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Cleaning and Decontamination Method of Books

for Their Sanitary Circulation
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Abstract In order to find a sanitary logistic way to handle library books, papers and environmental sources contacting
the books were tested in their microbial contamination load and methods to decontaminate the books were investigated.
Generally bacterial load of inner book pages was very low, but increased when contaminated with liquid such as saliva.
In contrast, their lateral ends showed much higher bacterial contamination presumably due to dry dust contamination on
there. As operations to improve the sanitary book conditions, turbulent air blow was found to be workable for reducing
dry dusty contamination and 280 nm ultra-violet (UV) light emitting diode (LED) was so for decontaminating wet surface
contamination. Microbial inactivation by the UV LED could be realized with irradiation for more than 5 minutes at 2 cm
distance. Air blow of 5.5m/s for 0.5~1 minute could reduce the dusty contamination on a model book surface.
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Fig. 1. Swabbing location for measuring microbial contami-
nation. 1: inner page, 2: lateral end.
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Fig. 2. Bacterial load of various papers and surfaces related to
books. Sample material: 1-swabbed dust from computer monitor
screen of 91 cm?; 2-swabbed dust from book shelf of 250 cm?;
3-swabbed dust from book shelf of 250 cm?; 4-notebook sheet
(19x26 cm); S-notebook sheet (19x26 cm); 6-notebook sheet
touched with human hands (19x26 cm); 7-notebook sheet touched
with saliva-contaminated human hands (19x26 cm); 8-copy paper
(A4 size, 21x29.7 cm); 9-copy paper (A4 size, 21x29.7 cm).

3 Fig. 33% 294t 2-‘1 & EH AR weEbA v
o] AU E A% AU, 2¥8A = A% UUTh
2ol 7= nAllE Q=L e HRe® gd A
o1, FAe] A9E VAR edwsl Aol Yl Sl
ko] Fig. 29] Aol AAste] A7, Aol
48 2O W 45 29 Gaelol U
WOl 71X erevt A &, A o=
Aol HAE ool Bg & Mn&, w
A

N =
AU,

Lo 2 e 2

=)

.

p|
-
O

rl

. L

o] 2 BaE oM vde o=t vvd

4 2o x
fo — g

s
l

o R fo

JolME Ao FTHY et geii
JRAE 9dro] zjol7} Wol L= AL Fog 4=

ko] Fig. 39| A} AT I ATHTA

¥ 2

v

£ i

o &
)
T
lo
11
odt

i
kd
o)
fr

Fig. 3. Microbial outgrowth of book inner page (1x1 cm)
located on Plate Count Agar medium.
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Table 1. Bacterial contamination of different book samples

Sample number Bacterial count (log(CFU/cm?))
1 <0.7
2 <0.7
3 <0.7
4 2.18+0.03
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Table 2. Aerobic bacterial count (log (CFU/cm?)) on different
surfaces of books

Inner page Lateral edge
Book sample N X R *
(1 in Fig. 1) (2 in Fig. 1)

1 <0 2.7710.01

2 <0 2.1840.06

3 <0 7.15£0.00

*Refer to Fig. 1 for swabbing location.
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Fig. 4. Effect of UV LED irradiation on microbial population of
cheonggukjang powder (paste) smeared on paper under wet
condition. 0.1 mL of cheonggukjang powder suspension (1 g in
20 mL sterile peptone water (0.05%)) was smeared onto 11.25
cm? Post-It™ paper. UV LED lamp was at 2 cm from the paper.

Table 3. Effect of 280 nm UV LED irradiation on dry cheonggukjang powder loaded on a paper

. Treatment condition (distance from Dry cheonggukjang powder loading Aerobic bacterial count
Experiment LED and irradiation time) on the paper surface (g/11.25 cm?) (log(CFU/cm?))
pap g j

Untreated control 0.030 5.7510.01
1 10 cm, 5 min 0.025 5.62+0.01
10 cm, 10 min 0.031 5.6810.00
Untreated control 0.051 6.0910.00
2 5cm, 1 min 0.050 6.01£0.02
2 c¢m, 1 min 0.050 6.14+0.01
3 Untreated control 0.050 6.0410.03
2 ¢cm, 30 min 0.050 6.09+0.01
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Fig. 5. Effect of turbulent air blow on the removal of cheon-
ggukjang powder (A) and its microbial load (B) artificially con-
taminated on glued paper. Air speed was set at 5.5 m/s.
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Table 4. Effect of turbulent air speed on powdered microbial
decontamination

Turbulent air Aerobic bacteria .

speed (m/s) (log (CFU/cm?)) Weight (¢)
Initial 6.02+0.05 0.049+0.002
2.2 6.01+0.02 0.047+0.004
44 5.89+0.21 0.036+0.006
5.5 5.7440.14 0.027+0.009

Air blow was maintained for 30 seconds.
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