Characterization of muddy clays for "Ohshima
Tsumugi" using traditional dye method
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Characterization of muddy clays for “Ohshima Tsumugi” using traditional dye method

WAKIMOTO Rie*, TAZAKI Kazue**, NAWATANI Naoko*, IKEDA Yorimasa*,
IMALI Shigeo*, SATO Kazuhiro** and OKUNO Masayuki*

Abstract “Dorozome” is one of the traditional dying methods with muddy clays in Amami-Ohshima Island,
Kagoshima, Japan. The brilliant black color of dyed “Ohshima Tsumugi” derives from muddy clays in Dorota
(small ponds with muddy clays). In this paper, muddy clays for dying were mineralogically, chemically and
microbiologically characterized. The muddy clays consist of Fe-rich chlorite, vermiculite, mica clay minerals,
kaolin minerals as well as a large amount of iron hydroxides associated with high P20s, N, C and S contents in
the muddy field. Principally, iron is a key element which constitutes not only crystalline/amorphous hydroxides
iron minerals, but also clay minerals. After one year of using the muddy clays, the Eh and DO are significantly
reduced in fallow field. Various microorganisms were observed in the muddy clays, such as coccus and bacillus
typed bacteria and fungi. Anaerobic bacteria may contribute for reducing condition in the muddy field. The
black parts of “Ohshima Tsumugi” contain high concentrations of S, Ca and Fe, whereas white parts without dye
contain a small amount of such elements. The heavy metals are originated from both muddy clays and
Rhaphiolepis umbellata. The results suggest that specific condition of iron hydroxides is an important factor for
brilliant black dye under reducing condition.
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W&o THELINEEFTONTNSE (EEKEMBRMES
2001).

¥z, REMRICH, MEOEBOWN], BAHzEL%
DHENSHHEHW LN TS . KEHIE, KADR
EHERAT2 LW RHRRREFEITIORL S EEE, &
517, fEFRETEERLERVWHEORENEHEZEL T
%, ZORWEFHIL, BROFNIITY T—FA (Fi4 ; Hig
M) BRIz k D, MRICEHADY L VEE, BHROES
DEGT A ETHESNS (RGREHILRS 2001). Z
Dz, REMOMEL, REICAHAVWLROEEET—FK
DEBHAICE > THREAHEEDNTVS (A 1991).
LA T M, S8 E T, ISITRORNFHHIN
WENEETHHN, ZORMIZEOIE O A, HIHT,
SFINT, RN, FERAICESN TN S (ERBEXSEM
HaftgEt >4 — 2000). £/, FAICIIRENLETH S
n, Wk, REMOREILRYOHFOALINTHED, ¥
VB EHS EOBEBRNEICHTEIN T E /2 (FF 195855
M 1989 Lopes et al. 1999; William 1999 ; Nakajima and
Sakaguchi 2000). LA L, KEHMOERIZEHENDED
M LRI DN T OIS D,

ZZTC, AHETRABMOIERITHFEHEINTWDREOD
RO &, BIZE > TRAINBRIZDONT, LY, 1
Ve, MUAEYSERIICRE U720 TR T 5.

KEHIZDNT

KEMOPERO T, TROBOTHS., KEMOKE
DIERRE, B THERAZDERARIZEA A, WITHD,
Batro. hE<ESNET—FA (FHighe) 28 14K
U, TOH Tz FERED S (F—FAY). 7—F KDY
CIVBIZE o TRIIREIREAIZED S, T— T ROHE
KWT20[MRHZHICIEATIEEE TS, T0O2DOTH
Z3~4HfE0EL, BEHII00HOTERT, 5F—F KDY
DIUVBREROHS EMEE LT, RIIFMITRD, KEH
MWEOENWEOAFICYD LMD, Fd Lo R T
TR GRIBD BT - WER O - SRt - Rl DA A - Bt
DLAFEZ BOAN DO 2175, FHEDIIH7cm
BoTIRAREZDL20OHTHEZADEDIEXZEVRL, #
DHZREIZLD 17 A~y ATRRT 5. #0 Eiok
BT ISR I RS BHRENTHON S (BB R KB
gt > & — 2001).

2 oM

EARBIEEALR1,000kmEL BEiZb /0 RIET S HERIE
oJEicE L, BRSNS A ICK300km, AN S
EHITK270km ITMIET 2 (Fig. 1). K[fid AL
THUREZBUEE, 2MTHD, T—FARILKED GH
Wy B EGR 2001).
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oo EIE

) Amami-Ohshima Island
5 km
SR |4
No Sampling area Geology *
@ | OhshimaTsumugi Cretaceous period,
village Naze Formation,
Tourist area clayslate and mudstone
@ Old muddy field Cretaceous period,
at Ageniho Naze Formation,
sandstone and mudstone
® Old muddy field Cretaceous period,
at Ueda Naze Formation,
clayslate and mudstone
@ | Active muddy field Eocene epoch,
at Suno Wano Formation,
sandstone
® | Fallow muddy field Eocene epoch,
at Suno Wano Formation,
sandstone

* ; Sakaietal. (1977)

Fig. 1. Location map of sampling points with geology at north
Amami-Ohshima Island, Kagoshima, Japan.

ERSEHERITIZBNT, KEMOREIZHWLNTNS
RHOREET o/ BERBIKREMESLOHT, BED
EHRINREROITDN T2 TH D, BRICHEAIN
TWHRHBLIVHREAEHOIHERD LI EINTNS,
FIT, REMESAEEL TWLERBREFETORMAO
S5yFiOREFRL, #their->k Fig. D). #055034
FRC BT 2 B E, FAERE RO 7 HE ORHCE B KO
HEWERAOHBETH O, D 25 FnidFAUmHiticHt
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BRKSEME R0 DI ORE

BLEWEBOMBBTHS HEH 1977). BERE
(3, EHERICEERREIKTICHD, HAEREICHKE
L7zEBEALGNTWS (BERITHFELZES 1973). AWZEIC
AWE57 O EMIZET 5HE %2 Fig. 1 NIRRT, 2B, &
DOPEHIE, TS O LEOFRMIT > Thizh,
PRI E L BIREHET O KEHON (D), L5 (@),
EH (@), HY (@, @) O3t 5rFiORHOKEZXKE»
56~ 10cmiFN S HFM L7z, FFFCEAOKEHE BT
7. 3B, AFIIBN T, BREZOERIIHELEZRES
HEB DD &t . BEER SN TR 2 RHADOMIC
TERERSZIEMIIONTHREF L. &4 ORIOH#I
TROBED THS.
B KEBEEIT K EMOM BT, AR RS
FKERZTHBICHERTAHTH 2. READE D IZIZHKED
HY, REORDKGZHASIN TS, RHOEEDOE
K50 ecm ThH 5.
AN RERAFAET FRIBEFERA SN TWARWARET
H5. BIEEERI N TWRWE, TSR iCET
H5. CORDOEEOEI IS0 ecm THS.
B  ABMEFINT - EE ERERRE, HAEREREZATY
RWHEHTH S, REEOTRHEFRRIC, RERFEHINT
Wi, BKEIERET SN TWS, ZORMDEED
FEXIK50ecm TH 5,
HED  KEEAERETZEE IR EORMATH O, R
L0, KEBRRENTON TWAHTH D, ABE LT, 48
RITHE U7zl GRROBRICEBERRICHET 5IR (Sample
4)) BRI UZZ, ZOMITIZHKENEL, BEoKIZA
HRTHEAINTICHEL TWa, ZORHOEEOESIZ
HlmThs.
MBS KEHEMETATOITEDRHOS 5, 14EREH
BTIREAL TWEHATH 5. BTEME R OAE ORI
12, HIZIEHKENR LS, ABWREZKIEfTONT, KGR
HIZHEE L TWwb, ZORHOEEDESIE, F1mTH 5.
SFRETAB @IS, FEFAL TWAREN 245 FidH D,
WTNH 150cm X 150em A OEETH S (Fig. 24). JE
BT, JEHZEROB T HICERL 2%, ARORKICH
B 2SS NWTHIR ORZER L, Z0F TRERED S
(Fig. 2B). #5100 BOR|EOTIRE, D HH - =R EH
OTERkAhZE Fig. 2CIRT. AHEIORBOBARORIE,
LAZEE" LEbOTHD, HE, WMbbEzeLiaisFE
wmoxns.
DA E

KERE

57 OIMOAKD pH, BkEcEN (Eh), EXRinEE
(EC), wFHF (DO) OWEEHRMTIr> . £z, A%
ZBNWTIIKREEZREERY, EBRICERDZTORETO
KEHRPEL 2. 2nEn OBEEITIE, HORIBA 2% =—

Col | aboration in Japan (AGCJ)

(3)

201

Fig. 2. A view of dye-field.
The small ponds with muddy clay are used for dyeing(A). The white
silk was dyed by fine clay particles which filter through the mesh
with micron sized sieve(B), and completely dyed Ohshima Tsumugi
which turned brilliant black in color(C).

LAB pHA—#% — F-24, HORIBA 1A% =— ACT EhA—
4 — D-13, HORIBA 2% =— ACT HHEHE A~ — ES-
12, HORIBA N> 7 1 HEFER R A — 5 — OM-12 Z W7z,
X¥FfAREF DA (XRD)
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FEr#EE2ERAL, CuK a2 HWTEE 40KV, &ER
30mA THIE L7, EARGEEOSTITE, 275 EHE b
EOMH-26F 2 F1WT 2 0 m LR ORES & 58k - B L
HDOEATA RN T ACERAL, ZBId-b0xFR0
. £, BLEMRTEORED, RMUEOHLDOOMMICTF L
27U a—)LAEE, 350°CT 1 ERIEVILIE 2175 /- H D &
Vax IR0yl

REBMT (TGDTA)

RRICEENZH LB LS 2 HET L7201,
AR O 3FEOFE (Sample 4, 47, 5) IZDWT, REHR
87 (TG-DTA) Z&17o /2. AMRICHE, E=MTHEMER
EBMRRETG-8120 2F AL, FEEREHT AlOs 2R W, #l
ERBEKUIN, RABIERIZ10me, Y2 7NV UIRPLT, |
BEEIZ10C/ min OFETHEEZET> 72, B3R L -
%, HEEThHERIZLE.

IIVF—p#BEE XEa (ED-XRF)

5 FTOVERTHIL /2 6 BEOREHDOROZE LR %, H
RETHIT ) F = B X R B ISM-3201, Rh-
K a5z B, N5EEE30KV TFP (77 24 A F )N
FTA=H—) - NIV ZFEIZEOEERMNET o2 BB
BEFLL, AETHRICLEZBOZRD Y MRIZINIL, 547
Eirolz £, BROmBEEIITONS T —FARREDICH
WHNET—F K (High) TOWTH, BEIE, AHT
BRICLEBOZEA Ly MRIZINTU, FREOREIE 2T 72,
NCSTTEANIBRICLSHER, KEK, BEOTENH

57 FTOEHTHRRL 2 6 MEOJRICDNT, A2ty
LOBINCS H#EoEE (NA2500) 2L, N, C, S
DEBMEITo ., ABHISEE TR IEZE, BEAK
3mg & fniz, MEROERKIL, Sulfanilamide Standard
(CeHsNz02S, C;41.84 %, H;468 %, N,;1627%, O,
1858 %, S;18.62 %) #ffHL, K-FactoriETfT-7z. £
72, TEBHZ D& 2HHEIEZTTY, EEERD .
HFEEMEEER

ARORBICERT2WMENZE, Mo HtrBEmE
(Nikon OPTIPHOTO-2) &AW TERET>7=. AW
GIEEWRT 57 DAPI (4°, 6-diamidino-2-
phenylindole) #E 7L EF#EIEEE HWTEERL .
EETSMAEYI DAPLRAE, FOLBEMEE T THRTS &
DNAZWEEEREL, #HiLiyIgiaosEtz27 5.
HWEMDEDORIE

FEORAOKTBLTROPIZERL TWAMEMIZD
WT, BREMAERNWTHEEERT> . BHIBE T+
2.5g, MU R>50g 7 RUBEL0gBEIU T2 15.0g
ERIIVZEMN 260 THE, BHICEEL ZMEwoa
O=—%225f% 71 >~ L, APl manual kit (Bio
metieux) (HAEF A1) 2 — N1 5w 7R 2H0L
THEOMEZT> 7. 128, MOREIZE, 1D BANMES
V75 ARMARERE A O API 20, 2) IBRMENUAD T 5

1=
W,

(4)
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LABREERTERO APLI 20 NE, 3) 7 RuEB LI 70
dyv HABORERTH S API Staph % fiwn iz,
HREE

54 FFORHTHRELL 72 6 FBEORHICELT S RILHTES
MR 2 iR B K > THBEL /. BRI kR 2
AW THEFERFIC XL DT> 2. MiEEE K53 Difco 8
EERN—ZMAL0 g2 1 1OREKITHENL, 121°CT15
SA— R =TI, TOH%4ASCTETRRL, e
AL R > & —BUIRE RS () %50 mIinA
EborERWE. BHIABRNICEE 2B L 2SS XU
EWL - R LR ERAR R EET A EHRatt
) 2 AN, 3TCTT2HRM, 1 >FaX—F—NITHEL
7z (Levett 1991). B MiRd, BHRHNICANHEIE
JRET, RERNDRZIREETH B Z &R L 7. Hi&%, 2
O — DM RERE A WT, J0-2—%£010
TR T AWM OB E SNSRI K OB L
EFENEFHEMBER (SEM) BLUPIRINF—98E XF
47 (EDX)

KEMOBAIZRAINZHSIBLICARO T TR > 2
N OMAEED XM EIRE EERE T EME (SEM
JERO-JSM-5200LV) % AT, hEEH 15kV TEHEL -,
F/2, SEMIZELO R 5027 1 Uy 7 AT R JLF — 48
X #R4rHrER  (EDX PhilipsEDAX-PV9800STD) ZH
WTHEDICEMTET O, Fiz, JEOMMEESR S TN
‘OO AEHSNIT S0, SEM-EDXIZE 57T
FRE SRR L 7

fm R

KESOPREIZ AN SN TV BRI OKE RO/ TR
WZDWTFREIZERS,
ERE

BENEORPFTHVSNDIEH 447 ATz BT 5 /KEHIE
fERE Table 1 IORT. b, BEUGHMO, @, @IZBWNWT
B4~67rFO/NE WHE, FREREEEFH@TIZ 247 D/
SVHIZDWTHMT/KEZHEL 2. BEEEINTND
EHEMNH 10ecm TH D, pHIZ 6.2~ 7.1 DFgEEIEN S HiEE
KU UL, REMONTIZ Ly FidipH 5.7, LFETH
L7 FimpH 5.8 L DEMETH o7z KEMONB XU LEE
DECIZ226 ~428 11 S/em &<, EMATIAS6~170 1
S/em EEDQEWER R U2 B, AHORHIZBWT
t, ECAY100 1 S/cmPATF & 200 ¢ S/em A EDOEERT
Fiiidolz. KEMOMN, L#E, BHOEhZ30~100mV
LKL, Bz, BEETIZ-150mV &BTHIKE ER LT
FHODOEhIZ82~257mV DM X D B ELRITH - 7.
HEFO 1ERAREF O HDEhIZ-38~-107mV, DO 0.4
~1.2mg/l BT TH -7z, I BT, BYPDORRIZ, BRI
FETLIRAK (RHZERL, BEIB/IRET, BRAOE
WCEBERIINET 5K OEhIZ-94mV, DO® 0.6mg/l
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s gample Sa;‘nopIJpH Eh | EC | DO BEOI43ADORMIC T RLEWI END, FO54 E
ampling points (mV) ¢ S/cm) (mg/1) | (°C) F N 5 =172 X 3 2 - A ;
@ Tourist area @1 |57 59| 3040 % 210 Uif\ S¥aIA ]\&Hﬁfmz" \%t’ 100 ADRA®
OhshimaTsumugi village { @-2 | 6.2 | 90 | 2910 | 11.2 |21.3 ILAANT T hLIBWZ ERS, EREMTEY ERESIN
@3 64 114 | 2860 | 122 | 228 == 9507 IR T ; $AVER
4 | 63| 107 | 2320 37 | 226 5, é’blj, SJOGODBH,NQELEEK& D, 14%.3 A®}i§jﬁ“&?<
M5 | 65| 62| 2860 | 122 | 227 BAHRENS, 143AB 70514 ROMIIN—=3IF 251 0D
@Oldmuddy field | @-1 | 58 110 | 2260 | 10.1 | 233 GlEbRERE N
at Ageniho @2 |65| 19| 2540 | 85 |212 o - - ‘
@-3 }87|-150 | 4280 | 36| - T 517, RUBEORTHEYORPFT/NS —1d, Sample 1
4 65| 62| 2460 [ 143 | 206 b o <)
[ @ Oid muddy field %1 7.1 257 [ 1700 | 72 | 19.8 (REMOH), Sample 2 (L), Sample 3 (EH) TI3
at Ueda @2 69| 181 | 1424 | 117 | 204 JOI4 M N=3IF271 bORMTHS 143A&Fﬁt}%
@-3 169 82| 562 | 0.4 |214 KW TH25100A, AU VIO 7.0 ADKENED
@4 |68f110| 967 | 111 | 205 . X . y e g
@5 |63(109] 680 [ 114|201 53, WINdKERENRNL., —F, EAHFOETH?
@-6 64| 123 | 1334 | 115 | 19.1 b =S T BBRITE -
Trae T T TerT T o ?ampleﬂx REEHHOR), Sample 4 (-fﬁ{-éb“h‘%%t
at Suno @_2 6.6 97 834 83 {215 YFI:), Sample 5 (*ﬁﬁ(ﬁﬁé"@‘f:])ﬁ) Li%?h%h‘? D”‘]‘fi
%-3 65| 84| 818 | 93 |213 Kt ETET (Fig 4) .
4 167] 11| 826 | 62 |212 _
@s |66| 17| 839 | 53212 RERSH (TGDTA)
@-6 |66 -152660 | 15 [218 AHFOPRHDHEHI DN TEGHT L iR EFig. 5ITRT.
@7 |67| 84| 603 | 85 |225 _ . e e
@-s | 66| 602320 | 46 |213 Sample 4 1IZIREFEHPORHAOIENT, Sample 4 1345
@9 |66] 20| 2580 | 44 213 RITAHE U REE, Sample 5 iz—4RMKEFEE O
@-10]68| 91| 703 | 82 |229 o o o T oG-
812 68 3 84.4 43 1220 72, 230~270°C 12 TOWE GRS, Limonite (2Fe203-
olesl sl oo | 32 o 3H20) BEDRKIZEDBDEEZBND. 72, 410 ~
%_—12 gg 74} 808 | 70 |228 520°Cizh 7‘?0)7’D~F72t%*%”~ﬂi LI O R E
16] 70 45 770 | 55 | 2209 .
@171 69| 45| 794 | 53 [224 KOH DK EEZ NS, o, @%, 7071 MN3470
@-18] 68| 48| 820 | 43 |220 ~B70°CHOTO— RaWEAERTH, SICFD /051 bD
o] ARG oo I AR 7 b5 (R 1992). T7abb, 470
@-21] 68| 113 2210 | 6.2 |226 COWRBAL -7 3BICED /70T N ThHdEEZLNS,
Sm)es| ) a0 ) 18 227 H72, 560~ 600°C D7 T — KInB IR SIS = AR 851
@-24] 70| 213 | 2210 | 85 |236 ERT
e oo e LTI v g Xt i07) 0N B
at Suno ®-2 | 62 (-107 | 2800 | 1.0 |216 PNEICLBC-N-SOEEDH
3 ]69) 38 255f_n°t‘:“si:; ED-XRFIZ & B ROMIFMIRIE, TN HSI02%160 wt
2001. 4. 28. ~ 5,2 measun'ng 0[‘:1"7} %@ﬂﬁ \IgO ‘XIZOS '7O TIOZ MnO %EI/UVC

AN = 2 73

Table 1. Physical characteristics of muddy field water at sampling D INEOFAR ODEIJ = @”3’1@ T HLFRT
points of Amami-Ohshima Island. HY, Pl X 5 EZRIRD s NABMh>7= Lirl, FeaOs,
P05, N, C, SOEHEIL, BT DEEFICRZ> Tk,

REMOPRICHNENLRHOEXBO~OIZBIT S

SRS, EHOEIZEITCRIETHAEERL T1D. 2B, #l Fez0s, P20s, MgO, AlOsBLUN, C, S, OGHEE
B 2R OIEHICBNT, JBA® Eh & DO AL < E Tl Fig. 6I1ZRT. INHDILENENEHIZEFOM (Sample
253G, ECIIMICEWEZ R T HEFAA SN 4, 4,5 THO, PIrVHIZKEMOMN (Sample 1), k
XK B4 (XRD) f£ (Sample 2), FH (Sample 3) TH -7, —ERKEEH

FEHDJEOEERE (FEHM) BLU <2 u most THLETOH (Sample 5) HHEDEHE Fex03 25 AT
Bl GEAMD 12X 5 XEBEER IR % Fig. 3 127 Wa. ZOEHEIZ EHOR (Sample 3) DIFT2MHETH 5.

T, 2 FHIAEDMmN RS (3.34, 426, 1.82A) &, F7z, BIEERTPORBOE (Sample 4) (15wt%) &, #8

EARBEORS (319, 3.77, 245 A) BEDSNAM, W RICAFE LR (Sample 47) (14wt%) &, EEREO

NOFEHZBWTH 7 2 UNT RF4 k (Ferrihydrite) @ BFeOsBMEENTVA P:OsDEERIEN, C, SE&H

B (256 A, 227 A, 245 A) MEETH 5. 2LEEROHERZRL, BIEERTOEABEOJ RH (Sample

<2pm ORERTICE, 143A, 100A, 7.0 ATkt 4HIZBLTRERbEW. —F, —EARFEP O EH (Sample 5)

SMORFNED N TFL T 23—V AL 72 TlRINSOEERENMEV. bbb, AHFORISMOIER
(5)
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¥ Quartz % Mica clay minerals
O Feld§par§ V Kaolin minerals
¥ Ferrihydrite ¢ Vermiculite

© Cristobalite @ Chlorite
Whole Samples

3 <
« 0¥
N x
—~ |o
)
N g .
S o ‘
é' ‘ Sample 5
2 Sample 4’
Q
:_E Sample 4
Sample 3
Sample 2
Sample 1
Cuka 26(° )
<2um g S<2 #m
Sample 1 © ample 2
o 74 3A N g 350°C 350°C
350°C SA o ~ HT. w
HT. g A v
EG. 4 ] EGAW M{/ \ Q.
NT. ! | ONT W k\ NT.
Mty | T
| | |
2 4 8 12

2 4 8 12
Cu Ka 26(°)

<2um

<2um
Sample 4 Sample 4’
g * 350°C] ‘3 V' 50
V HT HT.

350°G
H.T.

EG.
N.T.

2 4 8 12 .
Cu Ka 26(° ) Cu Ka 26(° ) Cu Ka 26(° )

N.T. ; Non treatment, E.G. ; Ethylene Glycol treatment, 350°C H.T. ; heating treatment at 350°C.

Fig. 3. X-ray powder diffraction patterns of whole samples showing the presence of ferrihydrite, quartz and feldspars with clay minerals.
The clays (< 2um) were identified by ethylene glycol (E.G.) and heating treatments (H.T.).

(6)
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@ Chilorite

v Vermiculite

40

% Mica clay minerals
V Kaolin minerals

Iron hydroxide Mica clay minerals

Sample 1 250°C . 560°Co
(Tourist area) Fe-rich |600°C
Chlorite *
470°C Sample 4
* (Active muddy field)

Sample 4
(Clays adhering to silk)

Sample 2

Intensity [c.p.s.]

(Old muddy field)
Sample 5
Sample 3 (Fallow muddy field)
(Old muddy field)
| | I | |
30 200 400 600 800 1050°C
sarmple 4 Diff ial th 1 analysis of muddy cl howi
ive m Fig. 5. Differential thermal analysis of muddy clays showing
(Active muddy field) endothermic peaks of iron hydroxides at 250°C, Fe-rich chlorite at
Sample 4’ 470°C, and mica clay minerals at 560~600°C. Sample 4 ; Active
(Mud adhering to silk) muddy field at Suno, Sample 4°; Clays adhering to silk, Sample 5 ;
Fallow muddy field at Suno.
Sample 5
| 1 (Fallow muddy field)
2 5 10 15

Cu Ka 26( )
Fig. 4. X-ray powder diffraction analyses of non treated clay samples
(< 2um) showing characteristic mineralogy at each muddy fields.
* * X % % ¥ *
Total Fe,0, P,0, N c S MgO  ALO,

(wi%) [wt%) (wt%) [wi%) (wtk) [wmg {wix)
12 240005 10 00 05 1000 50 1000.00 0.25 0741 0 10 20

Sample 0

(Tourist area)

2
(Old muddy field) |

3
(Old muddy field)

4
(Active muddy field)
’

(Mud adhering to silk)

+ |
| i
: |
|
|
|
|

|

% ED-XRF, % NCS elemental analyses

(Faliow muddy field)

Fig. 6. Energy dispersive X-ray fluorescent (ED-XRF) and NCS elemental analyses of muddy clays indicating high Fe203, P20s, N, C, S, MgO
and Al203 contents at active or fallow muddy fields. On the other hand, at old muddy fields all these elements are low in concentration.
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N, S EEN, D, AEMICEATWAEE
RLTWS, F72, MgOB LU ALOs IS H!%T*Efi
THILETHHEEZILNDD, FEHTOEAEOEL
LoRSY AR AN
SEMEDX (L& B Fe DEERHR

EAE MBI Z DIEOWMIPIE S Fe ORE M %
Fig. TioRr U7z IBIEZE—722 . mY 1 X OWkF»n b’f%ESZ
INTHYD, 2RNICEETHD (Fig. TA), a9z

w my A ZOAORT (Fig. TAHFR) LE ﬁ?ihé
Fe DEES ML, Fentg—raMbi TI2E £n5 LRI
—8, WP REBKETICORETLIEERLTND
(Fig. 7B). ¥/, MkTFH7»0oa/BFE Fig 70 1§, £
RHEK LI E BN 51 nmAig oY 27 L— 7Rk T
DEARERZRL TN,

@

mn
[52a]

N F BB
HEF OV (Sample 4) OYFEHEMBERIER % Fig. 812

RY. A, C, EM%%%M%TT,B,D,F&,HL&M

ICDAPIREZ L, SOLERMBE T TR LS ETH L. -
I EEME T THE SR L TS EE 2 5N 680
(Fig. 8A) B Ek T (Fig. 8C) Oz, HADOERL 1 m
OB LEAFZERDES 5~8 1 mDRIRBENLEED 5
N7- (Fig. 8B, D). £/, EOFOATKRL, EHDKF
CBFBEEONT T T THHREE L mOIREHNLEE]
®EN/- (Fig. 8E, F). IN5OMAEWL, BvEMETr
THEBEETIEMS, DNAZES, IEEBILTWEENA
%,

EEFOHENDRE
BERKSORBIZERT 5BV MEDBORIED- 9
LEEORE (Sample 2) ZHWTEREEL, Hmbtﬁi
WfE % Table 21279, GramBHEIE (+), BEEIL (-)
Trl, #F 25 —FoMEF o —-LC (FHET 2>
ERALL TEBMETRT 285 OEEENIOH 2D 0%
(+), BabOAE (=) TrRLE 22f0a0=—-05 5,
FEAENGram BREFETH D, EARTEINZD O,
CDCygr. IV C-2,  Pasteurella pneumotropica or Pasteurella

haemolytica, Stenotrophomonas maltophilia, Alcaligenes faecalis,

Pseudomonas aernginosa, Comamonas testosteroni Ot Pseudomo-

nas alcaligenes, Flavimonas oryzibabitans, Citrobacter koseri or

. . G Fig. 7. SEM micrographs (A, C) and the EDX-Fe content map (B)
Citrobacter farmeri TH 5. T DO GramRIEEE, F~7 of muddy clays collected from Suno field. The Fe content map shows

O— A COIFEENZVWERE TH - =, —F, BlEEBRICHER distribution of amorphous iron hydroxides with iron mineral grains.

U728kD S B Gram B ERIZ 4813 F b 70— 4 C DIg1EkE
HOENMEETH S, 1P, ZOBREOEOREIIT> T

72, (Fig. 9D, Sample 4), JEREZDHERITMNE L (Fie
BmIUEERR 9E, Sampled’ ), —FAKEL T2 M (Fig. 9F, Sample
SRR = 6EORT I ST 2 RIERSLAE 5 D6ODREMVEEEERTH S, 3TCTI2HHOK
DNTHERE®RZ - kR 2Fig. 9B & UTable 312777 FEIZLD, MEFEREM EZERINZ202~12D0WT,
KE#MON (Fig. 9A, Sample 1), Ff# (Fig. 9B, Sample WK, B ErkE AbLtan-——z2ERT 5o
2), LM (Fig. 9C, Sample 3), AH O/ HT O RH SREICE D THMEL, 2D, MEERAL.
(8)
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L e, 0um
Fig. 8. Optical micrographs of muddy clays collected from Suno field.
Dark brown (A) or light brown (C) clay particles are aggregated with coccus type bacteria. DAPI stained fluorescence micrographs show the

presence of living bacteria in A and C (B, D). The microbe exists not only in the aggregate but also in the water as free living form bacteria (E,
F).
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fRIEBESIEE I W T OB S S N, &HE<
ERINZBORPAERORZMEOMEI N2
T AHETH > 2. BEINZ2REESERE AR
O—HEREL TWRJ EHANRDZ <, RN TREMF, JER
EHORICHELER, AFOBEFHYOR, EH, L
HBOETH- /2. £z, RPDIOD—OZEMENEN D
WIREEZOERIHELZRTHS. 2O &3, Rk
WIRZBERTZ ZEI1E - T, BHO BB, &3 IREE
ORI SRR ETHZ LR TND.
BAROEELETEMBEHE M) BLUIRILF—0H
XA (EDX)
REMOBROREBITREINLEH ERAEINTH RN
H i85 % SEM-EDX THIZR B L UVt 27 - 7z (Fig. 11).
BAFNMNTT —FARDCREIC L > TRASNEFDTH
0, BREMIABICE S THD SN, BEINTHRVE

208 L E
Cmnv Gram | Shape | Oxidase |  Identification of bacteria
1 + | rod - N.I.
2 - oval - Pasteurella pr tropica/h. i
3 rod - Stenotrophomonas maltophilia
4 - oval +  |Alcaligenes faecalis
5 + | rod - N.I.
6 -_|sphere| - N.I.
7 sphere| - N.L
8 rod +  |Pseudomonas seruginosa
9 - rod - Stenotroph Iophilia
10 - rod - Stenotrophomonas maltophilia
11 - |sphere| - N.I.
12 - | oval + |C nas testosteroni/Pseudomonas lig
13 - oval - Pasteurella p opica/h ytr
14 + | rod - N.I.
15 - oval + CDCgrlv C-2
16 - rod Stenotroph ftophili
17 - oval - Flavimonas oryzihabitans
18 - _|sphere| - N.I.
19 - oval - Citrob koseni/farmeri
20 + rod - N.I.
21 - _[sphere] - N.L
22 - |sphere - N.L

Gram + ; gram positive bacteria, Gram— ; gram negative bacteria,

Oxidase + ; oxidative enzyme, Oxidase— ; no oxidative enzyme,
N.I. ; not identified.

Table 2. Identified bacterial inhabitation in biofilms collected from
old muddy field at Ageniho in Kasari-cho, Amami-Ohshima Island.

ETORENS, AR B ERMFEIn —%
kT 2N aE N (Fig. 9A~FRHD) . HBEO—F{K
ML TR R DL <, 830 cells/mITH - /=
(Fig. 9F, Sample 5). K\ TR EHIA ML EA1620 cells/
ml TH-/= (Fig. 9A, Sample 1). EH¥F OHEM HT O
HIZ 400 cells/ml T (Fig. 9D, Sample 4), EMH (Fig. 9C,
Sample 3) ERFEZROERICHEZEL R (Fig. 9E,
Sample 4" ) O#ifIEILE H12200 cells/mlTH -7z, LFE
ORFEIT 100 cells/ml &, gEbdlam-7= (Fig. 9B,
Sample 2). BHHAAMENE TREBI RS KBAHAFE OO
O-—i3kEHiH (Fig. 9A, Sample 1), EH (Fig. 9C,
Sample 3), JEREL DRI E L 2 (Fig. 9E, Sample
4°) e EHITHEEE N (Fig. 9A, C, FAM). FoOH
HEEUI R BHA B XU EHAT100 cells/mITH D, BREH
DIRITHAFE L ZIRIZZ D 315D 300 cells/ml TH - 7= [
BN O AP HHER OAHAIE O a0 -3 RRER O
MR A U= (Fig. 9E, Sample 4°) 72 5 O AEES N,
HIRREVE 100 cells/ml TH - 7= (Fig. 9F Si#H).

TNEN O FEEMBE R D LR EM B R 2
Fig. 10107, 2 TOREN & oS - BB O B
NEBMAEIOZ—E, B-OREIN1~2 1 mOEREIC
F OB EN T\ (Fig. 10A, B). BHEDOREFHATE
I0Z—FRES~T p mOBEMNSERINTED (Fig.
10C, D), JEREBROHARIHE LB OANS B
fo. ZOHEARENEO B RO AHAE 20 Z— 0k
Hidl~2umé&, BEXNZMENOFTRHNS Do
(Fig. 10E, F).

(10)

BTHD, KE10~20 um®D, BRERICYE - HERDOE
1, 0.5 mPAT O8I TR E T &L < Bo THE
LTWwa (Fig. 11A). Z/=, Stk T35 RO ZE AR
HTAHXDIC/EL, SORETADADIDIICHELT
W3 (Fig. 11.B). —7J, B OHAROERMmITIE SN T,
HAHSICERD O NImIMAFOMEIZRD s a0
(Fig. 11C, D). /ORI IZRAEFEEDST, 10~20
LumThsd, BROBEHS (A, B a@Es (C, D)
DILEMORERIT, B, Oafs EbICHEEYREOEY
Nw 2 7o0 0 RERLEM, AL Si, P, S, Cl, CandiEl
o BO, DO). i, BAEMIE, ZEDFe &
S, CaMBEETHS. 718, K, Fe, MnlZEAHLHIZDH
Bitiah BO), Clixptafnicoamticng OO). —
H, T—FAK (g 7513, ED-XRF LD, P&
SHEBIZAD BN, Si, K, Ca, Fe, Znb b RBH SN,
Tisbhb, BEESICEEICRILIESNES, Ca, FeldleRks
T—FARREDICEL > TRRICHELELRETH L LEZ LN
%,

zZ

ARWFTIZ & DS M S NI R OT DLER, SR FRY,
WA FRBBICDONTERT 5.
JERDKE

EIFICB T HIREDORHOKE L, —FRKEPOHE,
LD HRICIRHZBE I, BARICMELZEAKDOER T
107 ~-34 mV EFEFITELS, D, DOEHEL, Bk
BEAZ L7 Ll, MBI EHICBTARHEEEHRL
TWRWIZHENNMD ST, KEIXERERL THh MO
HEEMNahoT-. ZOFL, BElcs > TREMRIEREL
THAWEEAIE, BCREORHTHO, /2, BROKE
IRRE L ZEn B oiRERED T EEZ NS, £,
South and Miller (1998) &, H Mo 9EEMETY > 2
EHNEDESTIEEREL TS, AW THREL 2
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A Sample 1 (Tourist area) B Sample 2 (Old muddy field)

C Sample 3 (Old muddy D Sample 4 (Active muddy field)
field)

e
T o .

o

-

E Sample 4’ (Mud adhering to silkk) F
- g——

e
e

Fig. 9. Growth of strictly anaerobic bacteria on blood agar. The plates were incubated for 72 hours at 37°C. A ; Tourist area, B ; Old muddy field
at Ageniho, C ; Old muddy field at Ueda, D ; Active muddy field at Suno, E ; Clays adhering to silk, F ; Fallow muddy field at Suno. White
arrows indicate entire colonies whereas white circles indicate lobate colonies. White dotted line indicates filamentous colony.
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Characteristics of colonies Cell Cell number (Cell/mi)
form margin__ elevation | form | size(pm) | Sample 1| Sample 2| Sample 3| Sample 4] Sample 4')| Sample 5
circular entire flat coccus 1-2 620 100 200 400 200 830
irregular lobate fiat bacillus 57 100 - 100 - 300 -
irrggular filamentous  raised COCCUS 1-2 - - - - 100 -
Total 720 100 300 400 600 830

Table 3. Cell number of isolated strictly anaerobic bacteria.

Fig. 10. Optical microscopic images of all isolates on blood agar plates consisting of three kinds of morphological form colonies ( i.e, entire,
lobate and filamentous). Optical light (A, C and E) and epifluorescence (B, D and F) micrographs showing the diversity of microorganisms.
Entire colonies are coccus typed bacteria (A and B), lobate colonies are mainly bacillus typed bacteria (C and D) and filamentous colony is
mainly coccus typed bacteria (E and F).
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L 1

0, 60 20 4 6
Energy (keV) Energy?keV)

0 80

S

Rhaphiolepis

umbellate

Fig. 11. Scanning electron micrographs and the energy dispersive

X-ray spectra of silk thread of Ohshima Tumugi.

Fe Zn A ; Black dyed silk ( arrows show the particle adhering to silk ),
A B ; Close-up photograph of black dyed part,
A A_/\ C ; White silk part without dye,

2 0 4 5-6 D ; Close-up photograph of white part. The EDX spectra show
. . 3 . black part contains S, Ca and Fe (B @) whereas white part has no
Energy (keV) Fe (D@ ). The ED-XRF spectrum of Rhaphiolepis umbellate shows

presence of high P and S with K, Ca, Fe and Zn.
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S5O PpHILS.7 ~7.1 EFEEIETH o /-, Fig. 11 D SEM-
EDX#ERICRLEL DI, ZORETTIR, ¥ VB &8k
DEENPHENIITDN, BRIZEAEINDSENA S,
TEHD I B

RHOED XRD RERSHNG, G, EEEOMIC
TxUNT BT MRBIZED 70510 b, N—XFa51
N, ERHENE LI, A CEMe E ORI OTFED
WREN, SHIZRHOHB L, SEMEZRE LU SEM-
EDXA Iz & D, kB kB L OR T oG I %< &
FNTWBENHASNIZE /. £z, ED-XRF 247 T,
B Fex0s BITABH O FERIAMS HEMDORICERD £,
KRICBIEER L TWAEBFORICE NI E, N, C, S, P20s
BREOEBYOETEEZRTLED, BRI THRORED
RHEVWALZEARORICZSAENTWEZIENHS M E
Bol §hRbb, Y, WIS EN s FeB LU
HOEHE RN, BUEREIHEHL TLLRHETRbES, »
D, MOITRITIHIZLBEVNED NN ENS, TOD
TEENEIRREDIZH L Thb EEZS5NS,
SEROEZMSHEHE

BUE, RSP I X T\ 2 85 OV HIZ B AR R G Hr i
WHELZDABONFETH D, ZOMOERITHERA
MR OLMEREOMREBLVIAE EWEHEAROHEETH 5.
W, BETOZ7OI1 MIANCES, —F, Bahor o
T4 M, ALIZEDB ONS DRSO E TIBIAWHEER
T, Fi, WEROFeZED /7054 NI 1 1HESLT
R U T2 MR R BB Y R TR L 72 AR DS
ZEMMEXNTNS (FH 2000, LirL, FUHFEIZBN
T, BEBEORMRS TH2AIPMgDEA &I, FEHD
HERMEIC L 2EVEED 5NT, 1D, FevH#ER N TH
5N, C, S, P20s DANEFOPRH TEWNERARE N
Thbb, I ORI, BEORT OB OME
ERLTWS EEZZONS, AFORME, ABWRHKE
o THHT, KZEREEL TWaAR, HOREIZHKE
I EBOKPERRNL, BREnTns, £->T, AT
13, RHOKDHEKRINARWZ EICXD, HEMsERLE
Fe ek ic BRI N, HKOITHN TV A MOH LD b
WEEBZRLEEEZEAONS. /=, AERESICEL T,
TEB A R Y OBESHMEL, SN, C, S, P20s
EEEERLTWAEEEAONS. MBEBORKLZDDS
N—7ORMTIE (Fig. 4), WS8R BHE /B WAEE
WHEND, KEMMN, F#E FHOERIZLDEWN 143 A,
10.0A, TOADRKDEHTH O, A ORIZ1I43A &£10.0
ADRENEITO—RTH D, FTI43ADN—=3IF 2517 b
DRBEEISR TOREIICEET S, MR N—3F2 7
A AN EIPHFRERT A, M7 S OIEL W ET#R % R
3 (Suquet and Pezerat 1988). /b5, HAEOIRHI,
OPEHITIA, OB TRBEDERNWN—IF251 k
MEEND I EMREEINS, LT, BRICELZREO

(14)
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i Toe A=

FRLL, BB E T, ROKFAIMN <, LI O &R
EAKNENZ D,
EEOMAEY Y

BEIN2REESEMERL, KENRDETAT
HoFARO—ERKEL TWBRANEDEL, £k, &b
OO — QAN EN - 2 DIZREREZORICHE L
RTHo/- B, KPIEELEBRENLHT 2 EER
EE(LADIC, /-, KBIZERICIICRS. Kb S ILkEHERT
LB nman, KRR TEREICRS, AEmo%
VKBS TR EOBRNERRICBNT, REOXEH
4%, OF D EhA1+200 ~-200 mV OBREICIZE0E T,
hEE sy, D0 ERA0~-200 mV OBEICIIHEECH
i, EhA%-200 ~-300 mV QEEE/ICEAY VERES%
O EBRIEBTEMEDEADTET> THLFERHE SN
T35 (Billen 1982). AFEICHNT, BEICHWZER
DEBEHD5~10 cmin S BES N7z "HAEBIED Bk
WiaPEIo==" 13, BEHRLZEEOKEN+257~-107
mV OELETCRETH 5E 5, Billen (1982) ML
TWHBBRTHEICHY TS EEA6N, ZORENRDE
Mo BAFOELERRNWEEFELRY, Thbb, 20
My OBROBITIEATND AR ZRL TS, —4,
PEG ORRICATE U2 IEEED 5 7B S N7z m O AR,
AR BT 220, KBIERT AHEDECHE©
AZ KB EDRERKEMENRES SNEZEERT
ZOFEE, BHOEIITED, EEEFOMEDNESNT
ZLTWAERERL, D, IEHAZEBRTLIFEICLD, &f
RSN E R T 28 CIREOREICE N5 gk
7, PAERFCIARDORmMZE T TWAHEERL TVD,
PEINEBHR
RIZEDREINEROEEH Z# SEMBIBI U 2#ER,
BETOEREMIEDME T TE<EDLNTED, D, #
HOBETAVAATOWDRTFNED N (Fig. 1D, —
75, BES ORDOEE IR T O EITED 51
T, I TH S, SEM-EDX pfrickiud, Bafnsicids
BOFe &S, Caitiah, A3 PEDS, Cl, Ca
MDD 6N, Feldmtianiano k. E2EHTICTS, Ca,
Fe WENWZ &1, 7—FARDS, Ca tiBiza TN s _ {Higk
A BU A BA S U TEERRE 2> THWAFEER
BLTWS, £, BREFSOMIIEORS NG HHE
NEEEZS. 8 (1972) 1F, T—FAREABTH S KEH
RHITIE, KFOBREAENKESBERL TNDEHELT
WB IR Y 2 ERERET LT T ARREEE T,
SEEHATIDERASIEORWE - BARIIRAIND
(K8 1968). /=, ¥ > -k L BEE T/
DITIE, 722U BOREEICR LT O Migg 0w E &2
HTASERL EICT 2REND D GEKIFMN 1983). F—F
AR EFT D KBTI, BNEGE2HTZYIZ, B
RET, MO OMKORBFEREEOCTIENEETHS, £

AN
=
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7z, ZMligkE DD, MO NEO Y NI EEDFL —
RFERADTEREE 0T W EAEI BN TN S (Garcia 1978;
JE01Z 7/ 1983 ; Makkar et al. 1987). ZNH0EMS, I
HERR S 8 TREICRDETCREOHIZT 5 LW S8,
TEHO#HZ, KEttOmWN Mkt EA, ey > oy
ONDBEEFL— REEREEDDTWIREEIZT 2 WD BE
Wh b,

E 2]

BERBLEDIREZFHUZRATH LRGN, AT
SHOREIZE ST, MIOEEONRERLEEDNTNS,
Z T, R OIEH, BEAEHOHEM, kHERO-
DIZ—HEFARRT OMOKE, KE, MEPOHYIZONT,
BEZ1T- 7. RS X O —ERKE H ORDOKE,
EhEDOMIEFIEWMEERL, BTIRETH D HEAH S,
laofe, F£72, RBHEORICE, 7% EAHE KEEkE
W (T2 UNARIA D), $iHmnaEEZnTnsg, iz,
WP TIIICED 7051 MG ENDENHETH 5.
E 51T, MFe03 &3, BEFHFOIRME—ERKEDD
FEHETREBIZZ N, BRHOSO®EFKIZ, KEBCESEYE T
SR GRCED I/ OS4 N) ThdENnA B, —F, &
REBEBHEEDSERPORMIZES S LBEE2 X T
LEBEROMENNEET DHENF SN0 7=, R
SRR DWW TR, SRR TME TH D EEZ SNLHEED
KUREANRD 6N Thabb, RAFICRHZBET S
BIZLD, REICEEL TWAEhR Tl & Mgk & H R
U, MROEREICHEL, ExREFTRAEINS. IO
R THANE Y E - 280 OEAICIZ, Fedil O ki
ZHEMELTBY, AAEMCHN, S&ECabBl, b
EROFNIZHWD T—FRORSE, EICSEPTHD, b
B0OSi, K, Ca, Fe, ZnzE8. BEHS THEIEDS
N5Fe &S CaldigdA TR, F—FRICHHHKRT S,

PLEDOERMNS, BEIZAWDRHOEST, IRHOKE
METCRETH 25, REICHEL 52 58I MK TH 5
F, BHICEZ<OMENNERLTED, D, £BOH
Wz EDENETOND, Zho0EMS, Bltodt
MOWEFRIZEB D ENER21ES ~HIZB>TnbEEZS
N5, RHERBTZZEI2ED, FTEOBLHRIENE
TBHIETHARAODERZB L, SRR ED DT NEIE
ZRNT 52 ET, KEMMEONIROS 2 EBEICHAIN
LEEZLND.

HE AMEIIBNWT, HRKPOENZE BT, 1M
DEAPLRPIIIDOVWTOEERIES 2EW . 2, Miffo
B2 BEEIC BIRBEEREC, SRRSO FIERKICE
RHORNSROERICBWTI RO~ 7. 7=, %

PIRICIIABORICBWT, BEOEEEZL THWE. Ih
SOWRRICEGAE L BT 5. £, Kb

S

21O HE-T
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3, IFEEOHERKICERRZ L THW, Z0R 28D TS
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