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Mitigation of Gaseous Substances Released by a Japanese Folding Screen from
the Central Library Collection

Ana T. G. Romero, Toshiya Matsui, Emi Kawasaki, Eriko Nagahama, Yuko Fukushima, Imme Arce Hiittmann
Overview

This report discusses the results of an experiment to implement an outgassing mitigation

strategy in a pair of Japanese folding screens using a fan filter unit (FFU).

Introduction

Gaseous substances released by folding screens like aldehydes and organic acids, not only can
contribute to degradation of materials, but are also components of indoor pollution that may reveal
hazardous to human health. The ceiling established by the World Health Organization (WHO) and
Japan Ministry of Health, Labour and Welfare is 80 ppb (100 pg/m3) for indoor formaldehyde
concentration and 30 ppb (48 pg/m3) for acetaldehyde concentration. Additionally, museums have
attempted to set out their own environmental guidelines, focusing on gas condiments most
commonly found in exhibition artifacts and storage rooms. The most recent air quality guidelines
established by the Tokyo National Museum (TNM) consist of the following:

Table 1 — New TNM Air Quality Guidelines*

NO

NO;

SO,

NH;

HCHO

CH;CHO

HCOOH

CH;COOH

5.0 ppb

5.0 ppb

5.0 ppb

5.0 ppb

60.0 ppb

19.0 ppb

10.0 ppb

50.0 ppb

This report focuses on a research conducted on the outgassing properties of a pair of six panel
folding screens followed by an outgassing mitigation experiment using a fan filter unit (FFU).
Aside from being used as air room filters, the FFU system can also be used as a strategy to reduce
the gas load of folding screens that have been housed in storage rooms, with minimal stress
accumulation in the material.

The pair of folding screens in question is one attributed to Kané Naonobu (1607-1650),
registered in the Central Library collection of the University of Tsukuba since 1943, which have
been kept inside a closed wooden box, wrapped in cloths, for an undetermined period of time. The

! Retrived from: HURE LR fRE [ B ESTIEWAE O ERIK PR AT = Clinical Conservation at the
Tokyo National Museum | Z£7f7 iR, 2013
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right-side screen, titled ZXFEFER= Ri Haku Kanbaku-zu, reg.no.: 10003015101), measuring 1367

x 3212 mm, depicts a scene of Li Bai viewing a waterfall (Fig.1). The left-side screen, titled '
A OG0, (Senkei Houtai-zu, reg.no.: 10003015102), measuring 1368 x 3218 mm depicts a
snowy night’s visit to Dai Kui by Wang Zixou, son of Wang Xizhi (Fig.2). Each folding screen has

a thickness of 105 mm when closed.

Figure 1 - Right-side folding screen [ 2R3 . Copyright (c)2010 i K 5B J X EAF.

Figure 2 - Left-side folding screen I # A I35 11 . Copyright (c)2010 it A 2 g [X 45
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Previous research

A research on the gaseous substances released by these folding screens was conducted on July
30-31, 2015, where gas samples were taken and sent to Nippon Mukki Co.,Ltd. ( FH A% O
jit:) for analysis. Passive sampling method was employed by use of SIGMA-ALDRICH DSD-
DNPH Diffusive Sampling Device for sampling aldehydes and VOC-SD Diffusive Sampling
Device for volatile organic compounds.

A total of 6 gas samples were taken from the following places: A) folding screen, side 1; B)
folding screen, side 2; C) inside the wood box; D) wrapping cloths; E) gas-barrier bag (blank); F)
air quality of the room. (Figs. 7-12)

Samples A, B and D were collected by isolating the folding screen and wrapping cloths in
separated bags made of Escal® gas barrier film (transparent ceramic deposited film with inner layer
of heat-sealable polyester developed by Mitsubishi Gas Chemicals for the use of the RP System®).

A blank test in a gas-barrier bag (sample E) was performed too.

Figure 3 — Wood box used to store the pair of folding Figure 4 — Folding screen (closed) after removing the
screens. wrapping cloth.

Figure 5 — Sampling preparation: Folding screen Figure 6 — Collecting sample (sample B).
inside an Escal® gas-barrier bag.
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Figure 7 - Sample A. Folding screen, side 1. Figure 8 - Sample B. Folding screen, side 2.

Figure 9 - Sample C. Inside the wood box. Figure 10 - Sample D. Wrapping cloths..

Figure 11- Sample E. Gas-barrier bag, blank test. ~ Figure 12 - Sample F. The room.

After collecting, the samples were prepared using solid-phase extraction method. High-speed
liquid chromatography (HPLC) method was employed for the detection of formaldehyde, and Gas
chromatography-mass spectrometry (GS-MC) method was employed for the detection of other
gaseous substances. HPLC and GS-MC analysis was conducted by Nippon Muki Co.,Ltd.

Results obtained from analysis (report KV-15084) identified aldehydes (formaldehyde and

acetaldehyde) outgassing from the folding screens, but also in the room. In particular, it was

18



possible to confirm higher outgassing rates of acetaldehyde from the folding screens. Volatile
organic compounds (VOC) were found in significantly higher quantities in samples that used gas-
barrier bags. It is suspected the source is the Escal® film used to make the gas-barrier bags.
Additionally, unidentified gaseous substances peaked at lower retention times (before 12 min.).

These substances are being investigated.

Current research

Based on the results of the previous research, an experimental system to mitigate the
outgassing of the folding screens using a fan filter unit (FFU) was developed and implemented for
10 months. The results are discussed in this report.

Methodology

1. Experiment preparation

Figure 13 — Scheme of the experiment.

A metal rack (dim.:1800 x 920 x 295 mm) was used to hold a screen folded closed? inside, and
the wrapping cloth of the screen was placed over a cardboard, on top of the metal rack (Figs. 13,
14). The group was enclosed inside a gas-barrier bag made of Escal® film where the sides were
sealed with a thermal seal (Fig. 15). A Nippon Muki Co., Ltd.'s fan-filter unit (FFU), PFT2 model
(dimensions: 250 x 250 x 65 mm), paired with three chemical filters: 1. organic matter; 2. alkali

matter; 3. acid matter; was placed at a distance of 200-250 mm from the metal rack, inside the gas-

2 The left-side folding screen was first selected in this experiment.
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barrier bag, which was then closed with clips (Figs. 16, 17). The FFU was set up so that the air is
sucked through the outer circular tube and then is passed through the chemical filters, which
capture the gaseous contaminants, cleansing the air. The cleansed air is then exhausted back to the

area of the folding screen and ducted into a recirculating system.

Figure 14 — Metal rack holding the folding screen
inside.

Figure 15 - Sealing the sides of the gas-barrier bag
with a thermal seal.

Figure 16 — Air flow direction and composition of the FFU used in the experiment.

Figure 17 — Outlook of the experiment.
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2. Gas sampling and measurement

Before setting up the FFU, a preliminary sampling for aldehydes and organic acids outgassing
was collected (see Table 1, Sample no.L-1; Figs. 21-22). For sampling and gas measurement,
KITAGAWA precision gas detector tubes no.710 for Formaldehyde (detection range: 0.01 - 0.48
ppm) to target aldehyde outgassing, and no. 910 for Organic Acids (detection range: 1 - 400 pg/m?)
to target acetic acid and formic acid outgassing, were used. The gas detector tubes were mounted
on KITAGAWA air sampling pumps (S-27 and ASP-1200 models were employed), and placed
inside the gas-barrier bag, next to the screen (Figs. 18, 19). The total amount sampled was 9 liters
for aldehydes with a flow rate of 300mL/min, and 12 liters for organic acids with a flow rate of
200mL/min. Samples were collected after 48 hours of being inside the closed gas-barrier bags.

During the FFU experiment, samples of formaldehyde and organic acids were collected again
using the the same procedure (see Table 1, Samples no.L-2, L-3, L-4; Figs. 20-23). The FFU was
turned off for the two-day period of sampling. The results were compared with the preliminary

sampling to observe the outgassing decrease rates.

Figure 18 — Placing the air sampler device inside.

Figure 19 — Outlook of the experiment during sampling.
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3. Monitoring temperature and relative humidity

Inappropriate temperature and relative humidity levels and rapid fluctuations can cause
permanent environmental damage in sensitive artifacts. The International Institute Conservation
(IIC) and the International Council of Museums - Committee for Conservation (ICM-CC) have
established environmental guidelines for museums and collections spaces in which they
recommend temperature levels to be maintained in within 15°-25°C (with fluctuations not
exceeding +4°C), and artifacts made of paper, wood and/or textile should be ideally kept in a 55%-
65% RH (fluctuations not exceeding £5%) environment. Special consideration should be given to
artifacts that have been preserved in the same environmental conditions for a prolonged period of
time, as they may have already reached an equilibrium state under that environment and abrupt
changes may reveal damaging to the materials.

Since the folding screen would remain inside a sealed gas-barrier bag for 10 months, it was
necessary to monitor temperature and relative humidity changes inside that microclimate and make
sure the values remained stable without drastic changes. Humidity control cassettes were put under
the folding screen to control humidity levels inside the gas-barrier bag. Additionally, a HOBO
UX100-011 Temperature/Relative Humidity data logger (accuracy within £0.21°C and +2.5% RH)

was used to monitor temperature/RH changes.

Results and Discussion

Results from samples collected before and during the experiment show that aldehydes and
organic acids outgas rate dropped significantly to very low levels. Aldehydes outgassing dropped
from 80 ppm to less than 10 ppb (in a 48 hours period sampling) during the course four to five
months, and remained in low levels until the end of the experiment. Organic acid outgassing
dropped from over 400 pg/m’ to about 50 pg/m* during the 10 months period of the experiment
(Table 1). These results indicate that with the FFU system it is possible to lower outgassing levels
of a folding screen to within TNM’s recommended limit.

The temperature and HR levels between February and end of October are illustrated in Chart 1.
Temperature levels maintained at a relative constant of 19°-25°C, only going slightly above 26°C in
the month of August. Day-to-day fluctuations did not exceed 3°C, however in the month of October
it was recorded a 5°C drop in average temperature that manifest within a 15 day period. Although
for most of the duration of the experiment the temperature levels maintained within recommended
values, the months of Augusts and October should be closely monitored in the future to minimize
increase of temperature over 25°C or avoid drops that go beyond 4°C, as it can cause physical

stress on the object.
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For the most part, RH levels remained in the 53-63% range with day-to-day fluctuations not
exceeding 5% RH, which is relatively within the recommended values. The exception is April 13",
which registered a sudden drop from 57% to 51% in the morning, eventually recovering to 54% at
night. It is unknown the reason that caused this sudden drop. Although sudden fluctuations are not
ideal for the object as it can cause stress on the materials, this was also the only time a sudden
change in RH values was observed.

During sampling, temperature and RH values maintained at constant levels with minimum
fluctuations (Charts 2, 3), which allowed a closely accurate assessment of results. Because
significantly different temperature values can affect sampling and interfere with the reading of
results, it is important to make sure the levels remain stable and do not suffer high fluctuations.
However, temperature and RH readings during for the end of January and end of November were

not data logged.

Table 1 - Gas sampling results for left-side folding screen, before and during experiment.

L-1 2017.125 | 2017127 | fgopﬁf’m > 400 p/m?® n/d
(Installing FFU) 2017.1.31 n/a
] 20 ppb . 19° +1°C
L-2 201744 | 201746 | 50 200 p/m 700 30RH
] <10 ppb . 22° 1°C
L-3 2017526 | 2017528 | 250 150 p/m S4o +194RH
L-4 2017.1120 | 2017.11.22 (: 113 Sf’fﬂ 50 p/m?® n/d

Figure 20 - Sample no. L-1 (January 27): results of gas detector tubes.
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Figure 21 — Sample no. L-2 (April 6): results of gas detector tubes.

Figure 22 — Sample no. L-3 (photo taken on May 29): results of gas detector tubes.

Figure 23 — Sample no. L-4 (November 22): results of gas detector tubes.
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Chart 1 — Temperature and relative humidity levels during experiment between the months of February and

November.

Chart 2 — Temperature and relative humidity during sampling between April 4-6 (Sample L-2).
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Chart 3 — Temperature and relative humidity during sampling between May 26-28 (Sample L-3).

Research continuation

This experiment is repeated on the right-side folding screen, using the same procedures and
methodology. A preliminary sampling of formaldehyde and organic acids outgassing was
performed before installing the FFU. (see Table 2, Sample no.R-1).

Table 2 - Gas sampling results for right-side folding screen, before experiment.

SN Sampling Period Results : T/RH
Start End Formaldehyde oA(g?ch Average
R-1 2017.124 | 2017.12.6 (zﬁg '_3(5’ fx?r?ﬁ) 400 p/m’ 5101/?:3;?%
(Installing FFU) 2017.12.7 n/a
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Figure 24 — Sample no. R-1 (December 6): results of gas detector tubes.

Chart 4 — Temperature and relative humidity during sampling between December 4-6 (Sample R-1).
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RIS B REEROREL AR HEREEFERAORA ZNEORE (570917 D)
Mitigation of Gaseous Substances
Released by a Japanese Folding Screen
from the Central Library Collection

AnaT. G. Romero, Toshiya Matsui, Emi Kawasaki, Eriko Nagahama, Yuko Fukushima, Imme Arce Hiittmann

Right-side screen, [Z=HEEE ], 1367 x 3212 mm

Left-side screen, [ AEFHEIX |, 1368 x 3218 mm

Methodology

Based on the results of the previous research,
an experimental system to mitigate the
outgassing of the folding screens using a fan
filter unit (FFU) was developed and
implemented for 10 months.

A metal rack was used to hold a screen folded
closed inside, and the wrapping cloth of the
screen was placed over a cardboard, on top of
the rack. The group was enclosed inside a
gas-barrier bag where the sides were sealed
with a thermal seal.

Placing the screen on the rack

Results

Results from samples collected before and
during the experiment show that aldehydes and
organic acids outgas rate dropped significantly.
Aldehydes outgassing dropped from 80 ppb to
less than 10 ppb* during the course four to five
months, and remained in low levels until the
end of the experiment. Organic acid outgassing
dropped from over 400 ug/m® to about 50
pg/me during the 10 months period of the
experiment. These results indicate that with the
FFU system it is possible to lower outgassing
levels of a folding screen to within the
recommended lmit of the Tokyo National
Museum.

Measurement results*

‘Samping Period Results

s mt me ok Owess  mmes
L1 2017125 2017127 [EOBORIGHOOMRE] > 400w wd

Instaing PR 2017.1.31 a
L2 01744 o740 [EORBMESMAE  coowm 191G 5w a2%RH
L3 2017526 2017520 [HOPOOIGHBN fsowmt  22°+1°C 5% 1%AH
L4 2017.1.20 20171122 [EHODPOIHENAN 50w wd

Introduction

A pair of folding screens attributed to Kano
Naonobu (1607-1650) were found to be
registered in the Central Library collection of the
University of Tsukuba since 1943. The screens
have been kept inside a closed wooden box,
wrapped in cloths, for an undetermined period of
time. The right-side screen, titled [ZEEREE (R
Haku Kanbaku-zu), depicts a scene of Li Bai
viewing a waterfall. The left-side screen, titled I+
AuREEI ) (Senkel Houtal-zu), depicts a snowy
night's visit to Dai Kui by Wang Zixou, son of
Wang Xizhi.

A research on the gaseous substances released
by these folding screens was conducted on July

Model of the

A Nippon Muki Co., Ltd.'s fan-filter unit (FFU)
paired with three chemical filters (organic matter,
alkali matter, and acid matter) was placed inside
the gas-barrier bag, which was then closed with
clips. The FFU was set up so that the air is sucked
through the outer circular tube and then is passed
through the chemical filters, which capture the
gaseous contaminants, cleansing the air. The
cleansed air is then exhausted back to the area of
the folding screen and ducted into a recirculating
system.

Since the folding screen would remain inside a
sealed gas-barrier bag for 10 months, it was
necessary to monitor temperature and relative
humidity changes inside that microclimate and

imental system inside of the gas barrier bag

L-1 ( January 25-27 2017)
l §
— Result

—_, Unused formaldehyde detector tube
(for comparison)
Unused organic acids detector tube
(for comparison)

1
L2 (Apri 46 2017)
l — Result

— Unused formaldehyde detector tube

—— Unused organic acids detector tube

— Result

L-8 (May 26-28 2017)

|

— Resul

— Unused formaldehyde detector tube

—— Unused organic acids detector tube
—— Result

!

L-4 (November 20-22 2017)

l

— Result

— Unused formaldehyde detector tube

oo 1l
—— Unused organic acids detector tube

* Air quality is commonly measured

Gas barrier bag with the FFU and folding screen

30-31, 2015, where gas samples were taken and
sent to Nippon Mukki Co.,Ltd. (B4t~
#t) for analysis. Results obtained from analysis
identified  aldehydes  (formaldehyde  and
acetaldehyde) outgassing from the folding
screens, but also in the room. In particular, it was
possible to confirm higher outgassing rates of
acetaldehyde from the folding screens.

Gaseous substances released by folding screens
like aldehydes and organic acids, not only can
contribute to degradation of materials, but are also
components of indoor pollution that may reveal
hazardous to human health. It is important to
monitor and decrease these gases as much as
possible.

make sure the values remained stable without
drastic changes. Humidity control cassettes were
put under the folding screen to control humidity
levels inside the gas-barrier bag.

For sampling and gas measurement, KITAGAWA
precision gas detector tubes for Formaldehyde
and for Organic Acids were mounted on
KITAGAWA air sampling pumps and placed inside
the gas-barrier bag, next to the screen. The tubes
change color indicating the concentration of the
targeted gases.

Placing the measuring devices

Measurment results

100~ /400
80~ m Formaldehyde 350
70 300

Qa 60 250 €
g 50 3
40 200
30 150
20 100
10 50
0 L2 L3 0
Temperature levels maintained at a relative

constant of 19°-25°C, only going slightly above
26°C in the month of August.

This experiment will be repeated on the right-side
folding screen, using the same procedures and
methodology.

n ppb (parts per bilion), ppm (part per million), or pg/m?. 1000 ppb equal 1 ppm
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