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Abstract

At the Nuclear Science Research Institute of Japan Atomic Energy Agency (JAEA), approximately 130,000 drums (200
L volume) of radioactive waste are stored, some of which are more than 40 years old, and the surface of the containers
(mainly carbon steel drums) are rusting. For safety management, the containers are periodically repaired. To further
improve the efficiency and quality of the repair work, JAEA has developed a reuse technique for carbon steel containers
using a CW fiber laser irradiation method and is studying the effectiveness of this technique. The proposed reuse
technology consists of two types of techniques, namely, rust removal and corrosion prevention, where the former technique
removes rust and coatings by laser irradiation, and the latter aims to improve long-term corrosion resistance by forming
micro-crystallization and oxide film on the vessel surface through rapid heating and cooling by laser irradiation. Laser rust
removal exhibits an excellent corrosion protection capacity that promotes the formation of a non-conductive film. However,
the environment in which drums are stored does not allow for complete isolation from the outside world, and microbial
corrosion must be taken into consideration. In this study, drums were partially exposed to the open air with laser rust
removal, microorganisms were collected from the rust on the drums, and genomic analysis was conducted. Also, lab-scale
corrosion experiments were conducted to evaluate the degree to which microorganisms collected from rust contribute to
corrosion in different nutrient and oxygen supply conditions. As a result, Noviherbaspirillum and Massilia of Gamma
Proteobacteria were identified as micro-organisms involved in corrosion. Microorganisms obtained from rust surfaces
were cultured under different oxygen supply conditions (aerobic and aerobic-anaerobic conditions and absolute anaerobic
conditions) in two conditions, an oligotrophic environment, and a eutrophic environment, by adding iron plates and iron
powder. The results suggest that aecrobic micro-organisms > aerobic anaerobic micro-organisms >obligatory anaerobic
bacteria, in that order, have different magnitudes of contribution to iron corrosion.
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Teigtk, BRRZERNICHE LT,

2.1.2 TR M B BRI 31T B IR IRES D VERK
WAKEE# & L T Difco™ LB Broth, Miller (Luria-
Bertani, X7 b T 4 v XV R BHWE, K
EWOREEEZHIE LT ERBERE T & E L7
ML R U T (1/10 #2E 0 LB kiR )
D2 ODEM THMEME R RT 2720, BEZ 2 B
BHEL, BHLOLEEZ22BL L TEAT7 T A2
THELEZE, ) a2 L T4H— 7 L—7 (Auto
Clave SQ500, ¥~ MEFFHRASH) 2 HWT 121C
T 20 r[EBEE L, FEBRICHVZ, Table 2 1255
T TRV oMK 2 7,

Table 2 Composition of liquid medium in aerobic
corrosion experiment
Medium

Composite Elix
Tryptone 10g/L
Yeast Extract

LB 5¢/L
Sodium Chloride
10g/L
Tryptone 1g/L
Yeast Extract
0.5g/L
Sodium Chloride
1g/L

60 mL

1/10 of normal
LB

2.1.3 R A BRI BT 2 S O RiALEL

P (SPCC 40X 10 (mm), BBt 1/ U7 —
N OREETE ) —), T TG %R, A
— h 7 L—T7%FNT 121°C T 20 4RI L7z,

2.1.4 BRI A& BRI BT 2 iR IRE i O VERK

W AR & L C Difco™ LB Broth, Miller (Luria-Bertani,
Ry Ry FgyXroy o) 2R, e O
HEZHME LI EREBRET & H0E L7k & [
CESRBERE T (1/10 JBE O LB igAEH#H) » 2 o
DN CTIAEM B R T D120, BEE 2 BiERE
L, BH50HEESEICZLTS50mL BE/SA TV
HCHREE L7 B, LB B A7 A TV E 2 O,

1/10 #EED LB S A - 7231 T UiA 2 SDHE L,

ERHAZZNZEI 30 BRITHOH T AgE DS
ERREE IR LN B EFETRR LT, T DO,

F— 7 L—T7ZHNT 121°CT 20 S FEEE L7,
Table 3 |2 S T THW T RIRES HLOFL AL 2 7= 3,

2.1.5 BRI & =BRIC 31T 2 8- O i BE

#Fy (Ironpowder, 77 74 7 A7 Aat) #E
—H—IZ AN, — "7 L —TZHNT 121°CT 20
S ER, Ze¥ vy xRy b (RS A L ER
AT L) ORI R T,
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Table 3 Composition of liquid medium in analobic
corrosion experiment.
Medium

Composition Elix
Tryptone 10g/L
Yeast Extract

LB S5g/L
Sodium Chloride
10g/L
Tryptone 1g/L
Yeast Extract
0.5g/L
Sodium Chloride
1g/L

20mL

1/10 of normal

LB 20mL

2.1.6 BERMEIE A SRR BT B iR oA DR
BITAIE LTCF A7) =@t Y 7Aa%001g,
VAT A VA 0.01 g, Bk RY T A 0.004 g
Z 7z Bl Table 4 [Z/R 3 &L 5 IZIE LAl 2% L C
MBZEDINA T RIZ AN, R TREREZ, 4— b
7 L—7 % AW T 121C T 20 43S Lz, i
LHERIT 1 S OIRKEEHIC-S X 100 L #0 L 7=,

Table 4 Composition of reducing reagent.

Composition Amount MilliQ
sodium thioglycolate lg
L-cysteine 1 Filled up to 10
hydrochloride & mL
sodium sulfide 04¢g

2.1.7 M O BLEERS 2 O 7= O O IO VER

AT LR I RSP RRER OME 2 R 5 &
TITHW LN S IEREFE R B (A K RISRRAU SRR |
N—par7 N7 kAR CRHMEFEHRAE
tHHL) A Nz @S, Table 5 (CEEHIOMRL & Elix @
BAoRd, SR LEEME, 4A— s L—7%Hn
T 121°CT 20 0 BIE 217V, ¥ — LI 10 mL
FTOSVEL, B A R LT,

Table 5 Composition of the medium for bacterial isolation.

Medium Composition Elix
yeast extract 2.5 g/L
standard method peptone 5 g/L
1L
agar glucose 1 g/L
agar 15g/L
peptone, Casein 15
g/L

pearl core tryptic

soy agar Peptone, Soy 5 g/L 1L

sodium chloride 5 g/L
agar 15g/L

2.1.8 B O LB R D 72 O ORI /ERK
E HEEE PR E T O HE 2 5 Lox
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WWHWONART FFF A o —2RZEREH (K
RS R) 2 V=, Table 6 (ZEFHLDAH AR &
Elix O&Z/Rd, HEL-BMI4A— b L—"7%
FWT 121°CC 20 3 fHBEE 21TV, &% — LISK 10
mL § O3 EL, EARER A R L 72,

Table 6 Composition of the medium for fungus isolation.

Medium Composition Elix

potato extract

potato dextrose 39¢/L L
agar medium glucose 21 g/L

agar 14.1 g/L
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Table 7 Sample list.

22 R AMEREICA LT DU041) 15 3 O ftr
22.1 FT LEORE &2 7V O8E

JAEA [ DRMAAFFERTNIC B W T, A2 L —
— RS RT LR 4 DHEBRATHEL, T
W< OBREE TR S0, Ao %
Fig.1 lIZ~"7, N7 AR E 7T — 7 CHE- =T (4
AT TR AORERBENHER STV =h, =0
OIS RITHEE TREbIZ, Fig2 |2 K7 Al
REOY 7V o 7ERT (3 &) , Table 7 12%
TNOFEMERT, B, HEDERRT BT
ANy FTIRWERD X HIC U TERRL, EREROFEDH
ERRIT DBIEKREE L= d 0 T3 VD &
I L CERELL 7=,

Fig.1 A drum left for 4 months "for accelerated
corrosion test @ JAEA.

Fig.2 Alid of a rusted drum.

Sample . Sample
NOI? Information condi?ion
Iron bacteria floc in
1 rainwater collected on the liquid
top lid
2 Rust on top lid solid
Curing tape on the top
3 surface (include organic solid
compound)
2.2.2 DNA fifift

ISOIL (=w Ry« ¥—r8) Z4H LT DNA i
HEIT-oTm, ZENENOY TN EEZREI L
2mLE~A 7 0 F 2—71ZB LA, 950 uL @ Lysis
Solution HE 33 & TF 50 pL @ Lysis Solution 20S %/l
Z, WHENEFTH2IZIREG Lz, 104 2 & ITiRENR
LN E 65CTRIESET KA Fa—|
L72, 12,000 X g =R C 3 sy 0B L7=t%, B3
600pL ZH LW 2mL A~ A 7 0 F o —7ICEI L,
Purification Solution % 400 uL il 2. T+ 2R E L7,
WIZ 600 uL © 7 v ek AEIZ T 15 R LvT
v 7 A LT, 12,000 X g IR T 15 4y M Do L
7o ZD%, FHEEANRNL ST LN HKE
800 uL Z#H L2 mL A~ A 7 uF 2 —7 2L
7-%%, Precipitation Solution % 800 puL /Il % T+ 12k
AL, 20,000Xg , 4°CT 15 sy Do Lz, Wi
&% #C, 1 mL @ Wash Solution % /il 2. C (Al
VRFI L7, 20,000X g, 4°CT 10 2y [5E 408 L
72 Z0%, LEZEHET, I1mL O 70%T% /) —/V &
Y 2 uL @ Ethachinmate Z /M X CHANLT v 7 A LT
%, 20,000Xg,4°CT 5 i LaRE LTz, &%,
FIEERET, BT AREL LT, L% 100 uL @ TE
buffer |ZIEE L, WARICHE DN T2 % 5 70RO
DNA flitti# & L7z,

2.2.3 WAEHOIRE

222 TH 57 DNA fii#iz->uvT PCR 12T
16S rRNA fHIK Z ¥ E L > — 7 > 212 MinlON
(Oxford Nanopore fy) TA X —N—a—F 17 L
T, BLAST f#HTIZ 2T THREFIZ T 53 DLW % |7
T L7,

2.3 A ERR

2.3.1 FRAE OEREL & i fE

211 ICREHR L7z 3 M oditk D 9 5, 85 HRIAE L
TR ORGP ER Iz 1| A DS E mIZ >
WCIRHEE OV iR E AR A K (PBS) 1000 mL
TYel L, Vel 2 IR e A0 B — 1 —IZ B L 7=,
B U 7= Peiik %2 15 mL BREOELEIC 15 mL &
L, 6000 rpm, 4 C, 11 53[0l L, L7,
OB, LEAREZET, B OURIR 15mL &
WILE I LAN, BT v 7 ZE{TV, EikEeE
I OWAEW Z2 KBS Lz, ZOEEZEIR L 7-3%k
HRAETITx LT 0 R LATVY, 22828 400 mL R
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12725 £ T 2 5B LT,

2.3.2 IR SR

& A FEER OFRERIE 1L, Table 2 2Lk DR AL H#y
(LB £7-1% 1/10LB) 60 mL & Ji#f L 7= Yei&ik 30 mL
ZIRAL, 280 mL ORERENK & Lz, HEilkHi
WXL, 2.1.3 IZRRsE O A RN L, 25°C, 85rpm17)
T2OAMIRERE L O, &%, BEhEEATl
AEHE A SmL A~ A 70 F 2—712300 uL B L,
1 mol/L 2 C 10 1A IR LR 5 = & Tl
Mo 3 AMER A AR S E T, R & R S
VWK ETNEY ) oY (TR ESH) %
WHELD 0.2 pm D7 4 V2 —T A%, FHEEE~7 7
A2 B ESITE (ICPMS, TVL 2 kT2 a0y
—HREth) CEA A VIRBEZREL, SoERED
FRHE % E BRI L7,

2.3.3 BfRMEE &35

J& £ R OFABRIKIZ, Table 3 (ZEC#k Ok AR H#1 20
mL & ¥ U720k 10 mL Z2{EA L, 428 30 mL
OEREHE & LTz, BEBHRICRT L, 2.1.5 (ZRE#E 0
By 1 g ZIIN U7z, Mot EME OREE %2 H i
L L, BruAlezLE 3R BRIRICOVWTIE, WKIR
5O FHERBEIC LT, Table 4 IZFEEH DE LA 100
L kBN B ENF A7) a— g h U T A
23100 g/L, ¥ AT A UMY 100 g/L, Aitfb7 K
U AN 40g/L L7220 Ko lcsmL 7z B, &R o
HLRR & FEBRIIR & Table 8 (259, sBRIEZ RN L 72
NRA TV T F NI E T IF v v T ol
L, A TIVEOZERR R O (bR ERDN 2:8 &
RHEOC T, FOHTANy ZIZEHALTBW2E
FEHAZIOmMLIEAL CTRMHE D ERRICERICE
L COBRIOHN ANy ZIZE AL TBWE iRk
IRFIEAETT A 10 mL Z[FAARIZIEA LT, 2B, T
LOBEIILZET vy ERy NNTERL, £7F
LA BRRICTERE A 2 ARIL, R OEFE BN
AT VRO OKE L L72Rn D, o FDE
FHEHZBRE R 02um O 7 4 V2 — (JEiEHE) &
WHEBEH» ) VBRI TR EEAL TITH-
7o U8l 7 A&t OFERIK 2 =51, 85rpm "C 2 JE fH]
IRlaisae L7z U8, 5et%, SUBHK 15 mL % 6000rpm,
4 °C, 11 pREITELOGBEZITY, BRI % W% &
TNEVY Y (TERASHE) THWERD B
HEHD 0.2 pum D7 4 )L H—TAHilbtk, ICP-MS Tk
AF U BEZRE L, SO AEORE % & &I
fifi L 7=,

Table 8 Composition of the sample solution and

experimental period in the anaerobic corrosion experiment.

Medium Reducing agent Experlmental
period
LB ?
1/10 of normal O 2 weeks
LB X
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2.3.4 DNA Hhit!

ISOIL (= Ry « o— 8 % LT DNA #fi
HAE1T->72, 232 & 233 TEOEREZIT -2k
RO D EREAERET, £ 212 0.5mL OFE
WRAEEALRNLT v 7 23 X9 —TLTIRESH,
BERIR 2 VB L7z, BEIRMENE 0.5 mL % JRE 3 D
2mL A~ A7 uFa—TI2B L, 222 DFikL R
|Z ISOIL T DNA ZHhiH L7,

2.4 HEfER

2.4.1 iRk

232 @O ICP-MS DR A SZ | LT, MHEEED LB
Bl 1/10 J2E 0 LB EE O A ERICH W T
bk A UIRH BN S Do - ERBRENGZ 1 >
OV, HEERE RS LTz,

2.4.2 M O BLRERE 2%

Table 5 OSEAREEHIZ VTR R 21T 72, &
WEHE D — A& HE o OE 2B L, SR FHEs
i (EEREMB IO N— a7 N RN
KIEGH) \CEifREERE L7z, 37°CT 2 HRFREE%, 5
HEICEE LEZEMan =—(Z oW TESEN R
HHLOEERY, ALHZHAWCHE CHEEOR LW
HIZ RS 21T - 721k, BON37°CT2 HIfEE# L
e ZOEEAE B TRAICHBEI N LB TE
HETHDIEL, BHoNZb DA BEEERKE Lz,

2.4.3 B O B A%

Table 6 DONAREEHZ W CHBEHE# 21T -7, &
BHE % 0.4 mL £-H LI 4D PBS 3.6 mL 2 A5
725mL F 2 —7 I AN T 10 57K %, [FEEOEE
ATV, 100 AR % Lz, JRUK, 10 ARk, 100
ERANIEE 0.1 mL T 5 DIz 5 —I%T
BAi L7z, 25°CC2 ARG &EZ P, B EICAERL
FHEO O =—[ZOWTESRTENEL D O % 3
O, KRPELIZE Ty FEAWTHEAD %
B G0 0 Bl T LW AR B IC Rt
M25CT2 HERSE LT, ZOE¥(EX B TRAI
HEtSN- LT A2ETHRIIRL, Boh-d
Dz HEEEE LTz

2.4.4 HEE SN0 H 5 O DNA fili

BB SN, BE AR & KRR E Lz
Ty FTUIVEY, 05gt->TC2mLA~A 70T
2—TIB LT, 222107 5k L [AEEIC ISOIL C
DNA Z i L7z,
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3.1 BT AERENCALT DB O AT

Fig 3 {2 MRt EEE 2T, REINT-MAEY
TId Gamma Proteobacteria 125358 S AL B MM
EZhole, 3 DOV TR LA T e 7
7 A V%7~ L, Noviherbaspirillum, Maassilia % H (> &
THOMAEMBERBENA O N eoTz, £, FE
S NTH8AEM) TS Proteobacteria PHIZ 2038 S U Bk
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Y734 <, Proteobacteria Ml )& 3 B AW 1L kRl
EORRENH D Z LRI TS, £72, Fig3
DO EDREERBEI B W TE SR TH D Maassilia
J& & Noviherbaspirillum J&Z-2UNT b [FIERIZERIRIKIZ
FETDHEVWIWENRRINTND 23], DI EDZ
EG, SEIFEESNEBED TN TNE K7 A
FiH L CTEERLIZBEIE L CW A RIBEEN H 5,

,<lass levels
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Fig.3 Structure of microbial community

3.2 BkA PR R

TRH LT 8kA A B E ORI ER R % Figd [OnT,
LB BT s & b L AEBEAEKERE DK By R E
ORI NEENTREY, FHICEZBME LR TY
PRITEE D, T D=9, Figd (Com Sk E 1 XH R B
TR OBRA A IREED DR (RRE; o> )
DA T EEEELIINT, ZTOMEFEL LY
DT D, BRERE (LB) T, 4554 T 99 mg/L,
BERSRME T 27 mg/L, BRRSM GEIcAl) TiE 0.66
mg/L Th o7z, BREEE (1/10LB) TiE, Hxsk
. GETAHI) T7.5mgL O8kA F U mHBHERS N
7oy, GRS SRS (GRoTAl) TIEgkA A4
CIRHSHER SR o T, BB AME LT
TR LT E IR EE D LB BE M TERRE L - RUEHK LT
DONTEHETOFRFETTHEBX I Emngka 4
REDOEHAHER S, S5 ITEEEE ORI
DIRH LTo#ha A RENBFEREOETHIAY O
BERMEL D bEholn 2 8D, BRBERETTIX
IR, EVEBERMER Y, f B SE R
VONETEEIZHLE LIZEAVDRREND LA b)
277,

BB RSO & LT, SRAE
O EBLE A ST DD, SRS &35 k(b
B KIRALE 8k & L TR £ 213Nt
BIE2NEFHONHERHOLHTHY,
Pseudomonadales B=<° Chlamydobacteriales B 72 £ 14
FIZENRHEINTHNT R, g4 2o R ¥ —
e UCERRTFREZIT, IREMEAKT D2 LT
MEOBIE LI-EHAED FOMRBENEL 7o TT /) —
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RERDENEMRL, ML TWRWRTHERE
BHY—RERY, BBERDETLON Y — NG
ZAH 0 eI L BRI ERLNER SR,
BENEIT L, O, BREREFTEHZS
DA T NEHLTBY, ZO8%EEEL Lk
HIEMNERIL S, $koBRbicBE LBz bh
%, SRFEAVHIEE L Thiobacillus |\ 257 S, 2 o
BeA A OME AR L T X— 2G5 LD
RN B HIE T 5 B B 34w & KE
ZHELTRERLTEBY, ZOMENOHES AT
T —BOEMATCTHMBAE LR L, S OICEEICK
D HERREE 2 DRI £ T L SHB RN EITT
M) iz, oA A ZBIZRRETIRR L2 Fio
TWDZ PO ERBRE T CERICEH Sz
A F R U TG TS RICE G- Lz LB %
LD,

BB 53 2 HERMERAEY OB & L CHRBR &
JTCH E A X UVAEREND T bND, MBREEICHE I
LW, EERE, 7m B4 URRE ORS T O A EIEROK
FEEBAHEGIRICL, MBEZEFZFERETS
fRERBERMERIE CTH 0, FREEHEITE T S bk &
ELTHHT A Z L CEASEITESES 12, &5
A, $kaMe— OE W L 9 D Desulfovibrio
Serrophilus 7> B FRIIME S b 7 v AR BT S,
FIUATY—FRHWAHI L THIEY M o AR L
AL CTHIRRAMC & 2 Bk & FE 1% 52 1 B D Hilfe 4t
EBABEZITOENEZAEL TS Z ENHLNITR
o I3 HE RSO CTHEERER NS EHEE

B EHL T ETHEEEZEITSED 2 EBRH LN
o TEY, INLOMETIAERBREREE N
HHEARBRETICHFEL, BEIIHFG T ENEZ
bIvb, £, MMBETHER EEREEBHATDHAH
VARG Y, BRI FTA X VR ERT D
WAEMBEORBTH Y, FEMEOME R EER
L7-/KHE, XM, BREOAF LT I U HESEORE
MHAX U EER LEDETH LN =R LT —
ZME—DT XL X—JRE LTAEEFTHHMETH S
6,271 kFEE “ILRFEEHNTAZ UNERS N
DNRGEEEIT )b A X2 AR EHE T, B R
a7 —EEAWTENLE T EES L TKEST
AR L, REEA A & bR FEL LTS
IRTBIK ISR 2 M sM it 5 2 & T, A#F%ET
FHH L ERBRE T A ¥ VAREME IS
LCEY, BENMEESNDZ ENEZLND B
PLEo X 92 5e®EEEE (LB) TlX, ZEO8A 4
WHAMER SN, — 5T, RS HE S TWD
RECFRIUSBRBIREL 22 L 0L 110
RED LB THE LEEREHE B 1X, EIeAIAY
DB EIEZ R, 84 IR SN o T2,
BRBRETO THHIBIIER L2 &0 D, B
SRR TITF I KA EER LTV D 2 & Thise g
{bIRFE, K3, AR L OB kARt &
NIAM PN ERICEE G924, AREBR Tk 2
FEEORMEN SNT, BROEITIZImE Sz A
bnos,
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Fig.4 Concentration of eluted ferric ions.
3.3 BB S - EY

Fig.5 |Z BB S U714, Table 8 IZZNZE DMK
EW ORISR E RT, Ib8A LT IEHENR SN -T2
HERED LB HH TR L 72 i XM E O R EEHK &
1/10 J&E LB Eil THs 38 U - iR O B RbEHE 5>
LHIEETS SOMIEL 1 D OERFHZHEE+ 2 Z &
NCTE, S HEOMELE | FEHEOERN AR ET
BB, SREBLICBhE L TWAERE ORI E LT
Cladosporium 23 S TER D PY A% X HE#EMAT
ZEM L CHEE SN HEZRFFET OLERD D,

Fig.5 Isolated colony and fungal filament.

Table 8 Characteristics of isolated micro-organisms.

Size of
Sample colony Morphology

Bacterial 10 mm milky white

Bacteria 2 15 mm yellow1sh milky
white

Bacteria 3 30 mm milky white

Bacteria 4 9mm milky white

Bacteria 5 3 mm reddish pink

Fungus 1 3mm white, crystalline
shape
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4.FEH

AT, /T —~ 1 OHSTEFEEY % B #IM %
BIRETDHIZOOEBE 72D [EMER) &xt
G LT, SERICBT2MEMOERRE L5
LWMAEMDORIEEIT- T2, ZOREE, LU Ok
&,
D) KT AGERENOEEICEETMEDE LT
Gamma proteobacteria f{D Noviherbaspirillum,
Massilia INRIE STz,
) BB AT L, BRBERE & BRBRED
ENENICB W TR ZMFMIESEMET (FREH
K ONEPEBE SR & Mot e E) TheZe L7 fb R,
I AERRAE B > 8 MR MRS AR > ek il S ME A
DIETHERE~DEGDORE INRARD 2 LIURE
=T,
REBOLSH%E LT, BREERIZBNTED LS
TR IS A Z BRI S T2 DD E S
IZT B0, FNENOSM:TEE L EH K
735 DNA fhiH 247V, PCR 12T 16S rRNA FEIEE 2 HSHE
L —4 2 212 MinlON (0xford Nanopore H) T
A M —N—a—F ¢ 7 L, BLAST fi#NTIZ/T T
FEFGICTF T HWMEMEZRE L T LERH D,
WAEREIX, /T —= 1L IZBWTERIMR LED BRETIZ
K 2FE, NT—=21TBI1F D L—P—EF KOV
T—< 3BT DT A A= T2 JAEA D
it e A FH ) BE 2 TR F 2 it %,

SE X
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