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Chapter 4 Stabilization and Restoration
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(1) Stabilization of Paper-based Assets

Stabilization methods for washable paper-based assets

Many cultural assets were damaged by seawater in the Great
East Japan Earthquake and subsequent tsunami. Cultural assets
made of paper (hereinafter referred to as “paper-based cultural
assets”), such as old documents, calligraphy, and paintings that
rapidly deteriorated because of fungal and bacterial growth
following seawater exposure. They needed to be appropriately
treated at an early stage after being damaged to preserve their
intact forms and the scientific usefulness they had.

On April 2 and 3, 2011, a large amount of paper-based
cultural assets was salvaged from the Rikuzentakata City
Library and brought to the Iwate Prefectural Museum
(hereinafter referred to as the “IPMM”). Even though the
average daily temperature at the time on the Northern Pacific
coast of the Tohoku Region was 10°C or lower, natural
materials, such as dirt, sand and plant leaves, and various other
substances produced for everyday use affixed onto most of the
salvaged paper-based cultural assets. This gave them a putrid
odor, and white, blue and/or black fungus was observed on
many items.

The following treatments are indispensable when restoring
disaster-damaged paper-based cultural assets: 1) removal of
different types of attached material (hereinafter referred to as
“dirt removal”), 2) sterilization and removal of deteriorating
factors such as fungus and bacteria (hereinafter referred to
as “sterilization”), and 3) removal of the contained salinity

(desalination). In order to perform these treatments thoroughly,
rinsing in water is an effective method. Following detailed
observation, it was found that the salvaged paper-based cultural
assets could be categorized into the following three types: a)
washable items drawn with India ink, charcoal or pencils, b)
non-washable items with soluble dyes and paints, and c) items
which were made with washable drawing materials but must
be given some form of treatment to maintain their intact shapes
such as hanging scrolls and pictorial maps (Fig. 1).

No completely effective method has been established for
restoring non-washable paper-based cultural assets. The method
generally used consists of removing most of the dirt and sand
by a thorough cleansing and drying, and storing the item after
sterilizing it with fumigation. However, the salinity cannot be
removed with this method. Because of this, items treated with
this method will obviously still contain a degradation factor.
Another possibility is utilizing freezer storage until effective
restoration methods can be established (Fig.2). Currently,
different methods are being developed and tested, including
a method in which localized desalination is performed using
water absorbing paper by wetting the areas of the items where
there is no possibility of damaging the image. An additional
method is where desalination is performed after protecting the
drawing material in order to prevent elution from occurring.
However, further evaluation and testing is needed before these
methods can be used on genuine assets.
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Fig. 1 Classification of paper-based cultural assets undergoing stabilization treatment
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Fig. 2 A freezer installed on the premises of the lwate Prefectural Museum
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As described in detail in 1) of Chapter 4 (2), stabilization
techniques for washable cultural assets that enable stable,
long-term storage involving dirt removal, desalination and
sterilization have been established and applied to numerous
disaster-damaged paper-based cultural assets. Specific methods
for performing dirt removal, desalination and sterilization for
paper-based cultural assets will be explained further.

Dirt removal for washable paper-based cultural assets
Various substances attached to the paper-based cultural

assets were removed as much as possible using large and small
brushes after soaking the items in tap water. Microscopic
particles also present in the items were removed by using an
ultrasonic cleaner. In addition to paper-based cultural assets,
ultrasonic cleaning has also been used on cultural assets made
of wood and/or metal. This method has been very effective
for dirt removal. However, we limited the treatment time to
15 minutes in consideration of the possibility that continuous
ultrasonic cleaning may have a deleterious effect on the
cellulose molecules in the paper (Nitta et al. 2013).

Sterilization of washable paper-based cultural assets
Sterilization was performed by immersing the cultural

assets in a sodium hypochlorite aqueous solution. Sodium
hypochlorite is a disinfectant widely used in many different
fields including the food manufacturing and medical industries.
The main reasons we use it are because it dissolves readily in
water, enables rapid disinfection, has deodorizing effects and
is inexpensive. The solution currently used at the IPMM is
prepared by diluting the disinfectant to a level of 400 to 600
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ppm in tap water.

Sodium hypochlorite contains a considerable amount of
chloride ions which must be removed from the seawater-
damaged cultural assets. It was confirmed that cultural assets
containing a larger amount of chloride ions in comparison
to those contained in the sodium hypochlorite solution could
be treated with a high-ion solution. It was also observed that
there is very little effect from the residual chloride ions in the
solution when the items were thoroughly washed after their
treatment using the solution.

Desalination for washable paper-based cultural assets

Desalination was performed by immersing paper-based

cultural assets protected by nonwoven fabric in tap water for
five days while changing the water of the immersing bath every
24 hours. Following this five-day cleaning, the immersed items
were taken out of the tap water bath and cleaned by ultrasonic
cleaning using purified water. The effectiveness of desalination
on paper-based cultural assets using this method was confirmed
by testing the following three methods after immersing a
control, a 150-page double-leaved book created using Japanese
kozo (mulberry) paper (Fig. 3), in seawater taken from Hirota
Bay in Rikuzentakata City for three weeks and then performing
desalination (Kidowaki et al. 2012).

A) Measurement of chloride ions (CI) and sodium ions
(Na") contained in the desalination solution by ion
chromatography

B) Analysis of sodium (Na), potassium (K) and chlorine (Cl)
contained in the paper-based cultural assets by electron
probe micro-analyzer (EPMA)
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Fig. 3 Changes in the concentrations of chloride and sodium ions contained in the desalination liquid (measured by ion chromatography). Tap water was
used for the first through fifth desalination steps. The water in the desalination bath was changed every 24 hours.
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C) Analysis of Na, K, magnesium (Mg) and CI contained in
the paper-based cultural assets using X-ray fluorescence
spectrometry

The analytical results indicate that the concentrations of

chloride ions and sodium ions in the desalination liquids of the
double-leaved book used as a control and the actual cultural
asset both decreased in a nearly identical pattern (Fig. 3).
According to the analysis of the control by EPMA, Na, Cl
and K were not detected prior to seawater damage, but were
detected in large amounts in the fibers of the control after
seawater exposure. The concentrations mostly reverted to their
original state after the seawater-damaged control was washed
(Fig. 4). Similar results were obtained by X-ray fluorescence
analysis (Fig. 5). Even though the measurement of chloride and
sodium ion concentrations in the water used for desalination
demonstrated that salinity was removed from the seawater-
damaged paper-based cultural assets, it is difficult to clarify
whether or not the desalination had been performed sufficiently.
This is because there is the possibility that a considerable
amount of salt remains in the item itself. However, we were
able to confirm the effectiveness of the stabilization method
we developed by conducting a surface analysis of the treated
paper-based cultural assets which confirmed that no Na, Cl or
K was detected.

Stabilization for paper-based cultural assets which are difficult to

clean with water
A considerable number of salvaged paper-based cultural

assets were too fragile for cleansing in water, even though there
was no concern of drawing material elution, as such treatment
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may damage their intact shapes. Typical examples of these
items include hanging scrolls mainly made of paper and dyed
fiber products.

The fragile items were all treated by placing them on a work
table after covering them with materials such as nonwoven
fabric, then sufficiently saturating them by spraying purified
water from above, and finally removing salt and other attached
substances contained in the elution liquid using large brushes
(see 3), 4) and 8) of Chapter 4 (2)).

The chloride ion concentration of the runoff decreased in a
pattern nearly identical to the pattern shown in Fig.3, showing
that sufficient dirt removal and desalination can be achieved
with this method. It has been used for the cleaning and
desalination of items for which immersing cannot be performed
because of the difficulty in maintaining their intact shapes
throughout the process.

Work procedure from salvage to stabilization

Of course, stabilization methods for seawater-damaged
cultural assets have not yet been established. The conditions
of the cultural assets treated by dirt removal, sterilization
and desalination must be periodically observed to record
any changes. Salvaged seawater-damaged cultural assets are
currently being stabilized and repaired at the IPMM by the
procedure shown in Fig. 6 in order to return them to their
original state.

Hideo Akanuma (lwate Prefectural Museum)
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Fig. 5 Analytical results of elemental concentration of Na,K,C and Mg contained in No.1 double-leaved document by X-ray
fluorescence spectrometry. Blue line: Kozo (mulberry) paper of No.1 double-leaved book before desalination. Red line: Kozo (mulberry)
paper of No.1 double-leaved book after desalination and cleaning.
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*Stabilization: A treatment to remove as many factors causing degradation of the items and environmental pollution of storage
facilities as possible, and to ensure that the items are in suitable condition for long-term storage .
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Fig. 6 Stabilization and Restoration procedure for seawater-damaged items used at the lwate Prefectural Museum
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