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15) Stabilization and Repair of Bone Tools

The Rikuzentakata City Museum’s collection of bone tools
was completely immersed in seawater due to the tsunami
caused bythe 2011 earthquake. Tackinessdue to moisture
absorption by residual salt was observed on the surface of the
salvaged bone tools.

In addition, various large and small cracks were observed
in some of the salvaged items. Also, some bone tools had been
given strengthening treatments with the application of resin.

Stabilization of these tsunami-damaged bone tools was
performed at the Nara National Research Institute for Cultural
Properties. The main process for the stabilization of tsunami-
damaged bone tools wasto remove the salt (desalination) that
wascausing tackiness. Since resin had been applied to some
of the bone tools, awater soaking method was chosen for
the desalination of them. Prior to performing desalination,
preliminary tests were implemented to develop an efficient
desalination method using water and apost-desalination drying
method. Details of these tests are described below.

Bone tools with and without resin application were selected
and used as test pieces. First, the air-dried weight of each
test piece was measured. Then, each test piece was soaked in
deionized water at an amount 40 times the weight of the test
piece. After the predetermined time elapsed, a small sample was
collected from the waterin which the bone tools were soaked,
and concentrations of various dissolved ions were measured by
ion chromatography.

Since no change was observed on the surface of the bone
tools or the applied resin during and after the desalination in
the preliminary test, it was concluded that there wasno problem
with desalinating bone tools using water.

The amount of water to use and the frequency of water
exchange must be evaluated in regard to the outcome of
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desalination by water. Among the cations that eluted into the
water from the bone tools, Figure 1 shows the changes in
the concentration of magnesium ions and sodium ions which
are presumably derived from seawater. The concentration of
both ions increased with time, and it was observedthat the
concentration values became nearly constant during the period
between 24 and 48 hours of soaking. In termsof extraction
efficiency, it can be concluded that the soaking water should be
changed, after soaking for approximately 48 hours in water of
an amount 40 times the weight of the bone tool.

Meanwhile, rapid drying of bone tools following desalination
by water may cause breakage due to drying stress. Furthermore,
in regard to bone tools with surface resin application, heat
drying may cause the resin to soften and/or melt. Thus, five
post-desalination bone tools were selected and were air-dried
on a trial basis for7 days at room temperature and then 7 hours
of drying in an incubator at 45 °C. As a result, it was found
that the bone tools could be dried in good condition with no
damagecaused by the drying or resin softening or melting
caused by the heating. Furthermore, it was confirmed that the
bone tools were sufficientlydried for 4 hours in the incubator.

Based on the results of these tests, the following
procedurewas made: tap water is used for desalination; the
soaking water was changed every Monday, Wednesday and
Friday; and drying was performed with 7 days of air drying
and 4 hours of heat drying at 45 °C. It was also decided to use
water at an amount 1,000 times the air-dried weight of the bone
tools since a large quantity of the bone tools had to be treated
as quickly as possible.

The detailed stabilization procedure is described below.
Since there was a large number of salvaged items, two large
tanks sized 1,600x700x450(HxWxD) mm (volume: approx.
500 L) were used to perform desalination with tap water for all
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Fig. 1 Preliminary desalination test. The preliminary desalination test was implemented
to determine the amount of water needed to use and the frequency of water exchange
during treatment. The results demonstrate that the concentration levels became nearly
constant after soaking for 48 hours.
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Fig. 2 Stabilization and restoration flow. The
stabilization and restoration processes were developed
based on the results of the preliminary test. Adhesion
was performed only to the minimum extent necessary.
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Table 1 Chloride ion concentrations during desalination. Levels of
chloride ion concentration in the desalination liquid were continually
measured using the ion selective electrode method. Since the values
were close to the levels of tap water, it can be concluded that the
desalination has progressed well.

Tank 1 Tank 2
15 Feb 11.4 -
After water exchange, Feb 18th 10.9 10.8 : i
Before water exchange, Feb 20th 11.7 11.3 M3 RELNERIOT) —Z27, MHPEBAICAVIRAATY
= Sl A T ER [~ R -
After water exchange, Feb 20th 14.8 12.2 §iliﬁ$% &ﬁﬂu\’(;%iﬁ{%{_&;?'(j'._,_.t‘. kR L’ %o
Fig. 3 Pre-stabilization cleaning. Dirt inside delicate and
Before water exchange, Feb 22th - 13.4

detailed areas was painstakingly removed using bamboo

After water exchange, Feb 22th - 11.4 skewers and other tools while viewing the item through a
stereomicroscope.

Before water exchange, Feb 25th 12.0 11.7
After water exchange, Feb 25th - -
Before water exchange, Feb 20th - 8.3
After water exchange, Feb 27th 114 129
Before water exchange, March 1st 12.2 -
After water exchange, March 1st - 14.2
Evening, March 1st 13.4 14.2
Morning, March 1st 13.4 -
Noon 1, March 4th 12.2 -
Noon 2, March 4th 12.8 13.8
Evening, March 4th 12.7 -
Morning, March 5th - 14.0
Evening, March 5th 14.8 -
Morning, March 6th - 13.0
Evening, March 6th 13.0 13.5 4 RECMEBFIO V) —=> 7, READHIEEE TS 125,
Y % 1) —— > 7 A 4T -
Morning, March 7th 120 126 I?Tgb Z L\P%e%—s;(ak;yiIijzatio_n/clljeexén1i—rflg f?ﬁe item was cleaned with
Evening, March 7th 12.6 141 soft brushes and other similar tools to avoid damaging the

surface.
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items simultaneously. Since there was the possibility of pieces
breaking off from the bone tools during desalination in the tank,
each item was placed in a small, fine mesh polyethylene net
bag, and then the bags were placed in a plastic mesh container.
Approximately 14 items were placed in each container.

Furthermore, since the containers holding the bone tools
would float on the water, the containers were kept completely
underwater by stacking a few containers, and placing an
empty container onthe top with weight inside it. The water
was changed every Monday, Wednesday and Friday. When
changing the water, bone tools were removed from the tank
while keeping them in the containers. Then, after draining all
the water from the tank, the tank was filled with new tap water
at the predetermined amount. The tank water was changed at
the predetermined frequency from February 18 to March 1. In
the last week, desalination was performed without exchanging
the water until March 7.

The chloride ion concentration of the water was measured
using theion selective electrode methodto confirmthe levelof
desalination performed inside the tank. This method enables
an easy and quick measurement of chloride ion concentration
since measurements can be made simply by soaking the device
in the tank water. The results are shown in Table 1. The results
demonstrated that concentration levels in both tanks ranged
mostly between 10 to 15 ppm. Since those values fell within the
range of chloride ion concentrations of tap water, it was judged
that desalination treatment had been progressing at a good rate,
and subsequently the treatment was concluded on March 7.

After wiping off the wateron the surface of desalinated bone
tools using paper towels water on, the items were air dried at
room temperature for approximately 7 days. Then, they were
dried in an incubator at 45 °C for four hours. After drying,
the surface of the bone tools was carefullyobserved to ensure
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that there was no salt deposition, and the desalination was
concluded.

After performing stabilization, adhesion was performed as
needed using acrylic resin (product name: PARALOID B72)
5% acetone solution.

Note: This research was conductedby Yohsei Kohdzuma,
Soichiro Wakiya, Tomomi Tamura and Masanori Akada (Nara
National Research Institute for Cultural Properties), Kim Min-
Jung, Kazutaka Matsuda, and Du ZhiYan (graduate students of
Kyoto University), and Sayuri Fujii and Ai Hasegawa (students
at Nara University).

Yohsei Kohdzuma
(Nara National Research Institute for Cultural Properties)
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Fig. 5 Curing by packing in a net. Prior to performing desalination, harvesting and then soaked in a large tank.

bone tools were packed in a fine mesh polyethylene net to enable
reliable identification of the pieces in case they broke off from the items
while in the treatment solution.
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Fig. 7 Desalination. A weight was placed on the top of the empty mesh Fig. 8 Chloride ion concentration measurement. The ion selective
container to prevent the stack of containers from floating in the solution. electrode method was used to measure chloride ion concentration in a

simple and easy manner during desalination.
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ICEXTE L 721ER8s P TR L /=, Fig. 10 Taking photographs after treatment.

Fig. 9 Drying process. Bone tools removed from the desalination
solution were air dried at room temperature and then dried in an
incubator set at 45 °C.
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