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Introduction

The Mellon funded meeting and report Future Life of Collections, 2004, identified three areas as

being of the highest priority for conservation research in thisfield:
<
e Lifecycleprediction %

e The storage environment
e Assessing damage to materials

The British Library prepared a collaborative researeh project to ad these issues by the

investigation of:
e The condition of identical booksin differen ( dly-égnifi@aﬂe&:

yrant of $695,000 for the

3ritish Library (BL) led the
?, Cambridge University
Ibrary of Wales (NLW), Oxford
), and The National Archives
0ject was planned to run from January
erence at The British Library.

r AN damaging agents from stores, starting in 2007. Department of Pure and
Applied Chemistry, University of Strathclyde

e The project would end with an international conference and a round table discussion

on ways forward.

When the project started, the scope of work and methodol ogies were reassessed in the light of

recent advances in paper science, enabling clarification of the questions to be addressed, while

keeping within the overall scope. The implementation was split into six strands:

1. Choosing Identical Books (IBs): Types of books, choosing books by libraries, long- term
use of identified books

2. Measurements by libraries: Methodology, sampling of books

3. Condition assessment: Current state of the art, using external academic researchers as
contractors



4. Volatile Organic Compounds (VOCs): Current and novel methodologies, scoping VOCs
produced by books, comparison with condition data, using external academic researchers as
contractors, outputs and outcomes

5. Construction of model of paper degradation, correlating environmental with condition data,
using external academic researchers as contractors
6. Capacity building: Training conservators (training trainers), building a community of
research aware conservators, building and training external partners

category/date | 1900 | 1910 | 1920 | 1930 | 1940 | 1950 | 1960 | 1970 | 1980 N\\QQO 2000 | totals
Art 2 2 3 2 2 2) 2 2 17
Atlas 2| 1| 2] 1 2| 1| 2]  2lQ2(( WY 2| 1
British N
Parliamentary
Papers 5 6 2 1 2 2 22
Children's
book 1 2 3 2 2 N2 1| 15
Reference N \Zv %
book 1 2 2 21 =2 2 ;< 2 19
Map 1| 1| 1] 2 N ) Q2 2 2| 13
Music o 2| 2] 2] N\ oV o Fo1] 2| 2] 1o
Newspaper 1 1 1 A \1\ 1 %1 \5)51 1 1 10
Novel 1| 2|2 2|7 Al Ay 2| 2 2| 15
Academic N N
Journal 3 3| /3] 3 3] 3| 3 3] =0
Popular @ V%
Journal 3 3 3\ 3| (O 3 3 3 30
Pulp fiction \&\/i ZéQ\\i} 11
CURL1905 | _19p. 1 A 20
curL1o1s | (T el g 16
CURL1925 (¢ D) |« 19
CURL1935: [\ ) NN 20
CURL1945 \ 24 24
CURL1955 / 22 22
CURL1975 19 19
CURL 2005 17 17
totals 38 43 43 44 46 39 37 20 24 2 39 375

Table 1. Categories of publication chosen to reflect the range of papers used in the 20" century, with the
number of items sampled for each decade, and available in every LDL. The CURL categories were
randomly chosen monographs from the CURL database, with the search parameters of publication place —
London, publication date - **05.



1. Choosing Identical Books

The books to be studied were books published in the UK, 1900- 2005. Theaim wasto
investigate the behaviour of the range of types of paper encountered in the collections. Asit was
not practicable to identify the type of paper in items as part of the choosing processes, the
publication category was used as the surrogate measure of paper type, table 1. Thetarget
number of items was 400, derived from the statistical basis of the National Preservation Office's
Preservation Assessment Survey methodology ' Work on the experimental design for the
PaperTreat research project suggests that ca 1,200 items are needed for astatistically powerful
random sample of books?. However after taking advice from epidemiol ggic isti i
study deliberately targeted date and category seriesin order to use‘stati<tical>a

trendsin the data®. \
The Lega Deposit Libraries are aunique and valuabler . Theyholdy indefinitely,

published books deposited under the UK copyright aly efore they should

receive identical copies of books from UK publish elves every book by right,
while the other LDLs have aright to receive item
collection has the most compl ete selection of U

N
) <>
articiita ly British Parliamentary
&Qf

q//éﬁ\ of UK LDLs

0 [
1 2 3 4 5 6
33,000 books| 27369 3380 1567 494 170 26

Present in no. of LDLs
Figure 1. The CURL database was searched for items with publication place— London,
publication date — 1905. The resultant output was manually sorted to identify 26 items
common to all LDLs. Subsequent sorting of the CURL search outputs was carried.

The LDLs have different cataloguing policies and conventions. For instance, the BL hasasingle
catalogue entry for its British Parliamentary Papers, dated 1805, and similarly for other serials.
Individual issues are therefore invisible in searches by year. Initial searches of LDLs holdings
used the computerised union database held on CURL servers®. Theindividual source databases
areidiosyncratic. For instance, the NLW is undertaking a major retrospective input of its non-



Welsh books on card catal ogues onto the computerised database, and had reached “D” at the
time of the IB searches. Almost none of the libraries had externally accessible catal ogues of
their (large) music and map holdings. The CURL database showed that many of the books are
catalogued in only one or two libraries, Figure 1.

The only practicable way to identify the actual holdings was to enlist the expertise, and time, of
speciaist curatorsin each of the libraries. Each library volunteered to create two of the required
specialised lists, 4 items per decade. These were then circulated around t speuahstsm other
libraries, missing items deleted and further items added, aiming to have at ot st 2 items per
decade in each category, Figure 2. In paralel, the CURL database was s he for |tems by
decade then manually sorted to identify further items, largely mon&rap
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of these were found in al libraries. When a sample of 345 IBs at the BL and NLW were
examined using the SurveNIR tool, two of the IBs pairs were found to printed on different
paper®. Also during the measurement stage, it was discovered that libraries had rebound many
items, both serials and monographs. Apart from introducing variability in the materias of
binding, rebinding had frequently included trimming of pages. Comparing the identical books
was made less certain because alegal deposit item cannot be removed from its host library. The
IBs were compared by photographs of the title pages and the measurement page, and the memory
of the travelling researchers.

The choosing process, initially estimated to take 5 days, lasted 7 months, finishing in June 2007.



2. Measurements and sampling by libraries

The primary data gathering was carried out by nominated conservatorsin the libraries. A large
amount of datawas gathered in order to characterise the IBs.

Identification: The shelf number or other unique identifier of the IB was recorded, in order to
distinguish between multiple holdings of atitle. Photographs were taken of the title page and the
measured page, before and sampling. In retrospect, a photograph of the cever and measurements
of the text block would have been useful. The storage location was recorded: Each IB was given
aunique identifier, e.g. Whitaker’s Almanack (1903) was BL211, with t indicating the
library and the number being the same across dl the libraries. In ofder t iability
between measurements, the following protocols were used.

t the volume was
ersnip reduce the effect of
pages such as music or

o0 locations on one page, while for BL
tly. For many of the libraries, the taking

Otter, near the top edge and near the middle,

he samples were taken with a sharpened hypodermic
C in diameter. The samples were placed in labelled
\\ 30-7N ClikLok 1.5ml tubes. One (aborted) research line
\o the paper in the books. A duplicate set of samplesfor this
and NLW IBs, using the templ ates.

ethylene terephthal ate) had holes punched to |ocate the positions of colour measurement
im diameter) and sampling (3mm diameter). Initially the sheet was located on the page by
folding the sheet so that it fitted snugly over the top and fore edges. Unfortunately, this system
of location failed for books whose edges had been trimmed. The template sheet was modified by
marks locating text blocks so that it could be lined up with significant text on the page.

A measurement kit and instructions were constructed to send around the libraries. Thisincluded
the templates, the Konica, computer, camera, sampling materials, and pH measuring equipment.

Conservators were nominated from each library to carry out the measurement. These
conservators were trained together (February 2007) in the project procedures and the techniques
of measurement. They were also trained to take micro-pH measurements, but this technique



proved too delicate and difficult to carry out in multiple sites. There were relatively few changes
in the conservators involved during the process.

Each library in turn collected together their IBs. When the measurement kit arrived, the
procedures were revisited, lessons learned from previous measurements and any difficulties
sorted out. Theseinter-library visits proved very valuablein discovering different curatorial
practices and the history of collections which affected their condition.

The main campaign of measurements started in May 2007, finishing Janu 008, with final
measurements of missing items in February 2009
<

3 Condition assessment N

Three measures of the state of the paper were evaluated, t e make-up ef the paper (the
furnish), the pH of amicro sample, and the molecular weight o . Theorigina plan
was for trained conservators to carry out the pH m ements on thie micro-samples.
Unfortunately, this proved impracticable. Most 0 les were assessed for pH, apair of IB
collections were assessed for furnish and, beca Imitations, number of sets (BL,

icated that levelsfell
surface. Unfortunately,
ity of the sampling position

eas \ orperiod, th measuring tool® 1° became available.
i @ pi sh, lar weight etc were obtained for the BL and
NLW IBs, with eawrem [ right corner and middle of the page.

’ kit comprised diffusion tubes to collect organic acid and aldehydes, and a pumped Tenax
tube. Conservators were trained in the techniques, deploying and returning the tubes for
anaysis.

Previous researchers had shown that the emissions of V OCs from papers and books showed
differences. It was postulated that the pattern of VOCs from an item can be correlated with its
composition, history, age and condition. If the correlation can be established, measurements of
VOCs might be used to establish the condition of an item or collection, using completely non-
contact methods, perhaps automatically.



Methods for quantifying VOCs from books were developed, described more fully in other
contributions to these proceedings. Previously used methods had included collecting VOCson a
number of absorbing chemicals, such as SPME (solid phase microextraction) fibres and Tenax
tubes then analysing using gas chromatography —mass spectrometry. All these are selective
absorbers and are difficult to tie to absolute concentrations in abook or in air. Methods were
sought that could quantify the VOC concentrations in order to establish significant markers for
the evaluation of the books.

Using sub-ambient thermal volatalisation analysis (SATVA), al the VOCsyresent in a book

is available as a portable device which provides a fingerpri ' eCted lon Flow Tube
Mass Spectrometry (SIFT-M S)12 provides absol ute conc in air samples. Both
require calibration of the analytes of interest for book ion and, as with other

0 .‘.\\
: @ vas to investigate | aser
' %ig&tionsrevealed and

been found previoudly.

It is known that amajor cause of damage to paper is historic exposure to sulfur dioxide. A study
of the short term and year long concentrations of sulfur dioxide, nitrous oxides and ozone was
therefore established in the same storesin the BL and NLW. These libraries had been subject to
pollution research as part of the British Leather Manufacturers' Research Association 1930s long
term study into leather book binding deterioration, followed up by the ENVIRONMENT

project . These results were to be calibrated with the sulfur analyses of items from those aress.
Although sulfur analyses of paper from the IBs would not have been valid, the pollution
measurements provide a valuable additional record of the long term conditions of storage.



Thereis considerable interest in the British Library’ s Additional Storage Building at Boston Spa,
which uses alow oxygen atmosphere to stop combustion. Accelerated ageing experiments on a
variety of papers at low oxygen were carried out to help judgements about the difference in rate
of change due to the new storage conditions.

6. Capacity Building

A magjor purpose of the project was to improve the capability for use and understanding of
research in the libraries and archive sector. The Mellon project built upon anetwork of

connections established over a number of years. The National Preservation Offi
initiatives had brought the libraries and archives together in order o bui(d me

collection care, wider than individual institutions or sectors. The B 3 @ yator in the

major European Union PaperTreat14 and SurveNIR™ research profeéts. Thered esign and

implementation of this project benefited considerably fro contacts, their expertise and
Pan

enthusiastic support. The input of an international expert Advi was significant in
t.

Seal develop lon artnerships with
nt of thei tS> The number of
ives thab can b odated with the

t rathclyde and
thers were explored during

ensuring the aims and methods were current and rel

ling technical insights and methods
erence at the BL and the other partners.

t\has added considerably to their knowledge
\ghted the importance of the material aspects of
the collections alysing these aspects, using both non-
destructive and arts of the libraries enthusiastically
participated in thi j e Servators to curators to facilities managers. Thereis

3 Bibliothéque national e de France and the Library of Congress, the
h aweek at the LC to develop ajoint research strategy. Similar

chers outside the library field have shown interest. A presentation has been made at a
Sensors Knowledge Transfer seminar and a poster will be given at the mgor International Union
of Pureand Applied Chemistry in Glasgow.

The project has demonstrated research excellence with the library and archives and the wider
cultural fields, at atime when the relationship between Science and Heritage in the UK has
received considerable attention and funding.

Conclusions



The research results are already proving useful. Methods being developed for VOC anaysis are
being applied in the devel opment of protective packaging for the BL’s Newspaper Project.
Knowledge about the (lack of) effect of reduced oxygen on paper deterioration ratesis useful in
developing alternative strategies to increase the life time of collections.

The final conference brought together some of the main playersin the field, who put the results
and achievements of the project in awider context. Although the scientific papers arising from
the project will take the topic forward considerably, the mass of collecteddatawill be mined for

years to come, with new questions and concernsin mind. We shall be making the data available
on the BL web site.
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