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PREFACE 

"FoU-projektet for papperskonservering" is a national project conducted by major Swedish 
authorities responsible for the preservation of books and documents. 

The first of a series of reports from the project is a survey of literature on internal and 
external factors of aging and deterioration of paper, including a review of the most important 
deacidification methods. The report has a short summary in English. 

This report deals with the actual state of some major Swedish collections. The surveys are 
based on the Stanford method which was evaluated in a study by the Uppsala University 
Library last year. The results of the Uppsala study are integrated in this report. 

The surveys have been performed by personnel at the different institutions and elaborated 
by a project group at the Uppsala University Library. 

As the results of the Swedish deterioration surveys will probably be of wider interest, the 
report is also being published in a special English version with the previous Uppsala study as an 
appendix. 

Stockholm, September 1988 

Ingmar Fröjd 
Project Coordinator 
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SUMMARY 

The results from a previously published survey done at the Uppsala 
University Library (Uppsala universitetsbibliotek - UUB), see Appendix, 
has been the basis for the present surveys done at the Royal Library 
(Kungliga biblioteket - KB), the National Archives (Riksarkivet - RA) and 
the Gothenburg Universty Library (Goteborgs universitetsbibliotek - GUB). 
The surveys have been made within a national research and development 
project on paper conservation and carried out in two ways. 

KB and RA made a Stanford survey with random sampling of the 
books to be tested and GUB made a survey on the same books, present in 
their library, that had been tested in the UUB survey in Uppsala with the 
purpose of detecting possible effects of different preservation environments. 

The results of this report are, in short, the following: 
-The number of books with paper in bad condition (P 3) is roughly the 

same at RA and KB, about 20%. The UUB survey showed a similar result. 
-The highest number of books with bad paper - in proportion to the 

amount of tested books - is from a period between 1860 to 1890. The same 
goes for UUB. 

Regarding the amount of deteriorated paper and the timing, the results 
are unambiguous and probably representative on a national level. 

-RA has a great amount of paper with P 2-grading (worn), 30%. One 
explanation could be the nature of archive materials - it is "worn" already 
when it arrives at the archives. Another explanation could be that RA has a 
relatively large number of samples from the first half of the 19th century, 
which means they are almost entirely made out of rag. Especially the survey 
results from GUB showed that paper made of this fiber has a tendency to fall 
into the P 2 category owing to unfavorable visual appearance. 

'The papers tested in the comparison between UUB and GUB that have 
the same P-values show low content of groundwood. It is the reverse with 
paper that have different P-values in UUB and GUB. Here there is a greater 
amount of groundwood present, which confirms other results on the 
instability of groundwood and its sensitivity to preservation environments. 

'The distribution of P-values in the group of papers with more or less 
content of groundwood shows that the preservation environment has been 
more favorable in UUB than in GUB. 

Extensive deterioration of paper in books and documents has been detected 
in the Swedish collections investigated. The main picture of the situation 
differs quite a lot, however, from a recently published survey made in some 
libraries in the Nordic countries. The differences can be explained on 
methodological grounds and the way the survey was performed. The results 
in this report show more resemblance with results from known international 
surveys though the state of the deterioration is not as alarming in Sweden. 

A conclusion is that the results stress the importance of deepening our 
knowledge about the influence of climate and the preservation environment 
on the deterioration of paper. 
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THE SURVEY METHODOLOGY 

During the last two decades several international reports have been published 
on the subject of deterioration of paper in archives and libraries. It is a 
disaster which has already started in some places and in other places it is 
expected in the not-so-distant future. The reason for this is the use of paper 
of inferior quality made since the second half of the 19th century. As the 
demand for paper increased the manufacturing processes were rationalized 
and wood fibers were introduced in paper making. 

The international reports have published results with high percentages 
of books with deteriorated paper. The Library of Congress, Washington, 
says that about 30% of the collections are in such a state that they no longer 
can be used by the public; Harvard University Library reports that 40% of 
their collections are in the same state; and Stanford University Library 26%. 
Similar figures come from other libraries. 

During autumn and winter 1986/87 a survey was carried out at the 
Uppsala University Library.' The survey was based on the method used at 
the Stanford University Library, the one we found with the best documented 
methodology.2  

The survey was based upon the hypothesis that if you can randomly 
choose a representative number of books in a large collection and judge them 
objectively you could tell how large a share of the entire collection was in a 
bad state. 384 books would give a statistical precision of 95% ± 5% and that 
number was chosen both by the Stanford University Library and Uppsala 
University Library. 

The Uppsala survey started with the exclusion of certain types of 
publications. These were periodical prints, not cataloged prints and books 
printed before 1800. No exclusion was made on the basis of what country 
the books had been printed in. 

To establish the rack, shelves and eventually the books to be tested, 
random numbers were used. 

The Stanford survey judged the condition of paper, binding and cover. 
Each book was to be judged on these three parts which each had three 
grading alternatives, 1 = good condition, 2 = worn condition and 3 = bad 
condition. These gradings were later to be weighted against each other and 
the results would give a picture of the state of each book. The condition of 
the paper was considered to weigh more than that of the binding and cover, 
which is quite natural as the usability of a book is highly dependent on it. 

An important part of the survey was the folding tests made in the corner 
of a page. This folding was done six times. If the fold broke when lightly 
pulled, the paper was graded 3, regardless of the results of the other 
parameters. The parameters and gradings are listed below. 

1 Palm and Cullhed, Papperskvalitet. 

2 Buchanan and Coleman, Deterioration Survey of the Stanford University Libraries 
Green Library Stack Collection. 



Paper condition 
Grading 1: Tears - none 

Edges - even 
Yellowing - none 
6 foldings - no breaking or tearing 

Grading 2: Tears - a few 
Edges - somewhat worn 
Yellowing - slight 
6 foldings - no breaking or tearing 

Grading 3: Tears - many and/or pieces missing 
Edges - worn 
Yellowing - slight to strong 
6 foldings - breaking 

Binding 
Grading 1 :Sewing/gluing - intact 

Pages!-  firmly connected in the hinge 
Grading 2:Sewing/gluing - loose but not broken 

Pages - may be loose but will not fall apart 
Grading 3:Sewing/gluing - broken 

Pages - loose and broken (fall apart) 
• C. Cover 
Grading 1 :Covers - firmly connected 

Hinge - undamaged 
Corners - undamaged 
Spine - undamaged 
Covering material - undamaged 
Mendings - none 

Grading 2:Covers - firmly connected 
Hinge - broken 
Corners - slightly damaged 
Spine - slightly damaged, not broken 
Covering material - worn 
Mendings - none or a few 

Grading 3:Covers - one or both loose from the book 
Hinge - damaged, in need of repair 
Corners - worn, damaged or missing 
Spine - broken 
Covering materials - damaged, parts missing 
Mendings - none or a few 

The results of the paper gradings from this testing procedure were later 
compared with results from chemical analyses done in the UUB survey of 
the paper in the tested books. The purpose was to see if the results from the 
Stanford method survey coincided with current criteria for paper qualities. 
Thus paper samples were taken from the chosen books and analyzed 
according to fiber content, type of sizing, lignin content, type of fillers and 
pH. (We later excluded the results of the identification of the presence of 
fillers, as we were uncertain about their importance for paper durability.) It is 
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possible to judge the quality of a paper quite objectively with the help of 
these parameters. 

Measuring of the pH in a type of paper has often been over emphasized 
in evaluating the quality of single paper sheets. This measurement must be 
put into a context with other characteristics of the object. A paper with pH 5 
can be more brittle than one with pH 4. But the average pH of a number of 
papers shows that the more brittle papers have lower pH than the ones in 
better mechanical condition. 

Thus pH measuring is a blunt instrument when it comes to determine 
paper condition. One example of how far too general conclusions have been 
drawn from a survey based on pH measurement alone, is Ivar Hoel's survey 
in some libraries in the Nordic countries. 3  The pH as a tool for determining 
paper condition has been greatly exaggerated. Ivar Hoel's report will be 
discussed further on in this report. 

The extended UUB survey with the chemical analyses showed that the 
Stanford method's paper grading, we call it P-grading - P 1, P 2 and P 3, 
coincided well with the different qualities paper has based on its chemical 
composition. 

We also found that the Stanford method was a good tool for doing 
surveys of the state of libraries' and archives' collections. 

Against this background the authors were asked to perform a Stanford 
survey at the Royal Library (KB), the National Archives (RA) and the 
Gothenburg University Library (GUB). The survey was to be a part of the 
national research and development project on paper conservation (FoU 
projektet for papperskonservering) funded by the Swedish government. 

At KB and RA the Stanford surveys were to be made with random 
sampling and performed in the same way as the survey done at Stanford and 
UUB. 

The survey at GUB was to be a direct comparison with the Uppsala 
survey, as GUB was to examine the same editions of the books tested at 
UUB. The purpose was to detect any differences between UUB and GUB 
which might tell us something about different preservation environments. 

By putting together the results from the different surveys at UUB, KB, 
RA and GUB it would be possible to establish a basis on which further 
decisions on mass conservation could be founded. 

Personnel from each institution carried out the gradings, and the results 
were elaborated at UUB. 

The results are divided in two parts, one covering the results from the 
surveys at KB and RA and the other the results of the comparison between 
UUB and GUB. 

3HoeI, Papirnedbrydning - en undersøgelse af papirsurhed og papirstyrke i 
nordiske bøger 1850-1985. 



THE SURVEYS 

The Royal Library (Kungliga biblioteket KB) 

The Stanford survey at KB was carried out exactly in the same way as at 
UUB. Only monographs which were kept in KB's main building were 
tested. 

Foreign monographs from 1956 to 1969 are kept in a depot outside 
Stockholm, which showed in the results as a lesser number of books from 
this period being tested. 

The following graphs shows the weighted gradings of paper, binding 
and cover. There are not very many differences between KB (Fig. 1) and 
UUB (Fig. 2). The category that differs most is grading 2 (worn books), 
24% in KB and 18% in UUB. 4  We can think of a couple of reasons for this 
difference. 

'The books have been used more and are thus more worn. 
'More air pollution, which among other things yellows the paper. 
'The books may look worn due to dust and dirt. 

Fig. 1 . Weighted values at KB. 
20 
	

5699 
	DiI 

Fig. 2. Weighted values at UUB. 
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4Percentages are published without decimals throughout this report. 



The paper grading - P-value - was used to describe the paper condition. Figs. 
3 and 4 show the P-values at KB and UUB. 

The P 3-categories at KB and UUB are similar. The main difference is 
found in the P 2-category; KB has 22% and UUB 14%. This may be due to 

-more tears and worn edges through extensive use or 
•a higher degree of air pollution which gives the paper a yellow tone 

around the edges. 

Fig. 3. KB P-values. 

209 

I2 

22% 
	 U3 

Fig. 4. UUB P-values. 
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If the P-values are spread over time and put into relation to the total number 
of books per decade tested, the following graphs (Figs. 5 & 6) will show the 
same tendencies in KB and UUB. 

The KB-graph has an unexpected dip in the total number of books 
tested from the 1950's to the 1960's. As mentioned before, this is due to the 
fact that foreign monographs from this period are stored in a depot outside 
Stockholm and thus not included in the survey. 

A similar dip appears in the UUB-graph during the 1980's, which 
probably is due to an introduction of numerus currens-signing of books in 
1979. These books are stored together in one part of the building, and since 
the random sampling was based on shelves all over the building, this part of 
the collection is not properly represented. 

As a certain amount of time is required for a paper to deteriorate, we do 
not consider these irregularities to be of any importance. Almost every 
sample from these periods is graded P 1, irrespective of its chemical 
properties. This is obvious when the P 1-curve is compared with the total-
curve. 
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Fig. 5. Distribution of P-values per decade at KB. 

1850 	 1900 	 1950 

Fig. 6. Distribution of P-values per decade at UUB. 
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The relationship between the total number of books tested and the ones 
with P 3 shows that there is a great increase of P 3 during the 1860's to the 
1890's. After that the P 3-curve falls while the total number of books 
increases steadily. There is a noticeable bulge in P 3 in the KB survey, 
during the 1950's. None of the other surveys we made showed similar 
results, neither could we see anything like this in the Stanford and Yale 
surveys. We think that KB's bulge can be the result of individual differences 
among the testing personnel which may show clearly in a uniform sampling 
collection from the same period for example. 
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The National Archives (Riksarkivet - RA) 

A modified version of the Stanford method was used at the National 
Archives as the character of archival collections differs from library 
collections. The sampling of shelves from which to pick objects for testing 
was the same as in UUB and KB. The archive collection consists of bound 
volumes and boxes from which samples were taken in the same way. The 
modification was in the sampling of the individual sheet of paper to be 
tested. The content was weighed and with the help of a random number a 
point between zero and maximum weight was chosen. With the use of a 
scale it was possible to obtain to the sampled sheet. 

In the processing of the results we chose not to weigh the categories 
paper, binding and cover against each other as was done with the library 
materials. The reason again was the character of archival collections with 
some of the materials bound in volumes and some kept in boxes. Thus all 
graphs display the results of the paper-testing, P-values, which can be 
directly compared with the results from the libraries. 

As can be seen in the next graph (Fig. 7) the amount of P 3 is almost 
the same as in UUB and KB. The amount of P 2 on the other hand is 31%, 
which is far more than in either of the libraries. Probably the P 2 has 
increased at the expense of P 1, the reasons for this possibly being more 
tears, worn edges and "dirt" through extensive use or a higher degree of air 
pollution, which gives the paper a yellow tone around the edges. 

Fig. 7. P-values at RA. 

11 	03 

lou IIIII 
Books often come directly from a publisher or a book store, brand new, 

and they may never be used after being put on the shelves. The condition for 
being defined as archival records is that they be a product of an 
administrative process. Thus this material has been used and is consequently 
more worn and dirty. Paper in such a condition cannot be graded P 3 if it 
does not break when folded, but on the other hand it is not in such a good 
condition as to be classified as P 1. This paper ends up in P 2. It is highly 
probable that there is some reciprocity between P 2 and P 3. When the P 2-
share increases, the P 1 decreases as the grading is in fact a choice between P 
1 and P 2, unless the paper breaks and is graded P 3. 

209 

31% 
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Fig. 8. Distribution of P-values per decennium at RA. 
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There were some difficulties in making a graph of the P-values' spread 
over time and put into relation to the total number of sheets tested (Fig. 8) as 
many of the documents were difficult to date exactly - books have an exact 
year of publication. 15% of the documents tested at RA were therefore 
excluded from this graph. That is probably why there are such fluctuations in 
the total number of sheets tested. The number of papers tested from the 
1950's and onwards decreases, which probably is due to the delay in the 
deliveries of archival records from different authorities. 

As in UUB and KB, P 3-values are high in proportion to the total 
number of sheets from the 1860' to the 1890's. P 3 shows an increase 
during the 1920's while the total number of sheets decreases. This effect has 
no equivalent in the results from the libraries. 
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CONCLUSIONS OF THE STANFORD SURVEY 

The main conclusion from the surveys made at UUB, KB and RA is that the 
greatest share of paper in bad condition, in proportion to the total amount, is 
from the later half of the 19th century. This is clearly visible in Fig. 9, which 
shows the average of the total amount in proportion to the average of P 3 
tested at the three institutions. By making a graph based on average figures, 
individual variations become less prominent, presenting a more balanced 
picture of the condition of the examined collections. 

Fig. 9. Average distribution of the total amount of samples 
No. of samples 	 and P 3 at UUB, KB and RA. 

1800 	 1850 	 1900 	 1950 

Ivar Hoel says in his report, Papimedbrydning, that the books with the most 
deteriorated paper, and which should thus be mass treated, are from the 
period 1880-1970. 5  This statement is based solely on pH-measuring. 

Fig. 10 shows Hoel's pH-results for Swedish books. According to this 
the papers with the lowest pH are from the 1950's. According to Hoel's 
reasoning, this should be the most deteriorated paper. 

5  Hoe!, Papirnedbrydning, p.  90. 
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Fig. 10. "pH-v cerdi isvenskebgeri850-1985". 

1800 	 1850 	 1900 	 1950 

Ivar Hoel states that bad paper has a lower pH than good paper. In the 
chemical analyses that were done on the paper samples at UUB to establish if 
that and other hypotheses on paper quality coincided with the results of the 
Stanford method, we found that paper falling within the P 3-category also 
had the lowest average pH of the three grading categories. The authors find it 
strange, considering this, that Hoel reports a steady increase of paper in bad 
condition, from the 1880's and forward in time, while the results in this 
report show that most of the deteriorated paper is from the 1860's to the 
1890's. After that period the amount of paper in bad condition decreases 
while the amount of paper in good condition increases rapidly up to the 
present. 

The graph showing the average percentage distribution of bad paper 
from UUB, KB and RA (Fig. 11) also shows the same results from a survey 
made at the Yale University Library, which we have chosen for comparison. 6  
36,500 volumes were tested in that survey to get the highest possible 
statistical validity. Apart from the amount of deteriorated material, the 
Swedish curve and the Yale curve follow the same pattern. 

6The Yale Survey: A Large Scale Study of Book Deterioration in the Yale University 
Library, pp. 111. 
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Fig. 11 . Paper in poor condition (comparable with P 3) at the Yale University Library 

99 	
and average P :3-values at UUB/KB/RA. 

One can expect that the bulge in the latter part of the 19th century will 
move forward but the speed and amount is dependent on the initial quality of 
the paper and the preservation environment.The reasons for Hoel's divergent 
results are the following, among others: 

-The results of Ivar Hoel's survey is solely based on pH-measurement 
without putting the pH in relation to the physical properties of the paper. 

-The sampling methodology has been manipulated by repeatedly 
directing the choice of the sample, largely vitiating its randomness . 7  

-The way the pH-measuring was done offers many pitfalls, among 
other things precision has been sacrificed in favor of rationalized and less 
time-consuming measurement. 8  This can explain the extraordinarily low pH-
values Hoe! reports. 9  Considering the emphasis Hoel places on the 
importance of pH, this leads to serious consequences for the value of the 
entire survey. 

Conclusions regarding the state of the collections in the Nordic 
countries in about 40 years' time seem particularly risky under such 
circumstances. 

7Hoel, Papimedbrydning, pp.  46. 

ch. 3. 

9Compare 33% <pH 2 in Library of Congress, Hoe!, Papirnedbrydning pp.  101, with 
2% <pH 2 in Library of Congress, OTA, Book Preservation Technology, Fig. 2 P.  14. 
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One merit in the work of Ivar Hoe!, though, is that he has drawn 
attention to the importance of climate on the deterioration of paper, which 
ought to be an important issue when discussing mass conservation. 



THE COMPARISON BETWEEN UPPSALA AND GOTHENBURG 
UNIVERSITY LIBRARIES 

The P-values at UUB and GUB 

The survey done at the Gothenburg University Library (GUB) was not 
intended to show the actual state of that library collection but rather how 
different preservation environments might affect specified objects. Thus 
exactly the same editions of the books studied in the UUB survey were 
tested at GUB. 184 of the 384 books tested at UUB could be found in the 
GUB collection. It may seem that this is not a sufficient number to make the 
results reliable, but since it was a question of direct comparison between 
defined objects, we considered the material to be large enough to give us 
results on similarities and differences. 

Fiber content, type of sizing, lignin content and pH were already 
known from the chemical analyses made at UUB. This made it possible to 
make a more thorough comparison. It was also possible to compare P -
values from the two university libraries with the chemical properties of the 
papers. 

The distribution of the P-values showed that the differences between the 
libraries were minor (Figs. 12 & 13). 

Fig. 12. P-values in the 184 books available at GUB. 
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03 

Fig. 13. P-values at UUB in the 184 books available at GUB. 
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The P-values and their Relation to the Chemical Properties of 
Paper 

When the P-values for individual objects were compared, there were some 
discrepancies. A P 1 in UUB could have changed to P 2 in GUB and vice 
versa. 

Hypothetically, discrepancies in categorizations might be due to special 
caracteristics of the papers, on the one hand, while those given the same 
value might have other qualities in common. 

Fig. 14 below shows the different chemical properties analyzed and 
their distribution in different P-grading combinations. 

The graph shows on the left side the chemical properties of the paper 
and the perpendicular columns represent the different P-grading 
combinations. 

The different P-grading combinations are formed on the following 
basis. 

UUB 184 vol. This column shows the results of the chemical 
analyses performed at UUB, on the 184 books also available at GUB. 

Similar P 1-value. This column includes all objects with P-value 1 
both in UUB and GUB, i.e. paper in good condition. 

Similar P 3-value. This column includes all objects with P-value 3 
both in UUB and GUB, i.e. paper in bad condition. 

P1 to P 2. Includes all objects with P-value 1 in UUB which got P-
value 2 in GUB or vice versa. This group consists of either heavily used 
paper or/and chemically decayed paper in worn condition. 

P 1 to P 2, rag excluded. The column consists of all objects given 
a P-value 1 in UUB and P-value 2 in GUB or vice versa. All rag papers in 
this group were excluded. This group consists of paper with no rag content, 
either heavily used or/and chemically decayed and in worn condition. This 
group acts as a support for the theory that many rag papers, usually of good 
quality, end up in this group due to the "unfavorable appearance" of these 
papers. 

P 1 or P 2 to P3. Consists of all objects given a P-value 1 or 2 in 
UUB and P-value 3 in GUB or vice versa. This paper is highly unstable and 
very susceptible to damage due to handling and the preservation 
environment. 

All changed P-values. Consists of all objects with a different 
grading in UUB as compared to GUB. 
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All unchanged P-value 1 and 2. Consists of all objects given the 
same P-value in both UUB and GUB. The column includes paper of good or 
worn quality. The paper graded P 2 in this group was probably graded P 2 
more due to its worn appearance than its being chemically degraded. 

Fig. 14. Distribution of unchanged and changed P-values in relation to paper content and 
pH. 

P-grading combinations 
LiJ 

CL 
...  

to 
CL ::.:C1 .j : .: 

N Ix - 
CL 

CL CL c'. 
W 

Chemical properties\ 
of paper E CL  

NO ALUM ROSIN SIZE 15% 19% 1299:: : : 2095:: : : 17%: : :: 6% 1199 2099 

ALUM ROSIN SIZE 85% 81% 88% 80%:!:! 83%:::: 9499 89% 80% 

10095 1009g 100% 100% 1009g 100% 100% 100% 

NO LIGNIN 7999 87% 7699 85%!. 75% 5799 67% 85% 
LIGNIN 2199 1399 2499 1599 2599 4399 3399 1599 

10099 10099 100% 100% 100% 100% 100% 100% 

1 RAG PULP 13% 1199 1299 4099 :: 0% 399 16% 12% 
2 GROUNDVOOD 099 099 099 0% 0% 0% 0% 0% 

3 CHEMICAL PULP 6299 7499 6899 3099 5099 4899 4299 7199 
4 RAG+CHEMICAL PULP 5% 399 099 1099 179K. : 69K 799 499 

5 GROUNDVOOD+RAG PULP 4 1X 299 4% 5% 899 1199 999 299 
6 GROUNDVOOD +CIIEMICAL 15% 899 16% 15% 2599 ii i i 2999 2499 9% 

7 GROUNDVOOD+CHEM +RAG 199 2% 0% 099 0% iiii 399 299 iiii 2% 

100% 100% 100% 100% 100% 100% 100% 100% 

Average-pH in UUB 	4,8 	5 JJ4,5 j4,9 	4,7 	4,6 	4,7 	5,1 

Comments on chemical properties of paper. 

Alum rosin size. The paper in 85% of the 184 books were rosin 
sized. Alum rosin size was especially prevalent in the following P-grading 
groups: "Similar P 3 value", "P 1 or P 2 to P 3" and "All changed P-values". 

Lignin. In the total sample 21 % of the examined papers contains 
lignin. In the P-grading group "P 1 or P 2 to P 3", the lignin content 
increases up to 43%. A look at the papers having the P-grading good/worn 
quality (P 1, P 2) reveals that these papers contain only 15 % lignin. 
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Paper Fibers. Rag fibers are prevalent in the P-grading group "P1 to 
P 2" but are lacking in the group "P 1 or P 2 to P 3". The latter is quite 
natural as the P-value 3 represents the really inferior paper quality, all 
according to the folding-test. More surprisingly, the rag content is high in 
the P-grading value 2 as this group represents worn paper while rag fibers 
usually mean a paper of good quality. It is highly probable that a great 
number of the papers containing rag end up in the P 2 category. The reason 
for this can be that rag papers can have a yellowish tone and sometimes a 
structure that gives the impression of a worn paper to the untrained eye (the 
whole point of the method is that the amateur should be able to carry out the 
grading). The criterion for a P 2-grading is that one or many of the following 
attributes can be observed in the paper. 

Tears - a few 
Edges - somewhat worn 
Yellowing - slight 
6 foldings - no breaking or tearing 

When grading a paper like this, the survey member has to make a 
choice where it is impossible to grade the paper P 1, all according to the 
above-mentioned grading criteria. It is also impossible to grade the paper P 
3 because the paper does not break after the folding test. When these two 
possibilities no longer exist, the paper ends up in P 2. In this way the P 2-
grading contains a larger proportion of good quality paper than one might 
expect. Hence the true nature of the P 2 value will not appear until the rag 
papers are excluded. This can be clearly seen from Fig. 14. 

pH. The average pH values in Fig. 14 correspond to what could be 
expected from the P-grading groups. 
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Groundwood - An Unstable Paper Fiber that is Sensitive to 
Different Environmental Conditions 

Fig 14. shows that the P-grading groups containing groundwood are more 
prevalent in the P-grading groups with inferior quality paper. Pure 
groundwood is not represented in the total GUB-sample. One explanation 
for this could be that it is not common to use pure groundwood in the types 
of publications examined, i.e. monographs (in the UUB-sample of 384 
volumes only 2 contained pure groundwood). In the P-grading group UUB 
184 volumes 15 % consist of groundwood+chemical pulp whereas in the 
group "P 1 or P 2 to P 3" 29 % contain grounwood+chemical pulp. The 
better paper quality in "Similar P 1 value" contain only 8% of this fiber-
mixture. The fiber combinations 5, 6 and 7 were examined to see if these 
fiber combinations containing groundwood would show any difference in P-
values between UUB and GUB. 

The P-values of UUB were as follows: 
P 157% 
P216% 
P327% 

The P-values of GUB were as follows: 
P 143% 
P216% 
P341% 

In this case there is a clear difference between P 1 in the libraries, 57% 
and 43% respectively. P 3 show an even clearer difference, with 27% and 
41% respectively. This means that these fiber combinations are more 
decayed in Gothenburg than Uppsala. There is no difference in P 2 and if 
one accepts the theory that P 2 means a paper damaged due to rough 
handling, this means that the difference between the two libraries is mainly 
due to the environmental conditions. Further investigations on the 
differences in environment in Uppsala and Gothenburg would be extremely 
valuable. The effect of the environment on paper has been documented. 10  
Investigations of this kind could gain in value if they were connected 
specifically to papers containing groundwood, as our findings imply that 
groundwood paper is highly sensitive to different environmental conditions. 

109 
Aldring/nedbrytning av papper, p.  56. 
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APPENDIX 

PAPER QUALITY - A COMPARATIVE DETERIORATION SURVEY AT 
UPPSALA UNIVERSITY LIBRARY 
Previuosly published in German: Papierqualitat. Restauro 1:1988. 

During the last decades, reports have been published describing an impending catastrophy 
concerning our intellectual heritage around the world. This catastrophy is due to the use 
of paper of an inferior quality which has been used since the middle of the last century. 
As the demand for more paper increased, the manufacturing processes were changed and 
rationalised. Among other things the use of groundwood pulp and acid sizing were 
introduced. 

The reports have all declared high percentages of volumes with deteriorated paper. 
Library of Congress, Washington declares that about 30% of the collections are unusable, 
Harvard University Library 40 % and Stanford University Library 26 %. 

Reading these reports made us concerned about the condition of paper in Swedish 
libraries. Thus we decided to carry out an investigation to determine the conditon of 
books at the Uppsala University Library. The main method used in the investigations 
reported was a simple folding test of the paper in randomly chosen books. The report 
from the Stanford University Library' was the only one with a detailed description of the 
method used and we thought it would be interesting to carry out our investigation using it. 
Our results could then be directly compared with the Stanford results. We thought it 
necessary to add a more thorough analysis of the folded paper to determine the reliability 
of the Stanford folding test. 

The Stanford investigation was also the only one that treated books as complete 
objects - bound and with covers - which is quite important when the discussion concerns 
the availability of library material. 

The hypothesis was that one should be able to randomly choose a number of books 
and judge them by a set of standards. The result would show the percentage of deterio-
rated books in an entire collection. 

The Stanford Method 

In the Stanford-investigation not only the condition of the paper but also that of the 
binding and cover was marked, each in one of three levels of condition 0 (good), 1 
(worn) and 2 (bad). We changed these levels to 1 (good), 2 (worn) and 3 (bad). 

The marks of the paper, binding and cover were to be weighed against one another. 
In this way one would obtain a value of the over all condition of a book. This value 
weighted the condition of the paper higher that that of the binding and cover as will be 
discussed later in this article. 

The basis for grading had to be modeled in such a way that anyone could perform 
this investigation after only a short introduction. The persons who were to carry out the 
investigation - the survey team - were introduced to a pre-test where a number of books 
(not to be included in the main investigation) were to be estimated. These books should 
include all three levels of the condition of the paper, binding and cover. The results were 
compared as it was important that the estimations were not too far from each other, as this 
would mean that the testers estimated differently. If they did, the instructions had to be 
repeated and perhaps be made more detailed until a uniform grading pattern had evolved. 

After the introduction the survey team carried out the investigation within the Green 
Library of the Stanford University Library. The results were as follows: 

32.8% was in a good (1) condition 
40.8% was in a worn (2) condition 
26.5% was in a bad (3) condition. 
These were the figures that we would compare with our own results. 

1 Deterioration survey of the Stanford University Libraries Green Library Stack collection, 
Buchanan, Sarah & Coleman, Sandra. Preservation planning program, Resource notebook, ed. 
Darling, Pamela W., Washington D.C. 1982 
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The investigation at Uppsala University Library 

The folding test procedure as described by the Stanford method was based on the grading 
of the condition of paper, binding and cover. However we changed the descriptions of the 
different grading levels to make them more exact. The foldings were made in a corner of a 
page where it was folded six (6) times. The corner was then pulled gently. 

A. Paper condition 
Grading 1: Tears - none 

Edges - even 
Yellowing - none 
6 foldings - no breaking or tearing 

Grading 2: Tears - a few 
Edges - somewhat worn 
Yellowing - slight 
6 foldings - no breaking or tearing 

Grading 3: Tears - many and/or pieces missing 
Edges - worn 
Yellowing - slight to strong 
6 foldings - breaking 

•B. Binding 
Grading 1: Sewing/glueing - intact 

Pages - firmly connected in the hinge 
Grading 2: Sewing/glueing - loose but not broken 

Pages - may be loose but will not fall apart 
Grading 3: Sewing/glueing - broken 

Pages - loose and broken(falls apart). 

• C. Cover 
Grading 1: Covers - firmly connected 

Hinge - undamage 
Corners - undamage 
Spine - undamag 
Covering material - undamage 
Mendings - none 

Grading 2: Covers - firmly connected 
Hinge - bursts 
Corners - slightly damaged 
Spine - slighly damaged, not broken 
Covering material - worn 
Mendings - none or a few 

Grading 3: Covers - one or both loose from the book 
Hinge - damaged, in need of repair 
Corners - worn, damaged or missing 
Spine - broken 
Covering materials - damaged, parts missing 
Mendings - none or a few 

A pre-test was made, as in the Stanford survey, and the differences of the grading 
within the survey team were checked by using the x 2-method. 

We considered the statistical part of the Stanford investigation to be reliable and the 
carrying through to be satisfactory but we doubted that a simple folding test could be 
enough to determine the quality of the paper. Therefore we added the following paper 
analysis tests: 

•Fiber content - Since the middle of the 19th century a range of new types of 
different plant fibres have been used in the making of paper. The main proportion comes 
from wood but also from grass, straw etc.. A Herzberg-stain was used to determine the 
fibres and place them in the following categories: 
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rag pulp, 
ground wood 
chemical pulp, 
rag pulp+chemical pulp, 
groundwood-i-rag pulp, 
groundwood+chemical pulp and 
groundwood+rag pulpi-chemical pulp. 

No determination was made of the percentage of the different fibres in mixed pulps. 
-Alum rosin sizing test - This kind of sizing which was gradually introduced during 

the 19th century, speeds up the decomposition of paper and its presence indicates a paper 
of an inferior quality. The test used was an aluminon solution (0,1% solution) 2 

•Phloroglucinol test - Lignin is a constituent of unpurified woodpulp and its 
presence degrades the paper. Identification was made with the phloroglucinol test. 

-pH - Isolated measuring of the pH in a paper has often been over emphazised in 
evaluating the quality of singular paper sheets. This measurement must be put into a 
context with other characteristics of the object. A paper with pH 5 can be more brittle than 
one with pH 4.5. But the average pH of a number of papers shows that the more brittle 
papers have lower pH than the ones in a better mechanical condition. The measuring was 
made using a flat head electrode on the paper surface. A water extract measuring would 
have been too destructive to the books. 

Similar analyses of binding and cover was not performed as there to our knowledge are 
no factual tests in this area. 

Sampling procedure 

One condition for our line of investigation was that we should be able to cut a paper 
sample from each book. However, as the books were to be randomly chosen, we might 
hit on books too valuable to be cut from. Thus we informed a reference group whithin the 
library about the books we came across and had them approve each item. 

As mentioned before great changes took place in paper production during the 19th 
century and we considered the year 1800 to be a natural borderline between old and 
modern paper. As most problems concerning the paper itself are connected with modem 
manufacturing methods - and the greater part of most library collections are printed on 
such paper - we decided to examine only monographs published after the yearl 800. 
Another restriction was the exclusion of unbound and periodical material as they could 
consist of different types of paper in the same volume. 

After these preparatory limitations we began the actual sampling procedure. The 
sample size of 384 volumes was chosen and based on a formula taken from M. Carl 
Drott3  and would give us a confidence level of 95% with a 5% tolerance interval. 

We produced a map of all the set of shelves containing books that it was possible 
to choose from. These totalled 1350. From these we were to choose 384 books. With 384 
randomly chosen numbers between 1 and 1350 we found out from which set of shelves 
we should randomly pick our books. 

Our next step was to choose the actual book from each chosen set of shelves. If the 
set of shelves consisted of 90 shelves we produced a random number between 1 and 90, 
if the set consisted of 43 shelves we would produce a random number between 1 and 43 
etc.. On the shelf hit upon the book to be examined was determined by the same 
procedure i.e. counting the books on the shelf and producing a random number between 1 
and the number of books. If we came upon a book that was certified as valuable by the 
reference group the procedure was repeated with a new random number. 

2W.J. Barrow Research Laboratory, Permanence/Durability of the book, Publications I-IV, Richmond, Va. 
1963-1974 
3M. Carl Drott, Random sampling: A tool for library research, College and Research Libraries, March 1969, p. 
124. 



27 

Paper samples were then cut from each book. An approximately 1 cm wide strip 
was cut in an unobstrusive way from the front edge of a page from the book block. The 
paper samples were collected and subjected to analyses while the survey team conducted a 
survey according to the Stanford method. 

Results 

After one month we were able to compare the results from our own survey team with 
those from Stanford. We were also able to compare the survey team results with the 
analyses of the paper. 

The Stanford method results on the grading of paper, binding and cover (gradings 
0, 1 and 2 changed to our 1, 2 and 3) were weighed against each other in the following 
manner: 

•a book is considered as deteriorated 3 
if the paper grading is 3 or 
if both the binding and cover is 3 

•a book is moderately deteriorated 2 
if the paper grading is 2 or 
if both binding and cover are 2 or 
if either binding or cover is 3 

-every other combination shows that the book is in a good condition 1. 

The following graphs (Fig. 1 & 2), depicting a comparison between the Uppsala and 
Stanford surveys, show that the condition of the books at Uppsala University Library is 
slightly better than that of Stanford University Library. One can only speculate on the 
reasons for this. One factor could be the different climatic conditions, another maybe the 
use of different paper qualities. 

Fig. 1. Weighted values at Uppsala University Library. 
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Fig. 2. Weighted values at Stanford University Library. 
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In our survey only three books, i.e. 0.7%, were graded 3 due to the binding and 
cover conditions. 22% of the collection were graded 3 due to the paper grading. In total 
this would amount to 770 000 volumes of the entire library collection. 

The paper analyses compared with the survey team results 

In this comparison we have used the grading of paper in the survey but renamed each 
level to P1, P2 and P3 (P stands for Papergrading). 

•P1 is good condition 
•P2 is worn condition 
•P3 is deteriorated condition. 
The P-figures from the survey were compared with the analyses data. 

I. 
1. The first comparison was between the pH-values and the P—figures. Our hypothesis 
was that the pH of the samples graded P3 should be lower than the pH in the P1-samples. 
The results were as follows: 

pH 5.0 
pH 4.9 
pH 4.6 

The figures show that the pH of the P3-samples are the lowest and this shows that 
the hypothesis is correct. 

IL 
2. The second hypothesis was that paper containing lignin and/or alum rosin size are of an 
inferior quality compared to purified neutrally sized paper. The amount of P3-samples 
should be larger if either lignin or alum rosin size is present and the amount should be 
even larger if both factors are present. 

The graphs (Fig. 3, 4 & 5) show a gradual increase in P3 which shows that the 
hypothesis is correct. 

Fig. 3. Distribution of P-values among samples with neither 
lignin or alum rosin size. 
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Fig. 4. Distribution of P-values among samples 
with either lignin or alum rosin size. 
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Fig 5. Distribution of P-values among samples with both 

lignin and alum rosin size. 

III. 
We decided to compare the condition of the books from the 19th century with the fiber 
content in the paper samples from the same books, as they had been aged a minimum of 
86 years. Thus the third hypothesis was that samples from the 19th century with P1 (Fig. 
6) ought to be made from raw materials of a good quality e.g. rag pulp and neutral sizing. 

Fig. 6. Fibre content in papers with P 1 pre-1900. 
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The conclusion of the comparison is that the content of rag pulp is high at P1. The 
following graph (Fig. 7) shows the proportion when the grading is P3. In this case the 
content of rag pulp is far less. 

Fig. 7. Fibre content in papers with P 3 pre-1900. 
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We compared the gradings P1 and P3 before the year 1900 with the alum rosin 
size and/or lignin content in these samples, the result was 

'P1: 57.14% contained alum rosin size and 12.24% lignin. 
'P3: 90% contained alum rosin size and 76.% lignin. 

These results show that the hypothesis was correct. 

Conclusion 

Our comparison between P-figures and the paper analyses shows that paper, made of 
good quality raw materials is generally graded P1 whereas paper made of inferior raw 
materials is graded P3. Thus we have come to the conclusion that: 

'the Stanford method can be used to get a fair idea of the condition of the paper in a 
library collection. 

and: 

The conception of deteriorated books 

In many surveys similar to that of the Stanford University Library there have been reports 
of percentages of books in such a state of deterioration that they are unusable. These 
books correspond to the ones in the Stanford method graded 2 (our grading 3). However 
it is striking that many of these deteriorated books are quite usable as regards the paper 
quality. The criteria for an unusable book is not as much that the paper breaks in a folding 
test but more that it breaks in the hinge when reading it. The paper folding technique in 
the test represents quite a different handling than normally used. 

As mentioned earlier it is possible to give a fair idea of the paper quality of a library 
collection using the Stanford method but we are convinced that one should be more 
restrictive in the use of the conception deteriorated books when an investigation is mainly 
based on the condition of the paper. 

Summary 

The conclusions drawn from this investigation are the following: 

The Stanford survey method is simple to use and can be used to investigate 
library collections giving a general idea of their condition. Certain conclusions can be 
made about the availability of the collections. 

It has been possible to establish that the Uppsala University Library collection is 
in a somewhat better state than many other collections. 

The availability of a book is limited mainly because of damages to the binding 
and cover, and not to the paper. This conclusion is based partly on the findings of this 
survey, and partly on the practical experience from the preservation section at the library. 

The survey is an instrument by which you can gain knowledge of the state of 
deterioration state and moreover, if the survey is repeated, on the rate of deterioration of a 
library collection. 

The period 1880 - 1900 shows an increase in P3 in relation to the total amount of 
volumes. This means that inferior paper quality is prevalent during this period. 
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