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Overview
• Andrew W. Mellon Foundation Grant (Scholarly Communications)
• $540,000 for 40 months Jan 2019 – Apr 2022
• The research project will provide data to objectively assess the 

condition of the books held in the United States by performing an in-
depth scientific analysis on a representative sample from the time 
period 1840-1940

• The physical, chemical and optical data will help ensure that large-
scale withdrawal of materials does not compromise the overall 
robustness of cultural heritage collections, informing the shared print, 
preservation and digitization communities

https://nationalbookcollection.org/overview

https://nationalbookcollection.org/overview
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Research Library Partner Institutions
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• University of Colorado at Boulder

Analyze the same 500 volumes from all partners





Preservation of Large Physical Collections

Impact of:

• Use (handling)

• Environment

• Material



Data Analytics and Possible Trends
Assessing impact of:
• Text block of each volume – the material (inherent properties)
• Environment
• Usage

Partners are providing 
environment and circulation 
data that is available



What can we find out from Data Analytics?

What factor(s) contribute most or have a greater
influence on the current state of the text block?
• The inherent properties of the paper and 

paper composition?
• Impact of Environment
• Usage

Data suggests a 5% loss in condition from collection use (twenty additional checkouts)*
Using molecular weight data to measure reduction in strength can provide 

information about when a collection item is no longer fit for purpose 

*EAST (Boston Consortium)





Visual Assessment

• How are we determining the condition of our 
collections in a standard / consistent way that allows 
us to know how our collection compares to another?

• Are we effectively using our knowledge to make 
retention decisions?

• Do we know what is the “same” volume?
• Can we trust our catalog information?





Description



Condition



Condition



What does “identical” look like?



What is the best volume to keep if we can’t 
keep every one?

• How to make a well-informed decision? 
• Annotations –add value to the volume?? 
• What other features should we consider?



Multiple Paper Types in One Volume



Visual/Subjective Tests
• Double fold
• Spot tests to determine sizing (starch, rosin, protein, alum)

– Correlate with infrared (non-invasive) data to assess 
accuracy of subjective tests

• “Volatiles profile” (book sniffing)
– Can we determine collection health from the “breath”? 



Linking Visual (subjective) Assessment with Lab Testing



Analytical Tests (miniaturized)
• Smallest sample required – a strip (10mm* x 100mm) taken from the 

replicate volumes for all  the destructive (invasive) and |non-invasive tests

• Mini tensile test
• The strength of the paper

• Acidity - pH 
• Mini-pH test requires 3 hole punches of sample compared to usual 2.5 g (1-2pgs)

• Size exclusion chromatography (SEC)
• The chain lengths of cellulose in paper can indicate loss of physical integrity  -

molecular weight (1mg sample size)

*10mm ~3/8”



pH

Tensile

Size Exclusion Chromatography – Size of Molecule

.



Analytical Tests (miniaturized)
Non-invasive
• Infrared Spectroscopy (IR)

– Looking at IR data to see how it can be linked, integrated and 
correlated with the collective physical, chemical and optical 
measurements 

• Ultraviolet / Visible spectroscopy (UV/VIS)
• Optical measure of the difference between volumes held in different 

locations, (potential for moving towards completely non-invasive)



Fourier Transform Infrared Spectroscopy(FTIR)



Fiber Optic Reflectance Spectroscopy (FORS)

Chromaticity Diagrams (CIE color space)



How do we know if the papers are the same or not?



Paper Classification from Pulp Concentration (Chemometrics and FTIR)

Samples 
include known 

pulp type 
standard ISR 
papers, with 
known and 

unknown lab 
reference

Rag

Various pulp compositions

Newsprint



Using results for On-site Evaluations/ “Stack Tests”

• This project is developing field evaluations or “stack 
tests” designed to assess the relative condition of 
monographs in the stacks, without requiring them to be 
brought to the laboratory

• Stack tests have three constraining factors:
– inexpensive, so can be readily available at multiple sites
– quick, so that results can be useful in decision making, and
– Simple, so they can be performed by available staff



CIE b* (yellowness in Color Space) vs pH



pH by Decade
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For the books received to date, it is almost as likely that the paper will be strongest in the vertical direction as it is in the 
horizontal. i.e., that books in this period are not necessarily bound to make best use of the papers’ machine direction

Horizontal vs Vertical Maximum Stress



Correlating Double Fold to Other Measurable Parameters



Thanks to Colleagues and 
Collaborators

A very special thank you to all previous, 
current and future PRTD staff, 

interns, and fellows



Questions?
You can ask us 
preservation questions 
at any time!

https://www.loc.gov/rr
/askalib/ask-
preserv.html

Or ampar@loc.gov

Or for this Mellon funded 
research frfr@loc.gov

https://www.loc.gov/rr/askalib/ask-preserv.html
mailto:ampar@loc.gov
mailto:frfr@loc.gov
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