FRREF 5

W X AUV AT AR AT s U Y U TEED
7R & Bk 7 a2 ORISR

hRE— CREAETHE L2y 27 ATHEM)

A N R LY AT AR BT 5 ECUTRIELE 2207 7 U ) 7T K DEVER
DIEFTTH D, KT, MAYREGFICEE T LICL TRl EBZENDI M FT 70D 7
. bo b bIEARHEL 2o TS, AFROBNIX, BBIUR 2 v 78770 )70
BHIEC ED X HICEET BHMIOVT, ATPRIERE 2 EEBRET 5 Z LTk » T, TOHEEZH
Bse L. B X BEkHAKIEY 2T AORMEFEEL L T5b0T e AZARET S
e ThHB, A .

YK BT IE . Free MATP & BAEM T OATPBIFIET 5 723 ATPED HIAEMEZ KD 5T HITHL,
bR R LTRIET B UENRDH B, MM B CRE L TATPOME 2179 2 &1C ko T
R DATP R RIS 5 HEE . KT OATPR EHRE L, fIEZITHHBE LT TRVHE TH
AR DOATPE A R % FIED Tl IOV T, EOFEMEDRNEITo7, £, EEOHED
2B DATPOHHIC BT A &MRET bIT o7, £ LT, ATPRH. EETDZ LIk > T, #k
I E L TV AMENELET A2 ERFTHETH D Z L BDh o7, Cell ATP, Free
ATP. Membrane ATP72 ¥ & . ¥EAKKEZFZJSDIREE. H5VITEBRMEDOIRIE L 72 HE260 L D
BRIC ST, EEMRRTFEEE LCRHETD, thoRFEHRT L L TRADOXYZ 7
2P g U OEOBRRBOIEE & REOREMICIT ) B TE L, Z0O XD RAETILHE
KPS 2T A OEREERIC BRI TS Z LR TE B LEX b D, SDILELBECRALTF DR
B CIL I 6Ll EITiEe &2V A3, SDIA6 %8 X UK DEHE . E260fEH & < 72 DEMICH 5.,
S E S EARTLIC RS L TEERRROE TICFET 2 I L EEKRL TN 2,

T YL SBIEFRE LT, Bl ay s By g v 2 EROCHRI L, BV a v 7ICED
BDEONELHERT OO FERR YL LT, WAICEENT 5 Z LIZk> T, pHEELIEL
BEOATPESS, 2EBFXTHY 3 v 7 2175 2 LICL AEEATPEICOVW TR L L 25, W
PROBEbRECBOT B ERShoT, KIC, FHKEZEHEAE LT, FERBEE B
27 uz7u—HRORBRREY T 7, EBREMITSEM L L, £ OROFEEIR, #KDOKE,
B OBEEOATPEZRE Lz, MY 3 v 7 XEEOATPE, B, MAEREORD & BBHRO
BMNE L5 L, THEAL THLEOEENRED Z L iahot, Ba v 7 ICEL TR, BXE
ML . BEMADEEEICHET S HiEL . BTRBRER L THRICE LIcRICHHeT 25
HEOSEE . T RBEE AV o 27 o —EiB % BBk T 5 2 & THRE L, NFIRLEIC
HFAIML 5 v s OIBRIL, KRELES - BEETRERD I LD 0T, AFIIMENTERNE
AT | EIETHEEAPEES R D, B 3 v s DREERVEEX b5, MENED
BRI 2 BEE - BEEICBV T, B3 v 7 I k- T, BEOATPESEIROHE &L VHHS
N5 o EnRSsnote, UL, NFERBTH A -V 5z, BRRROENLIXT 7V )
VMO REEHERTH LR TE R o, BRBBEANV TR 3 v 72175 28ITE-
T, B A=V E5232 R T770 ) U 7 EMEITEZ EATER,
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BIES 0211
JEIZ X AWK AT ACBT B 77U U TED
fi#BA & B 1k 7 v = R DBAFE
FREE— CREARFILER FEVRTATHER)

1. R/

% RWTe KL AT 2% BET 5 ECHTRBEERDZDIT T 77 ) U2 X A EMEE
DETTHD, FIZ, BEYPRERICEE T3 LICL > TBIERIEhANM T T 7Y
. bo BT L 2o TV D, RE - BBiFO—MRAVRFEL LT, KREHEREST Y ¥
A%TwﬁUﬁﬁ%%wéﬁ&ﬁﬁ%#%%wBHT%tﬁ\:n%w%%mﬂbfﬁwmﬁﬁ
FTHTRNI &R, I uRAZ R EOFRIEROERE V> BRE~DOAWORMEN A
BHREENTVDOREEFTH D, TORR. EHRNZEESENRERLS SN TRY, BEATK.
BEADFA—V ZLTEHRDOZ LB LIX M 2HzoD, 777 ) IR MEIL. VAT A
OREEZFIRLETITEEARRDLNEITTVWEDLITTHB, & AT, WEAkDpHE M
RN 7 b SR TRBA NS T AOHTH % B SOABITHEREKIL Y 2T A T—RIIIThh TV
BN, ZOBEMToEAREMCIERL, B3 v i ko CRAENKE D S8 5L RT
Tt FFICEBNZT7 70 ) U IBIEFERER D, £, BESEHITASSTF IR
FETHDD, WKBFKET AT LT, 2LAVLRTWRY, FoXE2FERIE, 80
BT 2MBULE DD D a X hEORIBETH S A, BTMBOFERE BECFIET S &4
TEhE, +ORFEORHEH D2 LEXbND, TLTEERI LT, Zhb, By s vs D#
Yav R WKP HEIVEEEOMAENEBIL L OREFEYE L, TAAERICBTS T 7
VYT LBERRICED IS ICHFETINEMATH L THY., F0Z&ickoT, 77
Vo7 aBIET 2D ORER 7O ERE RWETIENTREREDITTH B, MEYMERT
iy 5FHEE LT, ATPEXRIET D HFERFED THS ELXbND, TLT, MEMECET S
B E . R OKEDHEFEL L TRV LN THEBESCSDIZ L & OEREREHICTEMET 5 2
LIZE-T, KREREOREBOF ¥ Z 7 XV E— a3 VRTARELRBE EE X B,

UEDZ & 2BEEL, AFRETIE, BBLUOEY 3 v 7R T7 70 ) U ORI ED LS I0E
B oM ONWT ATPRIEE 2 ERBFET A2 LICL > T, FOBELZHELMCL, B L5
HRPFKE S 2T LOREGEG Y FRRE THALOO T ot X 2MAET LB ET S,

2. MEFE
2. 1 WEHEORE
HEKPIZIL, Free DATP & S AEY F OATPHIFTIET 5 723 ATPED LMAMEZ KD 5 7= HITiL,
b ZEALTRAET 2BEND D, MEMF BETHE L TATPORE 2175 2 LT k- T4k
VIR OATPZRIET D51 L . BRKFOATPEEHERE L, MHEITO 84 L% 5 TRVEE THK
EYFOATPEERD D HHED ZHEDIZOWT, TOEMEOKREITV., MAENEOTEREF
L LToORES® BIE L, BEOMAES Db OATPORHICZE L T, HIHEEIC SV T e
L7z,
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2. 2 KEFFTHEERTFOMELBREEBRE~OZBORN

Wk DA E L | SDIBEE, & 5\ ITEEME OFEIE & 72 5E260 & OBIRIC OV T, 4l
W ET R E R LR 24T o e, FICSDIICE LTI, SBHRRIC L > TR DN G KEORART
BB, EBYEOEE~DHERE & B EE ORI~ TE ORI OV TER AT
iTo 7,

2. 3 T77vY B DERERAER

7779Vﬁ%t$&bbf\@yay?k%93y7%¢bmﬁﬁbto@vayﬂmié
BEOEEERT A DO THERR L LT, MACRENYT 52 LIcX>T, pHEELSET
EOMANEDNTLS, RIEBFRTHY 3 v 7 #1775 Z LIC X 2BEEABENEDORE(ILSNT
B LT, #os v 7 B LTI, kEMEAL, BEEAOE FBICHIGT o HEL . RSk
s E L CHRICE LR ICEET B HERRET 5, £ LT, FREOFES, LK
DE A= BB OHRIZOVWTERLL,

2. 4 EfEAER

BRI R Ak & LT, BERBE, T BRER L oFERE AV m AT R —
R OWBRE LTS, IBEMIESERMLU EE L, ToMOEBIE, WAOKE, B LUER
DMAEELRE L, 7 LT, BRRRCERREDE L KE L OBRICONWT, BV a7
DM 3 9 BT EAEL T I TRVEARREL, 77 V) VI OBEORAL T 7V
S HEBBIET A0 TaE AORELITo I,

3. HERFER

3. 1 MWEWEDORE

3. 1. 1 ATPEOESR

BEBHE ALY B A ICRWT, HaMEk, EEK, EE, H5VIZEEDOTOMHOET
PORAENBER N RS Z LT, BEOHETERLEELIT, Mk - FLERETILETE
B ks, L. BROBEGEEST 0= —FETIERN THETICREAB 222 DB RE
Thotr, Lo AR, EE, BENEELRENOAT(TF ) Vv Z) V) L, TOEE
RERET B2 LIcE» T, MANEL KD S FENER SN TRETNDY, ATPRETOENIC
AT NT BT AL RBIWETH Y . B BATPE BT 5 OICET BB T < DT>
(ﬁ+ﬂ»ﬁ%éo%LT\%E%Mﬂﬁ%ﬁ%ﬂwiﬁﬁk;ofﬁﬁ&iofﬁD\f?A@
BB DB E1~2 fg/cell, 7T LBHEEDHEL~30 fg/cell, EEDHFE0~1000 fg/cellTH
229, BRROMAMPE—FETEDONTNIDT TRRNI LEEXD &, EMITATPEA
S VA IR, ATPRE T RV —REME TH Y . ZORITRAICFES SWEND
GARREMEE LT 5, MAMTEEBINTER CHIUZATPEIEM L, MAENESBFEYT NIT
ATPEIZFA T 5, Blb. ATPERSZNE VD 2 &1, WABESICE > T, TORPARICLE >
TEE LS ANBOREE LTS, HENEEETITEEABNI LERKRLTVEDITT
b5, TOBRACEVTIL. SEEERMAENFEFETRT LY bARRERERZT I LS
T& 5,
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3. 1. 2 PRIERELBERK

N2 T =T BRI ATPETRALX—RE LT AT T2 ) VAR AT T x ) v b
PO KERT D, ik, BOKOFEL 2> TV BRIST, FRBIFATPEICHS L TR 5
e, BHEDPDATPEEZRD D LN TE 3,

TAERRTIEDOTRY BB LT, MIERHICIET 5 3R 21TV, Mk & OB
ﬁih@m@ﬂiﬁ%&mibtJm%mm#étb@ﬁ%u%D7unﬁﬁtL\%mwﬁ
DREN2.5 %, FHFERIT208L Lz, TLT, Ao 7257 —¥ERSSHAEOHIT. U %
ARTEHR T8. TICFREE L7, HHERER1T 5 L Mk ES 5 2 T DATPE (Total ATP) ZRET S
:&n&éo%mﬁﬁ%ﬁbﬁw:a?\ﬁm$u7v—mﬁﬁﬁ6xwﬁmmeMmﬁiben
D12 EATPED BERS Z & THAEMIZE TN HATPE (Cell ATP) 2 RKDBHZ L RTE 5, E7-.
REICHE L TV BAEHOATPEIC OV T, 2.5 %+ Y 7 0 oFRICERE. MERELTS -
tmibibtoﬁm50mwﬁm%%@a%MMWWD—xﬁé:z?w%ﬁﬁ@EmmR
13 mm¢ .\ I Y A7 HER) TRBEIH (450 muHg) L, IS DIEE2.5 %k Y 2 o o BRI IEE LT
i ENATPEZ . EICHIIR SN 8EH DATP L U TMembrane ATP & L7z,

3. 1. 3 #w/KFOATPE

PZN RS 7 1Bk i DTotal ATP, Cell ATP, Free ATP, 33 & UNMembrane ATP%3H~. 22
NOBRIZ OV TR 21T o e iE R % Fig. HIRT, Total ATPIZS 3 Cell ATP? L 221350~ 60%,
Cell ATPIZXHY DMembrane ATPO HHRI1T20~40% T - jc, ATPEI2A RAICE— 27 BE HILS 25,
e B 1P HME (Cell ATP/Total ATP=58%, Membrane ATP/Cell ATP=19%) % th.ixic REHA & jd4ERg
RIZEBR L T2 EEX B,

5 M & BB REYE DK T OB DEL L Menbrane ATP & DA % Fig. 2179, 2 4 6k b
DEAEMIZE L Tid Membrane ATPEC,, [pg/nL] & #MAEMEN,, (-1 ORIZLL FORAKY 2o -
LDy oT,

N = 25070 exp (0. 0636 Cyzp) (1)

(1) HD EFIBAER Tid72 < | R &N TATPEDS 100 pg/nLbl b & 72 BEEIED T —# 2 B L hu /i
WOV, BEMBENSIRET A7 LE X BB, Membrane ATPE34~40 pg/mL & 72 B A
MEOBEE T, 77 ABEEECTHLRIBEZEEL LT, ATPE & AW O BIE % BFEL <
&5, BIXIE. KRIGEEESTZD DCell ATPIE, 0.7 fg/cell Th A, 3.0 x10* cell/mLEETE
L723%4& . Cell ATPIE21 pg/mLTHh B, fE- T, Membrane ATPIZ. Cell ATPD1I9%TH B L35 L
4dpe/mleied, TITWMRERANTHMAEDEEZET S E3.2 x10¢ cell/ulAiE b, BAIC
BRIE LICKIGEHD3. 0 x10* cell/ml & 1FIE—FT 5, FEEIC, KIBEEES. 0 x10° cell/nL & IR
TE LB MDCell ATPIE210 pg/mL, Membrane ATPIE40 pg/mL T 545, (1)3I & 5 A M
FHEEDS. 2 x10°5 cell/nL & 1FIF—3T 5,

3. 2 KEERTHEETOMEBEREBEHBL~DOEEBORES

Fig. 3~5IZ5F 7 g7k DMembrane ATP, 7KiE, MF, SDI. ¥BEE. 5L UE260% =3, ATPEIL.
BOWMDITEMT 225, —EREY LT, EOBRDICERE— 27 I0ET 5, E—s B Eicsnh
SEEIAATH 205, BIZITHMENEHRET 2AEDR BN THEMNT 572 &, MOBELER DR
BObEBLTVWDILENEXDND, EOMDOE— 7 (TAKER FE LIED S - A2 %70 . MF
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ﬁ%(&bbSMMEK%VT\EW%A®77¢UVﬁ®%5ﬁk%<ﬁék%@énéo%
Wﬁﬁ\mwﬁiiﬂwﬁk%<&6tb\wﬂﬁ@mﬂ6utwﬁ%ﬁélﬁhﬁék%i6h
50Fmﬁﬁﬁﬁﬁﬁ%%%ﬁ@%§ﬁﬁnmﬁﬁ gLy — JEBET VTV I L— LI
ﬁ%%%TD:@%ET@%@%%Q%Ebfwéﬁ\%W%%ﬁKﬁE%E@Q%\%5“@
%nuTkLT%\wm%%Eiézkmﬁwoto%of\iﬁ%f%%ﬁiéwﬁ\ﬁ%%ﬁ
JEAMTLICA BT 2D EeEXLLND,

3. 3 @rBCEBTT VY IBIEEEOERRR
3. 3.1 Brav7
3. 3. 1. 1 Byay/ODER
HEEﬁK%KMVZ?AK%ﬁémﬁA®7TWUVfﬂ%&bf\ﬁB%E@@VBﬂ&
ﬁ%%%fbé:&ﬁﬁ%énrméwoﬁm@ﬁ%-?ﬁwﬁm:k\ﬁbﬁwﬁwféﬁ\
ﬁﬁ%ﬁ\éBKﬁEEK@ié&%%E?%k\ﬁ@@77¢9yfﬂﬁﬁ%tbfmﬁﬁﬁ
ﬁ@@f%<\ﬁ*%%@@%%#%ﬁﬁ?%ék%i%héc%Lf\ﬁg7®iﬁm\mﬁn
ﬁbT@Vay7%ﬁokﬁﬁﬁ@bt@%W*KléMﬁ@@?ay?%ﬁW\mﬁ@@Va
y&%ﬁbtw%éuz7~W%$%m®tb®m%%m%ﬁﬁf5aw5\%%%ﬁ7779
VMBI A — AERETHIEDBTE D,
3. 3. 1. 2 ®vavy/opR
@K%OMK%@EMi\w%Ekéﬁ\%mm%ﬁbt%®mmmmAW®%m%%&to
%%%ﬁgmvﬁh;ﬂ&%fd#&@amwﬁﬁ%ﬁbtﬁ\m%ﬂuTmﬁéb&the%m
nazLnsyhol, £, Membrane ATP % 3R ¥ B B ORI H BEORTICE ¥ 3 © 7 K130 miniE
&4 B BIEE AN, ATPEDOEIIKIE B S\ THRE BT - o fE R & Fig 9TR T, HEK
KEELKEW&ﬂ%ﬁ%ELtﬁmH&S%Mﬂﬁﬁﬁ@%%ﬁﬁ&%%@%ﬁ%ﬁoto
w7io¢ﬁmmﬁﬁéﬁﬁ$ﬂ\w3&?@@%%?@%@%&&&AE%ﬁ&«i%qu
béow&%%ﬁfewﬁﬁuﬁbfm\EEEEHT%%%ﬁ%é&%%éhéotﬁb\%
hﬁ%é%ﬁﬁﬁﬂBﬁﬁnﬁﬁnﬁﬁ@%ﬁﬂ%MTétw\¢ﬁm®%é\@ﬁm&wﬁb
f\%Aﬁﬁé%%%%ﬁ%@%&ﬁuﬂ@ﬁ%%f%%ﬁ%ﬁf%ﬁwk%i6ﬂéo
&@ammmotWD—xﬁélxiwﬁmwa4mm\iUﬁTH@Q%EmL\@WEﬁMf
VfME)&jk%\éﬁﬁfﬁf\2hﬁ@%@ﬁ@%ﬁotoEﬁﬁﬁ&%%%ﬁﬁﬁM%ﬁ
%mﬁb\%Q%\ﬁuﬁﬁ&ﬁf%mm\ﬁS@@ﬁM@K@ﬁﬁ%ﬁot%@&%&bto
@VEyﬁmﬁﬁ\E@ﬁﬁﬁ%#t%Wﬂﬁ%ﬂJﬁﬁ1mmﬁuu%k®ﬁmﬁoto:n
L AR A—UEZTILLTH, AEBTIHEENDBRESNRVEDLEIDND,
Lmb\ﬁﬁméﬂhﬁﬁbtﬁ&\é%mmmm@%Mﬁm%ﬁﬁLtﬁwﬁﬁM?%%MEb
tt:E\M@M%ﬁ%Gmhﬁblmwﬁwaﬁb\ﬁi%%ﬁt%<ﬁwaw5:bﬁ
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O ONT, BHREIT) ZLICK > T BRI E B HERT LN TRETH S LEFENS,
o, By a v 7%k, FBKPOR60EN EH L, Zhid, BEEOMEDD b EEYITAT
LicizdeEzbh b,

3. 3.2 #ravs

3. 3. 2.1 BvavIs/nES

WARYKCICBIBET AR EAT L EOFE L LT, MAEHOBRE L2 77 ) s
DI & WK DFEDIETIZ L 2 FBBFROMI & k2 R - OERZR ENZEF LN 30, BYE
RIBELREFORANPFATE, Bon-EHREAOBEESOHRL LT KAETZZ L
DHEEETH DD, Bira v 7k, BEREAWVRWREMNISZ Y -7 700 v Vil FiE
ELTHEEThD, v a vl ilEo T 7 v 7ML, F EBELfMEE L LCE
BRI L TRV ZERTENE, AT — Vs ORE L BOBEOMRIZ L - T, HidsE
EiCHB 2EREZ EF 52 & bAEEIC 25,

3. 3. 2. 2 ByvavIs/ong

Bav/ili sl /EBRT7 70 ) v 7 M EBREERE #Fig 10, WKEEZ > 2 MOATPED
TALZEFig 1R T, ®iRS 7 RNOATPEIL, BENLH 2 H DD, BMEICKIT HATPEIZZE L,
iR Z 7 DIKIRIT60°C T, ATPEIHMES HERF SN TV 5 23, HIR60CH b FIRICIEE» T b X ¥
B DF 7 TR, FIEIORRE TIIATPEITE OB & [CEIRZ V7 W H ORI LT3 2 &2
DD, EPITHEMPEFL TN D L ZOWMEYDR TS 2> THENEZ 52 EREX N B,
o T, BRMIEEZ AV AT AZBNTH, BRI, kofihs FRE¥CLEzY, &
RREEToTEVTOUNERHHEEZLD,

3. 4 EfHER
3. 4. 1 Byavs

BN/ (AREL, CT0-F)ZAVWT/ e 27 —ER AT EEEKEES L. pH 30
FRUSINHEK 2230 minful U728, & 5IC14 B MRHKDIERE 1T o2, EREMHIT. BIEEH (R
U 7NE) 50~70 kPa, JRHRURE2 L/min& L. RUNITIH0. 22 u nDEE ¥ L o — X (CA) E(Z+5
E7 ¢)vAh, FM22, 2001/8/7~8/28), RUN2TIX0. 22 umDR Y ¥ =Y F> 7 m 51 K (PVdF) f& (3
YART Y I7 v K, GVWP, 2001/9/11~10/2) % FAv 7=, CAE(RUN 1), PVAFEE(RUN 2). \\§h.m
HEb. BYa v/ ERICEBRMHIIM EL, 24 hBLIMEE L. PYAFBEDE A X EN T BV ME D HE
FFaEnic, Fig 121077 & 51T, CAIRDBE, MY 3 v 7 2175 TORWEDOBBFIA, 240
higad L7z B B REEM L7, 218 (504 h) BB ICEDORERHS L. BIHEEZEHTE
BF. MEMIZE - TELEShledbEXbNnD, —F, CABETY, B3 v 7 2To B4
. MAEBIC L 2EEIHE SN TR Y | 21 BERBE b EOR AR TV,

JETmATPE & AR H h Fig. 13, 14RT, BBV 3 v 7 BITEFmATPEIIRIL/ AT 2o TV 3B, A8
TR & EHITELS, RN 10BA, 1/501072 5T W5, ATPBELE hThE \\ERE LT
XY s v TEA—VEZT THEBREELFZ2VE L ATPERELTWAED EEI NS,
Bray /b TEFZALTH, £EEIL. Control X VA7V, ZThid, MAEMICS X A8 3
v 7 ORPEMICHERF SN D FREEEZ R LTV S,

CARE (RUN 1) &L PVAFRE (RUN 2)IZDW\W T, TR B L 218 B DOEEICHEET DEW 2 BEE L. &5
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R L DA wn— 2 OE{LE & TR, B X U0 COMMEMEE KON D R O0 > 7,
FREHT LI L b BETFIER(16S rDNA-5005E RS & MRHT L /&R 6 . Bacillus sp. T
HBZEBRLMoT,

3. 4. 2 Bvay7 ,

Fig. 10107 L EREE & AV T, fidk/V (ARETL, C70-F) ICNFIEIINTR-7250 (A RET,
B 75 mn. AHEER: 35 omd) WY T, 7 v R T a—FRTHEADIEBEZIT >/, BN
TAEBEE L, BEEEAHRT S I LISk o TIEARMOR 2 5REE, ERIT12~21 8 ME
ETTV. BRI & BEEKEEET HHR. HHVII0TE THEL Trb, AZRETE
B¥ CIEEY TP ONFEICHE T 2 FRUCOVTRE Lz, BIEEAIX. FiEA2~1 MPa, HIR
230, 85~0. 4 MPa. BUKHEIT2~1 L/mink L7z, £2(2001. 1. 15~2.5) &3 (2001. 3. 12~4. 2) |
B2 (2001. 6. 25~7. 16), B (2001. 10. 23~11. 13) IZ3B1) 5K E % Fig. 15~1TICE L D H, ATP
EIdESICRERE—IBH0 ., ERCLBEL RPEANH D, KiRE, EFICE . HEICR
BERBICIELS 25, —F. SDICBEREELHKECEL 2o TRY . MEMBEBH LS T O
DEEEMPEEREMNEDOHENREZDND,

Fig. 18~21ICNFIEEATPE DZEAL, Fig. 22~25ICBBFRNE L ETT ., LEORR T, FiE
ICB T B MAMOBFEAMN N E < | EEATPEIEL e S iz, —F ., ®IREKE e LIcEE
. BRI L TR BN ERE T 520, BEEATPEREROBE L V&2 2EMIEH -
o, BE PIUCEZCR S L. KBOLECARBEMOEME Y, MEDPEIE LT WVERE
2 BT EIEWKDS A BRI L ) BEATPER S 20, B a v 7 OPDREHERT DT
LT ER, BEC, BRMEK, BEEK, BESLEERE TREL LS EREKE M LIS
émowr%&%ﬁ%ﬁoto%ﬁ#%ﬁﬁi?Tﬁt%ém\ﬁﬁ@%ﬁlb\ﬁEM§ﬁw>
Y. BRRELE Rolm, KEBEEME - ARTHI LT, BRE - BHEVTHORE S EHE
RSN L E X BB, BEOEAL. EEATPESEML TV I LED LT, BB
BINOERERLTBY, BEOEMHESBI > TWHILEBERRBTHI LN TE,

4. EE v

ATPEHI . EET A2 LICE - T, KT REGEICMNE LTV OMENELZRET 2 Z L0
48-Gi» . Cell ATP. Free ATP. Membrane ATP72 ¥ & . MEAKEERTMOEFEHATEIL
CHEKDF ¥ 57 F V¥ — a3 UHIREOFEMIITX D L I8 | KB AT L DE
EEBICRITHIENTEDLERXD,

B3y s HEEOKEMEDORD EFBBREOEME L5 L, TREE L Th T ORENIE
BT LRSI ot, BHT 4V FRBRICEVWTS, By vy 7 2EETI LTI, 77V
Yool BN, SEEEE O ERMENC L 3 REMBOEEAHFIND, KFFRLFATL
T kR Y F — T SRS ETEBER (FLE0. 2un, A LT v 27)ICL 5895, AROK
%ﬁﬁ%ﬁofW%Wo%@%%MLfﬁBK%ELtﬁm%—ﬁ%ﬁﬁ\—@KO%wmmﬁm
FHZLICEY, BB EEOIZIFEUFICTESLZEEZEEL TN D,

NFEEFR - BB 3 v 7 D RIT, £FELEF - EETERDZ LG oTc, LTI
EMEBRBRATE S . BERTHEEMEDID VD, B a vy s OBRERRNESZ LN
B, BAEMEBNEACRAEE BBV TE, B a v ilEo T, BEOWENERE
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E@%ﬁibﬂﬂéhé:&ﬁﬁmotoL#L\Wﬁﬁﬁﬁﬁ%—y&ﬁﬁétb\ﬁﬁﬁﬁ
DENOIT 7V ) T HHIOHRERERT B2 LR TERnoT, AZBRBEANTH S 3 &
TEITDZLICE S C BICF A=V R EX B RS T 7Y CTEMREITE D LN TE,

5. SHORE

Membrane ATPZRD BB, YD L5 AR ED L 5 IWREBTRE LTV B3 hicont, &
BORIEATO BEDH B, Fi, ks ZBICOBET 5 EOREICHE Ui A DATP B
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Fig.10 Experimental apparatus for heat shock experiment
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Fig.11 Change in ATP in Tank/ATP in sea water
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Fig.16 Change in the temperature of Chigasaki sea water
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Investigation of Fouling Mechanism and Development of Anti-fouling Processes
in Membrane Desalination System

Shin-ichi Nakao
(Department of Chemical System Engineering, The University of Tokyo)

Membrane fouling always degrades its performance in membrane desalination system, and
biofouling due to growth of microorganisms on the membrane surface is the most serious problem.
The aims of this study is to elucidate acid-shock and heat-shock effects on anti-biofouling using
ATP measurement and other analysis methods for sea water characterization and to develop long
term operation processes in membrane desalination system.

The ATP in microorganisms should be distinguished from ATP which exists outside in sea
water (Free ATP) in order to get information of microorganisrh population. Two methods are
proposed to measure the ATP in microorgahisms in sea water, one is extraction of ATP from
membrane-entrapped microorganisms (Membrane ATP) and the other is Cell ATP, which is
subtraction of directly-measured ATP by mixing sea water and luciferase reagent without
extraction (Free ATP) from directly-measured ATP with extraction (Total ATP), and utility of the
methods were investigated. Conditions of ATP-extraction for microorganisms which grow on a
membrane surface during membrane desalination process were also investigated. These ATP
analysis allowed quick information on the microorganism population, and enabled characterization
of sea water and membrane condition in combination with SDI, the turbidity, E260 and seasonal
factors. This analysis is effective to control a membrane desalination system. Simulation
studies based on the cake-filtration model clarified that SDI of monodisperse spherical particle
suspension can not exceed 6. In fact, SDI of sea water sometimes exceeds 6, and then E260 is
usually high. This indicates that organic compounds affect MF flux decline by adsorption on
membrane pore surface.

Acid-shock and heat-shock were examined as anti-biofouling methods. ~ Sterilization effects of
acid-shock were prelimin'arily' examined by ATP extraction from acid-added sea water and
acid-treated MF membrane after dead-end filtration of sea water, and in both cases the ATP was
largely decreased. Continuous crossflow MF of sea water was also carried out.  The acid-shock
decreased ATP on the membrane and increased the flux, whose influence still remained after one
week. Heat-shock experiments were performed for 2-3 weeks to supply heated sea water
directly to NF crossflow membrane cell. The heat-shock was effective to decrease ATP on NF
membrane surfaces especially in spring and summer. It was not effective in winter because of
low activity of microorgahisms. The heat-shock effect on anti-biofouling was clearly proved with
use of a heat exchanger in front of a NF membrane cell to cool down the heated sea water to
eliminate heat-deterioration of the membrane.
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