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JL B [X TN EO EG . .
R ™ k1) | Gk 2)
1 ND. | ND. N.D. N.D.
A
1 2 ND. | ND. N.D.
v JEz
(Ahs) 1 N.D. | ND. N.D. N.D.
D
2 N.D. | ND. N.D.
1 N.D. 43 9 N.D.
A
9 2 N.D. 52 N.D.
o) s Ja\EZ
(EO 1.0%M%F) 1 N.D. 43 16 N.D.
D
2 N.D. 42 19
1 N.D. 205 6 N.D.
(A)
3 2 N.D. 127 N.D.
~ N T
(JLPHX 2 & [A) R ) 1 N.D. 192 52 39ppm
(D)
2 N.D. 127 35
4 B 1 N.D. 335 32 25ppm
o i T D
(EO 1.0%14:+%) 2 N.D. 377 27
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T2 TEHR,

MHEEA C EO 1ppm, EG 3ppm, ECH (i 1) 1ppm, AR : ECH (Jik2)
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ZnZ b, ECHD L) REFAMNL L, BMemltnd b 2 Lo Twsdsmet
) CEHOAERRS, ¥ LI2EEDT ) 7% < mnirL’C WL EZS L BMMICHD LW D,
%8B, 2oL SITHEHZE ZNTWES (ZO5A3, HWA 4 > ORER) (3, HR
TEE (A) ’Cﬂitﬁﬂ:%4’ﬁ/()ﬁﬁi’(ioi%10~45mg/g (¥ % 510,000~45,000ppm), 3.5%
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TThHY, Z7uv bk F) YHIMINRALL TN TN Zhr 7208, 7)) 2 —=VIHEG b 5
W3 PG) 13, #740-70ppm OGP TR A S 72 (R 3 ORLELX 2, B L ONEK 4 DRLHX
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A
1 2 | ND. | ND. | ND.
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(AAesp) 1 N.D. N.D. N.D. N.D.
D
2 N.D. N.D. N.D.
A 1 N.D. 43 N.D. N.D.
5 2 N.D. 44 N.D.
o A
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D
2 N.D. 69 7
1 N.D. 39 N.D. N.D.
A
6 2 | ND. | 28 N.D.
) - i
(PR 5 & [l ) 1 ND. | 295 17 12
D
2 ND. | 268 10
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b D
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PO:#ft7vEV Y, PG: 7urbEVL v Z7Y)a—), PCH: 7untLvy7Zunk k1),
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BHZ 2D & 5 LR a 2% > THET M7 D b, Lich > T, BEIEZRIIER 2 X <2
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HE T\ B9, 2010412 H AR EFRESR F 2D A R T4 LIRS IUT W LK AR,
5 (FDA) 12 & 2L F v > R0 S WPE DS IREE Eh 5 (1978) (3£5) TI3, 72
& ZIFIRN L v Z0SRRIREAR I, b= F Vv > 25ppm, =F L > 7 ) 2 —)L500ppm, TF L
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W eI S e,
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BZITBEATH Y, FOBROIERA 2 HE L BRI, REEEIVEE L7 — 2L H 5,
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TR U ORI 2 E T AUI R E LB W e H 2 o by, MAEKOZ7om e F
VUBE, 7)) a—NVEHORAL, T HwbIT TR, EHIERTWARETIE, W
FTNOWED LY ZDREPERT 52 EAIRI NI, Lok - TRBESRID, %f(L/J=<‘:7L
TOHVEEHB I NEEAICHEL, FHIZH > TIFENRETHOINE T, BF%23
IS+ LTOBLERT 522 EEETH b,

#£5 EOWEA%D EO, EG, ECH D& REM (HAL ppm)
KIE FDA 12 X 2 #hi54 (1978)

[ERERE s EO EG ECH

RINIZHE AT 5 HEes 250 5,000 250

AN (10g B Z 7 )

RAICHE AT BBk 100 2,000 100

i (10~100g)

RNIZHE AT 5 Bkas 25 500 25

K (100g 2B 2 % H )

T PR A E 5 10 10

My > 2 25 500 25

RIS & i3 2 2 E 250 5,000 250

MG & Bk % 2 25 250 25
(RIMEH D L D)

R &k g 250 5,000 250

2Ry oA EARHFER T T 25 500 250

EO:#ft=Fv >, EG:=FLv 7)) a—), ECH: =FVv>Z7umuk )~
[FBEfL=F v o A AP IS BT BN 77— 2 B LXOHFEEH] (2010) =
FHXHR1) X V5,
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B, LMo BEERB L7 ) —= o Z7EoTE A ] B L O [k CENAER
PRRWIERT 22 LT X BRDPAMEWERED ) R 7 OFFERIZOWT] 13, FNFN2011
£ 3 H29H 4%, 20114F 8 H26 AT CHESULMIIIEHTD R — L ~~— Y ETABEN TS (F
&R, 2).

BT

AT L £ LT3, HARKRMINSHBRI, B Lo HoARER ST, KEBIEL
270 F Lo, T oML o sz on i, SHMKEIE, oo xz LT
1, MNP TRICZS w7 Fz L, il LTS T,

SEE

1) M b= F 1 > # 2 (ethylene oxide gas: EOG) WHEICH T 2E ) 7 — 3 v B L UHEE
L TEREHISC BT 2WE RGO A K 74 »2010] H AR S #2  pp.39-56, 20104:12H
1H

2) TFVAITA FERHIZE T 2MBEREMOTFARIZDRER A2 OWT, FATEH R R
msy, PR224F10H 12H

3) Ethylene oxide, ethylene chlorohydrin, and ethylene glycol. Proposed Maximum Residue
Limits and Maximum Levels of Exposure, Department of Health, Education, and Welfare,
Food and Drug Administration. Federal Register. Part V. June 23, 1978

X —7— F 7% (fumigation) ; B fk = 5 L > (ethylene oxide) ; B 1.7 = ¥ L » (propylene
oxide) ; =F v > 7)) a2 —)L (ethylene glycol) ; 7 m EL > 7 ) 2—)L (propylene
glycol) ; =F v > 27 mnkt K » (ethylene chlorohydrin) ; 7e L > Z7uwnk F) o~

(propylene chlorohydrin) ; # 5 AL (disaster-affected objects) ; HE% I & 2 # 5K X
Lt (tsunami-affected objects) ; # K xln (disaster response)
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PRIBIED & DRI DL, 1ES e EOEXNBROL L1280 bz - TRE
MEEEZZTROTWVRREELETZ L0 E5, 7V a— VEASER LSS,
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TENTIRBEIZHO I BE S . B LD BI@RAER 2 EiT 5 Z L W REITH 5,
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BT, +HHIBmEETHL
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2. BREEREOIZV—= T EEEOREER

(2-1.) EERLEFIT T, BEHRESHETRVOT, BABLHOREREY UTE
(2 EHTH &
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S
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fﬁ%ﬁ%bf&<&% FIEZF DO LA RGO TN WBIBEITIL, (BRI K
EEh THREERRBIESVWED EENVLETHD.

k) BAETBIOTDDER . 2720, BEHOEETIIATEOHEBRIERH 5 7=
O, TEDIRBEEL LD RERRICIEROIOKR S 2G5 L 0L, BEDR
WAIRGHIZEDORAIZH TSR Y, BVMETHIO LRET D,

(2-2.) EEXRGORBEERICOLEETLZ L
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Problems in Disaster Response of Seawater-soaked Objects:
Evaluation of a Risk on Generation of Chlorohydrin and Glycol
by Ethylene Oxide or Propylene Oxide Fumigation
in Tsunami-soaked Paper Objects and Books

Rika KIGAWA, Chie SANO, Yoshinori SATO, Masahide INUZUKA,
Noriko HAYAKAWA, Tomoko KOTAJIMA, Emiko YAMANASHI,
Atsushi TANAKA, Masayuki MORII, Ken OKADA and Takeshi ISHIZAKI

In disaster response of water-soaked objects, microbial contamination by bacteria and
fungi is a serious problem, especially with objects that are left for a long time before
recovery. Early response is the best way for the rescue of affected objects, but in the severe
tsunami damage over extremely vast areas affected by the Great East Japan Earthquake
in March 2011, many paper-based objects including paintings had been left for a month or
occasionally for months before they were rescued. In some cases, there was much fungal
damage on such objects, although, as a whole, seawater-soaked paper objects seemed to
have less fungal damage than those soaked in fresh (rain or river) water. But there were
cases in which severe fungal infestation was seen on paintings that had been left for
months. As such objects were occasionally contaminated by wastes, treatments with
germicides (which also have fungicidal effects) such as EO (ethylene oxide) or PO
(propylene oxide) were considered.

However, it was expected that such fumigants might react with water or chloride
which is included in seawater to generate highly toxic ethylene chlorohydrin (ECH) or
glycols which can attract water. Therefore the risk of generation of such chemical residues
in seawater-soaked paper objects and books was investigated, partly with those actually
affected by tsunami in Iwate prefecture.

Some samples were dried before fumigation while others were kept wet. Consequently,
ethylene chlorohydrin (ECH) and propylene chlorohydrin (PCH) were under detection level
in most of the dried paper samples. But 20-50ppm of ECH was detected in books which
were EO-fumigated in wet condition, and 10-20ppm of PCH was detected after PO-
fumigation in wet condition. About 40-70ppm of glycols (ethylene glycol (EG) or propylene
glycol (PG)) were detected even in samples fumigated in dried condition, and much more
glycols (100-400ppm of EG or 250-600ppm of PG) were detected in books fumigated in wet
condition. As a whole, generation of chlorohydrin and glycols was less in samples fumigat-
ed in dried condition and the residual levels of the chemicals did not seem to be highly risky
compared to the recommended residual limits set by FDA, US (1978). Therefore, it is
recommended to fumigate objects in well-dried condition if such sterilization is necessary.
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