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STUDIES ON THE IMMOBILIZATION OF ACTIVATED SLUDGE
BY POLYVINYLALCCHOL

B R =W i 'Rt & =

Susumu Hashimoto® Kenji Furukawa® Hirosh Hama **

ABSTRACT; Recently, mvestigations about the application of tmmobilization techmques to the wastewater
treatment field have attracted much attention Differing from common fermentation processes, this meth-
od requires the immobilization of large amount of biomass; thus the development of mexpensive polymer-
i1c subustances with high gel strength have been required. Polyvinylalcohol (PVA) 1s such a polymeric
substance which fullfills the former requsits. In this study PVA-immobilized activated sludge was pre-
pared by the PVA-freezing method and our newly developed PVA-boric acid method, and comparative con-
tinuous treatments were conducted. The following results were obtamned :

(1) These processes proved to be easy and effective methods of 1mmobilizing activated sludge.

(2) PVA-1mmobilized activated sludge prepared by both the freezing and boric methods proved to be useful
over a long term without destruction of gel or decrease of gel strength

(3) Through contmuous treatment experiments using synthetic wastewater, more than 90% of TOC was re-
moved and 25-45% of T—N was also removed even at high loading rate by aerated demtrification

(4) The kinetic coefficient (Y) for the PVA-immobilized activated sludge process was determined to be
0.828g MLSS/g TOC for the PVA-freezing method and 05948 MLSS/g TOC for the PVA-boric acid
method.

(5) The PVA-boric acid method was proved to be an mexpensive immobilization method from the calculation
of chemical cost requirements.

KEYWORDS ; immobilization of activated sludge, polyvinylalcohol, PVA-boric acid method.
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o BABLOBEFEBMALTEEMMBELT, ARG FRYVE=LT I - (BIEZFE -0, UFP
VALBF) KHEH L, B0 X Wt CREEESRE PVABRORENEI MES B 2 REED T L
b0 A0, PVARZBBRICEID Vit E 85 PVA — Bk s, FimicR2PHAELAZPVA—F VBEIC &
DAL LETAEREFTREBOTCAR T KOEFLAEARZIT, ETOARBNERGoN O TRHRE
T 5.

2. EBREBICICHE

2.1 PVA-AEE

Fig. 1 K PVA-REBEHEICL 2 EHBREOBEEMEY 7 o - 2R Ui, 50~1008/0 ic 8 L -2
DIEWERE10~20% O PVA—117 (7 V(LB 98~99%, EALAE1700) KAK . R PVABBN TS ~15%
ENRBEIRCBLAEBEAGT S, ROTIDREYWE T IZ2F v 78O M LA KK LiAA, -20~-80°C T4
BEHT 5, WERCEDTVILL AL PVA-FHFEROBEMAZE CRME. S~4mBD Y4 2 oKWK
By b, BonABEERBREKEKRT T DMk, BRIk EAKRE TmBOEELE®T

concentrated P VA—aquous concentrated PVA—aquous
activated sludge solution activated sludge solution
(50-100g/¢) (10—-20 %) (90—-120g/6) (15-20 %>
mixing (PVA 7.5-16%) mixing (weight ratio of 1:1)
pour mixture into plastic tray drop mto saturated boric

acid solution

freezing (-20°C, for 24 hr)
keep mm saturated boric acid

solution for 24 hr

thrawing l
wahing
washing l

I PVA—-1mmobilized activated sludgi—l

I?VA—lmmobl lized activated sIudgi]

Fig. 1. Flow chart for preparation of 1mmobilized Fig. 2. Flow chart for preparation of immobil-
activated sludge by PVA—freezing method. 1zed activated sludge by PVA-—boric acid
method.

HEB), RBRITHL 2,

2.2 PVA-+7#

Fig. 2 i PVA- R v Bk K 2 EW B R OBEELAE 7 0 — %2R
Lo 90~1208/0 ICBRE L 12 BLABEDERFERE 15~20% D

Table 1. Composition of

synthetic wastewater

PVA-HC (# v {L¥ 100% , E&®E 2000) Kisk+»EELET 11 component g/l
CBLBRALE®%, RAMEEHSS TRERE OB & Y BEAK Peptone 60
PRIRRCHET T 5. —BREAMS OVBRABAR D TREREL TE - Meat exiract 40
ZRLETTrvbEE B, ke - XAFKkTH ik, HK NaCl 1.0
SErE (HRKEIE-XE3~4mo £ - IKROEEE®ER KC1 1.4
L1B), ERiCHU CaCle 1.4
2.3 ERESD MgSOq 1.0
s . e . NaHCOs 210
PVA-/ &, PVA-+F BRI L 3B EEEBRICX 5 HE
MERBRIE. ThzhFig3 Fig 4 IR LALEBERELRL T - CODcr = 100,000 u/¢
) . ~ N - TOC = 40,000 mg/#
7oo #EE T/KiC 3 Table 1 K RTHBROAR TKEH 1o BHIIT ToN = 14.000me/£
NTFKRKBBRIFBEI & - T, T-P = 1,500mg/¢
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3 RBERIUICEE

3.1 PVA—RMIEI X BikHBRD mfluent
BEILEH ] | 4 effluent
LAY, 1~40% W/ V) DPVAK Sett;rl]i{ng
BEBTHROBR (PVAER®D 1/10 UT) oump (0812)
DEBEYE =25 ~—B80°C THET BT & 1 asration
KEkoBR* PVAEABDIAFEREEL (0.54 £)

TEBC LA Lo &0 PYA—
4 SR T P T U 90 D AL I KA T air

X A7 ESHRADER, Table 2107 T e o nmious ammobilazed
RHDRBOERILEMTSHD T EHH -

oo TOEEAEICLAE. TIUAT

% 0 - 7= B AL I b LT B 1 78 o fluent

flow meter

WRETERTRABENTLLPTSE ef fluent

5, settling
tank
(0.6 ¢)

pump

3.2 PVA—-#vBHERXZIERER
o EEL &

PVA — BB TH, EWBERE C— X
RIBEBATELVI E, BEIEERDT
FVE-ERT L HORENDH Lo T Fig. 4. Schematic diagram of contmuout immobilized
DEEERRT 5HEE LTPVA—+F v activated sludge.
kA L<ERL, COFEIF, PVA
Nrovggd e/ F4- 1RO
weardsctickorvitt 3
HEARELELbDTHB

flow meter

air

Table 2. Optimal immohilizing conditions of activated sludge by
PVA—freezing method

type of PVA degree of sapanification : over 98%
degree of polymerization : over 1,700
(for example: PVA—117, PVA-HC)
final PVA conc. 15% (W/V)

freezing temp. -20C
freezing time 24 hours
(—CH;—CH-—CH;—CH—J, + nHsBO3; — [—CH;—CH— CH; — CH—],
S b . .
\B _—
o

T/ FA -
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CDOPVA-FUBERKDE, ZOBRENEHEELARADER, Table3 DEHENRHETHH T L4 $H -
7o

Table 3. Optimal immobilizing conditions of activated sludge by PVA—boric acid method

type of PVA PVA of 100% of sapanification (for example : PVA—HC)
fmal PVA conc. 7.5-10% (W/V)
boric acid conc saturated conc.

contact time with

boric acid 24 hours

3.3 PVA-BIEMAEEAREIC L ZAR T RkoEENERR

PVA-117 ©20% v 170 & 1008/€ i< BH L 7o 2 BB o 575 18608 (608 MEHEMFRICHYSS 3)
EFROT. Fig 1 OBfFHE > TH20E O PVA-IRREC L 2EENEHHERERARL /2.  DEELEH
HRE g3 DEREEFICHRA (KiEF65%) L, EBE255+2°C, TOC-FHEAM1.33~2.96¢/fBOEHETT
GRRTRDEGABRBEIT - oo

—H. PVA-HC20% 5k 1208 L 978/ i BfE L - 2B LB SR 1208 (11.6 8 LEEWEF ICHYET 2)
AHBOTFE20 78—t -TH3N0EDPVA-FVvEBER L AEEE®RBFERE - X 2H{B L 2, TORE
FALERFEREFIg4 OEREBICHEA (BEFE0%) L, TOC-BRAM0.496~235¢/HOF M T THK
Tk o #E AR % 1T - 7o

A FEEEHBFROSVEFLEREL

PVA-SEETRT2AME., PVA-FVBETR S HMERLERR LT > 720, LEOHE DS Vo
B, YLrREOETFTEC BRI AOUL Lo X, RBRTHR. ZhzhoBEE/LERFRE
fill and draw R T1EL L EZEEHR T T30, OFNOoBELEHFR S ZE T vigE, Bk
BLTVWAZ LS, PVANBERFROSEBENMME L L THBODTENLESTTH D LW, &
BYED, AROEHICE CEAEEEGRERIENL LA, 220, SAFAKICI T VB TOEEERED
WREABALKLER, YVHSERERL. EESENT 2, BICEARNEKIZ, BERICH L THSS®BEN
BAKR, YAUROLERSEBL T 5, PVA-ISE#ETIZ206~240g EH. PVA—+ vERHETI 302 ~3708
BEOHWATEE/LEHSREBSEH L 2.

(Bl TOC & T-Nok*

EEAEHEEROES. BIENOBEYFEEFAERICAET I LEPHE L, £ I TOEKE L RE
ERFEEEESIZIEET 2L ~ICEEC/LEWBREDERE | E H75 L7z, Table 4. Table 5 10id & & 5
BT BEHREEAYBEOMEREr ZNZNR LI, Fig.5 KIEEEDO TOC-FEAFMLETOC. TN
BREROBEFZEER LI, TOCHMAEL SWNZU LOMETHRATRCTRAMCHEGELCLEST 2 &M
Titk, T-NBRERZAMICLOE(AT AH, PVA-FOBETIITOC-EHAT 168/ 0, PVA-BH

Table 4. Treatment results under steady state conditions (PVA—freezing method)

mfluent TOC—volume TOC —N Effluent
flow rate loading rate Inf. eff. removal nf eff removal NH«s—N NOs—N TKN

(€/day) (g TOC/¢.day) (wg/&) (mg/O) (%) (ug/O) (mg/O) (%) (ng/€)  (mg/0) (mg/E)

10 1.33 80 6.98 91.3 24 180 25.0 5.9 119 6.1
12.5 1.85 80 6 95 91.3 24 153 363 4.3 82 71
156 2.22 80 5.51 93.1 24 141 413 4.7 7.5 6.6
175 259 80 633 92.1 24 133 446 5.3 7.0 63
20 296 80 7.43 90.7 24 158 34.2 110 10 14.8
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Table 5. Treatment results under steady state conditions (PVA—boric acid method)

nfluent TOC—volume TOC T-N - Effluent
flow rate loading rate nf, eff. removal 1nf. eff. removal NH4s—N NO3—N TKN
(¢/day) (g TOC/€. day) (ug/€) (ug/€) (%) (ug/l) (wg/l) (%) (wg/O)  (me/O) (ag/O)

307 0.496 97 5.5 94.3 315 200 355 30 16 5 3.5
518 0855 99 5.5 944 293 210 28.3 5.0 142 68
720 1.17 97.5 6.5 93.3 293 210 283 7.0 12.5 85
100 159 955 6.6 931 290 175 290 6.5 7.5 10.0
15.0 2.35 940 55 941 287 190 33.8 14.2 0.5 18.5

TR TOC-FAHAM 268/ NDAMTENEN

. N . 100 TOC (freezing)
0%, 4% E VS GHEMEERILTHEVBRESR B Y S U S S
BELNT,. | TOC (boric acid)

Fig.6 icid. EHIRETO TOC-BRAR & 4
HAKNEEOCREBEERL to MEAKNEER, & 8
BRBTERMIRKIEAERICET » R NOs — 5 50F N(freezing)

2 | N(boric acid) ,
NBEH »fepict L, SEMETRAEK DI g | A\\‘ ‘/" <Tla
NOs —NAMEEAERMENM MO NHe-NB &}
ICE®L 7o ]

SEOERTREED & S ik, BEAEWLGE e
HitkB i B REFEREEEE (Ps) # EREERL TOC-volume loading rate (g TOC/¢. day)
TWDT., PsicRBEEBERONSHRE (11.0~125 Fig. 5 Relationship among TOC—volume loading

_ R - rate, TOC removal and T-N removal
%) B EbEL I LiITLD, FEHEBHRED IR m PVA-immobilized activated sludge
DIAENn5 itk 3 (cell uptake) N DR EEE process,
20t

= effluent T—N - ZOL effluent T—N

2 ¥

: sl

(9] ©

= v

gé“ 3 10}

z : |

0
volumetric loading rate volumetric loading rate
(g TOC/¢. day) (g TOC/¢ day)

Fig. 6 Relationship between TOC—voluwe loading rate and the form of
effluent mitrogen for PVA—1mmobilized activated sludge process.

BT AT EMBTEN. cell uptake UADONBREA L THREIL LA NBREL L WEELE®HBFREZDT
OC-ZFRAMEMEER L ORRERN L, Fig TRRTHELZ G REEERAFHOB R >0 NS
2, BEONREEOB LN S TOC-ARARNABA S AMBTREITEREL LS, L, KAKSE
TRERANDORKEAINNO:-NETHEEDD, H-donor & L COEEMBESBV 20, REIEHET
L#EvorYL, SAMEBTEREOHH-donor L2 EHMTEELS VISP D 5T, H—acceptor &7
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5 NOs —NOERABVOLT, WEEEBTITE [
L1 B, 100

SEOERRIIE, BEZTREMA fill and drawd z |
LBHALBEFRTHEL TV 3EHBREL PVATE =z | freezing method
BlLrcens, BetawnRacsemes L [ e/
OBCIHLESERELEA STV i, S method
BEMEE AL, EERBRHOEHICHDS  E | /
FREELE L TRAHN B TEE0T, @ s | b
BOEMFRETREC DBLOE L TOC-EREA § | ey
HTOHRIEE ERCEITS 2L EDBTE B, g |

OSBRI THERL 2 NO2—N, NOs—N o —# L

. o I " ! N |
R 0
HERAAEESRABOBRIBTRES NG, Vb %m 1” 150 tfiedj
- m 1mn r e (g/¢.da
O BBARENSSAFRTOE ERRERHT volume foading T Y
4 N = - Fig. 7. Relat hip between TOC—volume
PLEVSHLVRRSR 5N, ' ]:a?hrigntsraltpe aildwdemtnflcatlon
(C) PVA-EE/LEMBREICETIHERREE rate for PVA—immobilized
BIZoWT actiwvated sludge process.
TALBIZEOT, REFEEMEIEI TEL LB TEL L, EMHERABEIT I ECLORBE
EHREBPELT 2 EO0BE N H 24, PVA-EEILERGFREEAVEES, AUERREEN EOBE
KIEBDh, BR—T27IAT I FERKBEEERFROBALEAROFE T, DT kKHL 7.
EHEROLEBEEE L LEBEMRAER & OB IIERY , EBRMICKRASHILT 5,

1 as_ 1 dr
s Tat Y s dt b R @

2T, YRIREGH. bRECOEEAEK (1/8), SEERBRER (0/0). Ir IREEHBRE (/6).
1/S (aS/dt) @ iEHEE RO WLHHEER (1/R) . 1/S (dlr/dt) BUEERHEE (/B 2 ZhEhiRT, BEE
fLERFREDOHE, SUFRBESE2EMNT I LPTENLVOT. OREEELLOX KL DPVA-H
EALEEBRIEORBLRY 2 RE L 72,

ds  _ dir
=Y —q— ~bS S e I @

BEECBEEGREOREHERALEE AS/dt i3, BABENKCEEERERORG CHEERL 12EWE
B (GEERIETHREMNETEZ) LBSEATRETZ 7Y -~0EWGEERE, TOICAEKDIZSS & L TK
Cd27 ) -0EHEREGIHTEICEREVFRETES, SHOERTHEH., 3BHBOEREREC L VEE
ILERBFROXRECHBET T 2EHFEREABELTCVEIDOT, S=—ELLTHEF LA, Fig.8ikkiz@R
D7y bERLE WThoFEkE o ThEHEMoERERTE SR IE, S, RBARBKRTRS
S—EELTHEITDBAREBSCENH -/, Fig8D 7oy FhORESNLPVA-EEERFG RO INEG
Y. bSA&Table 6 R Lo BRELIY@EA, Table | OO SR T KEBEOEHERETLE L TE
St Y =0332¢ MLSS/gCODer" & B L TH B &, PVA-HBEETOBELEMERRIEEFRE L
FOYEAE, PVA- R yBETORBREMNEERSIE®RERSFEDOYBELD S BEVNEHRERAERST T &840 -
7o

RPBEERABBYBEOAROT OSEI &BEKET 5, PVA-BERED bSHEIXPVA-F Y BIED bS ED
HIBMObOREIUBMETHB. TD7cwd., TOC-BRREER 1.568 TOC/H BEiEic, ThUToBFETH,
BREOCHBYEPRENCLOEPLOOTFIBELD ORBPEFREEEN DL Z, ¥ic, TOC- &
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BrE&# R 1.58 TOC/L REL Lo & & R T, freezing method
T B O B AR T R T B D 75 < 1 B [ i u
iz, PVA-EIRALE N5 R kI 5 3 8 A
L BRERE b DR E £1T > T 10 B sk (r=09%6)
B DEDE LRI RA TR SN 5o '

boric acid
method

| | 4 = 9594 - 0.169
VD IERHEE (ngO2/0.h) (r=0.999)

VRN & X OVPBERE (mg Oz /0.h)

HHR= [
10F

BISEAic 4t U 7 G b 5 IR B IE, A BRTET 6
g, FUBETIL6g, PVA-RBEE/LiEHE
ROEHEEL0% (PVATEFEA L 1 EHE
REITLETHED, TOTLN HHEMN
RiEchy., ZOERLE 2ENEORERT
10, BEEMBENOBNRLFEOXT T 30 3
B ot L OBEY, BB LTI LIS A (g TOC/E day)
T DG FHROMEIEIC L D PVA~ BIE/LEW Fig. 8. Plot to determine the kinetic coefficient v,
ROWES 5 ESEHEL T, PVA-RIE

48 (g/e. day)

bt
o
———

Table 6 Y and bS values for PVA—1mmobilized activated sludge process

Y bS
g MLSS gMLSS )* < g MLSS )
tmmobilization method < & TOC ) ( & TOC & TOC
Freezing method 0.828 0.310 0519
Boric acid method 0.594 0224 0.169

LEEEROENRLZOBLETEHDICRE L -72) LI 2 LBEREANEHEREEIZThEFN 6 X 0.4/
054 =518/, 11.6X04/06="7738/f 155, ERMMPS BRI ~ELANEL2DOT, bERZHZEN
b=0519/5.1=0.102 1/8, b=0.169/7.73 = 0.0219 1/H & #WE SN b, HHEED bEMNKE S L7157,
chid, REETHYL ZBEERBFENTEE TmHBOLA KT, AvBETHYLLAEERI~4dmo b
- ZROBENLFEBFRECHELTHIESORBEEE Lo, HEETHEE L LEELFERFREAR
ORI THERCBEROHCAEPBEL ~ et EELON D,

75 OMBEERE,ST S L. BEAERFREEIRBBFRORELLV DY 5 2BALLEE TDE
ENIFE L, EE{EREFREDES., 2RILABRTEGZL T N LvE vy, WBLTOR I LDigLEE
Vo LBEARVOTRE L LMENAETH L, 22T, Fig.8 D7 5 755 PVA-EE/LEHFRET
AR FRGSFHEELK L (dS/dt=0) TOC- BB EEE (dir/dt) £ERDTHLETH. BEHAETA/dL =
0.627g TOC/L.H, ® vEETdlr/dt = 02852 TOC/A. A &L » e TOCH Fig b iRLc KDL, AFK
BARKE A BBEETRE, TYVBETREOURTREINILL. COTOC-ARBRLEER % TOC-FAHA
Fi(Lv) it 4 34, BHEETLY=0681g TOC/H. A, ®UMETLY=0306g TOC/L.H &35, k&K
FAiKi3BOD=15TOCOBEEMNH2DT, ZDOLvii% BODAERIBE T 3 & B EEETLv=1.02¢ BOD/
08, F9BETLY=0459g BOD//. A L7 %, Table7 icid, SEUBELL B I 2 REEROBELLVE
OD-ABAMOUBARL L. BELERFREIENEHCREREELG(HERETEZ IO T, REBBLE
DOBOD-BERHAMLD &NV EVBOD-EHANTLBILAEMS e 4%, LT, PVA-BEEDRA
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Table 7 Comparison of loading rates with no excess sludge production for various kinds of

wastewater itreatment methods

BOD-volume loading rate with no
treatment method sludge production
extended aeration method 0.15—0.25g BOD/¢. day
immobilized agar acrylamide method 0 4992 g BOD/¢. day
activated PVA-freezing method 1.02 g BOD/¢. day
sludge method PVA—boric acid method 0.495 g BOD/¢. day

FINER—T/7ULT Nk, PVA-RYBEDOAROR 2B ILEH > T B, THRFIBRDOL S IKBBEER
FOFEYLLBEEMNERBFROACHBREPREV I ELERT 5.
D) BEE{tcETIERIZIRE

Pk, PVARROCIKERE, FOBEBECIZEEFRERES(EORKY, A ick D#ESL /2 PVA
~BEEAEEBROMIPEEDO B 41T >7e PVA-BEER L ZERFROBTEERIBD THBEL
TH2b00, RBRETEHY, KERARCIFHLI»2, RBEKZBOIF V¥ -2 HET 50
RENBEBLEPE, R BPVAEZTAVAERAROBEENMCIFAvBRENSRROFETHEEEZATL
%,

AFEEEAME L LCPVAEZHOARERD A v PR ZOMEHBOE N ETHB, £T T, BT, PVA
—FVBETIEEOEUGEREEAEENTI20ETIEL IR I OREEIT> 72, HABHBBEROEK
FAENBETHE, 1k EOFEWFRIT 1 1k BHEERICHYT 2, COBRERE20% PVAKKEE
BHETI IREL. A+ v BBABRPTE - XRERBT Vb s ® 20ICET 2 PVARII222k& 70 5,
FOBEAERORKIERPL S, 1:0702 0BETPVALXIET DT, 1.56kgD K I EEAMLE L1 5, Table
BlRiFZDHEAZBLICLALER IR POREREEERL 12,

Table 8 Chemical cost required for the immobilization of 1ke dry weight of

activated sludge by PVA-boric acid method

chemicals required weight umt cost cost
PVA 2.22ke 700 yen/kg 1,554 yen
Boric acid 1 56kg 700 yen/kg 1,092 yen
Total 2,646 yen

wmit, LB B, TEXK—T 20T 3 FE] ClgEFOERERLEENTI20ORET Z2EL IR
PERELTHL (BER—T 27907 3 FERLZEBRBFROBEMLMFRIC>VTEXERW 2 BB I LK
VW)e 111keBE (BKEKINB) OBGIEEFRE 11.1kgD 6 BEKIBBRAERBILTI IKEASLTEXRY
—EERERTEEDET B E. 0666k BERBLELNDS, ROT, COBRKE-E2T727 VAT F=E
77— (ACAM) 7T5% (w/v) . N, N=AF LY ERTZ2 Y7 3IF(BIS) 04% Wv), f—-YAFAT 3
s 7aEt =) (DMAPN) 0.5% (v/V) OB DE®K30 € & K2S:208 0.5% (W/V) 7 30£ T Gel ph
ase polymerization 9§ 24D ¢35 &, LEEGE(Z. ACAM 2.25kg, BIS 0.12kg. DMAPN 0.15¢, K2S20s
0.15kg & 7L 5, ACAM, BIS, DMAPN, KeSes S L IO RIGTHRARD 1/5 BB I3 b0& LT,
lhgZEOEUEROBEEICEST ZEHI AL ARXB LA (Table ). COKER, PVA-F v BEOESH
Zh i3 26460/ kg BRBREBR —T 7Y AT I FROBFE IR ORBEBCLLT ET, PVA- S OBRE
BED TERMHAEEENETHLCELHASLER -1,
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Table 9 Chemical cost required for the immobilization of 1kg dry weight of

activated sludge by agar-acrylamide method

chemicals required weight unit cost cost
agar 0 666kg 10,000 yen/kg 6,660 yen
ACAM 0.45 kg 1,500 ven/kg 675 yen
BIS 0 024kg 80,000 yen/kg 1,920 yen
DMAPN 0 031 10,000 yen/1 300 yen
K2S20s 0003 1,600 yen/kg 48 yen
Total 9,603 yen

4 EH

() PVA-IGEE, PVA-FVBRER I 2 ERGREECOEEFRUHERE Lo WTFNOFHEILE-TH,
B THESICERRE*AEEETE 2 L h5¥ -1,

(2 HEHE FUVBERIVEEMLLFEERFREHCTAKRTKOEGSLBARET - LER, WFho
PVA-BIE(LEMARSG. BEHMBHL Ty VBEOHEESETEALNL L LML PVAMELTE
BOAEBENMMEE L TCRDTENLEATHMRTHELBBEI NI, TOCRNBULOHERT
LELTRETE o, T-NIS#ABESHIAIHELSBECELLBIRBAERTH L Lh b, GEM
BTHEBRS NI NO:s-NAEEMEHEFRATORLH THRESNS, VHYIBERECEAGLHH.E
BRI TOERIC LD S . B~BIOHETHRESNT,

(3) PVA-BIENEMEREONBZRKY) 2 GEETY = 08288 MLSS/g TOC, w Y EEET Y = 0.5948
MLSS/g TOC L HRE Lo BINEMFTHEREE b L RBEEILEY SREOH O BREHD) ZHEET b=0102
1/H, FUEEETDb=10.0219 1/B EH#EL o

@) PVA-EELEHBROLMALECHE S 2 A fLGEHTET 1.02¢ BOD// A, & Y% T 04598 BO
D/ HTH BT ENH- o

(5) PVA-FUBEIC LB EHEREOBENICET SRR IR N ERBEL, KESBD TEBLEHERE
FiLETHE T EERL Ko

g E x W

1) Yk, BEE, LIEE : BEMAEmick 2 Fhkon®, $21E FRkEHREEZLZEHE D 251
(1984

(@) HEE. PRBEL., RTHERA . BEEMMEDCLZHILOERRT, FH2AB FTRKEMRERLBEHE
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