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[B] A4 ZRHERIEE CIE, ERENT LRICEWT, A% CRETERWEKF O
A, B EDENTIEOREHDOVIIN O E AT AL, IROEKIRGUHE K, Wik &o
B, BEOBEFELZGI &I, A0, A4 2B O G HE IS IR BRI 72 Bl f9
RE[FDHZEAZARELT, HBEHED R0 2 2 ORI T.5 28T, Wi AVEK SR Al
K, BLOWEA BB DRSY, EWRREICOWTOFTEELIT-7-DT, O RE2RET S,
[F1E] WA NS LD A FEE R AE IR RIS E 925 B #Eh& %412, 2003 4 10
—11 H, 2004 41 A BXO3 HIZ, WA aTOMEAK J5HEK), —BIBIO B Al iz OffEK
(—AiiEAKE R AuiEAK) , BROENEM EDEZRIR LT, B EDIZOWTL, i
AR AR L P HDWITIRE AR CRELoTb DRt G L LT, 7, alEHI—f %27 v
HZNT VT ERBDNE 70% 7 Va3 —/ )L CEETHEIIT, B B2 %, HirETIREZR
RE CIRTELT-, slBHE KT, FLEEDRRDZ T4V Z—THBL, 22 :ﬁ%éhﬁ:??iﬁj%@%g
(SS) &, AW &, AMEEEBLOSZHEORE, #Hﬁ%aﬁ%ﬁd@%@i&%%ﬂﬁi, ATP
BELNE L, BITEMAEMICOWTE, RSB &, ARYE, AREEROSHIED
G, WAL, ATP BOFIEITMZ, fFERL T XA LT I X0 IR ST 3 Of & &
Zeii T,
[ R B L ONE 2] B oW A AR TR HE K D SS % 1/14~1/5 L7273, SS BRERIZH AKX
BIRMEITEBD SN T2, 72720, WAL T SS #MITRESE LT, B Sl
IZED 0. 8HDNNX Ly mEBX DT T I NAF (T /T T I %8 ) OFITRHER D 0~4%
(2D Uiz, [ A ALERIZ LY, MBSO IFE KD 1%L F D 30% fE L R&SE B L, JHAERE
BN E o THABIZ R ES B 7R o 70, W A1 AK T ORI BRI B T S e o Tz, i Al
WFRRIZB W TEMDOIERHE, (REPED DK B A~DIRADRD 205 (SR L) ZEDHE
B3, Fie, WAL OBEERE(LIZIIT T, 0. 6~1um ORI A XD SS rELEE
FTAREIERL, BAIKR O EE HOMIE, BRESRMEOEORE, LTIk 5, ZERibAiH
WELDRTOFTBRE T AT A CKIE 0. 6 um LL_ED SS % 5) 3% i O W B A /RIB I LT,
BHTIEDTG R (A 25 W O FEAE L) 1Z IR A1 K R OGS E A STz, £z, A AW
FERSIZIE, AT L A DK P 0D A2 40 1 SRR 5 5050 S 5 F M 0 'R 0D ik D3 RO BEAT A5 il B 0D
ﬁ’?ﬂﬁi%%é@ EVEN SN T ATREMEDHDZE DN o7, — RIS 3R % D/ A AR
U~ —%FEAT L0, ZROITMAEMRB T EEMORGLRHZ LN, fix OWEE N
I o780, MEE Y RO E 5 T E (R IR AR YE S 5 T8 BRI 3 e R
ThD, 728, BT E YD 40~60%IFXELE AL /> T, Al, Si, Cl, Fe AL THLHIEL DN T,






0305
MBI UGS TRICBTDEOTEHLZ O R ICE T 585

BhRREREE - MAE H(EEHEXRT BIEH ABAETFER)
KFEFFREE W BA(EEBEERE BIEN EMEETFER)
HEAEE : SARRE(REBEERT BTHR EMEETFH)

1. #im

A AR T, BARBEREERE A A CRRES AT IC S, AT
BICBWTHlAZEE (Z_ETOIBEEMATIREREES) Lk, Boh-BEEKEER
ITRCEHIEHL THEANHEES, BXENLETHE, (A VEZFLTEHOBEZLR
MRERZHEICIE~ (B 300~400 xf), FEICERTERLRE LooWETS, O, B5
WECHRETERWEBKFODT ) 7707 FOHEE 204 F4EHEY, £ - #ED
BEORBEE TR, FOAFRPHAFEORA L koA A SRELERT 5 - LA EE
Lied, ThE6OBAHRE CHRETERVREDSHEIZ, BORMEH S\ IATHOBRNEIZH
L, BEomGEREE QoY BoRESEIZEZTHERLRS, #-T, EHHN
(A 2 M LB IO R R —H— D% £ 1T 5 BEARH B, “hux=z bo LR, $HOH
mEHEL Lz, BRECREL LR-2TWA, T0OLYD, ThoBEFHOREVHTREAD
=X LORY, BHRFEORMEALRENTER, L L, WRPICHEET D HRHTOMEC%
B, MR VicET AR RIRBLATEY, BoOHHE L ZRBEOET 28T 570 %K
RERE+FERELRY,

FITRx, A4 ZRMOGHRER  FRREICHT - E#OMRERL - LEAMLL
T, HEEDO KE < B2 5 2 BFTORETRICE VT, MARKSH 28K, X UBEA4H
D EERS - HERAS, EWHRSEEIC OV TORMELTo, 22T, MBETHIZETS,
1 AR OWFA TR A A ARRBERT O£ L HEEDBEOFERHROMRIC BT BEED
oW THET S,

2. EBFE
2 —1. BEHRER

WEMRTIHRL, #SFPEICHE L T2 AL EMEIEERFERGEICET S BHTHD, 2003
F£010~11 A, 2004 ED 1 AB LT3 Az, FhFhOMETRICENT, BABRROMEA (L
F, FilgkL ), |BERABEB LU 2BRABEORK (EhEh, —RKA8HEK RS
WAL T5), BLUEREAFDZER L, BEEDICOVTE, BEX#H2AR Y
HVIRERERTEE Lo boRREE L, £, BERBHI—8% 5~10% 7 AFZAT
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F b FEEH#ED D I T0% T Aa—ARNICRET S L0, WRREERE, o6 TERER
MECRFLE, (G, TMEEL LT, 20034 5 Aic (B) #i¥EE ¥4 —K@EESIRERIC
T, FiK, —KA5EKEAR ZRH5BEKREBEZREIL, UTOMMEToRH, SHORSE
TIWETS,)

2 — 2. REkSOHHT

FifEAR, —&BLUO-_RAH8BKIT, TnFh, A8 1lum, 06umEBBLF03umd GF 7
{IE—TAHBL, 7408 —ICL i ShRIPERME (SS) i L UmBuskikiic L
HEBOROBELXTo, 2B, fMIFX 1L ORE258 L/2#%, 20mL 0EFHAT 3 EE#
EHELELOAERLT, ERE0RKELY, BHFRAMECLBETo T4 NFI—%
450 TTMES ST OEREC L VRO,

BWRKPOFRERER (Fo 1 27H”, 7TI/8 B7IFES) BLUSEEORERUTO
HEiCEh R, Thbh, 7408 —EBIUAEL pm® GF 7 4 V¥ —%ililh L= A
F2pHIOSLLEIC L TF»E=TEA R o P Lt YBLSEDOHTBESEREET A F—
NAET, SWEET Y ) — LR, TAh ) EREICT Ao CREEC LY FhEAME LI,

HE kB Eh MBIz oV T, ZoBell 2216E s L0 R U &7 b Y — P B EHeH % TRV T
SR L EEREO—RFEELS VEMEREX » F (BER~SZ b - FaoF o/ AAHO
AFLF7r—AFa—FNBLUzrFaFa—70) OBRLESDEICLY, L EREE -,
T, REHCRERET 1%L IICTNEATATE FEFRMLTEAFDF , - E27
Foy brGREELLE, AB08ym (Hi#) HHWViT02pm (#EF) OF7 4 NF—TAHhl
L, ALECHSESNMEHONLHES DAPL i L v i L TIRE L, MAT, Ml
O HRHESO=HIZ, LB 06 mO T A AF—TAHE@ LIS 5,000 g T 5 45O HE L,
FOEE%: 5mM 7V i 4R#E (pHT.5) ([Tl EEci&, 95°CT 5 Inddh 5 TRz
£ % 20 pRIOERER LT RAR AT %, ATP MEEE 2 M\ WT ATP k&2 RD7-, 258,
R LB 02y mOD 7 A A F—TEHE LEHICoTH ATP REJE L, W O%EL MMlh Rk
DATP k& L7z,

EHTA BB IZ oW T, 105°C T 24 B L TR AESRE R %, BRoME - 5
FEEIT-T, AR, TEEEE SHERESRONE, MEewH, ATP ROWMAEICMA, #
T X S batr (PIXE) tEic k0 S RoEY - EikE{To7. PIXE sririd, Mk
MNEHREFEREGHERICE T, BRNE#ESE Model 4117TMC Tandetron # 7 ha ¥4 7%
Av, HETICty b LEMEREZ L TOHRET CiTofk  E—bxzpxNFHF—,; 1~1.6MeV,
E—A# LY b 10~50nd, E—AE ; 4mm, HIERFM ; 10~30 43, SHLOEHBORTIZE S -
500 p mDv A T —RALEF s LOPREAN, SMUE L L TH, STt neslets L OB R R
OERE R A e L BRERE (5:1) TRAK(E (EMX0T 7o rERICANL, A—FFL—
FIZTHM:121TC, 604)) %, BNKES 77 XvRAESSGITER (ICP: £~ = SPS-7000)
FHOTEMETHELZERL, EfTZLEbLDERAVWE,
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3. B

Figs. 1&2ic, Atté B oK, —RS@K, LTSRSk PoO SS BE (&)
22T, A XJNCFENLOEEREFT, A O 2004 £ 1 A O—RS5E@K TORRER
%, A, Bilitb: b, FifEK, —RA5iEHEAK, TRAHEHEK L AEREDC N TRAREPIZE
15 88 iz ToV A X TRBEICHAL L, kA A#HEA TIREEKOMD 4~5 530 1 BEE L
feate, #2d5, AT, fEAD SS RAEMNLE L T B 0 1.5~2.0 O ElE R LI2iEh,
1~0.6 u m¥ A XORFHEN-, £, BT, 2004 4 3 ACEBKPD 1~0.6 p mHh1
AT, BLUT—RAEEAKO 0.6y mEl EOY o AORFHAENT oMM H -1,

Figs. 3&4 12, AthL B#oFfiAk, —R5lfiK, BLUSKSERKPO SS POHEY
B (2EicaT 2 HFBHORE) BT AEEHE T, FEKE —RSEEKOTEYITIT A
HTI10.6~09, B#HTII05~08 LhEx v Ehvd, ZRABMWAICHRS LFthe b UMt
RETFL, #AFh 0.5~0.6, 0.3~0.5 Lo, BFOH¥ XRTHE, 0.3~06pm OLOT
EOE TFEMBA B, 28, AT 2004 4 3 A I "R S8R TMO ERHEBH G,

Fig. 52 A #t& B ttoFilk, —&k5ilk, BI5GB AKPOSHEREICSITS
EXWETT, A#HTIH, —RA588KD 1~2mgml LELE<, TRSEMEK, Rk L
<. B #Ti, FEKiCEk~S —KHHIVERIKRSEEKICEHTIIHIHPEMIED Hh,
F 72,2003 4F 10-11 A £ 2004 F 1 Al 3t oMi <2 L A BEoEhTh 5,
I~4{ETHo.

Fig. 6 i A L& B #OiEK, —kH@EMK BLUZKS5EHKPOTREERRECES
it BEEHAPTT, A TR—EKABEAOMIEN <, Bk, “RA58MHAK LW, BRT
i, FiAd S5V E—RAS5EEAICES, —R58MAOMILEN-7z, £, A #HickBT SR
Kk, —&KAHEEAR —RSEWEAKOMIT, ENENABHO3IE 2~64F 1-2ETHoT,

Fig. 7iZ A & B ttoR#gEAK, —RS5@EK, BLUEZRKS58KPO Y7 b —FRK
& e — I L o TROEAE I BT A ETE 2T, ZoBell2216E Kl | U
T Y EREERICL - THRLER, MENTHEORBS LUERICHFELENEDL LN
Bhofe®dT, ZICTHEFTHOAEERIIDVLTIR<S, Mthe b, FiEK, —R5iEHEK,
ROl L a1 E K ST M1 5, B HEOMMEEUT, 2003 10-11 A TIXAHRDT
501 (FRiffkE LR 58HK) 635501 (—RAH8HEK) BETH-728, TO®IC
i bR L, REIAICRALEOMIZERRBOLR R T,

Fig. 8iZ A thL B oA, —RK AR, BLETRS5BAKPO DAPI #EicL-TR
Hi-MEgCB T AETHAT T, 2003 € 10-11 HOF—# 2B\WT, Fig. TO#ELFEET
bote, L, EEMMTE, Bty TmyESBLLNRE (REL, A HOTF—F K
mLTWa, FRLRELEs2T5Z LilHERy),

Fig. 912 2003 £ 10~11 Hizkits, A#tL BHORELK, —&kL508#Ek BLUZERAE
WARPOMBEMRKERT, Wik: b, Acinetobacter, Pseudomonas, Vibrio, Moraxella,
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Pasteurella B#E A2 -, BL, Th ook (M) ElAKOMSEs LIk T
ZRipof, BAORE TR, BiEAiCk~, —RA5@#KTIL Acnetobacter H 1 ,
Pseudomonas 1380 L =, £, M@E#EEICRCELBHEROEREHhSELOO, AT
Btz ~<T, Acinetobacter DRIGEH W<, Vibrio DBIEMEN 2Tz, 7238, ZhboMFIE,
FMich T REBEShihoi,

Fig. 10z AttE B thoffEAK, —®RAMEK, BILIUTRAE#EKP O DAPLHEIZ K- TR
HE-MEERBNES (N; T2 75027 by, D RS #ickiT 258 E 7T, MLk
SBUNMEROEITR A BN ICEVEEL, /7T bt TIRARTIE I mL 4720
20 @LAF, BTk 10 LTI, EERREICE L THARH® VL lmL H729 1 @EAT Lo
f-. {BL, —&K5iEEAL kA5 BEAOMICEFERERRD bR, 28, KIS
b - EEMOREIL, A TIEEIC Eucampia, Melosia, Chaetoceros 5 L1 Nitzschi |, B
ttTix, Melosia, Thalassiosira, Chaetoceros ¥ X 1F Nitzschi BTH Y, ThEh, MOTHE
TEED T0%L L& SHTU i,

Fig. 11iC A ttk B #holiEk, —RA@iK, LT RSlilA D OMEd ¥ ATP 2k
FASIREE o1 D EERN AT, 2003 4F 10-11 H 2k, Fig. 7 LRBROBR L2, EL,
2003 4F 10-11 A Ti3, Mtke b, SENICEAH, FTHL A #HOREBROEIIFFICEHI o,

Fig. 12iZ AtkL B HoFlk, —k2@HK, BLUCTRASEBHEKPIZET5HE% 2 W8
i3 ATP SR HMAMECRFEL T, MECE&VIECHBMEIED b,

Fig. 13IC A#té B#oT7T=3> (A) BLUAIFA4 (C) BEEHOELEEEIZEST S
EWE5+, @b b, 2008 4 10-11 AiCHAT, 2004 9 1 A ICEEEEZET L, REFE
4 Qicik EREmAETR Lz, £, AfhicBi 2RO EEHE T, BHO 2 M TH -7,

Fig. 14ic Att: BHO A 51U C Mt aHoFRDEL (TRHORE) BT H2FEW
A, AHSEIE, 2008 4 10-11 A & 2004 4 1 AI12iE 0.35~0.45 Th-o7=4%, 2004 63
A i20.50~0.65 1 L8 L=, 28, koA k- CROMBEIC L3 ERRDH o R,

Fig. 15ic At BHO A B LU CEMAFHPOSEERICEIT2FEME T, ML b,
MOREMEI- LA, AHORIIEIZBH#O 1.6~3.0Th-o, i, Witk HRFMIC X
HEELEDITRD bhihot,

Fig. 16 iz Att& B tho A B LU C Bt EH P OFBREERRKI- BT 5FEEHE 7T, Wit
Ly, BOMBICL5EER2<, AOfiiz B#0 1.1~1.5 FRE L Ehic@mrol, Fh, ™
& LIFMIC LA HELEHIRY bhidoT,

Fig. 17TICA#E BHD A BIUCRMFHPOMBERICE T HFEEHML T, WiLL b,
oI L %3 -T, 2003 4 10-11 A &£ 2004 £ 1 A T, A#O#ER B #0 10 {#F#
BETH-o7H, 20044E3 AICIEBHOMEEFLIETLE (FRETO 20050 1 128P) 7=
H 500 rLL OB L lr o, 2B, ARICBOVTIE, FHlicLA3EEBHONEho, E,
AR B LT, Wit B, RIS X SV TR0 6T, Acinetobacter (45~60%),
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Pseudomonas (5~15%), Moraxella (10~20%), Pasteurella (5~10%) WB#E T# 90%%
HH T, {BL, EEE (5%LLT) T DA D b i3 Alteromonas 38 &1 Bacillus &
ML b,

Fig. 18 (2 A#ts B OB FITHT HMER S ATP BXAEMBEOCMEE R, ME
IV IEOHBBEESED S his,

Figs. 19&20 (2 Att L B #h0 A 5 L 0° C I 380 b 0 BB A IC B A FE £ 7T,
it Al Si, P, S, Ca, K, Cl, Fe, Mn, Cu, Br&EdkiHsEh, P78 Al 5i, Cl,
Fe OfFEL Moo, A, SEICHM, RlE L CROMERIC L 5 22EBD 5n2h-

4. ER

TEBROBASEIZEY, FilAO SSIE4~550 1ICEL L2, BA8BICL A SSEBERIC
A REERREO N d-oTfe, EEL, 58I -THlKkPo SS oMkl kE {Ek
L7z, S8 OFEMELEMEE L UMBIERRRE, BN EDORTHROEL, LU
F#iEB LU DAPI C LAMEOBHE LU ATP oOBEBEHSLITOZ Lda@Enst: (1)
—BROBABICLEY 08 HAVRE 1um 2BASTF I M (F/TTFl bEED)
OEITHIZFEARD 0~4%IZETHA TS, 2) FLHE0RORR, MEEIIEEARD 1%LLT
b S0%REZTTRECERBL, WERMICE > TEMITAELRL2S, 3) Ba@iEmkbo
MEHEAIC IR BTS2y, (@) BARNEEREDZ LICL D EVOROMY B L UNERED
ETHAECTWAATRERIEED, (6) BAEGRICBVTEDOERPLE, AMEHOKR~D
BEADDI20 3D (ZWEOFENKE), 6) TR 5EHADPICITH RO - oise
BTEENEFLTOVOARESESH S, (7) B 5 BLEOMENE(ELE5I121E 06~1pym @
BEYA AOSSBREZZETILENH S, 8) BAKROBETERICHEET S L3, RESR
fFOBEAT LR, H50E A HO LS RFEKORERGEOHE Y B 2VEBAT (SS &
BEBE NI LICMA, Acinetobacter BN % < Vibrio Bl@ 107206 b EHHER{LY
BATWVWS Z EHHB) ITRWTH, B ABNBOFIIZEE 0.6 . m L ED SS #a@ic L
Fi-elEL AT AOBRERESTHA,

SEIME L METHIC ST, SrloER (WG oELSE) 1R 581KP0
i (SS ORI ICRE{ERFER TV, LivL, Ath: BH&EHK~SS L, BfEHOR
WP bicETd oD, SERE-CHBEICITREREGDE, FABEERRCLENTH
HUEFEDHLNE AHOEIZBHEY L&), ZOBBEAHTHSH, Wittt im
REIZIE, (1) STl N S 85K o o A48 i R iE R 520 M oy SR E S T o0 R0l 0(2) IR A i o
MERTEEOR NV ER R E N TR H 5, 28, BFICOWTIE, Alteromonas <°
Bacillus BREDFELSBTALESH LS, —RICHE LAY DA FRY~v—FEEL,
EORICRSY A7 APL I EWESOB S TEEBHEE TS 19, Zhbi, MERTT
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T FEMTHEEHORBL L2 Licma, WAWARBREOFF 7L LTHETSLE22
b, 2T, MESELUCEDRROBESTFHE (FOAFEESESTFHR) BETRExs
WHTHD,

RAELVRMEICH T DB R & 06 L, W~0RRAHEE GRES T me s
LEHAEBICEHSERBOBE, (THERE S OMMREEWMEL TV I8, SEOREILAEE
EIZoWTIHRBRES LVIED, TERBORE (FH61%) 38 L UERK S - L To Fe, Mn,
SIBLUMg OFRIZOVTHERE CH-, £EL, SEORKRETHE, AliIZoNWTRELD
BELEMO 25D 1UTTHY, THZOWTIHBH SN2 o, HHEDREORE kD&
WiZmA, airFEICLiEVESH S (PIXE BTk Al IZRHIIBRAMED TR TH L= blEE:
BHSTWAER S 2) 55, AEHP0 AlP Ti SRiZSVWTRERNOVEERES, =7
L, BfHBO 40~60%I1 MBS ThooZ i b, HHW~0EMRS, BT Al Si
Cl, Fe DA « fFHIZ2T, FOBEELRAICRITASLENS LS,

WEE

KB LSBT E ORRICWA WA L T AT - BHENE TIH oM, 72 510 PIXE
Pl OGS - 7 — S UM 37 - THEEE WD TEV VT 3l ST EE A R E e S TR T O IR &
ICE BB L EiF5,

6. Xk

1) BREE, IA4ESEEER 2MED L RS BEAREDEKENRE (BE &
), KERL)—X64, BFRKESRSEE ESHEER ®HHE, pp.19-27 (1987)

2) Geesey G.G., Identification of proteins that participate in bacterial adhesion, Final
Technical Report, USA (1998)

3) N. Hayase, T. Sogabe, R. Itou, J. Sunamoto, Polymer film produced by a marine
bacterium, J. Biosci. Bioeng., 95(1), 72-76 (2003)

49 BA R FEH W OBKAET MECETIEMABRVINAEBLUESEER AXE
Keg£E, 38(5). 306-313 (1985)
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Research on Fouling Mechanism and Development of Anti-fouling Processes in
Membrane Sali-production System

Fzuru Kakuta, Akira Yanagi and Hidekatsu Suzuki

Department of Biotechnology, School of Science and Engineering,

Sunshu University of [shinomaki
Summary

In membrane salt-production system, membrane fouling always degrades its
performance, and biofouling due to growth of microorganisms on the surface of ion exchange
membrane as well as the deposition onto the membrane surface of some inorganic
compounds such as calcium sulfate and magnesium sulfate is a problem of vital importance.
Therefore, the quantity and the quality of adherent dirt on the membrane and of suspended
solids (S5) in the medium were investigated.

55 levels in sand filtered seawater were always 1/4-1/5 those in raw seawater. In
particular, by sand filtration the number of planktons including nannoplanktons declined to
less than 4% that of the raw seawater. The number of bacteria also decreased significantly
during the sand filtration, but bacterial counts in filtered water fluctuated extremely (less
than 1% to 30% those in raw seawater).  Bacterial composition (Acinetobacter sp.,
Pseudomonas sp., Vibrio sp., Moraxella sp, Pasteurella sp. etc.) was not so affected by sand
filtration.

The component of S5, on the other hand, changed considerably by sand filtration. This
is probably because the carcass, the fecal pellets and some kinds of metabolites (mainly
polysaccharides) of marine microorganisms were reloaded in sand filtration process.

The composition of the adherent dirt on ion exchange membrane was classified as
organic matter (35-65%), ferric matter (5-15%), the ingredient of earth, sand and seawater,
and others (Al, Si, Cl, P. S, Ca, K, Mn, Cu, Br). Large amount of bacteria survived on the
membrane surface (105~10° CFUem?). Similar kinds of bacteria are found on the
membrane, with small amount of other bacteria such as Alteromonas sp. and Bacillus sp.
existing. The rate of membrane fouling depended on the quantity of dirt substances, which
included living microorganisms, their carcass, feces and metabolites in filtered seawater,

with various kinds of inorganic matters crystallizing out.
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