420 2240 25.10 44.60 29
131938 210 |25.10 28.20 31.60 |31.60 31.60 28.20 |63.10 39.80 31.60| 29 14 1938 31 1990 15.80 44.60 91 1260 1000 28.20 29
141938 45 [12.60 14.10 15.80 [15.80 15.80 15.80 [22.40 17.80 12.60 | 29 15 1934 - - - - - - - - -
151934 15 |15.80 15.80 15.80 {25.10 25.10 25.10 [17.80 17.80 19.90| 33 16 1934| 180 251 251 7.08| 550 251 251 355 33
16 1934 280 | 178 224 251|346 355 398 562 501 355 33 17 1931 | 161 079 126 355 493 631 631 891} 36
171931 247 | 398 501 631 355 501 631 631 562 562| 36 18 1931| 665 1260 891 11.20 [ 1006 1120 891 7.94 36
18 1931 750 |11.20 7.08 5.01| 7.94 7.08 6311000 794 794| 36 19 1931 110 1410 1580 19.90 | 320 891 891 1580 36
191931 165 12510 25.10 2510|2510 25.10 25.10 |35.50 31.60 25.10| 36 20 1930| 187 251 7.94 1260 | 551 631 251 1120} 57
20 1930 275 | 501 631 631 4.66 446 4.46 2240 14.10 1260! 37 20 1926 190 631 631 1410 570 501 631 14.10 41
21 1926 285 | 501 562 5.62| 7.94 708 631]1260 891 794| 41 22 1923| 145 1580 7.08 17.80 | 445 355 355 11.20 | 44
221923 223 | 7.94 794 7.08| 501 631 7.94|39.80 28.20 25.10| 44 23 1921 56 - - - 169 - - - -
23 191 85| - - - - - -] - - _ - 24 1906 34 - - - 110 - - - -
241906 57| - - - - - N - _ _ 25 1899 63 - - - 189 - - - -
25 1899 95| - - - - - - - - -
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DaTA FoR FIGUREs 8 & 9: Number of hydrogen ions per liter of water
(X 3.35 X 10%) for the »Contact pH values for the Margins of the Center

page« (Refer to Table 9, page 24).

Year Top margin Side margin Years
Title pub- Page since
no. . no. pub-
lished L N Y L N Y lication
1 1964 181 - - - - - - _
2 1960 265 002 004 007 003 0.02 0.08 7
3 1959 175 002 002 0.09| 002 0.03 008 8
4 1958 150 891 1410 15.80 | 891 14.10 17.80 9
5 1953 275 11.20 2240 22.40 | 14.10 31.60 39.80 14
6 1953 149 - - - - - - -
7 1951 50 6.31 891 11.20 | 5.62 10.00 14.10 16
8 1951 200 31.60 44.60 50.10 | 22.40 39.80 50.10 16
9 1949 166 0.71 112 562} 045 071 5.01 18
10 1948 215 1260 44.60 1580 | 14.10 4460 17.80 19
11 1946 100 10.00 1990 15.80 | 10.00 11.20 17.80 21
12 1941 250 14.10 28.20 31.60 | 12.60 25.10 31.60 26
13 1938 210 17.80 50.10 50.10 | 5.0t 35.50 35.50 29
14 1938 45 6.31 1260 3550 | 3.55 25.10 19.90 29
15 1934 15 631 11.20 3550 | 14.10 28.20 31.60 33
16 1934 280 224 1260 2820 | 2.51 10.00 25.10 33
17 1931 247 1.26 10.00 25.10 | 2.24 10.00 14.10 36
18 1931 750 501 1410 25.10 446 1120 12.60 36
19 1931 165 6.31 1780 1990 | 11.20 22.40 22.40 36
20 1930 275 355 794 1580 3.16 1990 35.50 37
21 1926 285 3.55 631 2510 | 501 1260 22.40 41
22 1923 223 562 794 2510 | 6.31 12.60 44.60 44
23 1921 85 - - - - - - -
24 1906 57 - - - - - ~
25 1899 95 - - -~ - - —~ -

APPENDICES

ArprEnDIX 4: M.1.T. FoLpING ENDURANCE REGRESSION LINE DATA.

Data ror Ficures 10-14: M.LT. folding endurance regression line
equations and average (¥ ) and intercept (y) values of folding endurance.

R ion li . Values of ¥
. egression line equation
Test location and page N —_ x = 1960 | x = 1923
Log yi = Yy
y= y =
First page
Side margin 1.542 — 0.0232 x; 9.2 24.0 33
8 Tail margin 1.885 — 0.0392 x; 8.0 40.8 1.4
Z | Center page
% |  Side margin 1.411 — 0.0192 x 8.4 18.9 3.7
B Tail margin 1.710 — 0.0346 x; 6.8 29.4 1.5
< .
— | Third page
Side margin 1.381 — 0.0170 x; 9.0 18.3 4.2
Tail margin 1.818 — 0.0355 x; 8.5 371 1.8
First page
Side margin 1.533 — 0.0243 x; 8.4 231 2.9
>~ Tail margin 2.003 — 0.0389 x; 10.7 53.8 20
ﬁ Center page
8 | Side margin 1.429 — 0.0193 x 8.7 19.7 3.8
E Tail margin 1.933 — 0.0382 x; 9.2 46.3 1.8
Z | Third page
Side margin 1.461 — 0.0191 x; 9.7 21.8 4.1
Tail margin 1.847 — 0.0318 x; 11.3 42.1 2.8
First page
Side margin 1.399 — 0.0285 x; 4.9 15.8 1.4
] Tail margin 1.609 — 0.0370 x; 4.8 224 1.0
8 Center page
> | Side margin 1.389 — 0.0323 x; 3.6 146 0.9
B | Tail margin 1.655 — 0.0387 x; 4.7 243 0.9
Z | Third page
Side margin 1.269 — 0.0227 x; 5.0 12.6 1.9
Tail margin 1.769 — 0.0383 x; 6.5 317 1.2

Notes: Log ¥; is the logarithm of the folding endurance to be estimated. x; is the age of
the paper in years since publication to 1968 when the M. L. T. folding endurance measure-
ments were made. ¥ is the antilogarithm of the mean of the logarithms of the folding
endurance measurements. x represents the years, 1923 or 1960, for which values of y, the

estimated folding endurance values, are given.
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ArPENDIX 5: (Sonic velocity)? Regression line data, Figure 15.

Data ror FIGURE 15: (Sonic velocity)? regression line equations and
average (v) and intercept (v ) values of (sonic velocity)2.

) Regression line equation Values of ¥
Library A == 1960 | x == 1923
V= v X Ofx==1
v o= v =
Lawrence 5.0511 — 0.00611 X; 5.05 5.16 4.94
Newberry 5.4094 — 0.00011 x; 5.41 5.41 5.40
New York 4.5981 — 0.003330 x, 5.43 4.83 6.06

A
Notes: V; is the (sonic velocity)? value to be estimated. x. is the age of the paper in years
since publication to 1968 when the (sonic velocity)? melasuremcms were made. v is the
mean of the (sonic velocity)? values. x are the years, 1923 or 1960, for which values of v
the estimated (sonic velocity)? values, are given. ,

Summaries and Explanations
for the Figures and Tables

A comparison of paper in identical copies of books from The Lawrence
University, The Newberry, and The New Y ork Public Libraries.

This study was conducted in 1967 and 1968 to confirm the unusually acidic condition of
paper in baoks selected at random from the general collections of The Newberry Library,
Chicago, Ilinotis.

To investigate the causes and effect of this acidity, twenty-five books from The New-
berry Library were compared with identical copies from the Lawrence University Library
and The Rescarch Libraries of The New York Public Library. The Lawrence University
Library, located in Appleton, Wisconsin, was selected because the climate in Appleton is
similar to the climate in Chicago, the level of book use in the Lawrence University
Library is about the same (possibly 50 percent more) as the use level in The Newberry
Library, but there is considerably less air pollution in Appleton than there is in Chicago.
The New York Public Library research collection was selected because the New York
climate is similar to the Chicago climate, but the level of air pollution is greater than it
is in Chicago, and the books in The Research Libraries are heavily used. The contact pH
values for paper in these books is compared with the cold extraction pH values reported
by W. J. Barrow for paper in books discarded from libraries located in the Richmond,
Virginia, area.

The appearance and condition of the books from these three libraries are reported and
discussed. The paper in three leaves (selected at the one third and center points of the
book and from the final signature) was tested for basis weight, thickness, presence of
groundwood fibers, contact pH value, M.L.T. folding endurance, and sonic dynamic
modulus of rupture. The procedures used for these tests are explained and references to
additional information are provided. The test data and interpretations of this data are
summarized in fifteen figures and sixteen tables.

The results of the tests conducted in this study suggest that: 1) the paper in books
from the general collections of The Newberry Library probably is ten times more acidic
than the paper in comparable books discarded from libraries in the Richmond, Virginia,
area, 2) this high level of acidity is one consequence of the more severe level of air-
pollution in Chicago than in Richmond, 3) the use of books by the patrons of most
research libraries is not a significant factor in the physical deterioration of their collections,
4) the paper in books from The New York Public Library is the most acidic of the books
tested in this study, 5) the M. L. T. folding endurance half-lives of the papers tested were
11.9, 11.5 and 9.4 years respectively for books from the Lawrence University, The New-

berry, and The New York Public Libraries, and 6) most research library collections will

be in the same, critical state of deterioration as the research collections of The New York

Public Library are unless remedial measures are taken in the near future.
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Explanations for the figures in text.

Figure 1. A comparison of the number of pH values at different levels of ac'idity between
the paper in books from The Newberry Library and the paper in books discarded from
libraries in the Richmond, Virginia, area. Acidity is expressed as pH values and as
numbers of hydrogen ions per liter of water (X 3.35 X 1020, .

Figure 2. Buffering capacity of six naturally aged book papers versus the dxffcrcn.cc
between their cold extraction and contact pH values. Buffering capacity is cxprc§sttd‘ in
milliequivalents (X 100) of the acid or alkali required to change the pH of a 70 milliliter
extract of one gram of paper by one pH unit at a pHof 7.

Figure 3. Age of paper (no. of years since publication date) versus the differences between
the cold extraction pH values and contact pH values for paper from the same book.
Figure 4. Contact pH values for the middlc of the center page versus the age of the paper
(number of years since publication). Regression lines arranged by time of wetting until pH
measurement (twelve, thirty, and sixty seconds). Contact pH values are expressed as the
number of hydrogen ions per liter of water (X 3.35 X 10%),

Figure 5. The information given in Figurc 4 with the regression lines arranged by the
library which provided the books.

Figure 6. Contact pH values for twelve seconds wetting time for the middle of the page
versus age of paper (no. of years since publication). Regression lines arranged by first,
center, or third page.

Figure 7. The information given in Figure 6 with the regression lines arranged by the
library which provided the books.

Figure 8. Contact pH values for twelve seconds wetting time for the margins and the
middle of the center page versus the age of paper (no. of ycars since publication).
Regression lines arranged by the library which provided the books.

Figure 9. The information given in Figure 8 with the regression lines arranged by test
location,

Figure 10. Folding endurance of paper in tail margin of page versus the age of paper
(no. of years since publication). Regression lines arranged by page tested.

Figure 11. Folding endurance of paper in side margin of page versus the age of paper
(no. of years since publication). Regression lines arranged by page tested.

Figure 12, Folding endurance of paper in the first page versus the age of paper (no. of
years since publication). Regression lines arranged by library.

Figure 13. Folding endurance of paper in the center page versus the age of paper (no. of
years since publication). Regression lines arranged by library.

Figure 14. Folding endurance of Paper in the third page versus the age of paper (no. of
years since publication). Regression lines arranged by library.

Figure 15. Sonic dynamic modulus of elasticity (expressed as the velocity of a specified
sound wave) versus the age of paper (no. of years since publication).

Explanations of tables in text.

Table 1. Bibliographic data for the twenty-five books investigated.
Table 2. Pages tested and special comments regarding the twenty-five books investigated.
Table 3. Visual estimate of book usage and condition of binding.
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Table 4. Classification of tests for evaluating the condition of paper.

Table 5. Basis weight and thickness (caliper) of paper.

Table 6. Presence of groundwood fibers in paper. ‘ '
Table 7. pH values %or paper determined by different methods; i. e., the true (graphic),
cold extraction, and contact methods.

Table 8. Contact pH values for the middle of the center page.

Table 9. Contact pH values for the middle of the first and third pages.

Table 10. Contact pH values for the middle of the center page. . ‘
Table 11. M. I T. filding endurance data (0.5 kg tension) arranged by library for the first,

center, and third pages. . o
Table 12. The infzrmation given in Table 11 with the data transformed into logarithmic

values.
ity)® ifi in the three test leaves.
Table 13. Average (velocity)? of a specified sound wave in t ! . ves.
Table 14. Air quality in Appleton, Chicago, and New York. City. ‘Axr. quality, i. e., degree
i rai inates 1n air.
of air pollution, expressed as the quantity of certain contam .
Table 15. Percentage distribution of contact pH values at the middle of center page.
Table 16. M. 1. T. folding endurance half-life in years.

Etude comparative du papier provenant d’exemplaires identiquc?s t‘ie }ii:vres
conservés dans les bibliothéques municipales de New Y ork, .la Bz.blzot éque
Newberry ainsi que dans la bibliothéque de la Lawrence University.

Cette étude, faite en 1967 et en 1968, avait pour objet la vénﬁc?txlon f::]dlsa(ciledllt:
exceptionnelle du papier provenant de livres choisis au hasard parmi les
Bibliot ewberry A Chicago, Illinois. o . .
Alt'(i)nhcéizu:éi\irminer)]es causes et les effets de cette acidité, une con]m'nraxs;:n:i éltxisﬁ:;:
entre vingt-cing livres de la Bibliothique Newberry et des ex[eij axsriis 1et det;l Ny
mémes ouvrages provenant de la biblioth(‘.que'de la Lawrence knx;:erb'g'ﬁmhé L
théques de recherche de la Bibliothéque municipale fie Ne:W Yor é' ha' . a,rceq que son
Lawrence University, située 3 Appleton, dans le W;scor:su?,-a .ét ZOI?e l:s A 1a biblio-
climat est semblable A celui de Chicago et que le taux d u[|lxsathn :S 510"" ur cent plus
thique de la Lawrence University est 3 peu pris le méme (p cuete b?en nl::ins pollué 3
élevé) que celui de la Bibliothique Newberry; cependant', la;r est b e 1a Biblio.
Appleton qu'd Chicago. Le choix de livres de la co!lecnon °]fe° e New York
théque municipale de New York est fondé sur .Ie fait que l1e| C-lmmd Pair et le taux
semblable i celui de Chicago; cependant, le niveau de polution tedu papier de ces
d'utilisation de livres sont plus levés qu'd Chicag?. I..c ?Héde con;\/c] Barrow pour le
livres a &4 comparé au pH de Pextraction 3 froxc% indiquée I1mré i;m.dc Richmond en
Papier des livres mis au rebut par les bibliothtques situées dans Ia rcg
Virginie. is bibliothéques est
Lg"’Ppalrcncc et I'état de conservation des livres provenant del»cf.esa;::::rb‘}):“;résjncc de
déerit et érudié, Des expériences concernant le pf)xds de basei. tep d'apré; M.LT, et le
fibres de pite de bois, le pH de contact, la rés}stance au meg'lles de papier prises au
module sonore dynamique de rupture ont été faits sur deux feul
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tiers et A la moitié des livres ainsi qu’au dernier cahier. Les techniques utilisées au cours
de ces expériences sont expliquées; I’étude comprend une documentation relative aux
informations supplémentaires. Les données concernant les expériences et les interprétations
de ces données sont résumées en quinze figures et seize tableaux.

Les résultats des expériences qui ont fait Pobjet de cette étude indiquent que: 1) Le
papier provenant des livres des fonds généraux de la Biblioth¢que Newberry a une acidité
qui_est, probablement, dix fois plus élevée que celle du papier provenant de livres
semblables mis au rebut par les bibliothtques de la région de Richmond en Virginie; 2)
Ce niveau élevé d’acidité est une conséquence du niveau plus élevé de la pollution de Pair
4 Chicago; 3) Le taux d’uilisation des livres de la plupart des bibliothéques ne constitue
pas un facteur significatif de la détérioration matérielle des fonds de bibliothdque; 4) Le
papier provenant des livres de la Bibliothtque municipale de New York a le taux
d’acidité le plus élevé de tous les livres soumis A des essais dans le cours de cette étude;
5) La période de résistance au pliage des papiers soumis & Pexpérience, d’aprés M. L. T.
a été de 11,9, 11,5 et 9,4 années respectivement pour la bibliothéque de la Lawrence
University, la Bibliothéque Newberry et les bibliothéques municipales de New York;
6) Les fonds de livres de la plupart des bibliothéques de recherche se trouveront dans le

méme étdt de dérérioration critique, & moins que des mesures de protection ne soient priscs
dans un avenir proche.

Explications des figures du texte.

Figure 1. Comparaison des valeurs de PH mesuré 3 différents taux d’
papier des livres de la Bibliothéque Newberry et le papier des livres mis au rebut par des
bibliothéques de Ia région de Richmond, Virginia, L’acidité est exprimée par le pH,
c’est-A-dire le nombre d’jons hydrogéne par litre d’eau (X3.35 X 10%),

Figure 2. Capacité - tampon de six échantillons de papier de livres naturellement vieillis
en fonction de la différence entre le PH de I'extraction 3 froid et le pH de contact, Cette
capacité est exprimée en milliéquivalents (X 100) de I'acide ou de la base nécessaire pour

faire varier d’une unité le PH d’un extrait de 70 millilitres d’un gramme de papier avec
un pH de 7.

Figure 3. Age du papier (nombre d’
la différence entre le PH d’extracti
méme livre,

Figure 4. Le pH de contact mesuré au milie
papier (nombre d’années depuis la publica
selon la durée du mouillage jusqu’ la mesy
Le pH de contact est exprimé comme |
X (6 X 1019),

Figure 5. Mémes données que dans la fig
par la bibliothéque qui a fourni les livres

Figure 6. Le pH de contact pour une durée de mouillage de douze secondes, mesuré au
milieu de la page en fonction de Pdge du papier (nombre d’années depuis la publication).
Les lignes de régression sont disposées sur la premiére page, la page centrale ou Ia
troisidme page.
Figure 7. Mémes données que dans la figure 6, mais les lignes de régression sont
disposées par la bibliothéque qui a fourni les Livres.

acidité entre le

années depuis la date de publication) en fonction de
on A froid et le pH de contact pour du papier d'un

u de la page centrale en fonction de I'dge du
tion). Les lignes de régression sont disposées
re du pH (douze, trente et sojxante secondes).
e nombre d’ions hydrogine par litre d’ean

ure 4, mais les lignes de régression sont disposées
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i ¢ dans les

Figure 8. Le pH de contact pour une durée de mf)mllage, Ade 12 secor}d:szn:;:;:e dons
marges e't au milieu de la page centrale, en fonction de. 'Age du palile e tese. a1
depuis la publication). Les lignes de régression sont disposées par la
?um:! 1;S Ii’llvé::s données que dans la figure 8, mais les lignes de régression sont disposées

igure 9.
d’aprés des tests locaux. o ;
K 1 i 0l o ianes d rigreion som disposics

! i ation).

du papier (nombre d’années depuis la public

ar page examinée,
gigup:e 11. Résistance au pliage dans Ia marge ]atéral.e de l: paéger,eSSion T ot oa
papier (nombre d’années depuis la publication). Les lignes de rég

page examinée. ) o d
Figure 12. Résistance au pliage du papier :
papier (nombre d’années depuis la publication). Les
la bibliothéque. . o
Figulre 13, ;l{ésistance au pliage du papier de la page cex:ltral’e rir:Siic:ln:onn T ontes o
papier (nombre d’années depuis la publication). Les lignes de rég

la biblioth¢que. ) oy
Figure 14. Résistance au pliage du papier de g
papier (nombre d’années depuis la publication). Les h
la bibliothé¢que. ) . d
Figure 15. Module dynamxc.;ue son?r ‘
sonore déterminée) en fonction de 'dge du papier

nction de I'ige
en fonction de I'dge du

e la premidre page en fonction fie I'4ge du
lignes de régression sont disposées par

n de I'dge du

. "
la troisitme page en fonction de I'dge du
gnes de régression sont disposées par

i i d’une onde
*¢lasticité (exprimé comme la vitesse d'une o
s (Exombre d’années depuis la publication).

Explications des tableaux du texte.

ibli iques des vingt-cinq livres examinés.. o .

}'3’:}““ ; Ilionnsé::(:rlr:)ilxlztg:: aelzl‘lrl;lx:arques spéciales concernant leis vu11‘gt-cmq livres étudiés.

et i ’ re.
T:bl::z 3. Estgimation visuelle de L'usure du lxvrfa eféde I ::,at adeie:. reliu
Tableau 4. Classification des tests visant & éeablir 1 ta.tr papier.
Tableau 5. Poids de base et épaisseur (cahb}'e) du ﬁapn: .ier
Tableau 6. Présence de fibres de pate dc.: bois dans. f;ép ptes .méthOdes:
Tableau 7. Le pH du papier déterminé par différen t
(gfaphique.), Pextraction A froid, et la n'u'éthode de co::taczn.tra]e.
Tableau 8. Le pH de contact pour le mllfcu de la pag.é e e pages
Tableau 9. Le pH de contact pour le milieu des prleml ree oise

: les marges de la page centrale. o
:{‘atlleau 1101‘ Ii; PH’dse cci?xnItVaICtI PTou:ie la résistance au pliage disposées par la bibliothéque

ableau 11. Donnce LT

: trale et la troisitme page . <
;0‘1‘)‘1' . P;;mlsl‘f Pag:i’ol:n}z:sg eq‘:xeendans le tableau 11, mais les chiffres sont exprimes en
ableau 12, Mémes
valeurs logarithmiques. ) . g
Tableau 13. Moyenne (de la vitesse) o de 1
i : i ‘air
examinées. . New York City. La qualite de 8
£ de I'air A Appleton, Chicago, et . ine impuretés
T:v.ble;n.ld ’14. Quacl;terged?‘l:jlutg,i, est exprimée par la quantité de certaine imp
c’est-d-dire son deg

qu’il renferme.

Jla méthode exacte

. . Hles
une onde sonore déterminée dans les trois feuille
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Tableau 15 Pourcentage de distribution Ju pH de contact mesurdé au milieu de la page
centrale.

Tableau 16, Périade de la résistance au pliage M. LT, en années.

Peay ismamm cpasneuus 6y vuacu 8 udeuniaunsx IKICMLIpAxX KKue w3 6ud.tuomexu Jloypeuckozo
yausepcumema, but.suomexu us. Hsobeppu u Hewo-Hopxexoi nY6.1unoi Subsuomexu

Hacroauiee neciacaomanue nposonnIech B 1967 1 1968 rr. ¢ uensio NOATBEPAHTE HeOObIY-
HOE KHCTOTHOE COCTORMKE By MATH B KHHTaX, NPOHIBOILHO oto6panHbIX 13 OGILEH KO ICKUNH
KHUT OHG.IHOTCRH KM, Hao6eppu B Ynxaro (Mnnunonc).

Hro6s BURBMTE TIPHYMIB BOVHHKHOBEHHA W ACHOTBHE ITOR KMCAOTHI, cpaBHMBAMM 25
MU GuG.tHOTERM MM, Hb106eppH ¢ HACHTHYHBIMU KHHrAMK Jloypevicko#t yHuBepenTeTcKOft
6ubanrexn u HaywHMx 6HGInoTCK Huio-Hopkexont ny6anunoft 6ubanoTexu. Jloypeuckasn
yHusepcuterckan 6ubanorexa, pacnionoxennas Onatone, Buckoucun, Gbita BbiGpana,
MOTOMY ¥TO KAMMAT B IMaTone cxoneH ¢ Yuxarcxum KTHMATOM, YPOBEHb CIPOCA Ha KHHTH

® Toypenckon yHusepcuterckoft 61n6anorexe npubanInTensHo Taxos xe, xak H B Huro6ep-

PHRACKOR 6ubanoTexe (BOIMOXHO Ha 507, Bmiwre); oamaxo BO3AYX B JMITOHE 3HAYHTEIBLHO
McHee AT PRIUCH,

Yem B Yuxaro. Haywnwe dougm Hbto-Hopxrexo#t 6ubnmortexn 6winn
»ubpanu notomy, wro Hiio-HMopkekni xanmat cxogen ¢ Yux

BCHb 227 pAIHCHHA Bolayxa B Haio-Plopre BbilE, YeM B Yuk
oAy rea 6oaswnm cnpocoM. Inadenus KOHTAKTHOro
BAIOTCA 0 JHaveHHAMH PH, coobieHbMN B. U. Ba
MCTPaKUNK, 138 Gymarn uy xuur, CIMHCAHHMX B 6u6nn
Puwvonga, Buprunus.

lacrca onucanne u 00CY XICHHE BHEWHEro BHOA W COCTOAHHSA KHHT B BBIOCHA3IBAHHBLIX
6u6anorexax. Tpu ancta 6ymaru, oto6paHHuIEe B nepaoft TPETH, B NCHTPATLHON 9acTH KHAT
N BITMIC HI KOHCHHOT O COAILLOBAHNOTO MHCTa, G NOABEPrHY TH HCIWTAHKIO Ha OCHOB-
HOR BeC, ToaumMy, Haanwe APCBCCHBIX BOIOKOH, KOHTakTHOE PH, Ha CONMPOTHBACHHE HINO-
My o MOH.T. u iayxosont AHHAMHYECKHA MOy b HA PaIPLIB, Naerca obbacHenue MeToaoB,
TIPHMCHACMBIX (LIR AAHNBIX HCTIBITAHME 1 6ubanorpadusa ¢ nononuutensHoilt uHdopmaumeit.

Jannsic wenbitanua u nx HHTCPNPCTALNA NPHBOAATCA B NATHAAUATH PHCYHKAX H LUCCTHAL-
AT 130 1HaX,

arCKHM, B TO BPEMA KaK Ypo-
aro H KHMI'H HayyHhIX 6u61HOTEK
pH 6ymarn B arux xnurax CpaBHH-
PPOY H NONYHECHHBIMH NPH XOMOIHOR
OTEKAX, HAXOARLUIKXCA B OKPECTHOCTAX

Peryibtaru ueumiranns TOBOPAT O TOM,
domia Hetobeppucxon 6ub.movexu, no
wem Gymara B cpaBHHBACMbIY KHHUrax, cn

2901 meicoknp YPOBCHbL KHC
Paxerun 80}

410 1) 6ymara B kHurax U3 ouWero KHHKHOIO
BCCH BHOMMOCTH, B 1ecaTh pa3 Gonee KHCIIOTHa,
HCaHHbIX B OuGaHoTekax Puumonna, Bupruuus;
IOTHOCTH RABIACTCA CNEACTBHEM 6ONee IHAMHTEABHOIG 3a-
ayxa s Huxaro, no cpastenmio ¢ Puumonnom; 3) cnpoc Ha xuury s 6oabInnHCcTBE
HayuMux 6ub.1morex He snineTcn CYLICCTBEHHBLIM HaKTOPOM IR PUIHYECKOR HIHOLICHHOCTH
HY doHaa; 4) bymara uur K Huo-ﬂopxcxoﬂ ny6auunolt 6ubamorexu ABJACTCH caMoi
KHEIOTHOR Ry BOCX MeCIenyempix; §) NOIYNEPHON BLIHOCIMBOCTH Ha M3aoM no M.U.T.
paned 119 113 w94 et 418 ueenuityeMo#t 6ymMaru cooTBeTCTBEHHO A3 KHUT 13 JIoypeH-
CKOTO yHupepcHTera, 6ubaunorexu Heiobeppu n Huto-Mopkexon ny6aninoh 6ubanorexu;
H 6 GoabmmucTRO Bontos Hay X 6u6aHoTeR B Gunxaktiuenm 6ynyuiem oxaxercs Tak xe

CHIBHO IOBPCKIACHO, KAK H HAYMHBIC HOHaN Huto-Ropxexont ny6anunof 6nbnuorexn, ecn
HE Yy T IPHHATH Meph K HX COXPaHCHHIO.
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ut
CAOTHOCTH Oy™Maru kM
ATHBIX YPOBHAX KHC!

P Puyvonaa, Bupt-
22 Ha p

Puc. 1. Cpasnenne uncia Havennst pt 6n6.1HOTEK
Hulo6eppuickoft 6ubanorexn ¢ Gymarolt CiscaHHmX RHHT .‘.” M u;nu"l BOAOPO
HHUA. KuenoriocTs Bwpaxena B JHavcHusx pH, T.c. wueaor
BONN (6 ¥ 10'%).

) ATk LA KHME

Puc. 2 Bypdepuas cmkocTs 6-TH BUIOB NEdaTHOR 6)'""”;1 : >J0IMOR IKCTPAKUNK 1
CTAPEHUA B JABHCHMOCTH OT PAIMHLBL MCKLY M IHANCHUAMH D x(e‘m’uux (> 100) xucn10-
XOHTaxTHOTrO pH. hyddepnas eMKOCTb BHPAaXACTCA B MH.‘L’IW)I!MI;(.; TR OAHOL
T HAH 11€104H, HEoOx0aMMOR 118 HIMcHenHa PH 3kCIpakTa W3

: a7
fPaMmMa Gymaru ua oany cawiwuy pH, npu pH pasio 6AHKOBAHMA KHHIH) B JABUCH-

Puc. 3. Boipact Gymaru (KOHNCCTBO JIET NOCIC ATH ONy0: b mra Gywarw w3 TOR €
MOCTH OT pa3uuum pH X0:101HOR IKCTPAKUMHK M KOHTAKTHOTO P
KHHIH, FHMOCTH

CTIPANHILL B 1ABKC

Puc. 4. Konrakrnoe pH IHaYCHHR N71% CCPCMKB ucurpanbﬂﬂzcm?anpcmcnu CMANHBAHUA
OT BoIpacTa Gymarn. JIMHMK PErPECCHH PAcNonoXe - Hbl COT HCIOM HOROB BOAOPO1A
20 wImepenns pH (12, 30 u 60 cexyma). Konraxtnoe pH BLIPaXCHO YHCIO?

Ha | nutp moawt (- 3.35 .7 101).

Puc. 5. Naunsie, yxasanubie Ha pHC. 4 C THHMRMH P

6u6nu0rcxau, NPEAOCTaBHBILIKM ITH KHHTH. HBAHKA CEPCInHbL, B IABHCHMOCTH
HOTO CMaY . '

Puc. 6. Kouraxtnoe pH a8 12-TH cexyHa ATBHOR W.1H TPCTREA
OT Bo1pacta Gymarn. JuHu PCTPECCHN PACNION0XCHBI 110 nepsoft, ueHTpa
CTpaHuue.

ft, pacno

Prc. 7. lannwe xax na pHC. 6 C THHHAMHA PErpecCHit, pa

HOTexaM, NpenoCTaBHBLIKM ITH KHHTH. oro ¢
H

Puc. 8. Konrtaxtiwe pH nauenns 118 12-7h ccxyrgl arn

UCHTPAILHOR CTPaHKLBL B JABHCHMOCTH OT wqpacra":’m
K .
Hb CornacHo 6ubamoTexam, NPEAOCTABHBUINM ITH ACTIONOXCHHBIMH C

Puc. 9, Maunme xax na PHC. 8 ¢ IHHAMH PCTPCCCHA, pacn
Noxennio 6nb.1oTeKH.

Phe. 10, Bunocanpoets Ha witoM Gymaru no cno
MOCTH oT Bospacta Gymarw. Jlueuk perpecci pa
CTpanunue W ot

. B 1ABHCHMOC

Puc. 11. Buitocaupocth Ha H3n0M 6OXOBOro Kpas CTpaHuiL!

y™Ma ' ue.
bl Ty¢MOR CTPaHK
XEHbI COTIACHO KC
e B e WECKHM  PACTBOPHTEIEM CTApOro xneficTepa,
" CICHHR AOKYMCHTOB KM

STO XKETICIMOro

CCTCCTBCHHOT O

CO NacHL
SNO.TO MCHHBMMN COTF
IPOCCHM, Pac

A0 XCHHBIMM COT 1acHO Gn6a-

MaYHBANKA XPACB W OCPCARHM
! C )10 X¢-
JIMHHK PCTPECCHH PACTIOS

OT.JACHO MeCTONO-

“-
Xpalo HMXHEro noas CTPAHHLL B JABKC
N0 XKCHB COrNacHo HCh TYCMOR

pOIpacia

H-metun-a-nupponnon asascrcs Oprau ccce o1
PacTBopsiownM My4HOR KACH, M MPHMCHHMBIM B TDO i NOTEPH KPACKH 12
PUCYHEOS OT nonnep XHBAIOLKX MATCPHATIOB 6¢3 JAMETHO
Taunara. J2BHCHMOCTH O

Puc. 12. BunocausocTs Ha wiiom Gymar Ha nepsofd Cg:;::::c:au.

PacTa Gymarn. Jiusum perpeccHi PacriooXcHbi COMIACHO it ;rpanuuu B 3ABHCHMOCTM OT

Puc. 13. Baocansocts Ha witoM Gymard ucHTP&"""‘:{o 6uG.HOTEKAM.

%03pacTa Gymary. JIuHHH PErPECCHU PACTIONOKCHH cornac HHLC B JABHCHMOCTR OT BO3-

Puc. 14. BunocnusocTs Ha W3oM Gymarn Ha TpeTheR csrfgmoreum.

PACTa Gymary. JTuHum perpeccui PacriofoBCHL COTIACHO (-;lpa:cuuul B BiIC CROPOCTH

Puc. 15. 3syxosoll nuHamuseckui MOAY-T 3nac‘ru'ﬂloc:P"3‘-'T‘ Gymarn.
duxcuponaunon 3BYKOBOH BO/HB) B 3ABHCHMOCTH OT BO

T 8O3
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Tabwu. 1. Bubaworpaduyeckue nanHbie 25 HCCIEROBAHHBIX KHM,

Tabn. 2. HMccnenobaHHble CTPAHHULI H CHELHAIbHbIE KOMMEHTADHH OTHOCHMTEIBHO 295
HOCIIEIOBAHHBIX KHHT.

Taba. 3. BusyanbHas ouelka H3HOCA KHHIM M COCTORHHA Mepensiera.

Tabn. 4. Knaccuukaumus ucnnirauusl, NpoBEACHHBIX /A OLUEHKH cocroanHa GyMarn.

Tabu. 5. OcHoBHOM Bec ¥ Tonmuna Gymaruy,

Tabn. 6. Hanuuue ApeBecHHHBIX BOMOKOH B Gymare.

Tabn. 7. Hoxasatenn pH ans Gymarn, onpefensaeMble PAIMHYHBIMH METOHAMM, T.C.
UCTHHHLIM (rpadudecxum), xonoaHolt IKCTpaKIMeN 1 KOHTAKTHBIM METOJAMH.

Tab6n. 8. Koutakruste pH 3nauenus ans CEPEAMHBI UCHTPANIBHOR CTPaHUIIA.

Tt6m. 9. Kontaxturie pH anavenus nas cepeauss nepsoit 1 TpeTbeRt CTpaHuLLL.

Tabn. 11. Jaunsie 0 BLIHOCHMBOCTH Ha HinoM o M.U.T. (0,5 xr Hanpaxenus), pacnono-
XeHHele o 6ubimorexaM, ans NIEPBOR, UCHTPAILHOR U TPeThelH CTpanuy.

Tabn. 12. Naunsie tabnuum 11, npeo6paiosanusie s NOTapUPMUUCCKHE BETUUMHEI,

Tabn. 13. Cpenguss (ckopocTs)® (HKCHPOBAHHOH 3BYKOBOR BOJIHBI B 3-X HCOBITYEMBIX
JIACTaX.,

Tabn. 14. Kauectso Bo3ayxa B Snitone, Ynkaro u B Hsio-Nopxe. Kauectso BOIAYXS,
T.C. CTENCHL €ro 3JAarPAIHCHHA, BBIPAXKEHHAN KOIHYECTBOM HEKOTOPLIX 3ATPRIHAIOLUINX
BEILECTB.

Taba. 15. ITpoueHTHoe pacnpenenenne KOHTaKTHbIX pH 3HaueHMH nocepeante ueHTpan-
bHOK CTpaHUUbL,

Tabn. 16. Tonynepuos BRHOCABOCTH Ha Hutom (no M.U.T.).
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