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S5DFA v BT E W K OPERIRL THRiB )i - 72,
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LB L72RE L Wil 257 ST 5, A L oy e 6570 5 THBE] 13, PASIEK
W giz 2w e 3, pHIZI3IE7.0~9.0, [HAHEW] &5 (600 'C 3R TRbNLE R
29) 131.2~16.3 % EWERH Y, 2L IFBEROAEWCHET 2 b0 eH 2z 5155, iy
DENENL B EMESINT VDL, MAFIOWTIZ /L2 ~FH i & LT
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3—1. #H#

3—1—1. R&HrHEE

20144 8 i, ARARADH B F 4 v BARAT (LR, A £ W93 29> 7ve L
TN L 72, BERTEHT TR L2, BRIELCERIZ LA TW 2D TH S, WEDHNI»H
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EoNTEELE L7ce Z%d, BRERTH S 2RI I3 ARG TR (H#RELEE SN
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PGS BRI ORISR 2 W T, Fef% IR BRIK 2 ok U IS 2 20 T3 5 2
ELH D, FTRHEOMTHEZIIRIICER 21334, L FRLENZRT 7V AL THAT 2,
C DRI SN B RLR 2 ARG TRV, 7V REETPRI LTS,

B DRHPIZ AU DL, BRI 6 H LD TRT, BE IEIAE L TWizor b
LNZwEeF 2, BERFRLELZITIHELH 5,

TE TR 2 BRI S 2V —7"T, 20164E6 ~ 7 HICKWUHZIT 72D TH D,
BRZELES 572728, 50ml & JHICHY & X, B THRE L Twe T, WEI
L 725CR R 1L TH B,

3—2. B9
WRIESERET 720, Yo7 ) 7 LMz T F 7=y 7 (31) v ML) ITAN,
WA T2 LT 1 HERTHE L72e ARATD 5 DT R ZEATZ Ny ZTINDZERE Y~
7 v 7 F 2—7 (Tenax ® -TA) [Tl L, MBEEE T Z 7 0~ 77 7 EE5NHEF
(GC/MS)IZEA L, EMFH 24T 572, HNKRBEOREYE & LT, B, 7ot Vi,
Bkl % 7 2 L C, = 7 fEDREICH W72, F 72 ENRAE SR E 38 it A 7
2w fERE L LTz,
W (Quartz wool/Tenax ® TA, Sulfosteel) %4 — b %75 — D EBiEEIEE I
ML, BEE 200 1227 )y P LTHRZ B2 2T ZICEA L, Bl L7cs 5 41348
WA Z2THY, MIEWEDEEITITE— 7R IERNFRCE Y, WEREDSHITh b,
SRS L OB O RIEIEIHIL T L B TH 5,
£) BPigESaE  Markes Unity 2/ #+— h4%>75— Markes Ultra 50 : 50
F—BBEERE (F 2 —7mEdEE)  300C 104
2—)L R+ 5 v 74t General Purpose Carbon b+ 5w 7R © —10°C
a5 - 20ml/ 5
§ERBLEEEE  300C 347
v) AZx7u~>brZ7 Agilent 7890A
GC &1
717 4 D BGB-1 (100% ¥ A FIOVRY) vo ¥4, dififl)
30 m £ & X0.25 mm PFEX0.25 xm JRE
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F—7 RS
40°C * 343—10°C /43 THAR—170°C + 0 43 —15C /53 THIR—280°C « 543
X )T HZ He Gl Constant flow # 5 A& 1.2 ml/%
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MS %A
A vF—7=z— R 280C A+ fbE—F El EFZARLFX— T0eV
PUTEARIEE 150°C 4 F iR 230C
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BREIP D m/z  33~300
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Bk D GC/MS st CRIMETE L 2T v E=T AR, WAIZONT, HEER
WD L TIRAEDPEZIN DL L5, FUHTREOMEE/KISH L THERE L Twin
P NE THIET 2 HIEICOWTHE Lz, 72, FAEX 7= X HE 00 TR HICh
ek L e B REMED B 5 pH, WG, § v oX7 8 - AR - BRE DR I2 O W T,
HIE « ST 72 Wkt L7z,

W NDOTEE UGB AL EE 2 479 2 L b ERETH B8, BEEEOBIT
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WAK-NH4%Z T, NHREZHE L2, CBEA Y F 72/ — LV HleiEz i e 3257
28 —=THb, 7AY—OERPREZ2HEL LI A 3SmML 2R 7o EL
Fa—TI2E)blF, TRI—2REHIELAANGI L, REPHM TR A DET5~ 60
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AL DN LBk 2 0 L7258, R ITw 2 E Uit (hfkER) 24T
2BENLH-72nT, Ny 772 (At WAK-S 2 L TaMii L7z, 4 F L >
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3—3—3. pHHllE

BALTE T ROV 7k pH % (2 £ §° Whatman pH Indicator Paper (pH 0~14) THIkF
L, &Y IFREZRHN 24T 9 72 12% K, Macherey-Nagel PH-Fix (pH 4.5~10.0), MColor-
pHast (pH6.5~10.0) Z M\ 7z, pH (3HLAEGIE & Fog L CTHIMr L 72,
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ZSH LT 22 —2 iz, Vi2Xy 7 Pen-Aqua (¥ v 2 —= 234 F4 3 7 7 8) TRk
BTN L, REBEENLI T RS —PD-30(FX v a =347 37 78 TRHUIL 72,
W5E BT (3 RLU: Relative Light Unit TEEMICIIPE ISR TE 3, MG ao
2L BT LD TH b,

3—3—5. %80 EERE RN
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E— 7132 NEFNRL2WECHIELTEY, Y— 27 ks REIISWE R L THBE? S
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#5 D WENE, #9 7R A VR, #1210 2 — X FN-Tu EF SR, #13 0 EEEERIE, MEhRiES T A
2L ) —F 9 Y IEKkE LEE—2T, Wb ERWE L LTSNS —EKHk 7
VR R 2 DRSS L Rl—DWER) Th b, FEMEEZX 3 ITRT, ZIVKRC#EIT
COOH #:% ¥ b, kit h 5 AT —F 4 v 7K ZRT, BERRIIEE - PR, WHRE
FEL B DITOoN, BT, 115, ZERED L) LR WEEETFT—2 v — | (SDS:
Safety Data Sheet) CiC#2'H 5,

#6 .78 /=), #71 . 1-A X -2-7 X/ —), #8:1-7un-2-7m,%/) —), #35:
RPN IT—)LE0 K) ZF Lo 7)) a—icid, E=7BRICT =) » 7o s iz,
WITNOWE L OH % o2 s, SRty 724 TIET—) v 72T,
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Pl b o, AEEATERED 6 DB WA 212, WO BPRRGAD SHH S L5 N SRR
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FIETE PISEZZ
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3 [FEsS
Jek T#5 R, AR 49 Vo ES Vg,
T #12: 2 =X FN-Tubtt o m, AT #13: W
KIN—=T LB E—=2IC&EZNL 77720 FOEE (m/z) Lwll, TRIISHT—yN—2

FRITHFZER S ) v PV T2 LTSN 2 &, B E—7 13460720, Zofbidt
A X DYPE IBRIZ 7% > Tz, I SUEAVN S WERIE D & 2R L 72 b d L b
5(F2) SO LD, BRADLE LT 1T OHHFRELCHEL ThikeFH 25 2 ki3
WRETHLEER LI,

REGHORER, KAV KRB, TUTE FEZ Y, @FEEZ 7% B d 5WE
oMM E N7z, K3 ITATIRIM S NIABB A NVEKRAEE - TATE D9 B, falfiFiE
DX 1 DHEBAIZHOWT, FWEDLET =8 — Mok L, F72BH L LT, QAT
SR SAEDTER S N72T v =T, BIUWIMONE L L T b AFohifkE 2
DWTHEMAFIEZ £ Loz, IREN 2 5F 5 70O KB 2 BT 5 (E3ES 12 3 i ik
RNFZ 7l RESINCBIRAERE L EORMILETHDLEZE L L),
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K1 B TREOWGRYT T

AR | BIR | R | B | EERE | B | B | B
OK3IE7K) (210 H) CR§BLK)

@-A - — 6/30 7/9 - —
@-B 6/16 — — 6/30 6/30 — 7/15
® 6/19 — 6/30 | 6/30 6/30 7/10 -
— . HFEARH

K2 KAV R CEEO NI OBABIE & A2, RS

fezst A JAUE Pa (20C)
ppm
X HCOOH - 4600
it CH,COOH 2.8 1520
7'm 4 e | CH,CH,COOH 0.015 390
n-fisii% CH;CH,CH,COOH 0.00056 57

£33 BRINSNEALECEE, TATFE FEOMEICHT 54 EE

IR 54 = =X 5 izt 3

n-FiE Hicxt3 2 mE 24845 - il X451 AT

BN VA - e X1 A
Tatidr | Hiokd 2 HmEAHRE - Bl X451 ACGIH : TWA*
[ BV A - e X1 A 10ppm
it a3 2 ®mE 28 - Hilljgs: X451 H A s iAo 2

B TR A - X1 A 10ppm

NEEARI NS - G REE (HLIRER) | X1 (g, WPk

)

Ny ZTIV | RS AR X551 ARRE
Fre R FE RS STt UEBEER) | K01 (RlER)
(%) BV FE A - e X451 H A St e 2
TrEST | FRERERES - 2O CREEE) | X1 (PREER) 25ppm
(%) FRERRRINES: - 20aeE (GREIREER) | X 1 (OPHCEESR, | BARPESME RS
Atk % MR R, DI R) | 10ppm

*ACGIH : Association Advancing Occupational and Environmental Health
T Ay A R R
TWA : Time-Weighted Average WifEINEF4 (1 H 8 WifHl, HA0MFRHIOHE ) 3K LIz 8\ T
EEH I LA ELREL RIT S v EHE)

4—2. BNIBITIROERSFKDOES 2

WS THD ECTH - 2 BILE TRROPEF/RICONT, T E=TIREDMH %M, pH
HEHEDRBREIT 72 (F4d),

HERINQOD T v = TIREDPFHIE WSS, BIEE LTET Y ETREWV ) L) R L&
L7z, RERAIQ-AD6/16BiNEIE K D BRAH Y, T E=TRELTHMIETE LD 572,
@-A 6/16BiIEHZR D HELB L U@ 6/190 B0 REHT, ikl & ) L kI AF LT, pH
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KA B TRBROWHRDT v E=T A F ik, pH &
Ak} REL 4 NH, "iRE pH** s & X7 EER | A
EY| " ppm (H47 RLU)
o 34 X (+)
6/16Mi % > 5 | FHORIE ; >
@-A | 6/30/RHEZN T 5 74 72 nd nd
v 2k ’
7/ 98 W U i 14 44 nd nd
DTV Ak 0.2 6.5
6/30 A% B R DT 1248 nd nd
o 0.2 6.5
v i
| 6/30m B kR 157 nd nd
@-B DTV 2 i 0.5 6.8
7/ 15K 8K TR 43 nd nd
i 0.5=11 6.5
6/19BE5 1% > 10 %‘*7 4f 61 xxx (+)
6/30Mi45 1 [l H 10 7.9 1132 XX (++)
6/301 A% M %D 7" 1495 (+)
® L 2 5~10 7.4 (+)
6/ 308 & I UEITR 1765 (+)
DTV 2 i >10 7.7 XX
7/1048 35 W kiF 1% 0.2 65 43 nd (+)
D7V R ’ '
= DRRIBRAELIE (0.1ppm>) (£) AT 2IITHY (+) :2LdY (++) :Hb

: MColorpHast 1]

WEE L7z Zh, WL LIFRIE%IS pH 5TEMEZ/R L Twie, b 9 ik 2 BMTAT L

7230 H R I 21 2 EZ Lz 2 A, K4 LT
#BoOFRE B L UG 6/190BiE% O BN 1L, FEFE

60

pH %&b > T2, @-A 6/16Bi5
D B AERIEYE DS I e L s b

R DEIHEIIZDONWT D, QIFREEHP T EA-L, 2L sl olz, & oo3
IR ERD QDTN L, TNHERIR EHER S 7z,
WAL s o> 5 5 I E TR0 . Ippm & 0 B @ alBHE 2o 0 > 7299,
TIEbT 2B R 5N, WA DIFAEDTER T & 72,
NS DMEMIIH KR EEUZ D H 2 2 &2 b, dlERF 2 HoT 5 2O RE 00 2 it
L, #RFOMAERZREZRR L (X4), oo, TrE=v 24 F o 7—2 Tl
[0.5~11:0.75, [>5]:7, [5~10]:8, [>10]: 12.50%flizIcH T2, T/ o375k
HBR T3y 2 v 7B OFE MR H 10 2 B ERAYD 2 O - 2212 filic S & &Rl

BNk

DEAMEZFT, nd 10, (+) 15 X:10, XX 30, XXX : 30001z T 72, ;.dl:tfﬂogr“f
13, BRAERA0. Ippm L FTH D, BB LT, nd: 0, (£) 10.5, (+) 11, (++):
iz T 72,

—ZMTICIZREFE 2 H /2, REFERR, =2—Y—F > FOF—7 5 > FREHGER
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086

TYEZULAT

~

Factor2
04

pH

02

i1k

00

£Hsh
| T | | T
0.0 02 04 0.6 08

Factor1
4 H-Foprisat

@ Robert Gentleman & Ross Thaka 12 & ) B¥» O s iied —7 0y — 2K 7 — 5 iR
M Y 7 b TH D, RIBIRPICI Z—H A + 3B Y, HARTL O UFKFEDEN
DIZ—HA P LTEHEINTEY, V7 257 u—-RFLTHMHATE S, AREHLZ
avr F7ar7 M ESFH L LTSOREICOIT 2,

WP DRER, & X7 588 L e e 2 WA HGEK 1 Giglh, Al 20, 7
YR LA CUREE, BAWIER, pH (28NS Lz, F X7 IR I3 3 5 EAT,
EHENORREIC L ) T v =T ER L, pH ISHET L L5 b, Thbby v ¥
J RO 5, WEWTENLD 2Nk 5T 2 TR ER T 5 L HE S L7z,

BEMAREEDE LD TS [ 2] 2008212 & 2 &, ERAIOMER SHOKZEE, 7
TERY =7 Y ORE, b ORI, I SN, I, K2 T A BSPLTH -7,
TOE, R TIINRE, RARMILELD, FHIP X7 B LG, EENOIERERERI A
HHEREZ->TB DY, ke X LIckic b5 - 2 GHIGIE THIH L 728k Uk o L 12 B w»
TUIISRMKE T, W RD BN TH BT =T L AL, Fi2, EMNHR
HEDN IS WIRIIC T 72 L HEE LS, o2 ep b, BEMLED K TRICBWTIL,
R 2T 272012 I MAEMENZEMRT L2 L THMiCE 20620 H 5 2 L 05bh -
72,
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5. 3¢

o FIRNTEYIEE TITh LT v 2 B RE R OEEESY CTRBEE > Tw b, WEEZ/K LT
HEBRL D 57T 2 BRIBITITONT, BEEZ A TO AT H DA A Ko % M L,
W TAEPDIRIZOWT ST v =7 44 F VEERE, pH BIE, BTG oRHE, 5 >~
X7 FRERUE, S A A IREEHE 24T 5 72,

W RBR D 5 I 5 ERWE L, KR VR R, Tt (LEEAM), T rE=T2E
THo72, TIHDWEIIHEP DA OWIEF B TE Lz g S5,

BRWE R T 27200 e LT, —KEFTHrcy o7 BE2BRET (28, F72
WE & L AEMTENORREEZEMR L TS 2 EPHITHAS 5,

RIS S 7 6 20 v & ) ISR L TOBUE BRI DR, 225837 ¥ 7 &7 Wik
FMFERD L) 12T % LEBRWEOAERREAMKIET 2 W Het2H 5, L LIFSESRIE T
i TR 7 ¥ DIEEIIE L 20T, pHEMRIVETHS ),

AN S o7 BREUE, Xy 7 T A MNEBIEE B o720, TNHIIREMONE %
WP EF 570 Y, BRI E Lo H5DT, BAIKIIERICLETH L, 2% D
EVAENMT, BEEECHEH LT A PEMEERL TR TIHHLTWE 2N,

5 L Tw 2 BRADOMRE LT, i@ L% B < L CEIWE O Kk % 12k 2% 2 Hiko
12, FINICTEER S — M X ORI 2 AN TR 23S 385 HEPHZ 55,

A A TR K S ISR E 52 2E D5 O PRI ENT W20 T, fF¥Ichz- T3
EEHDLREDIZD, = P )L TFROMEH#A TR L o Rl 2 ER L, SHOMEES 25
JAL, SEWICPERL TW L PR\ EB LN S, ESIICIIREE, LEEESCE NS
7 M Y HEAORLSNIRE L RO REN L EN S, FIBEEIEEEOMPEE LT 5
7202, (EZESF, (RESrCIIRERE, 7 =T % RS CIIE TE 2P I2owTIEEr
W, BEMTLEEWTHAL,

<>

BHTFESEMEEICB 29 7 NVIEEICB W T, BEEELEOBRRICBIGRICZ ) £ L7,
F 7- e s H T A T TAR O] X ) SSRESIRIL 2 fER S & T n 727210 T, LB
BOMEERRTE L L2, Fo—HD GC/MS 91D — TIIHUR SRR NI
RIS, 57 v ' = TRENGE CEHORES R RERE i I BHiERc e ) L
72 L& DEHAZLET,

AHFFED 1% JSPS BHIFH 15K01141 [FERHERSCGHRER D S HET 512 B WIEORE &
ZOME] DM EZTI2LDTH 5,

1) RAURE~DZR L%

RAREANDFGHRL, UTOHKTRODLND, 2D b, R IIBIEEERERD 5K
SNBMETH Do ADRNZ KL D IARIREE ICH T 2 SR HAE OB A % KD, SRy »E
REBR TR 2 RAUBEIC Y OREF G L T 52, WTINoOms 2 EREEL Th 200 %5
i§ % T dh %,



132

X —

Wy TR - W B - RIE R PR No.56

FAIRE D253 (%)
= (BB REDOFANE) / (FRGORNEEL 2IRE)) / RARE)

2) RoawrrF7ar7 b W{oh
rikutaka <-matrix (0,5,11) s ATHIDERE>
rikutaka [1,]<-c(7,2,0.2,0.2,0.5,0.75,12.5,10,8,12.5,0.2)
rikutaka [2,]<-c(7.7,7.4,6.5,6.5,6.8,6.5,7.4,7.9,7.4,7.7,6.5)
rikutaka [3,]<-c(34,72,44,1248,157,43,66,1132,1495,1765,43)
rikutaka [4,]<-c(10,0,0,0,0,0,300,30,5,30,0)
rikutaka [5,]<-c(1,0,0,0,0,0,1,3,2,2,2) ce e o KZZFETT—>
place<-c(“2a-06/16/Bi N 47, “2a-06/30 7 X 1 1%, “2a-07/09#88 & I 65", “2b-06/30 75 1A
%7, “2b-06/308 & I Ve, “2b-07/1588 & WP iE", “3-06/19WL NG, “3-06/30-Bi }i ", “3-06/30
TIERTA", “3-06/3048 & e ”, “3-07/ 108 ¥ Ik ™)
colnames (rikutaka) <-place
ingredients<-c(“7 v E®=m7 A4 F " “pH" “4EWisn"," & oN7 BT WAL
rownames (rikutaka) < -ingredients e s AT BB E AT >
rikutaka.M <-matrix (rikutaka,11,5,byrow="T)
colnames (rikutaka.M) < -ingredients
rownames (rikutaka.M) <-place
rikutaka.fa<-factanal (rikutaka.M,factors=2,scores=“Bartlett”)  « « « « <A1 >
plot (rikutaka.fa$loadings [,1: 2],type="“n")
text (rikutaka.fa$loadings [,1 : 2],colnames (rikutaka.M)) c e e s 2T TRERI>

<5|RAX#>

1) RiBSEY)  #Ra T L T 5 UL DL AL B [22 58 AL B ~ R EEI bl SR SR PRAFAS A B Al
HHE7 Y 2 7 b~ Q015GETIR) | JIKIC & 5K L 72 UL O PRATASAE S IR O R EE & HFIREEY
DML T 57 v Y 2 7 FFAITRA M. HEEIC &0 R L2 U O ISR EUT O RS
E MBI MUY 57 e v = 7 P FEITR AL, pp.80-85 (2015)

2) HIHERT RS, — AR AR R BR2, 2011.7.5, pp.5. pp.42 http://eprc.
kyoto-u.ac.jp/saigai/archives/files/SedimentManagementGL%20by%20JSMCWM.pdf (Z I
2016-11-30)

3) AATE—ER, PHHSSAR, PN E. KA AKERIC BT 5 HIHERA O T, TR s iR
35(3). 1-6 (2012)

FEEIFARE 7 S H KT AR, R ) —Z A~V AT TS 7 — F X —7 7 1 B,
http://multimedia.3m.com/mws/media/10294370/mic-159.pdf (ZM 2016-11-30)

5) [20084Fifaet v 9 2], BEMMoKEH. 2009.12.21, http://www.maff.go.jp/j/tokei/census/fc/

2008/ (ZHg 2016-11-30)

7 — R SCER) (tsunami damaged document) ; Z2E{LLIE (stabilization treatment)
B (unpleasant ordor) ; ¥ N7 B (residual of protein)

D EY) (microorganism)



2017 HHHAE RACE R 5 FAET 2 READ T & T8 R 7 = X L DHEE 133

Analysis of Unpleasant Odor Generated from
Tsunami-affected Paper Materials
and Hypothesis of Its Occurrence Mechanism

Chie SANO, Yuka Uchida and Hideo AKANUMA*

The tsunami following the Great East Japan Earthquake that occurred on March 11,
2011 caused great damage to cultural assets and materials that were valuable to the region.
The Iwate Prefectural Museum continues restoration work even now but has been faced
with the trouble of unpleasant odor which was an obstacle to treatment work and storage.
The present report introduces the analysis of gas emitted and chemical analysis of water
used for the treatment of damaged documents.

In order to identify the gas components, a conservation paper used in storage was placed
ina Tedlar ® gas sampling bag that was filled with clean air and allowed to stand at room
temperature for 1 day. Then air filled with gas from the conservation paper was aerated
through a sampling tube (Tenax® -TA). The apparatus was introduced into a gas
chromatograph/mass spectrometer (GC/MS) for qualitative analysis. Ammonium ion
concentration test, sulfide ion concentration test, pH measurement, microbial cleanliness
test using ATP (adenosine triphosphate) residues, and protein amount test were performed
on treated water.

Malodorous substances, such as acetic acid, propionic acid and butyric acid, were
detected by GC/MS. In addition, many aldehydes were detected. The odorous water used
for treatment had a great amount of ammonium ion, a slight amount of sulfide ion and
much protein residues. In addition, microbial quantity increased as the treating days went
on. It is presumed that the odor was created from organic matter that was decomposed by
anaerobic microorganisms in the sludge.

As an improvement of the treatment method, promotion of water treatment under
aerobic conditions and protein removal at an early stage are to be considered. As a
countermeasure for documents that already smell, repeated pressure reduction to promote
gas dissipation is recommended.

*Iwate Prefectural Museum



