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Comparison of the Effectiveness of Disinfection According to
the Permanence of X-ray Irradiation for Preservation of
Water-logged Cultural Heritages
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We developed an emergency national manual for preservation of cultural heritage using
irradiation disinfection technic under flood disaster. And we examined its practicality with a critical
radiation dose on fungi that occur at water-logged event in order to prevent fungal damage that occurs
during submersion. The X-ray irradiation for this experiment was conducted at the Production Technology
Research Institute located in Yeongcheon, Gyeongsangbuk-do. A disinfection critical dose of 12 kGy was
selected for two types of fungi known to spread rapidly and are resistant to radiation to submerged
cultural properties, and this experiments were conducted by setting a target dose of 12kGy at 8.37mA at
5MeV. Under the above conditions, only continuity of irradiated samples were completely disinfected. This
suggests that continuity of irradiation is important for fungal disinfection.
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sl W/gdo] Al 7ttt [6,13,14].
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AT AT Epicoccum nigrum-= S-2|Hetol A 57|92} 2171
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st ek A Al AT Y ReE 7bgeted, 9
g AHE SHAHE sho] FAEEAAN FAE of
& oM BHEAE FHL oleka ofuf g Afole] 7
2 FEW WIS AYsle] B R SHFORA
2 ATE Fof Aol BAHGE A A Ho]r}

2.1. Al=EH|

T3 22 A7) -G Al A A Aol = AAH &
&8 PP A &2 A o817t Aol 2 (630 mm x 430
mm X 160 mm)oﬂ R s RSl (@"——HL%O‘——_!"%]:'EE)’%
Y 12AE 1 set2 SHATE ZF A4Ae] ofHol %= (6
L)E ¥o] SHAIZ ¥ 8.5~9kg F-E0] 22 A|52] 1£0]
7} 8.5 cm?} =& A AI5HATH (Fig. 1).

2.2 434 A%

BAHL 2 Epicoccum nigrum} Cladosporium sp.2 A1
35T Epicoccum nigrum-= 5= 22 E o= wh
=A WA, s gFzzdolA Aol ek et WA
= 7HAAL Sl ool A 15kGyollA Bt AAE A

Fig. 1. Properties of samples.



Fig. 2. Korea Institute of Science and Technology Bio-Medical Center RF - Linear Accelerator.

oS zh=tt 6], TH Cladospormm sp= QV] ol g=
A

5 PDA agar plateoﬂ 74 Zot 25°C°ﬂ*1 ST 1
T A @+t 7P FE 4 mmE punchingste] A=
& PDA HJA] fofl A4dste] 919t g2 i or A
A5l ARgSHTE ATPAMT sl AL
] ]'ZSH OJEﬁ]- l:ﬂ-/\]-/ﬂ ]_,H/x‘] = 7]—;(]‘_ /\__E E__T_’H
E}[ 6,12,13,15,19]. WepA] XM AL & FAFO] 4
95 o] TR TAA e [6)el vt 4wt

.—‘1

3 oL
AT9) Sl AL RO] A4 P TRAE
d Ho] @ W Z A (E-bean irradiation facility-
R
d S i wloE el
BT AT W ) el 53 S
& L AFgLe 71 A sto] AL R5Y
A4 8.35mAR FHITANE A
o B AR 127H‘—§—_— set WM SIS

T (Fig. 2).

A2A F4AT B7HE 915H9] Alanine pellet dosi-
meters (ES 200-2106, Bruker, USA)E A|&.2] IR H]0]
o}l 22ttt ZAHAT A A2H &
TR I IR AFAE A 9, F1, oflel £
Hs}o], AHE Hhao] Fig 33+ Zo] Hatetar), s A
A A SR ASTRRE Alme] RASE 2

ng o

Mineral wool + Water

r EN —B— CP

Mineral wool +Water

SIZE: 630 mm X 430 mm x 160 mm

Fig. 3. Alanin pellt dosemeters (B3000-GEX Corporation, USA)
and fungal strains positioned; A: Inside the box lid, B: Middle, C
Box floor; EN: 7 days of incubation of Epicoccum nigrum inocula-
tion location; CP: 7 days of incubation of Cladosporium sp. inocu-
lation location.
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Set 1°114= 3+ o|HE A2t F 102]9] stop issue’t
Y51 0 W, Alanin A=A £4 A7} 5.09~9.91 kGy =
10kGy”Z} E@A] QXS4 TH(Tables 1 and §). FHZAP} Ay =]

2] Zote] whet 91 2t Alanin AFA Q] A%

o] T2 BdS Ak vl Rkt AFA 1 oo
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A Fohe Aol Aol wet Bato] AP efeke
Zol2} Tkt (Fig. 4).
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2 Hofp W A 12kGyol &
ATH(Table 5).

Set 200141= 342 O] stop issue”} 138] o4 Ao
2|9t FAZAR= B7H2] JePE ol w2t 5.65~15.66 kGy <]
V=2 ot FaAEo] et 24 stop issue 4417F

A

Hog A o] wElo] Uit

Control

13 BOX

Epfco‘-(um nigrum Cladosporium sp PPG1

Fig. 4. X-ray examination of mold samples (Cladosporium sp., Epi-
coccum nigrum) from Sets 1 to 2 after 28 days.

Control 25 BOX 36 BOX

Cladosponum g PPG1

Epicoccuwm migrum

Yo 2H, flotl FAldel 7o Tt Fde 2
SRt RAR AL SRl ¥ Bde

L)

Set 2904 Al (Epicoccum nigrum, Cladosporium sp.)
£ AEHE 13 Boxe 9% 10.95kGy, 53t 8.18kGy, oF2
11.65 kGy= Al@wtF50] AMIZo] ZHsHA =26
PAT AL2] ] ZAME X3P %| 2] 23T (Tables 2 and 5).
A @S Cladosporium sp= 6] Bto] HZ] ¢Erom
Epicoccum nigrum-- Bt A2 =] U Tt (Fig. 4). o]et 22 2
T AEA AP H7] ¢l St Aj7bs-s BHESE
= 735 AleetTo] 2584 9 AT Aol ols)
o] Y= 2] h5-5 AAFRITH[21-24].

Set 32| 7-F- 34 o[ E A I3t F 631 9] stop issue”H T
A5t9.0™, 9.87~15.33 kGy 2, ZE Z5A 3ol 25
ZAFE] ATt (Tables 3 and 5).

3 Seto] Al w52 YA FAEH U CH, AlddF5
2 AP EEeh AT AEA Q1 FAREZ] gFqk)
0% Set 3914 AlA#tF7F HEE UL Box 257 9] 735
Aol 2 1% 15.33kGy, oFZ 9.20kGy= 152 3T
AgHET Aol 3kGy7te =4 S8 = o, 3t
ol A dosimeter®} 36 Box2] dosimeter= =] 2]5]| 7
7} Ao wet S50l ofgfzol wet S04 A 2l=
Atk AlmE 3lsto] PDAC HE - 28% o #9S
W& W Epicoccum nigrum®] 78-9-oll= Bt A 2] &
RO, Cladosporium sp.9] 7-F-oll= Bwt 22 =] A] o=

=}y

=)
15t (Fig. 5). °le AEA AP A 4 S

Control 37 BOX 48 BOX

Fig. 5. X-ray examination of mold samples ( Cladosporium sp., Epicoccum nigrum) from Sets 3 to 4 after 28 days.
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Table 5. Analysis results of randomly attached Alanine dosime-
ters on Sets 1 to 4 sample boxes

Response Proton

e (1mg”) (kGy)

230727 _X-ray_12kGy_1-1 463.69469 9.91
230727 _X-ray_12kGy_1-2 396.09920 8.38
230727 _X-ray_12kGy_1-3 325.37929 6.81
230727_X-ray_12kGy_6-2 335.64443 7.03
230727 _X-ray_12kGy_6-3 246.79563 5.09
230727 _X-ray_12kGy_12-2 332.48126 6.96
230727 _X-ray_12kGy 12-3 272.54683 5.65
230728 X-ray_12kGy 13-1 508.80098 10.95
230728 X-ray_12kGy 13-3 387.33711 8.18
230728 X-ray_12kGy 18-1 538.73543 11.65
230728 X-ray_12kGy 18-2 576.94397 12.55
230728_X-ray_12kGy_18-3 389.17983 822
230728 _X-ray_12kGy 24-1 561.97434 12.20
230728_X-ray_12kGy_24-2 576.24180 12.54
230728_X-ray_12kGy 24-3 365.38242 7.69
230727 _X-ray-12kGy_25-1 691.61898 15.33
230727 _X-ray-12kGy_25-3 432.53996 9.20
230802_X-ray-12kGy_30-1 663.74316 14.64
230802_X-ray-12kGy_30-3 461.74541 9.87
230803_X-ray_12kGy_37-1 812.94929 18.39
230803 _X-ray_12kGy_37-3 552.20035 11.97
230803 _X-ray_12kGy_42-1 697.15856 15.46
230803_X-ray_12kGy_42-2 548.08292 11.87
230803_X-ray_12kGy_42-3 445.0419S 9.48
230803 X-ray 12kGy 48-1 847.45766 19.29
230803 _X-ray_12kGy 48-2 726.83805 16.20
230803_X-ray_12kGy_48-3 573.66392 12.47
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