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Xh¥, RED-3THEIIRAEINS, HETLIZ7V VXA IVIIMBTEAMIGEEXN, < RED-3
THREIIRBINS, ZOBETIZIVEAANETEY A SDBRBITE /=,

TEYA FOREERIZEATHDDT, RV VYV (EEMR) CTKRE=ZEME HWICRED-3 (A
FTHREL, RICMBTHREL -, FEEVIZ. 7TEYA MIRBIZBEGLEDN, MBIZX-TT7EY
1 MDEBNELS Lo/, THhIFBERTELHIZ, BERED-3IXBEMBLEE LTV RFE2EKT
BIFCBMLHEEERLTADT, ZAEINIIWTEYAS MIFELHEALZRED-32MB L OfEAIC
FUBBEL =D EZO5ND,

RV IVICEZ2EBEMBEOBEICL>TTEY A NERBTZIENTEX L, TIT, KV IUA
DT EHA PDOREZFEXESZ 0D, RV I VOEMREEBEHEZORERBIZOVWTHANE, 7
YA FDERIZIIEV Y DV ORBREIIIKRERFEEN N7z, RVVIVDTEYA ADIRE
IXELIZETTS, LML, KUY I VERIMEDRERENE RS L, BMOBMOEENDLUIEL R
277,

OB A Y EESF. BieF LN TFIUT7VE=T A (CTAB) . BYVTFL Y13y (PEI) T
ERED-3HINCE > TT7EY A MIRBIZEEINDEN, B OBMERBIZREZDT, 7EYA b
MR LIZS oz, -, FEEHFTHE 51 br-X (Triton-X) XRZFL V7)) a—=NE IV
a4y REEESR (RFVIUEEEF MY A (SDS) ) ZRAWVWAEEMEBE@ESiCIE. 7EY 1 MILa
XN oz, Fiz, BMBMIEIALVY A POBFETHEIDT, IhHIZE->TTEY A MRENED
NTVWBEEZSNZDT, 0. IM EDTABRICIZERRY VY VMU, MBERED-3 THREALLZIK
ERBLIFR SN - /-,
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X6 (BRTHoDFIH). RVVINILLEMREBHBROTEY M DOER
ARHIERANIZ1% RVVTY (A, B)2EHM, TOERMBTHRE(A), EICRED-3THA(B), MB =
0.01%.RED-3 = 0.1%

® BRLEIZL2EM DR
BAIZIE, AMDSMIHEERENREA L T0d, /- T, RELRVEHEN SIE, AT S
DHERME N DREBIZHETH 5, BRPEEIZL > T, A EHHERME DR NI OWTHRAN,
a) 7)Y &AL L HERYE D
FEZEMIIMB E RED-3 DREIZL > T, AMDAEETEM ((Group 1), A & IEMFHERHER
W gL EM (Group 2). ROFEAHRBHERY DA% SO EM (Group )T ons (H7)

-

o

>

(=}

S

U]

~ 200 pum 200 um

=) "

=]

o

S

o

(]

g 200 um

o

S 3

| - -
200 pum 200 pm 200 um

M7 (FRE215D8H). MBYRED-3 T U/-BEEEM OBRME S (x 50)
Groupl, AMOAEZSLEM (A, B, C); Group 2. AL IELEBED % &8 (D,
E, F); Group 3. JERfEEMDAE2ELEM(G, H, 1),

b) ZVVRANETEY A MDER
JVVRALIWVEIMBERED-32HVWTHRAEINSED, 7EY A MRV Y YV TEMER % B84
TMBYRED-3THRETEIEMNTX A, AB522ZIE. ZUVEAINETEY A MOEAEE2EATY
DT, ZUVRANETEYA N 2BELRABIZE > THITXINEINEHR L, BYVYDY
THEHEMBERED-3TRALE, 72V YV EZAIVIMBHRMEFIZERL., RED-3%HMIZL->T
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R EHEESR [ 1MF-2201]

WBEIZEBU, —H. 7EYA MIMBTIIREINLN>7~, RED-3%2Mx25 LD UK 2>
7=.

® ZFEYEDRAS KRS, TV ARINUILBFRE
ECOUMENARTH 00 %, RUCEMEEE, XEREIFE, EEEFEMEEE, S~ V0 HETHER
77
a) {mICEEMEEE
FARRIZRA U722 BT 2 L RAEDAEIZL Y AREENHEE L2V ERLZY T35, ez
45° [EERT 3 EICARESITER - HREBRVELU -, —F, REBICEALZBERYEIX. AEED
EEEIZDND S TWDOEERIZEHENZ, REIC L > TR L BRI DRI E D X 5l % R CIEMEE
ECHERRTX /=,
b) XEREIIFIZLDAMBOMER
MR UAEL DT, BMIZIX,. ABROARZEET 5EM, E%%tﬁﬁ%ﬁﬁ%fﬁéaq*_rLM&U“%ﬁ%ﬁ«ﬁﬂ%
BDAeE EUM%% ENERPBIETRINSZ, TNEHERT 572012, RAURBHIDWTEM
FE D XAREH 21T 72, 3@*EODLHL’DL\T{E'JEth‘f%IEI?EOD’F%%ISLTT Group 1. 21Zi%
XRONZ =2 UT, ZVVERANDEIE—=2FE2E—TDNX—=UNZENTNI2.3° | 24.5° 128
Blxniz, UL, SHERMEIZXRDNZ — Y BRI o7z, BB OXRDZEEIL 7~ (K13-Group
3) .
TEYA NEEUOREEERMIZIZZVVERANVEEENTO . GBS, 62) . TOREOXKRET % HE
U, M EHEZREL -, £/2. TNZTNOEMBMOMAIL. 38 21358, #F52, 62371 bT
Ho7z,

[ samaple 11 Samaple 18

¢ 586)
N )
& v 0)
150 A
% || chrysotile z 2
s | o % 2
£ H

12.3%,24.5

‘ A[ T‘T‘ ‘ﬁ& N £ Chrysotile

” 12.3°,245° ‘ V
50 it r

M Wil A .JMJL, Uit

5101520253039!0455055606570 s 10 15 20 25 70 5 10 15 20 25 30 35 40 45 S0 S5 60 65 70
20/deg.(Cuka)

20/deg.(CuKa) 20/deg.(CuKa)

K8 (FHE2MNEMDEH). BMDXRDNZ—YV
Group 1, ZVVA1LNV%EEE; Group2. ZVVRLIVEHBHERYE % 474 ; Group 3. BHERYE % DA
2EH, X111,

c) SEM/EDSIZ& &YW EDEE
EEREFEMEE (SEM) BL ORIV F -0 %iE (EDS) TEEMBDREET-o /-, TOMEE
2XITIRT, KITOMBERED-3 TERIZEGL-YWE (FEADXEH) X7V VEZANVTH5, Bl
LTWADT, BEMEONTEE LA REATWS, DSV, BERRULAMEIZZ )Y ZAIVORFHET
HBNEB L. Si. 0288, VY I7ORAOYEIL. Ca. 08 (2 ELRBIETH S,
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R EHEESR [ 1MF-2201]

250pum

250pm

HO(BRE2»1" 55 H). BEBRMOEERAHEEL SEM/EDSHEHE
HAEDEHOWBEIZZ VYRV, HELDO-DICEMEE S TIIERALTWS, BV I3 KRS,

d) VAR UL B EREDFESR

BEEBRMFPOGERDTI IV ANRT N

BEREDL > TI VYV ERAIVKROTEYA PEHEINZGROII VAR MVEREL -, B
ENMEUEMEDST IV AR MIVEIETIE., V—YFRTRENETEZYHEVIIBEEDT T VAR
I NIVRERS 72D U=DT, REBEDOR—FHF 2 HAWT, GELEREENDOEFOI TV ART
WEBEIEL-, TORERERINIIRT, BE8IZEEZNTWVBEIAMIIZ VY RAINTH D I EHIERX
nr-,

RESI AN

A LRI A a)
P

0 e e o sk a0 e M0 sio 80 w0 wbo e 1obe
cm’!

=4#180. Pinpoint size 50 pm

H10(BRERTMSDEH). BERMHDOEMDIIVARIMNUILLRE. B
fiER 785 nm

@  BEMhOEHREMOMHERYIE L D]

a) AR ENEE U BEEEMOREL STV ART MY
BAZIE, BRRUAMIEHERMEMNEA L TW5, RRAIZL > T, BREBERYENKXIITE S
MEDIMEMER U7z, RELULRVEAEN S, GRENENUNDBHERENIXFINRETHS, L
MU, RiEERRAETIE, AR MOBKERYE & 13BN TETH -~ (K1) . AFRIFMB TEN
FEIZBERBL., RED-32RMT2 ¢ FRRBIIBEALE, —F, ENVO—ARTSAFv I IFBR /-6
IZEBD UIFREINEDN- /2, FRRIZ, 7T AMHE,. POy 70— ILEREINLN> 2, BHFD
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R EHEESR [ 1MF-2201]

FEMDRAE IIM B THUOFERME L 3B UK BR o -BIZEB I N, ARRAIZ X > TIEOBHERY
BENEREMPICHERIN-, BEIVAIZ VYV R LIV EHEINEN, HOMKBERME R IR TH
5, IRXVARY MIVEHIEUMEDERE 2T/, BIEEREXI2IRT, FEALULIBEOMKERYE
WENTNERSRIR VAR NVEEZ 2y TNTNDT IV ART MUVE, AIZZ VYV X A1)b, Bl
BEHARKTRBEREE. CIXRY 7oL Yy RBINS, BMEMOIILVY A MEBRII N,

b) FEEEMPOTOMOBHERYEDGE

FEEEM PIZIIERORDY ITHHEMENMED N TV S, RERLESHMEMIBOKET (FILR) THF
U 7= S EREEEM (BEHf) 2. MBEYRED-3 TREUAHBRERIIIRT, TNoid, FEFEREE
REBLLEMTIIRNEDITHEMN, T VAR MVEIENSYEDRE &R A, A BIXE UK
THDEMNCUIBOMETH D Z M3 H 5. AL BEIIY VAR MVEVRY ZAF N TH -7 (H13) .
BEMEIZIZEAY MR EDEMBE DO XYE L U TAEBUMIMBHERMENEE I N TS, LM,
TS OWHEIIEIECHEIRDOKES H 5, MERMED LN TE - LRV EMENERTHS. A
FRNEY > TORWEMIZE A THRIALX T 25,

A F. Y VA VAP P L T ;,‘..m,ha =,
I 1 | B
T A b

'x/L\/Jhu\* LAMJ“\J"\ JWJL\ ;L c -

500 1000

HI12(BRRTHSD5H). B hOBMERMEDRIRERES TV ARI MY
WHERMEAIZ YV 21V, BIZAREA, CidR) FuelLy
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HHEE [ 1MF-2201)

Waste building-material, No. 108

25 F

_— 2 L

s |

5'15 >
e [ E
g 1 F
c

—0-5 '|

o 1 L L
0 500 1000 1500 2000

Afnm

I3(RRETHSDBIHE). BEBE B S TR~ REEM R OBERYEDMBLR
ED-3IC&RER-RLITVANRI MY

(A, B, C)IZMBT%£. (a, b, ¢) itV TRED-3TLA, BERME. D, EiZRY T AF
V. FIZRER,

@D BELAZBEOREMLZFDER
< DEEIIN (BR¥Y) TERAELYPTWVWA, MBYRED-3TH®REL-EMNEAEIZI yAER
THELUTEHRBLLNS /-,
a) BRESERDORE

ERAEOEEMDER2FANS D2, MBE RED-3DEAAK % T8 U 20k 2 AR,
IR TEHIIMBBE L RED-3DRARRIE, FYXNVBHEEERLUZ, > T, TOBRBEDE—X
BN L BEEEL R BIE U 2, TR, TOBIRTIIZDDBESFN2E - BEL. EEMIZ-30 v,
KEXIZI2 mOF I RFEERL TS ZENESHMIR -~ (F14) , /> T, FRFDEHED
EEIZMNEL. MIDORED-3DENHAIOMBE.2 B, HBBEFOTHBEEEDNS,
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R EHEESR [ 1MF-2201]

RED-3

<

RED-3/% MB/% = 0.01 25
=0.1
20

g

g 15

£

@ 10

H]

=

& s
MB/% = 0.025 0.01 0
RED-3/% =0.0125 0.1 43 53 66 81 100 123 152 187 231 285 351 433 534

Size/nm

M14 (BRR2MSDFI A, —¥MEE). BREAKRTPDT IR FDER

b) BEBEIZLDEEBEDOL

MB Y RED-3MDES F{iﬁliﬂ‘/h%éiﬁﬁ’é‘é ENBASNIRSDT, ZODBEDERS
AWTEMEENDAMRERAL -, TOBEEZE2IIRT,
BIECAMB (0.01%) RED-3 (0.1%) 2&DIEAEETH D, BIRCIZEENRT, BRAIZIMB, RE
D-3DZFNZTNDREEMN 215, BIRBIIMBDEEN2{ETH D, BRI~BRFIL. MB (0.01%) o
BEN—ECRED-SEENBDULEEBETHD, ZDODBERE N ZITMA-EBGE HEET 5
&, A~DETIIBRAICAI REBAN N - 72, B, BEBRBRETERU LD ICEH{EEMREBTE /.
72720, RED-3DEENENEAHE (Z7VV A1) IFBHBRICERAINEN- -, BREBKE AV
TEBROBRENTETH DI ENHSMIIR o2, TDI ki, RERKEOEMREICE RS, MEBEN
RHBETHS5E1E. MBBIKELRED-3BHEE2ZNTNHZIZIMAT, TNZThIZB T2 LEER
RIS BIEH N, ARRHIXERICRS,

18



e s i 4 L TR TR
K15(BE2NS6MDE[H). MBERED-3DEABRICE PBEEEMORE
A MB =0.02% + 0.2 % RED-3; B.MB = 0.02% + 0.1% RED-3; C.MB = 0.01% + RE
D-3 =0.1%; D, MB = 0.01%, RED-3 = 0.05%; E, MB = 0.01% + RED-3 = 0.025%; F,
MB = 0.01% +RED = 0.0125%. G &H I3MB (0.01%)& RED-3 (0.1%) D&% Bl % i@l
7=, HIXRED-3(0. 01%) 2 &Iz inz 7=,

BRLEERIZ X D AROBRIFER & XRDRORRE AL & DHE
ERENGGARL DA HRAR A R & XERE T I & 2 AR R B SO REAIEDORER & LB U 72, XiREHTE
3 BRI 2 BEEAE U 2. 2 RESTITIEEEREMEM L ERVPBETHZSDT,
REDOAFEAIKE L 2, /2. IWBA»SM BHA/MRE) THoDT, FREIGRITHD S H38
BRiEZZ U2 KL 2. ZDORERERL 2ITRT,

RIBRR2HODFI ). EEREM OREEICLSARRHEXRDE LUATE SR DL

Staining Official Staining Official
No. Samples XRD Method | No. Samples XRD Method
method 1% method /%

1 Wallinuse © O 18  Board at demolition site ©, A O

2 Board at flood site oA Oe 84 19  Board at demolition site O @) 3.5
3A Board at flood site A X x 20 Board at demolition site O, A O 2.7

4  Wallin use © O 21  Celling at demolition site X X

5 Wallof a hut © O 22 Board at flood site A X

6 Roof at demolition site O O 23 Wall at disaster site A X x

7  Roof at demolition site © O 6.1 24  Board at demolition site AN X X

8  Roof at demolition site O O 25  Cover of electric furnace X X

9 Roof in SriLlanka © O 25_P p-Tile at demolition site O O

10 Wallin SriLanka © O 26  Board at demolition site O, A X 2.8
11 Slate at earthquake site © O 27  Board at demolition site O, A O

12 Board at earthquake site @] O 1.8 28  Board at demolition site ©, A @)

13  p-Tile at demolition site O O 29  Board at demolition site O, A O

14 Roof, slate in use © O 30 p-tile at demolition site O, A O 1.2
15 Wall of electronic furnace © O 31  Cover of electronic furnace 1 X X

16 Board at Tsunami site © O 32 Cover of electronic furnace 4 X X

17 Board at demolition site O,A O 33 Cover of electronic furnace 5 X X

Staining method detected asbestos strongly (@) and normally (O), and organic fibrous compounds (A\), and did not detect anything
(x). XRD detected chrysotile () and amosite (@), and did not detected asbestos (X).

BERRBEIIBTSEBROFTDI L ERT, O, BRALERIE I Nk O, B2 VY 24 L) H

XN @ B (TEHA N MREINA A, BHEUAOSHERIEI R XN X H T AR

B EIEEMETH >, ROEERERICBVTIE, O, BROEIH/ X — Y BRI X hk ; X, BILEE

XMk, GRIKIZOWTIR, XRITIHEEIKRIETSH Y, BRREETIIREX N2, AESE

LHET 22, 205 bAREILERNE TNTVA QRIKEAEMZL) . Bb, BRBHEEOBERE
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R EHEESR [ 1MF-2201]

RNEFEL —HU =, BRI & XRDAIE DFER & DR —HDARHIITHHERMENZHEENTE Y, XRD
BIEDBEMNFI . /A AN% L, ARROREBENMEN > 2D THDEEZOGND,

R2(BRTHSDFI ). BEEMOFRBEIILSAMRHEXRDE LOAESIEL DB

. Official . Official

No. Samples Dyelng) XRD? method/% No. Samples Dyemga) XRD®  methd//%

method (asbestos) method (asbestos)
34 Wall plate at demolition site A X 50 Board C at a driving school O, A (@]
35  Wall plate at demolition site O, A O 4.8 (chrysotile) 51  Board A in front of hut 0, A (@]
36  Calcium carbonate plate O, A O 52  Board B in front of hut 0,A 0 @® 4.0 (chrysotile)
37  Calcium carbonate plate O O 7.2 (chrysotile) 10.3 (amosite)
38  Ceilling panel, glass wool A X 53  Board C in front of hut 0, A (@]
39  Calcium carbonate plate A X 54  Board D in front of hut 0, A (@]
40  Calcium carbonate plate O, A O 55  Board A at the site of old refining proce O, A (e}
41 Calcium carbonate plate o O 119 (chrysotile) 56  Board B at the site of old refining proce O, A (@]
42 Calcium carbonate plate O, A O  10.4 (chrysotile) 57  Board A at demolition site 1 O, A O
43 Ceiling panel 0, A (@] 58  Board B at demolition site 1 O A (@]
44 Cotton-like substance at parking X X 59  Board A at demolition site 2 O, A O 8.6 (chrysoteile)
45  Board at demolition site O, A O  11.8(chrysotile) 60  Board B at demolition site 2 O, A O  17.0(chrysotile)
46 Board A at demolition site 0, A O 61  Calcium carbonate plate at building 2 O, A O
47 Board B at demolition site O, A O 62  Calcium carbonate plate at building3 O, A, @ @® 2.3 (chrysotile)
48  Board A at driving school 0, A (@] 9.5 (amosite)
49  Board B at driving school o, A @] 63 Rock wool at building 3 A X 0

a) The symbols (©, O, X) indicate strong detection, normal detection, and no detection of asbestos by the dyeing method, respectively. The symbols @ and A\ indicate
the detection of amosite and non-asbestos fibrous materials, respectively.
b) The symbols (O, @, X) in XRD indicate the detection of chrysotile, amosite, and no detection of asbestos, respectively.

© EMREEICBETEMEEERLRAEDIIEL DR
BN OREOAEMEER MY 7 b (WineRoof) TKD., RESHTDERIMEL I L /=, EMDE
HE & AR EG & ) EMOREREA 2RO, AMGAERERIIRT, ARSERIIEHIREICL
BIL, EFEVEE 2> 72, Thid 8# (AL —1) OX#R3 CTHIERRIRT & 512, AfiTEMR
HIZAH LTS D TH S,

#£3. (KR2HODEH) EREMOEMRE SERLAEITEDIIIEITLS

FREEE (%) DB

e N eRLEE ANEE .

AEES By ST - REEE o (o) ARoiEE
2 - F O. A 5 4.1 SYYRAN

RERE &5 ’

3 EBR., ap=7n © 8.2 8 VANVE &%
5 R, 4 HN © 7.8 8.1 SYYRAN
7 Bft = BiR O 6.5 6.1 SYYRAN
12 F—F. K= O 3.7 1.8 SYYRAN
13 p-ZA I O 4.4 3.8 SYYRAN
20 RERFBEEY O 3.1 2.7 SYYRAN
23 S EEHE A 0 0 JERREHIRY
24 F—F (RE#EEF) A 0 0 FERREHIRY

O©. OlREMRHDOEE 2RT. QFH<, OEE. AXMERMEDOKREZRT.
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R EHEESR [ 1MF-2201]

O XKEHRGS X OREFIORY COEMRRH

BEZEEDKEMORE X5 CKRM., wET) mi (LEH. wEMHTEY) TRl % Rl
LT, BRLAETAEMEEEEL AN, KEMOMATIE T, BMERROBRLEIZ L > THED
BEEEIRETLIENTE -,

DlEDRERL Y, aRRAIZ Lo aMREIE, BMREZEEL., BHECERE TS LD TRREIIAMR
ERETEHMETH S, REINARIE. SEM/EDS,XRD, 7% IZ & - THEE S N, IBAT BifHERY
HHEREDBDEFRNO AL DHEANEBZTH > /2. BFIWAECEMELEL LRWVWDT, HBFTD
DITELTE Y, oERE - BRIMEIZAMTH D,

(2) 7 5—<2 [LEFBOBMETOAR L ZM OMMMRESE R & PSR |
~ 7 UV F A VEHEFR D B D PR & R Y fa 2T

DT ANRZANDHRTE 7 VY RAINWVFHRTEONAZTARANDIEI I EE EHBLXNTEY, 7V
VR AN FIEDOHESLIIEETH D, AMIFTHEEFRGER. 2V VAN EeREIE () Aay 14 Y)
(K2) LD EBHENRHEEATHEETAZLIZL > TEAERMNERINDG Z LTI )Y XA IV RERIZS
BXNTWVWS EHEL TV DS, BRERIEIT RS, £/, ENSSVDEDREIENZ ) YV X1 IIKEEL
TWVWENERHATH 72, BEAWDRET S H1E, Thbb, BEERMREOBGRRLAIZLE T ARA MDORE
MHEEEERALTE20121F TARZA N LBRLDORIGEEN - EEWITHSMNIU, K& % BAEICT
50T, BADRETDIHEDEEEZ2EDDIIENEETH S, TIT, IZUDIZ, 2V YV RALIVDESK
HE L RE3FLDRIEE EM - EEITHEAN, KoHEEL2MHEITLIZL2EBNE L,

JVVERAINVE LT (At) BAEEEREAIEHESOIMEIIEERB 2 A\, b, ZOJAWE]3ERE
BHE, B 7 VY 21V EBYAEE A, KL UTTIV—51 S Mg(0H)2), AZE(Si0,). HEA (CaC0s).
Tk (Fes0) 2 F N FNIULLTEL L INT WS, 0.1 wt% OFRAISKEKI nlizrz VY X 1 IUEHERR
100 gz iz, BMOBBZFRIBEZTo-8IZ, V4 —F—NAFTICTIREERZFL -, TO%, BEAK
ROV AOCCEGOEL T, WEZRCABICERICREKEZMZ CEMEZZGKFIZELS o8 E
50D —HEDBEEFEVRTILIZXY, EMEE2EERLUZ, RNICEONZEHEEZEGEL T, Y
N2 VYV RN/ FEIEEEEDOMEKEEF-,

ARFEIZBITZD 7V YV RV EFRAIEKBRE DRSEETIE, RKISEOZRLODEIZE Y ES N2 EHEI
RIS IFEAEEDORWVHRATHY ., 7YV XA U THRAIENAERIZMZ SNTWEZ EAD
Motz BEDZVVEAIL(KH16afEAR) EHRBEDIY ATV Vv EDEARBIZEY . REBDIYVZAI/TY A
O VB AR F (K4 205 AR BMESN2, K16aDNERE2EBABLULEIVVRAIINDTIZINIA IO AT—T1§
TIZEBEDERD 7V ZA IV DERBHER D7)V B4 N DESENEEINE, — 5. M16bDE =2 [ LA
VI RAI/TY ARV VESEDOT Y ZINRA IO AT—TETIE. TRTORFNFRECTHY . TRTDI)Y
ZANNIY) 20V DEESILTREBIZERBINZZEN o7,

@ .

16 Z2VVEAN(@) 7)Y EAIN/FEISEEEO)DTIZNIA I DAA-THBETIRNVAAZ
BEHE (fAR)
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R EHEESR [ 1MF-2201]

VYV EANKROTZ )Y R AN/ FEISEESEDOSTEMEEDER % X43IZRT, WThOBETEZ )Y XA
WIZRE DZBOWHERDRFIEEIN-, £/2, 2V VXA IVEEOREEBELEEINZ, 7)YV EA
WV/FRBEIBEERIZENTE, 7V Y XAV EFARLLEOPEFBERTFINEREIN, REIBLOEEAER
IS TE RIGETDBHERTZEIMERE I N TV I Wb oz, £/, KRB I 2BENERTIE. B
KIGBTE LY A0y Y DFEEIZ L DifEDRE (18) OBEMIERD SNT, RE3IZDADIROK Fide <8
BINRMNo Tz,

M7 ZVVEAN() T VY EAIN/FREISEEMHERD) DTEME

RIZ, oD (HE) DEDSARY MVEFITIZ, EERVTEEDERERIITRT, 7V VXA IVTIE,
JUVRAI (MgsSi05(0H)s) IZHRERTEEEZOSNDELEDNE, Si. 0WREINSE, 7)YV XA/ REIE
BEEKIZBWTE, 7V YV EAIIRETELEDMg, Si, 0PEREIIND L2 EIZ, TLAEDCL INEHEIY
Nz, ThoDCENIRBEIFIER T LEZ 525, KISDEDSARY MVIZBEWTE, 7V YV EAINTIE
HI2<HBHEINEBN72DIZFHUT, 7V YV RAIV/FREIEBEEETIIFEEIZ/NIVE DDBEEIZ I X
N7 (HIEAR) , ThEDEM - EEDHHER (R 2L & IT g2 BHEL LTI Y Y &1L (MgsSi0s(0H)s)
I T EREISOBEELHETD L, 7V VA1V mol iU THRAEIEH0.006]1 molhNEESLTVWBZ
ENbhhoz, (s, CIEISTEMERZEIZHWAESY M 2787 ) v ROZFEIZEHANSNTWS 280, HEIZIZH
WMo 2, )

(e}
Mg H
Si 3
g
3
< C|Fe
z Cu/ Al Cu ¢y (b)
gl o
c
= M
9si
Clke
J\JCU ' Fe Cu ¢y (a)
0 2 4 6 8 10

Energy / keV

M18 ZVV&AIN(a) &7 VY ZAIN/FREISEEKD) DEDSARZ ML (FEAKIZ2 keV~T keVDT 1)L
¥ —#HiF TOLAKMX)
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R EHEESR [ 1MF-2201]

x4 HTOBIZBIE7VVEZANET VY R A/ FEISEEERDERE KRV EESIER

element chrysotile chrysotile/_erythrosine
(At %) composite (At %)

C 11.20 12.93
o} 45.28 45.56
Mg 22.02 20.96
Al 0.26 0.34
Si 18.47 17.31
Fe 0.50 0.51
Cu 2.27 2.22

| - 0.17

KINZZ VYV XA N/ FREIEEEHEDTEI Y EY TBERT, Mg, Si. 0DETIX, Mg, Si. 0ASHHREIZHE
HERBFRHAMNBIZRE XN, INSOBHIRBIFDIZLEAENR TV ZRAINTHE I eNbNnd, (DE
TE, Mg, Si. 0B EERRIZ, BHERELFOMEBIZCORE XN, UL, I —EOHEREFI2B W T
Mg & SiL0MMRE I NTITCATIMRE I N, Z OMMRRLFIZBIRRICAV Y707 ) v ROESFEIC
HkT5LEZ2625, IZEENOERTEREENDRD - 2200, BHERRFOMBIZNAH UT
MHEXNZ, MEDRERLY, 7V YV EZAINVOREIEH—IZES D) 20V UBNPH LTSI ehibho 7z,

K19 Z7VUVRAIN/TY A0y VEESKROTETY Y 78

TJVVERAI, REIT, 7V RAINV/HREIBEESEDFT-IRARY MVER20IZRT, 7Y XA IVDFT-
[RARZ MU, 3688 cm!'&3646 cm fFEDE— 27 IZ0HEDAHEIRENZ. 1078 cm'&1022 cm' 2961 cm''fHE
DYE—27 13S0, UEADIRENZ, 611 cml& 438 cm! AHEDO Y — 7 IX0HE L Si0.UEEDE AIRENZIRE X
5, ¥/, TV 2TV VDFT-IRARZ bLiE, 1602 cmy 1541 cm, 1455 DRI Y ¥V BOMKEIRE)
12, 963 cn’! DRI IXC=C-HOBREEIZRBEINS, 7V YV Z A1 IN/FREIBEESEDFT-IRARY MIVOFIR
., ZUVVRAINVDARY MVEFRBIBEDART MLEEDLEEEIIBEDLE>TEY . ThThDEE
MAISEHTEZ L REESLTWDEZ ENhho /2,
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20 ZVUV&AIN(a) LREIS(D) 7YY E AN/ FEISEEMER() DFT-IRART b

KLUZZ VUV RAINE TV Y R/ FREISEEEDTC-DTADER % RT, $300~450C<HWVIZR 6 NS
DHENRREE LS DTN REERADIT. REME LTEENTVS 7 —3 1 b (Mg(0H),) Mo DRk e #
Z26N5, $500~6T0CTDRERFEE LS BERMIMEHA (FL LTIV VEAIL) MSDBKTH S
EEZZ256N5, (B, F500~555CTOHWVWETIRY LA A M SDFHK, $555~6T0CTHEERIT Y
DY BRANNDPEDBKIZEZEEBRADTHLLEZOSNT VWS, ) X512, ¥600~T00C THEERAIZITRK
ML LU TEENTVSCal0NSDHMRBEEENTWVDEINT WD, H8UCIZRONIEEZELE D
BOEBIWRELE -7 1TV AX XA POKRALIZLDEDEEZOSNTWVWS, ZENSI0CETHEERD
1314, 0% TH o7z —H. ZVVRAIN/FREAIEEEETIE, 7V VR IV ERRABE COEERD CHKEL -
REL— 27 L 21T, Z VY RV TIHEREIX N0 - =380~ 4T0CHOEHFE THOFHKE LS KX LEERD
NEEIX N, ZHRFICREISEORERBICER T2 2EZ26N5, B8, ZEMSI0CETHEERDI
15.6% TCdh o720 CNEDEEEELIZZY VAL INADFKRBIEDEESELEHELAZLIA, ZUVAAIM]
moLIZX U THRAEISHFAH 0.008] molANES L TWB I eWhhoz, TDEIF. &R DEDS-STEMA Hr D
BENSEBONERER. T4bb, 71UV R mollzx U THREIESSFI1%0. 0061 molAMEES L TV W
IRBREFEFTET -HLU TV, £/, 2V VR INVOEERBESEMRAEDEREEZMTIIRT, RESEG
MOBETIRIZ & Vi U TR O N/ LLREREIX48.9 g " THho/z, F/2, BIEIZ X VT L THE S /ML
BOomEE (K22EAR) Tl 7/ Fa—TEEEETSH7 )V EAIVDFa—TORFRIZERTS LED
N5HT amOMMILPER I iz, T2, MALBEDHEIXBENE D &> T 2h, ZAUSMRHERRL 7 DR
ITRETEEZOND, HEREBEELICUTTARAMNERN]I mY~Y DY A0y YOS EEk %
FHET S L. EDSODIERNSEH I N/EIR0. 2718, TC-DTADFKERN SEH XN /-(EIX0. 36 L 2D, Th
SGOERIY, TV ATV VEFZIVVRAAINDREIIESLZTELSFEEER L TWDIEEZSNS,
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48 7 VYV ZANDERFEREFER L MALEDHE (FAX)

(2) ¥75—<3 [RERBROEMEREOBEGRENTIC L 2 AMMRHEIEDORF]
Y75 —< 3T, FENENE S N2 EMREOEMEE G S A6 2 BB T 5 2O DEEERT
FEEEFELU~, BEARIZIE, Dyadic Wavelet Transform (DYWT) . Dyadic Wavelet Packet Transform
(DYWPT) . Empirical Wavelet Transform (EWT) OD3FEFED EREETFEE A WTREZME L, Support
Vector Machine (SVM) L DEMBEEETTIWVIZLVNEETHI LT, BRELRGHRREEZERL -, B
12, BWNIZE O 7 /0 —F Tl O ERENEE IZM E U, ROCEHBRPFIA I 7IZBVWTEE WV EREZRL
2o X6IZ, MIEREE2HEIZ, (UIEHA-DELEY —I)VEPythonIRE ETHMEL, WebiRHETE FIHTHE
RETHRITWIZT T0A 2172 /-, SEMOMEEREZUATIIRT,

(SFI4EE]

EMROERREICE TR EFTABROFMUEL UT, R4 ICB\WTRBEBR%CIE LabfZEfMicZ#
U, axplir (i) 2F AU CREBRAEROMIA LT > /2, MRS TIIRMBEZ 2 VIQBZEFIZE#L, Y
() . I () . Q@ (58) DRF YA ofGEHHREEZHME L. BRIICETIEENLEBHEE,
(F23) o ZhiITEY, BELBEOMED S AROREICEN RETLE 2T I N TI L,

| REH: TR |

|sz ) BESIRIG
ﬁ;i. T

ﬁlc_ﬁiff\

GhL

5l -RGB & 225
NTSCEZEfE

QS HIZRIS
423 : RGBEZEMM ONTSCEZER (YIQBZER) ADZEH
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ZD%., B EDRE I 2 EME LT, Dyadic Wavelet Transform (DYWT) Z@EFA L. SRKEKS S
DTy IERERFAL - (RE4L. X24. X25) .

N
2D-DYWT
(DL
‘. R
HEhis p—
I SOE o .
I iER \ [oi=@mm | |0} wEBm | )

X124 @ YRGS IZDYWT % 5@ A U 7= 451

2D-DYWT
(LA ILD)

Gy EplER ‘ ‘ 011:7}(7‘5[";'] ‘

ST
Ty IER

~l

| b} mEHA | | i sfaEm |

25 : QAAIZDYWT 2 @A U /=451
X512, L) LEBREDRERES RS TTREE ¢ 5Dyadic Wavelet Packet Transform (DYWPT) %A\, AT

BEERZ HessianfTFIICED S ERERT L HAGDOES I LT, AMSEOMIEREEZ LV BRIZIRA S
BEmHFEERAE L2 (BR4. 26, 27, X28) .
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D% : DI DIKFEH M

EDF=3 A
ST o=
g SiE
IR D%, :DIDEEAM D% : DI DX A H M

X126 : YRS IZDYWPT %@ U 7= 45l

2D-DYWPT
(2 Decompose Level)

O QHiH : DZ: DIDKFEAR

LY EHHAL
HH ST
TyIiaHk D%, DIDEEAM | D% DIORAHA

X127 : YRR IZDYWPT 2@ U 7= 45l
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X128 : Hessian{TF| DEHERENTIZ & U Al E OMMERIE 2 BIIRIC U2 BEH. () B BRER. ()~ () 1%
B DEGH]

BoNRHHE%HA\WT, Support Vector Machine (SVM) 12Xk 2 0%EZ TV, 0L EDDLEREE 2R L
7= (BE5) . YHEEICEIN T EEEY  c— 7Ly & (DWT) 122V Tk, HERETDFEER,. DYWT
B L ODWPTD AN FEEEEICE WTENT WS LHBr I N/ -DRAE Ri%E- 72, /2. EEEEFEIZD
WTIE, BEEDHRRME L DEREDNS VAR EHR U, (NTIZZRSWE E 5558 L UTHW:,

(S A5

Empirical Wavelet Transform (EWT) ZFEA L. EEDARY MVEEIZIG UBEIGHZ 7 « VR B2 E
HT2Z LT, AREOBENBEEZ JVIRMNICHETRERQEEZEFRLU- (BREG6) ., & <IZ2D-EWNz &
LERERS DLEEARIZLY . SHEICEMN RSB eE R’ mE L~ (29) ,

ERNOFHMMEEERERE T 57 3% BB TIERL

Bk (EREK) 1EHk2

(429 : 2D-EWT (2R7TEWT) oD
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EFEROMHITE L TIE, M285 ZJOMITH W TREBEZEMMN SYIQEZERMADE# 2TV, ¥ (EE) | |
() . Q (8) DEF v 2V UTHREEBBEZ M LA, ZhiZk), BENRE L B eEs
BhEEERELRENARE o (RR6) .

X512, ARY MVOIRIBKES & HIHT 2 2 & TR ZEA L. TRERZ ESHICIIGE T2 0E 2 &
AUZ (X30) ,

TARR DR K EREFL, TDMEBEM B OERZIZHNT

f

[RE#& f AV AR ER

TFARXNEEFE L ITH@RASIN S
XI30 : fRAEED & sEf U 7= e

MxAT, IV b AMRFAMEZBEL, BEL A MTT ABEE. GLCM (Gray Level Co-occurrence
Matrix) . GLRLM (Gray Level Run Length Matrix) . BT but—L L aiAaebhE. GRHOEEIZE
DB ERE R X DA2RTDFHMENR Y MV EER L~ (K31) ,

BEROEHR

EffAN  (ReBYiQ) - AMEH TAT R
fr fY TORAFYREE T, ~ T3
f N f] » f] TOAFYEH=E Ty~ Tae
\ fQ I fQ TOAFYRHEE Ty~ T

S

[ BREEC~ G ]

1THMDEGENC42RTDFEEAIMLERES

31 : REEHH DR

ZDNRT MIVERAWTA—FIVSWMIZ X982 E T UER, 2FEEEIR9. 5%, FIA I 71%0. 9955125
L. BERESKEDMHREEZTRLZ (BREG6. K32) ,
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0B (64 X 64 pixel) IZx T DIREFEDHNIEFEELHER
4 - 80844, T AN 20208 (F#&: FDh=1:1)

niERR T fE
Accuracy Recall Specificity
Logistic Regression 0.9599 0.9528 0.9671
Decision Tree 0.9594 0.9587 0.9602
Naive Bayes 0.9114 0.9075 0.9153
Kernel SVM 0.9955 0.9970 0.9940

BR: 7 ANARET
B : T Dfth&F A

X132 : SEERER

—7h., UHEFEIZEEFNT W7 T 7 ZIVRITEN AR T — X ###r (Topological Data Analysis:
TDA) IZDW\WTld, I FEL UTHRET 21727205, GRRORNE—V 22 2121d7 2 —7 Vv hE#
B I OHHNBBEDIZO NEEE L EEMROE TEFNTH S LYW I, ARETIHRAEZEX-> -,

(SFI6EE]
SHLERICHFE L 27NV T ALE L OREIMEFIEE2EIZ, PythonBRBIZB W THESEY AT LDEE
LI 21T /= (X33, X34), MATLABERIZIZ S A58 Tl Accuracy 99.5% ZEC&k L TW /=AY, Python 12
SFAEEEB LV Web 77U r— a3 MBIz, SERABEDMUEFROEWVIZELY . SEEBEIZN2
o T,

AYAT A Ul 2208 Y - LT Web 75U ETEMEL., 2—F—2BEHEEEE2 T v
TUu—R$5Z LT, HEWMIZRESIME & 2EMTDON. AMOGEEEINARLINE, IhoDlEEz
fm:. UV AT A fTicT7as3n=7a b &1 7 UTHebBE TR A TRERERMSIZH D Z L 2 1E

AUz, HEEMMEEZFAZRVEG Y —CEBETRELRY -V LT, ERANRICHERINHEIZAS
E&“[%(:Eo /7o
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X

S @ M © FaaHRETOIEL x  + - 0

e
C ® (9 https;//asbestos-detection.hyper-local.jp Q & T o

TARAMEHTOI5 L

7y70-FI71)0 TPAVDER  TPAVFRRSNTOEEA

¥ 1 jpg. jpeg
TRBIFAVIAZ : SMBULT

TAKAMEHTOYFLOENS
1. I771VORRIEIYYY (AN-PIAV0BEERIYT)
2. Py7T0-FUEWERI71)U jpg. jpeg ) SMBLL T y&=ZR
AV-FIAV0BAR. [EEER3] [I71V&8R] [BEES1T3Y &R 6
3.TE=FTRIEIYY) (RAV-FIAV0BE1RYYT)
4. EBHET IETHRD 19 BESFEMHEN
5. AN T TRLBENRRINGT

-RITERG
Before After

KA TVNIBANTPANA M HIESNI AR

HLLELVAZERS

X33 : 7 ANRR MaHY 2T AETH (PCEH)
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20:32 oll ¥ @)

FPARZMREZOY S A

4 —160.16.75171

X34 : 7 ARRA MaEH Y AT LAEFE] (A< RE

. 5. WERREXCHCFTHE
. 5. 1. WMERRDOEMNER LBEBREANDEM
BONHERRDZMAZRSE >

KEMOF BRI TR -EEEMORE 2 AR LA TS/ 1) CHERE - BRICAERERETE
LEMEREIL T, 7T —< 1 OMERRIZRDETIZEWTEFRH - AR L2 MNERE L REM
BT 5,

1) BEEEMOURCT L) BRRISEMREICHA - BREIN TSI L 2EX LD, BM 2 3ICE
MEREDBRFEAEIZL > THMRZ EREMIR CHRHEHTX 7,
2) ARNEREBLTWVWAILIZEHLT, 2B0aE (B A vtk AHEaR) 2B/
T. BMEBREOGHEBRETCLRETE =,
3) RESEL VBRSO FIET, G2 EREICHBRIERZE (x 50Z) THRHTX -, AT
METIXER Z ML THO 2D T, GREISEMBEMTERRIN, BFEER (x 40062) DOAIEZETEME
TEMBEEMREINS,
4) Kax b, A, ELREBREREETHLIDT, HETOGHRREIEIZEL T\,

5) BEMEIIAESTEL LR TIRAETHY, ZBALAZBRIIZETHDIDT, XEHG R LEENT
DEBBREIZEL TV,

6) BMAFAICEEZNIMNRBEY (T AFv o, o —A, RVITATI) &BEREEETRE
TEX5DT, KKIHEBRD 7 4 NV E—DHREIZE > T, KKFEVRESTE U TSBOFEDTREM
NH >3,
AARFEAR & 5~ aE (Waste Management (BB 2) )IZHERKRL/ZL A, Editorlk

[The authors have applied an interesting and novel approach to detect asbestos in CnD
waste. In conclusion, the manuscript is innovative and worth publishing in Waste Management |
CEMBL /2, 22T, CnD wastelXBEEMEEDIEH & LT, BEYOEDI TULEZRSTI L E2EHN
& U7 TZero Waste to Landfill] OEYHEATH %,

P75 —<2TIE,

1) BRRIZAF LY TI— L RE3EDMEDNERNERIIFE TSI L 2O TREL X
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2) GfEMREIX. AR TRL,. AL EM OO A DLZAEEDZEENBDEN L > T

5ZEEHOMMNZIL,

3) BRI BIT A EBM. BERMEOTTREMIZ DWW TSEM - EDSOMHIEE DHEIEREN SIS ML

7z

¥ 75 —< 3Tl

1) ATEBD AR MVIEEIZS U TRBN R BRI BN o8 - AT Lick), 5%
BT ERL 2,

2) HessianfFFIDEEMEIZE OBy VHEZEA L, RROEGFHERT 2B 25RO
FHEROER EZ"REL U 7=,

3) CIE LabBZERIDa*xmln & AWV THREIZL 2 RERSDOEFALEH L, VIQBZEREADERIZ LY 1
£ -l - REDBRESHL CREE2HEL /-,

4) HEET T I)VHAccuracy 99.5%. Fl-score 0.9956 EWHMBHTEVEEEZRL., - IR - BRE
Wo 2B SN ESRRBOEMME R EIEL /2,

5) ARRE L VI HESHICEEN OEELREICIN L, BHENFEE L EREMZRE L AEEEOS
WRIRRERE - FELAZEDTHY ., SHBRDERE) AINEDOBES L CEERMIEFOREIC
AXXLE#T 5,

<IREBBUREANBEIZEEA U 72 FTRcE >
MFICEEH T 2BEERL, |

<BEBBEREANERT S I DN RIAETNDHERE >
AiEIE, BEEEMEZPIRETIC. BMRALARLE T2 CHRBICARERETIX 50T, RO
IZBWT, SEHB TORMEFEMDSRNIRIZE T BREMENDEMNRAE NS,
1) GREROIELHE, 2) XEFG COEEREEDAHHEEDRLIE, 3) (KIA NDKRETE<
DMIRDF =y Z3HEE, 4) BEDLLUVWEMOEBELF v, 5) REL UGHEEEM DR,
6) AR UARBEMOEBAIC L DEEYYIED I THIRBAEROEERE. 6) SERZEEMOGHEDFIOD
BEIZE>TY—Fao5—23) I—~DFL5, TH5,

1. 5. 2. MWEBRRICEDHEBEDZRRIKXVE S
< 2{REARIOD B CEHE > 2. BE% LRISHEREH T

[FEREMREDAMDARIIZ & 5 AERY - EEARTIEDORF & EERIGEL
BA)

(EEKR, HI IE

ExENE] EREBRI

BEM e L2V TEMKRE 2R LA L, ERE | EFRRT

WERE /=137 Y ZIVBEHE DEBG & f#T 5L T
AREMERH TS FEEERILT S, TDAEE
SKEBEZEYEMIZGA LT, EALAELRFEDH
HetEeM5, FELEFRILUTORE) THD,
- B OLBBEMEIR I L S AR

- BEBAME G OEGETIZ X 5 AMOBE) - =R

R
- EMREOAMRO BRI OB DR
- AREERORHRS ¢ 0. 16K

HRERE 1 RELD10 2BA
AN L RAESWEDODER &Y LA
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BMEREE 2EOBRCHRE L., A% EIREH
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83, 84) ,
CEBRUEYEBENERTHD I L EXRD, SEM -
EDS. Ramanfy3éi%k. FTIRIETHERL = (X
8,9,10,19) . /-, HMROEEIZ L2 LEDEH
ZIIHEREES LOEMMIKET D I DO,
2> 7=,
HEETARZNERNVEITV REAY MIEAL
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[Abstract]

Asbestos was simply detected by dyeing the surface of wasted building materials collected at
disaster and demolition sites. Positively charged chrysotile was stained red purple with methylene
blue (M B) and erythrosine (R E D- 3). On the other hand, negatively charged amosite was stained
red with MB and RE D-3 after the addition of positively charged poly lysine. Cellulose fibers
and plastic fibers involved in building materials were stained a different color from asbestos, and
glass fibers were not stained. Furthermore, since asbestos has a different shape than other fibrous
materials, asbestos was clearly and selectively detected for building materials involving other fibrous
compounds at a detection limit of less than 0.1% using a stereomicroscope (x 50). The present
method was also applied to building materials collected at disaster sites and house d emolition sites.
Detected asbestos was confirmed by polarized light microscopy (PL), X-ray diffraction (XRD), a
scanning electron microscope with energy dispersive X-ray spectroscopy (SEM-EDS), Raman spectra
and Fourier transformation infrared spectra (FT-IR). For 38 samples, the results in asbestos detection
were compared with the results of official method of asbestos analysis recommended by Ministry of
Environment, Japan. Only one sample (p-tile) showed different results between the official method
and the staining method. Since this method can be performed outdoors, the application of this
method facilitates the management and separation of waste building materials at disaster sites and
demolition sites.

To make it easier and simpler to detect asbestos at disaster and demolition sites, Al program was

developed by using a combination of wavelet analysis and machine learning. To extract structural
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features of asbestos, dyadic wavelet transform (DYWT) and dyadic wavelet packet transform (DYWPT)
were applied to emphasize linear components in the high-frequency bands. Furthermore, empirical
wavelet transform (EWT) was introduced to dynamically adapt to spectral properties, improving
robustness to background variations. From the transformed images, a 42-dimensional feature vector
was constructed using GLCM, GLRLM, histogram statistics, and Hessian-based edge descriptors.
Classification was performed using a support vector machine (SVM), achieving 99.5% accuracy and
0.9956 F1-score. A GUI-based classification support tool was also implemented in Python, allowing
users to upload microscopic images and obtain visualized asbestos detection results in
approximately 22 seconds. The system provides a fast, non-destructive, and practical solution for
asbestos screening and has the potential for deployment in field inspection.
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