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GASEOUS POLLUTANT SOURCE DETERMINATION FOR THE SAFE OF THE
UNIVERSITY OF TSUKUBA CENTRAL LIBRARY

Imme Arce Hittmann, Toshiya Matsui, Fujio Shinozuka
1 INTRODUCTION

While the Central Library of the University of Tsukuba holds books,
journals, magazines, etc., it also has a rare books collection. This
important collection includes works from the Nara, Muromachi, Kamakura
and Edo periods. Some of these assets belonged originally to the Tokyo
University of Education, while others were acquired after the University of
Tsukuba was established. The works are stored in a safe (Figure 1) located
in the first floor.

In 2011 an environmental assessment of the safe was carried out. Using
passive indicators, the presence of both organic acids and ammonia gas
was discovered. This led to emergency procedures: ammonia gas and
organic acid adsorption sheets (activated carbon base) were placed on the
shelves and fastened at the inside of the left door of the safe. After two
weeks, passive indicators were placed again to check on the effect of the
sheets. As a result, it was discovered that, in general, ammonia gas levels

remained high while the organic acid levels decreased. The use of

Figure 1 The safe in the Central Library

adsorption sheets did not have the desired effect on ammonia gas.

Following this discovery, a search for the ammonia gas source started by dividing the safe collection into 9 groups. Each
group was placed in a gas-barrier-film bag where dry nitrogen gas was inserted. After a week, gas samples were taken and
analysed. It was thought that the group where the ammonia gas source was in could be thus determined. However, as
ammonia amounts for each group were similarly high, there were no leads that could indicate the gas source.

Thus, it was necessary to find another approach. Instead of grouping assets together, the Table 1: dates of the first and second

survey processes

collection would be checked and single objects that would most likely off-gas

Passive Indicator Check 2012.10.9-12
contaminants would be chosen for analysis. Searching for the pollutant source would not  Nitrogen Gas Insertion 2012.11.22
Sampling 2012.12.4-5
involve only material, but history and context as well. This proposed method might be Second Survey
. e . , . . Restoration History Check 2013.1.23
useful when looking for a specific contaminant source in microenvironments. Nitrogen Gas Insertion 013,26
Sampling 2013.2.19

The investigations are divided into a first and a second survey. The dates for the specific
procedures are described in Table 1.
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2 INVESTIGATION PROCEDURES
2.1 First Survey
2.1.1 General Check

Before the materials were selected, a
preliminary study was necessary. Each book
or scroll stored in the safe was checked for
label number, actual conditions, materials,
smell, etc. Remarks were written down and
the general state of the safe was evaluated.
Some objects had a very strong naphthalene
smell, while others were almost odourless.
Material conditions also varied: while some
materials were in excellent conditions,
others, such as /L-120-364 were heavily
Table 2 the

information that was gathered.

deteriorated. illustrates
Overall, the safe itself was found to be in
good conditions, although some apparent
rusting had occurred. This safe remains
tightly shut for most of the time.

2.1.2 Passive Indicator Check

The presence of organic acid and ammonia
was measured using passive indicators for
organic acids (GASTEC, Organic Acid
Indicators CID-80) and ammonia (GASTEC,
Ammonia Indicators CID-3). The organic
acid gas indicators turn from blue to green
when the ammonia gas concentration
detection threshold. The

ammonia gas indicators are originally pink

exceeds their

and turn yellow.
Two of each were placed in the upper left

the safe as well as inside the box of /L
218-21(Figure 2).

Table 2: results of the general check

Code Contents Smell Characteristics

n880-121  book no smell

1880-248  scroll+wooden box strong naphthalene smell
F400-134 paper-+wooden box no smell
77\320-107  book+wooden box no smell
77\320-166 scroll+wooden box weak naphthalene smell
77\320-116  scroll+wooden box Inscence smell
F530-658 book-+cover no smell damaged by insects
JL156-53  book-+cover no smell various pigments
JL120-352  book-+cover no smell tarnished silver, various pigments
JL120-353  book-+cover no smell use of gold in the inside and cover
JL120-386 4 books+cover no smell gold in the outside cover, silver in the inside
JL380-054 book-+cover no smell chinese book
JL120-364 2 scrolls+lacquer box no smell gold thread, cloth heavily damaged
7\360-361 book+splintered wooden box sweet smell various pigments
JL120-351 booklets+wooden box Inscence smell flower pattern in the cover
JL120-136 scroll+wooden box weak naphthalene smell
JL210-77  two books-+lacquer box no smell gold in cover
JL210-110 2 scrolls+wooden box very weak naphthalene smell gold or silver in inside cover
JL218-21% original lacquer box for JL 218-21 no smell cracked
JL216-166 book+wooen box no smell gold, silver
JL218-21  two books in new box strong naphthalene smell gold in cover
JL220-34 4 books+wooden box no smell cloth and gold thread cover
JL214-25  scroll+wooden box strong naphthalene smell new box
JL220-65  scroll+wooden box no smell new box
3214-192  scroll+wooden box no smell
3216-237  scroll+wooden box no smell
ElA 3 scroll+wooden box moldy smell
186.5Sh96 book~+wooden box no smell color cover, deteriorated
a188.5Ku27 scroll+wooden box no smell
210.45Ki69 scroll+carboard (?) box no smell
384.8A93  scroll+wooden box strong naphthalene smell gold, silver
721.4Kab58 6 large scrollls+wooden box weak naphthalene smell

Original ®
". . i /\320-116
. Py /\320-166
O /\320-107 D 3
@

11120364

| 7\360-361 |

1V120-351

1V120-136

®
1b210-77
1121821
1b210-110 11216-166

[Wl
. O

1022034 v214-25 1122065

[186:5-5h96 384.8-A93

721.4-Ka58

382.11-H82

198.221-B391

g% /\320-163

) ) ) Figure 2: placement of the passive indicators marked by circles. The yellow boxes
part, the middle rlght and lower left side of indicate the materials selected for the first survey. The blue boxes indicate the

materials selected for the second survey.
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It was concluded that ammonia gas is present in the general environment of the safe. The presence of organic acids could
not be verified. On the contrary, the environment inside the box of /L-218-21 presented organic acids but no ammonia gas
could be confirmed.

The photographs of Figure 2 show the results of the passive indicators after three days. It was understood that even though a
general small space may be of one nature, microspaces inside it can be completely different.

However, it is important to note that while passive indicators are easy to handle, their results can be unclear, so that further
investigation was necessary.

2.1.3 Nitrogen Gas Insertion and Sampling

After careful meditation, the materials to be tested with Mass Spectrometry-Gas Chromatography (GC-MS) and lon
Chromatography (IC) were selected. As the grouping methods of the previous year did not provide leads for the ammonia

gas source, it was decided that this time two
objects and their respective box/cover were
going to be analysed separately, using the
information gathered from the general check and

the passive indicators survey.

Figure 3: /L 218-21 box and book The materials selected are shown in Figures 3

and 4. As previously the passive indicators
showed a high presence of organic acids in /L
218-21, it was chosen for analysis. The box had
a fairly new appearance, and it is known that

organic acids can come from certain types of
Figure 4: /L 120-352 cover and book “ wood (Oikawa et al, 2005), so that high amounts
of these coming from the box were expected. The sample consists of two books, of
Nitrogen Gaa ' which one has gold in its cover (Figure 3 right). /1-120-352 was chosen because
in the General Check it was found that it contains several different types of pigments,
including tarnished silver in the inside cover. A large amount of pigments raised the
‘ probability of pollutant off-gassing.

The materials were placed in gas-barrier-film bags (Tedlar®) that were closed with

Figure 5: inserting nitrogen gas

clip seals and nitrogen gas was inserted in the bags using a mini-pump (Figure 5).
Nitrogen is an unreactive gas that makes detection of pollutants easier. The materials were placed for two weeks to allow
off-gassing. After this, gas sampling was made with ultra pure-water impingers (using a pump at 1 L/min for 10 minutes) for
organic, inorganic gases as well as alkali; and with Tenax® tubes (setting the pump at 0.1 L/min for 10 minutes) for
inorganic gases and TOC.

The samples were sent to the Nippon Muki Company for analysis. The impinger samples were analysed with IC while the
Tenax® tubes were analysed with GC-MS.
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2.1.4 Results and Discussion

Table 3 shows the results of the first survey.

Table 3: Results of the first survey \
(1 g/m’)

Sample Organic Gases Inorganic Acids Alkali
Acetic Acid Formic Acid (L) (NO;) (NO;Y) (S0,%) (NH") ToC* Naphthalene™

Blank 28 6 <1 <2 <2 <2 5 900 <6
JU-120-352 Book 50 <6 <1 <2 <2 <2 96 49 40
JL-120-352 Cover 4 <6 <1 <? <2 <2 102 91 55
JL-218-21 Book 1,250 124 <1 <2 <2 <2 6 5,609 5,464
JL-218-21 Box 235 37 <1 <2 <2 < 72 1,964 1,827
Recommended values(Sano, 2010) 430 20 - - - - 22 -

*with toulene calibration

It can be seen that, contrary to expectations, there was over five times more acetic acid coming from the /1-218-21 book
than from the box. These levels are extremely high, considering that the air recommendation values for acetic acid are 430
g/m?. It is hard to imagine that a book in this highly acidic environment could be in such good circumstances nowadays.
Formic acid levels were also much higher for the books than for the box (the recommended values being 20 g/m?).
Restoration material or adsorption and re-emission could have influenced these results. Alkali levels, however, were over ten
times higher in the box gas sample than in the books sample, the recommended
values being under 22 g/m?. It became clear that even with one book sample and
its box, completely different gas emissions could result.

As for sample material /1120-352, it had levels of acetic acid and formic acid
under the recommended levels. The cover of this book had the highest levels of
ammonia of the four, with 102 g/m?, which is almost five times as much as the

recommended value (22 g/m?). The book had similarly high values, so that a . o
Figure 6: /L 218-21, wrapped in organic acid

adsorbent sheets in a gas-barrier-bag

clear source could not be determined.
A targeted gaseous pollutant mitigation method was designed. The books of /L-218-21 were wrapped in organic acid
adsorption sheets and placed in a gas barrier-bag (Figure 6). A second survey was necessary to determine whether this

method was successful.

2.2 Second Survey
2.2.1 Restoration History Check

As it was known from the previous survey that acetic acid levels could be unnaturally high, it was considered necessary to
check on the restoration history of the objects stored in the safe. With the help of the library staff, the Central Library records
were revised in search for any documents that indicated the ordering and performing of restoration. Also, every book and
scroll was once again analysed visually to look for restoration indications. The date of the books and scrolls were noted as
well as the time they entered the collection: whether they originally belonged to the Tokyo University of Education collection
or they were introduced once the University of Tsukuba was established (after 1979). This information, shown in table 4
proved useful when considering the next materials for analysis. Of the 35 stored pieces, 3 were confirmed to be restored
after entering the collection of the University of Tsukuba. The new elaboration of 4 boxes and one cover-box was also
confirmed. Also, “urauchi” restoration was performed on the materials that were sampled, and a new cover for one of the two
books of /1-218-21 had been ordered.
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Table 4: Restoration history check results

Information according to Records

Information from visual observation

Material Code Before the University of Tsukuba
Entry Date Recorded restoration Restorer Restoration Box or Cover Backlining

[880-121 backlining cover .
[880-248 backlining wooden box -
F400-134 backlining wooden box _
/\320-107 backlining wooden box -
/\320-166 - wooden box
/7\320-116 backlining wooden box -
F530-658 backlining cover -
JL156-53 backlining cover -
JL120-352 Backlining cover -
JL120-353 New binding? cover -
J120-386 - cover -
JL380-054 backlining cover -
JL120-364 backlining wooden box -
/7\360-361 - woodenbox  packlining
JL120-351 - wooden box -
JL120-136 ? backlining
JL210-77 1986.9.25 Backlining: Insect damage E&N - wooden box backlining
JL210-110 - wooden box -
JL218-21L 1981.12.25 Backlining Ean new cover? - backlining

1985.3 New Box(Paulownia) Unknown
JL218-21TF 1981.12.25 Backlining E8)

1985.3 New Box(Paulownia) Unknown
JL216-166 - wooden box BCEL
I 220-34 - wooden box BACEL
JL214-25 1985.3 New box (Paulownia) Unknown - -
JL220-65 1985.3 New box (Paulownia) Unknown
3214-192 1985.3 New box (Paulownia) Unknown
3216-237 Cover making BRI
F14 3 - wooden box
186.5Sh96 backlining wooden box
188.5Ku27 backlining wooden box
210.45Ki69 - wooden box
384.8A93 1985 & Cover making {ERBLAFR

2.2.2 Analysis material selection and sampling

After the University of Tsukuba(1979)

Box or Cover

wooden box

wooden box

wooden box

wooden box
wooden box
wooden box
Cover/Box

Tight-shut box

cover
tight
tight
tight
tight
tight
cover
cover
cover
cover
cover
cover

not tight

not tight
tight
tight
tight
tight
tight

not tight
tight
tight
tight
tight
tight

not tight
tight
tight
tight

Other Information

Period
1394
1300-1644?

Early Kamakura

1136
930
734

1394
1813

Early Edo
Early Edo
Early Edo
1662-1722
Muromachi
Early Edo
Muromachi
1631
Muromachi
Early Edo
1346-1370

1417

Muromachi
1499
Early Edo
1425-1532
Unknown
Late Kamaura

Era Reference

1185-1333

1603-1868
1603-1868
1603-1868
1337-1573
1603-1868
1337-1573

1337-1573
1603-1868

1337-1573

1603-1868

1185-1333

As a high amount alkaline gases was detected from /1-120-352 book, a similar book /1-120-386 (of similar age, library

ingression and cover) that was not restored was chosen for
analysis, as well as its cover(Figure 7). This could provide a lead
to whether the alkaline gases were coming from restoration
materials, from the covers or from the books.

Also, two silk scrolls, /1-120-364 that are heavily damaged were
chosen with their respective box (Figure 8). The threads appeared
to shed off the scrolls in short bits, and it was a material of
concern. lts containing box was cracked, and it was feared that
this was due to the effects of gaseous pollutants.

As established before, the analysis of the /1-218-21 books was
also thought to be necessary to determine the effectiveness of the
adsorption-sheet treatment. As was the case in the first survey, a
blank sample was also prepared.

The materials were placed in Tedlar®-bags that were closed with
clip seals, and nitrogen gas was inserted in the bags using a

Figure 8: /" 120-364 box and scrolls

mini-pump so as to make the detection of off-gassing easier. They were stored for two weeks. Sampling of gases was made
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using ultra pure-water impingers (using a pump at 1 L/min for 10 minutes) for organic and inorganic gases as well as alkali
and Tenax® tubes (setting the pump at 0.1 L/min for 10 minutes) for inorganic gases and TOC. A blank gas bag with no
sample was also prepared.

The gas trapped in each of the bags was sampled and the samples sent to the Nippon Muki Company for analysis. The
impinger samples were analysed with IC while the Tenax® tubes were analysed with GC-MS.

2.2.3 Results and Discussion

Table 5 shows the results of the second survey.

Table 5: Results of the second survey

(2 g/m?)
Sample Organic Gases Inorganic Acids Alkali
Acetic Acid Formic Acid (CL) (NO.") (NO;") (S0.%) (NH,*) TOC* Naphthalene*
Blank 65 44 <1 <2 <2 <4 <1 4,643 <8
JL-218-21 Book 651 106 <1 <2 <2 <4 4 2,794 1,777
JL-120-386 Book 89 37 <1 <2 <2 <4 82 285 50
JL-120-386 Cover 75 28 <1 <2 <2 <4 72 731 60
JL-120-364 Scrolls 204 48 1 <2 <2 <4 79 1,208 425

JL-120-364 Box 191 51 <3 <2 <2 <4 58 2,240 593
Recommended values(Sano, 2010) 430 20 - - - - 22 -
*with toulene calibration

When comparing /1120-352, which was restored, with /1-120-386, which comes from a similar background but has not
been restored, a clear alkali source could not be determined. The restored book off-gassed more alkali than /1-120-386, but
the amount was not decisively higher. Organic gases were actually lower on the restored materials, especially for formic
acid.

As for the damaged /1-120-364 scrolls and their box, acetic acid was discovered, but the levels reached about half of the
recommended values. Even though no smell was perceived, alkali levels for the scrolls quadrupled the recommended values
and tripled for the box. It is not clear whether the deteriorated state of the scrolls can be explained through the high amounts
of ammonia gas and whether it comes from restoration material. However, levels should be kept as low as possible.

The /1-218-21 book that had previously been placed in a gas-barrier film bag with an adsorption sheet, decreased to almost
half the levels of organic acids. Formic acids dropped from 124 to 106 g/ m?. It was concluded that the wrapping method
was an effective one when dealing with the clear source of a pollutants. Nevertheless, the designed method has to be
investigated with further depth. The placing time and the possibility that off-gassing levels might rise again have to be
studied.

3 CONCLUSIONS

Several conclusions could be drawn from this analysis.

It became clear that within a microspace such as the safe, even though gas conditions are of one nature, sub-microspaces
such as boxes can have completely different conditions. This means that when conservators confirm a healthy gas
environment, it does not necessarily indicate that the objects are safe.

Also, a material and is respective cover or box can off-gas completely different amounts of pollutants. In the case of the
covers or the boxes, they can be replaced by pH neutral materials. However, countermeasures are needed for when the
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original cultural objects off-gas contaminants. Also, conservators have to consider the possibilities that objects might
adsorb contaminants and desorb them later on.

A tentative countermeasure for materials that off-gas contaminants was proposed (with material /1-218-21), but further
research on treatment of cultural assets that off-gas contaminants is necessary.

IC and GC-MS were the analysis methods used to measure the amounts of off-gassed pollutants. However, these can require
trained staff and specialized equipment. An easier, simpler and less expensive method is needed to measure gaseous
pollutant off-gassing.

References:
Oikawa, T. et al (2005) “Volatile organic compounds from wood and their influences on museum artifact materials 1. Differences in wood species
and analyses of causal substances of deterioration”. In: The Japan Wood Research Society, 51, 363-369
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GASEOUS POLLUTANT SOURCE DETERMINATION FOR THE SAFE (CENTRAL LIBRARY OF THE UNIVERSITY OF TSUKUBA)
BACKGROUND

are

The Central Library of the University of Tsukuba counts with 2

books collection which holds works from the Nara, Muromachi,

Kamakura and Edo periods. Some of these assets belonged originally to

the Tokyo University of Education, while others were acquired after the

University of Tsukuba was established. The works are stored in a safe
located in the first floor, and access is public.
2011: environmental assessment
+ Presence ammonia gas and organic acids was confirmed
« Asorption sheets were placed
+ Organic acids level decreased, ammonia gas levels remained high
— The contents of the safe were grouped and analyzed
— No clear source for the ammonia gas could be distinguished

[Targeted Pollutant Source Detection Method

An approach to select possible gascous

pollutant sources was designed and tested

The investigations are divided into first and

second survey

'he presence of organic acid and ammonia was measured using passive indicators for organic acids

nd ammonia

GASEOUS POLLUTANT SOURCE DETERMINATION FOR THE SAFE (CENTRAL LIBRARY OF THE UNIVERSITY OF TSUKUBA)

Nitrogen gas insertion and sampling

Nitrogen gas insertion

JL218-21 box /1218-21 books

2 weeks

1120-352 cover /1120-352 book

Sampling

2
ER 1 14C
BHBE: AHY
RITBRE,
wEA
121821 box 121821 books
BB R cf NO, NO, SO NH,S  TOC (/)
1250 124 <1 <2 <2 <4 6 5609
L218-21
& 235 37 <1 <2 <2 <4 72 1964
#aE <30 <0 @
TOCR AT DRI & Y Rab
5
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BB R cr NO, NO, 50,2 NH,/ TOC (/™)
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120352
e 41 <6 <1 <2 <2 <4 102 91
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/121821 books
A9/ 218-21 books presented high ammonia gas levels, it was placed
120-364 e | ER o EE [ #R ;IR i o s a eniatve
box scroll BUBE: AU box BERBE: U
1120-386 book
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& 204 48 <1 <2 <2 <2 79 1208 A 89 37 <1 <2 <2 <4 82 285 A 1250 124 <1 <2 <2 <4 6 5609
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